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Synthesis and Anticonvulsant Activity of 2-Iminohydantoins
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Iminohydantoins selectively substituted at position C-5 and their 1-carbobenzoxy derivatives have been synthesized,
and their anticonvulsant activity was evaluated in mice. In general, the more lipophilic 1-carbobenzoxy iminohydantoins
were more potent than the unsubstituted counterparts. Evaluation of the individual enantiomers of the chiral
iminohydantoins showed that the anticonvulsant activity resided primarily in the S isomers. In this study, (S)-
(+)-1-carbobenzoxy-5-isobutyl-2-iminohydantoin (9a) was the most active member. This compound was not nearly
as active as phenytoin against electrically induced convulsions, but was also active against pentylenetetrazole-induced
seizures, suggesting a broader clinical potential. The closest analogue of phenytoin, viz., 5,5-diphenyl-2-iminohydantoin
(1), failed to show any significant activity. Methylation on N-3 or the imino nitrogen of 1 also did not provide a
compound with substantial activity. 2-Thiophenytoin was not active against electroshock seizures and showed only
a weak activity against pentylenetetrazole. This study suggested that the structure—activity relationship of 2-im-
inohydantoins was quite different from that of 2-hydantoins.

Epilepsy is a collective designation of seizure disorders
that affect over two million Americans.!? Currently
marketed anticonvulsants do not often provide complete
control of seizures, and are associated with a wide range
of side effects. A need currently exists for improved an-
ticonvulsant drugs.

The use of hydantoins as antiepileptic drugs was initially
introduced by Sobotka3 and then by Merritt and Putnam.*
Since their introduction, the effect of structural modifi-
cation of the hydantoin ring on anticonvulsant activity has
been a subject of great interest and the structure-activity
relationship (SAR) has been discussed.”” In general, the
5-phenylhydantoins suppress electrically induced con-
vulsions in experimental animals (supramaximal elec-
troshock seizure test, MES test) but are ineffective against
chemically induced convulsions (subcutaneous Metrazol
seizure test, scMET test).® Phenytoin (5,5-diphenyl-
hydantoin, DPH, Dilantin), the most active member in this
class, is one of the most widely used anticonvulsant agents,
but is associated with a variety of toxic effects? and is
teratogenic.?

In contrast to the hydantoins, there have been relatively
fewer studies on the sulfur analogues, viz., 2-thio-
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hydantoins. There are conflicting reports on the anti-
convulsant activity of 2-thiophenytoin (5,5-diphenyl-2-
thiohydantoin, DPTH), the closest analogue of phenytoin.
Knofel and Lehman reported!! that 2-thiophenytoin did
not raise the threshold of electrically induced convulsions
in cats. Later studies, however, indicated that 2-thio-
phenytoin protected against maximal electroshock seizures
in rats.!2!3 Limited information on the SAR of 2-thio-
hydantoins is available, and the SAR is quite different
from that of the hydantoin series: 2-thiophenytoin was
not the most active member in this series and 5-phenyl-
5-alkyl-2-thiohydantoin derivatives were also found to have
weak or no anticonvulsive activity.!! On the other hand,
2-thiohydantoins with a four carbon alkyl chain at the C-5
carbon, and a two to three carbon alkyl chain at the N-3
nitrogen were the most active, especially against scMET
test.!4 In general, and in contrast to active hydantoins,
the 2-thiohydantoins were more effective against scMET
test than against MES test. Despite the potent anticon-
vulsive activities exhibited by some of the 2-thio-
hydantoins, further development of 2-thiohydantoins as
clinically useful anticonvulsants was hampered by their
notable antithyroidal properties, which were attributed to
the structural similarity between the 2-thiohydantoins and
the thiouracils, well-known antithyroid drugs.!¢!"

Another structurally close analogue of hydantoin is 2-
iminohydantoin (glycocyamidine). The phenytoin ana-
logue, viz., 5,5-diphenyl-2-iminohydantoin (1), is a known
compound;!® however, its biological activity has not been
reported. The only available information on anticonvul-
sant activity of iminohydantoins is that 3-[8-(diethyl-
amino)ethyl] and 3-(8-morpholinoethyl) derivatives of
5,5-diphenyl-2-iminohydantoin showed some activity
against scMET test, but not against MES test.!?

The close structural resemblance among the three types
of hydantoins, viz., 2-iminohydantoins, 2-thiohydantoins,
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compound R R1 Ry Rg R's
1 -H H H -CgHs -CgHsg

2 -H H H -CgHg “H

3 “H H H CHyCgHsg -H

4 ‘H H H -CHyCH(CH3) 2 -H

5 -H H -H -H -H
6 -H - (C=0)OCHCgHs -H -CgHsg -CgHsg

7 “H - (C=0)OCHCgHs ‘H -CgHs -H

8 -H - (C=0)OCHCgHsg -H -CHyCgHg H

9 -H - (C=0)OCHyCgHs -H -CHaCH(CH3)3 -H

10 -H (C=0) OCHCgHs -H -H H
11 -CHs H ‘H -CgHsg -CgHsg
12 -H ‘H -CHs -CgHs -CgHsg

Figure 1.

and hydantoins, and that the latter two are well-estab-
lished anticonvulsants warranted exploration of 2-imi-
nohydantoins as potential anticonvulsants.

In this study, we have focused primarily on the sub-
stituent effect at C-5 of the 2-iminohydantoin ring, and
the compounds selected were 5,5-diphenyl-2-iminohydan-
toin (1), 5-phenyl-2-iminohydantoin (2), 5-benzyl-2-imi-
nohydantoin (3), 5-isobutyl-2-iminohydantoin (4), 2-imi-
nohydantoin (5), and their 1-carbobenzoxy derivatives 6,
7, 8,9, and 10, respectively, to enhance lipophilicity of the
corresponding 2-iminohydantoins (Figure 1). In addition,
N-methyl-5,5-diphenyl-2-iminohydantoin (11) and 3-
methyl-5,5-diphenyl-2-iminohydantoin (12) were also in-
cluded to study the effect on modulation of hydrogen-
bonding capability of 1. Phenytoin served as positive
control and 2-thiophenytoin was included as comparison
purpose.

Chemistry

The 1-carbobenzoxy-5-substituted-2-iminohydantoins
were prepared essentially by the methods® published
previously with some modifications. Commercially
available carbobenzoxy (Z) amino acids were used as the
starting materials except for the compounds 6 and 7 where
the corresponding amino acids were coupled with benzyl
chloroformate to produce the N-carbobenzoxy amino acids.
The acylation of 2,2-diphenylglycine required an additional
equivalent of benzyl chloroformate presumably due to the
steric hindrance provided by the two bulky phenyl rings
on the molecule. N-Carbobenzoxy-protected amino acid
was allowed to react initially with dicyclohexylcarbodiimide
(DCC) and then with N-hydroxysuccinimide to form ac-
tivated succinimide ester. The succinimide ester was
coupled with excess sodium cyanamide (or with cyanamide
and NaOH) to initially produce N-carbobenzoxy-a-
aminoacylcyanamide sodium salt, as indicated by the
presence of a band typically at 2140 cm™ (—N=C=N")
of its IR spectrum. The reaction mixture was acidified and
extracted with a suitable organic solvent to obtain the
un-ionized N-protected aminoacylcyanamide, as indicated
by the presence of an IR band typically at 2260 cm™
(—NHC=N). This tautomeric relationship between
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carbodiimide and cyanamide of acylcyanamides has been
previously reported.® The crude N-protected amino-
acylcyanamide underwent intramolecular cyclization
spontaneously or by heat treatment to the corresponding
Nl.protected 2-iminohydantoin in good yields. Removal
of the carbobenzoxy group was effected by hydrogenation
to produce the corresponding 2-iminohydantoin in 20-50%
yields (Scheme I). This procedure afforded synthesis of
optically active isomers of some of the iminohydantoins
by starting with the corresponding (+)- or (-)-amino acids.
Compound 1 was also synthesized by a published proce-
dure!® by reacting benzil with guanidine, and its physico-
chemical and spectral data were compared with those of
1 prepared from the above procedure for verification
purpose.

The reaction of benzil with 1-methylguanidine resulted
in formation of two major crystalline products which were
isolated by fractional crystallization. The spectral data
for the less soluble product suggested it to be N-methyl-
5,5-diphenyl-2-iminohydantoin (11), and this was con-
firmed by reacting methylamine with 2-(methylthio)-4,4-
diphenyl-5-imidazolinone to give product with identical
physicochemical and spectral properties as 11. The more
soluble product was assigned as 3-methyl-5,5-diphenyl-2-
iminohydantoin (12), and its structure was confirmed by
comparing its physicochemical data, spectral data with
those of the same product reported,?? which was prepared
by the reaction of 1 with methyl iodide.

Results and Discussion

The iminohydantoin analogue of phenytoin, viz., 1, and
its immediate chemical precursor 6 were initially tested
against MES and scMET tests in mice by the Epilepsy
Branch, Division of Convulsive, Developmental, and
Neuromuscular Disorders, NIH, Bethesda, MD. To our
surprise, both of these compounds failed to produce any
significant anticonvulsant activity up to a dose of 300
mg/kg. The tests were repeated in our laboratory and the
same negative finding was observed up to a dose of 3000
mg/kg. It was difficult to rationalize these findings in view
of such a close structural resemblance of 1 to phenytoin
and thiophenytoin. It has been reported? that 2-thio-
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Anticonvulsant Activity of 2-Iminohydantoins

Table I. Preliminary Anticonvulsant Testing Data I¢
scMET? mES®

optical
compound  config 05h 4h 05h 4h
l —_ p— —_ —_
6 —_ —_ —_ —_
7 - - - -
3a S + - ++ -
3b R + - ND¢ -
8a S +++ - ++ ++
8b R + - - -
4a S - ND ND ND
9a S L = = S U
9b R ++ 4+ ND ND
5 - - - -
10 + ++ - -
11 - - - -
12 - - - -

%Drugs were delivered intraperitoneally. +++, ++, and + de-
note activity at 30, 100, and 300 mg/kg, respectively.
bSubcutaneous Metrazol seizure test. ©Minimal electroshock sei-
zure test. YND = not determined.

Table II. Anticonvulsant Testing Data II

EDy,®

compound scMET? mES*®
3a >1000 97.8 (33.0-289)4
8a >1000 213 (71.9-632)
4a >300 and <1000 ND
9a 92.8 (48.5-178) 44.5 (18.1-108)
9b 547 (153-1959) ND
10 NA 459 (67.1-3144)
thiophenytoin 1335 (675-2644) NA
phenytoin NA 2.3 (0.90-5.9)

2EDg, values are in milligrams/kilogram of test drug delivered
intraperitoneally and measured at 0.5 h. ND = not determined.
NA = not active. ®Subcutaneous Metrazol seizure test. ¢Minimal
electroshock seizure test. ¢ Numbers in parentheses are 95% con-
fidence intervals.

phenytoin is considerably more lipophilic than phenytoin,
and our comparative TLC analysis of 2-thiophenytoin,
phenytoin, and 1 indicated that 1 was the least nonpolar
compound, followed by phenytoin, and 2-thiophenytoin
[R; = 0.38, 0.69, and 0.97 in CH;OH-CH,CI, (1:9), re-
spectively]. The steric size and conformational structure
of 1 should be essentially the same as phenytoin; therefore
it was conceivable that lack of activity of 1 was perhaps
due to its unfavorable pharmacokinetic properties, e.g.,
incomplete absorption and/or incomplete penetration
across the blood-brain barrier. N-Methyl-substituted
diphenyliminohydantoins, viz., 11 and 12, were synthesized
to enhance lipophilicity with minimal change in steric size
and to examine the ability to form hydrogen bonds in the
anticonvulsant activity. Both of these compounds were
ineffective against scMET/MES tests but showed ob-
servable but weak activities against mES test (EDs;, > 500

mg/kg).
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We then proceeded to examine the substituent effect at
C-5 on the iminohydantoin ring (Tables I and II). The
mono-phenyl-substituted compound 2 could not be syn-
thesized for testing; however its carbobenzoxy derivative
7 was tested and shown to be devoid of any significant
activity. Initial studies on the 5-benzyl-substituted imi-
nohydantoins showed that the S isomers 3a and 8a were
active against mES test as well as scMET test; however
the subsequent quantitative testings did not provide good
dose-response characteristics against scMET test. Ad-
ditionally, the R isomers 3b and 8b failed to show any
significant anticonvulsant activity. Studies on the 5-iso-
butyl-substituted iminohydantoins showed the similar
pattern of differences in activity by the stereoisomers. The
1-carbobenzoxy-substituted S isomer 9a was active against
both mES and scMET tests. On the other hand, its R
isomer 9b was considerably less active than 9a. The un-
protected S isomer 4a was also less active than 9a. The
unsubstituted iminohydantoin 5 failed to show any ac-
tivity, but the 1-carbobenzoxy derivative 10 showed a weak
activity against mES test. It was apparent from this study
that the 1-carbobenzoxy-substituted iminohydantoins
generally showed higher activities than the corresponding
counterparts. It is however not known whether the intact
carbobenzoxy moiety is an important structural feature
for activity or is only contributing toward the enhanced
lipophilicity. The carbobenzoxy group may readily by
hydrolyzed by the action of ubiquitous amidases/esterases
and therefore may simply serve as a bioreversible lipophilic
promoiety of the iminohydantoins. On the other hand, the
intact carbobenzoxy moiety may be an important integral
component of the 2-iminohydantoins. This moiety not
only adds an increased hydrophobic and steric factors to
the molecules but also may influence other factors, e.g.,
pK, and the ability to undergo tautomeric exchanges be-
tween the endo- and exo-cyclic imines, which may also play
important roles in providing enhanced anticonvulsant
activity.

Among the iminohydantoins screened, the anticonvul-
sant activity of the most active member 9a was also con-
firmed by the Epilepsy Branch, NIH. The anticonvulsant
activity of 9a and its protective index (PI) was compared
with some of the structurally related, ureide-containing
anticonvulsant drugs (Table III). The data show that 9a
is approximately 10-fold less potent than phenytoin against
MES test, but the former is also active against scMET test,
suggesting its wider clinical potential. The Phase II an-
ticonvulsant activity profile of 9a appears to closely match
that of phenacemide, an open-chain ureide structure.

In summary, the pharmacological data obtained in this
investigation suggest that the SAR of 2-iminohydantoins
is quite different from that of hydantoin series in view of
the lack of any significant activity by 1. The notable
anticonvulsant activity of 9a against MES/mES and
scMET tests suggests that the SAR of 2-iminohydantoins

Table III. Summary of Phase II Evaluation of 9a in Comparison with Prototype Drugs

EDy,? PI?
compound MES scMET tox, TDyg, MES scMET
9a 98.6 140.7 349.5 3.5 2.5
(67.0-141.4)° (88.7-214.4) (252.9-400)

phenytoin? 9.5 NA/ 65.5 6.9

mephenytoin® 61 31 154 2.5 5.0
phenacemide* 87 116 421 48 3.6
phenobarbital? 21.8 13.2 69.0 3.2 5.2
ethosuximide? >1000 130.4 440.8 34

9EDjg, and TDy, (rotorod ataxia test; neurotoxicity) values are in milligrams/kilogram of test drug delivered intraperitoneally and mea-
sured at time of peak effect or peak neurologic deficit. ®PI = protective index (TD;s,/ED;). ©Numbers in parentheses are 95% confidence

intervals. ¢Reference 24. *Reference 6. 'NA = not active.
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may be similar to that of 2-thiohydantoins. Research is
in progress to examine this hypothesis and to further de-
fine the SAR of 2-iminohydantoins.

Experimental Section

Melting points were determined on a Thomas-Hoover capillary
melting point apparatus and were uncorrected. Microanalyses
were performed by Atlantic Microlab, Inc., Norcross, GA. The
following instruments were used: IR, Perkin-Elmer Model 281;
1H NMR, Varian EM-360L CW, 60 MHz (Me,Si as internal
standard); Polarimeter, Perkin-Elmer Model 241. Silica gel GF
plates (250 u, Analtech) were used for thin-layer chromatography
(TLC). All chemicals and solvents were reagent grade and were
purchased from commercial vendors. 5,5-Diphenylhydantoin and
5,5-diphenyl-2-thiohydantoin were purchased from Aldrich and
used without further purification.

N-Carbobenzoxy-2,2-diphenylglycine. Benzyloxycarbonyl
chloride (3.41 g, 2.86 mL, 0.02 mol) in 15 mL of THF was added
to a suspension of 2,2-diphenylglycine (4.55 g, 0.02 mol) and NaOH
(0.84 g, 0.02 mol) in THF/H,0 (50 mL/50 mL) at ice bath tem-
perature. The reaction was allowed to proceed for 3 h at this
temperature, then another equivalent of each of benzyloxycarbonyl
chloride and NaOH was added, and the reaction mixture was
stirred at room temperature overnight. The mixture was con-
centrated to half of its volume in vacuo. The resulting aqueous
solution (pH 9.4) was further basified to pH 12 by 10% NaOH
and extracted with methylene chloridz (3 X 50 mL). The aqueous
layer was separated, acidified to pH 2.5, and extracted with EtOAc
(3 X 50 mL). The separated organic layer was dried over an-
hydrous sodium sulfate and the filtrate was evaporated in vacuo
to give 7.0 g of the crude product as thick yellow liquid. This
was used to synthesize 6 without further purification: 'H NMR
(CDCly) 6 7.53-7.12 (fused d, 15 H, ArH), 4.90 (2, 2 H, CH,0).

1-Carbobenzoxy-5,5-diphenyl-2-iminohydantoin (6). A
mixture of N-carbobenzoxy-2,2-diphenylglycine (14.75 g, 0.04 mol),
DCC (8.25 g, 0.04 mol), and N-hydroxysuccinimide (4.60 g, 0.04
mol) was stirred in 100 mL of THF at ice bath temperature for
3 h. The reaction mixture was filtered and the filtrate was added
dropwise to a solution of monosodium cyanamide (7.68 g, 0.12
mol) in 100 mL of H,0 at ice bath temperature. After stirring
overnight at room temperature, the mixture was concentrated in
vacuo to remove THF and filtered. The aqueous filtrate (pH 10.4)
was further basified to pH 12 with 10% NaOH and extracted with
methylene chloride (3 X 50 mL). The methylene chloride extract
contained essentially all of the UV quenching materials and it
was evaporated in vacuo to give crude N-carbobenzoxy-2,2-di-
phenylglycylcyanamide sodium salt as thick yellowish liquid: IR
(Nujol, em™) 3400 (NH), 2140 (N=C=N-), 1700 (C=0), 1640
(C=N). Addition of H,0 to this liquid in an attempt to remove
water soluble byproducts resulted in formation of a solid product
(10.13 g). This solid was filtered and crystallized from hot
methanol to give 9.16 g (59.4% yield) of 6: mp 187-188 °C; TLC
R; = 0.73 in MeOH/CH,Cl, (1:9); 'H NMR [CDCl,/DMSO0-d,
(1:7)] 6 7.01-7.41 (m, 15 H, ArH), 4.96 (s, 2 H, OCH,), 3.49 (br,
1 H, NH); IR (Nujol, cm™) 3400, 3300 (NH), 1700 (C=0), 1650
(C=N). Anal. (Cy3HgN30,) C, N; H: calcd, 4.96; found, 5.45.

5,5-Diphenyl-2-iminohydantoin (1). Method A. Compound
6 (3.0 g, 7.8 mmol) was subjected to catalytic transfer hydro-
genation with 9% palladium on charcoal (1.0 g) and ammonium
formate (2.3 g) in 200 mL of methanol at room temperature for
1 h. The reaction mixture was filtered through a bed of Celite
and the filtrate was evaporated in vacuo to give 0.6 g of a crude
solid product. This was crystallized from methanol to give 0.4
g (20% yield) of 1: mp 354-355 °C; TLC R, = 0.38 in MeOH/
CH,Cl, (1:9); 'H NMR [CDCIS/DMSO dg (1 7)] 6 6.91-7.45 (m,
10 H, ArH), 3.24 (br, 1 H, NH); IR (Nujol, cm™) 3400 (NH), 1700
(C=0), 1650 (C=N). Anal. (CisHy13N30) C, H, N.

Method B. A mixture of benzil (2.10 g, 0.010 mol), guanidine
carbonate (1.35 g, 0.015 mol), and KOH (1.12 g, 0.020 mol) in 50
mL of ethanol was refluxed for 3.5 h. After cooling, ethanol was
removed in vacuo and the resulting solid was crystallized from
hot methanol to give 1.68 g (80% yield) of 1: mp 354-356 °C (lit.!®
mp 290 °C); TLC R; = 0.37 in MeOH/CH,Cl, (1:9); 'TH NMR
[CDCl;/DMSO0-dg (1 7] 6 6.92-7.45 (m, 10 H, ArH), 3.24 (br, 1
H, NH); IR (Nujol, cm™) 3400 (NH), 1700 (C=O) 1650 (C=N).

Preparatlon of N-Methyl-5,5-diphenyl-2-iminohydantoin

Kwon et al.

(11) and 3-Methyl-5,5-diphenyl-2-iminohydantoin (12) from
Benzil and 1-Methylguanidine. A mixture of 1-methyl-
guanidine hydrochloride (2.19 g, 0.02 mol) and benzil (4.20 g, 0.02
mol) in 40 mL of ethanol and KOH (1.68 g, 0.03 mol) in 3 mL
of HyO was refluxed for 3.5 h. After cooling, the mixture was
evaporated in vacuo to near dryness. The resulting semisolid
residue was mixed with H,O (25 mL) and methylene chloride (25
mL) whereupon white precipitate was formed between the aqueous
and organic layer. The precipitate was filtered and crystallized
from hot methanol to give 1.33 g of 11: mp 324-326 °C; TLCR
= 0.43 in MeOH/CH,Cl, (1:9); 'H NMR (DMSO-dg) 4 7.30 (s, 1
H, Al’H), 2.61 (S, 3 H, NCH3). Anal. (CISH15N3O) Cy Hr N'

The above filtered methylene chloride portion was dried over
anhydrous sodium sulfate, the filtrate was evaporated in vacuo,
and the resulting solid residue was crystallized from methylene
chloride to give 0.55 g of 12: mp 238-239 °C (lit. 22 mp 238-239
°C); TLC R; = 0.59 in MeOH/CH,Cl, (1:9); 'H NMR (CDCly)
4 7.00-7.50 (m, 10 H, ArH), 3.00 (NCH3); IR (Nujol, cm") 3400
(NH), 1710 (C==0), 1650 (C=N). Anal. (C;¢H,;;N;0-'/,H,0) C,
H, N.

Preparation of N-Methy!l-5,5-diphenyl-2-iminohydantoin
(11) from 2-(Methylthio)-4,4-diphenyl-5-imidazolinone and
Methylamine. A solution of 2-(methylthio)-4,4-diphenyl-5-
imidazolinone (2.82 g, 0.01 mol) and methylamine (0.68 mL, 0.02
mol) in 10 mL of ethanol contained in a sealed tube was heated
on a steam bath for 2 h. After cooling to room temperature, the
resulting precipitate was filtered to give 2.00 g of crystalline crude
product. This was recrystallized from hot ethanol to give 1.46
g (55% yield) of 11: mp 326-328 °C (lit.2 mp 322-324 °C); TLC
R, = 0.43 in MeOH/CH,Cl, (1:9); 'H NMR (DMSO0-dg) 6 7.30 (s,
10 H, ArH), 2.61 (s, 3 H, NCHj).

2-(Methylthio)-4,4-diphenyl-5-imidazolinone. A mixture
of 5,5-diphenyl-2-thiohydantoin (4.8 g, 0.018 mol) dissolved in
5 mL of MeOH, NaOH (0.78 g, 0.02 mol) dissolved in 5 mL of
H,0, and iodomethane (1.25 mL, 0.02 mol) in a sealed tube was
heated on a steam bath for 2 h. After cooling to room temperature,
the resulting crystalline precipitate was filtered to give 3.65 g
(71.8% yield) of the desired product: mp 202-204 °C; TLC R,
= 0.70 in EtOAc/hexane (5:4); 'H NMR (CDCl,) 4 7.60 (s, 10 H’
ArH), 2.90 (SCH,).

(x)-N-Carbobenzoxy-2-phenylglycine. Benzyl carbono-
chloridate (3.41 g, 2.86 mL, 0.02 mol) in 15 mL of THF and 10%
aqueous NaOH (0.84 g, 8.0 mL, 0.02 mol) were added dropwise
via separate channels to a suspension of (+)-2-phenylglycine (3.02
g, 0.02 mol) and NaOH (0.84 g, 0.02 mol) in THF /H,0 (50 mL/50
mL) at ice bath temperature. After stirring overnight at room
temperature, the mixture was concentrated to half of its volume
in vacuo. The resulting aqueous solution (pH 9.4) was further
basified to pH 12 by 10% NaOH and extracted with methylene
chloride (3 X 50 mL). The aqueous layer was separated, acidified
to pH 2.2, and extracted with EtOAc (3 X 50 mL). The separated
organic layer was dried over anhydrous sodium sulfate and the
filtrate was evaporated in vacuo to give 4.79 g of the crude product
as white solid: R, = 0.73 EtOAc/AcOH (100:1). This was used
to synthesize 7 w1thout further purification: 'H NMR (CDCl,)
6 10.30 (s, 1 H, COOH), 6.82-7.45 (m, 10 H, ArH), 5.18 (s, 1 H,
CH), 5.03 (s, 2 H, CH,0).

(x)-1-Carbobenzoxy-5-phenyl-2-iminohydantoin (7). A
mixture of ()-N-carbobenzoxy-2-phenylglycine (2.85 g, 0.01 mol),
DCC (2.06 g, 0.01 mol), and N-hydroxysuccinimide (1.15 g, 0.01
mol) was stirred in 100 mL of THF at ice bath temperature for
3 h. The reaction mixture was filtered and the filtrate was added
dropwise to a solution of monosodium cyanamide (1.92 g, 0.03
mol) in 100 mL of H;0 at ice bath temperature. After stirring
overnight at room temperature, the mixture was concentrated in
vacuo to remove THF and filtered. The aqueous filtrate (pH 10.4)
was further basified to pH 12 with 10% NaOH and extracted with
methylene chloride (3 X 50 mL). The aqueous layer was separated,
acidified to pH 2.2, and extracted with EtOAc (3 X 50 mL). The
EtOAc extract was evaporated after drying over anhydrous sodium
sulfate in vacuo to give a thick yellow liquid: IR (Nujol, cm™)
3400 (NH), 2260 (—NHC=N), 1710 (C=0), 1640 (C=N). Ad-
dition of H;0 to this liquid resulted in formation of a solid product.
This solid was crystallized from hot methanol to give 2.60 g (70.6%
yield) of 7: mp 225-226 °C; TLC R, = 0.63 in MeOH/CH,Cl, (1:9);
IR (Nujol, cm™) 3500, 3380 (NH), 5040 (C¢Hp), 1740, 1700 (C=0),
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1660 (C=N); 'H NMR [CDCl;/DMSO-dg (1:7)] 4 6.58-7.32 (m,
10 H, ArH), 5.17 (s, 1 H, CH), 5.00 (s, 2 H, OCH,), 3.33 (br, 1 H,
NH). Anal. (CnHszOs) C, H, N.
(S)-(+)-1-Carbobenzoxy-5-benzyl-2-iminohydantoin (8a)
was prepared with use of (+)-N-carbobenzoxyphenylalanine on
a 0.02-mol scale in the procedure for 7 to give crude N-carbo-
benzoxy-L-phenylalanylcyanamide as a thick yellow liquid. This
liquid was diluted in a small amount of ethanol and heated in
the steam bath for 5 min. Addition of H,0 to this resulted in
formation of a solid product. This solid was crystallized from
EtOAc/ hexane to give 4.10 g (63.4% yield) of 8a: mp 173-175
°C; []%®p +120.2 (¢ = 1.0, MeOH); TLC R, = 0.55 in MeOH/
CH,CI, (1:9); IR (Nujol, cm™) 3400 (NH), 3040 (CeHy), 1740, 1700
(C=0), 1650 (C=N); 'H NMR (CDCl,) 4 6.65-7.69 (m, 10 H,
ArH), 5.30 (s, 2 H, OCHj,), 4.25-4.49 (t, 1 H, CH), 3.11-3.29 (d,
2 H, CHz). Anal, (CIBH17N303) C, H, N.
(R)-(-)-1-Carbobenzoxy-5-benzyl-2-iminohydantoin (8b)
was prepared with use of (-)-N-carbobenzoxyphenylalanine on
a 0.02-mol scale in the procedure for 8a to give crystalline 8b in
62% yield: [a]®p -121.4 (¢ = 1.0, MeOH).
(8)-(-)-5-Benzyl-2-iminohydantoin (3a). Compound 8a (1.00
g, 3.09 mmol) was subjected to catalytic transfer hydrogenation
with 9% palladium on charcoal (0.34 g) and ammonium formate
(0.77 g) in 50 mL of methanol for 2 h. The reaction mixture was
filtered through a bed of Celite and the filtrate was evaporated
in vacuo to give 0.45 g of a crude solid product. The solid was
washed with water and crystallized from ethanol to give 0.30 g
(51% yield) of 3a: mp 255-258 °C; [«]®p -134.7 (¢ = 1.0, MeOH);
TLC R; = 0.32 in MeOH/CH,Cl, (1:9); IR (Nujol, cm") 3350
(NH), 3040 (CgHg), 1700 (C=0), 1650 (C=N); 'H NMR
[{CDCl3/DMSO-dg (1:7)] 6 6.79-7.71 (m, 5 H, ArH), 3.75-4.25 (t,
1 H, CH), 2.75-3.08 (d, 2 H, CHz)- Anal. (CmHuN:;O) C, H, N.
(R)-(+)-5-Benzyl-2-iminohydantoin (3b) was prepared from
8b on a 3.09-mmol scale in the procedure for 3a to give 0.28 g
(47.7% yield) of 3b: [a]?®p +134.65 (¢ = 1.0, MeOH).
(8)-(+)-1-Carbobenzoxy-5-isobutyl-2-iminohydantoin (9a)
was prepared with use of (-)-N-carbobenzoxyleucine on a 0.02-mol
scale in the procedure for 7 to give a thick yellow liquid. This
liquid was heated in a steam bath to give a solid product and the
solid was crystallized from CH,Cl,/hexane to give 4.71 g (81.4%
yield) of 9a: mp 170-173 °C (lit.2 mp 169-171 °C); [«]®p, +22.68
(¢ = 1.0, MeOH); TLC R; = 0.68 in MeOH/CH,Cl, (1:9); IR (Nujol,
cm™) 3400, 3140 (NH) 3040 (CgHy), 1750, 1710 (C=0), 1660
(C=N); 1H NMR (CDCl,) 6 7.90 (br, 1 H, NH), 7.21-7.59 (m, 5
H, ArH), 5.30 (s, 2 H, OCH,), 4.09-4.35 (fused t, 1 H, CH),
1.51-2.08 (m, 3 H, CH and CH,), 0.59-0.98 (m, 6 H, CH;). Anal.
(CI5H19N303) C, H, N.
(R)-(-)-1-Carbobenzoxy-5-isobutyl-2-iminohydantoin (9b)
was prepared with use of (+)-N-carbobenzoxyleucine on a 0.02-mol
scale in the procedure for 9a to give 5.00 g (86.4% yield) of 9b:
[@]®p —-21.0 (¢ = 1.0, MeOH).
(8)-(-)-5-Isobutyl-2-iminohydantoin (4a). Compound 9a
(1.50 g, 5.18 mol) was hydrogenated with 9% palladium on
charcoal (1.50 g) in 50 mL of methanol for 1 h. The reaction
mixture was filtered through a bed of Celite and the filtrate was
evaporated in vacuo to give 0.51 g of a crude solid product. This
solid was crystallized from EtOAc/hexane to give 0.40 g (50%
yield) of 4a: mp 234-237 °C; [a])® -10.0 (¢ = 1.0, MeOH); TLC
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R; = 0.279 in MeOH/CH,Cl, (1:9); IR (Nujol, cm™) 3390, 3260
(NH), 1700 (C=0), 1650 (C=N); 'H NMR [CDCl,/DMSO0-d;
(1:7)] 8 7.20 (br, 1 H, NH), 3.51-3.89 (fused t, 1 H, CH), 1.09-1.75
(m, 3 H, CH and CH,), 0.29-0.85 (m, 6 H, CHs). Anal. (C,-
H13N30'0.2H20) C, H, N.

1-Carbobenzoxy-2-iminohydantoin (10) was prepared with
use of N-carbobenzoxyglycine on a 0.02-mol scale in the procedure
for 7 to give the crude product as white solid. This solid was
crystallized from THF /hexane to give 2.94 g (63.0% yield) of 10:
mp 204-206 °C; TLC R, = 0.55 in MeOH/CH,Cl, (1:9); IR (Nujol,
cm™) 3380, 3280 (NH), 1750 1700 (C=0), 1640 (C=N); 'H NMR
[CDCIS/DMSO-ds (1:7)] 6 7.50 (s, 5 H, ArH), 5.25 (s, 2 H, OCH,),
4,12 (S, 2 H, CHz), 3.38 (bl’, 1 H, NH). Anal. (CHHHN303) C,
H, N.

2-Iminohydantoin (5). Compound 10 (1.00 g, 4.28 mmol) was
hydrogenated with 9% palladium on charcoal (1.00 g) in 50 mL
of methanol for 1 h. The reaction mixture was filtered through
a bed of Celite and the filtrate was evaporated in vacuo to give
0.30 g of the crude solid product. This was crystallized from
ethanol to give 0.29 g (52.1% yield) of 5: mp 275 °C dec; IR (Nujol,
cm™l) 3380 (NH), 1700 (C=0), 1640 (C=N); 'H NMR
[CDCly/DMSO-dg (1:7)] 6 3.62 (s, 2 H, CHy), 3.28 (br, 1 H, NH).
Ana]. (CsH5N30) C, H, N.

Pharmacology. Adult, male Swiss-Webster mice (20-25 g,
Taconic Farms, Germantown, NY) were used. The mice were
housed in an environmentally controlled room (12 h light/dark
cycle, lights on 07:00; 35-45% humidity; 20-23 °C) with food and
water available ad libitum, except when removed from cages for
testing. Drugs used for antiepileptic testing were dissolved in
normal saline or suspended in 2% carboxymethylcellulose (CMC).
All test drugs were injected intraperitoneally in a volume not
exceeding 4.0 mL/kg. Dose-response characteristics were de-
termined from at least three groups of mice (typically 6-8
mice/group) for each drug tested.

The drugs were screened against (1) chemically induced seizures
utilizing pentylenetetrazole (80-85 mg/kg, sc) as the convulsant
and (2) electrically induced seizures (minimal and supramaximal
seizures; Electroshock Unit Model 114, IITC, Landing, NJ) at
0.5 and 4.0 h after drug administration. Minimal electroshock
seizures (mES) were induced by an 18 mAmp current (duration
0.2 s) delivered via corneal electrodes, whereas supramaximal
electroshock seizures (MES, mazximal electroshock) were elicited
at a 50-mAmp current. Minimal electroshock seizures are induced
by the minimum (threshold) current required to cause clonic
convulsions in 100% of the test mice. The supramaximal elec-
troshock test utilizes a current roughly 2-5 times greater than
threshold in order to induce tonic hindlimb extension in 100%
of the mice tested.

Compounds 1, 6, and 9a were also screened by the Epilepsy
Branch of NINCDS by using established protocols. Among these,
9a advanced to Phase II.
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