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9. A blue oil, which probably contains the highly unsaturated hydro-
carbon, azulene, Ci;His.

10. Formic, acetic and caproic acids, the last in small proportion,
which evidently were present to some extent in combination with the
previously mentioned alcohols as esters.

11. Ammonia.

12. ‘Trimethylamine. ;

The two last-mentioned basic substances were present in appreciable
amounts in the distillate, but the ammonia largely predominated. Both
ammonia and trimethylamine were also found to be emanations from the
living plant.

Although trimethylamine has been found by field tests to possess some
attraction for the boll weevil, much more extended experiments have still
to be undertaken by the entomologists in order to determine the practica-
bility of its use as a bait.

WasHINGTON, D. C,
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Introductory

B-Phenylethy! alcohol (benzyl carbinol) is today a chemical substance of
commercial importance. ‘This colorless liquid possessing a faint but last-
ing rose odor is valuable to the perfume industry not only for its own odor
but also because of the fact that when admixed with other essential oils
it has the property of increasing, modifying and more permanently fixing
their odors. Certain derivatives of the alcohol such as its formic, propionic
benzoic and phenylacetic esters are also valuable perfume fixatives.
Recently, phenylethyl alcohol has been found to have local anesthetic
properties.?

Phenylethyl alcohol occurs in nature in the rose flower and constitutes
about 609, of the oil extractable with ether from the flower. Rose oil of -
commerce, however, contains but a trace of the alcohol, for it is water-
soluble and is thus separated in the process of steam distillation. It is

1 This paper is constructed from a thesis presented to Vale University in June, 1917,
for the degree of Master of Science. ‘The work was done on the J. B. Williams Company
Industrial Fellowship. ‘The results have recently been released for publication. The
writer wishes to thank the J. B. Williams Company. Thanks are also due to Professors
T. B. Johnson and Arthur J. Hill for their guidance and advice.

2 Hjort and Fagen, J. Pharmacol., 14, 211 (1919). Thierfelder and Schempp,
Arch. ges. Physiol., 167, 280 (1917). See Physiol. Absir., 2, 465 (1917-18).
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then to be found in the distillation waters, known as rose water of com-
merce. Eighty per cent. of the oil extractable from this water with ether
is phenylethyl alcohol. Pomade and maceration oils contain the alcohol
while attar of roses contains but a trace.?

‘There are three other natural occurrences of phenylethyl alcohol noted
in the literature.* Many syntheses of this alcohol are described. Few
of these are of more than theoretical interest. A survey of the methods of
synthesis described in the literature is appended below. (Table 1.)

In the work outlined here attention was confined to the process of Bou-
veault and Blanc which involves four steps: (1) chlorination of toluene
to benzyl chloride; (2) the preparation of benzyl cyanide from this chlor-
ide; (3) the hydrolysis and esterification of the cyanide giving ethyl
phenylacetate; (4) the reduction to phenylethyl alcohol.

The first step will be passed over without comment, for benzyl chloride
is a readily available commercial chemical. The experimental part be-
gins therefore, with the preparation of benzyl cyanide.

Preparation of Benzyl Cyanide

Recommended Synthesis.—Three parts by weight of the finely pul-
verized sodium cyanide mixture are dissolved in two parts of water, in an
iron tank with reflux condenser and stirrer. Then three parts of benzyl
chloride, dissolved in four parts of 959, alcohol, are introduced. The
mixture is digested at the temperature of boiling alcohol during constant
stirring. Portions of the upper, oil layer are removed from time to time
and subjected to a test for organic chlorine. When the oil contains no
unchanged benzyl chloride, the heating is discontinued. The cooled re-
action mixture is tapped into the extraction apparatus, the water layer
separated, and the benzyl cyanide extracted with benzene. The extract
is washed with water several times, dried and the benzene removed by
slowly running the filtered solution into a heated still. A vacuum pump
is then connected and the oil distilled under reduced pressure. ‘The wash
waters from the benzene extraction are concentrated in order to recover
the phenylacetamide. The latter is then filtered and dried.

Cannizzaro® carried out this preparation of benzyl cyanide from benzyl
chloride with potassium cyanide. In the work here recorded this latter
chemical was replaced with the cheaper sodium cyanide mixture of com-

3 Von Soden and Rojahn, Ber., 33, 1720, 3063 (1900); 34, 2803 (1901). Walbaum,
- Ber., 33, 1903 (1900). Walbaum and Stephan, Ber., 33, 2303 (1900).
¢ Neroli oil distillation waters, (a) Hesse and Zeitschel, J, prakt. Chem., [2] 66,
509 (1902). Oil of Aleppo pine, (b) Grimal, Compt. rend., 144, 434 (1907). Bourbon
geranium, (c) Schimmel and Co., Semi~Ann. Rept., Oct., 1910, p. 69; through Proc. Am.
_ Pharm. Assoc., 89, 378 (1911); C. 4., 5, 569 (1911).

¢ Cannizzaro, Ann., 96, 247 (1850) Ann. chim. phys., 45, 468 (1855); Compt rend.,
41, 517 (1855). See also Radziszewski, Ber., 3, 198 (1870); 18, 1282 (1885).
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merce (containing sodium chloride and possessing a cyanide equivalent
of 989, potassium cyanide). Since this work was completed Gomberg and
Buchler® have described a preparation of benzyl cyanide using sodium
cyanide but they obtain only 50-609 yield at best and they do not recover
any valuable by-product such as phenylacetamide.”

Experimental.—The influence upon the yield of several factors was thoroughly
studied and variations were made in amount of cyanide, digestion time and digestions
with and without stirring. The stirring was most effective in shortening the time of
digestion, A reaction mixture of 11 kg. was chlorine-free by test at the end of 35 hours
of stirred digestion. ‘The yield of fractioned benzyl cyanide was 769,. Extraction of
phenylacetamide gave a total recovery of 939%,. For the preparation of phenylacetic
ester the amide is as useful a product as the cyanide,

Preparation of Ethyl Phenylacetate

Recommended Synthesis.—Fifty parts by weight of benzyl cyanide
are slowly run into a large, round-bottomed Pyrex flask containing 75
parts of concd. sulfuric acid to which have been added 3.5 parts of water.
‘The flask is first cooled and the temperature kept below 70° during the slow
addition of the cyanide. Then, 131 parts of 959, alcohol are added. The
mixture is heated to the boiling point of alcohol until a test portion of the
oil gives no test for nitrogen. On cooling, the reaction mixture is poured
into an equal volume of cold water, then extracted with ether or benzene,
the extract washed with water and dried. The solvent is next removed
and finally the ester distilled under diminished pressure (103-107°, at 6
mm.). ‘The sulfuric acid solution left from the extraction contains con-
siderable ammonium sulfate. ‘The phenylacetic acid recovered in the final
step, and the phenylacetamide from the first operation, may be esterified
in this same operation.

Experimental.—Sulfuric acid was substituted for the hydrogen chloride gas used
by Wislicenus?® in such hydrolysis. Variations in proportion of ingredients were thor-
oughly investigated with regard to their effect on the yield. Digestion was continued
until a test for nitrogen in a small portion of the ester became negative. Lots of 2.3
kg. each were digested in ten-liter flasks, yielding 78 of an oil boiling at 103107 °under
6 mm: pressure. ‘The best conditions were those of the recommended synthesis above.

¢ Gomberg and Buchler, Turs JoUrNAL, 42, 2069 (1920).

? Gomberg and Buchler note: “The reaction seems to be extremely sensitive to the
influence of various factors and the yields of the cyanide vary in different experiments,
notwithstanding the fact that these experiments have been carried out under as nearly
identical conditions as possible.”

‘The writer suggests that since Gomberg’s experimernts were carried out without
stirring, the only mixing resulted from the boiling and from the running in, portion-wise,
of benzyl chloride. ‘This can very well account .for the variability and the low yield.
‘Their results were also obtained without the use of alcohol, which solvent probably
serves to carry benzyl chloride into actual solution in the cyanide-water layer, as well
as to prevent hydrolysis.

8 Wislicenus, A#n., 296, 361 (1897).
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Ethyl Phenylacetate to Phenylethyl Alcohol

Recommended Synthesis.—Nine-tenths of a part of sodium (six
atomic proportions) is placed in an enamel-lined, round-bottomed, reduc-
tion tank with about three parts of toluene. The tank, which must be
equipped with efficient stirring device and reflux condenser, is then heated
to the melting point of sodium. When the sodium is molten, the stirrer
is started and the sodium brought to a state of emulsification. One part
of ethyl phenylacetate, dissolved in three parts of absolute alcohol, con-
taining one part of toluene, is slowly added. The heating is discontinued
and the reaction controlled by the addition of the ester. When all the ester
is added, three parts more of absolute alcohol are slowly run in and the re-
action mixture again heated, if necessary, until all the sodium has reacted.
‘The reaction mixture is next subjected to a distillation under diminished
pressure to remove the alcohol and toluene. Practically, all of the alco-
hol-toluene introduced may be recovered, together with the alcohol re-
sulting from the decomposition of the ester. The mud remaining in the
still is dissolved in water and the phenylethyl alcohol extracted with
ether or benzene. The extract is dried over sodium sulfate, the solvent
removed and the oil distiled under diminished pressure. -The fraction
boiling between 100° and 106° at about 12 mm. is collected. ‘The alkaline
liquid from the extraction is neutralized with hydrochloric acid and, on
cooling, the phenylacetic acid is crystallized. ‘This is filtered and dried.
As shown above, this acid may be re-introduced into the process by re-
esterifying it. ‘The phenylethyl alcohol may finally be purified by means
of the calcium chloride addition compound.

Experimental (See Table II).—The use of Bouveault and Blanc’s method without
modification gave a yield of 30-317 of phenylethyl alcohol. ‘This process was however
modified by preliminary emulsification of the sodium in toluene.! The table records
the various proportions and conditions employed. - With a final quantity of 1.3 kg. in each

‘TaBrLg IT
PHENYLETHYL ALCOHOL. THE MODIFIED BOUVEAULT AND BLANC REDUCTION METHOD
Expt. 1 2 3 4 5 6 7
Ester, g......... PN 50 300 50 50 B0 50 1407
Absolute alcohol, g... 380 1800 280 280 250 300 8440
Toluene, cc.......... 120 800 200 200 200 200 5450
Sodium, at. equiv.. ... 6 6 4 5 5 6 6
[ RN 42 252 28 35 35 42 1225
Container.........:. Round- Flat- Round Round Round Round Round-
bottom bottom flask flask flask flask bottom
flask flask iron pot
Yield, %............ 47 .2 25 33.3 33.3 23 40.6 41
Phenylacetic acid, g.. Some 155 e ve .. e 145
‘Total recovery (acid
included), %....... 85.2 ... e 82

® Levene and Allen, J. Biol. Chem., 27, 443 (1916).
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run, the ester was reduced in an enamel-lined pot fitted with reflux condenser, dropping
funnel and an efficient stirring device. The yield was 41-479, of fractionated phenyl-
ethyl alcohol distilling at 116-118° under 25 mm. pressure. Phenylacetic acid was
recovered from the liquors, giving a total recovery of 82-859%,. ‘The phenylethyl alcohol
was purified by treatment with calcium chloride as described by Hesse and Zeitschel.10
Recently a paper in an Italian journal!! has described a modification of this Bou-
veault and Blanc reduction of ethyl phenylacetate to phenylethyl alcohol. The new
method employs calcium shavings as well as sodium in the reduction, and it is claimed
that a yield of 65% of the alcohol is obtained and also phenylacetic acid recovered.

Summary

Benzyl cyanide may be obtained in a yield of 769, from benzyl chloride
and sodium cyanide mixture, Stirring is an important factor in the yield.
Phenylacetamide may be recovered from the extraction wash-waters.

Ethyl phenylacetate may be prepared in a yield of 729 from benzyl
cyanide or from phenylacetamide by a single-step hydrolysis and esterifica-
tion with sulfuri¢ acid and alcohol.

‘The ester on reduction with sodium and absolute alcohol in the presence
of toluene as a diluent gives phenylethyl alcohol in a yield of 47%. Un-
reduced phenylacetic acid may be recovered and re-employed for the prepa-
ration of the ester. ‘The efficiency of this step is 85%.

New HaveN, CONNECTICUT

NOTE

The Ketenic Decomposition of Ketones; Acetylacetone, Diacetyl and
Pinacolin.—Three ketones, acetone, methylethyl ketone and diethyl
ketone, have thus far been subjected to pyrogenic decomposition. All
have been found to decompose into gaseous products giving either ketene
or methyl ketene! in various yields. The decompositions of three other
ketones, acetylacetone, pinacolin and diacetyl have been studied in the
present investigation.

Acetylacetone is unusually -interesting, inasmuch as there are three
possible ways by which decomposition to ketenes might ocetur.

CH3;COCH,COCH; ~> CH;=C=0 + CH, + O0=C=CHs (1)
CH;COCH,COCH; —> CH;—CO—CH=C=0 + CH, (2)
CH3;COCH:COCH; —> CHy + O=C=C=C=0 4 CH, 3)

It is apparent that with the elimination of methane, either ketene, acetyl
ketene, or carbon suboxide are possible residues. The reaction products
“of these three substances with aniline, namely, acetanilide, aceto-acetani-
1 Ref. 4 a. The calcium chloride addition compound is washed with petroleum
ether, then decomposed with water and the alcohol regained by extraction with ether.

11 Lewinsohn, Riv. ital. ess. profum., 4, 102 (1922); Abstr. Chem. ind., 9, 553
(1923); C. 4., 17, 2031 (1923).

! Hurd and Cochran, THIS JoUurNaL, 45, 515 (1923). Hurd and Kocour, 4bid.,
45, 2167 (1923). Hurd, ibid., 45, 3005 (1923).



