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A series of A-Cbz-o-aminosucinimides (1), combining common moieties of various an-
ticonvulsants such as N-CO-C-N and cyclic imide in a single molecule, were synthesized from
the corresponding (R)- and (S)-A-Cbz-aspartic acid (2). And their in vivo anticonvulsant evalu-
ations in MES and PTZ test were investigated. And also the rotorod test for neurotoxicity was in-
vestigated. All the tested compounds (1), except Tc and 1f, showed significant anticonvulsant
activities in both MES and PTZ test. And the most active compound among them in MES test
was  (R)-MN-Cbz-a-amino-N-methylsuccinimide (1b) (EDs,=52.5 mgkg) and (S)-N-Cbz-
aminosuccinimide((1d) was most active in PTZ test (ED;,=78.1 mg/kg). And the TDs, values of
the tested compounds were above 117.5 mgkg. These pharmacological data were comparable
to those of currently available anticonvulsants. And also we found that the pharmacological ef-
fects were dependent on their Asubstituted alkyl chains and their stereochemistry.
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INTRODUCTION

Epilepsy is a collective designation of seizure dis-
orders that affect about 1% of population (Harvey
and Champe, 1992). And currently marketed an-
ticonvulsants do not often provide complete control
of seizure, which consists of various form of seizures
(Wilder, 1985). So no single agent is effective against
the various forms and degrees of convulsive disorders.
Furthermore, it was reported that about 20-40% of e-
pileptic patients failed to experience significant
seizure control with the currently available drugs
(Harvey and Champe, 1992).

Therefore, the past dacade has witnessed a resur-
gence of interest in developement of new anti-
convulsant drugs including modification of drugs,
such as hydantoin (Sun et al, 1994; Brouillette et al/.,
1994; Gaoni et al, 1994) and succinimide
(Borenstein and Dukas, 1987; Kornet, 1984), GABA
related compounds (Anderson et al., 1993; N'Goka et
al, 1991), NMDA antagonists (Heckendorn et al,
1993; Hays et al, 1993) and derivatives of various
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amino acids (Kohn et al, 1994; idem, 1993). But
these compounds were reported to have limitations of
narrow anticonvulsant spectrum.

Consquently, there is a need for the developement
of antiepileptic substances having broader clinical
spectrum and lower side effects.

In connection with the developement of new an-
ticonvulsant, we examined the structural similarities
of various anticonvulsant compounds, known to act
by different mechanisms. From the above inspection,
we found out the interesting facts that hydantoins and
N-acylamino acid amides, showing anticonvulsant ef-
fect in maximal electric shock seizure (MES) test, had
the N-CO-C-N and succinimides such as phen-
suximide, ethosuximide and methsuximide, showing
anticonvulsant effect in pentylenetetrazole induced
seizure (PTZ) test, had cyclic imides as common
moiety in their structure. And also NMDA antagonists,
showing anticonvulsant activity, had the structural
similarity to the aspartic acid or glutamic acid in
view of bioisoster.

Based on the above facts, we designed the fol-
lowing structure such as 1 in Fig .1, combining all
the forementioned moieties in a single molecule, as
new anticonvulsant of broader spectrum. Usually the
stereoisomers exhibited different pharmacological ac-
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Fig. 1.

tivities, so we prepared the (R) and (S) compounds in
order to investigate the pharmacological differences
between their stereoisomers.

Herein we wish to report the synthesis of a series of
N-Cbz-a-aminosuccinimides (1) and their /n vivo an-
ticonvulsant evaluations in MES and PTZ test.

METERIALS AND METHODS

Melting points were determined by Electrothermal
digital melting point apparatus and were uncorrected.
IR spectra were taken in KBr disks with JASCO FT/IR
200 and were reported in cm™. "H NMR spectra were
recorded in DMSO-d, on JNM-EX90A and chemical
shifts were reported as & values in parts per million
from TMS as an internal standard. All yields referred
to chromatographically and spectroscopically homo-
geneous materials. The pharmacological tests were
carried out according to the protocol of the An-
tiepileptic Drug Developement Program, National In-
stitute of Neurological Disorders and Stroke
(Swinyard et al., 1988).

Synthesis

The compounds (3-5) could be prepared from the
corresponding (R)- or (S)-AN-Cbz-aspartic acid in
moderate yields by using known chemical reactions
(Itho, 1969: Sandler et al., 1972) as shown in Scheme
1. The synthetic procedures for the preparation of (R)-
or (S)-N-Cbz-a-aminosuccinimide (1a-f) were as fol-
lows; the compound 3 could be prepared from A-
Cbz-aspartic acid by treating paraformaldehyde (1.5
eq.) and catalytic amount of p-toluenesulfonic acid in
guantitative yield and the treatment of 3 with excess
amine in methanol gave 4 quantitatively. The com-
pound 5 was obtained from 4 in 70-85% yields by
treating with thionyl chloride in methanol and stirring
at room temperature for 2-3 hrs. Then we prepared
(R)- or (S)-N-Cbz-o-aminosuccinimides (1a-f), the final
compounds, by refluxing of 5 with 0.5 equivalent of
p-toluenesulfonic acid in toluene as follows.

(R)-N-Cbz-a-aminosuccinimide (1a)

(R)-N-Cbz-isoasparagine methyl ester (5a) (2.48 g, O.
01 mol) and ptouenesulfonic acid (954 mg, 0.005
mol) were suspended in toluene (248 mL) and this
mixture was refluxed for 8hrs by using Dean-Stark ap-

paratus. Then the reaction mixture was evaporated
under reduced pressure and the residue was diluted
with 300 mL of EtOAc. The EtOAc layer was washed
with 5% NaHCO,; (30 mLx2), H,0O (30 mLx2) and
saturated saline (30 mL) successively and dried over
anhydrous MgSQO,. And the filtrate was evaporated to
give brown solid. This crude product was purified
with silica gel column chromatography (230-400
mesh; EtOAc: hexane=2 : 1) to afford 1.73 g (70%) of
white solid. mp: 103.4°C; IR(KBriem™: 3400, 3300,
1730, 1700, 1680; 'H NMR (DMSO-d,): & 2.70-2.82
(TH, m), 2.95-3.07 (TH, m), 4.31-4.42 (1H, m), 5.09
(2H, s), 5.81-5.90 (1H, br), 7.31 (5H, s), 8.95-9.05
(1H, br)

By use of this procedure, the following compounds
were prepared.

(R)-N-Cbz-a-amino-N-methylsuccinimide (1b)

Yield: 73%; mp: 106.6°C; IR(KBricm™: 3300, 1720,
1680; '"H NMR(DMSO-d,): & 2.72-2.86 (1H, m), 3.03
(3H, ), 3.03-3.16 (1H, m), 4.26-4.38 (1H, m), 5.11
(2H, s), 5.40-5.60 (1H, br), 7.34 (5H, s).

(R)-N-Cbz-a-amino-N-benzylsuccinimide (1c)

Yield: 72%; mp: 140.5°C; IR(KBr)em™: 3320, 1720,
1680; '"H NMR(DMSO-d,): & 2.70-2.82 (1H, m), 3.03-
3.16 (1H, m), 4.20-4.40 (1H, m), 4.68 (2H, s), 5.09
(2H, s), 5.35-5.45 (1H, br), 7.25-7.40 (10H, m).

(S)-N-Cbz-o-aminosuccinimide (1d)

Yield: 71%; mp: 107.4°C; IR and '"H NMR spectra
were identical to 1a.

(S)-N-Cbz-o-amino-N-methylsuccinimide (1e)

Yield: 72%; mp: 106.6°C; IR and 'H NMR spectra
were identical to 1b.

(S)-N-Cbz-a-amino-N-benzylsuccinimide (1f)

Yield: 70%; mp: 138.1°C; IR and 'H NMR spectra
were identical to 1c.

Pharmacology

The anticonvulsant test for those compounds (1) in
maximal electric shock seizure (MES) test, pen-
tylenetetrazole induced seizure (PTZ) test, and neu-
rotoxicity in rotorod test in mice were carried out ac-
cording to the protocol of the Antiepileptic Drug De-
velopement Program, National Institute of Neu-
rological Disorders and Stroke (Swinyard et al., 1988)
as follows. All the tested compounds were dissolved
in polyethylene glycol 400 and administered ip at
dose of 25, 50, 75,100 and 150 mgkg and an-
ticonvulsant tests were performed in groups of 4 mice



314

(ICR) and 30 min after administration. And also we
determined the lowest dose that all the tested animals
could be induced seizure at the stage of primary
screening. Seizures were then artificially induced by
either electric shock or pentylenetetrazole. The max-
imal electric shock seizure (MES) tests were elicited
with a 60-cycle a.c. of 50 mA intensity delivered for
0.2 s via corneal electrod with ECT unit (UGO Bas-
line, Itlay). A drop of 0.9% saline was instilled in the
eye prior to application of electrods. Protection in this
test was defined as the abolition of hind limb tonic
extension component of seizure. The pen-
tylenetetrazole seizure (PTZ) test entailed the ad-
ministration of 80 mg/kg of pentylenetetrazole as a 0.5
% solution subcutaneously in the posterior midline of
mice. And the animal was observed for 30 min. Pro-
tection was defined as the failure to observe even a
threshold seizure (single episode of clonic spasms of
at least 5 sec duration). And the ED,, values were es-
timated from the dose-response data. The effects of
the compounds on the forced and spontaneous motor
activity were evaluated in mice by the rotorod test
with Rotorod Treadmill for mice (UGO Baseline, ltlay)
as follows. The five animals were placed on a rod an
1 inch diameter knurled plastic rod rotating at 6 rpm
after the administration of the compounds. Normal
mice could remain on a rod at this speed indifinitely.
Neurological toxicity was defined as the failure of the
animal to remain on the rod for 2 min. And the medi-
an neurotoxic dose (TDs,) was estimated from the
dose-response data.

RESULTS AND DISCUSSION

As seen in Scheme 1, The compounds (1a-f) could
be prepared from the corresponding (R)- or (S)-N-Cbz-
aspartic acid in moderate vyields by using known
chemical reactions. And the compounds (1a-f) were
submitted to the following anticonvulsant tests of pri-
mary screening to select the compounds for the furth-
er pharmacological investigations, including the de-
termination of EDs, and TDs, for neurotoxicity.

It was reported that the MES test was correlated to
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Scheme 1.
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generalized tonic clonic seizure and the PTZ test to
generalized absence seizure (Swinyard et al, 1988).
So these two kinds of seizure tests are very mean-
ingful for the clinical prediction of anticonvulsant
drug candidates. Therefore we investigated the an-
ticonvulsant activities for those compounds (1) in
MES test and PTZ test and neurotoxicity in rotorod
test in mice according to the protocol of the An-
tiepileptic Drug Developement Program, National In-
stitute of Neurological Disorders and Stroke
(Swinyard et al, 1988). The results of primary an-
ticonvulsant tests were summarized in Table I.

As seen in Table I, all the tested compounds (1), ex-
cept 1c and 1f, showed significant anticonvulsant ac-
tivities at the lower dose of 100 mg/kg in both MES
and PTZ tests. And the anticonvulsant activities were
revealed as dose dependent pattern. According to the
protocol for the development of new anticonvulsant,

Table I. Anticonvulsant Activities of N-Cbz-a-am-
inosuccinimides(1) in Mice
Compounds  config. R Dose®  MES" PTZ
1a R H 25
50 4/4 4/4
75 3/4 3/4
100 2/4 0/4
150 2/4(0/4)°
1b R CH, 25 4/4°
50 1/4
75 14 4/4' 3/4%
100 0/4
1c R PhCH, 50 4/4
75
100 4/4 2/4
150 4/4 1/4(0/4)"
1d S H 25 4/4 4/4
50 3/4 3/4
75 2/4 2/4
100 2/4 1/4
150 1/4(0/4)  0/4
e S CH, 25 4/4
50 0/4
75 0/4 4/4
100 0/4 3/4
1f 150 0/4
S PhCH, 100 4/4 4/4
150 4/4

*All compounds were dissolved in polyethyleneglycol and ad-
ministerd i.p to ICR male mice. Dose is denoted in mg/kg
PThe MES test: 50 mA, 60 Hz,ac, 0.2 sec., via corneal elect-
rods, 30min post administration of test compound. And the
results were denoted as non-protected animals/tested animals
‘The PTZ test: Subcutaneous pentylenetetrazol (80 mg/kg) 30
min post administration of test compound. And the resuts
were denoted as non-protected animals/ tested animals

‘at dose of 200 mg/kg

“at dose of 30 mg/kg

at dose of 70 mg/kg
*at dose of 80 mg/kg
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Table II. The Selected Anticonvulsant Evaluations and Neu-
rotoxicities

Compound Config.R  TD", ED, (mg/ kg’
(me/keles pi PTZ(PIY

1a R H 178.0 125.0(1.4) 110.0(1.6)
1b R CH, 166.7 52.5(3.2) 82.5(2.0)
1d S H 160.8 103.0(1.6) 78.1(2.1)
1le S CH; 1175 61 .2(1.9) 113.3(1.0)
Diphenylhydantoin® 65.4 .5(6.9) f
Phenobarbital® 69.0 21 8(3 1) 13.1(5.3)
Ethosuximide® 440.8 f 130.4(3.4)
Methsoximide® 130.1 42.6(3.1) 34.5(3.7)

Valproic acid®
Trimethadione®

425.8 271.7(1.6) 148.6(2.9)
1070.0 704.2(1.5) 250.5(4.3)

°All compounds were administered ip to ICR male mice and
all anticonvulsant tests were performed in groups of 4 mice
30 min after test compound administration.

PRotorod test for neurotoxicity in groups of 5 mice.

‘maximal electric shock seizure test : 50 mA, 60 Hz, ac, 0.2
s. and Pl is protective index (TDsy/EDs).

“Sucutaneous pentylenetetrazole (80 mg/kg) induced seizure
test.

‘Data from Witak et a/. (1972).

‘not effective.

the compounds, showing significant anticonvulsant
activity at dose of 100 mgkg in mice, were re-
comended as promising anticonvusants to submit to
further pharmacological evaluations. From this es-
timate, we selected the A-Cbz-a-aminosuccinimides
(1a,b,d and e) for the the determination of EDs,
values and TDs, values in rotorod test to define the
neurotoxicities, and the results were summarized in
Table Il.

As seen in Table II, the M-Cbz-a-aminosuccinimides
showed high anticonvulsant activity in both MES and
PTZ tests, and the ED,, values were comparable to
those of other currently available anticonvulsants. And
the most active compound in MES test was (R)-N-Cbz-
o-amino-AN-methylsuccinimide (1b) (EDs=52.5 mg/kg)
and the most active one in PTZ test was (S)-N-Cbz-o-
aminosuccinimide (1d) (ED;,=82.5 mg/kg). In-
terestingly, we found that the pharmacological effects
were dependant on their N-substituted alky! chains. In
MES test, the AN-methylated compounds (1b or 1e)
were more active than non-alkylated one (1a or 1d) of
same configuration, but the benzylated compounds
(1c and 1f) had no anticonvulsant effect at the dose of
100 mgkg. In PTZ test, the effects of A-substituted
alkyl groups on anticonvulsant activities were found to
be somewhat different as follows. Among the (R)-A-
Cbz-a-aminosuccinimides (1a,1b and 1c), AN-methyl-
ated compound (1b) was more active than non-methy-
alted one (1a) and N-benzylated compound (1c) was
not active. But in case of the (S) compounds (1d,1e
and 1f), non-alkylated one (1d) was more active than
N-methylated one (1e). From the above results, we
thought the Atsubstituted alkyl chain might play an im-
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portant role for their anticonvulsant activities. And
also the tested AN-Chz-aminosuccinimides exhibited
pharmacological differences according to their stereo-
chemistry. In case of the (R)- and (S)-N-Cbz-a-am-
inosuccinimide {1a and 1d), the (S) configurated one
(1d) showed more active anticonvulsant activity than
(R) configurated one (1a) in both MES and PTZ tests.
But the stereoisomeric pharmacological patterns of the
(R) and (S)-N-Cbz-a-amino-N-methylsuccinimides (1b
and 1e) were inversed. So it was conceivable that the
pharmacological mechanisms of N-Cbz-o-amino-N-
methylsuccinimide (1b and 1e) and N-Cbz-c-am-
inosuccinimide (1a and 1d) might be different.

We examined the rotorod test for neurotoxicity and
determined the TDs, values for these compounds (1a,
b,d and e). The TD;, value of (R)-N-Cbz-a-amino-N-
methylsuccinimide (1b), showing the most active an-
ticonvulsant activity in MES test, was 166.7 mg/kg
and the protective index (PI, TDs/EDs,) was 3.2. And
the TDs, value of (S)-AN-Cbz-o-aminosuccinimide (1d),
the most active one in PTZ test, was 160.8 mgkg
and the PI was 2.1. The TDs, values of other com-
pounds were above 117.5 mg/kg.

In conclusion, the anticonvulsant activities of suc-
cinimides (1) in this study were approached to those
of currently available drugs in both MES and PTZ
tests. Especially, diphenylhydantoin, a typical an-
ticonvulsant, was reported to be active in only MES
test, so this compound was limited to the treatement
of generalized tonic clonic seizure clinically. From
the above fact, we thought that the succinimides (1)
in this study were warrented to be promising an-
ticonvulsant drug candidates of broader clinical spec-
trum.

Now we are continuing to synthesize their analogs
and evaluate their anticonvulsant activities in order to
define the structure activity relationship more pre-
cisely and develop more active anticonvulsant com-
pounds.
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