ROCZNIKI CHEMII
ANN. SOC. CHIM. POLONORUM
36, 1631 (1962)

PREPARATION AND BIOLOGICAL ACTIVITY OF THE DERIVATIVES
OF PHENYLSUCCINIC ACID. IIL* PREPARATION AND
ANTICONVULSANT ACTIVITY OF SOME
p-HALOPHENYLSUCCINIMIDES

by Jerzy LANGE, Tadeusz URBANSKI, and Jan VENULET
Department of Organic Technology I1I, Institute of Technology, Warszawae

Opisano wlasnosci i otrzymywanie imidéw i szeregu N-alkiloimidow
pochodnych kwaséw p-chlorowcofenylobursztynowych., W badaniach
czynno§ci przeciwdrgawkowej cztery pochodne, a mianowicie: imid
kwasu p-~fluorofenylobursztynowego oraz imid, N-metyloimid i N-etylo~
imid kwasu p-bromofenylobursztynowego wykazaly bardzo wysoka
czynno§¢ przeciw drgawkom wywolanym podaniem kardiazolu.

OnmcaHbI CROMCTBA U NOJYYeHME MMUAOB 1 pAxa N-alxUI-UMUEOR IIPOM3-
BOZHBIX N-TaJIOTEH(PEHMIIAHTAPHOM KHUCJIOTEL B MCCACKOBAHMAX HIPOTUBO-
CYZOPOZKHOTO AEMCTBUA HANAEHO, YTO HETHIPE NMPOMIBOJHBIE, a WMMEHHO
UMM N~PTOPGOEHUNAHTAPHON KMCHOTHL a Takmxe uMmuyg, N-MeTHMIuMmupg
u N-sTunmMup n-6poM@eHMIAHTAPHOU KMCI0ThI OKA3LIBAXOT 0YEHE CUIIb-
HYI0 aKTUMBHOCTL MPOTMB CYAOpPOraM BLIZBAHHBIM KapayMazoJIOM.

The preparation and properties of p-halophenylsuccinimides and some
N-alkyl derivatives thereof are described. Four of these compounds
namely p-fluorophenylsuccinimide, p-bromophenylsuccinimide, N-me-
thyl- and N-ethyl-p-bromophenylsuccinimides, proved to be potent
anticonvulsants againts seizures induced by metrazol.

Although suecinimide D and some simple N-alkyl derivatives thereof 2
had been synthesized a long time ago, the anticonvulsant activity of the
compounds of succinimide structure was disclosed only in the last
decade. The comprehensive research by Miller and Long3™® who
prepared several succinimides of the general formula (A) and tested them
for anticonvulsant activity, set forth a movel approach to the basic
structural concept (B) which is still regarded as the major determinant
of the anticonvulsant activity (barbiturates, hydantoins, oxazolidine-
diones, acylureas, etc.). Most of these wherein all R = H, alkyls, or phenyl
(R! is preferably phenyl) compounds showed indeed a more or less
distinet amticonvulsant acitviity in mice and rats. This activity was

* Part II, see Roczniki Chem., 36, 1625 (1962).
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particularly conspicuous in controlling the experimental seizures induced
by parenteral administration of metrazol (pentamethylenetetrazol), which
are known to respond to drugs similarly as the petit mal seizures
in human subjects do. In detailed pharmacological tests ?, two compounds
of the series presented by Miller and Long proved to be of
therapeutical value, They entered the pharmaceutical markets under the
trade mames of Milontin (or Phensuximide) (A, wherein R = methyl,
R! = phenyl, R?2 = R3 = H) and Celontin (or Methsuximide) (A, wherein
R = methyl, R! = phenyl, R? = methyl, R? = H) and are widely used
in routine prevention and treatment of petit mal seizures.

The investigations by Miller and Long involved very many
derivatives of phenylsuccinimide, some of them containing various ring
substituents. The imide-nitrogen substituents (R) varied from methyl
up to butyl and allyl, though the authors suggested that the unsubstituted
and N-methyl imides were the most active members of any homologous
series,

Since our -earlier research ® made available all four p-halophenyl-
succinic acids, we converted them recently to imides and N-substituted
imides of the type (A), wherein R! = p-halophenyl, R2 = R3 = H, and
R = H or alkyl. Our aim was to explore the dependence of the amiti-
convulsant activity on the type of halogen and alkyl substituents. The
number of N-homologues prepared and tested for biological activity was
considerably increased as compared with the research by Miller and
Long, as all straight-chain alkyls and some iso-alkyls were included
up to hexyl.

Preparation of p-halophenylsuccinimides followed in general the con-
ventional procedure involving pyrolysis of mono- or diammonium (or
amine) salts of the corresponding acids. The salts were prepared by
mixing equimolar amounts of the acid and aqueous ammonia or amine,
and were processed further without isolation. Higher yields and purer
products were noted with hydrogen succinates. The temperature of the
reaction mixture during pyrolysis had to be maintained below 175°%
otherwise, considerable charring oocured which caused difficulty in iso-
lating the products and substantially cut the yield, The imides were
purified preferably by mecrystallization, though some of the compounds,
especially those with the N-substituents of relatively high molecular
weight, crystallized extremely slowly. Vacuum distillation was helpful
in a few cases of crystallization failure.
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Most of the imides prepared were tested for anticonvulsant activity
in the Pharmacological Laboratory, Institute of Drugs, Warsaw. Seven
compounds eluded biological testing, owing to very low solubility. The
standard testing technique was as follows: the compounds were given
orally to mice in a single 200 mg/kg dose, the animals were injected
1 hour later with 100 mg/kg metrazol, and mortality was recorded; the
most active compounds were similarly tested in a 100 mg/kg dose. In
tests ‘with rats, a 200 mg/kg dose of the compound tested was admini-
stered 1 hour before subjecting the animals to electric shoock (0.6 sec.,
70 V), and the occurrene of convulsions was recorded. All the compounds
were of approximately uniformly acute toxicity of (LDsp) 1.5 g/kg.

The physical and analytical data as well as the results of the anti-
convulsant screening tests are given in Tables 1—4.

In these tables the effect on the metrazol-induced convulsions is
represented as the ratio of the number of lethal cases to the total number
of animals tested (for example, ratio 2/56 denotes that the compound was
given to 5 mice and in 2 of them it failed to give sufficient protection
againts lethal dose of metrazol). The activity in electrically induced con-
vulsions is represented as the ratio of failures to the total number of
animals tested (for example, the ratio 3/5 denotes that the compound was
given to b rats and in 3 cases it failed to prevent convulsions). _

The results of biological screening clearly showed that each homo-
logous series might be divided into twio subgroups, containing compounds
of high activity amd of low activity (or even inactive), respectively. The
first subgroup contained N-unsubstituted imides and the N-methyl and
N-ethyl homologues thereof. The compounds containing five- or six-
carbon alkyls proved almost completely inactive; this failure is probably
due to some extent to their extremely low solubility in aqueous solutions,
which obviously affects resorption.

In series containing various halogen substituents, the three lowest
members of the bromine series proved to be most active; an outstanding
activity was also observed in the case of p-fluorophenylsuccinimide. The
activity of these four compounds was evidently higher than that of
Milontin, which was used as reference; a detailed pharmacological evalua-
tion is being carried out at presemt.

The results of biological tests for activity against convulsions induced
by an electric shock proved to be of no practical interest.

EXPERIMENTAL

Preparation of p-halophenylsuccinimides

p-Fluorophenylsuceinic acid (8 g, 0.0377 mole) was suspended in 15 ml water
and 2.5 ml concentrated aqueous ammonia was added. The solution was heated to
distil off the water. When the temperature of the reaction mixture reached appro-
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ximately 100—110°, the hydrogen ammonium salt began to crystallize out, but
melted as soon as the temperature was raised. Pyrolytic decomposition commenced
at about 160° as indicated by rapid distillation of water. The melt was maintained
at 175° for 2 hours, cooled to approximately 80°, diluted with 20 ml ethanol, treated
with charcoal, filtered, and the filtrate left overnight. The crystals collected were
recrystallized from 80% ethanol to yield 4.6 g (63%) p-fluorophenylsuccinimide,
m.p. 128—9°,

Other imides were prepared similarly. The products which failed to crystallize
were purified by vacuum distillation. The pertinent data are tabulated.
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Satertea i

OTRZYMYWANIE I AKTYWNOSC BIOLOGICZNA POCHODNYCH
KWASU BURSZTYNOWEGO. III. OTRZYMYWANIE I CZYNNOSC
PRZECIWDRGAWKOWA IMIDOW KWASOW
p-CHLOROWCOFENYLOBURSZTYNOWYCH

J. LANGE, T. URBANSKI i J. VENULET
Katedra Technologii Organicznej II Politechniki, Warszawa

Kontynuujagc badania nad zalezno$cig pomiedzy czynno$cig biologiczng a bu-
dowg chemiczng pochodnych azotowych kwaséw p-chlorowcofenylobursztynowych
otrzymaliSmy imidy tych kwaséw oraz szereg ich N-alkilowych pochodnych. Zwigzki
te otrzymali$my stosujgc konwencjonalng metode pirolizy odpowiednich soli amo-
nowych lub aminowych. Najlepsze rezultaty osiggneliSmy poddajac pirolizie sole
kwa$ne. Otrzymane pochodne, stanowigce analogi strukturalne lekéw przeciw-
drgawkowych Milontin i Celontin (Miller i Long3—0), badano pod wzgledem
czynno$ci przeciwdrgawkowej. W badaniach na myszach 3 najnizsze czlony kazdej
serii, tj. imid niepodstawiony oraz pochodne N-metylowa i N-etylowa, wykazaly
bardzo wysokg zdolno§é hamowania drgawek wywolanych przez injekcyjne podanie
kardiazolu. Pochodne z wyzszymi podstawnikami alkilowymi (od propylowego do
heksylowego) wykazaly bardzo niska czynno$é lub byly nieczynne. Wszystkie ba-
dane zwigzki wykazaly brak zdolno§ci hamowania drgawek wywolanych u szczu-
réw przez szok elektryczny. Cztery sposrod otrzymanych zwigzkéw (I, XXI, XXII
i XXIII) wykazaly czynno$§é wyiszg niz Milontin i sg obecnie przedmiotem szcze-
gotowych badan farmakologicznych.
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