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the toluene used as solvent in the azide decomposi-
tion.** The preparation of pure butyl isocyanate
by the phosgenation of butylamine has been re-
ported only recently.?

Experimental

Ethyl Isocyanate.—In a 500-ml. distilling flask were placed
98 g. of triethyl phosphate and 30 g. of potassium cyanate
(along with a few glass beads). Potassium cyanate does not
dissolve appreciably in triethyl phosphate, even at higher
temperatures. The mixture was strongly heated until dis-
tillation occurred. For the next ten minutes heat was
applied on and off to maintain distillation at a fairly even
rate. The reaction mixture became quite viscous by the
end of this time and heating was discontinued when strong
white fumes due to the condensation of water vapor started
to appear, the water being a result of decomnposition within
the viscous mass. A parallel experiment had shown that
when these fuines were allowed to distil, water droplets
appeared in the distillate and caused the evolution of carbon
dioxide from the latter (hydrolysis of ethyl isocyanate).
The viscous residue in the distilling flask set to a gel on
cooling. It consisted chiefly of potassium diethyl phos-
phate along with some triethyl phosphate.

The distillate, a mixture of ethyl isocyanate and triethyl
phosphate, was subjected to distillation, and 16.5 g. of
ethyl isocyanate (a 63% yield based ou potassium cyanate)
was collected at 60-63°. The high-boiling liquid residue
from the distillation was triethyl phosphate (16.3 g.).

An experiment employing a smaller relative amount of
triethyl phosphate than used above gave a less satisfactory
result, since the reaction mixture became viscous and gave
rise to water vapor before much product had been collected.

Butyl Isocyanate.—The procedure is very similar to that
used for ethyl isocyanate. There were employed 73 g. of
tributyl phosphate and 20 g. of potassiuni cyanate. In
this case also, when heating of the reaction mixture was
continued after it had become viscous, decomposition with
formation of water vapor occurred. The reaction was
therefore stopped at this stage. The residue in the distilling
flask, consisting chiefly-of potassium dibutyl phosphate,
solidified on cooling. The distillate contained butyl iso-
cyanate and tributyl phosphate, separable by fractional dis-
tillation. After three distillations 7 g. of butyl isocyanate
(a 299, yield based on potassium cyanate) boiling at 115-
117° was obtained; reported b.p. 113-116°.8

Reaction of the butyl isocyanate prepared in this manner
with p-toluidine in benzene solution yielded 1-butyl-3-(¢-
tolyl)-urea in very good yield, m.p. 118° after recrystalliza-
tion from an alcohol-water mixture; reported in.p. 119°.4

(4) (a) J. W. Boelimer, Rec. trav. chim., B8, 382 (1936); (b) &5, 386
(1936).

(5) W. Siefken and A, Doser, U. S. Patent 2,326,501 (1843); R. J.
Slocombe, E, E. Hardy, J. H. Saunders and R. L. Jenkins, THIS JoUR-
NaAL, 73, 1890 (1950).
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A levorotatory isomer ([a]®D —9.10° in H,O)
was isolated by Ehrlich and Wendel! from the yeast
fermentation of racemic isovaline (I). Fischer and

(C.H;)(CH;)C(NH,)COOH
1

von Gravenitz prepared the dextrorotatory isomer
([a] *p 4- 11.0° in water) from the formyl compound
with brucine.’* They did hot prepare the enantio-
morph. Because of this lack of concordance, there

(1) I, Ehrlich and A. Wendel, Binchem. Z., 8, 438 (1808).
(la) E. Fischer and von Gravenitz, Ann., 406, 5 (1914).
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exists some uncertainty in regard to the rotation
value of the isolated isomers and to their optical con-
figuration. For these reasons, racemic isovaline was
resolved into its optical enantiomorphs by the gen-
eral enzymatic procedure developed in this Labora-
tory.?~7 This procedure essentially depends upon

‘the asymmetric enzymatic hydrolysis of the N-

acylated derivative of the racemic amino acid,
followed by the separation of the resulting L-amino
acid and acyl-p-amino acid in different solvents.

Two special problems arose in the application of
this procedure to the resolution of isovaline.
The first of these was whether the N-acylated
derivative of an amino acid which lacked a hy-
drogen atom on the a-carbon atom would be
susceptible to the action of hog kidney acylase I.*
N-Chloroacetyl-pL-isovaline was prepared, and
found to be asymmetrically hydrolyzed at the vL-
isomer at a rate which, although considerably
lower than that observed with either chloroacetyl-
pL-valine or chloroacetyl-pL-norvaline,* was suffi-
cient to serve the present purpose. The second
problem was to isolate the extremely soluble L-
isovaline from the resolution mixture at the end of
the enzymatic reaction. This was solved by the
employment of a chromatographic procedure in-
volving a cationic exchange resin.

By these means no difficulty was encountered in
preparing L-isovaline ([a]®p +11.13°) and b-
isovaline ([a]®p —11.28°) in satisfactory yield.
It would have been expected that the levorotatory
isomer isolated by Ehrlich and Wendel from the
fermentation mixture was D-isovaline, and our
results are in accord with this assignment of con-
figuration. The fact that our rotation values are
higher in magnitude than that reported by Ehrlich
and Wendel is not surprising in view of the diffi-
culties which they encountered in their isolation
and purification procedures. Qur values are in good
agreement with that obtained for the dextrorota-
tory isomer by Fischer and von Grivenitz,'?

Experimental Part

N-Chloroacetyl-pL-isovaline.—pL-Isovaline® was treated
with chloroacetyl chloride and chilled NaOH in the usual
manner. On acidification with coned. HCI to pH 1.7, N-
chloroacetyl-pDL-isovaline crystallized in 829, yield. It was
recrystallized from water; m.p. 161.5-163.0° (cor.). A
m.p. of 162° has been reported for this compound.®

Anal® Caled. for C;H12O3NCl: C, 43.4; H, 6.3; N,
7.2; Cl,18.3. Found: C, 43.4; H, 6.4; N,7.2; CI, 18.2.

Enzymatic Resolution of Chloroacetyl-pr-isovaline.—
Fifty-three grams of N-chloroacetyl-pr-isovaline was dis-~
solved in 2 liters of water and the solution brought to pH
7.5 with 2 N LiOH. Three grams of acylase I powder* was
dissolved in the solution, and water added to bring the con-
centration of the racemic compound to 0.1 M. The enzy-
matic hydrolysis of the substrate could not be followed by
the usual manometric ninhydrin procedure, because the

(2) J. P. Greenstein, L. Leviutow, C. G. Baker and J. White, J. Biol.
Chem., 188, 647 (1951).

(3) L. Levintow and J. P. Greenstein, ibid., 188, 643 (1951).

(4) S. M. Birnbaum, L. Levintow, R. B. Kingsley and J. P. Green-
stein, sbid., 194, 455 (1952).

(8) D. Rudman, A. Meister and J. P. Greenstein, THIS JOURNAL, 74,
551 (1852).

(6) D. Hamer and J. P. Greenstein, J. Biol. Chem., 198, 81 (1951).

(7) S. M. Birnbaum and J. P, Greenstein, Archiv. Biochem. Biophys.,
39, 108 (1952).

(8) P. A. Levene and R. Steiger, J. Biol. Chem., T6, 244 (1428),

(9) K. W. Rosenmund, Ber., 42, 4473 (1909).

(10) Analyses by R. J. Koegel and staff of this Lahoratory.
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liberated amino acid does uot yield quantitative amounts of
carbon dioxide, and therefore the nitrous acid method was
employed. The rate of hydrolysis of the susceptible L-isomer
of N-chloroacetyl-pi-isovaline by acylase I is 38 micromoles
per hour per mg. protein N. The digest was treated with a
few drops of toluene, and allowed to iucubate at 38° for 24
hours. Analyses on an aliquot of the digest revealed that

the hydrolysis of the compound had proceeded to 50%.-

Another gram of the enzyme was added, and the digest
allowed to stand for 12 hours longer. Analysis again re-
vealed 509 hydrolysis. Acetic acid was added to pH 5,
and the protein filtered off with the aid of Norit. The fil-
trate was evaporated at 40° /n vacuo, and the small amouunt
of proteiur which flocculated was again reinoved by filtration.
The filtrate contained vL-isovaline, chloroacetic acid and
chloroacetyl-p-isovaline. Treatment with excess ethanol
in the usual manner?~i failed to briug about the separation
of the highly soluble 1-isovaline., Treatment with coucd.
HCI to pH 1.7 led to the separation in 509, yield of chloro-
acetyl-p-isovaline. After recrystallization from acetone-
ether, the m.p. was 158° (cor.), aud [«]®D —9.0° for a 29
solution in absolute ethanol. In 2% aqueous solution, the
rotation of the compound was imperceptible.

Anal. Caled. for CG;HpO;NCl: N, 7.2, Found: N, 7.1.

Chromatographic Separation of the Enzymatic Products.
—A general chromatographic procedure for the separation of
the amino acid products obtained by the enzymatic resolu-
tion method has been developed in this Laboratory and will
be described more fully in a subsequent publication.’! A
brief deseription of the procedure as it applied to the preseut
problem is as follows. A 100-ml. aliquot of a deproteinized
and concentrated isovaline resolution mixture (correspond-
ing to 25.8 g. of chloroacetyl-pL-isovaline in the original di-
gest) was poured onto the top of a column 87 cm. high and
6.5 cm. in diameter composed of 20 to 50 mesh Dowex 50
resin in the acid phase.1?

Elution with water was carried out at a flow rate of 40 to
60 ml. per hour. Chloroacetyl-p-isovaline appeared in the
effluent after approximately 230 ml. of water had passed
through the columun, as indicated by a fall in pH fromn about
7 to about 3. Aliquots taken from the hour-long fractions
were hiydrolyzed in 2 .V HCI for 2 hours and tested for color
development with ninliydrin. By this means it was dem-
onstrated thut the N-acyl derivative was eluted in approxi-
mately 3 liters of effluent. No free isovaline was present
in the fractions collected during this interval since ninhydrin
tests on unhydrolyzed aliquots were all negative. After
further washing of the colummn with an additional 1.5 liters
of water, elution was begun with 2.5 N HCl. vr-Isovaliue
hegan to appear after about 4 liters of solution had passed
throngh the columu, as shown by positive ninhydriu tests.
The eutire L-isovaline was eluted after an additional 3800
ml. of solution had passed through the columu.

All the fractions containing chloroacetyl-p-isovaline were
combined and evaporated to dryness in vacwo, and the
residue was taken up in absolute ethanol to remove sodium
chloride?® and any residual protein. The ethanol was
evaporated and the residue taken up in acetone and filtered
to ensure further the absence of any i-isovaline or sodium
chloride., The chiloroacetyl-p-isovaline was then isolated
by evuaporation of the ucetone and crystallization fromn ace-
tone-ether; nip. 158% (cor.}; yield 559 of theory, based
on the original amount of chloroacetyl-Dr-isovaline; [«]%Dp
~4a.10° for a 29, solution in absolute ethianot.

Anal. Caled. for C:HOyNCE: N, 7.2, Found: N, 7.2,

Tlus the chloroacetyl-p-isovaline isolated from the column
was identical in properties with that obtained by acidifica-
tion of the resolution mixture. Five grams of chloroacetyl-
p-isovuline was refluxed for 2 hours with 100 ce. of 2 NV HCL
The solution was decolorized with Norit, and the filtrate
evaporated in vacuo to dryness.  The residue was dissolved

{11) C. G. Baker and H. A. Suber, in preparaticn.

(12) Cationic exchauge resin from the Dow Chemical Company,
The resin was regenerated by two cycles of washing with 5 N HCI,
water, 1 & NaOH and water, followed by a final 5 ¥ HCl and water
wash.

{13) Large volumes of water were used for the final wash of the resin
during its regeneration. However, even after the effiuent was neutral
te phenolphthalein, additional sodiun chloride was obtained. The
coarse mesh resin employed probably requires a longer egailibration
period than does the resin of a finer mesh.
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in 100 cc. water and the solution treated with a slight excess
of silver carbonate. The silver chloride was filtered off, and
the filtrate saturated with hydrogen sulfide gas. The final
filtrate was evaporated to dryness ¢n vacuo and the residual
D-isovaline taken up in a little water, the solution filtered,
and acetone added in excess to the clear filtrate. The -
isovaline crystallized as long needles in nearly gquantitative
yield, [a]%Dp ~11.28° for a 59, solution in water.

Anal. Caled. for CGGH\ON: C, 51.2; H, 9.4; N, 12.0.
Found: C, 51.0; H, 9.5; N, 12.0.

The combined fractions containing the L-isovaline were
evaporated to dryness in vacuo, and the residue taken up in
absolute ethanol and filtered to remove sodium chloride.*?
The ethanol was evaporated, and the residue treated suc-
cessively with silver carbonate and hydrogen sulfide as de-
scribed for the p-enantiomorph. The yield after crystalli-
zation from water with excess acetone was 779, of the theo-
retical, based on the original amount of chloroacetyl-nL-
isovaline; [a]%D +11.13° for a 5% solution in water.

Anal. Caled. for CGH,0:N: C, 51.2; H, 9.4; N, 12.0.
Found: C, 51.0; H,9.5; N, 12.2,
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Some Alkyl Benzenesulfonates':*

By BerTIN L. EMLING
RECEIVED MAyY 12, 1952

Six alkyl benzenesulfonates and their pyridiniun
salts have been synthesized. Their physical prop-
erties and yields are given in Tables I and II.
None of these compounds has been reported pre-
viously in the chemical literature, although a
commercial grade of n-butyl benzenesulfonate is
produced by the Wyandotte Chemicals Corpora-
tion.

Attemipts to synthesize #-butyl arylsulfonates
were unsuccessful. Besides the method used to
make the normal alkyl sulfonates, the addition
reaction of isobutylene with a sulfonic acid was
tried, but the /-butyl esters could not be isolated.
t~-Butyl alcohol was produced when water was
present, while diners and trimers of isobutylenc
were obtained under anhydrous conditions.

Experimental

n-Alkyl Benzenesulfonates.—Tle sulfonates listed in
Table | were prepared from benzenesulfonyl chloride, py-
ridine and the appropriate alcohol according to the proce-
dure of Sekera and Marvel.d The pyridiniuin salts, listed

TaBLE [
n-ALKYL BENZENESULFONATES, CsH;SO;-R

B.p. Yield, S analyses, Y¢
R °C. M. % N d% Caled. Found
CH, 147-149 4 65 1.4997 1.148 14.97 15.15
CsHyy  136-138 1 75 1.4969 11.119 14.04 13.96
CeHy 135-136 0.5 58 1.4952 1.099 13.23 13.36
M. p.
Cutz  20-25.5 63 9.04 8.82
CuHs: 3536 79 8.38 8.45
CisHy 4546 85 7.81 7.80

(1) Based on a paper presented, March 26, 1952, at the 121st Meet-
ing of the American Chesmnical Society, Buffalo, N. Y.

(2) The author wishes to acknowledge the assistance of John Pal-
kiewicz and Carl Miskowicz of ‘King's College; of Jane Furikawa,
Mary Wassel and Joan Boersig of Marian College; of Maragret Jevnik
of Caldwell College; and of Paul Mosso and Arthur Marcozzi of St.
Vincent College.

(3) V. C. Sekera and C. $. Marvel, THis Jour~aL, 55, 346 (1933).



