
CHAPTER  4

PURIFICATION  OF  ORGANIC CHEMICALS

INTRODUCTION

The general principles, techniques and methods of purification in Chapters 1 and 2 are applicable to this chapter.

Most organic liquids and a number of solids can readily be purified by fractional distillation, usually at

atmospheric pressure.  Sometimes, particularly with high boiling or sensitive liquids, or when in doubt about

stability, distillation or fractionation under as low a pressure as possible should be carried out.  To save space,

the present chapter omits many substances for which the published purification methods involve simple

distillation.  Where boiling points are given, purification by distillation is another means of removing

impurities.  Literature references,  and in particular Beilstein references, are included for most entries which refer

the reader  directly or indirectly to the original sources. Substances are listed alphabetically in each section,

usually with some criteria of purity, giving brief details of how they can be purified.  Also noted are the

molecular weights (to the first decimal place), melting points and/or boiling points together with the respective

densities and refractive indexes for liquids, and optical rotations for chiral compounds.  All temperatures are in

centigrade unless stated otherwise.  When temperatures and/or wavelengths are not given for the last three named

properties, then they should be assumed to be 20oC and the average of the wavelengths of the sodium D lines

respectively; and most densities are relative to water at 4oC.

Ionisation constants of ionisable compounds are given as pK values (published in the literature) and refer

to the pKa values at room temperature (~ 15oC to 25oC).  Values at other temperatures are given as

superscripts, e.g. pK3 0 for 30oC.  Estimated values are entered  as pKEst (see Chapter 1, p 32).

The present chapter includes commercially available organic chemicals.  Most of the inorganic, metal-organic,

organo- bismuth, boron, phosphorus, selenium, silicon and alkali metal compounds and metal ion salts of

organic acids are in Chapter 5.  Naturally occurring commercially available organic compounds for use in

biochemistry, molecular biology and biology are in Chapter 6.  Commercially available polymer supported

reagents are indicated with § under the appropriate reagent.

Rapid purification procedures are included for commonly used solvents and reagents which make them

suitable for general use in synthetic chemistry.

Abbreviations of titles of periodicals are defined as in the Chemical Abstracts Service Source Index (CASSI)

except that punctuation is deleted.    Other abbreviations are self evident.

As a good general rule, all low boiling (<100o) organic liquids should be treated as highly

flammable and toxic (because they can be inhaled in large quantities) and the necessary

precautions should be taken (see Safety precautions associated with the purification of

laboratory chemicals in Chapter 1, p 4).

Benzene has been used as a solvent successfully and extensively in the past for reactions and purification by

chromatography and crystallisation but is now considered a very dangerous substance. It should be used

with extreme care.  We emphasise that an alternative solvent to benzene (e.g. toluene, toluene-petroleum ether,

or a petroleum ether to name a few) should be used first.  However, if no other solvent system can be found,

then all operations involving benzene (and storage) have to be performed in an efficiently running  fumehood,

and precautions must be taken to avoid inhalation and contact with skin and eyes. An asterisk has been inserted

in the text, e.g. *C6H6 or *benzene, to remind the user that special precautions should be adopted.

This chapter  consists of four sections viz: Aliphatic Compounds, Alicyclic Compounds, Aromatic

Compounds and Heterocyclic Compounds.
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ALIPHATIC  COMPOUNDS

Acetal (acetaldehyde diethylacetal) [105-57-7] M 118.2, b 103.7-104o, d
4
20  0.831, n

D
25

1.38054, n25 1.3682.  Dry acetal over Na to remove alcohols and H2O, and to polymerise aldehydes, then

fractionally distil. Or, treat it with alkaline H2O2 at 40-45o to remove aldehydes, then saturate with NaCl,

separate,  dry with K2CO3 and distil it from Na [Vogel J Chem Soc 616 1948].  [Beilstein 1 IV 3103.]

Acetaldehyde [75-07-0] M 44.1, b 20.2o, d
4
20  0.788, n

D
25  1.33113, pK2 5 13.57 (hydrate).

Acetaldehyde is usually purified by fractional distillation in a glass helices-packed column under dry N2,

discarding the first portion of distillate.  Or, it is shaken for 30minutes with NaHCO3, dried with CaSO4 and

fractionally distilled at 760mm through a 70cm Vigreux column (p 11).  The middle fraction is collected and

further purified by standing for 2hours at 0o with a small amount of hydroquinone (free radical inhibitor),

followed by distillation [Longfield & Walters J Am Chem Soc 77 810 1955].  [Beilstein 1 IV 3094.]

Acetaldehyde dimethyl acetal (1,1-dimethoxyethane) [534-15-6] M 90.1, b 63-65o, d
4
20

0.852, n
D
25  1.36678.  Distil the dimethyl acetal through a fractionating column and fraction boiling at

63.8o/751mm is collected.  It forms an azeotrope with MeOH.  Alternatively purify it as for acetal above. It has

been purified by GLC.  [Beilstein 1 IV 3103.]

Acetamide [60-35-5] M 59.1, m 81o, pK
1
25  -1.4, pK

2
25  +0.37. Acetamide is crystallised by

dissolving in hot MeOH (0.8mL/g), diluting with Et2O and allowing to stand [Wagner J Chem Edu  7 1135

1930].  Alternate crystallisation solvents are acetone, *benzene, chloroform, dioxane, methyl acetate or

*benzene/ethyl acetate mixtures (3:1 and 1:1).  It has also been recrystallised from hot water after treating with

HCl-washed activated charcoal (which had been repeatedly washed with water until free from chloride ions), then

crystallised again from hot 50% aqueous EtOH and finally twice from hot 95% EtOH [Christoffers & Kegeles J

Am Chem Soc 85 2562 1963].  Finally it is dried in a vacuum desiccator over P2O5.  Acetamide is also

purified by distillation (b 221-223o) or by sublimation in vacuo.  It has also been purified by two

recrystallisations from cyclohexane containing 5% (v/v) of *benzene.  Needle-like crystals separate and are

filtered, washed with a small volume of distilled H2O and dried with a flow of dry N2.  [Slebocka-Tilk et al. J

Am Chem Soc 109 4620 1987, Beilstein 2 H 175, 2 I 80, 2 II 177, 2 III 384, 2 IV 399.]

Acetamidine hydrochloride [124-42-5] M 94.5, m 164-166o, 165-170o(dec), 174o, pK25 1 2 . 4 0 .

The hydrochlorde can be recrystallised from small volumes of EtOH.  Alternatively it is dissolved in EtOH,

filtered, Et2O is added; filter the crystalline salt off under N2 and dry it in a vacuum desiccator over H2SO4.  The

salt is deliquescent and should be stored in a tightly stoppered container.  Its solubility in H2O is 10% at room

temperature and it is soluble in Me2CO.  The free base reacts strongly alkaline in H2O.  It has max 224nm (

4000) in H2O.  The picrate  has m 252o (sintering at ~245o).  [Dox Org Synth Coll Vol I 5 1941, Davies &

Parsons Chem Ind (London)  628 1958, Barnes et al. J Am Chem Soc 6 2  1286 1940 give m  177-178o,

Beilstein 2 H 185, 2 I 85, 2 II 183, 2 III 416, 2 IV 428.]

N -(2-Acetamido)-2-aminoethanesulfonic acid (ACES) [7365-82-4] M 182.2, m > 2 2 0o(dec),

pKEst  ~1.5, pK2  6.9.  Recrystallise ACES from hot aqueous EtOH.  [Perrin & Dempsey Buffers for pH

and Metal Ion Control Chapman & Hall, London 1974, Beilstein 4 III 1707.]

N-(2-Acetamido)iminodiacetic acid (ADA) [26239-55-4] M 190.2, m 2 1 9o(dec), pK1  ~ 2 . 3 ,

pK2  6.6. Dissolve ADA in water, add one equivalent of NaOH solution (to final pH of 8-9), then acidify with

HCl to precipitate the free acid. This is filtered off, washed with water and dried in vacuo. [Beilstein 4 IV 2441.]

Acetamidomethanol [625-51-4] M 89.1, m 47-50o, 54 -56o, 5 5o. Recrystallise it from freshly

distilled Me2CO, wash the crystals with dry Et2O and dry them in a vacuum desiccator over P2O5.  RF 0.4 on

paper chromatography with CHCl3/EtOH (2:8) as solvent and developed with ammoniacal AgNO3.  It also

crystallises in needles from EtOAc containing a few drops of Me2CO.  It is hygroscopic and should be stored

under dry conditions.  [Bachmann et al. J Am Chem Soc 73 2775 1951, Walter et al. Chem Ber 9 9  3204

1966, Einhorn & Ladisch Justus Liebigs Ann Chem 343 265 1905, Beilstein 2 IV 405.]
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Acetic acid (glacial) [64-19-7] M 60.1, m 1 6 . 6o, b 1 1 8o, d
4
20  1.049, n

D
25  1.37171, n2 5

1.36995, pK25 4.76.  Usual impurities are traces of acetaldehyde and other oxidisable substances and water.
(Glacial acetic acid is very hygroscopic.  The presence of 0.1% water lowers its m by 0.2o.)  Purify it by adding
some acetic anhydride to react with water present, heat it for 1hour to just below boiling in the presence of 2g
CrO3 per 100mL and then fractionally distil it [Orton & Bradfield J Chem Soc 960 1924, Orton & Bradfield J

Chem Soc 983 1927]. Instead of CrO3, use 2-5% (w/w) of KMnO4, and boil under reflux for 2-6hours.

Traces of water have been removed by refluxing with tetraacetyl diborate (prepared by warming 1 part of boric

acid with 5 parts (w/w) of acetic anhydride at 60o, cooling, and filtering off, followed by distillation

[Eichelberger & La Mer J Am Chem Soc 55 3633 1933].

Refluxing with acetic anhydride in the presence of 0.2g % of 2-naphthalenesulfonic acid as catalyst has also been

used [Orton & Bradfield J Chem Soc 983 1927].  Other suitable drying agents include anhydrous CuSO4 and

chromium triacetate: P2O5 converts some acetic acid to the anhydride.  Azeotropic removal of water by

distillation with thiophene-free *benzene or with butyl acetate has been used [Birdwhistell & Griswold J A m

Chem Soc 77 873 1955].  An alternative purification uses fractional freezing.  [Beilstein 2 H 96, 2 IV 94.]

Rapid procedure:  Add 5% acetic anhydride,  and 2% of CrO3.  Reflux and fractionally distil.

Acetic anhydride  [108-24-7] M 102.1, b 138o, d
4
20  1.082, n

D
25  1 .3904 .   Adequate purification  can

usually be achieved by fractional distillation through an efficient column.  Acetic acid can be removed by prior

refluxing with CaC2 or with coarse Mg filings at 80-90o for 5days, or by distillation from a large excess of

quinoline (1% AcOH in quinoline) at 75mm pressure.  Acetic anhydride can also be dried by standing with Na

wire for up to a week, removing the Na and distilling it under vacuum. (Na reacts vigorously with acetic

anhydride at 65-70o).  Dippy & Evans [J Org Chem 15 451 1950] let the anhydride (500g) stand over P2O5

(50g) for 3hours, then decanted  it and stood it with ignited K2CO3 for a further 3hours.  The supernatant liquid

was distilled and the fraction b 136-138o was further dried with P2O5 for 12hours, followed by shaking with

ignited K2CO3, before two further distillations through a five-section Young and Thomas fractionating column.

The final material distilled at 137.8-138.0o.  It can also be purified by azeotropic distillation with toluene: the

azeotrope boils at 100.6o.  After removal of the remaining toluene, the anhydride is distilled [sample had a

specific conductivity of 5 x 10-9 ohm-1cm-1].  [Beilstein 2 H 96, 2 I 39, 2 II 91, 2 III 134, 2 IV 94.]

Rapid procedure: Shake with P2O5, separate, shake with dry K2CO3 and fractionally distil.

Acetic hydrazide  [1068-57-1] M 74.1, m 67o, b 127o/18mm. Acetic hydrazide crystallises as

needles from EtOH.  It reduces NH3/AgNO3.  [Beilstein 2 H 191, 2 IV 435.]

Acetoacetamide [5977-14-0] M 101.1, m 54-55o, 54 -56o.  Recrystallise the amide from CHCl3, or

Me2CO/pet ether.  It also crystallises from pyridine with 4mols of solvent.  It is slightly soluble in H2O, EtOH

and AcOH but is insoluble in Et2O.  The phenylhydrazone has m 128o.  [Kato Chem Pharm Bull Jpn 15 921

923 1967, Claisen & Meyer Chem Ber 35 583 1902, Beilstein 3 H 659, 3 I 231, 3 III 1204, 3 IV 1545.]

Acetone [67-64-1] M 58.1, b 56.2o, d
4
20  0.791, n

D
25  1.35880, pK

1
25  -6.1 (basic, mono-

protonated), pK
2
25  20.0 (acidic)   The commercial preparation of acetone by catalytic dehydrogenation of

isopropyl alcohol gives relatively pure material.  Analytical reagent quality generally contains less than 1% of

organic impurities but may have up to about 1% of H2O.  Dry acetone is appreciably hygroscopic.  The main

organic impurity in acetone is mesityl oxide, formed by aldol condensation.  It can be dried with anhydrous

CaSO4, K2CO3 or type 4A Linde molecular sieves, and then distilled.  Silica gel and alumina, or mildly acidic

or basic desiccants cause acetone to undergo the aldol condensation, so that its water content is increased by

passage through these reagents.  This also occurs to some extent when P2O5 or sodium amalgam is used.

Anhydrous MgSO4 is an inefficient drying agent, and CaCl2 forms an addition compound.  Drierite (anhydrous

CaSO4) offers minimum acid and base catalysis for aldol formation and is the recommended drying agent for this

solvent [Coetzee & Siao Inorg Chem 14 2 1987, Riddick & Bunger Organic Solvents Wiley-Interscience, N.Y.,

3rd edn, 1970].  Acetone can be shaken with Drierite (25g/L) for several hours before it is decanted and distilled

from fresh Drierite (10g/L) through an efficient column, maintaining atmospheric contact through a Drierite

drying tube.  The equilibrium water content is about 10-2M.   Anhydrous Mg(ClO4)2 should not be used as

drying agent because of the risk of EXPLOSION with acetone vapour.

Organic impurities have been removed from acetone by adding 4g of AgNO3 in 30mL of water to 1L of acetone,

followed by 10mL of M NaOH, shaking for 10minutes, filtering, drying with anhydrous CaSO4 and distilling
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[Werner Analyst (London) 58 335 1933].  Alternatively, successive small portions of KMnO4 have been added

to acetone at reflux, until the violet colour persists, followed by drying and distilling.  Refluxing with

chromium trioxide (CrO3) has also been used.  Methanol has been removed from acetone by azeotropic

distillation (at 35o) with methyl bromide, and treatment with acetyl chloride.

Small amounts of acetone can be purified as the NaI addition compound, by dissolving 100g of finely powdered

NaI in 400g of boiling acetone, then cooling in ice and salt to -8o.  Crystals of NaI.3Me2CO are filtered off and,

on warming in a flask, acetone distils off readily. [This method is more convenient than the one using the

bisulfite addition compound.]  It has also been purified by gas chromatography on a 20% free fatty acid phthalate

(on Chromosorb P) column at 100o.

For efficiency of desiccants in drying acetone see Burfield and Smithers [J Org Chem 43 3966 1978].  The water

content of acetone can be determined by a modified Karl Fischer titration [Koupparis & Malmstadt Anal Chem

54 1914 1982].  [Beilstein 1 IV 3180.]

Rapid procedure: Dry over anhydrous CaSO4 and distil.

Acetone cyanohydrin [75-86-5] M 85.1, b 4 8o/2.5mm, 68-70o/11mm, 78-82o/15mm, d
4
20

0.93. Dry the cyanohydrin with Na2SO4, and distil it as rapidly as possible under vacuum to avoid

decomposition.  Discard fractions boiling below 78-82o/15mm.  Store it in the dark.  USE AN EFFICIENT

FUME HOOD as HCN (POISONOUS) is always present.  [Cox & Stormont Org Synth  Coll.Vol.

II 7 1940, Beilstein 3 H 316, 3 IV 785.]

Acetonedicarboxylic acid (3-oxoglutaric acid) [542-05-2] M 146.1, m 1 3 8o(dec), pK2 5 3 . 1 0 .

Crystallise it from ethyl acetate and store it over P2O5.  It decarboxylates  in hot water.  [Beilstein 3 IV 1816.]

Acetone semicarbazone  [110-20-3] M 115.1, m 1 8 7o, pK2 5 1 . 3 3 .   Acetone semicarbazone

crystallises from water or from aqueous EtOH.  [Beilstein 3 H 101, 3 I 48, 3 II 81, 3 III 189, 3 IV 179.]

Acetonitrile (methyl cyanide)  [75-05-8] M 41.1, b 8 1 . 6o, d25 0 .77683, n
D
20  1.3441, n25

1.34163.  Commercial acetonitrile is a by-product of the reaction of propylene and ammonia to acrylonitrile.

The following procedure that significantly reduces the levels of acrylonitrile, allyl alcohol, acetone and *benzene

was used by Kiesel [Anal Chem 52 2230 1988].  Methanol (300mL) is added to 3L of acetonitrile fractionated at

high reflux ratio until the boiling temperature rises from 64o to 80o, and the distillate becomes optically clear

down to  = 240nm.  Add sodium hydride (1g) free from paraffin, to the liquid, reflux for 10minutes, and then

distil rapidly until about 100mL of residue remains.  Immediately pass the distillate through a column of acidic

alumina, discarding the first 150mL of percolate.  Add 5g of CaH2 and distil the first 50mL at a high reflux

ratio.  Discard this fraction, and collect the following main fraction.  The best way of detecting impurities is by

gas chromatography.

Usual contaminants in commercial acetonitrile include H2O, acetamide, NH4OAc and NH3.  Anhydrous CaSO4

and CaCl2 are inefficient drying agents.  Preliminary treatment of acetonitrile with cold, saturated aqueous KOH

is undesirable because of base-catalysed hydrolysis and the introduction of water.  Drying by shaking with silica

gel or Linde 4A molecular sieves removes most of the water in acetonitrile.  Subsequent stirring with CaH2

until no further hydrogen is evolved leaves only traces of water and removes acetic acid.  The acetonitrile is then

fractionally distilled at high reflux, taking precaution to exclude moisture by refluxing over CaH2 [Coetzee Pure

Appl Chem 13 429 1966].  Alternatively, 0.5-1% (w/v) P2O5 is often added to the distilling flask to remove

most of the remaining water.  Excess P2O5 should be avoided because it leads to the formation of an orange

polymer.  Traces of P2O5 can be removed by distilling from anhydrous K2CO3.

Kolthoff, Bruckenstein and Chantooni [J Am Chem Soc 83 3297 1961] removed acetic acid from 3L of

acetonitrile by shaking for 24hours with 200g of freshly activated alumina (which had been reactivated by

heating at 250o for 4hours).  The decanted solvent was again shaken with activated alumina, followed by five

batches of 100-150g of anhydrous CaCl2.  (Water content of the solvent was then less than 0.2%.)  It was

shaken for 1hour with 10g of P2O5, twice, and distilled in a 1m x 2cm column, packed with stainless steel wool

and protected from atmospheric moisture by CaCl2 tubes.  The middle fraction had a water content of 0.7 to

2mM.

Traces of unsaturated nitriles can be removed by initially refluxing with a small amount of aqueous KOH (1mL

of 1% solution per L).  Acetonitrile can be dried by azeotropic distillation with dichloromethane, *benzene or
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trichloroethylene.  Isonitrile impurities can be removed by treatment with conc HCl until the odour of isonitrile

has gone, followed by drying with K2CO3 and distilling.

Acetonitrile is refluxed with, and distilled from alkaline KMnO4 and KHSO4, followed by fractional distillation

from CaH2.  (This is better than fractionation from molecular sieves or passage through a type H activated

alumina column, or refluxing with KBH4 for 24hours and fractional distillation)[Bell et al. J Chem Soc, Faraday

Trans 1 73 315 1977, Moore et al. J Am Chem Soc 108 2257 1986].

Material suitable for polarography is obtained by refluxing over anhydrous AlCl3 (15g/L) for 1hour, distilling,

refluxing over Li2CO3 (10g/L) for 1hour and redistilling.  It is then refluxed over CaH2 (2g/L) for 1hour and

fractionally distilled, retaining the middle portion.  The product is not suitable for UV spectroscopy use.  A

better purification procedure uses refluxing over anhydrous AlCl3 (15g/L) for 1hour, distilling, refluxing over

alkaline KMnO4 (10g KMnO4, 10g Li2CO3/L) for 15minutes, and distilling.  A further reflux for 1hour over

KHSO4 (15g/L), then distillation, is followed by refluxing over CaH2 (2g/L) for 1hour, and fractional

distillation.  The product is protected from atmospheric moisture and stored under nitrogen [Walter & Ramalay

Anal Chem 45 165 1973].  Purificaton of "General Purity Reagent" for this purpose is not usually satisfactory

because very large losses occur at the KMnO4/LiCO3 step.  For electrochemical work involving high oxidation

fluorides, further reflux over P2O5 (1g/mL for 0.5hours) and distilling (discarding 3% of first and last fractions)

and repeating this step is necessary.  The distillate is kept over molecular sieves in vacuo after degassing, for

24hours and distilling in a vacuum onto freshly activated 3A molecular sieves.  The MeCN should have

absorption at 200nm of <0.05 (H2O reference) and UV cutoff at ca 175nm.  Also the working potential range of

purified Et4N+ BF4
- (0.1mol.dcm-3 in the MeCN) should be +3.0 to -2.7V vs Ag+/Ago.  If these criteria are

not realised then further impurities can be removed by treatment with activated neutral alumina (60 mesh) in

vacuo before final molecular sieves treatment [Winfield J Fluorine Chem 25 91 1984].

Acetonitrile has been distilled from AgNO3, collecting the middle fraction over freshly activated Al2O3.  After

standing for two days, the liquid is distilled from the activated Al2O3.  The specific conductivity should be 0.8-

1.0 x 10-8 mhos [Harkness & Daggett Can J Chem 43  1215 1965]. Acetonitrile 14C is best purified by gas

chromatography and is water free and distils at 81o.  [Beilstein 2 H 183, 2 IV 419.]

Rapid procedure:  Dry over anhydrous K2CO3 for 24hours, followed by further drying for 24hours over 3A

molecular sieves or boric anhydride, followed by distillation.  Alternatively, stir over P2O5 (5% w/v) for

24hours then distil.  However, this last method is not suitable for reactions with very acid sensitive compounds.

Acetonylacetone  (2,5-hexanedione)  [110-13-4] M 114.2, m -9o, b 76-78o/ 13mm,

8 8o/25mm, 137o/150mm, 188o/atm, d
4
20  0.9440, n

D
20  1.423, pK25 18 .7 .   Purify it by dissolving

in Et2O, stiring with K2CO3 (a quarter of the weight of dione), filtering, drying over anhydrous Na2SO4 (not

CaCl2), filtering again, evaporating the filtrate and distilling it in a vacuum.  It is then redistilled through a

30cm Vigreux column (p 11, oil bath temperature 150o).  It is miscible with H2O and EtOH.  The dioxime has

m 137o (plates from *C6H6), the mono-oxime has b 130o/11mm, and the 2,4-dinitrophenylhydrazone has m

210-212o (red needles from EtOH).  It forms complexes with many metals.  [Werner et al. Chem Ber 22 2100

1989, for enol content see Gero J Org Chem 19 1960 1954, Beilstein 1 IV 3688.]

Acetoxime (acetone oxime)  [127-06-0] M 73.1, m 63o , b 135o/760mm, d
4
20  0.901, pK40 0 . 9 9 .

It crystallises from pet ether (b 40-60o)  and can be sublimed.  [Beilstein 1 H 649, 1 IV 3202.]

Acetoxyacetone (acetonyl acetate, acetol acetone) [592-20-1] M 116.1, b 65o/11mm, 73-

7 5o/17mm, 174-176o/atm, d
4
20  1.0757, n

D
20  1.4141.  Distil it in a vacuum, then redistil it at

atmospheric pressure.  It is miscible with H2O, but is slowly decomposed by it.  Store it in a dry atmosphere.

The 2,4-dinitrophenylhydrazone  has m 115-115.5o (from CHCl3/hexane).  [Perkin Jr J Chem Soc  5 9  789

1891, Reich & Samuels J Org Chem 21 68 1956, Nef Justus Liebigs Ann Chem 335  260 1904, Beilstein 2

IV 297.]

1-Acetoxy-1,3-butadiene (1,3-butadienyl acetate) cis-trans  mixture  [1515-76-0] M 112.1, b

42-43o/16mm, 51-52o/20mm, 60-61o/40mm, d
4
20  0.9466, n

D
20  1.4622.  The commercial sample

is stabilised with 0.1% of p-tert-butylcatechol.  If the material contains crotonaldehyde (by IR, used in its
synthesis), it should be dissolved in Et2O, shaken with 40% aqueous sodium bisulfite, then 5% aqueous

Na2CO3, water, dried (Na2SO4) and distilled several times in a vacuum through a Widmer [Helv Chim Acta 7  59
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1924] (p 11) or Vigreux column (p 11) [Wicterle & Hudlicky Collect Czech Chem Commun 1 2  564 1947,
Hagemeyer & Hull Ind Eng Chem 41 2920 1949].  [Beilstein 2 III 295.]

1-Acetoxy-2-butoxyethane (2-butyloxyethyl acetate) [112-07-2] M 160.2, b 61-62o/ 0 . 2 m m ,

75-76o/12mm, 185.5o/740mm, 188-192o/atm, d
4
20  0.9425, n

D
20  1.4121.  Shake the ester with

anhydrous Na2CO3, filter and distil it in a vacuum.  Redistillation can then be carried out at atmospheric

pressure.  [Dunbar & Bolstad J Org Chem 21 1041 1956, Beilstein 2 IV 215.]

2-Acetoxyethanol (2-hydroxyethyl acetate) [542-59-6] M 104.1, b 6 1o/1mm, 79-81o/ 12mm,

1 8 7o/761mm, d
4
20  1.108, n

D
20  1.42.  Dry the ester over K2CO3 (not CaCl2), and distil it.  [Davis &

Ross J Chem Soc  3061 1950, rate of hydrolysis: Davis & Ross J Chem Soc  2706 1951, Beilstein 2 H 141, 2

I 66, 2 II 154, 2 III 303, 2 IV 214.]

1-Acetoxy-2-ethoxyethane [111-15-9] M 132.2, b 3 0o/3mm, 49-50o/12mm, 156-159o, d
4
20

0.97, n
D
20  1.406. Shake the ethoxy-ethane with anhydrous Na2CO3, filter and distil it in a vacuum.

Redistillation can then be carried out at atmospheric pressure.  [Dunbar & Bolstad J Org Chem 21  1041 1956,

Beilstein 2 IV 214.]

1-Acetoxy-2-methoxyethane [110-49-6] M 118.1, b 3 0o/6mm, 40-41o/12mm, 140-

1 4 4o/760mm, d
4
20  1.009, n

D
20  1.4011.  Shake the methoxy-ethane with anhydrous Na2CO3, filter and

distil it in a vacuum.  Redistillation can be then be carried out at atmospheric pressure.  [Dunbar & Bolstad J

Org Chem 21 1041 1956, Beilstein 2 IV 214.]

S-(-)-2-Acetoxypropionyl chloride [36394-75-9] M 150.6, b 51-53o/11mm, d
4
20  1.19, n

D
20

1.423, [ ]
D

27  -33o, (c 4, CHCl3), [ ]
546

20  -38o (c 4, CHCl3) .   It is moisture sensitive and is

hydrolysed to the corresponding acid.  Check the IR spectrum.  If the OH band above 3000cm -1 is too large and

broad then the mixture should be refluxed with pure acetyl chloride for 1hour, evaporated and distilled under

reduced pressure.   [Julia & Sans J Chromatographic Sci 17 651 1979, Dolittle & Heath J Org Chem 49 5041

1984, Beilstein 3 II 189.]

S-Acetoxysuccinic anhydride [59025-03-5] M 158.1, m 58o (R S  81.5-82.5o, 86-87o), [ ]
D

20

- 2 6 . 0o (c 19, Me2CO), [ ]
D

20  -28.4o (c 13, Ac2O). Recrystallise it from Ac2O and dry it in a vacuum

over KOH, or by washing it with dry Et2O due to its deliquescent nature.  [Jones J Chem Soc 788 1933, Henrot

et al. Synth Commun 16 183 1986, Shiuey et al. J Org Chem 52 1040 1988, RS : Cohen et al. J Am Chem

Soc 88 5306 1966.]

Acetylacetone (2,4-pentanedione) [123-54-6] M 100.1, m -23o, 45o/30mm, b 1 4 0 . 4o/atm, d30.2

0.9630, n18.5 1.45178, pK
1
25  -5.0 (enol), -6.6 (keto), pK

2
25  8 .95 .   Small amounts of acetic acid

are removed by shaking with small portions of 2M NaOH until the aqueous phase remains faintly alkaline.  The

sample, after washing with water, is dried with anhydrous Na2SO4, and distilled through a modified Vigreux

column (p 11) Cartledge J Am Chem Soc 73 4416 1951].  An additional purification step is fractional

crystallisation from the liquid.  Alternatively, there is less loss of acetylacetone if it is dissolved in four volumes

of *benzene and the solution is shaken three times with an equal volume of distilled water (to extract acetic acid):

the *benzene is then removed by distillation at 43-53o and 20-30mm through a helices-packed column.  It is

then refluxed over P2O5 (10g/L) and fractionally distilled under reduced pressure.  The distillate (sp conductivity

4 x 10-8 ohm-1cm-1) is suitable for polarography [Fujinaga & Lee Talanta 2 4  395 1977].  To recover used

acetylacetone, metal ions are stripped from the solution at pH 1 (using 100mL 0.1M H2SO4/L of acetylacetone).

The acetylacetone is then washed with (1:10) ammonia solution (100mL/L) and with distilled water (100mL/L,

twice), then treated as above.  It complexes with Al, Be, Ca, Cd, Ce , Cu, Fe2+, Fe3+, Mn, Mg, Ni, Pb and

Zn.  [Beilstein 1 H 777, 1 I 401, 1 II 831, 1 III 3113, 1 IV 3662.]

Acetyl bromide [506-96-7] M 123.0, b 76-77o, d
4
20  1 .65 .   Boil acetyl bromide with PBr3/Ac2O for

1hour, then distil the latter off and redistil it.  Store it dry.  [Burton & Degering J Am Chem Soc 62  227 1940,

Beilstein 2 IV 398.] LACHRYMATORY.
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2-Acetylbutyrolactone [517-23-7] M 128.1,  b 1 0 5o/5mm, 120-123o/11mm, 142-

1 4 3o/30mm, d
4
20  1.1846, n

D
20  1.459.  Purify the lactone by distillation, which will convert any free acid

to the lactone, alternatively dissolve it in Et2O, wash well with 0.5N HCl, dry the organic layer and distil it.

Its solubility in H2O is 20% v/v.  The 2,4-dinitrophenylhydrazone forms orange needles from MeOH, m  146o.

The lactone hydrolyses in mineral acid to 2-acetyl-4-hydroxybutyric acid which can be converted to the di-n-

propylamine salt with m 68-70o.  The lactone is a SKIN IRRITANT.  [Matsuhawa Yakugaku Zasshi (J

Pharm Soc Jpn) 62 417 1942,  Willman & Schinz Helv Chim Acta 35 2401 1952, Beilstein 17/11 V 16.]

Acetyl chloride [75-36-5] M 78.5, b 5 2o, d
4
20  1.1051, n

D
20  1 .38976.   Reflux acetyl chloride with

PCl5 for several hours to remove traces of acetic acid, then distil it.  Redistil it from one-tenth its volume of

dimethylaniline or quinoline to remove free HCl.  A.R. quality is freed from HCl by pumping it for 1hour at    -

78o and distilling it into a trap at -196o.  [Beilstein 2 IV 395.]  LACHRYMATORY.

Acetylene [74-86-2] M 26.0, m -80.8o, b -84o, pK2 5 ~25.  If very impure, acetylene should be

purified by successive passage through spiral wash bottles containing, in this order, saturated aqueous NaHSO4,

H2O, 0.2M iodine in aqueous KI (two bottles), sodium thiosulfate solution (two bottles), alkaline sodium

hydrosulfite with sodium anthraquinone-2-sulfonate as indicator (two bottles), and 10% aqueous KOH solution

(two bottles).  The gas is then passed through a Dry-Ice trap and two drying tubes, the first containing CaCl2,

and the second, Dehydrite [Mg(ClO4)2] [Conn et al. J Am Chem Soc 61  1868 1939].  Acetone vapour can be

removed from acetylene by passage through H2O, then conc H2SO4, or by passage through two gas traps at -65o

and -80o, conc H2SO4 and a soda lime tower, a tower of 1-mesh Al2O3 then through H2SO4 [Reichert &

Nieuwland Org Synth Coll Vol I 229 1941, Wiley Org Synth Coll Vol III 853 1955, Jones & Whiting Org

Synth Coll Vol IV 793 1963].  Sometimes it contains acetone and air.  These can be removed by a series of

bulb-to-bulb distillations, e.g. a train consisting of a conc H2SO4 trap and a cold EtOH trap (-73o), or passage

through H2O and H2SO4, then over KOH and CaCl2.  [See Brandsma Preparative Acetylenic Chemistry, 1st Edn

Elsevier 1971 p15, for pK, ISBN 0444409475, 2nd Edn Elsevier 1988, ISBN 0444429603, and below for

sodium acetylide.]  It is also available commercially as 10ppm in helium, and several concentrations in N2 for

instrument calibration.  [Beilstein 1 IV 939.]

Sodium acetylide  [1066-26-8] M 48.0, is prepared by dissolving Na (23g) in liquid NH3 (1L) and bubbling

acetylene until the blue color is discharged (ca 30minutes) and evaporated to dryness [Saunders Org Synth Coll

Vol III 416 1955], and is available commercially as a suspension in xylene/light mineral oil.  [See entry in

“Metal-organic  Compounds”,  Chapter 5.]

Acetylenedicarboxamide (Aquamycin, Cellocidin) [543-21-5] M 112.1, m 216-218o(dec), 219 -

2 2 1o(dec).  Acetylenedicarboxamide  crystallises from MeOH and H2O [m  190-192o(dec) as hemihydrate].

When prepared from the ester + NH3 it has m  213o(dec).  Also a melting point of 290-292o(dec) has been

reported.  [Saggimo J Org Chem 22 1171 1857, Kharash et al. J Org Chem 1 0  392 1945, Blomquist &

Winslow J Org Chem 10 156 1945, Beilstein 2 I 317, 2 III 1995, 2 IV 2295.]

Acetylenedicarboxylic acid (butynedioic acid) [142-45-0] M 114.1, m 179o(anhydrous), pK
1
19

1.04, pK
2
19 2.50.  The acid is soluble in Et2O and crystallises from Et2O/pet ether (m 183-183.5o), or H2O

as the dihydrate which dehydrates in a desiccator over conc H2SO4 in a vacuum. The dipicrate crystallises from

aqueous ether.  For the mono K salt see entry in “Metal-organic Compounds”,  Chapter 5.  [Abbott et al. Org

Synth Coll Vol II 10 1943, Huntress et al. Org Synth Coll Vol IV 329 1963, Beilstein 2 H 801, 2 I 317, 2  II

670, 2 III 1991, 2 IV 2290.]

N -Acetylethylenediamine [1001-53-2] M 102.1, m 50-51o, 5 1o, b 1 2 8o/3mm, 125-

1 3 0o/5mm, 133-139o/27mm, pK2 5 9.28.  The acetyl-diamine has been fractionated under reduced

pressure and fraction b 125-130o/5mm was refractionated, fraction b 132-135o/4mm was collected and solidified.

It is a low melting hygroscopic solid which can be recrystallised from dioxane/Et2O.  It is soluble in H2O, Et2O

and *C6H6.  The p-toluenesulfonate salt  can be recrystallised from EtOH/EtOAc (1:8), has m  125-126o but the

free base cannot be recovered from it by basifying and extracting with CH2Cl2. The picrate has m  175o (from

EtOH) [Aspinall J Am Chem Soc 63 853 1941, Hall J Am Chem Soc 78 2570 1956].  [Beilstein 4 IV 1193.]
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Acetyl fluoride [557-99-3] M 62.0, b 20.5o/760mm, d
4
20  1.032.  Purify acetyl fluoride by fractional

distillation.  It attacks glass and is sold in steel cylinders.  [Beilstein 2 H 172, 2 I 79, 2 II 175, 2 III 385, 2  IV

393.] TOXIC and LACHRYMATORY.

Acetyl iodide [507-02-8] M 170.0, b 39 .5 -40o/ 64mm. 1 0 8o/760mm.   Purify it by fractional

distillation. [Beilstein 2 H 174, 2 I 80, 2 II 177, 2 III 393, 2 IV 399.] TOXIC and LACHRYMATORY.

3-(S-Acetylmercapto)isobutyric acid  [RS 33325-40-5]   M 162.2, m 40-40 .5o, b ca

1 2 0o/1.25mm, pKEst  ~4.0.  Distil the acid under  high vacuum and recrystallise it from *C6H6.  [Fredga

& Mastersson Chem Abstr  38 3616 1944.]

Acetyl methanesulfonate  [5539-53-7] M 170.2, b < 1 2 0o/ < 0 . 0 1 m m .   The main impurity is

methanesulfonic acid.  Reflux it with redistilled acetyl chloride for 6-10hours, i.e. until no further HCl is

absorbed in a trap, and exclude moisture.  Distil off excess of AcCl and carefully distil it below 0.001mm with

the bath temperature below 120o to give the anhydride as a pale yellow oil which solidifies below 0o.  Below

~130o it gives the disulfonic anhydride, and above ~130o polymers are formed, and it is used for cleaving ethers

[Preparation, IR, NMR: Karger & Mazur J Org Chem 36 528, 532 1971].  [Beilstein 2 H 166, 2 III 349.]

3-(Acetylthio)propionic acid [41345-70-4]  M 148.2, m 48-52o, 52-54o, b 127-128o/ 3 m m ,
pKEst ~4.2. Purify the propionic acid by distillation in a vacuum.  It has max at 231nm (  4200).  It is a

potential enzyme inhibitor [Noda et al. J Am Chem Soc 75  914 1953,  Clegg et al.  J Am Chem Soc 1 2 1
5319 2004, Clegg & Hutchinson  Angew Chem, Int Edn 43 3716 2005].  [Beilstein 3 III 551, 3 IV 731.]

N-Acetylthiourea [591-08-2] M 118.2, m 164-165o, 166-168o.  Recrystallise the thiourea from

AcOH; the solid is washed with Et2O and dried in air then at 100o.  [Zahradnik Collect Czech Chem Commun

24 3678 1959, Beilstein 3 IV 354.]  

cis-Aconitic acid [585-84-2] M 174.1, m 126-129o(dec).  Crystallise the cis-acid from water by

cooling (solubility is 1g in 2mL of water at 25o).  Dry it in a vacuum desiccator.  [Beilstein 2 IV 2405.]

trans-Aconitic acid  (1,2,3-propenetriscarboxylic acid)  [4023-65-8] M 174.1, m 195o(dec),

m 198-199o(dec), 204-205o(dec), pK
1
25  2.81, pK

2
25  4.46.  Purify trans-acid by dissolving it in

AcOH (77g/150mL), filtering and cooling.  The acid separates (55g) as colourless needles.  A further quantity

(10g) can be obtained by reducing the volume of the filtrate.  The acid is dried in air then in a vacuum desiccator

over NaOH.  The acid can be recrystallised  from Me2CO/CHCl3.  The highest melting point is obtained with

the very dry acid.  A melting point of 209o was obtained on a Dennis bar [Dennis & Shalton J Am Chem Soc

52 3128 1930, Bruce Org Synth Coll Vol II 12 1943].  [Beilstein  2 IV 2405.]

cis-Aconitic anhydride [6318-55-4] M 156.1, m 75o, 76-78o, 78 -78 .5o. Reflux it in xylene (7.5

parts) for 1hour, then evaporate and recrystallise the residue from *C6H6.  Alternatively, reflux it in Ac2O,

evaporate and recrystallise from *C6H6.  It is sensitive to moisture.  [IR: Groth & Dahlén Acta Chem Scand

21 291 1967, Malachowski & Maslowski Chem Ber 61 2523 1928, NMR: Gawron & Mahajan Biochemistry

5 2335 1966.]  [Beilstein  18/8 V 530.]

Acrolein (acraldehyde, 2-propenal) [107-02-8] M 56.1, fp -86 .95o, b 5 2 . 6 9o/760mm (dt/dp

0 . 0 3 5 5o/mm, d
4
20  0.839, n25 1.3992.  Purify acrolein by fractional distillation, under nitrogen, drying

with anhydrous CaSO4 and then distilling under vacuum.  Blacet, Young and Roof [J Am Chem Soc 59  608

1937] distilled it under nitrogen through a 90cm column packed with glass rings.  To avoid formation of diacryl,

the vapour is passed through an ice-cooled condenser into a receiver cooled in an ice-salt mixture and containing

0.5g catechol.  The acrolein is then distilled twice from anhydrous CuSO4 at low pressure, catechol being placed

in the distilling flask and the receiver to avoid polymerization.  [Alternatively, hydroquinone (1% of the final

solution) can be used.]   [Beilstein  1 IV 3435.]

Acrolein diacetyl acetal  (1,1-diacetoxy-2-propene).  [869-29-4] M 158.2, b 7 5o/ 10mm,

1 8 4o/atm, d
4
20  1.08, n

D
20  1.4203.  Check the NMR spectrum.  If it is not satisfactory, then add Ac2O and
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a drop of conc H2SO4 and heat at 50o for 10minutes.  Then add anhydrous NaOAc (ca 3g/ 100g of liquid) and

fractionate.  Note that it forms an azeotrope with H2O, so do not add H2O at any time.  It is a highly

flammable and TOXIC liquid; keep away from the skin.  [Smith et al. J Am Chem Soc 73  5282 1951,

Beilstein  2 H 154, 2 I 72, 2 III 356, 2 IV 291.]

Acrolein diethyl acetal (3,3-diethoxy-I-propene or 1,1-diethoxy2-propene) [3054-95-3] M

130.2, b 120-125o/atm, n
D
20  1 .398-1 .407 .  Add Na2CO3 (ca  3.5%) and distil it using an efficient

column, or better use a spinning band column.  [Witzemann et al. Org Synth Coll Vol II 17 1943, Beilstein 1

H 727, 1 I 378, 1 III 2960, 1 IV 3437.]

Acrolein dimethyl acetal  (1,1-dimethoxy-2-propene)  [6044-68-4]    M 102.1, b 8 7 . 5 -

8 8o/750mm, 89-90o/760mm, d
4
20  0.86, n

D
20  1.3962.  Fractionally distil it (after adding 0.5g of

hydroquinone) under reduced pressure  through an all glass column (40cm x 2.5 cm) packed with glass helices

and provided with a heated jacket and a total reflux variable take-off head.  Stainless steel Lessing rings (1/8 x

1/8 in) or gauze have also been used as packing.  It is a highly flammable and TOXIC liquid; keep away

from the skin.  [Hall & Stern J Chem Soc 2657 1955, Beilstein  1 IV 3437.]

Acrolein semicarbazone [6055-71-6] M 113.1, m 1 7 1o.  It crystallises from water in needles.

[Auwers & Heineke Justus Liebigs Ann Chem 458 202 1927, Beilstein  1 II 785.]

Acrylamide [79-06-1] M 71.1, m 8 4o, b 1 2 5o/ 2 5 m m .  Crystallise acrylamide from acetone,

chloroform, ethyl acetate, methanol or *benzene/chloroform mixture, then vacuum dry and store it in the dark

under vacuum.  Recrystallise it from CHCl3 by dissolving 200g in 1L, heating to boiling and filtering without

suction in a warmed funnel through Whatman 541 filter paper; allowing to cool to room temperature and

keeping at -15o overnight.  The crystals are collected with suction in a cooled funnel and washed with 300mL of

cold MeOH.  The crystals are air-dried in a warm oven.  [Dawson et al. Data for Biochemical Research, Oxford

Press 1986 p. 449, Beilstein  2 IV 1471.]

CAUTION: Acrylamide is extremely TOXIC (neurotoxic), and precautions must be taken to avoid skin

contact or inhalation.  Use gloves and handle in a well-ventilated fume cupboard.

Acrylic acid [79-10-7] M 72.1, m 1 3o, b 3 0o/3mm, 7 0o/50mm, d
4
20  1.051, pK2 5 4 .25 .   It can

be purified by steam distillation, or vacuum distillation through a column packed with copper gauze to inhibit

polymerisation.  (This treatment also removes inhibitors such as methylene blue that may be present.)

Azeotropic distillation of the water with *benzene converts aqueous acrylic acid to the anhydrous material.  

[Beilstein  2 H 397, 2 I 186, 2 II 383, 2 III 1215, 2 IV 1455.]

Acrylonitrile [107-13-1] M 53.1, b 78o, d
4
20  0.806, n25 1.3886.  Wash acrylonitrile with dilute

H2SO4 or dilute H3PO4, then with dilute Na2CO3 and water.  Dry it with Na2SO4, CaCl2 or (better) by shaking

with molecular sieves.  Fractionally distil it under N2.  It can be stabilised by adding 10ppm tert-butyl catechol.

Immediately before use, the stabilizer can be removed by passage through a column of activated alumina (or by

washing with 1% NaOH solution if traces of water are permissible in the final material), followed by

distillation.  Alternatively, shake it with 10% (w/v) NaOH to extract inhibitor, and then wash it in turn with

10% H2SO4, 20% Na2CO3 and distilled water.  Dry for 24hours over CaCl2 and fractionally distil under N2

taking fraction boiling at 75.0-75.5oC (at 734mm). Store it with 10ppm tert-butyl catechol.  Acrylonitrile is

distilled off when required.  [Burton et al. J Chem Soc, Faraday Trans 1 75 1050 1979, Beilstein  2 IV 1473.]

Acryloyl chloride [814-68-6] M 90.5, b 72-74o/740mm, 74o/760mm, d
4
20  1.1127, n

D
20

1.4337. Distil acryloyl chloride rapidly through an efficient 25cm column after adding 0.5g of

hydroquinone/200g of chloride, and then redistil it carefully at atmospheric pressure preferably in a stream of dry

N2.  [Stempel et al. J Am Chem Soc 72 72, Gresham et al. J Am Chem Soc 72  2299 1950, Beilstein  2  IV

1471.] The liquid is an irritant and is TOXIC.

Adipic acid [124-04-9] M 146.1, m 1 5 4o, b 1 5 9 . 5o/0.1mm, 1 9 1o/5mm, 2 0 5 . 5o/ 10mm,

2 2 2 . 5o/20mm, 337.5o/760mm, pK
1

20  4.43, pK
2

20  5.51; pK
1

25  4.44, pK
2
25  5.45; pK

1

40  4 . 5 4 ,

pK
2

40  5.59.  For use as a volumetric standard,  adipic acid is crystallised once from hot water with the addition
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of a little animal charcoal, dried at 120o for 2hours, then recrystallised from acetone and again dried at 120o for

2hours.  Other purification procedures include crystallisation from ethyl acetate and from acetone/petroleum

ether, fusion followed by filtration and crystallisation from the melt, and preliminary distillation under vacuum.

[Beilstein  2 IV 1956.]

Adiponitrile (1,4-dicyanobutane) [111-69-3] M 108.14, m 2 . 4o, b 1 2 3o/0.5mm, 1 5 3o/ 6 m m ,

1 7 5o/26mm, 184o/30mm, 295o/atm, d
4
20  0.9396, n

D
20  1.4371.  Reflux adiponitrile over P2O5 and

POCl3, and fractionally distil it, then fractionate it through an efficient column.  The liquid is TOXIC and

is an IRRITANT. [Braun & Rudolph Chem Ber 67 1770 1934, Reppe et al. Justus Liebigs Ann Chem

596 127 1955, Gagnon et al. Can J Chem 34 1662 1956, Copley et al. J Am Chem Soc 6 2  228 1940,

Beilstein  2 IV 1947.]

Agaricic acid [1-(n-hexadecyl)citric acid] [666-99-9] M 416.6, m 1 4 2o(dec), [ ]D - 9 . 8o ( in

NaOH), pKEst(1)  ~2.7, pKEst(2)  ~4.2, pKEst(3)  ~5.5.  Crystallise the acid from EtOH.  The trihydrazide

has m 170o(dec) (from EtOH).  [Brandänge  et al. Acta Chem Scand B 31 307 1977, Beilstein  3  I 186, 3  II

372, 3 III 1109, 3 IV 1284.]

Agmatine sulfate [5-guanidinopent-1-ylamine sulfate] [2482-00-0]  M 228.3, m 231o, pKEst(1)

~9.1, pKEst(2)  ~13.0.  Crystallise the salt from aqueous MeOH.  The free base  has m  101.5-103o, the gold

chloride hydrochloride crystallises from H2O with m 223o(dec), and the picrate  has m  236-238o.  [Odo J Chem

Soc Jpn 67 132 1946,  Beilstein  4 I 420, 4 II 703, 4 III 575, 4 IV 1291.]

Aldol (3-hydroxybutanal) [107-89-1] M 88.1, b 80-81o/20mm, d1 6 1 .109 .   An ethereal solution

of aldol is washed with a saturated aqueous solution of NaHCO3, then with water.  The non-aqueous layer is

dried with anhydrous CaCl2 and distilled immediately before use.  The fraction, b 80-81o/20mm, is collected as

a thick liquid which decomposes at 85o/atm.  It is a sedative and a hypnotic but is used in perfumery. [Mason et

al. J Am Chem Soc 76 2255 1954].  [Beilstein  1 H 824, 1 I 419, 1 II 868, 1 III 3195, 1 IV 3984.]

Aleuritic acid [RS -erythro-9,10,16-trihydroxyhexadecanoic acid] [533-87-9] M 304.4, m

100-101o, pK Est ~4.9.  Crystallise the acid from aqueous EtOH.  The hydrazide crystallises from EtOH and

has m 139-140o.  [Beilstein  3 III 901.]

Aliquat 336 (methyltricaprylylammonium chloride, tri-n-octylmethylammonium chloride)

[5137-55-3, a replacement product, Aliquat 128, has 63393-96-4] M 404.2, d
4
20  0 .884 .   A 30% (v/v) of

Aliquat 336 solution in *benzene is washed twice with an equal volume of 1.5M HBr.  [Petrow & Allen, Anal

Chem 33 1303 1961.]  It is purified by dissolving 50g in CHCl3 (100mL) and shaking with 20% NaOH

solution (200mL) for 10minutes, and followed by 20% NaCl (200mL) for 10minutes.  It is then washed with a

small volume of H2O and filtered through a dry filter paper [Adam & Pribil Talanta 18 733 1971].

n -Alkylammonium chloride  n=2,4,6.  Recrystallise them from EtOH or an EtOH/Et2O mixture.

[Hashimoto & Thomas J Am Chem Soc 107 4655 1985, Chu & Thomas J Am Chem Soc 108 6270 1986.]

n-Alkyltrimethylammonium bromide  n=10,12,16.  Recrystallise them from an EtOH/Et2O mixture.

[Hashimoto & Thomas J Am Chem Soc 107 4655 1985.]

Allene (propadiene) [463-49-0] M 40.1, m -146o, b -32o.  Freeze allene in liquid nitrogen, evacuate,

then thaw out.  This cycle is repeated several times, then the allene is frozen in a methylcyclohexane/liquid

nitrogen bath and pumped for some time.  It has also been purified by HPLC.  [Cripps & Kiefer Org Synth 4 2

12 1962, Beilstein  1 IV 966.]

neo-Alloocimene  (allocimene B, tc-2,6-dimethyl-2,4,6-octatriene) [7216-56-0, cis/trans mixt

673-84-7, trans/trans 3016-19-1] M 136.2, b 80o/13mm, 196-198o/atm, d
4
20  0.8161, n

D
20  1 . 5 4 3 7 .

Fractionally distil allocimene through an efficient column and repeatedly distil it at 15mm through a long

column of glass helices, with a final distillation from sodium under nitrogen. It should be stabilised with ca

0.1% of hydroquinone.  UV: max nm( 1cm-1) 290 (32 500), 279 (41 900) and 278 (42,870).  [Alder et al.



Purification of Organic Chemicals — Aliphatic Compounds9 8

Justus Liebigs Ann Chem 609 1 1957, O’Connor & Goldblatt Anal Chem 26 1726 1954, Beilstein  1  IV

1106.]

Allyl acetate [591-87-7] M 100.1, b 103o, d
4
20  0.928, n

D
17 1.4004, n

D
20  1.4040. The ester is freed

from peroxides by standing with crystalline ferrous ammonium sulfate, then washed with 5% NaHCO3, followed

by saturated  CaCl2 solution.  Dry it with Na2SO4 and fractionally distil it in an all-glass apparatus.

FLAMMABLE LIQUID.  [Beilstein  2 H 136, 2 IV 180.]

Allylacetic acid (pent-4-enoic acid) [591 -80 -0] M 100.1, m -22.5o, b 83-84o/ 12mm,

9 0o/15mm, 187-189o/~760mm, d
4
20  0.9877, n

D
20  1.4280, pK2 5  4.68.  Distil the acid through an

efficient column (allyl alcohol has b 95-97o).  It is characterised as the S-benzylisothiouronium salt m 155-

158o (from 96% EtOH, or aqueous EtOH) [Friediger & Pedersen Acta Chem Scand 9 1425 1955], and the 4-

bromophenacyl ester has m 59.5-60.5o (from 90% EtOH).  Its solubility at 18o in solvents is: pyridine (57%),

AcOH (7.3%), MeOH (5.4%), Me2CO (3.2%), MeOAc (2.8%), EtOH (5.4%), H2O (1.8%), PrOH (1.6%),

isoPrOH (0.27%).  [Brown & Berkowski J Am Chem Soc  74 1894 1952, Beilstein  2 IV 1542.]

Allyl alcohol [107-18-6] M 58.1, b 9 8o, d
4
20  0.857, n

D
20  1 .4134 .   It can be dried with K2CO3 or

CaSO4, or by azeotropic distillation with *benzene followed by distillation under nitrogen.  It is difficult to

obtain it free of peroxide.  It has also been refluxed with magnesium and fractionally distilled [Hands & Norman

Ind Chem 21 307 1945].  [Beilstein  1 IV 2079.]

Allylamine [107-11-9] M 57.1, b 52.9o, d
4
20  0.761, n

D
20  1.42051, pK2 5  9.49.  Purify allylamine

by fractional distillation from calcium chloride.  It causes sneezing and tears.  [Beilstein  4 IV 1057.]

Allyl bromide [106-95-6] M 121, b 70o, d
4
20  1.398, n

D
20  1.46924.  Wash the bromide with

NaHCO3 solution then distilled water, dry (CaCl2 or MgSO4), and fractionally distil.  Protect it from strong

light. [Beilstein  1 IV 754.]  LACHRYMATORY, HIGHLY TOXIC and FLAMMABLE.

Allyl butyl ether [3739-64-8] M 114.2, b 64-65o/120mm, 117 .8-118o/763mm, d
4
20  1 . 4 0 5 7 ,

n
D
20  0.7829.  Check the IR for the presence of OH str vibrations; if so then wash it well with H2O, dry it

with CaCl2 and distil it through a good fractionating column.  The liquid is an irritant.  [Watanabe et al. J

Org Chem 23 1666 1958, Schueler & Hanna J Am Chem Soc 73 3528 1951, Beilstein  1 IV 2084.]

Allyl chloride [107-05-1] M 76.5, b 4 5 . 1o, d
4
20  0.939, n

D
20  1 .4130 .   Likely impurities include 2-

chloropropene, propyl chloride, iso-propyl chloride, 3,3-dichloropropane, 1,2-dichloropropane and 1,3-

dichloropropane.  Purify it by washing with conc HCl, then with Na2CO3 solution, dry it with CaCl2, and distil

it through an efficient column [Oae & Vanderwerf J Am Chem Soc 75 2724 1953].  [Beilstein  1 IV 738.]

LACHRYMATORY, TOXIC.

Allyl chloroformate [2937-50-0] M 120.5, b 56o/97mm, 109-110o/atm, d
4
20  1.14, n

D
20

1.4223. Wash the chloroformate several times with cold H2O to remove alcohol and HCl and dry over CaCl2.

It is important to dry well before distilling in vacuo.  Note that the receiver should be cooled in ice to avoid

loss of distillate into the trap and vacuum pump.  The liquid is highly TOXIC and flammable.  [Fierz-

David & Müller J Chem Soc 125 26 1924, Strain et al. J Am Chem Soc 72 1254 1950, Beilstein  3 IV 29.]

Allyl cyanide (3-butene nitrile)  [ 1 0 9 - 7 5 - 1 ] M 67.1, b - 1 9 . 6o/1.0mm, 2 . 9o/ 5 m m ,

1 4 . 1o/5mm, 26.6o/20mm, 48.8o/60mm, 60.2o/100mm, 98o/400mm, 119o/760mm, d
4
20

0.8341, n
D
20  1.406.  The nitrile should be redistilled at atmospheric pressure, then distilled under a vacuum

to remove final traces of HCN from the residue.  Note that the residue from the first distillation may be difficult

to remove from the flask and should be treated with conc HNO3 then H2O and finally hot EtOH (CARE).

Allyl cyanide has an onion-like odour and is stable to heat.  It forms a complex with AlCl3 (2:2) m 41o, and

(3:2) m 120o. All operations should be done in an efficient fume hood as the liquid i s

flammable, may contain cyanide and is HIGHLY TOXIC.  [Supniewski et al. Org Synth Coll Vol

I 46 1941, Beilstein  2 IV 1491.]
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Allyl disulfide  (diallyl disulfide) [2179-57-9] M 146.3, b 58-59o/5mm, 79-81o/20mm, 138-

1 3 9o/atm, d
4
20  1.01, n

D
20  1.541.  Purify the disulfide by fractional distillation until the molar refractivity

is in uniformly good agreement with the calculated value [Small et al. J Am Chem Soc 69 1710 1947].  It has

also been purified by gas chromatography [retention times: Carson & Wong J Org Chem 24  175 1959, UV:

Koch J Chem Soc  395 1949].  It is present in garlic.  [Beilstein  1 IV 2098.]

Allyl iodide (3-iodopropene) [556-56-9] M 167.7, b 103o/760mm, d12 1.848.  Purify allyl iodide

in a dark room by washing with aqueous Na2SO3 to remove free iodine, then dry with MgSO4 and distil at

43o/90 mm or at atmospheric pressure to give a very pale yellow liquid.  (This material, dissolved in hexane,

can be stored in a light-protected tight container at -5o for up to three months before free iodine could be detected,

by its colour in the solution.)  Store it away from light.  [Sibbett & Noyes J Am Chem Soc 75  761 1953,

Beilstein 1 H 202, 1 I 84, 1 II 172, 1 III 714, 1 IV 761.]

Allylisocyanate [1476-23-9] M 83.1, b 84o/atm, 87-89o/atm, d
4
20  0.94, n

D
20  1.417.  Purify it

as for allylisothiocyanate below and it is TOXIC. [Beilstein  4 IV 1081.]

Allylisothiocyanate [57-06-7] M 99.2, m -80o, b 84-85o/80mm, 1 5 0o/760mm, 1 5 1o/atm,

d
4
20  1.017, n

D
20  1.5268.  Fractionate the isothiocyanate using an efficient column, preferably in a vacuum.

It is a yellow pungent, irritating and TOXIC (suspected CARCINOGEN) liquid.  Store it in a

sealed tube under N2.  The N'-benzylthiourea derivative has m  94.5o (from aqueous EtOH) [Weller et al. J A m

Chem Soc 74 1104 1952].  [Beilstein  4 IV 1081.]

N -Allylthiourea  (thiosinamine)  [109-57-9] M 116.2, m 70-73o, 7 8o. Recrystallise it from

H2O.  It is soluble in 30 parts of cold H2O, and it is soluble in EtOH but insoluble in *C6H6.  It has also been

recrystallised from acetone, EtOH or ethyl acetate, after decolorising with charcoal.  The white crystals have a

bitter taste with a slight garlic odour and are TOXIC .  An unstable crystalline form is obtained by

recrystallising from the melt.  [McCrone et al. Anal Chem 21 421 1949, Beilstein 4 IV 1072.]

N-Allylurea [557-11-9] M 100.1, m 85o.  It crystallises from EtOH, EtOH/ether, EtOH/chloroform or

EtOH/toluene.  [Beilstein  4 IV 1070.]

Aminoacetaldehyde dimethyl acetal  (2,2-dimethoxyethylamine) [22483-09-6]  M 105.1, m

< - 7 8o, b 139.5o/768mm, 137-139o/atm, d
4
20  0.9676 n

D
20  1.4144.  Dry the acetal over KOH pellets

and distil it through a 30cm vacuum jacketed Vigreux column (p 11).  [Lawson J Am Chem Soc 7 5  3398

1953, Erickson et al. J Am Chem Soc 77 6640 1955, Beilstein  4 IV 1918.]

Aminoacetonitrile bisulfate [151-63-3] M 154.1, m 1 2 5o(dec), pK25 5.34 (NH2) .   Recrystallise

the hydrogensulfate (1:1) from EtOH/Et2O  (hygroscopic leaflets).   The S u l f a t e  (2:1) [5466-22-8]

crystallises as flat prisms from H2O/EtOH with m 166o(dec). [Stephen J Chem Soc 871 1931, Anslow & King

J Chem Soc 2465 1929, Beilstein  4 III 1120.]

Aminoacetonitrile hydrochloride [6011-14-9] M 92.5, m 166-167o, 172-174o, pK25 5 . 2 4

(NH2).  The salt recrystallises from dilute EtOH as hygroscopic leaflets.  It is best to crystallise it from

absolute EtOH/Et2O (1:1) and then recrystallise it from absolute EtOH.  The melting point recorded ranges

from 144o to 174o.  The free base has b 58o/15mm with partial decomposition.  [Klages J Prakt Chem [2] 6 5

189 1902, Mange J Am Chem Soc 56 2197 1934, Goldberg & Kelly J Chem Soc 1371 1947, Beilstein 4  H

344, 4 I 468, 4 II 783, 4 III 1120, 4 IV 2363.]

2-Amino-1-butanol [RS(±) 96-20-8, R(-) 5856-63-3, S(+) 5856-62-2]  M 89.1, m ~ - 2o, b 7 8 -

8 0o/10mm and 179-183o/atm for (±), 172-174o/atm for (+) or (-), pK0 10.353, pK20 9 . 6 7 2 ,

pK60 8.555.  They are purified by shaking with solid NaOH, filtering and distilling through a short column.

The oxalate of the racemate has m 176o.  They are strong bases and should be stored under N2 in the absence of

CO2.  The enantiomers have [ ]
D

20  ±12.5o (c 2, EtOH).  [Johnson & Degering J Org Chem 8 7 1943, Nagao et

al. J Org Chem 51 2392 1986, Santaniello et al. J Chem Soc, Perkin Trans 1 919 1985, Beilstein 4 H 291, 4

IV 1705.]
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2-Aminoethanol  (ethanolamine) [ 1 4 1 - 4 3 - 5 ] M 61.1,  f 1 0 . 5o,  b 72-73o/ 12mm,

1 7 1 . 1o/760mm, d
4
20  1.012, n

D
20  1.14539, pK2 5 9.51. It decomposes slightly when distilled at

atmospheric pressure, with the formation of conducting impurities.  Fractional distillation at about 12mm

pressure is most satisfactory.  After distillation, 2-aminoethanol is further purified by repeated washing with

ether and crystallising from EtOH (at low temperature).  After fractional distillation in the absence of CO2, it is

twice crystallised by cooling, followed again by distillation.  It is hygroscopic, and absorbs CO2 from the

atmosphere.  [Reitmeier et al. J Am Chem Soc 62  1943 1940.]  It can be dried by azeotropic distillation with

dry *benzene.  [Beilstein  4 IV 1406.]

2-Aminoethanol hydrochloride [2002-24-6] M 97.6, m 75-77o.  Recrystallise the salt from EtOH.  It

is deliquescent;  store it dry.  [Beilstein  4 IV 1406.]

2-Aminoethyl hydrogen sulfate (sulfuric acid mono-2-aminoethyl ester) [926-39-6] M

141.1, m 285-287o (chars at 275o). Crystallise the sulfate ester from water or dissolve it in water and

add  EtOH.  [Beilstein  4 III 1414.]

S-(2-Aminoethyl)isothiouronium bromide hydrobromide [56-10-0] M 281.0, m 194-195o.

Crystallise the salt from absolute EtOH/ethyl acetate or MeOH.   Store dry as it is hygroscopic in a humid

atmosphere.  It is a radioprotective agent.  When refluxed in EtOH for 16hours or H2O for 30minutes, it

decomposes to 2-amino-4(5H)-thiazoline hydrobromide which on recrystallisation from isoPrOH/EtOAc has m

175-176o [Doherty et al. J Am Chem Soc 79 5667 1957].

(2-Aminoethyl)trimethylammonium chloride  hydrochloride (chloramine chloride hydro-

chloride) [3399-67-5] M 175.1, m 268o(dec).  Crystallise the hydrochloride from EtOH.  The material is

very soluble in H2O.  [Beilstein  4 II 690.]

Aminomalononitrile toluene-4-sulfonate  [5098-14-6] M 253.4, m 168-170o, 172o(dec), pKEst

~ 1.3.  It forms colourless crystals on recrystallisation from MeCN (1.8g in 100mL) using activated charcoal.
Wash the crystals with dry Et2O and dry them at 25o/1mm.  Recovery is ~80%.  [Ferris et al. Org Synth Coll

Vol V 32 1973.]

2-Amino-2-methyl-1,3-propanediol [115-69-5] M 105.1, m 111o, b 151-152o/10mm, pK2 5

8.80.  Crystallise the diol three times from MeOH, dry in a stream of dry N2 at room temperature, then in a

vacuum oven at 55o. Store it over CaCl2 [Hetzer & Bates J Phys Chem 66 308 1962].  [Beilstein  4 IV 1881.]

2-Amino-2-methyl -1-propanol ( -aminoisobutanol) [124-68-5] M 89.4, m 2 4o, 3 1o, b

6 7o/10mm, 164-166o/760mm, d
4
20  0.935, n

D
20  1.45, pK2 5 9.71.   Purify it by distilling and

fractional freezing.  The hydrochloride  [3207-12-3]  has m 204o-206o.  [Beilstein  4 III 783, 4 IV 1740.]

n-Amyl acetate (n -pentyl acetate) [628-63-7] M 130.2, b 1 4 9 . 2o, d
4
20  0.876, n

D
20  1 . 4 0 2 2 8 .

Shake the ester with saturated NaHCO3 solution until neutral, washed it with water, dry with MgSO4 and distil

it.  The ester has also been purfied by repeated fractional distillation through an efficient column or spinning

band column.  [Timmermann & Hennant-Roland J Chim Phys  52 223 1955, Mumford & Phillips J Chem

Soc 75 1950, 1H NMR: Crawford & Foster Can J Phys 34 653 1956, Beilstein  2 IV 152.]

n-Amyl alcohol (1-pentanol) [71-41-0] M 88.2, b 1 3 8 . 1o, d15 0.818, n
D
20  1 . 4 1 00 .   Dry 1-

pentanol with anhydrous K2CO3 or CaSO4, filter and fractionally distil it.  It has also been treated with 1-2% of

sodium and heated at reflux for 15hours to remove water and chlorides.  Traces of water can be removed from the

near-dry alcohol by refluxing it with a small amount of sodium in the presence of 2-3% n-amyl phthalate or

succinate followed by distillation (see ethanol).

Small amounts of amyl alcohol have been purified by esterifying with p-hydroxybenzoic acid,  recrystallising

the ester from CS2, saponifying with ethanolic-KOH, drying with CaSO4 and fractionally distilling [Olivier

Recl Trav Chim Pays-Bas 55 1027 1936].  [Beilstein  1 IV 1640.]
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tert-Amyl alcohol (2-methyl-2-butanol) [75-85-4] M 88.2, m -12o, b 102.3o, d15 0.8135, n
D
20

1.4058.  Reflux it with K2CO3, CaH2, CaO or sodium, then fractionally distil. The near-dry alcohol is further

dried by refluxing with Mg activated with iodine, as described for ethanol.  Further purification is possible using

fractional crystallisation and zone refining at <-10o or preparative gas chromatography.  [Beilstein  1 IV 1668.]

n-Amylamine [1-aminopentane] [110-58-7] M 87.2, b 105o, d
4
20  0.752, pK2 5 10 .63 .   Dry it by

prolonged shaking with NaOH pellets, then distilling. Store it in a CO2-free atmosphere.  [Beilstein  4 IV 674.]

n-Amyl bromide (n-pentylbromide) [110-53-2] M 151.1, b 1 2 9 . 7o, d
4
20  1.218, n

D
20  1 . 4 4 5 .

Wash the bromide with conc H2SO4, then water, 10% Na2CO3 solution, again with water, dry with CaCl2 or

K2CO3, and fractionally distil it just before use.  [Beilstein  1 IV 312.]

n-Amyl chloride (1-chloropentane) [543-59-9] M 106.6, b 107.8o, d
4
20  0.882, n

D
20  1 . 4 1 1 7 7 .

Purify as for sec-amyl chloride.  [Beilstein  1 IV 309.]

sec-Amyl chloride (1-chloro-2-methylbutane)  [616-13-7] M 106.6, b 52.2o/150mm, 96-97o

(100o)/760mm, d
4
20  0.886, n

D
20  1.412.  Purify the chloride by stirring vigorously with 95% H2SO4,

replacing the acid when it becomes coloured, until the layer remains colourless after 12hours stirring.  The amyl

chloride is then washed with saturated Na2CO3 solution, then distilled water, and dried with anhydrous MgSO4,

followed by filtration, and distillation through a 10-in Vigreux column (p 11).  Alternatively a stream of oxygen

containing 5% ozone is passed through the amyl chloride for three times as long as it takes to cause the first

coloration of starch iodide paper by the exit gas.  The liquid is washed with NaHCO3 solution to hydrolyze the

ozonides and remove organic acids prior to drying and fractional distillation [Chien & Willard J Am Chem Soc

75 6160 1953].  The S(+)-enantiomer has b 50-51o/140mm, 100o/760, mm, [ ]
D

20  +1.64o (neat) [Brown et al.

J Am Chem Soc 62 3437 1940].  [Beilstein 1 H 134, 1 I 46, 1 III 356, 1 IV 326.]

tert-Amyl chloride (2-chloro-2-methylbutane) [594-36-5] M 106.6, b 8 6o, d
4
20  0 .866 .   Methods

of purification commonly used for other alkyl chlorides lead to decomposition.  Unsaturated contaminants are

removed by chlorination with a small amount of chlorine in bright light, followed by distillation [Chien &

Willard J Am Chem Soc 75 6160 1953].  [Beilstein  1 H 134, 1 I 46, 1 II 100, 1 III 357, 1 IV 324.]

Amylene ( -iso-amylene, 2-methyl-2-butene) [513-35-9] M 70.1, b 37-38o/~760mm, d
4
20

0.663, n
D
20  1.387.  Distil amylene and collect the distillate at low temperature.  It has also been distilled

from sodium.  FLAMMABLE. It is available in steel cylinders and has a short shelf life.  [Beilstein 1 H

211, 1 I 87, 1 II 187, 1 III 788, 1 IV 820.]

Amyl ether (dipentyl ether) [693-65-2] M 158.3, b 186.8o, d
4
20  0.785, n

D
20  1.41195.  Repeatedly

reflux amyl ether over sodium and distil it.  [Beilstein  1 IV 1643.]

Arachidic (eicosanoic C20) acid [506-30-9] M 312.5, m 77o, pKEst ~5.0 .   Crystallise the C20 acid

from absolute EtOH.  [Beilstein  2 IV 1276.]

Arachidic alcohol (1-eicosanol C20)   [629-96-9] M 298.6, m 6 5 . 5o ( 7 1o), b 2 0 0o/ 3 m m .

Crystallise the C20 alcohol from *benzene or *benzene/pet ether.  [Beilstein  1 IV 1900.]

Azelaic acid (1,9-nonanedioic acid, heptane-1,7-dicarboxylic acid) [123-99-9] M 188.2, m

105-106o, b 225o/10mm, 256o/50mm, pK
1

25  4.53, pK
2
25  5.33.  Recrystallise it from H2O

(charcoal) or thiophene-free *benzene.  The acid can be dried by azeotropic distillation with toluene, the residual

toluene solution is then cooled and filtered, and the precipitate is dried in a vacuum oven.  It has been purified by

zone refining or by sublimation onto a cold finger at 10-3torr.  It distils above 360o with partial formation of the

anhydride.  The dimethyl ester has m –3.9o and b 140o/8mm.  [Hill & McEwen Org Synth Coll Vol II 53

1943, Beilstein  2 IV 2055.]

2,2'-Azobis(isobutyronitrile) ( , ’bis[2-methylpropionitrile], AIBN) [78-61-1]   M 164.2, m

1 0 3o(dec).  Crystallise the nitrile from Et2O, Me2CO, CHCl3, aqueous EtOH or MeOH.  It has also been
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crystallised from absolute EtOH below 40o in subdued light.  Dry it under vacuum at room temperature  over

P2O5 and store it under vacuum in the dark at <-10o until required.  Also crystallise it from CHCl3 solution by

addition of pet ether (b <40o).  It is a radical inhibitor.  [Askham et al. J Am Chem Soc 107 7423 1985, Ennis

et al. J Chem Soc, Dalton Trans 2485 1986, Inoue & Anson J Phys Chem 91 1519 1987, Tanner J Org Chem

52 2142 1987, Beilstein 4 IV 3377.]

Azomethane (dimethyldiimide) [503-28-6] M 58.1, m - 7 8o, b 1 . 5o, d
0

15 0.981, n
D

19 1 . 3 9 3 3 .

Purify azomethane by distillation in a vacuum line and store it in the dark at -80o.  It is soluble in EtOH, Et2O

and EtOAc.  It can be EXPLOSIVE. [Beilstein  4 H 562, 4 I 566, 4 II 966, 4 III 1747, 4 IV 3366.]

B.A.L. (British Anti-Lewesite) see  1,2-dimercapto-3-propanol.

Batyl alcohol (rac-3-[1-octadecyloxy]-1,2-propanediol) [544-62-7] M 344.6, m 70 .5 -71o.

Batyl alcohol crystallises from aqueous Me2CO, EtOH or pet ether (b 40-60o).  [Taguchi & Armarego Med Res

Rev 18 pp43-88 1998, Beilstein  1 IV 2758.]

Behenoyl chloride  (docosanoyl chloride)  [21132-76-3] M 359.0, m 4 0o.  If the IR shows OH

bands, then it should be dissolved in oxalyl chloride in *C6H6 solution and warmed at 35o for 24hours in the

absence of moisture, evaporated and distilled in a vacuum of 10-5mm.  It is soluble in *C6H6 and Et2O.  It is

moisture sensitive and is LACHRYMATORY.  [Francis et al. J Chem Soc 1001 1937, Levene & Taylor J

Biol Chem 59 905 1924, Beilstein 2 III 1076.]

Biacetyl (butan-2,3-dione) [431-03-8] M 86.1, b 88o, d
4
20  0.981, n18.5 1.3933.   Dry biacetyl over

anhydrous CaSO4, CaCl2 or MgSO4, then distil it in a vacuum under nitrogen, taking the middle fraction and

storing it at Dry-Ice temperature in the dark (to prevent polymerization).  [Beilstein  1 IV 3644.]

Biguanide [56-03-1]  M 101.1, m 130o pK
1
25  3.1, pK

2
25  12.8.  Crystallise biguanide from EtOH. It

gives a red Cu derivative, and it forms salts with many metals.  The monohydrochloride  has m 235o [38664-03-

8] and the dihydrochloride  forms plates with m 248o  (213-214o, also reported) [25836-74-2].  [Beilstein  3  H

93, 3 I 44, 3 II 76, 3 III 171, 3 IV 162.]

Bis-acrylamide (N,N'-methylene bisacrylamide) [110-26-9] M 154.2, m > 3 0 0o.   Recrystallise

the amide from MeOH (100g dissolved in 500mL boiling MeOH) and filter without suction in a warmed funnel.

Allow to stand at room temperature and then at -15oC overnight. The crystals are collected with suction in a

cooled funnel and washed with cold MeOH.  The crystals are air-dried  in a warm oven.  [Beilstein  2  IV 1472.]

VERY TOXIC (neurotoxic).

Bis-( -chloroethyl)amine hydrochloride [821-48-7] M 178.5, m 214-215o, 216-217o, pKEst

~5.8 (free base).  Crystallise the salt from Me2CO or MeOH/Et2O.   The picrate has m  112-113o (from

EtOH or Me2CO).  [Mann J Chem Soc 464 1934, Ward J Am Chem Soc 57 915 1935,  Beilstein  4 III 238.]

Bis-( -chloroethyl) ether [111-44-4] M 143.0, b 94o/33mm, 178.8o, d
4
20  1.220, n

D
20  1 . 4 5 7 5 0 .

Wash the ether with conc H2SO4, then Na2CO3 solution, dry with anhydrous Na2CO3, and finally pass it

through a 50cm column of activated alumina before distillation.  Alternatively, wash it with 10% ferrous sulfate

solution to remove peroxides, then H2O, dry with CaSO4, and distil it in a vacuum.  Add 0.2% of catechol to

stabilise it.  [Beilstein  1 IV 1375.] VERY TOXIC.

2,2'-Bis-[di-(carboxymethyl)-amino]diethyl  ether, ( H O O C C H2)2NCH2CH2OCH2CH2N -

(CH2COOH)2 [923-73-9]  M 336.3, pK
1
20  1.8, pK

2
20  2.76, pK

3
20  8.84, K

4
20  9 .47 .   Crystallise it

from EtOH.

N ,N-Bis-(2-hydroxyethyl)-2-aminoethanesulfonic acid (BES) [10191-18-1] M 213.3, m 150-

1 5 5o, pK2 5 7.17.  Crystallise BES from aqueous EtOH.  [Beilstein  4 IV 3290.]
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Bis-(2-hydroxyethyl)amino-tris-(hydroxymethyl)methane (BIS-TRIS) [6976-37-0] M 2 0 9 . 2 ,

m 89o, 104o, pK2 0 6.46.  Crystallise BIS-TRIS from hot 1-butanol and dry it in a vacuum at 25o.

N,N-Bis-(2-hydroxyethyl)glycine (BICINE) See in “Amino Acids and Peptides”,  Chapter 6.

Bis(2-mercaptoethyl)sulfone (BMS) [145626-87-5] M 186.3, m 57-58o, pK
1
25  7.9, pK

2
25  9 .0 .

BMS recrystallises from hexane as white fluffy crystals.  Large amounts are best recrystallised from de-

oxygenated H2O (charcoal).  It is a good alternative reducing agent to dithiothreitol.  Its IR (film) has

max 2995, 2657, 1306, 1248,   1124 and 729 cm-1.  The synthetic intermediate thioacetate has m 82-83o (white

crystals from CCl4).  The disulfide  is purified by flash chromatography on SiO2 and elution with 50%

EtOAc/hexane and recrystallised from hexane, and has m 137-139o.  [Lamoureux & Whitesides J Org Chem 5 8

633 1993, Beilstein  1 IV 2455.]

Bis-(trichloromethyl) carbonate (triphosgene)  [32315-10-9] M 296.8, m 79-83o,  81 -83o,  b

203-206o(slight dec).  It is a good solid substitute for phosgene (using a third mol per mol).  Crystallise it

from pet ether (b 60-80o), wash it with anhydrous cold Et2O, de-gas it at 200mm then dry at 0.1mm (over

H2SO4).  It has IR: max 900 and 1900 cm-1.  It is a lachrymator, is TOXIC and should be handled with

gloves and in an efficient fume hood.  [Hales et al. J Chem Soc 620 1957, Eckert & Forster Angew Chem, Int

Ed Engl 26 894 1987, Aldrichimica Acta 21 47 1988, Beilstein  3 H 17, 3 I 8, 3 II 16, 3 III 36, 3 IV 33.]

Bistrifluoroacetamide (BTFA) [407-24-9] M 209.1, m 85o, b 135-136o/744mm, 1 4 1o/ 760mm.

A major impurity is trifluoroacetamide.  Add trifluoroacetic anhydride to BTFA, reflux for 2hours and fractionate

using a Vigreux column (p 11) at atmospheric  pressure.  [Donike J Chromatogr 78 273 1973, Beilstein  2  IV

471.]

Biuret (allophanic acid amide, carbamoylurea)  [108-19-0] M 103.1, sinters at 218o and chars

at 270o, pK
1
25  -0.88, pK

2
25  >4.  Crystallise biuret from EtOH.  [Beilstein  3 IV 141.]

N-Bromoacetamide  [79-15-2] M 138.0, m 102-105o, 107-109o, 1 0 8o(anhydrous).  A possible

contaminant is CH3CONBr2.  Recrystallise it from CHCl3/hexane  (1:1, seed if necessary) or water and dry over

CaCl2.  It is a brominating agent.  [Oliveto & Gerold Org Synth  Coll Vol IV 104 1963.]  Alternatively,

dissolve it in the minimum volume of warm H2O (60o), then cool in an ice bath, collect the crystals and dry

them in an anhydrous atmosphere, dissolve in Et2O, chill and evaporate till crystallisation. Dry the crystals in

vacuo at 25o, then at 45o (m 108o). Crystallise from CHCl3 (m 103o). Estimate the available Br iodometrically

[Buckles et al. J Org Chem 23 483 1958].  [Beilstein 2 H 181, 2 I 82, 2 II 180, 2 III 406, 2 IV 417.]

Bromoacetic acid [79-08-3] M 138.9, m 50o, b 1 1 8o/15mm, 2 0 8o/760mm, d2 5 1.93, pK2 5

2.92.  Crystallise bromoacetic acid from pet ether (b 40-60o).  A diethyl ether solution of it is passed through

an alumina column, and the ether is evaporated at room temperature under vacuum. It is best obtained by

distillation from a Claisen (flask immersed in an oil bath) fitted with an insulated Vigreux column (p 11) and the

fraction b 108-110o/30mm is collected.  It is light and moisture sensitive.  [Natelson & Gottfried Org Synth

Coll Vol III 381 1955, Beilstein 2 IV 526.] LACHRYMATORY and is a skin IRRITANT.

Bromoacetone [598-31-2] M 137.0, b 31.5o/8mm, 63.5-64o/50mm, 137o/atm, d2 3 1 . 6 4 3 .

Stand bromoacetone over anhydrous CaCO3, filter, distil it under low vacuum, and store it with CaCO3 in the

dark at 0o.  [Levene Org Synth Coll Vol II 88 1943.] Violently LACHRYMATORY and skin

IRRITANT.

2-Bromobutane [78-76-2] M 137.0, b 91.2o, d
4
20  1.255, n

D
20  1.4367, n25 1 .43 41 .   Wash 2-

bromobutane with conc HCl, water, 10% aqueous NaHSO3, and then water.  Dry it with CaCl2, Na2SO4 or

anhydrous K2CO3, and fractionally distil it through a 1m glass helices packed  column.  [Beilstein  1 IV 261.]

Bromoform [75-25-2] M 252.8, m 8 . 1o, 55 -56o/35mm, 1 4 9 . 6o/760mm, d15 2.9038, d30

2.86460, n15 1.60053, n
D
20  1.5988.  The storage and stability of bromoform and chloroform are similar.

Ethanol, added as a stabilizer, is removed by washing with H2O or with saturated CaCl2 solution, and the
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CHBr3, after drying with CaCl2 or K2CO3, is fractionally distilled.  Prior to distillation, CHBr3 has also been

washed with conc H2SO4 until the acid layer is no longer coloured, then dilute NaOH or NaHCO3, and H2O.  A

further purification step is fractional crystallisation by partial freezing.  [Beilstein  1 IV 82.]

 (±)-2-Bromohexadecanoic acid (2-bromopalmitic acid) [18263-25-7] M 335.3, m 51-53o,

52 .3 -52 .5o, 53o, pKEst ~3.2. Recrystallise the acid from pet ether (b 60-80o, charcoal) and finally from

EtOH.  The ethyl ester has b 177-178o/2mm, d
28

28  1.0484, n
D

20  1.4560.  [IR: Sweet & Estes J Org Chem 2 1

1426 1956, Beilstein  2 IV 1184.]

S-(+)-1-Bromo-2-methylbutane [534-00-9] M 151.1, b 38.2o/39mm, 49o/62mm, 6 0 . 8o(57-

5 8o)/100mm, 65-65.6o/140mm, 116-122o/atm, d
4
20  1.2232, n

D
20  1.4453, [ ]

D

20  + 5 . 1o (neat,

+ 5 . 8o (c 5, CHCl3). Wash the bromobutane with ice-cold H2O, dry by freezing, shake it twice with an

equal volume of H2SO4 at 0o, and twice with an equal volume of H2O at 0o.  Freeze-dry and keep over freshly

heated (and then cooled) K2CO3, and distil it through a vacuum jacketed column of broken glass.  Alternatively,

dissolve it in pet ether (b 40-60o), wash it with 5% NaOH, conc H2SO4 (at 0o), then H2O, dry (CaCl2),

evaporate it and distil.  [Heller J Am Chem Soc 74 4858 1952, Foley J Am Chem Soc 81  2779 1959, Easton

& Hargreaves J Chem Soc 1413 1959, Crombie & Harper J Chem Soc 2685 1950, Beilstein  1 IV 327.]

2-Bromo-2-methylpropane [507-19-7] M 137.0, b 71-73o, d
4
20  1.218, n

D
20  1.429.  Neutralise the

bromomethylpropane with K2CO3, distil, and dry it  using molecular sieves (5A), then distil it in a vacuum and

degas it by the freeze-pump-thaw technique.  Seal it under vacuum.  [Beilstein  1 IV 295.]

1-Bromooctadecane [112-89-0] M 333.4, m 2 6o, 2 7 . 3o, 28 -30o, b 178-179o/2mm, 214-

2 1 8o/15mm, d
4
20 0.976, n

D
20  1.461.  Twice recrystallise bromooctadecane from the melt, then distil it

under vacuum three times using the middle cut.  Alternatively, wash the oil with aqueous Na2SO4, then conc

H2SO4 (cool) and again with aqueous Na2SO4 and then fractionally distil it.  [Meyer & Ried J Am Chem Soc

55 1574 1933, Hoffmann & Smyth J Am Chem Soc 72  171 1950, IR: LeFévre et al. Aust J Chem 12  743

1959, IR: Brini-Fritz Bull Soc Chim Fr  516 1957, Beilstein  1 IV 555.]

(±)-2-Bromopentane [107-81-3] M 151.1, b 117.2o/753mm, 116-117o/atm, 1 1 7 . 5o/ 740mm,

d
4
20  1.2190, n

D
20  1.4401.  Dry it over K2CO3 and distil it through a short Vigreux column (p 11).  [IR:

Pines et al. J Am Chem Soc 74 4063 1952, Brown & Wheeler J Am Chem Soc 78 2199 1956, Beilstein  1

IV 312.]

Bromopicrin (tribromonitromethane) [464-10-8] M 297.8, m 10 .2 -10 .3o, b 85-87o/ 16mm,

d
4
20  2.788, n

D
20  1.579.  Steam distil it, dry it with anhydrous Na2SO4 and distil it again in a vacuum.

HIGHLY TOXIC.  [Beilstein  1 H 77, 1 I 21, 1 II 43, 1 III 115, 1 IV 106.]

R -(+)-2-Bromopropionic acid [10009-70-8] M 153.0, b 78o/4mm, d
4
20  1.474,  [ ]

D

25  + 2 7 . 2o

(neat), pK25 4.07. Dissolve it in Et2O, dry (CaCl2), evaporate and distil it through a short column.

Distillation through a Podbielniak column (p 11) (see S-(-)-2-chloropropionic acid below) led to decomposition.

Store it in the dark under N2, preferably in sealed ampoules.  Even at -10o it slowly decomposes.  [Fuet et al. J

Am Chem Soc 76 6054 1954, Beilstein  2 IV 761.]

3-Bromopropionic acid [590-92-1] M 153.0, m 62.5o, 62 .5 -63 .5o, 63 -64o, pK2 5 4.01. The

acid crystallises as plates from CCl4.  It is soluble in organic solvents and H2O.  Its methyl ester has b

65o/18mm and 80o/27mm. The S-benzylisothiouronium salt has m 136o.  [Kendall & McKenzie Org Synth

Coll Vol I  131 1941, Beilstein  2 IV 764.]

Bromopyruvic acid (3-bromo-2-oxopropionic acid) [1113-59-3] M 167.0, m 79-82o, pKEst

~1.6. Dry it by azeotropic distillation (with toluene), and then recrystallise it from dry CHCl3.  Dry for

48hours at 20o (0.5 torr) over P2O5.  Store it at 0o.  [Labandiniere et al. J Org Chem 52 157 1987, Beilstein  3

III 1167.]
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N-Bromosuccinimide [128-08-5] M 178.0, m 183-184o(dec). N-Bromosuccinimide (30g) is purified

by dissolving rapidly in 300mL of boiling water and filtering through a fluted filter paper into a flask immersed

in an ice bath, and left for 2hours.  The crystals are filtered off, washed thoroughly with ca 100mL of ice-cold

water and drained on a Büchner funnel before drying under vacuun over P2O5 or CaCl2 [Dauben & McCoy J A m

Chem Soc 81 4863 1959].  This brominating agent has also been crystallised from acetic acid or water (10

parts), washed in water and dried in vacuo [Wilcox et al. J Am Chem Soc 108 7693 1986, Shell et al. J A m

Chem Soc 108 121 1986, Phillips & Cohen J Am Chem Soc 108 2013 1986, Beilstein  21/9 V 543.]

Bromotetronic acid (2-bromo-4-hydroxyacetoacetic lactone) [21151-51-9] M 179.0, m 1 8 2 . 8o,

pK25 2.23.  Decolourise with Norit in EtOAc, evaporate, and crystallise from EtOAc or *C6H6.  [Schuler et

al. J Phys Chem 78 1063 1974, Gillespie & Price J Org Chem 22 782 1957, Beilstein 17 III/IV 5819.]

Bromotrichloromethane [75-62-7] M 198.5, f -5.6o, m 21o, b 104.1o, d
D
20  2.01, n

D
20  1 . 5 0 6 1 .

Wash it with aqueous NaOH solution or dilute Na2CO3, then with H2O, and dry with CaCl2, BaO, MgSO4 or

P2O5 before distilling in diffuse light and storing in the dark.  It has also been purified by treatment with

charcoal and fractional crystallisation by partial freezing.  It is purified also by vigorous stirring with portions of

conc H2SO4 until the acid did not discolour during several hours stirring.  Wash with Na2CO3 and water, dry

with CaCl2 and then illuminate it with a 1000W projection lamp at 15cm for 10hours, after making it 0.01M in

bromine.  Pass it through a 30 x 1.5cm column of activated alumina and fractionally redistil it through a 12-in

Vigreux column (p 11).  [Firestone & Willard J Am Chem Soc 83 3511 1961; see also Cadogan & Duell J

Chem Soc 4154 1962, Beilstein  1 IV 77.]

1-Bromo-2,2,2-trifluoroethane [421-06-7] M 163.0, m - 9 4o, b 26-27o, d
4
20  1.788, n

D
20

1.332. Wash it with water, dry (CaCl2) and distil it.  [Beilstein  1 III 179, 1 IV 154.]

Bromotrifluoromethane (Freon 13B1) [75-63-8] M 148.9, b - 5 9o, d
4
20  1 .590 .  Purify the gas by

passing it through a tube containing P2O5 on glass wool into a vacuum system where it is frozen out in a quartz

tube and degassed by a cycles of freezing, evacuating and thawing.  [Beilstein  1 III 83, 1 IV 73.]

5-Bromovaleric ( bromopentanoic) acid [2067-33-6] M 181.0, m 4 0o, pKEst ~4.6 .   Crystallise

the acid from pet ether.  [Beilstein  2 IV 883.]

(±)-Bromural [N-(aminocarbonyl)-2-bromo-3-methylbutanamide, bromisovalum] [496-67-3]

M 223.1, m 154-155o.  Crystallise it from aqueous EtOH or toluene, and dry it in air.  [Beilstein  3  H 63,

3 I 29, 3 II 51, 3 III 123, 3 IV 117.]

1 ,3 -Butadiene [106-99-0] M 54.1, b -2.6o.  Dry the gas by condensing it into a solution of

triethylaluminium in decahydronaphthalene,  then it is flash distilled.  It has also been dried by passage over

anhydrous CaCl2 or distilled from NaBH4.  Also purify by passaging through a column packed with molecular

sieves (4A), followed by cooling in a Dry-ice/MeOH bath overnight, filtering off the ice and drying over CaH2

at -78o then distilling in a vacuum line.  [Beilstein  1 IV 976.]

n-Butane [106-97-8] M 58.1, m -135o, b - 0 . 5o.   Dry by passing over anhydrous Mg(ClO4)2 and

molecular sieves type 4A.  Air is removed by prolonged and frequent degassing at -107o.  [Beilstein  1 IV 236.]

1,4-Butanediol (tetramethylene glycol) [110-63-4] M 90.1, f 20.4o, b 107-108o/ 4 m m ,

1 2 7o/20mm, d
4
20  1.02, n

D
20  1.4467.  Distil the glycol and store it over Linde type 4A molecular sieves,

or crystallise it twice from anhydrous diethyl ether/acetone,  and redistil it.  It has been recrystallised from the

melt and doubly distilled in vacuo in the presence of Na2SO4.  [Beilstein  1 IV 2515.]

meso-2,3-Butanediol [513-85-9] M 90.1, m 2 5o.   Recrystallise it from isopropyl ether at low

temperature.  [Beilstein  1 IV 2524.]

threo-2,3-butanediol [R,R(-) 24347-58-8, S,S(+) 19132-06-0] M 90.1, m 16-19o, 19.7o, b 7 7 . 5 -

7 8o/10mm, 179-180o/atm, [ ] D
20( ) or (+) 13.1o (neat).  Purify it by fractional distillation.  The bis-
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(4-nitrobenzoate) has m 141-142o and [ ]
D

20 (-) or (+) 52o (c 4 CHCl3).  [Ghirardelli & Lucas J Am Chem Soc

79 734 1957, Rubin et al. J Am Chem Soc 74 425 1952, Neish Can J Res 27  6 1949, Neish & Ledingham

Can J Res 27 694 1949, Beilstein  1 IV 2524-2525.]

1-Butanesulfonyl chloride [2386-60-9] M 156.6, b 75-76o/7mm, 9 8o/13mm, 100-103o/ 2 7 -

28mm, d
4
20  1.2078, n

D
20  1.4559.  It has a pungent odour and is LACHRYMATORY.  If IR shows OH

bands, then dissolve in Et2O, wash with cold saturated aqueous NaHCO3 (care since CO2 will be generated) then

H2O, dry it over solid Na2SO4, filter, evaporate and distil the residue twice.  Characterise it by shaking a

solution in Et2O or *C6H6 with aqueous NH3, collect the solid 1-butanesulfonamide with m  48o after

recrystallisation from CHCl3, CCl4 or Et2O/pet ether.  [Douglass & Johnson J Am Chem Soc 60  1488 1938,

Lee & Dougherty J Org Chem 5 83 1940, Beilstein  4 IV 45.]

1-Butanethiol [109-79-5] M 90.2, b 98.4o, d2 5 0.837, n
D
20  1.443, n2 5 1.440, pKEst ~11.3 .   Dry

the thiol with CaSO4 or Na2SO4, then reflux it over magnesium, or dry with, and distil it from CaO, under

nitrogen [Roberts & Friend J Am Chem Soc 108 7204 1986.]  It has been separated from hydrocarbons by

extractive distillation with aniline.

Dissolve it also in 20% NaOH, extract with a small amount of *C6H6, then steam distil it until clear.  The

solution is then cooled and acidified slightly with 15% H2SO4.  The thiol is distilled out, dried with CaSO4 or

CaCl2, and fractionally distilled under N2 [Mathias & Filho J Phys Chem 62 1427 1958].  It has also been

purified by precipitation as the lead mercaptide from alcoholic solution, then regeneration by adding dilute HCl

to the residue followed by steam distillation. All operations should be carried out in a fume cupboard due to the

TOXICITY and obnoxious odour of the thiol.  [Beilstein  1 IV 1555.]

2-Butanethiol [513-53-1] M 90.2, b 37.4o/134mm, d25 0.846, n25 1.4338, pKEst ~11.4 .   Purify

it as for 1-butanethiol.  [Beilstein  1 IV 1584.]

n-Butanol [71-36-3] M 74.1, b 117.7o, d25 0.80572, n
D
20  1.39922, n15 1.40118.   Dry it with

MgSO4, CaO, K2CO3, or solid NaOH, followed by refluxing with, and distillation from, small amounts of

calcium, magnesium activated with iodine, or aluminium amalgam.  It can also be dried with molecular sieves,

or by refluxing with n-butyl phthalate or succinate.  (For method, see Ethanol.) n-Butanol can also be dried by

efficient fractional distillation, water passing over in the first fraction as a binary azeotrope (contains about 37%

water).  An ultraviolet-transparent distillate has been obtained by drying with magnesium and distilling from

sulfanilic acid.  To remove bases, aldehydes and ketones, the alcohol is washed with dilute H2SO4, then

NaHSO4 solution; esters are removed by boiling for 1.5hours with 10% NaOH.

It has also been purified by adding 2g NaBH4 to 1.5L butanol, gently bubbling with argon and refluxing for 1

day at 50o.  Then adding 2g of freshly cut sodium (washed with butanol) and refluxed for 1day.  Distil and collect

the middle fraction [Jou & Freeman J Phys Chem 81 909 1977].  [Beilstein  1 IV 1506.]

2-Butanone (methyl ethyl ketone, MEK) [78-93-0] M 72.1, b 79.6o, d
4
20  0.853, n

D
20

1.37850, n2 5 1.37612, pK2 5 -7.2 (aqueous H2S O4).   In general, purification methods are the same as

for acetone.  Aldehydes can be removed by refluxing with KMnO4 + CaO, until the Schiff aldehyde test is

negative, prior to distillation.  Shaking with saturated K2CO3, or passaging through a small column of activated

alumina, removes cyclic impurities.  The ketone can be dried by careful distillation (an azeotrope containing

11% water boils at 73.4o), or over CaSO4, P2O5, Na2SO4, or K2CO3, followed by fractional distillation.

Purification as the bisulfite addition compound is achieved by shaking with excess saturated Na2SO3, cooled to

0o, filtering off the precipitate, washing with a little ethyl ether and drying in air; this is followed by

decomposition with a slight excess of Na2CO3 solution and steam distillation, the distillate being saturated with

K2CO3 so that the ketone can be separated,  dried with K2CO3, filtered, and distilled.  Purification as the NaI

addition compound (m 73-74o) is more convenient.  (For details, see Acetone.)  Small quantities of 2-butanone

can be purified by conversion to the semicarbazone, recrystallisation to constant melting point, drying under

vacuum over CaCl2 and paraffin wax, refluxing for 30minutes with excess oxalic acid, followed by steam

distillation, salting out, drying and distilling [Cowan et al. J Chem Soc 171 1940].  [Beilstein  1 IV 3243.]

cis-2-Butene [590-18-1] M 56.1, b 2 .95 -3 .05o/746mm.   The gas is dried with CaH2 and purified by

gas chromatography.  [Beilstein 1 H 205, 1 II 176, 1  III 728, 1 IV 778.]  HIGHLY FLAMMABLE.



Purification of Organic Chemicals – Aliphatic Compounds 1 0 7

trans-2-Butene [624-64-6] M 56.1, b 0 . 3 - 0 . 4o/744mm.   The gas is dried with CaH2 and purified by

gas chromatography.  [Beilstein  1 H 205, 1 II 176, 1  III 730, 1 IV 781.]  HIGHLY FLAMMABLE.

2-Butene-1,4-dicarboxylic acid (trans-3-hexenedioic acid, trans-ß-hydromuconic acid) [4436-

74-2] M 144.1, m 194-197o, 195-196o, pKEst(1) ~4.2, pKEst(2)  ~5.00.  Crystallise the acid rom

boiling water, then dry it at 50-60o in a vacuum oven.  [Beilstein  2 IV 2237.]

2-Butoxyethanol (butyl cellosolve) [111-76-2] M 118.2, b 171o/745mm, d
4
20  0.903, n

D
20

1.4191.  Peroxides can be removed by refluxing with anhydrous SnCl2 or by passage under slight pressure

through a column of activated alumina.  Dry with anhydrous K2CO3 and CaSO4, filter and distil, or reflux with,

and distil from NaOH.  [Beilstein  1 IV 2380.]

n-Butyl acetate [123-86-4] M 116.2, b 126.1o, d
4
20  0.882, n

D
20  1 . 3 9 4 .   Distil, reflux with

successive small portions of KMnO4 until the colour persists, dry with anhydrous CaSO4, filter and redistil.

[Beilstein  2 IV 143.]

tert-Butyl acetate [540-88-5] M 116.2, b 97-98o, d
4
20  0.866, n

D
20  1.387.  Wash the ester with 5%

Na2CO3 solution, then saturated  aqueous CaCl2, dry with CaSO4 and distil it.  [McClosky et al. Org Synth

Coll Vol IV 263 1963, Mangia et al. Org Prep Proc Int 18 13 1986, Beilstein  2 IV 151.]

tert-Butyl acetoacetate  [1694-31-1] M 158.2, b 7 1o/10mm, 8 5o/20mm, d
4
20  0 .954 , n

D
20  1 . 4 2 .

Distil it under reduced pressure  through a short column.  [Lawesson et al. Org Synth Coll Vol V  155 1973,

Lawesson et al. Org Synth 42 28 1962, Beilstein  3 IV 1536.]  HARMFUL VAPOUR.  

tert-Butylacetyl chloride  [7065-46-5] M 134.6, b 68-71o/100mm, 8 1o/180mm, 128-

1 3 2o/atm, d
4
20  0.964, n

D
20  1.423.  Distil it under vacuum.  If IR shows OH group, then treat with thionyl

chloride or oxalyl chloride at ca 50o for 30minutes, evaporate and fractionate the residue using a short column.

Strongly LACHRYMATORY, use a good fume hood.  [Berliner & Berliner J Am Chem Soc 72  222 1950,

Traynham & Battiste J Org Chem 22 1551 1957, Beilstein 2 IV 956.]

Butyl acrylate [141-32-2] M 128.2, b 59o/25mm, d
4
20  0.894, n12 1.4254.  Wash it repeatedly with

aqueous NaOH to remove inhibitors such as hydroquinone, then with distilled water.  Dry with CaCl2.

Fractionally distil under reduced pressure in an all-glass apparatus. The middle fraction is sealed under N2 and

stored at 0o in the dark until required [Mallik & Das J Am Chem Soc 82 4269 1960].  [Beilstein  2 IV 1463.]

t e r t -Butyl acrylate [ 1 6 6 3 - 3 9 - 4 ] M 128.2, b 30.0-30.8o/26mm, 61-63o/15mm, 117-

1 2 0o/760mm, d2 5 0.875, n
D
20  1.410.  Purify the ester by fractional distillation.  If it contains acid (OH

bands in the IR), then dissolve it in Et2O, wash it with aqueous NaHCO3, dry the organic layer (Na2SO4), filter

it and distil it under reduced pressure.  Stabilise it by adding hydroquinone monomethyl ether (~0.05%).  It forms

a crystalline tert-butyl acrylate polymer which is soluble in organic solvents [Garrett et al. J Am Chem Soc 8 1

1007 1959].  [Beilstein 2 IV 1465.]  For other alkyl acrylate see Rehberg Org Synth Coll Vol 3 146 1955.

(±)-sec-Butyl alcohol (± 2-butanol) [78-92-2; 15892-23-6] M 74.1, b 9 9 . 4o, d
4
20  0 . 8 0 8 .

Purification methods are the same as for n-Butanol.  These include drying with K2CO3 or CaSO4, followed by

filtration and fractional distillation, refluxing with CaO, distillation, then refluxing with magnesium and

redistillation, and refluxing with, then distilling from CaH2.  Calcium carbide has also been used as a drying

agent.  The anhydrous alcohol is obtained by refluxing with sec-butyl phthalate or succinate.  (For method see

Ethanol.)  Small amounts of alcohol can be purified via conversion to the alkyl hydrogen phthalate and

recrystallisation [Hargreaves  J Chem Soc 3679 1956].  For purification of optical isomers, see Timmermans

and Martin [J Chem Phys 25 411 1928].  [Beilstein  2 III 1566.]

tert-Butyl alcohol [75-65-0] M 74.1, m 23-25o, 25.7o, b 28.3o/60mm, 43.3o/ 123 .8mm,

6 1 . 8o/315mm, 72.5o/507mm, 82.45o/760mm, d
4
20  0.7858, n

D
20  1 . 3 8 7 8 .   It is synthesised

commercially by the hydration of 2-methylpropene in dilute H2SO4.  Dry it with CaO, K2CO3, CaSO4 or
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MgSO4, filter and fractionally distil it.  Dry further by refluxing with, and distilling from, either magnesium

activated with iodine, or small amounts of calcium, sodium or potassium, under nitrogen.  Passage through a

column of type 4A molecular sieve is another effective method of drying; as well as refluxing with tert-butyl

phthalate or succinate.  (For method see Ethanol.)  Other methods include refluxing with excess aluminium tert-

butylate, or standing with CaH2, and distilling as needed.  Further purification is achieved by fractional

crystallisation by partial freezing, taking care to exclude moisture.  tert-Butyl alcohol samples containing much

water can be dried by adding *benzene, so that the water distils off as a tertiary azeotrope, b 67.3o.  Traces of

isobutylene have been removed from dry tert-butyl alcohol by bubbling dry pre-purified nitrogen through for

several hours at 40-50o before using.  It forms azeotropic mixtures with a large number of compounds.  It has

also been purified by distillation from CaH2 into Linde 4A molecular sieves which had been activated at 350o for

24hours [Jaeger et al. J Am Chem Soc 101 717 1979].  [Beilstein  1 IV 1609.]

Rapid purification:  Dry tert-butanol over CaH2 (5% w/v), distil and store it over 3A molecular sieves.

n-Butylamine [109-73-9] M 73.1, b 77.8o, d
4
20  0.740, n

D
20  1.4009, n25 1.399, pK2 5 1 0 . 6 6 .

Dry it with solid KOH, K2CO3, LiAlH4, CaH2 or MgSO4, then reflux it with, and fractionally distil it from

P2O5, CaH2, CaO or BaO.  Further purification is by precipitation as the hydrochloride, m  213-213.5o, from

ethereal solution by bubbling HCl gas into it.  This is re-precipitated  three times from EtOH by adding ether,

followed by liberation of the free amine using excess strong base.  The amine is extracted into ether, which is

separated,  dried with solid KOH, the ether removed by evaporation and then the amine is distilled.  It is stored in

a desiccator over solid NaOH [Bunnett & Davis J Am Chem Soc 82  665 1960, Lycan et al. Org Synth Coll

Vol II 319 1943].  [Beilstein 4 IV 540.]  SKIN IRRITANT.

R -(-)-sec-Butylamine [13250-12-9] M 73.1, b 61-63o/atm, 62.5o/atm, d
4
20  0.731, n

D
20  1 . 3 9 3 ,

[ ]
D

20 - 7 . 5o (neat), pK2 5 10.56.  Dry it over solid NaOH overnight and fractionate it through a short

helices packed column.  The L-hydrogen tartrate salt  has m  139-140o (from H2O), the 1H2O has m  96o [ ]
D

21

+18.1o (c 11, H2O), the hydrochloride  has m 152o [ ]
D

21  -1.1o (c 13, H2O) and the benzoyl derivative

crystallises from EtOH as needles with m 97o, [ ]
D

21  -34.9o (c 11, H2O).  [Bruck et al. J Chem Soc 921 1956,

Kjaer & Hansen Acta Chem Scand 11 898 1957.]  [Beilstein 4 H 161, 4 I 372, 4 III 308, 4 IV 617.]  The S -

(+)-enantiomer has has same properties except for the optical rotation which has the opposite sign.

tert-Butylamine [75-64-9] M 73.1, b 4 2o, d
4
20  0.696, pK2 5 10 .68 .   Dry it with KOH or LiAlH4,

and/or distil it from CaH2 or BaO.  [Beilstein  4 IV 657.]

tert-Butylammonium bromide  [60469-70-7] M 154.1, m >250o(dec).  Recrystallise the salt several

times from absolute EtOH and thoroughly dry it at 105o.  [Beilstein  4 IV 657.]

n-Butyl bromide [109-65-9] M 137.0, b 101-102o, d25 1.2678, n
D
20  1.4399, n25 1.4374 .   Wash

the bromide with conc H2SO4, water, 10% Na2CO3 and again with H2O.  Dry it over CaCl2, CaSO4 or K2CO3,

and distil it.  Redistil it after drying with P2O5, or pass it through two columns containing 5:1 silica gel/Celite

mixture and store it with freshly activated alumina.  [Beilstein  1 IV 258.]

tert-Butyl bromoacetate [5292-43-3] M 195.1, b 5 2o/10mm, 74-76o/25mm, d
4
20  1.324, n

D
25

1.4162. Dissolve the ester in Et2O, wash it well with ice cold 10% aqueous K2CO3, dry it over CaCl2, filter

and evaporate the Et2O, then fractionate it through a Vigreux column (p 11) in a vacuum.

LACHRYMATORY. [Abramovitch et al. J Am Chem Soc 64  2274 1942, Abramovitch & Hauser J A m

Chem Soc 65 986 1943, Beilstein  2 III 482.]

tert-Butyl carbazate [870-46-2] M 132.2, m 41-42o, b 6 4o/0.01mm, 55-57o/0 .4mm.   Distil it

in a Claisen flask with a water or oil bath at ca 80o.  After a couple of drops have distilled, the carbazate is

collected as an oil which solidifies to a snow white solid.  It can be crystallised with 90% recovery from a 1:1

mixture of pet ether (b 30-60o) and pet ether (b 60-70o).  [Carpino et al. Org Synth Coll Vol V  166 1973,

Caprino et al.  Org Synth 44 20 1964, Beilstein  3 IV 175.]

n-Butyl chloride [109-69-3] M 92.6, b 78o, d
4
20  0.886, n

D
25  1.4021.  Shake it repeatedly with conc

H2SO4 (until no further colour develops in the acid), then wash it with water, aqueous NaHCO3 or Na2CO3, and
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more water.  Dry it with CaCl2, or MgSO4 (then with P2O5 if desired), decant and fractionally distil it.

Alternatively, a stream of oxygen continuing ca three times as long as is necessary to obtain the first coloration

of starch iodide paper by the exit gas.  After washing with NaHCO3 solution to hydrolyse ozonides and to

remove the resulting organic acid, the liquid is dried and distilled [Chien & Willard J Am Chem Soc 75  6160

1953].  [Beilstein  1 IV 246.]

tert-Butyl chloride [507-20-0] M 92.6, f -24.6o, b 50.4o, d 4
20  0.851, n

D
25  1.38564.  Purification

methods commonly used for other alkyl halides lead to decomposition.  Some impurities can be removed by

photochlorination with a small amount of chlorine prior to use.  The liquid is washed with ice water,  dried with

CaCl2 or CaCl2 + CaO and fractionally distilled.  It has been further purified by repeated fractional

crystallisation by partial freezing.  [Beilstein  1 IV 288.]

tert-Butyl chloroacetate [107-59-5] M 150.6, b 48-49o/11mm, 6 0 . 2o/15mm, 1 5 5o/atm (dec),

d
4
25  1.4204, n

D
20  1.4259.  Check the NMR spectrum; if satisfactory then distil in a vacuum; if not then

dissolve in Et2O, wash with H2O, 10% H2SO4 until the acid extract does not become cloudy when made

alkaline with NaOH.  Wash the organic layer again with H2O, then saturated aqueous NaHCO3, dry over

Na2SO4, evaporate and fractionate it through a carborundum-packed column or a 6-inch Widmer column (p 11,

see tert-butyl ethyl malonate for precautions to avoid decomposition during disillation).  [Johnson et al. J A m

Chem Soc 75 4995 1953, Baker Org Synth Coll Vol III 144 1944, Beilstein  2 III 444.]

tert-Butyl cyanide (trimethylacetonitrile, pivalonitrile) [630-18-2] M 83.1, m 16-18o, d
4
20

0.765, b 104-106o.  Purify it by a two-stage vacuum distillation and de-gas by the freeze-pump-thaw

technique.  Store it under vacuum at 0o. TOXIC, use an efficient fume hood.  [Beilstein  2 IV 875.]

tert-Butyl cyanoacetate  [1116-98-9] M 141.2, b 40-42o/0.1mm, 54-56o/0.3mm, 9 0o/ 10mm,

107-108o/23mm, d 4
20  0.989, n

D
20  1.4198.  The IR spectrum of a film should have bands at 1742 (ester

CO) and 2273 (C N), but no band at ca 3500 broad (OH) cm-1.  If it does not have the last-named band, then

fractionally distil; otherwise dissolve in Et2O, wash with saturated aqueous NaHCO3, dry over K2CO3,

evaporate Et2O, and distil the residue under a vacuum (see tert-butyl ethyl malonate for precautions to avoid

decomposition during distillation).  [Beech & Piggott J Chem Soc 423 1955, Dahn & Hauth Helv Chim Acta

42 1214 1959, Beilstein  2 I 255.]

n-Butyl disulfide [629-45-8] M 178.4, b 110-113o/15mm, d 4
20   0.938, n22 1.494.  Shake it with

lead peroxide, filter and distil it in a vacuum under N2.  [Beilstein  1 IV 1560.]

n -Butyl ether (di-n -butyl ether) [142-96-1] M 130.2, b 52-53o/26mm, 1 4 2 . 0o/760mm, d 4
20

0.764, n
D
20  1.39925, n25 1.39685, pK2 5 -5.40 (aqueous H2S O4) .   Peroxides (detected by the

liberation of iodine from weakly acid HCl solutions of 2% KI) can be removed by shaking 1L of ether with 5-

10mL of a solution comprising of 6.0g of ferrous sulfate and 6mL conc H2SO4 and 110mL of water, with

aqueous Na2SO3, or with acidified NaI, water, then aqueous Na2S2O3.  After washing with dilute NaOH, KOH,

or Na2CO3, then water, the ether is dried with CaCl2 and distilled.  It can be further dried by distillation from

CaH2 or Na (after drying with P2O5), and stored in the dark with Na or NaH.  The ether can also be purified by

treating with CS2 and NaOH, expelling the excess sulfide by heating.  The ether is then washed with water, dried

with NaOH and distilled [Kusama & Koike J Chem Soc Jpn, Pure Chem Sect 72 229 1951].  Other purification

procedures include passage through an activated alumina column to remove peroxides, or through a column of

silica gel, and distillation after adding about 3% (v/v) of a 1M solution of MeMgI in n-butyl ether. [Beilstein  1

IV 1520.]

n-Butyl ethyl ether [628-81-9] M 102.2, b 92.7o, d 4
20  0.751, n

D
20  1.38175, n25 1.3800.   Purify

by drying with CaSO4, by passage through a column of activated alumina (to remove peroxides), followed by

prolonged refluxing with Na and then fractional distillation.  [Beilstein  4 IV 1518.]

tert-Butyl ethyl ether  [637-92-3] M 102.2, b 71-72o, d 4
20  0 .741 .   Dry the ether with CaSO4, pass

it through an alumina column, and fractionally distil it.  [Beilstein  1 IV 1618.]
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ter t-Butyl ethyl malonate [32864-38-3] M 188.2, b 83-85o/8mm, 93-95o/17mm, 107-

1 0 9o/24mm, d
4
25  0.994, n

D
24  1.4150.  A likely impurity is monoethyl malonate; check IR for OH bands

at 3330 br cm-1.  To ca  50g of ester add ice cold NaOH (50g in 200mL of H2O and 200g of ice).  Swirl a few

times (filter off ice if necessary), place it in a separating funnel and extract with 2 x 75mL of Et2O.  Dry the

extract (MgSO4) (since traces of acid decompose the t-Bu group of the ester, the distillation flask has to be

washed with aqueous NaOH, rinsed with H2O and allowed to dry).  Addition of some K2CO3 or MgO before

distilling is recommended to inhibit decomposition.  Distil it under reduced pressure through a 10cm Vigreux

column (p 11). Decomposition is evidenced by severe foaming due to autocatalytic decomposition and cannot be

prevented from accelerating except by stopping the distillation and rewashing the distillation flask with alkali

again. [Breslow et al. J Am Chem Soc 66  1287 1944, Hauser et al. J Am Chem Soc 64  2714 1942, Strube

Org Synth Coll Vol IV 417 1963, Stube Org Synth 37 35 1957, Beilstein 2 IV 1884.]

n-Butyl formate [592-84-7] M 102.1, b 1 0 6 . 6o, d 4
20  0.891, n

D
20  1 .3890 .   Wash the formate with

saturated NaHCO3 solution in the presence of saturated NaCl, until no further reaction occurs, then with

saturated NaCl solution, dry (MgSO4), filter and fractionally distil the filtrate.  [Beilstein  2 IV 28.]

Butyl glycolate  [7397-62-8] M 132.2, b 191-192o/755mm, 187-190o/atm, d 4
20  1.019, n

D
20

1.4263. Dissolve in CHCl3 (EtOH-free), wash with 5% KHCO3 until effervescence ceases (if free acid is

present), dry over CaCl2, filter, evaporate and distil through a short column.  [Bøhme & Opfer Z Anal Chem

139 255 1953, Filachione et al. J Am Chem Soc 73 5265  1951, Beilstein  3 IV 589.]

tert-Butyl hydroperoxide (TBHP) [75-91-2] M 90.1, f 5.4o, m 0 . 5 - 2 . 0o, b 3 8o/18mm, d 4
20

0.900, n
D
20  1.4013, pK2 0 12.8. Care should be taken when handling this peroxide because of the

possibility of EXPLOSION.  It explodes when heated over an open flame.  Alcoholic and volatile

impurities can be removed by prolonged refluxing at 40o under reduced pressure, or by steam distillation.  For

example, Bartlett, Benzing and Pincock [J Am Chem Soc 8 2  1762 1960] refluxed at 30mm pressure in an

azeotropic separation apparatus until two phases no longer separated, and then distilled at 41o/23mm.  Pure

material is stored under N2, in the dark at 0o.  Crude commercial material has been added to 25% NaOH below

30o, and the crystals of the sodium salt have been collected, washed twice with *benzene and dissolved in

distilled water.  After adjusting the pH of the solution to 7.5 by adding solid CO2, the peroxide is extracted into

pet ether, from which, after drying with K2CO3, it is recovered  by distilling off the solvent under reduced

pressure at room temperature [O'Brien et al. J Am Chem Soc 79  6238 1957]. The temperatures should

be kept below 75o.  It has also been distilled through a helices packed column (ca 15 plates) and the material

with b 34-35o/20mm was collected.  Similarly, a solution in pet ether has been extracted with cold aqueous

NaOH, and the hydroperoxide has been regenerated by adding at 0o, KHSO4 at a pH not higher than 4.5, then

extracted into diethyl ether, dried with MgSO4, filtered and the ether evaporated in a rotary evaporator under

reduced  pressure [Milac & Djokic J Am Chem Soc 84 3098 1962].  

A 3M solution of TBHP in CH2Cl2 is prepared by swirling 85mL (0.61mol) of commercial TBHP (70%

TBHP-30% H2O, d 0.935 ca 7.2mmol/mL) with 140mL of CH2Cl2 in a separating funnel.  The milky mixture

is allowed to stand until the phases separate (ca 30minutes).  The organic (lower) layer (ca 200mL) containing

0.60mole of TBHP is separated from the aqueous layer (ca 21mL) and used without further drying.  TBHP is

assayed by iodometric titration.  With 90% grade TBHP (w/w, d 0.90, ca 9.0mmole/mL) no separation of layers

occurs, i.e. when TBHP (66.67mL, 0.60mole) is added to CH2Cl2 (140mL) the resulting solution (ca 200mL)

should be clear.  [Walling & Buckler J Am Chem Soc 77 6032 1955, Rogers & Campbell J Am Chem Soc 7 4

4742 1952, Akashi et al. J Org Chem  43 2063 1978 state the quality of available grades, handling and

compatibility for reactions, Beilstein  1 IV 1616.]

n-Butyl iodide (1-iodobutane) [542-69-8] M 184.0, b 130.4o, d 4
20  1.616, n25 1.44967.   Dry the

iodide with MgSO4 or P2O5, fractionally distil it through a column packed with glass helices, taking the middle

fraction and storing over calcium or mercury in the dark.  Alternatively purify it by prior passage through

activated alumina or by shaking with conc H2SO4 then washing with Na2SO3 solution.  It has also been treated

carefully with sodium to remove free HI and H2O, before distilling through a column containing copper turnings

at the top.  Another purification procedure  consisted of treatment with bromine, followed by extraction of free

halogen with Na2S2O3, washing with H2O, drying and fractionally distilling.  [Beilstein  1 IV 271.]
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tert-Butyl iodide [558-17-8] M 184.0, b 1 0 0o(dec), d 4
20  1 .544 .   Vacuum distillation has been used

to obtain a distillate which remained colourless for several weeks at -5o.  More extensive treatment has been used

by Boggs, Thompson and Crain [J Phys Chem 61  625 1957] who washed with aqueous NaHSO3 solution to

remove free iodine, dried this for 1hour over Na2SO3 at 0o, and purified it by four or five successive partial

freezings of the liquid to obtain colourless material and was stored at -78o with Ag wool.  [Beilstein  1 IV 300.]

tert-Butyl isocyanate [1609-86-5] M 99.1, m 10 .5 -11 .5o, b 30 .5 -32o/10mm, 6 4o/52mm, d
25
25

0.9079, n
D
25  1.470.  It is LACHRYMATORY and TOXIC, and should have IR with 2251 (C N) cm-1

and no OH bands.  The NMR should have one band at 1.37 ppm from TMS.  Purify it by fractional distillation

under  reduced  pressure.  [Greene & Bergmark J Org Chem 36 3056 1971, Curtius J Prakt Chem 1 2 5  152

1930, Beilstein 4 IV 669.]

tert-Butyl isocyanide  [ 7 1 8 8 - 3 8 - 7 ] M 83.1, b 91-92o/730mm, 9 0o/758mm, d 4
20  0 . 7 3 5 .

Dissolve it in pet ether (b 40-60o), wash it with H2O, dry (Na2SO4), filter, remove pet ether under slight

vacuum, and distil it using a vacuum-jacketed Vigreux column (p 11) at atmospheric pressure, IR:  2134 cm-1.

[Ugi & Meyr Chem Ber 93 239 1960, Beilstein  4 IV 661.]  It has toxic vapours.

t e r t -butyl isocyanoacetate  [ 2 7 6 9 - 7 2 - 4 ] M 141.2, b 50o/0.1mm, 49-50o/10mm, 6 3 -

6 5o/15mm, d 4
20  0.970, n

2 0
D  1.420.  If it contains some free acid (OH bands in IR), then dissolve it in

Et2O, shake with 20% Na2CO3, dry over anhydrous K2CO3, evaporate and distil it.  [Ugi et al. Chem Ber 9 4

2814 1961,  Schhöllkopf Angew Chem 89 351 1977.]

n-Butyl methacrylate [97-88-1] M 142.2, b 49-52o/0.1mm, 163-165o/atm, d 4
20  0.896, n

2 0
D

1.424.  Purify as for butyl acrylate.  [Beilstein  2 IV 1525.]

tert-Butyl methacrylate  [585-07-9] M 142.2, f -48o, b 135-136o/760mm, d 4
20  0.878, n

2 0
D

1.415.  Purify as for butyl acrylate.  [Beilstein 2 IV 1582.]

n-Butyl methyl ether  [628-28-4] M 88.2, b 70o, d 4
20  0.744, pK2 5 -3.50 (aqueous H2S O4) .

Dry it with CaSO4, pass it through an alumina column to remove peroxides, and fractionally distil it.  [Beilstein

1 IV 1518.]

tert-Butyl methyl ether  [1634-04-4] M 88.2, b 5 6o, n 1 .369 .   Purify as for n-butyl methyl ether.

[Beilstein  1 IV 1615.]

tert-Butyl methyl ketone (3,3-dimethyl-2-butanone, pinacolone) [75-97-8] M 100.2, b

1 0 5o/746mm, 106o/760mm, d 4
20  0.814, n

2 0
D   1.401.  Reflux the ketone with a little KMnO4.  Dry it

with CaSO4 and distil it.  [Beilstein  1 IV 3310.]

tert-Butyl nitrite [540-80-7] M 103.1, b 3 4o/250mm, 61-63o/atm, d 4
20  0.8671, n

D
25  1 . 3 6 6 0 .

If it is free from OH bands (IR) then distil it through a 12inch helices packed column under reduced pressure,

otherwise wash with aqueous 5% NaHCO3 (effervescence), then H2O, dry (Na2SO4) and fractionate it through

a 10 theoretical plates column at ca 10mm pressure.  [Allen J Chem Soc 1968 1954, Coe & Doumani J A m

Chem Soc 70 1516 1948, UV: Ungnade & Smiley J Org Chem 21 993 1956, IR: Terte Bull Soc Chim Belg

60 240 1951, Beilstein  1 IV 1622.]

tert-Butyl peracetate  [107-71-1]  M 132.2, b 23-24o/0.5mm, n25 1.4030.  Wash the ester with

NaHCO3 from a *benzene solution, then redistil to remove *benzene [Kochi J Am Chem Soc 84 774 1962].

Handle with adequate protection due to possible EXPLOSIVE nature.  [Beilstein  2 IV 391.]

tert-Butylperoxy isobutyrate  [109-13-7]  M 160.2, f -45.6o.  After diluting 90mL of the material

with 120mL of pet ether, the mixture is cooled to 5o and shaken twice with 90mL portions of 5% NaOH

solution (also at 5o).  The non-aqueous layer, after washing once with cold water, is dried at 0o with a mixture of

anhydrous MgSO4 and MgCO3 containing ca 40% MgO.  After filtering, this material is passed, twice, through

a column of silica gel at 0o (to remove tert-butyl hydroperoxide).  The solution is then evaporated at 0o/0.5-
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1mm to remove the solvent, and the residue is recrystallised several times from pet ether at -60o, then subjected

to high vacuum to remove traces of solvent [Milos & Golubovic J Am Chem Soc 80 5994 1958].  Handle with

adequate protection due to possible EXPLOSIVE nature.

Butyl stearate [123-95-5] M 340.6, m 2 6 . 3o, d 4
20  0 .861 .   Acidic impurities are removed by shaking

with 0.05M NaOH or a 2% NaHCO3 solution, followed by several water washes, then purified by fractional

freezing of the melt and fractional crystallisation from solvents with boiling points below 100o.  [Beilstein  2

IV 1219.]

S- tert-Butyl thioacetate [999-90-6] M 132.2, b 31-32o/11mm, 38o/14mm, 44-45o/ 28mm,

6 7o/54mm, 135.6-135.9o/773mm, d
4
25  0.9207, n

D
20  1 . 4 5 32 .   Dissolve it in CHCl3 (EtOH-free),

wash with H2O, 10% H2SO4, saturated aqueous NaHCO3 (care CO2 liberated), H2O again, dry over Drierite and

anhydrous K2CO3, and fractionate under reduced pressure.  [Rylander & Tarbell J Am Chem Soc 72  3021 1950,

Beilstein  2 IV 546.]

N -tert-Butyl urea  [1118-12-3] M 116.2, m 182o, 1 8 5o(dec). Possible impurity is N,N'-di-tert-butyl

urea which is quite insoluble in H2O. Recrystallise it from hot H2O, filter off insoluble material, and cool to 0o

to -5o with stirring.  Dry in vacuum at room temperature  over KOH or H2SO4.  If dried at higher temperatures,

it sublimes slowly.  It can be recrystallised from EtOH as long white needles or from 95% aqueous EtOH as

plates.  During melting point determination the bath temperature has to be raised rapidly as the urea sublimes

slowly above 100o at 760mm.  [Smith & Emerson Org Synth Coll Vol III 151 1955, Beilstein  4 IV 665.]

n-Butyl vinyl ether [111-34-2] M 100.2, b 9 3 . 3o, d 4
20  0 . 7 7 5 .   After five washings with equal

volumes of water to remove alcohols (made slightly alkaline with KOH), the ether is dried with sodium and

distilled under vacuum, taking the middle fraction [Coombes & Eley J Chem Soc 3700 1957].  Store it over

KOH.  [Beilstein  1 IV 2052.]

2-Butyne [503-17-3] M 54.1, b 0o/253mm, d 4
20  0 . 6 9 3 .   Stand it over sodium for 24hours, then

fractionally distil it under reduced  pressure into a cooled receiver.  [Beilstein  1 IV 971.]

2-Butyne-1,4-diol [110-65-6] M 86.1, m 54-57o, 56-58o, b 238o.  Crystallise the diol from EtOAc.

[Beilstein  1 IV 2687.]

Butyramide [514-35-5] M 87.1, m 115o, b 2 3 0o.   Crystallise it from acetone, *benzene, CCl4/pet

ether, 20% EtOH or water.  Dry it under vacuum over P2O5, CaCl2 or 99% H2SO4.  [Beilstein  2  H 275, 2  I

122, 2 II, 251, 2 III 616, 2 IV 804.]

n-Butyric acid [107-92-6] M 88.1, f -5.3o, b 163.3o, d 4
20  0.961, n25 1.396, pK2 5 2 .82 .   Distil

the acid, them mix it with KMnO4 (20g/L), and fractionally redistil, discarding the first third of the distillate

[Vogel J Chem Soc 1814 1948].  [Beilstein  2 IV 779.]

n-Butyric anhydride [106-31-0] M 158.2, b 198o, d 4
20  0.968.  Dry the anhydride by shaking it with

P2O5, then distilling it.  [Beilstein  2 IV 802.]

-Butyrolactone  [96-48-0] M 86.1, b 83.8o/12mm, d 4
20  1 . 1 2 4 .   Dry the lactone over anhydrous

CaSO4, then fractionally distil it.  Handle it in a fume cupboard due to its TOXICITY. [Beilstein  17 V 7.]

Butyronitrile [109-74-0] M 69.1, b 117.9o, d 4
20  0.793, n

D
20  1.3846, n30 1.37954.   Treat it with

conc HCl until the smell of the isonitrile had gone, then dry with K2CO3 and fractionally distil [Turner J Chem

Soc 1681 1956].  Alternatively it is twice heated at 75o and stirred for several hours with a mixture of 7.7g

Na2CO3 and 11.5g KMnO4 per L of butyronitrile.  The mixture is cooled, then distilled.  The middle fraction is

dried over activated alumina.  [Schoeller & Wiemann J Am Chem Soc 108 22 1986, Beilstein  2 IV 806.]

Butyryl chloride (butanoyl chloride)  [141-75-3] M 106.6, f - 8 9o, b 101-102o/atm, d 4
20

1.026, n
2 0
D  1.412.  Check IR to see if there is a significant peak at 3000-3500 cm-1 (br) for OH. If OH is
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present then reflux with less than one mole equivalent of SOCl2 for 1hour and distil directly.  The fraction

boiling between 85-100o is then refractionated at atmospheric pressure.  Keep all apparatus free from moisture

and store the product in sealed glass ampoules under N2. LACHRYMATORY; handle in a good fume hood.

[Hefferich & Schaeffer Org Synth  Coll Vol I 147 1941, Beilstein  2 IV 803.]

Capric acid (decanoic acid)  [334-48-5] M 172.3, m 31.5o, b 1 4 8o/11mm, d 4
20  0.886, n25

1.424, pKEst ~4.9.  The acid is best purified by conversion into its methyl ester, b 114.0o/15mm (using

excess MeOH, in the presence of H2SO4). The H2SO4 and MeOH are removed, the ester is distilled in vacuo

through a 3ft column packed with glass helices.  The acid is then obtained from the ester by saponification and

vacuum distillation.  [Trachtman  & Miller J Am Chem Soc 84 4828 1962, Beilstein  2 IV 1041.]

n-Caproamide (n-hexanamide)  [628-02-4] M 115.2, m 1 0 0o, 1 0 0 . 5o.  Recrystallise the amide from

hot water.  [Beilstein  2 H 324, 2 I 141, 2 II 286, 2 III 732.]

Caproic acid (hexanoic acid)  [142-62-1] M 116.2, b 205.4o, d 4
20  0.925, n

D
20  1.417, pK25 4 . 8 5 .

Dry the acid with MgSO4 and fractionally distil it from CaSO4.  [Beilstein  2 IV 917.]

Capronitrile (hexanenitrile)  [628-73-9] M 97.2, m - 8 0o, b 1 6 3 . 7o, n
D
20  1.4069, n2 5 1 . 4 0 4 8 .

Wash the nitrile twice with half-volumes of conc HCl, then with saturated aqueous NaHCO3, dry over MgSO4,

filter and distil it.  [Beilstein  2 H 324, 2 I 141, 2 II 286, 2 III 733, 2 IV 930.]

Caprylonitrile (heptylcyanide)  [124-12-9] M 125.2, m -45o, b 198-200o/~760mm, d 4
20

0.812, n
D
20  1.420.  Wash the nitrile twice with half-volumes of conc HCl, then with saturated aqueous

NaHCO3, dry over MgSO4, filter and distil it.  [Beilstein  2 H 349, 2 I 148, 2 II 303, 2 III 798, 2 IV 993.]

Carbon Black  Leach the carbon for 24hours with 1:1 HCl to remove oil contamination, then wash it

repeatedly with distilled water.  Dry it in air, and elute for one day each with *benzene and acetone.  Again dry it

in air at room temperature, then heat it in a vacuum for 24hours at 600o to remove adsorbed gases.  [Tamamushi

& Tamaki Trans Faraday Soc 55 1007 1959.]

Carbon disulfide See entry in “Inorganic  Compounds”,  Chapter 4.

Carbon tetrabromide [558-13-4] M 331.7, m 9 2 . 5o.   Reactive bromide is removed from CBr4 by

refluxing with dilute aqueous Na2CO3, then steam distilling, crystallising from EtOH, and drying in the dark

under vacuum. [Sharpe & Walker J Chem Soc 157 1962.]  It can be sublimed at 70o and low pressure.

[Beilstein  1 IV 85.]

Carbon tetrachloride [56-23-5] M 153.8, b 7 6 . 8o, d25 1 . 5 8 4 2 .   For many purposes, careful

fractional distillation gives adequate purification.  Carbon disulfide, if present, can be removed by shaking

vigorously for several hours with saturated KOH, separating, and washing with water: this treatment is repeated.

The CCl4 is shaken with conc H2SO4 until there is no further coloration, then washed with water, dried with

CaCl2 or MgSO4 and distilled (from P2O5 if desired). It must not be dried with sodium.   An initial

refluxing with mercury for 2hours removes sulfides.  Other purification steps include passage of dry CCl4
through activated alumina, and distillation from KMnO4.  Carbonyl containing impurities can be removed by

percolation through a Celite column impregnated with 2,4-dinitrophenylhydrazine (DNPH), H3PO4 and water.

(Prepared by dissolving 0.5g DNPH in 6mL of 85% H3PO4 by grinding together, then mixing with 4mL of

distilled water and 10g Celite.) [Schwartz & Parks Anal Chem 33 1396 1961].  Photochlorination of CCl4 has

also been used: CCl4 to which a small amount of chlorine has been added is illuminated in a glass bottle (e.g.

for 24hours with a 200W tungsten lamp near it), and, after washing out the excess chlorine with 0.02M

Na2SO3, the CCl4 is washed with distilled water and distilled from P2O5.  It can be dried by passing through 4A

molecular sieves and distilled.  Another purification procedure is to wash CCl4 with aqueous NaOH, then

repeatedly with water and N2 gas is bubbled through the liquid for several hours.  After drying over CaCl2 it is

percolated through silica gel and distilled under dry N2 before use [Klassen & Ross J Phys Chem 91 3664

1987].  [Beilstein  1 IV 56.]
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Rapid purification: Distil, discarding the first 10% of distillate or until the distillate is clear.  The distilled

CCl4 is then stored over 5A molecular sieves.

Carbon tetrafluoride  [75-73-0] M 88.0, b -15o.  Purify CF4 by repeated passage over activated charcoal

at solid-CO2 temperatures.  Traces of air are removed by evacuating while alternately freezing and melting.

Alternatively, liquefy CF4 by cooling in liquid air and then fractionally distil it under vacuum.  (The chief

impurity originally present is probably CF3Cl).  Use brass equipment.  It is non-flammable.  [Beilstein 1 H 59,

1 I 8, 1 II 11, 1 III 35, 1 IV 26.]

Carbon tetraiodide  [507-25-5] M 519.6, m 168o(dec). Sublime CI4 in vacuo.  [Beilstein 1  H 74, 1

IV 98.]

Carbonyl sulfide See “Inorganic  Compounds”in Chapter  5.

Cerulenin (helicocerin, 2R ,3S -2,3-epoxy-4-oxo-7E ,10E -dodecadienamide) [17397-89-6] M

223.3, m 93-94o, 93-95o, b 120o/ 1 0-8mm, [ ]
D

16 +63o (c 2, MeOH).  It forms white needles from

*C6H6.  It has also been purified by repeated chromatography through Florisil and silica gel.  It is soluble in

EtOH, MeOH, *C6H6, slightly soluble in H2O and pet ether.  The dl-form has m 40-42o (from *C6H6/hexane),

and the 2R,3S-tetrahydrocerulenin has m 86-87o, [ ]
D

20  +44.4 (c 0.25, MeOH after 24hours).  [Ohrui & Emato

Tetrahedron Lett 2095 1978, Sneda et al. Tetrahedron Lett  2039 1979, Broeckman & Thomas J Am Chem Soc

99 2805 1977, Jakubowski et al. J Org Chem 47 1221 1982, Beilstein 18/2 V 201.]

Cetyl acetate  [629-70-9] M 284.5, m 18.3o, b 158o/2mm, 204o/18mm, d
4
20  0 . 8 6 1 .  

Distil the ester in a vacuum twice, then recrystallise it several times from diethyl ether/MeOH.   [Beilstein 2  H

136, 2 II 146, 2 III 265, 2 IV 171.]

Cetyl alcohol (1-hexadecanol) [36653-82-4] M 242.5, m 49.3o.  Crystallise the alcohol from

aqueous EtOH or from cyclohexane.  Alternatively purify it by zone refining.  The purity can be checked by gas

chromatography.  [Beilstein 1 H 429, 1 I 219, 1 II 466, 1 III 1815, 1 IV 1876.]

Cetylamide [629-54-9] M 255.4, m 104-104 .5o, 106-107o, b 235-236o/12mm.   Crystallise the

amide from thiophene-free *benzene and dry it under vacuum over P2O5.  It is slightly soluble in EtOH,

Me2CO, CHCl3 and toluene but insoluble in H2O.  [Beilstein 2 H 374, 2 II 341, 2 III 975, 2 IV 1182.]

Cetylamine (1-hexadecylamine)  [143-27-1] M 241.5, m 48o, b 162-165o/5.2mm, pK2 5 1 0 . 6 0 .

Crystallise the base from thiophene-free *benzene and dry under vacuum over P2O5. Store away from CO2

[Beilstein 4 IV 818.]

Cetylammonium chloride  [1602-97-7] M 278.0, m 178o.  Crystallise the salt from MeOH.

[Beilstein  4 IV 818.]

Cetyl bromide (1-bromohexadecane) [112-82-3] M 305.4, m 15o, b 193-196o/14mm.  Shake the

bromide with H2SO4, wash with H2O, dry with K2CO3 and fractionally distil it in vacuo. [Beilstein  1 IV 542.]

Cetyl ether (dihexadecyl ether) [4113-12-6] M 466.9, m 54o.   Distil the ether in a vacuum then

crystallise it several times from MeOH/*benzene.  [Beilstein 1 H 430, 1 II 467, 1 III 1820, 1 IV 1878.]

Cetyltrimethylammonium bromide (cetrimonium bromide, CTAB)  [57-09-0] M 364.5, m

227-235o(dec).  Crystallise it from EtOH, EtOH/*benzene or from wet acetone after extracting twice with pet

ether.  Shake it with anhydrous diethyl ether, filter and dissolve it in a little hot MeOH.  After cooling in the

refrigerator, the precipitate is filtered off at room temperature and re-dissolved in MeOH.  Anhydrous ether is

added and, after warming to obtain a clear solution, it is cooled and the crystalline material is collected.  [Dearden

& Wooley J Phys Chem 91 2404 1987, Hakemi et al. J Am Chem Soc 91 120 1987, Beilstein  4 IV 819.]
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Cetyltrimethylammonium chloride [112-02-7] M 320.0.  Crystallise the chloride from acetone/ether

mixture, EtOH/ether, or from MeOH.  [Moss et al. J Am Chem Soc 109 4363 1987, Beilstein  4 IV 819.]

Charcoal [7440-44-0] M 12.0, m ~3550o.  Charcoal (50g) is added  to 1L of 6M HCl and boiled for

45minutes.  The supernatant is discarded, and the charcoal is boiled with two more lots of HCl, then with

distilled water until the supernatant no longer gives a test for chloride ion.  The charcoal (now phosphate-free) is

filtered onto a sintered-glass funnel and air dried at 120o for 24hours.  [Lippin et al. J Am Chem Soc 76  2871

1954.]  The purification can be carried out using a Soxhlet extractor (without cartridge),  allowing longer

extraction times.  Treatment with conc H2SO4 instead of HCl has been used to remove reducing substances.

Chimyl alcohol (1-O -n-hexadecylglycerol) [(±) 506-03-6, 10550-58-0 (chimyl alcohol)] M 3 1 6 . 5 ,

m 64o. Recrystallise it from hexane.  [Beilstein  1 III 2322.]

Chloral (trichloroacetaldehyde)  [75-87-6, 302-17-0 (hydrate)] M 147.4,  b 2 6o/ 35mm,

9 8o/760mm. pK2 5 10.04.   Distil chloral, then dry it by distilling through a heated column of CaSO4.

[Beilstein 1 H 616, 1 I 328, 1 II 467, 1 III 2663, 1 IV 3142 for anhydr, 1 IV 3143 for hydrate.]

Chloralacetone chloroform (2,2,2-trichloro-1-[2,2,2-trichloro-1,1-dimethylethoxy]ethanol)

[512-47-0]  M 324.9, m 65o.  Crystallise it from *benzene.  It sublimes on careful heating and hydrolyses

in cold H2SO4 to chloral acetone and chloroform.  [Beilstein  1 H 622.]

Chloroacetaldehyde dimethyl acetal [97-97-2] M 124.6, m - 3 4 . 4o, b 6 4o/23mm, 7 1 -

7 2o/35mm, d
4
20  1.0172, n

D
20  1.4175.  Purify the acetal by fractional distillation.  [Melhotra J Indian

Chem Soc 36 4405 1959, Beilstein  1 IV 3134.]

-Chloroacetamide [79-07-2] M 93.5, m 121o, b 224-225o/743mm.   Recrystallise the amide from

acetone and dry it under vacuum over P2O5.  [Beilstein  2 IV 490.]

Chloroacetic acid  [79-11-8] M 94.5, m 6 2 . 8o, b 1 8 9o, pK2 5 2 . 8 7 .   Crystallise the acid from

CHCl3, CCl4, *benzene or water.  Dry it over P2O5 or conc H2SO4 in a vacuum desiccator.  Further

purification is by distillation from MgSO4, and by fractional crystallisation from the melt.  Store it under

vacuum or under dry N2.  [Bernasconi et al. J Am Chem Soc 107 3621 1985, Beilstein  2 IV 474.]

Chloroacetic anhydride  [541-88-8] M 171.0, m 4 6o, b 122-123o/20mm, 2 0 3o/760mm, d
4
20

1.5494.  Crystallise the it from *benzene.  [Eglinton et al. J Chem Soc 1860 1954, Beilstein  2 IV 487.]

Chloroacetone  [78-95-5] M 92.5, b 61o/50mm, 119o/763mm, d
4
20  1.15.  Dissolve it in water and

shake it repeatedly with small amounts of diethyl ether which extracts, preferentially, 1,1-dichloroacetone present

as an impurity.  The chloroacetone is then extracted from the aqueous phase using a large amount of diethyl

ether, and distilled at slightly reduced  pressure.  It is dried with CaCl2 and stored at Dry-ice temperature.

Alternatively, it was stood over CaSO4, distilled and stored over CaSO4. It is steam volatile.  The 2,4-

dinitrophenylhydrazone forms yellow needles from EtOH with m 120o or 124o. [Beilstein  1  IV 3215.]

LACHRYMATOR with toxic vapour.

Chloroacetonitrile [107-14-2] M 75.5, b 125o. Reflux it with P2O5 for one day, then distil it through a

helices-packed  column.  Also purified by gas chromatography. [Beilstein 2  IV 492.] LACHRYMATOR,

HIGHLY TOXIC.

2-Chlorobutane [78-86-4] M 92.6, b 68.5o, d
4
20  0.873, n25 1.3945 .   Purify it in the same way as

n-butyl chloride.  [Beilstein  1 IV 248.]

N -Chlorocarbonyl isocyanate [27738-96-1] M 105.5, m - 6 8o, b 6 3 . 6o/atm, d
4
20  1 . 3 1 0 .

Fractionally distil it at 760mm using a 40cm column.  TOXIC vapour, use a good fume hood.  Store it dry,

max 2260 (NCO), 1818 (CO) and 1420 (NCO sym) cm-1.  [Jäckl & Sundmeyer Chem Ber 106 1752 1975.]
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2-Chloroethanol (ethylene chlorohydrin) [107-07-3] M 80.5, b 51.0o/31mm, 1 2 8 . 6o/ 760mm,

d
4
20  1.201, n15 1.444.  Dry it with, then distil it from, CaSO4 in the presence of a little Na2CO3 to remove

traces of acid.  [Beilstein  1 IV 1372.]

2-Chloroethyl bromide (1-bromo-2-chloroethane) [107-04-0] M 143.4, b 106-108o, d
4
20

1.723, n
D

20  1.490.  Wash it with conc H2SO4, water, 10% Na2CO3 solution, and again with water, then dry

with CaCl2 and fractionally distil before use.  [Beilstein 1 H 89, 1 I 28, 1 II 61, 1 III 179, 1 IV 155.]

2-Chloroethyl chloroformate [627-11-2] M 143.0, b 52-54o/12mm, 1 5 3o/760mm, d
1 8
4

1.3760, n
D
20  1.446.  Purify it by fractional distillation, preferably in a vacuum and store it in a dry

atmosphere.  [Jones J Chem Soc 2735 1957, Beilstein  3 IV 24.]

2-Chloroethyl vinyl ether [110-75-8] M 106.6, b 109o/760mm, d
4
20  1.048, n

D
20  1 .437 .   Wash

the ether repeatedly with equal volumes of water made slightly alkaline with KOH, dry with sodium, and distil it

under vacuum.  Stabilise it with ~0.01% of triethanolamine.  [Beilstein  1 IV 2051.]  TOXIC.

Chloroform [67-66-3] M 119.4, b 61.2o, d15 1.49845, d10 1.47060, n15 1 .44858 .   It reacts

slowly with oxygen, or oxidising agents, when exposed to air and light, giving, mainly, phosgene, Cl2 and

HCl.  Commercial CHCl3 is usually stabilized with up to 1% EtOH or of dimethylaminoazobenzene.  Simplest

purifications involve washing with water to remove the EtOH, drying with K2CO3 or CaCl2, refluxing with

P2O5, CaCl2, CaSO4 or Na2SO4, and distilling.  It must not be dried with sodium.   The distilled

CHCl3 should be stored in the dark to avoid photochemical formation of phosgene.  In an alternative

purification, CHCl3 (500mL) was shaken (mechanically) with several small portions of 12% H2SO4 for 1hour,

washed thoroughly with water, saturated  NaHCO3, washed again with water, and dried over CaCl2 or K2CO3

(100g) for 1hour before filtering and distilling.  After further drying for a short time over P2O5, the CHCl3 was

redistilled and stored over Drierite in the dark [Reynolds & Evans J Am Chem Soc 60 2559 1938].

EtOH can be removed from CHCl3 by passage through a column of activated alumina, or through a column of

silica gel 4-ft long by 1.75-in diameter at a flow rate of 3mL/minute.  (The alumina column, which can hold

about 8% of its weight of EtOH, is regenerated by air drying and then heating at 600o for 6hours.  It is pre-

purified by washing with CHCl3, then EtOH, leaving in conc H2SO4 for about 8hours, washing with water

until the washings are neutral, then air drying, followed by activation at 600o for 6hours.  Just before use it is

reheated for 2hour at 154o.)  [McLaughlin et al. Anal Chem 30 1517 1958.]

Carbonyl-containing impurities can be removed from CHCl3 by percolation through a Celite column

impregnated with 2,4-dinitrophenylhydrazine (DHNP), phosphoric acid and water.  (Prepared by dissolving 0.5g

DHNP in 6mL of 85% H3PO4 by grinding together, then mixing with 4mL of distilled water and 10g of

Celite.)  [Schwartz & Parks Anal Chem 33 1396 1961].  Chloroform can be dried by distillation from powdered

type 4A Linde molecular sieves.  For use as a solvent in IR spectroscopy, chloroform is washed with water (to

remove EtOH), then dried for several hours over anhydrous CaCl2 and fractionally distilled.  This treatment

removes material absorbing near 1600 cm-1.  (Percolation through activated alumina increases this absorbing

impurity).  [Goodspeed  & Millson Chem Ind  (London) 1594 1967, Beilstein  1 IV 42.]

Rapid purification:  Pass through a column of basic alumina (Grade I, 10g/mL of CHCl3), and either dry by

standing over  4A molecular sieves, or alternatively, distil from P2O5 (3% w/v).  Store away from light (to

avoid formation of phosgene) and use as soon as possible.

Chloromethyl methyl ether (MOMCl)  [107-30-2] M 80.5, b 55-57o, d
4
20  1.060, n

D

20  1 . 3 9 6 .

If suspect (check IR), shake it with saturated aqueous CaCl2 solution, dry over CaCl2 and fractionally distil

taking middle fraction.  [Marvel & Porter Org Synth Coll Vol I 377 1941, Beilstein 1  H 580, 1  I 304, 1  II

645, 1 III 2587, 1 IV 3046.]  VERY TOXIC and CARCINOGENIC.

1-Chloro-2-nitroethane  [625-47-8] M 109.5, b 37-38o/20mm, 5 5o/60mm, 1 2 7 . 5o/atm, n
D
20

1.4224, n25 1 .4235 .   Dissolve it in alkali, extract with ether (discard), then the aqueous phase is acidified

with hydroxylamine hydrochloride,  and the nitro compound is collected and fractionally distilled under reduced

pressure.  [Pearson & Dillon J Am Chem Soc 75 2439 1953, Beilstein 1 H 101, 1 III 202, 1 IV 173.]



Purification of Organic Chemicals – Aliphatic Compounds 1 1 7

Chloropicrin (trichloronitromethane) [76-06-2] M 164.5, b 112o.   Dry with MgSO4 and

fractionally distil. [Beilstein 1  IV 106.] EXTREMELY NEUROTOXIC, u s e appropriate

precautions.

RS-2-Chloropropionic acid [598-78-7] M 108.5, b 9 8o/3mm, d
4
20  1.182, n

D
20  1.453 pK2 5

2.89.  Dry it with P2O5 and fractionally distil it under vacuum.  [Beilstein  2 IV 745.]

S-(-)-2-Chloropropionic acid  [29617-66-1] M 108.5, b 7 7o/10mm, 8 0 . 7o/10mm, 185-

1 8 8o/atm, d
4
25  1.2485, n

D
25  1.436, [ ]

D

25  -14.6o (neat).  Purify the acid by fractionating twice

through a 115cm Podbielniak column (p 11, calculated 50 theoretical plates at atmospheric pressure) using a

take-off ratio of 1:5.  The acid chloride is prepared by dissolving the acid in SOCl2, adding a few drops of PCl3,

refluxing and then distilling through a 30cm column, b 53o/100mm, [ ]
D

25  -4.6o (neat), d
4

25  1.2689, n
D

25

1.4368.  [Fu et al. J Am Chem Soc 76 6954 1954, Beilstein 2 IV 745.]

3-Chloropropionic acid [107-94-8] M 108.5, m 41o, pK2 5 4.08.  Crystallise the acid from pet ether

or *benzene.  [Beilstein  2 IV 748.]

3-Chloropropyl bromide (1-bromo-3-chloropropane) [109-70-6] M 157.5, b 142-145o, n25

1.4732.  Wash it with conc H2SO4, water, 10% Na2CO3 solution, water again and then dry with CaCl2 and

fractionally distil it just before use [Akagi et al. J Am Chem Soc 78  4034 1956]. [Beilstein  1 H 109, 1  IV

212.]

2-Chlorotriethylamine hydrochloride [869-24-9] M 172.1, m 208-210o, pKEst ~8.6 (free

base). Crystallise the salt from absolute MeOH (to remove highly coloured impurities).  [Beilstein  4 III 240.]

Chlorotrif luoroethylene (TFE) [79-38-9] M 116.5, b -26 to -24o.   Scrub it with 10% KOH

solution, then 10% H2SO4 solution to remove inhibitors, dry and pass it through silica gel.  It is stabilized with

~1% tributylamine.  Use brass equipment.  [Beilstein  1 III 646.]  TOXIC GAS.

Chlorotrifluoromethane [75-72-9] M 104.5, m -180o, b -81.5o.  Main impurities are CO2, O2, and

N2.  The CO2 is removed by passage through saturated aqueous KOH, followed by conc H2SO4.  The O2 is

removed using a tower packed with activated copper on Kieselguhr at 200o, and the gas is dried over P2O5.

[Miller & Smyth J Am Chem Soc 79 20 1957, Beilstein  1 III 42, 1 IV 34.] TOXIC GAS.

Choline acetate ([2-hydroxyethyl]trimethylammonium acetate)   [16586-35-7] M 163.2, m

varies with amount of H2O. Choline acetate is a very hygroscopic solid and should be kept in well

stoppered containers, preferably under N2 or Ar. [Sasaki & Kobayashi J Agric Chem Soc 23 456 1949, Chem

Abstr 47 2696 1953.] It forms a gold complex [HOCH2CH2N+(Me)3][AcO-] [AuCl3] with m  263o. Choline

Reineckate has m 267-270o (from aqueous Me2CO, m 226-258o was also reported).  Choline picrate has m

247-247.5o (from EtOH, m’s of 237-238o and 242-245o were also reported) [Taylor & Kraus J Am Chem Soc

69 1732 1947] and choline picrolonate has m 186o (from EtOH).  [Beilstein 4 IV 1444.]

Choline chloride ([2-hydroxyethyl]trimethylammonium chloride)  [67-48-1] M 139.6, m

302-305o(dec). Extremely deliquescent.  Check purity by AgNO3 titration or by titration of OH-base after

passage through an anion-exchange column.  Crystallise it from absolute EtOH, or EtOH/Et2O, dry it under

vacuum and store it in a vacuum desiccator over P2O5 or Mg(ClO4)2.  [Beilstein  4 IV 1443.]

Citraconic acid (methylmaleic acid) [498-23-7] M 130.1, m 9 1o, pK
1
25  2.2, pK

2
25  5.60 (c i s ) .

Steam distil and crystallise it from EtOH/ligroin.  [Beilstein  2 H 768, 2 I 309, 2 II 652, 2 III 1938, 2 IV

2230.]

Citraconic anhydride (methylmaleic anhydride) [616-02-4] M 112.1, m 8 - 9o, b 1 0 9o/ 30mm,

1 3 2o/74mm, 213o/760mm, d
4
20  1.245, n

D
20  1.472.  Possible contamination is from the acid formed by

hydrolysis.  If the IR has OH bands, then reflux with Ac2O for 30minutes, evaporate, then distil the residue in a

vacuum, otherwise distil in a vacuum.  Store in a dry atmosphere.  [Vaughan & Andersen  J Am Chem Soc 7 7
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6702 1955, Vaughan & Andersen  J Org Chem 21 680 1956, Beilstein  17  H 440, 17  I 234, 17  II 448, 1 7

III/IV 5912, 17/11 V 65.]

Citric acid ( H2O) [5949-29-1 monohydrate, 77-92-9 (anhydrous)] M 210.1, m 156-157o, 1 5 3o

(anhyd), pK
1
25  2.96, pK

2
25  4.38, pK

3
25  5.68.  Crystallise it from hot H2O solution (w/w solubility is

54% at 10o, 71% at 50o and 84% at 100o.  The monohydrate (softens at ~75o and melts at ~100o) dehydrates in

air or when heated gently above 40o. The triethylester ([77-93-0] M 276.3 , b 1 2 7o/1mm, 2 9 4o/atm, d
4
20

1.137, n
D
20  1.4420.) is a bitter tasting oil.  [Beilstein  3 H 556 and 568, 3 IV 1272.]

Citronellal  (3,7-dimethyloctan-6-al)  [R(+) 2385-77-5, S(-) 5949-05-3] M 154.3, b 6 7o/ 4 m m ,

8 9o/14mm, 104-105o/21mm, 207o/760mm, [ ]
546

20  (+) and (-) 2 0o, [ ]
D

20  (+) and (-) 1 6 . 5o

(neat).  Fractionally distil it.  Alternatively extract it with NaHSO3 solution, wash it with Et2O, then acidify

it to decompose the bisulfite adduct and extract with Et2O, dry (Na2SO4), evaporate and distil.  Check for purity

by hydroxylamine titration.  The ORD in MeOH (c 0.167) is: [ ]700 +9o, [ ]589 +11o, [ ]275 +12o and [ ]260

+12o.  The semicarbazone has m 85o, and the 2,4-dinitrophenylhydrazone has m 79-80o.  [(+)-compound:

Tietze & Beifuss Org Synth 71 167 1993, IR: Carroll et al. J Chem Soc 3457 1950, ORD: Djerassi &

Krakower J Am Chem Soc 81 237 1959, Beilstein 1 IV 3515.]

Citronellene (2,6-dimethylocta-2,7-diene)  [S-(+) 2436-90-0,  R-(-) 10281-56-8] M 138.3, b

153-154o/730mm, 155o/atm, d
4
22  0.757, n

D
22  1.431, [ ]

546

20  (+) and (-) 1 3o, [ ]
D

20  (+) and (-)

1 0o (neat).  Purify it by distillation over Na (three times) and fractionation.  [(-) Arigoni & Jeager Helv Chim

Acta 37 881 12954, (+) Eschenmoser & Schinz Helv Chim Acta 33 171 1950, Beilstein  1 IV 1059-1060.]

Citronellol (3,7-dimethyloctan-6-ol) [R-(+): 11171-61-9,  S-(-): 106-22-9] M 156.3, b

4 7o/1mm, 102-104(110)o/10mm, 112-113o/12mm, 221-224o/atm, 225-226o/atm, d
4
24

0.8551, n
D
24  1.4562, [ ]

546

20  (+) and (-) 6.3o, [ ]
D

20  (+) and (-) 5 . 4o (neat).  Purify them by

distillation through a cannon packed (Ni) column and the main cut collected at 84o/14mm and redistilled.  Also

purify via the benzoate.  [IR: Eschenazi  J Org Chem 26 3072 1961, Naves Bull Soc Chim Fr  505 1951,

Beilstein  1 IV 2188.]

Crotonaldehyde (2-butenal) [123-73-9] M 70.1, b 104-105o, d
4
20  0.851, n

D
20  1 . 4 3 7 .

Fractionally distil it under N2, through a short Vigreux column (p 11). Stabilise it with 0.01% of 2,6-di-tert-

butyl-p-cresol  and store it in sealed ampoules.  [Beilstein  1 IV 3447.]

trans-Crotonic acid (trans-2-butenoic acid) [107-93-7] M 86.1, m 72-72 .5o, pK
1
25  -6.17 (aq

H2S O4) , pK
2
18 4.71.  Distil the acid under reduced pressure and/or  recrystallise it from pet ether (b 60-80o)

or water, or by partial freezing of the melt.  [Beilstein  2 IV 1498.]

E - and Z -Crotonitrile (mixture) [4786-20-3] M 67.1, b 120-121o, d
4
20  1.091, n

D
20  1 . 4 5 9 5 .

Separate  the mixture by preparative GLC on a column using 5% FFAP on Chromosorb G.  [Lewis et al. J A m

Chem Soc 108 2818 1986, Beilstein  2 IV 1507.]

trans-Crotonoyl chloride [625-35-4] M 104.5, b 42-45o/20mm, 124-125o/760mm, d
4
20  1 . 0 8 0 ,

n
D
20  1.4570. If the IR of a film has no OH bands, then fractionally distil it, taking the middle fraction and

redistilling it.  If OH bands are present, then add  excess of oxalyl chloride, reflux for 3hours, then distil off the

reagent and fractionally distil the crotonoyl chloride as before.  Stabilise the distillate with 160ppm of

hydroquinone.  The amide forms needles m 158o from aqueous ammonia, and the anilide also forms needles but

with m 115-118o from H2O.  [Beilstein 2 H 411, 2 I 188, 2 II 392, 2 III 1265, 2 IV 1506.]

Crotyl bromide [29576-14-5] M 135.0, b 103-105o/740mm, n2 5 1.4792.  Dry the bromide with

MgSO4/CaCO3 mixture and  fractionally distil it through an all-glass Todd column (p 11).  [Beilstein  1 IV

789.]

Cyanoacetamide [107-91-5] M 84.1, m 119.4o.   Crystallise the amide from MeOH/dioxane (6:4), then

water and dry it over P2O5 under vacuum.  [Beilstein 2 IV 1891.]
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Cyanoacetic acid [372-09-8] M 85.1, m 70.9-71.1o, pK2 5 2.47.  Recrystallise the acid  to constant

melting point from *benzene/acetone (2:3), and dry it over silica gel.  [Beilstein 2 H 583, 2  I 253, 2  II 530, 2

III 1626, 2  IV 1888.]

Cyanoacetic acid hydrazide [140-87-4] M 99.1, m 114 .5-115o.   Crystallise the hydrazide from

EtOH. The hydrochloride has m 178-180o and the  benzylidene derivative has m 178o.  It is converted to 3-oxo-

5-iminopyrazolidine in hot 40% aqueous NaOH.  [Beilstein 2 H 591, 2 I 256, 2 III 1636.]  IRRITANT.

Cyanoguanidine (dicyanodiamide) [461-58-5] M 84.1, m 2 0 9 . 5o, pK2 5 - 0 . 4 .   Recrystallise

cyanoguanidine from water or EtOH.  [Beilstein  3 IV 160.]

n-Decane [124-18-5] M 142.3, m – 2 9 . 7o, b 5 7 . 6o/10mm, 1 7 4 . 1o, d
4
20  0.7300, n

D
20  1 . 4 1 0 2 ,

n25 1.40967.  It can be purified by shaking with conc H2SO4, washing with water, aqueous NaHCO3, and

more water, then drying with MgSO4, refluxing with Na and distilling.  Also purify through a column of silica

gel or alumina.  It has been purified by azeotropic distillation with 2-butoxyethanol, the alcohol being washed

out of the distillate, using water, the decane is next dried and redistilled.  It can be stored with NaH.  Further

purification can be achieved by preparative gas chromatography on a column packed with 30% SE-30 (General

Electric methyl-silicone rubber) on 42/60 Chromosorb P at 150o and 40psig, using helium [Chu J Chem Phys

41 226 1964].  It is soluble in EtOH and Et2O.  [Beilstein  1 IV 484.]

Decan-1,10-diol [112-47-0] M 174.3, m 72 .5 -74o.   Crystallise the diol from dry ethylene dichloride.

[Beilstein  1 IV 2613.]

n-Decanol (n-decyl alcohol) [112-30-1] M 158.3, f 6.0o, b 1 0 9o/8mm, 2 3 1o/atm, d
4
20  0 . 8 2 3 ,

n
D
20  1.434.  Fractionally distil n-decanol in an all-glass unit at 10mm pressure (b  110o), then fractionally

crystallise by partial freezing.  Also purify by preparative GLC, and by passage through alumina before use.

[Beilstein  1 IV 1815.]

n-Decyl bromide (1-bromodecane) [112-29-8] M 221.2, b 117-118o/15.5mm, d
4
20  1.066.

Shake the it with H2SO4, wash with H2O, dry with K2CO3, and fractionally distil it.  [Beilstein  1 IV 470.]

Decyltrimethylammonium bromide [2082-84-0] M 280.3, m 239-242o.   Crystallise the salt from

50% (v/v) EtOH/Et2O, or from acetone and wash with ether.  Dry it under vacuum at 60o.  Also recrystallise it

from EtOH and dry it over silica gel.  [McDonnell & Kraus J Am Chem Soc 73 2170 1952, Dearden & Wooley

J Phys Chem 91 2404 1987, Beilstein  4 IV 784.]

Diacetamide [625-77-4] M 101.1, m 75.5-76.5o, b 222-223o. Purify the amide by recrystallisation

from MeOH [Arnett & Harrelson J Am Chem Soc 109 809 1987].  [Beilstein  2 H 181.]

 (+)-Di-O -acetyl-L-tartaric anhydride [(R,R)-2,3-diacetoxysuccinic anhydride]  [6283-74-5]

M 216.2, m 129-132o, 133-134o, 135o, 137.5o, [ ]
D

20  +97.2o (c 0.5, dry CHCl3), [ ]
D

20  + 6 0o

(c 6, Me2CO),   If the IR is good, i.e. no OH bands, then keep it in a vacuum desiccator overnight (over

P2O5/paraffin) before use.  If OH bands are present then reflux 4g in Ac2O (12.6mL) containing a few drops of

conc H2SO4 for 10minutes (use a relatively large flask), pour onto ice, collect the crystals, wash with dry *C6H6

(2 x 2mL), stir with 17mL of cold Et2O, filter and dry in it a vacuum desiccator as above, or store it in dark

evacuated ampoules under N2 in small aliquots.  It is not very stable in air, the melting point of the crystals

drop one degree in the first four days then remains constant (132-134o).  If placed in a stoppered bottle, it

becomes gummy and the m falls 100o in three days.  Recrystllisation leads to decomposition.  If good quality

anhydride is required it, should be prepared freshly from tartaric acid. It sublimes in a CO2  atmosphere.  [Shriner

& Furrow Org Synth Coll Vol IV 242 1963, Bell Aust J Chem 34 671 1981, Beilstein 18 III/IV 2296.]

Diallyl amine (N -2-propenyl-2-propen-1-amine) [124-02-7] M 97.2, b 107-111o/ 760mm,

1 1 2o/760mm, d
4
20  0.789, n

D
20  1.440, pK20 9.42.   Keep the amine over KOH pellets overnight, decant
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and distil it from a few pellets of KOH at atmospheric pressure (b 108-111o), then fractionate through a Vigreux

column (p 11).  [Vliet J Am Chem Soc 46 1307 1924, Org Synth Coll Vol 1  201 1941.]  The hydrochloride

has m 164-165o (from Me2CO/EtOH).  [Butler & Angels J Am Chem Soc 79 3128 1957.]

(+)-N,N'-Diallyl tartrimide (DATD) [58477-85-3] M 228.3, m 1 8 4o, [ ]546 + 1 4 1o (c 3 ,

MeOH).  Wash DATD with Et2O containing 10% EtOH until the washings are clear and colourless, and dry in

vacuo.  [FEBS Lett 7 293 1970, Beilstein 4 H 218.]

1,4-Diaminobutane dihydrochloride (putrescine 2HCl) [333-93-7] M 161.1, m > 2 9 0o, pK
1
25

9.63, pK
2
25  10.80.  Crystallise the salt from EtOH/H2O.  [Beilstein  4 IV 1284.]

2,2'-Diaminodiethylamine (diethylenetriamine) [111-40-0] M 103.2, b 208o, d
4
20  0.95, n

D
20

1.483, pK
1
25  4.34, pK

2
25  9.13, pK

3
25  9.94.  Dry the amine with Na and distil, preferably under reduced

pressure, or in a stream of N2.  [Beilstein  4 IV 1284.]

§ Polymer-bound diethylenetriamine is commercially available.

3,3'-Diaminodipropylamine (bis-[3-aminopropyl]amine) [56-18-8] M 131.2, b 1 5 2o/ 50mm,

d
4
20  0.938, n

D
20  1.481, pK

1
25  7.72, pK

2
25  9,57, pK

3
25  10.65.  Dry the amine with Na and distil it

under vacuum.  [Beilstein  4 IV 1278.]

1,8-Diaminooctane [373-44-4] M 144.3, m 50-52o, 51 -52o, 52 -53o, b 1 2 1o/ 18mm,

1 2 0o/24mm, pK
1
20  10.1, pK

2
20  11.0.  Distil the diamine under vacuum in an inert atmosphere (N2 or

Ar), cool and store the distillate in an inert atmosphere in the dark.  The dihydrochloride has m 273-274o. [Nae

& Le Helv Chim Acta 15 55 1955, Beilstein  4 III 612.]

1,5-Diaminopentane [462-94-2] M 102.2, m 14-16o, b 78-80o/12mm, 101-103o/35mm, 178-

1 8 0o/750mm, d
4
20  0.869, n

D
20  1.458, pK

1
20  10.02, pK

2
20  10.96.  Purify the base by distillation,

after standing over KOH pellets (at room temperature, i.e. liquid form). Its dihydrochloride has  m 275o

(sublimes in a vacuum), and its tetraphenyl boronate has m 164o.  [Schwarzenbach  et al. Helv Chim Acta 3 5

2333 1952, Beilstein  4 IV 1310.]

1,3-Diaminopropane dihydrochloride [10517-44-9] M 147.1, m 243o, pK
1
25  8.29, pK

2
25

10.30.  Crystallise the salt from EtOH/H2O.  [Beilstein  4 IV 1258 free base.]

1,3-Diaminopropan-2-ol [616-29-5] M 90.1, m 38-40o, pK
1
25  7.94, pK

2
25  9 .57 .   Dissolve it in

an equal amount of water, shake it with charcoal and distil it at 68o/0.1mm.  The distillate solidifies. It is too

viscous to be distilled through a packed column.  [Beilstein  4 IV 1694.]

Di-O -benzoyl-(R and  S)-tartaric acid ( H2O) [R-(+)  17026-42-5,  S-(-)  2743-38-6 (anhydrous),

62708-56-9 (hydrate)] M 376.3, m 88-89o (hydrate), 1 7 3o (anhydrous), [ ]
546

20  (+) and (-) 1 3 6o

(c 2, EtOH), [ ]
D

20  (+) and (-) 117o (c 5, EtOH), p KEst(1)  ~2.9, pKEst(2) ~4.2.  Crystallise the

acid from water (18g from 400 mL boiling H2O) and stir vigorously while cooling in order to obtain crystals;

otherwise an oil will separate which solidifies on cooling. Dry it in a vacuum desiccator over KOH/H2SO4

(yield 16.4g) as monohydrate, m 88-89o. It crystallises from xylene as the anhydrous acid, m  173o (150-153o).

It does not crystallise from *C6H6, toluene, *C6H6/pet ether (oil), or CHCl3/pet ether.  [Butler & Cretcher J

Am Chem Soc 55 2605 1933, Acs et al. Tetrahedron 41  2465 1985, R(+) Beilstein 9  IV 557, S(-) Beilstein

9 III 870.]

trans-1,4-Dibromobut-2-ene [821-06-7] M 213.9, m 54o, b 85o/10mm.   Crystallise the dibromide

from ligroin and/or distil it in a vacuum.  [Beilstein  1 IV 79.]

Dibromodichloromethane [594-18-3] M 242.7, m 21.8o, b 6 6o/81mm, d
4
20  2.433, n

D
25

1.5499.  Crystallise CBr2Cl2, repeatedly from its melt, after washing with aqueous Na2S2O3 and drying with

BaO.  Alternatively, distil it in a vacuum.  Store away from light.  [Beilstein  1 H 68, 1 III 88, 1 IV 82.]
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1,2-Dibromoethane [106-93-4]  M 187.9, f 1 0 . 0o, b 2 9 . 1o/10mm, 1 3 1 . 7o/760mm, d 2 . 1 7 9 ,

n15 1.54160.  Wash the dibromide with conc HCl or H2SO4, then water, aqueous NaHCO3 or Na2CO3,

more water, and dry it with CaCl2.  Fractionally distil it.  Alternatively, keep in daylight with excess bromine

for 2hours, then extract with aqueous Na2SO3, wash with water, dry with CaCl2, filter and distil.  It can also be

purified by fractional crystallisation by partial freezing.  Store it in the dark.  [Beilstein  1  H 90, 1 I 28, 1  II

61, 1 III 182, 1 IV 158.]

Dibromomaleic acid [608-37-7] M 273.9, m 123.5o, 125o(dec), pK
1
25  1.45, pK

2
25  4 .62 .   It has

been recrystallised from Et2O or Et2O/CHCl3.  It is slightly soluble in H2O, soluble also in AcOH but

insoluble in *C6H6 and CHCl3.  [Salmony & Simonis Chem Ber  38  2583 1905, Ruggli Helv Chim Acta 3

566 1929, Beilstein 3 IV 2224.]

1,3-Dibromopropane [109-64-8] M 201.9, f - 3 4 . 4o, b 63 -63 .5o/26mm, 76-77o/ 40mm,

9 0o/80mm, 165o/atm, d
4
20  1.977, n 1.522.  Wash the dibromide with dilute aqueous Na2CO3, then

water.  Dry and fractionally distil it under reduced pressure.  [Beilstein  1 IV 216.]

meso-2,3-Dibromosuccinic acid [608-36-6] M 275.9, m 288-290o(sealed tube, dec), pK
1
20

1.56, pK
2
20  2.71.  Crystallise the acid from distilled water, keeping the temperature below 70o.  [Beilstein  2

IV 1930.]

1,2-Dibromotetrafluoroethane [124-73-2] M 259.8, b 47.3o/760mm.   Wash it with water, then

with weak alkali.  Dry with CaCl2 or H2SO4 and distil it.  [Locke et al. J Am Chem Soc 56 1726 1934.]  Also

purify it by gas chromatography on a silicone DC-200 column.

Di-n-butylamine [111-92-2] M 129.3, b 159o, d
4
20  0.761, n

D
20  1.41766, pK2 5 11 .25 .   Dry this

strong base with LiAlH4, CaH2 or KOH pellets, filter and distil it from BaO or CaH2.  [Beilstein  4 IV 550.]

Di-tert-butylazodicarboxylate [870-50-8] M 230.3, m 89-92o, 90-92o. The tert-butyl ester has the

advantage over the ethyl ester (below) in being a solid and more acid labile.   It crystallises from ligroin and is

best purified by covering the dry solid (22g) with pet ether (b 30-60o, 35-40 mL) heating to boiling and adding

ligroin (b 60-90o) until the solid dissolves.  On cooling, large lemon yellow crystals of the ester separate (~

20g), m 90.7-92o.  Evaporation of the filtrate gives a further crop of crystals [Carpino & Crowley Org Synth

44 18 1964]. This reagent is useful in the Mitsunobu reaction [Mitsunobu Synthesis 1 1981, Gennari et al. J

Am Chem Soc 108 6394 1986, Evans et al. J Am Chem Soc 108 6394 1986, Hughes Org React 4 2  335

1992, Dodge et al. Org Synth 73 110 1996, Hughes Org Prep Proc Int 28 127 1996, Ferguson & Marcelle J

Am Chem Soc 128 4576 2006, see also DEAD and DIAD below].

Dibutylcarbitol (di[ethyleneglycol]-dibutyl ether, bis[2-butoxethyl]-ether [112-73-2] M

218.3, b 125-130o/0.1mm, d
4
20   0.883, n

D
20  1 .424 .  Dibutylcarbitol is freed from peroxides by slow

passage through a column of activated alumina.  The eluate is then shaken with Na2CO3 (to remove any

remaining acidic impurities), washed with water, and stored with CaCl2 in a dark bottle [Tuck J Chem Soc 3202

1957].  [Beilstein  1 IV 2395.]

Di-tert-butyl dicarbonate (di-tert-butyl pyrocarbonate) [24424-99-5] M 218.3, m 2 3o (21-

2 2o), b 55-56o/0.15mm, 62-65o/0.4mm, d
4
20   0.950, n

D
20  1.409.  Melt the ester by heating at

~35o, and distil it in a vacuum.   If IR and NMR ( max 1810m 1765 cm-1,  in CCl4 1.50 singlet) suggest very

impure, then wash with an  equal volume of H2O containing citric acid to make the aqueous layer slightly acidic,

collect the organic layer and dry it over anhydrous MgSO4 and distil it in a vacuum.  [Pope et al. Org Synth 5 7

45 1977, Keller et al. Org Synth 63 160 1985, Grehn et al. Angew Chem 97 519 1985.] FLAMMABLE.

N , N -Dibutyl formamide  [761-65-9] M 157.3, b 6 3o/0.1mm, 118-120o/15mm, 244-

2 4 6o/760mm, d
4
20  0.878, n

D
20  1.445.  Purify the amide by fractional distillation [Mandel & Hill J A m

Chem Soc 76 3981 1954].  [Beilstein  4 IV 565.]
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Di-tert-butyl peroxide (tert-butyl peroxide) [110-05-4] M 146.2, d 0.794, n
D
20  1 .389 .   Wash

the peroxide with aqueous AgNO3 to remove olefinic impurities, water and dry (MgSO4).  Free it from tert-butyl

hydroperoxide by passage through an alumina column [Jackson et al. J Am Chem Soc 107 208 1985], and if

necessary two high vacuum distillations from room temperature to a liquid-air trap [Offenbach & Tobolsky J

Am Chem Soc 79 278 1957].  [Beilstein  1 IV 1619.]  The necessary protection from EXPLOSION should

be used.

Di-n-butyl sulfide [544-40-1] M 146.3, -form b 1 8 2o, -form b 190-230o(dec).  Wash the

sulfide with aqueous 5% NaOH, then water.  Dry with CaCl2 and distil it from sodium.  [Beilstein  1 IV 1559.]

Di-n-butyl sulfone [598-04-9] M 162.3, m 43.5o.  Purify it by zone melting.  It crystallises from pet

ether (m 44-44.5o), CHCl3 (m 44o), and EtOH (m 45o). [Beilstein  1 H 371, 1 II 400, 1 III 1524, 1 IV 1561.]

N , N ' - D i - t er t -butylthiourea [ 4 0 4 1 - 9 5 - 6 ] M 188.3, m 174-175o(evacuated capillary).

Recrystallise it from H2O [Bortnick et al. J Am Chem Soc 7 8  4358 1956].  [Beilstein  4  IV 585 for n-

butylthiourea.]

Dichloroacetic acid [79-43-6] M 128.9, m 1 3 . 5o, b 95 .0 -95 .5o/17-18mm, d
4
20  1.563, n

D
20

1.466, pK2 5 1.35.  Crystallise this strong acid from *benzene or pet ether.  Dry it with MgSO4 and

fractionally distil it.  [Bernasconi et al. J Am Chem Soc 107 3612 1985, Beilstein 2 IV 498.]

sym-Dichloroacetone (1,3-dichloropropan-2-one) [534-07-6] M 127.0, m 41-43o, 45o, b 8 6 -

8 8o/12mm, 75-77o/22mm, 172-172.5o/760mm, 170-175o/760mm, d
4
20  1.383.  Crystallise it

from CCl4, CHCl3 or *benzene and/or distil under vacuum [Conant & Quayle Org Synth Coll Vol I 211 1941,

Hall & Sirel J Am Chem Soc 74 836 1952].  It is dimorphic [Daasch & Kagarise J Am Chem Soc 77 6156

1955].  The oxime has m 130-131o, b 106o/25mm [Arzneimittel-Forsch 8 638 1958].  [Beilstein  1 IV 3219.]

Dichloroacetonitrile [3018-12-0]   M 110.0, b 110-112o, d
4
20  1.369, n

D
20  1.440.  Purify the

nitrile by distillation or by gas chromatography.  [Beilstein  2 IV 506.]  FLAMMABLE.

2,5-Dichlorobenzoic acid [50-79-3] M 191.0, m 1 5 4o, b 3 0 1o/760mm, pK2 5 2 . 4 7 .

Recrystallise the acid from water.  [Beilstein  9 IV 1005.]

2,3-Dichloro-1,3-butadiene [1653-19-6] M 123.0, b 41-43o/85mm, 9 8o/760mm.   Crystallise it

from pentane to constant melting point of -40o.  A mixture of meso and d,l forms is separated by gas

chromatography on an 8m stainless steel column (8mm i.d.) with 20% DEGS (diethyleneglycolsilyl chloride)

on Chromosorb W (60-80 mesh) at 60o and 80mL He/min. Distil it under vacuum.  [Su & Ache J Phys Chem

80 659 1976.]

1,2-Dichloro-1,2-difluoroethane [431-06-1] M 134.9, b 5 9o, n
D
20  1 .376 .   Purify it by fractional

distillation [Hazeldine J Chem Soc 4258 1952].  For purification of a diastereoisomeric mixture, with resolution

into meso and rac forms, see Machulla and Stocklin [J Phys Chem 78 658 1974].

Dichlorodifluoromethane (Freon 12) [75-71-8] M 120.9, m -158o, b - 2 9 . 8o/atm,

4 2 . 5o/10atm.   Pass the gas through saturated aqueous KOH then conc H2SO4, and a tower packed with

activated copper on Kielselguhr at 200o removed CO2 and O2.  A trap cooled to -29o removed a trace of high

boiling material.  It is a non-flammable propellant.

1,1-Dichloroethane (ethylidene dichloride) [75-34-3] M 99.0, b 57.3o, d15 1.18350, d
4
20

1.177, n15 1.41975.  Shake it with conc H2SO4 or aqueous KMnO4, then wash it with water, saturated

aqueous NaHCO3, again with water, dry with K2CO3 and distil it from CaH2 or CaSO4.  Store it over silica gel.

[Beilstein  1 IV 130.]

1,2-Dichloroethane [107-06-2] M 99.0, b 8 3 . 4o, d
4
20  1.256, n15 1.44759.   It is usually prepared

by chlorinating ethylene, so that likely impurities include higher chloro derivatives and other chloro compounds
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depending on the impurities originally present in the ethylene.  It forms azeotropes with water, MeOH, EtOH,

trichloroethylene, CCl4 and isopropanol.  Its azeotrope with water (containing 8.9% water, and b 77o) can be

used to remove gross amounts of water prior to final drying.  As a preliminary purification step, it can be steam

distilled, and the lower layer is treated as below.

Shake it with conc H2SO4 (to remove alcohol added as an oxidation inhibitor), wash with water, then dilute

KOH or aqueous Na2CO3 and again with water.  After an initial drying with CaCl2, MgSO4 or by distillation, it

is refluxed with P2O5, CaSO4 or CaH2 and fractionally distilled.  Carbonyl-containing impurities can be

removed as described  for chloroform.  [Beilstein  1 IV 131.]

1,2-Dichloroethylene [cis + trans 540-59-0]  M 96.9, b 60o (cis), d
4
20  1.284, b 4 8o (trans), d

4
20

1.257.  Shake it successively with conc H2SO4, water, aqueous NaHCO3 and water.  Dry it with MgSO4 and

fractionally distil it to separate  the cis- and trans-isomers.  [Beilstein  1 IV 707-709.]

cis-1,2-Dichloroethylene [156-59-2] M 96.9, b 60.4o, d
4
20  1.2830, n15 1.44903, n

D
20  1 . 4 4 9 5 .

Purify it by careful fractional distillation, followed by passage through neutral activated alumina.  Also by

shaking with mercury, drying with K2CO3 and distilling from CaSO4. Stabilise it with 0.02% of 2,6-di-tert-

butyl-p-cresol.  [Beilstein  1 IV 707.]

t rans -1 ,2-Dichloroethylene [156-60-5] M 96.9, b 47.7o, n15 1.45189, d
4
20  1.2551, n

D
20

1.4462.   Dry it with MgSO4, and fractionally distil it under CO2.  Fractional crystallisation at low

temperatures has also been used.  [Beilstein  1 IV 709.]

2,3-Dichloromaleic anhydride  [1122-17-4] M 167.0, m 105-115o, 1 2 0o, 121-121.5o. Purify

the anhydride  by sublimation in vacuo [Katakis et al. J Chem Soc, Dalton Trans 1491 1986].  It has also been

purified by Soxhlet extraction with hexane, recrystallised from CHCl3 and sublimed [MS, Relles J Org Chem

37 3630 1972].  [Beilstein  17/11 V 63.]

Dichloromethane (methylene dichloride) [75-09-2] M 84.9, b 4 0 . 0o, d
4
20  1.325, n

D
20

1.42456, n25 1.4201.   Shake it with portions of conc H2SO4 until the acid layer remains colourless, then

wash with water, aqueous 5% Na2CO3, NaHCO3 or NaOH, then water again.  Pre-dry with CaCl2, and distil it

from CaSO4, CaH2 or P2O5.  Store it away from bright light in a brown bottle with Linde type 4A molecular

sieves, in an atmosphere of dry N2.  Other purification steps include washing with aqueous Na2S2O3, passage

through a column of silica gel, and removal of carbonyl-containing impurities as described under Chloroform.

It has also been purified by treatment with basic alumina, distillation, and stored over molecular sieves under

nitrogen [Puchot et al. J Am Chem Soc 108 2353 1986].

Dichloromethane from Japanese sources contained MeOH as stabiliser which is not removed by distillation.  It

can, however, be removed by standing over activated 3A Molecular Sieves (note that 4A Sieves cause the

development of pressure in bottles), passed through activated Al2O3 and distilled [Gao et al. J Am Chem Soc

109 5771 1987].  It has been fractionated through a platinum spinning band column, degassed, and distilled

onto degassed molecular sieves Linde 4A (heated under high vacuum at over 450o until the pressure readings

reached the low values of 10-6 mm, ~1-2hours ).  Stabilise it with 0.02% of 2,6-di-tert-butyl-p-cresol

[Mohammad & Kosower J Am Chem Soc 93 2713 1971].  [Beilstein  1 IV 35.]

Rapid purification:  Reflux over CaH2 (5% w/v) and distil it.  Store it over 4A molecular sieves.

1,2-Dichloropropane [78-87-5] M 113o, b 95.9-96.2o, d
4
20  1.158, n

D
20  1.439.  Distil the propane

from CaH2.  It has a limited shelf life.  [Beilstein  1 IV 195.]

2,2-Dichloropropane [594-20-7] M 113.0, b 69.3o, d
4
20  1.090, n

D
20  1.415.  Wash it with aqueous

Na2CO3 solution, then distilled water, dry over CaCl2 and fractionally distil it.  [Beilstein  1 IV 196.]

Di-n-decylamine [1120-49-6] M 297.6, m 3 4o. b 1 5 3o/1mm, 3 5 9o/760mm, pKEst ~ 1 1 . 0 .

Dissolve the amine in *benzene and precipitate it as its bisulfate by shaking with 4M H2SO4.  Filter, wash with

*benzene, separate by centrifugation, then the free base is obtained by treating with NaOH [McDowell & Allen J

Phys Chem 65 1358 1961].  It is a strong base; store away from CO2.  [Beilstein 4 IV 780.]
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Didodecylamine [3007-31-6] M 353.7, m 5 1 . 8o, b 263-265o/27mm, d
4

25  0.806, pK2 5 1 1 . 0 0 .

Crystallise the amine from EtOH/*C6H6 under N2, and store away from CO2.  It provides two crystalline forms:

an -form with m 44.4o and a -form with m 51.8o.  The hydrochloride  has m 207-208o(dec, from isoProOH),

the hydroiodide has m 23.8-234o(dec, sealed capillary) and the nitrate has m 125.4-125.2o(dec. sealed capillary)

when crystallised from MeOH/Me2CO.  [Hoerr et al. J Am Chem Soc 65  328 1943, Hoerr & Harwood J Org

Chem 16 779 1951, Beilstein  4 III 412, 4 IV 801.]

Didodecyldimethylammonium bromide [3282-73-3] M 463.6, m 157-162o.   Recrystallise the salt

from acetone, acetone/ether mixture, then from ethyl acetate, wash with ether and dry it in a vacuum oven at 60o

[Chen et al. J Phys Chem 88 1631 1984, Rupert et al. J Am Chem Soc 107 2628 1985, Halpern et al. J A m

Chem Soc 108 3920 1986, Allen et al. J Phys Chem 91 2320 1987].  [Beilstein  4 IV 801.]

Diethanolamine (2,2'-iminodiethanol) [111-42-2] M 105.1, m 28o, b 154-155o/ 10mm,

2 7 0o/760mm pK25 8.88.  Fractionally distil the amine twice, then fractionally crystallise it from its melt.

Its solubility in H2O is 10% at 20o.  [Perrin & Dempsey Buffers for pH and Metal Ion Control Chapman &

Hall, London 1974, Beilstein 4 H 283, 4 II 729, 4 III 689, 4 IV 1514.]

N,N-Diethylacetamide [685-91-6] M 157.2, b 86-88o, d
4
20  0.994, n

D
20  1.474.  Dissolve the amide

in cyclohexane, shake with anhydrous BaO and then filter.  The procedure is repeated three times, and the

cyclohexane is distilled off at atmospheric pressure.  The crude amide is also fractionally distilled three times

from anhydrous BaO.  [Beilstein 4 III 349.]

Diethyl acetamidomalonate [1068-90-2] M 217.2, m 96o.  Crystallise the ester from *benzene/pet

ether.  [Beilstein 4 III 2993.]

Diethyl acetylenedicarboxylate  [762-21-0] M 170.2, b 60-62o/0.3mm, 107-110o/ 11mm,

118-120o/20mm, d
4
20  1.0735, n

D
20  1.4428.  Dissolve the ester in *C6H6, wash it with NaHCO3, H2O,

dry over Na2SO4, filter, evaporate and distil it in a vacuum [IR: Walton & Hughes J Am Chem Soc 79  3985

1957, Truce & Kruse J Am Chem Soc 81 5372 1959].  [Beilstein 2 H 803.]

D i e t h y l a m i n e [109-89-7] M 73.1, b 55.5o, d
4
20  0.707, n 1.38637, pK1 5 1 1 . 3 8 .   Dry

diethylamine with LiAlH4 or KOH pellets.  Reflux with, and distil it from, BaO or KOH.  Convert it to the p-

toluenesulfonamide and crystallise to constant melting point from dry pet ether (b 90-120o), then hydrolyse with

HCl, excess NaOH is added,  and the amine is passed through a column of activated alumina.  Redistil the amine

and dry it with activated alumina before use [Swift J Am Chem Soc 64 115 1942].  [Beilstein 4 III 313.]

§ A polystyrene diethylaminomethyl supported version is commercially available.

Diethylamine hydrochloride [660-68-4] M 109.6, m 223.5o, 226-229o.    Crystallise salt from

absolute EtOH.  Also crystallise it from dichloroethane/MeOH.  Hygroscopic. [Beilstein 4 III 113.]

Diethyl azodicarboxylate (DEAD) [1972-28-7] M 174.2, b 1 0 4 . 5o/12mm, 211-213o/atm, d
4
20

1.110, n
D
20  1.420.  Dissolve DEAD in toluene, wash it with 10% NaHCO3 till neutral (may require several

washes if too much hydrolysis had occurred: check IR for OH bands), then wash with H2O (2x), dry over

Na2SO4, filter, evaporate the toluene and distil it through a short Vigreux column (p 11) at as high a vacuum as

possible.  The main portion boils at 107-111o/15mm. Since it is likely to explode, use an oil bath for heating

the still and all operations should be carried -out behind an adequate shield.  [Rabjohn Org Synth  Coll Vol III

375 1955, see Kauer Org Synth Coll Vol IV 412 1963].  [Beilstein 3 III 233.]  It is commercially available as

a 40% solution in toluene. This reagent is useful in the Mitsunobu reaction [Mitsunobu Synthesis 1 1981,

Gennari et al. J Am Chem Soc 108  6394 1986, Evans et al. J Am Chem Soc 108  6394 1986, Hughes Org

React 42 335 1992, Dodge et al. Org Synth 73 110 1996, Hughes Org Prep Proc Int 28 127 1996, Ferguson

& Marcelle J Am Chem Soc 1 2 8  4576 2006; see also di-tert-butyl azodicarboxylate above and DIAD

below].

§ A polystyrene supported DEAD version is commercially available with a loading of ~1.2mmol/g.
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Diethyl bromomalonate [685-87-0] M 239.1, b 116-118o/10mm, 122-123o/20mm, d
4
20

1.420, n
D
20  1.4507.  Purify the ester by fractional distillation in a vacuum.  IR: max 1800 and 1700cm-1

[Abramovitch Can J Chem 37 1146 1959, Bretschneider & Karpitschka Monatsh Chem 8 4  1091 1053].

[Beilstein 2 IV 1904.]

Diethyl tert-butylmalonate [759-24-0] M 216.3, b 40-42o/0.03, 102-104o/11mm, 109 .5 -

1 1 0 . 5o/17mm, 205-210o/760mm, d
4
20  0.980, n

D
20  1.425.  Dissolve it in Et2O, wash with aqueous

NaHCO3, H2O, dry (MgSO4), filter, evaporate and distil the residue.  Identify by hydrolysis to the acid and

determine  the neutralisation equivalent (theor: 80.0).  The acid  has m 155-157o effervescence  [Hauser et al. J

Am Chem Soc 64 2715 1942, Bush & Beauchamp J Am Chem Soc 75 2949 1953].  [Beilstein 2 IV 2027.]

Diethyl carbonate [105-58-8] M 118.1, b 124-125o, 126.8o, d
4
20  0.975, n25 1.38287.   Wash

the ester (100mL) with an aqueous 10% Na2CO3 (20mL) solution, saturated CaCl2 (20mL), then water (30mL).

After drying by standing over solid CaCl2 for 1hour (note that prolonged contact should be avoided because slow

combination with CaCl2 occurs), it should be fractionally distilled.  Also dry it over MgSO4 and distil it.

[Beilstein 3 H 5, 3 I 4, 3 II 4, 3 III 5, 3 IV 5.]

Diethyl disulfide [110-81-6] M 122.3, b 86.2o/87mm, 154-155o/atm, d
4
20  0.993, n

D
20  1 . 5 0 6 .

Dry the disulfide over silica gel or MgSO4 and distil it under reduced pressure (optionally from CaCl2).

[Beilstein  1 H 347, 1 I 173, 1 II 345, 1 III 1377, 1 IV 1379.]

Diethylene glycol [111-46-6] M 106.1, f -10.5o, b 244.3o, d
4
20  1.118, n15 1.4490, n

D
20

1.4475. Fractionally distil it in a vacuum (b 133o/14mm, 2.5cm x 1.3m heli-grid column), then recrystallise

it by partial freezing.  [Feldman et al. J Am Chem Soc 73 4341 1951, Beilstein 1 III 2090, 1 IV 2390.]

Diethylene glycol diethyl ether [112-36-7] M 162.2, b 7 6o/32mm, 85-86o/10mm, 188 .2 -

1 8 8 . 3o/751mm, d
4
20  0.910, n

D
20  1.412.  Dry the ether with MgSO4, then CaH2 or LiAlH4, under N2.  If

sodium is used, the ether should be redistilled alone to remove any products which may be formed by the action

of sodium on the ether.  As a preliminary purification, the crude ether (2L) can be refluxed for 12hours with

25mL of conc HCl in 200mL of water, under reduced pressure, with slow passage of N2 to remove aldehydes and

other volatile substances.  After cooling, add sufficient solid KOH pellets (slowly and with shaking until no

more dissolves) to give two liquid phases.  The upper of these is decanted, dried with fresh KOH pellets,

decanted, then refluxed over, and distilled from sodium.  It can be passed through (alkaline) alumina prior to

purification.  [Beilstein  1 IV 2394.]

Diethylene glycol ditosylate  [7460-82-4] M 414.5, m 86-87o, 87 -88o, 88 -89o.  Purify the ester

by recrystallisation from Me2CO and dry it in a vacuum.  [Beilstein  11 III 225.]

Diethylene glycol mono-n -butyl ether (butyl carbitol) [112-34-5] M 162.2, b 6 9 -

7 0o/0.3mm, 230.5o/760mm, d
4
20   0.967, n

D
20  1.4286.  Dry the ether with anhydrous K2CO3 or

CaSO4, filter and fractionally distil it.  Peroxides can be removed by refluxing with stannous chloride or a

mixture of FeSO4 and KHSO4 (or, less completely, by filtration under slight pressure through a column of

activated alumina).  [Beilstein  1 IV 2394.]

Diethylene glycol monoethyl ether [111-90-0] M 134.2, b 2 0 1 . 9o, d
4
20  0.999, n

D
20  1 . 4 2 7 3 ,

n25 1.4254.  Ethylene glycol can be removed by extracting 250g in 750mL of *benzene with 5mL portions of

water, allowing for phase separation, until successive aqueous portions show the same volume increase.  Dry,

and free from peroxides, as described for diethylene glycol mono-n-butyl ether.  [Beilstein  1 IV 2393.]

Diethylene glycol monomethyl ether [111-77-3] M 120.2, b 1 9 4o, d
4
20  1.010, n

D
20  1 . 4 2 3 .

Purify as for diethylene glycol mono-n-butyl ether.  [Beilstein  1 IV 2392.]

Diethylenetriaminepenta-acetic acid (DTPA, DEPTAPAC) [67-43-6] M 393.4, m 219-220o,

pK
1
25 1.79, pK

2
25  2.56, pK

3
25 4.42, pK

4
25  8.76, pK

5
25  10 .42 .   Crystallise DTPA from water.  Dry
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under vacuum or at 110o.  [Bielski & Thomas J Am Chem Soc 109 7761 1987, NMR: Wenzel et al. Anal

Chem 54 615 1982, Beilstein  4 IV 2454.]

Diethyl ether (ethyl ether) [60-29-7] M 74.1, b 3 4 . 6o/760mm, d
4
20  0.714, n15 1.3555, n

D
20

1.35272.  Usual impurities are water, EtOH, diethyl peroxide (which is explosive when concentrated), and

aldehydes.  Peroxides [detected by liberation of iodine from weakly acid (HCl) solutions of KI, or by the blue

colour in the ether layer when 1mg of Na2Cr2O7 and 1 drop of dilute H2SO4 in 1mL of water is shaken with

10mL of ether] can be removed in several different ways.  The simplest method is to pass dry ether through a

column of activated alumina (80g Al2O3/700mL of ether).  More commonly, 1L of ether is shaken repeatedly

with 5-10mL of a solution comprising 6.0g of ferrous sulfate and 6mL of conc H2SO4 in 110mL of water.

Aqueous 10% Na2SO3 or stannous chloride can also be used.  The ether is then washed with water, dried for

24hours with CaCl2, filtered and dried further by adding sodium wire until it remains bright.  The ether is stored

in a dark cool place, until distilled from sodium before use.  Peroxides can also be removed by wetting the ether

with a little water, then adding excess LiAlH4 or CaH2 and leaving to stand for several hours.  (This also dried

the ether.)

Werner [Analyst 58 335 1933] removed peroxides and aldehydes by adding 8g AgNO3 in 60mL of water to 1L

of ether, then 100mL of 4% NaOH and shaking for 6minutes.  Fierz-David [Chimia 1  246 1947] shook 1L of

ether with 10g of a zinc-copper couple.  (This reagent is prepared by suspending zinc dust in 50mL of hot water,

adding 5mL of 2M HCl and decanting after 20seconds, washing twice with water, covering with 50mL of water

and 5mL of 5% cuprous sulfate with swirling.  The liquid is decanted and discarded,  and the residue is washed

three times with 20mL of ethanol and twice with 20mL of diethyl ether).

Aldehydes can be removed from diethyl ether by distillation from hydrazine hydrogen sulfate, phenyl hydrazine or

thiosemicarbazide.  Peroxides and oxidisable impurities have also been removed by shaking with strongly

alkaline-saturated KMnO4 (with which the ether was left to stand in contact for 24hours), followed by washing

with water, conc H2SO4, water again, then drying (CaCl2) and distillation from sodium, or sodium containing

benzophenone to form the ketyl.  Other purification procedures include distillation from sodium

triphenylmethide or butyl magnesium bromide, and drying with solid NaOH or P2O5.  [Beilstein  1 IV 1314.]

Rapid purification:  Same as for 1,4-dioxane.

Diethyl ethoxymethylene malonate [87-13-8] M 216.2, b 014o/0.2mm, 1 0 9o/0.5mm, 279-

2 8 3o/atm, d
4
20  1.079, n

D
20  1 . 4623 .   Likely impurity is diethyl diethoxymethylene malonate which is

difficult to separate from diethyl ethoxymethylene malonate by distillation, and it is necessary to follow the

course of the distillation by the change in refractive index instead of boiling point.  After a low boiling fraction

is collected, there is obtained an intermediate fraction (n
D

20  1.414—1.458), the size of which depends on the

amount of the diethoxymethylene compound.  This fraction is fractionated through a 5inch Vigreux column (p

11) at low pressure avoiding interruption in heating.  Fraction b 108-110o/0.25mm is ca 10o lower than the

submitters' fraction (b 97.2o/0.25mm, n
D

20  1.4612—1.4623) [Org Synth Coll Vol III 395 1955, Fuson et al. J

Org Chem 11 197 1946, Duff & Kendal J Chem Soc 893 1948].  [Beilstein  3 IV 1192.]

N , N ' - D i e t h y l f o r m a m i d e [ 6 1 7 - 8 4 - 5 ] M 101.2, b 29o/0.5mm, 61-63o/10mm, 178 .3 -

1 7 8 . 5o/760mm, d
4
20  0.906, n

D
25  1 .4313 .   Distil it under reduced pressure, then at atmospheric pressure

[Wintcler et al. Helv Chim Acta 37 2370 1954, NMR: Hoffmann Z Anal Chem 170  177 1959].  [Beilstein

4 IV 346.]

Diethyl fumarate  [623-91-6]  M 172.2, b 2 1 8o, d 1.052, n 1.441.  Wash the fumarate with

aqueous 5% Na2CO3, then with saturated CaCl2 solution, dry with CaCl2 and distil it.  [Beilstein  2 IV 2207.]

Diethyl ketone (3-pentanone) [96-22-0] M 86.1, b 102.1o, d
4
20  0.8099, n

D
20  1.392.  Dry it

with anhydrous CaSO4 or CuSO4, and distil from P2O5 under N2 or under reduced pressure.  Further purification

is by conversion to the semicarbazone (recrystallise to constant m 139o, from EtOH) which, after drying in

vacuo over CaCl2 and paraffin wax, is refluxed for 30minutes with excess oxalic acid, then steam distilled and

salted out with K2CO3.  Dry with Na2SO4 and distil [Cowan et al. J Chem Soc 171 1940].  [Beilstein  1  IV

3279.]
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Diethyl malonate [105-53-3] M 160.2, b 9 2o/22mm, 198-199o/760mm, d
4
20  1.056, d25

1.0507, n
D
20  1.413.  If too impure (IR, NMR) the ester (250g) is heated on a steam bath for 36hours with

absolute EtOH (125mL) and conc H2SO4 (75mL), then fractionally distilled under reduced pressure.  Otherwise

fractionally distil it under reduced pressure and collect the steady boiling middle fraction.  [Beilstein  2 IV 1881.]

2,2-Diethyl-1,3-propanediol [115-76-4] M 132.2, m 61.4-61.8o, b 130-133o/16mm, n
D
20

1.4574.   Crystallise the diol from pet ether (b 65-70o). IRRITANT.  [McKusick J Am Chem. Soc 70

1982 1948, Beilstein 1 III 2217, 1 IV 2589.]

Diethyl pyrocarbonate  (DEP)  [1609-47-8] M 162.1, b 38-40o/12mm, 160-163o/atm,

d
4
201.119, n

D
20  1.398.  Dissolve the ester in Et2O, wash it with dilute HCl, H2O, dry over Na2SO4, filter,

evaporate and distil the residue first in vacuo then at atmospheric pressure.  It is soluble in alcohols, esters,

ketones and hydrocarbon solvents.  A 50% w/w solution  is usually prepared for general use.  Treat with

great CAUTION as DEP irritates the eyes, mucous membranes and skin.  [Boehm & Mehta

Chem Ber 71 1797 1938, Thoma & Rinke  Justus Liebigs Ann Chem 624 30 1959, Beilstein 3 IV 18.]

Diethyl succinate [123-25-1] M 174.2, b 105o/15mm, 218o/atm, d
4
20  1.047, n

D
20  1.4199.  Dry

the succinate with MgSO4, and distil it at 15mm pressure.  [Beilstein 2 IV 1914.]

Diethyl sulfate [64-67-5] M 154.2, b 9 6o/15mm, 1 1 8o/40mm, d
4
20  1.177, n

D
20  1 .399 .   Wash

the ester with aqueous 3% Na2CO3 (to remove acidic material), then distilled water, dry (CaCl2), filter and distil

it in a vacuum.  It is an ethylating agent and  blisters the skin.  [Beilstein 1 IV 1236.]

Diethyl sulfide [352-93-2] M 90.2, m 0o/15mm, b 9 0 . 1o/760mm, d
4
20  0.837, n

D
20  1 . 4 4 3 .

Wash the sulfide with aqueous 5% NaOH, then water, dry with CaCl2 and distil it from sodium.  It can also be

dried with MgSO4 or silica gel.  Alternative purification is via the Hg(II) chloride complex [(Et)2S.2HgCl2] (see

dimethyl sulfide).  [Beilstein  1 IV 1394.]

Diethyl (-)-D- (from the non-natural) [13811-71-7] and (+)-L- (from the natural acid) [89-91-

2] tartrate  M 206.2, m 1 7o, b 8 0o/0.5mm, 1 6 2o/19mm, 278-282o/atm, d
4
20  1.204, n

D
20

1.4476, [ ]
D

20  (+) and (+) 26.5o (c 1, H2O) and (-) and (+) 8.5o (neat), [ ]
546

20  (+) and ( + )

3 0o (c 1, H2O).  Distil the esters under high vacuum and store them under vacuum or in an inert atmosphere

in a desiccator in round bottomed flasks equiped with a vacuum stopcock.  They have also been distilled by

Kügelrohr distillation and/or by 'wiped-film' molecular distillation.  They are slightly soluble in H2O but

miscible with EtOH and Et2O.  [Gao et al. J Am Chem Soc 109  5770 (5771) 1987, IR: Pristera Anal Chem

25 844 1953, Beilstein  3 III 1025 for D-(-), 3 IV 1232 for L(+).]

sym-Diethyl thiourea [105-55-5] M 132.2, m 76-77o. 77-79o. Crystallise it from *benzene.

[Beilstein  4 H 118, 4 I 355, 4 II 610, 4 III 220, 4 IV 375.]

Difluoroacetic acid [381-73-7] M 96.0, m -0.35o, b 67-70o/20mm, 134o/760mm, d
4
20  1 . 5 3 0 ,

n
D
20  1.3428, pK2 5 1 .28 .   Purify the acid by distilling over P2O5.  The acid chloride is a fuming liquid b

25o/atm, and the amide has b 108.6o/35mm, m 52o (from *C6H6), and the anilide has b 90o/1mm, 114o/5mm,

m  58o [Henne & Pelley J Am Chem Soc 74 1426 1952, Coffman et al. J Org Chem 14 749 1949, NMR:

Meyer et al. J Am Chem Soc 75 4567 1953, pK: Wegscheider Z Phys Chem 69  614 1909].  [Beilstein  2  IV

455.]

Diglycolic acid (2-oxapentane-1,5-dioic acid) [110-99-6] M 134.1, m 1 4 8o (monohydrate),

pK
1
25 2.97, pK

2
25 4.37.  Crystallise diglycolic acid from water.  [Beilstein  3 IV 577.]

Diglyme [bis-(2-methoxyethyl) ether, diethylene glycol dimethyl ether] [111-96-6] M

134.2, b 62o/17mm, 75o/35mm, 160o/760mm, d
4
20  0.917, n

D
20  1.4087.  Dry diglyme with NaOH

pellets or CaH2, then reflux with, and distil (under reduced pressure) it from Na, CaH2, LiAlH4, NaBH4 or NaH.

These operations are carried out under N2.  The amine-like odour of diglyme has been removed by shaking with a

weakly acidic ion-exchange resin (Amberlite IR-120) before drying and distilling.  Addition of 0.01% NaBH4
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to the distillate inhibits peroxidation.  Purify it also as for dioxane.  It has been passed through a 12-in column

of molecular sieves to remove water and peroxides.  [Beilstein  1 IV 2393.]

Dihydroxyfumaric (1,2-dihydroxybut-1-ene-1,2-dioic) acid dihydrate  [133-38-0] M 184.1, m

1 5 5o(dec), pK
1
25 1.57, pK

2
25 3.36.  Crystallise the acid from water.  [Beilstein  3 IV 1975.]

1,2-Diiodoethane [624-73-7] M 281.9, m 81-84o, d 2.134.  Dissolve it in ether, wash it with

saturated  aqueous Na2S2O3, dry over MgSO4 and evaporate the ether in vacuo and distil it.  Store it in the dark.

[Molander et al. J Am Chem Soc 109 453 1987].  [Beilstein  1 IV 169.]

Diiodomethane (methylene diiodide)  [75-11-6]   M 267.8, m 6 . 1o, b 66-70o/11-12mm, d
4
20

3.325. Fractionally distil it under reduced pressure, then fractionally crystallise it by partial freezing, and

stabilize it with silver wool if necessary.  It has also been purified by drying over CaCl2 and fractionally

distilling from Cu powder.  Store it in the dark.  [Beilstein  1 IV 97.]

Diisopropanolamine [110-97-4]   M 133.2, m 41-44o, d
4
20  1.004, pKEst ~10.7. Crystallise the

amine repeatedly  from dry diethyl ether.  [Beilstein  4 III 761.]

Diisopropylamine [108-18-9]   M 101.2, b 83.5o/760mm, d
4
20  0.720, n

D
20  1.39236, pK2 5

11.20. Distil the amine from NaOH, or reflux it three minutes over Na wire or NaH, and distil it into a dry

receiver under N2.  [Beilstein  4 H 154, 4 I 369, 4 II 630, 4 III 274, 4 IV 510.]

§ A polystyrene supported version of diisopropylamine is commercially available.

Diisopropylazodicarboxylate (DIAD) [2446-83-5] M 202.2, b 75o/0.2mm, d2 5 1.420, n
D
20

1.420.  Purify the azo compound by distillation at as high a vacuum as possible.  Since it is likely to explode,

use an oil bath for heating the still, and all operations should be carried  out behind an adequate shield. [Kauer

Org Synth Coll Vol IV  412 1963, Beilstein 3  III 233]. This reagent is useful in the Mitsunobu reaction

[Mitsunobu Synthesis 1 1981, Gennari et al. J Am Chem Soc 108  6394 1986, Evans et al. J Am Chem Soc

108 6394 1986, Hughes Org React 42 335 1992, Dodge et al. Org Synth 73 110 1996, Hughes Org Prep

Proc Int 28 127 1996, Ferguson & Marcelle J Am Chem Soc 1 2 8  4576 2006; see also di-tert-butyl

azodicarboxylate and DEAD above].

Diisopropylethylamine (Hünig’s base) [7087-68-5] M 129.3, b 119o/731mm, 1 2 7o/ 760mm,

d
4

27  1.440, n
D

25  1.4376, pKEst ~10.9. Distil the amine from ninhydrin, then from KOH  [Dryland &

Sheppard, J Chem Soc, Faraday Trans 1 125 1986].  It is a strong base and should be stored in the absence of

carbon dioxide.  [Hünig & Kiessel Chem Ber 91 380, 387 1958, Wotiz et al. J Org Chem 24 1202 1959,

Beilstein 4 IV 551.]

Diisopropyl ketone (2,4-dimethyl-3-pentanone)  [565-80-0]  M 114.2, b 1 2 4o, d 0.801, n

1.400. Dry the ketone with CaSO4, shake it with chromatographic alumina and fractionally distil it from

P2O5 under N2.  [Beilstein  1 IV 3334.]

Diketene See 2-methylene-oxetan-2-one in “Heterocyclic  Compounds”, Chapter 4, and see ketene below.

2,3-Dimercapto-1-propanol (BAL, British Anti-Lewisite) [59-52-9] M 124.2, b 8 2 -

8 4o/0.8mm, 120o/15mm, d
4
20  1.239, n

D
20  1.5732, pK

1
25 8.62, pK

2
25 10 .75 .   Precipitate BAL as

the Hg mercaptide [see Bjöberg Chem Ber  75 13 1942], regenerate with H2S, and distil it under a vacuum

[Rosenblatt & Jean Anal Chem 951 1955]. It is an antidote for heavy metal (As, Hg, Au etc) poisoning.

[Beilstein  1 IV 2770.]

1,3-Dimercapto-2-propanol [584-04-3] M 124.2, b 68-69o/ 0 .8mm, 8 2o/1.5mm, 9 4o/ 12mm,

n
D

23  1.5696.  Purify the dithiol as for 2,3-dimercapto-1-propanol above.  [Johary & Owen J Chem Soc 1305

1955, Beilstein 1 IV 2773 or 2  IV 1102.]
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meso-2,3-Dimercaptosuccinic acid   [304-55-2] M 182.2, m 191-192o(dec), 2 1 0o(dec), 210 -

2 1 1o (dec), pK
1
25 2.71, pK

2
25 3.48, pK

3
25 8.89, pK

4
25 10.75. Purify the acid by dissolving it in

NaOH and precipitating with dilute HCl, drying and recrystallising from MeOH.  IR has max at 2544 (SH) and

1689 (CO2H) cm-1.  The bis-S-acetyl derivative has m 183-185o (from EtOAc or Me2CO), and its Me ester has

m 119-120o (from pet ether) [Gerecke et al. Helv Chim Acta 44 957 1961, Owen & Sultanbawa J Chem Soc

3112 1949].  [Beilstein  3 III 1033.]

1,2-Dimethoxyethane (glycol dimethyl ether, glyme) [110-71-4] M 90.1, b 8 4o, d
4
20  0 . 8 6 7 ,

n 1.380.  Traces of water and acidic materials have been removed from it by refluxing with Na, K or CaH2,

decanting and distilling from Na, K, CaH2 or LiAlH4.  The reaction has been speeded up by using vigorous

high-speed stirring with molten potassium.  For virtually complete elimination of water, 1,2-dimethoxyethane

has been dried with Na-K alloy until a characteristic blue colour is formed in the solvent at Dry-ice/cellosolve

temperatures: the solvent is kept with the alloy until distilled for use [Ward J Am Chem Soc 83  1296 1961].

Alternatively, glyme, refluxed with benzophenone and Na-K, is dry enough if, on distillation, it gives a blue

colour of the ketyl immediately on addition to benzophenone and sodium [Ayscough & Wilson J Chem Soc

5412 1963].  It has also been purified by distillation under N2 from sodium benzophenone ketyl (see above).

[Beilstein  1 IV 2376.]

N,N-Dimethylacetamide [127-19-5] M 87.1, b 58 .0 -58 .5o/11.4mm, d
4
20  0.940, n

D
20  1 . 4 3 7 .

Shake the amide with BaO for several days, reflux it with BaO for 1hour, then fractionally distil it under reduced

pressure.  Store it over molecular sieves.  [Beilstein  4 IV 180.]

, -Dimethylacrylic acid (senecioic acid, 3-methyl-2-butenoic acid) [541-47-9] M 100.1, m

6 8o, pK2 5 -5.4 (aqueous H2S O4).  Crystallise the acid from hot water or pet ether (b 60-80o).  [Beilstein

2 IV 1555.]

Dimethyl adipate  [ 6 2 7 - 9 3 - 0 ] M 174.2, m 9 -11o, b 1 0 9o/10mm, 121-123o/ 20mm,

2 3 5o/760mm, d
4
20  1.0642, n

D
20  1.4292.  Dissolve it in Et2O, wash with NaHCO3, H2O, dry over

MgSO4, filter, evaporate and distil it several times until the IR and NMR are consistent with the structure

[Lorette & Brown J Org Chem 24 261 1959, Hoffmann & Weiss J Am Chem Soc 79  4759 1957].  [Beilstein

2 IV 1959.]

Dimethyl adipimidate dihydrochloride  [14620-72-5] M 245.1, m 218-220o, 222-224o.  If the

salt smells of HCl, then wash it with MeOH and dry Et2O (1:3) under N2 until the free HCl is completely

removed.  Recrystallise it from MeOH/Et2O (it is very important that the solvents are super dry) [Hartman &

Wold Biochemistry 6 2439 1967, McElvain & Shroeder J Am Chem Soc 71 40 1949].

Dimethylamine [124-40-3]   M 45.1, f -92.2o, b 0o/563mm, 6.9o/760mm, pK2 5 10.73. D r y

dimethylamine by passage through a KOH-filled tower, or by standing with sodium pellets at 0o during 18hours.

[Beilstein  4 IV 128.]

§ A dimethylaminomethyl polystyrene supported version is commercially available.

Dimethylamine hydrochloride [506-59-2] M 81.6, m 1 7 1o.   Crystallise the salt from hot CHCl3 or

absolute EtOH.  It also recrystallises from MeOH/ether solution.  Dry it in a vacuum desiccator over H2SO4,

then P2O5. Hygroscopic. [Beilstein  4 IV 132.]

2-Dimethylaminoethanol [108-01-0] M 89.1, b 134 .5 -135 .5o, d
4
20  1.430, n

D
20  1.4362, pK2 5

9.23.  Dry the amine with anhydrous K2CO3 or KOH, and fractionally distil it.  [Beilstein  4 IV 1424.]  

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI, DEC, 1-ethyl-3-(3-

dimethylaminopropyl) carbodiimide hydrochloride)  [25952-53-8] M 191.7, m 113 .5 -114 .5o,

114-116o, pKEst ~ 10.3.  It is an excellent H2O-soluble peptide coupling reagent.  It is purified by

dissolving (ca 1g) in CH2Cl2 (10mL) at room temperature and then add dry Et2O (~110mL) dropwise and the

crystals that separate are collected, washed with dry Et2O, recrystallised from CH2Cl2/Et2O and dried in a

vacuum over P2O5.  It is important to work in a dry atmosphere or work rapidly and then dry the solid as soon
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as possible.  The material is moderately hygroscopic, but once it becomes wet it reacts slowly with H2O.  Store

it away from moisture at -20o to slow down the hydrolysis process.  The free base has b 47-48o/0.27mm, 53-

54o/0.6mm, n
2 5
D   1.4582.  The methiodide  is recrystallised  from CHCl3/EtOAc, the crystals are filtered off,

washed with dry Et2O, recrystallised from CHCl3/Et2O, and dried in vacuo over P2O5, m  93-95o, 94-95o.

[Sheehan et al. J Am Chem Soc 87 2492 1965, Sheehan & Cruickshank Org Synth Coll Vol V 555 1973.]

§ A polymer bound version is commercially available.

N,N-Dimethylbiuret [7710-35-2] M 131.1, m 178o.  Purify it by repeated crystallisation from the melt,

or H2O.  [Bredereck  & Richter Chem Ber 99 2461 1968, Dunning & Close J Am Chem Soc 75 3615 1953.]

2,3-Dimethyl-1,3-butadiene [513-81-5] M 82.2, m -69-70o, b 68-69o/760mm, d
4
20  0 . 7 2 7 ,

n
D
20  1.4385.  Distil it from NaBH4, and purify it by zone melting.  [Beilstein  1 IV 1023.]

1,3-Dimethylbutadiene sulfone (1,3-dimethylsulfolene, 2,4-dimethyl-2,5-dihydrothiophen-

1,1-dioxide) [10033-92-8] M 145.2, m 40.4-41.0o.  Crystallise the sulfone from diethyl ether (three

times), or from CCl4 (m 39.5-40o).  [Grummitt et al. J Am Chem Soc 72 5768 1950, Beilstein  17/1 V 97.]

2,2-Dimethylbutane [75-83-2] M 86.2, b 49.7o, d
4
20  0.649, n25 1.36595.   Distil it azeotropically

with MeOH, then wash it with water, dry (Na2SO4) it, and distil it.  [Beilstein  1 IV 367.]

2,3-Dimethylbutane [79-29-8] M 86.2, b 58.0o, d
4
20  1.375, n25 1.37231.   Distil it from sodium,

pass it through a column of silica gel (activated by heating in nitrogen to 350o before use) to remove unsaturated

impurities, and again distil it from sodium.  Also distil it azeotropically with MeOH, then wash with water, dry

(Na2SO4) it, and redistil it.  [Beilstein  1 IV 371.]

2,3-Dimethylbut-2-ene [563-79-1] M 84.2, b 72-73o/760mm, d
4
20  0.708, n

D
20  1.41153.  Purify

it by GLC on a column of 20% squalene on chromosorb P at 50o [Flowers & Rabinovitch J Phys Chem 8 9

563 1985].  Also wash it with 1M NaOH solution followed by H2O.  Dry it over Na2SO4, distil it over

powdered KOH under nitrogen and pass it through activated alumina before use.  [Woon et al. J Am Chem Soc

108 7990 1986, Wong et al. J Am Chem Soc 109 3428 1987, Beilstein  1 IV 853.]

Dimethylcarbamoyl chloride [79-44-7] M 107.5, m -33o, b 3 4o/0.1mm, d
4
20  1.172, n

D
20

1.4511.  It must be distilled under high vacuum to avoid decomposition.  [Beilstein  4 IV 224.]

Dimethyl carbonate [616-38-5] M 90.1, m 4.65o, b 90-91o, d
4
20  1.070, n

D
20  1 . 3 6 9 .   It may

contain small amounts of water and alcohol which form azeotropes.  Stand it for several days in contact with

Linde type 4A molecular sieves, then fractionally distil it.  The middle fraction is frozen slowly at 2o, several

times, retaining 80% of the solvent at each cycle.  [Beilstein  3 IV 3.]

1,5-Dimethyl-1,5-diazaundecamethylene polymethobromide (Hexadimethrene, Polybrene)

[28728-55-4] M 5000—10,000 polymer  Purify it by chromatography on Dowex 50 and/or by filtration

through alumina before use [Frank Hoppe-Seyler's Z Physiol Chemie 360 997 1979].  It is hygroscopic, and its

solubility in H2O is 10%.

Dimethyl disulfide [624-92-0] M 94.2, f - 9 8o, b 4 0o/12mm, 1 1 0o/760mm, d
4
20  1.0605, n

1.5260.  Pass it through neutral alumina before use.  [Trost Chem Rev 78 363 1978, Beilstein  1 IV 1281.]

N,N-Dimethylformamide (DMF) [68-12-2] M 73.1, b 4 0o/10mm, 6 1o/30mm, 8 8o/ 100mm,

1 5 3o/760mm, d
4
20  0.948, n25 1.4269, pK2 5 -0.3.  DMF decomposes slightly at its normal boiling

point to give small amounts of dimethylamine and carbon monoxide.  The decomposition is catalysed by acidic

or basic materials, so that even at room temperature DMF is appreciably decomposed if allowed to stand for

several hours with solid KOH, NaOH or CaH2.  If these reagents are used as dehydrating agents, therefore, they

should not be refluxed with the DMF.  Use of CaSO4, MgSO4, silica gel or Linde type 4A molecular sieves is

preferable, followed by distillation under reduced pressure.  This procedure is adequate for most laboratory

purposes.  Larger amounts of water can be removed by azeotropic distillation with *benzene (10% v/v,
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previously dried over CaH2), at atmospheric pressure: water and *benzene distil below 80o.  The liquid remaining

in the distillation flask is further dried by adding MgSO4 (previously ignited overnight at 300-400o) to give

25g/L.  After shaking for one day, a further quantity of MgSO4 is added,  and the DMF is distillied at 15-20mm

pressure through a 3-ft vacuum-jacketed column packed with steel helices.  However, MgSO4 is an inefficient

drying agent, leaving about 0.01M water in the final DMF.  More efficient drying (to around 0.001-0.007M

water) is achieved by standing with powdered BaO, followed by decanting before distillation, then with alumina

powder (50g/L, previously heated overnight to 500-600o), and distilling from more of the alumina, or by

refluxing at 120-140o for 24hours with triphenylchlorosilane (5-10g/L), then distilling at ca 5mm pressure

[Thomas & Rochow J Am Chem Soc 79 1843 1957].  Free amine in DMF can be detected  by the colour

reaction with 1-fluoro-2,4-dinitrobenzene.  It has also been purified by drying overnight over KOH pellets and

then distilling from BaO through a 10 cm Vigreux column (p 11) [Jasiewicz et al. Exp Cell Res 100 213

1976].  [For efficiency of desiccants in drying dimethylformamide see Burfield & Smithers J Org Chem 43 3966

1978, and for a review on purification, tests of purity and physical properties, see Juillard Pure Appl Chem 4 9

885 1977.]

It has been purified by distilling from K2CO3 under high vacuum and fractionated in an all-glass apparatus.  The

middle fraction is collected, degassed (seven or eight freeze-thaw cycles) and redistilled under as high a vacuum as

possible [Mohammad & Kosower J Am Chem Soc 93 2713 1971].  [Beilstein  4 IV 171.]

Rapid purification:  Stir over CaH2 (5% w/v) overnight, filter, then distil at 20mmHg.  Store the distilled

DMF over 3A or 4A molecular sieves.  For solid phase synthesis, the DMF used must be of high quality and

free from amines.

d,l-2,4-Dimethylglutaric acid [2121-67-7] M 160.2, m 144-145o pKEst(1)~4.4, pKEst(2) ~ 5 . 4 .

Distil the acid in steam and recrystallise it from ether/pet ether.  [Beilstein  2 H 681, 2 I 284, 2 II 590, 21 III

1755, 2 IV 2022.]

3,3-Dimethylglutaric acid [ 4 8 3 9 - 4 6 - 7 ] M 160.2, m 103-104o, b 89-90o/2mm, 126-

1 2 7o/4.5mm, pK
1
25 3.85, pK

2
25 6.45.  Crystallise the acid from water, *benzene or ether/pet ether.  Dry

it in a vacuum.  [Beilstein  21 H 391, 21 I 334, 21 II 309, 21 III/IV 4601, 21/9 V 592.]

Dimethylglyoxime [95-45-4]   M 116.1, m 2 4 0o, pK
1
25 10.60, pK

2
25 11.85.  Crystallise it from

EtOH (10mL/g) or aqueous EtOH.  [Beilstein  1 III 3105.]  TOXIC.

2 ,5-Dimethyl -2 ,4-hexadiene [764-13-6] M 110.2, f 14.5o, b 132-134o, d
4
20  0.773, n

D
20

1.4796.  Distil, then repeatedly fractionally crystallise it by partial freezing.  Immediately before use, the diene

is passed through a column containing Woelm silica gel (activity I) and Woelm alumina (neutral) in separate

layers.  [Beilstein  1 IV 1043.]

2,2-Dimethylhexane [590-73-8] M 114.2, m -121 .2o, b 1 0 7o, d
4
20  0 .695 .   Dry the hexane over

type 4A molecular sieves and distil it.  [Beilstein  1 IV 432.]

2,5-Dimethylhexane [592-13-2] M 114.2, m -91.2o, b 109o, d
4
20  0.694.  Dry the hexane over type

4A molecular sieves and distil it.  [Beilstein  1 IV 434.]

2,5-Dimethylhexane-2,5-diol [110-03-2]   M 146.2, m 88-90o. Purify the diol by fractional

crystallisation.  Then the diol is dissolved in hot acetone, treated with activated charcoal, and filtered while hot.

The solution is cooled and the diol is filtered off and washed well with cold acetone.  The crystallisation process

ia repeated several times, and the crystals are dried under a vacuum in a freeze-drying apparatus [Goates et al. J

Chem Soc, Faraday Trans 1 78 3045 1982].  [Beilstein  1 IV 2600.]

1,1-Dimethylhydrazine [57-14-7] M 60.1, b 60.1o/702mm, d
4
20  0.790, n

D
20  1.408 pK3 0 7 . 2 1 .

Fractionally distil the hydrazine through a 4-ft column packed with glass helices.  Precipitate it as its oxalate

from diethyl ether solution.  After crystallising from 95% EtOH, the salt is decomposed with aqueous saturated

NaOH, and the free base is distilled, dried over BaO and redistilled [McBride & Kruse J Am Chem Soc 79  572

1957].  Distillation and storage should be under nitrogen.  [Beilstein  4 IV 3322.]
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Dimethyl itaconate [617-52-7] M 158.2, m 3 8o, b 2 0 8o, d 1.124.  Crystallise the ester from

MeOH by cooling to -78o.  [Beilstein  2 IV 2229.]

Dimethylmaleic anhydride [766-39-2] M 126.1, m 96o, b 225o/760mm.  Distil the anhydride from

*benzene/ligroin and sublime in a vacuum.  [Beilstein  17/11 V 69.]

Dimethylmalonic acid [595-46-0] M 132.1, m 192-193o pK
1
25 3.03, pK

2
25 5 . 7 3 .   Crystallise the

acid  from *benzene/pet ether.  It sublimes in a vacuum with slight decomposition.  [Beilstein  2 IV 1955.]

Dimethylnitrosamine (N -n i trosodimethylamine) [62-75-9] M  74.0, m - 2 8o, b 149 -

1 5 0o/atm, 153o/774mm, d
4
20  1.006, n

D
20  1.4370.   Dry the nitrosamine over anhydrous K2CO3 or

dissolve it in Et2O, dry it over solid KOH, filter, evaporate Et2O and distil the yellow oily residue through a

30cm fractionating column discarding the first fraction which may contain Me2N.  Also dry over CaCl2 and distil

it at atmospheric pressure.  All operations should be done in an efficient fume cupboard as the vapors are
TOXIC and CARCINOGENIC. [Fischer Chem Ber 8 1588 1875, Romberg Recl Trav Chim, Pays-Bas 5
248 1886, Hatt Org Synth Coll Vol II 211 1961, Krebs & Mandt Chem Ber 108 1130 1975.]

2,6-Dimethyl-2,4,6-octatriene see neo-alloocimene below.

Dimethylolurea (di-[hydroxymethyl]urea) [140-95-4] M 120.1, m 137-139o.   Crystallise it from

aqueous 75% EtOH.  [Beilstein  3 IV 107.]

Dimethyl oxalate [553-90-2] M 118.1, m 5 4o, b 163-165o, d
4
20  1 . 1 4 8 .   Crystallise the ester

repeatedly from EtOH.  De-gas it under nitrogen at high vacuum and distil it.  [Beilstein  2 IV 1847.]

2,4-Dimethylpentane [108-08-7] M 100.2, b 80.5o, d
4
20  0.763, n

D
20  1.3814, n25 1 . 3 7 8 8 2 .

Extract it repeatedly with conc H2SO4, wash with water, dry and distil it.  Alternatively percolated it through

silica gel (previously heated in nitrogen to 350o).  Purify it by azeotropic distillation with EtOH, followed by

washing out the EtOH with water, drying and distilling.  [Beilstein  1 IV 406.]

4,4-Dimethyl-1-pentene [762-62-9] M 98.2, b 7 2 . 5o/760mm, d
4
20  0.6827, n

D
20  1 . 3 9 1 8 .

Purify it by passing through alumina before use [Traylor et al. J Am Chem Soc 109 3625 1987].  [Beilstein  1

IV 869.]

Dimethyl peroxide [690-02-8] M 62.1, b 13.5o/760mm, d
4
20  0.8677, n

D
20  1.3503.   Purify

dimethyl peroxide by repeated trap-to-trap fractionation until no impurities could be detected by gas IR

spectroscopy [Haas & Oberhammer J Am Chem Soc 106 6146 1984]. All necessary precautions should be

taken in case of EXPLOSION.

2,2-Dimethyl-1,3-propanediol (neopentyl glycol) [126-30-7] M 104.2, m 128 .4 -129 .4o, b

2 0 8o/760mm.  Crystallise the diol from *benzene or acetone/water (1:1).  [Beilstein  1 IV 2551.]

2,2-Dimethyl-1-propanol (neo-pentyl alcohol) [75-84-3] M 88.2, m 52o, b 113.1o/760mm.   It

is difficult to distil because it is a solid at ambient temperatures.  Purify it by fractional crystallisation and

sublimation.  [Beilstein  1 IV 1690.]

N,N-Dimethylpropionamide [758-96-3] M 101.2, b 175-178o, d
4
20  0.920, n

D
20  1.440.  Shake

the amide over BaO for 1-2 days, then distil it under reduced  pressure.  [Beilstein  4 III 126.]

meso - , -Dimethylsuccinic acid [608-40-2] M 146.1, m 2 1 1o, pK
1
25 3.77, pK

2
25  5 . 3 6 .

Crystallise the meso-acid from EtOH/ether or EtOH/chloroform.

2,2-Dimethylsuccinic acid  [597-43-3]  M 146.1, m 1 4 1o, pK
1
20  4.15, pK

2 0
2  6.40.  Crystallise

the acid from EtOH/ether or EtOH/chloroform.  [Beilstein  2 IV 1996.]
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(±)-2,3-Dimethylsuccinic acid [13545-04-5] M 146.1, m 1 2 9o, pK
1
25  3.82, pK

2
25  5 . 9 8 .

Crystallise the racemic acid from water.  [Beilstein  2 IV 1998.]

Dimethyl sulfide [75-18-3] M 62.1, f - 98 .27o, b 0o/172mm, 37 .5 -38o/760mm, d21 0 . 8 4 5 8 ,

n25 1.4319.  Purify dimethyl sulfide via the Hg(II) chloride complex by dissolving 1 mole of Hg(II)Cl2 in

1250mL of EtOH and slowly adding the boiling alcoholic solution of Me2S to give the right ratio for

2(CH3)2S.3HgCl2.  After recrystallisation of the complex to constant melting point, 500g of complex is heated

with 250mL conc HCl in 750mL of water.  The sulfide is separated, washed with water, and dried with CaCl2
and CaSO4.  Finally, it is distilled under reduced pressure from sodium.  Precautions should be taken (efficient

fume hood) because of its very UNPLEASANT ODOUR.  [Beilstein  1 IV 1275.]

2,4-Dimethylsulfolane [1003-78-7] M 148.2, b 128o/77mm, d25 1.1314, n
D
20  1 .474 .   Distil the

sulfolane in a vacuum.  [Beilstein  17/1 IV 97.]

Dimethyl sulfone [67-71-0] M 94.1, m 1 0 9o.   Crystallise the sulfone from water.  Dry it over P2O5.

[Beilstein  1 IV 1279.]

Dimethyl sulfoxide (DMSO) [67-68-5] M 78.1, m 18 .0 -18 .5o, b 75 .6 -75 .8o/ 12mm,

1 9 0o/760mm, d
4
20  1.100, n

D
20  1.479.  This colourless, odourless, very hygroscopic liquid, is synthesised

from dimethyl sulfide.  The main impurity is water, with a trace of dimethyl sulfone.  The Karl-Fischer test is

applicable.  It is dried with Linde types 4A or 13X molecular sieves, by prolonged contact and passage through a

column of the material, then distilled under reduced pressure.  Other drying agents include CaH2, CaO, BaO and

CaSO4.  It can also be fractionally crystallised by partial freezing.  More extensive purification is achieved by

standing overnight with freshly heated and cooled chromatographic grade alumina.  It is then refluxed for 4hours

over CaO, dried over CaH2, and fractionally distilled at low pressure.  For efficiency of desiccants in drying

dimethyl sulfoxide see Burfield and Smithers [J Org Chem 43 3966 1978, Sato et al. J Chem Soc, Dalton Trans

1949 1986].  [Reddy Pure Appl Chem 25 459 1969, Beilstein  1 IV 1277.]

Rapid purification:  Stand over freshly activated alumina, BaO or CaSO4 overnight.  Filter and distil it over

CaH2 under reduced pressure (~ 12 mm Hg).  Store it over 4A molecular sieves.

N,N-Dimethylthiocarbamoyl chloride [16420-13-6] M 123.6, m 42-43o, b 64-65o/ 0 . 1 m m .

Crystallise it twice from pentane and/or  distil it at low pressure.  [Beilstein  4 III 147.]

sym-Dimethylurea [96-31-1] M 88.1, m 1 0 6o.   Crystallise the urea from acetone/diethyl ether by

cooling in an ice bath.  Also crystallise it from EtOH and dry it at 50o/5mm for 24hours [Bloemendahl &

Somsen J Am Chem Soc 107 3426 1985].  [Beilstein  4 IV 207.]

2,2-Dinitropropane [595-49-3] M 162.1, m 5 3 . 5o.   Crystallise it from EtOH or MeOH.  Dry it over

CaCl2 or in vacuo for 1hour just above the melting point. [Beilstein  2 H 117, 2 II 79, 2 III 261, 2 IV 234.]

Dioctadecyldimethylammonium bromide [3700-67-2] M 630.9, m 161-163o.   Crystallise the

bromide from acetone, then MeOH [Lukac J Am Chem Soc 1 0 6   4387 1984].  Also purify it by

chromatography on alumina by washing with *C6H6 and eluting with Me2CO, evaporating and crystallising

from MeCN [Swain & Kreevoy J Am Chem Soc 77 1126 1955].  [Beilstein  4 IV 829.]

N,N-Dioctadecyl methylamine (hydrogen ionophore III ) [4088-22-6] M 536.0, m 4 0o, 4 4 -

4 6o, 48-49o, b 252-259o, pKEst ~10. It can be distilled at high vacuum, but dissolving in *C6H6,

filtering and evaporating give a waxy solid suitable for electrode use.  It recrystallises from Me2CO or MeCN.

[Hoerr et al. J Org Chem 9 201 1944, Wu & Yu Talanta 34 577 1987, Beilstein 4 III 435.]

Dipropylene glycol (octan-4,5-diol) [110-98-5] M 134.2, b 109-110o/8mm, d
4
20  1.022, n

D
20

1.441.  Fractionally distil the diol below 15mm pressure, using a packed column and taking precautions to

avoid absorption of water.  [Beilstein  1 IV 2473.]
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Di-n-propyl ketone (4-pentanone) [123-19-3] M 114.2, b 143.5o, d
4
20  0.8143, n

D
20  1 . 4 0 7 3 2 .

Dry 4-pentanone with CaSO4, then distil it from P2O5 under nitrogen.  [Beilstein  1 IV 3323.]

Di-n-propyl sulfide [111-47-7] M 118.2, b 141-142o, d
4
20  0.870, n

D
20  1 .449 .   Wash the sulfide

with aqueous 5% NaOH, then water.  Dry it with CaCl2 and distil it from Na [Dunstan & Griffiths J Chem Soc

1344 1962].  [Beilstein  1 IV 1452.]

S-1,2-Distearin (S-glycerol-1,2-distearate) [S- 1429-59-0,  RS- 51063-97-9, 1188-58-5] M 6 2 5 . 0 ,

m 76-77o, [ ]
D

20  -2.8o (c 6.3, CHCl3), [ ]
546

20  +1.4o (c 10, CHCl3/MeOH, 9:1).   Crystallise the

glyceride from chloroform/pet ether.  [cf  p 678, Beilstein  2 IV 1231.]

1,4-Dithioerythritol (DTE, erythro-2,3-dihydroxy-1,4-dithiobutane) [6892-68-8] M 154.3, m

82-84o, pK1 9.0, pK2 9.9.  Crystallise DTE from ether/hexane and store it in the dark at 0o.  [Beilstein  1

III 2360.]

Dithiooxamide (rubeanic acid) [79-40-3] M 120.2, m >300o.  Crystallise dithiooxamide from EtOH

and sublime it at high vacuum.  [Beilstein  2 IV 1871.]

RS -1,4-Dithiothreitol (DTT, Cleland's reagent) [27565-41-9] M 154.3, m 42-43o, pK1 8 . 3 ,

pK2 9.5.  Crystallise DTT from ether and sublime it at 37o/0.005mm.  It should be stored at 0o.  [Beilstein  1

III 2360.]

All-cis-4,7,10,13,16,19-Docosahexaenoic acid  [6217-54-5] M 328.5, m - 4 4 . 1o, n
D
20  1 . 5 0 1 7 ,

pKEst ~4.6. Its solubility in CHCl3 is 5%.  It has been purified from fish oil by GLC using Ar as mobile

phase and EGA as stationary phase with an ionisation detector [UV: Stoffel & Ahrens J Lipid Res 1  139 1959],

and via the ester by evaporative "molecular" distillation using a 'continuous molecular still' at 10-4 mm with the

highest temperature being 110o and a total contact time with the hot surface being 60sec [Farmer & van den

Heuvel J Chem Soc 427 1938].  The methyl ester [2566-90-7]  has b 208-211o/2mm, d
4

20  0.9398, n
D

20  1.5035.

With Br2 it forms a dodecabromide  m ca 240o(dec).  Also, the acid was converted to the methyl ester and

purified through a three-stage molecular still [as described by Sutton Chem Ind (London) 11383 1953] at 96o,

and the rate was adjusted so that one-third of the material was removed each cycle of three distillations.  The

distillate (numbered 4) (13g) was dissolved in EtOH (100mL containing 8g of KOH) at -70o  and set aside for

4hours at 30o with occasional shaking under a vacuum.  Water (100mL) was added and  the solution was

extracted with pentane, washed with HCl, dried  (MgSO4), filtered and evaporated  to give a clear oil (11.5g) m -

44.5o to -44.1o.  In the catalytic hydrogenation of the oil six mols of H2 are absorbed and docosanoic acid

(behenic acid)  is produced with m 79.0-79.3o undepressed with an authentic sample (see docosanoic acid below)

[Whitcutt Biochem J 67 60 1957].  [Beilstein  2 IV 1812.]

Docosane (C22) [629-97-0] M 310.6, m 47o, b 224o/ 15mm.   Crystallise docosane from EtOH or

ether.  [Beilstein  1 IV 572.]

Docosanoic acid (behenic acid) [112-85-6] M 340.6, m 81-82o, pKEst ~4.9 .   Crystallise the acid

from ligroin.  [Francis & Piper J Am Chem Soc 61 577 1939, Beilstein  2 IV 1290.]

1-Docosanol (behenyl alcohol) [661-19-8] M 182.3, m 7 0 . 8o.   Crystallise docosanol from ether or

chloroform/ether.  [Beilstein  1 IV 1906.]

n-Dodecane [112-40-3] M 170.3, b 97 .5 -99 .5o/5mm, 2 1 6o/760mm, d
4
20  0.748, n

D
20  1 . 4 2 1 5 6 .

Pass it through a column of Linde type 13X molecular sieves.  Store it in contact with, and distil it from

sodium.  Pass through a column of activated silica gel.  It has been crystallised from diethyl ether at -60o.

Unsaturated dry material which remained after passage through silica gel has been removed by catalytic

hydrogenation (Pt2O) at 45lb/in2 (3.06 atmospheres), followed by fractional distillation under reduced pressure

[Zook & Goldey J Am Chem Soc 75 3975 1953].  It has also purified by partial crystallisation from the melt.

[Beilstein  1 IV 498.]
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Dodecane-1,10-dioic acid (decane-1,10-dicarboxylic acid) [693-23-2] M 230.3, m 1 2 9o, b

2 4 5o/10mm, pKEst ~4.8.  Crystallise the dioic acid from water, 75% or 95% EtOH (solubility is 10%), or

glacial acetic acid.  [Beilstein  2 IV 2126.]

1-Dodecanol (dodecyl alcohol) [112-53-8] M 186.3, m 2 4o, b 9 1o/1mm, 1 3 5o/ 10mm,

1 6 7o/40mm, 213o/200mm, 259o/760mm, d24 0.8309 (liquid).  Crystallise dodecanol from aqueous

EtOH, and distil it through a spinning-band column under vacuum.  [Ford & Marvel Org Synth 10  62 1930,

Beilstein  1 IV 1844.]

1-Dodecanthiol [112-55-0] M 202.4, b 111-112o/3mm, 153-155o/24mm, d
4
20  0.844, n

D
20

1.458, pKEst ~10.8.  Dry it with CaO for several days, then distil it from CaO.  [Beilstein  1 IV 1851.]

D o d e c y l a m i n e [ 1 2 4 - 2 2 - 1 ] M 185.4, m 28o, 27 -29o,  120-121o/2mm, 1 3 4o/ 15mm,

1 5 6o/33mm, pK2 5 10.63.  Fractionally distil the amine, preferably under N2 and in a vacuum.  Store it in

the absence of CO2.  It can be recrystallised from n-hexane at low temperature. The hydrochloride crystallises

from Me2CO (m  182-183o) or CHCl3/pet ether  (m  185-187o).  [Magnien & Baltzly J Org Chem 23  2029

1958, Beilstein  4 H 200, III 406, 4  IV 794.]

Dodecylammonium butyrate [17615-97-3] M 273.4, m 39-40o, 39 -41o, pK2 5 10.63 (for free

base).  Recrystallise the salt from n-hexane.  [Beilstein  4 III 409, 4  IV 791.]

Dodecylammonium propionate [17448-65-6] M 259.4, m 55-56o.   Recrystallise the salt from

hexanol/pet ether (b 60-80o).  [Beilstein  4 III 409, 4  IV 797.]

Dodecyldimethylamine oxide [1643-20-5] M 229.4, m 1 0 2o.   Crystallise the oxide from acetone or

ethyl acetate.  [Bunton et al. J Org Chem 52 3832 1987, Beilstein  4 III 410, 4  IV 798.]

Dodecyl ether (didodecyl ether) [4542-57-8] M 354.6, m 32 .5 -33o, 3 3o, b 1 7 5o/0.15mm, d36

0.8127, n39 1.4393. Distil the ether in a vacuum, then crystallise it from MeOH or MeOH/*benzene.

[Mannich & Nadelmann Chem Ber 63 799 1930, Butterworth & Hey J Chem Soc 390 1940, Beilstein 1 III

1785, 1 IV 1846.]

Dodecyl methacrylate (lauryl methacrylate) [142-90-5] M 254.4, m -7o, b 1 4 2o/4mm, d25

0 .8717, n
D
25  1.4330.  Purify the ester by fractional distillation in a high vacuum.  Add 0.05% of

hydroquinone monomethyl ether as stabilizer.  [Rehberg & Fischer Ind Eng Chem 40 1430 1948, Beilstein 2 III

1290, 2 IV 1528.]

Dodecyltrimethylammonium bromide [1119-94-4] M 308.4, m 2 4 6o(dec).  Purify the salt by

repeated crystallisation from acetone.  Wash it with diethyl ether and dry it in a vacuum oven at 60o [Dearden &

Wooley J Phys Chem 91 2404 1987].  [Beilstein  4 IV 798.]

Dodecyltrimethylammonium chloride [112-00-5] M 263.9, m 246o(dec).  Dissolve the chloride in

MeOH, treat with active charcoal, filter and dry it in vacuo [Waldenburg J Phys Chem 8 8  1655 1984], or

recrystallise it several times from 10% EtOH in acetone.  It has also been repeatedly crystallised from

EtOH/ether or MeOH.  [Cella et al. J Am Chem Soc 74 2062 1952, Beilstein  4 IV 79.]

Eicosane (C20) [112-95-8] M 282.6, m 36-37o, b 205o/15mm, d36.7 0.7779, n40 1 . 4 3 4 5 3 .

Crystallise eicosane from EtOH.  [Beilstein  1 IV 563.]

Elaidic (trans-oleic) acid [112-79-8]  M 282.5, m 44.5o, pK2 5 4.9. Crystallise the acid from acetic

acid, then EtOH.  [Beilstein  2 IV 1647.]
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RS-Epichlorohydrin (± 2-chloromethyloxirane) [106-89-8] M 92.5, b 1 1 5 . 5o, d
4
20  1.180, n

D
20

1.438,.  Distil epichlorohydrin under atmospheric pressure, heat it on a steam bath with one-quarter its weight

of CaO, then decant  and fractionally distil it.  [Beilstein  17 V 20.]

1,2-Epoxybutane [106-88-7] M 72.1, b 66.4-66.6o, d
4
20  0.837, n

D
20  1.3841.  Dry it with CaSO4,

and fractionally distil it through a long (126cm) glass helices-packed column.  The first fraction contains a water

azeotrope.  [Beilstein  17 II 17.]

Erucic acid (cis-13-docosenoic acid) [112-86-7] M 338.6, m 3 3 . 8o, b 3 5 8o/400mm, pKEst

~4.9.  Crystallise erucic acid from MeOH.  [Beilstein  2 IV 1676.]

Ethane [74-84-0] M 30.1, f -172o, b -88o, d
4
0 1.0493 (air = 1).  Ethylene can be removed by

passing the gas through a sintered-glass disc into fuming H2SO4 then slowly through a column of charcoal

saturated with bromine.  Bromine and HBr are removed by passage through firebrick coated with N,N-dimethyl-

p-toluidine.  The ethane is also passed over KOH pellets (to remove CO2) and dried with Mg(ClO4)2.  Further

purification is by several distillations of liquified ethane, using a condensing temperature of -195o.  Yang and

Gant [J Phys Chem 65 1861 1961] treated ethane by standing it for 24hours at room temperature in a steel

bomb with activated charcoal treated with bromine.  They then immersed the bomb in a Dry-ice/acetone bath and

transferred the ethane to an activated charcoal trap cooled in liquid nitrogen.  (The charcoal had previously been

degassed by pumping for 24hours at 450o.)  By allowing the trap to warm slowly, the ethane distils, and only

the middle third fraction is kept.  Removal of methane is achieved using Linde type 13X molecular sieves

(previously degassed by pumping for 24hours at 450o) in a trap which, after cooling in Dry-ice/acetone, is

saturated with ethane.  After pumping for 10minutes, the ethane is recovered by warming the trap to 25o.  (The

final gas contains less than 10-4 mole % of either ethylene or methane).  [Beilstein  1 IV 108.]

Ethanesulfonyl chloride [594-44-5] M 128.6, b 5 5o/9mm, 6 2o/12mm, 7 4o/19mm, 7 6 -

7 9o/22mm, 95-98o/50mm, 177o/760mm, d
4
20  1.357, n

D
20  1.4539.  Purify the sulfonyl chloride by

repeated distillation to remove HCl formed from hydrolysis.  It is a fuming, corrosive liquid, handle

in a good fumehood.  It is hydrolysed by aqueous N NaOH at room temperature and is best stored in

aliquots in sealed ampules under N2.  [Davies & Dick J Chem Soc 484 1932, Klamann & Drahowzal Monatsh

Chem 83 463 1952, Saunders et al. Biochem J  36 372 1942, Beilstein  4 IV 34.]

Ethanethiol (ethyl mercaptan) [75-08-1] M 62.1, b 3 2 . 9o/704mm, d52 0.83147, pK2 5 1 0 . 6 1 .

Dissolve the thiol in aqueous 20% NaOH, extract it with a small amount of *benzene and then steam distil until

clear.  After cooling, the alkaline solution is acidified slightly with 15% H2SO4 and the thiol is distilled off,

dried with CaSO4, CaCl2 or 4A molecular sieves, and fractionally distilled under nitrogen [Ellis & Reid J A m

Chem Soc 54 1674 1932].  It has a foul odour.  [Beilstein  1 IV 1390.]

Ethanol [64-17-5] M 46.1, b 78.3o, d15 0.79360, d5 0.78506, n
D
20  1.36139, pK2 5 15.93 .   Usual

impurities of fermentation alcohol are fusel oils (mainly higher alcohols, especially pentanols), aldehydes,

esters, ketones and water.  With synthetic alcohol, likely impurities are water, aldehydes, aliphatic esters,

acetone and diethyl ether.  Traces of *benzene are present in ethanol that has been dehydrated by azeotropic

distillation with *benzene.  Anhydrous ethanol is very hygroscopic.  Water (down to 0.05%) can be detected by

formation of a voluminous precipitate when aluminium ethoxide in *benzene is added to a test portion,

Rectified spirit (95% ethanol) is converted to absolute (99.5%) ethanol by refluxing with freshly ignited CaO

(250g/L) for 6hours, standing overnight and distilling with precautions to exclude moisture.

Numerous methods are available for further drying of absolute ethanol for making “Super dry ethanol”.  Lund

and Bjerrum [Chem Ber 64 210 1931] used reaction with magnesium ethoxide, prepared by placing 5g of clean

dry magnesium turnings and 0.5g of iodine (or a few drops of CCl4), to activate the Mg, in a 2L flask, followed

by 50-75 mL of absolute ethanol, and warming the mixture until a vigorous reaction occurs.  When this

subsides, heating is continued until all the magnesium is converted to magnesium ethoxide.  Up to 1L of

ethanol is then added and, after an hour's reflux, it is distilled off.  The water content should be below 0.05%.

Walden, Ulich and Laun [Z Phys Chem 114 275 1925] used amalgamated aluminium chips, prepared by

degreasing aluminium chips (by washing with Et2O and drying in a vacuum to remove grease from machining

the Al), treating with alkali until hydrogen evolved vigorously, washing with H2O until the washings were
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weakly alkaline and then stirring with 1% HgCl2 solution.  After 2minutes, the chips were washed quickly with

H2O, then alcohol, then ether, and dried with filter paper.  (The amalgam became warm.)  These chips were added

to the ethanol, which was then gently warmed for several hours until evolution of hydrogen ceased.  The alcohol

was distilled and aspirated for some time with pure dry air.  Smith [J Chem Soc 1288 1927] reacted 1L of

absolute ethanol in a 2L flask with 7g of clean dry sodium, and added 25g of pure ethyl succinate  (27g of pure

ethyl phthalate was an alternative), and refluxed the mixture for 2hours in a system protected from moisture, and

then distilled the ethanol.  A modification used 40g of ethyl formate instead, so that sodium formate separated

out and, during reflux, the excess of ethyl formate decomposed to CO and ethanol.

Drying agents suitable for use with ethanol include Linde type 4A molecular sieves, calcium metal, and CaH2.

The calcium hydride (2g) is crushed to a powder and dissolved in 100mL absolute ethanol by gently boiling.

About 70mL of the ethanol are distilled off to remove any dissolved gases before the remainder is poured into 1L

of ca 99.9% ethanol in a still, where it is boiled under reflux for 20hours, while a slow stream of pure, dry

hydrogen (better use nitrogen or Ar) is passed through.  It is then distilled [Rüber Z Elektrochem 29  334 1923].

If calcium is used for drying, about ten times the theoretical amount should be used, and traces of ammonia

(from some calcium nitride in the Ca metal) would be removed by passing dry air into the vapour during reflux.

Ethanol can be freed from traces of basic materials by distillation from a little 2,4,6-trinitrobenzoic acid or

sulfanilic acid.  *Benzene can be removed by fractional distillation after adding a little water (the

*benzene/water/ethanol azeotrope  distils at 64.9o), the alcohol is then re-dried  using one of the methods

described above.  Alternatively, careful fractional distillation can separate *benzene as the *benzene/ethanol

azeotrope (b 68.2o).  Aldehydes can be removed from ethanol by digesting with 8-10g of dissolved KOH and 5-

10g of aluminium or zinc per L, followed by distillation.  Another method is to heat under reflux with KOH

(20g/L) and AgNO3 (10g/L) or to add 2.5-3g of lead acetate in 5mL of water to 1L of ethanol, followed (slowly

and without stirring) by 5g of KOH in 25mL of ethanol: after 1hour the flask is shaken thoroughly, then set

aside overnight before filtering and distilling.  The residual water can be removed by standing the distillate over

activated aluminium amalgam for 1 week, then filtering and distilling.  Distillation of ethanol from Raney

nickel eliminates catalyst poisons.

Other purification procedures include pre-treatment with conc H2SO4 (3mL/L) to eliminate amines, and with

KMnO4 to oxidise aldehydes, followed by refluxing with KOH to resinify aldehydes, and distilling to remove

traces of H3PO4 and other acidic impurities after passage through silica gel, and drying over CaSO4.  Water can

be removed by azeotropic distillation with dichloromethane (azeotrope boils at 38.1o and contains 1.8% water) or

2,2,4-trimethylpentane.  [Beilstein  1 IV 1289.]

Rapid purification:  Place degreased Mg turnings (grease from machining the turnings is removed by

washing with dry EtOH then Et2O, and drying in a vacuum) (5g) in a dry 2L round bottomed flask fitted with a

reflux condenser (protect from air with a drying tube filled with CaCl2 or KOH pellets) and flush with dry N2.

Then add iodine crystals (0.5g) and gently warm the flask until iodine vapour is formed and coats the turnings.

Cool, then add EtOH (50mL) and carefully heat to reflux until the iodine disappears.  Cool again then add more

EtOH (to 1L) and reflux under N2 for several hours.  Distil and store over 3A molecular sieves (pre-heated at

300o –350
o
 for several hours and cooled under dry N2 or argon).

Ethoxycarbonyl isocyanate  [19617-43-7] M 115.1, b 51-55o/13mm, 5 6o/18mm, 115-

1 1 6o/781mm, d
4
20  1.15. Distil it twice from P2O5 (1-2g) through a small Vigreux column (p 11) and then

through a 20-plate column. All fractional distillations should be under a vacuum.  [Lamon J Heterocycl Chem

5 837 1968, Beilstein  3 H 36, 3 I 17.]

Ethoxycarbonyl isothiocyanate  [ 1 6 1 8 2 - 0 4 - 0 ] M 131.5, b 43o/14mm, 51-55o/ 13mm,

5 6o/18mm, d
4
20  1.12. Fractionally distil it through a short column.  It also distils at 83o/30mm with some

decomposition liberating CO2 and sulfurous gases, best distil below 20mm vacuum.  [Capp et al. J Chem Soc

1340, 1948, Lamon J Heterocycl Chem 5 837 1968, Beilstein  3 H 174, 3 I 71, 3 III 279, 3 IV 323.]

2-Ethoxyethanol [110-80-5] M 90.1, b 1 3 4 . 8o, d
4
20  0.931, n

D
20  1 .40751.   Dry it with CaSO4 or

K2CO3, filter and fractionally distil it.  Peroxides can be removed by refluxing with anhydrous SnCl2 or by

filtration under slight pressure through a column of activated alumina.  [Beilstein  1 IV 2377.]

2-Ethoxyethyl methacrylate [2370-63-0] M 158.2, b 91-93o/35mm, d
4
20  0.965, n

D
20  1 . 4 2 9 .

Purify the ester as described under methyl methacrylate.  [Beilstein  2 III 1291.]
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Ethyl acetate [141-78-6] M 88.1, b 77.1o, d
4
20  0.9003, n

D
20  1.37239, n25 1.36979, pK2 5

-6.93 (aqueous H2S O4).  The most common impurities in EtOAc are water, EtOH and acetic acid.  These

can be removed by washing with aqueous 5% Na2CO3, then with saturated aqueous CaCl2 or NaCl, and drying

with K2CO3, CaSO4 or MgSO4.  More efficient drying is achieved if the solvent is further dried with P2O5,

CaH2 or molecular sieves before distillation.  CaO has also been used.  Alternatively, ethanol can be converted

to ethyl acetate by refluxing with acetic anhydride (ca 1mL per 10mL of ester), the liquid is then fractionally

distilled, dried with K2CO3 and redistilled.  [Beilstein  2 III 127.]

Rapid purification:  Distil, dry over K2CO3, re-distil and store over 4A molecular sieves.

Ethyl acetimidate [1000-84-6] M 87.1, b 92-95o/atm, 89.7-90o/765mm, d
4
20  0.8671, n

D
20

1.4025, pKEst ~5.5.  It is best to prepare it freshly from the hydrochloride (see below).  Dissolve the

hydrochloride (123.5g) by adding it slowly to an ice-cold mixture of H2O (500mL), K2CO3 (276g) and Et2O

(200mL) and stirring rapidly.  The Et2O layer is separated, the aqueous layer is extracted with Et2O (100mL), the

combined Et2O layers are dried (MgSO4), evaporated and the residual oil is distilled through a glass helices

packed column (70x1.2cm). The yield is 19g (22%).  [Glickman & Cope J Am Chem Soc 6 7  1020 1945,

Chaplin & Hunter J Chem Soc 1118 1937, Hunter & Ludwig Methods Enzymol  25 585 1972.]

Ethyl acetimidate hydrochloride  [2208-07-3] M 123.6, m 98-100o(dec), 110-115o(dec), 112 -
1 1 3o(dec), m  112-114o(dec), pKE s t ~5.5.  Recrystallise the hydrochloride by dissolving it in the

minimum volume of super dry EtOH and adding dry Et2O or from dry Et2O.  Dry it in a vacuum and store it in

a vacuum desiccator with P2O5.  Alternatively it could be crystallised from EtOH (containing a couple of drops

of ethanolic HCl) and adding dry Et2O.  Filter and dry it in a vacuum desiccator over H2SO4 and NaOH.  [Pinner

Chem Ber 16 1654 1883, Glickman & Cope J Am Chem Soc 67  1020 1945, Chaplin & Hunter J Chem Soc
1118 1937, McElvain & Schroeder J Am Chem Soc 71 40 1949, McElvain & Tate J Am Chem Soc 73  2233
1951, Methods Enzymol  25 585 1972, Beilstein  2 III 418.]

Ethyl acetoacetate [141-97-9] M 130.1, b 7 1o/12mm, 1 0 0o/80mm, d
4
20  1.026, n

D
20  1 . 4 1 9 ,

pK2 5 1 0 . 6 8 .   Shake the ester with small amounts of saturated aqueous NaHCO3 (until no further

effervescence), then with water.  Dry it with MgSO4 or CaCl2 and distil it under reduced  pressure.  [Beilstein  3

IV 1528.]

Ethyl acrylate  [140-88-5]   M 100.1, b 20o/40mm, 99.5o/atm, d
4
20  0.922, n

D
20  1.406.  W a s h

the ester repeatedly with aqueous NaOH until free from inhibitors such as hydroquinone, then wash it with

saturated aqueous CaCl2 and distil it under reduced pressure.  Hydroquinone should be added if the ethyl acrylate

is to be stored for extended  periods.  [Beilstein  2 IV 1460.]  LACHRYMATORY.

Ethylamine [75-04-7] M 45.1, b 16.6o/760mm, d
4
20  1.3663, pK2 0 10 .79 .   Condense it in an all-

glass apparatus cooled by circulating ice-water,  and store it with KOH pellets below 0o.  [Beilstein  4 IV 307.]

Ethylamine hydrochloride [557-66-4] M 81.5, m 109-110o.   Crystallise the hydrochloride from

absolute EtOH or MeOH/CHCl3, wash with dry ether  and dry it in a vacuum.  [Beilstein  4 IV 310.]

Ethyl bromide [74-96-4] M 109.0, b 0o/165mm, 38o/745mm, d
4
20  1.460, n

D
20  1 . 4 241 .   The

main impurities are usually EtOH and water, both of which form azeotropes with it.  Ethanol and unsaturated

compounds can be removed by washing with conc H2SO4 until no further coloration is produced.  The ethyl

bromide is then washed with water, aqueous Na2CO3, and water again, then dried with CaCl2, MgSO4 or CaH2,

and distilled from P2O5.  Olefinic impurities can also be removed by storing the ethyl bromide in daylight with

elemental bromine, later removing the free bromine by extraction with dilute aqueous Na2SO3, drying the ethyl

bromide with CaCl2 and fractionally distilling it.  Alternatively, unsaturated compounds can be removed by

bubbling oxygen containing ca 5% ozone through the liquid for an hour, then washing with aqueous Na2SO3 to

hydrolyse ozonides and remove hydrolysis products, followed by drying and distillation.  [Beilstein  1 IV 150.]
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Ethyl bromoacetate [105-36-2] M 167.0, b 158-158 .5o/758mm, d
4
20  1.50, n

D
20  1 .450 .   Wash

the ester with saturated aqueous Na2CO3 (three times), 50% aqueous CaCl2 (three times) and saturated aqueous

NaCl (twice). Dry with MgSO4, CaCl2 or CaCO3, and distil it. [Beilstein  2 IV 527.] LACHRYMATORY.

Ethyl 2-(bromomethyl)acrylate [17435-72-2] M 193.1, b 3 8o/0.8mm, d
4
20  1.398, n

D
20  1 . 4 7 9 .

If it contains some free acid, add H2O, cool, and neutralise with NaHCO3 until evolution of CO2 ceases.  Extract

the mixture with Et2O (3x) and dry the combined extracts (Na2SO4, 3hours).  Evaporate Et2O and distil the ester

collecting fraction b 39-40o/0.9mm and check spectra.  [Preparation and NMR: Ramarajan et al. Org Synth
Coll Vol VII 211 1990, Beilstein  2 IV 1541.]

Ethyl -bromopropionate [535-11-5] M 181.0, b 69-70o/25mm, d
4
20  1.39, n

D
20  1 .447 .   Wash

the ester with saturated aqueous Na2CO3 (three times), 50% aqueous CaCl2 (three times) and saturated aqueous

NaCl (twice). Dry with MgSO4, CaCl2 or CaCO3, and distil it. [Beilstein  2 IV 762.] LACHRYMATORY.

Ethyl bromopyruvate [70-23-5] M 195.0, b 4 7o/0.5mm, 71-73o/5mm, 8 7o/9mm, 8 9 -

1 0 4o/14mm, d
4
20  1.561, n

D
20  1.464.  The most likely impurity is free acid (bromopyruvic or bromoacetic

acids).  Dissolve the ester in dry Et2O or dry CHCl3, stir with CaCO3 until effervescence ceases, filter, (may

wash with a little H2O rapidly), dry (MgSO4) and distil it at least twice.  The 2,4-dinitrophenylhydrazone has m

144-145o.  [Burros & Holland J Chem Soc  672 1947, Letsinger & Laco J Org Chem 21  764 1956, Kruse et

al. J Am Chem Soc 76 5796 1954, Beilstein  3 IV 1519.]  LACHRYMATORY.

2-Ethyl-1-butanol [97-95-0] M 102.2, b 146.3o, n15 1.4243, n25 1.4205.   Dry it with CaSO4 for

several days, filter and fractionally distil it.  [Beilstein  1 IV 1725.]

2-Ethylbut-1-ene [760-21-4] M 84.1, b 66.6o, d
4
20  0.833, n

D
20  1.423. Wash it with 10N aqueous

NaOH, then water.  Dry the organic layer with CaCl2, filter and fractionally distil it.  [Beilstein  1 IV 850.]

Ethyl n-butyrate [105-54-4] M 116.2, b 49o/50mm, 119-120o/760mm, d
4
20  0.880, n

D
20  1 . 3 9 3 .

Dry the ester with anhydrous CuSO4 and distil it under dry nitrogen.  [Beilstein  2 IV 787.]

Ethyl carbamate see urethane below.

Ethyl carbazate (N -ethoxycarbonyl hydrazine)  [4114-31-2] M 104.1, m 44-48o, 51 -52o, b

9 5 . 5o/10m, 92-95o/12mm, 100-102o/11mm. Fractionate the carbazate using a Vigreux column (p 11)

until the distillate crystallises [Allen & Bell Org Synth Coll Vol III 404 1955, Beilstein  3 IV 174].

Ethyl chloride [75-00-3] M 64.5, b 1 2 . 4o, d
4
20  0.8978, n

D
20  1 .3676 .   Pass ethyl chloride through

absorption towers containing, successively, conc H2SO4, NaOH pellets, P2O5 on glass wool, or soda-lime,

CaCl2, P2O5.  Condensed it into a flask containing CaH2 and fractionally distil it.  It has also been purified by

illumination in the presence of bromine at 0o using a 1000W lamp, followed by washing, drying and distilling.

[Beilstein  1 IV 124.]

Ethyl chloroacetate [105-39-5] M 122.6, b 143-143.2o, d
4
20  1.150, n25 1.4192 .   Shake the ester

with satutated aqueous Na2CO3 (three times), aqueous 50% CaCl2 (three times) and saturated aqueous NaCl

(twice).  Dry it with Na2SO4 or MgSO4 and distil it.  [Beilstein  2 IV 481.]  LACHRYMATORY.

Ethyl chloroformate [541-41-3] M 108.5, m -81o, b 94-95o, d
4
20  1.135, n

D
20  1.3974.  Wash the

ester several times with water, redistil it using an efficient fractionating column at atmospheric pressure and a

CaCl2 guard tube to keep free from moisture [Hamilton & Sly J Am Chem Soc 47 435 1925, Saunders et al. J

Am Chem Soc 73 3796 1951].  [Beilstein  3 IV 23.]  LACHRYMATORY AND TOXIC.

Ethyl trans-crotonate [623-70-1] M 114.2, b 137o, d
4
20  0.917, n

D
20  1 .425 .   Wash it with aqueous

5% Na2CO3, then with saturated aqueous CaCl2, dry it with CaCl2 and distil it.  [Beilstein  2 IV 1500.]



Purification of Organic Chemicals — Aliphatic Compounds1 4 0

Ethyl cyanoacetate [105-56-6] M 113.1, b 206.0o, d
4
20  1.061, n

D
20  1.41751.  Shake the ester

several times with aqueous 10% Na2CO3, wash it well with water, dry with Na2SO4 and fractionally distil it.

[Beilstein  2 IV 1889.]

Ethyl cyanoformate [623-49-4] M 99.1, b 113-114o/740mm, 116 .5 -116 .8o/765.5mm, d
4
20

1.0112, n
D
20  1.3818.  Dissolve the cyanoformate in Et2O, dry it over Na2SO4, filter, evaporate and distil it

[Malachowsky et al. Chem Ber 70 1016 1937, Adickes et al. J Prakt Chem [2] 133  313 1932, Grundmann et

al. Justus Liebigs Ann Chem 577 77 1952].  [Beilstein  2 IV 1862.]

Ethyl diazoacetate  [623-73-4] M 114.1, m -22o, b 42o/5mm, 4 5o/12mm, 85-86o/ 88mm,

140-141o/720mm, 140-143o/atm, d
17.6
4  1.0852, n

17.6
D  1.4588.  It is a very volatile yellow oil with

a strong pungent odour.  EXPLOSIVE [distillation even under reduced pressure is dangerous and

may result in an explosion — TAKE ALL THE NECESSARY PRECAUTIONS IF

DISTILLATION IS TO BE CARRIED OUT].  It explodes in contact with conc H2SO4-trace acid

causes rapid decomposition.  It is slightly soluble in H2O, but is miscible with EtOH, *C6H6, pet ether and

Et2O.  To purify, dissolve it in Et2O [using CH2Cl2 instead of Et2O, protects the ester from acid], wash it with

10% aqueous Na2CO3, dry (MgSO4), filter and repeat as many times as possible until the Et2O layer loses its

yellow colour, then remove the solvent below 20o (vacuum).  Note that prolonged heating may lead to rapid

decomposition and low yields.  It can also be purified by steam distillation under reduced pressure but with

considerable loss in yield.  Place the residual oil in a brown bottle, keep below 10o, and use as soon as possible

without distilling.  For preparing esters usually the ethereal solution is used directly without purification.

[Womack & Nelson Org Synth Coll Vol III 392 1955,  UV: Miller & White J Am Chem Soc 79  5974 1957,

Fieser 1 367 1967, Beilstein  3 IV 1495.]

Ethyl dibromoacetate [617-33-4] M 245.9, b 81-82o/14.5mm, 194o/atm, d22 1.9081, n22

1.4973.  Wash the ester briefly with conc aqueous NaHCO3, then with aqueous CaCl2.  Dry it with CaSO4

and distil it under reduced pressure.   [Hornyak & Amis J Am Chem Soc 79 2079 1957, Beilstein  2  H 219, 2

I 97, 2 III 484, 2 IV 533.]

Ethyl dichloroacetate [535-15-9] M 157.0, b 54-55o/11mm, 131.0-131.5o/40mm, d
4
20  1 . 2 8 ,

n
D
20  1.438.  Shake the ester with aqueous 3% NaHCO3 to remove free acid, wash with distilled water, dry for 3

days with CaSO4 and distil it under reduced pressure.  [Beilstein  2 IV 501.]

Ethyl 3,3-diethoxypropionate [ 1 0 6 0 1 - 8 0 - 6 ] M 190.2, b 58.5o/1.5mm, 65o/2mm, 9 5 -

9 6o/12mm, d
4
20  0.78, n

D
25  1.4101.  Dissolve it in dry Et2O, and dry with solid NaHCO3, filter, distil and

carefully fractionate it [Dyer & Johnson J Am Chem Soc 56 223 1934].  [Beilstein  3 II  411.]

Ethylene (ethene) [74-85-1] M 28.0, m -169 .4o, b -102o/700mm.   Purify ethylene by passage

through a series of towers containing molecular sieves or anhydrous CaSO4 or a cuprous ammonia solution,

then conc H2SO4, followed by KOH pellets.  Alternatively, it has been condensed in liquid nitrogen, with

melting, freezing and pumping to remove air before passage through an activated charcoal trap, followed by a

further condensation in liquid air.  A sputtered sodium trap was used to remove oxygen.  [Beilstein  1 IV 677.]

Ethylenediamine (1,2-diaminoethane) [107-15-3] M 60.1, f 1 1 . 0o, b 1 1 7 . 0o, d
4
20  0.897, n

D
20

1.45677, n30 1.4513, pK
1
25 6.86, pK

2
25  9.92.  It forms a constant-boiling (b 118.5o, monohydrate, m

10o) mixture with water (23w/w%). [It is hygroscopic and miscible with water.]  Recommended purification

procedure [Asthana & Mukherjee in J.F.Coetzee (ed), Purification of Solvents, Pergamon Press, Oxford, 1982 cf

p 53]: to 1L of ethylenediamine is added 70g of type 5A Linde molecular sieves and shaken for 12hours.  The

liquid is decanted and shaken for a further 12hours with a mixture of CaO (50g) and KOH (15g).  The

supernatant is fractionally distilled (at 20:1 reflux ratio) in contact with freshly activated molecular sieves.  The

fraction distilling at 117.2o /760mm is collected.  Finally it is fractionally distilled from sodium metal.  All

distillations and storage of ethylenediamine should be carried out under nitrogen to prevent reaction with CO2

and water.  The material containing 30% water is dried with solid NaOH (600g/L) and heated on a water bath for

10hours.  Above 60o, separation into two phases takes place.  The hot ethylenediamine layer is decanted off,

refluxed with 40g of sodium for 2hours and distilled [Putnam & Kobe Trans Electrochem Soc 74 609 1938].
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Ethylenediamine is usually distilled under nitrogen.  Alternatively, it is dried over type 5A Linde molecular

sieves (70g/L), then a mixture of 50g of CaO and 15g of KOH/L, with further dehydration of the supernatant

with molecular sieves followed by distillation from molecular sieves and, finally, from sodium metal.  A

spectroscopically improved material is obtained by shaking with freshly baked alumina (20g/L) before

distillation.  [Beilstein  4 IV 1166.]

N,N'-Ethylenediaminediacetic acid (EDDA) [5657-17-0] M 176.2, m 222-224o(dec), pK
1
25

6.48, pK
2
25  9.57 (for NH groups).  Crystallise EDDA from H2O.  [Beilstein  4 IV 2446.]

Ethylenediamine dihydrochloride [333-18-6] M 133.0, m >300o, pK
2 5
1  6.86, pK

2
25  9.92.

Crystallise the salt from H2O or H2O/EtOH.  Wash the crystals with EtOH and dry them in vacuo.  It sublimes

on heating.  [Beilstein  4 IV 1168.]

Ethylenediaminetetraacetic acid (EDTA) [60-00-4] M 292.3, m 253o(dec), pK
2 5
1  0.26 pK

2
25

0.96, pK
2 5
3   2.60, pK

2 5
4  2.67, pK

2 5
5  6.16, pK

2 5
6  1 0 . 2 6 .   Dissolve EDTA in aqueous KOH or

ammonium hydroxide, and precipitate it twice with dilute HCl or HNO3.  Boil it twice with distilled water to

remove mineral acid, then recrystallise it from water or dimethylformamide.  Dry it at 110o.  It also

recrystallises from boiling 1N HCl; wash the crystals with distilled H2O and dry them in vacuo.  [Ma & Ray

Biochemistry 19 751 1980, Beilstein  4 IV 2449.]

Ethylene dimethacrylate (ethylene glycol dimethacrylate) [ 97 -90 -5 ] M 198.2, b 98-

1 0 0o/5mm, d
4
20  1.053, n

D
20  1 . 4 5 6 .   Distil it through a short Vigreux column (p 11) at about 1mm

pressure, in the presence of 3% (w/w) of phenyl-ß-naphthylamine.  [Beilstein  2 IV 1532.]

Ethylene dimyristate (1,2-bis-myristoyloxyethane) [627-84-9] M 482.8, m 61.7o.  Crystallise

the ester from *benzene/MeOH or diethyl ether/MeOH,  and dry it in a vacuum desiccator.   It forms an

inclusion compound with 25.9 mols of urea.  [McGreer et al. J Am Chem Soc 74  3441 1952, Beilstein 2  H

366, 2 II 327, 2 III 924, 2 IV 1133.]

Ethylene dipalmitate (1,2-bis-palmitoyloxyethane) [624-03-3] M 538.9, m 6 9 . 1o, 7 1 . 2o.

Crystallise the ester from *benzene/MeOH , diethyl ether/MeOHor Me2CO and dry it in a vacuum desiccator.  It

forms an inclusion compound with 28.2 mols of urea.  [McGreer et al. J Am Chem Soc 7 4  3541 1952,

Beilstein 2 H 373, 2 I 166, 2 II 338, 2 III 926, 2 IV 1169.]

Ethylene distearate (1,2-bis-stearoyloxyethane) [627-83-8] M 595.0, m 74.4-75o, 7 5 . 3o,

7 7o.   Crystallise the ester from *benzene/MeOH, diethyl ether/MeOH or Me2CO and dry it in a vacuum

desiccator.  It forms an inclusion compound with 31 mols of urea.  [McGreer et al. J Am Chem Soc 74  3541

1952, Beilstein 2 H 380, 2 II 354, 2 III 1021, 2 IV 1223.]

Ethylene glycol [107-21-1] M 62.1, b 6 8o/4mm, 1 9 7 . 9o/760mm, d
4
20  1.0986, n15 1 . 4 3 3 1 2 ,

n25 1.43056, pK2 5 10.6.  It is very hygroscopic, and also likely to contain higher diols.  Dry it with CaO,

CaSO4, MgSO4 or NaOH and distil it under vacuum. Dry further by reaction with sodium under nitrogen, reflux

for several hours and distil.  The distillate is then passed through a column of Linde type 4A molecular sieves

and finally distil under nitrogen, from more molecular sieves. Then fractionally distil it.  [Beilstein  1 IV 2369.]

Ethylene glycol bis(ß-aminoethylether)-N,N'-tetraacetic acid (EGTA) [67-42-5] M 380.4, m

> 2 4 5o(dec), pK
1
20  1.15 (2.40), pK

2
20  2.40 (2.50), pK

3
20  8.40 (8.67), pK

4
20  8.94 (9 .22 ) .

Dissolve EGTA in aqueous NaOH, precipitate it by adding aqueous HCl, wash it with water and dry at 100o in

vacuo.  [Beilstein  4 IV 217.]

Ethylene glycol diacetate  [111-55-7] M 146.2, b 1 9 0 . 1o, 79 -81o/11mm, d2 5 1.4188, n
D
20

1.4150.  Dry the di-ester with CaCl2, filter (excluding moisture) and fractionally distil it under reduced

pressure.  [Beilstein  2 IV 1541.]
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Ethylene glycol dibutyl ether  [112-48-1] M 174.3, b 78-80o/16mm, 200-201o/760mm, d
4
20

1.105, n
D
20  1.42.  Shake the ether with aqueous 5% Na2CO3, dry with MgSO4 and store it with

chromatographic alumina to prevent peroxide formation.  [Beilstein  1 III 2083, 1 IV 2382.]

Ethylene glycol diethyl ether (1,2-diethoxyethane) [629-14-1] M 118.2, m - 7 4o, b 1 2 1 . 5o,

d
4
20  0.842, n

D
20  1.392.  After refluxing for 12hours, a mixture of the ether (2L), conc HCl (27mL) and water

(200mL), is added with slow passage of nitrogen.  The solution is cooled, and KOH pellets are added slowly and

with shaking until no more dissolves.  The organic layer is decanted,  treated with some KOH pellets and again

decanted.  It is then refluxed with, and distilled from sodium immediately before use.  Alternatively, after

removal of peroxides by treatment with activated alumina, the ether is refluxed in the presence of the blue ketyl

formed by sodium-potassium alloy with benzophenone, then distilled.  [Beilstein  1 H 468, 1  II 519, 1  III

2078, 1 IV 2379.]

Ethyl formate [109-94-4] M 74.1, b 5 4 . 2o, d
4
20  0.921, d30 0.909, n

D
20  1.35994, n25 1 . 3 5 6 5 .

Free acid or alcohol is removed by standing the ester over anhydrous K2CO3, with occasional shaking, then

decanting and distilling from P2O5.  Alternatively, the ester can be kept over CaH2 for several days, then

distilled from fresh CaH2. It cannot be dried with CaCl2 because it reacts rapidly with the ester to form a

crystalline compound.  [Beilstein  2 IV 23.]

Ethyl iodide (iodoethane) [75-03-6] M 156.0, b 72.4o, d
4
20  1.933, n15 1.5682, n25 1 . 5 1 0 4 .

Drying the iodide with P2O5 is unsatisfactory, and with CaCl2 it is incomplete.  It is probably best to dry it

with sodium wire and distil [Hammond et al. J Am Chem Soc 82 704 1960].  Exposure of ethyl iodide to light

leads to rapid decomposition, with the liberation of iodine.  Free iodine can be removed by shaking with several

portions of dilute aqueous Na2S2O3 (until the colour is discharged),  followed by washing with water, drying

(with CaCl2, then sodium), and distilling.  The distilled ethyl iodide is stored, over mercury, in a dark bottle

away from direct sunlight.  Other purification procedures include passage through a 60cm column of silica gel,

followed by distillation, and treatment with elemental bromine, extraction of free halogen with Na2S2O3

solution, followed by washing with water, drying and distilling.  Free iodine and HI have also been removed by

direct distillation through a LeBel-Henninger column containing copper turnings.  Purification by shaking with

alkaline solutions, and storage over silver, are reported  to be unsatisfactory.  [Beilstein  1 IV 163.]

Ethyl isobutyrate [97-62-1] M 116.2, b 110o, d
4
20  0.867, n

D
20  1.388.  Wash the ester with aqueous

5% Na2CO3, then with saturated aqueous CaCl2.  Dry it over CaSO4 and distil.  [Beilstein  1 IV 846.]

Ethyl isocyanate [109-90-0] M 71.1, b 559.8o/759mm, 59-61o/760mm, 60-63o/~760mm, d
4
20

0.9031, n
D
20  1.3808.  Fractionate the isocyanate through an efficient column preferably in an inert

atmosphere and store it in aliquots in sealed tubes [Bieber J Am Chem Soc 74  4700 1952, Slocombe et al. J

Am Chem Soc 72 1888 1950].  [Beilstein  4 IV 402.]

Ethyl isovalerate [108-64-5] M 130.2, b 134.7o, d
4
20  0.8664, n

D
20  1.39621, n25 1.3975 .   Wash

the ester with  aqueous 5% Na2CO3, then saturated aqueous CaCl2.  Dry it over CaSO4 and distil.  [Beilstein  2

IV 898.]

Ethyl levulinate (4-oxopentanoic acid ethyl ester)  [539-88-8] M 144.2, m 3 7 . 2o, b 106 -

1 0 8o/2mm, 138.8o/8mm, 203-205o/atm, d
4
20  1.012, n

D
20  1.423.  Stir the ester with Na2CO3 and

charcoal, filter and distil.  It is freely soluble in H2O and EtOH [IR, NMR: Sterk Monatsh Chem 99 1770

1968, Thomas & Schuette J Am Chem Soc 53  2328 1931, Cox & Dodds J Am Chem Soc 55  3392 1933].

[Beilstein  3 IV 1562.]

Ethyl malonate monoamide  [7597-56-0] M 131.1, m 47-50o, 49 .5 -50o, 5 0o, b 130 -

1 3 5o/2mm. The amide crystallises from Et2O or by slow evaporation of an aqueous solution as colourless

crystals [Snyder & Elston J Am Chem Soc 76 3039 1954, McAlvain & Schroeder J Am Chem Soc 7 1  45

1949, Rising et al. J Biol Chem  89 20 1930].  [Beilstein  2 IV 1887.]
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Ethyl methacrylate [97-63-2] M 114.2, b 59o/100mm, d
4
20  0.915, n

D
20  1.515.  Wash the ester

successively with 5% aqueous NaNO2, 5% NaHSO3, 5% NaOH, then water.  Dry it over MgSO4, add  0.2%

(w/w) of phenyl-ß-naphthylamine, and distil it through a short Vigreux column (p 11) [Schultz J Am Chem Soc

80 1854 1958].  [Beilstein  2 IV 1523.]

Ethyl methyl ether [540-67-0] M 60.1, b 7o/760mm, do 0.725, n4 1 .3420 .   Dry the ether with

CaSO4, pass it through an alumina column (to remove peroxides), then fractionally distil it.  [Beilstein 1  H

314, 1 I 158, 1 II 311, 1 III 1288, 1 IV 1314.]

3-Ethyl-2-methyl-2-pentene [19780-67-7] M 112.2, b 109o/757mm, 114.5o/760mm, d
4
20

0.72468, n
D
20  1.4124.    Purify it by preparative GLC on a column of 20% squalene on Chromosorb P at

70o.  Alternatively fractionate it under an inert atmosphere.  It forms an azeotrope with methoxyethanol.

[Beilstein 1 H 222, 1 III 8471, 1 IV 890.]

Ethyl nitroacetate  [626-35-7] M 133.1, b 42-43o/0.2mm, 71-72o/3mm, 93-96o/9mm, 194-

1 9 5o/atm, d
4
20  1.1953, n

2 0
D  1.4260, pK25 5.82. Purify the ester by repeated distillation.  IR: max

1748 (CO2), 1570 and 1337 (NO2), and 800cm-1 [Haszeldine J Chem Soc 2525 1953].  The hydrazine salt

crystallises from 95% EtOH or MeOH as yellow crystals m 104-105o [Ungnade & Kissinger J Org Chem 2 2

1661 1957, Emmons & Freeman J Am Chem Soc 77 4391 1955].  [Beilstein  2 IV 537.]

Ethyl propionate [105-37-3] M 102.1, b 9 9 . 1o, d
4
20  0.891, n15 1.38643, n

D
20  1 .38394.   Treat

the ester with anhydrous CuSO4 and distil it under nitrogen.  [Beilstein  2 IV 205.]

Ethyl pyruvate [617-35-6] M 116.1, m - 5 0o, b 44-45o/10mm, 5 6o/20mm, 69-71o/ 42mm,

6 3o/23mm, 155.5o/760mm, d
4
20  1.047, n

D
20  1.4052.  Shake the ester with 10mL portions of saturated

aqueous CaCl2 solution (removes ethyl acetate) and the organic layer is removed by centrifugation, decantation

and filtration, and is distilled under reduced pressure.  Purification of small quantities is carried out via the

bisulfite adduct:  the ester (2.2mL) is shaken with saturated NaHSO3 (3.6mL), chilled in a freezing mixture

when crystals separate rapidly (particularly if seeded).  After 5minutes EtOH (10mL) is added and the crystals are

filtered off, washed with EtOH and Et2O and dried.  Yield ca  3g of bisulfite adduct.  Then treat the adduct (16g)

with saturated  aqueous MgSO4 (32mL) and 40% formaldehyde (5mL) and shake, whereby the ester separates as

an oil which is extracted with Et2O.  The extract is dried (MgSO4), filtered, evaporated and the residue is distilled

(b 56o/20mm), and then redistilled (b 147.5o/750mm) to give 5.5g of pure ester.  [Cornforth Org Synth Coll

Vol IV 467 1963, Beilstein  3 IV 1513.]

Ethyl stearate [111-61-5] M 312.5, m 33o, b 213-215o/15mm.   The solid portion is separated from

the partially solid starting material, then crystallised twice from EtOH, dried by azeotropic distillation with

*benzene, and fractionally distilled through a spinning-band column at low pressure [Welsh Trans Faraday Soc

55 52 1959].  [Beilstein  2 IV 1218.]

Ethyl thiocyanate (ethyl rhodanide)  [542-90-5] M 87.1, b 144-145o, d
4
20  1.011, n

D
20  1 . 4 6 2 .

Fractionally distil the ester at atmospheric pressure.  [Beilstein  2 IV 1218.]  (CARE LACHRYMATOR.)

Ethyl thioglycolate (ethyl 2-mercaptoacetate) [623-51-8] M 120.2, b 50-51o/ 10mm,

5 5o/17mm, 62.5-64o/22mm, 67-68o/24mm, 155-158o/atm, d
4
20  1.096, n

D
20  1.457.  Dissolve

the thioglycolate in Et2O, wash with H2O, dry it over Na2SO4, filter, evaporate and distil the residue under

reduced pressure [Bredereck et al. Chem Ber 90 1837 1957].  The Ni complex [Ni(SCH2CO2Et)2] recrystallised

twice from EtOH gives crystals which became black when dried in a vacuum over H2SO4,  m 104-105o [Dranet

& Cefola J Am Chem Soc 76 1975 1954].  [Beilstein  3 H 255.]

N-Ethyl thiourea [625-53-6] M 104.2, m 1 1 0o.   Crystallise the thiourea from EtOH, MeOH or ether.

[Beilstein  4 IV 374.]
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Ethyl trichloroacetate [515-84-4] M 191.4, b 100-100.5o/30mm, d
4
20  1.383.  Shake the ester

with saturated  aqueous Na2CO3 (three times), aqueous 50% CaCl2 (three times), saturated aqueous NaCl (twice),

then distil over CaCl2 and redistil it under reduced pressure.  [Beilstein  2 IV 514.]

Ethyl trifluoroacetate [383-63-1] M 142.1, b 6 1 . 3o/750, 60-62o/atm, 62-64o/755mm, d
4
20

1.191, n
D
20  1.30738.  Fractionate it through a long Vigreux column (p 11).  IR has max at 1800 (CO2) and

1000 (OCO) cm-1 [Fuson et al. J Chem Phys 20 1627 1952, Bergman J Org Chem 23  476 1958].  [Beilstein

2 IV 463.]

Ethyl trifluoromethanesulfonate [425-75-2] M 178.1, b 115o/atm, 118-120o/atm, d
4
20  1 . 3 7 8 ,

n
D
20  1.336.  The ester reacts slowly with H2O and aqueous alkali.  If its IR has no OH bands (~3000 cm-1)

then purify it by redistillation.  If OH bands are present, then dilute with dry Et2O and shake (carefully) with

aqueous NaHCO3 until effervescence ceases, then wash with H2O and dry (MgSO4), filter, evaporate and distil

the residue under a slight vacuum then at atmospheric pressure in a N2 atmosphere.  IT IS A POWERFUL

ALKYLATING AGENT, AND THE FUMES ARE VERY TOXIC — PERFORM ALL

OPERATIONS IN AN EFFICIENT FUME CUPBOARD.  [Gramstad & Haszeldine J Chem Soc 173

1956, Howells & McCown Chem Rev 77 69 1977, Beilstein  3 IV 34.]

S-Ethyl trifluorothioacetate  [383-64-2]   M 158.1, b 88-90o/atm, 9 0 . 5o/760mm, d
4
20  1 . 2 5 5 ,

n
D
20  1.372.  If IR is free of OH bands then fractionally distil it; otherwise dilute the thio-ester with dry Et2O,

wash with 5% KOH and H2O, dry over MgSO4 and fractionate it through an efficient column [Hauptschein et al.

J Am Chem Soc 74 4005 1952].  [Beilstein  2 IV 567.]  Powerful obnoxious odour.

Ethyl vinyl ether [109-92-2] M 72.1, b 3 5 . 5o, d
4
20  0 . 7 5 5 .   It usually contains polymerization

inhibitors (usually amines, e.g. triethanolamine) which can be removed by fractional distillation.  Redistil it

from sodium.  [Beilstein  1 IV 2049.]  LACHRYMATORY.

Fluoroacetamide [640-19-7] M 77.1, m 108o.  Crystallise fluoroacetamide from chloroform and dry it

in a vacuum.  [Beilstein  2 IV 454.]

Formaldehyde [50-00-0] M 30.0, m - 9 2o, b - 7 9 . 6o/20mm, - 1 9 . 5o/760mm, d
4
20 0.815, pK2 5

13.27 (hydrate).  It commonly contains added MeOH.  Add KOH solution (1 mole KOH: 100 moles HCHO)

to ~37% by weight aqueous formaldehyde solution (formalin), or evaporate to dryness, to give

paraformaldehyde polymer which, after washing with water, is dried in a vacuum desiccator over P2O5 or H2SO4.

Formaldehyde is regenerated by heating the paraformaldehyde to 120o under vacuum, or by decomposing it with

barium peroxide.  The monomer, a colourless flammable gas, is passed through a glass-wool filter cooled to -

48o in a CaCl2/ice mixture to remove particles of polymer, then dried by passage over P2O5 and either condensed

in a bulb immersed in liquid nitrogen or absorbed in ice-cold conductivity water. The gas or aqueous solutions

have pungent suffocating odours, are LACHRYMATORY and suspected carcinogens, handle carefully.

Formalin is a disinfectant and a preservative of dead animal and plant tissues.  [Beilstein  1 IV 3017.]

Formaldehyde dimethyl acetal  (dimethoxymethane, methylal, formal)  [109-87-5] M 7 6 . 1 ,

m -108o, b 41-42o/736mm, 41-43o/atm, 42-46o/atm, d
4
20  0.8608, n

D
20  1.35335.  It is a volatile

flammable liquid which is soluble in three parts of H2O, and is readily hydrolysed by acids.  Purify it by shaking

with an equal volume of 20% aqueous NaOH, stand for 20minutes, dry over fused CaCl2, filter and fractionally

distil it through an efficient column.  Store it over molecular sieves.  [Buchler et al. Org Synth  Coll Vol III

469 1955, Rambaud & Besserre Bull Soc Chim Fr  45 1955, IR: Wilmshurst Can J Chem 3 6  285 1958,

Beilstein  1 IV 3026.]

Formaldehyde dimethyl mercaptal  (bis-[methylthio]methane)  [1618-26-4] M 108.2, b 4 4 -

4 7o/13mm, 45.5o/18mm, 148-149o/~760mm, d
4
20  1.0594, n

D
20  1.5322.  Work in an efficient

fume cupboard as the substance may contain traces (or more) of methylmercaptan which

has a very bad odour.  Dissolve the mercaptal in Et2O, shake it with aqueous alkalis then dry it over

anhydrous K2CO3, filter and distil it over K2CO3 under a stream of N2.  If the odour is very strong, then allow
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all gas efluents to bubble through 5% aqueous NaOH solution which is then treated with dilute KMnO4 in order

to oxidise MeSH to odourless products.  UV: max 238 nm (log  2.73) [Fehnel & Carmack J Am Chem Soc

71 90 1949, Fehér & Vogelbruch Chem Ber 9 1  996 1958, Bøhme & Marz Chem Ber 7 4  1672 1941].

Oxidation with aqueous KMnO4 yields bis-(methylsulfonyl)methane which has m 142-143o [Fiecchi et al.

Tetrahedron Lett 1681 1967].  [Beilstein  1 IV 3088.]

Formamide [75-12-7] M 45.0, f 2 . 6o, b 1 0 3o/9mm, 2 1 0 . 5o/760mm(dec), d
4
20  1.13, n

D
20

1.44754, n25 1.44682.  Formamide is easily hydrolysed by acids and bases.  It also reacts with peroxides,

acid halides, acid anhydrides, esters and (on heating) alcohols, while strong dehydrating agents convert it to a

nitrile.  It is very hygroscopic.  Commercial material often contains acids and ammonium formate.  Vorhoek [J

Am Chem Soc 58 2577 1956] added some bromothymol blue to formamide and then neutralised it with NaOH

before heating to 80-90o under reduced pressure to distil off ammonia and water.  The amide is again neutralised

and the process is repeated until the liquid remained neutral on heating.  Sodium formate is added, and the

formamide is concentrated  under  reduced pressure at 80-90o.  The distillate is again neutralised and redistilled.  It

is then fractionally crystallised in the absence of CO2 and water by partial freezing.

Formamide (specific conductance 2 x 10-7 ohm-1 cm-1) of low water content is dried by passage through a

column of 3A molecular sieves, then deionized by treatment with a mixed-bed ion-exchange resin loaded with H+

and HCONH- ions (using sodium formamide in formamide)[Notley & Spiro J Chem Soc (B) 362 1966].

[Beilstein  2 IV 45.]

Formamidine acetate  [3473-63-0] M 104.1, m 159-161o(dec), 1 6 4o(dec), pKEst ~ 12.  Unlike

the hydrochloride,  the acetate salt is not hygroscopic.  It is recrystallised from a small volume of acetic acid, by

addition of EtOH and the crystals are washed with EtOH then Et2O and dried in a vacuum.  [Taylor et al. Org

Synth 46 39 1966, Beilstein  2 IV 82.]

Formamidine sulfinic acid (thiourea-S-dioxide) [1758-73-2] M 108.1, m 124-126o(dec).

Dissolve it in five parts of aqueous 1:1% NaHSO3 at 60-63o (charcoal), then allow it to crystallise slowly, with

agitation, at 10o.  Filter and dry it immediately at 60o [Koniecki & Linch Anal Chem 3 0  1134 1958].

[Beilstein  3 I 36, 3 IV 145.]

Formic acid [64-18-6] M 46.0 (anhydrous), f 8.3o, b 25o/40mm, 100.7o/760mm, d
4
20  1.22, n

1.37140, n25 1.36938, pK2 5 3.74.  Anhydrous formic acid can be obtained by direct fractional distillation

under reduced pressure, the receiver being cooled in ice-water.  The use of P2O5 or CaCl2 as dehydrating agents is

unsatisfactory.  Reagent grade 88% formic acid can be satisfactorily dried by refluxing with phthalic anhydride

for 6hours and then distilling it.  Alternatively, if it is left in contact with freshly prepared anhydrous CuSO4 for

several days about one half of the water is removed from 88% formic acid; distillation then  removes the

remainder.  Boric anhydride (prepared by melting boric acid in an oven at a high temperature, cooling in a

desiccator, and powdering) is a suitable dehydrating agent for 98% formic acid; after prolonged stirring with the

anhydride the formic acid is distilled under vacuum.  Formic acid can be further purified by fractional

crystallisation using partial freezing.  [Beilstein  2 IV 3.]

N -Formyl ter t -butylamine (N - ter t - b u t y l f o r m a m i d e ) [2425-74-3] M 101.2, m 16o,  b

4 8o/0.2mm, 78-83o/9mm, 135-136o/107mm, 2 0 2o/760mm, d
4

25  0.903, n
D
20  1.4330. If the IR

indicates some hydrolysis, then dissolve it in Et2O, wash it with 20% aqueous Na2CO3, dry it (MgSO4), filter

and fractionate it.  Collect the fraction that solidifies on cooling and recrystallise it from Et2O at low

temperature if necessary.  [Emmons J Am Chem Soc 79 5753 1957, Beilstein 4 III 324, 4 IV 661.]

N -Formyl ethylamine (N - e thy l formamide) [627-45-2] M 73.1,  b 2 9o/0.5mm, 176-

1 7 9o/758mm, d
4

20  0.950, n
D
20  1.4346.  If the IR is good, then distil it and collect the middle fraction and

redistil if necessary; otherwise proceed as for the previous amide.  [Erickson J Org Chem 20 1569 1955,

Beilstein 4 H 109, 4 I 352, 4 II 601, 4 III 207, 4 IV 346.]

Formyl hydrazine (formic acid hydrazide) [624-84-0] M 60.1, m 5 4o, 54-57o, pKest ~ 2 . 5 .

Recrystallise it from EtOH and dry it in vacuo.  Store below 10o; it may disproportionate on storage to 1,2-
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diformyl hydrazine and hydrazine.  It forms a blue [Cu(CH4N2O)]SO4 salt with CuSO4.  [Beilstein 2 H 93, 2 III

127, 2 IV 85.]

Formyloxy acetonitrile  (cyanomethyl formate) [150760-95-5] M 85.1, b 62-64o/12mm, 172-

1 7 3o/atm, d
4

25  0.903, n
D
20  1.4330.  Purify it by fractional distillation and redistilling the middle fraction.

It is useful for the formylation of alcohols and amines.  The 13C NMR has  (CDCl3) at 47.87, 114.47 and

159.46ppm.  [Deutsch & Niclas Synth Commun 23 1561 1993, Duczek et al. Synthesis 37 1966.]

Fumaraldehyde bis-(dimethyl acetal)  (trans-1,1,4,4-tetramethoxybut-2-ene) [6068-62-8] M

176.2, b 100-103o/15mm, 101-103o/25mm, d
4
20  1.011, n

D
20  1.425.  Dry it over fused CaCl2 and

distil it in vacuo.  The maleic (cis) isomer has b 112o/11mm, and d2 3 0.932 and n
D

251.4243.  [Zeik & Heusner

Chem Ber 90 1869 1957, Clauson-Kaas et al. Acta Chem Scand 9  111 1955, Clauson-Kaas Acta Chem Scand

6 569 1952, Beilstein  1 IV 3754.]

Fumaric (trans-but-2-ene-1,4-dioic) acid [110-17-8] M 116.1, m 289 .5 -291 .5o(sealed tube),

pK
1
25  3.10, pK

2
25  4.60 (4.38). Crystallise it from hot M HCl or water and dry it at 100o.  [Beilstein  2 IV

2202.]

Geraniol (trans-3,7-dimethyl-2,6-octadien-8-ol) [106-24-1] M 154.3, b 114-115o/11-12mm,

2 3 0o, d
4
20  0.879, n

D
20  1.4766. Purify geraniol by ascending chromatography or by thin layer

chromatography on plates of kieselguhr G with acetone/water/liquid paraffin (130:70:1) as solvent system.

Hexane/ethyl acetate (1:4) is also suitable.  Also purify it by GLC on a silicone-treated column of Carbowax

20M (10%) on Chromosorb W (60-80 mesh). [Porter Pure Appl Chem 20 499 1969.] Store it in full, tightly

sealed containers in the cool and protect from light.  It has a pleasant odour.  [cf p 681, Beilstein  1 IV 2277.]

Glutaraldehyde [111-30-8] M 100.1, b 71o/10mm, as 50% aqueous solution.  Likely impurities

are oxidation products-acids, semialdehydes and polymers.  It can be purified by repeated washing with activated

charcoal (Norit) followed by vacuum filtration, using 15-20g charcoal/100mL of glutaraldehyde solution.

Distil it at 60-65o/15mm, discarding the first 5-10%, then dilute with an equal volume of freshly distilled water

at 70-75o, using magnetic stirring under nitrogen.  The solution is stored at low temperature (3-4o), in a tightly

stoppered container, and protected from light.  Standardise by titration with hydroxylamine.  [Anderson J

Histochem Cytochem 15 652 1967, Beilstein  1 IV 3659.]

Glutaric acid [110-94-1] M 132.1, m 97.5-98o, pK
1
25  4.35, pK

2
25  5 . 4 0 .   Crystallise the acid

from *benzene, CHCl3, distilled water or *benzene containing 10% (w/w) of diethyl ether.  Dry it under

vacuum.  [Beilstein  2 IV 1934.]

dl-Glyceraldehyde [56-82-6] M 90.1, m 145o.  Crystallise it from EtOH/diethyl ether.  The D(+)-

enantiomer  [453-17-8] is a syrup (70 + % H2O) with [ ]
D

25  +14o (c 2, H2O) and the dimethyl acetal  has b 124-

127 o/14mm and [ ]
D

15  +21o (c 18, H2O).  [Beilstein  1 H 845, 1 IV 4114.]

G l y c e r o l [56 -81-5] M 92.1, m 18.2o, b 182o/20mm, 290o/760mm, d
4
20  1.261, n

D
25

1.47352, pK2 5 14.4.  Glycerol is dissolved in an equal volume of n-butanol (or n-propanol, amyl alcohol or

liquid ammonia) in a water-tight container, cooled and seeded while slowly revolving in an ice-water slurry.  The

crystals are collected by centrifugation, then washed with cold acetone or isopropyl ether.  [Hass & Patterson Ind

Eng Chem (Anal Ed) 33  615 1941.]  Coloured impurities can be removed from substantially dry glycerol by

extraction with 2,2,4-trimethylpentane.  Alternatively, glycerol can be decolorised and dried by treatment with

activated charcoal and alumina, followed by filtering.  Glycerol can be distilled at 15mm in a stream of dry

nitrogen, and stored in a desiccator over P2O5.  Crude glycerol can be purified by digestion with conc H2SO4 and

saponification with a lime paste, then re-acidified with H2SO4, filtered, treated with an anion exchange resin and

fractionally distilled under vacuum.  [Beilstein  1 IV 2751.]

Glycolic ( -hydroxyacetic) acid [79-14-1] M 76.1, m 81o, pK2 5 3.62.  Crystallise it from

diethyl ether.  [Beilstein  3 IV 571.]
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Guanidine [113-00-8]   M 59.1, m 47 .5 -48 .5o, 48 -49o, ~ 5 0o, pK2 5 13.6.  Crystallise it from

water/EtOH under nitrogen.  It is very deliquescent and absorbs CO2 from the air readily.  [Jones Trans Faraday

Soc 55 524 1959, Beilstein  3 H 82, 3 I 39, 3 II 69, 3 III 154, 3 IV 148.]

Guanidine carbonate  [593-85-1]  M 180.2, m 197o, 230o. Crystallise it from MeOH.  [Beilstein  3

H 86, 3 I 41, 3 II 72, 3 III 161, 3 IV 152.]

Guanidine hydrochloride  [50-01-1]   M 95.5, m 181-183o. Crystallise the hydrochloride from hot

methanol by chilling to about -10o, with vigorous stirring.  The fine crystals are filtered through fritted glass,

washed with cold (-10o) methanol, dried at 50o under vacuum for 5hours.  (The product is purer than that

obtained by crystallisation at room temperature from methanol by adding large amounts of diethyl ether.)

[Kolthoff et al. J Am Chem Soc 79 5102 1957, Beilstein 3 H 86, 3 II 71, 3 III 160, 3 IV 150.]

Heptadecanoic acid (margaric)  [506-12-7]  M 270.5, m 60-61o, b 2 2 7o/100mm, pKEst ~ 4 . 9 .

Crystallise the acid from MeOH or pet ether.  [Beilstein  2 IV 1193.]

1-Heptadecanol [1454-85-9]  M 256.5, m 54o. Crystallise it from acetone.  [Beilstein  1 IV 1884.]

Heptafluoro-2-iodopropane [677-69-0]  M 295.9, b 39o/735mm, 41o/760mm, d
4

0
 2.1306, n

D
20

1.3281. Purify it by gas chromatography on a triacetin (glyceryl triacetate) column, followed by bulb-to-bulb

distillation at low temperature.  Store it over Cu powder to stabilise it. UV has max at 271nm (  240) in pet

ether  (b 60-80o).  [Haszeldine J Chem Soc 1767, 3761 1953, Beilstein  1 III 255, 1 IV 225.]

n-Heptaldehyde [111-71-7] M 114.2, b 40.5o/12mm, 152.8o/760mm, d
4
20  0.819, n

D
25  1 . 4 1 3 0 .

Dry n-heptaldehyde with CaSO4 or Na2SO4 and fractionally distil it under reduced pressure.  More extensive

purification is by precipitation as the bisulfite compound (formed by adding the aldehyde to saturated aqueous

NaHSO3) which is filtered off and recrystallised from hot H2O.  The crystals, after being filtered and washed well

with H2O, are hydrolysed by adding 700mL of aqueous Na2CO3 (12.5% w/w of anhydrous Na2CO3) per 100g of

aldehyde.  The aldehyde is then steam distilled off, separated, dried with CuSO4 and distilled under reduced

pressure in a slow stream of nitrogen.  [McNesby & Davis J Am Chem Soc 76 2148 1954, Beilstein 1  H 695,

1 I 357, 1 II 750, 1 III 2844, 1 IV 3314.]

n-Heptaldoxime [629-31-2]   M 129.2, m 53-55o. Separate the cis(Z) and trans(E) oximes by liquid

chromatography through a silica gel column and eluting with pet ether (b 40-65o)/EtOAc (50:10) at a flow rate

of 2-3.4mL/sec where the trans-isomer comes through first and is a liquid with n
D

22  1.38512 followed by the

cis-isomer which is a solid and crystallises from 60% aqueous EtOH with m  55o.   They are identified by TLC

on 0.2mm silica gel G by eluting with *C6H6/EtOAc (50/10) and visualizing with I2 vapour: the trans-isomer

has RF 0.6 and the cis-isomer has RF 0.5 [Pejkovic-Tadic et al. J Chromatography 21  239 1966, Emmous &

Pagano J Am Chem Soc 77 4557 1955].  [Beilstein  1 H 698, 1 I 358, 1 II 752, 1 III 2850.]

n-Heptane [142-18-5]  M 100.2, b 9 8 . 4o, d
4
20  0.684, n

D
20  1.38765, n

D
25  1.38512.  Pass it

through a silica gel column which greatly reduces the ultraviolet absorption of n-heptane.  (The silica gel is

previously heated to 350o before use.)  For more extensive purification, heptane is shaken with successive small

portions of conc H2SO4 until the lower (acid) layer remains colourless.  The heptane is then washed successively

with water, aqueous 10% Na2CO3, water (twice), and dried with CaSO4, MgSO4 or CaCl2.  It is distilled from

sodium. n-Heptane can be distilled azeotropically with methanol, then the methanol is washed out with water

and, after drying, the heptane is redistilled.  Other purification procedures include passage through activated basic

alumina, drying with CaH2, storage with sodium, and stirring with 0.5N KMnO4 in 6N H2SO4 for 12hours

after treatment with conc H2SO4.  Carbonyl-containing impurities have been removed by percolation through a

column of impregnated Celite made by dissolving 0.5g of 2,4-dinitrophenylhydrazine in 6mL of 85% H3PO4 by

grinding together, then adding 4mL of distilled water and 10g Celite.  [Schwartz & Parks Anal Chem 33  1396

1961, Beilstein  1 IV 376.]
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Hept-1-ene [592-76-7] M 98.2, b 9 3o/771mm, d
4
20  0.698, n

D
20  1.400.  Distil hept-1-ene from

sodium, then carefully distil it fractionally using an 18-in gauze-packed column.  It can also be purified by

azeotropic distillation with EtOH.  It usually contains the 2- and 3-isomers as impurities.  These can be removed

by gas chromatography using a Carbowax column at 70o.  [Beilstein  1 IV 857.]

n-Heptyl alcohol (1-heptanol) [111-70-6] M 116.2, b 1 7 5 . 6o, d 0.825, n
D
20  1.425.  Shake the

alcohol with successive lots of alkaline KMnO4 until the colour persists for 15minutes, then dry it with K2CO3

or CaO, and fractionally distil it.  [Beilstein  1 IV 1731.]

n-Heptylamine [111-68-2] M 115.2, b 155o, d
4
20  0.775, n

D
20  1.434, pK2 5 10.66.  Dry it in over

KOH pellets for 24hours, then decant it and fractionally distil it.  Store away from CO2.  [Beilstein  4 IV 734.]

n-Heptyl bromide  [629-04-9] M 179.1, b 70.6o/19mm, 180o/760mm, d
4
20  1.140, n

D
20  1 . 4 5 .

Shake it with conc H2SO4, wash with water, dry it with K2CO3, and fractionally distil.  [Beilstein  1 IV 391.]

Hexachloro-1,3-butadiene (perchlorobutadiene)  [87-68-3] M 260.8, b 1 4 4 . 1o/100mm, 210-

2 1 2o/760mm, d
4
20  1.683, n

D
20  1.5556.  Wash the diene with four or five 1/10th volumes of MeOH (or

until the yellow colour has been extracted),  then stir it for 2hours with H2SO4, wash it with distilled water

until neutral and filter it through a column of P2O5.  Distil it under reduced pressure through a packed column.

[Rytner & Bauer J Am Chem Soc 82 298 1960, Beilstein  1 IV 998.]

Hexachloroethane [67-72-1] M 236.7, m 1 8 7o. Steam distil it, then crystallise it from 95% EtOH.

Dry it in the dark under vacuum.  [Beilstein  1 IV 148.]

Hexacosane (C-26) [630-01-3] M 366.7, m 5 6 . 4o, b 1 6 9o/0.05mm, 2 0 5o/1mm, 2 6 2o/ 15mm.

Distil hexacosane under vacuum and recrystallise it from diethyl ether.  [Beilstein  1 IV 583.]

Hexacosanoic acid (cerotinic acid)  [506-46-7] M 396.7, m 86-87o, 88 -89o, pKEst ~ 4 . 9 .

Crystallise the acid from EtOH, aqueous EtOH and pet ether/Me2CO.  [Beilstein  2 IV 1310.]

n-Hexadecane (Cetane) [544-76-3] M 226.5, m 18.2o, b 105o/0.1mm, d
4
20  0.773, n

D
20

1.4345, n25 1.4325.  Pass cetane through a column of silica gel and distil it under vacuum in a column

packed with Pyrex helices.  Store it over silica gel.  It also crystallises from acetone, or fractionally crystallise it

by partial freezing.  [Beilstein  1 IV 537.]

1,14-Hexadecanedioic acid (thaspic acid).  [505-54-4] M 286.4, m 126o, pKEst(1) ~4.5, pKEst(2)

~5.5. Crystallise thaspic acid from EtOH, ethyl acetate or *C6H6.  [Beilstein  2 IV 2162.]

Hexadecanoic acid (palmitic acid)  [57-10-3] M 256.4, m 62-63o, b 2 1 5o/15mm, pK2 5 6 . 4 6

(50% aqueous EtOH), 5.0 (H2O). Purify palmitic acid by slow (overnight) recrystallisation from

hexane.  Some samples are also crystallised from acetone, EtOH or EtOAc.  The crystals are kept in air to lose

solvent, or are pumped dry of solvent on a vacuum line.  [Iwahashi et al. J Chem Soc, Faraday Trans 1 81  973

1985, pK: White J Am Chem Soc 72 1858 1950, Beilstein  2 IV 1157.]

1,5-Hexadiene [592-42-7] M 82.2, b 59.6o, d
4
20  0.694, n

D
20  1.4039.  Distil 1,5-hexadiene from

NaBH4.  [Beilstein  1 IV 1013.]

Hexafluoroacetone [684-16-2, 34202-69-2 (3H2O)] M 166.1, m -129o, (trihydrate m 18-21o), b

- 2 8o. Dehydrate hexafluoroacetone by passing the vapours over P2O5.  Ethylene is removed by passing the

dried vapours through a tube containing Pyrex glass wool moistened with conc H2SO4.  Further purification is

by low temperature distillation using Warde-Le Roy stills.  Store it in the dark at -78o.  [Holmes & Kutschke

Trans Faraday Soc 58 333 1962, Beilstein  1 IV 3215.]

Hexafluoroacetylacetone  (1,1,1,5,5,5-hexafluoro-2,4-pentanedione)  [1522-22-1] M 208.1, b

6 8o/736mm, 70-70.2o/760mm, 68-71o/atm,  d
4
20  1.490, n

D
20  1.333.  It forms a dihydrate which
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has no UV spectrum compared with max (CHCl3) 273nm (  7,800) for the anhydrous ketone.  The dihydrate

decomposes at ~90o.  The hydrate (10g) plus anhydous CaSO4 (Drierite, 30g) are heated and distilled, the

distillate is treated with more CaSO4 and redistilled.   When the distillate is treated with aqueous NaOH and

heated, the dihydrate crystallises on cooling.  The Cu complex has m 135o (after sublimation).  [Gilman et al. J

Am Chem Soc 78 2790 1956, Belford et al. J Inorg Nucl Chem 2 11 1956, Beilstein  1 IV 3681.]

Hexafluoroethane [76-16-4] M 138.0, b -79o.  Purify it for pyrolysis studies by passing through a

copper vessel containing CoF3 at ca 270o, and hold for 3hours in a bottle with a heated (1300o) platinum wire.

It is then fractionally distilled.  [Steunenberg & Cady J Am Chem Soc 74 4165 1962, Beilstein  1 IV 132.]

1,1,1,3,3,3-Hexafluoropropan-2-ol (HFIP) [920-66-1] M 168.1, m -4o, b 57-58o/760mm, d
4
20

1.4563, n22 1.2750, pK2 5 9.30.  Distil it from 3A molecular sieves, retaining the middle fraction.   It

has been prepared by reduction of hexafluoroacetone in tetrahydrofuran (THF),  In this case hexafluoropropanol

forms a stable 1:1 complex which distils at 99-100o/760mm (n
D

25  1.3283),  The complex is decomposed by

mixing with 20% oleum and  distilling in a vacuum, and the distillate is redistilled to give pure

hexafluoropropan-2-ol with b 59o/760mm.  The 1H NMR shows a doublet at 4.52ppm (JH,H 2Hz). The benzoyl

derivative,  [10315-85-2]  M 272.1, has m 53.9o after crystalllisation from pentane at -50o, and its IR has max

at 1760cm-1.    [Middleton & Lindsey J Am Chem Soc 86 4948 1964, Urry et al. J Org Chem 32  347 1967.]

It has very high peptide solubilising properties, alone or with CH2Cl2  [use as a solvent: Narita et al. Bull

Chem Soc Jpn 61 281 1988, Biochemistry 2 9  2639 1990.]  It is CORROSIVE, causes severe eye

irritation.

Hexamethylenediamine (1,6-diaminohexane) [124-09-4] M 116.2, m 42o, b 46-47o/ 1 m m ,

8 4 . 9o/9mm, 100o/20mm, 204-205o/760mm, pK
1
25  10.24, pK

2
25  11.02.  Crystallise it in a stream

of nitrogen.  It sublimes in a vacuum.  [Beilstein  4 IV 1320.]

Hexamethylenediamine dihydrochloride  [6055-52-3] M 189.2, m 2 4 8o. Crystallise the salt from

water or EtOH.  [Beilstein  4 IV 1320.]

Hexamethylene glycol (1,6-hexanediol)  [629-11-8] M 118.2, m 4 1 . 6o, 43 -45o, b

1 3 4o/10mm, 250o, n
D
20  1.458.  Fractionally crystallise it from its melt or from water.  Distil it in vacuo.

[Beilstein  1 IV 2556.]

n-Hexane [110-54-3] M 86.2, b 68.7o, d
4
20  0.660, n 1.37486, n25 1.37226.  Purify as for n-

heptane.  Modifications include the use of chlorosulfonic acid or 35% fuming H2SO4 instead of conc H2SO4 in

washing the alkane, and final drying and distilling from sodium hydride.  Unsaturated impurities can be removed

by shaking the hexane with nitrating acid (58% H2SO4, 25% conc HNO3, 17% water, or 50% HNO3, 50%

H2SO4), then washing the hydrocarbon layer with conc H2SO4, followed by H2O, drying, and distilling over

sodium or n-butyl lithium.  It can also be purified by distillation under nitrogen from sodium benzophenone

ketyl solubilised with tetraglyme.  Also purify it by passage through a silica gel column followed by distillation

[Kajii et al. J Phys Chem 91 2791 1987].  It is a FLAMMABLE liquid and a possible nerve toxin.  [Beilstein

1 IV 338.]

Rapid purification:  Distil, discarding the first forerun and stored over 4A molecular sieves.

(±)-1,2-Hexanediol [6920-22-5] M 118.2, b 96-98o/1mm, 118 .4 -118 .5o/13mm, 214-

2 1 5o/760mm, d
4
20  0.951, n

D
20  1.442.  Fractionally distil it, preferably in a vacuum. Alternatively,

dissolve it in Et2O, dry with K2CO3 then Na2SO4, filter, evaporate and distil it in a vacuum.  The bis-4-

nitrobenzoyl derivative  has m 101.5-102.5o.  [Rudloff Can J Chem 36 486 1958, Beilstein  1 I 251, 1 III

2200, 1 IV 2554.]

1-Hexene [592-41-6] M 84.2, b 63o, d 0.674,  n
D
20  1.388.  Purify it by stirring over Na/K alloy for

at least 6hours, then fractionally distil it from sodium under nitrogen.  [Beilstein  1 IV 828.]

cis-2-Hexene [7688-21-3] M 84.2, b 68-70o, d
4
20  0.699, n

D
20  1.399. Purify it as for 1-hexene

above.  [Beilstein  1 IV 833.]
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trans-2-Hexene [4050-45-7] M 84.2, b 65-67o, n
D
20  1.390.  Purify it as for 1-hexene above.

[Beilstein  1 IV 834.]

trans-3-Hexene [13269-52-8] M 84.2, b 67-69o, d
4
20  0.678, n

D
20  1.393.  Purify it as for 1-hexene

above.  [Beilstein  1 IV 837.]

n-Hexyl alcohol (1-hexanol)  [111-27-3] M 102.2, b 157.5
o
, d

4
20  0.818, n15 1.4198, n25

1.4158. The commercial material usually contains other alcohols which are difficult to remove.  A suitable

method is to esterify with hydroxybenzoic acid, recrystallise the ester and saponify. [Olivier Recl Trav Chim,

Pays-Bas 55 1027 1936.]  Drying agents include K2CO3 and CaSO4, followed by filtration and distillation.

(Some decomposition to the olefin occurs when Al amalgam is used as drying agent at room temperature, even

if the amalgam is removed prior to distillation.)  If the alcohol is required anhydrous, the redistilled material can

be refluxed with the appropriate alkyl phthalate or succinate, as described under Ethanol.  [Beilstein  1 IV 1694.]

n-Hexylamine [111-26-2] M 101.2, b 131o, d
4
20  0.765, n

D
20  1.419, pK2 5 10.64.  Dry with, and

fractionally distil the hexylamine from, KOH or CaH2.  Store away from CO2.  [Beilstein  4 IV 709.]

n-Hexyl bromide  [111-25-1] M 165.1, b 87-88o/90mm, 155o/743mm, d
4
20  1.176, n

D
20  1 . 4 4 8 .

Shake the bromide with H2SO4, wash with water, dry (K2CO3) and fractionally distil.  [Beilstein  1 IV 352.]

n-Hexyl methacrylate  [142-09-6] M 154.2, b 65-66o/4mm,88-88 .5o/14mm, d
4
20  0.8849, n

D
20

1.4320. Purify as for methyl methacrylate.  [IR: Hughes & Walton J Am Chem Soc 79  3985 1957,

Beilstein  2 III 1288, 2 IV 1527.]

Hexyltrimethylammonium bromide  [2650-53-5] M 224.3, m 1 8 6o. Recrystallise it from acetone.

It is extremely hygroscopic.  [McDowell and Kraus J Am Chem Soc 73 2170 1951, Beilstein  4 IV 710.]

1-Hexyne [693-02-7] M 82.2, b 12.5o/75mm, 7 1o/760mm, d
4
20  0.7156, n

D
20  1.3989.  Distil it

from NaBH4 to remove peroxides.  Stand over sodium for 24hours, then fractionally distil it under reduced

pressure.  Also dry it by repeated vacuum transfer into freshly activated 4A molecular sieves, followed by

vacuum transfer onto Na/K alloy and stirring for 1hour before fractionally distilling.  [Beilstein  1 IV 1006.]

2-Hexyne [764-35-2] M 82.2, b 83.8o/760mm, d
4
20  0.73146, n

D
20  1.41382.  Purify as for 1-

hexyne above.  [Beilstein  1 IV 1009.]

3-Hexyne [928-49-4] M 82.2, b 81o/760mm, d
4
20  0.7231, n

D
20  1.4115.  Purify as for 1-hexyne

above.  [Beilstein  1 IV 1009.]

(±)-5-Hexyn-3-ol  (4-hydroxy-1-hexyne) [19780-84-8] M 98.1,  b 58-59o/25mm, 7 3 -

7 6o/60mm, d
4
20  0.8918, n

D
20  1.4437. Purify the hexynol by fractionation in a vacuum. The carbamoyl

derivative (prepared by reaction with COCl2/toluene followed by NH3) is crystallised by dissolving in the

minimum volume of toluene and adding excess of pet ether (b 40-60o ) and has m  70-71o.  [Länger  et al. Helv

Chim Acta 42 2379 1959, Beilstein  1 IV 2235.]

Hydrazine N,N'-dicarboxylic acid diamide  [110-21-4] M 116.1, m 245-246o(dec), 2 4 8o.

Crystallise the diamide from water, wash the crystals with EtOH then Et2O and dry in vacuum over P2O5.  It

does not decompose on drying at 110o /48hours.  Its solubility in H2O is 1% at 0o.  [Andrieth & Mohr Inorg

Synth IV 26 1953, Beilstein  3 H 116, 3 I 56, 3 III 229.]

3-Hydroxy-2-butanone (acetoin)  [513-86-0] M 88.1, b 144-145o, [m 100-105o dimer].  Wash

acetoin with EtOH until colourless, then with diethyl ether or acetone to remove biacetyl.  Dry it in air by

suction and dry further in a vacuum desiccator.  [Beilstein  1 IV 3991.]
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(±)- -Hydroxy- -butyrolactone [19444-84-9, S(-)- 733-52-4] M 102.1, b 8 4o/ 0 . 2 m m ,

1 3 3o/10mm, d
4
20  1.310, n

D
20  1.4656.  It has been purified by repeated fractionation and forms a

colourless liquid.  It has to be distilled at high vacuum; otherwise it will dehydrate.  The acetoxy derivative has

b 9 4o/0.2mm.  The S-enantiomer has d
4

20  1.24, n
D

20  1.464, [ ]
D

25  -82o (c 2, MeOH). [NMR: Daremon &

Rambaud Bull Soc Chim Fr  294 1971, Schmitz et al. Chem Ber 108 1010 1975, Beilstein  18/1 V 5.]

12-Hydroxydodecanoic acid  [505-95-3] M 216.3, m 86-88o, pKEst ~4.8. Crystallise the acid from

toluene [Sadowik et al. J Am Chem Soc 108 7789 1986].  [Beilstein  3 III 658.]

N -[2-Hydroxyethyl]ethylenediamine [2-(2-aminoethylamino)ethanol]  [111-41-1] M 104.1, b

9 1 . 2o/5mm, 238-240o/752mm, d
4
20  1.030, n

D
20  1.485, pK

1
20  3.75, pK

2
20  9.15.  Distil the amine

twice through a Vigreux column (p 11).  Redistil it from solid NaOH, then from CaH2.  Alternatively, it can be

converted to the dihydrochloride and recrystallised from water.  It is then dried, mixed with excess of solid NaOH

and the free base is distilled from the mixture.  It is finally redistilled from CaH2.  [Drinkard et al. J Am Chem

Soc 82 2992 1960, Beilstein  4 IV 1558.]

N- [2-Hydroxyethyl]ethylenediaminetriacetic acid (HEDTA)  [150-39-0] M 278.3, m 212-

2 1 4o(dec), pK
1
20  2.51, pK

2
20  5.31, pK

3
20  9.86.  Crystallise HEDTA from warm H2O, after filtering,

by addition of 95% EtOH and allowing to cool.  The crystals, collected on a sintered-glass funnel, are washed

three times with cold absolute EtOH, then again crystallised from H2O.  After leaching with cold H2O, the

crystals are dried at 100o under vacuum.  [Spedding et al. J Am Chem Soc 78 34 1956, Beilstein  4 IV 2449.]

N-Hydroxyethyliminodiacetic acid (HIMDA)  [93-62-9] M 177.2, m 1 8 1o(dec), pK
1
25  2 . 1 6 ,

pK
1
25  8.72, pK

3
25  13.7 (OH).  Crystallise HIMDA from water.  [Beilstein  4 IV 2432.]

2-Hydroxyethylimino-tris(hydroxymethyl)methane (MONO-TRIS) [7343-51-3] M 165.2, m

9 1o, pKEst ~9.8. Crystallise it twice from EtOH.  Dry it under vacuum at 25o.

2-Hydroxyethyl methacrylate  [868-77-9] M 130.1, b 6 7o/3.5mm, d
4
20  1.071, n

D
20  1 . 4 5 2 .

Dissolve the ester in water and extract with n-heptane to remove ethylene glycol dimethacrylate (checked by gas-

liquid chromatography and by NMR) and distil it twice under reduced pressure  [Strop et al. J Phys Chem 8 0

694 1976].  [Beilstein  2 IV 1530.]

dl-2-Hydroxy-2-methylbutyric acid  [3739-30-8] M 118.1, m 72-73o, pK2 5 3.73.  Crystallise the

acid  from *benzene, and sublime it at 90o.  [Beilstein  3 H 324.]  IRRITANT.

dl-2-Hydroxy-3-methylbutyric ( -hydroxyisovaleric) acid  [600-37-3] M 118.1, m 8 6o, pKEst

~3.9. Crystallise the acid from ether/pentane.  [Beilstein  3 IV 618.]  IRRITANT.

R - -Hydroxymethyl - -butyrolactone [52813-63-5] M 116.1, b 101-102o/0.048mm, d
4
20

1.2238, n
D

20  1.471, [ ]
546

20  -38o, [ ]
D

20  - 3 3o (c 3, EtOH), [ ]
D

30  - 5 3 . 5o (c 3, EtOH).  Purify it

by column chromatography on Silica gel 60 (Merck 70-230 mesh) and eluting with 7% EtOH/73% CHCl3.  IR

max (film): 3400 (OH), 1765 (C=O) and 1180 (COC) cm-1.  [Eguchi & Kakuta Bull Chem Soc Jpn 47  1704

1974, IR and NMR: Ravid et al. Tetrahedron 34 1449 1978, Beilstein  3 III 620.]

3-Hydroxy-3-methylglutaric acid (Meglutol)  [503-49-1] M 162.1, m 99-102o, 108-109o,

1 0 0o, pKEst(1) ~4.0, pKEst(2) ~5.0.  Recrystallise the acid from diethyl ether/hexane and dry it under  a

vacuum at 60o for 1hour.  [Beilstein  3 IV 1166.]

4-Hydroxy-4-methyl-2-pentanone [123-42-2] M 116.2, b 166o, d
4
20  0.932, n

D
20  1.4235, n

D
25

1.4213. The pentanone loses water when heated.  It can be dried with CaSO4, then fractionally distilled under

reduced  pressure.  [Beilstein  1 IV 403.]



Purification of Organic Chemicals — Aliphatic Compounds1 5 2

2-Hydroxy-2-methylpropionic acid ( -hydroxyisobutyric acid, 2-methyllactic acid))  [594-

61-6] M 104.1, m 7 9o, b 1 1 4o/12mm, 2 1 2o/760mm, pK2 5 3.78. Distil the acid in steam,

crystallise it from Et2O or *benzene, sublime it at 50o and dry it under vacuum.  [Beilstein  3, 7 IV 782.]

(±)-2-Hydroxyoctanoic acid (2-hydroxycaprylic acid)  [617-73-2] M  160.2, m 6 9 . 5o, b 160 -

1 6 5o/10mm, pKEst ~3.7. Crystallise the acid from EtOH/pet ether or ether/ligroin.  [Beilstein  3 IV 873.]

N-Hydroxysuccinimide [6066-82-6] M 115.1, m 96-98o, pK2 5 6.0.  Recrystallise the imide from

EtOH/ethyl acetate [Manesis & Goodmen J Org Chem 52 5331 1987].  [Beilstein  21/9 V 498.]

(±)-2-Hydroxytetradecanoic acid ( -hydroxymyristic acid) [2507-55-3] M 244.4, m 81-82o,

pKEst ~3.7. Crystallise the acid from chloroform or twice from MeOH (m 85.8-86.6o) [Horn & Pretorious J

Chem Soc 1463 1954, Chibnall et al. Biochem J 30 1034 1963, Beilstein 3  H 361, 3  I 130, 3  II 246, 3  III

660, 3 IV 921].  

R -2-Hydroxytetradecanoic acid  [26632-17-7] M 244.4, m 88-2-88.5o, [ ]
D

20  - 3 . 1o (CHCl3) .

Crystallise the acid from chloroform or first from Me2CO, then hexane [Horn & Pretorious J Chem Soc 1463

1954, Horn et al. J Chem Soc 177 1954, Beilstein 3 III 660.]

Hydroxyurea See in “Inorganic Compounds”, Chapter 5.

Iminodiacetic acid [142-73-4] M 133.1, m 2 2 5o(dec), pK
1
25  2.50, pK

2
25  9.40.  Recrystallise

iminodiacetic acid  from water and dry it in a vacuum over P2O5.  [Beilstein  4 IV 2428.]

Iodoacetamide [144-48-9] M 185.0, m ca 143o(dec). Crystallise it from water or CCl4. It is used for

tagging proteins.  [Gurd Methods Enzymol 25 424 1972, Beilstein  2 IV 536.]

Iodoacetic acid  [64-69-7] M 160.6, m 7 8o, pK2 5 3.19.  Crystallise it from pet ether (b 60-80o) or

CHCl3/CCl4.  [Beilstein  2 IV 534.]

2-Iodobutane (sec-butyl iodide) [513-48-4] M 184.0, b 120.0, d
4
20  1.50, n

D
25  1.4973.  Purify

the iodide by shaking with conc H2SO4, then washing it with water, aqueous Na2SO3 and again with water.

Dry (MgSO4) and distil.  Alternatively, pass it through a column of activated alumina before distillation, or treat

with bromine, followed by extraction of the free halogen with aqueous Na2S2O3, thoroughly washing with

water, drying and distilling.  It is stored over silver powder and distilled before use.  [Beilstein  1 IV 272.]

Iodoform [75-47-8] M 393.7, m 119o. Crystallise it from MeOH, EtOH or EtOH/EtOAc.  It is steam

volatile.  It is a disinfectant.  [Beilstein  1 IV 97.]

N-Iodosuccinimide [516-12-1] M 225.0, m 200-201o. Crystallise it from dioxane/CCl4.  It iodinates

arenes in triflic acid.  [Olah et al J Org Chem 58 3194 1993, Beilstein  21/9 V 544.]

Isoamyl acetate (1-butyl-3-methyl acetate, isopentyl acetate)  [123-92-2] M 130.2, b

1 4 2 . 0o, d
4
20  0.871, n

D
20  1.40535.  Dry the acetate with finely divided K2CO3 and fractionally distil it.

[Beilstein  2 IV 157.]

Isoamyl alcohol (3-methyl-1-butanol, 1-butyl-3-methyl alcohol) [123-51-3] M 88.2, b

1 2 8o/750mm, 132o/760mm, d15 0.8129, n15 1.4085,  n
D
20  1.4075.  Dry the alcohol by heating

with CaO and fractionally distilling, then heating with BaO and redistilling.  Alternatively, boil it with

concentrated  KOH solution, wash it with dilute H3PO4, and dry it with K2CO3, then anhydrous CuSO4, before

fractionally distilling it.  If very dry alcohol is required, the distillate is refluxed with the appropriate alkyl

phthalate or succinate as described  for ethanol. It is separated from 2-methyl-1-butanol by fractional distillation,

fractional crystallisation and preparative gas chromatography.  [Beilstein  1 IV 1677.]
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Isoamyl bromide (1-butyl-3-methyl bromide) [107-82-4] M 151.1, f - 112o, b 1 1 9 . 2o/

737mm, d
4
20  1.208, n 1.444. Shake the bromide with conc H2SO4, wash with water, dry with K2CO3

and fractionally distil it.  [Beilstein  1 IV 378.]

Isoamyl chloride (1-butyl-3-methyl chloride)  [107-84-6] M 106.6, b 9 9o/734mm, d
4
20

0.8704, n
D
20  1.4084.  Shake the chloride vigorously with 95% H2SO4 until the acid layer no longer

becames coloured during 12hours, then wash it with water, saturated aqueous Na2CO3, and more water.  Dry it

with MgSO4, filter and fractionally distil it.  Alternatively, a stream of oxygen containing 5% of ozone is

passed through the chloride for a time, three times longer than is necessary to cause the first coloration of starch

iodide paper by the exit gas.  Subsequent washing of the liquid with aqueous NaHCO3 hydrolyses the ozonides

and removes organic acids.  After drying and filtering, the isoamyl chloride is distilled.  [Chien & Willard J A m

Chem Soc 75 6160 1953, Beilstein  1 IV 287.]

Isoamyl ether [diisopentyl ether, di-(1-butyl-3-methyl) ether]  [544-01-4] M 158.3, b

1 7 3 . 4o, d
4
20  0.778, n

D
20  1.40850.  This is a mixture of 2- and 3-methylbutyl ether.  It is purified by

refluxing with sodium for 5hours, then it is distilled under reduced pressure,  to remove alcohols.  Isoamyl ether

can also be dried with CaCl2 and fractionally distilled from P2O5.  [Beilstein  1 IV 1682.]

Isobutane (2-methylpropane) [75-28-5] M 58.1, b -10.2o, d
4
20  0.557.  Olefins and moisture can be

removed by passage at 65o through a bed of silica-alumina catalyst which has previously been evacuated at about

400o.  Alternatively, water and CO2 can be removed by passage through P2O5, then asbestos impregnated with

NaOH.  Treatment with anhydrous AlBr3 at 0o then removes traces of olefins.  Inert gases can be separated by

freezing the isobutane at -195o and evacuating out the system.  [Beilstein  1 IV 282.]

Isobutene (2-methylpropene, isobutylene) [115-11-7] M 56.1, b - 6 . 6o/760mm. Dry isobutene

by passage through anhydrous CaSO4 at 0o.  Purify it further by freeze-pump-thaw cycles and trap-to-trap

distillation.  [Beilstein  1 IV 796.]

Isobutyl bromide (1-bromo-2-methylpropane)  [78-77-3] M 137.0, b 91.2o, d
4
20  1.260, n

D
20

1.437. Partially hydrolyse it to remove any tertiary alkyl halide, then fractionally distil it, then wash it with

conc H2SO4, water and aqueous K2CO3, then redistil it from dry K2CO3.  [Dunbar & Hammett J Am Chem Soc

72 109 1950, Beilstein  1 IV 294.]

Isobutyl chloride (1-chloro-2-methylpropane)  [513-36-0] M 92.6, m -131o, 6 8 . 8o/ 760mm,

d
4
20  0.877, n

D
20  1.398.  Use the same methods as described under isoamyl chloride.  [Beilstein  1 IV 287.]

Isobutyl chloroformate  [543-27-1] M 136.6, b 123-127o/atm, 1 2 8 . 8o/atm, d
4
20  1.053, n

D
20

1.4070. It can be dried over CaCl2 and fractionated at atmospheric pressure while keeping moisture out.  Its

purity can be checked by conversion to the phenyl urethane derivative with PhNCO [Saunders et al. J Am Chem

Soc 73 3796 1951.]  IR: max 1780cm-1 [Thompson & Jameson Spectrochim Acta 13  236 1959, Röse Justus

Liebigs Ann Chem 205 227 1880].  [Beilstein  3 IV 26.]

Isobutyl formate  [542-55-2] M 102.1, b 98.4o, d
4
20  0.885, n

D
20  1.38546.  Wash the formate with

saturated aqueous NaHCO3, in the presence of saturated NaCl solution until no further reaction occurs, then with

saturated aqueous NaCl, dry (MgSO4) and fractionally distil it.  [Beilstein  2 H 21, 2 I 18, 2  II 30, 2  III 41, 2

IV 29.]

Isobutyl iodide (1-iodo-2-methylpropane)  [513-38-2] M 184.0, b 8 3o/250mm, 1 2 0o/ 760mm,

d
4
20  1.60, n

D
20  1.495.  Shake the iodide with conc H2SO4, and wash it with water, aqueous Na2SO3, and

water, dry with MgSO4 and distil it.  Alternatively, pass through a column of activated alumina before

distillation.  Store it under nitrogen with mercury in a brown bottle or in the dark.  [Beilstein  1 IV 299.]

Isobutyl vinyl ether  [109-53-5] M 100.2, b 108-110o, d
4
20  0.768, n

D
20  1.398.  Wash the ether

three times with equal volumes of aqueous 1% NaOH, dry with CaH2, reflux it with sodium for several hours,

then fractionally distil it from sodium.  [Beilstein  1 IV 2054.]
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Isobutyraldehyde [78-84-2] M 72.1, b 6 2 . 0o, d
4
20  0.789, n

D
20  1.377.  Dry isobutyraldehyde with

CaSO4 and use it immediately after distillation under nitrogen because of the great difficulty in preventing

oxidation.  It can be purified through its acid bisulfite derivative.  [Beilstein  1 IV 3262.]

Isobutyramide (2-methylpropionamide) [563-83-7] M 87.1, m 128-129o, b 217-221o/ 760mm.

Crystallise the amide from acetone, *benzene, CHCl3, EtOAc or water, then dry it under vacuum over P2O5 or

99% at H2SO4, or at 70o/3hours in a desiccator.  Sublime it under vacuum.  [Kent & McAlvain Org Synth

Coll Vol III 491 1955, Beilstein  2 H 293, 2 I 129, 2 II 262, 2 III 654, 2 IV 852.]

Isobutyric acid (2-methylpropionic acid) [79-31-2] M 88.1, b 7 8o/34mm, 154-

1 5 4 . 5o/760mm, d
4
20  0.949, n

D
20  1.393, pK2 5 4.60.  Distil the acid from KMnO4, then redistil it from

P2O5.  [Beilstein  2 H 288, 2 I 126, 2 II 257, 2 III 637, 2 IV 843.]

Isobutyronitrile (2-methylpropionitrile, isopropyl cyanide)  [78-82-0] M 69.1,  b

1 0 3 . 6o/760mm, d25 0.7650, n
D
20  1.378.  Shake the nitrile with conc HCl (to remove isonitriles), then

with water and aqueous NaHCO3.  After a preliminary drying with silica gel or Linde type 4A molecular sieves,

it is shaken or stirred with CaH2 until hydrogen evolution ceases, then decanted and distilled from P2O5 (not

more than 5g/L, to minimize gel formation) or Drierite (b 101-103o/760mm).  Finally it is refluxed with, and

slowly distilled from CaH2 (5g/L), taking precautions to exclude moisture.  [Beilstein   2 H 294, 2  I 129, 2  II

263, 2 III 655, 2 IV 853.]

Isonitrosoacetone (anti-pyruvic aldehyde-1-oxime)  [31915-82-9] M 87.1, m 65-67o, 6 9o,

pK2 5 8.3.  Crystallise isonitrosoacetone from *C6H6, ether/pet ether or CCl4.  It sublimes at 90-100o (water

bath temperature)/0.05mm  [Kahovec & Kohlrausch Chem Ber 75 1547 1942].  It forms an iron and a Cu2+ salt

(m 170o dec).  [Beilstein  1 H 763, 1 I 396, 1 II 822, 1 III 3092, 1 IV 3632.]

(±)-Isononane (3,3,4-trimethylhexane) [34464-40-9] M 128.3, b 1 4 2o/760mm, 1 4 2o/ 760mm,

d
4
20  0.7454, n

D
20  1.4178. Isononane is passed through columns of activated silica gel and basic alumina

(activity 1) and distilled under high vacuum from Na/K alloy.  [Beilstein  1 III 517, 1 IV 462.]

Isopentyl formate [110-45-2] M 116.2, b 27o/10mm, 123-123.6o/760mm, 123-124o/atm, d
4
20

0.8713, n
D
20  1.391.  The colourless liquid ester is soluble in 300 volumes of H2O and is soluble in common

organic solvents.  It is purified by repeated  distillation using an efficient column at atmospheric pressure.

[Beilstein   2 H 22, 2 I 18, 2 II 31, 2 III 43, 2 IV 30.]

Isoprene (2-methyl-1,3-butadiene)  [78-79-5] M 68.1, b 34 .5 -35o/762mm, d
4
20  0.681, n25

1.4225. Reflux it with sodium then distil it from sodium or NaBH4 under nitrogen, and pass it through a

column containing KOH, CaSO4 and silica gel.  tert-Butylcatechol (0.02% w/w) is added, and the isoprene is

stored in this way until redistilled before use.  The inhibitor (tert-butylcatechol) in isoprene can be removed by

several washings with dilute NaOH and water.  The isoprene is then dried over CaH2, distilled under nitrogen at

atmospheric pressure,  and the fraction distilling at 32o is collected.  Store it under nitrogen at -15o.  [Beilstein

1  H 252, 1 IV 1001.]

Isopropanol (propan-2-ol) [67-63-0]  M 60.1, b 8 2 . 5o, d
4
20  0.783, n25.8 1.3739, pK25 1 7 . 1 .

Isopropyl alcohol is prepared commercially by dissolution of propene in H2SO4, followed by hydrolysis of the

sulfate ester.  Major impurities are water, lower alcohols and oxidation products such as aldehydes and ketones.

Purification of isopropanol follows substantially the same procedure  as for n-propyl alcohol.

Isopropanol forms a constant-boiling mixture, b 80.3o, with water.  Most of the water can be removed from this

91% isopropanol by refluxing with CaO (200g/L) for several hours, then distilling.  The distillate can be dried

further with CaH2, magnesium ribbon, BaO, CaSO4, calcium, anhydrous CuSO4 or Linde type 5A molecular

sieves.  Distillation from sulfanilic acid removes ammonia and other basic impurities.  Peroxides [indicated by

liberation of iodine from weakly acid (HCl) solutions of 2% KI] can be removed by refluxing with solid

stannous chloride or with NaBH4 then the alcohol is fractionally distilled.  To obtain isopropanol containing

only 0.002M of water, sodium (8g/L) is dissolved in material dried by distillation from CaSO4.   Isopropyl
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benzoate (35mL) is then added and, after refluxing for 3hours, the alcohol is distilled through a 50-cm Vigreux

column (p 11).  [Hine & Tanabe J Am Chem Soc 80 3002 1958.]  Other purification steps for isopropanol

include refluxing with solid aluminium isopropoxide, refluxing with NaBH4 for 24hours, and removing acetone

by treatment with, and distillation from, 2,4-dinitrophenylhydrazine.  Peroxides re-form in isopropanol if it is

kept for several days in contact with air.  [Beilstein  1 IV 1461.]

Isopropyl acetate  [108-21-4] M 102.1, b 8 8 . 4o, d
4
20  0.873, n

D
20  1.3773.  Wash the acetate with

50% aqueous K2CO3 (to remove acid), then with saturated aqueous CaCl2 (to remove any alcohol).  Dry it with

CaCl2 and fractionally distil it.  [Beilstein  2 IV 141.]

Isopropyl acrylamide [2210-25-5] M 113.2, m 60-63o, b 89-92o/2mm, 110-115o/ 15mm.

Fractionate the amide under reduced pressure,  and recrystallise the solid distillate from hexane (m 59o), *C6H6

(m 62o) or *C6H6/hexane (m 62-63o).  Store it with 0.05% of 4-tert-butylcatechol.  It is used for making water

soluble swellable hydrogels.  [Beilstein 4 IV 517.]

Isopropyl bromide (2-bromopropane)  [75-26-3] M 123.0, b 0o/69.2mm, 5 9 . 4o/760mm, d
4
20

1.31, n15 1.42847,   n
D
20  1.4251.  Wash the bromide with 95% H2SO4 (concentrated acid partially

oxidised it) until a fresh portion of acid did not become coloured after several hours, then with water, aqueous

NaHSO3, aqueous 10% Na2CO3 and again with water.  (The H2SO4 can be replaced by conc HCl.)  Prior to this

treatment, isopropyl bromide has been purified by bubbling a stream of oxygen containing 5% ozone through it

for 1hour, followed by shaking with 3% hydrogen peroxide solution, neutralising with aqueous Na2CO3,

washing with distilled water and drying.  Alternatively, it has been treated with elemental bromine and stored for

4 weeks, then extracted with aqueous NaHSO3 and dried with MgSO4.  After the acid treatment, isopropyl

bromide can be dried with Na2SO4, MgSO4 or CaH2, and fractionally distilled.  [Beilstein  1 IV 208.]

Isopropyl chloride (2-chloropropane)  [75-29-6] M 78.5, b 34.8o, d
4
20  0.864, n

D
20  1.3779, n25

1.3754. Purify the chloride with 95% H2SO4 as described for isopropyl bromide, then dry with MgSO4,

P2O5 or CaH2, and fractionally distil it from Na2CO3 or CaH2.  Alternatively, a stream of oxygen containing ca

5% ozone is passed through the chloride for about three times as long as is necessary to obtain the first

coloration of starch iodide paper by the exit gas, and the liquid is then washed with NaHCO3 solution to

hydrolyse ozonides and remove organic acids before drying and distilling.  [Beilstein  1 IV 191.]

Isopropyl ether (diisopropyl ether)  [108-20-3] M 102.2, b 68.3o, d
4
20  0.719, n

D
20  1 . 3 6 8 8 ,

n25 1.36618.  Common impurities are water and peroxides [detected by the liberation of iodine from weakly

acid (HCl) solutions of 2% KI].  Peroxides can be removed by shaking with aqueous Na2SO3 or with acidified

ferrous sulfate (0.6g FeSO4 and 6mL conc H2SO4 in 110mL of water, using 5-10g of solution per L of ether),

or aqueous NaBH4 solution.  The ether is then washed with water, dried with CaCl2 and distilled.  Alternatively,

refluxing with LiAlH4 or CaH2, or drying with CaSO4, then passage through an activated alumina column, can

be used to remove water and peroxides.  Other dehydrating agents used with isopropyl ether include P2O5,

sodium amalgam and sodium wire.  (The ether is often stored in brown bottles, or in the dark, with sodium

wire.)  Bonner and Goishi (J Am Chem Soc 83  85 1961) treated isopropyl ether with dilute sodium

dichromate/sulfuric acid solution, followed by repeated shaking with a 1:1 mixture of 6M NaOH and saturated

KMnO4.  The ether is washed several times with water, dilute aqueous HCl, and water, with a final washing

with, and storage over, ferrous ammonium sulfate acidified with H2SO4.  Blaustein and Gryder (J Am Chem Soc

79 540 1957), after washing with alkaline KMnO4, then water, treated the ether with ceric nitrate in nitric acid,

and again washed it with water.  Hydroquinone is added before drying with CaCl2 and MgSO4, and refluxing

with sodium amalgam (108g Hg/100g Na) for 2hours under nitrogen.  The distillate (nitrogen atmosphere) is

made 2 x 10-5M in hydroquinone to inhibit formation of peroxides (which is negligible if the ether is stored in

the dark).  Catechol (pyrocatechol) and resorcinol are alternative inhibitors.  [Beilstein  1 IV 1471.]

Isopropyl iodide (2-iodopropane)  [75-30-9] M 170.0, b 8 8 . 9o, d
4
20  1.70, n

D
20  1.4987.  Treat

the iodide with bromine, followed by extraction of free halogen with aqueous Na2S2O3 or NaHSO3, washing

with water, drying (MgSO4 or CaCl2) and distilling.  (The treatment with bromine is optional.)  Other

purification methods include passage through activated alumina, or shaking with copper powder or mercury to

remove iodine, drying with P2O5 and distilling.  Washing with conc H2SO4 or conc HCl (to remove any
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alcohol), water, aqueous Na2SO3, water and aqueous Na2CO3 has also been used.  Treatment with silica gel

causes some liberation of iodine.  Distillations should be carried out at slightly reduced pressure.  Purified

isopropyl iodide is stored in the dark in the presence of a little mercury.  [Beilstein  1 IV 223.]

Isopropyl methyl ether [598-53-8] M 74.1, b 3 2 . 5o/777mm, d15 0.724, n
D
20  1.3576.  Purify

the ether by drying with CaSO4, passing through a column of alumina (to remove peroxides) and fractional

distillation.  [Beilstein  1 H 362, 1 II 381, 1 III 1458, 1 IV 1471.]

Isovaleric acid (3-methylbutyric acid) [502-74-2] M 102.1, b 1 7 6 . 5o/762mm, d
4
20  0.927, n15

1.4064, n
D
20  1.40331, pK2 5 4.77. Dry the acid (Na2SO4), then fractionally distil.  [Beilstein  2 IV 895.]

Itaconic acid (2-propen-1,2-dicarboxylic acid)  [97-65-4] M 130.1, m 165-166o, pK
1
25  3 . 6 3 ,

pK
2
25  5.00.  Crystallise itaconic acid from EtOH, EtOH/water or EtOH/*benzene.  [Beilstein  2 IV 2228.]

Itaconic anhydride  (2-propen-1,2-dicarboxylic anhydride)  [2170-03-8] M 112.1, m 66-68o,

67 -68o, 68o, b 139-140o/30mm. Crystallise the anhydride from CHCl3/pet ether.  It can be distilled

under reduced pressure.  Distillation at atmospheric pressure, or prolonged distillation causes rearrangement to

citraconic anhydride  (2-methylmaleic anhydride).  If the material (as seen in the IR spectrum) contains much free

acid, then heat with acetyl chloride or SOCl2, evaporate and distil at as high a vacuum as possible.  The crude

anhydride deposits crystals of itaconic acid on standing probably due to hydrolysis by H2O — store it in sealed

ampoules under dry N2.  [Skinner et al. Org Synth Coll Vol II 368 1943, IR: Nagai Bull Chem Soc Jpn 3 7

369 1964, Kelly & Segura J Am Chem Soc 56 2497 1934, Beilstein  17/11 V 66.]

Kerosene  [8008-20-6]  (mixture of hydrocarbons) b ~175-225o, ~190-250o,  d
4
20  0 . 75 -0 .82 ,

n
D
20  1.443.  Stir it with conc H2SO4 until a fresh portion of acid remains colourless, then wash with water,

dry with solid KOH and distil it in a Claisen flask.  For more complete drying, the kerosene can be refluxed with

Na, and distilled from Na.

Ketene [463-51-4] M 42.0, b -56o, - 4 1o, d
4
20  1.093, n

D
20  1.441.  Ketene is prepared by pyrolysis

of acetic anhydride.  Purify it by passing through a trap at -75o and collecting in a liquid-nitrogen-cooled trap.

Ethylene is removed by evacuating the ethylene in an isopentane-liquid-nitrogen slush pack at -160o.  Store it at

room temperature in a suitable container in the dark or better at -80o, but do not store it under pressure as it may

EXPLODE.  It is a strong IRRITANT when inhaled and is as poisonous as phosgene.  See diketene in

“Heterocyclic Compounds”,  Chapter 4.  [Hurd Org Synth Coll Vol I  330 1941, Andreades & Carlson Org

Synth Coll Vol V 679 1973.]

L(+)-Lactic acid  (S (+)-2-hydroxypropionic acid) [79-33-4] M 90.1, m 5 2 . 8o, b

1 0 5o/0.1mm, [ ]
D

20  +3.82o (H2O), pK3 1 3.83.  Purify lactic acid by fractional distillation at 0.1mm

pressure, followed by fractional crystallisation from diethyl ether/isopropyl ether (1:1, dried with sodium).

[Borsook et al. J Biol Chem 102 449 1933.]  The solvent mixture, *benzene/diethyl ether (1:1) containing 5%

pet ether (b 60-80o) has also been used.  [Brin Biochemical Preparations  3 61 1953, Beilstein  3 IV 633.]

Lanthanide shift reagents  A variety of these reagents are available commercially, and they are generally

quite stable and should not deteriorate on long storage in a dry state and in the absence of light.  [See

G.R.Sullivan in Top Stereochem (Eliel & Allinger Eds) J Wiley & Sons Vol 10  287 1978,  T.C.Morrill Ed.

Lanthanide Shift Reagents  Deerfield Beach Florida 1986, ISBN 0895731193.]

Lauraldehyde (1-dodecanal)  [112-54-9] M 184.3, b 99 .5 -100o/3.5mm, n24.7 1.4328. Convert

lauraldehyde to the bisufite addition compound by shaking with saturated aqueous NaHSO3 for 1hour.  The

precipitate is filtered off, washed with ice cold water, EtOH and ether, then decomposed with aqueous Na2CO3.

The aldehyde is extracted into diethyl ether which, after drying and evaporating, gives an oil which is fractionally

distilled under vacuum.  [Beilstein  1 IV 3380.]
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Lauric acid (1-dodecanoic acid) [143-07-7] M 200.3, m 4 4 . 1o, b 141-142o/ 0 .6 -0 .7mm,

2 2 5o/100mm, pK2 0 5.3.  Distil the acid in a vacuum.  Also crystallise it from absolute EtOH, or from

acetone at -25o.  Alternatively, purify it via its methyl ester (b 140.0o/15mm), as described for capric acid.  It

has also been purified by zone melting.  [cf Beilstein  1 III 2913.]

Lauryl peroxide (di-dodecyl peroxide)  [105-74-8] M 398.6, m 53-54o. Crystallise it from n-

hexane or  *benzene and store it below 0o.  Potentially EXPLOSIVE. [cf Beilstein  2 IV 1102.]

Z-Maleamic acid (cis-maleic acid monoamide)  [557-24-4] M 115.1, m 1 7 2o, 172-173o(dec),

178-180o, pKEst ~2.65. Crystallise it from EtOH.  [Beilstein 2 H 752, 2 II 646, 2 III 1927, 2 IV 1927.]

IRRITANT.

Maleic acid  [110-16-7] M 116.1, m 143.5o, pK
1
25  1.91, pK

2
25  6.33.  Crystallise the acid from

acetone/pet ether (b 60-80o) or hot water.  Dry it at 100o.  [Beilstein  2 H 748, 2 I 303, 2 II 641, 2 III 1911,

2 IV 2199.]

Maleic anhydride See furan-2,5-dione in “Heterocyclic Compounds”,   Chapter 4.

Maleic hydrazide  [123-33-1] M 112.1, m 144o(dec), pK
1
25  5.67, pK

2
25  13.3.  Crystallise the

hydrazide from water. Dry it at ~100o  over P2O5.  [Beilstein  24 III/IV 1186.]

Maleimide See pyrrol-2,5-dione  in “Heterocyclic Compounds”,   Chapter  4.

Maleuric acid (Z-N -carbamoylmaleamic acid) [105-61-3] M 158.1, m 167-168o(dec).

Crystallise the acid from hot water.  Dry it at ~100o over H2SO4.  [Batt et al.  J Am Chem Soc 76 3663 1954.]

dl-Malic acid  [617-48-1 and 6915-15-7]  M 134.1, m 128-129o. Crystallise the acid from acetone, then

from acetone/CCl4, or from ethyl acetate by adding pet ether (b 60-70o).  Dry it at 35o under 1mm pressure to

avoid formation of the anhydride.  [Beilstein  3 IV 1124.]

L-Malic acid (S(-)-2-hydroxysuccinic acid) [97-67-6] M 134.1, m 104 .5-106o, [ ]
D

20  - 2 . 3o ( c

8.5, H2O), [ ]
D

20  -30o (c 5.5, pyridine), pK
1
25  3.46, pK

2
25  5.10.  Crystallise S-malic acid

(charcoal) from ethyl acetate/pet ether (b 55-56o), keeping the temperature below 65o.  Or dissolve it by

refluxing in fifteen parts of anhydrous diethyl ether, decant, concentrate to one-third volume and crystallise it at

0o, repeatedly to constant melting point.  [Beilstein  3 IV 1123.]

Malonamide [108-13-4] M 102.1, m 170o. Crystallise the amide from water.  [Beilstein  2 IV 1887.]

Malonic acid  [141-82-2] M 104.1, m 136o, pK
1
25  2.58, pK

2
25  5.69.   Crystallise malonic acid

from *benzene/diethyl ether (1:1) containing 5% of pet ether (b 60-80o), wash with diethyl ether, then

recrystallise it from H2O or acetone.  Dry it under vacuum over conc H2SO4.  [Beilstein  2 IV 1874.]

Malononitrile [109-77-3] M 66.1, m 32-34o, b 1 0 9o/20mm, 113-118o/25mm, 2 2 0o/ 760mm.

Crystallise the nitrile from water, EtOH, *benzene or chloroform.  Distil it in a vacuum from, and store over,

P2O5.  [Bernasconi et al. J Am Chem Soc 107 7692 1985, Gratenhuis J Am Chem Soc 109 8044 1987,

Beilstein  2 IV 1892.]

Meprobamate [2,2-di(carbamoyloxymethyl)pentane] [57-53-4] M 246.3, m 104-106o.

Crystallise it from hot water, aqueous EtOH (m 104-105.5o) or xylene (m 104.1-105.3o).  It can be an addictive

drug.  [Beilstein  3 IV 73.]

2-Mercaptoethanol [60-24-2] M 78.1, b 4 4o/4mm, 5 3 . 5o/10mm, 5 8o/12mm, 6 8o/ 20mm,

7 8 . 5o/40mm, 96-97o (92o)/100mm, 157o/748mm, d
4
20  1.114, n

D
20  1.500, pK25 9.72 (9.43).

Purify it by distilling in a vacuum.  Distilling at atmospheric pressure causes some oxidation and should be
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done in an inert atmosphere.  [Woodward  J Chem Soc 1892 1948.] It has a foul odour, is irritating t o

the eyes, nose and skin — should be handled in an efficient fume cupboard.  It is miscible

with H2O, EtOH, Et2O and *C6H6 and the UV has max at 235nm.  The 2,4-dinitrophenyl thioether has m

101-102o (from EtOH or aqueous MeOH) [Grogen et al. J Org Chem 20 50 1955].  [Beilstein  1 IV 2428.]

Mesaconic acid (methylfumaric acid)  [498-24-8] M 130.1, m 204-205o, pK1 8 4.82. Crystallise

it from H2O or EtOH [Katakis et al. J Chem Soc, Dalton Trans 1491 1986].  [Beilstein  2 IV 2231.]

Mesityl oxide (4-methyl-3-penten-2-one) [141-79-7] M 98.2, b 57o/55mm, 128-129o/ 745mm,

1 1 2o/760mm, n2 4 1.4412, d 0.854, pK2 0 -5.36 (Ho scale, aqueous H2S O4). Purify it by

distillation, preferably in a vacuum or via the semicarbazone  (m 165o) which is decomposed to pure ketone.

The 2,4-dinitrophenylhydrazone (m 205-206o) crystallises from EtOH. [Johnson J Am Chem Soc 7 3  5888

1951, Johnson J Am Chem Soc 75 2720 1953, Erskine & Waight J Chem Soc 3425 1960, Beilstein  1  H

736, 1 I 382, 1 II 793, 1 III 2995, 1 IV 3471.]

-Methacraldehyde (methacrolein)  [78-85-3] M 68.1, b 68.4o, d
4
20  0.849, n

D
20  1 . 4 1 6 .

Fractionally distil it under nitrogen through a short Vigreux column (p 11).  Store it in sealed ampoules.

(Slight polymerisation may occur.)  [Beilstein  1 IV 3455.]

Methacrylamide [79-39-0] M 85.1, m 111-112o. Crystallise the amide from *benzene or ethyl acetate

and dry it under vacuum at room temperature.  [Beilstein  2 IV 1538.]

Methacrylic acid  [79-41-4] M 86.1, b 72o/14mm, 160o/760mm, d
4
20  1.015, n

D
20  1.431, pK2 5

4.65. Aqueous methacrylic acid (90%) is saturated with NaCl (to remove the bulk of the water), then the

organic phase is dried with CaCl2 and distilled under vacuum.  Polymerisation inhibitors should be added  to the

distillate and include 0.25% p-methoxyphenol, 0.1% hydroquinone, or 0.05% N,N'-diphenyl-p-

phenylenediamine.  [Beilstein  2 IV 1518.]

Methacrylic anhydride  [760-93-0] M 154.2, b 65o/2mm, d
4
20  1.040, n

D
20  1.454.  Distil the

anhydride at 2mm pressure, immediately before use, in the presence of hydroquinone.  [Beilstein  2 IV 1537.]

Methacrylonitrile [126-98-7] M 67.1, b 9 0 . 3o, d
4
20  0.800, n

D
20  1.4007, n30 1.3954 .   Wash it

with saturated  aqueous NaHSO3 (to remove inhibitors such as p-tert-butylcatechol), 1% NaOH in saturated NaCl

and then with saturated NaCl.  Dry it with CaCl2 and fractionally distil it under nitrogen to separate it from

impurities such as methacrolein and acetone.  [Beilstein  2 IV 1539.]

Methacryloyl chloride [920-46-7] M 104.5, m - 6 0o, b 95-96o/760mm, 9 8 . 4o/772mm, d2 5

1.076, n
D
20  1.4432. Purify the ester by fractional distillation.  If it contains the acid (OH bands in the IR)

then add  redistilled  SOCl2 (with cooling) and cuprous chloride (ca to 2%), reflux the mixture gently for 1hour

and fractionate it through a 1metre column packed with glass helices.  Redistillation then provides the acid

chloride in high purity as a colourless liquid.  It is necessary to keep the apparatus moisture free (use CaCl2
tubes),  Stabilise it with 0.05% of 2,6-di-tert-butyl-4-methylphenol.  [Lal & Green J Org Chem 20  1032 1955,

Beilstein 2 IV 1537.]

Methane [74-82-8] M 16.0, m -184o, b -164o/760mm, -130o/6.7atmospheres, d
4

0 0.554 (c f

d
4

0 1.00 for air).  Dry methane by passing over CaCl2 and P2O5, then through a Dry-ice trap and fractionally

distil it  from a liquid-nitrogen trap.  Oxygen can be removed by prior passage in a stream of hydrogen over

reduced copper oxide at 500o, and higher hydrocarbons can be removed by chlorinating about 10% of the sample:

the hydrocarbons, chlorides and HCl are readily separated from the methane by condensing the sample in the

liquid-nitrogen trap and fractionally distilling it.  Methane has also been washed with conc H2SO4, then solid

NaOH and then 30% NaOH solution.  It is dried with CaCl2, then P2O5, and condensed in a trap at liquid air

temperature, then transferred  to another trap cooled in liquid nitrogen.  CO2, O2, N2 and higher hydrocarbons

can be removed from methane by adsorption on charcoal.  [Eiseman & Potter J Res Nat Bur Stand 58 213

1957, Beilstein  1 IV 3.]  HIGHLY FLAMMABLE.
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Methanesulfonic acid  [75-75-2] M 96.1, m 2 0o, b 134 .5 -135o/3mm, d
4
20  1.483, n

D
20  1 . 4 3 2 ,

pK25 -1.86 (-1.2).  Dry the acid, either by azeotropic removal of water with *benzene or toluene, or by

stirring 20g of P2O5 with 500mL of the acid at 100o for 0.5hours.  Then distil it under vacuum and fractionally

crystallise it by partial freezing.  Sulfuric acid, if present, can be removed by prior addition of Ba(OH)2 to a

dilute solution, filtering off the BaSO4 and concentrating under reduced pressure;  and is sufficiently pure for

most applications.  [Beilstein  4 IV 10.]

Methanesulfonothio ic  ac id  Na s a l t  ( sod ium methanethiosulfonate,  sodium

methylthiosulfonate) [1950-85-2]  M 134.1, m 265o(dec). Recrystallise the salt from H2O (plates as

monohydrate)  or MeOH.  The potassium salt crystallises from H2O, EtOH or MeOH (thick plates) with m

201-202o [Foss Acta Chem Scand 10 868 1956].  The S-benzylisothiouronium salt has m 141-142o (from

EtOH) [Kurzer & Powell J Chem Soc 3733 1952].  [Beilstein 4 IV 31.]

Methanesulfonyl chloride  [124-63-0] M 114.5. b 55o/11mmm, d
4
20  1.474,  n

D
20  1 . 4 5 2 .

Distil the sulfonyl chloride from P2O5 under vacuum.  It is a strong IRRITANT. [Beilstein  4 IV 27.]

Methanol [67-56-1] M 32.0, b 64.5o, d15 0.79609, d25 1.32663, n15 1.33057, n25 1 . 3 2 6 6 3 ,

pK2 5 15.5.  Almost all methanol is now obtained synthetically.  Likely impurities are water, acetone,

formaldehyde, ethanol, methyl formate and traces of dimethyl ether, methylal, methyl acetate, acetaldehyde,

carbon dioxide and ammonia.  Most of the water (down to about 0.01%) can be removed by fractional

distillation.  Drying with CaO is unnecessary and wasteful.  Anhydrous methanol can be obtained from

"absolute" material by passage through Linde type 4A molecular sieves, or by drying with CaH2, CaSO4, or

with just a little more sodium than required to react with the water present, in all cases the methanol is then

distilled.  Two treatments with sodium reduces the water content to about 5 x 10-5%.  [Friedman et al. J A m

Chem Soc 83 4050 1961.]  Lund and Bjerrum [Chem Ber  64 210 1931] warmed clean dry magnesium

turnings (5g) and iodine (0.5g) with 50-75mL of "absolute" methanol in a flask until the iodine disappeared and

all the magnesium was converted to the methoxide.  Up to 1L of methanol was added and, after refluxing for 2-

3hours, it was distilled off, excluding moisture from the system.  Redistillation from tribromobenzoic acid

removes basic impurities and traces of magnesium oxides, and leaves conductivity-quality material.  The method

of Hartley and Raikes [J Chem Soc 127 524 1925] gives a slightly better product.  This consists of an initial

fractional distillation, followed by distillation from aluminium methoxide, and then ammonia and other volatile

impurities are removed by refluxing for 6hours with freshly dehydrated CuSO4 (2g/L) while dry air is passed

through:  the methanol is finally distilled.  (The aluminium methoxide is prepared by warming with aluminium

amalgam (3g/L) until all the aluminium has reacted.  The amalgam is obtained by warming pieces of sheet

aluminium with a solution of HgCl2 in dry methanol.)  This treatment also removes aldehydes.

If acetone is present in the methanol, it is usually removed prior to drying.  Bates, Mullaly and Hartley [J Chem

Soc 401 1923] dissolved 25g of iodine in 1L of methanol and then poured the solution, with constant stirring,

into 500mL of M NaOH.  Addition of 150mL of water precipitated iodoform.  The solution was allowed to

stand overnight, filtered, then boiled under reflux until the odour of iodoform disappeared,  and fractionally

distilled.  (This treatment also removes formaldehyde.)  Morton and Mark [Ind Eng Chem (Anal Edn) 6 151

1934] refluxed methanol (1L) with furfural (50mL) and 10% NaOH solution (120mL) for 6-12hours, the

refluxing resin carries down with it the acetone and other carbonyl-containing impurities.  The alcohol was then

fractionally distilled.  Evers and Knox [J Am Chem Soc 73 1739 1951], after refluxing 4.5L of methanol for

24hours with 50g of magnesium, distilled off 4L of it, which they then refluxed with AgNO3 for 24hours in the

absence of moisture or CO2.  The methanol was again distilled, shaken for 24hours with activated alumina

before being filtered through a glass sinter and distilled under nitrogen in an all-glass still.  Material suitable for

conductivity work was obtained.

Variations of the above methods have also been used.  For example, a sodium hydroxide solution containing

iodine has been added to methanol and, after standing for 1day, the solution has been poured slowly into about a

quarter of its volume of 10% AgNO3, shaken for several hours, then distilled.  Sulfanilic acid has been used

instead of tribromobenzoic acid in Lund and Bjerrum's method.  A solution of 15g of magnesium in 500mL of

methanol has been heated under reflux, under nitrogen, with hydroquinone (30g), before degassing and distilling

the methanol, which was subsequently stored with magnesium (2g) and hydroquinone (4g per 100mL).

Refluxing for about 12hours removes the bulk of the formaldehyde from methanol: further purification has been
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obtained by subsequent distillation, refluxing for 12hours with dinitrophenylhydrazine (5g) and H2SO4 (2g/L),

and again fractionally distilling.  [Beilstein  1 IV 1227.]

Rapid purification:  Methanol purification is the same as for ethanol.

Another simple purification procedure consists of adding 2g of NaBH4 to 1.5L methanol, gently bubbling argon

through it and refluxing for a day at 30o, then adding 2g of freshly cut sodium (washed with methanol) and

refluxing for 1day before distilling. The middle fraction is taken.  [Jou & Freeman J Phys Chem 81 909 1977.]  

Methoxyacetic acid  [625-45-6] M 90.1, b 97o/13-14mm, d
4
20  1.175, n

D
20  1.417, pK2 5 3 . 5 7 .

Fractionally crystallise the acid by repeated partial freezing, then fractionally distil it under vacuum through a

vacuum-jacketed Vigreux column ~20cm long (p 11).  [Beilstein  3 IV 574.]

Methoxyamine hydrochloride  [593-56-6] M 83.5, m 151-152o, pK2 5 4.60. Crystallise the

hydrochloride from absolute EtOH or EtOH by addition of diethyl ether.  [Kovach et al. J Am Chem Soc 1 0 7

7360 1985, Beilstein  1 IV 1252.]

2-Methoxyethanol (methylcellosolve) [109-86-4] M 76.1, b 1 2 4 . 4o, d
4
20  0.964, n

D
20  1 . 4 0 1 7 ,

pK2 5 14.8. Peroxides can be removed by refluxing with stannous chloride or by filtration under slight

pressure through a column of activated alumina.  2-Methoxyethanol can be dried with K2CO3, CaSO4, MgSO4

or silica gel, then distilled from sodium.  Aliphatic ketones (and water) can be removed by making the solvent

0.1% in 2,4-dinitrophenylhydrazine and allowing to stand overnight with silica gel before fractionally distilling.

[Beilstein  1 IV 2375.]

2-Methoxyethoxymethylchloride (MEMCl) [3970-21-6] M 124.6, b 50-52o/13mm, 140-

1 4 5o(dec)/atm, d
4
20  1.092, n

D
20  1.427. Possible impurities are methoxyethanol (b 124o/atm), HCHO and

HCl which can be removed below the boiling point of MEMCl.  Purify MEMCl by fractional distillation in a

vacuum.  If too impure, prepare it from methoxyethanol (152g) and  s-trioxane (66g) by bubbling a stream of

dry HCl (with stirring) until a clear mixture is obtained.  Dilute with pentane (900mL), dry (3hours over 100g

MgSO4, at 5o), evaporate and the residue is distilled in a vacuum.  It is MOISTURE SENSITIVE and TOXIC.

The MEM.NEt3
+Cl- salt, prepared by reaction with 1.3 equivalents of Et3N (16hours/25o) and dried in a vacuum,

has m 58-61o, and is moisture sensitive.  [Corey et al. Tetrahedron Lett 809 1976,  Yoshimatsu et al. J Org

Chem 59 1011 1994, Greene & Wuts Protective Groups in Organic Synthesis  3rd edn,  J Wiley & Sons NY

1991.] Carcinogen.

2 -Methoxyethylamine [109-85-3] M 75.1, b 94o, d
4
20  0.874, n

D
20  1.407, pK2 5 9.40. An

aqueous 70% solution of the amine is dehydrated by azeotropic distillation with *benzene or methylene chloride

and the amine is distilled twice from zinc dust.  Store it in a tight container as it absorbs CO2 from the

atmosphere.  [Beilstein  4 IV 1411.]

8-Methoxypsoralen See xanthotoxin in “Miscellaneous Compounds”,  Chapter 6.

N-Methylacetamide [79-16-3] M 73.1, m 3 0o, b 70-71o/2.5-3mm, pK
1
25  -3.70, pK

2
25  - 0 . 4 2 .

Fractionally distil it under vacuum, then fractionally crystallise it twice from its melt.  Likely impurities include

acetic acid, methyl amine and H2O.  For a detailed purification procedure,  see Knecht and Kolthoff, Inorg Chem

1 195 1962.  Although N-methylacetamide is commercially available it is often extensively contaminated with

acetic acid, methylamine, water and an unidentified impurity.  The recommended procedure is to synthesise it in

the laboratory by direct reaction.  The gaseous amine is passed into hot glacial acetic acid, to give a partially

aqueous solution of methylammonium acetate which is heated to ca 130o to expel water. Chemical methods of

purification such as extraction by pet ether, treatment with H2SO4, K2CO3 or CaO can be used but are more

laborious.

Tests for purity include the Karl Fischer titration for water; this can be applied directly.  Acetic acid and

methylamine can be detected  polarographically.

In addition to the above, purification of N-methylacetamide can be achieved by fractional freezing, including zone

melting, repeated many times, or by vacuum distillation under reduced pressures.  For details of zone melting

techniques, see Knecht in Recommended Methods for Purification of Solvents and Tests for Impurities, Coetzee

Ed. Pergamon Press 1982.  [Beilstein  4 IV 176.]
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Methyl acetate  [79-20-9] M 74.1, b 56.7-57.2o, d
4
20  0.934. n

D
20  1.36193, n

D
25 1.3538, pK20 -

7.28 (Ho scale, aqueous H2S O4). Methanol in methyl acetate can be detected by measuring its solubility

in water.  At 20o, the solubility of methyl acetate in water is ca 35g per 100mL, but 1% MeOH confers

complete miscibility.  Methanol can be removed by conversion to methyl acetate, by refluxing for 6hours with

acetic anhydride (85mL/L), followed by fractional distillation.  Acidic impurities can be removed by shaking

with anhydrous K2CO3 and distilling.  An alternative treatment is with acetyl chloride, followed by washing

with concentrated  NaCl and drying with CaO or MgSO4.  (Solid CaCl2 cannot be used because it forms a

crystalline addition compound.)  Distillation from copper stearate destroys peroxides.  Free alcohol or acid can be

eliminated from methyl acetate by shaking with strong aqueous Na2CO3 or K2CO3 (three times), then with

aqueous 50% CaCl2 (three times), saturated aqueous NaCl (twice), drying with K2CO3 and distilling it  from

P2O5.  [Beilstein  2 IV 122.]

Methyl acetimidate hydrochloride  [14777-27-6] M 109.6, m 93-95o, 1 0 5o(dec), pKEst ~ 5 . 5 .

Crystallise the imidate from methanol by adding dry ether to a ratio of 1:1 and cooling at 0o.  Filter off the

crystals in a cold room, wash them with methanol/ether (1:2), then dry in a vacuum.  [Hunter & Ludwig J A m

Chem Soc 84 3491 1962.]  The free base has b 90-91o/765mm, d
4

20
 0.867, n

D

20
1.403.  [Hunter & Ludwig

Methods Enzymol 25 585 1973, Beilstein  2 IV 181.]

Methyl acrylate  [96-33-3] M 86.1, b 80o, d
4
20  0.9535, n

D
20  1.4040.  Wash the ester repeatedly

with aqueous NaOH until free from inhibitors (such as hydroquinone), then wash it with distilled water, dry

(CaCl2) and fractionally distil it under reduced pressure in an all-glass apparatus.  Seal it under nitrogen and store

it at 0o in the dark.  [Bamford & Han J Chem Soc, Faraday Trans 1 78 855 1982, Beilstein  2 IV 1457.]

Methylamine (gas) [74-89-5] M 31.1, b -7.55o/719mm, pK2 5 10.62. Dry the amine with sodium

or BaO.  It is commercially available in metal cylinders.  [Beilstein  4 IV 118.]

Methylamine hydrochloride  [593-51-1] M 67.5, m 231 .8 -233 .4o, b 225-230o/15mm, pK2 5

10.62. Crystallise the salt from n-butanol, absolute EtOH or MeOH/CHCl3.  Wash it with CHCl3 to remove

traces of dimethylamine hydrochloride.  Dry it under vacuum first with H2SO4 then P2O5.  It is deliquescent;

store it in a desiccator  over P2O5.  [Beilstein  4 IV 122.]

Methyl bromide  [74-83-9] M 94.9, b 3 . 6o. Purify it by bubbling through conc H2SO4, followed by

passage through a tube containing glass beads coated with P2O5.  Also purify it by distillation from AlBr3 at      

-80o, by passage through a tower of KOH pellets and by partial condensation.  [Beilstein  1 IV 68.]

2-Methylbutane (isopentane)  [78-78-4] M 72.2, b 2 7 . 9o, d
4
20  0.621, n

D
20  1.35373, n

D
25

1.35088. Stir isopentane for several hours in the cold with conc H2SO4 (to remove olefinic impurities), then

wash it with H2O, aqueous Na2CO3 and H2O again.  Dry it with MgSO4 and fractionally distil it using a Todd

column packed with glass helices.  Material transparent down to 180nm is obtained by distilling from sodium

wire, and passing through a column of silica gel which had previously been dried in place at 350o for 12hours

before use.  [Potts J Phys Chem 20 809 1952, Beilstein  1 IV 320.]

2-Methyl-1-butanol [137-32-6, RS(±) 34713-94-5, S(-) 1565-80-6] M 88.2, b 1 3 0o(R S ) ,

1 2 8 . 6o(S ), [ ]
D

25  -5.8o (neat), d
4
20  0.809, n52 1.4082.  Reflux the butanol with CaO, distil, reflux

with magnesium and again fractionally distil it.  A small sample of highly purified material is obtained by

fractional crystallisation after conversion into a suitable ester such as the trinitrophthalate or the 3-

nitrophthalate.  The latter is converted to the cinchonine salt in acetone and recrystallised from CHCl3 by adding

pentane.  The salt is saponified, extracted with ether, and fractionally distilled.  [Terry et al. J Chem Eng Data 5

403 1960, Beilstein  1 IV 1666.]

3-Methyl-2-butanol [598-75-4] M 88.2, b 1 1 1 . 5o, d
4
20  0.807, n

D
20  1.4095, n

D
25  1 . 4 0 7 6 .

Reflux it with magnesium, then fractionally distil it.  [Beilstein  1 IV 1675.]
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3-Methyl-2-butanone (methyl isopropyl ketone) [563-80-4] M 86.1, b 93-94o/752mm, d
4
20

0.818, n 1.410, pK2 5 -7.1 (aqueous H2S O4). Reflux the ketone with a little KMnO4.  Fractionate it

through a spinning-band column, dry with CaSO4 and distil it.  [Beilstein  1 IV 3287.]

2-Methyl-2-butene see amylene above.

2-Methyl-3-butyn-2-amine (1,1-dimethylpropargylamine, 3-amino-3-methyl-1-butyne)

[2978-58-7] M 83.1, b 79-80o/760mm, d
4

25  0.790, n
D
25  1.4183, pKEst ~8.0. Dissolve the amine

in Et2O, dry over anhydrous K2CO3, filter, evaporate and distil (preferably under N2).  Store it away from CO2.

The hydrochloride  [2978-59-8] has m 234o (from EtOH/Et2O).  The benzoyl derivative  has m 152-153o (from

EtOH).  [Hennion & Teach J Am Chem Soc 75 1653 1953, Hennion & DiGiovanna J Org Chem 30 2645

1965.]

Methyl n-butyrate [623-42-7] M 102.1, b 102.3o/760mm, d
4
20  0.898, n

D
20  1.389.  Treat the

ester with anhydrous CuSO4, then distil it under dry nitrogen.  [Beilstein  2 IV 786.]

S -(+)-2-Methylbutyric acid [1730-91-2] M 102.1, b 64o/2mm, 78o/15mm, 90-94o/ 23mm,

174-175o/atm, d
4
20  0.938, n

D
20  1.406, [ ]

546

20  +23o, [ ]
D

20  + 1 9 . 8o (neat), [ ]
D

13 + 1 8 . 3o (c 6 ,

EtOH), pK2 5 4.76 (for RS). Purify the acid by distilling it in vacuo [Sax & Bergmann J Am Chem Soc

77 1910 1955, Doering & Aschner J Am Chem Soc 75 393 1953 ].  The methyl ester is formed by addition of

diazomethane  and has b 112-115o/760mm, [ ]
D

27  +21.1o (c 1.7, MeOH).  [Beilstein  2 IV 888.]

Methyl carbamate  [598-55-0] M 75.1, m 54 .4 -54 .8o, 56 -58o, b 176-177o/~760mm.     

Crystallise the carbamate from *benzene or distil it.  [Beilstein  3 H 21.]

Methyl chloride  [74-87-3] M 50.5, b -24.1o. Bubble methyl chloride through a sintered-glass disc

dipped into conc H2SO4, then wash it with water, condense it at low temperature and fractionally distil it.  It has

been distilled from AlCl3 at -80o.  Alternatively, pass it through towers containing AlCl3, soda-lime and P2O5,

then condense and fractionally distil it.  Store it as a gas.  [Beilstein  1 IV 28.]

Methyl chloroacetate  [96-34-4] M 108.5, b 129-130o, d
4
20  1.230, n

D
20  1.423.  Shake the ester

with saturated aqueous Na2CO3 (three times), aqueous 50% CaCl2 (three times), saturated aqueous NaCl (twice),

dry (Na2SO4) and fractionally distil it.  Very toxic.  [Beilstein  2 IV 480.]

R-(+) Methyl 2-chloropropionate [77287-29-7] M 122.6, b 49-50o/35mm, 78-80o/ 120mm,

132-134o/760mm, d
4
20  1.152, n

2 0
D  1.417, [ ]

D

20  + 2 6o ( 1 9 . 0o) (neat).  Purify the ester by repeated

distillation [Walker J Chem Soc 67 916 1895, Walden Chem Ber 28 1293 1985, see also Gless Synth

Commun 16 633 1986].  [Beilstein  2 H 248.]

Methyl cyanoacetate  [105-34-0] M 99.1, f -13o, b 1 1 5o/36mm, 200 .4 -200 .9o/761mm, d
4
20

1.128, n
D
20  1.420.  Purify the ester by shaking with 10% Na2CO3 solution, wash well with water, dry with

anhydrous Na2SO4, and distil it.  [Beilstein  2 H 584, 2 I 253, 2 II 530, 2 III 1628, 2 IV 1889.]

Methyl cyanoformate  [17640-15-2] M 85.1, b 8 1o/47mm, 9 7o/751mm, 100-101o/ 760mm,

d
4
20  1.072, n

D
20  1.37378.  Purify the ester by fractionation through a 45cm glass helices packed column or

a 30cm spinning band column. [Sheppard J Org Chem 27 3756 1962.]  It has been distilled through a short

Vigreux column (p 11), and further purified by recrystallisation from Et2O at -40o as white crystals which melt

at room temperature.  NMR:  4.0 ( C 3), and IR: max 2250 (CN) and 1750 (CO) cm-1.  [Childes & Weber J

Org Chem 41 3486 1976, Beilstein  2 III 1587.]

Methyl decanoate (methyl caprate) [110-42-9] M 186.3, b 1 1 4o/15mm, 2 2 4o/760mm, d
4
20

0.874, n
D
20  1.426. Pass the ester through alumina before use and distil in a vacuum. [Beilstein  2 IV 1044.]

Methyl dodecanoate (methyl laurate) [111-82-0]   M 214.4, m 5o, b 1 4 1o/15mm, d
4
20  0 . 8 7 0 ,

n50 1.4199. Pass the ester through alumina before use, and distil it in a vacuum.  [Beilstein  2 IV 1090.]
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N-Methyleneaminoacetonitrile (MAAN) [109-82-0] M 68.1, m 1 2 9o. Crystallise MAAN from

EtOH or acetone.  It crystallises nicely from H2O but with considerable loss of material.  It is an inhibitor of

bone growth.  [Adams & Langley Org Synth Coll Vol I 355 1941.]

Methyl ether (dimethyl ether) [115-10-6] M 46.1,  m -141o,  b - 6 3 . 5o/ 96 .5mm,            

- 2 4o/~760mm, d25 1.918/L (at 1 atmosphere relative to air as 1).  Dry methyl ether by passing

over alumina and then BaO, or over CaH2, followed by fractional distillation at low temperatures.  Its solubility

is 37mL per mL of H2O at 18o, and it is very soluble in EtOH and Et2O.  [Beilstein  1 IV 1245.]

N-Methyl ethylamine hydrochloride  [624-60-2] M 95.6, m 126-130o, pK2 5 10.9 (free base).

Crystallise the hydrochloride from absolute EtOH or diethyl ether.  Dry it in vcuo.  [Beilstein  4 H 94.]

N-Methyl formamide  [123-39-7] M 59.1, m - 3 . 5o, b 1 0 0 . 5o/25mm, d
4
20  1.005., n52 1 . 4 3 0 6

Dry it over molecular sieves for 2days, then distil it under reduced pressure through a column packed with glass

helices.  Fractionally crystallise it by partial freezing and the solid portion is distilled in a vacuum.  [Beilstein

4 IV 170.]

Methyl formate  [107-31-3] M 60.1, b 31.5o, 3 4o, d
4
20  0.971, n15 1.34648, n

D
20  1 . 3 4 3 3 2 .

Wash the formate with strong aqueous Na2CO3, dry it with solid Na2CO3 and distil it from P2O5.  (Procedure

removes free alcohol or acid.)  [Beilstein  2 IV 20.]

2-Methylglutaric acid  [18069-17-5]  M 146.1, m 79o, pK
1
25  4.36, pK

2
25  5.37.  Crystallise the

acid from distilled water, then dry it under vacuum over conc H2SO4.  [Beilstein  2 IV 1989.]

3-Methylglutaric acid  [626-51-7] M 146.1, m 87o, pK
1
25  4.35, pK

2
25  5.44.  Crystallise the acid

from distilled water, then dry it under vacuum over conc H2SO4.  [Beilstein  2 IV 1992.]

Methylglyoxal [78-98-8] M 72.1, b ca  72o/760mm. Commercial 30% (w/v) aqueous solution is

diluted to about 10% and distilled twice, taking the fraction boiling below 50o/20mm Hg.  (This treatment does

not remove lactic acid).  [Beilstein  1 IV 3631.]

2-Methylhexane [591-76-4] M 100.2, b 90.1o, d
4
20  0.678, n

D
20  1.38485, n

D
20  1.38227.  Purify

it by azeotropic distillation with MeOH, then wash it with water (to remove the MeOH), dry it over type 4A

molecular sieves and distil it.  [Beilstein  1 IV 397.]

3-Methylhexane [589-34-4] M 100.2, b 91.9o, d
4
20  0.687, n

D
20  1.38864, n

D
20  1.38609.  Purify

it as for 2-methylhexene.  [Beilstein  1 IV 399.]

Methyl hexanoate (methyl caproate) [106-70-7] M 130.2, b 5 2o/15mm, 1 5 0o/760mm, d
4
20

0.885, n
D
20  1.410.  Pass it through alumina and distil it before use.  [Beilstein  2 IV 921.]

Methylhydrazine [60-34-4] M 46.1, b 87o/745mm, d
4
20  0.876, n

D
20  1.436, pK3 0 7.87.  Dry

with BaO, then distil it in a vacuum.  Store it under nitrogen.  [Beilstein  4 IV 3322.]

Methyl hydrazinocarboxylate  [6294-89-9] M 90.1, m 70-73o, b 1 0 8o/12mm. To remove

impurities, the material is melted and pumped under vacuum until the vapours are spectroscopically pure

[Caminati et al. J Am Chem Soc 108 4364 1986].  Distil it in a vacuum.  [Beilstein  3 I 46.]

Methyl iodide  [74-88-4] M 141.9, b 42.8o, d
4
20  2.281, n

D
20  1.5315.  Methyl iodide deteriorates

rapidly with liberation of iodine if exposed to light. It is usually purified by shaking with dilute aqueous

Na2S2O3 or NaHSO3 until colourless, then washing with water, dilute aqueous Na2CO3, and more water, drying

with CaCl2 and distilling.  It is stored in a brown bottle away from sunlight in contact with a small amount of

mercury, powdered silver or copper. (Prolonged exposure of mercury to methyl iodide forms methylmercuric

iodide.)  Methyl iodide can be dried further using CaSO4 or P2O5.  An alternative purification is by percolation
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through a column of silica gel or activated alumina, then distillation.  The solution can be degassed by using a

repeated freeze-pump-thaw cycle.  [Beilstein  1 IV 87.]

O -Methylisourea hydrogen sulfate  (2-methylpseudourea sulfate) [29427-58-5] M 172.2, m

114-118o, 119o.  Recrystallise the salt from MeOH/Et2O (327g of salt dissolved in 1L of MeOH and 2.5L of

Et2O is added) [Fearing & Fox J Am Chem Soc 76  4382 1954 ].  The picrate has m 192o [Odo et al. J Org

Chem 23 1319 1958].  [Beilstein  3 IV 143.]

N-Methyl maleimide  [930-88-1] M 111.1, m 94-96o. Crystallise the imide three times from diethyl

ether.  Dry it in vacuo.  [Beilstein  21/10 V 5.]

Methylmalonic acid  [516-05-2] M 118.1, m 135o(dec), pK
1
25  3.05, pK

2
25  5.76.  The acid

crystallises as the hydrate from water.   [Beilstein  2 IV 1932.]

Methyl methacrylate  [80-62-6] M 100.1, f -50o, b 46o/100mm, 100o/~760mm, d
4
20  0.937,

n
D
20  1.4144.  Wash the ester twice with aqueous 5% NaOH (to remove inhibitors such as hydroquinone) and

twice with water.  Dry it with CaCl2, Na2CO3, Na2SO4 or MgSO4, then with CaH2 under nitrogen under

reduced pressure.  The distillate is stored at low temperatures and redistilled before use.  Prior to distilling,

inhibitors such as hydroquinone (0,004%), ß-naphthylamine (0.2%) or di- -naphthol are sometimes added.  Also

purify it by boiling with aqueous H3PO4 solution and finally with saturated NaCl solution.  It is dried for

24hours over anhydrous CaSO4, distilled at 0.1mm Hg at room temperature and stored at -30o [Albeck et al. J

Chem Soc, Faraday Trans 1 1 1488 1978].  [Beilstein  2 II 398, 2 III 1279, 2 IV 1519.]

Methyl methanesulfonate [66-27-3] M 110.3, b 59o/0.6mm, 96-98o/19mm, d
4
20  1.300, n

D
20

1.4140.   Purify the ester by careful fractionation and collecting the middle fraction.  Suspected

CARCINOGEN. Note that MeSO3H has b  167-167.5o/10mm and methanesulfonic anhydride has b

138o/10mm)—both are possible impurities.  [Beilstein  4 IV 11.]

Methyl methanethiolsulfonate [2949-92-0] M 126.2, b 69-71o/0.4mm, 96-97o/4.5mm, 104-

1 0 5o/10mm, 119o/16mm, d
4
20  1.226, n

D
20  1 . 5 1 5 .   Purify it by fractional distillation under reduced

pressure, IR: max 1350, 750 cm-1.  [Applegate et al. J Org Chem 38 943 1973, Beilstein  4 IV 31.]

Methyl nitrate [598-58-3] M 77.0, b 5o/50mm, 6 5o/760mm, d5 1.2322, d15 1.2167, d25

1.2032. Wash MeONO2 once with H2O then again with H2O containing a few drops of concentrated NaOH

to keep it slightly  alkaline  (litmus).  Dry the ester over anhydrous CaCl2, decant it and use it directly. It is

possible to distil it under a vacuum with slow and gentle heating, as a sudden rise in temperature can cause

decomposition with copious release of nitrous fumes (use extreme precautions and protection).   The middle

fraction can then be subjected to several freeze-pump-thaw cycles.  [Black & Bakers Org Synth Col Vol II 412

1943.]  [Beilstein  1 H 284, 1 I 141, 1 II 273, 1 III 1201, 1 IV 1254.]   The VAPOUR CAN EXPLODE

ON HEATING.

Methyl nitrite  [624-91-9] M 61.0, b -18o, -17o, d15 (liquid) 0.991.  Condense MeONO in a liquid

nitrogen trap.  Distil the greenish liquid under vacuum (preferably in a vacuum line), into the first trap

containing dry Na2CO3 to free it from acid impurities then into further Na2CO3 and fused CaCl2 traps before

collection at -78o.  It has been distilled through columns that are surrounded  by Et2O/Dri-Ice cooled to -30o.

[Leermakers & Ramsperger J Am Chem Soc 54 1838 1932, Thompson & Purkis Trans Farad Soc 3 2  675

1936, Beilstein  1 H 284, 1 I 141, 1 II 273, 1 III 1201, 1 IV 1253.]  CARCINOGEN.

2-Methyl-2-nitro-1,3-propanediol [77-49-6] M 135.1, m 145o,  147-148o, 1 4 9 - 1 5 0o,

Crystallise it from n-butanol or Me2CO (m 150.6o).  It decomposes on attempted distillation at 10mm.   Its

solubility in H2O is 80g/100mL at 20o.  [Beilstein  1 H 489, 1 II 547, 1 III 2190, 1 IV 2537.]

2-Methyl-2-nitro-1-propanol [76-39-1] M 119.1, m 87-88o, b 94-95o/10mm. Distil it under

vacuum and/or crystallise it from pet ether  or MeOH. [Astle & Abbott J Org Chem 21 1229 1956, Kambe &

Yasuda Bull Soc Chem Jpn 41 1444 1968, Beilstein  1 H 378, 1 III 1546, 1 IV 1604.]
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3-Methyloctane [2216-33-3] M 128.3, b 142-144o/760mm, d
4
20  0.719, n

D
20  1.407. Take it

through a silica gel column and distil it.  [Klassen & Ross J Phys Chem  91 3668 1987, Beilstein  1 IV 455]

Methyl octanoate (methyl caprylate) [111-11-5] M 158.2, b 83o/15mm, 193-194o/ 760mm,

d
4
20  0.877, n

D
20  1.419.  Pass the ester through alumina and distil it before use.  [Beilstein  2 IV 986.]

Methyl oleate (methyl cis-9-octadecenoate) [112-62-9] M 296.5, f -19.9o, b 2 1 7o/16mm, d
4
20

0.874, n
D
20  1.4522.  Purify the oleate by fractional distillation under reduced pressure, and by low

temperature crystallisation from acetone.  Store it in the dark under  N2. [Beilstein  2 IV 1649.]

Methylpentane (mixture of isomers).  Pass the mixture through a long column of activated silica gel

(or alumina) and collect material that is transparent down to 200nm in the UV.

2-Methylpentane [107-83-5] M 86.2, b 60.3o, d
4
20  0.655, n

D
20  1.37145, n

D
25  1.36873.  Purify

it by azeotropic distillation with MeOH, followed by washing out the MeOH with water, drying (CaCl2, then

sodium), and distilling it.  [Forziati et al. J Res Nat Bur Stand  36 129 1946.]

3-Methylpentane [96-14-0] M 86.2, b 63.3o, d
4
20  0.664, n

D
20  1.37652, n

D
25  1.37384. Purify it

by azeotropic distillation with MeOH, as for 2-methylpentane.  Purify it for ultraviolet spectroscopy by passing

it through columns of silica gel or alumina activated by heating for 8hours at 210o under a stream of nitrogen.

Alternatively treat it with conc (or fuming) H2SO4, then wash it with water, aqueous 5% NaOH, water again,

then dry (CaCl2, then sodium), and distil it through a long, glass helices-packed,  column. [Beilstein 1 IV 363.]

2-Methyl-2,4-pentanediol [107-41-5] M 118.2, b 107.5-108.5o/25mm, d
4
20  0.922, n

D
25

1.4265. Dry the diol with Na2SO4, then CaH2 and fractionally distil it under reduced pressure through a

packed column, taking precautions to avoid absorption of water.  [Beilstein  1 IV 2565.]

2-Methyl-1-pentanol [105-30-6] M 102.2, b 65-66o/60mm, 146-147o/760mm, d
4
20  0 . 8 2 7 ,

n
D
20  1.420.  Dry the 1-pentanol with Na2SO4 and distil it.  [Beilstein  1 IV 1713.]

4-Methyl-2-pentanol [108-11-2] M 102.2, b 131-132o, d
4
20  0.810, n 1.413.  Wash the 2-

pentanol with aqueous NaHCO3, dry and distil it. Purify it further by converting it to the phthalate ester by

adding 120mL of dry pyridine and 67g of phthalic anhydride per mole of alcohol, purifying the ester and steam

distilling it in the presence of NaOH.  The distillate is extracted with ether, and the extract is dried and

fractionally distilled.  [Levine & Walti J Biol Chem  94 367 1931, Beilstein  1 IV 1717.]

3-Methyl-3-pentanol carbamate (Emylcamate) [78-28-4] M 145.2, m 56-58.5o. Crystallise the

carbamate from 30% aqueous EtOH.  [Beilstein  1 IV 1773.]

4-Methyl-2-pentanone (methyl isobutyl ketone)  [108-10-1] M 100.2, b 1 1 5 . 7o/~760mm d
4
20

0.801, n 1.3958, n
D
25 1.3938. Reflux the ketone with a little KMnO4, wash it with aqueous NaHCO3,

dry with CaSO4 and distil it.  Acidic impurities are removed by passage through a small column of activated

alumina.  [Beilstein  1 IV 3305.]

2-Methyl-1-pentene [763-29-1] M 84.2, b 61.5-62o, d
4
20  0.680, n

D
20  1.395.  Water is removed,

and formation of peroxides is prevented by several vacuum distillations of 2-methyl-1-pentene from sodium. It is

stored  with sodium-potassium alloy.  [Beilstein  1 IV 841.]

cis-4-Methyl-2-pentene [691-38-3] M 84.2, m -134.4o, b 57.7-58.5o, d
4
20  0.672, n

D
20  1 . 3 8 8 .

Dry the cis-pentene with CaH2, and distil it.  [Beilstein  1 IV 841.]

trans-4-Methyl-2-pentene [674-76-0] M 84.2, m -140 .8
o
, b 5 8 . 5

o
, d

4
20  0.669, n

D
20  1 . 3 8 9 .

Dry the trans-isomer with CaH2, and distil it.  [Beilstein  1 IV 844.]
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2-Methylpropane-1,2-diamine (1,2-diamino-2-methylpropane) [811-93-8] M 88.2, b 47-

4 8o/17mm, pK
1
25  6.25 (6.18), pK

2
25  9.82 (9.42).  Dry the diamine with sodium for 2 days, then distil

it from sodium under reduced  pressure.  [Beilstein  4 IV 1306.]

2-Methylpropane-1-thiol (isobutylmercaptan) [513-44-0] M 90.2,  b 4 1 . 2o/ 142mm,

8 8 . 5o/760mm, n
D
25  1.43582, pKEst ~10.8. Dissolve the thiol in EtOH, and add  to 0.25M Pb(OAc)2 in

50% aqueous EtOH.  The precipitated lead mercaptide is filtered off, washed with a little EtOH, and impurities

are removed from the molten salt by steam distillation.  After cooling, dilute HCl is added dropwise to the

residue, and the mercaptan is distilled directly from the flask.  Water is separated from the distillate, and the

mercaptan is dried (Na2CO3) and distilled under nitrogen.  [Mathias J Am Chem Soc 72 1897 1950, Beilstein 1

H 378, 1 I 191, 1 II 412, 1 III 1565, 1 IV 1605.]

2-Methylpropane-2-thiol (tert-butylmercaptan) [75-66-1] M 90.2,  b 6 1 . 6o/ 701mm,

6 6o/760mm, d
4
25 0.79426, n

D
25 1.41984, pK2 5 11.22.  Dry the thiol for several days over CaO, then

distil it from CaO.  Purify it as for 2-methylpropane-1-thiol above.  [Beilstein  1  H 383, 1  II 416, 1  III 1589,

1 IV 1634.]

2-Methyl-1-propanol (isobutanol)  [78-83-1] M 74.1, b 107.9o760mm, d
4
20  0.804, n15

1.39768, n
D
25 1.3939. Isobutanol is dried by refluxing with CaO and BaO for several hours, followed by

treatment with calcium or aluminium amalgam, then fractional distilling it from sulfanilic or tartaric acids.

More exhaustive purifications involve formation of phthalate or borate esters.  Heating it with phthalic

anhydride gives the acid phthalate which, after crystallisation to constant melting point (m 65o) from pet ether,

is hydrolysed with aqueous 15% KOH.  The alcohol is distilled off as the water azeotrope and dried (K2CO3, then

anhydrous CuSO4), and finally magnesium turnings, followed by fractional distillation.  [Hückel & Ackermann

J Prakt Chem 136 15 1933.]  The borate ester is formed by heating the dried alcohol for 6hours in an autoclave

at 160-175o with a quarter of its weight of boric acid.  After fractional distillation under vacuum, the ester is

hydrolysed by heating for a short time with aqueous alkali and the alcohol is dried with CaO and distilled.

[Michael et al. J Am Chem Soc 38 653 1916.]  Alternatively dry the alcohol with K2CO3, CaSO4 or CaCl2,

filter and fractionally distil it.  For further drying, the redistilled alcohol can be refluxed with the appropriate

alkyl phthalate or succinate as described under ethanol.  [Beilstein  1 IV 1588.]

Methyl propiolate [922-67-8] M 84.1, b 1 0 0o/atm, 1 0 2o/atm, 103-105o/atm, d
4
20  0.945, n

D
20

1.4080. Purify the propiolate by fractional distillation and collecting the middle fraction, note that propiolic

acid has a high b [144o(dec)/760mm].  [Beilstein  2 IV 1688.]  LACHRYMATORY.

N-Methylpropionamide [1187-58-2] M 87.1, f -30.9o, b 1 0 3o/12-13mm, d
4
20  0.934, n

D
25

1.4356. The amide is a colourless, odourless, neutral liquid at room temperature with a high dielectric

constant.  The amount of water present can be determined directly by Karl Fischer titration, GLC and NMR have

been used to detect unreacted propionic acid.  Commercial material of high quality is available, probably from

the condensation of anhydrous methylamine with 50% excess of propionic acid.  Rapid heating to 120-140o with

stirring favours the reaction by removing water either directly or as the ternary xylene azeotrope.  The quality of

the distillate improves during the distillation.

N-Methylpropionamide can be dried over CaO.  Water and unreacted propionic acid are removed as their xylene

azeotropes.  It is then distilled in a vacuum.  Material used as an electrolyte solvent (specific conductance less

than 10-6 ohm-1 cm-1) is obtained by fractional distillation under reduced pressure, and storage over BaO or

molecular sieves because it readily absorbs moisture from the atmosphere on prolonged storage. [Hoover Pure

Appl Chem 37 581 1974, Recommended Methods for Purification of Solvents and Tests for Impurities,

Coetzee Ed., Pergamon Press, 1982, Beilstein  4 IV 183.]

Methyl propionate  [554-12-1] M 88.1, b 79.7o. Wash the ester with saturated aqueous NaCl, then dry

it with Na2CO3 and distil it from P2O5.  (This removes any free acid and alcohol.)  It has also been dried with

anhydrous CuSO4.  [Beilstein  2 IV 104.]
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Methyl n-propyl ether  [557-17-5] M 74.1, b 3 9o/743mm d
4
20  0.736, n14 1.3602, pK2 5 - 3 . 7 9

(aqueous H2S O4). Dry it with CaSO4, then pass the ether through a column of alumina (to remove

peroxides) and fractionally distil it.  [Beilstein 1 H 354, 1 I 178, 1 II 367, 1 III 1413, 1 IV 1421.]

Methyl n-propyl ketone (pentan-2-one) [107-87-9] M 86.1, b 102.4o, d
4
20  0.807, n

D
20  1 . 3 9 0 3 .

Purify the ketone by refluxing it with a little KMnO4, dry it with CaSO4 and distil it.  It can be converted to its

bisulfite addition compound by shaking with excess saturated aqueous NaHSO3 at room temperature, cooling to

0o, filtering, washing with diethyl ether and drying.  Steam distillation of the adduct gives a distillate from

which the ketone is recovered, washed with aqueous NaHCO3 and distilled water, dried (K2CO3) and fractionally

distilled.  [Waring & Garik J Am Chem Soc 78 5198 1956, Beilstein  1 IV 3271.]

(±)-3-Methyl-1-propyn-3-ol carbamate (Meparfynol carbamate) [302-66-9] M 141.2, m 5 5 . 8 -

5 7o, 56-58o, 120-121o/16mm. Crystallise it from *C6H6, hexane, ether/pet ether or cyclohexane.

[Beilstein  1 IV 65.]  It is a sedative.

Methyl stearate  [122-61-8]  M 298.5, m 41-43o, b 181-182o/4mm. Crystallise the ester from pet

ether or distil it in a vacuum.  [Beilstein  2 IV 1216.]

Methylsuccinic acid  [498-21-5] M 132.1, m 115.0o, pK
1
25  3.88, pK

2
25  5.35. Crystallise the acid

from water.  [Beilstein  2 IV 1948.]

N-Methylthioacetamide [5310-10-1] M 89.1, m 59o. Recrystallise the amide from *benzene or

EtOH.  [Todd et al. Chem Ber 69 220 1936, Beilstein  4 I 329, 4 III 124.]

Methyl trifluoromethanesulfonate (methyl triflate) [333-27-7] M 164.1, b 97 -97 .5o/ 736mm,

9 9o/~760mm, 100-102o/~760mm, d
4
20  1.496, n

D
25  1.3238.  It is a strong methylating agent but is

corrosive and POISONOUS.  Fractionate it carefully and collecting the middle fraction (use an efficient fume

cupboard) and keep away from moisture.  It is a POWERFUL ALKYLATING AGENT and a strong

IRRITANT. [IR: Gramstad & Haszeldine J Chem Soc 173 1956 , J Chem Soc 4069 1957 . ]

Trifluoromethanesulfonic acid (triflic acid) [1493-13-6] M 151.1, boils higher (b  162o/atm), has a pKa of

3.10, and is TOXIC and hygroscopic.  [Hansen J Org Chem 30 4322 1965, Kurz & El-Nasr J Am Chem Soc

104 5823 1982, Beilstein  3 IV 34.]

Methyl vinyl ketone (3-buten-2-one) [78-94-4] M 70.1, b 62-68o/400mm, 79-80o/ 760mm,

d
4
20  0.845, n

D
20  1.413.  It forms an 85% azeotrope with water.  After drying with K2CO3 and CaCl2 (with

cooling), the ketone is distilled at low pressures.  [Beilstein  1 IV 3444.]

Methyl vinyl sulfone  [3680-02-2] M 106.1, b 116-118o/20mm, d
4
20  1.215, n

D
20  1.461.  Pass

the sulfone through a column of alumina, then de-gas,  distil it in a vacuum line and store it at -190o until

required.  [Beilstein  1 III 1866.]

N - Monobutyl urea  [592-31-4]  M 116.2, m 96-98o, pKEst ~0.2. Crystallise the urea from

EtOH/water, then dry it under vacuum at room temperature.  [Beilstein  4 I 371, 4 IV 578.]

N -Monoethyl urea  [625-52-5] M 88.1, m 92-95o, pKEst ~0.2. Crystallise the urea from

EtOH/water, then dry it under vacuum at room temperature.  [Beilstein  4 IV 369.]

N -Monomethyl urea  [598-50-5] M 74.1, m 93-95o, pKEst ~0.2. Crystallise the urea from

EtOH/water, then dry it under vacuum at room temperature.  [Beilstein  4 IV 205.]

N -Monopropyl urea  [627-06-5] M 102.1, m 107o, 110o, pKEst ~0.2. Crystallise the urea from

EtOH or EtOH/Et2O.  [Biovin & Biovin Can J Chem 29 479 1951, IR: Biovin & Biovin Can J Chem 32  563

1954, Beilstein  4 H 142, 4 III 261, 4 IV 482.]
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Mucochloric acid (2,3-dichloro-4-oxo-2-butenoic acid)  [87-56-9] M 169.0, m 124-126o,

pK25 4.20. Crystallise the acid twice from water (charcoal).   [Beilstein  3 IV 1720.]

trans, trans-Muconic acid (hexa-2,4-dienedioic acid)  [3588-17-8]  M 142.1, m 3 0 0o, pK2 5

4.51, for cis,cis  pK2 5 4.49. Crystallise the diacid from H2O.  [Beilstein  2 IV 2298.]

Myristic acid (tetradecanoic acid)  [544-63-8] M 228.4, m 5 8o, pK2 0 6.3 (50% aqueous

EtOH), pKEst ~4.9 (H2O). Purify the acid via the methyl ester (b 153-154o/10mm, n25 1.4350), as for

capric acid.  [Trachtman & Miller J Am Chem Soc 8 4  4828 1962.]  Also purify it by zone melting.  It

crystallises from pet ether, and is dried in a vacuum desiccator containing shredded wax.  [Beilstein  2 IV 1126.]

Neopentane (2,2-dimethylpropane) [463-82-1] M 72.2, flash point 7 9 . 3o, m – 1 9 . 8o, b

9 . 5o/760mm,  d
4
20  0.6737, n

D
20  1.38273.  It is freed  from isobutene by passage over conc H2SO4 or

P2O5, and through silica gel.  [Beilstein  1 H 141, 1 I 50, 1 II 104, 1 369, 1 IV 333.]

Nerolidol (3,7,11-trimethyl-1,6,10-dodecatrien-3-ol) M 222.4 [cis/trans 7212-44-4]  b

1 2 2o/3mm, d
4
20  0.73, n

D
20  1.477, [cis 3790-78-1] b 70o/0.1mm, [trans 40716-66-3] b 7 8o/ 0 . 2 m m ,

145-146o/2mm. Purify it by TLC on plates of Kieselguhr G [McSweeney J Chromatogr  17 183 1965] or

silica gel impregnated with AgNO3, using 1,2-CH2Cl2/CHCl3/EtOAc/PrOH (10:10:1:1) as solvent system.

Also by GLC on butanediol succinate (20%) on Chromosorb W.  Stored it under N2 at ~5o in the dark.

[Beilstein  1 IV 2336.]

Nitrilotriacetic acid [tris(carboxymethyl)amine, NTA, Complexone 1]  [139-13-9] M 1 9 1 . 1 ,

m 247o(dec), pK1 0.8, pK2 1.71, pK3 2.47, pK4 9.71.  Crystallise it from water and dry it at 110o.

[Beilstein  4 IV 2441.]

Nitroethane [79-24-3] M 75.1, b 115o, d
4
20  1.049, n

D
20  1.3920, n

D
25 1.39015, pK25 8 . 6 0

(8.46, pH equilibrium requires ca  5 minutes).  Purify it as described for nitromethane below.  A

spectroscopic impurity can be removed by shaking it with activated alumina, decanting and distilling it rapidly.

[Beilstein  1 IV 170.]

Nitroguanidine [556-88-7] M 104.1, m 246-246.5o(dec), 257o, pK
1
25  -0.55, pK

2
25  1 2 . 2 0 .

Crystallise it from water (20mL/g). The nitrate has m 147o(dec)( prisms, H2O). [Beilstein  3 H 126, 3 III 236.]

Nitromethane [75-52-5] M 61.0, f -28.5o, b 1 0 1 . 3o, d
4
20  1.13749, d30 1.12398, n

D
20  1 . 3 8 1 9 ,

n30 1.37730, pK2 5 10.21.  Nitromethane is generally manufactured by gas-phase nitration of methane.

The usual impurities include aldehydes,  nitroethane, water and small amounts of alcohols.  Most of these can be

removed by drying with CaCl2 or by distillation to remove the water/nitromethane azeotrope, followed by drying

with CaSO4.  Phosphorus pentoxide is not suitable as a drying agent.  [Wright et al. J Chem Soc 199 1936.]

The purified material should be stored by dark bottles, away from strong light, in a cool place.  Purifications

using extraction are commonly used.  For example, Van Looy and Hammett [J Am Chem Soc 81  3872 1959]

mixed about 150mL of conc H2SO4 with 1L of nitromethane and allowed it to stand for 1 or 2days.  The solvent

was washed with water, aqueous Na2CO3, and again with water, then dried for several days with MgSO4, filtered

again with CaSO4.  It was fractionally distilled before use.  Smith, Fainberg and Winstein [J Am Chem Soc 8 3

618 1961] washed it successively with aqueous NaHCO3, aqueous NaHSO3, water, 5% H2SO4, water and dilute

NaHCO3.  The solvent was dried with CaSO4, then percolated through a column of Linde type 4A molecular

sieves, followed by distillation from some of this material (in powdered form).  Buffagni and Dunn [J Chem Soc

5105 1961] refluxed it for 24hours with activated charcoal while bubbling a stream of nitrogen through the

liquid.  The suspension was filtered, dried (Na2SO4) and distilled, then passed through an alumina column and

redistilled.  It has also been refluxed over CaH2, distilled and kept under argon over 4A molecular sieves.

It has been purified by zone melting at low temperature, or by distillation under vacuum at 0o, subjecting the

middle fraction to several freeze-pump-thaw cycles.  An impure sample containing higher nitroalkanes and traces

of cyanoalkanes was purified (on the basis of its NMR spectrum) by crystallisation from diethyl ether at -60o

(cooling in Dry-ice)[Parrett & Sun J Chem Educ 54 448 1977].



Purification of Organic Chemicals – Aliphatic Compounds 1 6 9

Fractional crystallisation is more effective than fractional distillation from Drierite in purifying nitromethane for

conductivity measurements.  [Coetzee & Cunningham J Am Chem Soc 87 2529 1965.]  Specific conductivities

around 5 x 10-9 ohm-1cm-1 were obtained.  [Beilstein  1 IV 100.]

1-Nitropropane [108-03-2] M 89.1, b 131.4o, d
4
20  1.004, n

D
20  1.40161, n

D
25  1.39936, pK2 5

8.98. Purify it as for nitromethane. [Beilstein  1 IV 229.]

2-Nitropropane [79-46-9] M 89.1, b 1 2 0 . 3o, d
4
20  0.989, n

D
20  1.3949, n

D
25  1.39206, pK2 5

7.68. Purify it as for nitromethane. [Beilstein  1 IV 230.]

N - Nitrosodiethanolamine (NDELA) [1116-54-7] M 134 .4 ,  b  1 0 0o/ 2 . 6 x 1 0-5m m ,

1 2 5o/0.01mm,  n
D
20  1.4849.  Purify NDELA by dissolving the amine (0.5g) in 1-propanol (10mL) and 5g

of anhydrous Na2SO4 added with stirring.  After standing for 1-2hours, it is filtered and passed through a

chromatographic column packed with 10mL of AG 50W x 8 (H+form 50-100mesh, a strongly acidic cation

exchanger).  The eluent and washings (50 mL EtOH) are  combined and evaporated  to dryness at 35o.   It has

also been extracted with EtOH from the nitrosation mixture of ethanolamine, filtered and distilled under high

vacuum.  [Fukuda et al. Anal Chem 53 2000 1981, Jones & Wilson J Chem Soc 550, 1949, Beilstein  1  III

721, see Spiegelhalder et al. N-Nitroso Compounds: Occurrence Biological Effects and Relevance in Human

Cancer (eds. O’Neill et al. IARC Scientific Publications No 57; IARC Lyon p943 1984.] Possible

CARCINOGEN.

Nitrourea [556-89-8] M 105.1, m 158.4-158.8o(dec). Crystallise it from EtOH/pet ether.  Dry it in

vacuo  ~50o. [Ingersoll & Arenendt  Org Synth Coll Vol I  417 1941.]

n-Nonane [111-84-2] M 126.3, b 1 5 0 . 8o, d
4
20  0.719, n

D
20  1.40542, n

D
25 1.40311. Fractionally

distil n-nonane, then stir it with successive volumes of conc H2SO4 for 12hours each until no further coloration

is observed in the acid layer.  Then wash it with water, dry with MgSO4 and fractionally distil it.  Alternatively,

it is purified by azeotropic distillation with 2-ethoxyethanol, followed by washing out the alcohol with water,

drying and distilling it.  [Forziati et al. J Res Nat Bur Stand 36 129 1946, Beilstein  1 IV 447.]

Nylon powder.  Pellets are purified  by dissolving them in ethylene glycol under reflux, then precipitating

nylon as a white powder by adding EtOH at 25o.  This is washed with EtOH and dried at 100o under vacuum.

n-Octacosane [630-02-4] M 394.8, m 6 2 . 5o. Purify it by forming its adduct with urea, washing it

and crystallising it from acetone/water.  [McCubbin Trans Faraday Soc 58 2307 1962.]  Crystallise it then

from hot filtered isopropyl ether solution (10mL/g).  [Beilstein  1 IV 588.]

n-Octacosanol (octacosyl alcohol)  [557-61-9] M 410.8, m 83.4o, 84o.  Recrystallise it from large

volumes of Me2CO.  Sublime it at 200-250o/1mm instead of distilling it.  [Beilstein  2 IV 1318.]

n-Octadecane [593-45-3] M 254.5, m 28.1o, b 173.5o/10mm, 3 1 6 . 1o/760mm, d
4
20  0 . 7 7 6 8 ,

n
D
20  1.4390.  Crystallise it from acetone and distil it from sodium in a vacuum.  [Beilstein  1 IV 553.]

Octadecyl acetate  [822-23-1] M 312.5, m 3 2 . 6o, b 166-168o/1mm, 172-174o/1.5mm.   Distil

the ester under high vacuum, then crystallise it from Et2O/MeOH, EtOH (m 32.8o) or Me2CO (m 32.4o).  Also

recorded  are m 30.2o; and 35.3o for an  form as well as 38-39o for a  form. [Phillips & Mumford J Chem

Soc 1663 1934, Beilstein  2 H 136, 2 II 147, 2 III 266, 2 IV 171.]

n-Octadecyl alcohol (stearyl alcohol, octadecanol)  [112-92-5] M 270.5, m 6 1o, b 153 -

1 5 4o/0.3mm. Crystallise octadecanol from MeOH, or dry Et2O and *C6H6, then fractionally distil it in

vacuo.  Also purify it by column chromatography.  Free it from cetyl alcohol by zone refining.  [Beilstein  1

IV 1888.]
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Octadecyl ether (dioctadecyl ether)  [6297-03-6] M 523.0, m 59.4o, n
D

60  1.440.  Distil the ether

in a vacuum, then crystallise it from MeOH/*C6H6, MeOH (m 58.5-59.5o) or Me2CO (m 59.5o).  It has an 

form m 57.8o and a  form m 40o.  [Beilstein  1 IV 1891.]

Octafluoropropane (profluorane) [76-19-7] M 188.0, m -183o, b -38o. Purify it for pyrolysis

studies by passage through a copper vessel containing CoF3 at about 270o, then fractionally distil it.

[Steunenberg & Cady J Am Chem Soc 74  4165 1952.] Also purify it by several trap-to-trap distillations at

low temperatures [Simons & Block J Am Chem Soc 59 1407 1937].

n-Octane [111-65-9] M 114.2, b 1 9 . 2o/10mm, 1 2 5 . 6o/760mm, d
4
20  0.704, n

D
20  1.39743, n

D
25

1.39505. Extract the octane repeatedly with conc H2SO4 or chlorosulfonic acid, then wash it with water, dry

and distil it.  Alternatively, purify it by azeotropic distillation with EtOH, followed by washing with water to

remove the EtOH, drying and distilling it.  For further details, see n-heptane.  It is also purified by zone

melting.  [Beilstein  1 H 159, 1 I 60, 1 II 122, 1 III 457, 1 IV 412.]

RS -(±)-Octane-1,2-diol [1117-86-8] M 146.2, m 30-30.5o, 36o, b 103-105o/0.5mm, 131-

1 3 2o/10mm. Distil the diol in vacuo and/or recrystallise it from pet ether.  The -naphthylurethane  has m

112-114o. [Beilstein 1 III 2217, 1 IV 2590.]  S-(-)-Octane-1,2-diol  [87720-91-0] also crystallises from pet

ether with m 35-37o and  [ ]
D

17  -4.7o (c 35, EtOH) [Späth et al. Chem Ber 66  598 1933]; R-(+)-octane-1,2-diol

[87720-90-9] has similar properties but with a positive optical rotation.

Octane-1,8-diol (octamethylene glycol)  [629-41-4] M 146.2, m 59-61o, b 1 7 2o/ 20mm.

Recrystallise the diol from EtOH and distil it in a vacuum.  [Beilstein  1 IV 2592.]

1-Octanethiol [111-88-6] M 146.3, b 86o/15mm, 197-200o/760mm, d
4
20  0.8433, n

D
20  1 . 4 5 4 0 ,

pK2 5 10.72(dilute t-BuOH).  Pass the thiol through a column of alumina and work under N2, or Ar.  Distil

it under N2 and a vacuum.  Store it under N2, or Ar in the dark. [Battacharyya et al. J Chem Soc, Faraday Trans

1 82 135 1986, Fletcher J Am Chem Soc 68 2727 1946].  [Beilstein  1 III 1710, 1 IV 1767.]

1-Octene [111-66-0] M 112.2, b 121o/742mm, d
4
20  0.716, n

D
20  1.4087.  Distil 1-octene under

nitrogen from sodium which removes water and peroxides.  Peroxides can also be removed by percolation

through dried, acid washed, alumina.  Store it under N2, or Ar in the dark.  [Strukul & Michelin J Am Chem

Soc 107 7563 1985, Beilstein  1 H 221, 1 II 199, 1 IV 874.]

(trans)-2-Octene [13389-42-9] M 112.2, b 124-124.5o/760mm, d
4
20  0.722, n

D
20  1.4132.  Purify

it as for 1-octene above.  [Beilstein  1 IV 879.]

n-Octyl alcohol  [111-87-5] M 130.2, b 98o/19mm, 195.3o/760mm, d
4
20  0.828, n

D
20  1 . 4 3 0 1 8 .

Fractionally distil it under reduced pressure.  Dry it with sodium and again fractionally distil or reflux with boric

anhydride and re-distilled (b 195-205o/5mm), the distillate being neutralised with NaOH and again fractionally

distilled.  Also purify it by distillation from Raney nickel and by preparative GLC.  [Beilstein  1 IV 1756.]

n-Octylammonium hexadecanoate  [88020-97-7]  M 385.7, m 52-53o.  Purify it by several

recrystallisations from n-hexane or ethyl acetate.  The solid is then washed with cold anhydrous diethyl ether, and

dried in vacuo over P2O5.  [Beilstein  4 IV 751 for octylamine.]

n-Octylammonium octadecanoate  [32580-92-0]  M 413.7, m 56-57o. Purify it as for the

hexadecanoate  above.

n-Octylammonium tetradecanoate  [17463-35-3]  M 358.6, m 46-48o. Purify it as for the

hexadecanoate  above.

n-Octyl bromide  [111-83-1] M 193.1, b 201.5o, d
4
20  1.118, n2 5 1.4503. Shake the bromide with

H2SO4, wash it with water, dry with K2CO3 and fractionally distil it.  [Beilstein  1 IV 422.]
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1-Octyne [629-05-0] M 110.2, b 76-77o/150mm, 1 2 6 . 2o/760mm, d
4
20  0.717, n2 5 1 . 4 1 5 9 .

Distil I-octyne from NaBH4 to remove peroxides.  Fractionate it through a 10inch Widmer column (p 11) at

125-126o/759mm [Sletzinger & Dawson J Org Chem 14 853 1949.] [Beilstein  1 III 1005, 1 IV 1034.]

Oleic acid (cis-9-octadecenoic acid, olainic acid) [112-80-1] M 282.5, m 1 6o, b 1 4 5o/ 0 . 1 m m ,

194-195o/1.2mm, 228-229o/15mm, 360o(dec), d
4
20  0.891, n3 0 1.4571, pK2 5 6.42 (50%

aqueous EtOH), pKEst ~4.8 (H2O). Purify the acid by fractional crystallisation from its melt, followed

by molecular distillation at 10-3mm, or by conversion to its methyl ester, the free acid can be crystallised from

acetone at -40o to -45o (12mL/g).  For purification by the use of lead and lithium salts, see Keffler and McLean

[J Soc Chem Ind (London) 54 176T 1935].  Purification based on direct crystallisation from acetone is described

by Brown and Shinowara [J Am Chem Soc 59 6 1937, pK White J Am Chem Soc 72  1857 1950].  [Beilstein

2 H 463, 2 I 198, 2 II 429, 2 III 1387, 2 IV 1641.]

Oleyl alcohol  [143-28-2] M 268.5, b 182-184o/1.5mm, d
4
20  0.847, n27.5 1.4582. Purify it by

fractional crystallisation at -40o from acetone, then distil it under vacuum.  [Beilstein  2 IV 2204.]

Oxalic acid (2H2O) [6153-56-6] M 90.0, m 1 0 1 . 5o, [anhydrous 144-62-7] m 1 8 9 . 5o, pK
1
25  1 . 0 8

(1.37), pK
2
25  3.55 (3.80).  Crystallise oxalic acid from distilled water.  Dry it in a vacuum over H2SO4.

The anhydrous acid can be obtained by drying at 100o overnight.  [Beilstein  2 IV 1819.]

Oxaloacetic acid  [328-42-7] M 132.1, m 160o(decarboxylates), pK
1
25  2.22, pK

2
25  3.89, pK

3
25

13.0. Crystallise it from boiling EtOAc, or from hot Me2CO/hot *C6H6.  [Beilstein  3 IV 1808.]

2-Oxoglutaric acid (2-oxopentane-1,5-dioic, -ketoglutaric acid)  [328-50-7] M 146.1, m

1 1 4o, 115-117o, (pKEst see oxaloacetic acid above).  Crystallise the keto-acid repeatedly from

Me2CO/*benzene, EtOAc or ethyl propionate.  Dry it in vacuo. [Beilstein  3 IV 1813.]

Oxamide [471-46-5] M 88.1, m >320o(dec). Crystallise oxamide from water, grind it and dry it in an

oven at 150o.  [Beilstein  2 IV 1860.]

Palmitic acid anhydride (hexadecanoic anhydride)  [623-65-4] M 494.9, m 63-64o, 6 4o, d8 2

0.838, n6 8 1.436.  It is moisture sensitive and hydrolyses in water.  Purify it by refluxing with acetic

anhydride for 1hour, evaporating and freeing the residue of acetic acid and anhydride by drying the residue at high

vacuum and recrystallising from pet ether at low temperature.  [Beilstein  2 IV 1181.]

Paraffin (oil)  [8012-95-1]  d
4
20  0.880, n

D
20  1.482.  Treat the oil with fuming H2SO4 (care), then wash

it with water and dilute aqueous NaOH, then percolate it through activated silica gel.

Paraffin Wax.  Melt the wax in the presence of NaOH, wash it with water until all of the base had been

removed.  The paraffin is allowed to solidify after each wash.  Finally, 5g of paraffin is melted by heating it on a

water-bath, then shaken for 20-30minutes with 100mL of boiling water and and dry the melt under vacuum.

Pelargonic acid (nonanoic acid) [112-05-0] M 158, m 15o, b 98.9o/1mm, 2 2 5o/760mm, pK2 5

4.96. Esterify the acid with ethylene glycol and distil the ester.  (This removes dibasic acids as undistillable

residues.)  The acid is regenerated  by hydrolysing the ester in the usual way and is distilled in vacuo.  [Beilstein

2 IV 1018.]

Pelargononitrile (octyl cyanide)  [2243-27-8] M 139.2, m -34o, b 9 2o/10mm, 2 2 4o, d
4
20

0.818, n
D
20  1.4255. Stir the nitrile with P2O5 (~5%), distil it from P2O5 and redistil it under a vacuum.  IR

should have CN but no OH bands.  [Beilstein  2 IV 1204.]

Pelargonyl chloride (nonanoyl chloride) [764-85-2] M 176.7, b 8 8o/12mm, d
4
20  0.941, n

D
20

1.436. Reflux it with acetyl chloride (~ 3 volumes) for 1hour, then distil off AcCl followed by the nonanoyl
chloride at ~12mm.  It is moisture sensitive and should be stored in sealed ampoules.  [Beilstein  2 IV 1023.]
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Pentabromoacetone [79-49-2] M 452.6, m 76o, pK2 5 8.0 (MeOH), pKEst ~4.6 (H2O).

Crystallise it from Et2O, EtOH or aqueous EtOH (m  73.2o) and sublime it.  Its solubility in H2O is

0.01mg/100mL.  [Beilstein  1 H 659, 1 I 345, 1 III 2753, 1 IV 3226.]

Pentachloroethane (pentalin) [76-01-7] M 202.3 ,  b 6 9o/37mm, 1 5 2 . 2o/ 64mm,

1 6 2 . 0o/~760mm, d
4
20  1.678, n15 1.50542. Usual impurities include trichloroethylene.  It partially

decomposes if it is distilled at atmospheric pressure.  Drying it with CaO, KOH or sodium is unsatisfactory

because of the elimination of the elements of HCl.  It can be purified by steam distillation, or by washing with

conc H2SO4, water, and then aqueous K2CO3, drying with solid K2CO3 or CaSO4, and fractionally distilling

under reduced pressure.  [Beilstein  2 IV 147.]

Pentadecafluoro octanoic acid (perfluorocaprylic acid) [335-67-1] M 414.1, m 54 .9 -55 .6o, b

1 8 9o/736mm, pKEst <0. Crystallise the acid from CCl4 and toluene, and distil it.  It forms micelles in H2O

and the solubility is 1% in H2O. The acid chloride has b 129-130o/744mm. The amide has m  138o. [Bernett &

Zisman J Phys Chem 63 1911 1959, Bro & Sperati J Polym  Sci 38 289 1959, Beilstein 2 IV 994.]

Pentadecanoic acid  [1002-84-2] M 242.4, m 51-53o, 8 0o, b 1 5 8o/1mm, 2 5 7o/760mm, d
4
80

0.8424, pKEst ~5.0.  Crystallise the acid from Et2O and distil it in vacuo.  It is very hygroscopic.  See the

purification of palmitic acid.  [Beilstein  2 IV 1147.]

Pentadecanolide  (1-oxacyclohexadecan-2-one, pentadecanoic- -lactone, 15-hydroxypenta-

decanoic lactone, exaltolide, Tibetolide)  [106-02-5] M 240.4, m 34-36o, 37 -37 .5o, 37 -38o,

b 102-103o/0.03mm, 112-114o/0.2mm, 137o/2mm, 169o/10-11mm, d
4
40  0.9401.  It has been

recrystallised from MeOH (4 parts) at -15o.  [Hundiecker & Erlbach Chem Ber 80 135 1947, Galli & Mandolini

Org Synth 58 100 1978, Demole & Enggist Helv Chim Acta 11 2318  1978, Beilstein  17/9 V 106.]

Penta-1,3-diene [cis: 1574-41-0, trans: 2004-70-8] M 68.1, b 42o, d
4
20  0.680, n

D
20  1.4316.  Distil

the diene from NaBH4. Purify it also by preparative gas chromatography.  [Reimann et al. J Am Chem Soc

108 5527 1986, Beilstein  1 IV 994.]

Penta-1,4-diene [591-93-5] M 68.1, b 25 .8 -26 .2o/756mm, d
4
20  0.645, n

D
20  1.3890.  Distil it

from NaBH4. Purify it by preparative gas chromatography or distillation and stabilize it with 0.1% of 2,6-di-

tert-butyl-p-cresol.  [Reimann et al. J Am Chem Soc 108 5527 1986, Beilstein  1 IV 998.]

Pentaethylenehexamine [4067-16-7] M 232.4, d
4
20  0.950, n

D
20  1.510, pK1 1.2, pK2 2.7, pK3

4.3, pK4 7.8, pK5 9.1, pK6 9.9 (all estimated).  Fractionally distil it twice at 10-20mm, the fraction

boiling at 220-250o being collected.  It can be further purified via the hydrochloride.  Its solution in MeOH

(40mL of base in 250mL) is cooled in an ice-bath and conc HCl (~50mL) is added dropwise with stirring.  The

precipitated hydrochloride is filtered off, washed with Me2CO, and Et2O, then dried in a vacuum desiccator.  The

free base is then obtained by basification, extraction into Et2O, drying (NaOH), filtering, evaporating and

distilling the residue as before. It forms a Cu complex [Cu(C1 0H2 8N6)]2+.  [Jonassen et al. J Am Chem Soc 7 9

4279 1957, Beilstein  4 IV 1245.]

2,2,3,3,3-Pentafluoropropan-1-ol [422-05-9] M 150.1, b 80o/~760mm, d
4
20  1.507, n

D
20

1.288, pK2 5 12.74. Shake the alcohol with alumina for 24hours, dry with anhydrous K2CO3, and distil it,

collect the middle fraction (b 80-81o) and redistil it.  [Beilstein  1 IV 1438.]

n-Pentane  [109-66-0]  M 72.2, b 36.1o, d
4
20  0.626, n

D
25 1.35472. Stir the pentane with successive

portions of conc H2SO4 until there is no further coloration during 12hours, then with 0.5N KMnO4 in 3M

H2SO4 for 12hours, wash with water and aqueous NaHCO3.  Dry it with MgSO4 or Na2SO4, then P2O5 and

fractionally distil it through a column packed with glass helices.  It is also purified by passage through a column

of silica gel, followed by distillation and storage with sodium hydride.  An alternative purification is by

azeotropic distillation with MeOH, which is subsequently washed out from the distillate (using water), followed

by drying and re-distilling.  For removal of carbonyl-containing impurities, see n-heptane. Also purify it by
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fractional freezing (ca 40%) on a copper coil through which cold air is passed, then wash with conc H2SO4 and

fractionally distil it.  [Beilstein  1 IV 303.]

Pentane-1-thiol [110-66-7] M 104.2, m -76o, b 122.9o/697.5mm, d2 5 0.8375, pKEst ~ 1 0 . 1 .

Dissolve the thiol in aqueous 20% NaOH, then extract with a small amount of diethyl ether.  The aqueous

solution is acidified slightly with 15% H2SO4, and the thiol is distilled out, dried with CaSO4 or CaCl2, and

fractionally distilled under nitrogen.  [Ellis & Reid J Am Chem Soc 54 1674 1932, Beilstein  1 IV 1453.]

(±)-Pentan-2-ol [6032-29-7] M 88.2, b 119.9o/~760mm, d
4
20  0.810, n

D
20  1.41787, n

D
25

1.4052. Refluxed it with CaO, distil it, then reflux it with magnesium and again fractionally distil it.

[Beilstein  1 IV 1655.]

Pentan-3-ol [584-02-1] M 88.2, b 116.2o, d
4
20  0.819, n

D
25 1.4072. Reflux the alcohol with CaO,

distil, then reflux it with magnesium and again fractionally distil it.  [Beilstein  1 IV 1662.]

Pentan-3-one see diethyl ketone above.

Pent-2-ene (mixed isomers)  [109-68-2] M 70.1, b 36.4o, d
4
20  0.650, n

D
20  1.38003, n

D
25

1.3839. Reflux the mixture with sodium wire, then fractionally distil it twice through a Fenske (glass helices

packing, p 11) column.  [Beilstein  1 IV 815.]

cis-Pent-2-ene [627-20-3] M 70.1, b 37.1o, d
4
20  0.657, n

D
25 1.3798. Dry it with sodium wire and

fractionally distil it, or purify it by azeotropic distillation with MeOH, followed by washing out the MeOH with

water, drying and distilling.  Also purify it by chromatography through silica gel and alumina [Klassen & Ross

J Phys Chem 91 3668 1987].  [Beilstein  1 IV 814.]

trans-Pent-2-ene [646-04-8] M 70.1, b 36.5o, d
4
20  0.6482, n

D
20  1.3793.  It is treated as above and

washed with water, dried over anhydrous Na2CO3, and fractionally distilled.  The middle cut is purified by two

passes of fractional melting.  [Beilstein  1 IV 814.]

Pent-2-yne [627-21-4] M 68.1, b 26o/2.4mm, 56.1o/760mm, d
4
20  0.710, n

D
25 1.4005. It is

stood with, then distilled at low pressure from sodium or NaBH4.  [Beilstein  1 III 958, 1 IV 992.]

Perfluorobutyric acid (heptafluorobutyric acid) [375-22-4] M 214.0, m - 1 7 . 5o,  b

1 2 0o/735mm, d
4
20  1.651, n

D
16 1.295, pK2 5 -0.17. Fractionally distil the acid twice in an Oldershaw

column (p 10) with an automatic vapour-dividing head, the first distillation being in the presence of conc H2SO4

as a drying agent. (Take care with the hot acid.)  [Beilstein  2 IV 810.]

Perfluoroheptane (hexadecafluoroheptane) [335-57-9] M 388.1, b 99-101o, d
4
25 1.7200. Purify

it as for perfluorodimethylhexane.  Other procedures include shaking with H2SO4, washing with water, drying

with P2O5 for 48hours and fractionally distilling.  Alternatively, it has been refluxed for 24hours with saturated

acid KMnO4 (to oxidise and remove hydrocarbons), then neutralised, steam distilled, dried with P2O5, and passed

slowly through a column of dry silica gel.  It has been purified by fractional crystallisation using partial

freezing.  [Beilstein  1 IV 388.]

Perfluoro-n-hexane (tetradecafluorohexane) [355-42-0] M 338.1, m - 4o, b 58-60o, d
4
20  1 . 6 8 4 .

Purify the fluorohexane by fractional freezing.  The methods described for perfluoroheptane should be applicable

here.  [Beilstein  1 IV 348.]

Perfluorononane (eicosafluorononane) [375-96-2] M 488.1, b 126-127o, d
4
20  1.80, n

D
20  1 . 2 7 5 .

Purify as for perfluorodimethylcyclohexane.  [Beilstein  1 III 505.]

Perfluoropropyl iodide (heptafluoro-1-iodopropane) [754-34-7] M 295.9, b 41o, d
4
20  2.13, n

D
20

1.339. Purify the iodide by fractional distillation.  Store it over Cu as stabilizer.  [Beilstein  1 IV 225.]
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Perfluorotributylamine (heptacosafluorotributylamine) [311 -89 -7] M  6 7 1 . 1 ,  b

1 7 7 . 6o/760mm, d
4
20  1.881, n

D
20  1.291, pKEst ~5.0. Purify it as for perfluorodimethylcyclopropane

(see p 220); see also perfluorotripropylamine below [Haszeldine J Chem Soc 102 1951].  [Beilstein  2 IV 819.]

Perfluorotripropylamine (heneicosafluorotripropylamine) [338-83-0] M 521.1, b 1 3 0o/atm,

129 .5 -130 .5o/atm, d
4
20  1.822, n

D
20  1.279, pKEst ~5.6. Purify it as for perfluorodimethyl-

cyclopropane (see p 220).  [Haszeldine J Chem Soc 102 1951, for azeotropes see Simons & Linevsky J A m

Chem Soc 74 4750 1972.] IRRITANT.

Petroleum ether  [8032-32-4] b 35-60o, d
4
20  0.640, n

D
20  1.363.  Shake it several times with conc

H2SO4, then 10% H2SO4 and concentrated KMnO4 (to remove unsaturated, including aromatic, hydrocarbons)

until the permanganate colour persists.  Wash it with water, aqueous Na2CO3 and again with water.  Dry it with

CaCl2 or Na2SO4, and distil it.  It can be dried further using CaH2 or sodium wire.  Passage through a column

of activated alumina, or treatment with CaH2 or sodium, removes peroxides.  For the elimination of carbonyl-

containing impurities without using permanganate, see n-heptane.  These procedures could be used for all

fractions of pet ethers.  See skellysolve below, p. 178.

Rapid purification:  Pass it through an alumina column and fractionally distilling, collecting the desired

boiling fraction.

Phorone (2,6-dimethylhepta-2,5-dien-4-one) [504-20-1] M 138.2, m 28o, b 197o/ 743mm.

Crystallise phorone repeatedly from EtOH.  [Beilstein  1 IV 3564.]

Pimelic acid (heptane-1,7-dioic acid)  [111-16-0] M 160.2, m 105-106o, pK
1
25  4.46, pK

2
25

5.58. Crystallise the acid from water or from *benzene containing 5% diethyl ether.  [Beilstein  1 IV 2003.]

Pinacol (hexahydrate)  [6091-58-3 (6H2O), 76-09-5 (anhydrous)] M 194.3, m 4 6 . 5o, b 5 9o/ 4 m m .

Distil pinacol, then crystallise it repeatedly from water.  (See also below.)  [Beilstein  1 IV 2575.]

Pinacol (anhydrous) [76-09-5] M 118.1, m 41.1o, b 172o. The hydrate is rendered anhydrous by

azeotropic distillation of water with *benzene.  Recrystallise it from *benzene or toluene/pet ether, absolute

EtOH or dry diethyl ether.  It recrystallises from water to give the hexahydrate.  [Beilstein  1 IV 2575.]

Pinacolone see tert-butyl methyl ketone.

Pinacolone oxime  [2475-93-6] M 115.2, m 75 .5 -76o, 7 8o, 78 .5 -79 .5o, 1 7 1 . 6o/ 748mm.    

Crystallise the oxime from aqueous EtOH, EtOH (small needles) or pet ether (plates).  [Markownikoff Chem Ber

32 1448 1899, Smith & Atkins J Am Chem Soc 60 660 1938, Whitmore et al. J Am Chem Soc 6 1  684

1939, Beilstein  1 H 694, 1 II 750, 1 III 2842, 1 IV 3310.]  

Pivalic acid  (trimethylacetic acid) [75-98-9] M 102.1, m 3 5 . 4o, b 71-73o/0.1mm, pK2 5

5.03. Fractionally distil the acid under reduced pressure, then fractionally crystallise it from its melt.

Recrystallise it from *benzene.  [Beilstein  2 IV 908.]

Pivaloyl chloride  (trimethylacetyl chloride)  [3282-30-2] M 120.6, b 5 7 . 6o/150mm, 7 0 . 5 -

71/250mm, 104o/754mm, 104-105o/atm, 105-108o/atm, d
4
20  1.003, n

D
20  1.4142.  First check

the IR to see if OH bands are present.  If absent, or present in small amounts, then redistil it under a moderate

vacuum.  If present in large amounts then treat it with oxalyl chloride or thionyl chloride and reflux for 2-

3hours, evaporate and distil the residue.  Strongly LACHRYMATORY - work in a fumecupboard.

Store it in sealed ampoules under N2.  [Traynham & Battiste J Org Chem 22  1551 1957,  Grignard reactions:

Whitmore et al. J Am Chem Soc 63 647 1941, Beilstein  2 IV 912.]

Polyacrylonitrile [25014-41-9]. Precipitate it from dimethylformamide by addition of MeOH.

Poly(diallyldimethylammonium) chloride  [26062-79-3]. Precipitate it from water with acetone, and

dry the salt in a vacuum for 24hours.  [Hardy & Shriner J Am Chem Soc 107 3822 1985.]
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Polyethylene [9002-88-4]. Crystallise it from thiophen-free *benzene and dry it over P2O5 under vacuum.

Polymethyl acrylate  [9003-21-8]. Precipitate it from a 2% solution in acetone by addition of water.

Polyvinyl acetate  [9003-20-7]. Precipitate it from acetone by addition of n-hexane.

Polyvinyl chloride  [9002-81-2]. Precipitate it from cyclohexanone by addition of MeOH.

Propane [74-98-6] M 44.1, m -189.7, b - 4 2 . 1o/760mm, d
4
20  0.5005, n

D
20  1.2898.  Purify

propane by bromination of the olefinic contaminants.  Propane is treated with bromine for 30minutes at 0o.

Unreacted  bromine is quenched,  and the propane is distilled through two -78o traps and collected at -196o [Skell

et al. J Am Chem Soc 108 6300 1986]. It autoignites at 450o and the flash point is -104o. It is highly

FLAMMABLE and is available in metal cylinders.  [Beilstein 1 H 103, 1 I 33, 1 II 71, 1 III 204, 1 IV 175.]

Propane-1,2-diamine (propylenediamine)  [78-90-0] M 74.1, b 120.5o/~760mm, d
4
20  0 . 8 6 8 ,

n
D
20  1.446, pK

1
25  6.61, pK

2
25 9.82. Purify the diamine by azeotropic distillation with toluene.  Then

distil it.  Store it in a CO2 free atmosphere.  [Horton et al. Anal Chem 27 269 1955, Beilstein  4 IV 1255.]

Propane-1,2-diol (propyleneglycol)  [57-55-6] M 76.1, b 104o/32mm, d
4
20  1.040, n

D
20  1 . 4 3 3 .

Dry the diol with Na2SO4, decant and distil it under reduced pressure.  [Beilstein  1 IV 2468.]

Propane-1,3-diol [504-63-2] M 76.1, b 110-122o/12mm, d
4
20  1.053, n18.5 1.4398. Dry this

diol with K2CO3 and distil it under reduced pressure.  More extensive purification involves conversion with

benzaldehyde to 2-phenyl-1,3-dioxane (m 47-48o) which is subsequently decomposed by shaking with 0.5M HCl

(3mL/g) for 15minutes and standing overnight at room temperature.  After neutralisation with K2CO3, the

benzaldehyde is removed by steam distillation and the diol is recovered from the remaining aqueous solution by

continuous extraction with CHCl3 for 1day.  The extract is dried with K2CO3, the CHCl3 is evaporated and the

diol is distilled.  [Foster et al. Tetrahedron 6 177 1961, Beilstein  1 IV 2493.]

Propane-1-thiol [107-03-9] M 76.1, b 6 5 . 3o/702mm, d
4
25 0.83598, n

D
25 1.43511, pK2 0

10.82. Purify the thiol by dissolving it in aqueous 20% NaOH, extracting with a small amount of *benzene

and steam distilling until clear.  After cooling, the solution is acidified slightly with 15% H2SO4, and the thiol

is distilled out, dried with anhydrous CaSO4 or CaCl2, and fractionally distilled under nitrogen.  [Mathias &

Filho J Phys Chem 62 1427 1958.]  Also purify it by liberating the mercaptan by adding dilute HCl to the

residue remaining after steam distilling.  After direct distillation from the flask, and separation of the water, the

mercaptan is dried (Na2SO4) and distilled under nitrogen.  [Beilstein  1 IV 1449.]

Propane-2-thiol (Isopropyl mercaptan)  [75-33-2] M 76.1, b 4 9 . 8o/696mm, d
4
25 0 . 8 0 8 9 5 ,

n
D
25 1.42154, pK25 10.86. Purify it as for propane-1-thiol above.  [Beilstein  1 IV 1498.]

Propargyl alcohol (2-propyn-1-ol)  [107-19-7] M 56.1, b 5 4o/57mm, 1 1 3 . 6o/760mm, d
4
20

0.947, n
D
20  1.432.  The commercial material contains a stabiliser.  An aqueous solution of propargyl

alcohol can be concentrated by azeotropic distillation with butanol or butyl acetate.  Dry it with K2CO3 and

distil it under reduced pressure, in the presence of about 1% succinic acid, through a glass helices-packed column.

[Beilstein  1 IV 2214.]

Propargyl chloride (3-chloropropyne) [624-65-7] M 74.5, b 5 8o/760mm, 6 5o/760mm, d
4
20

1.03, n
D
20  1.435.  Purify the chloride by fractional distillation at atmospheric pressure.  Note that a possible

impurity is  propargyl alcohol which has has b 114-115o/~760mm (see above).  [Henry Chem Ber 8 398 1875.]
HIGHLY TOXIC and FLAMMABLE.  [Beilstein  1 IV 960.]

Propene (propylene) [115-07-1] M 42.1, m -185 .2o, b - 4 7 . 8o/750mm, d
4
20  0.519, n-71 1 . 3 5 7 .

Purify it by freeze-pump-thaw cycles and trap-to-trap  distillation.  [Beilstein  1 IV 725.]
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-Propiolactone see oxetan-2-one in “Heterocyclic Compounds”,  Chapter 4.

Propionaldehyde [123-38-6] M 58.1, b 48.5-48.7o, d
4
20  0.804, n

D
20  1.3733, n

D
25 1.37115. Dry

the aldehyde with CaSO4 or CaCl2, and fractionally distil it under nitrogen or in the presence of a trace of

hydroquinone (to retard  oxidation).  Blacet and Pitts [J Am Chem Soc 74 3382 1952] repeatedly distilled the

middle fraction in a vacuum until it no longer gave a solid polymer when cooled to -80o.  It is stored with

CaSO4.  [Beilstein  1 IV 3165.]

Propionamide [79-05-0] M 73.1, m 79 .8 -80 .8o, pK2 4 -0.9 (Ho scale, aqueous H2S O4) .

Crystallise it from acetone, *benzene, CHCl3, water or acetone/water,  then dry it in a vacuum desiccator over

P2O5 or conc H2SO4.  [Beilstein  2 H 243, 2 I 108, 2 II 223, 2 III 542, 2 IV 725.]

Propionic acid  [79-09-4] M 74.1, b 141o, d
4
20  0.992, n

D
20  1.3865, n

D
25 1.3843, pK

1
25  -6.8 (Ho

scale, aqueous H2S O4), pK
2
25  4.88.  Dry the acid with Na2SO4 or by fractional distillation, then redistil

after refluxing with a few crystals of KMnO4.  An alternative purification uses conversion to the ethyl ester,

fractional distillation and hydrolysis. [Bradbury J Am Chem Soc 74 2709 1952.]  Propionic acid can also be

heated for 0.5hour with an amount of benzoic anhydride equivalent to the amount of water present (in the

presence of CrO3 as catalyst), followed by fractional distillation.  [Cham & Israel J Chem Soc 196 1960,

Beilstein  2 IV 695.]

Propionic anhydride [123-62-6] M 130.2, b 67o/18mm, 1 6 8o/780mm, d
4
20  1.407, n

D
20  1 . 0 1 2 .

Shake the anhydride  with P2O5 for several minutes, then distil.  [Beilstein  2 IV 722.]

Propionitrile [107-12-0] M 55.1, b 97.2o, d
4
20  1.407, n15 1.36812, n30 1.36132. Shake the

nitrile with dilute HCl (20%), or with conc HCl until the odour of isonitrile has gone, then wash it with water,

and aqueous K2CO3.  After a preliminary drying with silica gel or Linde type 4A molecular sieves, it is stirred

with CaH2 until hydrogen evolution ceases, then decant and distil from P2O5 (not more than 5g/L, to minimise

gel formation).  Finally, it is refluxed with, and slowly distilled from CaH2 (5g/L), taking precautions to

exclude moisture.  [Beilstein  2 IV 728.]

n-Propyl acetate  [109-60-4] M 102.1, b 101.5o, d
4
20  0.887, n

D
20  1.38442, pK2 5 -7.18 (Ho

scale, aqueous H2S O4). Wash the ester with saturated aqueous NaHCO3 until neutral, then with saturated

aqueous NaCl.  Dry it with MgSO4 and fractionally distil it.  [Beilstein  2 IV 138.]

n-Propyl alcohol (1-propanol)  [71-23-8] M 60.1, b 9 7 . 2o, d
4
25 0.79995, n

D
20  1.385, pK2 5

16.1. The main impurities in n-propyl alcohol are usually water and 2-propen-1-ol, reflecting the commercial

production by hydration of propene.  Water can be removed by azeotropic distillation either directly (azeotrope

contains 28% water) or by using a ternary system, e.g. by also adding *benzene.  Alternatively, for removal of

gross amounts of water, reflux over CaO for several hours is desirable, followed by distillation and a further

drying.  To obtain more nearly anhydrous alcohol, suitable drying agents are firstly NaOH, CaSO4 or K2CO3,

then CaH2, aluminium amalgam, magnesium activated with iodine, or a small amount of sodium.

Alternatively, the alcohol can be refluxed with n-propylsuccinate or phthalate in a method similar to the one

described under EtOH.  Allyl alcohol is removed by adding bromine (15mL/L) and then fractionally distilling

from a small amount of K2CO3.  Propionaldehyde, also formed in the bromination, is removed as the 2,4-

dinitrophenylhydrazone. n-Propyl alcohol can be dried down to 20ppm of water by passage through a column of

pre-dried molecular sieves (type 3 or 4A, heated for 3hours at 300o) in a current of nitrogen.  Distillation from

sulfanilic or tartaric acids removes impurities.

Albrecht [J Am Chem Soc 82 3813 1960] obtained spectroscopically pure material by heating with charcoal to

50-60o, filtering and adding 2,4-dinitrophenylhydrazine and a few drops of conc H2SO4.  After standing for

several hours, the mixture is cooled to 0o, filtered and distilled in a vacuum.  Gold and Satchell [J Chem Soc

1938 1963] heated n-propyl alcohol with 3-nitrophthalic anhydride at 76-110o for 15hours, then recrystallised the

resulting ester from H2O, *benzene/pet ether (b 100-120o)(3:1), and *benzene.  The ester was hydrolysed under

reflux with aqueous 7.5M NaOH for 45minutes under nitrogen, followed by distillation (also under nitrogen).

The fraction with b 87-92o is dried with K2CO3 and stirred under reduced pressure in the dark over 2,4-

dinitrophenylhydrazine, then freshly distilled.  Also purify it by adding 2g NaBH4 to 1.5L of alcohol, gently
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flushing with argon and refluxing for 1day at 50o.  Then 2g of freshly cut sodium (washed with propanol) is

added and refluxed for one day, and finally distilled, taking the middle fraction [Jou & Freeman J Phys Chem 8 1

909 1977].  [Beilstein  1 IV 1413.]

n-Propylamine [107-10-8] M 59.1, b 4 8 . 5o, d
4
20  0.716, n

D
20  1.38815, pK2 5 10.69. Distil the

amine from zinc dust, under reduced pressure,  in an atmosphere of nitrogen.  [Beilstein  4 IV 464.]

n-Propyl bromide.  [106-94-5] M 123.0, b 71.0o, d
4
20  1.354, n15 1.43695, n

D
25 1 . 4 3 1 2 3 .

Likely contaminants include n-propyl alcohol and isopropyl bromide.  The simplest purification procedure uses

drying with MgSO4 or CaCl2 (with or without a preliminary wash of the bromide with aqueous NaHCO3, then

water), followed by fractional distillation away from bright light.  Chien and Willard [J Am Chem Soc 79 4872

1957] bubbled a stream of oxygen containing 5% ozone through n-propyl bromide for 1hour, then shook it with

3% hydrogen peroxide solution, neutralised it with aqueous Na2CO3, washed it with distilled water and dried it.

This was followed by vigorous stirring with 95% H2SO4 until fresh acid did not discolour within 12hours.  The

propyl bromide was separated, neutralised, washed, dried with MgSO4 and fractionally distilled.  The centre cut

was stored in the dark.  Instead of ozone, Schuler and McCauley [J Am Chem Soc 79 821 1957] added bromine

and stored it for 4 weeks, the bromine then being extracted with aqueous NaHSO3 before the sulfuric acid

treatment was applied and finally distilled.  Further purification is by preparative gas chromatography on a

column packed with 30% SE-30 (General Electric ethylsilicone rubber) on 42/60 Chromosorb P at 150o and

40psi, using helium.  [Chu J Phys Chem 41 226 1964, Beilstein  1 IV 205.]

n-Propyl chloride  [540-54-5] M 78.5, b 4 6 . 6o, d
4
20  0.890, n

D
20  1.3880.  Dry the chloride with

MgSO4 and fractionally distil.  It can be more extensively purified using extraction with H2SO4 as for n-propyl

bromide.  Alternatively, Chien and Willard [J Am Chem Soc 75 6160 1953] passed a stream of oxygen

containing about 5% ozone through the n-propyl chloride for three times as long as was needed to cause the first

coloration of starch iodide paper by the exit gas.  After washing with aqueous NaHCO3 to hydrolyse ozonides

and remove organic acids, the chloride was dried with MgSO4 and fractionally distilled.  [Beilstein  1 IV 189.]

Propylene glycol diacetate (1,2-diacetoxypropane, propylene diacetate)  [623-84-7] M 1 6 0 . 2 ,

b 84-85o/12mm, 191o/760mm, d
4

25  1.050, n D
20  1.414.  Wash the ester with aqueous NaHCO3 in the

presence of solid NaCl, dry it with MgSO4 and fractionally distil it.  [Beilstein 2 H 142, 2  II 156, 2  III 312, 2

IV 220.]

Propylene glycol 1-methylether (1-methoxy-2-propanol)  [RS(±) 107-98-2, R(+) 4984-22-9, S(-)

26550-55-0] M 90.1, b 119-120o/atm for R S , 131-132o/atm for R  or S , d
4

25  0.922, n D
20

1.403. Wash the ethers with aqueous NaHCO3 in the presence of solid NaCl, dry them with MgSO4 and

fractionally distil them.  The RS-acetate [108-65-6] M 132.2 has b  145-146o/atm.  The R(+) and S(-)

enantiomers  have [ ]
D

20  ±20.5o (c 10, H2O).  [Beilstein 1 II 536, 1 III 2146, 1 IV 2471.]

n-Propyl ether (dipropyl ether)  [111-43-3] M 102.2, b 90.1o, d
4
20  0.740, n15 1.38296, n

D
20

1.3803, pK2 5 -4.40 (aqueous H2S O4). Purify the ether by drying with CaSO4, by passage through an

alumina column (to remove peroxides), and by fractional distillation.  [Beilstein  1 III 2146, 1 IV 1422.]

Propyl formate  [110-74-7] M 88.1, b 8 1 . 3o, d
4
20  0.9058, n

D
20  1.3779.  Distil the formate, then

wash it with saturated  aqueous NaCl, and with saturated aqueous NaHCO3 in the presence of solid NaCl, dry it

with MgSO4 and fractionally distil it.  [Beilstein  2 IV 26.]

n-Propyl iodide (1-iodopropane) [107-08-4] M 170.0, b 38o/80mm, 102.5o/atm, d
4
20  1.745, n

1.5041. It should be distilled first under reduced pressure to avoid decomposition.  Dry the iodide with

MgSO4 or silica gel and fractionally distil it.  Store it under nitrogen with mercury in a brown bottle.  Prior to

distillation, free iodine can be removed by shaking with copper powder or by washing with aqueous Na2S2O3

and drying.  Alternatively, the n-propyl iodide can be treated with bromine, then washed with aqueous Na2S2O3,

dried and distilled.  See also n-butyl iodide.  [Beilstein  1 IV 222.]
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n-Propyl propionate  [106-36-5] M 120.2, b 122o, d
4
20  0.881, n 1.393.  Treat the ester with

anhydrous CuSO4, then distil it under nitrogen.  [Beilstein  2 IV 707.]

Propyne [74-99-7] M 40.1, m -101 .5o, b - 2 3 . 2o/760mm, d-50 0.7062, n-40 1.3863. Purify it

by preparative gas chromatography.  [Beilstein  1 H 246.]

Pyruvic acid  [127-17-3] M 88.1, m 1 3o, b 6 5o/10mm, pK2 5 2.39 (2.60) .   Distil it twice, then

fractionally crystallise it by partial freezing.  [Beilstein  3 IV 1505.]

Ricinoleic acid (dl 12-hydroxyoleic acid)  [141-22-0] M 298.5, m 7-8o ( -form), 5 . 0o ( -

form), n
D
20  1.4717, pKEst ~4.5. Purify it as the methyl acetylricinoleate [Rider J Am Chem Soc 53 4130

1931], fractionally distilling it at 180-185o/0.3mm, then 87g of this ester is hydrolysed by refluxing with KOH

(56g), water (25mL), and MeOH (250mL) for 10minutes.  The free acid is separated on acidification and extracted

into Et2O, dried (Na2SO4), filtered, evaporated and the residue is crystallised from acetone at -50o, and distilled in

small batches, b 180o/0.005mm.  The R-enantiomer has m +5.5o, b  245o/10mm and [ ]
D

26  +7.2o (c 5,

Me2CO). [Bailey et al. J Chem Soc  3027 1957, Beilstein  3 IV 1026, 1207.]

Sebacic acid (1,10-decanedioic acid) [111-20-6] M 202.3, m 134.5o, pK
2 5
1   4.58, pK

2 5
2  5 . 5 4 .

Purify sebacic acid via the disodium salt which, after crystallisation from boiling water (charcoal), is again

converted to the free acid.  The free acid is crystallised repeatedly from hot distilled water or from Me2CO/pet

ether and dried under vacuum.   [Beilstein  2 IV 2078.]

Sebacic acid monomethyl ester  [818-88-2] M 216.3, m 42-43o, b 169-171o/ 4 m m .

Recrystallise the ester from Me2CO/pet ether or pet ether at low temperature and distil it in a vacuum.

[Beilstein  2 IV 608.]

Sebaconitrile (decanedinitrile)  [1871-96-1] M 164.3, m 8o, b 199-200o.  Mix the nitrile with

P2O5 (10% by wt) and distilled from it, then redistil it.  [Beilstein  2 IV 2089.]

Semicarbazide hydrochloride (hydrazine carboxamide hydrochloride)  [563-41-7] M 111.5, m

1 7 3o(dec), 175o(dec), pK2 4 3.66.   Crystallise the salt from aqueous 75% EtOH and dry it under vacuum

over CaSO4.  Alternatively crystallise it from a mixture of 3.6 mole % MeOH and 6.4 mole % of water.

[Kovach et al. J Am Chem Soc 107 7360 1985.]  IR: max 700, 3500 cm-1 [Ingersoll et al. Org Synth Coll

Vol I 485 1941, Davison & Christie J Chem Soc 3389 1955, Thiele & Stange Chem Ber 27 33 1894, pK:

Bartlett J Am Chem Soc 54 2853 1923].  The free base crystallises as prisms from absolute EtOH, m 96o.

[Curtius & Heidenreich Chem Ber 27 55 1894, Beilstein 3  IV 177.] TOXIC ORALLY , possible

CARCINOGEN and TERATOGEN.

Senecialdehyde (3,3-dimethylacraldehyde, 3-methyl-2-butenal) [107-86-8] M 84.1, b 7 8 -

8 0o/70mm, 133-135o/atm, d
4

20  0.911, n D
20  1.428. This flammable oil oxidises readily and should be

fractionated under N2. It should be stored under N2 and/or vacuum.  The UV has max at 235.5nm.  The

semicarbazone has m 221-222o (from MeOH) and the 2,4-dinitrophenylhydrazone has m 184-185o (from

MeOH).  [Forbes & Skilton J Org Chem 24 436 1959, Beilstein 1 III 2990, 1 IV 3464.]

Skellysolve A  is essentially n-pentane, b 28-30o,

Skellysolve A  is essentially n-hexane, b 60-68o,

Skellysolve C  is essentially n-heptane, b 90-100o,

Skellysolve D  is mixed heptanes, b 75-115o,

Skellysolve E  is mixed octanes, b 100-140o,

Skellysolve F  is pet ether, b 30-60o,

Skellysolve G is pet ether, b 40-75o,

Skellysolve H  is hexanes and heptanes, b 69-96o,

Skellysolve L  is essentially octanes, b 95-127o.  For methods of purification, see petroleum ether.
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Solanone [S (+)- trans-2-methyl-5-isopropyl-1,3-nonan-8-one] [1937-54-8] M 194.3,  b

6 0o/1mm, n
D
20  1.4755, [ ]

D

20  +14o (neat).  Purify solanone by high vacuum distillation and store it in

sealed ampules [Kohda & Sato J Chem Soc, Chem Commun  951 1981].  It has UV (hexane) at max 230nm (

11,800).  The semicarbazone  crystallises from aqueous EtOH or toluene with m 160.5-161.5o.  [Johnson et al.

J Org Chem 30 2918 1965.]

Sorbic acid (2,4-hexadienoic acid) [110-44-1] M 112.1, m 134o, pK2 5 4.76. Crystallise the acid

from water.  Dry it air or in a desiccator over P2O5.  [Beilstein  2 IV 1701.]

Spermidine [N -(3-aminopropyl)-1,4-diaminobutane] [124-20-9] M 145.3, m 23-25o, b 128 -

1 3 1o/15mm, d
4
20  0.918, n D

20  1.482, pK
1
25  8.25, pK

2
25  9.64, pK

3
25  10.43.  It is a strong base with

an alkylamine odour and absorbs CO2 from the atmosphere.  It is purified by shaking with solid K2CO3 or

NaOH, decanting and distilling from K2CO3 in a vacuum.  Store it in the dark under N2. [Beilstein  4 IV 1300.]

Spermidine trihydrochloride [334-50-9] M 245.3, m ~ 2 5 0o(dec), 256-258o, for pKa see free

base above.  Recrystallise the salt from dry 3% HCl in ethanol and adding dry Et2O if necessary.  Filter it off

rapidly and dry it in a vacuum desiccator.  Alternatively centrifuge the crystals off, wash them with dry Et2O and

dry them in a vacuum.  [Beilstein  4 IV 1300.]

Spermine 4HCl (N,N-bis(3-aminopropyl)-1,4-butanediamine 4HCl) [306-67-2] M 348.2, m

313-315o. Its pK values are similar to those of spermidine above.  Purify it as for spermidine trihydrochloride

above.  [Beilstein  4 IV 1301.]

Stearic acid (octadecanoic acid)   [57-11-4] M 284.5, m 7 1 . 4o, 7 2o,  b 144-145o/ 27mm,

3 8 3o/760mm, d
4
20  0.911, n D

20  1.428, pKEst ~5.0. Crystallise stearic acid from acetone, acetonitrile,

EtOH (5 times), aqueous MeOH, ethyl methyl ketone or pet ether (b 60-90o), or by fractional precipitation by

dissolving in hot 95% EtOH and pouring into distilled water, with stirring.  The precipitate, after washing with

distilled water, is dried under vacuum over P2O5.  It has also been purified by zone melting and partial freezing.

[Tamai et al. J Phys Chem 91 541 1987, Beilstein  2 IV 1206.]

Suberic acid (hexane-1,6-dicarboxylic acid)  [505-48-6] M 174.2, m 141-142o, pK
1
25 4 . 1 2 ,

pK
2 5
2  5.40. Crystallise it from acetone.  It sublimes at 300o without decomposition.  [Beilstein 2 IV 2028.]

Succinamic acid (succinic acid amide) [638-32-4] M 117.1, m 155o, 156-157o, pK2 5 4 . 5 4 .

Crystallise the amide from Me2CO or H2O and dry it in a vacuum.  It is not very soluble in MeOH.  It is

converted  to succinimide above 200o.  [Beilstein  2 H 614.]

Succinamide [110-14-5] M 116.1, m 262-265o(dec). Crystallise it from water.  [Beilstein 2 H 614.]

Succinic acid  [110-15-6] M 118.1, m 185-185.5o, pK
1
25  4.21, pK

2
25  5.72.  Wash it with diethyl

ether.  Crystallise it from acetone, distilled water, or tert-butanol.  Dry it under vacuum over P2O5 or conc

H2SO4.  Also purify it by conversion to the disodium salt which, after crystallisation from boiling water

(charcoal), is treated with mineral acid to regenerate the succinic acid.  The acid is then recrystallised and dried in

a vacuum.  [Beilstein  2 H 606, 2 IV 1908.]

Succinic anhydride [108-30-5] M 100.1, m 119-120o. Crystallise the anhydride from redistilled acetic

anhydride or CHCl3, then filter, wash with diethyl ether and dry it in a vacuum.  [Beilstein  17 H 606, 17  V

6.]

Succinimide [123-56-8] M 99.1, m 124-125o, pK2 5 9.62. Crystallise the imide from EtOH (1mL/g)

or water.  [Beilstein  21 H 369, 21/9 V 438.]

Succinonitrile [110-61-2] M 80.1, m 5 7 . 9o, b 1 0 8o/1mm, 2 6 7o/760mm. Purify the nitrile by

vacuum sublimation, and/or crystallisation from acetone.  [Beilstein  2 H 615, 2 IV 1923.]
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D(-)-Tartaric acid [147-71-7] M 150.1, m 169.5-170o (2S ,3S -form, natural) [ ]
546

20  - 1 5o ( c

10, H2O), m 208o (2R S ,3R S -form), pK
1
25  3.03, pK

2
25  4.46, pK

3
25  14.4.  Crystallise the acid

from distilled H2O or *benzene/diethyl ether containing 5% of pet ether (b 60-80o) (1:1).  Soxhlet extraction

with diethyl ether has been used to remove an impurity absorbing at 265nm.  It has also been crystallised from

absolute EtOH/hexane and dried in a vacuum for 18hours [Kornblum & Wade J Org Chem 52 5301 1987].

[Beilstein 3 IV 1229.]

meso-Tartaric acid  [147-73-9] M 150.1, m 139-141o, pK
1
25  3.17, pK

2
25  4.91.  Crystallise it

from water, wash it with cold MeOH and dry it at 60o under vacuum.  [Beilstein 3 IV 1218.]

Tetra-n-amylammonium bromide (tetra-n-pentylammonium bromide) [866-97-7] M 378.5, m

100-101o. Crystallise it from pet ether, *benzene or acetone/ether mixtures and dry in vacuum at 40-50o for 2

days.  It is used in ion-paired chromatography (Sagara et al. J Chromatogr 328 289 1985). [Beilstein 4 IV 677.]

Tetra-n-amylammonium iodide  [2498-20-6] M 425.5, m 135-137o. Crystallise the iodide from

EtOH and dry it at 35o under a vacuum.  It has also been purified by dissolving in acetone and precipitating by

adding diethyl ether, and drying at 50o for 2 days.  [Beilstein 4 IV 677.]

1,1,2,2,-Tetrabromoethane [79-27-6] M 345.7, f 0.0o, b 119o/15mm, 243.5o/atm, d
4
20

2.965, n
D
20  1.63533.  Wash it successively with conc H2SO4 (three times) and H2O (three times), dry it

with K2CO3 and CaSO4 and distil it in a vacuum or at ~760mm.  [Beilstein 1 IV 162.]

Tetra-n-butylammonium bromide  [1643-19-2] M 322.4, m 1 1 9 . 6o. Crystallise the salt from

*benzene (5mL/g) at 80o by adding hot n-hexane (three volumes) and allowing to cool.  Dry it over P2O5 or

Mg(ClO4)2, under vacuum.  The salt is very hygroscopic.  It can also be crystallised from ethyl acetate or dry

acetone by adding diethyl ether and dried in vacuo at 60o for 2 days.  It has been crystallised from acetone by

addition of diethyl ether.  It is so hygroscopic that all manipulations should be carried out in a dry-box.  It has

been purified by precipitation from a saturated solution in dry CCl4 on addition of cyclohexane or by

recrystallisation from ethyl acetate, then heating in vacuum to 75o in the presence of P2O5.  [Symons et al. J

Chem Soc, Faraday Trans 1 76 2251 1908.]  It also recrystallises from CH2Cl2/diethyl ether and is dried in a

vacuum desiccator over P2O5.  [Blau & Espenson J Am Chem Soc 108 1962 1986, Beilstein 4 IV 657.]

Tetra-n-butylammonium chloride  [1112-67-0] M 277.9, m 15.7o. Crystallise the chloride from

acetone by addition of diethyl ether.  It is very hygroscopic and forms crystals with 34H2O. It is used in ion-

paired chromatography (Sagara et al. J Chromatogr 328 289 1985).  [Beilstein 4 IV 557.]

Tetra-n-butylammonium fluoroborate See tetrabutyl-ammonium fluoroborate in “Metal-organic

Compounds”,  Chapter 5.

T e t r a -n -butylammonium hexafluorophosphate  [3109-63-5] M 387.5, m 239-241o.

Recrystallise it from saturated EtOH/water and dry it for 10hours in a vacuum at 70o.  Also recrystallise it three

times from absolute EtOH and dry it for 2 days in a drying pistol under a vacuum at boiling toluene temperature

[Bedard & Dahl J Am Chem Soc 108 5933 1986].  It is a stable supporting electrolyte in organic solvents

[Baiser in Organic Electrochemitry  M. Dekker NY p228 1973.]

Tetra-n-butylammonium hydrogen sulfate  [32503-27-8] M 339.5, m 171-172o. The sulfate

crystallises from acetone.  It has been used as a phase transfer catalyst.

Tetra -n-butylammonium iodide  [311-28-4] M 369.4, m 146o. Crystallise the iodide from

toluene/pet ether (see entry for the corresponding bromide), acetone, ethyl acetate, EtOH/diethyl ether,

nitromethane, aqueous EtOH or water.  Dry it at room temperature under a vacuum.  It has also been dissolved

in MeOH/acetone (1:3, 10mL/g), filtered and allowed to stand at room temperature to evaporate to ca half its

original volume.  Distilled water (1mL/g) is then added,  and the precipitate is filtered off and dried.  It can also

be dissolved in acetone, precipitated by adding ether and dried in a vacuum at 90o for 2 days.  It has also been
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recrystallised from CH2Cl2/pet ether or hexane, or anhydrous methanol and stored in a vacuum desiccator over

H2SO4.  [Chau & Espenson J Am Chem Soc 108 1962 1986, Beilstein 4 IV 558.]

Tetra-n -butylammonium nitrate  [1941-27-1] M 304.5, m 119o. Crystallise it from *benzene

(7mL/g), EtOH or EtOAc (m 121-122o); dry it in a vacuum over P2O5 at 60o for 2 days.  [Beilstein 4 IV 558.]

Tetra-n-butylammonium perchlorate  [1923-70-2] M 3 4 1 . 9o, m 2 1 0o(dec). Crystallise the

perchlorate from EtOH ethyl acetate, from n-hexane or diethyl ether/acetone mixture, ethyl acetate or hot

CH2Cl2.  Dry it in a  vacuum at room temperature over P2O5 for 24hours.  [Anson et al. J Am Chem Soc 1 0 6

4460 1984, Ohst & Kochi J Am Chem Soc 108 2877 1986, Collman et al. J Am Chem Soc 108 2916 1986,

Blau & Espenson J Am Chem Soc 108 1962 1986, Gustowski et al. J Am Chem Soc 108 1986, Ikezawa &

Kutal J Org Chem 52 3299 1987, Beilstein 4 IV 557.]

Tetra-n-butylammonium picrate  [914-45-4] M 490.6, m 106.5-107o. Crystallise the picrate from

EtOH.  Dry it in a vacuum desiccator over P2O5.  [Beilstein 6 II 271, 4 III 292.]

Tetra-n-butylammonium tetrabutylborate (Bu4N+ Bu4B-) [23231-91-6] M 481.7, m 1 5 5o,

1 6 1 . 8o. Dissolve it in MeOH or acetone, and crystallise by adding distilled water.  It also crystallises from

EtOH or EtOAc.  Dry it in a vacuum at 70o.  It has also been successively recrystallised from isopropyl ether,

isopropyl ether/acetone (50:1) and isopropyl ether/EtOH (50:1) for 10hours, then isopropyl ether/acetone for

1hour, and dried at 65o under reduced pressure for 1 week.  [Kondo et al. J Chem Soc, Faraday Trans 1  76 812

1980, Beilstein 4 III 293, 4 III 558.]

1,1,2,2-Tetrachloro-1,2-difluoroethane [72-12-0] M 203.8, f 26.0o, b 92.8o/760mm, d
4
25

1.6252, n
D
25  1.4130.    Purify it as for trichlorotrifluoroethane.  [Beilstein 1 III 165, 1 III 146.]

sym-Tetrachloroethane [79-34-5] M 167.9, b 62o/100mm, 146.2o/atm, d
4
20  1.588, n

D
15

1.49678. Stir the ethane, on a steam-bath, with conc H2SO4 until a fresh portion of acid remains colourless.

The organic phase is then separated,  distilled in steam, dried (CaCl2 or K2CO3), and fractionally distilled in a

vacuum.  [Beilstein  1 IV 144.]

Tetrachloroethylene [127-18-4] M 165.8, b 6 2o/80mm, 1 2 1 . 2o, d
4
15 1.63109, d

4
20  1.623, n

D
15

1.50759, n 1.50566  It decomposes under similar conditions to CHCl3, to give phosgene and

trichloroacetic acid.  Inhibitors of this reaction include EtOH, diethyl ether and thymol (effective at 2-5ppm).

Tetrachloroethylene should be distilled under a vacuum (to avoid phosgene formation) and stored in the dark out

of contact with air.  It can be purified by washing with 2M HCl until the aqueous phase no longer becomes

coloured, then with water, drying with Na2CO3, Na2SO4, CaCl2 or P2O5, and fractionally distilling just before

use.  1,1,2-Trichloroethane and 1,1,1,2-tetrachloroethane can be removed by counter-current extraction with

EtOH/water.  [Beilstein  1 IV 715.]

Tetracosane (C24) [646-31-1] M 338.7, m 54o, b 243-244o/15mm. Crystallise it from diethyl

ether and/or distil it under high vacuum.  [Beilstein  1 IV 578.]

Tetracosanoic (lignoceric) acid  [557-59-5] M 368.7, m 84o, 87.5-88o, pKEst ~5.0. Crystallise

the acid  from acetic acid, Me2CO, toluene, pet ether/Me2CO or*C6H6/Me2CO.  [Beilstein  2 IV 1301.]

Tetracyanoethylene [670-54-2] M 128.1, m 199-200o(sealed tube).  Crystallise it from

chlorobenzene, dichloroethane, or dichloromethane [Hall et al. J Org Chem 52 5528 1987].  Store it at 0o in a

desiccator over NaOH pellets.  (It slowly evolves HCN on exposure to moist air CARE .)  It can also be

sublimed at 120o under vacuum.  Also purify it by repeated sublimation at 120-130o/0.5mm.  [Frey et al. J A m

Chem Soc 107 748 1985, Traylor & Miksztal J Am Chem Soc 109 2778 1987, Fatiadi Synthesis 249 1986,

Synthesis  749 1967, Beilstein  2 IV 1245.]

Tetradecane (C14) [629-59-4] M 198.4, m 6o, b 1 2 2o/10mm, 252-254o, d
4
20  0.763, n

D
20

1.429. Wash it successively with 4M H2SO4 and water.  Dry it over MgSO4 and distil it several times under
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reduced pressure [Poë et al. J Am Chem Soc 108 5459 1986].  It is used as a standard in gas chromatography.

[Beilstein  1 H 171, 1 IV 520.]

1-Tetradecanol [112-72-1] M 214.4, m 39-39.5o, b 1 6 0o/10mm, 170-173o/20mm. Crystallise

the alcohol from aqueous EtOH.  It has also been purified by zone melting.  [Beilstein  1 IV 1864.]

Tetradecyl ether (di-tetradecyl ether)  [5412-98-6] M 410.7, m 4 3 . 5o, d
4

43  0 .8117 . Distil the

ether under a vacuum and then crystallise it repeatedly from MeOH/*benzene.   It also crystallises from MeOH

alone (m 31.2o, 33o, 44.4o), or Me2CO (m 43.5o).  [Di Giacomo & Smyth J Am Chem Soc 78  2027 1956,

Beilstein 1 IV 1865.]

Tetradecyltrimethylammonium bromide (myristyl trimthylammonium bromide) [1119-97-7]

M 336.4, m 244-245o, 244-249o.    Crystallise the bromide from acetone or a mixture of Me2CO and

>5% MeOH or Me2CO/EtOH.  Wash it with diethyl ether and dry it in a vacuum oven at 60o.  It is a cationic

detergent.   Its solubility is 1g/5g H2O.  [Dearden  & Wooley J Phys Chem 91 2404 1987, Shelton et al. J A m

Chem Soc 68 754 1946, Beilstein 4 III 419, 4 IV 813.]

Tetraethoxymethane See tetraethyl orthocarbonate  below.

Tetraethylammonium bromide  [71-91-0] M 210.2, m 269o(dec), 284o(dec). Recrystallise the

bromide from EtOH, CHCl3 or diethyl ether, or recrystallise it from acetonitrile and dry it over P2O5 under

reduced pressure for several days.  It also recrystallises from EtOH/diethyl ether (1:2), EtOAc, water or boiling

MeOH/acetone (1:3) or by adding an equal volume of acetone and allowing to cool.  Dry it at 100o in vacuo for

12 days, and store over P2O5.  [Beilstein  4 IV 332.]

Tetraethylammonium chloride hydrate  [68696-18-4 (H2O), 56-34-8 (anhydrous)] M 165.7, m dec

> 2 0 0o. Crystallise the chloride from EtOH by adding diethyl ether, from warm water by adding EtOH and

diethyl ether, from dimethylacetamide or from CH2Cl2 by addition of diethyl ether.  Dry it over P2O5 in vacuum

for several days.  It also crystallises from acetone/CH2Cl2/hexane (2:2:1) [Blau & Espenson J Am Chem Soc

108 1962 1986, White & Murray J Am Chem Soc 109 2576 1987].  [Beilstein  4 IV 332.]

Tetraethylammonium iodide  [68-05-3] M 257.2, m 302o, >300o(dec). Crystallise the iodide from

acetone/MeOH, EtOH/water, dimethylacetamide or ethyl acetate/EtOH (19:1).  Dry it under a vacuum at 50o and

store it over P2O5.  [Beilstein  4 IV 332.]

Tetraethylammonium perchlorate  [2567-83-1] M 229.7, m 3 4 5o(dec). Crystallise the perchlorate

repeatedly from water, aqueous MeOH, acetonitrile or acetone, and dry it at 70o under a vacuum for 24hours.

[Cox et al. J Am Chem Soc 106 5965 1984, Liu et al. J Am Chem Soc 108 1740 1986, White & Murray J

Am Chem Soc 109 2576 1987.]  It has also been crystallised twice from ethyl acetate/95% EtOH (2:1) [Lexa et

al. J Am Chem Soc 109 6464 1987].  [Beilstein  4 IV 332.]

Tetraethylammonium picrate  [741-03-7] M 342.1, m > 3 0 0o(dec). Purify it by successive

crystallisations from water or 95% EtOH followed by drying in vacuum at 70o.  [Beilstein  4 IV 332.]

Tetraethylammonium tetrafluoroborate See tetraethylammonium tetrafluoroborate in “Metal-organic

Compounds”,  Chapter 5.

Tetraethylammonium tetraphenylborate  [12099-10-4] M 449.4.  Recrystallise the borate from

aqueous acetone.  Dry it in a vacuum oven at 60o for several days.  Similarly for the propyl and butyl

homologues.  [Beilstein  4 IV 333.]

Tetraethylene glycol dimethyl ether  [143-24-8] M 222.3, b 1 0 5o/1mm, d
4
20  1.010, n

D
20

1.435. Stand the ether over CaH2, LiAlH4 or sodium, and distil it when required.   [Beilstein  1 IV 2404.]
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Tetraethylenepentamine [112-57-2] M 189.3, b 169-171o/0.05mm, d
4
20  0.999, n

D
20  1 . 5 0 6 ,

pK
1
25  2.98, pK

2
25  4.72, pK

3
25  8.08, pK

4
25  9.10, pK

5
25 9.68. Distil the amine under vacuum.  Also

purify via its penta hydrochloride, nitrate or sulfate.  Jonassen, Frey and Schaafsma [J Phys Chem 61 504

1957] cooled a solution of 150g of the base in 300mL of 95% EtOH, and added dropwise 180mL of conc HCl,

keeping the temperature below 20o.  The white precipitate was filtered off, crystallised three times from

EtOH/water, then washed with diethyl ether and dried by suction.  Reilley and Holloway [J Am Chem Soc 8 0

2917 1958], starting with a similar solution cooled to 0o, added slowly (keeping the temperature below 10o) a

solution of 4.5g-moles of HNO3 in 600mL of aqueous 50% EtOH (also cooled to 0o).  The precipitate was

filtered by suction, recrystallised five times from aqueous 5% HNO3, then washed with acetone and absolute

EtOH and dried at 50o.  [For purification via the sulfate see Reilley and Vavoulis (Anal Chem 31 243 1959),

and for an additional purification step using the Schiff base with benzaldehyde see Jonassen et al. J Am Chem

Soc 79 4279 1957].  [Beilstein  4 IV 1244.]

Tetraethyl 1,1,2,2-ethanetetracarboxylate  [632-56-4] M 318.3, m 73-74o. Recrystallise the ester

twice from EtOH by cooling to 0o.  [Mochizuki et al. Bull Chem Soc Jpn  64 1750 1991, Weinges et al.

Angew Chem 93 1008 1981, Beilstein  2 IV 2415.]

Tetraethyl orthocarbonate  (ethyl orthocarbonate, tetraethoxy ethane)  [78-09-1] M 192.3, b

59 .6 -60o/14mm, 158o/atm, 159o/atm, 160-161o/atm, d
4
20  0.9186, n

D
20  1 . 3 9 3 2 .   Likely

impurities are hydrolysis products.  Shake the orthocarbonate with brine (saturated NaCl, dilute with a little

Et2O if amount of material is small) and dry (MgSO4).  The organic layer is filtered off and evaporated,  and the

residue is distilled through a helices packed fractionating column with a total reflux partial take-off head.  All

distillations can be done at atmospheric pressure in an inert atmosphere (e.g. N2).  [Roberts & McMahon Org

Synth  Coll Vol IV 457 1963, Connolly & Dyson J Chem Soc  828 1937, Tieckelmann & Post J Org Chem

13 266 1948, for review see Kantlehner et al. Justus Liebigs Ann Chem 507 207 1982, Beilstein  3 IV 6.]

2,2,3,3-Tetrafluoropropan-1-ol [76-37-9] M 132.1, b 106-106 .5o/~760mm, pK2 5 1 2 . 7 4 .

Tetrafluoro-1-propanol (450mL) is added to a solution of 2.25g of NaHSO3 in 90mL of water, shaken

vigorously and set aside  for 24hours.  The fraction distilling at or above 99o is refluxed for 4hours with 5-6g of

KOH and rapidly distilled, followed by a final fractional distillation.  [Kosower & Wu J Am Chem Soc  8 3

3142 1961.]  Alternatively, shake the alcohol with alumina for 24hours, dry it overnight with anhydrous K2CO3

and distil it, taking the middle fraction (b 107-108o).  [Beilstein  1 IV 2438.]

Tetra-n-heptylammonium bromide  [4368-51-8] M 490.7, m 88.9-89.1o. Crystallise the bromide

from n-hexane, then dry it in a vacuum oven at 70o.  [Goodrich et al. J Am Chem Soc 72  4412 1950, Beilstein

4 IV 736.]

Tetra-n-heptylammonium iodide  [3535-83-9] M 537.7, m 102-103o. Crystallise the iodide from

EtOH or aqueous EtOH.  [Eriksen et al. J Org Chem 25 849 1960, Beilstein 4 IV 736 for triheptylamine.]

Tetra-n-hexylammonium bromide  [4328-13-6] M 434.6, m 99-100o. Wash the bromide with

ether, and dry it in a vacuum at room temperature for 3 days.

Tetra-n-hexylammonium chloride  [5922-92-9] M 390.1.  Crystallise the chloride from EtOH.

Tetra-n-hexylammonium iodide  [2138-24-1] M 481.6, m 99-101o, 102-103o. Wash the iodide

with diethyl ether and dry it at room temperature in vacuo for 3 days.  It is soluble in CH2Cl2. [Eriksen et al. J

Org Chem 25 849 1960, Beilstein 4 IV 711 for trihexylamine.]

Tetrahexylammonium perchlorate  [4656-81-9] M 454.1, m 104-106o. Crystallise the salt from

acetone and dry it in vacuo at 80o for 24hours.

Tetrakis(dimethylamino)ethylene [996-70-3] M 300.2, b 60o/1mm, d
4
20  0.861, n

D
20  1 . 4 8 1 7 ,

pKEst(1)<0, pKEst(2)<0, pKEst(3)~ 1.5,  pKEst(4) 5.1. Impurities include tetramethylurea, dimethylamine,

tetramethylethanediamine and tetramethyloxamide.  It is washed with water while being flushed with nitrogen to
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remove dimethylamine, dried over molecular sieves, then passed through a silica gel column (previously

activated at 400o) under nitrogen.  De-gas it in a vacuum line by distillation from a trap at 50o to one at -70o.

Finally, it is stirred over sodium-potassium alloy for several days.  [Holroyd et al. J Phys Chem 89 4244 1985,

Wiberg Angew Chem Int Ed Engl 7 766 1968, Beilstein  4 IV 167.]

Tetramethylammonium bromide  [64-20-0] M 154.1, sublimes with dec >230o. Crystallise the

bromide from EtOH, EtOH/diethyl ether, MeOH/acetone, water or from acetone/MeOH (4:1) by adding an equal

volume of acetone.  It is dried at 110o under reduced pressure  or at 140o for 24hours.  [Beilstein  4 IV 145.]

Tetramethylammonium chloride  [75-57-0] M 109.6, m > 2 3 0o(dec). Crystallise the chloride from

EtOH, EtOH/CHCl3, EtOH/diethyl ether, acetone/EtOH (1:1), isopropanol or water.  Traces of the free amine

can be removed by washing with CHCl3.  [Beilstein  4 IV 145.]

Tetramethylammonium hydroxide (5H2O)  [10424-65-4 (5H2O) , 75-59-2 (aqueous solution)] M

181.2, m 63o, 65-68o. It is freed from chloride ions by passage through an ion-exchange column (e.g.

Amberlite IRA-400, prepared in its OH- form by passing 2M NaOH until the effluent is free from chloride ions,

then washed with distilled H2O until neutral).  A modification, to obtain carbonate-free hydroxide, uses the

method of Davies and Nancollas [Nature 165 237 1950].  [Beilstein  4 IV 145.]

Tetramethylammonium iodide  [75-58-1] M 201.1, m > 2 3 0o(dec). Crystallise the iodide from

water or 50% EtOH, EtOH/diethyl ether, ethyl acetate, or from acetone/MeOH (4:1) by adding an equal volume

of acetone.  Dry it in a vacuum desiccator.  [Beilstein  4 IV 145.]

Tetramethylammonium nitrate [1941-24-8] M 136.2, m >300o, 410o. Recrystallise the nitrate from

EtOH and dry at 110o in an air oven. [Coats & Taylor J Chem Soc 1498 1936, Beilstein 4 III 113, 4 IV 147.]

Tetramethylammonium tetraphenylborate  [15525-13-0] M 393.3.  Recrystallise it from acetone,

acetone/CCl4 and from acetone/1,2-dichloroethane.  Dry it over P2O5 in a vacuum, or in a vacuum oven at 60o

for several days.  [Beilstein  4 IV 145.]

N,N,N',N'-Tetramethylethylenediamine (TMEDA, TEMED) [110-18-9] M 116.2, m - 5 5o, b

1 2 2o, d
4
20  1.175, n

D
25 1.4153, pK

1
25  5.90, pK

2
25  9.14.  Dry TMEDA partially with molecular sieves

(Linde type 4A), then distil it in a vacuum from butyl lithium.  This treatment removes all traces of primary and

secondary amines and water.  [Hay et al.  J Chem Soc, Faraday Trans 1 68 1 1972.]  Or dry it with KOH

pellets, reflux for 2hours with one-sixth its weight of n-butyric anhydride (to remove primary and secondary

amines) and fractionally distil it.  Reflux it with fresh KOH, and distil it under nitrogen.  [Cram & Wilson J

Am Chem Soc  85 1245 1963.]  It was also distilled from Na.  Store it sealed under N2. The dipicrate has m

263o(dec).  [Beilstein  4 H 250, 4 I 415, 4 II 690, 4 III 512, 4 IV 1172.]

Tetramethylethylenediamine dihydrochloride  [7677-21-8] M 198.2, m ~300o. Crystallise the

salt from 98% EtOH/conc HCl.  It is hygroscopic.  [Knorr Chem Ber 37 3510 1904, Beilstein  4 IV 1172.]

1,1,3,3-Tetramethylguanidine [80-70-6] M 115.2, b 159-160o, d
4
20  0.917 n

D
20  1.470, pK2 5

13.6. Reflux it over granulated BaO, then fractionally distil it.  Protect it from CO2.  [Beilstein  4 IV 227.]

Tetramethyl orthocarbonate (methyl orthocarbonate, tetramethoxy methane)  [1850-14-2] M

136.2, m -5.6o, -5o, -2o, b 113.5o/760mm, 113 .5-114o/755mm, 112-114o/atm, d 4
20  1 . 0 2 0 2 ,

n
D
20  1.3860.  Purify it in the same way as for tetraethyl orthocarbonate.  [Smith Acta Chem Scand 10  1006

1956, Tiekelmann & Post J Org Chem 13 266 1948, Kantlehner et al. Synthesis  73 1977, Beilstein  3 IV 4.]

2,6,10,14-Tetramethylpentadecane  (pristane, norphytane)  [1921-70-6] M 268.5, b 6 8o (bath

temp)/0.004mm, 158o/10mm, 296o/atm, d
4
20  0.7827, n

2 0
D  1.4385.  Purify pristane by shaking it

with conc H2SO4  (care, if amount of pristane is too small then it should be diluted with pet ether not Et2O

which is quite soluble H2SO4), then H2O (care, as it may heat up in contact with conc H2SO4), dry (MgSO4),

evaporate and distil it over Na.  [Sörensen & Sörensen Acta Chem Scand 3 939 1949, Beilstein  1 III 570.]
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Tetramethylthiuram disulfide [bis-(dimethylthiocarbamyl)disulfide, Thiram] [137-26-8] M

240.4, m 146-148o, 155-156o. Crystallise thiram (three times) from boiling CHCl3, then recrystallise it

from boiling CHCl3 by adding EtOH dropwise to initiate crystallisation, and allow it to cool.  Finally it is

precipitated from cold CHCl3 by adding EtOH (which retains the monosulfide in solution).  [Ferington &

Tobolsky J Am Chem Soc 77 4510 1955, Beilstein  4 IV 242.]

1,1,3,3-Tetramethyl urea  [632-22-4] M 116.2, f -1.2o, b 1 7 5 . 2o/760mm, d 4
20  0.969, n

D
20

1.453. Dry it over BaO and distil it under nitrogen.  It denatures proteins in H2O.  [Elbaum & Herskovits

Biochemistry 13 1268 1974, Kane Anal Biochem 53 350 1973, Beilstein  4 IV 225.]

Tetranitromethane [509-14-8] M 196.0, m 14.2o, b 46o/36mm, 21-23o/23mm, 1 2 6o/ 760mm,

d
4
20  1.640, n

D
20  1.438.  Shake tetranitromethane with dilute NaOH, wash, steam distil, dry with Na2SO4

and fractionally crystallise it by partial freezing.  The melted crystals are dried with MgSO4 and fractionally

distilled under reduced pressure.  Alternatively, shake it with a large volume of dilute NaOH until no absorption

attributable to the aci-nitro anion (from mono- di- and tri- nitromethanes) is observable in the water.  Then wash

it with distilled water, and distil it at room temperature by passing a stream of air or nitrogen through the liquid

and condensing it in a trap at -80o.  It can be dried with MgSO4 or Na2SO4, fractionally crystallised from the

melt, and fractionally distilled under reduced pressure.  [Liang Org Synth Coll Vol III 803 1955, Beilstein  4  H

80, 4 I 21, 4 II 45, 4 III 116, 4 IV 107.]  Potentially explosive (when impure e.g. with toluene),

toxic, carcinogenic.

Tetrapentylammonium bromide See tetra-n-amylammonium bromide above.

Tetra-n-propylammonium bromide  [1941-30-6] M 266.3, m > 2 8 0o(dec). Crystallise it from

ethyl acetate/EtOH (9:1), acetone or MeOH.  Dry it at 110o under reduced pressure.  [Beilstein  4 IV 471.]

Tetra-n-propylammonium iodide  [631-40-3] M 313.3, m > 2 8 0o(dec). Purify the iodide by

crystallising it from EtOH, EtOH/diethyl ether (1:1), EtOH/water or aqueous acetone.  Dry it at 50o under a

vacuum and store it over P2O5 in a vacuum desiccator.  Keep it away from light.  [Beilstein  4 IV 472.]

Tetra-n-propylammonium perchlorate See tetrapropylammonium perchlorate in “Metal-organic

Compounds”,  in Chapter 5.

Thioacetamide [62-55-5] M 75.1, m 112-113o, pK2 5 13.4. Crystallise the amide from absolute

diethyl ether or *benzene.  Dry it at 70o in a vacuum and store it over P2O5 at 0o under nitrogen.  (It develops an

obnoxious odour on storage, and absorption at 269nm decreases,  hence it should be freshly recrystallised before

use).  [Beilstein  2 IV 565.]

Thiodiglycollic acid (2,2’-dithioacetic acid) [123-93-3] M 150.2, m 1 2 9o, pK
1
25  3.15 (3 .24 ) ,

pK
2
25  4.13 (4.56).  Crystallise the acid from water.  [Beilstein  3 IV 612.]

3,3'-Thiodipropionic acid (bis[2-carboxyethyl]sulfide) [111-17-1] M 178.2, pK
1
25  3.84, pK

2
25

4.66. Crystallise the sulfide from water.  [Beilstein  3 IV 735.]

Thioformamide [115-08-2] M 61.0, m 29o, 32 .0 -33 .8o,  pKEst ~12.4. Crystallise thioformamide

from EtOAc, Et2O or ether/pet ether.   The monohydrate is a yellow oil soluble in many organic solvents.  UV:

max 263nm (  2500) in MeOH.  [Erlenmyer & Menzi Helv Chim Acta 31 2071 1948.]  Alternatively dissolve

it in Et2O to separate it from any formanide and/or polymers, filter, evaporate and recrystallise the residue from

EtOAc at Dry-Ice temperature [Londergan et al. J Am Chem Soc 75 4456 1953].  Store it in Et2O solution

over P2O5. [Cousineau & Secrist J Org Chem 44 4351 1979, Beilstein  2 H 95, 2 I 39, 2 III 128, 2 IV 92.]

Thioglycollic acid  [68-11-1] M 92.1, b 95-96o/8mm, d
4
20  1.326, n

D
20  1.505, pK

1
25  3 . 4 2 ,

pK
2
25  10.20.  Mix the acid with an equal volume of *benzene; the *benzene is then distilled off to dehydrate
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the acid.  After heating to 100o to remove most of the *benzene, the residue is distilled under vacuum and stored

in sealed ampoules at 3o.  [Eshelman et al. Anal Chem 22 844 1960, Beilstein  3 IV 1130.]

(±)-Thiomalic (mercaptosuccinic) acid  [70-49-5] M 150.2, m 153-154o, pK
1
25  3.64 (3 .17 ) ,

pK
2
25  4.64 (4.67), pK

3
25  10.37 (10.52).  Dissolve the acid in water and extract it several times with

diethyl ether to remove imprities.  The aqueous solution gave the acid on freeze-drying.  [Beilstein  3 IV 472.]

Thiosemicarbazide [79-19-6] M 91.1, m 181-183o, pK
1
25  1.88, pK

2
25  12.81.  Crystallise

thiosemicarbazide  from H2O (solubility is 20.3% w/w at 80o).  The hydrochloride  has m  190-191o(dec, 184o

also reported).  It forms salts with heavy metals.  [Beilstein  3 H 195, 3 I 79, 3 II 134, 3 III 315, 3 IV 374.]

Thiourea [62-56-6] M 76.1, m 179o, pK2 0 -1.19 (aqueous H2S O4). Crystallise thiourea from

absolute EtOH, MeOH, acetonitrile or water.  Dry it under vacuum over H2SO4 at room temperature.  [Beilstein

3 IV 342.]

Tiglic acid (t rans -2,3-dimethylacrylic acid) [80-59-1] M 100.1, m 63.5-64o, b 1 9 8 . 5o,

9 5o/11mm,  pK1 8 4.96.  Crystallise it from water.  It is steam volatile and is soluble in organic solvents.

[Beilstein  2 IV 1552.]

trans-Traumatic acid (2-dodecene-1,12-dioic acid)  [6402-36-4]  M 228.3, m 165-166o, 150 -

1 6 0o/0.001mm, pKEst(1)~4.2, pKEst(2)~4.6. Crystallise the acid from EtOH, acetone or glyme. The bis-4-

phenylphenacyl ester has m 144-145o (from EtOH).  [Beilstein  2 III 1978, 2 IV 2279.]

1,2,3-Triaminopropane trihydrochloride  [free base 21291-99-6] M 198.7, m 2 5 0o (sintering

at 100o), pK
1
20  3.72, pK

2
20  7.95, pK

3
20  9.59.  Crystallise the trihydrochloride from EtOH or H2O.

The free base decomposes at 190o/760mm but has b 92-93o/9mm without decomposition.  [Beilstein 4  H

274, 4 III 630.]

Tribromochloromethane [594-15-0] M 287.2, m 55o, b 158-159 .5o/~760mm, 1 6 0o/~760mm.

Melt it, wash it with aqueous Na2S2O3, dry it with BaO and fractionally crystallise from its melt.  It also

crystallises from EtOH and distils at atmospheric pressure.  [Beilstein 1 H 68, 1 II 35, 1 III 91, 1 IV 85.]

Tri-n-butylamine [102-82-9] M 185.4, b 6 8o/3mm, 1 2 0o/44mm, d
4
20  0.7788, n

D
20  1 . 4 2 9 4 ,

pK2 5 9.93. Purify the amine by fractional distillation from sodium under reduced pressure.  Pegolotti and

Young [J Am Chem Soc 83 3251 1961] heated the amine overnight with an equal volume of acetic anhydride,

in a steam bath.  The amine layer was separated and heated with water for 2hours on the steam bath (to hydrolyse

any remaining acetic anhydride).  The solution was cooled, solid K2CO3 was added to neutralize any acetic acid

that had been formed, and the amine was separated,  dried (K2CO3) and distilled at 44mm pressure.  Davis and

Nakshbendi [J Am Chem Soc 84 2085 1926] treated the amine with one-eighth of its weight of

benzenesulfonyl chloride in aqueous 15% NaOH at 0-5o.  The mixture was shaken intermittently and allowed to

warm to room temperature.  After a day, the amine layer was washed with aqueous NaOH, then water and dried

with KOH.  (This treatment removes primary and secondary amines.)  It was further dried with CaH2 and

distilled under vacuum.  [Beilstein  4 IV 554.]

Tri-n-butylammonium hydrobromide  [37026-85-0] M 308.3, m 75.2-75.9o. Crystallise the

hydrobromide from ethyl acetate.  [Beilstein  4 H 157, 4 III 292, 4 IV 555.]

Tri-n-butylammonium nitrate  [33850-87-2] M 304.5.  Crystallise the nitrate from mixtures of n-

hexane and acetone (95:5).  Dry it over P2O5 in a vacuum.  [Beilstein  2 IV 554.]

Tri-n-butylammonium perchlorate  [14999-66-7] M 285.5.  Recrystallise the perchlorate from n-

hexane.  (Potentially explosive.)  [Beilstein  2 IV 554.]

Tricarballylic acid (propane-1,2,3-tricarboxylic acid)  [99-14-9] M 176.1, m 1 6 6o, pK
1
25

3.47,  pK
2
25  4.54, pK

3
25  5.89.  Crystallise the acid from diethyl ether.  [Beilstein  2 IV 2366.]
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Trichloroacetamide [594-65-0] M 162.4, m 139-141o, b 238-240o. Its solution in xylene is dried

with P2O5, then fractionally distilled.  [Beilstein  2 IV 520.]

Trichloroacetic acid  [76-03-9] M 163.4, m 59 .4 -59 .8o, pK2 5 0.51. Purify the acid by fractional

crystallisation from its melt, then crystallise it repeatedly from dry *benzene and store it over conc H2SO4 in a

vacuum desiccator.  It can also be crystallised from CHCl3 or cyclohexane, and dried over P2O5 or Mg(ClO4)2 in

a vacuum desiccator.  Trichloroacetic acid can be fractionally distilled under reduced pressure from MgSO4.

Layne, Jaffé and Zimmer [J Am Chem Soc 85 435 1963] dried trichloroacetic acid in *benzene by distilling off

the *benzene-water azeotrope,  then crystallised the acid from the remaining *benzene solution.  Manipulations

should be carried out under  N2.  [Toxic vapours, use a well ventilated fume cupboard.] [Beilstein 2 IV 508.]

1,1,1-Trichloroethane [71-55-6] M 133.4, f -32.7o, b 74.0o, d
4
20  1.337, n

D
20  1.4385.  Wash it

successively with conc HCl (or conc H2SO4), aqueous 10% K2CO3 (Na2CO3), aqueous 10% NaCl, dry it with

CaCl2 or Na2SO4, and fractionally distil it.  It can contain up to 3% dioxane as preservative.  This is removed

by washing successively with 10% aqueous HCl, 10% aqueous NaHCO3 and 10% aqueous NaCl, and distilling

over CaCl2 before use.  [Beilstein  1 IV 138.]

1,1,2-Trichloroethane [79-00-5] M 133.4, f -36.3o, b 1 1 3 . 6o, d
4
20  1.435, n

D
20  1.472.  Purify

the chloroethane  as for 1,1,1-trichloroethane above.  [Beilstein  1 IV 139.]

Trichloroethylene [79-01-6] M 131.4, f -88o, b 87.2o, d
4
20  1.463, n

D
21 1.4767. Tricloroethylene

undergoes decomposition in a similar way as CHCl3, giving HCl, CO, COCl2 and organic products.  It reacts

with KOH, NaOH and 90% H2SO4, and forms azeotropes with water, MeOH, EtOH, and acetic acid.  It is

purified by washing successively with 2M HCl, water and 2M K2CO3, then dried with K2CO3 and CaCl2, then

fractionally distilled before use.  It has also been steam distilled from 10% Ca(OH)2 slurry, most of the water

being removed from the distillate by cooling to -30o to -50o and filtering off the ice through chamois skin: the

trichloroethylene is then fractionally distilled at 250mm pressure and collected in a blackened container.

[Carlisle & Levine Ind Eng Chem (Anal Ed)  24 1164 1932, Beilstein  1 IV 712.]

1,1,2-Trichloro-1,2,2-trifluoroethane [76-13-1] M 187.4, b 4 7 . 6o/760mm, d
4
20  1.576, n

D
20

1.360. Wash it with water, then with weak alkali.  Dry it with CaCl2 or H2SO4 and distil it.  [Locke et al. J

Am Chem Soc 56 1726 1934, Beilstein 1 III 157, 1 IV 142.]

Tridecanoic acid  [638-53-9] M 214.4, m 4 1 . 8o, 44 .5 -45 .5o (several forms), b 199 -

2 0 0o/24mm, pKEst ~5.0. Crystallise the acid from acetone.  [Beilstein  2 IV 1117.]

7-Tridecanone (dihexyl ketone) [462-18-0] M 198.4, m 3 3o, b 2 5 5o/766mm. Crystallise the

ketone from EtOH.  [Beilstein  1 H 715.]

T r i -n-dodecylamine (Hydrogen ionophore I) [102-87-4] M 522.0, m 1 5 . 7o, b 220 -

2 2 8o/0.03mm, d
4
20  0.833, n

D
20  1.4577, pKEst ~11.0. Distil tridodecylamine under high vacuum and

N2, and store it in the absence of CO2. It can be crystallised from 95%EtOH/*C6H6 at low temperature under

vacuum.  The hydrochloride has m 78-79o.  [Ra et al. J Org Chem 9 259 1944, Beilstein 4 III 413, 4 IV 801.]

Tri-n-dodecylammonium nitrate  [2305-34-2] M 585.0.  Crystallise the salt from n-hexane/acetone

(95:5) and keep it in a desiccator over P2O5 under vacuum.  [Beilstein  4 IV 801 for tridodecylamine.]

Tri-n-dodecylammonium perchlorate  [5838-82-4] M 622.4.  Recrystallise the salt from n-hexane or

acetone and keep it in a desiccator over P2O5.  (Potentially explosive.)

T r i e t h a n o l a m i n e [102-71-6] M 149.2, m 20-22o, b 190-103o/5mm, 206-207o/ 15mm,

3 3 5 . 4o/760mm, d
4
20  1.124, n

D
20  1.485, pK2 5 7.92. Shake the amine gently with Linde type 4A

molecular sieves for 24hours, filter and fractionate it under a vacuum, and preferably in the presence of N2.

Store it in dark stoppered bottles under N2 as it is hygroscopic,  and turns brown in air and light.  It has a strong
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ammoniacal odour (like diethanolamine).  It is miscible with H2O, MeOH and Me2CO, and its solubilities at

25o in n-heptane, Et2O and *C6H6 are 0.4%, 1.6% and 4.2%, respectively.  [See diethanolamine above,

Beilstein  4 IV 1524.]

Triethanolamine hydrochloride  [637-39-8] M 185.7, m 177o, pK2 5 7.92 (free base).

Crystallise the salt from EtOH.  Dry it at 80o.  [Beilstein  4 IV 1525.]

1,1,2-Triethoxyethane [4819-77-6] M 162.2, b 7 4o/28mm, 1 6 4o/~760mm, 1 6 7 . 2o/ 760mm,

d
4
20  0.897, n

D
20  1.401.  Dry it with Na2SO4, and distil it.  [McElvain & Walters J Am Chem Soc 64  1964

1942, Beilstein 1 H 818, 1 I 418, 1 III 3184, 1 IV 3958.]

Triethylamine [121-44-8] M 101.2, b 89.4o, d
4
20  0.7280, n

D
20  1.4005, pK2 5 10.82. Dry

triethylamine with CaSO4, LiAlH4, Linde type 4A molecular sieves, CaH2, KOH, or K2CO3, then distil it,

either alone or from BaO, sodium, P2O5 or CaH2.  It has also been distilled from zinc dust, under nitrogen.  To

remove traces of primary and secondary amines, triethylamine has been refluxed with acetic anhydride, benzoic

anhydride, phthalic anhydride, then distilled, refluxed with CaH2 (ammonia-free) or KOH (or dried with activated

alumina), and again distilled.  Another purification method involved refluxing for 2hours with p-toluenesulfonyl

chloride, then distilling. Grovenstein and Williams [J Am Chem Soc 83 412 1961] treated triethylamine

(500mL) with benzoyl chloride (30mL), filtered off the precipitate, and refluxed the liquid for 1hour with a

further 30mL of benzoyl chloride.  After cooling, the liquid was filtered, distilled, and allowed to stand for

several hours with KOH pellets.  It was then refluxed with, and distilled from, stirred molten potassium.

Triethylamine has been converted to its hydrochloride (see brlow),  crystallised from EtOH (to m 254o), then

liberated with aqueous NaOH, dried with solid KOH and distilled from sodium under N2.  [Beilstein  4 H 99, 4  I

348, 4 II 593, 4 III 194, 4 IV 322.]

Triethylammonium hydrobromide  [636-70-4] M 229.1, m 2 4 8o. Equimolar portions of

triethylamine and aqueous solutions of HBr in acetone are mixed with cooling.  The precipitated salt is washed

with anhydrous acetone and dried in vacuum for 1-2hours.  [Odinekov et al. J Chem Soc, Faraday Trans 2 8 0

899 1984.]  Recrystallise it from CHCl3 or EtOH.  [Beilstein  4 IV 322.]

Triethylammonium hydrochloride  [554-68-7] M 137.7, m 257-260o(dec). Purify it like the

bromide above.  [Beilstein  4 IV 327.]

Triethylammonium hydroiodide  [4636-73-1] M 229.1, m 181o. Purify it as for triethylammonium

bromide, except the solution for precipitation in precooled acetone at -10o and the precipitate is twice

recrystallised from a cooled acetone/hexane mixture at -10o.  Store it in the dark.  [Beilstein  4 IV 327.]

Triethylammonium trichloroacetate  [4113-06-8] M 263.6.  Equimolar solutions of triethylamine

and trichloroacetic acid in n-hexane are mixed at 10o.  The solid so obtained is recrystallised from

CHCl3/*benzene.  [Hoigbné & Gäumann Helv Chim Acta 42 444 1959, Beilstein  4 IV 330.]

Triethylammonium trifluoroacetate  [454-49-9] M 196.2.  Purify as for the corresponding

trichloroacetate but in Et2O.  Evaporation of the Et2O gives the salt as a colourless viscous liquid at ambient

temperature.  [Emmons et al. J Am Chem Soc 76 3472 1954, Beilstein  4 IV 330.]

Triethylene glycol  [112-27-6] M 150.2, b 115-117o/0.1mm, 278o/760mm, d
4
15 1.1274, n

D
15

1.4578,. Dry the glycol with CaSO4 for 1 week, then it is repeatedly and very slowly fractionally distilled

under a vacuum.  Store it in a vacuum desiccator over P2O5.  It is very hygroscopic.  [Beilstein  1 IV 2400.]

Triethylene glycol dimethyl ether (triglyme)  [112-49-2] M 178.2, b 225o, d
4
20  0.987, n

D
20

1.425. Reflux it with, and distil it from sodium hydride or LiAlH4.  [Beilstein  1 IV 2401.]

Triethylenetetramine (TRIEN, TETA, trientine) [112-24-3] M 146.2, m 1 2o, b 1 5 7o/ 20mm,

d
4
20  0.971, n

D
20  1.497, pK

1
25  3.32, pK

2
25  6.67, pK

3
25  9.20, pK

4
25  9.92.  Dry the amine with

sodium, then distil it under a vacuum.  Further purification has been via the nitrate or the chloride salts.  For
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example, Jonassen and Strickland [J Am Chem Soc 80 312 1958] separated TRIEN from admixture with TREN

(38%) by solution in EtOH, cooling to approximately 5o in an ice-bath and adding conc HCl dropwise from a

burette, keeping the temperature below 10o, until all of the white crystalline precipitate of TREN.HCl (see p

191) had formed and was removed.  Further addition of HCl then precipitated thick, creamy white TRIEN.HCl

(see below) which was crystallised several times from hot water by adding an excess of cold EtOH.  The crystals

were finally washed with Me2CO, then Et2O and dried in a vacuum desiccator.  [Beilstein  4 H 255, 4  II 695, 4

III 542, 4 IV 1242.]

Triethylenetetramine tetrahydrochloride (TRIEN HCl)  [4961-10-4] M 292.1, m 266-270o.

Crystallise the salt repeatedly from hot water by precipitation with cold EtOH or EtOH/HCl.  Wash it with

acetone and absolute EtOH and dry it in a vacuum oven at 80o (see TRIEN above).  The tetrabenzoyl derivative

has m 230o after crystallisation from boiling EtOH. [Peacock J Chem Soc 1519 1936, Beilstein  4  H 255, 4  II

695, 4 III 543.]

Triethyl orthoformate (ethyl orthoformate, 1,1,1-triethoxymethane) [122-51-0] M 148.2, m

3 0o, b 60o/30mm, 144-146o/760mm, d
4
20  0.891, n

D
20  1.392.  Fractionate it first at atmospheric

pressure, then in a vacuum.  If impure, then shake it with aqueous 2% NaOH, dry it with solid KOH and distil it

from sodium through a 20cm Vigreux column (p 11).  Alternatively, wash it with H2O, dry it over anhydrous

K2CO3, filter and fractionate it through a Widmer column (p 11).  [Sah & Ma J Am Chem Soc 54 2964 1932,

Ohme & Schmitz Justus Liebigs Ann Chem 716 207 1968, Beilstein  2  IV 25.]  IRRITANT  and

FLAMMABLE.

Triethyloxonium fluoroborate  [368-39-8]  M 190.0, m 92-93o(dec). Crystallise it from diethyl

ether.  It is very hygroscopic, and must be handled in a dry box and stored at 0o.  [Meerwein Org Synth Coll Vol

V 1096 1973.]  Pure material should give a clear and colourless solution in dichloromethane (1 in 50, w/v).

[Beilstein  1 IV 1322.]

Trifluoroacetic acid  [76-05-1] M 114.0, f - 1 5 . 5o, b 7 2 . 4o, d
4
20  1.494, n

D
20  1.2850, pK2 5

0.52. The purification of trifluoroacetic acid, reported in earlier editions of this work, by refluxing over

KMnO4 for 24hours and slowly distilling has resulted in very SERIOUS EXPLOSIONS  on various

occasions, but not always.  This apparently depends on the source and/or age of the acid.  The method is NOT

RECOMMENDED.  Water can be removed by adding trifluoroacetic anhydride (0.05%, to diminish water

content) and distilling.  [Conway & Novak J Phys Chem 81 1459 1977].  It can be refluxed and distilled from

P2O5.  It is further purified by fractional crystallisation by partial freezing and again distilled.  Highly TOXIC

vapour.  Work in an efficient fume hood.  [Beilstein  2 IV 458.]

Trifluoroacetic anhydride  [407-25-0] M 210.0, b 38-40o/760mm, d
4
20  1.508.  Purification by

distilling over KMnO4, as for the acid above, is EXTREMELY DANGEROUS due to the possiblility of

EXPLOSION.  It is best purified by distilling from P2O5 slowly, and collecting the fraction boiling at 39.5o.

Store it in a dry atmosphere.  Highly TOXIC vapour and attacks skin, work in an efficient fume

hood.  [Beilstein  2 IV 469.]

2,2,2-Trifluoroethanol [75-89-8] M 100.0, b 72.4o/738mm, d
4
20  1.400, pK2 5 12.8.  Dry it

with CaSO4 and a little NaHCO3 (to remove traces of acid) and distil it.  Highly TOXIC vapour.

[Beilstein 1 IV 1370.]

Trifluoromethanesulfonic anhydride (triflic anhydride)  [358-23-6] M 282.1, b 82-85o, 8 4o,

d
4
20  1.71, n

D
20  1.322.  Distil it through a short Vigreux column (p 11).  It can be freshly prepared from the

anhydrous acid (11.5g) and P2O5 (11.5g, or half this weight) by setting aside at room temperature for 1hour,

distilling off volatile products then distil it through a short Vigreux column.  It is readily hydrolysed by H2O and

decomposes appreciably after a few days to liberate SO2 and produce a viscous liquid.  Store it dry at low

temperatures.  [Burdon et al. J Chem Soc 2574 1957, Beard et al. J Org Chem 38 373 1973, Beilstein 3 IV 35.]
Highly TOXIC vapour.
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Trimethylamine [75-50-3] M 59.1, b 3.5o, pK2 5 9.80. Dry triethylamine by passing the gas through

a tower filled with solid KOH.  Water and impurities containing labile hydrogen were removed by treatment with

freshly sublimed, ground, P2O5.  It has been refluxed with acetic anhydride, and then distilled through a tube

packed with HgO and BaO. [Comyns J Chem Soc 1557 1955.]  For more extensive purification, trimethylamine

is converted to the hydrochloride,  crystallised (see below), and regenerated by treating the hydrochloride with

excess aqueous 50% KOH, the gas is passed through a CaSO4 column into a steel cylinder containing sodium

ribbon.  After 1-2 days, the cylinder is cooled to -78o and hydrogen and air are removed by pumping.  [Day &

Felsing J Am Chem Soc 72  1698 1950.]  Me3N has been distlled from trap-to-trap and degassed  by  freeze-

pump-thaw [Halpern et al. J Am Chem Soc 108 3907 1986].  It is commercially supplied in a pressure tin.

[Beilstein  4 H 43, 4 I 322, 4 II 553, 4 III 99, 4 IV 134.]

Trimethylamine hydrochloride  [593-81-7] M 95.7, m > 2 8 0o(dec). The salt crystallises from

CHCl3, EtOH or n-propanol, and is dried under vacuum.  It also crystallises from *benzene/MeOH,

MeOH/diethyl ether and is dried under vacuum over paraffin wax and H2SO4.  It is kept over P2O5 as it is

hygroscopic.  [Beilstein  4 H 262, 4 I 419, 4 IV 138.]

Trimethylamine hydroiodide  [20230-89-1]  M 186.0, m 263o. It crystallises from MeOH.

Trimethylolpropane (1,1,1-trishydroxymethylpropane,  2-ethyl-2-hydroxymethyl-1,3-

propanediol [77-99-6]  M 134.2, m 57-59o, 60 -62o, b 159-161o/2mm. Crystallise it from acetone

and ether and it distils at high vacuum.  [Beilstein 1 III 2349.]

2,2,3-Trimethylpentane [564-02-3] M 114.2, b 109.8o, d
4
20  0.7161, n

D
20  1.40295, n

D
25

1.40064. Purify it by azeotropic distillation with 2-methoxyethanol, which is subsequently washed out with

water.  The trimethylpentane is then dried and fractionally distilled.  [Forziati et al. J Res Nat Bur Stand 36 129

1946, Beilstein 1 IV 439.]

2,2,4-Trimethylpentane (isooctane) [540-84-1] M 114.2, m -107o, b 9 9 . 2o, d
4
20  0.693, n

D
20

1.39145, n
D
25 1.38898. Distil isooctane from sodium, pass it through a column of silica gel or activated

alumina (to remove traces of olefins), and again distilled from sodium.  Extract repeatedly with conc H2SO4,

then agitate it with aqueous KMnO4, wash it with water, dry (CaSO4) and distil it.  Purify it also by azeotropic

distillation with EtOH, which is subsequently washed out with water, and the trimethylpentane is dried and

fractionally distilled.  [Forziati et al. J Res Nat Bur Stand 36 126 1946.]  [Beilstein 1 IV 439.]

2,4,4-Trimethylpent-2-ene ( -diisobutylene) [107-40-4] M 112.2, m -106o, b 104o, d
4
20

0.720, n
D
20  1.4160.  Fractionate it under N2 as it is highly flammable.  [Beilstein 1 III 848, 1 IV 891.]

Trimethylsulfonium iodide  [2181-42-2] M 204.1, m 211-212 .5o(dec), 215-220o(dec).

Crystallise the iodide from EtOH.  [Emeleus & Heal J Chem Soc 1126 1946, Swain & Kaiser J Am Chem Soc

80 4089 1958, Borredon et al. J Org Chem 55 501 1990, Bouda et al. Synth Commun 17 503 1987.]

Trimyristin [555-45-3] M 723.2, m 56.5o. Crystallise it from diethyl ether.  [Beilstein 2 IV 1135.]

Tri-n-octylamine [1116-76-3] M 353.7, b 164-168o/0.7mm, 365-367o/760mm, d
4
20  0 . 8 1 3 ,    

n
D
20  1.450, pK2 5 10.65. It is converted to the amine hydrochloride etherate which is recrystallised four

times from diethyl ether at -30o (see below).  Neutralisation of this salt regenerates the free amine which distil

under high vacuum.  [Wilson & Wogman J Phys Chem 66 1552 1962.]  Distil the amine at 1-2mm pressure.

[Beilstein 4 H 196, 4 III 382, 4 IV 754.]

Tri-n-octylammonium chloride  [1188-95-0] M 384.2, m 78-79o, pK2 5 8.35 (in 70% aqueous

EtOH). Crystallise it from Et2O, then n-hexane (see above).  [Burrows et al. J Chem Soc 200 1947, Beilstein

4 H 196.]

Tri-n-octylammonium perchlorate  [2861-99-6] M 454.2, m > 3 0 0o(dec). Crystallise the

perchlorate from n-hexane.  (Possibly explosive.)  [Beilstein 4 IV 754.]
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Tripalmitin [555-44-2] M 807.4, m 66.4o. Crystallise it from acetone, diethyl ether or EtOH.  It

exists in an -form (m 56.0o), a ’-form (m 63.5o) and a -form (m 65.5o).  [Beilstein 2  H 373, 2  I 167, 2  II

340, 2 III 971.]

Tri-n-propylamine [102-69-2] M 143.3, b 156.5o, d
4
20  0.757, n

D
20  1.419, pK2 5 10.66. Dry the

amine with KOH and fractionally distil it.  Also reflux it with toluene-p-sulfonyl chloride and with KOH, then

fractionally distil it.  The distillate, after additon of 2% phenyl isocyanate, was redistilled and the residue

fractionally distilled from sodium.  [Takahashi et al. J Org Chem 52 2666 1987, Beilstein 4 IV 470.]

Tris-(2-aminoethyl)amine (TREN)  [4097-89-6] M 146.2, b 1 1 4o/15mm, 2 6 3o/744mm, d
4
20

0.977, n
D
20  1.498, pK

1
25  8.42, pK

2
25  9.44, pK

3
25  10.13.  For a separation from a mixture containing

62% TRIEN, see entry under triethylenetetramine.  Also purify it by conversion to the hydrochloride (see

below), recrystallise it and regenerate  the free base [Xie & Hendrickson J Am Chem Soc 109 6981 1987].

[Beilstein 4 H 256, 4 II 695, 4 III 545, 4 IV 1250.]

Tris-(2-aminoethyl)amine trihydrochloride  [14350-52-8] M 255.7, m 3 0 0o(dec). Crystallise

the salt several times by dissolving it in the minimum of hot water and precipitating it with excess of cold

EtOH.  The precipitate is washed with acetone, then diethyl ether and dried in a vacuum desiccator.  [Beilstein 4

H 256, 4 II 695, 4 III 545, 4 IV 1250.]

Tris-(dimethylamino)methane (N,N,N',N',N",N"-hexamethylmethanetriamine) [5762-56-1]

M 145.3, b 42-43o/12mm, n
D
20  1.4349, pKEst ~ 10.  Dry it over KOH and distil it through a Vigreux

column (p 11) at water pump vacuum.  Store it in the absence of CO2.  [Bredereck et al. Chem Ber 101  1885

1968 and Angew Chem, Int Ed Engl 5 132 1966.]

Tris-(hydroxymethyl)methylamine (TRIS) [77-86-1] M 121.1, m 1 7 2o, pK2 5 8.07. TRIS can

ordinarily be obtained in highly pure form suitable for use as an acidimetric standard.  If only impure material is

available, it should be crystallised from 20% EtOH, aqueous MeOH (m 171.1o) or isopropanol (m 172-173o).

Dry it in a vacuum desiccator over P2O5 or CaCl2.

Alternatively, it is dissolved in twice its weight of water at 55-60o, filtered, concentrated to half its volume and

poured slowly, with stirring, into about twice its volume of EtOH.  The crystals which separate on cooling to

3-4o are filtered off, washed with a little MeOH, air dried by suction, then finally ground and dried in a vacuum

desiccator over P2O5.  It has also been recrystallised from water, MeOH or aqueous MeOH, and vacuum dried at

80o for 2 days.  [Beilstein 4 H 303, 4 III 857, 4 IV 1903.]

Tris-(hydroxymethyl)methylammonium hydrochloride (TRIS-HCl)  [1185-53-1] M 157.6, m

149-150o(dec). Crystallise the salt from 50% EtOH, then from 70% EtOH.  TRIS-hydrochloride is also

available commercially in a highly pure state.  Otherwise, recrystallise it from 50% EtOH, then 70% EtOH, and

dry it below 40o to avoid risk of decomposition.  [Beilstein 4 H 304.]

1,1,1-Tris-(hydroxymethyl)ethane (2-hydroxymethyl-2-methyl-1,3-propanediol)  [77-85-0] M

120.2, m 200o. Dissolve it in hot tetrahydrofuran,  filter and precipitate it with hexane.  It has also been

crystallised from acetone/water (1:1).  Dry it in a vacuum.  [Beilstein 1 H 520, 1 IV 2780.]

N-Tris-(hydroxymethyl)methyl-2-aminomethanesulfonic acid (TES) [7365-44-8] M 229.3, m

224-226o(dec), pK2 0 7.50. Crystallise the acid from hot EtOH containing a little water.

Tris-(hydroxymethyl)nitromethane [2-(hydroxymethyl)-2-nitro-1,3-propanediol]  [126-11-4]

M 151.1, m 174-175o(dec, tech. grade), 214o(pure). Crystallise it from CHCl3/ethyl acetate or ethyl

acetate/*benzene.  It is an acid and a 0.1M solution in H2O has pH 4.5.  IRRITANT. [Beilstein 1 H 520.]

Triuret (1,3-dicarbamoylurea)  [556-99-0] M 146.1, m 2 3 3o(dec). It crystallises from aqueous

ammonia or H2O (plates m 232-234o).   It gives mono and dipotassium salts.  [Beilstein 3  H 72, 3  I 35, 3  II

60, 3 III 142.]
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Undecan-1-ol [112-42-5] M 172.3, m 16.5o, 146o/30mm, d2 5 0.830, n
D
20  1.440, Purify the

alcohol by repeated fractional crystallisation from its melt or by distillation in a vacuum.  [Beilstein 1 H 427, 1

IV 1835.]

Undecanoic acid (C11, undecylic acid)) [112-78-8] M 186.3, m 2 8 . 5o, b 1 6 4o/ 18mm,

2 2 8o/160mm, 248-250o/~760mm, d
4
20  0.8907, n

D
25 1.4294, pKEst ~5.0. Purify the acid by

repeated fractional crystallisation from its melt or by distillation in a vacuum.  [Beilstein 2 H 358, 2 IV 1068.]

Undec-10-enoic acid  [112-38-9] M 184.3, m 25-25.5o, b 131o/1mm, 168o/15mm, d
4
20  0 . 9 1 2 ,

n
D
25 1.447, pKEst ~5.0. Purify the acid by repeated fractional crystallisation from its melt or by distillation

in a vacuum.  [Beilstein 2 IV 1612.]

Urea [57-13-6] M 60.1, m 132.7-132.9o, pK2 5 0.12. Crystallise urea twice from conductivity water

using centrifugal drainage and keeping the temperature below 60o.  The crystals are dried under vacuum at 55o for

6hours.  Levy and Margouls [J Am Chem Soc 84 1345 1962] prepared a 9M solution in conductivity water

(keeping the temperature below 25o) and, after filtering through a medium-porosity glass sinter, added an equal

volume of absolute EtOH.  The mixture was set aside at -27o for 2-3 days and filtered cold.  The precipitate was

washed with a small amount of EtOH and dried in air.  Crystallisation from 70% EtOH between 40o and -9o has

also been used.  Ionic impurities such as ammonium isocyanate have been removed by treating the concentrated

aqueous solution at 50o with Amberlite MB-1 cation- and anion-exchange resin, and allowing it to crystallise on

evaporation.  [Benesch et al. J Biol Chem 216 663 1955.]  It can also be crystallised from MeOH or EtOH, and

is dried under vacuum at room temperature.  [Beilstein 3 H 42, 3 I 19, 3 II 35, 3 III 80.]

Urea nitrate [124-47-0] M 123.1, m 152o(dec), 157-158o, 163o. Crystallise it from dilute HNO3 or

EtOH (m 157-158o) and dry it in a vacuum over P2O5.  [Beilstein 3 H 54, 3 I 25, 3 II 45, 3 III 105, 3 IV 94.]

Urethane (ethyl carbamate, ethyl urethane)  [51-79-6] M 89.1, m 48-50o, b 182 -

1 8 4o/~760mm, d
4
20  0.986, n

D
25 1.4144. Urethane is best purified by fractional distillation, but it can be

sublimed at ~103o/~50mm.  It has also been recrystallised  from *benzene.  Its solubilitiy at room temperature

is 2g/mL in H2O, 1.25g/mL in EtOH, 1.1g/mL in CHCl3, 0.67g/mL in Et2O and 0.03g/mL in olive oil.  It is

a suspected human carcinogen. [Beilstein 3 H 22, 3 IV 40.]

cis-Vaccenic acid (octadec-11-enoic acid)  [506-17-2] M 282.5, m 14-15o, b 158 -

1 6 3o/0.4mm, d
4
20  0.880, n

D
25 1.4598, pKEst ~ 4.9.  Purify the acid by fractional distillation under high

vacuum or crystallisation form its melt in an inert atmosphere away from light.  [Beilstein 2  I 198, 2  III 1384,

2 IV 1639.]

trans-Vaccenic acid (octadec-11-enoic acid)  [693-72-1] M 282.5, m 43-44o, n
D

50 1 . 4 4 7 2 ,

pKEst ~  4.9.  Crystallise the acid from acetone (m 45-45.5o) or aqueous MeOH (m 43.5-43.7o).  The methyl

ester has b 174-175o/5mm.  [Böeseken & Hoagland Rec Trav Chim, Pays Bas  46  632 1927, Ahmad et al. J

Am Chem Soc 70 3391 1948, IR: Rao & Daubert J Am Chem Soc 70 1102 1948.]

n-Valeraldehyde (pentanal) [110-62-3] M 86.1, m -92o, b 103o, d
4
20  0.811, n

D
25 1 . 4 0 2 3 3 .

Purify pentanal via the bisulfite derivative (see 2-butanone above for the preparation and decomposition of the

bisulfite derivative). [Birrell & Trotman-Dickinson J Chem Soc  2059 1960, Beilstein 1 H 676, 1  IV 3268.]

The 2,4-dinitrophenylhydrazone  [2057-84-3] M 266.3 has m 103-105o (from EtOH). [Beilstein 15 III/IV 429.]

n-Valeramide (pentanamide)  [626-97-1] M 101.1, m 115-116o. Crystallise the amide from EtOH.

It sublimes at 80o.  [Philbrook J Org Chem  19 624 1954, Beilstein 2 H 301, 2 I 131, 2  II 266, 2  III 674, 2

IV 874.]
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Valeric acid (n -pentanoic acid)  [109-52-4] M 102.1, b 9 5o/22mm, 1 8 6 . 4o/~760mm, d
4
20

0.938, n
D
20  1.4080, pK2 5 4.81. Water is removed from the acid by distillation using a Vigreux column (p

11), until the boiling point reaches 183o.  A few crystals of KMnO4 are added,  and after refluxing, the

distillation is continued.  [Andrews & Keefer J Am Chem Soc  83 3708 1961, Beilstein 2 H 299, 2 I 130, 2  II

263, 2 III 663, 2 IV 868.]

Valeronitrile [110-59-8] M 83.1, b 1 4 2 . 3o/~760mm, d
4
20  0.799, n

D
15 1.39913, n

D
30  1 . 3 9 0 3 7 .

Wash the nitrile with half its volume of conc HCl (twice), then with saturated aqueous NaHCO3, dry it with

MgSO4 and fractionally distil it from P2O5.  [Beilstein 2 H 301, 2 I 131, 2 II 267, 2 III 675, 2 IV 875.]

Vinyl acetate  [108-05-4] M 86.1, b 72.3o, d
4
20  0.938, n

D
20  1.396.  Inhibitors such as hydroquinone

and other impurities are removed by drying with CaCl2 and fractionally distilling under nitrogen, then refluxing

briefly with a small amount of benzoyl peroxide and redistilling it under nitrogen.  Store it in the dark at 0o.

Add inhibitor (~0.004%) for storage.  [Beilstein 2 IV 176.]

Vinyl butoxyethyl ether (ethylene glycol butyl vinyl ether) [4223-11-4] M 144.2, b 7 0 -

7 2o/20mm, d
4
20  0.866, n

D
20  1.4220,  Wash the ether with aqueous 1% NaOH, dry with CaH2, then reflux

with, and distil it from sodium.  Stabilize it with 0.5% of 2,6-di-tert-butyl-p-cresol  for storage. [Beilstein 1  IV

2387.] IRRITANT.

Vinyl chloroformate [5130-24-5] M 106.5, b 4 6 . 5o/80mm, 67-69o/atm, 109-110o/ 760mm,

d
4
20  1.136, n

D
21  1.420.  It has been fractionated through a Todd column (p 11, Model A with ~60 plates)

under atmospheric pressure and the purity can be checked  by gas chromatography.  Stabilize it with 0.5% of

2,6-di-tert-butyl-p-cresol.   It has IR with max at 3100 + 2870 (CH2), 1780 (C=O), 1640 (C=C) and 940 (CH2

out-of-plane) and 910 (CH2 wagging) cm-1.  [IR: Lee J Org Chem 30 3943 1965, Levaillant Ann Chim (Paris)

6 504 1936.]  It is used for protecting NH2 groups in peptide synthesis [Olofson et al. Tetrahedron Lett 1563

1977].  [Beilstein 3 III 28.]

Vinyl stearate  [111-63-7] M 310.5, m 35o, b 166o/1.5mm, 187-188o/4.3mm, d
4

40  0 . 8 5 1 7 ,

n
D

40  1.4423.    Distil the ester in a vacuum under nitrogen, then crystallise it from acetone (3mL/g) or ethyl

acetate at 0o.  Store under it nitrogen in the dark.  [Swern & Jordan J Am Chem Soc 70  2338 1948, Swern &

Jordan Org Synth 30 108 1950,  Beilstein 2 III 1019.]
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ALICYCLIC  COMPOUNDS

Abietic acid  [514-10-3] M 302.5, m 172-175o, [ ]
D

25  -116o (-106o)(c 1, EtOH), pK2 5 5 . 2 7 .

Crystallise it by dissolving 100g of acid in 95% EtOH (700mL), adding to H2O (600mL) and cooling.  Filter,
dry it in a  vacuum (over KOH or CaSO4) and store it in an O2-free atmosphere. It can also be purified via the
anhydride, tritylabietate and the potassium, piperidine and brucine salts. max :  nm(log ): 2343(4.3), 241(4.4),
2505(4.2),  235(4.34) and 240(4.36) in Et . [Harris & Sanderson Org Synth Coll Vol IV  1 1963, J A m

Chem Soc  35 3736 1949, Lambard & Frey Bull Soc Chim Fr 1194 1948, Buchbauer et al. Monatsh Chem

116 1345 1985.]  [Beilstein 9 IV 2175.]

S-Abscisic acid (Dormin) [21293-29-8] M 264.3, m 160-161o, 161-163o (sublimation), [ ]287

+ 2 4 , 0 0 0o, [ ] 245 -69,000o (c 1-50 g/mL in acidified MeOH or EtOH), pKE s t  ~ 3 . 9 .

Crystallise the acid from CCl4/pet ether, EtOH/hexane and sublime it at 120o.  Also purify it by dissolving
~30g in 30mL of EtOAc, adding 100mL of hexane and allow to crystallise overnight (yield 8.4g), m  156-158o,
161-163o,  [ ]

D

20  +426o (c 0.005M H2SO4 in MeOH). [Cornforth et al. Nature (London) 2 0 6  715 1965,
Soukemp et al. Helv Chim Acta 72  361 1989.]  The RS-isomer was purified on a Kieselgel F254 plate with
toluene/EtOAc/AcOH (50:50:3) and has m 188-190o  [Cornforth et al. Aust J Chem 45 179 1992].  [Beilstein

17/3 V 13.]

Acetylcyclohexane (cyclohexyl methylketone)  [823-76-7] M 126.2, b 6 4o/11mm, 7 6 . 2 -

7 7o/25mm, d
4
20  0.9178, n

D
20  1.4519.  Dissolve acetylcyclohexane in Et2O, shake it with H2O, dry,

evaporate and fractionate it under reduced pressure.  [UV: Mariella & Raube  J Am Chem Soc 74 518 1952,
enol content: Gero J Org Chem 19 1960 1954 .]  The semicarbazone has m  174o and the 2,4-

dinitrophenylhydrazone has m 139-140o [Theus & Schinz Helv Chim Acta 39 1290 1956].

2-Acetylcyclohexanone [874-23-7] M 140.2, m - 1 1o, b 62-64o/2.5mm, 95-98o/10mm, 111-

1 1 2o/18mm, d
4
20  1.08, n

D
20  1.51.  Dissolve it in ligroin (b 30-60o), wash it with saturated aqueous

NaHCO3, dry over Drierite and fractionate in a vacuum.  [Perfetti & Levine J Am Chem Soc 75 626 1953,
Manyik et al. J Am Chem Soc 75 5030 1953, Eistert & Reiss Chem Ber 87 108 1954.]  It forms a Cu salt

which crystallises in green leaflets from EtOH, m 162-163o [UV: McEntee & Pinder J Chem Soc  4419 1957].

2-Acetylcyclopentanone [1670-46-8] M 126.2, b. 72-75o/8mm, 82-86o/12mm, 8 8o/ 18mm,

d
4
20  1.043, n

D
20  1.490.  Dissolve the ketone in pet ether (b 30-60o), wash it with saturated aqueous

NaHCO3, dry over Drierite and fractionate in a vacuum.  It gives a violet colour with ethanolic FeCl3 and is
only slowly hydrolysed by 10% aqueous KOH but rapidly on boiling to yield 6-oxoheptanoic acid.  [Manyik et
al. J Am Chem Soc 75  5030 1953, Acheson J Chem Soc 4232 1956, UV: Martin & Frenelius J Am Chem

Soc 81 2342 1959.]  It gives a gray green Cu salt from Et2O/pentane, m  237-238o [House & Wasson J A m

Chem Soc 79 1488 1957].

4-Acetyl-1-methyl-1-cyclohexene [6090-09-1] M 138.2, b 73-75o/7.5mm, 85-86o/ 13mm,

94-94 .7o/20mm, 204.5-206o/747mm, d
4
20  1.0238, n

D
20  1.469.  Purify it by fractionation under

reduced pressure in vacuo, and if it is almost pure it can be fractionated at atmospheric pressure, preferably in an
inert atmosphere.  It forms two semicarbazones one of which is more soluble in *C6H6, and both can be
recrystallised from EtOH; the more soluble has m 149o(151o), and the less soluble has m 172-175o(191o).  The
4-nitrophenylhydrazone  has m 166-167o and the 2,4-dinitrophenylhydrazone has  m 114-115o.  [Pfau &
Plattner Helv Chim Acta 17 129, 142 1934,  Adler & Vogt Justus Liebigs Ann Chem  564 109 1949.]

Adamantane [281-23-2] M 136.2, m 269.6-270.8o (sublimes).  Crystallise adamantane from acetone
or cyclohexane, and sublime it in a vacuum below its melting point [Butler et al.  J Chem Soc, Faraday Trans I

82 535 1986].  Adamantane is also purified by dissolving it in n-heptane (ca 10mL/g of adamantane) on a hot
plate, adding activated charcoal (2g/100g of adamantane), and boiling for 30minutes, filtering the hot solution
through a filter paper, concentrating the filtrate until crystallisation just starts, adding one quarter of the original
volume of n-heptane, and allowing to cool slowly over a period of hours.  The supernatant is decanted off and
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the crystals are dried in vacuo at 25o.  [Prelog & Seiwerth Chem Ber 74 1769 1941, Schleyer et al. Org Synth

Coll Vol V 16 1973, Walter et al. J Am Chem Soc 107 793 1985.]  [Beilstein 5 III 393, 5 IV 469.]

1-Adamantane acetic acid  [4942-47-6]  M 194.3, m 136o, pKEst  ~4.8.  Dissolve the acid in hot N
NaOH, treat with charcoal, filter and acidify.  Collect the solid, wash it with H2O, dry and recrystallise it from
MeOH.  [Stetter et al. Chem Ber 92  1629 1959.]  The acid chloride  [2094-72-6]  has M  168.7, m  51-54o,
and b 135-136o/1mm. LACHRYMATORY.

1-Adamantane carboxylic acid [828-51-3] M 180.3, m 175-176.5o, 177o, pKEst  ~4.9.

Possible impurities are trimethylacetic acid and C9 and C13 acids.  Dissolve 15g of the acid in CCl4 (300mL)
and shake with 110mL of 15N aqueous NH3 whereby the ammonium salt separates and is collected.  Acid
impurities form soluble ammonium salts.  The salt is washed with cold Me2CO (20mL) and suspended in H2O
(250mL).  This is treated with 12N HCl and extracted with CHCl3 (100mL).  The dried (Na2SO4) extract was
evaporated and the residue was recrystallised from a mixture of MeOH (30mL) and H2O (ca 10mL) to give the
pure acid (10-11g).  [Koch & Haaf Org Synth  Coll Vol V  20 1973.]  It was also recrystallised from absolute
EtOH and dried under vacuum at 100o.
Alternatively, the acid (5g) is refluxed for 2hours with 15mL of MeOH and 2mL of 98% H2SO4 (cool when
mixing this solution).  Pour into 10 volumes of H2O and extract with the minimum volume of CHCl3 to give
clear separation of phases. The extract is washed with H2O, dried (CaCl2) and distilled.  The methyl ester is
collected at 77-79o/1mm, m 38-39o.  The ester is hydrolysed with the calculated amount of N KOH and refluxed
until clear. Acidification with HCl provides the pure acid with 90% recovery.  The amide crystallises from
cyclohexane, m 189o.  [Stetter et al. Chem Ber  92 1629 1959.]  [Beilstein 9 IV 253.]

1,3-Adamantane diamine dihydrochloride [26562-81-2] M 239.2, m >310o, pKEst(1)  ~8.1,

pKEst(2)  ~10.1.  Dissolve it in boiling conc HCl (400mg in 15mL) and evaporate to dryness.  Dissolve it in
absolute EtOH and add dry Et2O to crystallise the dihydrochloride.  [Stetter & Wulff Chem Ber 93  1366 1960,
Beilstein 13 III 27,]

1,3-Adamantane dicarboxylic acid  [39269-10-8] M 224.3, m 276o, 276-278o, 2 7 9o, pKEst(1)

~4.9. pKEst(2)  5.9.  Dissolve the acid in aqueous NaOH, treat with charcoal, filter and acidify with dilute
HCl. It crystallises from MeOH.  [Stetter & Wulff Chem Ber 93 1366 1960, Beilstein 9 III 4066, 9 IV 2997.]

1-Adamantane methylamine  [17768-41-1] M 165.3, b 83-85o/0.3mm, d
4
20  0.93, pKEst

~10.2.  Dissolve the amine in  Et2O, dry over KOH and distil it.  The N-Tosyl derivative has m 134-135o

(from EtOH).  [Stetter & Goebel Chem Ber 96 550 1963.]

1-Adamantanol (1-hydroxyadamantane)  [768-95-6] M 152.4, m 288.5-290o. If 2-adamantanol is
a suspected impurity, then dissolve the substance (10g) in acetone (100mL) and add Jones's reagent [CrO3

(10.3g) in H2O (30mL)], then conc H2SO4 (8.7mL) is added dropwise (turns green in colour) until excess
reagent is present (slight red colour).  Stir overnight, decant the acetone solution from the Cr salts and
adamantan-2-one, dry (Na2SO4) and evaporate to dryness.  The residue (ca 7g) is chromatographed through Al2O3

(250g) and washed with 50% *benzene/pet ether (b 40-60o), then 100% Et2O (to remove any adamantan-2-one
present) and the 1-adamantanol is then eluted with 5% MeOH in Et2O.  The eluate is evaporated, and the residue
is recrystallised from pet ether (b 30-60o) at -70o, m 287.2-288.5o.  It also crystallises from MeOH and can be
sublimed in vacuo.  It has characteristic IR, max 3640, 1114, 1086, 982 and 930cm-1.  [Schleyer & Nicholas J
Am Chem Soc 83 182 1961.]  [Beilstein 6 IV 391.]
Alternatively, if free from the 2-isomer, dissolve it in tetrahydrofuran, dilute with H2O to precipitate the
alcohol.  Collect, dry and sublime it in a vacuum at 130o.  [Stetter et al. Chem Ber 92 1629 1959.]

2-Adamantanol (2-hydroxyadamantane) [700-57-2] M 152.4, m 296.2-297.7o.   It can be purified
by chromatography as for the 1-isomer.  It crystallises from cyclohexane and has characteristic IR, max 3600,
1053, 1029 and 992cm-1 [Schleyer & Nicholas J Am Chem Soc 83 182 1961].

2-Adamantanone [700-58-3] M 150.2, m 256-258o(sublimes). Purify 2-admantanone by repeated
sublimation in vacuo.  [Butler et al.  J Chem Soc, Faraday Trans II  82 535 1986.]
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N-(1-Adamantyl)acetamide  [880-52-4] M 193.3, m 1 4 9o. Wash the amide well with H2O, dry and
recrystallise it from cyclohexane.  It is an irritant.  [Stetter et al. Chem Ber 92 1629 1959.]

1-Adamantylamine [768-94-5] M 151.2, m 160-190o, 208-210o, pK2 5  10.58.  Dissolve the
amine in Et2O, dry it over KOH, evaporate and sublime it in vacuo.  [Stetter et al. Chem Ber 93 226 1960.]

1-Adamantylamine hydrochloride  [665-66-7] M 187.7, m 3 6 0o (dec), pK2 5  10.58.  Dissolve
the salt in dry EtOH, add a few drops of dry EtOH saturated with HCl gas, followed by dry Et2O to crystallise
the hydrochloride.  Dry the salt in a vacuum.  [Stetter et al. Chem Ber 93 226 1960.]

2-Adamantylamine hydrochloride  [10523-68-9] M 187.7, m >300o, pKEst  ~10.4.  The free

amine in Et2O, liberated by the action of alkali in H2O, is dried over KOH, filtered, evaporated and sublimed at
110o/12torr, m 230-236o.  The base is dissolved in EtOH, sufficient ethanolic HCl is added dropwise and
crystallised by the addition of Et2O.  Dry it in vacuo.  [Stetter et al. Justus Liebigs Ann Chem 658 151 1962].

1-Adamantyl bromide  [768-90-1] M 215.1, m 117-119o, 1 1 8o, 119 .5 -120o. If coloured,
dissolve it in CCl4, wash with H2O, treat with charcoal, dry (CaCl2), filter and evaporate to dryness.  Dissolve
the residue in a small volume of MeOH and cool in a CO2/trichloroethylene bath and collect the crystals.
Sublime it at 90-100o/water pump vacuum.  [Stetter et al. Chem Ber 92  1629 1959, Schleyer & Nicholas J
Am Chem Soc 83 2700 1961, Beilstein 5 III 469.]

1-Adamantyl bromomethylketone [5122-82-7]  M 257.2, m 76-79o, 78-79o. Dissolve the ketone
in Et2O, wash it with H2O, dry (MgSO4), evaporate and crystallise the residue from small volumes of MeOH.
LACHRYMATORY. [Stetter & Rauscher Chem Ber 93 2054 1960.]

1-Adamantyl chloride  [935-56-8] M 170.7, m 164.3-165.6o. Crystallise the chloride from aqueous
MeOH and sublime it at 100o/12torr.  It also crystallises from MeOH at -70o.  [Stetter et al. Chem Ber 9 2

1629 1959, Schleyer & Nicholas J Am Chem Soc  83 2700 1961, Beilstein 5 IV 469.]

1-Adamantyl chloroformate [5854-52-4] M 214.6, m 46-47o. Crystallise it from pet ether (b 30-
60o) at  -20o.   Also purify it as for 1-adamantyl fluoroformate below.  Its IR has max at 4.2, 5.6 and 8.4
(2380, 1786 and 1190 cm-1).  [Haas et al. J Am Chem Soc 88 1988 1966, cf Moroder et al. Hoppe-Seyler’s Z

Physiol Chem  357 1647 1976.]

1-Adamantyl fluoride (1-fluoroadamantane)  [768-92-3] M 154.2, m 210-212o(dec, sealed

tube), 259-260o(dec). Dissolve it in Et2O, dry over Na2SO4, evaporate to dryness and sublime the residue
at 90-100o/12mm.  Recrystallise the sublimate from MeOH, m 259-260o. To remove 1-hydroxyadamantane
impurity, dissolve it in cyclohexane, cool for many hours, filter off the hydroxyadamantane, and evaporate to
dryness or by passage through an Al2O5 column in dry cyclohexane.   Recrystallise the residue from pet ether at
-77o and sublime it in vacuum, m 210-212odec (sealed tube).  [Bhandari & Pinock Synthesis  655 1974, NMR:
Fort et al. J Org Chem 30 789 1965.]

1-Adamantyl fluoroformate [62087-82-5] M 198.2, m 31-32o. Dissolve it in n-hexane (ca 10g in
150 mL) and keep at 0o for 24hours.  Any 1-adamantanol present will separate. Filter and evaporate to dryness.
The crystalline residue has m 31-32o and is recrystallised from n-hexane (90g/500mL), (IR (KBr): max 1242,
1824 and 2340 cm-1).  There should be no OH str band above 2500 cm-1.  [Moroder et al. Hoppe-Seyler’s Z

Physiol Chem 357 1647 1976, cf Haas et al. J Am Chem Soc 88 1988 1966.]

1-Adamantyl iodide (1-iodoadamantane)  [768-93-4] M 262.1, m 75.3-76.4o.  Dissolve the iodide
in Et2O, shake with aqueous NaHSO3, aqueous K2CO3, and H2O, dry (Na2SO4), evaporate and recrystallise it
from MeOH at -70o (to avoid alcoholysis) to give white crystals.  [Schleyer & Nicholas J Am Chem Soc 8 3

2700 1961, lit m  of 151-152.5o is incorrect.]  Also purify by recrystallisation from pet ether (40-60oC)
followed by rigorous drying and repeated  sublimation.  [Beilstein 5 IV 470.]
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1-Adamantyl isocyanate  [4411-25-0]  M 177.3, m 144-145o. Recrystallise the isocyanate from n-
hexane and sublime it.  Irritant. [Stetter & Wulff Chem Ber 95 2302 1962.]

1-Adamantyl isothiocyanate [4411-26-1] M 193.3, m 168-169o. Dissolve it in Et2O, wash with
H2O, dry (Na2SO4), evaporate and sublime the residue in a vacuum at 140o, then recrystallise it from MeOH.
Irritant.  [Stetter & Wulff Chem Ber 95 2302 1962.]

N -(1-Adamantyl)urea [13072-69-0] M 194.2, m >250o (dec), 268-272o (dec).  Wash the urea
with H2O and dioxane and recrystallise it from EtOH.  [Stetter & Wulff Chem Ber 95 2302 1962.]

(-)-Alloaromadendrene [25246-27-9] M 204.4, b 9 6o/2mm, 265-267o/atm, [ ]
D

25  - 2 2o (neat),

d
4
20  0.923, n

D
23  1.501.  Fractionally distil it from Na.  It has IR bands at 6.06 and 11.27  due to C=CH2.

[Birch J Chem Soc 715 1953, cf  Büchi et al. J Am Chem Soc 91 6473 1969.]

Cis-(±)-(1-RS,2-SR )-6-Amino-3-cyclohexene-1-carboxylic acid (cis-(±)-1,2,3,6-tetrahydro-

anthranilic acid)   [54162-90-2] M 141.5, m 216-218o, pKEst(1) ~3.5, pKEst(2) ~10.2. Purify the
free amino-acid by dissolving it in H2O and passing it through a Dowex 50W (acid form) column and eluting
with 1M aqueous NH4OH.  The eluate is evaporated (in vacuo) and the residue is dissolved in H2O.  Me2CO is
added to turbidity, cooled at 0o and the colourless crystals of the amino-acid are collected and dried in vacuo

[Bernáth et al. Tetrahedron 41 1315 1958, cf Mazza & Crapetta Gazzetta 57 297 1927].  In earlier work,  it
was recrystallised from aqueous EtOH and had reported melting points of  265-265o [Kricheldorf Justus Liebigs

Ann Chem 1378 1975] and 269-271o [Marconi & Mazzochi J Org Chem 31  1372 1966].  The hydrochloride

[57266-56-5]  M 177.6 has m 210-213o and the methyl ester hydrochloride  [52766-61-2] has m 85-87o (from
Et2O).  The trans-(±)-(1RS,2RS)-amino-acid  [97945-19-2]  crystallises from aqueous Me2CO with m  267-
269o.  [Beilstein 14 II 203.]

-Amyrin [638-95-9] M 426.7, m 186o, 2 4 4o/0.8mm, [ ]
D

25  + 8 5o (c 2, CHCl3). Purify it by
acetylation to the acetate followed by hydrolysis and recrystallisation from aqueous MeOH or from EtOH.  The
acetate when crystallised from pet ether, n-heptane or CHCl3/MeOH, and sublimed in vacuo has m  227o (225-
226o) and  [ ]

D

20  +76.4o (c 0.6, CHCl3).  [Bently et al. J Chem Soc 3672 1953, IR: Cole & Thornton J Chem

Soc 1332 1957, Corey & Cantrall J Am Chem Soc  81 1745 1958, Beilstein 6 III 2889, 6 IV 4191.]

ß-Amyrin [508-04-3] M 426.7, m 197-197.5o, 2 0 4 - 2 0 5o, 2 6 0o/0.8mm, [ ]
D

23  + 9 1o (c 0 . 9 ,

CHCl3). Purify it through an Al2O3 column and eluting with pet ether (40-60o) then Et2O and recrystallising
from pet ether or EtOH.  The acetate crystallises from Ac2O or pet ether and has m 242-143o and  [ ]

D

20  +82.8o

(c 0.81, CHCl3) [Crow & Michael Aust J Chem 8 133 1955, Barton et al. J Chem Soc (C) 1031 1968,
Beilstein 6 III 1894, 6 IV 4195.]

1,1'-Azobis(cyclohexane carbonitrile) [2094-98-6] M 244.3, m 114-114 .5o, 350nm 1 6 . 0 .

Purify the nitrile by dissolving it in boiling 95%EOH as rapidly as possible, cool overnight at 0o, filter, wash
with a little EtOH and dry it in a vacuum desiccator over CaCl2.  Note that prolonged heating >80o causes
decomposition.  Recrystallise it from EtOH.  It should be regarded as potentially explosive .  It is a radical
initiator.  [Overberger et al. Org Synth Coll Vol IV 66 1963, Beilstein 16 II 97.]

Bicyclohexyl [92-51-3] M 166.3, b 2 3 8o (cis-cis), 217-219o (trans-trans).  Shake bicyclohexyl
repeatedly with aqueous KMnO4 and with conc H2SO4, wash it with water, dry, first with CaCl2 then with
sodium, and distil it.  [Mackenzie J Am Chem Soc 77 2214 1955, Beilstein  5 IV 334.]

Bicyclo[3.2.1]octane [6221-55-2] M 110.2, m 141o.  Purify it by zone melting.  It has been sublimed
under N2 at 70o and atmospheric pressure (closed vessel), and resublimed over P2O5 to give an analytically pure
sample m 137.5-139.5o.  [Von E Doering & Farber J Am Chem Soc 71 1514 1949, Cope et al. J Am Chem

Soc 82 4299 1960, NMR: Stothers et al. Can J Chem 55 841 1977.]
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1R -2-endo-Borneol  [464-43-7] M 154.3, m 204.5-205.5o, 2 0 8o, 2 1 2o/atm, [ ]
D

20  +37o (c 5 ,

EtOH).   It can be steam distilled, the distillate is extracted into Et2O, the extract dried with Drierite and
evaporated.  The residue is then recrystallised from boiling EtOH (charcoal) or pet ether.  [Clark & Read J Chem

Soc  1773 1934, Beilstein 6 III 295, 6 IV 281.]

(±)-Borneol [6627-72-1] M 154.3, m 206-207o, 210-215o.  Crystallise borneol from pet ether (b 60-
80o) and sublime it in vacuo.  [Beilstein  6 II 81, 6 IV 281.]

 3-Bromo-adamantane-1-carboxylic acid [21816-08-0] M 259.1, m 145-146o, 1 4 6 . 5o, 147 -

1 5 0o, pK2 5 6.28 (50% aqueous EtOH).  Purify the acid by recrystallising it from cyclohexane and/or
subliming at 130o/10mm.  It is converted  to the methyl ester  (diazomethane) with m 32o (from pet ether at -
10o).  [Stetter & Mayer  Chem Ber 95 667 1962, Stetter & Wulff Chem Ber 93 1366 1960, Bayal & Lantvoev
J Org Chem USSR (Engl Trans)  9 291 1973.]

(+)-3-Bromocamphor-8-sulfonic acid  [5344-58-1] M 311.2, m 195-196o(anhydrous), [ ]
D

20

+ 8 8 . 3o (c 1, H2O), pK ~0.  Crystallise the acid from water.  The ammonium salt has m  268-207o, [ ]
D

20

+81.9o (c 2.2, H2O).  [Kauffman J Prakt Chem 33 95 1966.]

1R(endo, anti)-3-Bromocamphor-8-sulfonic acid ammonium salt See entry in “Metal-organic
compounds”,  Chapter 5.

(+)-3-Bromocamphor-10-sulfonic acid hydrate [67999-30-8] M 329.2, m 119-121o, [ ]
D

20

+ 9 8 . 3o (c 1, H2O), pK ~0.  Crystallise the acid from water.  [Boyle Quart Rev Chem Soc 25  323 1971,
UV: Lowry & Owen J Chem Soc 609 1926, Beilstein 11 II 181, 11 III 592.]

4-tert-Butyl-1-cyclohexanone [98-53-3] M 154.3, m 49-50o, 52-52.5, b 90-92o/9mm. Purify
it via the semicarbazone  (crystallised from EtOH with m  203-205o), hydrolyse this with dilute HCl and steam
distil it.  The distillate is extracted into Et2O, dried, evaporated and the residue is recrystallised from pentane,
aqueous EtOH or EtOH [Houlihan J Org Chem 27  3860 1962].  The oxime recrystallises from 1,2-
dichloropropane and has m 137.5-138.5o.  [Harvill et al. J Org Chem 15 58 1950, Beilstein  7 IV 82.]

( + ) - C a l a r e n e   (+ -gurjunen, 1,3,3,11-tetramethyltricyclo[5.4.0.02,4]undecan-7-ane,

(1aR )-1,1,7c,7ac-tetramethyl-1a,2,3,5,6,7,7a,7b-octahydro-1H -cyclopropa[ ]naphthalene,

new name 1(10)aristolene)  [ 1 7 3 3 4 - 5 5 - 3 ]   M 204.35, b 45-47o/0.008-0.01mm, 255-

2 5 8o/atm,  d
4
20  0.9340, n

D
20  1.55051, [ ]

D

20  + 7 3o (c 2, EtOH), + 8 1 . 8o (neat).  Purify Calarene
by gas chromatography (7% propylene glycol adipate on unglazed tile particles of size 0.2-0.3mm, 400 cm
column length and 0.6 cm diameter, at 184o, with N2 carrier gas at a flow rate of 0.54 mL/sec using a  thermal
detector).  Also purify it by chromatography on alumina (200 times the weight of calarene) and elute with pet
ether.  UV: max 200 and 210 nm ( 9560, 5480) in EtOH.  [IR: Sorm Collect Czech Chem Commun 18  512
1953, 29 795 1964, Tetrahedron Lett  827 1962, Vrkoc Tetrahedron Lett  225 1963, Beilstein 5 III 1093.]

1R,4S-(-)-Camphanic acid [13429-83-9] M 198.2, m 190-192o, 198-200o, [ ]
548

20  - 2 2 . 5o (c 1 ,

dioxane), -4.4o (c 8, EtOH), pKEst ~3.8. Dissolve it in CH2Cl2, dry (MgSO4), filter, evaporate and the
residue is sublimed at 120o/0.5mm or 140o/1mm.  [Gerlach Helv Chim Acta 61 2773 1978, Beilstein 18/8  V
101.]

1R ,4S-(-)-Camphanic acid chloride  [39637-74-6] M 216.7, m 65-66 .5o, 70 .5 -71o, [ ]548 - 2 3o

(c 2, CCl4), [ ]
364

20  -29.2o, [ ]
405

20  -18.0o, [ ]
436

20  -13.5o, [ ]
546

20  -7.8o, [ ]
578

20  -6.0o, (c 0 . 6 7 ,

* C6H6). It is soluble in toluene (50g/100mL at 0o) and crystallises from pet ether (b 40-60o).  It sublimes at
70o/5mm,  Store it dry at 0o, max (CCl4) 1805s and 1780m cm-1.  [Armarego et al. J Chem Soc, Perkin

Trans I  2229 1976, Gerlach Helv Chim Acta 51 1587 1968, Gerlach Helv Chim Acta  68 1815 1985,
Beilstein 18/8 V 101.]
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RS-Camphene [565-00-4] M 136.2, m 51-52o, b 40-70o/10mm.   Crystallise it twice from EtOH,
then repeatedly melted and frozen at 30mm pressure.  [Williams & Smyth J Am Chem Soc 84 1808 1962.]
Alternatively it is dissolved in Et2O, dried over CaCl2 and Na, filtered, evaporated and the residue is sublimed in
a vacuum [NMR: Hana & Koch Chem Ber 111 2527 1978].

(-)-Camphene (1S-2,2-dimethyl-3-methylene norbornane)  [5794-04-7] M 136.2, m 4 9 . 2 -

4 9 . 6o, 49-50o, b 79-80o/58mm, 9 1 . 5o/100mm, d
4
54  0.8412, n

D
54  1.4564, [ ]

D

21  - 119 .1o ( c

2.3, *C 6H6), -117.5o (c 19, toluene), - 113 .5o (c 9.7, Et2O). Purify norbornane by fractionation
through a Stedman column (see p. 11) at 100mm in a N2 atmosphere, crystallise it from EtOH and sublime it in
a vacuum below its melting point.  It is characterised by its camphenilone semicarbazone, m 217-218.5o, or
camphor semicarbazone, m 236-238o.  [NMR: Hana & Koch Chem Ber 111 2527 1978, Bartlett et al. Justus

Liebigs Ann Chem 623 217 1959, Bain et al. J Am Chem Soc 72 3124 1950, Beilstein 5 IV 461.]

C a m p h o r (1R -bornan-2-one) [ R - (+)- 464-49 -3 , S -(-)- 464-48-2] M 136.2, m 1 7 8 . 8o,

1 7 9 . 9 7o(open capillary), b 204o/atm, [ ]
546

35  (+) and (-) 59.6o (in EtOH), [ ]
D

20  (+) and (-)

4 4 . 3o (c 10, EtOH), [ ]
579

179  (+) and (-) 70.85o(melt).  Crystallise it from EtOH, 50% EtOH/water,
MeOH, or pet ether or from glacial acetic acid by addition of water.  It can be sublimed (50o/14mm) and also
fractionally crystallised from its own melt.  It is steam volatile.  It should be stored in tight containers as it is
appreciably volatile at room temperature. The solubility is 0.1% (H2O), 100% (EtOH), 173% (Et2O) and 300%
(CHCl3). The R-oxime (from Et2O, CHCl3, or aqueous EtOH) has m 119o [ ]

D

20 -42.4o (c 3, EtOH), the ±
oxime has m 118-119o.  It has a characteristic odour.  [Asahina & Ishidate Chem Ber 67 1432 1934, Allan &
Rodgers J Chem Soc (B) 632 1971, UV, NMR: Fairley et al. J Chem Soc, Perkin Trans 1  2109 1973, White
& Bishop J Am Chem Soc 62 8 1940, Beilstein 7 IV 213.]

Camphoric acid (1,2,2-trimethyl-cyclopentan-1r,3c-dicarboxylic acid)  [1R,2S)-(+)- 124-83-4,
1S,2R)-(-)- 560-09-8] M 200.2, m 186-188o, 187o, 186 .5 -189o, [ ]

546

20  (+) and (-) 5 7o (c 1 ,

EtOH), [ ]
D

20  (+) and (-) 47.7o (c 4, EtOH) , pK
2 5
1  4.71, pK

2 5
2  5.83 (for + isomer).   Purify

the acid by re-precipitation from an alkaline solution by HCl, filter it off, and recrystallise it from water several
times, rejecting the first crop.  It forms leaflets from EtOH and Me2CO and H2O and is insoluble in CHCl3.  Its
solubility in H2O is 0.8% at 25o and 10% at 100o, 50% in EtOH and 5% in ethylene glycol.  The (±)-acid has
m 202-203o.  The (+)-1-methyl ester  has m 86o (from pet ether) [ ]

D

20  +45o (c 4, EtOH), and the (+)-3-methyl

ester has m 77o (from pet ether) [ ]
D

17.5 +53.9o (c 3, EtOH).  [Rupe & Thommen Helv Chim Acta 30  933
1947, Tiovonan et al. Acta Chem Scand 2 597 1948, Howell & Fisher J Am Chem Soc 80 6316 1958,
Beilstein 9 IV 2851.]

(±)-Camphoric anhydride [595-30-2, 76-32-4] M 182.2, transition temp. 135o, m 2 2 3 . 5o.

Crystallise the anhydride from EtOH.  If it contains too much of the acid (by IR), then reflux it in Ac2O,
concentrate and collect the crystals, wash them with pet ether and dry them.  [Bunton et al J Chem Soc 2918
1963, NMR: Baker & Davis Tetrahedron  24 1663 1968, Beilstein  18 H 400, 401.]

Camphorquinone  (borna-2,3-dione)  [1R-(-)- 10334-26-6 ,  1S-(+)- 2767-84-2] M 166.2, m

1 9 8 . 7o, 198-199o, 197-201o, [ ]
D

25  (-) and (+) 1 0 1 . 1o (c 2, EtOH).  It can be purified by steam
distillation, recrystallisation (yellow prisms) from EtOH, *C6H6 or Et2O/pet ether and it can be sublimed in a
vacuum.  The (±)-quinone forms needles from EtOH, m 197-198o, 203o.  [Buxtorf & Flatt Helv Chim Acta

13 1026 1930, Asahena et al. Chem Ber 67 1432 1934, Beiltein 7 I 325.]

RS-Camphorquinone [10373-78-1] M 166.2, m 199-202o.  Purification is the same as for above
enantiomers.  [Huckel & Fichtig Justus Liebigs Ann Chem 628 81 1962, Evans et al. J Chem Soc 137 1939,
Beilstein 7 I 325.]

(1 R )-(-)Camphor-10-sulfonic acid  [35963-20-3] M 232.3, m 197.4-198o(dec), 197-198o,

[ ]
D

20  -20.7o (c 5.4, H2O), pKEst ~ -1.  It forms prisms from AcOH or EtOAc, and is deliquescent in
moist air.  Store it  in tightly stoppered bottles.  The NH4 salt  forms needles from H2O [ ]

D

16  ±20.5o (c 5,
H2O). [Burgess & Lowry J Chem Soc 127 279 1925, Marsi et al. J Am Chem Soc [ 78  3063 1956.]  The
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RS-acid  recrystallises from AcOH.  [60g of (±)-acid in 60mL of AcOH at 105o gave 40g of crystals has m  202-
203o [Bartlett & Knox Org Synth 45 12 1965.]  [Beilstein 11 IV 642.]

(1S )-(+)Camphor-10-sulfonic acid  [3144-16-9] M 232.3, m 1 9 3o(dec), 197-198o, [ ]
546

20

+ 2 7 . 5o (c 10, H2O), [ ]
D

20  +43.5o (c 4.3, EtOH), pKEst ~ -1.  Crystallise the acid from ethyl acetate
and dry it under vacuum (deliquescent).  [Loudon J Chem Soc  823 1933, Komppa J Prakt Chem 162  19 1943,
Beilstein 11 IV 642.]  See above for RS-isomer.

Camphor-10-sulfonyl chloride [1S-(+)- 21286-54-4, 1R-(-)- 39262-22-1]   M 250.7, m 67-68o,

7 0o, [ ]
D

20  (+) and (-) 32.2o (c 3, CHCl3).   If free from OH bands in the IR, then recrystallise it from
Et2O or pet ether; otherwise treat it with SOCl2 at 50o for 30minutes, evaporate, dry the residue over KOH in a
vacuum and recrystallise it.  The (±)-acid chloride has m 85o [Bartlett & Knox Org Synth 45  14 1965].  It is
characterised as the amide (prisms from EtOH) m 132o, [ ]

D

17  (+) and (-) 1.5o (EtOH).  On repeated

recrystallisation from EtOH the anilide has m 120.5-121o, [ ]
D

25  +76o (c 1, CHCl3).  [Read & Storey J Chem

Soc 2761 1930, Sutherland & Shriner J Am Chem Soc 58  62 1936, Halterman et al. J Am Chem Soc 1 0 9
8105 1987, Bartlet & Knox Org Synth 45 55 1945, Beilstein 11 IV 650.]

2,10-Camphorsultam [1R-(+)- 108448-77-7, 1S-(-)- 94594-90-8]  M  215.3, m 181-183o, 183-184

185-187o, [ ]
D

20  (+) and (-) 32o (c 5, CHCl3). The (-)-enantiomer is recrystallised from 95% EtOH and
dried in a vacuum desiccator.  It dissolves in dilute aqueous NaOH and can be precipitated without hydrolysis by
acidifying.  It forms the N-Na salt in EtOH (by addition of Na to the EtOH solution), and the salt can be
methylated with MeI to give the (-)-N-Me lactam with m 80o after recrystallisation from hot H2O and has [ ]

D

25

-59.6o (c 5, CHCl3) [Shriner et al. J Am Chem Soc 60 2794 1938].  [Oppolzer et al. Helv Chim Acta  6 9

1142 1986, Weismiller et al. Org Synth 69 154 1955, Beilstein 27 III/IV 1007.]

4-Carboethoxy-3-methyl-2-cyclohexen-1-one (Hagemann's ester) [487-51-4] M 182, b 7 9 -

8 0o/0.2mm, 121-123o/4mm, 142-144o/15mm, n
D
20  1.488, d

4
20  1.038.  Dissolve the ester in ether,

shake with solid K2CO3, aqueous saturated NaHCO3, dry (MgSO4) and distil it. The semicarbazone has m

165-167o (169o).  [Smith & Rouault J Am Chem Soc 65  631 1943, Beilstein 10 H 631, 10  I 300, 10 III
2899, 10 IV 2666.]

(-)-Caryophyllene oxide (1-S -5c-6t-epoxy-6c ,10,10-trimethyl-2-methylene-1r ,9t-bicyclo-

[7.2.0]undecane) [1139-30-6] M 220.4, m 62-63o, 63 .5 -64o, 6 4o, b 114-117o/1.8mm, 141-

1 4 2o/11mm, d
4
20  0.967, n

D
20  1.4956, [ ]

D

20 79o (c 2, CHCl3), [ ]
D

20 68o (supercooled melt ) .

Purify the oxide by TLC on silica gel with EtOAc/pet ether (b 60-80o) (15:85), and recrystallise it from MeOH
or *C6H6.  [NMR: Warnhoff Can J Chem 42 1664 1964, Ramage & Whitehead J Chem Soc 4336 1954,
Beilstein 17 IV 392.]

 (+)-Cedrol  (octahydro-3,6,8,8-tetramethyl-1-3a,7-methanoazulen-6-ol, 8aS -6c-hydroxy-

3c,6t,8,8-tetramethyl[8ar-H)-octahydro-3H ,3at,7t-methanoazulene), [77-53-2] m 82-86o, 86-

8 7o, [ ]
D

28  +10.5o (c 5, CHCl3), [ ]
D

18 + 1 3 . 1o (c 5.5, EtOH), [ ]
D

18 + 1 4 . 3o (c 10, dioxane).

Purify cedrol by recrystallisation from aqueous MeOH.  It is estimated colorimetrically with H3PO4 in EtOH
followed by vanillin and HCl [Hayward & Seymour Anal Chem 2 0  572 1948].  The 3,5-dinitrobenzoyl

derivative has m 92-93o.  [Stork & Clarke J Am Chem Soc 83 3114 1961,  Beilstein 6 III 424.]

Chaulmoogric acid [(13-cyclopent-2-enylyl)tridecanoic acid]  [29106-32-9] M 280.4, m

6 8 . 5o, b 247-248o/20mm, [ ]
D

20  +60o (c 4, CHCl3), pKEst ~5.0.  Crystallise the acid from pet ether
or EtOH.  The Me ester [24828-59-9] has m 22o, b  227o/20mm and [ ]

D

15  +50o (c 5, CHCl3).  [Mislow &
Steinberg J Am Chem Soc 77 3807 1955.]

Chlorendic anhydride  (1,4,5,6,7,7,-hexachloro-5-norbornene-2,3-dicarboxylic anhydride)

[115-27-5] M 370.9, m 234-236o. 235-237o, 238o. Steam distil the anhydride or recrystallise it from
H2O to yield pure diacid.  The pure diacid yields the anhydride with Ac2O.  [Prill J Am Chem Soc 69 62 1947.]
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Chlorocyclohexane (cyclohexyl chloride) [542-18-7] M 118.6, b 46-48o/26mm, 142.5o/atm,

d
4
20  1.00, n

D
25 1.46265.   Wash chlorocyclohexane several times with dilute NaHCO3, then repeatedly with

distilled water.  Dry it with CaCl2 and fractionally distil it slowly at atmospheric pressure or better under
vacuum.  [Perlman et al. J Org Chem 1 294 1937, IR: Roberts & Chambers J Am Chem Soc 73  5031 1951,
Beilstein 5 H 21, 5 I 8, 5 II 11, 5 III 37, 5 IV 48.]

 (-)- -Copaene (1R,2S ,6S ,7S ,8S- 8- i sopropy l -1 ,3 -d imethy l tr i cyc lo [4 .4 .0 .02,7]dec-3-ene)

[3856-25-5] M 204.4, b 119-120o/10mm, 246-251o, d
4
20  0.908, n

D
20  1.489, [ ]

D

20  -6.3o (c 1 . 2 ,

CHCl3). Purify it by distillation, preferably under vacuum.  [Heathcock J Am Chem Soc 8 8 4110 1966,
Heathcock et al. J Am Chem Soc 89 4133 1967, Corey & Watt J Am Chem Soc 95  2303 1973, Beilstein 5

IV 1189.]

Cyclobutane [287-23-0] M 56.1, m -50o, -80o, b 13o/740mm, 12o/atm, d
4
20  0.721, n

D
20

1.426. This easily liquefiable gas is dried over Na at melting ice temperature for 4days and distilled at low
temperature through a Podbielniak (p 10) precision still.  A dry sample has been prepared by passage through
P2O5 and distilled repeatedly until all fractions had similar vapour pressures at 0o. [Cansson & Wat J Org Chem

14 31 1949, Heisig J Am Chem Soc 63 1698 1941, Stodola & Heisig Org Synth Coll Vol III 213 1955.]

Cyclobutane carboxylic acid [3721-95-7] M 100.1, m 3 - 4o, - 5 . 4o, b 84 -84 .5o/ 10mm,

1 1 0o/25mm, 135-138o/110mm, 194o/760mm, d
4
20  1.061, n

D
20  1.453, pK

2 5
  4.79.  Dissolve the

acid in aqueous HCO
-
3  then acidify with HCl and extract it into Et2O, wash with H2O, dry (Na2SO4),

concentrate to a small volume, then distil it through a glass helices packed column.  The S-benzylisothiuronium

salt has m 176o (from EtOH), the anilide has m 112.5-113o, and the p-toluide has m 123o.  [Payne & Smith J

Org Chem 22 1680 1957, Kantaro & Gunning J Am Chem Soc 73  480 1951, Stodola & Heisig Org Synth

Coll Vol III 213 1955, Beilstein 9 H 5.]

(±)-trans-Cyclobutane-1,2-dicarboxylic acid [1124-13-6] M 144.1, m 131o, pK
1
25  4.11 (pK

1
20

3.77),  pK
2
25  5.15 (pK

2
20  5.63).  Crystallise the acid from *C6H6 or *C6H6/EtOAc.  The diphenacyl ester

has m 98o (from EtOH) and the p-bromodiphenacyl ester has m 158o (from EtOH).  The cis-acid isomerizes to
the trans-acid  on heating in conc HCl at 190o.  [Reed J Chem Soc  685 1951, Fison et al. J Am Chem Soc 5 1

1536 1929, Fison et al. J Am Chem Soc 56 1774 1934, pK: Bode Chem Ber 67  332 1934, Beilstein 9  IV
2788.]

cis-Cyclobutane-1,2-dicarboxylic acid [1461-94-5] M 144.1, m 1 3 9 . 5o, 139-140o, pK
1
20

4.20, pK
2
20  6.56.  Purify the acid by crystallisation from H2O or ligroin, or by hydrolysis of the anhydride

[b 120-150o/40mm, m 77-77.5o (from *C6H6, 74-75o from H2O or ligroin)] with H2O. The diphenacyl ester

has m 113o (from EtOH) and the p-bromodiphenacyl ester  has m   153o (from EtOH/Me2CO).  [Vogel Justus

Liebigs Ann Chem 615 13 1958, Reed J Chem Soc  685 1951, Fison et al. J Am Chem Soc 56 1774 1934,
pK: Bode Chem Ber 67 332 1934, Beilstein 9 IV 2788.]

Cyclobutanone [1191-95-3] M 70.1, b 96-97o, 99-100o/atm,  d
4
20  0.931, n

D
52 1.4189.   Treat

cyclobutanone with dilute aqueous KMnO4, dry it with molecular sieves and fractionally distil it.  Purify it via

the semicarbazone, then regenerate the ketone, dry it (CaSO4), and distil it in a stainless steel spinning-band (or
Vigreux, p 11) column.  Alternatively, purify it by preparative gas chromatography using a Carbowax 20-M
column at 80o. (This treatment also removes acetone).  The oxime has m  84-85o (from pet ether) and the
semicarbazone has m 212-212-5o (220-221o from MeOH or H2O, Buchanan et al. J Am Chem Soc 64  2701
1942).  [Salaun Org Synth 57 36 1977,  Fitzer & Quabeck Synthesis 299 1987, Beilstein 7 IV 3.]

Cyclobutylamine [2516-34-9] M 71.1, b 82-83o/atm, 83 .2 -84 .2o/760mm, d
4
20  0.839, n

D
20

1.437, pK25 10.04 (9.34 in 50% aqueous EtOH).  It has been purified by steam distillation.  The
aqueous distillate (e.g. 2L) is acidified with 3N HCl (90mL) and evaporated to dryness in a vacuum.  The
hydrochloride is treated with a few mL of H2O, cooled in ice and a slush of KOH pellets ground in a little H2O
is added slowly in portions and keeping the solution very cold.  The amine separates as an oil from the strongly
alkaline solution.  The oil is collected, dried over solid KOH and distilled using a vacuum jacketed Vigreux
column (p 11)  and protected from CO2 using a soda lime tube.  The fraction boiling at 79-83o is collected, dried
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over solid KOH for 2days and redistilled over a few pellets of KOH (b  80.5-81.5o). Best distil in a dry N2
atmosphere.  The purity can be checked by GLC using a polyethylene glycol on Teflon column at 72o, 15 psi,
flow rate of 102 mL/min of He.  The sample can appear homogeneous but because of tailing it is not possible
to tell if H2O is present.  The NMR in CCl4 should show no signals less than 1 ppm from TMS.  The
hydrochloride has a multiplet at ca 1.5-2.6ppm (H 2,2,4,3,3,4,4), a quintet at 3.8 ppm (H 1) and a singlet at
4.75 for NH2 [Roberts & Chambers J Am Chem Soc 73 2509 1951].  The benzenesulfonamide has m 85-86o

(from aqueous MeOH) and the benzoyl derivative has m 120.6-121.6o.  [Roberts & Mazur J Am Chem Soc 7 3

2509 1951, Iffland et al. J Am Chem Soc 75  4044 1953, Werner & Casanova Jr Org Synth Coll Vol V  273
1973, Beilstein 12 IV 3.]

Cyclodecanone [1502-06-3] M 154.2, m 21-24o, b 100-102o/ 12mm.   Purify the ketone via the
semicarbazone (m 205-207o, from EtOH) and distil it through an efficient column.  It sublimes in a vacuum.
The oxime has m 80o, from MeOH or by sublimation in a high vacuum.  [Cope et al. Org Synth Coll Vol IV

218 1963, Prelog et al. Helv Chim Acta 30 1746 1947, Ruzicka et al. Helv Chim Acta 11 675 1930, Beilstein

7 III 134, 7 IV 76.]

c is -Cyclodecene [ 9 3 5 - 3 1 - 9 ] M 138.3, m -3o, - 1o, b 7 3o/15mm, 9 0 . 3o/33mm, 194-

1 9 5o/740mm, 197-199o/atm, d
4
20  0.8770, n

D
20  1.4854.  Purify it by fractional distillation.  It forms

an AgNO3 complex which crystallises from MeOH, m 167-187o [Cope et al. J Am Chem Soc 77 1628 1955,
IR: Blomqvist et al. J Am Chem Soc 74 3636 1952, Prelog et al. Helv Chim Acta 35 1598 1952].

cis-cis-trans-1,5,9-Cyclododecatriene  (cyclododec-1c,5c,9t-triene)  [2765-29-9] M 162.3, m

- 9o, -8o, b 117.5o/2mm, 237-239o/atm, 244o/760mm, d
4
20  0.907, n

D
20  1.5129.   Purify the

triene by fractional distillation, preferably in a vacuum under N2, and it forms an insoluble AgNO3 complex.
[IR: Breil et al. Makromol Chemie 69 28 1963, Beilstein 5 IV 1114.]

Cyclododecylamine [1502-03-0] M 183.3, m 27-29o, b 140-150o/c a  18mm, 280o/atm, pK

9.62 (in 80% methyl cellosolve).  It can be purified via the hydrochloride salt m 274-275o (from EtOH)
or the picrate m 232-234o, and the free base is distilled preferably at water-pump vacuum [Prelog et al. Helv

Chim Acta 33 365 1950].

1,3-Cycloheptadiene [4054-38-0] M 94.2, b 5 5o/75mm, 7 1 . 5o/150mm, 120-121o/atm, d
4
20

0.868, n
D
20  1.4972.  Purify the diene by dissolving it in Et2O, washing with 5% HCl, H2O, drying

(MgSO4), evaporating, and the residue is distilled under dry N2 through a semi-micro column (some foaming
occurs) [Cope et al. J Am Chem Soc 79  6287 1957, UV: Pesch & Friess J Am Chem Soc 72  5756 1950].
[Beilstein 5 IV 390.]

Cycloheptane [291-64-5] M 98.2, m ~12o, ~13o, b 114.4o, 118o/atm d
4
20  0.812, n

D
20  1 . 4 5 8 8 .

Distil it from sodium using a Vigreux column (p 11), under nitrogen.  It is highly flammable.  [Bocian &
Strauss J Am Chem Soc 99 2866 1977, Ruzicka et al. Helv Chim Acta 28 395 1945, Beilstein 5 H 92, 5  IV
92.]

Cycloheptanol [502-41-0] M 114.2, m 2o, b 77-81o/11mm, 83-84/14mm, 1 8 5o/atm, d
4
20

0.955, n
D
20  1.471. Purify it as described for cyclohexanol.  The 2,4-dinitrobenzoyl derivative has m 79o  and

the allophanate has m 184o (from EtOAc).  [Ruzicka et al. Helv Chim Acta 28 395 1945, Beilstein 6 H 10.]

Cycloheptanone (suberone) [502-42-1] M 112.2, b 105o/80mm, 172.5o/760, d
4
20  0.949, n

D
20

1.461.  Shake suberone with aqueous KMnO4 to remove material absorbing around 230-240nm, then dry it
with Linde type 13X molecular sieves and fractionally distil it through a glass helix packed column.  [Blicke et
al. J Am Chem Soc 74 2924 1952, Dauben et al. Org Synth Coll Vol IV 221, 229 1963, Beilstein 7 H 13, 7

I 9, 7 II 14, 7 III 46, 7 IV 39.]

Cycloheptatriene [544-25-2] M 92.1, b 6 0 . 5o/122mm, 114-115o/atm, d
4
20  0.895, n

D
20  1 . 5 2 2 .

Wash the triene with alkali, then fractionally distil it.  Store it under N2 or Ar as it resinifies in air.  [Dryden J
Am Chem Soc 76 2814 1954, Kohler et al. J Am Chem Soc 61 1057 1939, Beilstein 5 IV 280.]
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Cycloheptylamine [5452-35-7] M 113.2, b 50-52o/11mm, 60o/18mm, d
4
20  0.887, n

D
20  1 . 4 7 2 ,

pKEst ~10.5 (H2O), pK2 4 9.99 (in 50% aqueous methyl cellosolve). It can be purified by
conversion to the hydrochloride  m 242-246o, and the free base is distilled under dry N2 in a vacuum [Cope et
al. J Am Chem Soc 75 3212 1953, Prelog et al. Helv Chim Acta 33 365 1950].  [Beilstein 12 IV 115.]

1,3-Cyclohexadiene [592-57-4] M 80.1, m - 8 9o, b 83-84o/atm, d
4
20  0.840, n

D
20  1 .471 .   Distil

the diene from NaBH4 or Na under N2  and collect it in a trap cooled in Dry Ice.  It is highly flammable.
[Marvel & Martell, J Am Chem Soc 81 450 1959, Beilstein 5 IV 382.]

1,4-Cyclohexadiene [628-41-1] M 80.1, b 83-86o/714mm, 8 8 . 3o/741mm, 86-88o/atm, 8 8 . 7 -

8 9o/760mm, d
4
20  0.8573, n

D
20  1.4725.  Dry the diene over CaCl2 and distil it in a vacuum under N2.

[Hückel & Wörffel Chem Ber 8 8  338 1955, Giovannini & Wegmüller Helv Chim Acta 4 2  1142 1959.]
[Beilstein 5 IV 385.]

Cyclohexane [110-82-7] M 84.2, f 6 . 6o, b 8 0 . 7o, d
4
24 0.77410,  n

D
20  1.42623, n

D
25 1 . 4 2 3 5 4 .

It is best to purify it by washing with conc H2SO4 until the washings are colourless, followed by water,
aqueous Na2CO3 or 5% NaOH, and again water until neutral.  It is then dried with P2O5, Linde type 4A
molecular sieves, CaCl2, or MgSO4 then Na and distilled.  Cyclohexane has been refluxed with, and distilled
from Na, CaH2, LiAlH4 (which also removes peroxides), sodium/potassium alloy, or P2O5.  Traces of *benzene
can be removed by passage through a column of silica gel that has been freshly heated: this gives material
suitable for ultraviolet and infrared spectroscopy.  If there is much *benzene in the cyclohexane, most of it can
be removed by a preliminary treatment with nitrating acid (a cold mixture of 30mL conc HNO3 and 70mL of
conc H2SO4) which converts *benzene into nitrobenzene.  The impure cyclohexane and the nitrating acid are
placed in an ice bath and stirred vigorously for 15minutes, after which the mixture is allowed to warm to 25o

during 1hour.  The cyclohexane is decanted, washed several times with 25% NaOH, then water, dried with
CaCl2, and distilled from sodium.  Carbonyl-containing impurities can be removed as described for chloroform.
Other purification procedures include passage through columns of activated alumina and repeated crystallisation
by partial freezing.  Small quantities may be purified by chromatography on a Dowex 710-Chromosorb W gas-
liquid chromatographic column.  Flammable liquid.  [Sabatier Ind Eng Chem 18 1005 1926, Schefland &
Jacobs The Handbook of Organic Solvents (Van Nostrand) p592 1953, Beilstein 5 IV 27.]
Rapid purification:  Distil, discarding the forerun.  Stand distillate over Grade I alumina (5% w/v) or 4A
molecular sieves.

Cyclohexane butyric acid  [4441-63-8] M 170.3, m 3 1o, 26 .5 -28 .5o, b 136-139o / 4 m m .

1 6 9o/20mm, 188.8o/46mm, pK
2 5

  4.95.  Distil the acid through a Vigreux column (p 11), and the
crystalline distillate is recrystallised from pet ether.  The S-benzylisothiuronium salt has m 154-155o (from
EtOH)  [Friediger & Pedersen Acta Chem Scand 9 1425 1955, English & Dayan J Am Chem Soc 72 4187
1950].  [Beilstein 9 II 15.]

Cyclohexane carboxylic acid (hexahydrobenzoic acid) [98-89-5] M 172.2, m 31-32o, b 6 3 -

6 7o/~0.1mm, 110o/8mm, 232-233o/atm, d1 5 1.480, n2 0 1.460, pK2 5 4.90.  Crystallise the acid
from hot H2O (solubility is 0.2% w/w at 15o), it is soluble in organic solvents.  Also distil it at as high a
vacuum as possible and warm the condenser as it solidifies on cooling.  The acid chloride [2719-27-9] M

146.6, has b 184o/atm, d2 5 1 .096 , the methyl ester has b 183o/atm, and the S-benzylisothiuronium salt

has m 165-166o (from EtOH).  [Beilstein  9 H 7, 9 I 5, 9 II 6, 9 III15, 9 IV 16.]

Cyclohexane-1,2-diaminetetraacetic acid ( H2O, CDTA) [ H2O: 12333-90-4;  xH2O: 13291-61-7] M

364.4, m >210o(dec), pK1 1.34, pK2 3.20, pK3 5.75 (6.12), pK4 9.26 (12.35).  Dissolve
CDTA in aqueous NaOH as its disodium salt, then precipitate  it by adding HCl.  The free acid is filtered off and
boiled with distilled water to remove traces of HCl [Bond & Jones Trans Faraday Soc 5 5  1310 1959].
Recrystallise it from water and dry it in vacuo.  [Beilstein 13 III 10.]

cis-Cyclohexane-1,2-dicarboxylic acid (cis-hexahydrophthalic acid) [610-09-3] M 172.2, m

191-192o, 191-194o, pK
1
25  4.25, pK

2
25  6.74. It is purified by recrystallisation from EtOH or H2O.                  
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[Smith & Byrne J Am Chem Soc 72 4406 1950, Abell J Org Chem 22 769 1957, Beilstein 9 III 3812, 9 IV
2801.]

trans-Cyclohexane-1,2-dicarboxylic acid (trans-hexahydrophthalic acid) [2305-32-0] M

172.2, m 227.5-228o, 228-230.5o, pK
1
25  4.30, pK

2
25  6.06.  It is purified by recrystallisation from

EtOH or H2O.  It is formed by hydrolyzing the anhydride with water.  The dimethyl ester has m 95-96o (from
*C6H6/pet ether).  [Abell J Org Chem 22 769 1957,  Smith & Byrne J Am Chem Soc 7 2  4406 1950,
Linstead et al. J Am Chem Soc 6 4  2093 1942, Beilstein 9  III 3812, 9 IV 2801.]  The 1R,2R-(-)-trans-

cyclohexane-1,2-acid  [46022-05-3]  has m 171-182o and [ ]
D

20 -20o (c 1, Me2CO).

cis-Cyclohexane-1,2-dicarboxylic anhydride (cis-hexahydrophthalic anhydride) [85-42-7,

13149-00-3] M 154.2, m 32-34o, b 158o/17mm.  It has been obtained by heating the trans-acid or
anhydride at 200o. Crystallise it from *C6H6/Et2O or distil it.  [Kohler & Jansen J Am Chem Soc  60  2145
1938, Abell J Org Chem 22 769 1957, Beilstein 17 II 452, 17 III/IV 5931.]

trans-Cyclohexane-1,2-dicarboxylic anhydride (trans-hexahydrophthalic anhydride) [14166-

21-3] M 154.2, m 140-142o, 145-146o. Crystallise the anhydride from *C6H6/Et2O.  It has been
obtained by heating the cis- acid or anhydride with HCl at 180o for 3hours.  It can be obtained from the acid by
heating in Ac2O.  It sublimes at 125-135o/0.02mm.  [Kohler & Jansen J Am Chem Soc  6 0  2145 1938,
Fichter & Simon Helv Chim Acta 17 1218 1934, Beilstein 9 IV 2802.]

(±)-trans-1,2-Cyclohexanediol [1460-57-7] M 116.2, m 104o, 105o, 1 2 0o/14mm .  Crystallise
the diol from Me2CO and dry it at 50o for several days.  It can also be recrystallised from CCl4 or EtOAc and it
can be distilled.  The 2,4-dinitrobenzoyl derivative has m 179o.  [Winstein & Buckles J Am Chem Soc 64

2780 1942.] [Beilstein 6 IV 5194.]

trans-1,2-Cyclohexanediol [1R,2R-(-)- 1072-86-2, 1S,2S-(+)- 57794-08-8] M 116.2, m 107-109o,

109-110 .5o, 111-112o, 113-114o,  [ ]
D

22  (-) and (+) 46.5o (c 1, H2O). The enantiomers have
been recrystallised from *C6H6 or EtOAc.  The (±) diol has been resolved via the distrychnine salt of the
hemisulfate [Hayward et al. J Chem Soc Perkin Trans 1  2413 1976], or the 1-menthoxy acetates.  {l-trans-
diastereoisomer has m 64o, [ ]D -91.7o (c 1.4 EtOH) from pet ether or aqueous EtOH and yields the (-)-trans-

diol } and {d-trans-diastereoisomer has m 126-127o, [ ]D -32.7o (c 0.8 EtOH) from pet ether or aqueous EtOH
and yields the (+)-trans diol}.  The bis-4-nitrobenzoate has m 126.5o [ ]D (-) and (+) 25.5o (c 1.1 CHCl3), and
the bis-3,5-dinitrobenzoate has m 160o [ ]D ± 83.0o (c 1.8 CHCl3) [Wilson & Read J Chem Soc 1269 1935].
[Beilstein 6 III 4060.]

cis-1,3-Cyclohexanediol [823-18-7] M 116.2, m 8 6o, 8 7o, 1 3 7o/13mm.       Crystallise the cis-

diol from ethyl acetate and acetone. The dibenzoyl derivative has m 65.5o (from MeOH or pet ether).  [Rigby J

Chem Soc 1586 1949, Furberg & Hassell Acta Chem Scand  4 518 1950, Beilstein 6 III 4077, 6 IV 5208.]

t r a n s -1 , 3 - C y c l o h e x a n e d i o l [ 5 5 1 5 - 6 4 - 0 ] M 116.2, m 117o,  118-118.5o,  135o/13mm

Crystallise the trans-diol from ethyl acetate or Me2CO.  The dibenzoyl derivative has m  123.5o (from EtOH or
pet ether).  [Rigby J Chem Soc 1586 1949, Beilstein 6 III 4077, 6 IV 5208.]

cis-1,4-Cyclohexanediol [931-71-5] M 116.2, m 1 0 2 . 5o, 113-114o.   Crystallise the cis-diol from
acetone (charcoal), then dry and sublime it under vacuum.  It also crystallises from Me2CO or Me2CO/*C6H6.
The diacetate has m  40.6-41.1o (from pet ether or 34-36o from EtOH).  [Grob & Baumann Helv Chim Acta 3 8

604 1955, Owen & Robins J Chem Soc 320 1949, Beilstein 6 III 4080, 6 IV 5209.]

trans-1,4-Cyclohexanediol [6995-79-5] M 116.2, m 142.6-143.1o. Crystallise the trans-diol from
MeOH or Me2CO.  The diacetate has m   104.5-105o (from pet ether or 102-103o from EtOH).  [Grob &
Baumann Helv Chim Acta 38 604 1955, Owen & Robins J Chem Soc 320 1949, Beilstein 6  III 4080, 6 IV
5209.]
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Cyclohexane-1,3-dione [504-02-9] M 112.1, m 107-108o, pK
1
25  5 .25 .   Crystallise the dione from

*benzene.  Dissolve ~50g of the diol in 140mL of *C6H6 under N2, cool, collect the solid and dry it in a
vacuum desiccator overnight.  It is unstable and should be stored under N2 or Ar at ~0o.  [Thompson Org Synth

Coll Vol III 278 1955, Beilstein 7 IV 1985.]

Cyc lohexane -1 ,4 -d ione [637-88-7] M 112.1, m 76-77o, 7 8o, 7 9 . 5o, 79 -80o, b 130 -

1 3 3o/20mm, d
4
91  1.0861, n

D
102  1.4576.  Crystallise the dione from water, then *benzene.  It can also be

recrystallised from CHCl3/pet ether or Et2O.  It has been purified by distillation in a vacuum, and the pale
yellow distillate which solidified is then recrystallised from CCl4 (14.3 g/100 mL) and has m 77-79o.  The di-

semicarbazone has m 231o, the dioxime H C l  h a s  m 150o (from MeOH/*C6H6) and the bis-2,4-

dinitrophenylhydrazone m 240o (from PhNO2).  [Nielsen & Carpenter Org Synth Coll Vol V  288 1973, IR:
LeFevre & LeFevre J Chem Soc 3549 1956.]  [Beilstein 7 IV 1986.]

Cyclohexane-1,2-dione dioxime (Nioxime) [492-99-9] M 142.2, m 189-190o, pK
1
25  1 0 . 6 8 ,

pK
2
25  11.92.  Crystallise Nioxime from alcohol/water and dry it in a vacuum at 40o.  Also 2.5g of oxime

have been recrystallised from 550mL of H2O using Fe free Norit.  It forms complexes with Ni and Pd.  [Hach et
al. Org Synth 32 35 1952.]  [Beilstein 7 IV 1982.]

1,4-Cyclohexanedione monoethylene acetal  (1,4-dioxa-spiro[4.5]decan-8-one) [4746-97-8]

M 156.2, m 70-73o, 73.5-74.5o. Recrystallise it from pet ether.  It sublimes slowly on attempted
distillation.  Also purify it by dissolving it in Et2O and adding pet ether (b 60-80o) until turbid and cooling.
[Gardner et al. J Am Chem Soc 22 1206 1957, Britten & Lockwood  J Chem Soc Perkin Trans 1  1824 1974.]
[Beilstein 19/4 V 93.]

cis,cis-1,3,5-Cyclohexane tricarboxylic acid [16526-68-4] M 216.2, m 216-218o, pKEst(1)

~4.1, pKEst(2)  ~5.4, pKEst(3)  ~6.8. Purify the acid by recrystallisation from toluene/EtOH or H2O.  It
forms a 1.5 hydrate with m 216-218o, and a dihydrate m  110o.  Purify it also by conversion to the triethyl

ester b 217-218o/10mm, 151o/1mm, the distillate solidifies on cooling, m 36-37o, which is hydrolysed by
boiling in aqueous HCl.  The trimethyl ester can be distilled and recrystallised from Et2O, m 48-49o.  [Newman
& Lawrie J Am Chem Soc 76 4598 1954, Lukes &S Galik Coll Czech Chem Comm 19 712 1954, Beilstein

9 III 4749.]

Cyclohexanol  [108-93-0] M 100.2, m 2 5 . 2o, b 1 6 1 . 1o, d 0.946, n
D
20  1.466, n

D
25 1.437, n

D
30

1.462.  Reflux it with freshly ignited CaO, or dry it with Na2CO3, then fractionally distil it.  Redistil it from
Na.  It is further purified by fractional crystallisation from the melt in dry air.  Peroxides and aldehydes can be
removed by prior washing with ferrous sulfate and water, followed by distillation under nitrogen from 2,4-
dinitrophenylhydrazine, using a short fractionating column: water distils as the azeotrope.  Dry cyclohexanol is
very hygroscopic.  The 3,4-dinitrobenzoate has m 111-112o (EtOH or aqueous EtOH)  It has TOXIC vapours.
[Beilstein 6 III 10, 6 IV 20.]

Cyclohexanone [108-94-1] M 98.2, f -16.4o, b 1 5 5 . 7o, d
4
20  0.947, n

D
15 1.452. n

D
20  1 . 4 5 1 ,

pK
2 5

  -6.8 (aqueous H2S O4), pK25 11.3 (enol), 16.6 (keto).   Dry cyclohexanone with MgSO4,
CaSO4, Na2SO4 or Linde type 13X molecular sieves, then distil it.  Cyclohexanol and other oxidisable
impurities can be removed by treatment with chromic acid or dilute KMnO4.  More thorough purification is
possible by conversion to the bisulfite addition compound, or the semicarbazone, followed by decomposition
with Na2CO3 and steam distillation.  [For example, equal weights of the bisulfite adduct (crystallised from
water) and Na2CO3 are dissolved in hot water and, after steam distillation, the distillate is saturated with NaCl
and extracted with Et2O which is then dried (anhydrous MgSO4 or Na2SO4), filtered and the solvent evaporated
prior to further distillation.]  FLAMMABLE [Beilstein 7 III 14, 7 IV 15.]

Cyclohexanone oxime [100-64-1] M 113.2, m 90o, b 100-105o/10-12mm, 206-210o/atm.  

Crystallise the oxime from water or pet ether (b 60-80o).  [Bousquet Org Synth Coll Vol II 313 1943, Beilstein

7 III 32, 7 IV 21.]

Cyclohexanone phenylhydrazone [946-82-7] M 173.3, m 77o.  Crystallise it from EtOH.
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Cyclohexene [110-83-8] M 82.2, M -104o, b 83o, d
4
20  0.810, n

D
20  1.4464, n

D
25 1.4437.   Free

cyclohexene from peroxides by washing with successive portions of dilute acidified ferrous sulfate, or with
NaHSO3 solution, then with distilled water, drying with CaCl2 or CaSO4, and distilling under N2.  Alternative
methods for removing peroxides include passage through a column of alumina, refluxing with sodium wire or
cupric stearate (then distilling from sodium).  The diene is removed by refluxing with maleic anhydride before
distilling under vacuum.  Treatment with 0.1moles of MeMgI in 40mL of diethyl ether removes traces of
oxygenated impurities.  Other purification procedures include washing with aqueous NaOH, drying and distilling
under N2 through a spinning band column, redistilling from CaH2, storing under sodium wire, and passing
through a column of alumina, under N2, immediately before use.  Store it at <0o under argon.  [Coleman &
Johnstone Org Synth Coll Vol I 83 1955, Carson & Ipatieff Org Synth Coll Vol II 152 1943, Woon et al. J
Am Chem Soc 108 7990 1986, Wong et al. J Am Chem Soc 109 3428 1987.]  [Beilstein 5 IV 218.]

(±)-2-Cyclohexen-1-ol  (3-hydroxycyclohex-1-ene)  [822-67-3] M 242.2, b 63-65o/ 12mm,

65-66o/13mm, 67o/15mm, 7 4o/25mm, 8 5o /35mm, 1 6 6o/atm, d
4
20  0.9865, n

D
20  1 . 4 7 2 0 .

Purify 2-cyclohexen-1-ol by distillation through a short Vigreux column (p 11).  The 2,4-dinitrobenzoyl

derivative has m 120.5o, and the phenylurethane has m 107o.  [Pedersen et al. Org Synth 48  18 1968, Cook J

Chem Soc 1774 1938, Deiding & Hartman J Am Chem Soc 75 3725 1953, Beilstein 6 IV 196.]

Cyclohexene oxide (7-oxabicyclo[4.1.0]heptane] [286-20-4] M 98.2, b 131-133o/atm, d
4
20

0.971, n
D
20  1.452.  Fractionate the oxide through an efficient column.  The main impurity is probably H2O.

Dry it over MgSO4, filter and distil it several times (b 129-134o/760mm).  The residue is sometimes hard to
remove from the distilling flask.  To avoid this difficulty, add a small amount of a mixture of ground NaCl and
Celite (1:1) to help break up the residue particularly if H2O is added.  [Osterberg Org Synth  Coll Vol I 185
1948, Beilstein 17 H 21, 17/1 V 203.]

Cycloheximide (actidione) [68-81-9] M 281.4, m 119.5-121o, [ ]
546

20  + 9 . 5o (c 2, H2O), pK

11.2.  Crystallise it from water/MeOH (4:1), amyl acetate, isopropyl acetate/isopropyl ether or water.  The
acetate has m 150-152o (from aqueous EtOH), the p-nitrobenzoate  has m 215-220o(dec) (from aqueous dioxane)
and the oxime has m 203-204o (from MeOH).  [Kornfeld et al. J Am Chem Soc 71 155 1949, Beilstein 21 IV
6632.]

Cyclohexylamine [108-91-8] M 99.2, b 134.5o, d
4
20  0.866, d

4
25 0.863, n

D
20  1.4593, n

D
25

1.456, pK25 10.63.  Dry the amine with CaCl2 or LiAlH4, then distil it from BaO, KOH or Na, under N2.
Also purify it by conversion to the hydrochloride (which is crystallised several times from water), then liberation
of the amine with alkali and fractional distillation under N2.  The hydrochloride has m  205-207o

(dioxane/EtOH).  [Lycan et al. Org Synth Coll Vol II 319 1943, Beilstein 12 III 10, 12 IV 8.]

Cyclohexyl bromide [108-85-0] M 156.3, b 7 2o/29mm, d
4
20  0.902, n

D
25 1 .49 35 .   Shake the

bromide with 60% aqueous HBr to remove the free alcohol.  After removing excess HBr, the sample is dried and
fractionally distilled.  [IR: Roberts & Chambers J Am Chem Soc 73 5031 1951, Beilstein 5 III 48, 5 IV 67.]

1-Cyclohexylethylamine [S-(+)- 17430-98-7, R-(-)- 5913-13-3] M 127.2, b 177-178o/atm,

d
4
200.866, n

D
20  1.446, [ ]

D

15 (-) and (+) 3.2o (neat), pKEst ~10.6.   Purify it by conversion to the
bitartrate salt (m 172o), then decomposing with strong alkali and extracting into Et2O, drying (KOH), filtering,
evaporating and distilling.  The hydrochloride salt has m 242o (from EtOH/Et2O), [ ]

D

15  -5.0o (c 10 H2O, from
(+) amine). The oxalate salt has m 132o (from H2O). The (±)-base has b 176-178o/760mm, and HCl  has m

237-238o.  [Reihlen et al. Justus Liebigs Ann Chem 532 247 1938, Leithe Chem Ber 65  660 1932, Beilstein

12 III 95.]

Cyclohexylidene fulvene (6,6-pentamethylene fulvene) [3141-04-6] M 134.2. Purify the fulvene
by column chromatography and eluting with n-hexane [Abboud et al. J Am Chem Soc 109 1334 1987].

Cyclohexyl mercaptan  (cyclohexane thiol)  [ 1 5 6 9 - 6 9 - 3 ] M 116.2, b 38-39o/ 12mm,

5 7o/23mm, 90o/100mm, 157o/763mm, d
4
20  0.949, n

D
20  1.493, pKEst ~10.8. Possible impurities
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are the sulfide and the disulfide.  Purify the thiol by conversion to the Na salt by dissolving in 10% aqueous
NaOH, extract the sulfide and disulfide with Et2O, and then acidify the aqueous solution (with cooling and under
N2) with HCl, extract with Et2O, dry over MgSO4, evaporate and distil it in a vacuum (b 41o/12mm).  The
sulfide has b 7 4o/0.2mm, n

D

18.5 1.5162 and the disulfide has b 110-112o/0.2mm, n
D

18.5 1.5557.  The Hg-

mercaptide has m 77-78o (needles from EtOH).  [Naylor J Chem Soc 1532 1947, Beilstein 6 H 8, 6  I 6, 6  II
14, 6 III 46, 6 IV 72.]

Cyclohexyl methacrylate [101-43-9] M 168.2, b 81-86o/0.1mm, d
4
20  0.964, n

D
20  1 .458 .  Purify

as for methyl methacrylate (p 164).  [Tong & Kenyon J Am Chem Soc 68 1355 1946, Beilstein 6 III 25, 6  IV
39.]

Cyclononanone [3350-30-9] M 140.2, m 142 .0 -142 .8o, b 220-222o, 100-101 .5o/ 15mm.

Purify it via the semicarbazone (m 179,5-180.5o from 90% MeOH) and regenerate it by steam distilling a
mixture of 13.1g of semicarbazone, 22g of phthalic anhydride and 45mL of H2O.  After collecting 300mL of
distillate, the latter is extracted with Et2O.  The dried extract (MgSO4) gives on evaporation 8.4g of ketone b
100-101.5o/15mm.  The oxime has m  76.5-77.5o ( 7 9o from MeOH) and the iso-oxime has m  138-139o

[Ruzicka et al. Helv Chim Acta 32  548 1949.]  It has also been repeatedly sublimed at 0.05-0.1mm pressure.
[Blomquist et al. J Am Chem Soc 74 3639, 3645 1952, Beilstein 7 III 110, 7 IV 62.]

cis ,c i s -1 , 3 - C y c l o o c t a d i e n e [ 3 8 0 6 - 5 9 - 5 ] M 108.2, m -5o,  -49o , b 5 5o/34mm, 142-

1 4 4o/760mm, d
4
20  0.8690, n

D
20  1.48921. Purify the diene by GLC.  Fractionally distil it through a

Widmer column (p 11) as a mobile liquid and redistil it with a Claisen flask or through a semi-micro column
[Gould, et al. Anal Chem 20 361 1948]. NB: It has a strong characteristic disagreeable odour detectable at low
concentrations and causes headaches on prolonged exposure.  [IR: Cope & Estes J Am Chem Soc 7 2  1128
1950, UV: Cope & Baumgardner J Am Chem Soc 78 2812 1956.]  [Beilstein 5 IV 401.]

cis-cis-1,5-cyclooctadiene, [111-78-4, 1552-12-1] M 108.2, m -69.5o,  - 7 0o , b 51-52o/ 25mm,

9 7o/144mm, 150.8o/757mm, d
4
20  0.880, n

D
20  1.4935.  Purify it by GLC.  It has been purified via the

AgNO3 salt.  This is prepared by shaking with a solution of 50% aqueous AgNO3 w/w several times (e.g. 3 x
50 mL and 4 x 50 mL) at 70o for ca 20minutes to get a good separation of layers.  The upper layers are
combined and further extracted with AgNO3 at 40o (2 x 20 mL).  The upper layer (19 mL) of original
hydrocarbon mixture gives colourless needles of the AgNO3 complex on cooling.  The adduct is recrystallised
from MeOH (and cooling to 0o).  The hydrocarbon is recovered by steam distilling the salt.  The distillate is
extracted with Et2O, dried (MgSO4), filtered, evaporated and distilled.  [Jones J Chem Soc  312 1954, [Beilstein

5 H  116, 5 IV 403.]

Cyclooctanone [502-49-8] M 126.2, m 42o, 43.8o, b 115-115.5o/ 60mm.  Purify the ketone by
sublimation after drying with Linde type 13X molecular sieves.  The semicarbazone has m  168-169o (from
dioxane) [Kohler et al. J Am Chem Soc 61 1060 1939].  The oxime has m 36-37o after subliming at high
vacuum or distillation and has b 128-129o /14mm.  The iso-oxime has m  72-73o [Ruzicka et al. Helv Chim

Acta 32 548 1949].  [Beilstein 7 III 77, 7 IV 49.]

1,3,5,7-Cyclooctatetraene [629-20-9] M 104.2, m -5o to -3o,  b 141-141 .5o, d
4
20  1.537, n

D
25

1.5350.  Purify the triene by shaking 3mL with 20mL of 10% aqueous AgNO3 for 15minutes, then filtering
off the AgNO3 complex which precipitates.  The precipitate is dissolved in water and added to cold concentrated
ammonia to regenerate the cyclooctatetraene which is fractionally distilled under vacuum onto molecular sieves
and stored at 0o. It is passed through a dry alumina column before use [Broadley et al. J Chem Soc, Dalton

Trans 373 1986].  [Beilstein 5 I 228, 5 IV 1331.]

c i s - C y c l o o c t e n e [931-87-3;  931-88-4] M 110.2, b 32-34o/12mm, 66 .5 -67o/ 60mm,

8 8o/141mm,  140o/170mm, 143o/760mm, d
4
20  0.84843, n

D
20  1.4702.  The cis-isomer is freed from

the trans-isomer by fractional distillation through a spinning-band column, followed by preparative gas
chromatography on a Dowex 710-Chromosorb W GLC column.  It is passed through a short alumina column
immediately before use [Collman et al. J Am Chem Soc 108 2588 1986].  It has also been distilled in a dry N2
glove box from powdered fused NaOH through a Vigreux column (p 11), then passed through activated neutral
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alumina before use [Wong et al. J Am Chem Soc 109 4328 1987].  Alternatively it can be purified via the
AgNO3 salt.  This salt is obtained from crude cyclooctene (40 mL) by shaking at 70-80o with 50% w/w AgNO3
(2 x 15 mL) to remove cyclooctadienes (aqueous layer).  Extraction is repeated at 40o (4 x 20 mL, of 50%
AgNO3).  Three layers are formed each time.  The middle layer contains the AgNO3 adduct of cyclooctene which
crystallises on cooling the layer to room temperature.  The adduct (complex 2:1) is highly soluble in MeOH (at
least 1g/mL) from which it crystallises in large flat needles when cooled at 0o.  It is dried under slight vacuum
for 1 week in the presence of CaCl2 and paraffin wax soaked in cyclooctene. It has m 51o and loses hydrocarbon
on exposure to air.  cis-Cyclooctene can be recovered by steam distillation of the salt, collected, dried (CaCl2)
and distilled in vacuum.  [Braude et al. J Chem Soc 4711 1957, AgNO3: Jones J Chem Soc 1808 1954, Cope &
Estes J Am Chem Soc 72 1128 1950, Beilstein 5 I 35, 5 IV 263.]  FLAMMABLE LIQUID.

cis-Cyclooctene oxide {(1r, 8c)-9-oxabicyclo[6.1.0]nonane}  [286-62-4] M 126.7, m 56-57o,

57 .5 -57 .8o, 50-60o, b 85-88o/17mm, 82.5o/22mm, 90-93o/37mm, 189-190o/atm.   It can be
distilled in vacuum, and the solidified distillate can be sublimed in vacuum below 50o.  It has a characteristic
odour.  [IR:  Cope et al. J Am Chem Soc 74  5884 1952, cf trans-isomer: Cope et al. J Am Chem Soc 7 9

3905 1957, Reppe et al. Justus Liebigs Ann Chem 560 1 1948].

Cyclopentadecanone (Exaltone) [502-72-7] M 224.4, m 6 3o, 6 5o, 65 -66o, b 155-157o/ 5mm

Subliming Exaltone is better than crystallising it from aqueous EtOH for purification.  The semicarbazone has
m 186-187o.  [Stevens & Erickson J Am Chem Soc 64 146 1942, Mathur et al. J Chem Soc 3505 1963,
Biens & Hess Helv Chim Acta 71 1704 1988, Beilstein 7 III 203, 7 IV 118.]

Cyclopentadiene [542-92-7] M 66.1, b 41-42o, pK2 5 15.   Dry the diene with Mg(ClO4)2 and distil it
rapidly as it dimerises readily at room temperature.  It should be used immediately or stored in a Dry Ice or an
ice-salt bath.  HIGHLY FLAMMABLE.  [Moffett Org Synth Coll Vol IV 238 1963.] Cyclopentadiene

Dimer (4,7-methano-3a,4,7,7a-tetrahydroindene) has   [77-73-6], M 132.3, m 33o, b   170o/atm, and d2 5 0.986;
add ~0.05% of 2,6-di-tert-butyl-4-methylphenol as stabilizer.  Cyclopentadiene is prepared when required by de-
polymerising the technical grade dimer by heating it carefully under a fractionating column [Wilkinson Org

Synth Coll Vol IV 467 1963], as described by Moffett (above reference), or by adding the dimer at a  steady rate
onto mineral oil heated at 240-270o (Korach et al. Org Synth 42 50 1962).  [Beilstein 5 II 391.]

Cyclopentane [287-92-3] M 70.1, b 49.3o, d
4
20  0.745, n

D
20  1.40645, n

D
25 1.4340 .   Free it from

cyclopentene by two passages through a column of carefully dried and degassed activated silica gel. It occurs in
petroleum and is HIGHLY FLAMMABLE.  [NMR: Christl Chem Ber 108 2781 1975, Whitesides et al.
41 2882 1976, Beilstein 5 III 10, 5 IV 4.]

Cyclopentane carbonitrile  [4254-02-8] M 95.2, m - 7 5 . 2o, - 7 6o, b 43-44o/7mm, 5 0 -

6 2o /10mm, 67-68o/14mm, 74.5-75o/30mm, d
4
20  0.912, n

D
20  1 .441 .   Dissolve the nitrile in Et2O,

wash it thoroughly with saturated aqueous K2CO3, dry (MgSO4) and distil it through a 10 cm Vigreux column
(p 11).  [McElvain & Stern J Am Chem Soc 77  457 1955, Bailey & Daly J Am Chem Soc 81  5397 1959,
Beilstein 9 IV 14.]

Cyclopentane carboxylic acid [3400-45-1] M 114.1, m 3 - 5o, b 106 .5 -107o/10mm, 2 1 6o/atm,

d2 5 1.053, pK2 5 4.98. If it is discoloured shake it with saturated aqueous NaCl, extract it with Et2O, dry the
extract (MgSO4), filter, evaporate and distil the residue preferably under a vacuum. The lachrymatory acid

chloride [3400-45-1] has M 114.1, m 4o and b 216o/atm, d
4
20 1.091, n

D
20 1.4620. [Beilstein 9 H 6, 9 IV 11.]

Cyclopentane-1,1-dicarboxylic acid [5802-65-3] M 158.1, m 184o, pK1 3.23, pK2 4 . 0 8 .

Recrystallise the di-acid from water or pentane/Et2O (10:1), and it decarboxylates  on melting.  [IR, NMR:
Hoberg et al. Synthesis 395 1991.]

1,3-Cyclopentanedione [3859-41-4] M 98.1, m 149-150o, 151-152 .5o, 151-154o, 151-153o,

pKa 4.5.   Purify the dione by Soxhlet extraction with CHCl3.  The CHCl3 is evaporated and the residue is
recrystallised from EtOAc and/or sublimed at 120o/4mm.  [IR: Boothe et al. J Am Chem Soc 75  1732 1953,
DePuy & Zaweski  J Am Chem Soc 81 4920 1959, Beilstein 7 IV 1981.]
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Cyclopentanone [120-92-3] M 84.1, b 130-130.5o, d
4
20  0.947, n

D
20  1.4370, n

D
25 1 . 4 3 4 0 .

Shake it with aqueous KMnO4 to remove materials absorbing around 230 to 240nm.  Dry it with Linde-type
13X molecular sieves and fractionally distil it.  It has also been purified by conversion to the NaHSO3 adduct
which, after crystallising four times from EtOH/water (4:1), is decomposed by adding to an equal weight of
Na2CO3 in hot H2O.  The free cyclopentanone is steam distilled from the solution.  The distillate is saturated
with NaCl and extracted with *benzene which is then dried  (anhydrous K2CO3) and evaporated.  The residue is
then distilled [Allen, et al. J Chem Soc 1909 1960].  [Beilstein 7 IV 5.]

Cyclopentene [142-29-0] M 68.1, b 45-46o, d
4
20  0.772, n

D
20  1 . 4 2 28 .   Free cyclopentene from

hydroperoxide by refluxing with cupric stearate.  Fractionally distil it from Na.  It can be chromatographed on a
Dowex 710-Chromosorb W GLC column.  Methods for cyclohexene should be applicable here.  Also, it has
been washed with 1M NaOH solution followed by water.  It was dried over anhydrous Na2SO4, distilled over
powdered NaOH under nitrogen, and passed through neutral alumina before use [Woon et al. J Am Chem Soc

108 7990 1986].  It was distilled in a dry nitrogen atmosphere from powdered fused NaOH through a Vigreux
column (p 11), and then passed through activated neutral alumina before use [Wong et al. J Am Chem Soc 1 0 9

3428 1987].  [Beilstein 5 IV 209.]

1-Cyclopentene-1,2-dicarboxylic anhydride [3205-94-5] M 138.1, m 42-54o, 46 -47o, b

1 3 0o/5mm, 133-135o/10mm, n
D
20  1.497.  If IR has OH peaks, then some hydrolysis to the diacid (m

178o) must have occurred.  In this case reflux it with an appropriate volume of Ac2O for 30minutes, evaporate
the Ac2O and distil it in vacuo.  The distillate solidifies and can be recrystallised from EtOAc/hexane (1:1).  The
diacid distils without decomposition due to formation of the anhydride.  The dimethyl ester has m  120-
125o/11mm.  [Askain Chem Ber 98 2322 1965, Beilstein 17/11 V 125.]

Cyclopentylamine [1003-03-8] M 85.2, m - 8 5 . 7o, b 106-108o /760mm, 1 0 8 . 5o/760mm, d
4
20

0.869, n
D
20  1.452, pK2 5 10.65, (pK25 4.05 in 50% aqueous EtOH).  The amine may contain H2O

or CO2 in the form of carbamate salt.  Dry it over KOH pellets and then distil it from a few pellets of KOH.
Store it in a dark, dry CO2-free atmosphere.  It is characterised as the thiocyanate salt m 94.5o.  The
benzenesulfonyl derivative has m 68.5-69.5o.  [Roberts & Chambers J Am Chem Soc 7 3  5030 1951,
Bollinger et al. J Am Chem Soc 75 1729 1953, Beilstein 12 IV 4.]

Cyclopropane [75-19-4] M 42.1, b -34o.  Wash cyclopropane with a solution of HgSO4 and dry it with
CaCl2, then Mg(ClO4)2.  It is an anaesthetic FLAMMABLE gas and is packaged in steel cylinders. [Rifi Org

Synth Coll 52 22 1972, Simmons & Smith J Am Chem Soc 80 5323 1958, Beilstein 5 H 15.]

Cyclopropanecarbonyl chloride  [4023-34-1] M 104.5, b 117 .9 -118 .0o/723mm, 119 .5 -

1 1 9 . 6[ o/760mm, d
4
20  1.142, n

D
20  1.453.  If the IR shows OH bands, then some hydrolysis to the free

acid must have occurred.  In this case heat with oxalyl chloride at 50o for 2hours or SOCl2 for 30minutes, then
evaporate and distil three times using a Dufton column (p 10).  Store it in an inert dry atmosphere, preferably in
sealed tubes.  Strong IRRITANT.  If it is free from OH bands, then just distil it in vacuo and store as before.
[Jeffrey & Vogel J Chem Soc 1804 1948, Beilstein 9 IV 4.]

Cyclopropane-1,1-dicarboxylic acid  [598-10-7]   M 130.1, m 1 4 0o, pK
1
25  1.8 (1.68), pK

2
25

5.42 (7.22, 7.43).  Recrystallise the di-acid from CHCl3, EtOAc or *C6H6/Et2O/pet ether.  It forms a
monohydrate.  [Nicolet & Satler J Am Chem Soc 49 2070 1927, Beilstein 9 II 512, 9 III 3795.]

Cyclopropylamine [765-30-0] M 57.1, b 49-49 .5o /760mm, 48-50o /atm, 49-50o/ 750mm,

d
4
20  0.816, n

D
20  1.421, pK25 9.10 (pK25 5.33 in 40% aqueous EtOH).  It has been isolated as the

benzamide  m 100.6-101.0o (from aqueous EtOH).  It forms a picrate  m 149o (from EtOH/pet ether) from
which the free base can be recovered using a basic ion-exchange resin and can then be distilled through a Todd
column (p 11) using an automatic still head which only collects products boiling below 51o/atm.  Polymeric
materials if present will boil above this temperature.  The hydrochloride has m 85-86o [Roberts & Chambers J
Am Chem Soc 73 5030 1951, Jones J Org Chem 9 484 1944, Emmons J Am Chem Soc 79 6522 1957].
[Beilstein 12 IV 3.]
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Cyclopropyl methyl ketone (acetylcyclopropane) [ 7 6 5 - 4 3 - 5 ]   M 84.1, b 111.6-

1 1 1 . 8o/752mm, 111.8o, d
4
20  0.850, n

D
20  1.4242.  Store the ketone with anhydrous CaSO4, or CaCl2

and distil it under nitrogen, preferably using a good fractionating column.  Redistil it under vacuum.  It
polymerises readily.  The semicarbazone has m  –119.5-120.5o (from *C6H6).  [Cannon et al. Org Synth Coll
Vol IV 597 1963, Beilstein 7 III 13, 7 IV 14.]

Cyclotetradecane [295-17-0] M 192.3, m 56o. Recrystallise it twice from aqueous EtOH, then
sublime it in vacuo [Dretloff et al. J Am Chem Soc 109 7797 1987].

Cyclotetradecanone [3603-99-4] M 206.3, m 25o, b 145o/10mm, d
4
20  0.926, n

D
20  1.480.  It is

converted to the semicarbazone which is recrystallised from EtOH and re-converted to the free cyclotetradecanone
by hydrolysis [Dretloff et al. J Am Chem Soc 109 7797 1987].  Fractionate it in a vacuum.

Decahydronaphthalene (decalin, mixed isomers) [91-17-8] M 138.2, b 1 9 1 . 7o/760mm, d
4
20

0.886, n
D
20  1.476.  Stir decalin with conc H2SO4 for several hours.  Then the organic phase is separated,

washed with water, saturated aqueous Na2CO3, again with water, dried with CaSO4 or CaH2 (and perhaps dried
further with Na), filtered and distilled under reduced pressure (b 63-70o/10mm).  It has also been purified by
repeated passage through long columns of silica gel previously activated at 200-250o, followed by distillation
from LiAlH4 and storage under N2.  Type 4A molecular sieves can be used as a drying agent.  Storage over silica
gel removes water and other polar substances.  [For the separation of cis and trans isomers see Seyer & Walker J
Am Chem Soc 60 2125 1938, and Baker & Schuetz J Am Chem Soc 69 1250 1949.]

cis-Decahydronaphthalene [493-01-6] M 138.2, f -43.2o, b 195.7o, 81-83o/19mm, d
4
20  0 . 8 9 7 ,

n
D
20  1.48113.  Purification methods described for the mixed isomers are applicable here.  The individual

isomers can be separated by very efficient fractional distillation, followed by fractional crystallisation by partial
freezing.  The cis-isomer reacts preferentially with AlCl3 and can be removed from the trans-isomer by stirring
the mixture with a limited amount of AlCl3 for 48hours at room temperature, filtering and distilling.  [Seyer &
Walker J Am Chem Soc 60 2125 1938, Baker & Schuetz J Am Chem Soc 6 9  1250 1949.]  A very pure
authentic sample is best obtained by synthesis from cis-1,2-bis-chloroethylcyclohexane [Whitesides & Gutowski
J Org Chem 41 2882 1976, Beilstein 5 IV 310.]

trans-Decahydronaphthalene [493-02-7] M 138.2, f - 3 0 . 6o, b 1 8 7 . 3o, d
4
20  0.870, n

D
20

1.46968.  See purification of cis-isomer above.  [Seyer & Walker J Am Chem Soc 60  2125 1938, Baker &
Schuetz J Am Chem Soc 69 1250 1949, Beilstein 5 IV 311.]

 (+)-Dehydroabietylamine  (abieta-8,11,13-triene-18-ylamine) [1446-61-3] M 285.5, m 4 1o,

42 .5 -45o, b 192-193o/1mm, 2 5 0o/12mm, n
D
40  1.546, [ ]

546

20  + 5 1o (c 1, EtOH), pKEst ~ 1 0 . 3 .

The crude base is purified by converting 2g of base in toluene (3.3mL) into the acetate salt by heating at 65-70o

with 0.46g of AcOH, and the crystals are collected and dried (0.96g from two crops, m 141-143o).  The acetate
salt is dissolved in warm H2O, basified with aqueous NaOH and extracted with *C6H6.  The dried extract
(MgSO4) is evaporated in vacuum leaving a viscous oil which crystallises and can be distilled.  [Gottstein &
Cheney J Org Chem 30 2072 1965.]  The picrate has m 234-236o (from aqueous MeOH), and the formate has
m 147-148o (from heptane).  [Beilstein 12 IV 3005.]

Diamantane (congressane) [2292-79-7] M 188.3, m 234-235o, 243-245o.     Purify diamantane by
repeated crystallisation from MeOH or pentane.  Alternatively purify it by dissolving it in CH2Cl2, washing
with 5% aqueous NaOH and water, and drying (MgSO4).  The solution is filtered, concentrated to a small
volume, an equal weight of alumina is added,  and the solvent evaporated.  The residue is placed on an activated
alumina column (ca 4 x weight of diamantane) and eluted with pet ether (b 40-60o).  Eight sublimations and
twenty zone refining experiments gave material m  251o of 99.99% purity by differential analysis [Gund et al.
Tetrahedron Lett 3877 1970, Courtney et al. J Chem Soc Perkin Trans I  2691 1972].  [For spectra see Cupas et
al. J Am Chem Soc 87 919  1965.]
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1.3-Diaminoadamantane [10303-95-4]  M 164.3, m 5 2o, pKEst(1) ~8.6, pKEst(2)  ~10.6.  Purify
it by zone refining.  The dibenzoyl derivative has m 248o, and the dihydrochloride salt has m  310o (360o) after
recrystallisation from aqueous EtOH or EtOH/Et2O.  [Prelog & Seiwerth Chem Ber 74 1769 1941, Stetter &
Wulff Chem Ber 93 1366 1960.]   

cis-1,2-Diaminocyclohexane [1436-59-5]  M 114.2, b 92-93o/8mm, d
4

25  0.952, n
D

20  1 . 4 9 3 ,

pK
1

20  6.13, pK
2

20  9.93.  Dry the diamine over solid KOH and distil it in a vacuum.  It is a strong base,
keep away from CO2, store in the dark under N2.  [Beilstein 13 IV 1.]

(±)-trans-1,2-Diaminocyclohexane [1121-22-8]  M 114.2, m 14-15o, b 78-81o/15mm, d
4

25

0.951, n
D

20  1.489, pK
1

20  6.47, pK
2

20  9.94.  Purify and store the diamine as for the cis-isomer above  as
it is a strong base and becomes yellow on storage.  [Beilstein 13 IV 1.]

1R,2R(-)-trans-1,2-Diaminocyclohexane [20439-47-8]  M 114.2, m 41-45o, [ ]
D

20  -25.5o (c 5

M HCl). m 14-15o. Distil or recrystallise the diamine from pet ether under N2 or Ar. Store it as above.
The 1R,2R-base L-tartrate salt  has [39961-95-0], M 264.3, m 2 7 3o and [ ]

D

25  + 1 2 . 5o (c 4, H2O), and
can be used to purfy and/or optically enrich the free base.  [Beilstein 13 III 6, and references below.]

1 S , 2 S ( + ) - t rans -1,2-Diaminocyclohexane [ 2 1 4 3 6 - 0 3 - 3 ]  M 114.2, m 42-45o,  b 104 -

1 1 0o/40mm, [ ]
D

20  +25.5o (c 5 M HCl). m 14-15o. Distil or recrystallise the diamine from pet ether
under N2 or Ar. Store it as above.  The 1S,2S-base D-tartrate salt  has [67333-70-4], M 264.3, m 180-

1 8 4o(dec) and [ ]
D

25  -12.5o (c 4, H2O) from which the free base can be purified or optically enriched. It is
a useful chiral synthon.  [Fjii et al. J Chem Soc, Chem Commun 45 1985, Takahashi et al. Tetrahedron Lett

30 7095 1989, Hanassian et al. J Org Chem 58 1991 1993, Beilstein 13 III 7.]

trans-1,4-Diaminocyclohexane [2615-25-0] M 114.2, m 69-72o, b 1 9 7o/760mm, pKest(1) ~ 9 . 4 ,

pKest(2)  10.8. Recrystallise the diamine from pet ether under N2 or Ar as it should be an even stronger base
than the above 1,2-diamine isomers. It distils under N2. Store in the dark under N2.  [Beistein 13  I 3, 13 III
11.]

cis-3,4-Dichlorocyclobutene [2957-95-1] M 123.0, b 70-71o/55mm, 74-76o/55mm, d
4
20

1.297, n
D
20  1.499.  Distil the cyclobutene at 55mm through a 36-in platinum spinning band column, a fore-

run b 58-62o/55mm is mainly 1,4-dichlorobutadiene.  When the temperature reaches 70o the reflux ratio is
reduced to 10:1 and the product is collected quickly.  It is usually necessary to apply heat frequently with a sun
lamp to prevent any dichlorobutadiene from clogging the exit in the early part of the distillation  [Pettit &
Henery Org Synth 50 36 1970].

1,3-Dicyclohexylcarbodimide (DCC) [538-75-0] M 206.3, m 34-35o, b 95-97o/0.2mm, 120-

1 2 1o/0.6mm, 155o/11mm.  It is sampled as a liquid after melting in warm H2O.  It is sensitive to air, and
it is a potent skin irritant.  It can be distilled in a vacuum and is best stored in a tightly stoppered flask in a
freezer.  It is very soluble in CH2Cl2 and pyridine where the reaction product with H2O, after condensation, is
dicyclohexyl urea which is insoluble and can be filtered off.  Alternatively dissolve it in CH2Cl2, add powdered
anhydrous MgSO4, shake for 4hours, filter, evaporate and distil at 0.6mm pressure and oil bath temperature of
145o.  [Bodansky et al. Biochemical  Preparations 10, 122 1963, Schmidt & Seefelder Justus Liebigs Ann

Chem 571 83 1951, Schmidt et al. Justus Liebigs Ann Chem 612 11 1958, Beilstein  12 IV 72.]

3,4-Diethoxy-3-cyclobutene-1,2-dione  (diethyl squarate)  [5321-87-8] M 170.2, b 8 9 -

9 1o/0.4mm, 88-92o/0.4mm, d
4
20  1.162, n

D
25  1.5000.  Dissolve the ester in Et2O, wash it with

Na2CO3, H2O and dry (Na2SO4) it, filter, evaporate and distil it using a Kügelrohr or purify it by
chromatography.  Use a Kieselgel column and elute with 20% Et2O/pet ether (b 40-60o), then with Et2O/pet
ether (1:1), evaporate and distil the residue in vacuo.  [Dehmlow & Schell Chem Ber 113 1 1980, Perri &
Moore J Am Chem Soc 112 1897 1990, IR: Cohen & Cohen J Am Chem Soc 88 1533 1966] It can cause

severe dermatitis.  [Foland et al. J Am Chem Soc 111 975 1989, Perri et al. Org Synth 69 220 1990].
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N,N-Diethylcyclohexylamine [91-65-6] M 155.3, b 85-87o/15mm, 193o/760mm, d
25
25  0 . 8 5 0 ,

n
D
25  1.4562, pK25 10.72.  Dry the amine with BaO and fractionally distil it.  The picrate has m  98-99o

(from aqueous EtOH) and the methiodide has m  224o (from Me2CO/pet ether) [Cadogan J Chem Soc 1081
1957.]  [Bain & Pollard  J Am Chem Soc 61 2704 1939, Beilstein 12 H 6, 12 III 14, 12 IV 19.]

Diethyl cyclopropane-1,1-dicarboxylate [1559-02-0] M 186.2, b 94-96o/10mm, d
4

25  1 . 0 5 5 ,

n
D
20  1.433. If it is free from OH bands in the IR, then fractionally distil the ester and redistil the middle

fraction.  Otherwise shake it with aqueous NaHCO3, dry it (MgSO4), filter and distil as before or re-esterify it.
[As synthon see Danishefsky Acc Chem Res 12 66 1979, Beilstein 9 I 314, 9 II 512, 9 III 3595, 9 IV 2786.]

Dimedone (5,5-dimethylcyclohexane-1,3-dione) [126-81-8] M 140.2, m 148-149o, pK25 5 . 2 7 .

Crystallise dimedone from acetone (ca 8mL/g), water or aqueous EtOH.  Dry it in air.  [Schneider & Todd Org

Synth Coll Vol II 200 1943, Beilstein 7 H 559, 7 IV 1999.]

cis- and trans-1,4-Dimethylcyclohexane [589-90-2] M 112.2, b 1 2 0o, d
4
20  0.788, n

D
25  1 . 4 2 7 .

Free it from olefins by shaking with conc H2SO4, washing with water, drying and fractionally distilling it.
[Haggis & Owen J Chem Soc  411 1953, Beilstein 5 III 102, 5 IV 122.]

1,2-Dimethylcyclohexene [1674-10-8] M 110.2, b 135-136o/760mm, d
4
25  0.826, n

D
25  1 . 4 5 8 7 .

Pass it through a column of basic alumina and distil it.  If removal of 2-methylmethylenecyclohexane or 2,3-
dimethylcyclohexene is required, then fractionation through a centre-rod column operating at ~50 theoretical
plates is required.  [Hammond & Nevitt J Am Chem Soc  76 4121 1954, Beilstein 5 III 213, 5 IV 268.]

Ethyl chrysanthemumate   (ethyl ±2,2-dimethyl-3{c and t}-[2-methylpropenyl]-

cyclopropane carboxylate) [97-41-6] M 196.3, b 98-102o/11mm, 117-121o/20mm.   Purify the
ester by vacuum distillation.  The free trans-acid  has m 54o (from EtOAc), and the free cis-acid  has m 113-
116o (from EtOAc).  The 4-nitrophenyl ester has m 44-45o (from pet ether)  [Campbell & Harper  J Chem Soc

283 1945, IR: Allen et al. J Org Chem 22 1291 1957].  [Beilstein  9 II 45.]

Ethylcyclohexane [1678-91-7] M 112.2, b 1 3 1 . 2o/742mm, d
4
20  0.7839, n

D
20  1.43304, n

D
25

1.43073.  Purify it by azeotropic distillation with 2-ethoxyethanol;  then the alcohol is washed out with water
and, after drying, the ethylcyclohexane is redistilled.  The dried material has been repeatedly fractionated over Na.
[Baker & Groves J Chem Soc 1148 1939, Beilstein 5 H 35, 5 III 90, 5 IV 115.]

Ethyl cyclohexanecarboxylate [3289-28-9] M 156.2, b 76-77o/10mm, 92-93o/34mm, 196-

1 9 6 . 2o/760mm, d
4
20  0.955, n

D
20  1.441.  Wash the ester with N sodium hydroxide solution, then water,

dry with Na2SO4 and distil it.  The amide has m 185-186o.  [Adkins & Cramer J Am Chem Soc 52 4355 1930,
Newman & Walborsky J Am Chem Soc 72 4296 1950, Beilstein 9 III 17, 9 IV 18.]

1 - E t h y n y l - 1 - c y c l o h e x a n o l [78 -27 -3] M 124.2, m 30-33o,  32-33o, b 7 4o/12mm, 7 6 -

7 8o/17mm, 171-172o/694mm, 180o/atm, d
4
25  0.9734, n

D
25  1.4801.  Dissolve it in Et2O, wash it

with H2O, dilute NaHCO3, H2O again, dry (Na2SO4), filter, evaporate and distil the residue.  IR (CCl4): max
3448 (OH), 2941 (CH), 1449-1123 and 956 cm-1, NMR (CCl4) : 3.2 ( ), 2.5  ( CH), 1.70 (m 10H,
CH2) [Hasbrouck & Kiessling J Org Chem 38 2103 1972].  [Beilstein  6 II 100.]  TOXIC.

Eucaliptol  (1,8-cineol, 1,8-epoxy-p -menthane, 1,3,3-trimethyl-2-oxabicyclo[2.2.2]-

octane) [470-82-6] M 154.2, m 1 . 3o, 1 . 5o, b 39 -39 .3o/4mm, 176-176 .4o/760mm, d
4
20

0.9232, n
D
20  1.4575.  Purify 1,8-cineol by dilution with an equal volume of pet ether, then saturate with dry

HBr.  The precipitate is filtered off, washed with small volumes of pet ether, then cineole is regenerated by
stirring the crystals with H2O.  It can also be purified via its o-cresol or resorcinol addition compounds.  Store it
over Na until required.  Purify it also by fractional distillation.  It is insoluble in H2O but soluble in organic
solvents.  [IR: Kome et al. Nippon Kagaku Zasshi [J Chem Soc Japan (Pure Chem Sect)] 80  66 1959, Chem

Abstr 603 1961, Beilstein 17 II 32, 17/1 V 273.]
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(+)- -Fenchol  (1R -1,3,3-trimethyl-norbornan-2-ol) [1632-73-1] M 154.3, m 40-43o, 4 7 -

4 7 . 5o, b 201-202o, [ ]
D

20  +12.5o (c 10, EtOH).  It is prepared by reduction of (-)-fenchone and is
purified by recrystallisation from *C6H6/pet ether, or distillation, or both.  The 2-carboxybenzoyl

(monophthalate)  derivative has m 146.5-147.5o [ ]
D

20  -20.4o (EtOH), and the 2-phenylurethane  has m 81o.
[Beckmann & Metzger Chem Ber 89 2738 1956].  [Beilstein  6 III 288, 6 IV 278.]

(+)- Fenchone  (1S-1,3,3-trimethyl-norbornan-2-one) [4695-62-9] M 152.2, m 5 - 7o, 6 . 1o, b

63-65o/13mm, 66o/15mm, 122o/10mm, d
4
20  0.9434, n

D
20  1.4636, [ ]

D

20  +66.9o (neat, or in c

1.5, EtOH), [ ]
546

20  +60.4o (neat). The oily liquid is purified by distillation in a vacuum and is very
soluble in EtOH and Et2O.  [Boyle et al. J Chem Soc, Chem Commun  395 1971,  Hückel Justus Liebigs Ann

Chem  549 186 1941, (±)-isomer: Braun & Jacob Chem Ber 66 1461 1933.]  It forms two oximes, cis-

oxime:  m 167o (crystallises from pet ether)  [ ]
D

20 +46.5o (c 2, EtOH), O-benzoyloxime m 81o, [ ]
D

18  +49o

(EtOH) and oxime-HCl m 136o(dec).  The trans-oxime has m 123o (from pet ether) [ ]
D

18 +148o (c 2, EtOH)
and the O-benzoyloxime has m 125o [ ]

D

20  +128.5o (c 2, EtOH) [Hückel Justus Liebigs Ann Chem 549  186
1941, Hückel & Sachs Justus Liebigs Ann Chem 498 166 1932].  [Beilstein  7 III 212, 7 IV 212.]

(-)- Fenchone  (1R -1,3,3-trimethyl-norbornan-2-one) [7787-20-4] M 152.2, m 5.2o, b

6 7 . 2o/10mm, 191-195o/atm, d
4
20  0.9484, n

D
20  1.4630, [ ]

D

20  -66.8o (neat). Purification is as for
the (+)-enantiomer above and should have the same physical properties except for opposite optical rotations.
UV has max 285nm (  12.29).  [Braun & Jacob Chem Ber 66  1461 1933, UV: Ohloff et al. Chem Ber  9 0

106 1957.] [Beilstein  7 III 392, 7 IV 212.]

Fullerene C6 0 (Buckminsterfullerene C6 0, Footballene, Buckyball 60)  [ 99 685 -96 -8 ]  M

720.66 and Fullerene C7 0 [115383-22-7] M 840.77.  It was purified from the soluble toluene extract
(400mg) of the soot (Fullerite) formed from resistive heating of graphite by adsorption on neutral alumina
(100g, Brockmann I, 60 x 8cm).  Elution with toluene/hexane (5:95 v/v) gives ca 250mg of quite pure C6 0.  It
has characteristic spectral properties (see below).  Further elution with toluene/hexane (20:80 v/v, i.e. increased
polarity of solvent) provides 50mg of "pure" C7 0  [Allemand et al. J Am Chem Soc 113 1050 1991].
Chromatography on alumina can be improved by using conditions which favour adsorption rather than
crystallisation.  Thus the residue from toluene extraction (1g) in CS2 (ca 300mL) is adsorbed on alumina (375g,
standard grade, neutral ca 150 mesh, Brockmann I) and loaded as a slurry in toluene/hexanes (5:95 v/v) to a 50 x
8cm column of alumina (1.5Kg) in the same solvent.  To avoid crystallisation of the fullerenes, 10% of toluene
in hexane is added quickly followed by 5% of toluene in hexane after the fullerenes had left the loading fraction
(2-3hours).  With a flow rate of 15mL/minute the purple C6 0 fraction is eluted during a 3-4hour period.
Evaporation of the eluates gives 550-630mg of product which, after recrystallisation from CS2/cyclohexane
yields 520-600mg of C60 which contains adsorbed solvent.  On drying at 275o/10-3mm for 48hours a 2% weight
loss is observed although the C60  still contains traces of solvent.  Further elution of the column with 20% of
toluene in hexane provides 130mg of C7 0 containing 10-14% of C60 (by 1 3C NMR).  This was
rechromatographed as above using a half scale column and adsorbing the 130mg in CS2 (20mL) on alumina
(24g) and gave 105mg of recrystallised C7 0 (containing 2% of C6 0).  The purity of C6 0 can be improved further
by washing the crystalline product with Et2O and Me2CO followed by recrystallisation from *C6H6 and vacuum
drying at high temperatures.
Carbon soot from resistive heating of a carbon rod in a partial helium atmosphere (0.3bar) under specified
conditions is extracted with boiling *C6H6 or toluene, filtered and the red-brown solution is evaporated to give
crystalline material in 14% yield which is mainly a mixture of fullerenes C6 0 and C7 0.  Chromatographic
filtration of the 'crude' mixture with *C6H6 allows no separation of components, but some separation was
observed on silica gel TLC with n-hexane or n-pentane, but not cyclohexane as eluents.  Analytical HPLC with
hexanes (5 m Econosphere silica) gave satisfactory separation of C6 0 and C7 0 (retention times of 6.64 and
6.93minutes respectively) at a flow rate of 0.5mL/minute and using a detector at 256nm.  HPLC indicated the
presence of minor (<1.5% of total mass) unidentified Cn species with retention times of 5.86 and 8.31minutes.
Column chromatography on flash silica gel with hexane gives a few fractions of C6 0 with 95% purity, but
later fractions contain mixtures of C6 0 and C7 0.  These can be  obtained in 99.85 and >99% purity, respectively,
by column chromatography on neutral alumina.  [Ajie et al. J Phys Chem 94 8630 1990.]
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Separation of C60 and C7 0 can be achieved by HPLC on a dinitroanilinopropyl (DNAP) silica (5 m pore size,
300Å pore diameter) column with a gradient from n-hexane to 50% CH2Cl2 using a diode array detector at
wavelengths 330nm (for C6 0) and 384nm (for C7 0).  [Cox et al. J Am Chem Soc 113, 2940, 1991.]
Soxhlet extraction of the "soot" is a good preliminary procedure,  or if material of only ca 98% purity is
required.  Soxhlet extraction with toluene is run (20minutes per cycle) until colourless solvent filled the upper
part of the Soxhlet equipment (10hours).  One-third of the toluene remained in the pot.  After cooling, the
solution was filtered through a glass frit.  This solid (purple in toluene) was ca 98% C6 0.  This powder was
again extracted in a Soxhlet using identical conditions as before, and the C6 0 was recrystallised from toluene to
give 99.5% pure C6 0.  C70 has greater affinity than C6 0 for toluene.  [Coustel et al. J Chem Soc, Chem

Commun  1402 1992.]
Purification of C6 0 from a C6 0/C7 0 mixture was also achieved by dissolving it in an aqueous solution of  (but
not ) cyclodextrin (0.02M) upon refluxing.  The rate of dissolution (as can be followed by the UV spectra) is
quite slow and constant up to 10-5M of C6 0.  The highest concentration of C60 in H2O obtained was 8 x 10-5M
and a 2 cyclodextrin:1 C6 0 clathrate is obtained.  C60  is extracted from this aqueous solution by toluene and
C60 of >99 purity is obtained by evaporation.  With excess of cyclodextrin more C6 0 dissolves and the
complex precipitates.  The precipitate is insoluble in cold H2O but soluble in boiling H2O to give a yellow
solution.  [Andersson et al. J Chem Soc, Chem Commun 604 1992.]
C60 and C7 0 can also be readily purified by inclusion complexes with p-tert-butylcalix[6] and [8]arenes.  Fresh
carbon-arc soot (7.5g) is stirred with toluene (250mL) for 1hour and filtered.  To the filtrate is added p-tert-
butylcalix[8]arene, refluxed for 10minutes and filtered.  The filtrate is seeded and set aside overnight at 20o.  The
C6 0 complex separates as yellow-brown plates and is recrystallised twice from toluene (1g from 80mL) to give a
90% yield.  Addition of CHCl3 (5mL) to the complex (0.85g) gave C6 0 (0,28g, 92% from recrystallised
complex).
p-tert-Butylcalix[6]arene-(C6 0)2 complex is prepared by adding p-tert-butylcalix[6]arene (4.4mg) to a refluxing
solution of C6 0 (5mg) in toluene (5mL).  The hot solution is filtered rapidly and cooled overnight to give
prisms (5.5mg, 77% yield).  Pure C6 0 is obtained by decomposing the complex with CHCl3 as above.
The p-tert-butylcalix[6]arene-(C7 0)2 complex is obtained by adding p-tert-butylcalix[6]arene (5.8mg) to a
refluxing solution of C7 0 (5mg) in toluene (2mL), filtering hot and slowly cooling to give red-brown needles
(2.5mg, 31% yield) of the complex.  Pure C7 0 is then recovered  by decomposing the complex with CHCl3.
Decomposition of these complexes can also be achieved by boiling a toluene solution over KOH pellets for ca
10minutes.  The calixarenes form Na salts which do not complex with the fullerenes.  These appear to be the
most satisfactory means at present for preparing large quantities of relatively pure fullerene C60  and C7 0 and is
considerably cheaper than previous methods.  [Atwood et al. Nature 368 229 1994.]
Repeated chromatography on neutral alumina yields minor quantities of solid samples of C7 6, C8 4, C90  and C9 4

believed to be higher fullerenes.  A stable oxide C7 0O has been identified.  These have been separated by repeated
flash chromatography on alumina with gradient elution using hexane/toluene mixtures (starting from 95:5 and
increasing proportions of toluene until the ratio of 50:50 was attained) [Diederich  et al. Science 2 5 2  548
1991].

Physical properties of Fullerene C6 0: C 6 0 fullerene [135105-52-1]  M 720.64, does not melt below

3 6 0o, and starts to sublime at 300o in vacuo, is now available commercially in a high state of purity.  
It is a mustard-coloured solid that appears brown or black with increasing film thickness.  It is soluble in
common organic solvents, particularly aromatic hydrocarbons which give a beautiful magenta colour.  Toluene
solutions are purple in colour.  It is soluble in *C6H6 (5mg/mL), but dissolves slowly.  Crystals of C6 0 are
both needles and plates.  [Taylor J Chem Soc, Chem Commun 1423 1990.]
UV-Vis in hexanes: max nm(log ) 211(5.17), 227sh(4.91), 256(5.24), 328(4.71), 357sh(4.08), 368sh(3.91),
376sh(3.75), 390(3.52), 395sh(3.30), 403(3.48), 407(3.78), 492sh(2.72), 540(2.85), 568(2.78), 590(2.86),
598(2.87) and 620(2.60).
IR (KBr): max 1429m, 1182m, 724m, 576m and 527s cm-1.  13C NMR: one signal at 142.68ppm.

Physical properties of Fullerene C7 0: C 7 0 (5,6)-fullerene [115383-22-7] M 840.78, does not melt

below 360o, and starts to sublime at 3 0 0o in vacuo, is now available commercially in a high state
of purity. It is a reddish-brown solid but greenish black in thicker films.  Solutions are port-wine red in colour.
Mixtures of C60 and C70 are red due to C7 0 being more intensely coloured.  It is less soluble than C60 in *C6H6
and also dissolves slowly.  C7 0 gives orange-coloured solution in toluene.  Drying at 200-250o is not sufficient
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to remove all the solvent.  Samples need to be sublimed to be free from solvent. [Taylor J Chem Soc, Chem

Commun 1423 1990.]
UV-Vis in hexanes:  max nm(log ) 214(5.05), 235(5.06), 249sh(4.95), 268sh(4.78), 313(4.23), 330(4.38),
359(4.29), 377(4.45), 468(4.16), 542(3.78), 590sh(3.47), 599sh(3.38), 609(3.32), 623sh(3.09), 635sh(3.13)
and 646sh(2.80).
IR (KBr): max  1430 m, 1428m, 1420m, 1413m, 1133mw, 1087w, 795s, 674ms, 642ms, 5778s, 566m,
535ms and 458m cm-1.
1 3C NMR [run in the presence of Cr(pentan-2,4-dione)3 which induces a ca 0.12ppm in the spectrum]: Five
signals at 150.07, 147.52, 146.82, 144.77 and 130.28ppm, unaffected by proton decoupling.

C7 6 fullerene [135113-15-4]  M 912.85, melts above 3 5 0o. It is now available commercially.  After
the sequential removal of C60 and C7 0 fullerenes from soot extracts (see above) on gel permeation columns (e.g.
Buckyclutcher 1 column), C7 6 and higher fullerenes are obtained .  These are further separated  on a Trident-
TriDNP functionalised silica column.  After two HPLC runs on a C1 8 reverse phase  (Vydac 201 TP C1 8)
column and eluting with 1:1 MeCN/toluene, pure C7 6 fullerene is obtained.  The identity is confirmed by
HPLC/GPC system with Waters 600E UV/VIS detection, mass and NMR spectroscopy.  [Seleque et al. In
Kadish and Ruoff (Eds) Fullerenes: Recent Advances in the Chemistry and Physics of Fullerenes and Related

Materials The Electrochemical Soc. Inc, Pennington, NJ, 1994 ISBN 1566770823, Diederich  & Whetten Acc

Chem Res 25 119 1992, Diederich et al. Science 254 1768 1991.]

C7 8 (C2 v)-fullerene [136316-32-0]  M 936.98, melts above 3 5 0o. It is now available commercially.
Pure material is obtained as in the previous purification and elutes after C7 6 fullerene, followed by C7 8 ( D3h) -

fullerene. The identities are confirmed by an HPLC/GPC system with Waters 600E UV/VIS detection, mass
and NMR spectroscopy.  [Seleque et al. In Kadish and Ruoff (Eds) Fullerenes: Recent Advances in the

Chemistry and Physics of Fullerenes and Related Materials The Electrochemical Soc. Inc, Pennington, NJ, 1994
ISBN 1566770823, Diederich  & Whetten Acc Chem Res 25 119 1992, Diederich et al. Science 2 5 4  1768
1991, MS and NMR:  Taylor et al. J Chem Soc, Chem Commun 1043 1992.]

C8 4 fullerene [135113-16-5]  M 1008.94, melts above 3 5 0o. It is now available commercially.  Pure
material is obtained as in the previous purification and elutes after C78 (D3 h)-fullerene. It consists of at least two
isomers. The identities are confirmed by an HPLC/GPC system with Waters 600E UV/VIS detection, mass and
NMR spectroscopy.  [Seleque et al. In Kadish and Ruoff (Eds) Fullerenes: Recent Advances in the Chemistry

and Physics of Fullerenes and Related Materials The Electrochemical Soc. Inc, Pennington, NJ, 1994 ISBN
1566770823, Diederich  & Whetten Acc Chem Res 25 119 1992, Diederich et al. Science 254 1768 1991.]

Higher Fullerenes e.g. C3996 fullerene [175833-78-0] have been isolated [Chem Abstr 124 299339 1996.]

[Further reading: Kroto et al. Chem Rev 91  1213 1991; Kroto, Fischer and Cox Fullerenes Pergamon Press,
Oxford 1993 ISBN 0080421520; Kadish and Ruoff (Eds) Fullerenes: Recent Advances in the Chemistry and

Physics of Fullerenes and Related Materials The Electrochemical Soc. Inc, Pennington, NJ, 1994 ISBN
1566770823; Smalley Acc Chem Res 25 98 1992, and following papers; Hammond & Kuck Fullerenes:

Synthesis, Properties and Chemistry of Large Carbon Cluters  American Chemical Society, Washington 1992,
ISBN 0-8412-2182-0; K.Jinno Separation of Fullerenes by L C  Royal Society of Chemistry 1999, ISBN
9780854045204; S.Nagase & T.Akasaki Endofullerenes: a new family of carbon clusters Springer 2003, ISBN
9781402009822; F.J.M.Reitmeijer Natural Fullerenes and related structures of elemental carbon. NetLibrary
2006, eBook ID 190026, eISBN 9781402041358; P.W.Fowler &D.E.Manopoulos An Atlas of Fullerenes

Dover Publications Inc 2007 ISBN 9780486453620; P.O’Brien, H.Criaghead, H.Kroto, F.Langa and J-
F.Nierengarten Fullerenes: principles and applications Royal Society of Chemistry 2 0 0 7 , ISBN
9780854045518; Fullerenes, Nanotubes and Carbon Nanostructures  Marcel Dekker Inc New York, on line
series on World Wide Web.online; N.Chaniotakis Fullerenes-bifunctionalisation (nanostructured for  biosensing)

in “Nanomaterials for Biosensors”, C. Kumar ed., Wiley-VCH, 2007, ISBN 978-3-527-31388-4; C.N.Kramer
Fullerene research advances Nova Science Publishers Inc 2007, ISBN 9781600218248; M.Lang Progress in

fullerene research  Nova Science Publishers Inc 2007, ISBN 9781600218415; S.Margadonna Fullerene-related

materials: recent advances in their chemistry and physics Springer 2007, ISBN 9781402044588.]
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Gibberillic acid A3 (gibberillin A3) [77-06-5] M 346.4, m 233-235o(dec), [ ]
546

20  + 9 2o ( c

1, MeOH), [ ]
D

20  +93o (c 0.5, MeOH), pK 4 . 0 .  It crystallises from EtOAc, EtOAc/pet ether,
MeOH/pet ether or Me2CO/pet ether.  [Cross J Chem Soc  3022 1960, Beilstein 18 III/IV 6533.]

1,2,3,4,5,6-Hexachlorocyclohexane [ 319-84-6, 58 89 9] M 290.8, m 1 5 8o ( ), 3 1 2o

(ß-), 112.5o ( -isomer). Crystallise it from EtOH.  Purify it also by zone melting.  Poss ible

CANCER AGENT, TOXIC.  [ : Beilstein 1 H 23, : Beilstein 5 I 8, many isomers : Beilstein 5  III 41,
5 IV 55.]

1,2,3,4,5,5-Hexachlorocyclopenta-1,3-diene [77-47-4] M 272.8, b 80o/1mm, 83-84o/ 3 m m ,

2 3 4o/atm, d
4
25  1.702, n

D
25  1.5628.  Dry the diene with MgSO4, filter, and distil it under vacuum in a

nitrogen atmosphere.  Irritates skin and eyes, HIGHLY TOXIC.  [McBee et al. J Am Chem Soc 7 7

4378 1955, UV spectra: Idol et al. J Org Chem 20 1746 1955, Beilstein 5 III 308, 5 IV 381.]

Hexahydromandelic acid  [R-(-)- 53585-93-6, S-(+)- 61475-31-8] M 158.2, m 127-129o, 128 -

1 2 9o, 129.7o, [ ]
D

20  (-) and (+) 25.5o (c 1, AcOH) and [ ]
D

20  (-) and (+) 13.6o (c 7.6, EtOH).

It forms hexagonal clusters on recrystallisation from CCl4 or Et2O.  [Wood & Comley J Chem Soc 2638 1924,
Lettré et al. Chem Ber 69 1594 1936].  The racemate has m 137.2-137.6o (134-135o) [Smith et al. J A m

Chem Soc 71 3772 1949].  [Beilstein R- 10 II 5; S- 10 II 6.]

Hexamethyl(Dewar)benzene [7641-77-2] M 162.3, m 7o, b 60o/20mm, d
4
20  0.803, n

D
20

1.4480. Purify it by passage through alumina [Traylor & Miksztal J Am Chem Soc 109 2770 1987].

Humulon [26472-41-3] M 362.5, m 65-66.5o, [ ]
D

26  -212o (95% EtOH).  Crystallise humulon
from Et2O.  It dissolves slightly in hot H2O but precipitates on cooling.  It has max ( ) 237 (13,760) and 282
(8,330) in EtOH.  [Wollmer Chem Ber 49  780 1916, Carson J Am Chem Soc  73 4652 1951, Beilstein 8 II
537, 8 III 4034, 8 IV 3410.]

1-Hydroxymethyladamantane  [770-71-8]  M 166.3, m 115o.  Dissolve the adamantane in Et2O, wash
it with aqueous 0.1N NaOH and H2O, dry over CaCl2, evaporate and recrystallise the residue from aqueous
MeOH.  [Stetter et al. Chem Ber 92 1629 1959, Beilstein 6 IV 400.]

N -Hydroxy-5-norbornene-2,3-dicarboxylic acid imide [21715-90-2] M 179.2, m 165-166o,

166-169o, pKEst~6  Dissolve the imide in CHCl3, filter, evaporate and recrystallise from EtOAc.  IR (nujol):

max 1695, 1710 and 1770 (C=O), and 3100 (OH) cm-1.  The O-acetyl derivative has m 113-114o (from EtOH)
with IR bands at max 1730, 1770 and 1815 cm-1 only, and the O-benzoyl derivative has m 143-144o (from
propan-2-ol or *C6H6).  [Bauer & Miarka J Org Chem 24 1293 1959, Fujino et al. Chem Pharm Bull Jpn 2 2

1857 1974].  [Beilstein 21/10 V 188.]

i-Inositol (myo) See in “Miscellaneous”,  Chapter 6.

Inositol monophosphate  [15421-51-9] M 260.1, m 195-197o(dec). Crystallise the phosphate from
water, and EtOH.   Recrystallise 1g by dissolving it in 3mL of H2O and adding slowly 15mL of commercial
EtOH, filter the crystals, wash with a little EtOH then Et2O and dry it in a vacuum.  [McCormick & Carter
Biochemical  Preparations  2 65 1952.]

-Ionone (trans-+) [127-41-3]   M 192.3, b 86-87o/1.9mm, 1 3 1o/13mm, d
4
20  0.929, n

D
20

1.5497, [ ]
D

20  +401o (neat) +415o (EtOH).  Purify -ionone through a spinning band fractionating
column.  The semicarbazone has m 157-157.5o (from EtOH) and [ ]

D

20  +433o (c 4, *C6H6).  [Naves Helv Chim

Acta 30 769 1947, CD: Ohloff et al. Helv Chim Acta 56 1874 1973, Buchacker et al. Helv Chim Acta  5 6

2548 1973, Beilstein 7 H 168, 7 III 640, 7 IV 363.]
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-Ionone [79-77-6] M 192.3, b 150-151o/24mm, d
4
20  0.945, n

D
20  1.5211, 296nm 10,700.

Convert -ionone to the semicarbazone (m  149o) by adding 50g of semicarbazide hydrochloride and 44g of
potassium acetate in 150mL of water to a solution of 85g of ß-ionone in EtOH.  (More EtOH is added to
redissolve any ß-ionone that precipitates.)  The semicarbazone crystallises on cooling in an ice-bath and is
recrystallised from EtOH or 75% MeOH to constant m (148-149o).  The semicarbazone (5g) is shaken at room
temperature for several days with 20mL of pet ether and 48mL of M H2SO4; then the ether layer is washed with
water and dilute aqueous NaHCO3, dried and the solvent is evaporated.  The ß-ionone is distilled under vacuum.
(The customary steam distillation of ß-ionone semicarbazone did not increase the purity.)  [Young et al. J A m

Chem Soc 66 855 1944].  [Beilstein 7 H 167, 7 I 109, 7 II 140, 7 III 634, 7 IV 361.]

(±)-Irone  (6-methyl-ionone, ±-trans-( )-4t-[2,5,6,6-tetramethyl-cyclohex-2-yl]but-3 t-en-2-

one) [79-69-6] M 206.3, b 85-86o/0.05mm, 109o/0.7mm, d
4
20  0.9340, n

D
20  1.4998.  If large

amounts are available, then fractionate through a Podbielniak column (p 10) or an efficient spinning band
column, but small amounts are distilled using a Kügelrohr apparatus.  The 4-phenylsemicarbazone  has m 174-
175o (165-165.5o).  [IR: Seidel & Ruzicka Helv Chim Acta 35  1826 1952, Naves Helv Chim Acta 31  1280
1948, Lecomte & Naves J Chim Phys 53 462 1956, Beilstein 7 IV 378.]

dl-Isoborneol [124-76-5] M 154.3, m 212o (sealed tube).  Crystallise isoborneol from EtOH or pet
ether (b 60-80o).  It sublimes in a vacuum.  The 4-nitrobenzoyl derivative has m 153o.  [Yager & Morgan J A m

Chem Soc 57 2081 1935, Beilstein 6 II 80, 6 III 299, 6 IV 281.]

(-)- -Isocaryophyl lene (1R,9S-8-methylene-4,11,11-trimethylbicyclo[7.2 .0]undec-4-ene)

[118-65-0] M 204.4, b 122-124o/12mm, 131-133o/16mm, 130-131o/24mm, 271-273o/atm,

d
4
20  0.8959, n

D
20  1.496, [ ]

546

20  -31o, [ ]
D

20  -27o (neat).  Purify it by vacuum distillation or GLC
using a nitrile-silicone column [Corey et al. J Am Chem Soc 86 485 1964, Ramage & Simonsen J Chem Soc

741 1936, Kumar et al. Synthesis 461 1976].  [Beilstein 5 III 1085.]

 (-)- -Isolongifolene (1-R-(-)-2,2,7,7-tetramethyltricyclo[6.2.1.01,6]undec-5-ene) [1135-66-6]

M 204.4, b 82-83o/0.4mm, 144-146o/30mm, 255-256o/atm, d
4
20  0.930, n

D
20  1.4992, [ ]

546

20

-166o, [ ]
D

20  -38o (c 1, EtOH).  Reflux it over, and distil it from Na.  [Zeiss & Arakawa J Am Chem Soc

76 1653 1954, IR: Reinaecker & Graafe Angew Chem, Int Ed Engl 97 348 1985, UV and NMR: Ranganathan
et al. Tetrahedron 26 621 1970, Beilstein 5 IV 1191.]

Isophorone [78-59-1] M 138.2, b 94o/16mm, d
4
20  0.921, n

D
20 1.4778. Wash isophorone with

aqueous 5% Na2CO3 and then distil it under reduced pressure  immediately before use.  Alternatively, it can be
purified via the semicarbazone.  [Erskine & Waight J Chem Soc 3425 1960, Beilstein 7 IV 165.]

Isopinocampheol  (pinan-3-ol, 2,6,6-trimethylbicyclo[3.1.1]heptan-3-ol)  [1S,2S,3S,5R-(+)-
27779-29-9, 1R,2R,3R,5S-(-)- 25465-65-0] M 154.25, m 52-55o, 55-56o, 55-57o, b 1 0 3o/ 11mm,

n
D
20  1.4832, [ ]

546

20  (+) and (-) 43o, [ ]
D

20  (+) and (-) 36o (c 20, EtOH).  Dissolve it in Et2O, dry
over MgSO4, filter, evaporate, then recrystallise it from pet ether.  Also recrystallise it from aqueous EtOH and
distil it in a  vacuum.  [Kergomard & Geneix Bull Soc Chim Fr  394 1958, Zweifel & Brown J Am Chem Soc

86 393 1964.]  The 3,4-dinitrobenzoyl derivative has m 100-101o, the phenylcarbamoyl derivative has m 137-
138o and the acid -phthalate has m 125-126o.  [Beilstein 6 III 282, 283.]

Isopropenylcyclobutane [3019-22-5] M 98.1, b 98.7o/760mm, d
4
20  0.7743, n

D
20  1.438.  Purify

the cyclobutane by preparative chromatography (silicon oil column), or fractional distillation.  Dry it with
molecular sieves.  IR (film): max 1640 (C=C), 887 and 1773 (C-H) cm-1.  [Chiurdohlu & Van Walle Bull Soc

Chim Belg 66 612 1957, Beilstein 5 IV 255.]

Lupulon ( lupulic acid, bitter acid)  [468-28-0] M 414.6, m 92-94o, pKEst(1) ~ 4.2, pKEst(2)

~ 9.7.  Crystallise Lupulon from 90% MeOH, hexane or pet ether at low temperature. It has also been purified
by chromatography through Kieselgel.  [Wieland et al. Chem Ber  102  2012 1925, Riedl Chem Ber 85 692
1952, Beilstein 7 II 856, 7 III 4752, 7 IV 2866.]
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1R(-)-Menthol [2216-51-5] M 156.3, m 4 3o, 44 -46 .5o, 8 9o/2mm, 100-101o/7mm, n
D
60

1.446,  [ ]
D

20  - 5 0o (c 10, EtOH), [ ]
546

18  - 5 8 . 7o (c 2, EtOH).  Crystallise menthol from CHCl3,
pet ether or EtOH/water.  [Barrow & Atkinson J Chem Soc 638 1939, Beilstein 6 III 133, 6 IV 150.]

1R -(-)-Menthyl chloride (1S ,2R ,4R -2-chloro-1-isopropyl-1-methylcyclohexane) [16052-42-9]

M 174.7, m -20.1o to  -16.5o, b 88.5o/12.5mm, 101-105o/21mm, d
4
20  0.936, n

D
20

1.463(neat) .   Dissolve menthyl chloride in pet ether (b 40-60o), wash with H2O, conc H2SO4 until no
discoloration of the organic layer occurs (care with conc H2SO4 during shaking in a separating funnel), again
with H2O and dry it (MgSO4).  Evaporate and distil the residual oil through a Claisen head with a Vigreux neck
( p 11) of ca 40 cm length.  [Smith & Wright J Org Chem 17 1116 1952, Barton et al. J Chem Soc 453 1952,
Beilstein 5 III 134.]

1-Methyladamantane  [768-91-2]  M 150.2, m 103o, 104o. Purify it by zone melting, chromatography
through an Al2O3 column and eluting with pentane, and sublime it repeatedly at 90-95o/12mm.  [Stetter et al.
Chem Ber 92 1629 1959, Schleyer & Nicholas Tetrahedron Lett 9 305 1961, Beilstein 5 IV 479,]

2-Methyladamantane [700-56-1] M 150.2, 144-146o. Purify it by zone melting, chromatography
through an Al2O3 column and eluting with pentane.  Recrystallise it from EtOH and sublime it repeatedly at 90-
95o/12mm.  [Schleyer & Nicholas J Am Chem Soc 83 182 1961, Molle et al. Can J Chem 65 2428 1987.]

Methylcyclohexane [108-87-2] M 98.2, b 1 0 0 . 9o, d
4
25 0.7650, n

D
20  1.4231, n

D
25 1 . 4 2 0 5 8 .

Passage through a column of activated silica gel gives material transparent down to 220nm.  It can also be
purified by passage through a column of activated basic alumina, or by azeotropic distillation with MeOH,
followed by washing out the MeOH with H2O, drying and distilling.  Methylcyclohexane can be dried with
CaSO4, CaH2 or sodium.  It has also been purified by shaking with a mixture of conc H2SO4 and HNO3 in the
cold, washing with H2O, drying with CaSO4 and fractionally distilling it from potassium.  Percolation through
a Celite column impregnated with 2,4-dinitrophenylhydrazine (DNPH), phosphoric acid and H2O (prepared by
grinding 0.5g DNPH with 6mL 85% H3PO4, then mixing with 4mL of distilled H2O and 10g of Celite)
removes carbonyl-containing impurities.  [Cowan et al. J Chem Soc 1865 1939, Beilstein 5 III 65, 5 IV 94.]

cis- and trans 2-Methylcyclohexanol  [583-59-5] M 114.2, b 6 5o/20mm, 1 6 7 . 6o/760mm, d
4
20

0.922, n
D
20  1.46085.  Dry 2-methylcyclohexanol with Na2SO4 and fractionate it under vacuum.  Note: The

cis-isomer has b 165o/760mm, and the trans-isomer has b 166.5o/760mm.  [Eliel & Haber J Org Chem 2 3

2041 1958, Beilstein 6 III 61, 6 IV 100.]

cis- and trans-3-Methylcyclohexanol [591-23-1] M 114.2, b 6 9o/16mm, 1 7 2o/760mm, d
4
20

0.930, n
D
20  1.45757, n

D
25.5 1.45444.  Dry 3-methylcyclohexanol with Na2SO4 and fractionate it under

vacuum. Note: The cis-isomer has b 173o/760mm, and the trans-isomer has b  168-169o/760mm.  [Eliel &
Haber J Org Chem 23 2041 1958, Beilstein 6 IV 102.]

4-Methylcyclohexanone [589-92-4] M 112.2, m –40.6o, b 6 8o/23mm, 1 6 5 . 5o/743mm, d
4
20

0.914, n
D
20  1.44506.  Dry the ketone with CaSO4, then fractionally distil it.  The semicarbazone has m

197o, 203.5o(dec) (from MeOH or EtOH).  [White & Bishop J Am Chem Soc 62 8 1945, Vogel & Oommen J
Chem Soc 774 1930, Beilstein 7 III 63, 7 IV 44.]

1-Methylcyclohexene [591-49-1] M 96.2, m – 1 2 0 . 4o, b 107 .4 -108o/atm, 110-111o/ 760mm,

d
4
20  0.813, n

D
20  1.451.  Free it from hydroperoxides by passing through a column containing basic alumina

or refluxing with cupric stearate, filter and fractionally distil it from sodium.  [Vogel J Chem Soc  1332 1938,
Cope et al. J Am Chem Soc 79 4729 1957, Beilstein 5 III 197, 5 VI 245.]

Methylcyclopentane [96-37-7] M 84.2, b 6 4 . 3 2o/400mm, 7 1 . 8o/atm, d
4
20  0.749, n

D
20

1.40970, n
D
25 1.40700. Purification procedures include passage through columns of silica gel (prepared by

heating in nitrogen to 350o prior to use) and activated basic alumina, distillation from sodium-potassium alloy,
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and azeotropic distillation with MeOH, followed by washing out the methanol with water, drying and distilling.
It can be stored with CaH2 or sodium.  [Vogel J Chem Soc  1331 1938, Beilstein 5 III 55, 5 IV 84.]

Methylnorbornene-2,3-dicarboxylic anhydride (5-methylnorborn-5-ene-2-endo-3-endo-di-

carboxylic anhydride)  [25134-21-8] M 178.2, m 88 .5 -89o. Purify the anhydride by thin layer
chromatography on Al2O3 (previously boiled in EtOAc) and eluted with hexane/*C6H6 (1:2) then recrystallise it
from *C6H6/hexane.  The free acid has m 118.5-119.5o.  [Miranov et al. Tetrahedron 19  1939 1963, Beilstein

17/11 V 199.]

2,5-Norbornadiene   (bicyclo[2.2.1]hepta-2,5-diene) [121-46-0] M 92.1, b 89o, d
4
20  0 . 8 5 4 ,

n
D
20  1.4707.  Purify the diene by distillation from activated alumina [Landis & Halpern J Am Chem Soc 1 0 9

1746 1987].  [Beilstein 5 IV 879.]

c is -endo-5-Norbornene-2,3-dicarboxylic  anhydride (carbic anhydride, 3a ,4,7,7, -

tetrahydro-4 ,7 -methanoisobenzofuran-1,3-dione) [129-64-6] M 164.2, m 164.1o, 164 -

1 6 5o, 165-167o, d
4
20  1.417.  It forms crystals from pet ether, hexane or cyclohexane.  It is hydrolysed by

H2O to form the acid [Diels & Alder Justus Liebigs Ann Chem 460 98 1928, Maitte Bull Soc Chim Fr  499
1959].  The exo-exo-isomer has m 142-143o (from *C6H6/pet ether) [Alder & Stein Justus Liebigs Ann Chem

504 216 1933].  [Beilstein 17 II 461.]

(±)-endo -2-Norbornylamine hydrochloride (± endo [2.2.1]hept-2-ylamine HCl) [14370-45-7]

M 147.7, m ~295o(dec), pKEst ~ 9.0(free base).  Recrystallise the salt from MeOH/EtOAc or EtOH/
Et2O.  The free base has m 75-80o, b 156-157o/atm and the picrate has m 179-180o (from aqueous MeOH).
[Beilstein 12 III 160.]

Norbornylene (bicyclo[2.2.1]hept-2-ene) [498-66-8] M 94.2, m 44-46o, b 96o. Reflux it over
Na, and distil it [Gilliom & Grubbs J Am Chem Soc 108 733 1986].  It has also been purified by sublimation
in vacuo onto an ice-cold finger. [Woon et al. J Am Chem Soc 108 7990 1986, Beilstein 5 IV 394.]

(±)-exo-2-Norbornylformate [41498-71-9] M 140.2, b 65-67o/16mm, 80-81o/25mm, d
4
20

1.048, n
D
20  1.4620. Shake with NaHCO3 and distil it in vacuo (exo-borneol has m  124-126o).

Alternatively mix the ester with formic acetic anhydride  overnight and fractionate.  [Beilstein 6 III 219.]

Norcamphor (bicyclo[2.2.1]heptan-2-one, ± norbornan-2-one)  [497-38-1] M 110.2, m 9 4 -

9 5o, 95.5-96.5o, b 89-94o/60mm. Crystallise it from water and sublime it in vacuo.  It has max at
287nm (EtOH).  The semicarbazone has m  196-196.5o (from EtOH/H2O). The 2,4-dinitrophenylhydrazone

has m 137-138o (from EtOH).  [Wildman & Hemminger J Org Chem 17 1641 1952, Wood & Roberts J Org

Chem 23 1124 1957, Bixter & Niemann J Org Chem 23 742 1958, Beilstein 7 III 243, 7 IV 139.]

Perfluorocyclobutane  (octafluorocyclobutane)  [115-25-3] M 200.0, m - 4 0o, b - 5o, d-20

1.654, do 1.72.  Purify octafluorocyclobutane by trap-to-trap distillation, retaining the middle portion.
[Danus Ind Eng Chem 47 144 1955, Claasen J Chem Phys 18 543 1950, Beilstein 5 III 8, 5 IV 8.]

Perfluorocyclohexane (dodecafluorocyclohexane) [355-68-0] M 300.1, m 5 1o (sublimes),

sublimes on melting at 5 2o, m 5 8 . 2o (sealed tube), d
4
25  1.720, n

D
30  1.269.  Extract it

repeatedly with MeOH, then pass it through a column of silica gel (previously activated by heating at 250o).
[Haszeldine & Smith J Chem Soc  2691 1950, IR: Thompson & Temple J Chem Soc  1432 1948, Beilstein 5

III 37, 5 IV 48.]

Perfluoro-1,3-dimethylcyclohexane [335-27-3] M 400.1, b 101o, d
4
20  1.829, n

D
20  1 . 3 0 0 .

Fractionally distil it, then 35mL are sealed with about 7g KOH pellets in a borosilicate glass ampoule and
heated at 135o for 48hours.  The ampoule is cooled, opened, and the liquid is resealed with fresh KOH in another
ampoule and heated as before.  This process is repeated  until no further decomposition is observed.  The
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substance is then washed with distilled water, dried (CaSO4) and distilled.  [Grafstein Anal Chem 26 523 1954,
Beilstein 5 III 378.]  IRRITANT.

Perfluoro(methylcyclohexane) [355-02-2] M 350.1, b 7 6 . 3o, d25 1.7878. Reflux it for 24hours
with saturated acid KMnO4 (to oxidise and remove hydrocarbons), then neutralise, steam distil, dry with P2O5
and pass slowly through a column of dry silica gel.  [Glew & Reeves J Phys Chem 60  615 1956.]  It can also
be purified by percolation through a 1metre neutral activated alumina column, and 1H-impurities are checked by
NMR.  [Beilstein 5 IV 102.]  IRRITANT.

R (-)- -Phellandrene (p-m e n t a - 1 , 5 - d i e n e ) [4221-98-1] M 136.2, b 61o/11mm, 175-

1 7 6o/760mm, d
4
20  0.838, n

D
20  1.471, [ ]

D

20  -230o (c 10, Et2O), -153o to -183o (neat).  Purify
it by gas chromatography on an Apiezon column.  Also purify it by steam distillation (with 0.5%
hydroquinone), then re-distil it through a 50 plate bubble cap column b 72-72.5o/22mm [Pines & Eschinazi J
Am Chem Soc 77 6318 1955].  UV: max 263nm (  3,345) in octane.  [Read & Storey J Chem Soc 2770
1930, Beilstein 5 III 341, 5 IV 436.]

Picrotoxin (cocculin) [124-87-8] M 602.6, m 203o, [ ]
546

20 - 4 0o (c 1, EtOH), [ ]
D

16 - 2 9 . 3o (c

4, EtOH).  Crystallise picrotoxin from H2O or Me2CO/H2O.  The monoacetate  has m  244-245o (*C6H6).  
[Meyer & Bruger Chem Ber 31 2958 1898, Johns et al. J Chem Soc  4717 1956, Beilstein 19 III/IV 5245.]

1R,5S- -Pinene [7785-70-8] M 136.2, b 61o/30mm, 156.2o/760mm, d
4
20  0.858, n

D
15 1 . 4 6 3 4 ,

n
D
20  1.4658, [ ]

D

20  +51o (neat)  It is isomerised by heat, acids and certain solvents.  It should be distilled
under reduced pressure under nitrogen and stored in the dark.  It has been purified via the nitrosochloride
[Waterman et al. Recl Trav Chim, Pays-Bas 48 1191 1929].  For purification of optically active forms see
Lynn [J Am Chem Soc 91 361 1919].
Small quantities (0.5mL) have been purified by GLC using helium as carrier gas and a column at 90o packed
with 20 wt% of polypropylene sebacate on a Chromosorb support.  Larger quantities are fractionally distilled
under reduced pressure through a column packed with stainless steel gauze spirals.  The material can be dried over
CaH2 or sodium, and stored in a refrigerator: CaSO4 and silica gel are not satisfactory because they induce
spontaneous isomerisation.  [Bates et al. J Chem Soc  1521 1962, Beilstein 5 III 366, 5 IV 452.]

1S,5S -Pinene [7785-26-4] M 136.2, b 155-156o/760mm, d
4
20  0.858, n

D
20  1.4634, [ ]

D

20

- 4 7 . 2o. Purify as for 1R,5S- -Pinene above.  [Beilstein 5 III 366, 5 IV 455.]

R (+)-Pulegone [89-82-7] M 152.2, b 69.5o/5mm, d
4
20  0.936, n

D
20  1.4866, [ ]

546

20

+ 2 3 . 5o(neat), [ ]
D

20  +24.2o(neat). Purify pulegone via the semicarbazone which has m  174o (from
MeOH) and [ ]

D

20  +68.2o (c 1, CHCl3). Fractionally distil it in vacuo.  [Short & Read J Chem Soc 1309 1939].
[Erskine & Waight J Chem Soc  3425 1960, cf Ort Org Synth 65 203 1987, Beilstein 7 III 334, 7 IV 188.]

1R,3R,4R,5R-Quinic acid (1,3,4,5-tetrahydroxy-cyclohexane carboxylic acid)  [77-95-2] M

192.3, m 172o(dec), [ ]
546

20  -51o (c 20, H2O), [ ]
D

23  -45o (c 5, H2O), pK2 5 3.58. Quinic acid
crystallises from H2O with m 174o, and from EtOH with m 168-169o.  [McComsey & Maryanoff J Am Chem

Soc  59 2652 1994, pK: Timberlake J Chem Soc 2795 1959, Anet & Reynolds Aust J Chem 8 282 1955,
Beilstein 10 III 2407, 10 IV 2257.]

Reductic acid (1,2-dihydroxycyclopent-1,2-en-3-one)  [80-72-8] M 114.1, m 2 1 3o, pK
1

20

4.80, pK
2
20  12.9.  Crystallise reductic acid from EtOH, EtOAc (m 213-213.5o) or EtOH/EtOAc.  It has been

sublimed at 0.5mm.  The osazone has m 245o(dec) (from BuOH).  [Hess et al. Justus Liebigs Ann Chem 5 6 3

31 1939, 592 137 1955, 736 134 1970, Beilstein 8 III 1942, 8 IV 1714.]

Squaric acid (3,4-dihydroxy-3-cyclobutene-1,2-dione) [2892-51-5] M 114.1, m 2 9 3o(dec),

2 9 4o(dec), >300o, pK
1

20  1.50 , pK
2
20  2.93.  Purify squaric acid by recrystallisation from H2O — this is
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quite simple because the acid is ~ 7% soluble in boiling H2O and only 2% at room temperature.  It is not
soluble in Me2CO or Et2O; hence it can be rinsed with these solvents and dried in air or a vacuum.  It is not
hygroscopic and gives an intense purple colour with FeCl3. It has IR max at 1820 (C=O) and 1640 (C=C) cm-1,
and UV max at 269.5nm (  37K M-1cm-1).  [Cohn et al. J Am Chem Soc 81 3480 1959, Park et al. J A m

Chem Soc 84 2919 1962]  See also pKa values of 0.59 ±0.09 and 3.48 ±0.023 [Scwartz & Howard J Phys

Chem 74 4374 1970].  [Schmidt & Reid Synthesis 869 1978, Beilstein 8 IV 2701.]

Terpin hydrate [2451-01-6 cis-hydrate, 565-50-4 and 565-48-0 stereoisomers]  M 190.3, m 1 0 5 . 5o

(cis anhydrous), 116-117o (cis hydrate), 156-158o, 157.5o(trans). Crystallise terpin from H2O or
EtOH.  The anhydrous cis-isomer distils at 258o/760mm but hydrates on exposure to moist air. Anhydrous

terpin is also obtained by recrystallisation from absolute EtOH.  [Sword J Chem Soc 127  1632 1925, Lombard
& Ambrose Bull Soc Chim Fr  230 1961, Beilstein 5 IV 435.]

1,1,2,2-Tetrafluorocyclobutane [374-12-9] M 128.1, b 50 -50 .7o, d
4
20  1.275, n

D
20  1 . 3 0 4 6 .

Purify 1,1,2,2-tetrafluorocyclobutane by distillation or by preparative gas chromatography using a 2m x
6mm(i.d.) column packed with ß,ß'-oxydipropionitrile on Chromosorb P at 33o.  [Conlin & Fey J Chem Soc,

Faraday Trans 1 76 322 1980, Coffmann et al. J Am Chem Soc 71 490 1949, Beilstein 5 III 8, 5 IV 8.]

2,2,4,4-Tetramethylcyclobutan-1,3-dione [933-52-8] M 140.2, m 114.5-114.9o. Crystallise the
dione from *C6H6 and dry it in vacuo over P2O5 in an Abderhalden  pistol.  [Beilstein 7 III 3234, 7 IV 2004.]

3,3,5,5-Tetramethylcyclohexanone [14376-79-5] M 154.3, m 11-12o, 13.2o, b 59-61o, 8 0 -

8 2o/13mm, 196o/760mm, 203.8-204.8o/760mm, d
4
20  0.8954, n

D
20  1 . 4 5 15 .   Purify the ketone

first through a 24inch column packed with Raschig rings, then a 40cm Vigreux column (p 11) under reduced
pressure (b 69-69.3o/7mm, see above).  The oxime has m  144-145o (from 60% EtOH), and the semicarbazone

has m 196-197o, 197-198o (214.5o, 217-218o) [Karasch & Tawney J Am Chem Soc 6 3  2308 1941, UV:
Sandris & Ourisson Bull Soc Chim Fr  958 1956].  [Beilstein 7 III 163, 7 IV 89.]

 (1R )-(-)-Thiocamphor (1R -bornane-2-thione, 1R -(-)-1,7,7-trimethylbicyclo[2.2.1]heptane-

2-thione) [53402-10-1] M 168.3, m 136-138o, 146o, [ ]
D

22  - 2 2o (c 3, EtOAc).  It forms red
prisms from EtOH and sublimes under vacuum.  It possesses a sulfurous odour and is volatile like camphor.
[Sen J Indian Chem Soc 12 647 1935, Sen J Indian Chem Soc 18  76 1941.]  The racemate crystallises from
*C6H6 and has m 145o [138.6-139o, White & Bishop J Am Chem Soc 62 10 1940].  [Beilstein 7 III 419.]

1r,2t,4t-Trimethylcyclohexane [2234-75-7] M 126.2, b 145 .7 -146 .7o/760mm, d
4
20  0 . 7 8 6 ,

n
D
20  1.4330.  Wash the trimethylcyclohexane with conc H2SO4 (removes aromatic hydrocarbons), then with

H2O, dry it (type 4A molecular sieves), and fractionally distil it through a glass helices packed column with
partial take-off and reflux ratio between 50 and 75.  Flammable liquid.  [cf. Henne et al.  J Am Chem Soc

63 3475 1941, Rossini Anal Chem 20 112 1948, Beilstein 5 H 42, 5 I 17, 5 II 24, 5 III 121.]

R-(-)-2,2,6-Trimethyl-1,4-cyclohexanedione [60046-49-3] M 154.2, m 88-90o, 91 -92o, [ ]
D

20

-270o (c 0.4%, MeOH), [ ]
D

20  -275o (c 1, CHCl3). It is obtained from fermentation and is purified by
recrystallisation from diisopropyl ether.  [ORD: Leuenberger et al.  Helv Chim Acta 5 9  1832 1976.]  The
racemate  has m 65-67o, and the 4-(4-phenyl)semicarbazone has m 218-220o (from CH2Cl2/MeOH) [Isler et
al. Helv Chim Acta 39 2041 1956, Beilstein 7 IV 2032.]

cis,cis-1 ,3 ,5 -Trimethylcyclohexane-1,3,5-tricarboxylic acid (Kemp’s acid) [79410-20-1]  

M 258.3, m 241-243o, pK1 3.30, pK2 5.85, pK3 7.3 (H2O); pK1 4.7, pK2 7.6, pK3 8 . 8

(50% H2O/MeOH).  Recrystallise the tricarboxylic acid from Me2CO after re-precipitating it several times
with mineral acid from aqueous alkaline soltion.  The trimethyl ester has m 78-81o.  [cf. Kemp J Org Chem

46 5140 1981, Jeong et al.  J Am Chem Soc 113 201 1991, Stack et al.  J Am Chem Soc 114 7007 1992.]

(±)-2,2,6-Trimethylcyclohexanone [2408-37-9]   M 140.2, b 69 -71 .5o/20mm, 177-

1 7 8 . 5o/758mm d
4
20  0.904, n

D
20  1.4470.  Purify it via the semicarbazone (m 2 1 8o, from MeOH or
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EtOH), decompose this in the usual way (cf p 65 and 67, or MEK, p 106) and fractionally distil the liquid
ketone through a vigreux column (p 11) at ~760mm.  [Chakravarti  J Chem Soc 1567 1947, Milas et al. J A m

Chem Soc 70 1831 1948, Beilstein 7 I 24, 7 II 32, 7 III 7.]

Xanthatin  (3-methylene-7-methyl-6-[3-oxo-1-buten-1-yl]cyclohept-5-ene-[10,11-b]furan-2-

one, (-)-2-[(1R )-7t-hydroxy-5c-methyl-4-(3-oxobut-1-en- -yl)cyclohept-3-en-r-yl)-acrylic

acid lactone  [26791-73-1]   M 246.3, m 114 .5-115o, [ ]
D

20  - 2 0o (c 2, CHCl3). Crystallise
xanthatin from MeOH, aqueous MeOH, EtOH or aqueous EtOH.  UV:  max 213 and 275nm (  22800 and
7300).  The 2,4-dinitrophenylhydrazone has m 240o(dec) (twice recrystallised from CHCl3/MeOH).  [Geissman
et al. J Am Chem Soc 76 685 1954, Deuel & Geissman J Am Chem Soc 7 9 3778 1957, Beilstein 17 III/IV
6221, 17/1 V 305.]
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AROMATIC COMPOUNDS

Acenaphthene [83-32-9] M 154.2, m 94.0o.  Crystallise acenaphthene from EtOH.  It has also been

purified by chromatography from CCl4 on alumina with *benzene as eluent [McLaughlin & Zainal J Chem Soc

2485 1960].  [Beilstein 5 IV 1834.]

Acenaphthenequinone [82-86-0] M 182.2, m 260-261o.  Extract it with, then recrystallise it twice

from *C6H6. Dry it in vacuo. [LeFevre et al. J Chem Soc 974 1963, Beilstein 7 IV 2498.]

R S -Acenaphthenol [6306-07-6] M 170.2, m 144 .5 -145 .5o, 1 4 6o, 1 4 8o.  If highly coloured

(yellow), dissolve it in boiling *benzene (14g in 200mL), add charcoal (0.5g), filter it through a heated funnel,

concentrate  to 100mL and cool to give almost colourless needles.  *Benzene vapour is TOXIC; use an

efficient  fume cupboard. The acetate  has b 166-168o/5mm (bath temperature 180-185o). [Cason Org Synth

Coll Vol III 3 1955.]  It can also be recrystallised from *C6H6 or EtOH [Fieser & Cason J Am Chem Soc  6 2

432 1940 ].  It forms a brick-red crystalline complex with 2,4,5,7-tetranitrofluoren-9-one which is

recrystallised from AcOH and is dried in a vacuum over KOH and P2O5 at room temperature, m 170-172o

[Newman & Lutz J Am Chem Soc 78 2469 1956].  [Beilstein 6 IV 4623.]

Acenaphthylene  [208-96-8] M 152.2, m 92-93o, b 280o/~760mm. Dissolve acenaphthylene in warm

redistilled MeOH, filter through a sintered glass funnel and cool to -78o to precipitate the material as yellow

plates [Dainton et al. Trans Faraday Soc 56 1784 1960].  Alternatively it can be sublimed in vacuo.  [Beilstein

5 H 625, 5 IV 2138.]

4-Acetamidobenzaldehyde  [122-85-0] M 163.2, m 1 5 5o, 1 5 6o, 1 6 0o.   Recrystallise it from water.  

The 4-nitrophenylhydrazone, m 264-265o, crystallises as orange needles from EtOH [Hodgson & Beard J Chem

Soc 21 1927, Beilstein 14 H 38, 14 II 25, 14 III 75, 14 IV 71.]

p-Acetamidobenzenesulfonyl chloride (N-acetylsulfanilyl chloride) [121-60-8] M 233.7, m

1 4 9o(dec).  Crystallise the chloride from toluene, CHCl3, or ethylene dichloride.  [Beilstein 14 IV 2703.]

-Acetamidocinnamic acid  [5469-45-4] M 205.2, m 185-186o (2H2O), 190-191o(anhydrous),

193-195o, pKEst  ~3.2.  It crystallises from H2O as the dihydrate, and on drying at 100o it forms the

anhydrous compound which is hygroscopic.  Alkaline hydrolysis yields NH3 and phenylpyruvic acid.

[Erlenmeyer & Früstück Justus Liebigs Ann Chem 284 47 1895, Beilstein 14 IV 1769.]

2-Acetamidofluorene (N-[2-fluorenyl)acetamide) [53-96-3] M 223.3, m 1 9 4o, 196-198o.

Recrystallise it from toluene (1.3mg in 100mL).  Its solubility in H2O is 1.3mg/L at 25o, UV: max nm(log

) :  288(4.43), 313(4.13). [Sawicki J Org Chem 21 271 1956.]  It can also be recrystallised from 50% AcOH.

[Diels et al. Chem Ber 35  3285 1902].  9-14C and -14C 2-acetamidofluorene were recrystallised from

aqueous EtOH and had m 194-195o and 194o respectively.  Potent CARCINOGEN. [Miller et al. Cancer Res

9 504 1949, 10 616 1950,  Sadin et al. J Am Chem Soc 74 5073 1952, Beilstein 12 H 3287,  12 IV 3373.]

2-Acetamidophenol  [614-80-2] M 151.2, m. 209o, pKEst  ~9.4.  Recrystallise it from water, EtOH or

aqueous EtOH.  [Beilstein 13 H 370, 13 I 113, 13 II 171, 13 III 778.]

3-Acetamidophenol (Metacetamol) [621-42-1] M 151.2, m 148-149o, pK2 5 ~9 .59 .   Recrystallise

the phenol from water.  The 3,5-dinitrobenzamide  complex gives orange-yellow crystals from hot H2O and has

m 212o.  [Beilstein 13 H 415, 13 I 132, 13 II 213, 13 III 950, 13 IV 977.]

4-Acetamidophenol (Paracetamol, acetaminophen, 4’-hydroxyacetanilide) [103-90-2] M

151.2, m 169-170.5o, pKEst  ~10.0. Recrystallise Paracetamol from water or EtOH.  The 3,5-

dinitrobenzamide  complex gives orange crystals from hot H2O and has m 171.5o.  [Beilstein 13  H 460, 13  I

159, 13 II 243, 13 III 1056, 13 IV 1091.]
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p-Acetamidophenylacetic acid (Actarit) [18699-02-0] M 193.2, m 1 6 7o, 168-170o, 174-175o,

pK2 5 3.49. Crystallise the acid from MeOH/Me2CO, aqueous EtOH or H2O.  The amide has m 231o (from

50% aqueous EtOH).  [Gabriel Chem Ber 15 841 1882, Cerecedo et al. J Biol Chem 42 238 1924, Tramontano

et al. J Am Chem Soc 110 2282 1988, Beilstein 14 II 281.]

Acetanilide [103-84-4] M 135.2, m 1 1 4o, pK25 0 . 5 .   Recrystallise acetanilide from water, aqueous

EtOH, *benzene or toluene.  [Beilstein 12 IV 373.]

Acetoacetanilide [102-01-2] M 177.2, m 86o, pK2 5 10.68 . Crystallise the anilide from H2O, aqueous

EtOH or pet ether (b 60-80o).  [Williams & Krynitsky Org Synth Coll Vol III 10 1955.]

4-Acetophenetidide (phenacetin, p - m e t h o x y a c e t a n i l i d e ) [62-44-2] M 179.2, m 136o.

Crystallise it from H2O or EtOH, and its solubility in H2O is 0.08% (at ~10o) and 1.2% (at ~100o), and in

EtOH it is 6.7% (at ~10o) and 36% (at ~100o).  Alternatively it can be purified by solution in cold dilute alkali

and re-precipitating by addition of acid to neutralisation point. Dry it in air.  [Beilstein 13 H 461, 13 IV 1092.]

Acetophenone [98-86-2] M 120.2, m 19.6o, b 54o/2.5mm, 202o/760mm, d
4
25 1.0238, n

D
25

1.5322, pK26 –7.6(basic). p K25 19.2(acidic).   Dry it by fractional distillation or by standing with

anhydrous CaSO4 or CaCl2 for several days, followed by fractional distillation under reduced pressure (from

P2O5, optional), and careful, slow and repeated partial crystallisations from the liquid at 0o excluding light and

moisture.  It can also be crystallised at low temperatures from isopentane.  Distillation can be followed by

purification using gas-liquid chromatography [Earls & Jones J Chem Soc, Faraday Trans 1 71 2186 1975.]

[Beilstein 7 H 271, 7 IV 619.]

§ A commercial polystyrene supported version is available — scavenger resin (for diol substrates).

Aceto-o-toluidide (2-methylacetanilide) [120-66-1] M 149.2, m 110o, 1 1 2o, b 1 7 6o/ 14mm,

2 9 6o/760mm.  Crystallise the toluidide from hot H2O (solubility 1g/210mL), EtOH or aqueous EtOH.  UV:

max 230 and 280nm (EtOH).  [Beilstein 12 H 792, 12 I 376, 12 II 439, 12 III 1853, 12 IV 1755.]

Aceto-m -toluidide (3-methylacetanilide) [537-92-8] M 149.2, m 65.5o, b 182-183o/ 14mm,

3 0 3o/760mm. Crystallise the toluidide from H2O, EtOH, aqueous EtOH or Et2O/pet ether (m 66o). UV: max

245nm (EtOH). [Beilstein 12 H 860, 12 I 400, 12 II 468, 12 III 1962, 12 IV 1823.]

Aceto-p-toluidide (4-methylacetanilide) [103-89-9] M 149.2, m 1 4 6o, b 3 0 7o/ 760mm.

Crystallise it from aqueous EtOH.  [Beilstein 12 H 920, 12 I 420, 12 II 501, 12 III 2051, 12 IV 1902.]

R-(-)- -Acetoxyphenylacetic (acetyl mandelic) acid  [51019-43-3]  M 194.2, m 96-98o, [ ]
D

20

-153 .7o (c 2.06, Me2CO), [ ]
546

20  -194o (c 2.4, Me2CO), pKEst  ~2.9  It crystallises from H2O

with 1mol of solvent which is removed on drying, or from other solvents as for the S-isomer below.  [Angus &

Owen J Chem Soc  227 1943, Parker Chem Rev 91 1441 1991, Beilstein 10 III 453.]

S-(+)- -Acetoxyphenylacetic (acetyl mandelic) acid  [7322-88-5]  M 194.2, m 80-81o, 9 5 -

9 7 . 5o, [ ]
D

27  +158o (c 1.78, Me2CO), [ ]
546

20  +186o (c 2, Me2CO).   Recrystallise it from

*benzene/hexane or toluene, and it has characteristic NMR and IR spectra.  [Pracejus Justus Liebigs Ann Chem

622 10 1959, Breitholle & Stammer J Org Chem 39 1311 1974, Beilstein 10 IV 567.]

9-Acetylanthracene [784-04-3] M 220.3, m 75-76o. Crystallise 9-acetylanthracene from EtOH.

[Masnori et al. J Am Chem Soc 108 1126 1986, Beilstein 7 II 450.]

N -Acetylanthranilic acid  [89-52-1] M 179.1, m 182-184o, 185-186o, 1 9 0o(dec), pK20 3 . 6 1 .

Wash the acid with distilled H2O and recrystallise it from aqueous AcOH, dry it and recrystallise again from

EtOAc.  Also recrystallise it from water or EtOH. UV: max 221, 252 and 305nm (EtOH).  The amide

crystallises from aqueous EtOH and has m  186-187o and max 218, 252 and 301nm. [Chattaway J Chem Soc

2495 1931, Walker J Am Chem Soc 77 6698 1955, Beilstein 14 H 337, 14 I 540, 14 II 219, 14 III 922.]
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2-Acetylbenzoic acid  [577-56-0] M 164.2, m 115-116o, 116-118o, pK2 0 4.14, pK25 4 .10 .   It

crystallises from *C6H6 and H2O (15g/100mL).  The o x i m e  has m  156-157o, and the 2,4-

dinitrophenylhydrazone  has m 185-186o(needles from EtOH).  [Yale J Am Chem Soc 69  1547 1947, Panetta

& Miller Synthesis 43 1977, Beilstein 10 H 690, 10 I 330, 10 II 479, 10 III 3025, 10 IV2766.]

4-Acetylbenzoic acid [586-89-0] M 164.2, m 207 .5 -209 .5o, 208 .6 -209 .4o, pK25 3.70, 5 . 2 1 ,

5.10 (EtOH).  Dissolve the acid in 5% aqueous NaOH, extract it with Et2O, and acidify the aqueous

solution.  Collect the precipitate, and recrystallise it from boiling H2O (100 parts) using decolorising charcoal

[Pearson et al. J Org Chem 24 504 1959, Pearson et al. J Chem Soc 265 1957, Detweiler & Amstutz J A m

Chem Soc 72 2882 1950, Bordwell & Cooper J Am Chem Soc 74 1058 1952].  [Beilstein 10 IV 2769.]

4-Acetylbenzonitrile [1443-80-7] M 145.2, m 57-58o. Recrystallise the nitrile from EtOH [Wagner

et al. J Am Chem Soc 108 7727 1986].  [Beilstein 10 H 695, 10 III 3030.]

Acetyl-5-bromosalicylic acid [1503-53-3] M 259.1, m (156o), 1 6 8o, 168-169o, pKEst  ~ 3 . 0 .

Crystallise the acid from EtOH. [Robertson J Chem Soc 81 1482 1902, Beilstein  10 H 108, 10 II 64.]

2-Acetylfluorene [781-73-7] M 208.3, m 130-131o, 1 3 2o.  Crystallise acetylfluorene from EtOH

(solubility is 60g/800mL) or Me2CO (solubility is 60g/400mL).  The oxime [110827-07-1] has m  192-193.5o

and the 2,4-dinitrophenylhydrazone [109682-26-0]  has m 261-262o.  [Ray & Rieveschl Org Synth Coll Vol III

23 1973.]

5(3)-Acetyl-2(6)-methoxybenzaldehyde [531-99-7] M 166.2, m 144o.  Extract a solution of the

aldehyde  in *C6H6 with 20% aqueous sodium bisulfite, and the bisulfite adduct in the aqueous solution is

decomposed by acidifying and heating whereby the aldehyde separates.  It is collected, washed with H2O, dried in

a vacuum.  It is recrystallised from EtOH (m 140-141o) and then from Et2O (m 143-144o).  [Gray & Bonner J

Am Chem Soc 70 1249 1948, Angyal et al. J Chem Soc 2142 1950, Beilstein 8 IV 1984.]

4-Acetyl-N -methylaniline ([4-methylamino]acetophenone) [17687-47-7] M 149.2, m 102-

1 0 6o, 103-107o. This herbicide crystallises from H2O.  The 4-acetyl-N,N-dimethylaniline derivative forms

colourless plates also from H2O with m 58-59o.  [Klingel Chem Ber 18  2694 1885, Staudinger & Kon Justus

Liebigs Ann Chem 384 111 1911, Beilstein 14 H 47, 14 I 366.]

1-Acetylnaphthalene (1-acetonaphthenone) [941-98-0] M 170.1, m 10.5o, b 93-95o/ 0 . 1 m m ,

1 6 7o/12mm, 302o/760mm, d
4
20  1.12, pK25 -6.22 (Ho scale, aqueous H2S O4). If the NMR

spectrum indicates the presence of impurities, probably 2-acetylnaphthalene, convert the substance to its picrate

by dissolving in *benzene or EtOH and adding excess of saturated picric acid in these solvents until separation of

picrates is complete.  Recrystallise the picrate till the melting point is 118o.  Decompose the picrate with dilute

NaOH and extract with Et2O.  Dry the extract (Na2SO4), filter, evaporate and distil the residue.  The 2,4-

dinitrophenylhydrazone crystallises from EtOH and has m  259o.  [Stobbe & Lenzer Justus Liebigs Ann Chem

380 95 1911, Williams & Osborne J Am Chem Soc 61 3438 1939, Beilstein 7 IV 1292.]

2-Acetylnaphthalene (2-acetonaphthenone, ß-Acetonaphthone, 2-acetonaphthalene, methyl-

2-naphthylketone) [93-08-3] M 170.2, m 52-53o, 5 5o, 5 5 . 8o, b 164-166o/8mm, 171-

1 7 3o/17mm, 301-303o/760mm, pK25 -6.16 (Ho scale, aqueous H2S O4). Separate it from the 1-

isomer by fractional crystallisation of the picrate in EtOH (see entry for the 1-isomer above) to m 82o.

Decomposition of the picrate with dilute NaOH and extraction with Et2O, then evaporation, give purer 2-

acetylnaphthalene.  If this residue solidifies, it can be recrystallised from pet ether, EtOH or acetic acid;

otherwise it should be distilled in a vacuum and the solid distillate is recrystallised [Gorman & Rodgers J A m

Chem Soc 108 5074 1986, Levanon et al. J Phys Chem 91 14 1987].  Purity should be checked by high field

NMR spectroscopy.  Its oxime has m 145o(dec), and the semicarbazone has m 235o.  [Stobbe & Lenzer Justus

Liebigs Ann Chem 380 95 1911, Raffauf J Am Chem Soc 72  753 1950, Hunsberger J Am Chem Soc 7 2

5626 1950, Immediata & Day J Org Chem 5 512 1940, Beilstein 7 IV 1294.]
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1-Acetyl-2-phenylhydrazine [114-83-0] M 150.2, m 1 2 8 . 5o, pK25 1 .3 .   Crystallise the hydrazine

from aqueous EtOH.  [Beilstein 15 H 241.]

Acetylsalicylic acid (Aspirin) [50-78-2] M 180.2, m 133 .5-135o, pK25 3.38, (pK17 3 . 5 6 ) .

Crystallise aspirin twice from toluene, wash it with cyclohexane and dry it at 60o under vacuum for several

hours [Davis & Hetzer J Res Nat Bur Stand 60 569 1958].  It has been recrystallised from isopropanol and

from diethyl ether/pet ether (b 40-60o).  It crystallises from EtOH (m 143-144o), *C6H6 (m 143o), hexane (m

115o and 128o),  octane (m  121o), and has m  110o after sublimation.  It has pK2 6 3.69(H2O), 4.15(20%

aqueous EtOH), 4.47(30% aqueous EtOH) and 4.94(40% aqueous EtOH).  It is an analgesic.  [Beilstein 10 H

67, 10 II 41, 10 III 102, 10 IV 138.]

O -Acetylsalicyloyl chloride  [5538-51-2] M 198.6, m 4 5o, 46 -49o, 48 -52o, b 107 -

1 1 0o/0.1mm, 115o/5mm, 135o/12mm, n
D
20  1.536.  Check first the IR to see if an OH frequency is

present.  If so, some free acid is present.  Then reflux with acetyl chloride for 2-3hours and fractionate at high

vacuum.  The distillate should crystallise.  It can be recrystallised from hexane or *C6H6 (m 60o, sintering at

52o).  [Riegel & Wittcoff J Am Chem Soc 64 486 1942, Beilstein 10 H 86, 10  I 43, 10  II 55, 10 III 151,

10 IV 169.]

O-Acetylsalicylsalicylic acid (Salsalate acetate) [530-75-6] M 300.3, m 1 5 9o.   Crystallise the

analgesic from dilute AcOH or EtOH (m 161-162o),  MeOH (m 165-168o), and *C6H6/EtOH (m 163-165o).

Its solubilities in boiling Et2O, *C6H6 and EtOH are 1.4%, 2.2% and 33%, respectively.  [Baker et al. J Chem

Soc 201 1951, Garrett et al. J Am Pharm Soc 48 684 1959, Beilstein 10 I 41, 10 II 54, 10 IV 165.]

N -(4)-Acetylsulfanilamide (sulfacetamide) [144-80-9] M 214.2, m 216o.  Crystallise the amide

from aqueous EtOH.  [Beilstein 14 IV 2662.]

Acetyl p-toluenesulfonate [26908-82-7] M 214.2, m 54-56o, b 186-188o/20mm. The most

likely impurity is p-toluenesulfonic acid (could be up to 10%).  This can be removed by dissolving it in dry
Et2O and cooling until the anhydride crystallises out.  It decomposes on heating; below ~130o it gives the

disulfonic anhydride and above ~130o polymers are formed, but it can be distilled in a vacuum if it is free of acid.  

It is used for cleaving ethers [Prep, IR, NMR: Karger & Mazur J Org Chem 36  528, Karger & Mazur J Org

Chem 36 532 1971].  [Beilstein 11 III 255.]

Allyl Phenyl sulfide  [5296-64-0] M 150.2, b 59-60o/1.5mm, 79-80o/3mm, 114-

1 1 4 . 3o/23.5mm, 225-226o/740mm, 215-218o/750mm, d
4
20  1.0275, n

D
20  1.5760.  Dissolve the

sulfide in Et2O, wash with alkali, H2O, dry over CaCl2, evaporate and fractionally distil it, preferably under

vacuum.  It should not give a precipitate with an alcoholic solution of Pb(OAc)2.  [Hurd & Greengard J Am

Chem Soc  52 3356 1930, Tarbell & McCall J Am Chem Soc 74 48 1952, Beilstein 6 IV 1479.]

Amberlite IRA-904 Anion exchange resin (Rohm and Haas)  [9050-98-0].  Wash with 1M HCl,

CH3OH (1:10) and then rinse it with distilled water until the washings are neutral to litmus paper.  Finally

extract successively for 24hours in a Soxhlet apparatus with MeOH, *benzene and cyclohexane [Shue & Yan

Anal Chem  53 2081 1981].  It is a strong basic resin also used for base catalysis [Fieser & Fieser Reagents

for Org Synth  1 511, Wiley 1967].

p-Aminoacetanilide [122-80-5] M 150.2, m 162-163o, 163o, 165-167o, 166-167o, pK1 5 4 . 4 6 ,

pK4 0 3.94. Crystallise the anilide from water.  It has an unstable crystalline form with m  141o.  It has IR:

max (CCl4) 1681cm-1. [Beilstein 13 H 94, 13 I 28, 13 II 50, 13 III 166, 13 IV 137.]

-Aminoacetophenone hydrochloride (phenacylamine hydrochloride, 2-aminoacetophenone

HCl) [5468-37-1] M 171.6, m 188o(dec), 194o(dec), pK25 5.34.  Crystallise the salt from Me2CO

/EtOH, EtOH/ Et2O, 2-propanol or 2-propanol and a little HCl (slowly after a few days).  The oxime of the free

base has m 140o, and the picrate of the free base has m 182o (from EtOH). [Castro J Am Chem Soc 108 4179

1986, Baumgarten & Petersen Org Synth Coll Vol V 909 1973, cf Beilstein 14 H 49, 14 III 105.]
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m -Aminoacetophenone [99-03-6]   M 135.2, m 98-99o, b 189-290o/760mm, pK25 3 . 5 6 .

Recrystallise it from EtOH or aqueous EtOH (m 99.5o). The thiosemicarbazone  has m  202-204o (from EtOH).

[Beilstein 14 H 45, 14 IV 96.]

p-Aminoacetophenone [99-92-3] M 135.2, m 104-106o, 105-107o, b 2 9 3o/atm, pK25 2 . 1 9

Recrystallise it from CHCl3, *C6H6 or H2O.  It is soluble in hot H2O.  UV (EtOH) has max 403nm (log 

4.42) [Johnson J Am Chem Soc 7 5  2720 1953].  [Vandenbelt Anal Chem 2 6  726 1954.]  The 2,4-

dinitrophenylhydrazone has m 266-267o (from CHCl3 or EtOH) with max 403nm (log  4.42), and the

semicarbazone has m 193-194o(dec)(from MeOH).   The hydrochloride has m 98o(dec)(from H2O).  [Beilstein

14 IV 100.]

1-Aminoanthraquinone-2-carboxylic acid [82-24-6] M 276.2, m 295-296o.   Crystallise the acid

from nitrobenzene.  It is used for the detection of  Al, Mg Cd, Zn, Mn, Cu, Hg, Fe, Co, Ni and Pb.  The

methyl ester gives red needles from AcOH, m  228o.  The ethyl ester, m  198o, crystallises also as red needles

from AcOH.  [Locher & Fietz Helv Chim Acta 10 667 1927, Beilstein 14 II 419, 14 III 168.]

p-Aminoazobenzene (p-phenylazoaniline) [60-09-3] M 197.2, CI 11000, m 126o, pK25 ~ 2 . 8 2 .

Crystallise this dye from EtOH, CCl4, pet ether/*C6H6, or a MeOH/H2O mixture.  [Beilstein 16 IV 445.]

o -Aminoazotoluene (Fast Garnet GBC base, 4'-amino-2,3'dimethylazobenzene, Solvent

yellow 3) [97-56-3] M 225.3, m 101 .4 -102 .6o, CI 11160, pK2 6 2.29 (50% aqueous EtOH).

Recrystallise the dye twice from EtOH, once from *benzene, then dry it in an Abderhalden drying apparatus.

[Cilento J Am Chem Soc 74 968 1952, Sawicki J Org Chem 21 605 1956, Beilstein 16 H 334, 16 I 322, 1 6

II 178, 16 III 386, 16 IV 525.]  CARCINOGENIC.

2-Aminobenzaldehyde [529-23-7] M 121.1, m 39-40o, 80 -82o/2mm, pK20 1 . 3 6 .   Distil it in

steam and recrystallise it from H2O or EtOH/ Et2O.  The semicarbazone has m 247o.  [Beilstein 14 H 21, 14  I

356, 14 II 14, 14 III 47, 14 IV 42.]

2-Aminobenzaldehyde phenylhydrazone  (Nitrin)  [63363-93-9] M 211.3, m 227-229o.

Crystallise it from acetone.  [Knöpfer Monatsh Chem 31 97 1910, Beilstein 14 H 21, 14 II 14, 14 III 47.]

3-Aminobenzaldehyde [29159-23-7] M 121.1, m 28-30o, pKEst  ~2 .0 .  The aldehyde crystallises as

light yellow plates from ethyl acetate.   The UV has max 227 and 327.5nm in cyclohexane.  The acetyl

derivative  has m 122o (from EtOH) and the oxime has m 195o (yellow-brown plates from EtOH). [Beilstein 1 4

H 28, 14 I 359, 14 II 21, 14 III 53, 14 IV 46.]

4-Aminobenzamide hydrochloride  [59855-11-7] M 199.6, m 284-285o, pKEst  ~ 1 . 7 .

Recrystallise the salt from EtOH. The free base  [2835-68-9]  M 136.2, has m 182.9o and crystallises with

0.25H2O  (m 178-179o).  [Rupe & Vogler Helv Chim Acta 8 835 1925, Beilstein 14 H 425, 14 III 1061.]

p-Aminobenzeneazodimethylaniline [539-17-3] M 240.3, m 182-183o.  Crystallise the azo-dye

from aqueous EtOH. [Beilstein 14 IV 1004.]

o-Aminobenzoic acid (anthranilic acid) [118-92-3] M 137.1, m 145o, pK
1
25  2.94, pK

2
25  4 . 7 2 .

Crystallise anthranilic acid from water (charcoal).  It has also been recrystallised from 50% aqueous acetic acid.

It sublimes in a  vacuum.  [Beilstein 14 IV 1004.]

m-Aminobenzoic acid [99-05-8] M 137.1, m 1 7 4o, pK
1
25  3.29, pK

2
25  5 .10 .   Crystallise the acid

from water.  [Beilstein 14 IV 1092.]

p-Aminobenzoic acid [150-13-0] M 137.1, m 187-188o, pK
1
25  2.45, pK

2
25  4.85.  Purify p-

aminobenzoic acid by dissolving it in 4-5% aqueous HCl at 50-60o, decolorising with charcoal and carefully

precipitating it with 30% Na2CO3 to pH 3.5-4 in the presence of ascorbic acid.  It can be recrystallised from

water, EtOH or EtOH/water mixtures.  [Beilstein 14 IV 1126.]
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p-Aminobenzonitrile (p-cyanoaniline) [873-74-5] M 118.1, m 86-86.5o, 85-87o, pK25 1 .74 .   It

crystallises from water, 5% aqueous EtOH or EtOH and is dried over P2O5 or dried in vacuo for 6hours at 40o.

[Moore et al. J Am Chem Soc 108 2257 1986, Edidin et al. J Am Chem Soc 109 3945 1987, Beilstein 1 4

IV 1158.]

4-Aminobenzophenone [1137-41-3] M 197.2, m 123-124o, pK25 2 . 1 7 .   Dissolve it in aqueous

acetic acid, filter and precipitate it with ammonia.  This process is repeated several times, then the amine is

recrystallised from aqueous EtOH.  [Beilstein 14 IV 248.]

o -Aminobiphenyl [90-41-5] M 169.2, m 49.0o, pK18 3.83.  Crystallise it from aqueous EtOH

(charcoal).  [Beilstein 12 IV 3223.]

p-Aminobiphenyl [92-67-1] M 169.2, m 53o, b 191o/16mm, pK18 4.38.  Crystallise it from water

or EtOH.  [Beilstein 12 IV 3241.] CARCINOGENIC.

5-Amino-2-bromobenzoic acid [2840-02-0] M 216.0, m 178o, 180o, pKEst(1) ~1.7, pKEst(2)

~4.4.  Crystallise the acid from H2O or *C6H6 (m  128o).  The acetyl derivative crystallises from H2O (as

monohydrate) or absolute EtOH with m 196-197o (anhydrous).  [Koopal Rec Trav Chim, Pays Bas 3 4  148

1915, Bamberger  Chem Ber 57 2090 1924, Beilstein 14 H 413, 14 II 245.]

2-Amino-5-bromotoluene (4-bromo-2-methylaniline)  [583-75-5] M 186.1, m 5 9o, 5 9 . 5o,

2 4 0o/760mm, pK25 3.58.  Steam distil the aniline and recrystallise it from EtOH.  UV: max 292.5nm

(H2O). [Beilstein 12 H 838, 12 I 389, 12 II 456, 12 IV 1804.]

2-Amino-5-chlorobenzoic acid [635-21-1] M 171.6, m 1 0 0o, pK
1
25  1.69, pK

2
25  4 .35 .

Crystallise the acid from water, EtOH or chloroform.  [Beilstein 14 IV 1075.]

3-Amino-4-chlorobenzoic acid [2840-28-0] M 171.6, m 216-217o, pKEst(1)  ~2.7, pKEst(2)

~2.9.  Crystallise the acid from water.  [Beilstein 14 IV 1115.]

4-Amino-4'-chlorobiphenyl [135-68-2] M 203.5, m 132-133o, 1 3 4o, pKEst  ~4.0.  Crystallise

the amine from pet ether, EtOH or aqueous EtOH. The acetyl derivative  has m 245o from EtOH. [Dewar &

James J Chem Soc 4270 1958, Gelmo Chem Ber 39 4176 1906, Beilstein 12 H 1319, 1 2  II 757, 1 2  IV

3269.]

2-Amino-4,6-dichlorophenol [527-62-8] M 175.0, m 95-96o, pKEst(1) ~3.1, pKEst(2)  ~ 6 . 8 .

Crystallise the phenol from CS2 or *benzene.  It sublimes at 0.06mm. The hydrochloride has m 280-285o from

EtOH. [Meyer  Helv Chim Acta 41 1890 1958, Beilstein 13 II 185, 13 III 856, 13 IV 889.]

4-Amino -N,N-diethylaniline hydrochloride [16713-15-8] M 200.7, m 233.5o, pK22 6 . 6 1 .

Crystallise the salt from EtOH.  The free base [93-05-0] M  164.2 distils at 260-262o/~760mm . [Beilstein

14 IV 109.]

4-Amino-3,5-diiodobenzoic acid [2122-61-4] M 388.9, m ~ 3 5 0o, pKEst(1)  0.4, pKEst(2)  ~ 1 . 6 .

Purify the iodo-acid by dissolving it in dilute NaOH and precipitating with dilute HCl.  Alternatively, dissolve it

in aqueous NH3 and acidify it with AcOH.  Dry it in air.  The solubility of the Na salt in H2O is 2.56% at 25o.

[Klemme & Hunter J Org Chem 5 510 1940, Beilstein 14 H 439, 14 III 1161, 14 IV 1284.]

2-Aminodiphenylamine [534-85-0] M 184.2, m 79-80o, pKEst(1)  ~3.8 (NH2), pKEst(2)  < ~ 0 .

Crystallise the amine from H2O.  [Beilstein 13 IV 43.]

4-Aminodiphenylamine [101-54-2] M 184.2, b 155o/0.026mm, pK25 5 . 2 0 .  It crystallises from

EtOH with m 66o, and from ligroin with m 75o. It can be distilled at high vacuum.  [Beilstein 13 IV 113.]
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2-Amino-1,2-diphenylethanol [530-36-9]  M 213.3, m 1 6 5o, pKEst(1)  ~ 7 . 5 .   Recrystallise the

ethanol from EtOH.  The 1R,2S-(-)- [23190-16-1] and the 1S,2R(+)- enantiomers also crystallise from EtOH

and have m 142-145o, [ ]
D

20  ± 7o (c 0.6, EtOH).  [Masters et al. J Org Chem 56 5666 1991, Masters &

Hegedus J Org Chem 58  4547 1993, Beilstein 13 IV 2150.]

2-Aminod ipheny lmethane (2-benzylani l ine) [28059-64-5] M 183.3, m 52o,  51-54o, b

1 7 2o/12mm and 190o/22mm, pKEst(1)  ~4.2.  Crystallise 2-benzylaniline from ether and distil it in a

vacuum.  [Beilstein 12 IV 3279.]

2-Aminofluorene (2-fluorenamine) [153-78-6] M 181.2, m 127 .8 -128 .8o, 132-133o, pK2 5

4.64. Wash the amine well with H2O and recrystallise it from Et2O or 50% aqueous EtOH (25g with

400mL), and dry it in a vacuum.  Store it in the dark.  [Bavin Org Synth Coll Vol V  30 1973, Beilstein 12  H

1331, 12 IV 337.]

9-Aminofluorene (9-fluorenamine) [525-03-1] M 181.2, m 64-65o, pKEst ~ 3 . 5 .  Purify it by

converting it to the hydrochloride with HCl, then basify it with NH3 and recrystallise it from pet ether (m 62-

63o) or from hexane.  The hydrochloride  [5978-75-6] M  217.7, m  ~255o(dec, from EtOH).   [Ingold et al. J

Chem Soc 1493 1933, Mathieu Bull Soc Chim Fr 1526 1971, Beilstein 12 H 1331, 12  I 553, 12  II 780, 1 2

III 3297, 12 IV 3390.]

1-Amino-4-hydroxyanthraquinone [116-85-8] M 293.2, m 207-208o, pKEst(1) ~2.6 (NH2) ,

pKEst(2)  ~9.0 (OH).  Purify it by TLC on SiO2 gel plates (0.75mm thick) using toluene/acetone (9:1) as

eluent.  The main band is scraped off and extracted with MeOH.  The solvent is evaporated, and the dye is dried

in a drying pistol [Land et al. J Chem Soc, Faraday Trans 1 72 2091 1976].  It has also been recrystallised from

aqueous EtOH. [Beilstein 14 H 268, 14 I 503, 14 II 168, 14 III 652, 14 IV 891.]

3-Amino-4-hydroxytoluene (2-amino-p-cresol) [95-84-1] M 123.2, m 135o, 137-138o, pKEst(1)

~4.7(NH2), pKEst(2)  ~9.6 (OH).  Recrystallise the cresol from H2O, Et2O or toluene.  It sublimes in vacuo

as plates or needles.  The hydrochloride has m 222-224o (dec, from aqueous EtOH).  [Beilstein 13 H 601, 13  I

227, 13 II 338, 13 III 1576.]

4-Amino-3(5)-hydroxytoluene (2-amino-m -cresol) [2835-98-5] M 123.2, m 159o, 159-162o,

pKEst(1) ~5.4 (NH2), pKEst(2)  ~10.2 (OH).  Crystallise it from H2O, 50% EtOH, or toluene.  [Beilstein

13 H 590, 13 III 1552.]

2-Amino-5-hydroxytoluene [2835-99-6] M 123.2, m 1 6 2o(dec), 177-179o(dec), pKEst(1) ~ 5 . 4

(NH2), pKEst(2)  ~10.4 (OH). Crystallise it from 50% EtOH.  [Beilstein 13 H 593, 13 IV 1698.]

5-Aminoindane [24425-40-9] M 133.2, m 37-38o, b 131o/15mm, 146-147o/25mm, 247-

2 4 9o/745mm, pK16 5.31.  Distil the indane and then crystallise it from pet ether.  [Beilstein 12 I 511, 1 2

III 2798.]

2-Amino-5-iodotoluene [13194-68-8] M 233.0, m 87o, pKEst  ~3.6.  Crystallise it from 50% EtOH.

[Beilstein 12 IV 1807.]

1-Amino-4-methylaminoanthraquinone [1220-94-6] M 252.3, pKEst(1)  ~1, pKEst(2)  <~4 .   Purify

the quinone by TLC on silica gel plates using toluene/acetone (3:1) as eluent.  The main band is scraped off and

extracted with MeOH.  The solvent is evaporated,  and the residue is dried in a drying pistol [Land et al. J Chem

Soc, Faraday Trans 1 72 2091 1976].  [Beilstein 14 H 198, 14 I 462, 14 III 440, 14 IV 458.]

4-Aminomethylbenzenesulfonamide hydrochloride (Mafenide HCl) [138-37-4] M 222.3, m

265-267o, pK
1
20  8.18 (NH2), pK

2
20  10.23 (SONH2) .   Crystallise the salt from dilute HCl or 95%

EtOH and dry it in a vacuum at 100o.  It is an antibacterial.  [Miller et al. J Am Chem Soc 62 2099 1940,

Bergeim & Barker J Am Chem Soc 66 1459 1944.]  The sulfate salt has m  254-255o (from aqueous EtOH).

[Beilstein 14 III 2223, 14 IV 2799.]
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4-Amino-2-methyl-1-naphthol See Vitamin K5 in “Miscellaneous Compounds”, Chapter 6.

3-Amino-2-naphthoic acid [5959-52-4] M 187.2, m 2 1 4o(dec), pKEst(1) ~1.5 pKEst(2)  ~ 4 . 0 .

Crystallise the naphthoic acid from aqueous EtOH.  [Beilstein 14 III 1341.]

4-Amino-5-naphthol-2,7-disulfonic acid [90-20-0] M 320.3, pK
1

20  3.54, pK
2

20  8.55. pK
1
25

3.63, pK
2
25  8.83.  A slightly alkaline solution of Na2CO3 (ca 22g) in water (litmus) is added to a solution of

100g of the dry acid in 750mL of hot distilled water, followed by 5g of activated charcoal and 5g of Celite.  The

suspension is stirred for 10minutes and filtered by suction.  The acid is then  precipitated by adding ca 40mL of

conc HCl (solution is blue to Congo Red), then filter it by suction through a shark skin filter circular sheet (or

hardened filter paper) and wash it with 100mL of distilled water.  The purification process is repeated.  The acid

is dried overnight in an oven at 60o and stored in a dark bottle The diethylamine salt  has m  306-307o(dec, from

aqueous EtOH). [Post & Moore Anal Chem 31 1872 1959].  [Beilstein 14 H 840, 14 I 758, 14 II 502, 14  III

2292, 14 IV 2824.]

1-Amino-2-naphthol hydrochloride [1198-27-2] M 195.7, m 2 5 0o(dec), pKEst(1) ~3.7 (NH2 ) ,

pKEst(2)  ~9.9 (OH).  Crystallise the salt from the minimum volume of hot water containing a few drops of

stannous chloride in an equal weight of hydrochloric acid (to reduce atmospheric oxidation). Filter the solution

and add half its volume of conc HCl and set aside.  The salt crystallises almost quantitatively.  Dry it in a

vacuum in the dark (m 260o).  The salt is more stable than the free base which has m  150o (darkening at 130o)

and its O-methyl ether has m 49o and b 159-159o/9mm.  [Desai et al. J Chem Soc 324 1938, Beilstein 13 H

666, 13 I 268, 13 II 408, 13 III 1875, 13 IV 2080.]

1-Amino-2-naphthol-4-sulfonic acid [116-63-2] M 239.3, m 2 9 5o(dec), pKEst(1) <0 , pKEst(2)

~2.8 (NH2 ), pKEst(2)  ~8.8.  Purify it by warming 15g of the acid, 150g of NaHSO3 and 5g of Na2SO3

(anhydrous) with 1L of water to ca 90o, shaking until most of the solid had dissolved, then filtering hot.  The

precipitate obtained by adding 10mL of conc HCl to the cooled filtrate is collected, washed with 95% EtOH until

the washings are colourless, and is dried under vacuum over CaCl2.   It is stored in a dark-coloured bottle, in the

cold [Chanley et al. J Am Chem Soc 74 4347 1952].  [Beilstein 14 IV 2825.]

2-Amino-4-nitrobenzoic acid (4-nitroanthranilic acid) [619-17-0] M 182.1, m 269o(dec),

pK
1
25  0.65, pK

2
25  3.70.  Crystallise the acid  from water, EtOH  (m 271o) or aqueous EtOH (m 269o).  The

acetyl derivative has m 217o (from EtOH), m 222o (from aqueous EtOH).  [Chapman & Stephen J Chem Soc

1796 1925, Beilstein 14 II 234, 14 III 975, 14 IV 1087.]

5-Amino-2-nitrobenzoic acid [13280-60-9] M 182.1, m 235o(dec), pKEst(1) ~1.1, pKEst(2)

~1.2.  Crystallise the acid from water.  [Beilstein 14 III 1021.]

1-Amino-4-nitronaphthalene [776-34-1] M 188.2, m 195o, 196-197o, pK20 0 .54 .   It crystallises

from EtOH, ethyl acetate or aqueous NH3 as light yellow crystals. The acetyl derivative also forms yellow

crystals, m 192.5-193.5o, from Me2CO. [Beilstein 12 H 1259, 12 I 530, 1 2  II 704, 1 2  III 2971, 1 2  IV

3114.]

2-Amino-4-nitrophenol [99-57-0] M 154.1, m 80-90o (hydrate), 142-143o (anhydrous),

pKEst(1) ~3.9 (NH2 ), pKEst(2)  ~9.2.  Crystallise the phenol from water.  [Beilstein 13 IV 896.]

2-Amino-5-ni trophenol [121-88-0] M 154.1, m 207-208o, pKEst(1) ~3.8, pKEst(2)  ~ 9 . 3 .

Crystallise the phenol from water.  [Beilstein 13 IV 803.]

RS -(±)-3-Amino-3-(4-nitrophenyl)propionic acid [35005-61-9] M 210.2, m 220-226o(dec),

2 2 6o(dec, browning at 2 1 5o), pKEst(1) ~3.0, pKEst(2) ~9.5. The acid crystallises from 50% aqueous

EtOH.  The hydrochloride has m  218-220o(dec).  The N-benzoyl derivative has m  204-205o (from MeOH) and

the N-benzoyl-hydrazide has m 226-227o (from MeOH or EtOH).  [Posner Justus Liebigs Ann Chem 389  44

1912, Beilstein 14 I 603, 14 IV 1548.]
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2-Aminophenol [95-55-6] M 109.1, m 175-176o, pK
1
25  4.65, pK

2
25  9.75.  Purify it by dissolving

it in hot water, decolorising with activated charcoal, filtering and cooling to induce crystallisation.  Maintain an

atmosphere of N2 over the hot phenol solution to prevent its oxidation [Charles & Freiser J Am Chem Soc 7 4

1385 1952].  It can also be crystallised from EtOH using the same precautions.  [Beilstein 13 IV 805.]

3-Aminophenol [591-27-5] M 109.1, m 122-123o, pK
1
25  4.25, pK

2
25  9.90.  Crystallise it from

hot water or toluene.  [Beilstein 13 IV 952.]

4-Aminophenol [123-30-8] M 109.1, m 190o (under N2), pK
1
25  5.38, pK

2
25  10 .4 .   Crystallise it

from EtOH, then water, excluding oxygen.  It sublimes at 110o/0.3mm. It has been purified by chromatography

on alumina with a 1:4 (v/v) mixture of absolute EtOH/*benzene as eluent.  [Beilstein 13 IV 1014.]

4-Aminophenol hydrochloride [51-78-5] M 145.6, m 3 0 6o(dec).  Purify the salt by treating an

aqueous solution with saturated Na2S2O3, filtering under N2, then recrystallising it from 50% EtOH twice and

once from absolute EtOH [Livingston & Ke  J Am Chem Soc 72 909 1950].  [Beilstein 13 III 993.]

4-Aminophenylacetic acid [1197-55-3] M 151.2, m 199-200o(dec), pK
1
20  3.60, pK

2
20 5 . 2 6 .

Crystallise the acid from hot water (60-70mL/g).  [Beilstein 14 III 1182.]

1RS,2RS-2-Amino-1-phenylbutan-1-ol [ -( -aminopropyl)benzyl alcohol] [(±)-threo 5897-76-

7] M 165.1, m 79-80o, pKEst ~9.7.  Crystallise the free base of the threo isomer from *benzene/pet ether

which has m 79-80o.  The threo-hydrochloride, m 204-205o, crystallised from EtOH [Abrams & Kipping J

Chem Soc  1480 1936, Rebstock et al. J Am Chem Soc 73 3666 1951].  The 1RS,2RS-erythro isomer has m

80.5-81o and its hydrochloride has m  242o [Harturg et al. J Am Chem Soc 52 3317 1930.  [Beilstein 13 II

390, 13 III 1791, 13 IV 1952.]

N-Aminophthal imide [1875-48-5] M 162.2, m 200-202o, pKEst ~ 0 .   The imide has been

recrystallised from 96% EtOH (solubility is ~2% at boiling temperature) to form a yellow solution.  It sublimes

in vacuo at ca 150o.  It solidifies after melting, and remelts at 338-341o (see phthalhydrazide  in “Heterocyclic

Compounds, Chapter 4”).  [Beilstein 22/11 V 122.]

4-Aminopropiophenone [70-69-9] M 163.1, m 1 4 0o, b 1 8 0o/10mm, pKEst ~2.2 .   Crystallise it

from water or aqueous EtOH.  The hydrochloride has m  188-189o (aqueous EtOH/HCl drops), and the

semicarbazone has m 139-140o (from EtOH/H2O). [Derrick & Bornemann J Am chem. Soc 3 5 1283 1913,

Beilstein 14 H 59, 14 I 375, 14 III 146, 14 IV 139.]

4-(2-Aminopropyl)phenol (hydroxyamphetamine) [103-86-6] M 151.2, m 125-126o, pKEst(1)

~9.4 (OH), pKEst(2)  ~9.7(NH2 ), pK2 5 9.31.  Crystallise the phenol from *benzene.  The R-(-)-

enantiomer crystallises from EtOH or *C6H6 with m 110.5-111.5o and [ ]
D

17   -52.0o (c 1, EtOH).  The (±)-

hydrochloride has m 171-172o (EtOH/Et2O), and the 2,4-dinitrophenylhydrazone has  m 190-192o (EtOH).

[Beilstein 13 I 251, 13 III 1709, 13 IV 1871.]

1-Aminopyrene [1606-67-3] M 217.3, m 117-118o, pK
1
25  2.91 (50% aqueous EtOH), pK

2
25

2.77 (50% aqueous EtOH).  Crystallise it from hexane.  [Beilstein 12 IV 3460.]

4-Aminosalicylic acid [65-49-6] M 153.1, m 150-151o(dec), pK
1
25  1.78 (CO2H), pK

2
25  3 . 6 3

(NH2), pK2 5 13.74 (OH).  Crystallise the acid from EtOH.  [Beilstein 14 IV 1967.]

5-Aminosalicylic  acid (5-amino-2-hydroxybenzoic acid) [89-57-6] M 153.1, m 276-280o,

2 8 3o(dec), pK
1
25  2.74 (CO2H), pK

2
25  5.84 (NH2). It crystallises as needles from H2O containing a

little NaHSO3 to avoid aerial oxidation to the quinone-imine.  The Me ester gives needles from *C6H6, m 96o,

and the hydrazide has m 180-182o (from H2O).  [Fallab et al. Helv Chim Acta 34 26 1951, Shavel J Amer

Pharm Assoc 42 402 1953, Beilstein 14 IV 2058.]
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2-Amino-5-sulfanilylthiazole (thiazolsulfone) [473-30-3] M 238.3, m 219-221o(dec), pKEst

~4.5 (OH). Crystallise the thiazole from EtOH. It is antibacterial.  [Bambas J Am Chem soc 67 671 1945.]

4-Amino-2-sulfobenzoic acid [527-76-4] M 217.1. Crystallise the sulfobenzoic acid from H2O

(solubility is 0.3% at 25o. [KasHe J Am Chem Soc 44 490 1910, Beilstein 19  I 356, 19  III/IV 1641 for 4-

NO2.]

9-Aminotriptycene [793-41-9] M 269.3, m 223.5-224.5o. Recrystallise aminotriptycene from

ligroin [Imashiro et al.  J Am Chem Soc 109 729 1987].

p-tert-Amylphenol (p-2,2-dimethylpropylphenol) [80-46-6] M 146.3, m 93.5-94.2o, 94-96o,

b 138o/15mm, 262o/760mm,   pKEst ~10.2.  Purify via its benzoate, as for phenol.  After evaporating

the solvent from its solution in ether, the material is recrystallised (from the melt) to a constant melting point.

The benzoyl derivative has m 60o (from EtOH). [Berliner et al. J Am Chem Soc 76  507 1954, Huston et al. J

Am Chem Soc 67 899 1945, Beilstein 6 H 548, 6 I 269, 6 II 506, 6 III 1965, 6 IV 3383.]

Aniline [62-53-3] M 93.1, f -6.0o, b 68.3/10mm, 184.4o/760mm, d
4
20  1.0220, n

D
20  1 . 5 8 5 ,

n
D
25  1.5832, pK25 4.60. Aniline is hygroscopic.  It can be dried with KOH or CaH2, and distilled under

reduced pressure.  Treatment with stannous chloride removes sulfur-containing impurities, reducing the tendency

to become coloured by aerial oxidation.  It can be crystallised from Et2O at low temperatures.  More extensive

purifications involve preparation of derivatives, such as the double salt of aniline hydrochloride and cuprous

chloride or zinc chloride, or N-acetylaniline (m 114o) which can be recrystallised from water.

Redistilled aniline is dropped slowly into a strong aqueous solution of recrystallised oxalic acid.  Aniline oxalate

(m 174-175o) is filtered off, washed several times with water and recrystallised three times from 95% EtOH.

Treatment with saturated  Na2CO3 solution regenerated aniline which was distilled from the solution, dried and

redistilled under reduced pressure [Knowles Ind Eng Chem 12 881 1920].

After refluxing with 10% acetone for 10hours, aniline is acidified with HCl (Congo Red as indicator) and

extracted with Et2O until colourless.  The hydrochloride is purified by repeated crystallisation before aniline is

liberated by addition of alkali, then dried with solid KOH, and distilled.  The product is sulfur-free and remains

colourless in air [Hantzsch & Freese Chem Ber 27 2529, 2966 1894].

Non-basic materials, including nitro compounds, are removed from aniline in 40% H2SO4 by passing steam

through the solution for 1hour.  Pellets of KOH are then added to liberate the aniline which is steam distilled,

dried with KOH, distilled twice from zinc dust at 20mm, dried with freshly prepared BaO, and finally distilled

from BaO in an all-glass apparatus [Few & Smith J Chem Soc 753 1949].  Aniline is absorbed through skin

and is TOXIC.  [Beilstein 12 IV 223.]

Aniline hydrobromide [542-11-0] M 174.0, m 286o.  Crystallise the hydrobromide from water or EtOH

and dry it at 5mm over P2O5.  Also recrystallise it four times from MeOH containing a few drops of conc HBr

by addition of pet ether (b 60-70o), then dry it to constant weight over paraffin chips in vacuo [Gutbezahl &

Grunwald J Am Chem Soc 75 559 1953].  It precipitates from EtOH solution on addition of Et2O, and the

filtered solid is recrystallised  from EtOH and dried in vacuo.  [Buchanan et al. J Am Chem Soc 108 1537

1986, Beilstein 12 III 232.]

Aniline hydrochloride [142-04-1] M 129.6, m 200.5-201o. Purification is as for aniline HBr above.

[Beilstein 12 IV 232.]

Aniline hydroiodide [45497-73-2] M 220.0, it decomposes on heating. Purification is as for

aniline HBr; store it in the dark.  [Beilstein 12 III 232.]

m-Anisaldehyde (3-methoxybenzaldehyde) [591-31-1] M 136.2, b 1 4 3o/50mm, d
4
20  1 . 1 1 9 .

Wash it with saturated aqueous NaHCO3, then H2O, dry it with anhydrous MgSO4 and distil it under reduced

pressure under N2.  Store it under N2 in sealed glass ampoules.  [Beilstein 8 IV 241.]

p-Anisaldehyde (4-methoxybenzaldehyde) [123-11-5] M 136.2, m -1o, b 2 4 9o/atm, 8 9 -

9 0o/2mm, d
4
20  1.119, n

D
20  1.576.  Wash the aldehyde with saturated aqueous NaHCO3, then H2O, steam
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distil, extract the distillate with Et2O, dry (MgSO4) the extract, filter and distil this under a vacuum and N2.

Store it in glass ampules under N2 in the dark.  [Beilstein 8 IV 252.]

o-Anisidine [2-methoxyaniline] [90-04-0] M 123.2, m ~ 5o, b 1 0 9o/17mm, 1 1 9o/ 21mm,

2 2 5o/atm, d
4
20  1.096, n

D
20  1.575, pK25 4 . 5 2 .  It is separated from the m-  and p- isomers by steam

distillation.  It is also separated from its usual synthetic precursor o-nitroanisole by dissolving it in dilute HCl

(pH <2.0) extracting the nitro impurity with Et2O, adjusting the pH to ~8.0 with NaOH, extracting the amine

into Et2O or steam distilling.  Extract the distillate with Et2O, dry the extract (Na2SO4), filter, evaporate and

fractionate the residual oil.  Protect the almost colourless oil from light which turns it yellow in color.  [Biggs

& Robinson J Chem Soc 3881961, Nodzu et al. Yakugaku Zasshi (J Pharm Soc Japan) 71  713, 715 1951,

Beilstein 13 IV 806.]

m - Anis idine [3-methoxyaniline] [536-90-3] M 123.2, m ~5o, b 79o/1mm, 128o/ 17mm,

2 5 1o/atm, d
4
20  1.101, n

D
20  1.583, pK25 4.20. o-Isomer impurity can be removed by steam distillation.

Another possible impurity is the precursor 3-nitroanisole which can be removed as for the preceding o-isomer

and fractionating using an efficient column.  It is a yellow liquid.  [Gilman & Kyle J Am Chem Soc 74  3027

1952, Bryson J Am Chem Soc 82 4858 1960, Kadaba & Massie J Org Chem 22  333 1957, Beilstein 13 IV

953.]

p-Anisidine [4-methoxyaniline] [104-94-9] M 123.2, m 57o, pK25 5.31.  Crystallise p-anisidine

from H2O or aqueous EtOH.  Dry it in a vacuum oven at 35o for 6hours and store it in a dry box.  [More et al. J

Am Chem Soc 108 2257 1986.]  Purify it also by vacuum sublimation [Guarr et al.  J Am Chem Soc 1 0 7

5104 1985].  [Beilstein 13 IV 1015.]

Anisole [100-66-3] M 108.1, f -37.5o, b 43o/11mm, 153.8o/760mm, d15 0.9988, n
D
20 1 . 5 1 4 3 ,

pK0 -6.61 (aqueous H2S O4).  Shake anisole with half its volume of 2M NaOH, and the emulsion is

allowed to separate.  Repeat three times, then wash twice with water, dry over CaCl2, filter, dry over sodium

wire and finally distil it from fresh sodium under N2 using a Dean-Stark trap (samples in the trap being rejected

until free from turbidity) [Caldin et al. J Chem Soc, Faraday Trans 1 72 1856 1976].  

Alternatively dry it with CaSO4 or CaCl2, or by refluxing with sodium or BaO with crystalline FeSO4 or by

passage through an alumina column.  Traces of phenols are removed by prior shaking with 2M NaOH, followed

by washing with water.  It has been be purified by zone refining.  [Beilstein 6 IV 548.]

2-p-Anisyl-1,3-indanone (anisindione) [117-37-3] M 252.3, m 156-157o, pK20 4 .09 .   Crystallise

anisidinone from acetic acid or EtOH.  [Horeau & Jacqius  Bull Soc Chim Fr 53 1948, Koelsch J Am Chem.

Soc 58 1331 1936, Beilstein 8 III 2931.]

Anthracene [120-12-7] M 178.2, m 215-216o, 218o, b 342o/760mm, pK2 5 -7.4 (aqueous

H2S O4).  Likely impurities are anthraquinone, anthrone, carbazole, fluorene, 9,10-dihydroanthracene, tetracene

and bianthryl.  Carbazole is removed by continuous-adsorption chromatography [see Sangster & Irvine J Phys

Chem 24 670 1956] using a neutral alumina column and eluting with n-hexane.  [Sherwood in Purification of

Inorganic and Organic Materials, Zief (ed), Marcel Dekker, New York, 1969.]  The solvent is evaporated, and

anthracene is sublimed under vacuum, then purified by zone refining, under N2 in darkness or non-actinic light.

It has also been purified by co-distillation with ethylene glycol (boils at 197.5o), from which it can be recovered

by addition of water, followed by crystallisation from 95% EtOH, *benzene, toluene, a mixture of

*benzene/xylene (4:1), or Et2O.  It has also been chromatographed on alumina with pet ether in a dark room (to

avoid photo-oxidation of adsorbed anthracene to anthraquinone).  Other purification methods include sublimation

in a N2 atmosphere (in some cases after refluxing with sodium), and recrystallisation from toluene [Gorman et

al.  J Am Chem Soc 107 4404 1985].

Anthracene has been crystallised from EtOH, chromatographed through alumina in hot *benzene (fume hood) and

then sublimed in a vacuum in a pyrex tube that has been cleaned and baked at 100o.  (For further details see

Craig & Rajikan J Chem Soc, Faraday Trans 1 74  292 1978, and Williams & Zboinski J Chem Soc, Faraday

Trans 1 74 611 1978.)  It has been chromatographed on alumina, recrystallised from n-hexane and sublimed

under reduced pressure.  [Saltiel J Am Chem Soc 108 2674 1986, Masnori et al. J Am Chem Soc 108 1126

1986.]  Alternatively, recrystallise it from cyclohexane, chromatograph it on alumina with n-hexane as eluent,
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and recrystallise  two more times [Saltiel et al. J Am Chem Soc 109 1209 1987].  Anthracene is fluorescent

and forms a picrate complex, m 139o, on mixing the components in CHCl3 or *C6H6, but decomposes on

attempted crystallization.  [Beilstein 5 IV 228.]

Anthracene-9-carboxylic acid (anthroic acid) [723-62-6] M 222.2, m 2 1 4o(dec), pK20 3 . 6 5 .

Crystallise the acid from EtOH.  It is fluorescent in EtOH.  [Beilstein 9 IV 2671.]

9-Anthraldehyde [642-31-9] M 206.2, m 104-105o.  Crystallise the aldehyde from acetic acid or EtOH.

[Masnori et al.  J Am Chem Soc 108 1126 1986, Beilstein 7 IV 1738.]

A n t h r a n o l (enol tautomer of anthone, see below) [ 5 2 9 - 8 6 - 2 ] M 196.2, m 120o(rapid

heating), 160-170o(dec. but sainters > 1 0 0o), pK2 5 -5.5 (aqueous H2S O4) .  Crystallise anthrol

from glacial acetic acid or aqueous EtOH.  It is the less stable of two tautomers and is obtained by heating

anthrone in aqueous NaOH (but not in cold NaOH) whereby it dissolves to form the sodium salt of anthrol.  On

cautious acidification anthrol precipitates as a yellowish-brown solid.  It changes into anthrone on keeping, as it

does on melting (120o in a preheated bath).  The melting point depends on the initial bath temperature, and

recrystallisation may cause it to tautomerise to anthrone (see below).  The acetate (m 134o) crystallises from

pet ether (m 134o) or EtOH (m 135.5-137o).  [Meyer  Justus Liebigs Ann Chem 379 56 1911, Barnett et al. J

Chem Soc 885 1928, for tautomerism see Almdal et al. Acta Chem Scand Series B 40 230 1986.]   

Anthranthrone [641-13-4] M 306.3, m 3 0 0o, 4 1 5o, pK2 5 -7.9 (aqueous H2S O4) .   Crystallise it

from chlorobenzene, nitrobenzene or CHCl3 (m 340o).  [Beilstein 7 I 451, 7 II 783, 7 III 4406, 7 IV 2694.]

Anthraquinone [84-65-1] M 208.2, m 2 8 6o, pK25 -8.27 (aqueous H2S O4) .   Crystallise

anthraquinone from CHCl3 (38mL/g), *benzene, or boiling acetic acid, wash it with a little EtOH and dry it

under vacuum over P2O5.  [Beilstein 7 IV 2556.]

Anthrarufin [1,5-dihydroxy-9,10-anthraquinone] [117-12-4] M 240.1, m 2 8 0o(dec), pK
1
25

9.90, pK
2
25  11.05.  Purify anthrarufin by column chromatography on silica gel with CHCl3/Et2O as eluent,

followed by recrystallisation from acetone.  Alternatively recrystallise it from glacial acetic acid [Flom &

Barbara J Phys Chem 89 4489 1985].  [Beilstein 7 III 2359, 8 IV 3268.]

1,8,9-Anthratriol [480-22-8] M 226.2, m 176-181o, pKEst ~9.5 .   Crystallise it from pet ether and

dry it in vcuo.  [Beilstein 6 IV 7602.]

Anthrimide [1,1'-imino-bis-anthraquinone] [82-22-4] M 429.4, m > 2 5 0o(dec).   Crystallise

anthrimide from chlorobenzene (red needles) or nitrobenzene (red rhombs).  It is poorly soluble in organic

solvents.  [Eckert & Steiner Monatsh Chem 35 1129 1914.]

Anthrone [90-44-8] M 194.2, m 1 5 5o, pK2 5 -5.5 (aqueous H2S O4) .   This stable keto tautomer of

9-anthranol (above) provides yellow crystals from a 3:1 mixture of *C6H6/pet ether (b 60-80o) (10-12mL/g), or

successively from *C6H6 then EtOH.  Dry it in vacuo.  [Meyer Org Synth Coll Vol I 60 1941, Beilstein 6 IV

4930.]

(±)-Atrolactic acid ( 0 . 5 H2O) (2-hydroxy-2-phenylpropionic acid) [515-30-0] M 166.2, m

94 .5 -95o(anhydrous), 88-91o ( 0 . 5 H2O), pK18 3.53. Crystallise the acid from water (4g/20ml boiling

H2O with charcoal, filter and cool overnight at 0-5o) and dry it at 55o/0.5mm [Eliel & Freeman Org Synth Coll

Vol IV 58 1963]. The (±)-ethyl ester [76496-51-0] has b 2 5 0o/~760mm, 129-130o/13mm , and the (±)-

amide [5908-94-1] has m 101-102o. [Beilstein 10 H 259, 10 I 113, 10 II 157, 10 III 560, 10 IV 467.]

R-(-) and S-(+) Atrolactic acid [R  3966-30-1 and S  13113-71-8] M 166.2, m 115-116o, 116 -

1 1 7o, R  [ ]
D

14.6  -37.7o (c 3.3 EtOH) and [ ]
D

14.6  – 5 1 . 1o (c 2.2, H2O], S [ ]
D

14.6  + 3 7 . 7o (c 3 . 5

EtOH). Recrystallise them from *C6H6 or *C6H6/pet-ether and dry them in a vacuum. [McKenzie & Clough

J Chem Soc  1019 1910, Meyers & Slade Synth Commun 6 6011972, Beilstein 10 II 157, 10 III 560, 10 IV

657.]
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Auramine O (4,4'-bis-dimethylaminobenzophenone imine hydrochloride) [2465-27-2] M

321.9, m >250o(dec), pK25 10.71 (free base), 9.78 (carbinolamine).  It crystallises from EtOH as

the hydrochloride and is very slightly soluble in CHCl3, UV: max 434nm (  370). The free base

(carbinolamine) has m 136o (from *C6H6).  [Goldacre & Phillips J Chem Soc 1724 1949, Conrad et al.

Biochemistry 9 1540 1970, Beilstein 14 IV 256.]

Aurin tricarboxylic acid [4431-00-9] M 422.4, m 300o. The acid is dissolved in aqueous NaOH,

NaHSO3 solution is added until the colour is discharged and then the tricarboxylic acid is precipitated with HCl.

[Heisig & Lauer Org Synth Coll Vol I 54 1941, Beilstein 10 IV 4161]. Do not extract the acid with hot water

because it softens, forming a viscous mass. Make a solution in aqueous NH3. Aluminon is the NH4 salt.

Azobenzene [103-33-3] M 182.2, m 68o, b 293o/atm, pK25 2.48 .   Ordinary azobenzene is nearly all

in the trans-form.  It is partly converted into the cis-form on exposure to light [for isolation see Hartley J Chem

Soc 633 1938, and for spectra of cis- and trans-azobenzenes,  see Winkel & Siebert Chem Ber 74B  6701941].

trans-Azobenzene is obtained by chromatography on alumina using 1:4 *C6H6/heptane or pet ether, and it

crystallises from EtOH (after refluxing for several hours) or hexane.  All operations should be carried out in

diffuse red light or in the dark.  [Beilstein 16 IV 8.]

4-Azidoaniline hydrochloride [91159-79-4] M 170.6, m 165o(dec). Purify it in EtOAc with dry HCl

gas followed by cold dry Et2O. The free base has m  66o(dec) (MeOH) and the picrate has m  64-65o(dec)

(MeOH).  The IR has max (Nujol) at 2110cm-1 (N3).  [Escher et al. Helv Chim Acta 62  1217 1979, Maffei &

Rivolta Gazetta Chim Ital 84 750 1954, Beilstein 12 H 772, 12 IV 1741.]

Azolitmin B [1395-18-2] M ~3300, m >250o(dec).  It crystallises from water as dark violet scales, or

as a red powder  on precipitation from H2O by addtition of EtOH.  It is an indicator which is red at pH 4.5 and

blue at pH 8.3. [cf  Kolthopff & Rosenblum Acid-Base Indicators,  Macmillan, NY pp160-162, 365-366 1937.]

p,p'-Azoxyanisole (4,4'-dimethoxyazoxybenzene) [1562-94-3] M 258.3,  transition

temperatures: 118.1-118.8o, 135.6-136.0o, pK25 -5.23 (20% aqueous EtOH + 80% aqueous

H2S O4).  Crystallise the dye from absolute or 95% EtOH, or acetone, and dry it by heating under vacuum or

sublime it in a vacuum onto a cold finger.  [Beilstein 16 II 326.]

Azoxybenzene (Fenazox) [495-48-7] M 198.2, m 36o, pK25 -6.16 (20% aqueous EtOH + 80%

aqueous H2S O4).  Crystallise azobenzene from EtOH or MeOH, and dry it for 4hours at 25o/10-3mm.

Sublime it before use.  [Bigelow & Palm Org Synth Coll Vol II 57 1943, Beilstein 16 II 326.]

p,p-Azoxyphenetole [4792-83-0] M 286.3, m 137-138o (turbid liquid clarifies at 1 6 7o) .

Crystallise the dye from toluene or EtOH.  [Beilstein 16 II 326.]

Azulene [275-51-4] M 128.2, m 98.5-99o, pK25 -1.65 (aqueous H2S O4) .   Crystallise azulene from

EtOH.  It has UV max 270nm (log 4.72) in hexane.  [Platner & Magyar Helv Chim Acta 25 581 1942,

Beilstein 5 IV 1636.]

Benzalacetone (trans-4-phenyl-3-buten-2-one) [122-57-6] M 146.2, m 4 2o.   Crystallise it from

pet ether (b 40-60o), or distil it (b 137-142o /16mm).  [Beilstein 7 IV 1003.]

Benzalacetophenone (Chalcone) [94-41-7] M 208.3, m 56-58o, b 2 0 8o/25mm, pK25 - 5 . 7 3

(aqueous H2S O4) .   Crystallise it from EtOH by warming to 50o (about 5mL/g), iso-octane, or toluene/pet

ether, or recrystallise it from MeOH, and then twice from hexane.  SKIN  IRRITANT.  [Beilstein 7 IV 1658.]

Benzaldehyde [100-52-7] M 106.1, f - 2 6o, b 6 2o 5 8o/10mm, 1 7 9 . 0o/760mm, d
4
20  1.044, n

D
20

1.5455, pK25 -7.1 (aqueous H2S O4).  To diminish its rate of oxidation, benzaldehyde usually contains

additives such as hydroquinone or catechol.  It can be purified via its bisulfite addition compound but usually
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distillation (under nitrogen at reduced pressure) is sufficient.  Prior to distillation it is washed with NaOH or

10% Na2CO3 (until no more CO2 is evolved), then with saturated Na2SO3 and H2O, followed by drying with

CaSO4, MgSO4 or CaCl2.  [Beilstein 7 IV 505.]

anti-Benzaldoxime [932-90-1]  M 121.1, m 33-34o.   Crystallise the oxime from diethyl ether by

adding pet ether (b 60-80o).  The syn-isomer [622-32-2] has b 121-124o/12mm, m 34-36o.  [Beilstein 7 H 218,

7 IV 527.]

Benzamide [55-21-0] M 121.1, m 1 2 9 . 5o, pK25 -2.16 (aqueous H2S O4) .   Crystallise it from hot

water (about 5mL/g), EtOH or 1,2-dichloroethane, and dry it in air.  It has also been crystallised from dilute

aqueous NH3, H2O, Me2CO, then *C6H6 using a Soxhlet extractor.  Dry it in an oven at 110o for 8hours  and

store in a desiccator over 99% H2SO4.  [Bates & Hobbs J Am Chem Soc 73 2151 1951, Beilstein 9 IV 725.]

Benzamidine [618-39-3]   M 120.2, m 64-66o, pK20 11.6.  It is liberated from its hydrochloride

chloride (below) by treatment with 5M NaOH, extracted  into diethyl ether, dried (Na2SO4) and sublimed in

vacuo.  [Beilstein  9 H 280, 9 I 123, 9 II 199, 9 1264, 9 IV 898.]

Benzamidine hydrochloride hydrate [206752-36-5]  M 156.6 (anhydrous), m 86-88o, pK20 1 1 . 6

(see free base above). Recrystallise it from dilute HCl (crystals contain xH2O) or EtOH/few drops HCl; dry

it in a vacuum. It is a proteolytic inhibitor [Jeffcoate & White J Clin Endocrinol Metab 38  155 1974, Beilstein

9 IV 898.]

Benzanilide  [93-98-1] M 197.2, m 164o, pK5 5 1.26.  Crystallise benzanilide from pet ether (b 70-90o)

using a Soxhlet extractor, and dry it overnight at 120o.  Also crystallise it from EtOH.  [Beilstein 12 IV 417.]

Benz[a]anthracene (1,2-benzanthracene, tetraphene) [56-55-3] M 228.3, m 159-160o.

Crystallise 1,2-benzanthracene from MeOH, EtOH or *benzene (charcoal), then chromatograph it on alumina

from sodium-dried *benzene (twice), using vacuum distillation to remove *benzene.  Final purification is by

vacuum sublimation.  [Beilstein 5 IV 2549.]

Benz[a]anthracene-7,12-dione [2498-66-0] M 258.3, m 169.5-170.5o, 1 6 9 - 1 7 1o. Crystallise the

dione from MeOH (charcoal). toluene, toluene/hexane, Me2CO, or AcOH. Alternatively purify it by sublimation

in vacuo, or by zone refining.  [Beilstein 7 H 826, 7 I 440, 7 II 760, 7 III 4278, 7 IV 2644.]

Benzanthrone [82-05-3] M 230.3, m 170o, pK2 5 -3.2 (aqueous H2S O4) .   Crystallise benzanthrone

from EtOH or xylene.  [Beilstein 7 IV 1819.]

*Benzene [71-43-2] M 78.1, f 5.5o, b 80.1o, d
4
20  0.874, n

D
20  1.50110, n

D
25  1 .49790.   For most

purposes, *benzene can be purified sufficiently by shaking with conc H2SO4 until free from thiophene, then

with H2O, dilute NaOH and water, followed by drying (with P2O5, sodium, LiAlH4, CaH2, 4X Linde molecular

sieve, or CaSO4, or by passage through a column of silica gel, and for a preliminary drying, CaCl2 is suitable),

and distillation.  A further purification step to remove thiophene, acetic acid and propionic acid, is crystallisation

by partial freezing.  The usual contaminants in dry thiophene-free *benzene are non-benzenoid hydrocarbons such

as cyclohexane, methylcyclohexane, and heptanes, together with naphthenic hydrocarbons and traces of toluene.

Carbonyl-containing impurities can be removed by percolation through a Celite column impregnated with 2,4-

dinitrophenylhydrazine, phosphoric acid and H2O.  (Prepared by dissolving 0.5g DNPH in 6mL of 85% H3PO4

by grinding together, then adding and mixing 4mL of distilled H2O and 10g Celite.)  [Schwartz & Parker Anal

Chem 33 1396 1961.]  *Benzene has been freed from thiophene by refluxing with 10% (w/v) of Raney nickel

for 15minutes, after which the nickel is removed by filtration or centrifugation.

Dry *benzene is obtained by doubly distilling high purity *benzene from a solution containing the blue ketyl

formed by the reaction of sodium-potassium alloy with a small amount of benzophenone.

Thiophene has been removed from *benzene (absence of bluish-green coloration when 3mL of *benzene is

shaken with a solution of 10mg of isatin in 10mL of conc H2SO4) by refluxing the *benzene (1.25L) for several

hours with 40g HgO (freshly precipitated) dissolved in 40mL glacial acetic acid and 300mL of water.  The

precipitate is filtered off, the aqueous phase is removed and the *benzene is washed twice with H2O, dried and
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distilled.  Alternatively, *benzene dried with CaCl2 has been shaken vigorously for 0.5hour with anhydrous

AlCl3 (12g/L) at 25-35o, then decanted, washed with 10% NaOH, and water, dried and distilled.  The process is

repeated,  giving thiophene-free *benzene.  [Holmes & Beeman Ind Eng Chem 26 172 1934.]  

After shaking successively for about an hour with conc H2SO4, distilled water (twice), 6M NaOH, and distilled

water (twice), *benzene is distilled through a 3-ft glass column to remove most of the water.  Absolute EtOH is

added  and the *benzene-alcohol azeotrope is distilled.  (This low-boiling distillation leaves any non-azeotrope-

forming impurities behind.)  The middle fraction is shaken with distilled water to remove EtOH, and again

redistilled.  Final slow and very careful fractional distillation from sodium, then LiAlH4 under N2, removed

traces of water and peroxides.  [Peebles et al. J Am Chem Soc 82  2780 1960.] *Benzene liquid and vapour are

very TOXIC and HIGHLY FLAMMABLE, and all operations should be carried out in an efficient fume

cupboard and in the absence of naked flames in the vicinity.  [Beilstein 5 H 175, 5 I 95, 5 II 119, 5 III 469.]

Rapid purification:  To dry benzene, alumina, CaH2 or 4A molecular sieves (3% w/v) may be used (dry for

6hours).  Then benzene is distilled, discarding the first 5% of distillate, and stored over molecular sieves (3A,

4A) or Na wire.

[2H6]*Benzene (*benzene-d6) [1076-43-3] M 84.2, b 8 0o/773.6mm, 7 0o/562mm, 6 0o/ 399mm,

4 0o/186.3mm, 20o/77.1mm, 10o/49.9mm, 0o/27.5mm, d
4
20  0.9488, d

4
40 0.9257, n

D
20  1 . 4 9 9 1 ,

n40 1.4865.   Hexadeuteriobenzene of 99.5% purity is refluxed over and distilled from CaH2 onto Linde type

5A sieves under N2.  [Beilstein 5 III 518, 5 IV 630.]

Benzeneazodiphenylamine (4-phenylazodiphenylamine) [28110-26-1; 101-75-7] M 273.3, m

8 2o, 86o, 87-91o, pK2 2 0.48.  Purify the dye by chromatography on neutral alumina using dry *C6H6 with

1% of dry MeOH.  The major component, which gave a stationary band, is cut out and eluted with EtOH or

MeOH.  [Högfeldt & Bigeleisen J Am Chem Soc 82 15 1960.]  It crystallises from pet ether, EtOH or aqueous

EtOH, and has max at 420nm (  28,000) (aqueous EtOH) and 540nm (aqueous EtOH/H2SO4) [Badger et al. J

Chem Soc 1888 1954, Beilstein 16 H 314, 16 III 343, 16 IV 457.]

1-Benzeneazo -2 -naphtho l (Sudan I) [842-07-9] M 248.3,  m 1 0 6o,  1 2 0 , 5o,  1 3 2o

(polymorphism) 134o, pKEst ~9.5 (OH).  Crystallise the dye from EtOH.  It forms Cu and Ni salts.

[Beilstein 16 H 162, 16 I 254, 16 II 70, 16 III 129, 16 IV 228.]

1-Benzeneazo-2-naphthylamine (1-phenylazo-2-naphthylamine, Yellow AB)  [85-84-7] M

247.3, m 102-104o, 103-104o, pKEst ~4.1. Crystallise the dye from glacial acetic acid, acetic acid/water

or ethanol.  It forms Cu, Co and Ni salts.  [Beilstein 16 H 369, 16 I 328, 16 II 193, 16 III 417, 16 IV 551.]

1,2-Benzenedimethanol  (1,2-bishydroxymethylbenzene, phthalyl alclhol) [612-14-6] M

138.2, m 61-64o, 63-64o, 64-65o, 65-66.5o, b 1 4 5o/3mm.   Recrystallise it from *C6H6, H2O, pet

ether or pentane.  It has been extracted in a Soxhlet with Et2O, evaporated and recrystallised from hot pet ether.

It is also purified by dissolving in Et2O, allowing to evaporate till crystals are formed, filtering off and washing

the colourless crystals with warm pet ether or pentane.  The diacetate has m 35o, 35-36o.  [Nystrom & Brown J

Am Chem Soc 69 1197 1947, IR and UV: Entel et al. J Am Chem Soc  74 441 1952, Beilstein 6 IV 5953.]

m-Benzenedisulfonic acid [98-48-6] M 238.2, pKEst <0 .   Free it from H2SO4 by conversion to the

calcium or barium salts (using Ca(OH)2 or Ba(OH)2, and filtering).  The calcium salt is then converted to the

potassium salt, using K2CO3.  Both the potassium and the barium salts are recrystallised from H2O, and the acid

is regenerated by passing through the H+ form of a strong cation exchange resin.  The acid is recrystallised twice

from conductivity water and dried over CaCl2 at 25o.  [Atkinson et al. J Am Chem Soc 83 1570 1961.]   It has

also been crystallised from Et2O and dried in a vacuum oven.  The S-benzylisothiuronium salt has m 214.3o

(from EtOH/H2O).  [Beilstein 11 IV 553.]  It is best kept as the disodium salt [831-59-4] which decomposes on

heating [Beilstein 11 H 199, 11 I 48, 11 II 213, 11 III 453.]

m-Benzenedisulfonyl chloride [585-47-7] M 275.1, m 6 3o.   Crystallise it from CHCl3 (EtOH free,

by passing through an alumina column) or  *C6H6/pet ether and dry it at 20mm pressure.  [Beilstein 11 IV

553.]
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Benzene-1,2-dithiol [17534-15-5] M 142.2, m 24-25o, 27-28o, b 110-112o, pKEst(1) ~ 6 . 0 ,

pKEst(2) ~9.4.  Likely impurities are the oxidation products, the disulfides which could be polymeric.

Dissolve it in aqueous NaOH until the solution is alkaline.  Extract with Et2O and discard the extract.  Acidify

with cold HCl (diluted 1:1 by volume with H2O) to Congo Red paper under N2 and extract it three times with

Et2O.  Dry the Et2O with Na2SO4, filter, evaporate and distil the residue under reduced pressure in an atmosphere

of N2.  The distillate solidifies on cooling.  [UV: Dewar et al. J Chem Soc 3076 1958, Grunwald & Berkowitz J

Am Chem Soc 81 4939 1951, Ferretti Org  Synth Coll Vol V 419 1973, Beilstein 6 IV 5651.]

Benzenesulfinic acid  [618-41-7] M 142.2, m 84o, pK2 5 2.16(2.74).  The acid is purified by

dissolving the Na salt in H2O, acidifying to Congo Red paper with HCl and adding a concentrated solution of

FeCl3 whereby Fe sulfinate precipitates.  Collect the salt, wash it with a little H2O, drain, suspend it in H2O

and add a slight excess of 1.5M aqueous NaOH.  The Fe(OH)3 precipitates, it is filtered off, the sulfinic acid in

the aqueous solution is extracted with Et2O, the extract is dried (Na2SO4) and evaporated to give colourless

crystals of benzenesulfinic acid m 84o which are stored under N2 in the dark, as it slowly oxidises in air to the

sulfonic acid.  [Beilstein 11 H 2, 11 I 3, 11 II 3, 11 III 3, 11 IV 3.]

Benzenesulfonic acid  [98-11-3]  M 158.2, m 43-44o, 50 -55o(anhydrous), 65 -66o, pK2 5 - 2 . 7 ,

0.70, (2.53?)  Purify benzenesulfonic acid by dissolving it in a small volume of distilled H2O and stirring

with slightly less than the theoretical amount of BaCO3.  When effervescence is complete and the solution is

still acidic, filter off the insoluble barium benzenesulfonate.  The salt is collected and dried to constant weight in

vacuo, then suspended in H2O and stirred with a little less than the equivalent (half mol.) of sulfuric acid.  The

insoluble BaSO4 (containing a little barium benzenesulfonate) is filtered off and the filtrate containing the free

acid is evaporated in a high vacuum.  The oily residue will eventually crystallise when completely anhydrous.  A

32% commercial acid is allowed to fractionally crystallise at room temperature over P2O5 in a vacuum desiccator

giving finally colourless deliquescent plates m 52.5o.  The anhydrous crystalline acid is deliquescent and should

be stored over anhydrous Na2SO4 in the dark and should be used in subdued sunlight as it darkens under sunlight.

The main impurity is Fe which readily separates as the Fe salt in the early fractions [Taylor & Vincent J Chem

Soc 3218 1952]. The S-benzylisothiuronium salt has m 148o (from EtOH/H2O). It is an IRRITANT to the

skin and eyes.  [See Adams & Marvel Org Synth Coll Vol I 84 1941, Michael & Adair Chem Ber 1 0  585

1877, Beilstein 11 IV 27.]

Benzenesulfonic anhydride [512-35-6] M 298.3, m 88-91o.  Crystallise the anhydride from Et2O ( m

88.5-91.5o), CHCl3 or chlorobenzene  (m 90-92o).  Store it dry.  [Field J Am Chem Soc 74 394 1952,

Beilstein 11 H 3, 11 I 11, 11 II 23, 11 III 50, 11 IV 50.]

Benzenesulfonyl chloride [98-09-9] M 176.6, m 1 4 . 5o, b 1 2 0o/10mm, 2 5 1 . 2o/760mm(dec),

d
4
20  1.384.  Distil the sulfonyl chloride, then treat it with 3mole % each of toluene and AlCl3, and allow it to

stand overnight.  The sulfonyl chloride is distilled off at 1mm pressure and then carefully fractionally distilled at

10mm in an all-glass column.  [Adams & Marvel Org Synth Coll Vol I 84 1941, Jensen & Brown J Am Chem

Soc 80 4042 1958, Beilstein 11 IV 49.]  It is TOXIC.

Benzene-1,2,4,5-tetracarboxylic (pyromellitic acid)  [89-05-4]  M 254.2, m 2 7 6o, 281-284o,

pK
1
25  1.87, pK

2
25  2.72, pK

3
25 4.30, pK

4

25  5.52.  Dissolve it in 5.7 parts of hot dimethylformamide,

decolorise, filter and cool.  The precipitate is collected and dried in air.  The solvent is removed by heating in an

oven at 150-170o for several hours.  It also crystallises from water.  [Beilstein 9 H 997, 9 IV 3804.]

Benzene-1,2,4,5-tetracarboxylic dianhydride (pyromellitic dianhydride)  [89-32-7] M 218.1,

m 286o, b 397-400o/760mm. Crystallise the dianhydride from ethyl methyl ketone or dioxane.  Dry, and

sublime it in vacuo.  [Beilstein 19 H 196, 19/5 V 407.]

Benzene-1,2,3-tricarboxylic (hemimellitic) acid ( H2O) [36362-97-7] M 210.1, m 190o(dec),

pK
1
25  2.62, pK

2
25  3.82, pK

3
25  5.51.  Crystallise the acid from water.  [Beilstein 9 H 976, 9 IV 3745.]
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Benzene-1,3,5-tricarboxylic (trimesic or trimellitic) acid [554-95-0] M 210.1, m 3 6 0o(dec),

pK
1
25  2.64, pK

2
25  3.71, pK

3
25  5.01.  Crystallise the acid from water.  The trimethyl ester has m 144o

(from MeOH or MeOH/H2O).   [Beilstein 9 H 978, 9 IV 3747.]

1,2,4-Benzenetriol [533-73-3] M 126.1, m 140 .5-141o(sintering at 1 3 9o), pK
1
20  9.08, pK

2
20

11.82.  Crystallise the triol from Et2O or Et2O/EtOH, and dry it in a vacuum.  The picrate forms orange-red

needles m 96o.  [Beilstein 6 H 1087, 6 I 541, 6 II 1071, 6 III 6276.]

Benzethonium chloride (Hyamine 1622, [diisobutylphenoxyethoxyethyl]dimethylbenzyl-

a m m o n i u m  c h l o r i d e ,  (N,N-dimethyl-N -[2-[2-[4-(1,1,3,3-tetramethylbutyl)phenoxy]-

ethoxy]-ethyl]-benzenemethanammonium chloride,) [121-54-0] M 448.1, m 164-166o

(sinters at 120o, monohydrate). Crystallise it from boiling acetone after filtering or from CHCl3/pet

ether.  The precipitate is filtered off, washed with diethyl ether and dried for 24hours in a vacuum desiccator.  It

is a cationic antiseptic surfactant which forms crystals also from a 1:9 MeOH/Et2O mixture.  It foams in water.

[Beilstein 12 IV 2187.]

Benzhydrol (diphenylmethanol)  [91-01-0] M 184.2, m 69o, b 297o/748mm, 1 8 0o/ 20mm.

Crystallise benzhydrol from hot H2O or pet ether (b 60-70o), pet ether containing a little *benzene, from CCl4,

or EtOH (1mL/g).  An additional purification step includes passage of a *benzene solution through an activated

alumina column.  It sublimes in a vacuum.  Also recrystallise it three times from MeOH/H2O [Naguib J A m

Chem Soc 108 128 1986].  [Beilstein  6 IV 4648.]
§ A commercial polystyrene supported version is available.

Benzidine (4,4'-diaminobiphenyl) [92-87-5] M 184.2, m 128-129o, pK
1
20  3.85, pK

2
20  4.95.

Its solution in *benzene is decolorized by percolating through two 2-cm columns of activated alumina, then

concentrated until benzidine crystallises on cooling.  Recrystallise alternately from EtOH and *benzene to

constant absorption spectrum [Carlin et al. J Am Chem Soc 73 1002 1951].  It has also been crystallised from

hot water (charcoal) and from diethyl ether.  Dry it under vacuum in an Abderhalden pistol.  Store it in the dark

in a stoppered container.  CARCINOGENIC. [Beilstein 13 IV 364.]

Benzidine dihydrochloride [531-85-1] M 257.2, m >250o(dec).  Crystallise the salt by dissolving in

hot H2O, and adding  conc HCl to the slightly cooled solution.  CARCINOGENIC.  [Beilstein  13 IV 365.]

Benzil [134-81-6] M 210.2, m 96-96.5o.  Crystallise benzil from *benzene after washing with alkali.

(Crystallisation from EtOH did not free benzil from material reacting with alkali.)  [Hine & Howarth J A m

Chem Soc 80 2274 1958.]  It has also been crystallised from CCl4, diethyl ether or EtOH [Inoue et al. J Chem

Soc, Faraday Trans 1 82 523 1986].  [Beilstein  7 IV 2502.]

Benzilic acid (diphenylglycollic acid) [76-93-7] M 228.3, m 1 5 0o, pK1 8 3 . 0 6 .   Crystallise

benzilic acid from *benzene (ca 6mL/g), or hot H2O.  [Beilstein  10 IV 1256.]

Benzil monohydrazone  [5433-88-7] M 224.3, m 1 5 1o(dec).   Crystallise it from EtOH.  The

monoacetyl hydrazone has m 91o (from EtOH).  [Metze & Meyer Chem Ber 90 483 1959, Beilstein 7 I 394.]

-Benzil monoxime [14090-77-8], [E    574-15-2], [Z    574-16-3] M 105.1, m 1 4 0o.   The trans-

isomer crystallises from *C6H6 (must not use animal charcoal) and has m 140o.  The cis-isomer also

crystallises from *C6H6 but crystals have 0.5*C6H6 (m 62-63o), and the solvent free compound has m 112o.

[Beilstein  7 III 3812, 7 IV 2504.]

Benzo[a]biphenylene [252-47-1] M 202.2, m 72-73o (compare with -isomer). It forms yellow

needles from MeOH and sublimes in vacuo (m 72.0-72.8o).  The 2,4,7-trinitrofluorenone complex crystallises

as black needles m 201.5-202.5o.  [Cava & Stucker J Am Chem Soc 77 6022 1955, Barton et al. J Chem

Soc(C) 1276 1967, Beilstein 5 IV 2462.]   
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B e n z o [ b ] b i p h e n y l e n e [259 -56 -3] M 202.2, 242.6-243.6o.  It forms yellow crystals from

*C6H6/cyclohexane m 234-245o (sublimation).  The 2,4,7-trinitrofluorenone complex crystallises as red needles

from *C6H6/MeOH m 214-216o. It has been sublimed in vacuo.  [Jensen & Coleman Tetrahedron Lett No 2 0

7 1959, Barton et al. J Chem Soc Perkin Trans 1 967 1986, Beilstein 5 IV 2462.]

Benzoic acid [65-85-0] M 122.1, m 122.6-123.1o, pK25 4.12.   For use as a volumetric standard,

analytical reagent grade benzoic acid should be carefully fused to ca 130o (to dry it) in a platinum crucible, and

then powdered in an agate mortar.  Benzoic acid has been crystallised from boiling water (charcoal), aqueous

acetic acid, glacial acetic acid, *C6H6, aqueous EtOH, pet ether (b 60-80o), and from EtOH solution by adding

water.  It is readily purified by fractional crystallisation from its melt and by sublimation in a vacuum at 80o.

The S-benzylisothiuronium salt has m 167o (from EtOH/H2O).  [Beilstein  9 IV 273.]

Benzoic anhydride [93-97-0] M 226.2, m 4 2o.   Free it from benzoic acid by washing with NaHCO3,

then water, and drying.  Crystallise it from *benzene (0.5mL/g) by adding just enough pet ether (b 40-60o) to

cause cloudiness, then cool in ice.  It can be distilled at 210-220o/20mm.  [Beilstein  19 IV 550.]

(±)-Benzoin (2-hydroxy-2-phenylacetophenone) [119-53-9] M 212.3, m 1 3 7o.   Crystallise

benzoin from CCl4, hot EtOH (8mL/g), or 50% acetic acid.  Also crystallise it from high purity *benzene, then

twice from high purity MeOH, to remove fluorescent impurities [Elliott & Radley Anal Chem 33  1623 1961].

It can be sublimed.  [Beilstein 8 IV 1279.]

(±)- -Benzoinoxime [441-38-3] M 227.3, m 151o.  Crystallise the oxime from diethyl ether.  It is

used for the spectroscopic determination of Cu2+, Pd2+, Pt4+, Rh3+ and V5+ [Singh et al. Talanta 26 425 1979,

Beilstein 8 IV 1282.]

Benzonitrile [100-47-0] M 103.1, f - 1 2 . 9o, b 1 9 1 . 1o, d
4
20  1.010, n

D
20  1 .528 .   Dry benzonitrile

with CaSO4, CaCl2, MgSO4 or K2CO3, and distil it from P2O5 in an all-glass apparatus, under reduced pressure

(b  69o/10mm), collecting the middle fraction.  Distillation from CaH2 causes some decomposition of

benzonitrile.  Isonitriles can be removed by preliminary treatment with conc HCl until the odour of isonitrile

(carbylamine) has gone, followed by preliminary drying with K2CO3.  (This treatment also removes amines.)

Steam distil (to remove small quantities of carbylamine).  The distillate is extracted into ether, washed with

dilute Na2CO3, dried overnight with CaCl2, and the ether is removed by evaporation.  The residue is distilled at

40mm (b 96o) [Kice et al. J Am Chem Soc 82 834 1960].

Conductivity grade benzonitrile (specific conductance 2 x 10-8 mho) is obtained by treatment with anhydrous

AlCl3, followed by rapid distillation at 40-50o under vacuum.  After washing with alkali and drying with CaCl2,

the distillate is redistilled in a vacuum several times at 35o before fractionally crystallising several times by

partial freezing.  It is dried over finely divided activated alumina from which it is withdrawn when required [Van

Dyke & Harrison J Am Chem Soc 73 402 1951].  [Beilstein 9 IV 892.]

Benzo[ghi]perylene  (1,12-benzoperylene)  [191-24-2] M 276.3, m 2 7 3o, 277-278 .5o, 278 -

2 8 0o.  It forms light green crystals on recrystallisation from *C6H6 or xylene and sublimes at 320-

340o/0.05mm [UV: Hopff & Schweizer Helv Chim Acta 42 2315 1959, Clar Chem Ber 6 5  846 1932,

Fluoresc. Spectrum: Bowen & Brocklehurst J Chem Soc 3875 1954]. It also recrystallises from propan-1-ol

[Altman & Ginsburg J Chem Soc 466 1959].  The 1,3,5-Trinitrobenzene complex has m 310-313o (deep red

crystals from *C6H6), the picrate has m 267-270o (dark red crystals from *C6H6), and the  styphnate (2,4,6-

trinitroresorcinol complex) has m 234o (wine red crystals from *C6H6).  [Beilstein 5 IV 2766.]

3,4-Benzophenanthrene (benzo[c]phenanthrene) [195-19-7] M 228.3, m 6 8o.   Crystallise

benzo[c]phenanthrene  from EtOH, pet ether, or EtOH/Me2CO.  [Beilstein 5 III 2378, 5 IV 2552.]

Benzophenone [119-61-9]  M 182.2, m 48 .5 -49o, pK2 5 -6.0(-8.4) (aqueous H2S O4) .  Crystallise

it from MeOH, EtOH, cyclohexane, *benzene or pet ether, then dry in a current of warm air and store it over

BaO or P2O5.  It is also purified by zone melting and by sublimation [Itoh J Phys Chem 8 9  3949 1985,

Naguib et al. J Am Chem Soc 108 128 1986, Gorman & Rodgers J Am Chem Soc 108 5074 1986,
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Ohamoto & Teranishi J Am Chem Soc 108 6378 1986, Naguib et al. J Phys Chem 91 3033 1987].

[Beilstein 7 III 2048, 7 IV 1357.]

Benzophenone oxime  [574-66-3] M 197.2, m 142o, 143-144o, pK2 5 11.18.  Crystallise the

oxime from MeOH (4mL/g).  [Beilstein 7 II 355, 7 III 2063 1370.]

Benzophenone-3,3’,4,4’-tetracarboxylic anhydride [2421-28-5] M 322.2, m 218 .5 -219 .5o,

2 2 5 . 5o. The main impurity is the free acid formed by hydrolysis (check for OH bands in the IR).  This can be

converted to the dianhydride by  treating with Ac2O (molar ratio of 4 to 1 of acid), heating at 110-120o for 1.5 to

2hours, cooling to 0—5o and collecting the dianhydride.  This is then dissolved in hot dioxane or Me2CO,

filtered and cooled to 10—15o.  The moisture sensitive solid is collected and dried  at 120—130o in vacuo.  It

has been sublimed at high vacuum.  [Faberov et al. J Org Chem USSR 4 153 (English translation) 1968.]

Benzopinacol  [464-72-2] M 366.5, m 170-180o (depends on heating rate), 171-173o.

Crystallise benzopinacol  from EtOH.  [Beilstein 6 IV 7053.]

Benzo[a]pyrene (3,4-benzpyrene, benzo[dcf]chrysene) [50-32-8] M 252.3, m  177 .5 -178o,

179 .0 -179 .5o.  A solution of 250mg of benzo[a]pyrene in 100mL of *benzene is diluted with an equal

volume of hexane, then passed through a column of alumina, Ca(OH)2 and Celite (3:1:1). The adsorbed material

is developed with a 2:3 *benzene/hexane mixture.  (It showed as an intensely fluorescent zone.)  The main zone

is eluted with 3:1 acetone/EtOH, and is transferred  into 1:1 *benzene-hexane by adding H2O.  The solution is

washed, dried with Na2SO4, evaporated and crystallised from *benzene by the addition of MeOH [Lijinsky &

Zechmeister J Am Chem Soc 75 5495 1953]. Alternatively it can be chromatographed on activated alumina,

eluted with a cyclohexane-*benzene mixture containing up to 8% *benzene, and the solvent evaporated under

reduced pressure [Cahnmann Anal Chem 27 1235 1955], and crystallised from EtOH [Nithipatikom & McGown

Anal Chem 58 3145 1986].  [Beilstein 5 III 2517, 5 IV 2687.] CARCINOGENIC.

Benzo[e]pyrene  (1,2-benzpyrene)  [192-97-2] M 252.3, m 178-179o, 178-180o. Purify it by

passage through an Al2O3 column (Woelm, basic, activity I) and elute with *C6H6 and recrystallise from 2

volumes of EtOH/*C6H6 (4:1).  It forms colourless or light yellow prisms or needles.  [Campbell J Chem Soc

3659 1954, Buchta & Kröger  Justus Liebigs Ann Chem 705 190 1967.]  The 1,3,5-trinitrobenzene complex

has m 253-254o (orange needles from EtOH), the picrate prepared by mixing 20mg in 1mL of *C6H6 with

20mg of picric acid in 2mL *C6H6, collecting the deep red crystals, and recrystallising from *C6H6 has m  228-

229o [NMR: Cobb & Memory J Chem Phys 4 7  2020 1967]. [Beilstein 5 III 2520, 5  I V 2689.]

CARCINOGEN.

p-Benzoquinone [106-51-4] M 108.1, m 115.7o. Purify p-benzoquinone in one or more of the following

ways: steam distillation followed by filtration and drying (e.g. in a desiccator over CaCl2), crystallisation from

pet ether (b 80-100o), *benzene (with, then without, charcoal), water or 95% EtOH, sublimation under vacuum

(e.g. from room temperature to liquid N2).  It slowly decomposes and should be stored, refrigerated, in an

evacuated or sealed glass vessel in the dark.  It should be resublimed before use.  [Wolfenden et al. J Am Chem

Soc 109 463 1987, Beilstein 7 IV 2065.]

1-Benzosuberone  (6,7,8,9-tetrahydrobenzocyclohepten-5-one) [826-73-3] M 160.2, b 80-

8 5o/0.5mm, 90-93o/1mm, 138-139o/12mm, 154o/15mm, 175-175o/40mm, d
4
20  1.086, n

D
20

1.5638.  Purify it by dissolving in toluene, washing with aqueous 5% NaOH, then brine, drying (MgSO4),

and distilling.  The 2,4-dinitrophenylhydrazone  has m 210.5o, 207-208o (from CHCl3/MeOH). The Z-O-

Picryloxime has m 156-157o (from Me2CO/MeOH), the E-O-picryloxime has m  107o.  The oxime has m

106.5-107.5o.  [UV: Gilmore & Horton J Am Chem Soc 73 1411 1951, Hedden & Brown J Am Chem Soc 7 5

3744 1953, Huisgen et al. Chem Ber 90 1844 1957, Beilstein 7 IV 1029.]

Benzoylacetone (1-phenyl-1,3-butanedione) [93-91-4] M 162.2, m 58 .5 -59 .0o.   Crystallise

benzoylacetone from Et2O or MeOH and dry it under vacuum at 40o.  [Beilstein 7 IV 2151.]
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2-Benzoylbenzoic acid [85-52-9] M 226.2, m 126-129o, 129.2, 1 3 0o, pK25 3 .54 .   Recrystallise

the acid from *C6H6 or cyclohexane, but it is best recrystallised by dissolving in a small volume of hot toluene

and then adding just enough pet ether to cause turbidity, and cool.  Dry it in a low vacuum at 80o.  It can be

sublimed at 230-240o/0.3mm [Bray et al. J Chem Soc  265 1957].  The S-benzylisothiuronium salt has m  177-

178o (from EtOH).  [Lewenz & Serijan J Am Chem Soc 75 4087 1953, Beilstein 10 H 747, 10 IV 2977.]

3-Benzoylbenzoic acid  [579-18-0] M 226.2, m 164-166o, 165o,  pKEst~3.5. Crystallise the acid

from EtOH and sublime it at 160o/1mm.  [Beilstein 10 H 752, 10 III 3304, 10 IV 2982.]

4-Benzoylbenzoic acid [611-95-0] M 226.2, m 196.5-198o, 197-200o, pKEst ~3.7. Dissolve the

acid in hot H2O by adding enough aqueous KOH solution till distinctly alkaline, filter and then acidify with

drops of conc HCl.  Filter off, wash the solid with cold H2O, dry it at 100o, and recrystallise it from EtOH.

[Wertheim J Am Chem Soc 55 2540 1933, Beilstein 10 H 753, 10 IV 3305.]

Benzoyl chloride [98-88-4] M 140.6, b 56o/4mm, 196.8o/745mm, d
4
20  1.2120, n

D
10 1.5537 .  A

solution of benzoyl chloride (300mL) in *C6H6 (200mL) is washed with two 100mL portions of cold 5%

NaHCO3 solution, separated, dried with CaCl2 and distilled [Oakwood & Weisgerber Org Synth III 113 1955].

Repeated fractional distillation at 4mm Hg through a glass helices-packed column (avoiding porous porcelain or

silicon-carbide boiling chips, and hydrocarbon  or silicon greases on the ground joints) gave benzoyl chloride

that did not darken on addition of AlCl3.  Further purification is achieved by adding 3 mole% each of AlCl3 and

toluene, standing overnight, and distilling off the benzoyl chloride at 1-2mm [Brown & Jenzen J Am Chem Soc

80 2291 1958].  Refluxing for 2hours with an equal weight of thionyl chloride before distillation has also been

used.  [Beilstein 9 IV 721.] Strong IRRITANT. Use in a fume cupboard.

Benzoyl disulfide (dibenzoyl disulfide) [644-32-6] M 174.4, m 131.2-132.3o.   About 300mL of

solvent is blown off from a filtered solution of dibenzoyl disulfide (25g) in acetone (350mL).  The remaining

acetone is decanted from the solid which is recrystallised first from 300mL of 1:1 (v/v) EtOH/ethyl acetate, then

from 300mL of EtOH, and finally from 240mL of 1:1 (v/v) EtOH/ethyl acetate.  The yield is about 40% [Pryor

& Pickering J Am Chem Soc 84 2705 1962].  [Beilstein  9 H 424, 9  II 289, 9  III 1977.] Handle in a fume

cupboard because of TOXICITY and obnoxious odour.

Benzoylformic acid  (phenylglyoxylic acid)  [611-73-4] M 150.14, m 62-65o, 64 .5 -65 .5o,

6 7o, b 84o/0.1mm, 163-167o/15mm, pK25 1.39 (1.79). If the sample is oily, then it may contain

H2O.  In this case dry it in a vacuum desiccator over P2O5 or KOH until crisp.  For further purification dissolve

5.5g in hot CCl4 (750mL), add charcoal (2g, this is necessary otherwise the acid may separate as an oil), filter,

cool in ice-water until crystallisation is complete.  Filter the acid off, and the solvent on the crystals is removed

by keeping the acid (4.5g) in a vacuum desiccator for 2 days.  Slightly yellow crystals are obtained.  It can be

recrystallised also from *C6H6/pet ether, and  can be distilled in a vacuum.  The acid is estimated  by titration

with standard NaOH.  The phenylhydrazone is recrystallised from EtOH, m 163-164o, and the semicarbazone

acid has m  259o(dec) (from EtOH).  The methyl ester distils at 1 3 7o/14mm, 110-111o/2mm, n
D

20

1.5850. [Baert & Kates J Am Chem Soc 67 1482 1945, Schaffer & Corey J Org Chem 24 1825 1959,

Beilstein 10 H 654, 10 IV 2737.]

Benzoyl isothiocyanate [532-55-8] M 163.2, m 25 .5 -26o, b 72 .5 -73o/6mm, 88-91o/ 20mm,

94-96o/21mm, 202.5-204o/724mm, 250-255o/atm, d
4
20  1.213, n

D
20  1 . 6 3 7 .   Distil the

isothiocyanate over a small amount of P2O5, whereby the distillate crystallises in prisms.  It is readily

hydrolysed by H2O to give benzamide and benzoylurea, but with NH3  it gives benzoylurea m  210o which can

be recrystallised from EtOH.  [Hill & Degnan J Am Chem Soc 62  1595 1940, Terss & McEwen J Am Chem

Soc 76 580 1954, Frank & Smith Org Synth Coll Vol  III 735 1955, Beilstein 9 IV 777.]

Benzoyl peroxide [94-36-0] M 242.2, m 9 5o(dec).  Dissolve benzoyl peroxide in CHCl3 at room

temperature and precipitate it by adding an equal volume of MeOH or pet ether.  Similarly it is precipitated from

acetone by adding two volumes of distilled water.  It has also been crystallised from 50% MeOH and from

diethyl ether.  Dry it under vacuum at room temperature for 24hours.  Store it in a desiccator in the dark at 0o.

When purifying in the absence of water it can be EXPLOSIVE, and operations should be done on a very small
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scale with adequate protection.  Large amounts should be kept moist with water and stored in a refrigerator.

[Kim et al. J Org Chem 52 3691 1987, Beilstein 9 IV 777.]

p-Benzoylphenol (4-hydroxybenzophenone) [1137-42-4] M 198.2, m 133 .4 -134 .8o, pK2 5 7 . 9 5 .

Dissolve p-benzoylphenol in hot EtOH (charcoal), filter and cool.  Alternatively crystallise it once from

EtOH/H2O and twice from *benzene [Grunwald J Am Chem Soc 73  4934 1951, Dryland & Sheppard J Chem

Soc Perkin Trans 1 125 1986].  [Beilstein 8 IV 1263.]

N-Benzoyl-N-phenylhydroxylamine  [304-88-1]  M 213.2, m 121-122o. Recrystallise it from hot

water, *benzene Et2O/hexane or acetic acid.  It complexes with metals.  [Beilstein  15 III 8, 15 IV 7.]

N-Benzoyl-o-tolylhydroxylamine [1143-74-4] M 227.3, m 1 0 4o.   Recrystallise the hydroxylamine

from aqueous EtOH.  [Beilstein  15 III 8, 15 IV 7.]

Benzyl acetate [140-11-4] M 150.2, m - 5 1o, b 92-93o/10mm, 1 3 4o/102mm, 2 1 4 . 9o/ 760mm,

d
4
20  1.0562, n

D
25  1.4994.  Purify the acetate by fractional distillation, preferably in a good vacuum.  Values

of n25 of 1.5232-1.5242 are too high and should be nearer  to 1.4994.  [Merker & Scott J Org Chem 26  5180

1961, Beilstein  6 IV 2262.]

Benzyl acetoacetate [5396-89-4] M 192.2, b 130o/2mm, 156-157o/10mm, 162-167o/ 15mm,

275-277o/atm, d
4
20  1.114, n

D
20  1.514.  Fractionate the ester and collect fractions with the expected

physical properties.  Otherwise add ca 10% by weight of benzyl alcohol and heat in an oil bath (160-170o, open

vessel) for 30minutes during which time excess of benzyl alcohol will have distilled off, then fractionate.  [Baker

et al. J Org Chem  17 77 1952, Beilstein  6 IV 2480.]

4'-Benzylacetophenone [782-92-3] M 210.3, m 37o, 38o, 3 9o, b 197-198o/9mm, 209-

2 1 0o/15mm. Distil it in a vacuum,  then recrystallise it from EtOH (ca 1mL/g).  The oxime has m 99.5o

(from 60% aqueous EtOH).  [Beilstein  7 H 449, 7 III 2176.]

Benzyl alcohol  [100-51-6] M 107.2, f - 1 5 . 3o, b 2 0 5 . 5o, 9 3o/10mm, 2 0 5 . 5o/atm, d
4
20  0 . 9 8 1 ,

n
D
20  1.54033, pK25 15.4.  It is usually purified by careful fractional distillation under reduced pressure in the

absence of air.  Benzaldehyde,  if present, can be detected by UV absorption at 283nm.  It has also been purified

by shaking with aqueous KOH and extracting with peroxide-free diethyl ether.  After washing with water, the

extract is treated with saturated NaHS solution, filtered, washed, dried with CaO and distilled under reduced

pressure [Mathews J Am Chem Soc 48 562 1926].  Peroxy compounds can be removed by shaking with a

solution of Fe2+ followed by washing the alcohol layer with distilled water and fractionally distilling it.

[Beilstein  6 IV 2222.]

Benzylamine [100-46-9] M 107.2, b 178o/742mm, 185o/768mm, d
4
20  0.981, n

D
20  1.5392,

pK25 9.33.  Dry it with NaOH or KOH, then distil it under N2, through a column packed with glass helices,

taking the middle fraction.  Also distil it from zinc dust under reduced pressure.  The picrate has m  196o (from

EtOH), and the p-toluenesulfonamide  has m 116o (from MeOH).  [Beilstein  12 IV 2155.]

Benzylamine hydrochloride [3287-99-8] M 143.6, m 248o (rapid heating).  Crystallise the salt

from water.  [Beilstein  12 IV 2155.]

N-Benzylaniline (N-phenylbenzylamine) [103-32-2] M 183.4, m 36o, b 306-307o, d
4
20  1 . 0 6 1 ,

pK25 4.04.  Crystallise the amine from pet ether (b 60-80o) (ca 0.5mL/g). The picrate has m  113o (from

Et2O).  [Beilstein  12 H 1023, 12 I 449, 12 II 548, 12 III 2215, 12 IV 2172.]

Benzyl bromide [100-39-0] M 171.0, m -4o, b 85o/12mm, 192o/760mm, d
4
20  1.438, n

D
20

1.575.  Wash benzyl chloride with conc H2SO4 (CARE), water, 10% Na2CO3 or NaHCO3 solution, and again

with water.  Dry it with CaCl2, Na2CO3 or MgSO4 and fractionally distil it in the dark, under reduced pressure.

It has also been thoroughly degassed at 10-6 mm and redistilled in the dark.  This gives material with max
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(MeCN): 226nm (  8200) [Mohammed & Kosower J Am Chem Soc  93 2709 1971].  [Beilstein  5 IV 829.]

Handle in a fume cupboard, extremely LACHRYMATORY.

Benzyl bromoacetate [5437-45-6] M 229.1, b 96-98o/0.1mm, 1 4 6o/12mm, 166-170o/ 22mm,

d
4
20  1.444, n

D
25  1.5412.  Dilute the ester with Et2O, wash it with 10% aqueous NaHCO3, H2O, dry

(MgSO4) and fractionate it using a Fenske (glass helices packing) column.  [Bergmann & Szinai J Chem Soc

1521 1956, Beilstein  6 IV 2265.] LACHRYMATORY.

N -Benzyl-tert-butylamine (N -tert-butylbenzylamine) [3378-72-1] M 163.3, b 9 1o/ 12mm,

109-110o/25mm, 218-220o/atm, d
4
20  0.899, n

D
25  1.4942, pK25 10.19.  Dissolve the amine in

Et2O, dry it over KOH pellets, filter and fractionate it in a N2 atmosphere to avoid reaction with CO2 from the

air.  The hydrochloride  has m  245-246o(dec) (from MeOH/Me2CO) and the perchlorate  has m  200-201o.

[Freidfelder et al. J Am Chem Soc 80 4320 1958, Beilstein  12 IV 2166.]

Benzyl carbamate [621-84-1] M 151.2, m 86o, 86-88o, 90-91o.  If it smells of NH3, then dry it in a

vacuum desiccator and recrystallise it from 2 volumes of toluene and dry it in a vacuum desiccator again.  It

forms glistening plates from toluene, and can be recrystallised from H2O [Martell & Herbst J Org Chem 6  878

1941, Carter et al. Org Synth Coll Vol III 168 1955].  [Beilstein  6 IV 2278.]

Benzyl chloride [100-44-7] M 126.6, m 139o, b 6 3o/8mm, d
4
20  1.100, n

4
20  1 .538 .   Dry it with

MgSO4 or CaSO4, or reflux it with fresh Ca turnings, then fractionally distil it under reduced  pressure,

collecting the middle fraction and storing it over CaH2 or P2O5.  It has also been purified by passage through a

column of alumina.  Alternatively it is dried over MgSO4 and distilled in a vacuum.  The middle fraction is

degassed by several freeze-thaw cycles and then fractionated in an 'isolated fractionating column' (which has been

evacuated and sealed off at ~10-6 mm) over a steam bath.  The middle fraction is retained.  The final samples are

distilled in a vacuum from this sample and again retaining the middle fraction.  The purity is >99.9% (no other

peaks are visible by GLC, and the NMR spectrum is consistent with the structure.  [Mohammed & Kosower J

Am Chem Soc 93 1709 1971, Beilstein  5 IV 809.] IRRITANT and strongly LACHRYMATORY.

N-Benzyl-ß-chloropropionamide [24752-66-7] M 197.7, m 94o, 96o.     Crystallise the amide from

MeOH.  [12 III 2257, 12 IV 2234.]

Benzyl cinnamate [103-41-3] M 238.3, m 34-35o, 39o, b 154-157o/0.5mm, 228-230o/ 22mm.

Recrystallise the ester to a constant melting point from 95% EtOH.  It has the odour of balsam.  Alternatively

dissolve it in Et2O, wash it with 10% aqueous Na2CO3, H2O, dry (Na2SO4), evaporate and fractionate it under

reduced pressure using a short Vigreux column (p 11). It decomposes when boiled at atmospheric pressure.

[Eliel & Anderson J Am Chem Soc 74 547 1952, Bender & Zerner J Am Chem Soc 84 2550 1962, Beilstein 9

IV 2012.]

Benzyl cyanide [140-29-4] M 117.1, b 100o/8mm, 233.5o/760mm, d
4
20  1 . 0 1 5 , n

4
20  1 . 5 2 3 .

Any benzyl isocyanide impurity can be removed by shaking vigorously with an equal volume of 50% H2SO4 at

60o, washing with saturated aqueous NaHCO3, then half-saturated NaCl solution, drying and fractionally

distilling under reduced pressure.  Distillation from CaH2 causes some decomposition of this compound: it is

better to use P2O5.  Other purification procedures include passage through a column of highly activated alumina,

and distillation from Raney nickel.  Precautions should be taken because of possible formation of free TOXIC

cyanide, use an efficient fume cupboard.   [Beilstein  9 IV 1663.]

N-Benzyl dimethylamine [103-83-3] M 135.2, b 66-67o/15mm, 83-84o/30mm, 98-99o/ 24mm,

1 8 1o/760mm, d
4
20  0.898, n

D
20  1.516, pK25 8.91.  Dry the amine over KOH pellets and fractionate it

over Zn dust in a CO2—free atmosphere.  It has a pKa2 5 of 8.25 in 45% aqueous EtOH.  Store it under N2 or in

a vacuum.  The picrate has m 94-95o, and the picrolonate has m  151o (from EtOH).  [Skita & Keil Chem Ber

63 34 1930, Coleman J Am Chem Soc 5 5  3001 1933, Devereux et al. J Chem Soc  2845 1957.]  The

tetraphenyl borate salt has m 182-185o. [Crane Anal Chem 28 1794 1956, Beilstein  12 IV 2161.]
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Benzyldimethyloctadecylammonium chloride [122-19-0] M 442.2, m 150-158o (sinters at

1 2 0o.   Crystallise the salt from acetone, EtOAc or EtOAc/ Et2O.  [Sumiki et al. J Agric Chem Soc Jpn 2 6

325 1952, Chem Abstr 3505 1953, Beilstein  12 III 2212, 12 IV 2168.]

Benzyl ether (dibenzyl ether)  [103-50-4] M 198.3, b 298o, 158-160o /0.1mm, d
4
20  1.043, n

4
20

1.54057.  Reflux the ether over sodium, then distil it under reduced pressure.  It been purified by fractional

freezing.  [Beilstein  6 IV 2240.]

N -Benzyl-N -ethylaniline [92-59-1] M 221.3, b 212-222o/54mm, 285-286o/710mm, 312-

3 1 3o/atm (dec), d
4
20  1.029, n

4
20  1.595, pKEst ~4.6.  Dry the amine over KOH pellets and fractionate it.

The picrate crystallises from *C6H6 as lemon yellow crystals m 126-128o (softening at 120o).  [Forrest et al. J

Chem Soc 303 1951, IR: Hill & Meakins J Chem Soc  760 1958, Beilstein  12 H 1026, 12 IV 2176.]

Benzyl ethyl ether [539-30-0] M 136.2, b 186o, 65o/10mm, d
4
20  0.949, n

D
20  14955.  Dry the

ether with CaCl2 or NaOH, then fractionally distil it.  [Letzinger & Pollart J Am Chem Soc 78  6079 1956,

Beilstein  6 III 1454, 6 IV 2229.]

Benzyl ethyl ketone  (1-phenylbutan-2-one)  [1007-32-5] M 148.2, b 49 -49 .5o/0.01mm, 6 6 -

6 9o/1mm, 83-85o/5mm, 101-102o/10mm, 229-233o/atm, d
4
20  0.989, n

D
25  1 . 5 0 15 .   Purify the

ketone by fractionation using an efficient column.  It can be converted into the oxime which is distilled, b 117-

118o/2mm, 145-146o/15mm, d
25

25  1.036, n
D

25  1.5363; decompose the oxime, and the ketone is redistilled.  It can

also be purified via the semicarbazone which has m 154-155o.  [Meyers et al. J Am Chem Soc 77  5655 1955,

Hass et al. J Org Chem 15 8 1950, Beilstein  7 IV 712.]

O -Benzylhydroxylamine hydrochloride [2687-43-6] M 159.6, m 234-238o(sublimes), pKEst

~5.9.  Recrystallise the hydrochloride from H2O or EtOH.  [Beilstein  6 IV 2562.]

N -Benzylideneaniline  [538-51-2] M 181.2, m 48o ( 5 4o), 56o, b 310o/ 7 6 0 m m .   It is steam

volatile and crystallises from *benzene or 85% EtOH.  The picrate has m  159o.  [Beilstein  12 H 195, 12  I

169, 12 II 113, 12 III 319, 12 IV 311.]

Benzylidene malononitrile  [2700-22-3] M 154.2, m 83-84o, 87o. Recrystallise the nitrile from

EtOH [Bernasconi et al. J Am Chem Soc 107 3612 1985].  It has max at 307nm (EtOH).  [Beilstein  9 H

895, 9 II 640, 9 III 4380, 9 IV 3462.]

Benzyl isocyanate [3173-56-6] M 133.2, b 82-84o/10mm, 87o/14mm, 95o/17mm, 101-

1 0 4o/33mm, d
4
20  1.08, n

2 0
D  1.524.  Purify the isocyanate by fractionation through a two-plate column.  It

is a viscous liquid and is TOXIC.  [Howarth et al. J Chem Soc 182 1947, Ferstandig & Scherrer J Am Chem

Soc 81 4838 1959, IR: Derkosch et al. Monatsh Chem 88 35 1957, Beilstein  12 IV 2276.]

Benzyl isothiocyanate [ 6 2 2 - 7 8 - 6 ] M 149.2, b 123-124o/1mm, 138-140o/20mm, 255-

2 6 0o/atm, d
4
20  1.1234, n

D
20  1.6039.  Dissolve benzyl isothiocyanate in Et2O, filter, if there is any solid,

and distil it through an efficient column at 11mm with a bath temperature at ca 150o.  Characterise it by reacting

(0.5mL) in EtOH (1mL) with 50% NH2NH2.H2O (2 mL) to give 4-benzylthiosemicarbazide as colourless

needles which are recrystallised from EtOH, m 130o.  [Hoggarth & Young J Chem Soc 1582 1950, Schmidt et

al. Justus Liebigs Ann Chem 6 1 2  11 1958, IR and UV: Svátek et al. Acta Chem Scand 1 3  442 1959,

Beilstein  12 IV 2276.]

S-Benzylisothiuronium chloride [538-28-3] M 202.7, two forms, m 1 5 0o and 1 7 5o, pKEst

~9.8 (free base).  Crystallise the chloride from 0.2M HCl (2mL/g) or EtOH and it dry in air.  [Beilstein  6

III 1600.]

Benzylmalonic acid  [616-75-1] M 194.2, m 1 2 1o, pK
1
25  2.91, pK

2 5
2  5 .87 .   Crystallise the acid

from *C6H6.  [Beilstein  9 IV 3357.]
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Benzyl mercaptan [100-53-8] M 124.2, b 70.5-70.7o/9.5mm, d
4
20  1.058, n

D
20  1.5761, pK2 5

9.43.  Purify benzyl mercaptan via the mercury salt [see Kern J Am Chem Soc 75 1865 1953], which

crystallises from *benzene as needles (m 121o), and then dissolve it in CHCl3.  Pass H2S gas through the

solution to regenerate the mercaptan.  The HgS that precipitates is filtered off and washed thoroughly with

CHCl3.  The filtrate and washings are evaporated to remove CHCl3; then the residue is fractionally distilled

under reduced pressure [Mackle & McClean, Trans Faraday Soc 58 895 1962].  [Beilstein  6 IV 2632.]

(-)-N - B e n z y l - N -methylephedrinium bromide [benzyl(2-hydroxy-1-methyl-2-phenethyl)

dimethylammonium bromide]  [58648-09-2] M 350.3, m 209-211o, 212-214o, [ ]
D

25  - 3 . 8o ( c

1.45, MeOH), [ ]
D

20  -5.3o (c 1.45, MeOH).  Recrystallise the bromide from MeOH/Et2O.  [Horner &

Brich Justus Liebigs Ann Chem  710 1978.]  The chloride is recrystallised from EtOAc/n-hexane, m  198-199o

[ ]
D

25  -8.67o (c 1.45, MeOH).  [Julia et al. J Chem Soc, Perkin Trans 1  574 1981, Beilstein  13 IV 1890.]

Benzyl 4-nitrophenyl carbonate [13795-24-9] M 273.2, m 78-80o.  Dissolve the carbonate in Et2O,

wash with H2O (3x) and saturated  aqueous NaCl, dry (MgSO4), evaporate this in a vacuum and recrystallise the

residue from a small volume of MeOH, m 78-79o.  Alternatively dissolve it in Et2O, wash it with N HCl (2x),

0.5N NaHCO3 (4x) then H2O, dry (Na2SO4), evaporate the Et2O and recrystallise the residue from *C6H6/pet

ether, m 79-80o.  The 2-nitro-isomer has m 27-28o, b 151o/11mm.  [Khosla et al. Indian J Chem 5 279 1967,

Wolman et al. J Chem Soc (C) 596 1976, Beilstein 6 IV 2277.]

Benzyloxyacetyl chloride [ 1 9 8 1 0 - 3 1 - 2 ] M 184.6, b 81o/0.2mm, 84-87o/0.4mm, 105-

1 0 7o/5mm, d
4
20  1.19, n

D
20  1.523.  Check the IR to see if there are OH bands.  If so, then it may be

contaminated with free acid formed by hydrolysis.  Add oxalyl chloride (amount depends on contamination and

needs to be judged, ca 3mols), heat at 50o in the absence of moisture for 1hour and fractionate twice, b

81o/0.2mm (with bath temperature at 81o).  Excessive heating results in decomposition to give benzyl chloride.

The anilide is formed by adding aniline in CHCl3 solution and has m 49o.  [Fischer & Gohlke Helv Chim Acta

16 1130 1933, Beilstein 6 IV 2470.]

3-Benzyloxybenzoic acid [69026-14-8] M 228.2, m 133-137o, 135 .5 -136o, pKEst ~ 4 . 1 .   

Recrystallise the acid from acetic acid (m 137-138o) [Kipping & Wren J Chem Soc 3246 1957, Beilstein  1 0

III 247, 10 IV 316.]

B e n z y l o x y b u t a n - 2 - o n e [ 6 2 7 8 - 9 1 - 7 ] M 178.2, b 90-92o/0.1mm, 88-91o/0.5mm, 121-

1 2 6o/5mm, d
4
20  1.0275, n

D
201.5040. Dissolve the ketone in CHCl3, wash with H2O, aqueous saturated

NaHCO3, H2O, dry (MgSO4), evaporate the CHCl3, and fractionate it.  [Hoffman et al. J Am Chem Soc 7 9

2316 1957, Beilstein  6 IV 2255.]

Benzyloxycarbonyl chloride (Cbz-Cl, benzyl chloroformate) [501-53-1] M 170.6, b

1 0 3o/20mm, d
4
20  1.195, n

D
20  1.5190.  The commercial material is usually better than 95% pure and may

contain some toluene, benzyl alcohol, benzyl chloride and HCl.  After long storage (e.g. two years at 4o,

Greenstein and Winitz [The Chemistry of the Amino Acids Vol 2  p. 890, J Wiley and Sons NY, 1961]

recommended  that the liquid should be flushed with a stream of dry air, filtered and stored over sodium sulfate to

remove CO2 and HCl  which are formed by decomposition.  It may further be distilled from an oil bath at a

temperature below 85o because Thiel and Dent [Annalen 301  257 1898] stated that benzyloxycarbonyl chloride

decarboxylates to benzyl chloride slowly at 100o and vigorously at 155o.  Redistillation at higher vacuum below

85o yields material which shows no other peaks than those of benzyloxycarbonyl chloride by NMR

spectroscopy.  [Beilstein  6 IV 2278.] LACHRYMATORY and TOXIC.

p-(Benzyloxy)phenol  [103-16-2] M 200.2, m 1 2 2 . 5o, pKEst ~ 1 0 . 1 .  Crystallise it from EtOH or

H2O, and dry (P2O5) under vacuum.  [Walter et al. J Am Chem Soc 108 5210 1986, Beilstein  6 IV 5778.]

S -(-)-3-Benzyloxypropan-1,2-diol [17325-85-8] M 182.2, m 24-26o, b 117-118o/ 1 0-4m m ,

115-116o/0.02mm, 121-123o/0.2mm, d
4
20  1.1437, n

D
22  1.5295, [ ]

D

25  - 5 . 9o (neat). Purify the

diol by repeated  fractional distillation.  [Baer et al. J Biol Chem 230  447 1958, Gigg & Gigg J Chem Soc C

1865 1967, Beilstein  6 IV 2247.]
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2-Benzylphenol [28994-41-4] M 184.2, m 54.5o, b 3 1 2o/760mm, 1 7 5o/18mm, pKEst ~ 1 0 . 0

Distil 2-benzylphenol in a vacuum and recrystallise it from EtOH.  It has a stable form with m ~52o and an

unstable form with m 21o.  [Beilstein  6 H 675, 6 IV 4628.]

4-Benzylphenol ( -phenyl-p-cresol) [101-53-1] M 184.2, m 84o, pKEst ~ 1 0 . 2 .   Crystallise 4-

benzylphenol from water.  [Beilstein  6 H 675, 6 IV 4628.]

4-N-Benzylsulfanilamide (Septazen) [1709-54-2] M 262.3, m 175o, 1 7 8o.   Crystallise Septazen

from dioxane/H2O, EtOH/H2O or Me2CO (m 174.5-175.8o).  Its solubility in H2O at 37o is 0.03-

0.43mg/100mL.  [Beilstein 14 III 2026.]

Benzylthiocyanate [3012-37-1] M 149.2, m 4 3o, b 2 5 6o(dec).  Crystallise the thiocyanate from

EtOH or aqueous EtOH.  [Beilstein  6 H 460, 6 IV 2680.]

Benzyl toluene-p-sulfonate [1024-41-5] M 162.3, m 58o, 58.5-58.8o. Crystallise the ester from pet

ether (b 40-60o), CHCl3/hexane or Et2O/*C6H6. Dry it in vacuo but NOT in a desiccator  over CaCl2 as it

causes hydrolysis of the ester.  [Emmons & Ferris J Am Chem Soc 75  2257 1953, Beilstein 11  II 48, 11  III

207, 11 IV 273.]

Benzyltr ibutylammonium bromide [ 2 5 3 1 6 - 5 9 - 0 ] M 356.4, m 169-171o,  174-175o.

Recrystallise the bromide from EtOAc/EtOH and EtOH/Et2O.  [Kantor & Hauser J Am Chem Soc 73 4122

1951, Petersen et al. J Am Chem Soc 81 3264 1959, Beilstein 12 IV 2166.]

Benzyl 2,2,2-trichloroacetimidate  [81927-55-1] M 252.5, b 106o/0.5mm, m 3o, d
4
20  1.349,

n
D
20  1.545.  Purify the imidate by distillation to remove up to 1% of PhCH2OH as stabiliser.  A solution in

hexane can be stored for up to 2 months without decomposition.  It is hygroscopic and has to be stored dry.
[Wessel et al. J Chem Soc, Perkin Trans 1 2247 1985, Beilstein 6 IV 2265.]

Benzyltrimethylammonium chloride [56-93-9] M 185.7, m 238-239o(dec).   A 60% aqueous

solution of the salt is evaporated to dryness under a vacuum on a steam bath, and then left in a vacuum

desiccator containing a suitable drying agent.  The solid residue is dissolved in a small volume of boiling

absolute EtOH and precipitated by adding an equal volume of diethyl ether with cooling.  After washing, the

precipitate is dried under a vacuum [Karusch J Am Chem Soc 73 1246 1951].  [Beilstein 12 IV 2162.]

Benzyltrimethylammonium hydroxide  (Triton B)  [100-85-6] M 167.3, d 0 . 9 1 .   A 38%

solution (as supplied) is decolorized (charcoal), then evaporated under reduced pressure to a syrup, with final

drying at 75o/1mm pressure.  The anhydrous base is obtained by prolonged drying over P2O5 in a vacuum

desiccator.   [Beilstein 12 IV 2162.]

Bibenzyl [103-29-7] M 182.3, m 52.5-53.5o.  Crystallise bibenzyl from hexane, MeOH, or 95% EtOH.

It has also been sublimed under vacuum, and further purified by percolation through columns of silica gel and

activated alumina.  [Beilstein 5 IV 1868.]

 (±)-1,1'-Bi-(2-naphthol) [1,1'-di-(2-naphthol)] [602-09-5, 41024-90-2] M 286.3, m 215-217o,

2 1 8o, pKEst(1) ~7.1, pKEst(2)  ~ 1 1 . 2 .   Crystallise the binaphthol from toluene or *benzene (10mL/g).

When crystallised from chlorobenzene it has m 238o.  Its solubility in dioxane is 5%.  [Beilstein 6 IV 7020.]

1,1'-Bi-(2-naphthol) [1,1'-di-(2-naphthol)]  [R-(+)- 18531-94-7], [S-(-)- 18531-99-2]  M 286.3, m

207 .5 -208 .5o, 209-211o, [ ]
D

20  (+) and (-) 37.4.0o (c 0.5, THF), [ ]
546

25  (+) and (-) 5 1o ( c

0.1, THF), pK as above.  Dissolve it in cold 2.5N NaOH, extract with CH2Cl2, and acidify with 5% HCl.

Collect the white precipitate and recrystallise it from aqueous EtOH and dry it in a vacuum [Akimoto & Yamada

Tetrahedron 27 5999 1971].  It is optically stable in dioxane-water (100o/24hours). Racemisation: 72% in 1.2N

HCl at 100o/24hours and 68% in 0.67M KOH in BuOH at 118o/23hours [Kyba et al. J Am Chem Soc 9 5

2693 1973].  It has also been crystallised from *C6H6 (solubility is 1%) using Norite or aqueous EtOH after
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chromatography through silica gel, eluting with Me2CO/*C6H6.  [Kyba et al. J Org Chem 42  4173 1977; see

also Brussee & Jansen Tetrahedron Lett 24 3261 1983, Akimoto & Yamada Tetrahedron 27 5999 1971,

Beilstein 6 IV 7020.]

1,1'-Binaphthyl [(±)- 32507-32-7 and 604-53-5, R(-)- 24161-30-6, S(+)- 734-77-0] M 254.3, m 1 4 5o,

1 5 9o, b ~ 2 4 0o/13mm, (±, 2 forms), 153-154o, 1 5 4o, (+ and -), [ ]
D

20  (-) and (+) ~ 2 2 0o

(*C6H6).  Purify 1,1’-binaphthyl through a silica gel column with Me2CO/*C6H6 [or Al2O3 with 10%

*C6H6/pet ether (b 30-60o)] and recrystallise it from EtOH, pentane, or slow evaporation of *C6H6, Me2CO or

Et2O solutions.  Half life ~10hours at 25o in various solvents.  [Wilson & Pincock J Am Chem Soc 97 1474

1975, Akimoto & Yamada Tetrahedron 27 5999 1971, Beilstein 5 I 358, 5 II 642, 5 III 2465, 5 IV 2634.]

2,2'-Binaphthyl ( , '-binaphthyl) [61-78-2] M 254.3, m 1 8 8o.   Crystallise the 2,2’-binaphthyl

from *C6H6, or Et2O/*C6H6 (m  187-189o). The 2,4,7-trinitrofluorenone complex forms orange-red  needles

from EtOH/*C6H6 (m 170.6-171o).  [Beilstein 5 H 727, 5 I 359, 5 II 643, 5 III 2467, 5 IV 2636.]

Biphenyl [92-52-4] M 154.2, m 68-75o, 70-71o, b 112o/7mm, 255o/760mm, d
4
20  0 . 9 9 2 .

Crystallise biphenyl from EtOH, MeOH, aqueous MeOH, pet ether (b 40-60o) or glacial acetic acid.  Free it

from polar impurities by passage through an alumina column in *benzene, followed by evaporation.  The

residue has been purified by distillation in a vacuum and by zone refining.  Treatment with maleic anhydride

removes anthracene-like impurities.  It has been recrystallised from EtOH followed by repeated vacuum

sublimation and passage through a zone refiner.  [Taliani & Bree J Phys Chem 88  2351 1984, Beilstein 5  H

576, 5 I 271, 5 II 479, 5 III 1726, 5 IV 1807.]

4-Biphenylcarbonyl chloride [14002-51-8] M 216.7, m 114-115o. Dissolve the carbonyl chloride

in a large volume of pet ether (10 x, b 50-70o), filter it through a short column of neutral alumina, evaporate to

dryness in vacuo and recrystallise it from pet ether (b 60-80o).  [Beilstein 9 IV 2480.] LACHRYMATORY.

Biphenyl-2-carboxylic (2-phenylbenzoic) acid [947-84-2] M 198.2, m 114o, b 343-344o,

pK2 5 3.46.  Crystallise the acid from *C6H6/pet ether or aqueous EtOH.  [Beilstein 9 IV 2472.]

Biphenyl-4-carboxylic (4-phenylbenzoic) acid [92-92-2] M 198.2, m 2 2 8o, pK25 5.66 ( in

50% 2-butoxyethanol). Crystallise the acid from *C6H6/pet ether or aqueous EtOH. [Beilstein 9 IV 2479.]

2,4'-Biphenyldiamine [492-17-1] M 184.2, m 45o, b 3 6 3o/760mm, pKEst(1) ~4.8, pKEst(2)

~3.9.  Crystallise the diamine from aqueous EtOH or pet ether (m 54-54.5o).  [Beilstein 9 III 416, 9 IV 360.]

Biphenyl-4,4’-dicarboxylic acid [787-70-2] M 242.2, m > 3 0 0o, pKEst(1) ~3.5, pKEst(2) ~ 4 . 3 .

The dicarboxylic acid is a white amorphous or microcrystalline substance which does not melt or sublime.  It is

best purified by precipitation of an aqueous alkaline solution with mineral acid, washing well with H2O and

drying in vacuo at 100o.  It is characterized by conversion to diphenyl-4,4’-dicarbonyl chloride  (with PCl5
[Work J Chem Soc 1317 1940], or by phase transfer catalysis with  SOCl2 + BuEt3N+Cl- in 1,2-dichloroethane

[Burdett Synthesis 441 1991]) which crystallises from *C6H6 with m  184o.   The di-acid chloride gives the

dimethyl ester  with MeOH, and has  m  215-217o (plates from MeOH, m’s of 214o and 224o were also

reported). The diethyl ester  is similarly prepared with EtOH and has m 122o (from EtOH).  [Beilstein 9 II

665, 9 III 4519, 9 IV 3563.]

Biphenylene [259-79-0] M 152.2, m 111o. Biphenylene from yellow crystals from cyclohexane, MeOH

(m 110-111o) or EtOH (m 111-112o).  It sublimes in vacuo.  The 2,4,7-trinitrofluorenone complex has m  154o

and the picrate gives red needles m 122o from EtOH.  [Beilstein 5 I 298, 5 II 530, 5 III 1935, 5 IV 2137.]

(±) -(4-Biphenylyl)butyric acid [959-10-4] M 240.3, m 124-125o, pKEst ~4.5 .   Crystallise the

acid from MeOH, pet ether or AcOH (m 123-125o).  [Beilstein 9 III 3370, 9 IV 2558.]
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-(4-Biphenylyl)butyric acid [6057-60-9] M 240.3, m 1 1 8o, 120-121o, pKEst ~4.8 .   Crystallise

the acid from MeOH (m 118o) or  *C6H6 (m 118-119o).  [Beilstein 9 I 290, 9 III 3370, 9 IV 2558.]

Bis-(p-bromophenyl)ether [53563-56-7] M 328.0, m 60.1-61.7o.  Crystallise the ether twice from

EtOH, pet ether, once from *benzene and dry it in vacuo [Purcell & Smith J Am Chem Soc 83  1063 1961].

[Beilstein 6 III 745, 9 IV 1048.]

2R ,3R -(+)-1,4-Bis-(4-chlorobenzyloxy)-2,3-butanediol [85362-86-3] and 2S ,3S -(-)-1,4-Bis-

(4-chlorobenzyloxy)-2,3-butanediol [85362-85-2] M 371.3, m 76-77o, [ ]
D

20  (+) and (-) 6 . 4o

(c 3.11 CHCl3). Recrystallise the diol from toluene-hexane.  [Tamoto & Sugimori Tetrahedron Lett 2 3

4107 1982, Tamoto Tetrahedron 40 4617 1984.]

N ,N-Bis-(2-chloroethyl)2-naphthylamine (chlornaphthazine) [494-03-1] M 268.3, m 54-56o,

b 210o/5mm, pKEst ~5.3.  Crystallise it from pet ether.  At 15o it is soluble in EtOH (3.2%), Et2O (50%),

Me2CO (84%) and *C6H6 (80%).  [Beilstein 12 III 2996, 12 IV 3126.] CARCINOGENIC.

1,4-Bis-(chloromethyl)durene (1,4-bischloromethyl-2,3,5,6-tetramethylbenzene) [3022-16-0]

M 231.2, m 197-198o.  Crystallise it three times from *C6H6 (m 193-194o) or pet ether (m 195-196o),

then dry it in vacuo in a drying pistol.  [Fuson et al. J Am Chem Soc 75 5952 1953, Beilstein 5 IV 1140.]

2,2-Bis-(p-chlorophenyl)-1,1-dichloroethane (p,p'-DDD) [72-54-8] M 320.1, m 109-111o,

111-112o.  Crystallise DDD from EtOH and dry it in vacuo.  The purity is checked by TLC. [Beilstein 5 III

1830.] TOXIC INSECTICIDE.

2,2-Bis-(p -chlorophenyl)-1,1-dichloroethylene (p,p'-DDE) [72-55-9] M 318.0, m 89-91o.

Crystallise DDE from MeOH or EtOH and dry it in vacuo.  The purity is checked  by TLC. [Gätzi &

Stammbach Helv Chim Acta 28 569 1946, Beilstein 5 H 639, 5 III1891.]   POSSIBLE CARCINOGEN.

2 ,2-Bis - (4-chlorophenyl ) -1 ,1 ,1- tr ichloroethane  (p ,p ' -DDT, 1,1,1-trichloro-2,2-bis(p -

chlorophenyl)ethane) [50-29-3] M 354.5, m 108.5-109o, 108o.   Crystallise DDT from n-propyl

alcohol (5mL/g), then dry it in air or an air oven at 50-60o.  Alternatively crystallise it from 95% EtOH, and the

purity is checked  by TLC. [Beilstein 5 III 1833.] TOXIC INSECTICIDE.

4,4'-Bis-(diethylamino)benzophenone [90-93-7] M 324.5, m 93-95o, 95 -96o, b ~ 3 0 0o/ 10mm,

pKEst(1) ~1.8, pKEst(2)  ~3.3.  Crystallise the phenone from EtOH (25mL/g) and dry it under vacuum.  Its

picrate  forms yellow needles from EtOH with m 178.5o. [Beilstein 14 II 59.]

Bis-(4-dimethylaminobenzylidene)benzidine [6001-51-0] M 454.5, m 3 1 8o, pKEst ~ 0 .

Crystallise the benzidine from nitrobenzene.  [Beilstein 14 H 35.]

Bis-(4-fluoro-3-nitrophenyl) sulfone [312-30-1] M 344.3, m 193-194o. Recrystallise the sulfone

from Me2CO and H2O (5:1).  It should give a yellow colour in aqueous base.  [Zahn & Zuber Chem Ber 8 6

172 1953, Beilstein 6 IV 172.]

3,4-Bis-(4-hydroxyphenyl)hexane (Hexesterol) [5635-50-7 (no configuration), 84-16-2 (meso-3RS,4-

SR)] M 270.4, m 185-186o, 1 8 7o.   Free it from diethylstilboestrol by zone refining. Crystallise meso-

Hexestero from *benzene or aqueous EtOH (m 185-188o). The meso-dibenzoyl derivative  has m 236-237o.

The 3RS,4RS(±)-racemate [5776-72-7] crystallises from pet ether, *C6H6/pet ether, Et2O/pet ether, or

MeOH/H2O and has m 128-129o. The (±)-dibenzoyl derivative has m 123-124o. The 3R,4R(+)- isomer

[26614-21-1] and 3S,4S(-)-isomer [26614-22-2] crystallise from Et2O/pet ether with m 80-80 .5o and have

[ ]
D

17  (+) and (-) 17.7o (c 5, EtOH).  Their dibenzoyl derivatives have m 1 1 6 . 5o. [Beilstein 6 III 5503, 6  IV

6761.]  They have estrogenic activity where  optically active forms are more potent and they have antineoplastic

activity.  [Aboul-Enein et al. Anal Profiles Drug Subst  11 347 1982, J Am Chem Soc 65 4911941.]



250 Purification of Organic Chemicals — Aromatic Compounds

4,4-Bis(4-hydroxyphenyl)valeric acid  [diphenolic acid] [126-00-1] M 286.3, m 168-171o,

171-172o, pKEst(1)~ 4.8 (CO2H), pKEst(2)~ 7.55 (OH), pKEst(3)~9.0 (OH).  When recrystallised from
*C6H6, the crystals have 0.5 mol of *C6H6 (m 120-122o), and when recrystallised from toluene, the crystals

have 0.5 mol of toluene.  Purify the acid by recrystallisation from hot H2O.  It is soluble in Me2CO, AcOH,

EtOH, propan-2-ol, methyl ethyl ketone.  It can also be recrystallised from AcOH, heptane/Et2O or

Me2CO/*C6H6.  It has max 225 and 279nm in EtOH.  The methyl ester has m 87-89o (aqueous MeOH to give

the trihydrate).  [Bader & Kantowicz J Am Chem Soc 76 4465 1954, Beilstein 10 IV 1890.]

1,4-Bismethylaminoanthraquinone (Disperse Blue 14) [2475-44-7] M 2 6 6 . 3 , m 220-222o,

C.I. 61500, max 640 (594)nm.  Purify the anthraquinone by thin-layer chromatography on silica gel

plates, using toluene/acetone (3:1) as eluent.  The main band is scraped off and extracted with MeOH.  The

solvent is evaporated and the dye is dried in a drying pistol [Land et al. J Chem Soc, Faraday Trans 1 72  2091

1976].  It crystallises from n-butanol with m 221-222o and has max 539 and 644nm (EtOH).  [Beilstein 14 H

198, 14 III 440, 14 IV 459.]

Bis-(1-naphthylmethyl)amine [5798-49-2] M 329.4, m 62o, 63 -64o, pKEst ~8.4 .   Crystallise the

amine from pet ether, Et2O (m 73-74o) or *C6H6 (m 62o).  The hydrochloride crystallises from H2O as needles

m 239o, and the picrate has m 206o(202o).  [Beilstein 12 II 741, 12 IV 3195.]  

Bis-(4-nitrophenyl) carbonate  [5070-13-3]  M 304.3, m 142-143o.  Dissolve the carbonate in

CHCl3, wash it with 2N NaOH (3 x) and once with conc HCl, dry (Na2SO4), evaporate and crystallise the

residue from toluene (authors say prisms from 15 volumes of *benzene).  [Glatthard & Matter Helv Chim Acta

46 795 1963, Beilstein 6 III 820.]

Bis-(2-nitrophenyl) disulfide  [1155-00-6] M 308.3, m 192-195o, 1 9 5o, 194-197o, 198-199o.

Purify the disulfide by recrystallisation from glacial AcOH or from *C6H6 and the yellow needles are dried in an

oven at 100o until the odour of the solvent is absent. It is sparingly soluble in EtOH and Me2CO.  [Bogert &

Stull Org Synth Coll Vol I 220 1941, Bauer & Cymerman J Chem Soc 3434 1949, Beilstein 6 IV 1672.]

Bis-(4-nitrophenyl) ether [101 -63 -3] M 260.2, m 142-143o,  144.4-144.7o,  147-148o.

Crystallise the ether twice from *C6H6 or pet ether and dry it in vacuo.  [Beilstein 6 II 822, 6 IV 1290.]

Bis-(4-nitrophenyl) methane [1817-74-9] M 258.2, m 1 8 3o, 1 8 4o, 1 8 7o.  Crystallise the methane

twice from *C6H6, pet ether or AcOH (m 188.6-189.6o), and dry it in vacuo.  [Beilstein 5 III 1797, 5  IV

1853.]

Bis-(trifluoroacetoxy)iodobenzene (BTI) [2712-78-9] M 430.0, m 112-114o(dec), 120-121o,

124-126o. Crystallise the iodo compound from warm trifluoroacetic acid and dry it over NaOH pellets.

Recrystallise it also from Me2CO/pet ether.  Its melting point depends on the heating rate.  [Spyroudis &

Varvoglis Synthesis  445 1975, application: Almond et al. Org Synth 66 132 1988.]

N-BOC-1,2-phenylenediamine ([2-aminophenyl]carbamic acid, tert-butyl ester) [146651-75-4]

M 208.3, m 109-114o. Purify the ester by crystallisation from CHCl3/hexane (1:1, v/v) and dry it in

vacuo.  [Seto et al. J Am Chem Soc 115 1321 1993, Seto et al. J Am Chem Soc 127 11442 2005.]

Brilliant Green (4-dimethylaminotriphenyl carbinol) [633-03-4] M 482.7, m 209-211o(dec),

pK25 4.75.  Purify the dye by precipitating the perchlorate from aqueous solution (0.3%) after filtering, heating

to 75o and adjusting to pH 1-2.  Recrystallise it from EtOH/water (1:4) [Kerr & Gregory Analyst (London) 9 4

1036 1969].  [Beilstein 13 IV 2281.]

4-Bromoacetanilide [103-88-8] M 214.1, m 1 6 7o.   Crystallise the anilide from aqueous MeOH or

EtOH.  Purify it by zone refining.  [Beilstein 12 IV 1504.]

4-Bromoacetophenone [99-90-1] M 199.1, m 54o.  Crystallise it from EtOH, MeOH or from pet ether

(b 80-100o).  [Tanner J Org Chem  52 2142 1987, Beilstein 7 IV 647.]
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Bromoacetophenone (phenacyl bromide) [70-11-1] M 199.1, m 57-58o.   Crystallise the

bromide from EtOH, MeOH or pet ether (b 80-100o).  [Tanner J Org Chem  52 2142 1987, Beilstein 7 IV

649.]

4-Bromoaniline [106-40-1] M 172.0, m 66o, pK25 3 . 8 6 .   Crystallise the aniline (with appreciable

loss) from aqueous EtOH.  The benzoyl derivative has m 204o (from EtOH).  [Beilstein 12 IV 1497.]

2-Bromoanisole [578-57-4] M 187.0, f 2.5o, b 124o/40mm, d
4
20  1.513, n

D
25 1.5717.   Crystallise

the anisole by repeated  partial freezing, then distil it under reduced pressure.  [Beilstein 6 IV 1037.]

4-Bromoanisole [104-92-7] M 187.0, f 13.4o, b 99-100o/18mm, 1 2 4o/40mm, d
4
20  1.495, n

D
25

1.5617.  Crystallise the anisole by repeated  partial freezing, then distil it under reduced  pressure.  [Beilstein 6

III 741, 6 IV 1044.]

9-Bromoanthracene [1564-64-3] M 257.1, m 98-100o.  Crystallise 9-bromoanthracene from MeOH or

EtOH followed by sublimation in vacuo.  [Masnori et al. J Am Chem Soc 108 126 1986, Beilstein 5 IV

2295.]

4-Bromobenzal diacetate [55605-27-1] M 287.1, m 95o.   Crystallise the diacetate from hot EtOH

(3mL/g).  [Liebermann & Connor Org Synth Coll Vol II 442 1948, Beilstein 7 II 182, 7 IV 579.]

Bromobenzene [108-86-1] M 157.0, b 155.9o, d
4
20  1.495, n

D
20  1.5588, n

D
15 1 .56252 .   Wash

bromobenzene vigorously with conc H2SO4, then 10% NaOH or NaHCO3 solutions, and H2O.  Dry it with

CaCl2 or Na2SO4, or pass it through activated alumina, before refluxing with, and distilling from, CaH2, using

a glass helix-packed column.  [Beilstein 5 IV 670.]

4-Bromobenzene diazonium tetrafluoroborate [673-40-5] M 270.8, m 1 3 3o(dec), 135-140o

(dec), 135o(dec). Wash the salt with Et2O until the wash is colourless and allow it to dry by blowing N2

over it.  Store it at 0-4o in the dark.  [Schiemann & Pillarsky Chem Ber 64 1340 1931, Beilstein 16 III 517.]

4-Bromobenzenesulfonyl chloride [98-58-8] M 255.5, m 73-75o, 74.3-75.1, 75-76o, 7 7o, b

1 5 3o/15mm, 150.6o/13mm.  Wash the sulfonyl chloride with cold water, dry and recrystallise it from pet

ether, or from ethyl ether cooled in powdered Dry-Ice after the ether solution had been washed with 10% NaOH

until colourless, then dry it with anhydrous Na2SO4.  Alternatively dissolve it in CHCl3, wash it with H2O, dry

(Na2SO4), evaporate and recrystallise it.  [Huntress & Carten J Am Chem Soc 62 511 1940.]  Test for the

SO2Cl group by dissolving it in EtOH and boiling with NH4CNS whereby a yellow amorphous precipitate

forms on cooling.  [Beilstein 11 IV 162.]

o-Bromobenzoic acid [88-65-3] M 201.0, m 148.9o, pK20 2.88.  Crystallise the acid from *C6H6 or

MeOH. The anilide has m 141o (from EtOH/H2O).  [Beilstein 9 IV 1011.]

m-Bromobenzoic acid [585-76-2] M 201.0, m 155o, pK25 3.81.   Crystallise the acid from

acetone/water,  MeOH or acetic acid. The anilide has m 137o (from EtOH/H2O).  [Beilstein 9 IV 1013.]

p-Bromobenzoic acid [586-76-5] M 201.0, m 251-252o, 254-256o, 257-258o, pK25 3 . 9 6 .

Crystallise the acid from MeOH, or MeOH/water mixture, 90% EtOH and Et2O.  The methyl ester  has m  81o

from Et2O or dilute MeOH. The anilide has m 197o (from EtOH).  [Male & Thorp J Am Chem Soc 35 269

1913, Lamneck J Am Chem Soc 76 406 1954, Vandenbelt et al. Anal Chem 26 926 1954, Beilstein 9 IV

1017.]

p-Bromobenzophenone [90-90-4] M 261.1, m 81o, 81-82o. Crystallise the phenone from EtOH.  The

2,4-dinitrophenylhydrazone  forms  orange-red leaflets from dioxane/EtOH with m  207-209o.  [Allen & Van

Allan J Am Chem Soc 66 7 1944, Beilstein 7 H 422, 7 III 2079, 7 IV 1378.]
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4-Bromobenzoyl acetonitrile [4592-94-3]  M 224.1, m 160-164o, 162.4-163.4o. The nitrile is

purified by dissolving in slightly alkaline H2O (charcoal), filtering and acidifying with HCl to give colourless

needles (m 162-163o).  It recrystallises from EtOH.  With Me2SO4/KOH at 130o it gives 4-bromo -

methoxycinnamylnitrile m 58.5-59.5o (from high boiling pet ether) [Fuson & Wolf J Am Chem Soc 61  1940

1939, Grathaus & Dains J Am Chem Soc 58 1334 1936].  [Beilstein  10 III 2998.]

p -Bromobenzoyl chloride [586-75-4] M 219.5, m 36-39o,  39.8o, 41o, b 62o/ 0 . 1 m m ,

1 0 4 . 5o/6mm, 126.4-127.2o/14mm.  Check IR of a film to see if OH bands are present. If absent then

recrystallise from pet ether and dry it in vacuo. If OH bands are weak, then distil it in vacuo and recrystallise if

necessary.  If OH bands are very strong, then treat with an equal volume of redistilled SOCl2 reflux for 2hours,

then evaporate excess of SOCl2 and distil the residual oil or low melting solid.  Store it in the dark away from

moisture. LACHRYMATORY.  [Martin & Partington J Chem Soc 1175 1936, Beilstein 9 IV 1023.]

p-Bromobenzyl bromide [589-15-1] M 249.9, m 60-61o.  Crystallise the bromide from EtOH.

[Beilstein 5 IV 836.] LACHRYMATORY.

p-Bromobenzyl chloride [589-17-3] M 205.5, m 40-41o, b 105-115o/12mm .  Crystallise the

chloride from EtOH and distil it in a vacuum.  [Beilstein 5 IV 832.] LACHRYMATORY.

p-Bromobiphenyl [92-66-0] M 233.1, m 88.8-89.2o.  Crystallise the biphenyl from abolute EtOH and

dry it in vacuo.  [Beilstein 5 IV 1819.]

4-Bromo-4'-chlorobenzophenone [27428-57-5] M 295.6, m 150o. Crystallise the phenone from

EtOH or *C6H6 and further purify it by zone refining (100 passes) [Grove & Turner J Chem Soc 509 1929, Lin

& Hanson J Phys Chem 91 2279 1987].  [Beilstein 7 II 360, 7 III 2081.]

Bromocresol Green (3',3",5',5"-tetrabromo-m-cresolsulfonephthalein) [76-60-8] M 698.0, m

218-219o(dec), 225o(dec), pK2 5 4.51.  Crystallise the dye from glacial acetic acid or dissolve it in

aqueous 5% NaHCO3 solution and precipitate it from the hot solution by dropwise addition of aqueous HCl.

Repeat this until the UV/VIS-extinction did not increase  at max 423nm.  It is an indicator:  at pH 3.81

(yellow) and pH 5.4 (blue-green).  [Beilstein 19/3 V 460.]

Bromocresol Purple (5',5"-dibromo-o-cresolsulfonephthalein) [115-40-2] M 540.2, m 241-

2 4 2o(dec), pK1 -2.15, pK2 6.3.  Dissolve the dye in aqueous 5% NaHCO3 solution and precipitate it from

a hot solution by dropwise addition of aqueous HCl.  Repeat this until the UV/VIS-extinction did not increase at

max 419nm.  It can also be recrystallised from *benzene.  It is an indicator: at pH 5.2 (yellow) and pH 6.8

(purple).  [Beilstein 19/3 V 460.]

p-Bromo-N ,N-dimethylaniline [586-77-6] M 200.1, m 55o, b 2 6 4o, pK pK25 19.2 (acidic).

4.23.  Reflux the aniline for 3hours with two equivalents of acetic anhydride,  then fractionally distil it under

reduced  pressure.  [Beilstein 12 IV 1499.]

1-Bromo-2,4-dinitrobenzene [584-48-5] M 247.0, m 72.5-73o, 7 5o.  Crystallise it from ethyl ether,

isopropyl ether, 80% EtOH or absolute EtOH.  [Beilstein 5 III 640, 5 IV 749.]

N-(2-Bromoethyl)phthalimide [574-98-1] M 254.1, m 81-83o, 82 .5 -83 .5o.   The following is to

be carried out in an efficient FUME HOOD.  Dissolve the compound (180g) in CS2 (500 mL) by refluxing

for 15minutes (to cause the separation of the most likely impurity, 1,2-diphthalimidoethane), filter and evaporate

under reduced pressure.  The product forms light tan crystals (m 78-80o).  Recrystallise it from EtOH (charcoal)

[the compound (50g) is dissolved in hot 75% EtOH (200mL), boiled for ca 10 minutes, carbon is added (5g,

Norite), filter and cool to 0o], to give white crystals (40g) which can be recrystallised (m 80-81o); and further

recrystallisation gives m 82-83o.  [Salzberg & Supniewski Org Synth  Coll Vol I 119 1932, Landini & Rolla

Synthesis 389 1976, Beilstein 21/10 V 275.]
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3-Bromo-5-hydroxybenzoic acid [140472-69-1] M 217.0, m 233.5o, 237-241o, pKEst(1) ~ 2 . 3 ,

pKEst(2) ~13.0. The acid crystallises from H2O (m  238-239o), and with Me2SO4 it yields the 3-methoxy

derivative  with m 190-191o (from EtOH).  [Baddar  et al. J Chem Soc 469 1955, Beilstein 10 IV 333.]

2-Bromomethylanthraquinone [7598-10-9] M 301.1, m 200-202o. Recrystallise the quinone from

AcOH, wash the crystals with a little Et2O, dry it in air and then in a vacuum at 100o.  It is prepared  by

bromination of 2-methylanthraquinone with Br2/PhNO2 at 145-150o, or N-bromosuccinimide in CCl4
containing a trace of (PhCOO)2.  [Beilstein 7 IV 2576.]

2-(Bromomethyl)benzonitrile [22115-41-9] M 195.1, m 72-73o, 7 9o, b 152-155o/ 15mm.

Purify the nitrile by steam distillation.  Extract the distillate with Et2O, dry the extract (Na2SO4), evaporate and

distil the residue.  The solidified distillate can be recrystallised from pet ether or cyclohexane.  NMR (CDCl3) :

7.8-7.2 (m 4H), 4.62 (s, 2H), IR max 2238 cm 1.  [Drory Chem Ber 24 2570 1891, Borsche et al. Chem Ber

74 685 1934, Buckley et al. Aust J Chem 22 594 1969, Beilstein 9 III 2312.] LACHRYMATORY.

4-Bromo- -methylbenzyl alcohol [(±) 5391-88-8, 25675-29-0, R-(+) 76155-78-7, S-(-) 100760-04-1]

M 201.1.  The  (±)-racemate  is purified by distillation in a vacuum (b 90o/1mm, 119-121o/7mm, d 1.46)

and it solidifies on cooling (m 36-37o) [Overberger et al. Org Synth Coll Vol III 200 1955].  The (±)-tosyl

derivative  [114200-15-6] has m 56-57o.  The R-(+)-enantiomer  is also purified by distillation in a vacuum (b

110o/3mm, d
4

25  1.322, n
D

20  1.569) and has [ ]
D

20  +39o (c 1, CHCl3), +32.9o (c 1.39, MeOH).  The S-(-)-

enantiomer  is similarly purified.  [Stein et al. Can J Chem 63 3442 1985, Crevinka et al. Collect Czech Chem

Commun 51 401 1986, Beilstein 6 II 447.]

2-(Bromomethyl)-naphthalene [939-26-4] M 221.1, m 52-54o, 5 6o, 56 -57o, b 133 -

1 3 6o/0.8mm, 214o/100mm.  Dissolve the bromo compound in toluene, wash it with saturated aqueous

NaHCO3, dry (Mg SO4), evaporate, fractionally distil the residue and recrystallise the solidified distillate from

EtOH.  [Chapman & Williams J Chem Soc 5044, 1952, Bergmann & Szmuszkovicz Bull Soc Chim Fr 2 0

566 1953, Beilstein 5 IV 1698.]

1-Bromonaphthalene [90-11-9] M 207.1, b 1 1 8o/6mm, d
D
20  1 .489 .   Purify 1-bromonaphthalene by

passage through activated  alumina, and three vacuum distillations.   [Beilstein 5 H 547, 5 IV 1665.]

2-Bromonaphthalene [580-13-2] M 207.1, m 59o.  Purify 2-bromonaphthalene by fractional elution

from a chromatographic column of activated alumina.  Crystallise it from EtOH.  [Beilstein 5 IV 1667.]

1-Bromo-2-naphthol [573-97-7] M 223.1, m 76-78o, 83o, 8 4o, pKEst ~8.0 .  Distil the naphthol at

10mm then recrystallise it from *C6H6/pet ether (b 30-60o) m   80-81o.  The benzoyl derivative has m 98.5-

99.5o (from MeOH).  [Hazlet J Am Cherm Soc 62 2156 1940, Beilstein 6 H 650, 6 II 604, 6 III 2994.]

6-Bromo-2-naphthol [15231-91-1] M 223.1, m 122-126o, pKEst ~9.1. Crystallise the naphthol from

EtOH or  *C6H6/pet ether (m 128o). The benzoyl derivative has m 122o, (from EtOH).  [Ruggli & Michels

Helv Chim Acta 14 779 1931, Beilstein 6 H 651, 6 II 605, 6 III 2996.]

-Bromo-4-nitroacetophenone [99-81-0] M 244.1, m 9 8o.   Crystallise it from *C6H6/pet ether.

[Beilstein 7 IV 661.]

o-Bromonitrobenzene (2-bromo-1-nitrobenzene) [577-19-5] M 202.1, m 43o.  Crystallise it twice

from pet ether, using charcoal before the first crystallisation.  [Beilstein 5 III 618, 5 IV 728.]

m-Bromonitrobenzene (3-bromo-1-nitrobenzene) [585-79-5] M 202.1, m 55-56o.   Crystallise it

twice from pet ether, using charcoal before the first crystallisation.  [Beilstein 5 III 618, 5 IV 729.]

p-Bromonitrobenzene (4-bromo-1-nitrobenzene) [586-78-7] M 202.1, m 1 2 7o.   Crystallise it

twice from pet ether, using charcoal before the first crystallisation.  [Beilstein 5 III 619, 5 IV 729.]
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p-Bromophenacyl bromide [99-73-0] M 277.9, m 110-111o.  Crystallise the bromide from EtOH (ca

8mL/g).  [Beilstein 7 IV 652.]

o-Bromophenol [95-56-7] M 173.0, b 194o, d
D
20  1.490, pK2 5 8 .45 .   Purify the phenol by at least

two passes through a chromatographic column and distil it.  [Beilstein 6 IV 1037.]

p-Bromophenol [106-41-2] M 173.0, m 6 4o, pK25 9 .36 .   Crystallise the phenol from CHCl3, CCl4,

pet ether (b 40-60o), or water and dry it at 70o under vacuum for 2hours.  [Beilstein 6 IV 1043.]

Bromophenol Blue (3,3',5,5'-tetrabromophenolsulfonephthalein) [115-39-9] M 670.0, m

270-271o(dec), 273o(dec), max 422nm, pK2 5 3.62 (acidic).   Crystallise the dye from *C6H6 or

Me2CO/AcOH, and dry it in air.  It is an indicator: at pH 3.0 it is yellow and it is purple at pH 4.6.  [Beilstein

19/3 V 458.]

(4-Bromophenoxy)acetic acid [1878-91-7] M 231.1, m 157o, 158o, pK25 3.13.  Crystallise the

acid from EtOH or H2O (m 161.4-161.8o).  [Hayes & Branch J Am Chem Soc 65  1555 1943, Beilstein 6  III

747, 6 IV 1052.]

3-(4-Bromophenoxy)propionic acid [93670-18-9] M 247.1, m 1 4 6o, pKEst ~4.2 .   Crystallise the

acid  from EtOH, MeOH or *C6H6/hexane (m 144-145o).  [Beilstein 6 III 748, 6 IV 1052.]

4-Bromophenylacetic acid [1878-68-8] M 215.1, m 112-113o, 113-115o, 1 1 4o, pK2 5 4 . 1 9 .

The acid crystallises from H2O as needles.  The acid chloride has b 238o/760mm, m  50o, and the anilide has m

174-175o.  [Dippy & Williams J Chem Soc  161 1934, 1251 1948, Schwenk & Pala J Org Chem 11 798

1946, Beilstein 9 III 2275.]

4-Bromophenylhydrazine [589-21-9] M 187.1, m 108-109o, pK20 -5.6 (aqueous H2S O4), pK2 5

5.05.  Crystallise the hydrazine from H2O.  The hydrochloride crystallises from EtOH/H2O with m 213-214o,

and the tosylate has m 212o (from EtOH).  [Beilstein 15 H 434, 15 I 117, 15 II 160, 15 III 289,  15 IV

282.]

4-Bromophenyl isocyanate [2492-02-9] M 189.0, m 41-42o, b 1 5 8o/ 1 4 m m .  Crystallise the

isocyanate from pet ether (b 30-40o).  It has a pungent odour.  [Beilstein 12 H 647, 12 I 321.]

4-Bromophenyl isothiocyanate  [1985-12-2]  M 214.1, m 56-58o. Recrystallise the isothiocyanate

from boiling n-hexane.  Any insoluble material is most probably the corresponding urea.  It is also purified by

steam distillation, cool the receiver, add NaCl and extract in Et2O, wash the extract with N H2SO4, dry

(MgSO4), evaporate and recrystallise the residual solid.  [Cymerman-Craig et al. Org Synth Coll Vol IV 700

1963, cf Dains et al. Org Synth Coll Vol I 447 1941, Beilstein 6  IV 1051, 12 II 354, 12  III 1463p, 12 IV

1519.]

N-(3-Bromopropyl)phthalimide [5460-29-7] M 268.1, m 72-74o, 7 4o. Place it in a Soxhlet and

extract it with Et2O, whereby the bis-phthalimido impurity is not extracted.  Evaporate the Et2O and

recrystallise the residue from EtOH, aqueous EtOH or pet ether.  [Gabriel & Weiner Chem Ber 21  2669 1888,

Gaudry Can J Chem 31 1060 1953, Beilstein 21/10 V 1277.]

Bromopyrogallol Red (5,5'-dibromopyrogallolsulfonephthalein) [16574-43-9] M 576.2, m

3 0 0o, max 538nm ( 54,500 H2O pH 5.6-7.5), pK1 2.9, pK2 4.39, pK3 9.15, pK4 1 1 . 7 2 .

Crystallise the dye from 50% EtOH, or aqueous alkaline solution followed by acidification.  It is a metal

chromic indicator.  [Suk Collect Czech Chem Commun 31 3127 1966, Beilstein 19/10 V 226].

5-Bromosalicyl hydroxamic acid [5798-94-7] M 210.1, m 232o(dec), pKEst(1)~ 1.5, pKEst(2)~

7.0, pKEst(3)~ 8.7.  Crystallise the hydroxamic acid from H2O (m 249o) or from EtOH (m 232o dec).  It

sublimes at m 235o.  It complexes with metals.  [Beilstein 10 IV 221.]
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4-Bromostyrene [2039-82-9] M 183.1, b 49 .5 -50o/2.5mm, 87-88o/12mm, 102-104o/ 20mm,  

d
4
20  1.3984, n

D
20 1.5925.  It polymerises above 75o in the presence of benzoyl peroxide.  To purify, if it has

not gone to a solid resin, dissolve it in Et2O, dry (MgSO4) and add ca  0.1g of 4-tertbutylcatechol

(polymerisation inhibitor) per 100g of bromostyrene.  Filter, evaporate this under reduced pressure  (use as high

a vacuum as possible) and distil the residue.  Store it in dark bottles in the presence of the inhibitor (at above

concentration).  [Overberger & Saunders Org Synth  Coll Vol III 204 1955, Beilstein 5 IV 1349.]

Bromothymol Blue (3',3"-dibromothymolsulfonephthalein) [76-59-5] M 624.4, m 201-203o,

pK1 -0.66, pK2 6.99.  Dissolved the dye in aqueous 5% NaHCO3 solution and precipitate it from the hot

solution by dropwise addition of aqueous HCl.  Repeat this until the extinction at max 420 nm does not

increase. It is an indicator: aqueous solutions are yellow at pH 6.0, and blue at pH 7.6. [Beilstein 19/3 V 461.]

o-Bromotoluene [95-46-5] M 171.0, m - 2 7o, b 58-60o/10mm, 7 4o/19mm, 1 8 1 . 7o/ 760mm,

d
4
20  1.422, n

D
20  1.556.  Fractionally distil it through an efficient column.  It can be separated from its

isomers by gas chromatography on a column of “Sil-o-cel” firebrick (30-40mesh, 80 parts) coated with  5% (20

parts) of ICI E301 con rubber with N2 carrier gas at 170o/atm and 100mL/minute and using a conductivity cell

detector. [Cowley et al. J Chem Soc 1801 1959, Beilstein 5 H 304, 5 I 153, 5 II 234 5 III 704, 5 IV 825.]

p-Bromotoluene [106-38-7] M 171.0, m 28o, b 184o, d
4
20  1.390.  Crystallise it from EtOH [Taylor

& Stewart J Am Chem Soc 108 6977 1986].  [Beilstein 5 IV 827.]

-Bromo-4-toluic acid [6232-88-8] M 215.1, m 229-230o, pKEst ~3.2 .   Crystallise the acid from

Me2CO.  [Beilstein 9 IV 1745.]

-Bromo-p-xylene (p-methylbenzyl bromide) [104-81-4] M 185.1, m 35o, b 218-220o/ 740mm.

Crystallise the bromide from EtOH or pentane.  [Beilstein 5 H 385, 5 IV 969.]

2-tert-Butoxycarbonyloxyimino-2-phenylacetonitrile (BOC-ON) [58632-95-4] M 246.3, m
87-89o.  Triturate the solid with 90% aqueous MeOH, filter, wash with 90% aqueous MeOH and dry it in a
vacuum.  Recrystallise it from MeOH (needles or plates), but use warm MeOH and cool to crystallise; do not
boil as it decomposes slowly.  IR has max 1785 (C=O) cm-1 and NMR (CDCl3) usually shows two tert-butyl

singlets for syn and anti isomers.  Store it in a brown bottle (fridge).  It evolves CO2 at room temperature

(stoppered bottle can explode!), but can be stored over silica gel which may extend its useful life to more than a
year.  [Itoh et al. Org Synth 59 95 1980.]

4-Butoxyphenylacetic acid  [4547-57-3] M 208.3, m 86-87o, 8 8 . 5o, pKEst ~4.4 .  Recrystallise it

from pet ether (b 40-60o).  [McElvain & Carney J Am Chem Soc 68 2592 1946, Beilstein 10 IV 545.]

n-Butyl p-aminobenzoate (Butamben) [94-25-7] M 193.2, m 57-59o, b 1 7 4o/8mm,  pKEst

~2.5.  Crystallise Butamben from EtOH.  [Beilstein 14 IV 1130.]

tert-Butylammonium bromide  [60469-70-7] M 154.1, m >250o(dec).  Recrystallise the salt several

times from absolute EtOH or by dissolving in absolute EtOH and adding Et2O slowly to crystallise the salt.

Dry it thoroughly at 105o.  [IR: Chenon & Sandorfy Can J Chem 36 1181 1958, Beilstein 4 IV 659.]

2-tert-Butylanthracene [13719-97-6] M 234.3, m 148-149o.  Recrystallise the anthracene  from EtOH

and finally purify it by TLC.  [Beilstein 5 IV 2364.]

n-Butylbenzene [104-51-8] M 134.2, b 1 8 3 . 3o, d
4
20  0.860, n

D
20  1.4897, n

D
25 1 . 4 8 7 .   Distil

butylbenzene from sodium.  Wash it with small portions of conc H2SO4 until the acid is no longer coloured,

then with water and aqueous Na2CO3.  Dry it ( MgSO4), and distil it twice from Na, collecting the middle

fraction [Vogel J Chem Soc 607 1948].  [Beilstein 5 IV 1033.]

tert-Butylbenzene [98-06-6] M 134.2, b 169.1o, d
4
20  0.867, n

D
20  1.493, n

D
25 1 . 4 9 0 .   Wash it

with cold conc H2SO4 until a fresh portion of acid is no longer coloured, then with 10% aqueous NaOH (care-
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effervescence), followed by distilled water until neutral.  Dry it (CaSO4), and distil it in a glass helices-packed

column, taking the middle fraction.  [Beilstein 5 IV 1045.]

4-tert-Butyl benzoyl chloride [1710-98-1] M 196.7, b 1 3 5o/10mm, 149 .9 -150 .5o/ 14mm,

266-268o(dec), d
4
20  1.082, n

D
20  1.536.  Distil it in a vacuum.  If IR shows OH group, then treat it with

thionyl chloride or oxalyl chloride at ca 50o for 30minutes, evaporate and fractionate it in a vacuum using a

short column.  Strongly LACHRYMATORY; use a good fume hood.  [Fuson & Turnbull J Am Chem Soc

71 2544 1949, Tsuno et al. Bull Chem Soc Jpn 32 960 1959, Swain et al. J Am Chem Soc 72  5433 1950,

Beilstein 9 III 2526.]

4-tert-Butylcatechol [98-29-3] M 166.22, m 47-48o, 55 -56o, 7 5o, b 2 6 5o/atm, pKEst(1) ~ 9 . 5 ,

pKEst(2)  ~13.0.  Distil it in a vacuum, then recrystallise it from pentane or pet ether (or *C6H6).  [Beilstein

6 IV 6014.]

6- tert-Butyl-1-chloro-2-naphthol [525-27-9] M 232.7, m 76o, b 1 8 5o/15mm, pKEst ~ 8 . 0 .

Recrystallise the naphthol from pet ether.  Its methyl ether has m 115o (from EtOH/pet ether).  [Buu-Hoi et al.

J Org Chem 15 1064 1950, Beilstein 6 IV 4367.]   

2-tert-Butyl hydroquinone  [1948-33-0] M 166.2, m 125-127o, 127-128o, 1 2 9o, pKEst(1) ~ 1 0 . 5 .

pKEst(2)  ~11.6.  Recrystallise the hydroquinone from H2O or MeOH and dry it in a vacuum at 70o.  Store it

in a dark container.  [Stroh et al. Angew Chem 69 699 1957, Beilstein 6 IV 6013.]

2- tert-Butyl-4-methoxyphenol (2-tert-butyl-4-hydroxyanisole) [121-00-6]   M 180.3, m

6 4 . 1o, pKEst ~10.8. Fractionally distil the phenol in vacuo, then pass it as a solution in CHCl3 through

alumina, and evaporate the eluate.  Recrystallise the residue from pet ether.  [Beilstein 6 IV 6013.]

p-tert-Butylnitrobenzene [3282-56-2] M 179.2, m 28.4o, b 1 3 5o/10mm, 140-142o/15mm, n
D
20

1.5230. Recrystallise it three times by partially freezing a mixture of the mono-nitro isomers, then

recrystallise it twice from MeOH and dry it in vacuo [Brown J Am Chem Soc 81 3232 1959].  [Beilstein 5  H

418, 5 I 203, 5 II 321, 5 III 943, 5 IV 1052.]

tert-Butyl perphthalic acid (monoperoxyphthalic acid 1-tert-butyl ester) [15042-77-0] M

238.2, m 104-104.5o (dec), pKEst ~6.2 .   Crystallise the per acid-ester from Et2O or Et2O/pet ether and

dry it over H2SO4.  The ester was prepared from tert-butylhydroperoxide and phthalic anhydride [Davies et al. J

Chem Soc 1545 1953]. Possibly EXPLOSIVE.  [Beilstein 9 IV 3260.]

p- tert-Butylphenol [98-54-4] M 150.2, m 99o, pK25 10.39.  Crystallise the phenol to constant

melting point from pet ether (b 60-80o).  It sublimes in vacuo.  Also purify it via the benzoate, as for phenol.

The salicylate ester  [87-18-30]  has m 63-64o (from aqueous EtOH, or EtOH).  [Beilstein 6 IV 3296.]

p-tert-Butylphenoxyacetic acid [1798-04-5] M 208.3, m 86.5o, 88-89o, 94o, 9 6 . 5o, pKEst

~2.9.  Crystallise the acid from pet ether or pet ether/*C6H6 mixture.  [Beilstein 6 H 524, 6 III 1869.]

tert-Butyl phenyl carbonate  [6627-89-0] M 194.2, b 74-78o/0.5mm, 8 3o/0.6mm, d
4
20  1 . 0 5 ,

n
D
20  1.480.  If IR is free from OH, then purify it by redistillation; otherwise dissolve it in Et2O, wash it with

5% HCl, then H2O, dry it (MgSO4), evaporate and distil it through a Claisen head under vacuum.  Care should

be taken as distillation of large quantities can lead to decomposition with liberation of CO2 and isobutylene; use

the necessary precautions.  [Carpino J Am Chem Soc 79 98 1957, Beilstein 6 IV 629.]

n-Butyl phenyl ether [1126-79-0] M 150.2, b 95o/17mm, 2 1 0 . 2 0o/760mm, d
4
20  0.935, n

D
20

1.4969.  Dissolve it in diethyl ether, washed first with 10% aqueous NaOH to remove traces of phenol, then

repeatedly with distilled water, followed by evaporation of the solvent and distillation under reduced pressure

[Arnett & Wu J Am Chem Soc 82 5660 1960].  [Beilstein 6 H 143, 6 I 82, 6 II 145, 6 III 550, 6 IV 558.]
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N-tert-Butyl -phenyl nitrone (PBN) [3376-24-7] M 177.2, m 73-74o. Crystallise PBN from

hexane.  It is a free radical trap.  [cf Janzen Methods Enzymology 105 188 1984, Beilstein 7 IV 519.]

p -tert-Butyltoluene  [98-51-1]  M 148.3, f - 5 3 . 2o, b 9 1o/28mm, 189-192o/atm, d
4
20  0 . 8 5 4 ,

n
D
20  1.4920.  A sample containing 5% of the meta-isomer is purified by selective mercuration.  Fractional

distillation of the solid arylmercuric acetate, after removal from the residual hydrocarbon, gives pure p-tert-

butyltoluene [Stock & Brown J Am Chem Soc 81 5615 1959].  [Beilstein 5 H 439, 5 III 1003, 5 IV 1079.]

tert-Butyl 2,4,5-trichlorophenyl carbonate  [16965-08-5] M 297.6, m 64-66o, 67 -68 .5o.

Crystallise the carbonate from a mixture of MeOH (90mL) and water (6mL) using charcoal [Broadbent et al. J

Chem Soc (C)  2632 1967, Fieser & Fieser Reagents for Organic Synthesis 2 55 1969].

Caffeic acid (3,4-dihydroxycinnamic acid) [331-39-5] M 180.2, m 195o, 223-225o, pK
1
25

4.62, pK
2
25  9.07.  Recrystallise this antioxidant from water.  [Beilstein 10 IV 1776.]

Calcon carboxylic acid [3-hydroxy-4-(2-hydroxy-4-sulfo-1-naphthylazo)naphthalene-2-

carboxylic acid] [3737-95-9] M 428.4, m 300o, max 560nm, pK1 1.2, pK2 3.8, pK3 9 . 2 6 ,

pK4 13.14.  Purify it via its p-toluidinium salt, viz: dissolve the dye in warm 20% aqueous MeOH, treat with

an equivalent of p-toluidine and cool to precipitate the salt.  Finally recrystallise the acid from hot water.  [Itoh

& Ueno Analyst (London) 95 583 1970.]  It is an indicator and complexes with Ca2+ in presence of Mg2+ and

other metal ions [Patton & Reeder Anal Chem 28 1026 1956, Prentoe & Prentoe Analyst 106 227 1981].

Calmagite [1-(1-hydroxy-4-methyl-2-phenylazo)-2-hydroxynaphthalene-4-sulfonic acid]

[3147-14-6] M 358.4, m 300o, pK1 8.1, pK2 12.4.  A crude dye is extracted with anhydrous diethyl

ether and forms red crystals from Me2CO.  It gives a red colour in H2O at pH 7—9 and a blue colour at pH

9—11 which turns red on addition of Ca2+ or Mg2+ ions.  [Lindstrom & Diehl Anal Chem 32 1123 1960].

Complexes with Ca, Mg and Th.

Capsaicin (E -N -[(4-hydroxy-3-methoxyphenyl)-methyl]-8-methyl-6-nonenamide) [404-86-4]

M 305.4, m 64-66o, 65o, 66.1o, b 210-220o/0.01mm,  7000 (281nm, EtOH).  Recrystallise

capcaicin from pet ether (b 40-60o), or pet ether/Et2O (9:1).  Also purify it by chromatography on neutral Al2O3

(grade V) and elute successively with *C6H6, *C6H6/EtOAc (17:3) then *C6H6/EtOAc (7:3), and distil it at

120o/10-5mm, then repeatedly recrystallise the needles from isopropanol (charcoal).  [Crombie et al. J Chem Soc

11025 1955, Bennett & Kirby J Chem Soc(C) 442 1968.] It causes pain  and is neurotoxic  [Bevan &

Szolcsanyi Trends in Pharmacol Sci 11 330 1990, Beilstein 13 IV 2588].

4-(Carbamoylmethoxy)acetanilide [14260-41-4] M 208.2, m 208o.  Crystallise the anilide from

water.

N -Carboethoxyphthalimide (N-ethoxycarbonylphthalimide) [22509-74-6] M 219.2, m 8 7 -

8 9o, 90-92o. Crystallise the imide from toluene/pet ether (or *benzene/pet ether).  It is partly soluble in

Et2O, *benzene and CHCl3.  [Heller & Jacobsohn Chem Ber 54 1112 1921, Beilstein 21/10 V 428.]

o-Carboxyphenylacetonitrile [6627-91-4] M 161.2, m 114-115o.   Crystallise the nitrile (with

considerable loss) from *benzene, glacial acetic acid or H2O.  The methyl ester has m 47-48o (from *C6H6).

[Price & Rogers Org Synth Coll Vol III 174 1955, Beilstein 9 H 859, 9 II 618, 9 III 4267.]

Catechol (1,2-dihydroxybenzene, pyrocatechol) [120-80-9] M 110.1, m 1 0 5o, pK
1
25  9 . 4 5 ,

pK
2
25  12.8.  Crystallise catechol from *benzene or toluene and sublime it in vacuo.  [Rozo et al. Anal Chem

58 2988 1986, Beilstein 6 IV 5557.]

Cation exchange resin.  The resin should be conditioned before use by successive washing with water,

EtOH and water, and taken through two H+-Na+-H+ cycles by successive treatment with M NaOH, water and M

HCl then washed with water until neutral.



258 Purification of Organic Chemicals — Aromatic Compounds

p-Chloranil (2,3,5,6-tetrachloro-1,4-benzoquinone) [118-75-2] M 245.9, m 290o, 294 .2 -

2 9 4 . 6o(sealed tube).  Crystallise p-chloranil from acetic acid, acetone, *benzene, EtOH or toluene, dry it in

a vacuum over P2O5, or from acetic acid and drying over NaOH in a vacuum desiccator.  It can be sublimed

under vacuum at 290o.  A sample may contain significant amounts of the o-chloranil isomer as impurity.

Purify it by triple sublimation under vacuum and recrystallise before use.  It is a skin and mucous

membrane irritant.  [UV: Pummerer et al. Chem Ber 85 545 1952, Brook J Chem Soc  5040 1952,

Beilstein 7 IV 2083.]

Chloranilic acid (2,5-dichloro-3,6-dihydroxy-1,4-benzoquinone) [87-88-7] M 209.0, m 283-

2 8 4o pK
1
25  1.22, pK

2
25  3.01.  A solution of 8g of quinone in 1L of boiling water is filtered while hot,

then extracted twice at about 50o with 200mL portions of *benzene.  The aqueous phase is cooled in ice-water.

The crystals are filtered off, washed with three 10mL portions of water, and dried at 115o.  It can be sublimed in

vacuo.  [Weissbart & Rysselberghe J Phys Chem 61 765 1957.]  The diacetate has m 182-185o [Conant &

Fieser J Am Chem Soc 46 1866 1924, Thamer & Voight J Phys Chem 56 225 1952].  [Beilstein 8 IV 2707.]

p-Chloroacetanilide [539-03-7] M 169.6, m 1 7 9o.   Crystallise the anilide from EtOH or aqueous

EtOH.  [Beilstein 12 IV 1178.]

2-Chloroacetophenone   [532-27-4]  M 154.6, m 54-56o. Crystallise it from MeOH [Tanner J Org

Chem 52 2142 1987].  [Beilstein 7 IV 641.]

o-Chloroaniline  [95-51-2] M 127.6, m -1.9o, b 8 4 . 5o/10mm, 1 0 8 . 4o/30mm, 2 0 8 . 8o/ 760mm,

d
4
20  1.213, n

D
20  1.588, pK25 2.66.  Free it from small amounts of the p-isomer by dissolving in one

equivalent of H2SO4 and steam distilling.  The p-isomer remains behind as the sulfate.  [Sidgwick & Rubie J

Chem Soc 1013 1921.]  An alternative method is to dissolve it in warm 10% HCl (11mL/g of amine) and on

cooling, o-chloroaniline hydrochloride separates out.  The latter can be recrystallised until the acetyl derivative

has a constant melting point (m 90o). (In this way, yields are better than via the recrystallisation of the picrate

from EtOH or of the acetyl derivative from pet ether.)  [King & Orton J Chem Soc 1377 1911]. [Beilstein 1 2

III 1281, 12 IV 1115.]

p-Chloroaniline  [106-47-8] M 127.6, m 70-71o, b 106 .8-107 .3- .5o/12mm, 1 1 6o/17mm, d
4
20

1.175, p K25 3.98. Crystallise the aniline from MeOH, pet ether (b 30-60o), or 50% aqueous EtOH, then

*benzene/pet ether (b 60-70o), and then dry it in a vacuum desiccator.  It can be distilled under vacuum (b 75-

77o/3mm).  It sublimes in a very high vacuum.  The acetate  crystallises from aqueous MeOH (m 178o, 180o)

or EtOH or AcOH (m 173-174o) and has b 331.3o/760mm.  [Beilstein 12 III 1325, 12 IV 1116.]

p-Chloroaniso le  [623-12-1] M 142.6, b 7 9o/11.5mm, 1 9 6 . 6o/760mm, d
4
20  1.164, n

D
25.5

1.5326.  Wash the anisole with 10% (by volume) aqueous H2SO4 (three times), 10% aqueous KOH (three

times), and then with water until neutral.  Dry it  (MgSO4), and fractionally distil it from CaH2 through a glass

helices-packed column under reduced pressure.   [Beilstein 16 IV 822.]

9-Chloroanthracene [716-53-0] M 212.9, m 104-106o, 105-107o. 9-Chloroanthracene crystallises

from EtOH or pet ether (b 60-80o) as yellow needles.  [Nonhebel Org Synth Coll Vol V  206 1973, Masnori J

Am Chem Soc 108 1126 1986, Beilstein 5 H 663, 5 III 2133, 5 IV 2292.]

10-Chloro-9-anthraldehyde  [10527-16-9] M 240.7, m 218o, 217-219o.  The aldehyde crystallises as

yellow needles  from EtOH, AcOH or toluene.  [Beilstein 7 III 2529.]

2-Chlorobenzaldehyde [89-98-5] M 140.6, m 11o, b 213-214o, d
4
20  1.248, n

D
20  1 .566 .   Wash it

with 10% Na2CO3 solution, then fractionally distil it in the presence of a small amount of catechol as stabiliser.

[Beilstein 7 H 233, 7 IV 561.]

3-Chlorobenzaldehyde  [587-04-2] M 140.6, m 18o, b 213-214o, d
4
20  1.241, n

D
20  1 .564 .   Purify

it by low temperature crystallisation from pet ether (b 40-60o) and  distillation.  [Beilstein 7 H 234, 7 IV 566.]
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4-Chlorobenzaldehyde [104-88-1] M 140.6, m 47o.  Crystallise it from EtOH/water (3:1), then sublime

it twice at ~50o/2mm. [Beilstein 7 H 235, 7 IV 568.]

Chlorobenzene [108-90-7] M 112.6, b 131.7o, d
4
20  1.107, n

D
20 1.52480.   The main impurities are

likely to be chlorinated impurities originally present in the *benzene used in the synthesis of chlorobenzene, and

also unchlorinated hydrocarbons.  A common purification procedure is to wash it several times with conc H2SO4

then with aqueous NaHCO3 or Na2CO3, and water, followed by drying with CaCl2, K2CO3 or CaSO4, then

with P2O5, and distilling.  It can also be dried with Linde 4A molecular sieve.  Passage through, and storage

over, activated alumina has been used to obtain low conductance material.  [Flaherty & Stern J Am Chem Soc

80 1034 1958, Beilstein 5 H 199, 5 IV 640.]

4-Chlorobenzenesulfonyl chloride  [98-60-2] M 211.1, m 5 3o, b 1 4 1o/ 15mm.   Crystallise it

from ether in powdered Dry-Ice, after the solution has been washed with 10% NaOH until colourless and dried

(Na2SO4).  Distil it in vacuo and store it in the absence of H2O. [Beilstein 11 IV 114.]

4-Chlorobenzhydrazide [536-40-3]  M 170.6, m 164o. Crystallise it from H2O.  [Beilstein 9 III 1368.]

2-Chlorobenzoic acid [118-91-2] M 156.6, m 139-140o, pK25 2 . 9 1 .   Crystallise the acid

successively from glacial acetic acid, aqueous EtOH, and pet ether (b 60-80o).  Other solvents include hot water

or toluene (ca 4mL/g).  The crude material can be initially purified by dissolving 30g in 100mL of hot water

containing 10g of Na2CO3, boiling with 5g of charcoal for 15minutes, then filtering and adding 31mL of 1:1

aqueous HCl. The precipitate is washed with a little water and dried at 100o.  [Beilstein 9 IV 956.]

3-Chlorobenzoic acid [535-80-8] M 156.6, m 154-156o, 158o, d
4
25  1.496, pK25 3.82 (5.25 i n

50% dimethylacetamide).  Crystallise the acid successively from glacial acetic acid, aqueous EtOH and pet

ether (b 60-80o).  It also recrystallises from *C6H6 or Et2O/hexane, and sublimes at 55o in a vacuum. [Anal

Chem 26 726 1954]  The methyl ester has m 21o, b 231o/760mm.  The S-benzylisothiouronium salt has m

164-165o (from EtOH) [Friediger & Pedersen Acta Chem Scand 9 1425 1955, Samuel J Chem Soc  1318

1960].  [Beilstein 9 IV 969.]

4-Chlorobenzoic acid [74-11-3] M 156.6, m 238-239o, pK25 3 . 9 9 .   Purify it as for  m-

chlorobenzoic acid.  It has also been crystallised from hot water, and from EtOH.  [Beilstein 9 IV 973.]

2-Chlorobenzonitrile [873-32-5] M 137.6, m 45-46o.  Crystallise the nitrile to a constant melting

point from *benzene/pet ether (b 40-60o).  [Beilstein 9 IV 965.]

4-Chlorobenzophenone [134-85-0] M 216.7, m 75-76o. Recrystallise it from EtOH.  [Wagner et al.

J Am Chem Soc 108 7727 1986, Beilstein 7 H 419, 7 I 227, 7 II 359, 7 III 2072, 7 IV 1375.]

o-Chlorobenzotrifluoride (o-chlorotrifluoromethylbenene) [88-16-4] M 180.6, m –6.37o, b

1 9 . 6o/3mm, 152.3o/760mm, d
4
25  1.364, n

D
25 1.4533. Dry the trifluoride over CaSO4, and distil it at

high reflux ratio through a silvered vacuum-jacketed glass column packed with one-eight inch glass helices

[Potter & Saylor J Am Chem Soc 73 90 1951].  [Beilstein 5 H 302, 5 III 692, 5 IV 814.]

m-Chlorobenzotrifluoride [98-15-7] M 180.6, m – 5 6 . 4 9o, b 5 0o/31mm, 1 3 7 . 6o/760mm, d
4
20

1.3345, n
D
20 1.4432. Purify it as for o-chlorobenzotrifluoride above.  [Beilstein 5 III 692, 5 IV 814.]

p-Chlorobenzotrifluoride [98-56-6] M 180.6, m – 3 3 . 1 8o, b 1 9 . 3o/5mm, 1 3 8 . 6o/760mm, d
4

30

1.3278, n
D

30 1.4430. Purify it as for o-chlorobenzotrifluoride above.  [Beilstein 5 IV 815.]

p-Chlorobenzyl chloride [104-83-6] M 161.0, m 28-29o, b 9 6o/15mm.   Dry it over CaSO4, then

fractionally distil it under reduced pressure.  Crystallise it from heptane or dry diethyl ether at low temperature.

[Beilstein 5 IV 816.]  LACHRYMATORY.
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p-Chlorobenzylisothiuronium chloride [544-47-8] M 237.1, m 177-178o, and 1 9 7o, 201 -

2 0 3o,  pKEst ~9.6 (free base).  Crystallise the salt from conc HCl by addition of water.  Dry it in a

vacuum over P2O5. Also crystallise it from EtOH, wash the crystals with EtOH, then Et2O to give the lower

melting form m 177-178o.  By evaporating the filtrate and washings to a quarter of the volume and adding an

equal volume of Et2O the higher melting form m 201-203o is obtained.  [Harvey & Jensen J Org Chem 28  470

1963, Beilstein 6 III 1639, 6 IV 2778.]

trans-4-Chlorocinnamic acid  [1615-02-7]  M 182.6, m 2 4 3o, 248-250o, 249-251o, pK25 4.41 .

Recrystallise the acid from EtOH or aqueous EtOH (charcoal).  UV has max at 275nm (EtOH). [Walling &

Wolfstirn J Am Chem Soc 69 852 1947, Beilstein 9 H 596, 9 II 395, 9 III 2727, 9 IV 2033.]

4-Chloro-3,5-dimethylphenol [88-04-0] M 156.6, m 115.5o, pK25 9 . 7 0 .   Crystallise the phenol

from *benzene or toluene.  [Beilstein 6 IV 3152.]

1-Chloro-2,4-dinitrobenzene [97-00-7] M 202.6, m 48-50o, 51o, 52-54o, 5 4o, b 3 1 5o/atm,

d
4
22  1.697.  Usually it is recrystallised from EtOH or MeOH.  It has also been crystallised from Et2O, *C6H6,

*C6H6/pet ether or isopropyl alcohol.  A preliminary purification step is to pass its solution in *benzene

through an alumina column.  It has also been purified by zone refining.  It exists in three forms: one stable and

two unstable.  The stable form crystallises as yellow needles from Et2O, m 51o,  b 315o/760mm with some

decomposition, and is soluble in EtOH.  A labile form also crystallises from Et2O, m 43o, and is more soluble

in organic solvents.  The second labile form has m 27o.  [Hoffman & Dame, J Am Chem Soc 41  1015 1919,

Welsh J Am Chem Soc 63 3276 1941, J Chem Soc  2476 1957, Beilstein 5 IV 744.]

4-Chloro-3,5-dinitrobenzoic acid [118-97-8] M 246.6, m 159-161o, 1 6 3o, pKEst ~ 2 . 5 .

Crystallise the acid  from EtOH/ H2O, EtOH or *C6H6.  The 1:1 naphthalene complex (by fusing various ratios

of ingredients and recrystallising from EtOH) has m 122o.  [Beilstein 9 H 416, 9 III 1953, 9 IV 1360.]

Chlorogenic [1-(3,4-dihydroxycinnamoyloxy)-D-quinic] acid [327-97-9] M 354.3, m 208o,

[ ]
D

25  -36o (c 1, H2O), pK
1
25  3.59, pK

2
25  8.59.  Crystallise the acid from water and dry it at 110o.

[Beilstein 10 H 537, 10 I 271, 10 II 378, 10 III 2408, 10 IV 2259.]

Chlorohydroquinone (2-chloro-1,4-dihydroxybenzene) [615-67-8] M 144.6, m 1 0 6o, b 2 6 3o,

pK
1
25  8.81, pK

2
25  10.78.  Crystallise the hydroquinone from CHCl3 or toluene.  [Beilstein 6 IV 5767.]

4-Chloroiodobenzene [637-87-6] M 238.5, m 53-54o, 5 6 . 2o, b 1 0 4 . 2o/16mm, d
4

57  1 . 8 8 6 .

Distil it in a vacuum then recrystallise it from EtOH.  [Sugden J Chem  Soc 1173 1924, Beilstein 5 H 221, 5

III 579, 5 IV 695.]

5-Chloro-2-methoxyaniline  (2-amino-4-chloroanisole)  [95-03-4] M 157.6, m 81-83o, 8 2 -

8 4o, 84o, pK25 3.56.  Purify the aniline by steam distillation and recrystallisation from H2O or 40% aqueous

EtOH.  The N-acetate forms needles from hot H2O with m 104o, the N-benzoyl derivative forms needles from

aqueous EtOH with m 77-78o, and the picrate has m 194o(dec).  [Raiford & Colbert J Am Chem Soc 48  2657

1926, Beilstein 13 IV 879.]

9-Chloromethyl anthracene  [24463-19-2] M 226.7, m 141-142o(dec), 141-142 .5o.  If it is free

from OH in the IR then recrystallisation from hexane/*C6H6 or *C6H6 (as needles).  If OH is present, then

some solvolysis has occurred.  In this case treat 8.5g of it with SOCl2 (4.8g) in dioxane (60mL) and reflux for

5hours, then evaporate to dryness and wash the residue with cold *C6H6 and recrystallise it.  With KI/Me2CO it

forms the iodomethyl  derivative.  [Fierens et al. Helv Chim Acta 38 2009 1955, Hunter et al. J Org Chem 2 1

1512 1956, Beilstein 5 III 3152, 5 IV 2313.]

4-Chloro-2-methylphenol  [1570-64-5]  M 142.6, m 4 9o, b 112-114o/18mm, 2 2 5o/ 760mm,  

pK25 9.71.  Purify the phenol by crystallisation from pet ether (m 51o) and by zone melting.  [Beilstein 6 H

359, 6 I 174, 6 II 332, 6 III 1264, 6 IV 1987.]
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4-Chloro-3-methylphenol [59-50-7] M 142.6, m 6 6o, b 2 3 8o/760mm, pK25 9 .55 .   Crystallise

the phenol from pet ether or *C6H6. [Beilstein 6 H 381, 6 I 187, 6 II 355, 6 III 1315, 6 IV 2064.]

4-Chloro-2-methylphenoxyacetic acid (MCPA) [94-74-6] M 200.6, m 113-117o, 1 2 0o, 122 -

1 2 3o, pK20 3.62(3.05).  It is insoluble in H2O (solubility is 0.55g/L at 20o) and recrystallises from *C6H6

or chlorobenzene as plates [Jönsson et al. Acta Chem Scand 6 993 1952].  The S-benzylisothiouronium salt has

m 164-165o, and the Cu2+ salt has m 247-249o(dec) [Armarego et al. Nature 183 1176 1959, UV: Duvaux &

Grabe Acta Chem Scand  4 806 1950, IR: Jöberg Acta Chem Scand 4 798 1950].  [Beilstein 6 IV 1991.]  It is

a plant growth substance and a herbicide.

Chloromethyl phenyl sulfide  [7205-91-6] M 158.7, b 6 3o/0.1mm, 9 8o/12mm, 113-

1 1 5o/20mm, d
4
20  1.184, n

D
20 1.5950. Dissolve the sulfide in CH2Cl2 or CCl4 and dry it (CaCl2), or pass

it through a tube of CaCl2 and distil it using a fractionating column.  Harmful vapours. It gives the sulfone

[7205-98-3] (b 130o/1mm and m 53o  from EtOH) [Beilstein 6 IV 1507] on oxidation with permonophthalic

acid.  [Böhme et al. Justus Liebigs Ann Chem  563 54  64 1949.]  [Beilstein 6 III 1002.]

N-(Chloromethyl)phthalimide [17564-64-6] M 195.6, m 131-135o, 134-135o, 1 3 6 . 5o. Purify

the imide by recrystallisation from EtOAc or CCl4 or via the 1:1 complex with pyridine [Sakellarios J A m

Chem Soc 70 2822 1948, Böhme et al. Chem Ber 92 1258 1959].  [Beilstein 21/10 V 372.]

1-Chloronaphthalene  [90-13-1] M 162.6, f - 2 . 3o, b 136-136 .5o/20mm, 2 5 9 . 3o/760mm,  d
4
20

1.194, n
D
20 1.6326.  Wash the naphthalene with dilute NaHCO3, then dry it with Na2SO4 and fractionally

distil it in vacuo.  Alternatively, before distillation, it is passed through a column of activated alumina, or dried

with CaCl2, then distilled from sodium.  It can be further purified by fractional crystallisation by partial freezing

or by crystallisation of its picrate to constant melting point (m 132-133o) from EtOH, and recovering it from

the picrate.  [Beilstein 5 H 541, 5 III 1570, 5 IV 1658.]

2 - C h l o r o n a p h t h a l e n e  [91-58-7] M 162.6, m 59.5-60o, 61o, b 121-122o/ 1 2 m m . 264-

2 6 6o/760mm. Distil 2-chloronaphthalene in a vacuum, then crystallise it from 25% EtOH/water, then dry it

under vacuum (see also the 1-isomer above). [Beilstein 5 H 541, 5 I 262, 5 II 445, 5 III 1573, 5 IV 1660.]

1-Chloro-2-naphthol [633-99-8] M 178.6, m 7 0o, 7 1o, pKEst ~8.3 . Crystallise the naphthol from

pet ether.  The acetate has m 42-43o.  [Beilstein 6 I 315, 6 II 603, 6 III 2990, 6 IV 4289.]

2-Chloro-1-naphthol  [606-40-6]  M 178.6, m 64-65o, 6 5o, pK2 0 9.9 (aqueous EtOH).

Crystallise the naphthol from pet ether.  [Beilstein 6 I 308, 6 II 581, 6 III 2933, 6 IV 4230.]

4-Chloro-1-naphthol  [604-44-4] M 178.6, m 116-117o, 120-121o, pK25 8.86, 10.7 (aqueous

EtOH). Crystallise the naphthol from EtOH or CHCl3. [Beilstein 6 H 611, 6 II 582, 6 III 2933, 6 IV 4233.]

4-Chloro-2-nitroaniline  [89-63-4] M 172.6, m 114-115o, 116-116 .5o, pK25 -0 .99 .   Crystallise

the aniline from hot H2O (m 115.8-116o), EtOH, EtOH/H2O or *C6H6, and dry it for 10hours at 60o in vacuo.

It has m 115.5-116o after sublimation. [Beilstein 12 H 729, 12 I 355, 12 II 396, 12 III 1649, 12 IV 1669.]

2-Chloro-4-nitrobenzamide [3011-89-0] M 200.6, m 170-171o, 1 7 2o.   Crystallise the amide from

EtOH.  [Jensen & Ploug Acta Chem Acta 3 15 1949, Beilstein 9 H 404, 9 III 1768.]

2-Chloro-1-nitrobenzene [88-73-3] M 157.6, m 32.8-33.2o.  Crystallise it from EtOH, MeOH or

pentane (charcoal).   [Beilstein 5 IV 721.]

3-Chloro-1-nitrobenzene [121-73-3] M 157.6, m 45 .3 -45 .8o.   Crystallise the nitrobenzene from

MeOH or 95% EtOH (charcoal), then pentane.  [Beilstein 5 IV 722.]
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4-Chloro-1-nitrobenzene  [100-00-5] M 157.6, m 80-83o, 83.5-84o, b 1 1 3o/8mm, 2 4 2o/atm,

d
4
100.5  1.2914.  Crystallise the nitrobenzene  from 95% EtOH (charcoal) and sublime it in vacuo.  [Emmons J

Am Chem Soc 76 3470 1954, Newman & Forrest J Am Chem Soc 69 1221 1947, Beilstein 5 IV 723.]

3-Chloroperbenzoic acid (MCPBA) [937-14-4] M 172.6, m 92-94o(dec), pK25 7 . 5 7 .

Recrystallise MCPBA from CH2Cl2 [Traylor & Mikztal J Am Chem Soc 109 2770 1987].  Peracid of 99+%

purity can be obtained by washing commercial 85% material with phosphate buffer pH 7.5 and drying the

residue under reduced pressure.  Alternatively the peracid can be freed from m-chlorobenzoic acid by dissolving

50g/L of *benzene and washing with an aqueous solution buffered at pH 7.4 (NaH2PO4/NaOH) (5 x 100mL).

The organic layer is dried over MgSO4 and carefully evaporated under vacuum. Necessary care should be taken in

case of EXPLOSION.  The solid is recrystallised twice from CH2Cl2/Et2O and stored at 0o in a plastic

container as glass catalyses the decomposition of the peracid.  The acid is assayed iodometrically.  [Schwartz &

Blumbrgs J Org Chem 29 1976 1964, Bortolini et al. J Org Chem 52 5093 1987, McDonald et al. Org Synth

Coll Vol VI 276 1988, Beilstein 9 IV 972.]

2-Chlorophenol [95-57-8] M 128.6, m 8.8o, b 61-62o/10mm, 1 7 6o/760mm, pK25 8.34.  Pass

2-chlorophenol at least twice through a gas chromatography column.  It has also been purified by fractional

distillation. [Beilstein 6 IV 782.]

3-Chlorophenol  [108-43-0] M 128.6, m 33o, b 44.2o/1mm, 2 1 4o/760mm, pK25 9 .13 .   It could

not be obtained solid by crystallisation from pet ether.  It is best purified by distillation under reduced pressure.

[Beilstein 6 IV 810.]

4-Chlorophenol  [106-48-9] M 128.6, m 43o, 100-101o/10mm, pK25 9.38.  Distil the phenol, then

crystallise it from pet ether (b 40-60o) or hexane, and dry it under vacuum over P2O5 at room temperature.

[Bernasconi & Paschalis J Am Chem Soc 108 2969 1986, Beilstein 6 IV 820.]

Chlorophenol Red (3,3'-dichlorophenolsulfonephthalein) [4430-20-0] M 423.3, m dec on

heating, max 573nm, pK25 5.96.  Crystallise the dye from glacial acetic acid.  It is yellow at pH 4.8 and

violet at pH 6.7.  [Beilstein 19/3 V 458.]

4-Chlorophenoxyacetic acid [122-88-3] M 186.6, m 1 5 7o, pK20 3.00, 4.15 (50% aqueous

EtOH).  Crystallise the acid from EtOH.  It is a plant growth substance and a herbicide.  [Beilstein 6 IV 845.]

(±) -4-Chlorophenoxypropionic acid [3307-39-9] M 200.6, m 116o, pKEst ~ 3 . 2 .   Crystallise

the acid from EtOH or HCOOH (m 114.5-115.5o).    It is a plant growth substance.  The R(+)- and S(-)-

enantomers have m 103-104o (from pet ether) and  [ ]
D

25  ±41o  (c 1, EtOH). [Beilstein 6 III 695, 6 IV 850.]

ß-4-Chlorophenoxypropionic acid [3284-79-5] M 200.6, m 138o, pKEst ~4.2.  Crystallise the acid

from EtOH.   It is a plant growth substance.  [Beilstein 6 III 696, 6 IV 851.]

3-Chlorophenylacetic acid [1878-65-5] M 170.6, m 7 4o, pK25 4 . 1 1 .   Crystallise the acid from

EtOH/water, or as needles from *C6H6 or H2O (charcoal).  The acid chloride (prepared by boiling with SOCl2)

has b 127-129o/15mm.  [Dippy & Williams J Chem Soc 161 1934, Misra & Shukla J Indian Chem Soc 2 8

480 1951, Beilstein 9 III 2263, 9 IV 1674.]

4-Chlorophenylacetic acid [1878-66-6] M 170.6, m 1 0 5o, 1 0 6o, pK25 4 .12 .   Purify it as for 3-

chlorophenylacetic acid.   [Beilstein 9 III 2263, 9 IV 1674.]

4-Chloro-1-phenylbutan-1-one [939-52-6] M 182.7, m 19-20o, b 134-137o/5mm, d
4
20  1 . 1 4 9 ,

n
D
20  1.55413.  Fractionate the ketone several times using a short column.  It recrystallises from pet ether at  

-20o as glistening white rosettes and is filtered at 0o, and dried in a vacuum desiccator over H2SO4.  The

semicarbazone has m 136-137o.  [Conant et al. J Am Chem Soc 46 1882 1924, Cloke J Chem Soc 1174

1929, Hart & Curtis J Am Chem Soc 79 931 1957, Beilstein 7 IV 711.]
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1-(2-Chlorophenyl)-1-(4-chlorophenyl)-2,2-dichloroethane (Mitotane, o,p'-DDD) [53-19-0]

M 320.1, m 75.8-76.8o, 76-78o. Purify Mitotane by recrystallisation from pentane, MeOH or EtOH.  It

is soluble in isooctane and CCl4.  [Haller et al. J Am Chem Soc 67 1600 1945, Beilstein 5 IV 1883.]

3-(4-Chlorophenyl)-1,1-dimethylurea (Monuron)  [150-68-5]  M 198.7, m 171o.   Crystallise

monuron from MeOH.   [Beilstein 12 IV 1191.]

4-Chloro-1,2-phenylenediamine [95-83-0] M 142.6, m 69-70o, pK
2 5
1  -0.27 (aqueous H2S O4) ,

pK
2 5
2  3.35 (3.67).  Recrystallise the diamine from pet. ether.  [Beilstein 13 IV 68.]

4-Chlorophenyl isocyanate [104-12-1] M 153.6, m 28-31o , 31-32o, 32o, 32.5o, b 8 0 . 6 -

8 0 . 9o/9.5mm, 115-117o/45mm.  Purify the isocyanate by recrystallisation from pet ether (b 30-40o) or

better by fractional distillation.  TOXIC irritant. [Beilstein 12 H 616, 12 III 1376, 12 IV 1213.]

4-Chlorophenyl isothiocyanate  [2131-55-7] M 169.6, m 4 4o, 43 -45o, 4 5o, 4 6o, 4 7o, b 110 -

1 1 5o/4mm, 135-136o/24mm. Check the IR first to see if free from OH frequencies.  Triturate it with pet

ether (b 30-60o) and decant the solvent.  Repeat this 5times.  The combined extracts are evaporated under reduced

pressure to give almost pure compound as a readily crystallisable oil with a pleasant anise odour.  It can be

recrystallised from the minimum volume of EtOH at 50o (do not boil too long as it could react).  It can be

purified by vacuum distillation. [van der Kerk et al. Org Synth Coll Vol  V  223 1973, Beilstein 12 IV 1214.]

It is an IRRITANT and causes dermatitis; use gloves.

4-Chlorophenyl 2-nitrobenzyl ether  [109669-56-9] M 263.7, m 4 4 . 5o, b 154-156o/ 3 m m ,

2 0 8o/11mm. Distil it under reduced pressure, and it crystallises from EtOH (m 44-45o) or MeOH (m 46o) as

yellow needles.  [Beilstein 6 II 210, 6 III 801, 6 IV 1253.]

4-Chlorophenyl 4-nitrobenzyl ether [5442-44-4] M 263.7, m 77o, b 215o/12mm.     Distil it in

a vacuum and crystallise it from EtOH, MeOH (m 75.5-76o) or pet ether (m 76o, 77o).  UV has max 222 and

302nm (EtOH).  [Beilstein 6 II 222, 6 III 821, 6 IV 1288.]

4-Chlororesorcinol [95-88-5] M 144.6, m 105o, pKEst(1) ~9.2, pKEst(2)  ~ 1 0 . 1 .   Crystallise it

from boiling CCl4 (10g/L, charcoal) and dry it in air.  [Beilstein 6 II 818.]  IRRITANT.

5-Chlorosalicaldehyde [635-93-8] M 156.6, m 98.5-99o, 99.5o, 101o, pK2 5 7 .4 .  Steam distil it,

then crystallise it from aqueous EtOH or *C6H6 (m 100o).  It forms complexes with Cu2+ and Fe2+ . [Beilstein

8 H 53, 8 II 45, 8 III 181, 8 IV 224.]

4-Chlorothiophenol [106-54-7] M 144.6, m 51-52o, 53 .5 -54o, pK25 6.14. Recrystallise the

thiophenol from aqueous EtOH.  The SMe ether has m  129o and the SEt ether has m  64o.  [D'Sousa et al. J

Org Chem 52 1720 1987, Beilstein 6 H 326, 6 I 149, 6 III 1034.]

2-Chlorotoluene  [95-49-8] M 126.6, b 159o, d
4
20  1.083, n

D
20  1 . 5 2 55 .   Dry 2-chlorotoluene for

several days with CaCl2, then distil it from Na using a glass helices-packed  column.  [Beilstein 5 IV 805.]

3-Chlorotoluene [108-41-8] M 126.6, m -48o, b 161-163o, d
4
20  1.072, n

D
20  1.522.  Purify it as

for 2-chlorotoluene above. [Beilstein 5 IV 806.]

4-Chlorotoluene [106-43-4] M 126.6, m 7.2o, b 162.4o, d
4
20  1.07, n

D
20  1.521.  Dry it with BaO,

fractionally distil it, then fractionally crystallise it by partial freezing.   [Beilstein 5 IV 806.]

Chrysene [218-01-9] M 228.3, m 255-256o.  Purify chrysene by chromatography on alumina from pet

ether in a darkened room.  Its solution in *C6H6 is passed through a column of decolorising charcoal, then

crystallised by concentrating the eluate.  It has also been purified by crystallising from *C6H6 or *C6H6/pet

ether, and by zone refining.  [Gorman et al. J Am Chem Soc 107 4404 1985].  It is freed from 5H-

benzo[b]carbazole by dissolving it in N,N-dimethylformamide and successively adding small portions of alkali
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and iodomethane until the fluorescent colour of the carbazole anion no longer appears when alkali is added.  The

chrysene (and alkylated 5H-benzo[b]carbazole) separate  on addition of water.  Final purification is by

crystallisation from ethylcyclohexane and/or from 2-methoxyethanol [Bender et al. Anal Chem 36  1011 1964].

It can be sublimed in a vacuum.  [Beilstein 5 IV 2554.]

Chrysoidine G (4-phenylazo-1,3-benzenediamine monohydrochloride, basic orange 2) [532-

82-1] M 248.7, m 118-118.5o, pK1 3.32, pK2 5.21.  It is a red-brown powder which is recrystallised

from H2O.  It gives a yellow solution in conc H2SO4 which turns orange on dilution.  Its solubility at 15o is

5.5% (H2O), 4.75% (EtOH), 6.0% (cellosolve), 9.5% (ethylene glycol), 0.005% (xylene) and is insoluble in

*C6H6.  The hydroiodide has m 184o (from EtOH) and the picrate forms red needles m 196o. [Muramatsu Bull

Chem Soc Jpn 31 864 1958, Beilstein 6 IV 561.]

t rans -Cinnamaldehyde [ 1 4 2 7 1 - 1 0 - 9 ] M 132.2, m - 4o,  - 7 . 5o,  - 9o,  b 8 0o/ 0 . 4 m m ,

8 5 . 8o/1.1mm, 125-128o/11mm, 1 5 2 . 2o/40mm, 1 6 3 . 7o/60mm, 1 9 9 . 3o/200mm, 2 4 6o/760mm

(dec), d
4
20  1.0510, n

D
20  1.623.  Purify the aldehyde by steam distillation (solubility is 1 in 700 parts H2O)

followed by distillation in vacuo.  The cis-isomer has b 67-69o/40mm and d
4

20  1.0436 and n
D

20  1.5937.  The

trans-semicarbazone has m 210o(dec) from CHCl3/MeOH (cis-semicarbazone has  m 196o), the trans-

phenylsemicarbazone has m 177o from CHCl3/MeOH (the cis-phenylsemicarbazone  has m 146o), the trans-

2,4-dinitrophenylhydrazone  has m 250o(dec) from MeOH as the cis-isomer [Gamboni et al. Helv Chim Acta

38 255 1955, Holum J Org Chem 26 4814 1961].  [Beilstein 9 IV 984.]

cis-Cinnamic acid (Z-3-phenyl-2-propenoic acid) [102-94-3] M 148.2, m 68o (for allo-form),

pK25 3.93. The cis-acid is prepared by catalytic reduction of phenylpropiolic acid and after distillation in a

high vacuum at ~95o it gives the most stable allo-isomer m  68o.  Recrystallisation from pet ether yields

Liebermann's iso-cinnamic acid m 58o.  When the allo-acid (m 68o) is heated at 20o above its melting

point in a sealed capillary for 0.5hours and allowed to cool slowly, Erlenmyer's iso-cinnamic acid m 4 2o

is formed.  This form can also be obtained in larger amounts by heating the allo-acid at 80o for 3hours, and on

cooling it remains liquid for several weeks but gives the m  42o acid on innoculation with the crystals from the

capillary tube.  This form is unchanged in 6 weeks when kept in a dark cupboard.  All three forms have the same

pK values and the same rate of bromination.  There is also a very labile form with m 32o.  [Liebermann, Chem

Ber 26 1572 1893, Claisen & Crismer Justus Liebigs Ann Chem 218  135 1883, Robinson & James J Chem

Soc 1453 1933, Berthoud & Urech Helv Chim Acta 13 437 1930, McCoy & McCoy J Org Chem 33  2354

1968, Beilstein 9 IV 2001.]

trans-Cinnamic (E-3-phenyl-2-propenoic) acid [140-10-3,  621-82-9 for E-Z mixture] M 148.2, m

134 .5-135o, pK25 4.42 (4.50).  Crystallise the acid from *benzene, CCl4, hot water, water/EtOH (3:1), or

20% aqueous EtOH.  Dry it at 60o in vacuo.  It is steam volatile.  [Beilstein 9 IV 2002.]

trans-Cinnamic anhydride [538-56-7] M 278.4, m 136o.   Crystallise the anhydride from *C6H6 or

toluene/pet ether (b 60-80o) or EtOH (m 135-136o).  [Beilstein 9 III 2703, 9 IV 2018.]

trans-Cinnamoyl chloride [102-92-1] M 166.6, m 35-37o, b 101o/2mm, 1 5 4o/25mm, 256-

2 5 8o/atm, d
4

37.6  1.6202, n
D

37.6  1 . 1632 .   Refractionate it in a vacuum until the distillate solidifies on

cooling, and recrystallise it from pet ether.  The trans-amide has m 145-150o (from H2O) [Beilstein 9  III 2711].

[Adams & Ulich J Am Chem Soc 42 605 1920, Bergmann et al. J Chem Soc 2524 1952, Beilstein 9 H 587, 9

I 233, 9 II 390, 9 III 2710, 9 IV 2020.]

N-Cinnamoyl-N-phenylhydroxylamine   [7369-44-0]  M 239.3, m 158-163o. Recrystallise the

hydroxylamine from EtOH.

Cinnamyl alcohol [104-54-1] M 134.2, m 3 3o, b 1 4 3 . 5o/14mm, max 251nm (  18,180 M-1

cm-1).  Crystallise the alcohol from diethyl ether/pentane.  [Beilstein 6 I 281.]

Congo Red (4B) (cotton red B) [573-58-0] M 6 9 6 . 7 ,  m >360o, max 497nm, pK
2
28  4 . 1 9 .

Crystallise the dye from aqueous EtOH (1:3).  Dry it in air.  [Beilstein 6 I 342.]
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Coniferyl alcohol  [4-hydroxy-3-methoxy-cinnamyl alcohol, 3-(4-hydroxy-3-methoxy-

phenyl)-2-propen-1-ol] [458-35-5] M 180.2, m 73-75o, b 163-165o/3mm, pK25 9.54. It is

soluble in EtOH and insoluble in H2O.  It can, however, be recrystallised from EtOH and distilled in a vacuum.

It polymerises in dilute acid.  The benzoyl derivative has m 95-96o (from pet ether), and the tosylate has m

66o.  [Derivatives: Freudenberg & Achtzehn Chem Ber 88 10 1955, UV: Herzog & Hillmer Chem Ber 6 4

1288 1931, Beilstein 6 II 1093.]

C o r o n e n e [191-07-1] M 300.4, m 438-440o, 4 4 2o, b 525o, m a x 345nm (log  4 . 0 7 ) .

Crystallise coronene from *benzene or toluene, then sublime it in a vacuum.  [Beilstein 5 III 2651.]

o-Cresol [95-48-7] M 108.1, m 30.9o, b 191o/760mm, n
D
41 1.536, n

D
46 1.534, pK25 10 .22 .   It

can be freed from m- and p-isomers by repeated fractional distillation,  It crystallises from *benzene by addition

of pet ether.  It has been fractionallly crystallised by partial freezing of its melt.  The 3,5-dinitrobenzoate

(prepared  with 3,5-dinitrobenzoyl chloride in dry pyridine, and recrystallised from EtOH or aqueous Me2CO) has

m 138o. [Beilstein 6 IV 1940.]

m-Cresol [108-39-4] M 108.1, f 12.0o, b 202.7o, d
4
20  1.034, n

D
20  1.544, pK25 0 .09 .   Separation

of the m- and p-cresols requires chemical methods, such as conversion to their sulfonates [Brüchner Anal Chem

75 289 1928].  An equal volume of H2SO4 is added to m-cresol, stirred with a glass rod until solution is

complete.  Heat for 3hours at 103-105o.  Dilute carefully with 1-1.5 volumes of water, heat to boiling point and

steam distil until all unsulfonated cresol has been removed.  Cool and extract the residue with ether.  Evaporate

the solution until the boiling point reaches 134o and steam distil off the m-cresol.  Another purification method

involves distillation, fractional crystallisation from the melt, then redistillation.  Free from p-cresol by solution

in glacial acetic acid and bromination by about half of an equivalent amount of bromine in glacial acetic acid.

The acetic acid is distilled off, then fractional distillation of the residue under vacuum gives bromocresols from

which 4-bromo-m-cresol is obtained by crystallisation from hexane.  Addition of the bromocresol in glacial

acetic acid slowly to a reaction mixture of HI and red phosphorus or (more smoothly) of HI and hypophosphorus

acid, in glacial acetic acid, at reflux, removes the bromine. After an hour, the solution is distilled at atmospheric

pressure until layers are formed.  Then it is cooled and diluted with water.  The cresol is extracted with ether,

washed with water, NaHCO3 solution and again with water, dried with a little CaCl2 and distilled [Baltzly et al.

J Am Chem Soc 77 2522 1955].  The 3,5-dinitrobenzoate (prepared  with 3,5-dinitrobenzoyl chloride in dry

pyridine, and recrystallised from EtOH or aqueous Me2CO) has m 165o. [Beilstein 6 IV 2035.]

p-Cresol [106-44-5] M 108.1, m 34.8o, b 201.9o, n41 1.531, n46 1.529, pK
2 5

  10.27.  It can be

separated from m-cresol by fractional crystalisation of its melt.  Purify it by distillation, by precipitation from

*benzene solution with pet ether, and via its benzoate, as for phenol.  Dry it under vacuum over P2O5.  It has

also been crystallised from pet ether (b 40-60o) and by conversion to sodium p-cresoxyacetate which, after

crystallisation from water is decomposed by heating with HCl in an autoclave [Savard Ann Chim (Paris) 11 287

1929].   The 3,5-dinitrobenzoate (prepared  with 3,5-dinitrobenzoyl chloride in dry pyridine, and recrystallised

from EtOH or aqueous Me2CO) has m 189o. [Beilstein 6 II 2093.]

o-Cresolphthalein complexon (Metalphthalein)  [2411-89-4] M 636.6, m 1 8 6o(dec), max

575nm, pK1 2.2, pK2 2.9, pK3 7.0, pK4 7.8, pK5 11.4, pK6 12.0. o-Cresolphthalein (a

complexon precursor without the two bis-carboxymethylamino groups) is a contaminant and is one of the

starting materials.  It can be removed by dissolving the reagent in H2O and adding a 3-fold excess of sodium

acetate and fractionally precipitating it by dropwise addition of HCl to the clear filtrate.  Wash the precipitate

with cold H2O and dry the monohydrate at 30o in a vacuum.  The pure material gives a single spot on paper

chromatography (eluting solvent EtOH/water/phenol, 6:3:1, and developing with NaOH).  [Anderegg et al. Helv

Chim Acta 37 113 1954.]  It complexes with Ba, Ca, Cd, Mg and Sr.  [Beilstein 18 III/IV 8141.]

o-Cresol Red [1733-12-6] M 382.4, m 2 9 0o(dec), pK25 1 .26 .   Crystallise it from glacial acetic acid.

Dry it in air.  Dissolve it in aqueous 5% NaHCO3 solution and precipitate it from a hot solution by dropwise

addition of aqueous HCl.  Repeat the procedure  till the UVmax does not increase.  [Beilstein 19 IV 1133.]
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o-Cresotic acid (3-methylsalicylic acid) [83-40-9] M 152.2, m 163-164o, 1 6 5o, pK
1
25  3 . 3 2 .

Crystallise the acid from water.   [Beilstein 10 H 220, 10 II 131, 10 III 505, 10 IV 601.]

m-Cresotic acid (4-methylsalicylic acid) [50-85-1] M 152.2, m 1 7 6o, 1 7 7o, (182-183o) ,

pK
1
25  3.15, pK

2
25  13.35. Crystallise the acid from water.  It sublimes at 130o/11mm. [Beilstein 10 H 233,

10 II 137, 10 III 521, 10 IV 617.]

p-Cresotic acid (5-methylsalicylic acid) [89-56-5]  M 152.2, m 1 5 1o, 1 5 2o, 151-154o, pK
1
25

3.40, pK
2
25  13.45. Crystallise the acid from H2O. [Beilstein 10 H 227, 10 II 134, 10 III 516, 10 IV 610.]

Crystal Violet Chloride {Gentian violet, N -4[bis[4-(dimethylaminophenyl)methylene]-2,5-

cyclohexadien-1-ylidene]-N -methylmethaninium chloride}  [548-62-9] M 408.0, pK 9 . 3 6 .

Crystallise the dye from water (20mL/g), the crystals being separated from the chilled solution by centrifugation,

then wash them with chilled EtOH (solubility is 1g in 10 mL of hot EtOH) and diethyl ether and dry  under

vacuum.  It is soluble in CHCl3 but insoluble in Et2O.  The carbinol is precipitated from an aqueous solution

of the dye-hydrochloride, using excess NaOH, then dissolve in HCl and recrystallise it from water as the chloride

[UV and kinetics: Turgeon & La Mer J Am Chem Soc 74 5988 1952].  The carbinol base  has m 195o (needles

from EtOH).  The diphthalate (blue and turns red in H2O) crystallises from H2O,  m 153-154o(dec at 185-

187o)[Chamberlain & Dull J Am Chem Soc 50 3089 1928].  [Beilstein 13 H 233, 13 IV 2284.]

Cumene (isopropyl benzene) [98-82-8] M 120.2, b 69-70o/41mm, 152.4o/760mm, d
4
20

0.864, n
D
20  1.49146, n

D
25 1.48892.  Usual purification is by washing it with several small portions of

conc H2SO4 (until the acid layer is no longer coloured), then with water, 10% aqueous Na2CO3, again with

water, and drying with MgSO4, MgCO3 or Na2SO4, followed by fractional distillation.  It can then be dried

with, and distilled from, Na, NaH or CaH2.  Passage through columns of alumina or silica gel removes

oxidation products.  It has also been steam distilled from 3% NaOH, and azeotropically distilled with 2-

ethoxyethanol (which is subsequently removed by washing out with water).  [Beilstein 5 IV 985.]

Cumene hydroperoxide [80-15-9] M 152.2, b 6 0o/0.2mm, d
4
20  1.028, n

D
24 1.5232 .   Purify the

hydroperoxide by adding 100mL of 70% material slowly and with agitation to 300mL of 25% NaOH in water,

keeping the temperature below 30o.  The resulting crystals of the sodium salt are filtered off, washed twice with

25 mL portions of *benzene, then stirred with 100mL of *benzene for 20minutes.  After filtering off the crystals

and repeating the washing, they are suspended in 100mL of distilled water and the pH is adjusted to 7.5 by

addition of 4M HCl.  The free hydroperoxide is extracted into two 20mL portions of n-hexane, and the solvent is

evaporated under vacuum at room temperature, the last traces being removed at 40-50o/1mm [Fordham &

Williams Canad J Res 27B 943 1949].  Petroleum ether, but not diethyl ether, can be used instead of

*benzene, and powdered solid CO2 can replace the 4M HCl. [Beilstein 6 IV 3221.] The material is potentially

EXPLOSIVE.

Cuminaldehyde  (4-isopropylbenzaldehyde)  [122-03-2] M 148.2, b 82-84o/ 3 . 5 m m ,

1 2 0o/23mm, 131-135o/35mm, 235-236o/760mm, d
4
20 0.978, n

D
20  1.5301.  A likely impurity is

the benzoic acid.  Check the IR for the presence of OH from CO2H, and the CO frequencies.  If the acid is

present, then dissolve the aldehyde in Et2O, wash it with 10% NaHCO3 until effervescence ceases, then with

brine, dry over CaCl2, evaporate and distil the residual oil, preferably under vacuum.  It is almost insoluble in

H2O, but soluble in EtOH and Et2O.  The thiosemicarbazone  has m  147o after recrystallisation from aqueous

EtOH, MeOH or *C6H6. [Crounse J Am Chem Soc 71 1263 1949, Bernstein et al. J Am Chem Soc 73 906

1951, Gensler & Berman J Am Chem Soc 80 4949 1958, Beilstein 7 H 318, 7 II 347, 7 III 1095, 7 IV 723.]

Curcumin [bis-(4-hydroxy-3-methoxycinnamoyl)methane] [458-37-7] M 368.4, m 1 8 3o.

Crystallise curcumin from EtOH or acetic acid.  [Beilstein 8 IV 3697.]

9-Cyanoanthracene (anthracene-9-carbonitrile) [1210-12-4] M 203.2, m 134-137o, 173-177o.

Crystallise the nitrile from EtOH or toluene, and sublime it in a vacuum in the dark under N2 [Ebied et al. J

Chem Soc, Faraday Trans 1 76 2170 1980, Kikuchi et al. J Phys Chem 91 574 1987]. [Beilstein 9 I 304.]



Purification of Organic Chemicals — Aromatic Compounds 267

9-Cyanoanthracene photodimer [33998-38-8] M 406.4, dec to monomer above ~ 1 4 7o.   Purify

the dimer by dissolving it in the minimum amount of CHCl3 followed by addition of EtOH at 5o [Ebied et al. J

Chem Soc, Faraday Trans 1 75 1111 1979, Ebied et al. J Chem Soc, Faraday Trans 1 76 2170 1980].

p-Cyanobenzoic acid [619-65-8] M 147.1, m 2 1 9o, pK2 5 3 .55 .   Crystallise the acid from water and

dry it in a vacuum desiccator over Sicapent.  [Beilstein 9 IV 3324.]

4-Cyanobenzoyl chloride  [6068-72-0] M 165.6, m 68-70o, 69 -70o, 73 -74o, b 1 3 2o/ 8 m m ,

150-151o/25mm. If the IR shows the presence of OH, then treat it with SOCl2 boil for 1hour, evaporate and

distil it in a vacuum. The distillate solidifies and can be recrystallised from pet ether. It is moisture sensitive and

an IRRITANT. [Ashley et al. J Chem Soc 103 1942, Fison et al. J Org Chem 16 648 1951, [Beilstein 9 III

4255, 14 IV 3327.]

p-Cyanophenol (p-hydroxybenzonitrile) [767-00-0] M 119.1, m 1 1 3o, pK25 7 .97 .   Crystallise the

phenol from pet ether, *benzene or water and keep it under vacuum over P2O5.  [Bernasconi & Paschelis J A m

Chem Soc 108 2969 1986.]  [Beilstein 10 H 167, 10 IV 441.]

Cyclohexylbenzene (phenylcyclohexane) [827-52-1] M 160.3, f 6 . 8o, b 237-239o, d
4
20  0 . 9 5 0 ,

n
D
20  1.5258.  Purify it by fractional distillation, and by fractional freezing.  [Beilstein 5 IV 1424.]

Cyclopropyldiphenylcarbinol (cyclopropyldiphenylmethanol) [5785-66-0]   M 224.3, m 86-

8 7o. Crystallise the carbinol from n-heptane or *C6H6/pentane (m 82-83o).  It sublimes at 60o/0.001mm.

The 2,4-dinitrobenzoate has m 140o.  [Beilstein 6 III 3517, 6 IV 4888.]

p-Cymene (4-isopropyltoluene)  [99-87-6] M 134.2, b 1 7 7 . 1o/760mm, d
4
20  0.8569, n

D
20

1.4909, n
D
25 1.4885.  Wash p-cymene with cold, conc H2SO4 until there is no further colour change, then

repeatedly with H2O, 10% aqueous Na2CO3 and H2O again.  Dry it over Na2SO4, CaCl2 or MgSO4, and distil

it.  Further purification steps include steam distillation from 3% NaOH, percolation through silica gel or

activated alumina, and a preliminary reflux for several days over powdered sulfur.  Store it over CaH2. [Beilstein

5 IV 1060.]

Deoxybenzo in [451-40-1] M 196.3, m 60o, b 177o/12mm, 320o/760mm.   Crystallise

deoxybenzoin from EtOH and/or distil it in a vacuum. [Beilstein 7 II 368, 7 III 2098, 7 IV 1393.]

(±)-Desyl bromide ( -bromo-desoxybenzoin, -bromo- phenyl acetophenone) [484-50-0]

M 275.2, m 57.1-57.5o. Crystallise it from 95% EtOH. [Beilstein 7 H 436, 7 II 370, 7 III 2122.]

(±)-Desyl chloride  ( -chloro-desoxybenzoin, -chloro- phenyl acetophenone) [447-31-4]

M 230.7, m 62-64o, 66-67o, 67.5o, 6 8o. For the purification of small quantities recrystallise it from

pet ether (b 40-60o), but use MeOH or EtOH for larger quantities.  For the latter solvent, dissolve 12.5g of

chloride in 45mL of boiling EtOH (95%), filter and the filtrate yields colourless crystals (7.5g) on cooling.  A

further crop (0.9g) can be obtained by cooling in an ice-salt bath.  It turns brown on exposure to sunlight but it

is stable in sealed dark containers.  The R(+)-enantiomer has m  75-76o (from pet ether) and [ ]546.1 +168.4o (c

0.6, Me2CO) [Roger & Wood J Chem Soc 811  1954]. [Henley & Turner J Chem Soc 1182 1931, Ward  Org

Synth Coll Vol II 159  1943, Beilstein 7 H 436, 7 I 234, 7 II 369, 7 III 2106, 7 IV 1396.]

Diacetoxyiodobenzene (iodobenzenediacetate) [3240-34-4] M 322.1, m 163-165o.  The purity of
diacetoxyiodobenzene can be checked by treatment with H2SO4 then KI and the liberated I2 is estimated with

standard thiosulfate.  It has been recrystallised from 5M acetic acid and dried overnight in a vacuum desiccator
over CaCl2.  The surface of the crystals may become slightly yellow but this does not affect its usefulness.

[Sharefkin & Saltzman Org Synth Coll Vol V 600 1973, Beilstein 5 IV 693.]

1,2-Diacetyl benzene  [704-00-7] M 162.2, m 39-41o, 41-42o, b 110o/0.1mm, 148o/ 20mm.

Purify it by distilling and by recrystallising from pet ether.  The bis-2,4-dinitrophenylhydrazone  has m 221o
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(dec).  [Halford & Weissmann  J Org Chem 17 1646 1952, Riemschneider & Kassahn Chem Ber 9 2  1705

1959, [Beilstein 7 III 3501, 7 IV 2155.]

1,4-Diacetyl benzene [1009-61-6] M 162.2, m 113-5-114.2o, b 128-130o/ 3mm.  Crystallise it

from EtOH (m 114o) or *benzene and dry it in a vacuum over CaCl2.  Also purify it by dissolving it in acetone,

treating with Norit, evaporating and recrystallising from MeOH.  The dioxime has m 248-259o. [Wagner et al. J

Am Chem Soc 108 7727 1986]. [Beilstein 7 H 686, 7 II 624, 7 III 3504, 7 IV 2156.]

1,4-Diaminoanthraquinone [128-95-0] M 238.3, m 2 6 8o.   Purify the anthraquinone by thin-layer

chromatography on silica gel using toluene/acetone (9:1) as eluent.  The main band is scraped off and extracted

with MeOH.  The solvent is evaporated, and the quinone is dried in a drying pistol [Land et al. J Chem Soc,

Faraday Trans 1 72 2091 1976].  It crystallises from EtOH (m 269o) in dark violet crystals.  Store it in sealed

ampoules in the dark.  [Beilstein 14 H 197, 14 II 113, 14 III 437, 14 IV 458.]

1,5-Diaminoanthraquinone [129-44-2] M 238.3, m 319o.  Recrystallise it from aniline (m 313-314o)

EtOH or acetic acid [Flom & Barbara J Phys Chem 89 4481 1985]. [Beilstein 14 H 303, 14 I 467, 14  II 116,

14 III 466, 14 IV 479.]

2,6-Diaminoanthraquinone [131-14-6] M 238.3, m 310-320o.   Crystallise it from pyridine or

nitrobenzene (red needles).  Column-chromatography on Al2O3/toluene is used to remove a fluorescent impurity,

then it is recrystallised from EtOH. [Beilstein 14 H 215, 14 I 471, 14 II 120, 14 III 480, 14 IV 486.]

3,3'-Diaminobenzidine tetrahydrochloride (2H2O ) [7411-49-6] M 396.1, m > 3 0 0o(dec),

pKEst(1)) ~3.3, pKEst(2) ~4.7 (free base).  Dissolve the salt in water and precipitate it by adding conc HCl,

then drying it over solid NaOH. [Beilstein 13 IV 530.]

3,4-Diaminobenzoic acid [619-05-6] M 152.2, m 213o(dec), 228-229o, pK
1
25  2.57 (4-NH2) ,

pK
2
25  3.39 (3-NH2), pKEst(3) ~5.1 (CO2H). Crystallise it from H2O or toluene. [Beilstein 15 IV 1503.]

3,5-Diaminobenzoic acid [535-87-5] M 152.2, m 235-240o(dec), pK2 5 5.13 (CO2H), pK2 5

7.12 (in 80% aqueous 2-MeOCH2CH2OH), Crystallise the acid from water. The dihydrochloride has m

226-228o(dec).  [Beilstein 14 H 453, 14 III 1179, 14 IV 1304.]

3,4-Diaminobenzophenone [39070-63-8] M 212.3, m 116-117o, pKEst(1) ~ <0, pKEst(2) ~ 2 . 5 .

Crystallise it from *C6H6/pet ether and sublime it in vacuo [Ayyanger et al. Org Prep Proced Int 23 627 1991].

4,4'-Diaminobenzophenone [611-98-3] M 212.3, m 242-244o, 243-245o, 246 .5 -247 .5o (after

sublimation at 0.0006mm), pK
1
25  1.37, pK

2
25  2.92.  Purify the phenone by recrystallisation from

EtOH and by sublimation in high vacuum.  The dihydrochloride  has m 260o(dec) (from EtOH), and the

thiosemicarbazone  has m 207-207.5o(dec) (from aqueous EtOH).  [Kuhn et al. Chem Ber 7 5  711 1942,

Beilstein 14 IV 255.]

1,2-Diamino-4,5-dichlorobenzene  [5348-42-5]  M 177.0, m 1 6 2o, 162-163o, 1 6 3o, pKEst(1))

~1.0, pKEst(2) ~2.9.  Reflux the amine with activated charcoal in CH2Cl2, followed by recrystallisation from

Et2O/pet ether or pet ether [Koolar & Kochi J Org Chem 52 4545 1987].   Alternatively, recrystallise the

diamine from hexane, *C6H6, pet ether or H2O (Na2SO4) and sublime it at 150o/15mm. [Beilstein 13 IV 72.]

4,4'-Diamino-3,3'-dinitrobiphenyl [6271-79-0] M 274.2, m 2 7 5o, pKEst ~ - 0 . 2 .  Crystallise the

biphenyl from aqueous EtOH or pyridine/EtOH. [Beilstein 13 H 236, 13  I 68, 13  II 108, 13 III 415, 13 IV

387.]

4,4'-Diaminodiphenylamine [537-65-5] M 199.3, m 158o, pKEst ~5.0 .   Crystallise the amine from

water (its solubility at 25o is 0.42%). [Beilstein 13 H 110, 13 I 36, 13 II 55, 13 III 256, 13 IV 203.]
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4,4'-Diaminodiphenylmethane [101-77-9] M 198.3, m 91 .6 -92o, 92 -93o, b 2 3 2o/9mm, pKEst

~4.9.  Crystallise the amine from water, 95% EtOH or *benzene.  [Beilstein 13 IV 390.]

4,4-Diaminodiphenyl sulfide (4,4’-thioaniline) [139-65-1] M 216.3, m 108-109o, pK2 0 2.28

(1:1 EtOH/H2O). It separates as needles from EtOH and is a possible mutagen.  The free base is used for

the detection of  NO 3 ions.  The diacetate  crystallises from aqueous AcOH with m 182o and the sulfoxide, [119-

59-5] m 184o, forms prisms from EtOH or H2O. [Fuson & Melamed J Org Chem 13 690 I1948, Beilstein 1 3

III 1246, 13, IV 1246.]

2,7-Diaminof luorene [524-64-4] M 196.3, m 165o, pKEst ~4.6.  Recrystallise it from H2O.

[Beilstein 13 IV 449.]

1,5-Diaminonaphthalene [2243-62-1] M 158.2, m 1 9 0o, pK2 5 4 . 1 2 .   Recrystallise the amino-

naphthalene from boiling H2O, but this is wasteful due to poor solubility.  Boil it in chlorobenzene (charcoal),

filter hot and cool the filtrate (preferably under N2).  This gives colourless crystals.  Dry it in a vacuum till free

from chlorobenzene (odour), and store it in sealed ampoules under N2 away from light. [Beilstein 13 IV 340.]

1,8-Diaminonaphthalene [479-27-6] M 158.2, m 66.5o, b 2 0 5o/12mm, pK2 5 4 .44 .   Crystallise

1,8-diaminonaphthalene from water or aqueous EtOH, and sublime it in a vacuum.  The N,N'-dimethyl

derivative [20734-56-9] has m  103-104o and pK2 5 5.61, the N,N,N'-trimethyl- derivative [20734-57-0] has m

29-30o and pK2 5 6.43.  [Hodgson et al. J Chem Soc 202 1945, Beilstein 13 IV 344.]

2,3-Diaminonaphthalene [771-97-1] M 158.2, m 199o, pK2 1 3.54 (in 50% aqueous EtOH).

Crystallise the diamine from water, or dissolve it in 0.1M HCl, by heating to 50o. After cooling, the solution is

extracted with decalin to remove fluorescent impurities and centrifuged.  [Beilstein 13 IV 346.]

2,5-Di-tert-amylhydroquinone [79-74-3] M 250.4, m 185 .8 -186 .5o.   Crystallise the hydroquinone

under N2 from boiling AcOH (7mL/g) plus boiling water (2.5mL/g).  [Stolow & Bonaventura J Am Chem Soc

85 3636 1963].  Store it in sealed ampoules under N2 away from light.  [Beilstein 6 H 952, 6 III 4748.]

Di-n-amyl phthalate (dipentyl phthalate) [131-18-0] M 306.4, b 204-206o/11mm, d
4
25 1 . 0 2 3 ,

n
D
20  1.489.  Wash the ester with aqueous Na2CO3, then distilled water.  Dry it with CaCl2 and distil it in a

vaccum.  Store it in a vacuum desiccator over P2O5.  [Beilstein 9 IV 3178.]

Diazoaminobenzene (1,3-diphenyltriazene) [136-36-6] M 197.2, m 99o, 100o.  Crystallise the

triazene from pet ether (b 60-80o) (m 94-96o), 60% MeOH/water or 50% aqueous EtOH (charcoal) containing a

small amount of KOH. Its solubility in pet ether (b 60-80o) is ~6%.  Also purify it by chromatography on

alumina/toluene and elute with toluene/pet ether.  Store the pale yellow needles in the dark.  [Hartman & Dickey

Org Synth Coll Vol II 163 1943, Beilstein 16 H 687, 16 I 404, 16 II 351, 16 III 643, 16 IV 904.]

Dibenzalacetone (1,5-diphenyl-1,4-dien-3-one) [538-58-9] M 234.3, m 112o.  Crystallise the

ketone from hot ethyl acetate (2.5mL/g) or EtOH.  [Beilstein 7 IV 1747.]

Dibenz[a,h]anthracene (1,2:5,6-dibenzanthracene) [53-70-3] M 278.4, m 266-267o.   The

yellow-green colour (due to other pentacyclic impurities) is removed from it by crystallising from *benzene or

by selective oxidation with lead tetraacetate in acetic acid [Moriconi et al. J Am Chem Soc 8 2  3441 1960].

[Beilstein 5 IV 2722.]

trans-1,2-Dibenzoylethylene (trans-1,4-diphenyl-2-butane-1,4-dione) [959-28-4] M 236.3, m

109-112o, 111o. It crystallises from MeOH or EtOH as yellow needles [Koller et al. Helv Chim Acta 2 9

512 1946].  The dioxime has m 210-211o(dec) from AcOH.  [IR: Kuhn et al. J Am Chem Soc 72  5058 1950,

Yates J Am Chem Soc 74 5375 1952, Erickson et al. J Am Chem Soc 73 5301 1951, Beilstein 7 IV 2578.]

Dibenzoylmethane (1,3-diphenyl-1,3-propanedione)  [120-46-7] M 224.3, m 8 0o.   Crystallise

dibenzoylmethane  from pet ether or MeOH.  [Beilstein 7 IV 2512.]
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2,3,6,7-Dibenzphenanthrene (pentaphene) [222-93-5] M 276.3, m 255-256o, 257o.  Purify

pentaphene  through Al2O3 with *C6H6 or xylene as eluant.  It crystallises from xylene as yellow plates and

sublimes in high vacuum.  The dipicrate forms orange needles m 184o from *C6H6.  (Clar & John Ber 64 986

1931, Clar & Stewart J Chem Soc 3215 1951, Tet Lett 3023 1965, French & Zander Ber 99 396 1966.]

Dibenzyl amine [103-49-1] M 197.3, m - 2 6o, b 113-114o/0.1mm, 174-175o/ 6 m m ,

2 7 0o/250mm, 300o (partial dec), d
4
20  1.027, n

D
20  1.576, pK25 8.52. Purify the amine by

distillation in a vacuum.  It causes burns to the skin.  The dihydrochloride has m 265-266o (from

MeOH/HCl),  and the tetraphenyl boronate has m 129-133o.   [Bradley & Maisey J Chem Soc  247 1954, Hall

J Phys Chem 60 63 1956, Donetti & Bellora J Org Chem 37 3352 1972, Beilstein 12 IV 2179.]

Dibenzyl disulfide [150-60-7] M 246.4, m 71-72o, 74-75o, b 142-148o/0.05-0.1mm, 210-

2 1 6o/18mm. Crystallise the disulfide from EtOH (m 77o), pet ether or CS2 (m 72o) or distil it. The AgNO3

complex has m 103o.  [Beilstein 6 H 465, 6 I 229, 6 II 437, 6 III 1635, 6 IV 2760.]

Dibenzylethylenediamine (benzathine, DBED)  [140-28-3] M 240.4, m 26o, b 195o/4mm, d
4
20

1.02, n
D
20  1.563, pKEst(1)~ 5.9, pKEst(2)~ 8.9.  Dissolve DBED in acid, extract with toluene, basify,

extract it with Et2O, dry over solid KOH, evaporate and fractionate it in vacuo.  The diacetate crystallises from

H2O by addition of EtOH and has m 111o (solubility in H2O is ~25%).  The dihydrochloride  has m 306-308o

(from H2O) and the dipicrate has m 212o(dec) (from H2O). [Frost et al., J Am Chem Soc 7 1  3842 1949,

Beilstein 12 H 1067, 12 III 2304.]

Dibenzyl ketone (1,3-diphenyl-2-propanone) [102-04-5] M 210.3, m 3 4 . 0o.  Fractionally

crystallise it from its melt, then crystallise it from pet ether.  Store it in the dark.  [Beilstein 7 IV 1420.]

Dibenzyl malonate  [15014-25-2] M 284.3, b 188-190o/0.2mm, 193-196o/1mm, d
4
20  1 . 1 5 8 ,

n
D
20  1.5452.  Dissolve the ester in toluene, wash it with aqueous NaHCO3, H2O, dry over MgSO4, filter,

evaporate and distil it at high vacuum.  [Ginsburg & Pappo J Am Chem Soc 75 1094 1953, Baker et al. J Org

Chem 17 77 1952, Beilstein 6 IV 2270.]

Dibenzyl sulfide [538-74-9] M 214.3, m 48.5o, 50o.  Crystallise the sulfide from EtOH/water (10:1),

or repeatedly from Et2O.  It has also been purified by chromatography on Al2O3 (pentane as eluent), then

recrystallised from EtOH [Kice & Bowers J Am Chem Soc 84 2390 1962]. Dry it in a vacuum at 30o over

P2O5, fused under nitrogen and re-dried.   [Beilstein 6 IV 2649.]

2,4-Dibromoaniline [615-57-6] M 250.9, m 79-80o, pK25 1.87. Crystallise the aniline from aqueous

EtOH. The picrate has m 124o. [Beilstein 12 H 655, 12 I 326, 12 II 356, 12 III 1471, 12 IV 1532.]

9,10-Dibromoanthracene [523-27-3] M 336.0, m 222-224o, 2 2 6o. Recrystallise it from toluene,

xylene or CCl4 (yellow needles), and sublime it in a vacuum [Johnston et al. J Am Chem Soc 109 1291

1987].  [Heilbron & Heaton Org Synth Coll Vol I 207 1941, Beilstein 5 H 665.]

p-Dibromobenzene [106-37-6] M 235.9, m 87.8o.  Steam distil the dibromobenzene , then crystallise it

from EtOH or MeOH and dry it in the dark under vacuum.  Purify it by zone melting.  [Beilstein 5 IV 683.]

2,5-Dibromobenzoic acid [610-71-9] M 279.9, m 157o, pKEst ~1.5.  Crystallise the acid from water

or EtOH.  [Beilstein 9 H 358, 9 I 147, 9 II 237, 9 III 1428, 9 IV 1027.]

4,4'-Dibromobiphenyl [92-86-4] M 312.0, m 1 6 4o, b 355-360o/760mm.   Crystallise it from

MeOH.  [Beilstein 5 IV 1820.]

(±)-2,2’-dibromo-1,1’-binaphthyl [74866-28-7, (±) 76284-65-6] M 412.1, m 178-183o, 180 .5 -

1 8 1o. Purify the binaphthyl by chromatography through a silica gel column (70-230mesh) using hexane as

eluent.  It gives pale yellow crystals from EtOH with m  187.3-187.9o.   The R-(+)-enantiomer [86688-08-6]
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crystallises from hexane  with m  157-157.5o and  [ ]
D

25  +32.9o (c 1, pyridine) [Brown et al. J Org Chem 5 0

4345 1985].  [Okamoto et al. J Am Chem Soc 103 69711981, Beilstein  5 III 2465.]

, -Dibromodeoxybenzoin [15023-99-1] M 354.0, m 111.8-112.7o. Crystallise , -dibromo

deoxybenzoin from acetic acid, 50% aqueous EtOH (prisms, m 109-112o) or Et2O (m 112o).  [Curtius & Lang J

Prakt Chem 44 547 1891, Beilstein 7 H 436, 7 III 2114.]

2,5-Dibromonitrobenzene [3460-18-2] M 280.9, m 84o, 85-86o.   It crystallises from Me2CO or

EtOH.  [Beilstein 5 H 250, 5 II 190, 5 III 621, 5 IV 732.]

2,6-Dibromo-4-nitrophenol [99-28-5] M 280.9, m 143-144o, pK25 3 .39 .   Crystallise the phenol

from aqueous EtOH, 50% aqueous AcOH (m 144-145o, dec varies with rate of heating).  Dry it in an oven at

40-60o or in vacuo over NaOH.  [Hartman & Dickey Org Synth Coll Vol II 173 1943, Beilstein 6 H 246, 6 I

123, 6 II 234, 6 III 849, 6 IV 1366.]

2,4-Dibromophenol [615-58-7]  M 251.9, m 3 7o, 41 -42o, b 1 5 4o/10mm, 2 3 9o/760mm, pK2 5

7.79. Crystallise the phenol from CHCl3 at -40o, or distil it in a vacuum.  [Beilstein 6 H 202, 6 I 106, 6 II

188, 6 III 753, 6 IV 1061.]

2,6-Dibromophenol [608-33-3] M 251.9, m 56-57o, b 138o/10mm, 255-256o/740mm, pK2 5

6.67 .   Distil the phenol under vacuum (at 10mm), then crystallise it from cold CHCl3 or from EtOH/water.

[Beilstein 6 H 202, 6 I 106, 6 II 188, 6 III 755, 6 IV 1064.]

, '-Dibromo-o-xylene [91-13-4] M 264.0, m 9 5o, 95 -96o, 98 -99o, b 129-130o/ 4 . 5 m m .

Crystallise it from CHCl3 or pet ether, and/or distil it under vacuum.  [Wenner  Org Chem 1 7  527 1952,

Beilstein 5 H 366, 5 I 180, 5 II 285, 5 III 819, 5 IV 929.]

, '-Dibromo-m-xylene [626-15-3] M 264.0, m 7 7o, 78 -79o, b 156-160o/12mm.   Crystallise it

from acetone or *benzene, and fractionally distil it under vacuum.  [Wenner  Org Chem 17  527 1952, Beilstein

5 H 374, 5 I 184, 5 II 294, 5 III 839, 5 IV 946.]

, '-Dibromo-p-xylene [623-24-5] M 264.0, m 1 4 3 . 4o, 142-144o, 145-147o, b 155-158o/ 1 2 -

15mm, 245o/760mm.  Distil it under a vacuum and recrystallise it from EtOH, *benzene or chloroform.

[Wenner  Org Chem 17 527 1952, Beilstein 5 H 385, 5 I 187, 5 II 301, 5 III 859, 5 IV 970.]

-Dibutylamino- -(p-methoxyphenyl)acetamide (Ambucetamide) [519-88-0] M 292.4, m

1 3 4o.  Crystallise ambucetamide from EtOH containing 10% diethyl ether.  [Janssen J Am Chem Soc 76  6192

1954, Beilstein 14 IV 2101.]

2,5-Di- tert-butyl aniline [21860-03-7] M 205.4, m 103-104o, 103-106o, pK25 3.34 (50%

aqueous MeOH), 3.58 (90% aqueous MeOH).  The aniline recrystallises from EtOH in fine needles

after steam distillation.  It has a pKa2 5 of 3.58 (50% aqueous EtOH).  The tosylate has m 164o (from AcOH).

[Bell & Wilson J Chem Soc 2340 1956, Carpenter et al. J Org Chem 16 586 1951, Bartlett et al. J Am Chem

Soc 76 2349 1954, Beilstein 12 IV 2891.]

p-Di-tert-butylbenzene [1012-72-2] M 190.3, m 8 0o, 2 3 6o/760mm.  Crystallise it from Et2O or

EtOH and dry it under vacuum over P2O5 at 55o. [Tanner et al. J Org Chem 52 2142 1987, Beilstein 5 II 344.]

2,6-Di-tert-butyl-1,4-benzoquinone [719-22-2] M 220.3, m 66-67o. It can be recrystallised from

MeOH and sublimes in a vacuum.  [Beilstein 7 IV 2116.]

3,5-Di-tert-butyl-o-benzoquinone [3383-21-9] M 220.3, m 112-114o, 113-114o. It can be

recrystallised from MeOH or pet ether, and forms fine red plates or rhombs.  [Flaig et al. Justus Liebigs Ann

Chem 597 196 1955, IR: Ley & Müller Chem Ber 89 1402 1956, Beilstein 7 IV 2113.]
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3,5-Di-tert-butyl catechol [1020-31-1] M 222.3, m 9 9o, 99-100o, pKEst(1)  ~11.0, pKEst(2)

~13.1.  Recrystallise the catechol from pet ether. [ Ley & Müller Chem Ber 89 1402 1956, UV Flaig et al. Z

Naturforschung  10b 668 1955.] Also purify it by crystallising three times from pentane [Funabiki et al. J

Am Chem Soc 108 2921 1986].

2,6-Di-tert-butyl-p-cresol (2,6-di-tert-butyl-4-methylphenol, butylatedhydroxytoluene, BHT

or DBPC) [128-37-0] M 230.4, m 7 1 . 5o, pK25 1 2 . 2 3 .   Dissolve BHT in n-hexane at room

temperature, then cool with rapid stirring, to -60o.  The precipitate is separated,  redissolved in hexane, and the

process is repeated until the mother liquor is no longer coloured.  The final product is stored under N2 at 0o

[Blanchard J Am Chem Soc 82  2014 1960].  It has also been recrystallised from EtOH, MeOH, *benzene, n-

hexane, methylcyclohexane  or pet ether (b 60-80o), and is dried in a vacuum.   [Beilstein 6 IV 3511.]

2 ,6 -Di - ter t - b u t y l - 4 - d i m e t h y l a m i n o m e t h y l p h e n o l [ 8 8 - 2 7 - 7 ] M 263.4, m 93-94o,  b

1 7 2o/30mm, pKEst ~12.0.  Crystallise it from n-hexane.   [Beilstein 13 IV 2014.]

Di-tert-butyldiperphthalate [2155-71-7] M 310.3, m ( 4 8o) 57 -57 .5o, decomposes at 1 0 8o,

CARE.  Crystallise the perphthalate from Et2O or pet ether and dry it over H2SO4. The IR has max 1772cm-1

in CCl4.  [Milas & Surgemor J Am Chem Soc 68 642 1946, Milas & Kelin J Org Chem 3 6  2900 1971,

Beilstein 9 III 4190, 9 IV 3260.]  Potentially EXPLOSIVE.

2,6-Di-tert-butyl-4-ethylphenol [4130-42-1] M 234.4, m 42-44o, pKEst ~ 1 2 . 3 .   Crystallise the

phenol from aqueous EtOH or n-hexane.  [Beilstein 6 IV 3529.]

2,5-Di-tert-butylhydroquinone [88-58-4] M 222.3, m 222-223o.  Crystallise the hydroquinone from

*C6H6 or AcOH.  [Beilstein 6 III 4741.]

2,6-Di -tert-buty l -4 - i sopropylphenol [5427-03-2] M 248.4, m 39-41o, 38-42o, b 105 -

1 0 6o/0.3mm, pKEst ~12.3.  Crystallise the phenol from n-hexane or aqueous EtOH.  It is used for making

the respective phenoxyl radical.  [Cook & Norcross J Am Chem Soc 78 3797 1956, Beilstein 6 III 3534.]

2,6-Di-tert-butylphenol [128-39-2] M 206.3, m 37-38o, pK25 11 .70 .   Crystallise the phenol from

aqueous EtOH or n-hexane.  [Beilstein 6 III 2061.]

Dibutyl phthalate (DBP, butyl phthalate) [84-74-2] M 278.4, f - 3 5o, b 4 4o/ 2 . 5 x 1 0-4m m ,

1 8 2o/5mm, 206o/20mm, 340o/760mm, d
4
20  1.4929, d5 1.0426, n

D
25 1.490.  Wash DBP with H2O

(to free it from alcohol), then dilute NaOH (to remove any butyl hydrogen phthalate or acid), aqueous NaHCO3

(charcoal), then distilled water.  Dry it (CaCl2), distil it at 10torr or less, and store it in a desiccator over P2O5.

[Beilstein 9 II 586, 9 III 4102,  9 IV 3175.]

Dichloramine-T (N,N-dichloro-p-toluenesulfonamide) [473-34-7] M 240.1, m 8 3o.   Crystallise

it from pet ether (b 60-80o) or CHCl3/pet ether.  Dry it in air <55o and store in the dark.  It is soluble in CHCl3
(~1:1), *C6H6 (~1:1) and CCl4 (~1:2.5).  It is a germicide and antibacterial as it readily liberates chlorine, and it

should not smell strongly of chlorine; otherwise it should be purified.  Alternatively dissolve ~15g of reagent in

75mL of hot acetic acid and precipitate it by addition of 37mL of N/10 bleaching powder solution (NaOCl),

filter off, wash it with a dilute solution of the latter, dry as above (m  78-84o) and recrystallise it.  “Sharp

drying” will decompose it.  [Orton & Bradfield J Chem Soc 993 1927, Krauss & Crede J Am Chem Soc 3 9

2720 1917, Soper J Chem Soc 1899 1924.]  [see also chloramine-T (monochloramine T Na salt) in “Metal-

organic Compounds”,  Chapter 5].  [Beilstein 11 H I07, 11 I 27, 11 II 63, 11 III 301.]

2,4-Dichloroani l ine [554-00-7] M 162.0, m 63o, pK2 5 2 . 0 2 .   Crystallise the aniline from

EtOH/water.  It also crystallises from EtOH and is dried in vacuo for 6hours at 40o [Moore et al. J Am Chem

Soc 108 2257 1986, Edidin et al. J Am Chem Soc 109 3945 1987].  [Beilstein 12 IV 1241.]

3,4-Dichloroaniline [95-76-1] M 162.0, m 7 1 . 5o, pK25 2 .97 .   Crystallise the aniline from MeOH.

[Beilstein 12 IV 1257.]
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9,10-Dichloroanthracene [605-48-1]  M 247.1, m 214-215o. Purify it by crystallising it from

MeOH, EtOH, *C6H6 or Me2CO (m 210-211o) followed by subliming in vacuo.  [Masnori & Kochi J A m

Chem Soc 107 7880 1985, Beilstein 5 H 664, 5 I 324, 5 II 575, 5 III 2134, 5 IV 2293.]

2,4-Dichlorobenzaldehyde [874-42-0] M 175.0, m 72o.  Crystallise the aldehyde from EtOH or

ligroin.  [Beilstein 7 IV 575.]

2,6-Dichlorobenzaldehyde [83-38-5] M 175.0, m 70.5-71.5o.  Crystallise the aldehyde from

EtOH/H2O or pet ether (b 30-60o).  [Beilstein 7 IV 576.]

o-Dichlorobenzene [95-50-1] M 147.0, b 81-82o/31-32mm, 180.5o/760mm, d
4
20  1.306, n

D
20

1.551, n25 1.549.  Contaminants may include the p-isomer and trichlorobenzene [Suslick et al. J Am Chem

Soc 106 4522 1984].  It should be shaken with conc or fuming H2SO4, washed with water, dried with CaCl2,

and distilled from CaH2 or sodium in a glass-packed column.  Low conductivity material (ca 10-10 mhos) has

been obtained by refluxing with P2O5, fractionally distilling and passing it through a column packed with silica

gel or activated alumina: it is stored in a dry-box under N2 or with activated alumina.  [Beilstein 5 IV 654.]

m-Dichlorobenzene [541-73-1] M 147.0, b 1 7 3 . 0o/atm, d
4
20  1.289, n

D
20  1.54586, n

D
25

1.54337.  Wash it with aqueous 10% NaOH, then with water until neutral, dry and distil it.  Conductivity

material (ca 10-10 mhos) has been prepared by refluxing over P2O5 for 8hours, then fractionally distilling, and

storing with activated alumina.  m-Dichlorobenzene dissolves rubber stoppers.  [Beilstein 5 IV 657.]

p-Dichlorobenzene [106-46-7] M 147.0, m 53.0o, b 174.1o, d
4
20  1.241, n

D
60 1 . 5 2 8 4 9 . o-

Dichlorobenzene is a common impurity.  The p-isomer has been purified by steam distillation, crystallisation

from EtOH or boiling MeOH, air-dried and dried in the dark under vacuum.  It has also been purified by zone

refining.  [Beilstein 5 IV 658.]

2,2'-Dichlorobenzidine [84-68-4] M 253.1, m 165o, pKEst(1)  ~3.0, pKEst(2) ~4 .0 .   Crystallise the

benzidine from EtOH or H2O.  [Beilstein 13 H 234, 13 I 66, 13 II 106, 13 III 477, 13 IV 384.]

3,3'-Dichlorobenzidine [91-94-1] M 253.1, m 132-133o, pKEst(1)  ~4.8, pKEst(2) ~ 5 . 7 .

Crystallise the benzidine from EtOH, pet ether (m 133o) or *benzene.  [Beilstein 13 H 234, 13 I 67, 13  II

106, 13 III 477, 13 IV 384.] CARCINOGEN.

2,3-Dichlorobenzoic acid [50-45-3] M 191.0, m 168.3o, 169-170o, pK2 5 2.67. Aromatic acid

impurities (to <0.05%) can be removed v ia  the (±)- -methylbenzylamine salt as described for 2,4-

dichlorobenzoic acid [Ley & Yates Organic Process Research & Development 12 120 2008.]  Crystallise the

acid from H2O, aqueous EtOH, or 30% aqueous AcOH and several times from *C6H6, then dry it in vacuo at

40o overnight.  The methyl ester has m 35-39o.  [Hope & Riley J Chem Soc 123  2478 1923, Lock Monatsh

Chem 90 687 1959, Shorter & Mather J Chem Soc 4744 1961, Beilstein 9 II 228, 9 IV 998.]

2,4-Dichlorobenzoic acid [50-84-0] M 191.0, m 163-164o, pK2 5 2 .68 .   Crystallise the acid from

aqueous EtOH (charcoal), then *benzene (charcoal).  It can also be recrystallised from water.  [Beilstein 9 IV

998.]  It can be freed from isomeric acids (to <0.05%) via the (±)- -methylbenzylamine salt as follows: dissolve

the dichloro-acid  (10g, 50.2mmol) in isopropanol (200mL), heat to 60o and add the (±)-benzylamine (5.49g,

45.3mmol), then stir it at 60o for 1hour.  Cool the mixture to room temperature, filter the slurry, wash it with

isopropanol (25mL) and dry it in vacuo at 40o overnight to give 79% of the salt with m  185.2o.  Dissolve the

salt (5g) in H2O (50mL) and MeOH (20mL), then heat to 60o and add concentrated HCl to pH <2.0. Cool the

solution to room temperature add H2O (12mL), filter it, wash it with H2O (30mL) and dry it in vacuo at 40o

overnight to give 94% of the acid with m 162.0o.  [Ley & Yates Organic Process Research & Development 1 2

120 2008.]

2,5-Dichlorobenzoic acid [50-79-3] M 191.0, m 154o, b 3 0 1o/760mm, pK2 5 2 .47 .   Crystallise

the acid from water.  [Beilstein 9 IV 1005.]  Aromatic acid impurities (to <0.05%) can be removed via the (±)-
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-methylbenzylamine salt as described for 2,4-dichlorobenzoic acid [Ley & Yates Organic Process Research &

Development 12 120 2008.]

2,6-Dichlorobenzoic acid [50-30-6] M 191.0, m 141-142o, pK25 1 .59 .   Crystallise the acid from

EtOH and sublime it in vacuo.  [Beilstein 9 IV 1005.] Aromatic acid impurities (to <0.05%) can be removed

via the (±)- -methylbenzylamine salt as described for 2,4-dichlorobenzoic acid [Ley & Yates Organic Process

Research & Development 12 120 2008.]

3,4-Dichlorobenzoic acid [51-44-5] M 191.0, m 206-207o, pK25 3 .64 .   Crystallise the acid from

aqueous EtOH (charcoal) or acetic acid.  [Beilstein 9 IV 1006.] Aromatic acid impurities (to <0.05%) can be

removed via the (±)- -methylbenzylamine salt as described for 2,4-dichlorobenzoic acid [Ley & Yates Organic

Process Research & Development 12 120 2008.]

3,5-Dichlorobenzoic acid [51-36-5] M 191.0, m 188o, pK25 3 .54 .   Crystallise the acid from EtOH

and sublime it in a vacuum.  [Beilstein 9 IV 1008.] Aromatic acid impurities (to <0.05%) can be removed via

the (±)- -methylbenzylamine salt as described for 2,4-dichlorobenzoic acid [Ley & Yates Organic Process

Research & Development 12 120 2008.]

2,6-Dichlorobenzonitrile [1194-65-6] M 172.0, m 1 4 5o.   Crystallise the nitrile from acetone.

[Beilstein 9 IV 1006.]

4,4'-Dichlorobenzophenone [90-98-2] M 251.1, m 145-146o. Recrystallise it from EtOH [Wagner

et al. J Am Chem Soc 108 7727 1986].  The semicarbazone has m 192-193o (from H2O). [Beilstein 7 H 420,

7 I 228, 7 II 359, 7 III 2076, 7 IV 1376.]

2,5-Dichloro-1,4-benzoquinone [615-93-0] M 177.0, m 161-162o, 1 6 3o. Recrystallise it twice

from 95% EtOH to give yellow needles [Beck  et al. J Am Chem Soc 108 4018 1986]. The dioxime has m

278o(dec). [Beilstein 7 H 632, 7 I 346, 7 II 580, 7 III 3376, 7 IV 2081.]

2,6-Dichloro-1,4-benzoquinone [697-91-6] M 177.0, m 122-124o. Recrystallise the quinone from

pet ether (b 60-70o).  It sublimes at 41o/17.6 .  [Carlson & Miller J Am Chem Soc 107 479 1985, Beilstein 7

II 580. 7 III 3376.]

2,6-Dichlorobenzoyl chloride  [4659-45-4] M 209.5, m 15-17, b 122-124o/15mm, d
4
20  1 . 4 6 4 .

Reflux the acid chloride for 2hours with excess of acetyl chloride (3 volumes), distil off AcCl followed by the

benzoyl chloride.  Store it away from moisture.  It is an IRRITANT. [Beilstein 9 III 1377.]

3,4-Dichlorobenzyl alcohol [1805-32-9] M 177.0, m 38-39o, 148-151o/760mm.  Crystallise the

alcohol from EtOH (m 32-34o) or water  (m 38o, needles).  Its solubility at 20o is 1g in 1250mL of H2O.

[Beilstein 6 H 445, 6 III 1558, 6 IV 2598.]

2,3-Dichloro-5,6-dicyano-p-benzoquinone (DDQ) [84-58-2]  M 227.0, m 2 0 3o(dec), 213 -

2 1 6o, (210-215o)(dec).  Crystallise DDQ from CHCl3, CHCl3/*benzene (4:1), or *benzene and store it at

0o.  [Pataki & Harvey J Org Chem 52 2226 1987, Beilstein 10 H 902, 10 II 635, 10 IV 3521.]

2,4-Dichloro-6-methylphenol (2,4-dichloro-o-cresol) [1570-65-6] M 177.0, m 55o, b 111 -

1 1 3o/16mm, 129-132o/40mm, 231.6-231.9o/760mm, pK2 0 8 .14 .  Crystallise the cresol from Et2O

(m 55o) or water; it has m 53-54o after sublimation.  [Beilstein 6 H 359, 6 II 332, 6 III 1267, 6 IV 2001.]

2,4-Dichloro-1-naphthol [2050-76-2] M 213.1, m 106-107o, pKEst ~7.7 .  Crystallise the naphthol

from MeOH. The 1-methyl ether has m 58o (from EtOH).  [Beilstein 6 H 612, 6 I 308, 6 II 582, 6 III 2934, 6

IV 4233.]

2,3-Dichloro-1,4-naphthoquinone [117-80-6] M 227.1, m 1 9 3o.   Crystallise the quinone from

EtOH.  [Beilstein 7 IV 2426.]
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2,5-Dichloro-4-nitroanil ine [6627-34-5] M 207.0, m 153-154o, 157-158o, pK2 5 - 0 . 7 4

(aqueous H2S O4). Recrystallise it from EtOH, then sublime it in vacuo.  [Beilstein 12 H 735, 12 II 400.]

2,6-Dichloro-4-nitroaniline (Dichloran) [99-30-9] M 207.0, m 1 9 3o.   Crystallise Dichloran from

aqueous EtOH or *benzene/EtOH.  [Beilstein 12 IV 1681.]

2,5-Dichloro-1-nitrobenzene (1,4-dichloro-4-nitrobenzene) [89-61-2] M 192.0, m 5 6o, 266 -

2 6 9o/atm.    Crystallise the nitrobenzene from absolute EtOH.  [Beilstein 5 IV 726.]

3,4-Dichloro-1-nitrobenzene (1,2-dichloro-4-nitrobenzene) [99-54-7] M 192.0, m 4 3o.

Crystallise it from absolute EtOH.  [Beilstein 5 IV 726.]

2,4-Dichloro-6-nitrophenol [609-89-2] M 208.0, m 122-123o, pKEst ~ 5 . 0 .   Crystallise the

chloronitrophenol from AcOH.  [Beilstein 6 IV 1358.]

2,6-Dichloro-4-nitrophenol [618-80-4] M 208.0, m 1 2 5o(dec), pK25 3 . 5 5 .   Crystallise the

chloronitrophenol from EtOH and dry it in vacuo over anhydrous MgSO4.  [Beilstein 6 IV 1361.]

Dichlorophen [2,2'-methylenebis(4-chlorophenol)] [97-23-4]  M 269.1, b 177-178o, pKEst

~9.7.  Crystallise dichlorophen  from toluene.  [Beilstein 6 III 5406.]

2,3-Dichlorophenol [576-24-9] M 163.0, m 57o, pK25 7.70.  Crystallise it from ether.  [Beilstein 6

IV 883.]

2,4-Dichlorophenol [120-83-2]  M 163.0, m 42-43o, pK25 7.89.  Crystallise it from pet ether (b 30-

40o).  Purify it also by repeated zone melting, using a P2O5 guard tube to exclude moisture.  It is very

hygroscopic when dry.  [Beilstein 6 IV 885.]

2,5-Dichlorophenol [583-78-8] M 163.0, m 58o, b 211o/744mm, pK25 7 .51 .   Crystallise it from

ligroin and sublime it in a vacuum or distil it. [Beilstein 6 IV 942.]

3,4-Dichlorophenol [95-77-2] M 163.0, m 6 8o, b 2 5 3 . 5o/767mm, pK25 8 .58 .   Crystallise 3,4-

dichlorophenol from pet ether/*benzene mixture and/or distil it.  [Beilstein 6 IV 952.]

3,5-Dichlorophenol [591-35-5] M 163.0, m 68o, b 122-124o/8mm, 233-234o/760mm, pK2 5

8.81.  Crystallise 3,5-dichlorophenol from pet ether/*benzene mixture and/or distil it.  [Beilstein 6 IV 957.]

2,4-Dichlorophenoxyacetic acid (2,4-D) [94-75-7] M 221.0, m 146o, pK25 2.90. Crystallise

2,4-D from MeOH.  It is a plant growth substance, a herbicide and is TOXIC. [Beilstein 6 IV 908.]

(±) -(2,4-Dichlorophenoxy)propionic acid (2,4-DP, Dichloroprop)  [120-36-5]  M 235.1, m

1 1 7o, pK20 2,86, Crystallise 2,4-DP from MeOH. It is a plant growth substance, a herbicide and is

TOXIC. The R(+)- and S(-)- enantiomers have m 124o (from *C6H6) and [ ]
D

25  ±35.2o (c 1, Me2CO).

[Beilstein 6 H 189, 6 III 708, 6 IV 922-923.]

2,4-Dichlorophenylacetic acid [19719-28-9] M 205.0, m 131o,  132-133o, pKEst ~ 4 . 0 .

Crystallise the acid from aqueous EtOH.  [Beilstein 9 III 2271.]

2,6-Dichlorophenylacetic acid [6575-24-2] M 205.0, m 157-158o, pKEst ~3.8. Crystallise the

acid from aqueous EtOH.  [Beilstein 9 III 2272.]

3-(3,4-Dichlorophenyl)-1,1-dimethyl urea (Diuron) [330-54-1] M 233.1, m 153-154o, 1 5 5o,

Recrystallise it from 95% EtOH [Beck et al. J Am Chem Soc 108 4018 1986].  [Beilstein 12 IV 1263.]



276 Purification of Organic Chemicals — Aromatic Compounds

4,5-Dichlorophthalic acid [56962-08-4] M 235.0, m 2 0 0o (dec to anhydride), pKEst(1) 2 . 2 ,

pKEst(2) ~4.7.  Crystallise the acid from water.  It has been purified by converting to the anhydride, reacting it

with boiling EtOH to form the monoethyl ester  (m 133-134o) and hydrolysing it back to the diacid (see next

entry).  [Beilstein 9 III 4205.]

3,6-Dichlorophthalic anhydride [4466-59-5] M 189-191o,  191-191.5o, b 339o. Boil the

anhydride in xylene (allowing any vapours which would contain H2O to be removed, e.g. Dean and Stark trap),

which causes any acid present to dehydrate to the anhydride, and cool.  Recrystallise it from xylene [Villiger

Chem Ber  42 3539 1909, Fedoorow Izv Akad Nauk SSSR Otd Khim Nauk  397 1948, Chem Abstr 1585

1948].  [Beilstein 17/11 V 260.]

2,6-Dichlorostyrene [28469-92-3] M 173.0, m 8o, b 72-73o/2mm, d
4
20  1.4045, n

D
20  1.5798.

Purify the styrene by fractional crystallisation from the melt and by distillation in vacuo.  [Beilstein 5 III 1174.]

2,4-Dichlorotoluene [95-73-8] M 161.1, m -13.5o, b 61-62o/3mm, d
4
20  1.250, n

D
20  1.5513.

Recrystallise 2,4-dichlorotoluene from EtOH at low temperature or fractionally distil it.  [Beilstein 5 IV 815.]

2,6-Dichlorotoluene [118-69-4]  M 161.1, b 199-200o/atm, d
4
20  1.254, n

D
20  1 .548 .   Fractionally

distil it and collect the middle fraction.  [Beilstein 5 IV 815.]

3,4-Dichlorotoluene [95-75-0]   M 161.1, m - 1 6o, b 2 0 5o/atm, d
4
20  1.2541, n

D
20  1 . 5 4 9 .

Recrystallise it from EtOH at very low temperature or fractionally distil it.  [Beilstein 5 IV 815.]

, '-Dichloro-p-xylene [623-25-6] M 175.1, m 1 0 0o, 2 5 4o/ a tm.   Crystallise the xylene from

*benzene and dry it under vacuum.  [Beilstein 5 IV 967.]

Dicinnamalacetone (1,9-diphenyl-1,3,6,8-nonatetraen-5-one) [622-21-9] M 314.4, m 1 4 4o,

1 4 6o.  Crystallise the ketone from *benzene/isooctane (1:1).  The 1,3,5-trinitrobenzene complex (1:1) has m

113o (from EtOH), and the 1,3,5-trinitrobenzene complex (1:2) has m 110o (from EtOH).   [Beilstein 7 H 524,

7 I 293, 7 II 484, 7 III 2756, 7 IV 1834.]  The 2,4-dinitrophenylhydrazone  has m 199-200o.

Dicumyl peroxide [80-43-3] M 270.4, m 39-40o.  Crystallise the peroxide from 95% EtOH (charcoal).

Store it at 0o. Potentially EXPLOSIVE. [Beilstein 6 IV 3220.]

9,10-Dicyanoanthracene [1217-45-4] M 228.3, m 340o. Recrystallise the dinitrile twice from

pyridine [Mattes & Farid J Am Chem Soc 108 7356 1986].  [Beilstein 9 IV 3667.]

1,4-Dicyanobenzene (terephthalonitrile) [623-26-7] M 128.1, m 2 2 2o.   Crystallise the dinitrile

from EtOH or AcOH, and has m 221.5-222.5o after sublimation.  [Beilstein 9 H 846, 9  I 376, 9  II 613, 9  III

4255, 9 IV 3328.]

1,4-Dicyanonaphthalene [3029-30-9] M 178.2, m 206o.  Purify it by recrystallization from EtOH

(charcoal), m 208o, and sublime it in vacuo.  [Bradbrook & Linstead J Chem Soc 1742 1936, Beilstein 9 H

917, 9 II 651, 9 III 464.]

trans-4-(Diethylamino)azobenzene [3588-91-8] M 320.5, m 1 7 1o pK2 6 3.08 (50% aqueous

EtOH)  Purify the azobenzene by column chromatography on alumina, elute with, and crystallise it from,

toluene, [Albini et al. J Chem Soc Perkin Trans 2  1393 1982, Flamigni & Monti J Phys Chem 8 9  3702

1985].  The deoxycholate (1:4) complex has m 194-194o (from EtOH).  [Beilstein 16 H 341, 16  I 311, 16 III

342, 16 IV 455.]

N,N-Diethylaniline [91-66-7] M 149.2, b 2 1 6 . 5o/atm, d
4
20  0.938, n

D
20  1.5409 pK2 5 6 . 5 7 .

Reflux the base for 4hours with half its weight of acetic anhydride,  then fractionally distil it under reduced

pressure (b 92o/10mm).  [Beilstein 12 IV 252.]
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Di-(2-ethylhexyl)phthalate ('di-iso-octyl' phthalate) [117-81-7] M 390.6, b 3 8 4o, 256 -

2 5 7o/1mm, d
4
20  0.9803, n

D
20  1 .4863 .   Wash the ester with Na2CO3 solution, then shake it with water.

After the resulting emulsion has been broken by adding ether, the ethereal solution is washed twice with water,

dried (CaCl2), and evaporated.  The residual liquid is distilled several times under reduced pressure, then stored in

a vacuum desiccator over P2O5 [French & Singer J Chem Soc 1424 1956].  [Beilstein 9 IV 3184.]

Diethyl phenyl orthoformate (diethoxy phenoxy ethane)  [ 1 4 4 4 4 - 7 7 - 0 ] M 196.3, b

1 1 1o/11mm, 122o/13mm, d
4
20  1.0099, n

D
20  1.4799. Fractionate the ortho-ester through an efficient

column under vacuum [Smith Acta Chem Scand 10 1006 1956].

Diethyl phthalate [84-66-2] M 222.2. b 172o/12mm, b 2 9 5o/760mm, d
4
25 1.1160, n 1 . 5 0 2 2 .

Wash the ester with aqueous Na2CO3, then distilled water, dry (CaCl2), and distil it under reduced pressure.

Store it in a vacuum desiccator over P2O5.  [Beilstein 9 IV 3172.]

Diethyl 2-phthalimidomalonate  [56680-61-5] M 305.3, m 72-74o, 73 -74o, pK2 5 9 . 1 7 .

Dissolve it in xylene and when the temperature is 30o add pet ether (b 40-60o) and cool to 20o whereby the

malonate separates as a pale brown powder [Booth et al. J Chem Soc 666 1944].  Alternatively, dissolve it in

*C6H6, dry it over CaCl2, filter, evaporate and the residual oil solidifies.  Grind this with Et2O, filter and wash

it with Et2O until white in colour, and dry it in a vacuum.  It forms a yellow sodium salt m  280o(dec).  The

anion has max 254nm (  18.5K) [Clark & Murray Org Synth Coll Vol I 271 1941, UV of Na salt: Nnadi &

Wang J Am Chem Soc 92 4421 1970].  [Beilstein 21 H 487, 21 I 379, 21 III/IV 5264.]

Diethylstilboesterol [stilbesterol, stilboesterol, (E )-3,4-bis(4-hydroxyphenyl)-3-hexene]

[56-23-1] M 268.4, m 169-172o.  Crystallise stilbesterol from *benzene.  [Beilstein 6 IV 6856.]

Diethyl terephthalate [636-09-0] M 222.2, m 4 4o, 1 4 2o/2mm, 3 0 2o/760mm.   Crystallise the

ester from toluene and distil it under reduced pressure.   [Beilstein 9 H 8, 9 I 374, 9 III 4250, 9 IV 3304.]

4,4'-Di-n-heptyloxyazoxybenzene [2635-26-9] M 426.6, m 7 5o, 9 5o (smectic nematic) and

1 2 7o (nematic liquid), pKEst ~ - 5 .   Purify azoxybenzene by chromatography on Al2O3 (*benzene),

recrystallise it from hexane or 95% EtOH and dry it by heating under vacuum.  The liquid crystals can be

sublimed in vacuo.  [Mellifiori et al. Spectrochim Acta Part A 37(A)  605 1981, Dewar & Schroeder J A m

Chem Soc 86 5235 1964, Weygand & Glaber J Prakt Chem 155 332 1940, Beilstein 1 6  III 600, 16 IV

5264.]  

9,10-Dihydroanthracene [613-31-0] M 180.3, m 110-110 .5o, b ~ 3 1 2o/atm, d
4
20  0 . 8 8 0 .

Crystallise it from EtOH [Rabideau et al. J Am Chem Soc 108 8130 1986].  [Beilstein 5 H 641, 5 IV 2182.]

Dihydrochloranil (tetrachloro-1,4-hydroquinone) [87-87-6] M 247.9, m 240.5o.   Crystallise the

quinone from EtOH or AcOH/EtOH.  Sublime it at 77o/0.6x10-3mm.  The dibenzoyl derivative has m 233o.

[Conant & Fieser J Am Chem Soc 45 2207 1923, Rabideau et al. J Am Chem Soc 108 8130 1986, Beilstein

6 H 851, 6 I 417, 6 II 846, 6 III 4436, 6 IV 5775.]

1,4-Dihydro-1,4-epoxynaphthalene [573-57-9] M 144.2, m 53-54.5o, 53-56o, 55 -56o.

Dissolve it in Et2O, wash it with H2O, dry it over K2CO3, filter, evaporate and dry the residue at 15mm, then

recrystallise it from pet ether (b 40-60o), dry it at 25o/0.005mm and sublime it (sublimes slowly at room

temperature)[Wittig & Pohmer Chem Ber  89 1334 1956, Gilman & Gorsich J Am Chem Soc 79  2625 1957].

[Beilstein 17 III/IV 548.]

1,8-Dihydroxyanthraquinone (Danthrone) [117-10-2] M 240.1, m 193-197o, pK
1
25  8.30, pK

2
25

12.46.  Crystallise Danthrone from EtOH and sublime it in a vacuum.  [Beilstein 8 IV 3217.]

2,4-Dihydroxyazobenzene (Sudan orange G) [2051-85-6] M 214.2, m 143-146o, 228o, pKEst(1)

<0, pKEst(2)  ~7.3, pKEst(3)  ~9.3.  Crystallise the dye from hot EtOH (charcoal).  [Beilstein 16 IV 264.]
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2,3-Dihydroxybenzaldehyde [24677-78-9] M 138.1, m 135-136o, pK
1
20  7.73, pK

2
20 1 0 . 9 1 .

Crystallise the aldehyde from water.  [Beilstein 8 III 1979.]

2,4-Dihydroxybenzoic acid ( -resorcylic acid) [89-86-1] M 154.1, m 226-227o(dec), pK
1
25

3.30, pK
2
25  9.12,  pK

2 5
3  15.6.  Crystallise the acid  from water.  [Beilstein 10 IV 1420.]

2,5-Dihydroxybenzoic acid (Gentisic acid, 5-hydroxysalicylic acid) [490-79-9] M 154.1, m

204 .5-205o, pK25 2.95.  Crystallise gentisic acid from hot water or *benzene/acetone.  Dry it in a vacuum

desiccator over silica gel.  [Beilstein 10 H 384, 10 IV 1441.]

2,6-Dihydroxybenzoic acid ( -resorcylic acid) [303-07-1] M 154.1, m 1 6 7o(dec), pK25 1 . 0 5 .

Dissolve the acid in aqueous NaHCO3 and the solution is washed with ether to remove non-acidic material.  The

acid is precipitated by adding H2SO4, and recrystallised from water.  Dry it under vacuum and store it in the dark

[Lowe & Smith J Chem Soc, Faraday Trans 1 69 1934 1973].  [Beilstein 10 IV 1456.]

2,4-Dihydroxybenzophenone [131-56-6] M 214.2, m 145.5-147o pKEst(1) ~7.0, pKEst(2) ~ 1 2 . 0 .

Recrystallise it from MeOH.  [Beilstein 8 IV 2442.]

2,5-Dihydroxybenzyl alcohol (Gentisyl alcohol) [495-08-9] M 140.1, m 47-48o pKEst(1)

~9.3, pKEst(2) ~11.3.  Crystallise the alcohol from ligroin, CHCl3, AcOH or H2O.   Sublime it at ~70o

under high vacuum.  [Beilstein 6 II 1084, 6 III 6326.]

2,2'-Dihydroxybiphenyl [1806-29-7] M 186.2, m 108 .5 -109 .5o, pK
1
25  7.56, pK

2
25  1 1 . 8 0 .

Crystallise the biphenyl repeatedly from toluene, then sublime it at 60o/10-4mm.  [Beilstein 6 IV 6645.]

4.4’-Dihydroxybiphenyl (4,4’-biphenol) [92-88-6] M 186.2, m 2 8 0 . 5o, 280-285o, pKEst(1)

~3.6, pKEst(2) ~11.8.  Recrystallise the biphenol from aqueous EtOH preferably under N2 to avoid oxidation

to the extended qiunone.  It is characterized  as the dimethyl derivative (4,4’-dimethoxybiphenyl) from which it is

prepared by demethylation.  The dimethoxy derivative has m 176.5-177o (from AcOH, EtOH, hexane or *C6H6)

and sublimes in vacuo.  [Williamson & Rodebush J Am Chem Soc 63 3019 1941, Beilstein 6 I 485, 6 II 962,

6 III 6389, 6 IV 6651.]

1,8-Dihydroxy-3-methylanthraquinone (chrysophanic acid) [481-74-3] M 245.3, m 1 9 6o,

pKEst(1) ~8.2, pKEst(2) ~12.4.  Crystallise chrysophanic acid from EtOH or *benzene and  has m  195.6-

196.2o, after sublimation it in a vacuum.  The yellow mono-acetate has m 188-190o (from MeOH or Me2CO).

It forms Ni2+, Co2+ and Cu2+ complexes.  [Beilstein 8 H 470, 8 I 725, 8 II 510, 8 III 3808, 8 IV 3277.]

1,5-Dihydroxynaphthalene (1,5-naphthalenediol)  [83-56-7] M 160.7, m 258o, 2 6 0o,  2 6 5o,

pKEst(1) ~9.0, pKEst(2) ~11.0.  The diol (~30g) is purified by making into a thick paste with H2O and

suspending this in 3L of H2O containing 200mL of EtOH, boiling under reflux for 3hours, cooling to 30o,

saturating with SO2, digesting below the boiling point for 1hour and filtering fast through a large hot filter

paper.  The hot filtrate is poured onto crushed ice whereby the diol (15-20g) separates as colourless needles (m

258o) [Wheeler & Ergle J Am Chem Soc 52 4873 1930].  Recrystallise it from H2O or nitromethane under N2

to avoid oxidation.  The dibenzoyl derivative has m  245o (from EtOH).  The 5-methoxy-1-naphthol derivative

[prepared from the diol in MeOH/HCl (1:30 weight to volume ratio) and set aside at 25o for 9-10days]

crystallised from pet ether (m 135-136o) or from CH2Cl2/hexane (needles m 140o) [Bell & McCaffrey Aust J

Chem 46 731 1993].  [Beilstein 6 I 477, 6 II 950, 6 III 5265, 6 IV 6554.]  

1,6-Dihydroxynaphthalene [575-44-0] M 160.2, m 138-139o (with previous softening), pKEst

~9.4.  Crystallise it from *benzene or *benzene/EtOH after treatment with charcoal.  [Beilstein 6 IV 6557.]

2,5-Dihydroxyphenylacetic acid (homogentisic acid) [451-13-8] M 168.2, m 152o, 154-152o,

pK2 0 4.14 (COOH).  Crystallise homogentisic acid from EtOH/CHCl3 or H2O (solubility is 85% at 25o).

[Beilstein 10 IV 1506.]
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3,4-Dihydroxytoluene (4-methylcatechol) [452-86-8] M 124.1, m 65-66o, 6 8o, b 1 1 2o/ 3 m m ,

2 4 1o/760mm, pK
1
25  9.44 (9.7), pK

2
25  10.90 (11 .9 ) .   Crystallise the catechol from *C6H6.  The

purity is checked by TLC. Crystallise it from high-boiling pet ether and distil it in a vacuum.  [Beilstein 6 IV

5878.]

1,4-Diiodobenzene [624-38-4] M 329.9, m 132-133o.   Crystallise it from EtOH or boiling MeOH,

then dry it in air.  [Beilstein 5 IV 700.]

trans-4,4'-Dimethoxyazobenzene [501-58-6] M 242.3, m 162 .7 -164 .7o, 165-166o,  pKEst ~ 0 .

Chromatograph it on basic alumina and elute with *benzene.  Then crystallise the residue from 2:2:1 (v/v)

methanol/ethanol/*benzene or Me2CO.  [Beilstein 16 H 112, 16 I 237, 16 II 43, 16 III 93, 16 IV 172.]

1,2-Dimethoxybenzene (veratrole) [91-16-7] M 137.2, m 23o, b 208.5-208.7, d
4
20  1.085, n

D
25

1.53232.  Steam distil veratrole, then fractionally distil it from BaO, CaH2 or Na.  Crystallise it from

*benzene or low-boiling pet ether at 0o.  Fractionally crystallise it from its melt.  Store it over anhydrous

Na2SO4.  [Beilstein 6 IV 5564.]

1,3-Dimethoxybenzene [151-10-0] M 137.2, b 212-213o, d
4
20  1.056, n

D
20  1 . 5 2 15 .   Extract it

with aqueous NaOH, and water, then dry it.  Fractionally distil it from BaO or Na.  [Beilstein 6 IV 5663.]

1,4-Dimethoxybenzene [150-78-7] M 137.2, m 57 .2 -57 .8o.   Steam distil 1,4-dimethoxybenzene,

then crystallise it from hexane or *benzene, and from MeOH or EtOH, but these are wasteful due to high

solubilities.  Dry it under vacuum.  It also sublimes under vacuum.  [Beilstein 6 IV 5718.]

2,4-Dimethoxybenzoic acid [91-52-1] M 182.2, m 107.3o, 109o, pK25 4 .36 .   Crystallise the acid

from water and dry it in a vacuum desiccator over H2SO4.. The S-benzylisothiuronium salt has m  158-159o

(from CHCl3).  [Beilstein 10 H 379, 10 I 177, 10 II 252, 10 III 1371, 10 IV 1422.] Aromatic acid impurities

(to <0.05%) can be removed via the (±)- -methylbenzylamine salt as described for 2,4-dichlorobenzoic acid [Ley

& Yates Organic Process Research & Development 12 120 2008.]

2,6-Dimethoxybenzoic acid [1466-76-8] M 182.2, m 186-187o, 188-191o, pK2 5 3 . 4 4 .

Crystallise the acid from water or 1,1-dichloroethane  (m 187.5-188.5o).  [Beilstein 10 H 388, 10 I 185, 10  II

259, 10 III 1401, 10 IV 1456.]

3,4-Dimethoxybenzoic acid (veratric acid) [93-07-2] M 182.2, m 181-182o, 185-186o, pK2 5

4.43.  Crystallise the acid from Et2O, H2O or aqueous acetic acid.  It has m 180-181o after sublimation at

80o/1mm.  [Beilstein 10 H 393, 10 I 188, 10 II 261, 10 III 1404, 10 IV 1406.]

3,5-Dimethoxybenzoic acid [1132-21-4] M 182.2, m 185-186o, pK25 3 .97 .   Crystallise the acid

from water, EtOH or aqueous acetic acid and dry it in a vacuum.  [Beilstein 10 H 405, 10  I 195, 10 III 1446,

10 IV 1501.]

p,p'-Dimethoxybenzophenone [90-96-0] M 242.3, m 144.5o.  Crystallise the ketone from absolute

EtOH, aqueous EtOH or EtOH/AcOH.  The 2,4-dinitrophenylhydrazone has m  199-200o.  [Beilstein 8 H 317,

8 I 641, 8 II 355, 8 III 2649, 8 IV 2453.]

2,6-Dimethoxy-1,4-benzoquinone [530-55-2] M 168.1, m 255-256o, 256o(dec), 262-263o,

Crystallise the quinone from H2O or acetic acid.  It sublimes at 175-180o/1mm. It has UV with max at 287 and

377nm (CHCl3).  [Beilstein 8 H 385, 8 I 683, 8 II 433, 8 III 3354, 8 IV 2710,]

5,6-Dimethoxy-1-indanone [2107-69-9] M 192.2, m 118-120o.  Crystallise the indanone from

MeOH, then sublime it in a vacuum.  [Beilstein 8 IV 1985.]

1,4-Dimethoxynaphthalene [10075-62-4] M 188.2, m 87-88o.   Crystallise the naphthalene from

EtOH, MeOH (m 85-86o) or pet ether.  [Beilstein 6 H 984, 6 III 5261, 6 IV 6546.]
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1,5-Dimethoxynaphthalene [10075-63-5] M 188.2, m 183-184o, b 1 7 9o/13mm   Crystallise it

from EtOH, AcOH (m 178-180o) or *C6H6.  Also distil it in a vacuum.  [Beilstein 6 III 5266, 6 IV 6554.]

3,4-Dimethoxy-6-nitrobenzaldehyde (6-nitroverataldehyde) [20357-25-9] M 211.2, m 132o,

133 .5 -134 .5o. The aldehyde is purified by dissolving 9g in 200mL of boiling 95% EtOH, and set aside

overnight to crystallise.  It is then dried in vacuo at 50o and recrystallised  from 110mL of 95% EtOH to give 6-

7g of aldehyde with m 132-133o.  Crystallisation from aqueous EtOH provides light yellow needles.  It is light

sensitive and should be stored in the dark [Fetscher Org Synth Coll Vol 4 735 1963].  [Beilstein 8 H 262, 8 I

610, 8 II 290, 6 III 2065, 6 IV 1785.]

2,6-Dimethoxyphenol (pyrogallol-1,3-diethylether) [91-10-1] M 154.2, m 54-56o, pKEst

~9.6.  Purify the phenol by zone melting or sublimation in a vacuum.  [Beilstein 6 IV 7329.]

3,5-dimethoxyphenol (phloroglucinol dimethylether)  [500-99-2] M 154.2, m 42-43o, b

1 1 5o/0.04mm, pK25 9.35.   Purify the phenol by distillation followed by sublimation in a vacuum.

[Beilstein 6 IV 7362.]

3,4-Dimethoxyphenyl acetic acid (homoveratric acid) [93-40-3] M 196.2, m 97-99o, pK25

4.33.  Crystallise homoveratric acid from H2O or *C6H6/ligroin. The amide has m  142o (from H2O).

[Beilstein 10 H 409, 10 I 197, 10 II 268, 10 III 1459, 10 IV 1509.]

3,5-Dimethoxyphenylacetonitrile [13388-75-5] M 177.1, m 53o. Crystallise the nitrile from

MeOH or pet ether (b 90-110o).  [Adams et al. J Am Chem Soc 70 664 1948, Sankaraman et al.  J Am Chem

Soc 109 5235 1987, Beilstein 10 I 198, 10 II 269, 10 III 1470.]

4,4'-Dimethoxythiobenzophenone [958-80-5] M 258.3, m 1 2 0o.  Recrystallise the thioketone from

a mixture of cyclohexane/dichloromethane (4:1) or EtOH (m 119o).  [Bergmann & Wagenberg Chem Ber 6 3

2590 1930, Beilstein 8 H 319, 8 II 355, 8 III 2658, 8 IV 2457.]

2,6-Dimethoxytoluene [5673-07-4] M 152.2, m 39-41o, b 97-99o/15mm, 219-220o/ 731mm.

Sublime 2,6-dimethoxytoluene in vacuo.  Distil it (preferably under reduced pressure) and/or recrystallise it from

pentane, EtOH or aqueous MeOH.  [Sankaraman et al. J Am Chem Soc 109 5235 1987].  [Beilstein 6 H 872,

6 III 4513, 6 IV 5877.]

4,4'-Dimethoxytrityl chloride (DMT) [40615-36-9] M 338.8, m 114o. DMT crystallises from

cyclohexane/acetyl  chloride as the hydrochloride.   Dry it over KOH pellets in a desiccator.  When dissolved in

*C6H6  and air is blown through, HCl is removed.  It crystallises from Et2O.  [Baeyer & Villiger Chem Ber 3 6

2788 1903, Smith  et al. J Am Chem Soc 84 430 1962, Smith et al. J Am Chem Soc 85 3821 1963.]  If it

has hydrolysed considerably (see OH in IR), then repeat the crystallisation from cyclohexane/acetyl chloride —

excess of AcCl is removed in a vacuum over KOH, then recrystallise it from Et2O.  [Beilstein 6 IV 1042.]

p-Dimethylaminoazobenzene (Dimethyl Yellow) [60-11-7] M 225.3, m 118-119o(dec), pK
1
25

-5.34 (aq H2S O4), pK
2
25  2 .96 .   Crystallise the dye from acetic acid or isooctane, or from 95% EtOH by

adding hot water and cooling. Dry it over KOH under vacuum at 50o. [Beilstein 6 IV 448.]  CARCINOGEN.

4-N ,N' -Dimethylaminoazobenzene-4'-isothiocyanate {DABITC, 4-[(4-isocyanatophenyl)-

azo]-N,N'-dimethylaniline} [7612-98-8] M 282.4, m 170-171o, pKEst~ 2.5.  Crystallise DABITC

by dissolving 1g in 150mL of boiling Me2CO, filtering hot and allowing to cool at -20o overnight, collecting

the solid and drying it in a vacuum.  Solutions in pyridine should be used immediately, otherwise it

decomposes.  It is moisture sensitive.  [Chang Methods Enzymol 91 79, 455 1983.]

p-Dimethylaminobenzaldehyde (Ehrlich's Reagent, DMAB) [100-10-7] M 149.2, m 74-75o,

pKEst ~ 2 . 6 .   Crystallise DMAB from water, hexane, or from EtOH (2mL/g), after charcoal treatment, by

adding excess of water.  Alternatively dissolve it in aqueous acetic acid, filter, and precipitate it with ammonia.
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Finally recrystallise it from EtOH.  It is used for the detection of pyrroles [Iyer et al. J Org Chem 59 6038

1994].  [Beilstein 14 IV 51.]

p-Dimethylaminobenzoic acid [619-84-1] M 165.2, m 242 .5 -243 .5o(dec), pK1 2.51, pK2

6.03.  Crystallise the acid from EtOH/water.  [Beilstein 14 IV 1164.]

p-Dimethylaminobenzophenone [530-44-9] M 225.3, m 92-93o, pKEst ~2.7 .   Crystallise the pale

green p-dimethylaminobenzophenone from EtOH. Dissolve 100g in 600mL of boiling EtOH, add 5g of

charcoal, cool, isolate the solid by centrifugation and similarly wash the pale crystals with ice-cold EtOH.

When filtered by suction, EtOH solution remains on the crystals and turns deep green in air. Dry it in a vacuum

and store it in the dark.  The hydrazone has m 128-130o and forms a ketyl with potassium.  [Hurd & Webb Org

Synth Coll Vol I  217 1941, Beilstein 14 H 82, 14 I 288, 14 III 218, 14 IV 248.]

N,N-Dimethylamino-p-chlorobenzene (p-chloro-N,N-dimethylaniline) [698-69-1] M 155.6, m

32-33 .5o, 3 5 . 5o, b 231o/atm. Purify it by vacuum sublimation [Guarr et al. J Am Chem Soc 107 5104

1985].  The picrate has m 126-128o (from methanol).

4-Dimethylamino cinnamaldehyde  [6203-18-5]  M 175.2, m 1 4 1o. The aldehyde crystallises from

EtOH or ligroin and is dried in vacuo.  The oxime has m  157o (from ligroin).  The phenylhydrazone  has m

169o (form MeOH).  It is used as a reagent for amines (with NH3, UV has max at 630nm).  [König et al.

Chem Ber 61 2075 2075, Quareshi & Kahn Anal Chim Acta 86 309 1976, Beilstein 14 III 184, 14 IV 197.]

4-Dimethylamino cinnamic acid [1552-96-1] M 191.2, m 2 2 5o (effervesces), pKEst(1) ~ 2 . 2 ,

pKEst(2) ~4.6. Recrystallise the acid from EtOH.  The methyl ester has m  134-135o (from Me2CO), and the

ethyl ester has m 77-78o (from aqueous EtOH).  [Shoppee J Chem Soc 982 1938, Galat J Am Chem Soc 6 8

376 1946, Beilstein 14 H 522, 14 II 318, 14 III 1306, 14 IV 1716.]

2S ,3R-(+)-4-Dimethylamino-1,2-diphenyl-3-methyl-2-butanol [38345-66-3] M 283.4, m 5 5 -

5 7o, [ ]
546

20 + 9 . 3o (c 9.6, EtOH), [ ]
D

20  + 7 . 7o (c 9.6, EtOH), pKEst ~ 1 0 . 0 .   Purify the

hydrochloride by dissolving 1.5g in 13.5 mL of 5N HCl, heat to boiling and evaporate in a vacuum.

Recrystallise the hydrochloride three times from MeOH/EtOAc giving m 189-190o, [ ]D -33.7o (c 1, H2O)

{enantiomer has +34.2o}.  The hydrochloride in the minimum volume of water is basified with aqueous 5N

NaOH and extracted with Et2O.  The extract is dried (K2CO3) and evaporated,  leaving a residue which is stored

in a desiccator over solid KOH as a low melting solid.  It can be recovered using these procedures from

asymmetric reductions with LAH, and re-used.  [Pohland & Sullivan J Am Chem Soc 77 3400 1955, Sullivan

et al. J Org Chem 28 2483 1963, Beilstein 13 IV 2221.]

N,N-Dimethylaniline [121-69-7] M 121.2, f 2o, b 8 4o/15mm, 1 9 3o/760mm, d
4
20  0.956, n

D
25

1.5556, pK25 5.07.  Primary and secondary amines (including aniline and monomethylaniline) can be

removed by refluxing for 4-5hours with excess acetic anhydride, and then fractionally distilling. Crocker and

Jones (J Chem Soc 1808 1959) used four volumes of acetic anhydride,  then distilled off the greater part of it,

and dissolved the residue in ice-cold dilute HCl.  Non-basic materials were removed by ether extraction, then the

dimethylaniline was liberated with ammonia, extracted with ether, dried, and distilled under reduced pressure.

Metzler and Tobolsky (J Am Chem Soc 76 5178 1954) refluxed with only 10% (w/w) of acetic anhydride, then

cooled and poured it into excess 20% HCl, which, after cooling, was extracted with diethyl ether.  (The amine

hydrochloride remains in the aqueous phase.)  The HCl solution was cautiously made alkaline to

phenolphthalein, and the amine layer was drawn off, dried over KOH and fractionally distilled under reduced

pressure, under nitrogen.  Suitable drying agents for dimethylaniline include NaOH, BaO, CaSO4, and CaH2.

Other purification procedures include the formation of the picrate (m 163o from Me2CO or EtOH/H2O), prepared

in *benzene solution and crystallised to constant melting point, then decomposed with warm 10% NaOH and

extracted into ether: the extract was washed with water and distilled under reduced pressure.  The oxalate salt has

also been used for purification.  The base has been fractionally crystallised by partial freezing and also from

aqueous 80% EtOH then from absolute EtOH.  It has been distilled from zinc dust, under nitrogen.   [Beilstein

12 H 141, 12 I 151, 12 II 2, 12 III 245, 12 IV 243.]
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2,3-Dimethylani l ine [2,3-xylidine ( vic, o ) ] [87-59-2] M 121.2, m 2o, b 1 0 6o/ 15mm,

2 2 3o/760mm, d
4
20  1.570, n

D
20  0.991, pK25 4.70. Purify vic-xylidine by conversion into a derivative

(see below), recrystallise the derivative, decompose the derivative with aqueous NaOH and fractionally distil the

liquid base.  The acetyl derivative has m 135o (from EtOH), and the formyl derivative has m 102o (from

EtOH).  [Beilstein 12 H 1101, 12 III 2438, 12 IV 2497.]

2,4-Dimethylani l ine [2,4-xylidine (uns, m)] [95-68-1] M 121.2, m 1 1o, b 2 1 2o/ 736mm,

213-214o/760mm, d
4
20  0.974, n

D
20  1.5604, pK25 4 . 8 9 .   Convert uns-xylidine to a derivative (see

below) which, after recrystallisation, is decomposed with alkali to give the free base.  Dry it over KOH and

fractionally distil.  The acetyl derivative has m 130o, the benzoyl derivative has  m 192o, and the picrate  has

m 209o.  [Beilstein 12 H 1111, 12 IV 2545.]

2,5-Dimethylani l ine [2,5-xylidine (p )] [95-78-3] M 121.2, m 1 1o, 1 5 . 5o, b 1 0 4o/ 15mm,

2 1 5o/739mm, 218o/760mm, d
4
20  0.974, n

D
20  1.5604, pK25 4.53 . Convert p-xylidine to a derivative

(see below) which, after recrystallisation, is decomposed with alkali to give the free base.  Dry over KOH and

fractionally distil.  The acetyl derivative has m  142o (from H2O or toluene), and the benzoyl derivative has m

140o (from EtOH).  [Beilstein 12 H 1135, 12 IV 2567.]

2,6-Dimethylaniline [2,6-xylidine (vic, m)] [87-62-7] M 121.2, m 11o, b b 9 8o/14mm, 210-

2 1 1o/736mm, 215o/760mm, d
4
20  0.974, n

D
20  1.5604, pK25 3.95.  Convert vic-xylidine to a

derivative (see below) which, after recrystallisation, is decomposed with alkali to give the free base.  Dry it over

KOH and fractionally distil.  The acetyl derivative has m 177o, the benzoyl derivative has m 168o, and the

picrate has m 180o.  [Beilstein 12 H 1107, 12 IV 2521.]

3,4-Dimethylani l ine [3,4-xyl idine] [95-64-7] M 121.2, m 5 1o, b 116-118o/25mm, b

2 2 6o/760mm, pK25 5.17.  Crystallise it from ligroin and distil it under vacuum.  [Beilstein 12 H 1103, 1 2

IV 2502.]

3,5-Dimethylanil ine [3,5-xylidine (sym, m)] [108-69-0] M 121.2, b 105-106o/15mm, 221-

2 2 2o/atm, d
4
20  0.974, n

D
20  1.557, pK25 4.91 Convert sym-xylidine to a derivative (see below) which,

after recrystallisation, is decomposed with alkali to give the free base.  Dry it over KOH and fractionally distil it.

The acetyl derivative has m 144o, the benzoyl derivative has m 136o and the picrate  has m  209o (from H2O,

EtOH or 10% AcOH).  [Beilstein 12 H 1131, 12 IV 2561.]

9,10-Dimethylanthracene [781-43-1] M 206.3, m 180-181o.   Purify 9,10-dimethylanthracene by

crystallising from EtOH, and by recrystallising from the melt.  [Beilstein 5 IV 2329.]

7,12-Dimethylbenz[a]anthracene (DMBA) [57-97-6] M 256.4, m 122-123o.   Purify DMBA by

chromatography on alumina/toluene or *benzene.  Crystallise it from acetone/EtOH.  [Beilstein 5 IV 2587.]

2,3-Dimethylbenzoic acid [603-79-2] M 150.2, m 146o, pK25 3.72. Crystallise the acid from EtOH.  

It is volatile in steam.  The amide has m 156o (from H2O).  [Beilstein 9 H 531, 9 III 2434, 9 IV 1797.]

2,4-Dimethylbenzoic acid [611-01-8] M 150.2, m 125-126o, 126-127o, b 2 6 7o/727mm, pK25

4.22.  Crystallise the acid from EtOH or H2O, and sublime it in a vacuum.  [Beilstein 9 H 531, 9  III 2436, 9

IV 1801.]

2,5-Dimethylbenzoic acid [610-72-0] M 150.2, m 134o, b 268o/760mm, pK25 4 . 0 0 .   Steam

distil the acid, then crystallise it from EtOH or H2O (m 134-134.5o).  [Beilstein 9 H 534, 9 IV 1802.]

2,6-Dimethylbenzoic acid [632-46-2] M 150.2, m 117o, b 118-119o/2.5mm, pK25 3 . 3 5 .

Steam distil the acid, and crystallise it from EtOH or H2O (m 116.3-116.7o).  The N-dimethylamide has m  62-

63o (from Et2O). [Beilstein 9 H 531, 9 IV 1798.]
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3,4-Dimethylbenzoic acid [619-04-5] M 150.2, m 1 6 6o, pK25 4 .50 .   Crystallise it from EtOH or

H2O (m 168-168.5o), and sublime it in vacuo.  The phenyl ester has m 68o (from EtOH or pet ether) and b

155-157o/2mm. [Beilstein 9 II 353, 9 III 2441, 9 IV 1803.]

3,5-Dimethylbenzoic acid [499-06-9] M 150.2, m 1 7 0o, pK25 4 . 3 0 .   Distil the acid in steam,

crystallise it from H2O (m 171.2-171.7o) or EtOH, and sublime it in vacuo.  [Beilstein 9 H 536, 9  III 244, 9

IV 1806.]

4,4'-Dimethylbenzophenone [611-97-2]    M 210.3, m 9 5o, b 1 5 0 - 1 5 2 / 2 m m . 333-

3 3 4o/725mm.  Purify the benzophenone  by zone refining or distllation, preferably in a vacuum.  [Beilstein 7

III 2181, 7 IV 1434.]

2,5-Dimethyl-1,4-benzoquinone [137-18-8] M 136.1, m 124-125o, 126-127o.   Crystallise the

quinone from EtOH.  [Beilstein 7 IV 2090.]

2 ,6 -D imethy l -1 , 4 -benzoqu inone (Phloron) [527-61-7] M 136.1, m 72o (sealed tube).

Crystallise the quinone  from water/EtOH (8:1).  [Beilstein 7 IV 657, 7 III 3402, 7 IV 2096.]

3,3'-Dimethylcarbanilide (N,N’-bis-[m -tolyl]urea) [620-50-8] M 240.3, m 2 2 0o, 2 2 5o.

Crystallise urea from ethyl acetate.  The UV has max 258nm (EtOH).  The hydrochloride has m  162o.

[Beilstein 12 III 1970, 12 IV 1829.]

1,1-Dimethyl-1H -indene [18636-55-0] M 144.2, b 57o/4.8mm, 115o/ 2 0 m m .  Purify the oily

indene by gas chromatography or by fractional distillation. [Bosch & Brown Can J Chem 42  1718 1964, cf.

Beilstein 5 I 251, 5 III 1377.]

1,5-Dimethylnaphthalene [571-61-9] M 156.2, m 81-82o, b 265-266o.  Crystallise it from 85%

aqueous  EtOH.  [Beilstein 5 IV 1709.]

2,3-Dimethylnaphthalene [581-40-8] M 156.2, m 104-104 .5o.   Steam distil the naphthalene and

crystallise it from EtOH.  [Beilstein 5 IV 1713.]

2,6-Dimethylnaphthalene [581-42-0] M 156.2, m 110-111o, b 122 .5 -123 .5o/ 1 0 m m , 261 -

2 6 2o/760mm.  Distil it in steam and crystallise it from EtOH.  [Beilstein 5 IV 1714.]

3,3'-Dimethylnaphthidine (4,4'-diamino-3,3'-dimethyl-1,1'-binaphthyl) [13138-48-2] M

312.4, m 213o.  Recrystallise the naphthidine from EtOH or pet ether (b 60-80o).  [Beilstein 13 IV 493.]

N,N-Dimethyl-m-nitroaniline [619-31-8] M 166.1, m 60o, 61o, pK25 2.63.  Crystallise the

aniline from EtOH.  The picrate has m 119o (from EtOH).  [Beilstein 12 H 701, 12 III 1544, 12 IV 1591.]

N , N - Dimethy l -p-nitroani l ine [100-23-2] M 166.1, m 164.5-165.2o, pK25 0.61 (0.92).

Crystallise the nitroaniline from aqueous EtOH, EtOH or MeOH (m 163.5-164o).  Dry it in vacuo.  The N-

methiodide has m 161o(dec) (from H2O).  [Beilstein 12 H 714, 12 III 1584, 12 IV 1616.]

N,N-Dimethyl-p-nitrosoaniline (4-nitroso-N,N-dimethylaniline) [138-89-6] M 150.2, m 8 6 -

8 7o, 92.5-93.5o, b 191-192o/100mm, pK25 4 .54 .   Recrystallise the nitroso-aniline from pet ether or

CHCl3/CCl4 and dry it in air.  Alternatively suspend it in H2O, heat to boiling and add HCl until it dissolves.

Filter, cool and collect the hydrochloride [42344-05-8] with m 177o after recrystallisation from H2O containing

a small amount of HCl.  The hydrochloride (e.g. 30g) is made into a paste with H2O (100mL) in a separating

funnel.  Add cold aqueous 2.5 NaOH or Na2CO3 to a pH of ~ 8.0 (green color due to the free base) and extract

with toluene, CHCl3 or Et2O.  Dry the extract (K2CO3), filter, distil off the solvent, cool the residue and collect

the crystalline free base.  Recrystallise it as above and dry it in air.  [Beilstein 12 IV 1558.]
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R -(+)-N,N'-Dimethyl-1-phenethylamine [19342-01-9] and S-(-)-N,N'-Dimethyl-1-phenethyl-

amine [17279-31-1] M 149.2, b 81o/16mm, [ ] 
D
20  (+)  and (-) 50.2o (c 1, MeOH), d

4
20

0.908, pKEst ~9.0 (for RS). The amine is mixed with aqueous 10N NaOH and extracted with toluene.

The extract is washed with saturated aqueous NaCl, dried over K2CO3, and transferred to fresh K2CO3 until the

solution is clear, and is filtered.  The filtrate is distilled.  If a short column packed with glass helices is used, the

yield is reduced  but a purer product is obtained.  [Ingersoll Org Synth 25  89 1945, Snyder & Brewster J A m

Chem Soc 71 291 4165 1949, Cope et al. J Am Chem Soc 71 3931 1949.]  The (-)-picrate has m 140-141o

(from EtOH).  The racemate [1126-71-2]  has b 88-89o/16mm, 92-94o/30mm, 194-195o/760mm, d
4

20  0.908.

[Beilstein 13 III 2392.]

2,3-Dimethylphenol [526-75-0] M 122.2, m 75o, b 120o/20mm, 218o/760mm, pK25 1 0 . 5 4 .

Crystallise 2,3-xylenol from aqueous EtOH.  [Beilstein 6 IV 3096.]

2,5-Dimethylphenol [95-87-4] M 122.2, m 73o, b 211.5o/762mm, pK25 10 .41 .   Crystallise 2,5-

xylenol from EtOH/ether.  [Beilstein 6 IV 3164.]

2,6-Dimethylphenol [576-26-1] M 122.2, m 4 9o, b 2 0 3o/760mm, pK25 1 0 . 6 1 .   Fractionally

distil 2,6-xylenol under nitrogen, crystallise it from *benzene or hexane, and sublime it at 38o/10mm.

[Beilstein 6 IV 3122.]

3,4-Dimethylphenol [95-65-8] M 122.2, m 6 5o, b 2 2 5o/757mm, pK25 10 .36 .   Heat 3,4-xylenol

with an equal weight of conc H2SO4 at 103-105o for 2-3hours, then dilute it with four volumes of water, reflux

it for 1hour, and either steam distil or extract it repeatedly with diethyl ether after cooling to room temperature.

The steam distillate is also extracted and evaporated to dryness.  (The purification process depends on the much

slower sulfonation of 3,4-dimethylphenol than most of its likely contaminants.).  It can also be crystallised

from water, hexane or pet ether, and sublimed in a vacuum.  [Kester Ind Eng Chem (Anal Ed)  24  770 1932,

Bernasconi & Paschalis J Am Chem Soc 108 29691986, Beilstein 6 IV 3099.]

3,5-Dimethylphenol [108-68-9] M 122.2, m 6 8o, b 2 1 9o, pK25 10.19. Purify it as for 3,4-

dimethylphenol.  [Beilstein 6 IV 3141.]

Dimethyl phthalate [131-11-3] M 194.2, b 282o/760mm, d
4
20  1.190, d

4
25 1.1865, n

D
20

1.5149.  Wash the ester with aqueous Na2CO3, then distilled water, dry (CaCl2) and distil it under reduced

pressure  (b 151-152o/0.1mm).  [Beilstein 7 IV 3170.]

2,4-Dimethylresorcinol [634-65-1] M 138.1, m 1 1 1o, 1 1 2o, pKEst(1) ~9.8, pKEst(2) ~ 1 1 . 7 .

Crystallise the resorcinol from pet ether (b 60-80o), *C6H6/pet ether or toluene/BuOAc.  It sublimes at 100-

110o/1mm.  [Beilstein 6 H 918, 6 II 891, 6 III 4588, 6 IV 5955.]

Dimethyl terephthalate [120-61-6] M 194.2, m 141 .5 -141 .8o, 1 4 2o.  Purify it by recrystallisation

from aqueous EtOH, MeOH or CCl4; or by zone melting.  [Beilstein 6 H 843, 6 III 4250, 6 IV 3303.]

.

N , N - D i m e t h y l -o- to lu idine [609-72-3] M 135.2, b 68o/10mm, 211-211.5o/760mm, d
4
20

0.937, n
D
20  1.53664, pK25 6.11.  Isomers and other bases are removed by heating in a water bath for

100hours with two equivalents of 20% HCl and two and a half volumes of 40% aqueous formaldehyde, then

making the solution alkaline and separating the free base.  After washing well with water, it is distilled at 10mm

pressure and redistilled at ambient pressure [von Braun & Aust Chem Ber  47 260 1914].  Other procedures

include drying with NaOH, distilling from zinc in an atmosphere of nitrogen under reduced pressure, and

refluxing with excess of acetic anhydride in the presence of conc H2SO4 as catalyst, followed by fractional

distillation in a vacuum.  The picrate has m 124-125o.  [Beilstein 12 H 857, 12 III 1843, 12 IV 1747.]

N,N-Dimethyl -m- toluidine (m-methyl-N,N-dimethylani l ine) [121-72-2] M 135.2, b 7 2 -

7 4o/5mm, 128o/57mm, 211.5-212.5o/760mm, d
4
20  0.93, n

D
20  1.5500, pK25 5 .34 .  Reflux it for

3hours with 2 molar equivalents of Ac2O, then fractionally distil it under reduced pressure.  Alternatively, dry
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over BaO, distil and store it over KOH. The hydrochloride has m 176o (from EtOH) and the picrate has m  131o.

Methods described for N,N-dimethylaniline are applicable.  [Beilstein 12 H 857, 12 III 1953, 12 IV 1815.]

N,N-Dimethyl -p-toluidine (p-methyl-N,N-dimethylanil ine) [99-97-8] M 135.2, b 7 6 . 5 -

7 7 . 5o/4mm, 93-94o/11mm, b 211o/760mm, d
4
20  0.937, n

D
20  1.5469, pK21.5 5.56, pK25 5 . 6 3 .

Reflux for 3hours with 2 molar equivalents of Ac2O, then fractionally distil it under reduced pressure.  

Alternatively, dry it over BaO, distil and store it over KOH.  The picrate has m  128o (from EtOH).  Methods

described for N,N-dimethylaniline are applicable here.  [Beilstein 12 H 902, 12 III 2026, 12 IV 1874.]

2,4-Dinitroaniline [97-02-9] M 183.1, m 180o, 348 12,300 in dilute aqueous HClO4, pK25     

-4.27 (aqueous H2S O4).  Crystallise the nitroaniline from boiling EtOH by adding one-third volume of

H2O and cooling slowly.  Dry it on a steam oven. The N-acetyl derivative has m 180o. [Beilstein 12 IV 1689.]

2,6-Dinitroaniline [606-22-4] M 183.1, m 139-140o, pK25 -5.37 (aqueous H2S O4) .   Purify the

nitroaniline by chromatography on alumina, then crystallise it from *benzene or EtOH. The N-acetyl derivative

has m 197o (from EtOH).  [Beilstein 12 IV 1729.]

2,4-Dinitroanisole [5327-44-6] M 198.1, m 87-88o(metastable), 94 -95o. m 206-207o/ 12mm.

Crystallise the anisole from aqueous EtOH.  The naphthalene complex has m 50o (from EtOH).  [Beilstein 6 H

254, 6 III 858, 6 IV 1372.]

3,5-Dinitroanisole [119-27-7]  M 198.1, m 105-106o. Purify the anisole by repeated  crystallisation

from EtOH, MeOH or H2O and dry it in a vacuum desiccator over P2O5. The naphthalene complex has m  69o

(from EtOH).  [Beilstein 6 III 869, 6 IV 1385.

1,2-Dinitrobenzene [528-29-0]  M 168.1, m 116.5o. Crystallise it from EtOH.  [Beilstein 5 IV 738.]

1,3-Dinitrobenzene [99-65-0] M 168.1, m 90 .5 -91o.   Crystallise 1,3-dinitrobenzene from alkaline

EtOH solution (20g in 750mL 95% EtOH at 40o, plus 100mL of 2M NaOH) by cooling and adding 2.5L of

H2O.  The precipitate, after filtering off, is washed with H2O, sucked dry, and crystallised from 120mL, then

80mL of absolute EtOH [Callow et al. Biochem J 32  1312 1938].  Alternatively crystallise it from MeOH,

CCl4 or EtOAc.  It can be sublimed in a  vacuum.  [Tanner J Org Chem 52 2142 1987, Beilstein 5 IV 739.]

1,4-Dinitrobenzene [100-25-4] M 168.1, m 173o.   Crystallise 1,4-dinitrobenzene from EtOH or

EtOAc.  Dry it under vacuum over P2O5.  It can be sublimed in a vacuum.  [Beilstein 5 IV 741.]

2,4-Dinitrobenzenesulfenyl chloride [528-76-7] M 234.6, m 96o.   Crystallise the sulfenyl chloride

from CCl4.  [Beilstein 6 II 316.]

2,4-Dinitrobenzenesulfonyl chloride [1656-44-6] M 266.6, m 102o.  Crystallise the sulfonyl

chloride from *benzene or *benzene/pet ether.  [Beilstein 11 H 78, 11 IV 214.]

2,4-Dinitrobenzoic acid [610-30-3] M 212.1, m 183o, pK25 1.42.  Crystallise the acid from aqueous

20% EtOH (10mL/g) and let it dry at 100o.  [Beilstein 9 II 279, 9 III 1776, 9 IV 1239.]

2,5-Dinitrobenzoic acid [610-28-6] M 212.1, m 179.5-180o, pK25 1.62.  Crystallise the acid from

distilled H2O.  Dry it in a vacuum desiccator.  [Beilstein 9 II 279, 9 III 1778, 9 IV 1241.]

2,6-Dinitrobenzoic acid [603-12-3] M 212.1, m 202-203o, pK25 1 .14 .   Crystallise the acid from

water.  [Beilstein 9 II 279, 9 III 1778, 9 IV 1242.]

3,4-Dinitrobenzoic acid [528-45-0] M 212.1, m 166o, pK25 2 .81 .   Crystallise the acid from EtOH

by addition of water.  [Beilstein 9 III 1778, 9 IV 1242.]
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3,5-Dinitrobenzoic acid [99-34-3] M 212.1, m 205o, pK25 2.73 (2.79) .   Crystallise the acid from

distilled H2O or 50% EtOH (4mL/g).  Dry it in a vacuum desiccator or at 70o over BaO under  a vacuum for

6hours.  [Beilstein 9 II 279, 9 III 1779, 9 IV 1242.]

4,4'-Dinitrobenzoic anhydride [902-47-6] M 406.2, m 1 9 2o, 195-195 .5o.  Crystallise the

anhydride from Me2CO, toluene, *C6H6/EtOAc or EtOAc.  [Beilstein 9 H 393, 9 II 268, 9 III 1684.]

3,5-Dinitrobenzoyl chloride [99-33-2] M 230.6, m 6 9 . 5o.   Crystallise it from CCl4 or pet ether (b

40-60o).  It reacts readily with H2O and should be kept in sealed ampoules.  [Beilstein 9 IV 1350.]

2,2'-Dinitrobiphenyl [2436-96-6] M 244.2, m 123-124o, b 1 9 4o/ 4mm.  Crystallise the biphenyl

from EtOH, AcOH (m 124.5o) or pet ether (m 125.5-126o).  [Beilstein 5 H 538, 5 III 1759, 5 IV 1826.]

2,4'-Dinitrobiphenyl [606-81-5] M 244.2, m 92 .7 -93 .7o.   Crystallise the biphenyl from EtOH.

[Beilstein 5 H 538, 5 I 274, 5 II 491, 5 III 1759, 5 IV 1827.]

4,4'-Dinitrobiphenyl [1528-74-1] M 244.2, m 240.9-241.8o.   Crystallise the biphenyl from *C6H6,

EtOH (charcoal) or Me2CO.  Dry it under vacuum over P2O5. It sublimes at ~138o/2.9x10-3mm.  [Beilstein 5

H 584, 5 III 1760, 5 IV 1827.]

2,6-Dinitro-p-cresol (2,6-dinitro-4-methylphenol) [609-93-8] M 198.1, m 78-79o, 8 0 . 5o, 8 1 -

8 2o, 85o, pKEst~3.7. Recrystallise the cresol from EtOH.  It is steam volatile. The piperidine salt has m

195o.  [Beilstein 6 H 414, 6 II 391, 6 III 1390, 6 IV 2152.]  TOXIC IRRITANT.

4,6-Dinitro-o-cresol (4,6-dinitro-2-methylphenol) [534-52-1] M 198.1, m 85-86o, 86 -87o,

8 7o, pK25 4.70.  The cresol crystallises from aqueous EtOH.  [Beilstein 6 H 369, 6 III 1276.]

2,4-Dinitrodiphenylamine [961-68-2] M 259.2, m 157o, 160o, pKEst < 0 .   The amine forms red

crystals from aqueous EtOH or CHCl3/EtOH (m 158o).  The UV has max at 335nm (cyclohexane).  [Beilstein

12 H 751, 12 III 1683, 12 IV 1692.]

4,4'-Dinitrodiphenylurea [1,3-bis-(4-nitrphenyl)urea] [587-90-6] M 302.2, m 3 1 2o(dec).

Crystallise the urea from EtOH (m 364o, long heating), EtOH/Me2CO (m 301-303o, 300-304o dec, 318-319o)

or Me2CO (m 289o dec).  It sublimes in vacuo.  [Beilstein 12 H 723, 12 II 393, 12 III 1619, 12 IV 1646.]

2,4-Dinitrofluorobenzene (Sanger's reagent) [70-34-8] M 186.1, m 25-27o, b 1 3 3o/ 2 m m ,

140-141o/5mm, d
4
20  1.483.  Crystallise the reagent from Et2O or EtOH.  Distil it in a vacuum through a

Todd Column (p 11).  If it is to be purified by distillation in vacuo, the distillation unit must be allowed to cool

before air is allowed into the apparatus; otherwise the residue carbonises spontaneously and an EXPLOSION

may occur.  The material is a skin irritant and may cause serious dermatitis.  [Beilstein 5 IV 742.]

1,8-Dinitronaphthalene [602-38-0] M 218.2, m 170-171o, 171.3o.  Crystallise it from *benzene.

[Beilstein 5 H 559, 5 II 455, 5 III 1608.]

2,4-Dinitro-1-naphthol (Martius Yellow) [605-69-6] M 234.2, m 81-82o, pKEst ~ 3 . 7 .

Crystallise the naphthol from *benzene or aqueous EtOH.  [Beilstein 6 IV 4240.]

2,4-Dinitrophenetole [610-54-8] M 240.2, m 85-86o, 210-211o/15mm. Crystallise it from aqueous

EtOH.  The 1:1 naphthalene complex has m 41o and is obtained by fusing the compound with naphthalene in

various ratios, then crystallizing the solidified mix with a little EtOH (Dermer & Smith J Am Chem Soc 6 1

748 1939).  [Beilstein 6 H 254, 6 III 858, 6 IV 1373.]

2,4-Dinitrophenol [51-28-5] M 184.1, m 1 1 4o, pK25 4 . 1 2 .   Crystallise it from *benzene, EtOH,

EtOH/H2O or H2O acidified with dilute HCl, dry it, then recrystallise it from CCl4.  Dry it in an oven and store

it in a vacuum desiccator over CaSO4.  The benzoate has m 132o (from EtOH). [Beilstein 6 IV 1369.]
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2,5-Dinitrophenol [329-71-5] M 184.1, m 108o, pK25 5 .20 .   Crystallise 2,5-dinitrophenol from H2O

with a little EtOH.  [Beilstein 6 IV 1383.]

2,6-Dinitrophenol [573-56-8] M 184.1, m 63.0-63.7o, pK25 3.73.  Crystallise it from H2O, aqueous

EtOH, *C6H6/cyclohexane, or *C6H6/pet ether (b 60-80o, 1:1).  [Beilstein 6 III 867, 6 IV 1383.]

3,4-Dinitrophenol [577-71-9] M 184.1, m 138o, pK25 5 .42 .  Steam distil and crystallise it from H2O

then dry it in air.  EXPLOSIVE when dry, store it with 10% H2O.  [Beilstein 6 III 868, 6 IV 1384.]

3 ,5-Dini trophenol [586-11-8] M 184.1, m 126o, pK25 6.68.   Crystallise it from *C6H6 or

CHCl3/pet ether.  Store it with 10% water as it is EXPLOSIVE when dry.  [Beilstein 6 III 869, 6 IV 1383.]

2,4-Dinitrophenylacetic acid [643-43-6] M 226.2, m 1 7 9o(dec), pK25 3 .50 .   Crystallise the acid

from H2O.  [Beilstein 9 IV 1691.]

2,4-Dinitrophenylhydrazine (DNPH) [119-26-6] M 198.1, m 200o(dec), pKEst ~2.0 .   Crystallise

DNPH from butan-1-ol, dioxane, EtOH, *C6H6 or EtOAc.  The hydrochloride  has m 186o (dec).  [Beilstein 1 5

IV 380.]

2,4-Dinitroresorcinol [519-44-8] M 200.1, m 212 .5 -214 .5o, pK25 3.05 (3 .79) .  Crystallise the

resorcinol from aqueous EtOH. Its solubility at 25o is 0.25% in EtOH  and 0.08g/L in H2O. EXPLOSIVE.

[Beilstein 6 II 824, 6 III 4352, 6 IV 5696.]

3,5-Dinitrosalicylic acid [609-99-4] M 228.1, m 173-174o, pK
1
25  0.70, pK

2
25  7.40.  Crystallise

the acid from H2O.  [Beilstein 10 IV 270.]

2,6-Dinitrothymol [303-21-9] M 240.2, m 54.5-55o, 80-81o, 81o. Crystallise 2,4-dinitrothymol

from aqueous EtOH or pet ether.  [Ganguly & LeFévre J Chem Soc 851 1934, Beilstein 6 H 543, 6 III 1911.]

2,3-Dinitrotoluene [602-01-7] M 182.1, m 59.2o, 63o.   Distil the toluene in steam and crystallise it

from H2O or *benzene/pet ether.  Store it with 10% H2O as it could be EXPLOSIVE when dry.  [Beilstein 5

H 339, 5 III 758, 5 IV 865.]

2,4-Dinitrotoluene [121-14-2] M 182.1, m 70 .5 -71 .0o, 71 .8 -72 .2o.   Crystallise it from Me2CO,

isopropanol or MeOH.  Dry it in a vacuum over H2SO4.  It has also been purified by zone melting.  It could be

EXPLOSIVE when dry.  [Beilstein 5 H339, 5 IV 865, 5 III 759.]

2 , 5 - D i n i t r o t o l u e n e [ 6 1 9 - 1 5 - 8 ] M 182.1, m 50.3o,  51.2o.   Crystallise it from *benzene.

EXPLOSIVE when dry.  [Beilstein 5 III 760, 5 IV 866.]

2 ,6 -Din i tro to luene [606-20-2] M 182.1, m 6 4 . 3o, 6 6 . 1o.   Crystallise it from acetone.

EXPLOSIVE when dry.  [Beilstein 5 III 761, 5 IV 866.]

3,4-Dinitrotoluene [610-39-9] M 182.1, m 58.5o, 6 0o, 6 1o. Steam distil it and crystallise it from

*C6H6/pet ether. Store it with 10% of H2O to avoid EXPLOSION.[Beilstein 5 H 341, 5 III 761, 5 IV 866.]

3,5-Dinitro-o-toluic acid [28169-46-2] M 226.2, m 206o, 207.5-208o, pKEst ~3.0.  Crystallise

the acid from H2O or aqueous EtOH.  The ammonium salt forms yellow crystals from EtOH with m  218-219o,

and the urea salt has m 189-190o (prisms from EtOH).  [Beilstein  9 H 474, 9 II 323, 9 III 2316.]

2,4-Dinitro-m-xylene [603-02-1] M 196.2, m 83-84o.   Crystallise the yellow 2,4-dinitro-m-xylene

from EtOH.  [Beilstein  5 H 379, 5 II 295, 5 III 844.]
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Dinonyl phthalate (mainly 3,5,5-trimethylhexyl phthalate isomer) [14103-61-8, 28553-12-0,

84-76-4] M 418.6, m 26-29o, b 1 7 0o/2mm, d
4
20  0.9640, n

D
20  1 . 4 8 25 .   Wash the ester with

aqueous Na2CO3 then shake it with water.  Ether is added to break the emulsion, and the solution is washed

twice with water, and dried (CaCl2).  After evaporating the ether, the residual liquid is distilled three times under

reduced  pressure.  It is stored in a vacuum desiccator over P2O5.  [Beilstein  9 IV 3183.]

4,4'-Di-n-pentyloxyazoxybenzene [64242-26-8] M 370.5, m 124.5o (with phase change at

8 2o, becomes clear and remelts at 1 1 9o). Crystallise it from Me2CO, and dry it by heating under

vacuum.  [Beilstein 16 III 599, 16 IV 175.]

Diphenic acid (diphenyl-2,2’-dicarboxylic acid) [482-05-3] M 242.2, m 228-229o, pK25 3 . 4 6 .

Crystallise diphenic acid from water.  Hot Ac2O provides the anhydride below. [Beilstein 9 H 922, 9 IV 3552.]

Diphenic anhydride (diphenyl-2,2’-dicarboxylic anhydride) [6050-13-1] M 466.3, m 2 1 7o,

222-224o.  After removing free acid by extraction with cold aqueous Na2CO3, the residue is crystallised from

acetic anhydride and dried at 100o.  Acetic anhydride  converts the acid to the anhydride.  It also crystallises from

*C6H6 (m 219o) or chlorobenzene (m 224.5-225.5o). [Beilstein 17 H 526, 17 II 495, 17 III/IV 6425.]

N,N-Diphenylacetamidine [621-09-0] M 210.3, m 1 3 1o.   Crystallise it from EtOH, then sublime it

under vacuum at ca 96o onto a "finger" cooled in solid CO2/MeOH, with continuous pumping to free it from

occluded solvent.  [Beilstein 12 H 248, 12 II 144, 12 III 471, 12 IV 384.]

Diphenylacetic acid [117-34-0] M 212.3, m 147 .4 -148 .4o, pK25 3 .94 .   Crystallise the acid from

*benzene, H2O or aqueous 50% EtOH.  [Beilstein 9 H 673, 9 IV 2492.]

Diphenylacetonitrile [86-29-3] M 193.3, m 73-75o.  Crystallise the nitrile from EtOH or pet ether (b

90-100o).  [Beilstein 9 H 674, 9 IV 2505.]

Diphenylacetylene (tolan) [501-65-5] M 178.2, m 62.5o, b 90-97o/ 0 .3mm.   Crystallise tolan

from EtOH.  [Beilstein 5 H 656, 5 IV 2276.]

Diphenylamine [122-39-4] M 169.2, m 62 .0 -62 .5o, pK25 0.77 (aqueous H2S O4) .  Crystallise

diphenylamine from pet ether, MeOH, or EtOH/water.  Dry it under vacuum. [Beilstein 12 H 174, 12 IV 271.]

Diphenylamine-2-carboxylic acid (N-phenylanthranilic acid) [91-40-7] M 213.2, m 182-

1 8 3o, 184o, pK
2 5
1   -1.28 (aqueous H2S O4), pK

2 5
2  3 .86(CO2H). Crystallise the acid from EtOH

(5mL/g) or AcOH (2mL/g) by adding hot water (1mL/g).  [Beilstein 14 IV 1019.]

Diphenylamine-2,2'-dicarboxylic acid (2,2'-iminodibenzoic acid) [579-92-0] M 257.2, m

2 9 8o(dec), 302o(dec), 320o(dec, long heating), pK
1

35  6.05, pK
2

35  7.02  (in 50% aqueous

dioxane).  Crystallise the acid from EtOH.  It complexes with Cu2+, Zn2+, Cd2+, Co2+ and Ni2+.  [Beilstein

14 H 354, 14 I 545, 14 III 942, 14 IV 1058.]

9,10-Diphenylanthracene [1499-10-1] M 330.4, m 248-249o.   Crystallise the anthracene from acetic

acid or xylene [Baumstark et al. J Org Chem 52 3308 1987].  [Beilstein 5 IV 2807.]

N,N'-Diphenylbenzidine [531-91-9] M 336.4, m 245-247o, 251-252o, pK25 0 . 3 0 .   Crystallise

the benzidine from toluene or ethyl acetate.  Store it in the dark.  [Beilstein 13 H 223, 13 IV 368.]

trans-trans-1,4-Diphenylbuta-1,3-diene [538-81-8] M 206.3, m 153-153 .5o.   Its solution in pet

ether (b 60-70o) is chromatographed on an alumina-Celite column (4:1), and the column is washed with the

same solvent.  The main zone is cut out, eluted with ethanol and transferred to pet ether, which is then dried and

evaporated [Pinckard et al. J Am Chem Soc 70 1938 1948].  Recrystallise it from hexane.  [Beilstein 5 H 676,

9 IV 2319.]
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sym- (1 ,5)-Diphenylcarbazide [140-22-7] M 242.3, m 172o.  A common impurity is phenyl-

semicarbazide which can be removed by chromatography: ~8g in H2O is placed on a column (polyamide 6

powder, Macherey-Nagel-GmbH-Germany, washed several times with MeOH), eluted with H2O/MeOH/AcOH

(1:3:0.04) at 7-8 drops/second, then eluted with the same solvent mixture but diluted 5 fold with H2O.  The

purification is followed by UV light at 280nm.  The effluent is evaporated to dryness in vacuo at ~28o.

[chromatography, IR & UV: Willems et al. Anal Chim Acta 51 544 1970].  Recrystallise it from EtOH by

adding CCl4 to induce crystallisation, or AcOH  to give a white crystalline powder which turns pink in air.  It is

air and light sensitive and should be stored in the dark under N2.  [Beilstein 15 H 292, 15 IV 182.]

1,5-Diphenylcarbazone (phenyldiazinecarboxylic acid 2-phenylhydrazide) [538-62-5] M

240.3, m 124-127o, 156-159o(dec).  It crystallises from EtOH (ca 5mL/g), and dry the orange-red needles

at 50o.  A commercial sample, nominally sym-diphenylcarbazone (m  154-156o) was a mixture of

diphenylcarbazide and diphenylcarbazone.  The former was removed by dissolving 5g of the crude material in

75mL of warm EtOH, then adding 25g Na2CO3 dissolved in 400mL of distilled water.  The alkaline solution

was cooled and extracted six times with 50mL portions of diethyl ether (discarded).   Diphenylcarbazone was then

precipitated by acidifying the alkaline solution with 3M HNO3 or glacial acetic acid.  It was filtered off, air dried,

and stored in the dark [Gerlach & Frazier Anal Chem 30  1142 1958]. Other impurities are phenylsemicarbazide

and diphenylcarbodiazone.  Impurities can be detected by chromatography [Willems et al. Anal Chim Acta 5 1

544 1970].  It is used for detection and estimation of Hg, Zn, Cd, Cr, Cu, Fe and Mo [Cheng et al. Handbook of

Organic Analytical Reagents, Boca Baton  277 1982, Beilstein 16 H 24, 16 IV 17.]

Diphenyl carbonate (phenyl carbonate) [102-09-0] M 214.2,  m 8 0o,  1 6 8o/ 15mm,

3 0 6o/760mm. Purify it by distillation under reduced pressure,  sublimation, or by gas chromatography with

20% Apiezon on Embacel, and crystallisation from EtOH. [Beilstein 6 H 158, 6 IV 629.]

Diphenylcyclopropenone (Diphencyprone)  [886-38-4] M 206.2, m 87-90o(hydrate), 119 -

1 2 1o(anhydrous). Crystallise it from cyclohexane.  UV (MeCN): max 226, 282, 297nm.  [Beilstein 17 IV

1736.]

Diphenyl disulfide (phenyl disulfide) [882-33-7] M 218.3, m 60.5o.  Crystallise the disulfide from

MeOH.  [Alberti et al. J Am Chem Soc 108 3024 1986].  Also crystallise it repeatedly from hot Et2O, then

dry it in a vacuum at 30o over P2O5, fuse it under N2 and re-dry it; the whole procedure being repeated, with a

final drying under a vacuum for 24hours.  Alternatively, recrystallise it from hexane/EtOH solution.  [Burkey &

Griller J Am Chem Soc 107 246 1985, Beilstein 6 H 323, 6 IV 1560.]

1,1-Diphenylethanol [599-67-7] M 198.3, m 80-81o, 81 -81 .5o, 8 7o, 9 0o, b 144-145o/ 12mm,

2 6 0o/760mm (dec), d1 5 1.1057. Crystallise 1,1-diphenylethanol from n-heptane and/or distil it under

vacuum.  The benzoyl derivative has m 115o and the phenylurethane has m 119o.  [Bromberg et al. J A m

Chem Soc 107 83 1985, Beilstein 6 H 685, 6 I 330, 6 II 639, 6 III 3395, 6 IV 4713.]

1 , 1 - D i p h e n y l e t h y l e n e [ 5 3 0 - 4 8 - 3 ] M 180.3, m 6o, b 101o/2mm, 1 3 4o/10mm, 268-

2 7 0o/760mm, d
4
20  1.024, n

D
20  1 .6088 .   Distil it under reduced pressure from KOH.  Dry it with CaH2

and redistil it.  [Beilstein 5 H 639, 5 III 1975, 5 IV 2173.]

N,N'-Diphenylethylenediamine (Wanzlick's Reagent) [150-61-8] M 212.3, m 6 7 . 5o, b 178 -

1 8 2o/2mm pKEst(1) ~0.5, pKEst(2) ~3.8.  Crystallise the reagent from aqueous EtOH or MeOH.  [Beilstein

12 H 543, 12 IV 986.]

N,N'-Diphenylformamidine [622-15-1] M 196.2, m 142o, 137o, 136-139o.  Crystallise it from

absolute EtOH.  The hydrate is obtained from aqueous EtOH.  [Beilstein 12 H 236, 12 IV 372.]

1,3-Diphenylguanidine [102-06-7] M 211.3, m 148o, pK2 5 1 0 . 1 2 .   Crystallise it from toluene,

aqueous acetone or EtOH, and dry it in a vacuum.  [Beilstein 12 H 369, 12 IV 769.]
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1,6-Diphenyl-1,3,5-hexatriene [1720-32-7] M 232.3, m 200-203o.   Crystallise the hexatriene from

CHCl3 or EtOH/CHCl3 (1:1).  [Beilstein 5 H 691, 5 IV 2425.]

1,1-Diphenylhydrazine [530-50-7] M 184.2, m 34.5o, 44o, b 120o/1.1mm, 2 2 0o/40-50mm,

pKEst ~9.1. Purify it via the hydrochloride [530-47-2], which has m  165-170o(dec) after crystallization from

aqueous EtOH (+ a few drops of HCl) and recover the free base with aqueous NaOH, extract it into Et2O, dry it

(KOH), filter, evaporate and distil the residue under a vacuum.  The distillate crystallises on cooling.  The

benzoyl derivative has m 194o (from Me2CO), and the 4-nitrophenyl hydrazone  (with the aldehyde) has m  131-

132o.  [Koga & Anselme J Org Chem 33 3963 1968, Beilstein 15 IV 55.]

1,2-Diphenylhydrazine (hydrazobenzene) [122-66-7] M 184.2, m 124-126o, 1 7 5o/ 10mm,

2 2 2o/40mm, pKEst ~1.7.  Crystallise hydrazobenzene from hot EtOH containing a little ammonium sulfide

or H2SO3 (to prevent atmospheric oxidation), preferably under N2.  Dry it in a vacuum desiccator, and store it in

the dark or under N2. Alternatively, crystallise it from pet ether (b 60-100o) to constant absorption spectrum.  It

is almost colourless but in air it turns yellow, then red with the formation of azobenzene. The hydrochloride

crystallises from EtOH and has m 163-164o(dec);  however, hydrazobenzene readily rearranges to benzidine in the

presence of acid.   The picrate crystallises from *C6H6 and has m 123o(dec).  [Beilstein 15 H 123.]

Diphenylmethane [101-81-5] M 168.2, m 25.4o, b 74o/0 .4mm, 2 6 0 . 5o/764.5mm.     Sublime it

under vacuum, or distil it at 72-75o/0.4mm.  Recrystallise it from cold EtOH.  It has also been purified by

fractional crystallisation from the melt.  [Armarego Aust J Chem 13 95 1960, Beilstein 5 II 498, 5 IV 1841.]

1,1-Diphenylmethylamine (benzhydrylamine, aminodiphenylmethane) [91-00-9] M 183.2, m

1 2o, 34o, b 166o/12mm, 295o/atm, d
4
25 1.063, n

D
20  1.596, pKEst ~9.1 .   Crystallise the amine from

H2O.  The free base absorbs CO2 from the atmosphere; store it accordingly.    The hydrochloride  [5267-34-5]

M 219.7 m 293-295o, crystallises from H2O.  [Beilstein 12 H 1323, 12 IV 3282.]  

§A polymer bound benzhydrylamine hydrochloride is commercially available.

Diphenylmethyl chloride (benzhydryl chloride) [90-99-3] M 202.7, m 17.0o, b 140o/ 3 m m ,

1 6 7o/17mm, n 1.5960. Dry the chloride with Na2SO4 and fractionally distil it under reduced pressure.

[Beilstein 5 H 590, 5 I 278, 5 II 500, 5 III 1790, 5 IV 1847.]

all-trans-1,8-Diphenyl-1,3,5,8-octatetraene [3029-40-1]  M 258.4, m 235-237o.   Crystallise the

octatetraene from EtOH.  [Beilstein 5 H 709, 5 II 620, 5 III 2328, 5 IV 2508.]

N,N'-Diphenyl-p-phenylenediamine [74-31-7] M 260.3, m 148-149o, b 219-224o/ 0 . 7 m m ,

pKEst <0.  Crystallise the diamine from EtOH, chlorobenzene/pet ether or *benzene.  It has also been

crystallised from aniline, then extracted three times with absolute EtOH.  [Beilstein 13 H 80.]

1 ,1 -Dipheny l -2 -p i cry lhydraz ine [1707 -75 -1] M 395.3, m 1 7 4o(dec), 178-179 .5o(dec).

Crystallise the hydrazine from CHCl3, or *benzene/pet ether (1:1), then degas it at 100o and <10-5mm Hg for ca

50hours to decompose the 1:1 molar complex formed with *benzene.  [Beilstein 15 II 221, 15 IV 1210.]

2,2-Diphenylpropionic acid [5558-66-7] M 226.3, m 173-174o, pKEst ~3.8 .   Crystallise the acid

from EtOH.  [Beilstein 9 II 474.]

3,3-Diphenylpropionic acid [606-83-7] M 226.3, m 1 5 5o, pKEst ~4.5 .   Crystallise the acid from

EtOH.  [Beilstein 9 H 680.]

Diphenyl sulfide [139-66-2] M 186.3, b 145o/8mm, d
4
20  1.114, n

D
20  1.633.  Wash the sulfide

with aqueous 5% NaOH, then water.  Dry it with CaCl2, then with sodium.  The sodium is filtered off, and the

diphenyl sulfide is distiiled under reduced pressure.   [Beilstein 2 H 299, 6 IV 1488.]

Diphenyl sulfone [127-63-9] M 218.3, m 1 2 5o, b 3 7 8o(dec).  Crystallise the sulfone from diethyl

ether.  It has been purified by zone melting.  [Beilstein 6 H 300, 6 IV 1490.]
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sym-Diphenylthiourea (thiocarbanilide) [102-08-9] M 228.3, m 154o.   Crystallise the thiourea

from boiling EtOH by adding hot water and allowing to cool.  [Beilstein 12 H 394, 12 IV 810.]

1,1-Diphenylurea [603-54-3] M 212.3, m 238-239o.   Crystallise 1,1-diphenylurea from MeOH.

[Beilstein for 1,3 12 IV 741.]

N,N-Di-n-propylaniline [2217-07-4] M 177.3, b 1 2 7o/10mm, 238-241o/760mm, pK2 3 5 . 6 8 .

Reflux the aniline for 3hours with acetic anhydride,  then fractionally distil under reduced pressure.

Dithizone (diphenylthiocarbazone) [60-10-6] M 256.3, m 168o(dec), ratio of 620nm/ 450nm

should be 1.65, 620 3.4 x 104 (CHCl3), pK2 4.6.  The crude dithizone is dissolved in CCl4 to give a

concentrated solution.  This is filtered through a sintered glass funnel and shaken with 0.8M aqueous ammonia

to extract dithizonate ion.  The aqueous layer is washed with several portions of CCl4 to remove undesirable

materials.  The aqueous layer is acidified with dilute H2SO4 to precipitate pure dithizone.  This is dried in a

vacuum.  When only small amounts of dithizone are required, purification by paper chromatography is

convenient.  [Cooper & Hibbits J Am Chem Soc 75 5084 1933.]  Instead of CCl4, CHCl3 can be used, and the

final extract, after washing with water, can be evaporated in air at 40-50o and dried in a desiccator.  It complexes

with Cd, Hg, Ni and Zn.  [Beilstein 16 H 26, 16 IV 18.]

Di-p-tolyl carbonate [621-02-3] M 242.3, m 1 1 5o.   Purify the carbonate by GLC with 20% Apiezon

on Embacel followed by sublimation in vacuo and recrystallisation from EtOH (m 114o).  [Beilstein 6 H 398,

6 I 201, 6 II 380, 6 III 1366.]

N,N'-Di-o-tolylguanidine [97-39-2] M 239.3, m 1 7 9o (175-176o), pK1 8 9 . 6 2 .   The guanidine

crystallises from aqueous EtOH.  The sulfate has m 253-254o(dec, H2O).  [Beilstein 12 H 803, 12 II 445, 1 2

III 1871, 16 IV 1764]

Di-p-tolylphenylamine [20440-95-3] M 273.4, m 108.5o, b 250o/20-40mm, pKEst ~ - 5 . 0 .

Crystallise the amine once from EtOAc, then twice from EtOH to give pale yellow needles [Marsden J Chem

Soc 627 1937, Beilstein 12 III 2033.]

Di-p-tolyl sulfone [599-66-6] M 278.3, m 158-159o, 1 6 3 . 5o, b 4 0 5o/760mm.  Crystallise the

sulfone repeatedly from Et2O or EtOH.  It has been purified by zone melting.  [Beilstein 6 H 419, 6  II 395, 6

III 1405, 6 IV 2174.]

1,2-Divinylbenzene [1321-74-0] M 130.2, b 53o/3mm, 79.2-79.6o/15mm, 195o//760mm, d2 0

0.919, n
D
20  1.573.  Purify divinylbenzene by dissolving in Et2O, shaking with H2O, drying over CaCl2,

filtering, evaporating and distilling in vacuo.  It polymerises within 2-3days unless 4-tertbutylcatechol (0.05%)

is added  as stabilizer.  [Fries & Bestian Chem Ber 69 715 1936, Beilstein 5 III 1366.]

Duroquinone (tetramethylbenzoquinone) [527-17-3] M 164.2, m 110-111o, 111-112o.

Crystallise duraquinone  from 95% EtOH.  Dry it in vacuo. [Beilstein 7 H 669, 7 III 3417, 7 IV 2101.]

Ellagic acid (4,4’,5,5’,6,6’-hexahydroxydiphenic acid dilactone) [476-66-4] M 338.2, m

> 3 6 0o, pKEst(1)~8, pKEst(2)~11.  This antioxidant crystallises from pyridine.  It forms a dark green solution

in aqueous N NaOH.  The tetraactetate dilactone crystallises from Ac2O, with m  340o.  [Beilstein 19 H 261,

19 III/IV 3164, 19/7 V 108.]

Emodine (1,3,8-trihydroxy-6-methyl-9,10-anthracenedione, archin) [518-82-1] M 270.2, m

253-257o, 255-256o, 256-257o, 262o, 2 6 4o (phenolic pKs 7—10).  Archin forms orange needles

from EtOH, Et2O, *C6H6, toluene or pyridine.  It sublimes above 200o at 12mm.  [Tutin & Clewer  J Chem

Soc 99 946 1911, IR: Bloom et al. J Chem Soc 178 1959, UV: Birkinshaw Biochem J 59 495 1955, Raistrick

Biochem J 34 159 1940.]
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1R ,2S-(-)Ephedrine see (-)-ephedrine (1R,2S-2-methylamino-1-phenylpropanol) in “Miscellaneous” in

Chapter 6.

(±)-Epichlorohydrin [106-89-8] M 92.5, b 1 1 5 . 5o/760mm d
4
25 1.183, n

D
20  1 . 4 3 8 .   Distil

epichlorohydrin at 760mm, heat it on a steam bath with one-quarter its weight of CaO, then decant and

fractionally distil it.   [Beilstein 17 H 6, 17 III/IV 20.]

R(-)Epinephrine See adrenalin  in “Miscellaneous” in Chapter 6.

3-Ethoxy -N,N-diethylaniline [1846-92-2] M 193.3, b 145o/14mm, 268-270o/760mm, n
D
25

1.5325, pKEst ~6.1.  Reflux it for 3hours with Ac2O, then fractionally distil it, preferably under reduced

pressure.  The 3-nitroso derivative  has m 72.5o (green crystals from pet ether/*C6H6). [Klaassens & Schoot

Recl Trav Chim Pays-Bas 48 1272 1929.]

1-Ethoxynaphthalene [5328-01-8] M 172.2, b 136-138o/14mm, 282o/760mm, d
4
20  1.061, n

D
20

1.604.  Fractionally distil it (twice) under a vacuum, then dry it with, and distil it under a vacuum from

sodium. The picrate has m 118.5-119o (from EtOH).  [Beilstein 6 H 606, 6 II 578, 6 III 2924, 6 IV 4212.]

2-Ethoxynaphthalene [93-18-5] M 172.2, m 35 .6 -36 .0o, b 142-143o/12mm, 2 8 0o/ 760mm,

Crystallise it from pet ether or EtOH (m 37-38o).  Dry it in vacuo, or distil it in a vacuum. The picrate has m

104.5o (from EtOH or CHCl3).  [Beilstein 6 H 606, 6 II 578, 6 III 2972, 6 IV 4257.]

Ethyl p-aminobenzoate (Benzocaine) [94-09-7] M 165.2, m 9 2o, pK2 5 2 . 3 9 .   Crystallise

Benzocaine  from EtOH/H2O or EtOH (m 93-94o), and dry it in air.  [Beilstein 14 H 422, 14 IV 1129.]

p-Ethylaniline [589-16-2] M 121.2, b 88o/8mm, d
4
20  0.975, n

D
20  1.554, pK2 5 5 .00 .   Dissolve p-

ethylaniline in *benzene, then acetylate it.  Recrystallise the acetyl derivative (m 93-94o, Hickinbottom &

Waine J Chem Soc 1565 1930) from *C6H6/pet ether or EOH, and hydrolyse it by refluxing 50g with 500mL

of H2O and 115mL of conc H2SO4 until the solution becomes clear.  The amine sulfate is isolated, suspended in

H2O and solid KOH is added to generate the free base, which separates.  Dry it (KOH), and distil it from zinc

dust in a vacuum [Berliner & Berliner J Am Chem Soc  76  6179 1954].  The picrate has m  171-172o (from

1,2-dichloroethane).   [Beilstein 12 H 1090, 12 III 2380, 12 IV 2419.]

trans-Ethyl cinnamate [103-36-6] M 176.2, f 6.7o, b 127o/6mm, 2 7 2 . 7o/768mm, d
4
20  1 . 0 4 0 ,

n
D
20  1.55983.  Wash the ester with aqueous 10% Na2CO3, then water, dry (MgSO4), and distil it.  The

purified ester is saponified with aqueous KOH, and, after acidifying the solution, cinnamic acid is isolated,

washed and dried.  The ester is reformed by refluxing for 15hours the cinnamic acid (25g) with absolute EtOH

(23g), conc H2SO4 (4g) and dry *benzene (100mL), after which it is isolated, washed, dried and distilled under

reduced  pressure [Jeffery & Vogel J Chem Soc 658 1958].  [Beilstein 9 IV 2006.]

(±)-Ethyl , -dibromo- -phenylpropionate [5464-70-0, erythro 30983-70-1] M 336.0, m 7 5o.

Crystallise the propionate from pet ether (b 60-80o), EtOH or aqueous EtOH (m 78o, and an unstable form m

65o).  [Beilstein 9 H 512, 9 I 202, 9 III 2406, 9 IV 1772.]

Ethyl gallate  [831-61-8] M 198.2, m 150-151o, 163-165o. Recrystallise the gallate from 1,2-

dichloroethane, UV: max (neutral species) 275nm (  10 000), (anion) 235nm (  10 300), 279nm (  11 400) and

324nm (  8 500) [Campbell & Coppinger J Am Chem Soc 73 2708 1951].  [Beilstein 10 IV 2002.]

Ethyl p-nitrobenzoate [99-77-4] M 195.2, m 56o.  Dissolve it in Et2O and wash it with aqueous alkali,

then the ether is evaporated and the solid recrystallised from EtOH.  [Beilstein 13 H 3787, 13 IV 1074.]

o-Ethylphenol [90-00-6] M 122.2, f 4 5 . 1o, b 210-212o, d
4
20  1.020, n

D
20  1.537, pK2 5 1 0 . 2 0 .

Purify as for p-ethylphenol below.  [Beilstein 6 H 470, 6 IV 3011.]
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p-Ethylphenol [123-07-9] M 122.2, m 47-48o, b 7 6o/1mm, 1 5 3o/100mm, 2 1 8 . 0o/ 762mm,

n
D
25  1.5239, pK2 5 10 .21 .   Non-acidic impurities are removed by passing steam through a boiling solution

containing 1 mole of the phenol and 1.75 moles of NaOH (as an aqueous 10% solution).  The residue is cooled

and acidified with 30% (v/v) H2SO4, and the free phenol is extracted into diethyl ether.  The extract is washed

with water, dried with CaSO4 and the ether is evaporated.  The phenol is distilled at 100mm pressure through a

Stedman gauze-packed column  (p 11).  It is further purified by fractional crystallisation by partial freezing, and

by zone refining, under N2 [Biddiscombe et al. J Chem Soc 5764 1963]. Alternatively purify it via the benzoate,

as for phenol.  The 4-nitrophenylbenzoate  has m 80o (from EtOH).  [Beilstein 6 H 470, 6 III 1663, 5  IV

3020.]

Ethyl phenylacetate [101-97-3] M 164.2, b 99-99.3o/14mm, d
4
20  1.030, n

D
20  1 .499 .   Shake the

ester with saturated aqueous Na2CO3 (three times), aqueous 50% CaCl2 (twice) and saturated aqueous NaCl

(twice).  Dry with CaCl2 and distil it under reduced pressure.  [Beilstein 9 H 434, 9 IV 1618.]

Ethyl Red [2-(4-diethylaminophenylazo)benzoic acid] [76058-33-8] M 297.4, m 135o, 150-

1 5 2o, pK1 2.5, pK2 9.5.  Crystallise the acid dye from EtOH/diethyl ether or toluene.  It is an indicator: pH

4.4 (red) and 6.2 (yellow). UV: max  447nm.  [Beilstein 16 I 316.]

Ethynyl p-tolylsulfone [13894-21-8] M 180.2, m 65-67o,  73-74o. Recrystallise the sulfone from
pet ether, *C6H6 or EtOH (m 66o), and dry it in a vacuum.  [Beilstein 6 III 1397, 6 IV 2160.]

Eugenol  (4-allyl-2-methoxyphenol)  [97-53-0] M 164.2, b 2 5 3o/760mm, 2 5 5o/760mm, d
4
20

1.066, n
D
20  1.540, pK2 5 10.19.  Fractional distillation of eugenol gives a pale yellow liquid which darkens

and thickens on exposure to air.  It should be stored under N2 at -20o.  [Waterman  & Priedster Recl Trav Chim

Pays-Bas 48 1272 1929, Beilstein 6 H 961, 6 IV 6337.]

Eugenol methyl ether (4-allyl-1,2-dimethoxybenzene) [93-15-2] M 178.2, m - 4o, b 127 -

1 2 9o/11mm, 146o/30mm, 154.7o/760mm, d
4
20  1.0354, n

D
20  11 .53411 .   Recrystallise the ether

from hexane at low temperature and redistil it (preferably in vacuo).  [Hillmer & Schorning Z Phys Chem [A]

167 407 1934, Briner & Fliszár Helv Chim Acta 42 2063 1959, Beilstein 6 H 963, 6 IV 6337.]

Fluoranthene (benzo[j,k]fluorene) [206-44-0] M 202.3, m 110-111o, b 3 8 4o/ 760mm.

Purify it by chromatography of CCl4 solutions on alumina, with *benzene as eluent.  Crystallise it from EtOH,

MeOH or *benzene.  Also purify it by zone melting.  [Gorman et al. J Am Chem Soc 107 4404 1985,

Beilstein 5 I 344, 5 IV 2463.]

Fluorene [86-73-7] M 166.2, m 114 .7 -115 .1o, b 1 6 0o/15mm, 2 9 8o/atm.   Purify fluorene by

chromatography of CCl4 or pet ether (b 40-60o) solution on alumina, with *benzene as eluent.  Crystallise it

from 95% EtOH, 90% acetic acid and again from EtOH.  Crystallisation using glacial acetic acid retains an

impurity which is removed by partial mercuration and precipitation with LiBr [Brown et al. J Am Chem Soc 8 4

1229 1962].  It has also been crystallised from hexane, or *benzene/EtOH, distilled under vacuum and purified

by zone refining.  [Gorman et al. J Am Chem Soc 107 4404 1985, Beilstein 5 IV 2142.]

Fluorene-2,7-diamine [525-64-4] M 196.3, m 165-166o.  Crystallise the diamine from hot H2O or

aqueous EtOH, dry it in vacuo and store it in the dark. [Beilstein 13 H 266, 13 II 123, 12 III 507, 13 IV 449.]

9-Fluorenone [486-25-9] M 180.2, m 82 .5 -83 .0o, 85 -86o, b 3 4 1o/ 7 6 0 m m .   Crystallise 9-

fluorenone from absolute EtOH, MeOH or *benzene/pentane.  [Ikezawa J Am Chem Soc 108 1589 1986.]

Also recrystallise it twice from toluene and sublime it in a vacuum [Saltiel J Am Chem Soc 108 2674 1986].

It can be distilled under high vacuum.  [Beilstein 7 H 465, 7 III 2330, 7 IV 1629.]

9-Fluorenylmethyl chloroformate (FMOC-Cl)  [28920-43-6] M 258.7, m 61-63o, 61.4-63o.  If

the IR contains no OH bands (at ~3000 cm-1) due to the hydrolysis product 9-fluorenylmethanol, then purify it

by recrystallisation from dry Et2O.  IR (CHCl3) has a band at 1770 cm-1 (C=O), and the NMR  (CDCl3) has 
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at 4-4.6 (m  2H, CHCH2) and 7.1-7.8 (m, 8 aromatic H) ppm.  The azide (FMOC-N3) has m 89-90o (from

hexane) and IR (CHCl3) at 2135 (N3) and 1730 (C=O) cm-1, and the carbazate (FMOC-NHNH2) has  m

171o(dec) (from nitromethane), IR (KBr) 3310, 3202 (NH) and 1686 (CONH) cm-1.  [Caprino & Han J Org

Chem 37, 3404 1972 , J Am Chem Soc 92 5748 1970, Koole et al. J Org Chem 59 1657 1989, Fürst et al. J

Chromatogr 499 537 1990.]

9-Fluorenylmethyl succinimidyl carbonate [82911-69-1] M 337.3, m 147-151o(dec), 1 5 1o

(dec). Recrystallise the carbonate from CHCl3/Et2O, or from pet ether (b 40-60o).  [Pauet Can J Chem 60

976 1982, Lapatsaris et al. Synthesis  671 1983.]

Fluorobenzene [462-06-6] M 96.1, b 84.8o/760mm, d
4
20  1.025, n

D
20  1.46573, n

D
30 1 . 4 6 1 0 .

Dry fluorobenzene for several days with P2O5, then fractionally distil it.  [Beilstein 5 H 198, 5 IV 632.]

o-Fluorobenzoic acid [445-29-4] M 140.1, m 127o, d2 5 1.460, pK2 5 3.27.  Crystallise the acid

from 50% aqueous EtOH, dilute HCl or *C6H6, then purify it by zone melting or vacuum sublimation at 130-

140o.  [Beilstein 9 H 333. 9 III 1324, 9 IV 950.]

m-Fluorobenzoic acid [445-38-9] M 140.1, m 124o, 125o, d2 5 1.474 pK2 5 3.86. Crystallise the

acid from 50% aqueous EtOH or *C6H6, then sublime it in vacuo at 130-140o.  [Beilstein 9 H 333, 9 IV 952.]

p-Fluorobenzoic acid [456-22-4] M 140.1, m 182o, d2 5 1.479, pK2 5 4 . 1 5 .   Crystallise the acid

from 50% aqueous EtOH, then purify it by zone melting or vacuum sublimation at 130-140o.  [Beilstein 9 H

333, 9 III 1327, 9 IV 953.]

3-Fluoro-4-hydroxyphenylacetic acid [458-09-3] M 170.1, m 33o, pKEst(1) ~4.4, pKEst(2)

~9.4.  Crystallise the acid from water.  [Beilstein 10 III 440.]

4-Fluoro-2-methylbenzaldehyde [63082-45-1] M 138.1, d
4

25  1.144, n
D
25  1.526.  The aldehyde has

been purified by gas chromatography and should be kept under N2 as it readily oxidizes in air [Burgess et al.

Aust J Chem 30 543 1977].

2-Fluoro-4-nitroaniline [369-35-7] M 156.1, m 134-135o, 135-136o, pK2 5 -0.44 (aqueous

HClO4). The aniline forms yellow crystals on recrystallisation from aqueous MeOH or EtOH.  The acetyl

derivative has m  203-204o (from EtOH).  [Wepster  & Verkade Recl Trav Chim, Pays Bas 6 8  86 1949,

Beilstein  12 III 1647.]

1-Fluoro-4-nitrobenzene [350-46-9] M 141.1, m 27o(stable form), 21.5o(unstable form), b

8 6 . 6o/14mm, 95-97.5o/22mm, 205.3o/735mm. Crystallise it from EtOH. [Beilstein 5 H 241, 5 IV

719.]

1-Fluoro-4-nitronaphthalene [341-92-4] M 191.2, m 8 0o. It crystallises from EtOH as yellow

needles [Bunce et al. J Org Chem 52 4214 1987].  [Beilstein 5 III 1596, 5 IV 1675.]

 4-Fluoro-3-nitrophenylazide [28166-06-5] M 182.1, m 53-55o, 54-56o.   Dissolve the azide in

Et2O, dry it over MgSO4, filter, evaporate and recrystallise the residue from pet ether (b 20-40o) to give orange

needles.  Store it in a stoppered container at ~0o.  The NMR has  7.75 (m 1H) and 7.35 (m 2H) in CDCl3.

[Hagedorn  et al. J Org Chem 43 2070 1978.]  

o-Fluorophenol [367-12-4] M 112.1, m 16o, b 5 3o/14mm, 171-172o/714mm, d
4
20  1.257, n

D
20

1.514, pK25 8 . 7 0 .   Pass o-fluorophenol at least twice through a gas chromatographic column for small

quantities; otherwise fractionally distil it under reduced pressure.  [Beilstein 6 I 97, 6 IV 770.]

p-Fluorophenoxyacetic acid [405-79-8] M 170.1, m 104 .2 -104 .6o, 1 0 6o, pK2 5 3 .13 .  Crystallise

the acid from EtOH or H2O. [Hayes & Branch  J Am Chem Soc 65 1555 1943, Beilstein 6 III 971, 6 IV 776.]
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4 -Fluorophenylacetic acid [405-50-5] M 154.1, m 86o, 94o,  b 1 6 4o/2mm,  pK2 5 4 . 2 2 .

Crystallise it from heptane, but it is best purified by distillation at high vacuum.  [Bergmann et al. J Am Chem

Soc 78 6037  1956,  Beilstein 9 III 2261, 9 IV 1672.]

4-Fluorophenyl isocyanate  [1195-45-5] M 137.1, b 55o/8mm, n
D
20  1.514.  Purify the isocyanate

by repeated fractionation through an efficient column.  If IR indicates that there is too much urea (in the presence

of moisture the symmetrical urea is formed), then dissolve it in dry EtOH-free CHCl3, filter, evaporate and distil

it. It is a pungent LACHRYMATORY liquid.  [See Hardy J Chem Soc 2011 1934, and Hickinbottom

Reactions of Organic Compounds  Longmans p493 1957.]

4-Fluorophenyl isothiocyanate [1544-68-9] M 153.2, m 24-26o, 26 -27o, b 6 6o/ 2 m m ,

2 1 5o/atm, 228o/760mm, n
D
20  1.6116.  A likely impurity is the symmetrical thiourea.  Dissolve the

isothiocyanate in dry CHCl3, filter and distil the residue in a vacuum.  It can also be steam distilled, the oily

layer is separated,  dried over CaCl2 and distilled in vacuo. Bis-(4-fluorophenyl)thiourea has m 145o (from

aqueous EtOH).  [Browne & Dyson J Chem Soc 3285 1931, Buu Hoi et al. J Chem Soc 1573 1955, Olander

Org Synth Coll Vol I 448 1941 ].

p-Fluorophenyl-o-nitrobenzyl ether [448-37-3] M 247.2, m 6 2o.   Crystallise the ether from EtOH.

[Jones J Chem Soc 1416 1938, Beilstein 6 III 1564, 6 IV 2608.]

o-Fluorotoluene [95-52-3] M 110.1, m -62o, b 114.4o/760mm, d
4
20  1.005, n

D
20  1 .475 .   Dry o-

fluorotoluene with P2O5 or CaSO4 and fractionally distil it through a silvered vacuum-jacketed glass column

with 1/8th-in glass helices.  A high reflux ratio is necessary because of the closeness of the boiling points of the

o-, m- and p- isomers [Potter & Saylor J Am Chem Soc 37  90 1951].  [Beilstein 5 H 290, 5 III 676, 5  IV

799.]  

m-Fluorotoluene [352-70-5] M 110.1, m - 8 7o, b 1 1 6 . 5o/760mm, d
4
20  1.00, n

D
27 1 . 4 6 5 2 4 .

Purify it as for o-fluorotoluene.  [Beilstein 5 H 290, 5 III 676, 5 IV 799.]

p-Fluorotoluene [352-32-9] M 110.1, m -56o, 116.0o/760mm, d
4
20  1.00, n

D
20  1 .46884.   Purify

it as for o-fluorotoluene.  [Beilstein 5 H 290, 5 III 677, 5 IV 799.]

Formanilide [103-70-8] M 121.1, m 5 0o, b 1 6 6o/14mm, 2 1 6o/120mm, d
4
20  1 .14 .   Crystallise

formanilide from Et2O (m 45.3o), Et2O/pet ether (m 46o), pet ether (m 47.6o), ligroin/xylene, or distil it

preferably under reduced pressure.   [Beilstein 12 H 230, 12 II 135, 12 III 453.]

Gallic acid (H2O) (3,4,5-trihydroxybenzoic acid) [5995-86-8 (H2O), 149-91-7 (anhydrous)] M

188.1, m 253o(dec), pK
1
25  4.27, pK

2
25  8.68.  Crystallise gallic from water.  The tri-O-acetyl derivative

has m 172o (from MeOH), and the anilide  has m 207o(from EtOH).  [Beilstein 10 H 470, 10 IV 1993.]

Galvinoxyl [2,6-di-tert-butyl- -(3,5-di- tert-butyl-4-oxo-2,5-cyclohexadiene-1-yl idene)-p -
tolyloxy] [2370-18-5] M 421.65, m 153.2-153.6o, 158-159o. It is a stable free radical scavenger of
short-lived free radicals with odd electrons on C or O.  It is best prepared freshly by oxidation of 3,3',5,5'-tetra-
tert-butyl-4,4'-dihydroxydiphenyl-methane [m 154o, 157.1-157.6o, obtained by gently heating for 10-15minutes
2,6-di-tert-butylphenol, formaldehyde and NaOH in EtOH and recrystallised from EtOH (20g/100mL) as
colourless plates, Karasch & Joshi J Org Chem  22 1435 1957, Bartlett et al. J Am Chem Soc 82 1756 1960
and 84  2596 1962.]  Oxidation is carried out under N2 with PbO2 in Et2O or isooctane  [Galvin A. Coppinger J

Am Chem Soc 79 501 1957, Bartlett et al. above] or with alkaline potassium ferricyanide [Karasch & Joshi,
above], whereby Galvinoxyl separates as deep blue crystals and is recrystallised twice under N2 from *C6H6

solution by suction evaporation at 30o.  The VIS spectrum has max at 407nm (  30,000), 431nm (  154,000)

and weak absorption at 772.5nm, and IR: max 1577 and 2967cm-1, and is estimated by iodometric titration. It

is sensitive to O2 in the presence of OH- ions and traces of strong acid in hydroxylic or hydrocarbon solvents. At

62.5o in a 0.62mM solution in *C6H6 the radical decays with a first order k = 4 x 10-8 sec-1 (half life 1.7 x 101 7

sec, ~200 days) as observed by the change in OD at 550nm [see Green & Adam J Org Chem 28 3550 1963].
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R ( - ) - Guaiaretic acid [guaiacic acid, 4,4'-(2,3-dimethyl-1-butene-(1,4-diyl)-bis-(2-

methoxyphenol)] [500-40-3]  M 328.4, m 99-100 .5o, [ ]
D

16 - 9 1o (c 1.1, EtOH), pKEst ~ 1 0 . 0 .

Crystallise the acid once from pet ether (b 60-80o), twice from 60% aqueous MeOH and finally from EtOH (m

100-101o).  UV has max 207 and 260nm (log  4.64 and 4.28). [King et al. J Chem Soc 4011 1964, Schrecker

& Hartwell J Org Chem 21 381 1956.]

Guaiacol (2-methoxyphenol)  [90-05-1]  M 124.1, m 3 2o, b 1 0 6o/24mm, 2 0 5o/746mm, pK2 5

9.90. Crystallise guaiacol from *benzene/pet ether or distil it in a vacuum.  [Beilstein 6 H 768, 6 IV 5563.]

Guaiacol carbonate  [553-17-3]  M 274.3, m 88.1o, 89o. Crystallise the carbonate from EtOH.  It is

estimated by bromination to the monobromo guaiacol carbonate m  178o (from EtOH) [Chernoff J Am Chem

Soc 51 3073 1929].  [Beilstein 6 H 776, 6 I 386, 6 II 784, 6 III 4233.]

Guaiazuline (1,4-dimethyl-7-isopropylazulene) [489-84-9]  M 198.3, m 3 1 . 5o, b 1 5 3o/ 7 m m ,

d2 5 0.976. It forms blue-violet plates from EtOH.  Also redistil it in vacuo until distillate solidifies. UV has

max at 284nm (log  4.6, heptane).  The picrate has m 122o(EtOH).  [Beilstein 5 III 1677, 5 IV 1751.]

Guanabenz (1-[2,6-dichlorobenzylideneamino]guanidine WY-8677) [5051-62-7] M 231.1, m

227-229o(dec), pKest ~9. Crystallise the guanidine from MeCN and store it in a CO2–free atmosphere. The

monoHCl [23256-5-0] has m  178o(dec) [solubility w% at 25o is 1.1(H2O), 5(EtOH), 0.1(EtOAc),

0.06(CHCl3)]. It is an antihypertensive drug.  [Holmes et al. Drugs 26 212 1983.]

Hexachlorobenzene [118-74-1] M 284.8, m 230 .2 -231 .0o, b 323-326o/atm. Crystallise

hexachlorobenzene repeatedly from *benzene.  Dry it under vacuum over P2O5.  [Beilstein 5 H 205, 5 IV 670.]

Hexachlorophene (2,2’-methylenebis[3,4,6-trichlorophenol]) [70-30-4]  M 406.9, m 166-

1 6 7o, pK
1

20  5.41, pK
2

20  (30% aqueous MeOH). It forms needles from MeOH, C2H4Cl2, or toluene.

The diacetate has m 175-176o (EtOH).  A disinfectant is also available in MeOH (5mg/L). [Beilstein 6 III

5407, 6 IV 6659.]

Hexadecyl 3-hydroxynaphthalene-2-carboxylate [531-84-0] M 412.6, m 73-74o, d135 0 . 8 2 4 .

Recrystallise the ester from hot EtOH and sublime it in a vacuum. It is soluble in *C6H6, pet ether and AcOH.

[Oshima & Hayashi J Soc Chem Ind Jpn 44 821 1941, Chem Abs 42 2108 1948, Beilstein 5 H 471, 5 I 227,

5 II 358, 5 III 1106, 5 IV 1208.]

Hexaethylbenzene [604-88-6] M 246.3, m 128.7-129.5o. Crystallise this hydrocarbon from *C6H6, or

*C6H6/EtOH. The 1,3,5-trinitrobenzene complex (1:1) has m 174o(EtOH). [Beilstein 5 III 3038, 5 IV 1137.]

Hexafluorobenzene [392-56-3] M 186.1, m 5 . 1o, b 79-80o/760mm, d
4
20  1.61, n

D
20  1 . 3 7 8 .

Main impurities are incompletely fluorinated benzenes.  Purify it by standing in contact with oleum for 4hours

at room temperature, repeating until the oleum does not become coloured.  Wash it several times with water,

then dry it with P2O5. Finally purify it by repeated fractional crystallisation.  [Beilstein 5 III 523, 5 IV 640.]

Hexamethylbenzene [87-85-4] M 162.3, m 165-165 .5o. Sublime hexamethylbenzene, then

crystallise it from abolute EtOH, *benzene, EtOH/*benzene or EtOH/cyclohexane.  It has also been purified by

zone melting.  Dry it in a  vacuum over P2O5.  [Beilstein 5 H 450, 5 IV 1137.]

Homophthalic acid  [89-51-0] M 180.2, m 180-181o, 182-183o, 189-190o, (depends o n

heating rate) pKEst(1) ~3.5, pKEst(2) ~4.3.  Crystallise the acid from boiling H2O (25mL/g; 63mL/g at

20o), aqueous AcOH (m 180o)  Dry it at 100o.  The S-benzylisothiuronium salt has m  155-156o (from EtOH).

[Price Org Synth 22 611942, Grummitt et al. Org Synth Coll Vol III 449 1955, Beilstein 9 H 857, 9  II 617,

9 III 4266, 9 IV 3343.]  The anhydride [703-59-3] M 162.1 has m 141-142o. [Beilstein 17/11 V 270.]
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Homoveratronitrile  (3,4-dimethoxybenzylnitrile)  [93-17-4] M 177.2, m 62-64o, 6 8o, b

1 8 4o/20mm, 195-196o/2mm, 208o/atm.   Its solubility is 10% in MeOH, and it has been recrystallised

from EtOH or MeOH.  Purify it also by distillation followed by recrystallisation.  [Price & Rogers Org Synth

Coll Vol III 174 1955, Niederl & Ziering J Am Chem Soc 64  885 1952, Julian & Sturgis J Am Chem Soc

57 1126 1935,  Beilstein 10 I 198.]

Homoveratrylamine (2-[3,4-dimethoxyphenyl]ethylamine) [120-20-7] M 181.2, b 9 9 . 3 -

1 0 1 . 3o/0.5mm, 168-170o/15mm, d
4
20  1.091, n

D
20  1.5460, pKEst ~9.8. Purify the amine by

fractionation through an efficient column in an inert atmosphere as it is a relatively strong base.  [Horner &

Sturm Justus Liebigs Ann Chem 608  12819 1957 , Jung et al. J Am Chem Soc 75  4664 1953.]  The

hydrochloride has m 152o, 154o, 156o (from EtOH, Me2CO or EtOH/Et2O), the picrate  has m 165-167o(dec),

and the 4-nitrobenzoyl  derivative has m 147o [Buck J Am Chem Soc 55  2593 1933].  [Beilstein 13 H 800,

13 IV 2604.]

Hordenine {4-[(2-dimethylamino)ethyl]phenol} [539-15-1] M 165.2, m 117-118o, b 173 -

1 7 4o/11mm, pK25 9.46 (OH).  Crystallise Hordenine from EtOH or H2O and sublime it at 105o/5mm.

The 4,4’-dichlorodiphenyl disulfimide salt has m 145-146o (from Me2CO/H2O) [Runge et al. Chem Ber 88  50

1955].  [Beilstein 13 H 626, 13 I 236, 13 II 356, 13 III 1640, 13 IV 1790.]

4-Hydrazinobenzoic acid  [619-67-0] M 152.2, m 217o (dec), pK25 4.13. The acid crystallises

from water.  [Beilstein 15 H 631, 15 IV 1372.]  The hydrochloride [24589-37-3] M  188.6, has m  253o(dec)

[Beilstein 15 III 837].

Hydrobenzamide [1-phenyl-N,N'-bis(phenylmethylene)-methanediamine] [92-29-5] M 2 9 8 . 4 ,

m 101-102o, 107-108o. Crystallise hydrobenzamide from absolute EtOH, pet ether (m 107-108o), *C6H6

(m 103o), or cyclohexane/*benzene.  Dry it under vacuum over P2O5.  [Pirrone Gazz Chim Ital 67 534 1937,

Beilstein 7 H 215, 7 I 120, 7 II 166, 7 III 838.]

dl-Hydrobenzoin (1,2-diphenyl-1,2-ethanediol, iso-hydrobenzoin) [492-70-6] M 214.3, m

1 2 0o. Crystallise the diol from Et2O /pet ether or H2O (m 121-122o) [Beilstein 6 H 1004, 6 I 490, 6 II 969,

6 III 5431.]  The R,R-(+)- and S,S-(-)- enantiomers  have m 148.5-149.5o(dec), [ ]
D

20  + and -94.0o (c 2, EtOH)

[Eisenlohr & Hill Chem Ber 70 942 1937].

meso-Hydrobenzoin [579-43-1] M 214.3, m 139o, 139-140o. Crystallise it from EtOH or water.

[Beilstein 6 H 1003, 6 I 490, 6 II 967. 6 III 5429, 6 IV 6682.]

Hydroquinone (1,4-dihydroxybenzene, quinol)  [123-31-9] M 110.1, m 175.4, 1 7 6 . 6o, pK
1
20

9.91, p K
2
20 11.56. Crystallise quinol from acetone, *benzene, EtOH, EtOH/*benzene, water or acetonitrile

(25g in 30mL), preferably under nitrogen.  Dry it under vacuum.  [Wolfenden et al. J Am Chem Soc 109 463

1987, Beilstein 6 H 836, 6 IV 5712.]

p-Hydroxyacetophenone [99-93-4] M 136.2, m 1 0 9o, 1 1 1o, 147-148o/3mm, pK2 5 8 . 0 1 .

Crystallise it from diethyl ether, aqueous EtOH or *benzene/pet ether.  [Beilstein 8 H 87, 8 IV 339.]

3-Hydroxyanthranilic acid (2-amino-3-hydroxybenzoic acid) [548-93-6] M 153.1,  m

> 2 4 0o(dec), 245-265o(dec), 253-154o, 252-255o, m a x 298nm, log  3000 (0.1M HCl) ,

pK
1
20  2.7, pK

2
20  5.19, pK

3
20  10.12.   Crystallise the acid from H2O or EtOH (m 254-255o).  Sublime it

at 170o/0.1mm. The hydrochloride has m  227o (from dilute HCl). [Beilstein 14 H 587, 14 III 1463, 14 IV

2071.] Possible carcinogen.

5-Hydroxyanthranilic acid (2-amino-5-hydroxybenzoic acid) [394-31-0] M 153.1, m 233-

2 3 4o, 235-236o, 248o(dec), pK
1

25  2.72, pK
2

25  5.37, pK
3
20  10.12.   Crystallise the acid from water.  

The benzamide  has m 240-242o (fromAcOH). It is a hypoglycemic agent. [Beilstein 14 H 591, 14 II

357, 14 III 1468, 14 IV 2080.]
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m-Hydroxybenzaldehyde [100-83-4] M 122.1, m 108o pK
1
25  8.98, pK

2
25  15.81. Crystallise the

aldehyde from water.  [Beilstein 8 H 58, 8 IV 240.]

p-Hydroxybenzaldehyde [123-08-0] M 122.1, m 115-116o, 117-119o, pK25 7.61. Crystallise it

from water (containing some H2SO4).  Dry it over P2O5 under vacuum.  [Beilstein 8 H 64, 8 IV 251.]

m-Hydroxybenzoic acid  [99-06-9] M 138.1, m 200.8o, pK
1
25  4.08, pK

2
25  9.98.  Crystallise the

hydroxyacid from absolute EtOH.  [Beilstein 10 IV 315.]

p-Hydroxybenzoic acid  [99-96-7] M 138.1, m 213-214o, pK
1

25  4.50, pK
2
25  9.11.  Crystallise

the hydroxyacid  from water.  [Beilstein 10 IV 345.]

2-Hydroxybenzyl alcohol (saligenine) [90-01-7] M 124.1, m 86-87o, 8 7o, pK25 9 . 9 2 .

Crystallise saligenine from water or EtOH/*C6H6 (m 89o).  [Beilstein 6 III 4537, 6 IV 5896.]

3-Hydroxybenzyl alcohol  [620-24-6] M 124.1, m 71o, pK2 5 9.83. Crystallise the alcohol from

*C6H6 or CHCl3.  [Beilstein 6 III 4545, 6 IV 5907.]

4-Hydroxybenzyl alcohol  [623-05-2]  M 124.1, m 122o, 1 2 7o, 1 3 2o, pK25 9.82. Crystallise the

alcohol from H2O, *C6H6 (m  124o), *C6H6/EtOH or ClCH2CH2Cl (m  122o).  [Beilstein 6 III 4546, 6 IV

5909.]

2-Hydroxybiphenyl [90-43-7] M 170.2, m 5 6o, b 1 4 5o/14mm, 2 7 5o/760mm, pK20 1 0 . 0 1 .

Crystallise it from pet ether.  [Beilstein 6 IV 4579.]

4-Hydroxybiphenyl (4-phenylphenol)  [92-69-3] M 170.2, m 164-165o, b 305-308o/ 760mm,

pK2 3 9.55.  Crystallise the phenol from aqueous EtOH, *C6H6, and dry it in a vacuum over CaCl2 [Buchanan

et al. J Am Chem Soc 108 7703 1986].  [Beilstein 6 IV 4600.]

trans-4-Hydroxycinnamic acid  (p-coumaric acid) [501-98-4] M 164.2, m 210-213o, 214 -

2 1 5o, 215o, pK
1
25  4.64, pK

2
25  9.45.  Crystallise p-coumaric acid from H2O (charcoal).  It forms needles

from concentrated aqueous solutions as the anhydrous acid, but from hot dilute solutions the monohydrate acid

separates on slow cooling.  The acid (33g) has been crystallised from 2.5L of H2O (1.5g charcoal) yielding

28.4g of recrystallised acid, m 207o.  It is insoluble in *C6H6 or pet ether.  The UV in 95% EtOH has max

223 and 286nm (  14,450 and 19000 M-1cm-1).  [UV Wheeler & Covarrubias J Org Chem 2 8  2015 1963,

Corti Helv Chim Acta 32 681 1949, Beilstein 10 IV 1005.]

3-(4-Hydroxy-3,5-dimethoxyphenyl)acrylic acid (sinapinic acid) [530-59-6] M 234.1, m 204-

2 0 5o(dec), pKEst(1) ~4.6, pKEst(2)  ~9.3.  Crystallise it from water.  [Beilstein 10 H 508, 10 IV 2104.]

4-Hydroxydiphenylamine [122-37-2] M 185.2, m 72-73o, pKEst ~10.0. Crystallise the amine from

chlorobenzene/pet ether, pentane (m 72o) or *C6H6/pet ether (m 70o).  [Beilstein 13 III 1019, 13 IV 1052.]

2-Hydroxy-4-(n-dodecyloxy)benzophenone [2985-59-3] M 382.5, m 50-52o, pKEst ~ 7 . 1 .

Recrystallise it from n-hexane and then 10% (v/v) EtOH in acetonitrile [Valenty et al. J Am Chem Soc 106

6155 1984].

4-Hydroxyindane [1641-41-1] M 134.2, m 49-50o, b 120o/12mm, pK25 10.32. Crystallise 4-

hydroxyindane from pet ether, pentane (m 50-50.5o) or *C6H6 (m 39.5-40o).  It has UV with max at 277nm

(cyclohexane).  The acetyl derivative has m 30-32o (from EtOH), b  127o/14mm and the  3,5-dinitrobenzoyl

derivative has m 114o. [Dallacker et al. Chem Ber 105 2568 1972, Beilstein 6 III 2427, 6 IV 3827.]

5-Hydroxyindane [1470-94-6] M 134.2, m 5 5o, b 1 2 7o/14mm, 2 5 5o/760mm, pK2 3 1 0 . 2 4 .

Crystallise 5-hydroxyindane from pet ether (m 56o) or pentane (m 59-60o). It has UV with max at 283.5nm

(cyclohexane).   The 3,5-dinitrobenzoyl derivative has m 156o.  [Beilstein 6 III 2428, 6 IV 3829.]
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4-Hydroxy-3-methoxyacetophenone (apocynin) [498-02-2] M 166.2, m 115o, pKEst ~ 7 . 9 .

Crystallise apocynin  from water, or EtOH/pet ether.  [Beilstein 8 IV 1814.]

trans-4-Hydroxy-3-methoxycinnamic acid (ferulic acid) [537-98-4; 1135-24-6]  M 194.2, m

1 7 4o, pK
1
25  4.58, pK

2
25 9.39. Crystallise ferulic acid from H2O.  [Beilstein 10 H 436, 10 IV 1776.]

4-Hydroxy-2-methylazobenzene (3-methyl-4-phenylazophenol) [1435-88-7] M 212.2, m 100-

1 0 1o, 112o, pKEst ~9.5. Crystallise the phenol from hexane.  [Beilstein 16 II 61, 16 IV 195.]

4-Hydroxy-3-methylazobenzene (2-methyl-4-phenylazophenol) [621-66-9] M 212.2, m 125-

1 2 6o. Crystallise the phenol from hexane or pet ether (m 130o).  [Beilstein 16 II 59, 16 III 104, 16 IV

193.]

3-Hydroxy-4-methylbenzaldehyde [57295-30-4] M 136.1, m 73o, pKEst ~10.2. Crystallise it from

water or *C6H6 (m 71-71o).  The O-methyl ether has m 45-46o (from Et2O/hexane). [Sedgwick & Allott J

Chem Soc 2820 1923, Flitsch et al. Justus Liebigs Ann Chem 1413 1985, Beilstein 8 H 100, 8 II 103, 8  IV

368.]

5-Hydroxy-2-methyl-1,4-naphthaquinone (plumbagin) [481-42-5] M 188.2, m 78-79o,

pKEst(1)~9.5, pKEst(2)~11.0. It crystallises in yellow needles from aqueous EtOH.  It is soluble in organic

solvents, it is steam volatile and it sublimes on heating in a vacuum.  [Fieser & Dunn J Am Chem Soc 58  572

1936, Beilstein 8 III 2576, 8 IV 2376.]

6-Hydroxy-2-methyl-1,4-naphthaquinone [633-71-6] M 188.2, pKEst ~10.0. Crystallise the

naphthaquinone from aqueous EtOH and  sublime it in a vacuum.

2-Hydroxy-1-naphthaldehyde [708-06-5] M 172.2, m 8 2o, b 139-142o/4mm, 1 9 2o/ 27mm,

pK2 5 8.27 (50% aqueous EtOH).  Crystallise the aldehyde from EtOH (1.5mL/g), aqueous EtOH, aqueous

AcOH (m 84o), EtOAc or H2O.  [Russell & Lockhart Org Synth Coll Vol III 463 1955, Beilstein 8 H 143, 8

I 564, 8 II 171, 8 III 1108, 8 IV 1160.]

2-Hydroxy-1-naphthaleneacetic acid  [10441-45-9] M 202.2, m 147-148o, pKEst(1) ~4.2, pKEst(2)

~8.3. Crystallise the acid from EtOH/water (1:9, v/v, activated charcoal), H2O (m 157o) or xylene (m 147o).

Dry it under vacuum, over silica gel, in the dark.  Store it in the dark at -20o [Gafni et al. J Phys Chem 80  898

1976].  It forms a cyclic lactone (m 107o) readily.  [Beilstein 10 II 218, 10 III 1102, 10 IV 1201.]

6-Hydroxy-2-naphthalenepropionic acid  [553-39-9] M 216.2, m 180-181o, pKEst(1) ~ 4 . 6 ,

pKEst(2)~9.0 Crystallise the acid from aqueous EtOH or aqueous MeOH.  [Ormancey & Horeau Bull Soc

Chim Fr 962 1955, Beilstein 10 III 1113.]

3-Hydroxy-2-naphthalide (Naphthol AS)  [92-77-3] M 263.3, m 248 .0 -248 .5o, CI 3 7 5 0 5 .

Crystallise it from xylene or AcOH which forms plates m 243-244o [Schnopper et al. Anal Chem 3 1  1542

1959].  [Beilstein 12 H 505.]

3-Hydroxy-2-naphtho-4'-chloro-o-toluidide [92-76-2] M 311.8, m 243.5-244.5o. Crystallise it

from xylene [Schnopper et al. Anal Chem 31 1542 1959].

3-Hydroxy-2-naphthoic-1'-naphthylamide [123-68-3] M 314.3, m 217-.5-218.0o. Crystallise

the amide from xylene [Schnopper et al. Anal Chem 31 1542 1959].

3-Hydroxy-2-naphthoic-2'-naphthylamide [136-64-8] M 305.3, m 243.5-244.5o, and other

naphthol AS derivatives.  Crystallise it from xylene [Schnopper et al. Anal Chem 31 1542 1959].
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2-Hydroxy-1,4-naphthoquinone (Lawsone B, Neutral Orange 6, tautomeric with 4-hydroxy-

1,2-naphthoquinone) [83-72-7] M 174.2, m 1 9 2o(dec), CI 75480 pK
1
25  -5.6 (C=O

protonation), pK
2
25  2.38, pK

3

25  4.00 (phenolic OH).  Crystallise Lawsone B from *C6H6 or AcOH

(m 192.5o, 195-196o).  It sublimes in a vacuum (m 194o). It has UV with max at 455nm (aqueous NaOH).

[Beilstein 8 H 300, 8 I 635, 8 II 344, 8 III 2543, 8 IV 2360.]

5-Hydroxy-1,4-naphthoquinone (Juglone)  [481-39-0] M 174.2, m 155o, 164-165o, pK2 5 8 . 7 .

Crystallise Juglone from *benzene/pet ether or pet ether.  [Beilstein 8 III 2558, 8 IV 2368.]

6-Hydroxy-2-naphthyl disulfide [6088-51-3] M 350.5, m 221-222o, 226-227o, pKEst ~9.0 .   It

crystallises as leaflets from AcOH and is slightly soluble in EtOH, and AcOH, but is soluble in *C6H6 and in

alkalis to give a yellow solution.  [Zincke & Dereser Chem Ber 51  352 1918.]  The acetoxy derivative has m

198-200o (from AcOH or dioxane/MeOH), and the diacetyl derivative has m 167-168o (from AcOH).  A small

amount of impure disulfide can be purified by dissolving it in a small volume of Me2CO and adding a large

volume of toluene, filter rapidly and concentrate to one-third of its volume.  The hot toluene solution is filtered

rapidly from any tarry residue, and crystals separate on cooling.  Recrystallisation from hot acetic acid gives

crystals with m 220-223o [Barrett & Seligman Science 116 323 1952].  [Beilstein 6 I 481.]

2-Hydroxy-5-nitrobenzyl bromide (Koshland’s reagent) [772-33-8] M 232.0, m 1 4 7o, pKEst

~8.0. Crystallise the bromide from *benzene or *benzene/ligroin.  It is slightly soluble in EtOH, soluble in

*C6H6 and AcOH, and very soluble in ligroin.  [Beilstein 6 H 367.]

2-Hydroxyphenylacetic acid [614-75-5] M 152.2, m 148-149o, 152-153o, b 240-243o/ 760mm,

pKEst(1)~4.3, pKEst(2)~10.1. Crystallise the acid from ether or chloroform (m 147o, m from latter solvent is

always lower).  [Beilstein 10 H 187, 10 I 81, 10 II 112, 10 III 422, 10 IV 536.]

3-Hydroxyphenylacetic acid  [621-37-4] M 152.2, m 137o, pKExt(1)~4.3, pKExt(2)~ 1 0 .

Crystallise the acid from *C6H6/ligroin or EtOAc/cyclohexane (m 131-132o).  [Beilstein 10 H 189, 10  I 82,

10 II 112, 10 III 428, 10 IV 541.]

4-Hydroxyphenylacetic acid  [156-38-7] M 152.2, m 150-151o, 152o, pK1 4.28, pK2 1 0 . 1 .

Crystallise the acid from water or Et2O/pet ether.  The p-bromophenacyl ester has m 117o (from EtOH).

[Beilstein 10 II 112, 10 III 430, 10 IV 543.]

N- (4-Hydroxyphenyl)-3-phenylsalicylamide [550-57-2]  M 305.3, m 183-184o, pKEst ~ 9 . 5 .

Crystallise the amide from aqueous MeOH.  [Beilstein 13 IV 224.]

L-2-Hydroxy-3-phenylpropionic acid (3-phenyl lactic acid) [20312-36-1] M 166.2, m 125-

1 2 6o,  [ ]
D

12 -18.7o (EtOH), [ ]
D

20  -22o (c 1, H2O), pK see below.  Crystallise the acid from water,

MeOH, EtOH or *benzene.  [Beilstein 10 IV 653.]

dl-2-Hydroxy-3-phenylpropionic acid  [828-01-3] M 166.2, m 97-98o, b 148-150o/ 15mm,

pKEst ~3.7. Crystallise the propionic acid from *benzene or chloroform.  [Beilstein 10 IV 653.]

3-p-Hydroxyphenylpropionic acid (phloretic acid)  [501-97-3] M 166.2, m 129-130o, 131 -

1 3 3o, pKEst(1)~4.7, pKEst(2)~10.1. Crystallise phloretic acid from ether or H2O.  [Beilstein 10 IV 631.]

p-Hydroxyphenylpyruvic acid  [156-39-8] M 180.2, m 220o(dec), pKEst ~2.3. Crystallise it three

times from 0.1M HCl/EtOH (4:1, v/v) immediately before use [Rose & Powell Biochem J 87  541 1963], or

from Et2O.  The 3,4-dinitrophenylhydrazone has m 178o.  [Beilstein 10 IV 3630.]

N -Hydroxyphthal imide [524-38-9] M 163.1, m 2 3 0o, ~ 2 3 5o(dec), 237-240o, pK3 0 7 . 0 .

Dissolve the imide in H2O by adding Et3N to form the salt and while hot, acidify, cool and pour into a large

volume of H2O.  Filter off the solid, wash it with H2O and dry it over P2O5 in a vacuum. [Nefken & Teser J
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Am Chem Soc 83 1263 1961, Fieser 1 485 1976, Nefkens et al. Recl Trav Chim, Pays-Bas  81  683 1962]

The O-acetyl derivative  has m 178-180o (from EtOH).  [Beilstein 21/11 V 100.]

4'-Hydroxypropiophenone [70-70-2] M 150.2, m 1 4 9o, b 140-145o/0.5mm, pK2 5 8 . 0 5 .

Crystallise the phenone from H2O (m 149.8-150.2o) or EtOH (m 147o).  The benzoyl derivative has m 117o,

and the semicarbazone has m 183o (EtOH).  [Beilstein 8 H 102, 8 II 104, 8 III 379.]

trans-4-Hydroxystilbene [6554-98-9] M 196.3, m 189o. Crystallise it from *C6H6, MeOH (m 186-

187o) or acetic acid.  [Beilstein 6 H 693, 6 II 657, 6 III 3497, 6 4855.]

Hydroxy(tosyloxy)iodobenzene [phenyl(hydroxyl)tosyloxyiodine,  hydroxy(4-methyl-

benzenesulfonato-O)phenyliodine, Koser's reagent] [27126-76-7] M 392.2, m 134-136o, 135 -

1 3 8o, 134-136o, 136-138 .5o.   Possible impurities are tosic acid (removed by washing with Me2CO) and

acetic acid (removed by washing with Et2O).  It is purified by dissolving in the minimum volume of MeOH,

adding Et2O to cloud point and setting aside for the prisms to separate [Koser & Wettach J Org Chem 42  1476

1977, NMR: Koser et al. J Org Chem 41 3609 1976].  It has also been crystallised from CH2Cl2 (needles, m

140-142o) [Neiland & Karele J Org Chem, USSR (Engl Transl) 6 889 1970].

9-Hydroxytriptycene [73597-16-7] M 270.3, m 245-246.5o. Crystallise it from *benzene/pet ether.

Dried it at 100o in a vacuum [Bartlett & Greene J Am Chem Soc 76  1088 1954, Imashiro et al. J Am Chem

Soc 109 729 1987].

Hypericin (hypericum, 4,5,7,4’,5’,7’-hexahydroxy-2’,2’-dimethylnaphthodianthrone) [548-

04-9] M 504.4, m 3 2 0o(dec). Crystallise hypericin from pyridine by addition of methanolic HCl.

[Beilstein 8 IV 3761.]

Ibuprofen [(S+) and (R-)  4-isobutyl- -methylphenylacetic acid, Brufen, Nurofen, Motrui]

[(S +) 51146-56-6, (R —) 51146-57-7] M 206.3, m 52-53o, [ ]
D

20  + 5 9o (c 2, EtOH).  Crystallise the

(+) and (-) acids from EtOH or aqueous EtOH.  The racemate  which crystallises from pet ether with m 75-77o is

sparingly soluble in H2O and has IR (film) max 1705 (C=O), 2300—3700 (OH broad)cm-1.  It is used as a non-

steroidal anti-inflammatory. [Shiori et al. J Org Chem 43 2936 1978, Kaiser et al. J Pharm Sci 65 269 1976, J

Pharm Sci 81 221 1992, Freer Acta Cryst (C) 49 1378 1993 for the (S+)-enantiomer.]

1,3-Indandione [606-23-5] M 146.2, m 129-132o, pK1 8 7.2 (1% aqueous EtOH).  Recrystallise

it from EtOH or *C6H6.  In dilute alkali it gives a deep yellow solution of the enol. [Bernasconi & Paschalis J

Am Chem Soc 108 2969 1986].  [Beilstein 7 IV 2344.]

Indane [496-11-7] M 118.1, f – 5 1 . 4o, b 7 9o/29mm, 177-179 .5o/760mm, d
4
20  0.960, n

D
20

1.536. Shake indane with conc H2SO4, then water, dry and fractionally distil it.  [Beilstein 5 H 486, 5 I 234,

5 II 376, 5 III 1200, 5 IV 1371.]

Indene [95-13-6] M 116.2, f -1.5o, b 114.5o/100mm, d
4
20  0.994, n

D
20  1.5763.  Shake indene

with 6M HCl for 24hours (to remove basic nitrogenous material), then reflux it with 40% NaOH for 2hours (to

remove benzonitrile).  Fractionally distil, then fractionally crystallise it by partial freezing.  The higher-melting

portion is converted to its sodium salt by adding a quarter of its weight of sodamide under nitrogen and stirring

for 3hours at 120o.  Unreacted organic material is distilled off at 120o/1mm.  The sodium salts are hydrolysed

with water, and the organic fraction is separated by steam disillation, followed by fractional distillation.  Before

use, the distillate is passed, under nitrogen, through a column of activated silica gel. It turns yellow in air as it

readily oxidizes and polymerises.  [Russell J Am Chem Soc 78 1041 1956, Beilstein 5 IV 1532.]

2-Iodoaniline [615-43-0] M 219.0, m 60-61o, pK2 5 2.54.  Distil 2-iodoaniline with steam and

crystallise it from *benzene/pet ether.  The N-acetyl derivative has m 110o.  [Beilstein 12 IV 1542.]
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4-Iodoaniline [540-37-4] M 219.0, m 62-63o, pK25 3.81. Crystallise it from pet ether (b 60-80o) by

refluxing, then cool it in an ice-salt bath freezing mixture.  Dry it in air.  Alternatively, crystallise it from EtOH

and dry it in vacuo for 6hours at 40o [Edidin et al. J Am Chem Soc 109 3945 1987]. The N-acetyl derivative

has m 184o (from MeOH).  [Beilstein 12 IV 1544.]

4-Iodoanisole [696-62-8] M 234.0, m 51-52o,  b 133-133.3o/25mm, 1 3 9o/ 35mm,

2 3 7o/726mm. Crystallise 4-iodoanisole from aqueous EtOH and/or distil it under vacuum.  [Beilstein 6 H

208, 6 I 109, 6 II 199, 6 III 744, 6 IV 1075.]

Iodobenzene [591-50-4] M 204.0, b 63-65o/10mm, 1 8 8o/atm, d
4
20  1.829, n

D
25  1.6169.  Wash

it with dilute aqueous Na2S2O3, then water.  Dry it with CaCl2 or CaSO4, decolourise with charcoal and  distil

it under reduced pressure then store it with mercury or silver powder to stabilise it.  [Beilstein 5 IV 688.]

o-Iodobenzoic acid  [88-67-5] M 248.4, m 162o, pK20 2.93. Crystallise the acid repeatedly from

water and EtOH.  Sublime it under vacuum at 100o.  [Beilstein 9 IV 1030.]

m-Iodobenzoic acid  [618-51-9] M 248.4, m 186 .6 -186 .8o, pK25 3.85. Crystallise the acid

repeatedly from water and EtOH.  Sublime it under vacuum at 100o.  [Beilstein 9 IV 1033.]

p-Iodobenzoic acid  [619-58-9] M 248.4, m 271-272o, pK25 4.00. Crystallise the acid repeatedly

from water and EtOH.  Sublime it under vacuum at 100o.  [Beilstein 9 IV 1035.]

4-Iodobiphenyl [1591-31-7] M 280.1, m 113 .7 -114 .3o, b 2 0 7o/28mm.   Crystallise 4-

iodobiphenyl from EtOH/*C6H6, and dry it in vacuo over P2O5.  [Beilstein 5 H 581, 5  I 273, 5  II 486, 5  III

1748, 5 IV 1821.]

1-Iodo-2,4-dinitrobenzene [709-49-9] M 294.0, m 88o. Crystallise it from EtOAc.  [Beilstein 5 H

270.]

1-Iodo-4-nitrobenzene [636-98-6] M 249.0, m 171-172o. Precipitate it from acetone by addition of

water, followed by recrystallisation  from EtOH. [Beilstein 8 H 523, 8 H 523, 8 II 191, 8 III 623, 8 IV 743.]

o-Iodophenol [533-58-4] M 280.1, m 43o, pK25 8.51. Crystallise 2-iodophenol from CHCl3 or diethyl

ether.  The acetate  has m 65-66o (from MeOH).  [Beilstein 6 H 208, 6 II 198, 6 III 774, 6 IV 1074.]

p-Iodophenol [540-38-5] M 280.1, m 9 4o, 138-140o/5mm, pK25 9.30. Crystallise 4-iodophenol

from pet ether (b 80-100o) or distil it in vacuo.  If the material has a brown or violet color, then dissolve it in

CHCl3, shake it with 5% sodium thiosulfate solution until is colourless.  Dry (Na2SO4), extract, evaporate and

disil the  residue in vacuo.  [Dains & Eberly Org Synth  Coll Vol II 355 1948, Beilstein 6 IV 1074.]

5-Iodosalicylic acid (2-hydroxy-5-iodobenzoic acid)  [119-30-2] M 264.0, m 197o pK
1
25  2 . 6 5 ,

pK
2
25  13.05.  Crystallise the acid from water.  [Beilstein 10 H 112.]

o-Iodosobenzoic acid  [304-91-6] M 264.0, m > 2 0 0o, pKEst ~2.6. Crystallise the acid from EtOH

and dry it in vacuo.  [Beilstein 9 H 363.]

p-Iodotoluene [624-31-7] M 218.0, m 35o, b 211-212o. Crystallise 4-iodotoluene from EtOH and.or

distil it.  [Beilstein 5 IV 840.]

Isonitrosoacetophenone (phenylglyoxaldoxime)  [532-54-7] M 149.2, m 126-128o. Crystallise

it from water.  [Beilstein 7 IV 2132.]

Isophthalic acid (benzene-1,3-dicarboxylic acid)  [121-91-5] M 166.1, m 345-348o, pK
1
25

3.70, pK
2
25  4.60.  Crystallise the acid from aqueous EtOH.  [Beilstein 9 IV 3292.]
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4,4'-Isopropylidenediphenol (Bisphenol A, 2,2-bis[4-hydroxyphenol]propane)  [80-05-7] M

228.3, m 158o, pKEst ~10.3. Crystallise bisphenol from acetic acid/water (1:1).  It is used for making

polycarbonate bottles and leaches out slowly on heating.  It is a known “estrogenic chemical” shown to disrupt

chemical signaling in the complex network of glands, hormones and cell receptors which make up the endocrine

system.   It causes low sperm count and damages the ecosystem by the feminisation of fish, reptiles and birds.   

[cf  Chapter 1, p 3,  Beilstein 6 IV 6717.]

Isopropyl p-nitrobenzoate [13756-40-6] M 209.2,  m 105-106o. Dissolve it in Et2O, wash it with

aqueous alkali, then H2O and dry it.  Evaporate the ether and recrystallise it from EtOH to give pure material.  It

gives yellow crystals from pet ether ( m 109o, 110o).  [Beilstein 9 H 391, 9 II 258, 9 III 1543, 9 IV 1075.]

Isovanil l in  (3-hydroxy-4-methoxybenzaldehyde) [621-59-0] M 152.2, m 117o,  b

1 7 5o/14mm, pK25 8.89.  Crystallise isovaniline from H2O or *C6H6.  The oxime has m 147o.  [Beilstein

8 IV 1764.]

Isoviolanthrone [128-64-3] M 456.5, m 510-511o(uncorrected). Dissolve isoviolanthrone in 98%

H2SO4 and precipitate it by adding water to reduce the acid concentration to about 90%.  It sublimes in vacuo to

give dark green-violet needles  [Parkyns & Ubblehode J Chem Soc 4188 1960].  [Beilstein 7 I 465, 7  II 815, 7

III 4538, 7 IV 2747.]

Janus Red B  {3-[(2-hydroxy-1-naphtholenyl)azo-2-methylphenylazo]N,N,N-trimethyl-

benzenaminium chloride} [2636-31-9] M 460.0.  Crystallise the dye from EtOH/H2O (1:1 v/v) and dry

in vacuum.  Store it in a dark bottle.  [Beilstein 16 II 149.]

Ketone moschus (4-tert-butyl-2,6-dimethyl-3,5-dinitroacetophenone, Musk ketone) [81-14-

1] M 294.3, m 134-137o, 137-138o. Purify the ketone by recrystallisation from MeOH.  It has a strong

odour of musk and is used in perfumery.  [Fuson et al. J Org Chem 12 587 1947, Beilstein 7 IV 808.]

Lapachol  [2-hydroxy-3-(3-methyl-2-butenyl)-1,4-naphthalenedione, Neutral Yellow 1 6 ]

[84-79-7] M 242.3, CI 7549, m 1 4 0o.   Crystallise Lapachol from pet ether/EtOH, EtOH or Et2O.

[Beilstein 8 H 326, 8 I 644, 8 II 365, 8 III 2720.]

Leucomalachite Green  [129-73-7] M 330.5, m 92-93o, pK25 6.90 (several pK's).  Crystallise it

from 95% EtOH (10mL/g), then from *benzene/EtOH, and finally from pet ether.  [Beilstein 13  H 275, 13  II

89, 13 II 135, 13 III 529, 13 481.]

Malachite Green (carbinol) [510-13-4] M 346.4, m 112-114o, CI 42000, pK2 4 6.84.  The

oxalate [2437-29-8]  [Beilstein 8 H 326, 13 IV 2279.] is recrystallised from hot water and dried in air.  The

carbinol is precipitated from the oxalate (1g) in distilled water (100mL) by adding M NaOH (10mL).  The

precipitate is filtered off, recrystallised from 95% EtOH containing a little dissolved KOH, then washed with

ether, and crystallised  from pet ether.  Dry it in a vacuum at 40o.  An acid, almost colourless, solution (2 x  10-

5M in 6 x 10-5M H2SO4) rapidly reverts to the coloured  dye.  [Swain & Hedberg J Am Chem Soc 72 3373

1950, Beilstein 13 H 243, 744.]

Mandelic acid  ( -hydroxyphenylacetic acid)  [S-(+)- 17199-29-0,  R-(-)- 611-71-2] M 152.2, m

130-133o, 133o, 133.1o (evacuated capillary), 133-133.5o, [ ]
546

20  (+) and (-) 1 8 8o (c 5 ,

H2O), [ ]
D

20  (+) and (-) 1 5 5o (c 5, H2O) and (+) and (-) 1 5 8o (c 5, Me2CO), pK25 3 . 4 1 .

Purify the mandelic acids by recrystallisation from H2O, *C6H6 or CHCl3. [Roger J Chem Soc 2168 1932,

Jamison & Turner J Chem Soc 611 1942.]  They have solubilities in H2O of ca 11% at 25o.  [Banks & Davies

J Chem Soc 73 1938.]  The S-benzylisothiuronium salts  has m  180o (from H2O) and [ ]
D

25  (+) and (-) 57o (c

20, EtOH) [El Masri et al. Biochem J  68 199 1958].  [Beilstein 10 IV 564.]
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RS-(±)-Mandelic acid  [61-72-3] M 152.2, m 1 1 8o, 120-121o. Purify mandelic acid by Soxhlet

extraction with *C6H6 (about 6mL/g) and allow the extract to crystallise.  It can also be recrystallised from

CHCl3.  The S-benzylisothiuronium salt has m 169o (166o) (from H2O).  Dry it at room temperature under

vacuum.  [Beilstein 10 IV 565.]

Mescaline sulfate [2-(3,4,5-trimethoxyphenyl)ethylamine sulfate] [5967-42-0] M 309.3, m

181-184o, 183-184o, 186-189o,  pKEst ~9.7. The salt crystallises from water with 2H2O or from hot

MeOH.  The acid sulfate has m 158o.  [Slomon & Bina J Am Chem Soc 68  2403 1946, Beilstein 13 I 338,

13 II 521, 13 III 2375, 13 IV 2919.]

Mesitylene (1,3,5-trimethylbenzene)  [108-67-8] M 120.2, m - 4 4 . 7o, b 99 .0 -99 .8o/ 100mm,

166 .5-167o/760mm, d
4
20  0.865, n

D
25  1.4967.  Dry it with CaCl2 and distil it from Na in a glass

helices-packed column.  Treat it with silica gel and redistil it.  Alternative purifications include vapour-phase

chromatography, or fractional distillation followed by azeotropic distillation with 2-methoxyethanol (which is

subsequently washed out with H2O), drying and fractional distilling.  More exhaustive purification uses

sulfonation by dissolving in two volumes of conc H2SO4, precipitating with four volumes of conc HCl at 0o,

washing with conc HCl and recrystallising from CHCl3.  The mesitylene sulfonic acid is hydrolysed with

boiling 20% HCl and steam distilled.  The separated mesitylene is dried (MgSO4 or CaSO4) and distilled.  It can

also be fractionally crystallised from the melt at low temperatures.  [Beilstein 5 IV 1016.]

Metanilic acid (3-aminobenzenesulfonic acid)  [121-47-1] M 173.2, m < 3 0 0o(dec), pK
1
25  < 1 ,

pK
2
25  3.74.  Crystallise the acid from water (as the hydrate), under CO2 in a semi-darkened room. The

solution is photosensitive. Dry it over 90% H2SO4 in a vacuum desiccator.  [Beilstein 14 H 688, 14 IV 2640.]

p-Methoxyacetophenone [100-06-1] M 150.2, m 39o, b 139o/15mm, 264o/736mm. Crystallise

the ketone from diethyl ether/pet ether.   [Beilstein 8 IV 340.]

p-Methoxyazobenzene [2396-60-3] M 212.3, m 54-56o. Crystallise 4-methoxyazobenzene from EtOH.

[Beilstein 16 IV 162.]

3-Methoxybenzanthrone [3688-79-7] M 274.3, m 1 7 3o. Crystallise it from *benzene, EtOH or

Me2CO to give yellow needles.  [Beilstein 8 II 239, 8 III 1629, 8 IV 1476.]

m-Methoxybenzoic acid (m-anisic acid)  [586-38-9] M 152.2, m 1 1 0o, pK25 4.09. Crystallise

m-anisic acid  from H2O (m 109o, 110.5o) or EtOH/water.   The S-benzylisothiuronium salt has m  176o (from

EtOH).  [Beilstein 10 II 80, 10 III 244, 10 IV 316.]

p-Methoxybenzoic acid (p-anisic acid)  [100-09-4] M 152.2, m 184 .0 -184 .5o, pK25 4 . 5 1 .

Crystallise p-anisic acid from EtOH, water, EtOH/water or toluene. The S-benzylisothiuronium salt has m  189o

(from EtOH). [Beilstein 10 II 91, 10 III 280, 10 IV 346.]

4-Methoxybenzyl chloride (anisyl chloride) [824-94-2] M 156.6, m - 1o, b 7 6o/ 0 . 1 m m ,

9 5o/5mm, 110o/10mm, 117-117/5o/14mm, 117o/18mm, d
4
20  1.15491, n

D
20  1.55478.  Purify 4-

anisyl chloride by fractional distillation under vacuum, and the middle fraction is redistilled at 10-6 mm at room

temperature by intermittent cooling of the receiver in liquid N2, and the middle fraction is collected.

[Mohammed & Kosower J Am Chem Soc 93 2709 1971, Beilstein 6 IV 2137.]

"Methoxychlor", (1,1-bis[p-methoxyphenyl]-2,2,2-trichloroethane, DMDT) [72-43-5] M

345.7, m 78-78.2o, or 86-88o.  Free the insecticide from 1,1-bis(p-chlorophenyl)-2,2,2-trichloroethane by

crystallising from EtOH.  It is dimorphic and also crystallises from Et2O/EtOH (m 92o). [Fritsch & Feldmann

Justus Liebigs Ann Chem 306 77 1899, Smith et al. Aust J Chem 29 743 1976, Beilstein 6 H 1007.]

trans-p-Methoxycinnamic acid  [830-09-1, 943-89-5 (trans)]  M 178.2, m 173.4-174.8o, pK2 5

4.54. Crystallise the acid from MeOH to constant melting point and UV spectrum.  [Beilstein 10 IV 1005.]
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6-Methoxy-1-indanone [13623-25-1] M 162.2, m 151-153o. Crystallise it from MeOH, then

sublime it at high vacuum.  [Beilstein 8 IV 894.]

1-Methoxy-4-nitronaphthalene [4900-63-4] M 203.2, m 8 5o. Purify it by chromatography on

silica gel, then recrystallise it from MeOH or EtOH (yellow needles).  [Hodgson & Habeshaw J Chem Soc 47

1942, Bunce et al. J Org Chem 52 4214 1987, Beilstein  6 H 616, 6 III 2938.]

p-Methoxyphenol [150-76-5] M 124.1, m 54-55o, b 243o/atm, pK25 1 0 . 2 1 .   Crystallise 4-

methoxyphenol from *benzene, pet ether or H2O, and dry it under vacuum over P2O5 at room temperature.

Sublime it in vacuo.  [Wolfenden et al. J Am Chem Soc 109 463 1987, Beilstein  6 IV 5717.]

-Methoxyphenylacetic acid  (O -methyl mandelic acid),  [R-(-)- 3966-32-3, S-(+)- 26164-26-1]

M 166.2, m 62.9o, 62-65o, 65-66o, [ ]
546

20  (-) and (+) 179o (169.8o), [ ]
D

20  (-) and (+) 1 5 0 . 7o

(148o) (c 0.5, EtOH), pKEst ~3.1.  Purify the acids by recrystallising from *C6H6/pet ether (b 80-100o).

[Neilson & Peters  J Chem Soc 1519 1962, Weizmann et al. J Am Chem Soc 70 1153 1948, Pirie & Smith J

Chem Soc 338 1932,  NMR: Dale & Mosher J Am Chem Soc 9 5  512 1973, for resolution: Roy &

Deslongchamps Can J Chem 63 651 1985, Trost et al. J Am Chem Soc 1 0 8  4974 1986.]  The racemic

mixture  has m 72o, b 121-122o/0.4mm, 165o/18mm (from pet ether) [Braun et al. Chem Ber 6 3 2847

1930].  [Beilstein  10 IV 566.]

o-Methoxyphenylacetic acid  [93-25-4] M 166.2, m 124-125o, pKEst ~4.4. Crystallise the acid

from H2O, EtOH or aqueous EtOH, pet ether/Et2O and dry it in a vacuum desiccator over Sicapent. The amide

has m 131o (from EtOH).  [Beilstein  10 H 188, 10 III 422, 10 IV 536.]

m-Methoxyphenylacetic acid  [1798-09-0] M 166.2, m 66-67o, 68-69o, 71.0-71.2o, pKEst ~ 4 . 3 .

Crystallise the acid from H2O, or aqueous EtOH. The S-benzylisothiuronium salt has m 160-161o (from EtOH).

[Beilstein  10 I 82, 10 III 428, 10 IV 541.]

p-Methoxyphenylacetic acid (homoanisic acid) [104-01-8] M 166.2, m 85-87o, b 138-140o/ 2 -

3mm,  pK2 5 4.36.  Crystallise the acid from EtOH/water, EtOAc/pet ether (m 87o) or *C6H6/pet ether (m

84-86o). [Beilstein  10 III 431, 10 IV 544.]  The acid chloride  [4693-91-8] has M  184.6, b 143o/10mm, d
4

25

1.208. [Beilstein  10 III 434.]

N- (p-Methoxyphenyl) -p-phenylenediamine [101-64-4] M 214.3, m 102o, b 200o/ 2 m m ,

2 3 8o/12mm, pK2 5 6.6 (5.9).  Crystallise the diamine from ligroin or *C6H6/pet ether (m 99-100o).  The

picrate  has m 164o (from EtOH).  [Beilstein  13 III 1161, 13 IV 1243.]

-Methoxy- -trifluoromethylphenylacetic acid (MTPA, Mosher's acid)  [R-(+)- 20445-31-2,

S-(-)- 17257-71-5] M 234.2, m 43-45o, 90o/0.1mm, 105-107o/1mm, [ ]
546

20  (+) and (-) 8 7o,

[ ]
D

20  (+) and (-) 73o (c 2, MeOH), pKEst ~2.5. A likely impurity is phenylethylamine from the

resolution. Dissolve the acid in Et2O/*benzene (3:1), wash with 0.5N H2SO4, then water, dry over magnesium

sulfate, filter, evaporate and distil it.  [Dale et al. J Org Chem 34 2543 1969, J Am Chem Soc 75 512 1973.]

-Methoxy- -trifluoromethylphenylacetyl chloride  [R-(-)- 39637-99-5, S-(+)- 20445-33-4] M

252.6, b 54-56o/1mm, 213-214o/760mm, d
4
20 1.353, n

D
20  1.468, [ ]

546

20  (-) and (+) 1 6 7o,

[ ]
D

20  (-) and (+) 137o (c 4, CCl4), [ ]
D

24  (-) and (+) 10.0o (neat).  The most likely impurity is the

free acid due to hydrolysis and should be checked by IR.  If free from acid, then distil, taking care to keep

moisture out of the apparatus.  Otherwise add SOCl2 and reflux for 5hours and distil it.  Note that shorter reflux

times result in a higher boiling fraction (b 130-155o/1mm) which has been identified as the anhydride.  [Dale et

al. J Org Chem 34 2543 1969, for enantiomeric purity see Dale & Mosher J Am Chem Soc 97 512 1973.]

N-Methylacetanilide [579-10-2] M 149.2, m 102-104o, b 145-146o/30mm, 225o/ 760mm,       

Crystallise the anilide from water, ether, pet ether (b 80-100o) or *C6H6 (m 105o).  The BF3 salt has m  114o

(from Me2CO/diisopropyl ether).  [Beilstein  12 III 465, 12 IV 378.]
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p-Methylacetophenone [122-00-9] M 134.2, m 22-24o, b 9 3 . 5o/7mm, 1 1 0o/14mm, d
4
20

1.000, n
D
20  1.5335.  Impurities, including the o- and m-isomers, are removed by forming the semicarbazone

(m 212-213.5o) which, after repeated crystallisation, is hydrolysed to the ketone.  [Brown & Marino J A m

Chem Soc 84 1236 1962.]  It can also be purified by distillation under reduced pressure, followed by low

temperature crystallisation from isopentane.  [Beilstein  7 IV 701.]

1-Methylaminoanthraquinone [82-38-2] M 237.3, m 1 6 6 . 5o, pKEst~2. Crystallise it to constant

melting point from butan-1-ol, then from EtOH.  It can be sublimed under vacuum.  [Beilstein  7 IV 2574.]

N-Methyl-o-aminobenzoic acid (N -methylanthranilic acid) [119-68-6] M 151.2, m 1 7 8 . 5o,

pK
1
25  1.97, pK

2
25  5.34.  Crystallise the acid from water, MeOH (m 177o) or EtOH. [Casulich & Smith J

Am Chem Soc 70 1923 1948, Beilstein  14 H 323, 14 III 895, 14 IV 1015.]

3 -(Methylamino)benzoic acid [51524-84-6] M 151.1, m 129o, pK
1
25  3.08, pK

2
25  5 . 1 0 .

Crystallise the acid from H2O (needles), pet ether (plates) or CHCl3 (m 127o).  The hydrochloride has m 244o

(plates from EtOH).     [Beilstein 14 H 391, 14 I 559.]

p-Methylaminophenol sulfate (Photol, Metol) [55-55-0] M 344.4, m 2 6 0o(dec), pK25 5 . 9 .

Crystallise this photographic developer from H2O (needles m 250-260o) (its solubility is 5% at 20o and 17% at

100o) or MeOH.  It is used for determining Ag.  [Palit et al. Indian J Chem, Sect B 28 64 1989.]

N-Methylaniline [100-61-8] M 107.2, b 5 7o/4mm, 81-82o/14mm, d
4
20  0.985, n

D
20  1 . 5 7 0 ,

pK25 4.56. Dry it with KOH pellets and fractionally distil it under vacuum. Acetylate, and the acetyl derivative

is recrystallised to constant melting point (m 101-102o), then hydrolysed with aqueous HCl and distilled from

zinc dust under reduced pressure. [Hammond & Parks J Am Chem Soc 77 340 1955, Beilstein  12 IV 241.]

N-Methylaniline hydrochloride  [2739-12-0] M 143.7, m 123 .0 -123 .1o. Crystallise the salt from

dry *benzene/CHCl3 and dry under vacuum.  [Beilstein  12 IV 241.]

Methyl p-anisate [121-98-2] M 166.2, m 4 8o, b 1 2 3 . 8o/12mm, 24-245o/760mm. Distil the

ester  and/or crystallise it from EtOH.  [Beilstein  10 H 159, 10 III 297, 10 IV 360.]

4-Methyl anisole  [104-93-8] M 122.2, b 56.2o/9mm, 67o/20mm, 175-176o/760mm, d
1 5
1 5

0.9757, n
D
20  1.512.  Dissolve 4-methyl anisole in diethyl ether, wash it with M NaOH, water, dry

(Na2CO3), evaporate and distil it under vacuum.  The picrate has m 103o (from aqueous EtOH).  [Beilstein  6

IV 2098.]

2-Methylanthracene [613-12-7] M 192.3, m 204-206o Chromatograph it on silica gel with

cyclohexane as eluent and then recrystallise it from EtOH [Werst J Am Chem Soc 109 32 1987].  [Beilstein  5

IV 2311.]

4-Methylanthracene [779-02-2] M 192.3, m 77-79o, b 196-197o/12mm, d
4
20  1 . 0 6 6 .

Chromatograph it on silica gel with cyclohexane as eluent and recrystallise it from EtOH [Werst J Am Chem

Soc 109 32 1987]. [Beilstein  5 IV 2312.]

2-Methylanthraquinone  [84-54-8]  M 222.3, m 1 7 6o, b 236-238o/10mm. Crystallise the quinone

from EtOH, then sublime it.  It has max at 257, 275 and 330nm (EtOH). [Hersbery & Fieser J Am Chem Soc

63 2562 1941, Beilstein  7 H 809, 7 III 4104, 7 IV 2574.]

Methylarenes (see also pentamethyl- and hexamethyl- benzenes).  Recrystallise them from EtOH

and sublime them in a vacuum [Schlesener et al. J Am Chem Soc 106 7472 1984].
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Methyl benzoate  [93-58-3] M 136.2, b 104-105o/39mm, 1 9 9 . 5o/760mm, d
4
20  1.087, n15

1.52049, n
D
20  1.51701, pK2 0 -8.11, -6.51 (Ho scale, aqueous H2S O4). Wash the ester with dilute

aqueous NaHCO3, then water, dry with Na2SO4 and fractionally distil it in a vacuum.  [Beilstein  9 IV 283.]

p-Methylbenzophenone [134-84-9] M 196.3, m 5 7o, b 154-155o/3mm, 183-184o/15mm, 277-

2 8 1o/3mm, d2 0 0.9926. Crystallise the ketone from MeOH, Et2O (m 58-59o) or pet ether.  The cis-oxime

has m 154o(153-156o) (from EtOH), and the trans-oxime has m 114-116o (from pet ether).  [Beilstein 7 H 440,

7 III 2127, 7 IV 1403.]

Methyl-1,4-benzoquinone (p -toluoquinone) [553-97-9] M 122.1, m 68-69o. Crystallise p-

toluoquinone from heptane or EtOH, dry rapidly (vacuum/P2O5) and stored in a vacuum. [Beilstein  7 IV 2088.]

Methyl benzoylformate (methyl phenylglyoxalate) [15206-55-0] M 164.2, m 246-248o.

Purify the ester by radial chromatography (diethyl ether/hexane, 1:1), and dry it at 110-112o/6mm.  [Meyers &

Oppenlaender J Am Chem Soc 108 1989 1986, Beilstein  10 IV 2738.]

2-Methyl-3,4-benzphenanthrene (2-methylbenzo[c]phenanthrene) [652-04-0] M 242.3, m 7 0o,

80 .6 -81 .4o, b 200o/0.4mm. Crystallise it from EtOH (m  81-82.5o).  The picrate  has m  118-118.5o

(yellow needles from MeOH).  [Beilstein 5 III 2394, 5 IV 2570.]

R -(+)- -Methylbenzylamine [R(+) 3886-69-9, RS(±) 618-36-0] M 121.2, b 187-188o/atm,

[ ]
546
20 + 3 5o (c 10, EtOH), [ ] 

D
25 + 3 9 . 7o (neat), pK 9.08 (for RS ). Dissolve the amine in toluene,

dry over NaOH and distil; fraction boiling at 187-188o/atm is collected.  Store it under N2 to avoid forming the

carbamate and urea.  Similarly for the S-(-) enantiomer [2627-86-3].  [Ingersoll Org Synth Coll Vol II 503

1943, Robinson & Snyder Org Synth Coll Vol III 717 1955, Beilstein  12 IV 2424, 2425.]

p-Methylbenzyl chloride  [104-82-5] M 140.6, b 80o/2mm, 98-101o/27mm, d
4
20  1.085, n

D
20

1.543. Dry the chloride with CaSO4 and fractionally distil it under vacuum.  [Beilstein  5 H 384, 5 III 854, 5

IV 966.]

Methyl o-bromobenzoate [610-94-6] M 215.1, b 131 .4 -132o/16mm, 234-244o/760mm. A

solution of the ester in ether is washed with 10% aqueous Na2CO3, water, then dried and distilled.  [Beilstein  9

H 348, 9 III 1385, 9 IV 1012.]

Methyl p-bromobenzoate [619-42-1] M 215.1, m 79.5-80.5o. Crystallise the ester from MeOH.

EtOH (m 81o, also 80.5o, 79.5o) or *C6H6/pet ether (m 78-79o). [Beilstein 9 H 352, 9 III 1405, 9 IV 1017.]

(±)-3'-Methyl-1,2-cyclopentenophenanthrene (16,17-dihydro-17-methyl-15H -cyclopenta-[a]

–phenanthrene [549-38-2] M 232.3, m 126-127o. Crystallise it from AcOH or EtOH (plates, m 125.5-

126o). The picrate has m 130-131o (orange-red needles from EtOH). [Tatta & Bardhan J Chem Soc (C) 893

1968, Beilstein 5 IV 2433.]

Methyl 2,4-dichlorophenoxyacetate  [1928-38-7] M 235.1, m 4 3o, b 1 1 9o/11mm. Crystallise

the herbicide  ester from MeOH.  [Branch & Jones J Chem Soc 2924 1955, Beilstein 6 III 705, 6 IV 909.]

3,4-Methylenedioxyaniline [14268-66-7] M 137.1, m 44 .5 -45 .5o, 45 -46o, b 1 0 8o/ 1 m m ,

1 4 4o/14mm, 156o/30mm, pKEst ~3.8. Crystallise the base from pet ether and/or distil it in a vacuum.

The hydrochloride has m 198o(dec).  [Sonn & Benirschke Chem Ber 54 1734 1921, Beilstein 19  H 328, 19  II

341, 19 III/IV 4056.]

trans-3,4-Methylenedioxycinnamic acid  [2373-80-0] M 192.2, m 243-244o(dec), pKEst ~ 4 . 6 .

Crystallise the acid from glacial AcOH, EtOH (m 247o) or aqueous EtOH (m 240-242o), and it has m 242o

after sublimation.  [Beilstein  19 H 278, 19 II 299, 19 III/IV 3548.]
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5,5'-Methylenedisalicylic acid  [122-25-8; 27496-82-2]  M 288.2, m 2 3 8o(dec). Crystallise the

acid from Me2CO, *C6H6 or CHCl3/MeOH (m 268-268o).  It has max at 312nm (  7530)in EtOH.  [Cushman

& Kanamathareddy Tetrahedron  46 1406 1990.]

N -Methylephedrine (2-dimethylamino-1-phenylpropanol) [1S,2R-(+)- 42151-56-4,  1R,2S-(-)-

552-79-4] M 179.3, m 85-86o, 87-87.5o, 90o, b 1 1 5o/2mm, [ ]
546

20  (+) and (-) 3 5o, [ ]
D

20  ( + )

and (-) 30o (c 4.5, MeOH), pK2 6 9.22. N-Methylephedrine  has been recrystallised from Et2O, pet ether,

of aqueous EtOH or aqueous MeOH and has been distilled under reduced pressure.  [Smith J Chem Soc 2056

1927, Tanaka & Sugawa Yakugaku Zasshi (J Pharm Soc Japan) 72  1548 1952 (Chem Abstr 47  8682 1953),

Takamatsu Yakugaku Zasshi (J Pharm Soc Japan) 76 1227 1956, Chem Abstr 51 4304 1957.]  The

hydrochloride has m 192-193o and [ ]
D

20+30o (c 5,H2O)[Prelog & Hüfliger Helv Chim Acta 33  2021 1950].

[Beilstein  13 IV 1884.]

Methyl gallate  [99-24-1] M 184.2, m 202o. Crystallise the gallate ester from MeOH.  [Beilstein 1 0

IV 1998.]

Methyl Green  [82-94-0, 7114-03-6 (ZnCl2 salt)]  M 458.5, m > 2 0 0o(dec). Crystallise the dye from

hot water.  [Beilstein  13 IV 2286.]

Methyl 4-hydroxybenzoate  [99-76-3] M 152.2, m 127.5o, pKEst ~9.3. Fractionally crystallise the

ester from its melt, and recrystallise it from *benzene, then from *benzene/MeOH and dry it over CaCl2 in a

vacuum desiccator.  [Beilstein  10 IV 360.]

Methyl 3-hydroxy-2-naphthoate  [883-99-8] M 202.2, m 73-74o, pKEst ~9.0. Crystallise the

ester from MeOH (charcoal) containing a little water.  [Beilstein  10 IV 1186.]

3-Methylmercaptoaniline [1783-81-9] M 139.2, b 101 .5 -102 .5o/0.3mm, 163-165o/ 16mm,

d
4
20  1.147, n

D
20  1.641, pK2 5 4.05.  Purify the aniline by fractional distillation in an inert atmostphere.  It

has UV max at 226 and 300nm.  [Bordwell & Cooper J Am Chem Soc 74 10581952.]  The N-acetyl derivative

has m 78-78.5o (from aqueous EtOH).  The hydrochloride has m 260-261o (aqueous EtOH/HCl) or m  225-227o

(EtOH/Et2O).  [Beilstein  13 H 533, 13 III 1221, 13 IV 1289.]

4-Methylmercaptoaniline [104-96-1] M 139.2, b 1 4 0o/15mm, 1 5 1o/25mm, 1 5 5o/23mm, d
4
20

1.137, n
D
20  1.639, pK25 4.40. Purify the aniline by fractional distillation in an inert atmosphere.  The

hydrochloride has m 242-246o (from aqueous EtOH/HCl).  The sulfone has m 137o (from H2O), pK2 5 1.48, and

the sulfone hydrochloride has m  260-261o (from aqueous EtOH/HCl). [Lumbroso & Passerini Bull Soc Chim

Fr  311 1957, Mangini & Passerini J Chem Soc 4954 1956, Beilstein  13 H 533, 13 II 297, 13 IV 1221.]

1-Methylnaphthalene [90-12-0] M 142.2, f - 3 0o, b 2 4 4 . 6o, d
4
20  1.021, n

D
20  1.6108.  Dry 1-

methylnaphthalene for several days with CaCl2 or by prolonged refluxing with BaO.  Fractionally distil it

through a glass helices-packed column from sodium.  Purify it further by solution in MeOH and precipitation of

its picrate complex by adding to a saturated solution of picric acid in MeOH.  The picrate, after crystallisation to

constant melting point (m 140-141o) from MeOH, is dissolved in *benzene and extracted with aqueous 10%

LiOH until the extract is colourless.  Evaporation of the *benzene solution under vacuum gives 1-

methylnaphthalene [Kloetzel & Herzog J Am Chem Soc 72 1991 1950].  However, neither the picrate nor the

styphnate complexes satisfactorily separate 1- and 2- methylnaphthalenes.  To achieve this, 2-methylnaphthalene

(10.7g) in 95% EtOH (50mL) has been precipitated with 1,3,5-trinitrobenzene (7.8g) and this complex has been

crystallised from MeOH to m  153-153.5o (m  of the 2-methyl isomer is 124o).  [Alternatively, 2,4,7-

trinitrofluorenone in hot glacial acetic acid could be used, and the derivative (m 163-164o) is recrystallised from

glacial acetic acid].  The 1-methylnaphthalene is regenerated by passing a soution of the complex in dry

*benzene through a 15-in column of activated alumina and washing with *benzene/pet ether (b 35-60o) until the

coloured band of the nitro compound had moved down near the end of the column.  The complex can also be

decomposed using tin and acetic-hydrochloric acids, followed by extraction with diethyl ether and *benzene; the

extracts are washed successively with dilute HCl, strongly alkaline sodium hypophosphite, water, dilute HCl
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and water.  [Soffer & Stewart J Am Chem Soc 74 567 1952.]  It can be freed from anthracene by zone melting

[Beilstein  5 IV 1687.]

2-Methylnaphthalene [91-57-6] M 142.2, m 34.7-34.9o, b 129-130o/25mm. Fractionally

crystallise repeatedly from its melt, then fractionally distil under reduced pressure.  It has been crystallised from

*benzene and dried under vacuum in an Abderhalden  pistol.  It can be purified via its picrate (m 114-115o) or

better via the 1,3,5-trinitrobenzene complex as for 1-methylnaphthalene (above).  [Beilstein  5 IV 1693.]

6-Methyl-2-naphthol [17579-79-2] M 158.2, m 128-129o, b 177.5-178o/15mm, pKEst ~ 9 . 8 .

Crystallise the naphthol from EtOH or ligroin. Sublime it in vacuo.  [Beilstein  6 II 618, 6 III 3028.]

7-Methyl-2-naphthol [26593-50-0] M 158.2, m 1 1 8o, pKEst ~9.7. Crystallise the naphthol from

EtOH or ligroin. It has m 118o after sublimation in vacuo.  [Halsall & Thomas J Chem Soc 2564 1956,

Beilstein  6 IV 3029.]

Methyl 1-naphthyl ether (1-methoxynaphthalene)   [2216-69-5] M 158.2, b 90-91o/ 2 m m ,

d
4
20  1.095, n

D
26 1.6210. Steam distil the ether from alkaline solution.  The distillate is extracted with

Et2O.  After drying (MgSO4) the extract and evaporating Et2O, the methyl naphthyl ether is then fractionated

under reduced pressure from CaH2. The picrate has m 129.5-130.5o (from EtOH).  [Beilstein  6 IV 4211.]

Methyl 2-naphthyl ether (2-methoxynaphthalene, Nerolin) [93-04-9] M 158.2, m 7 3 . 0 -

7 3 . 6o, b 138o/10mm 273o/760mm. Fractionally distil the ether under vacuum.  Crystallise it from

absolute EtOH, aqueous EtOH, *C6H6, pet ether or n-heptane, and dry it under vacuum in an Abderhalden pistol

or distil it in vacuo. The picrate has m  118o (from EtOH or CHCl3).  [Kikuchi et al. J Phys Chem 91 574

1987, Beilstein  6 III 2969, 6 IV 4257.]

2-Methyl-3-nitroaniline [603-83-8] M 152.2 m 92o, b 305o/760mm, pKEst ~ 2.3. Crystallise

the nitrotoluidine from EtOH or *C6H6.  It is steam volatile.  The acetyl derivative crystallises from aqueous

EtOH and has m 164o.  [Beilstein  12 I 395, 12 II 460, 12 III 1944, 2 IV 1811.]  

N-Methyl-4-nitroaniline [100-15-2] M 152.2, m 152.2o, pK25 0.55. Crystallise the aniline from

aqueous EtOH.  [Beilstein  12 H 714.]

2-Methyl-4-nitroaniline [99-52-5] M 152.2 m 129o, pK25 0.93. Crystallise the nitrotoluidine from

EtOH.  The acetyl and benzoyl derivatives have m 200o and 174o (EtOH) respectively. [Beilstein 12 IV 1809.]

2-Methyl-5-nitroaniline [99-55-8]  M 152.2, m 109o, pK25 2.35. Acetylate the aniline, and the

acetyl derivative is crystallised to constant melting point; then hydrolyse it with 70% H2SO4 and the free base is

regenerated by treatment with NH3 [Bevan et al. J Chem Soc 4284 1956].  [Beilstein 12 H 844. 12 IV 1807.]  

4-Methyl-3-nitroaniline [119-32-4] M 152.2, m 81.5o, pK25 3.02. Crystallise the aniline from

hot water (charcoal), then ethanol and dry it in a vacuum desiccator.  [Beilstein  12 H 966.]

2-Methyl-5-nitroanisole [4837-88-1] M 176.2, m 54-56o. 2-Methyl-5-nitroanisole crystallises from

MeOH (yellow needles) and sublimes in vacuo.  [Kuffner Monatsh Chem 91 1152 1960, Beilstein 6 I 178.]

Methyl 3-nitrobenzoate  [618-95-1] M 181.2, m 78o. Crystallise the benzoate from MeOH (1g/mL).

[Beilstein  9 H 378, 9 I 153, 9 II 248,  9 III 1493, 9 IV 1056.]

Methyl 4-nitrobenzoate  [619-50-1] M 181.2, m 95-95 .5o. Dissolve the benzoate in diethyl ether,

then wash it with aqueous alkali; the ether is evaporated and the ester is recrystallised from EtOH.  [Beilstein  9

H 390, 9 IV 1074.]




