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separated was filtered and washed with water and finally
with acetone in a Waring blender. The resulting product
was an almost white granular solid.

Anal. C, 39.65; H, 5.68; 8, 11.16.

A portion was dissolved in dimethylformamide by heating
to 50°. Evaporation of the solvent from a glass plate left
the product as a clear, tough film,

Internal esterification of II. Two grams of the modified
cellulose was dissolved in 25 ml. of dimethylformamide by
warming. A small amount of concentrated H,SO, was added
from a stirring rod and the solution was heated under
vacuum at 90-95° for 4 hr. with slow distillation of the
solvent. The solution remained clear upon cooling. Upon
evaporation of the solvent a clear, brittle film was obtained.
Anal. C,40.71; H, 5.58; 8, 11.01.

Esterification of 11 with butanol. Two grams of the modi-
fied cellulose was dissolved in 25 ml. of dimethylformamide
by warming. To this solution was added 10 ml. of butanol.
Some gellation of the solution oceurred at this point but it
remained stirrable. Once again a trace of H;80, was added
and the mixture was heated under vacuum at 80-85° for 3
hr. with slow distillation. Evaporation of the product left
a clear film of better flexibility than the original modified
cellulose.

Anal. C, 41.47; H, 5.82; 8, 10.91.

Acetylation of I1. (a) One gram of the modified cellulose
was heated to reflux for 1 hr, with 10 ml, of acetic anhydride
containing a trace of sulfuric acid. During this period appre-
ciable swelling of the polymer took place. Upon cooling, water
was added to decompose excess acetic anhydride after which
the granular solid was separated by filtration and was
washed thoroughly with water and finally ethanol. Upon
drying there was obtained 1.27 g. of the acetylated produet
which was found to be completely insoluble in acetone,
aleohol, and dimethy!formamide.

Anal. C, 45.33; H, 5.52; 8, 8.36.

(b) One gram of the modified cellulose was heated at
90-100° for 1 hr. with 10 ml, of pyridine, 10 ml. of acetic
anhydride, and 10 ml. of dimethylformamide. After quench-
ing with water, separation of the solid, and finally washing
with water and alcohol, there was obtained 1.08 g. of mate-
rial,

Anal. C, 44.20; H, 5.28; 8, 6.55.
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v-Aminobutyric acid has been found in brain
extracts by Awapara et al.,? Roberts and Frankel,?
and Udenfriend.* Recently an analog, y-guanidino-
butyrie acid, was isolated from brain by Irreverre

(1) Present address: Mead Johnson and Co., Evansville,
Ind. ;

(2) J. Awapara, A. J. Landua, R. Fuerst, and B. Seale,
J. Biol. Chem., 187, 35 (1950).

(3) E. Robeérts and 8. Frankel, J. Biol. Chem., 187, 55
(1950).

(4) 8. Udenfriend, J. Biol. Chem., 187, 65 (1950).
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et ol Due to the demonstration of enzymatic
interconversion between these two butyric acids®?
and their possible role as humoral agents3—2 we
were prompted to synthesize the dipeptide of -
aminobutyric acid for physiological testing and for
comparison on paper chromatography.

The synthesized y-aminobutyryl-y-amincbutyric
acid in a concentration of 5.3 um/ml, is not effec-
tive in blocking the neutromuscular transmission
of crustaceans while y-aminobutyric acid was ef-
fective at the threshold concentration of 9.7 X
103 um/ml.Y The dipeptide as well as the benzyl
ester of y-aminobutyric acid give negative reactions
in the specific enzymatic method for the determi-
nation of y-aminobutyric acid developed by Jakoby
and Scott.!?

EXPERIMENTAL

N-Carbobenzozy-v-aminobutyric acid. This compound was
prepared by a procedure similar to that used for the prep-
aration of N-carbobenzoxyglycine,'® using 0.05 mole of
y-aminobutyric acid and 0.05 mole of carbobenzoxy chlo-
ride. The yield was 7.8 g. (66%,). Recrystallized from ethyl-
acetate-petroleum ether the compound melted at 66-67°.

Anal. Caled. for C,,HysON: C, 60.75; H, 6.37; N, 5.90.
Found: C, 60.89; H, 6.23; N, 5.90.

y-Aminobutyric acid bensyl ester hydrochloride. This de-
rivative was prepared using the procedure employed by
Erlanger and Hall¢ for the synthesis of p,i-phenylalanine
benzyl ester hydrochloride. Using 0.033 mole of y-amino-
butyric acid and 70 ml. of benzyl alcohol there was ob-
tained 5.2 g. of material (699%,). Recrystallized three times
from ethyl acetate it melted at 109-110°.

Anal. Caled. for Cy;H;sO:NCl: C, 57.66; H, 7.02; N, 6.10.
Found: C, 57.38; H, 7.05; N, 5.81.

N-Carbobenzoxy-v-aminobutyryl-v-aminobutyric acid benzyl
ester. To a mixture of 2.6 g. of N-earbobenzoxy-y-amino-
butyric acid and 1.51 ml. of triethylamine in 20 ml. of
methylene chloride pre-cooled to —5° was added 1.0 ml. of
ethylchloroformate and stored at —5° for 5 min. A second
flask containing a solution of 2.6 g. of v-aminobutyric acid
benzyl ester hydrochloride and 4.68 ml. of triethylamine
in 20 ml. of methylene chloride pre-cooled to —5° was added
to above mixture. An additional 10 ml. of methylene chloride
was used for washing out the flask. The reaction mixture
was kept at —5° for 20 min. and allowed to come to room
temperature with continuous stirring (magnetic) for 4 hr.
The solution was extracted with 50 ml. of dilute hydro-
chloric acid, then with a cold, saturated solution of NaHCO;
and finally with water. The methylene chloride layer was

(5) F. Irreverre, R. L. Evans, A. R. Hayden, and R.
Silber, Nature, 180, 704 (1957).

(6) G. Kobayashi, J. Jap. Biochem. Soc., 19, 85 (1947).

(7) J. J. Pisano, C. Mitoma, and S. Udenfriend, Nature,
180, 1125 (1957).

(8) A. Bazemore, K. A. Elliott, and E. Florey, Nature,
178, 1052 (1956).

(9) C. Edwards and 8. W. Kuffler, Federation Proc., 16
34 (1957).

(10) D. P. Purpura, M. Girado, and H. Grundfest,
Science, 127, 1179 (1958).

(11) J. Dudel and 8. W. Kuffler, personal communication.
(1{%2) W. B. Jakoby and E. Scott, J. Biol. Chem., 234, 937

9).

(13) H. E. Carter, R. L. Frank, and H. W. Johnston, Org.
Syntheses, Coll. Vol. III, 167 (1955).

(14) B. F. Erlanger and R. M. Hall, J. Am. Chem. Soc.,
76, 5781 (1954).
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dried over NasSQ,, filtered and concentrated in vacuo to the
point of erystallization. The flask was warmed to redissolve
the erystals, petroleum ether was added, and the flask placed
in the ice box overnight. The precipitate of soft needles was
filtered and washed with petroleum ether. The yield was
3.3 2. (73%) and it melted at 86-87°. After recrystallization
from 759% ethyl alcohol and drying in wvacuo the melting
point was unchanged.

Anal. Calcd for Cz;;Hngrl\g C 66. 97 H 6. 84: N 6 79.
Found: C, 66.91; H, 7.06; N, 6.79,

v—Ammobutyryl—7-ammobut'ymc acid. To a solution of 2.1
g. (0.0051 mole) of N-carbobenzoxy-vy-aminobutyryl-y-
aminobutyric acid benzyl ester in 35 ml, of methyl aleohol
were added 2 drops of glacial acetic acid and 0.7 g. of Palla-
dium black catalyst (Fisher Scientific Co.). Hydrogen gas was
bubbled through and after 2 hr., 20 ml. of HyO were added
and the hydrogenation continued for an additional 3 hr. The
catalyst was removed by filtration and washed with a small
volume of water. The filtrate was concentrated in vacuo to
a crystalline residue, The solid was recrystallized from ab-
solute ethyl alcohol. The yield was 0.75 g. (799,). Dried
in vacuo at 80-81° it melted at 178-179°. Another crop (0.2
g.) wag recovered from the filtrate. Recrystallized from
water—ethyl alcohol it melted at 177-178°. The total yield
was practically quantitative.

Anal. Caled. for CsHiO3;N,: C, 51.04; H, 8.57; N, 14.88.
Found: C, 50.89; H, 8.56; N, 14.76.
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A Convenient Synthesis of Cyclohexyl Methyl
Ketone and Cyclohexylmethylcarbinol
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The preparation of a sizable quantity of vinyl-
cyclohexane from cyclohexylmethylearbinyl ace-
tate! required that cyclohexylmethylearbinol (III)
be readily available. This alcohol has been pre-
viously prepared by several routes including the re-
action of the cyclohexyl Grignard reagent with ac-
etaldehyde,?? the sodium and aleohol reduction of
cyclohexen-1-yl methyl ketone* and the catalytic
hydrogenation of acetophenone.®® The latter
method seemed to be the only reported route to
III which might be particularly well suited to rather

(1) J. R. Van Der Bij and E. C. Kooyman, Rec. trav.
chim., 71, 837 (1952).

(2) L. Bouveault, Bull. soc. chim. France, [3] 29, 1049
(1903).

(3) 8. van W oerden, Rec. trav. chim., 45, 124 (1926).

(4) O. Wallach and E. Evans, Ann., 360, 26 (1908).

(5) V. N. Ipatieff and B, B. Corson, J. Am. Chem. Soc.,
61, 3292 (1939).
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large scale laboratory operation. An investigation
of the hydrogenation of acetophenone substan-
tiated the observations of others®® that the hydro-
genation of acetophenone is very sensitive to
poisons, and the reaction conditions must be con-
trolled extremely carefully. A search for an alternate
reliable method of preparing quantities of cyelo-
hexylmethylearbinol resulted in the development of
a procedure based on the Diels-Alder adduct (I)
of methyl vinyl ketone and butadiene-1,3.6 The
hydrogenation of I over W-4 Raney nickel was ac-
complished in two distinet steps, the first being
the -highly exothermic hydrogenation (25° at
200 p.s.ig. H,) of I to cyclohexyl methyl ketone
(IT) which is further reduced to I under somewhat
more strenuous conditions (120° at 1500 p.s.i.g.
Hs). The hydrogenation of I to III without isola-
tion of II furnished IIT in 969, yield. II may

© H,/Ni Q _Hu/Ni Q

CHOH
Hs Ha Hs
1 II III

also be reduced to III with lithium aluminum hy-
dride, the acetate being isolated to 909 yield.

EXPERIMENTAL

Cyclohexen-3-yl methyl ketone (I). Equimolar amounts
(5.3 moles) of butadiene-1,3 and methyl vinyl ketone’ were
heated at 140° in a sealed reactor during 9 hr. as described by
Petrov.® The reaction temperature must be approached with
caution as in several runs an uncontrollable exothermic
reaction was observed. Distillation furnished a 909, yield of
ketone; b.p, 78-80° (20 mm.), np 1.4662 [reported b.p.
79.5-80° (20 mm.),® n%’ 1.4698°].

Cyclohexyl methyl ketone (II). A mixture of I (620 g.; 5
moles) and about 5 g. of W-4 Raney nickel catalyst® was
treated with hydrogen at 150~200 p.s.i.g. The temperature
of the reaction mixture was initially 25° and increased to 60°
during 30 min. at which point no further hydrogen was con-
sumed. Distillation furmshed 569 g. (89% yield) of 11, b.p.
73-74° (17 mm.), n% 1.4494 [reported b.p. 72° (18 mm.)?,

ni® 1.44955%]. The semicarbazone, after recrystallization
from methanol, melted at 177° which is in agreement with
the literature value.*

Cyclohexylmethylcarbinol (I1I). A mixture of I (540 g.;
4,35 moles) and about 5 g. of W-4 Raney nickel catalyst in a
rocking autoclave pressurized with hydrogen to 900 p.s.i.g.
was hydrogenated to II as described above. The temperature
of the reaction mixture rose from 20° to 63° in 10 min. and
then slowly dropped. Hydrogen was then added until the
pressure within the system was 1500 p.s.i.g., and the system
heated by an external heater to 120°. By maintaining the
hydrogen pressure at about 1500 p.s.i.g. by repressuriza-
tions, the hydrogenation of the carbonyl was completed in
1 hr. Distillation furnished 527 g. (969 yield) of aleohol
b.p. 85-87° (17 mm.); n%’ 1.4639 {reported b.p. 189.4-189.8°

(6) A. A. Petrov, J. Gen. Chem. (U.8.8.R.),
(1941); Chem. Abstr., 35, 5873 (1941).

(7) Purchased from Chas. Pfizer & Co., Brooklyn 6,
N Y.

(8) A. A. Pavlic and H. Adkins, J. Am. Chem. Soc.,
68, 1471 (1946).
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