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Phenobarbital (I) has long been known to possess anticonvulsant properties
and finds wide use in the treatment of epilepsy. A number of N-benzylamides
(1) have been found to be effective against electrically-induced convulsions
(2) and audiogenic-metrazol shock in the rat; Hibicon! (N-benzyl-8-chloro-
propionamide, IT) has been found useful in grand mal epilepsy (3, 4). Putnam
and Merritt (5, 6) have shown that Dilantin? (5,5-diphenylhydantoin, III) has
the ability to suppress electroshock and is effective against grand mal epilepsy
(7). Tridione® (3,5,5-trimethyloxazolidine-2,4-dione, IV), a compound which is
particularly effective against the convulsions induced by metrazol (8), has been
widely used in the treatment of petit mal epilepsy (,9 10), but there are certain
undesirable side-effects. Recently, it has been reported (11) that Milontint
(N-methyl-a-phenylsuceinimide, V), effective against both metrazol and elec-
trically-induced convulsions, controls petit mal attacks.
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In the present work routine sereening of compounds by means of the audio-
genic-metrazol test in rats has revealed that benzyl esters of certain 4-carbamyl-
1-piperazinecarboxylates (VI) are active. Hibital® (benzyl 4-carbamyl-1-pipera-
zinecarboxylate, X1I) protects animals against convulsive seizures induced by
audiogenic-metrazol, electroshock, and intravenous metrazol.

When one hydrogen of the carbamyl group of X1 is replaced by methyl, ethyl,
or n-propyl, activity is retained but diminished; however when the unbranched
alkyl group is larger than n-propyl, activity is lost. The isopropyl, sec-butyl, and
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816 L. GOLDMAN AND J. H. WILLIAMS

cyclohexyl analogs still retain some activity. Substitution of one hydrogen by
benzyl or an aryl group causes complete loss of activity. Substitution of both
hydrogen atoms of the carbamyl group of XI by lower alkyl or dicarbethoxy-
methyl gives compounds with no anticonvulsant activity. Replacement of the
oxygen of the carbamyl group by imine produces an inactive compound. Benzyl
4 ,4'-carbonylbis-(1-piperazinecarboxylate) has no anticonvulsant activity.

Ri
C¢H; CH:OCON NCON Where R; = hydrogen or alkyl
R: = hydrogen, alkyl or cyclohexyl
Ra
VI
/
CH;CH:0CON NCONH,

X1

The intermediate required for the synthesis of the compounds listed in Table I,
benzyl 1-piperazinecarboxylate (VII), was prepared by using the conditions
described by Moore, Boyle, and Thorn (12) for the monocarbethoxylation of
piperazine. Thus, carbobenzyloxy chloride was allowed to react with piperazine
in aqueous solution at pH 3-4.5 to produce VII in 87 % yield based on the carbo-
benzyloxy chloride. In addition, a small quantity of benzyl 1,4-piperazine-
dicarboxylate (VIII) was formed.

TN a
HN NH + CH:CH,0COClI ~— CH;CH,O0CON NH +

CH;CH,OCON NCOOCH,CqHs
N/

VIII

Reaction of VII with nitrourea produced the 4-carbamyl derivative XI, which
was also prepared by reaction of benzyl 1-piperazinecarboxylate hydrochloride
(IX) with potassium cyanate.

The 4-arylcarbamyl derivatives were synthesized by reaction of VII with the
appropriate aryl isocyanate (Procedure A). The 4-benzylecarbamyl group was
introduced by reaction of VII with phenylacetohydroxamic acid benzoate by
the method of Kushner, et al. (13) for the synthesis of 1-benzylcarbamyl-4-
‘methylpiperazine hydrochloride. The 4-dimethylcarbamyl derivative was ob-
tained by reaction of VII with dimethylearbamyl chloride. The 4-guanyl
derivative was synthesized by reaction of VII with S-methyl isothiourea sulfate.

When VII was reacted with phosgene in toluene, 4-carbobenzyloxy-1-piper-
azinecarbonyl chloride (X) was formed. Various benzyl 4-(substituted carbamyl)-
1-piperazinecarboxylates were prepared by the reaction of X with the appropri-
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818 L. GOLDMAN AND J. H. WILLIAMS
ate amine using, as the acid binding agent, a second equivalent of amine in

aqueous medium (Procedure B), a second equivalent of amine in ethyl acetate
(Procedure C), or one equivalent of aqueous sodium hydroxide (Procedure D).

7N
2 CH;CH.0CON NH + COCl; — CH;CH,O0CON NCOCI +

VII X

7N
CH;: CH:0CON NH.HOI

IX
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EXPERIMENTAL

All melting points and boiling points are uncorrected.

Benzyl 1-piperazinecarbozylate (VII) and benzyl 1,4-piperazinedicarbozylate (VIII). A
mixture of 194 g. (1 mole) of piperazine hexahydrate, 250 ml. of water, 500 ml. of methanol,
and 30 ml. of 0.04%, Bromphenol Blue solution was acidified to pH 3 (yellow color) with
163 ml. of cone’d hydrochloric acid. The resulting solution was cooled to 25° and while
being vigorously stirred 0.59 mole (190 g. of a 53% toluene solution) of carbobenzyloxy
chloride (14) was added in 20-ml. portions, and 344 ml. of 4 N sodium hydroxide was added
a8 required to maintain the solution at pH 3.0-4.5 (addition time, 134 hours).

The solvents were removed by distillation 7n vacuo and the residue was taken up in 500
ml. of water and acidified to Congo red with 1.5 ml. of eonc’d hydrochloric acid. The oily
precipitate which appeared was dissolved in benzene, removal of which by distillation
vielded an oil. Addition of absolute ethanol produced 19 g. of erystals of benzyl 1,4-
piperazinedicarboxylate, m.p. 109-112°, When recrystallized from absolute ethanol color-
less crystals of VIII were obtained, m.p. 112-113°,

Anal. Cale’d for CyoHzN:04: C, 67.8; H, 6.3; N, 7.9.

Found: C, 67.9; H, 6.6; N, 8.2,

The aqueous solution from the benzene extraction was chilled and brought to pH 13
by adding 115 ml. of 12.5 N sodium hydroxide. The oil which separated was extracted into
benzene, and the benzene extract was dried over potassium carbonate and then distilled to
remove the benzene. The residual oil was distilled in vacuo to yield 113 g. (87%) of benzyl
1-piperazinecarboxylate (VII), which distilled as a colorless liquid at 158-161°/1.4 mm.,

Anal. Cale’d for Ci2H1sN:0:: C, 65.4; H, 7.3; N, 12.7.

Found: C, 65.1; H, 7.3; N, 12.5.

Benzyl 1-piperazinecarbozylate hydrochloride (I1X). Reaction of VII with excess ethanolie
hydrogen chloride yielded colorless crystals of the hydrochloride, IX, which, purified by
crystallization from absolute ethanol, melted at 155-156.5°,

Anal. Cale’d for C;,H:#CIN,0O: C, 56.1; H, 6.7; N, 10.9; Cl, 13.8.

Found: C, 55.9; H, 6.8; N, 10.9; Cl, 13.7.

4-Carbobenzylozy-1-piperazinecarbonyl chloride (X). To a stirred solution of 29.8 g.
(0.302 mole) of phosgene in 150 ml. of anhydrous toluene, surrounded by an ice-bath, there
was added during one hour a solution of 113 g. (0.512 mole) of VII in 100 ml. of anhydrous
benzene. After 134 hours at 0°, 64.4 g. (98%) of colorless crystals of benzyl l-piperazine-
carboxylate hydrochloride (IX) were obtained by filtration.
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The filtrate was distilled in vacuo, and after removal of the solvents the 4-carbo-
benzyloxy-1-piperazinecarbonyl chloride (X) distilled as a colorless liquid, b.p. 203-208°/
1.3-1.5 mm., with some decomposition.

Anal. Cale’d for Ci3HisCIN:Os: C, 55.2; H, 5.4; N, 9.9; Cl, 12.6.

Found: C, §5.4; H, 5.8; N, 9.2; Cl, 14.7.

For Procedures B, C, and D, the filtrate from the hydrochloride (IX) was concentrated
in vacuo to remove the excess phosgene and part of the toluene. The residual concentrated
solution of X was used for reaction with the amines.

Benzyl 4-carbamyl-1-piperazinecarbozylate (X1). (a.) By reaciion of benzyl 1-piperazine-
carboxylate (VII) with nitrourea. A mixture of 70.2 g. (0.319 mole) of VII and 34.7 g. (0.33
mole) of nitrourea (15) in 300 ml, of water was heated on a steam-bath for 20 minutes.
After cooling, the colorless crystals which formed were removed and pressed dry on the
funnel. The erude product was crystallized once from absolute ethanol, yielding 60.5 g.
(72%) of colorless crystals of XI, m.p. 140.5-141.5°.

(b.) By reactton of benzyl 1-piperazinecarbozylate hydrochioride (IX) with potassium
cyanate. A solution of 113 g. (1.4 moles) of potassium cyanate in 200 ml. of water was added
to a chilled solution of 305 g. (1.19 moles) of benzyl 1-piperazinecarboxylate hydrochloride
(IX) in 400 ml. of water. Within several minutes a heavy crystalline precipitate formed.
The mixture was diluted with 600 ml. of water and let stand overnight.

The colorless erystals of XI were removed, washed with iced water, and dried at 100°.
The produet (280 g., 89%), m.p. 140-141°, was crystallized from absolute ethanol to yield
colorless shiny plates, m.p. 140.5-141.5°.

PROCEDURE A

Benzyl 4-o-chlorophenylcarbamyl-1-piperazinecarbozylate (XXII). To a chilled solution
of 22.0 g. (0.1 mole) of VII in 125 ml. of anhydrous benzene, 15.4 g. (0.1 mole) of o-chloro-
phenyl isocyanate was added. After standing overnight at room temperature the reaction
was filtered to yield 35.4 g. (95%) of colorless erystals of XXTII, m.p. 118-119°. Recrystalliza-
tion from benzene and from absolute ethanol gave m.p. 118.5~-119.5°,

PROCEDURE B

(a.) Benzyl 4-methylearbamyl-1-piperazinecarbozylate (XII). A toluene solution of 0.12
mole of X was added, dropwise, to a stirred mixture of 50 ml. of 259, aqueous methylamine
and ice. After the addition was complete the mixture was stirred at 0° for one hour and
then concentrated in vacuo to remove the benzene and excess methylamine. The residue
was cooled, acidified, and filtered to yield 29.8 g. (90%,) of colorless erystals of XII, m.p.
115-117°, Crystallization from ethyl acetate gave colorless crystals, m.p. 120-120.5°.

(b.) Benzyl 4-ethylcarbamyl-1-piperazinecarbozylate (XIII). A solution of 31.1 g. (0.11
mole) of X in 76 ml. of toluene was added to a stirred solution of 25 ml. of 339, aqueous
methylamine at 0°, and then stirred at room temperature for two hours. Filtration of the
reaction mixture vielded 22.3 g. (70%,) of colorless crystals of XIII, m.p. 120-123°. An
additional 6.6 g., giving a total yield of 909, was obtained from the filtrate by concentration
in vacuo. Recrystallization from aqueous ethanol and then from ethyl acetate produced
colorless crystals, m.p. 126-126.5°.

PROCEDURE C

(a.) Benzyl 4-n-propylcarbamyl-1-piperazinecarbozylate (XIV). To a cold solution of
78.5 g. (0.26 mole) of X in 155 ml. of toluene and 100 ml. of ethyl acetate, 32.2 g. (0.542
mole) of n-propylamine was added dropwise with stirring. After standing at 5° the solid
was removed, triturated with dilute hydrochloric acid, and washed with water, to yield
43.3 g. of colorless crystals of XIV, m.p. 111-113°. Concentration of the mother liquor
vielded an additional 27.8 g., bringing the crude yield to 72.1 g. (91%). When recrystallized
from ethyl acetate, colorless crystals were obtained, m.p. 112.5-113.5°.
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(b.) Benzyl 4-n-butylcarbamyl-1-piperazinecarbozylate (XVI). A solution of 31.1 g.
(0.11 mole) of X in 67 ml. of toluene and 250 ml. of ethyl acetate was chilled in an ice-bath
and 18.3 g. (0.25 mole) of n-butylamine was added in small portions with shaking. After
standing at room temperature overnight the reaction was filtered to remove 11.2 g. (93%)
of n-butylamine hydrochloride. The filtrate was concentrated to dryness tn vacuo and the
residue was crystallized from ethyl acetate to yield 84.1 g. (97%) of XVI, m.p. 83-91°,
When recrystallized from ethyl acetate-ether, colorless crystals were obtained, m.p. 94~
95.5°.

(¢.) Ethyl 4-carbobenzyloxy-1-piperazinecarbonylaminomalonate (XVII). Reaction of 70.6
g. (0.25 mole) of X with 87.6 g. (0.5 mole) of ethyl aminomalonate (16) under conditions used
for preparing XVI yielded 41 g. (0.19 mole) of ethyl aminomalonate hydrochloride (17)
and 80.5 g. (77%) of XVII, which, purified by erystallization from absolute ethanol, melted
at 94-97°. Recrystallization from absolute ethanol gave colorless crystals, m.p. 95.5-97°,

(d.) Benzyl 4-diethylearbamyl-1-piperazinecarbozylate (XXVI). A solution of 31.1 g.
(0.11 mole) .of X in 19.1 g. of toluene was added to 18.5 g. (0.225 mole) of diethylamine in
250 ml. of ethyl acetate at 5°. After standing overnight at room temperature the reaction

‘mixture was filtered to yield 11.8 g. (98%) of diethylamine hydrochloride. The filtrate
was concentrated ¢n vacuo to remove the solvents and the residual syrup was dissolved in
ether and washed with 1 N hydrochloric acid, water, and 5% sodium bicarbonate. The ether
solution was then dried over Drierite and distilled to remove the ether, leaving 33.4 g.
(95%) of crude XXVI as a syrup. The syrup was distilled in vacuo, and XXVI was obtained
as a colorless liguid, b.p. 188-192°/0.4 mm.

(e.) Benzyl 4,4 -carbonylbis(l-piperazinecarbozylate) (XXXI). A mixture of 31.1 g.
(0.11 mole) of X in 67 ml. of toluene and 58.5 g. (0.27 mole) of VII in 350 ml. of anhydrous
ethyl acetate was allowed to stand for five days at room temperature, The residue, obtained
by concentrating the reaction mixture to dryness, was triturated with 90-100° ligroin
and then with water, yielding 51.2 g. (100%) of nearly colorless XXXI, m.p. 136-138°,
When recrystallized from absolute ethanol and from ethyl acetate, colorless crystals were
obtained, m.p. 137.5-139°.

PROCEDURE D

(a.) Benzyl 4-phenylearbamyl-1-piperazinecarbozylate (XXI). A mixture of 9.3 g. (0.1
mole) of aniline, a solution of 28.3 g. (0.1 mole) of X in 15.5 ml. of toluene, and 25 ml. of 4
N sodium hydroxide was shaken in a stoppered flask for 22 hours. The reaction mixture
was then acidified, the aqueous layer decanted, and the organic layer diluted with 20-40°
petroleum ether. Filtration yielded 27.2 g. (80%) of colorless XXI, m.p. 127-136°. Recrystal-
lization from ethanol and from benzene gave colorless erystals, m.p. 139-140°.

Benzyl 4-benzylcarbamyl-1-piperazinecarbozylate (XX). A mixture of 45.2 g. (0.205 mole)
of VII, 20 g. (0.0785 mole) of phenylacetohydroxamie acid benzoate (18), and 100 ml. of
water wag heated for ten minutes on a steam-bath. The mixture became cloudy and an oil
separated. The mixture was diluted with 225 ml. of water, chilled, acidified with concen-
trated hydrochloric acid, and filtered to remove a colorless precipitate. The precipitate
was warmed with aqueous sodium bicarbonate, washed with water, and dried at 100°,
The yield of ecrude XX, m.p. 120-129°, was 21 g. (76%). Recrystallization from absolute
ethanol, using Norit, gave colorless crystals, m.p. 134-135.°

Benzyl 4-dimethylearbamyl-1-piperazinecarbozylate (XXV). A solution of 10.8 g. (0.1
mole) of dimethylearbamyl chloride (19) in 10 ml. of ethyl acetate was added with shaking
and cooling to 44.0 g. (0.2 mole) of VII in 250 ml. of ethyl acetate. After one-half hour at
0°, the reaction mixture was allowed to stand at room temperature overnight.

Filtration of the reaction mixture yielded 21.5 g. (85%) of colorless crystals of benzyl
1-piperazinecarboxylate hydrochloride (IX), m.p. 155-156°. The filtrate was concentrated
on a steam-bath, the residual yellow oil was dissolved in chloroform, and the chloroform
solution was washed with 1 N hydrochloric acid, 5% aqueous sodium bicarbonate, and then
with water, and dried over magnesium sulfate.
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The chloroform was removed by distillation and the residual pale amber syrup was
distilled in vacuo. The produet (XXV) distilled as a colorless viscous liquid, b.p. 206-207°/
1.1 mm., and weighed 16.1 g. (55%,).

Benzyl 4-guonyl-1-piperazinecarboxylate sulfate (XXXII). A mixture of 26.4 g. (0.12
mole) of VII, 13.9 g. (0.05 mole) of S-methyl isothicurea sulfate, and 50 ml. of 65% ethanol
was refluxed for nine hours, at which time the evolution of methyl mercaptan had ceased.
The resulting solution, containing a small amount of erystalline precipitate, was concen-
trated in vacuo, and the residual glassy resin was crystallized by trituration with ether.
Recrystallization from aqueous ethanol yielded 10.7 g. (35%) of colorless crystals of
XXXIII, m.p. 227° (dec.).

SUMMARY

Benzy! 4-carbamyl-1-piperazinecarboxylate and related compounds have been
synthesized from benzyl 1-piperazinecarboxylate and from 4-carbobenzyloxy-1-
piperazinecarbonyl chloride. A number of these compounds have been demon-
strated to possess anticonvulsant activity.

Prary River, New YoRk,
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