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PREPARATION AND BIOLOGICAL ACTIVITY OF THE DERIVATIVES
OF PHENYLSUCCINIC ACID. III.* PREPARATION AND

ANTICONVULSANT ACTIVITY OF SOME
p-HALOPHENYLSUCCINIMIDES

by Jerzy LANGE, Tadeusz URBANSKI, and Jan VENULET

Department of Organie Technology 11, Institute of Technology, Warszawa

Opasano własności i otrzymywanie amidów i szeregu N-aLkilodmidów
poohodnych kwasów p-chlorowcofenylobursztynowych. W badaniach
czynności przeciwdrgawkowej cztery pochodne, a mianowicie: imid
kwasu p-fluorofenylobursztynowego oraz imid, N-metyloimid i N-etylo-
imid kwasu p-bromofenylobursztynowego wykazały bardzo wysoką

czynność przeciw drgawkom wywołanym podaniem kardiazolu.

OnwcaHBi cBOMCTBa w nojiyKeiroe MMM^OB M pafla N-aJiKMjr-MMMflOB npon3-
BO/?HŁIX n-raJioreHdpeHMjiaHTapHoił KHCJIOTŁI. B MccjieflOBaHnax npouiBO-
cyflopoacHoro flewcTBMfl HafifleHo, HTO neTtipe nponsBOflHbie, a MMeHHo
MMMfl łl-dDTOpdpeHMJIHHTapHOJł KMCJIOTŁt a TaKJKe MMMfl, N-MeTMUMMM^
M N-3TMJIMMM3 n-SpOMCpeHMJIflHTapHOii KMCJIOTŁI nOKa3WBaiOT O^eHb CMJIB-

HyK) aKTHBHOCTb npOTMB CyflOporaM BbI3BaHHblM KapHHa3OJIOM.

The preparation and properties of p-halophenylsuccinimides and some
N-alkyl derivatives thereof are described. Four of these compounds
namely p-fluorophenylsuccinimide, p-bromophenylsuecinimide, W-me-
thyl- and N-ethyl-p-bromophenylsuccinimides, proved to be potent

anticonvulsants againts seizures induced by metrazol.

Although suGciaiimide J ) and some sionple N-alkyl derivatives thereof2)

bad been synthesized a lóng time ago, the anticonvulsain't activity of the
compouinds of succinimide structure was disclosed only in the last
decade. The oomppehensive research by M i 11 e r and L o n g 3~6) who
prepaired several succiniinidies of the generał formuła (A) and tested them
for 'aintieoowulsaint activity, set forth a 'novel .approaeh to the basie
structural 'Conoept (B) which is still regairded as the major determinant
of the anticonvulsant activity (barbiturates, hydantoins, oxazolidine-
diones, acylurelas, etc). Most of tbese wherein all R = H, alkyls, or phenyl
(R1 is preferably phenyl) compoumids showed indeed a morę or less
disitinet aniticoinYuilisanit .acitvlity in miice and raits. This activity was

• Part II, see Roczniki Chetn., 36, 1625 (1962).
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particularly conspicuous in eointrolling the experimental seizures iniduced
by parenteral administratioin of metraizol (pentamethylenetetrazol), which
are known to respond to drugs similarly as tbe p e t i t m a i seizures
in human subjects do. In detailed phairmacologioal tests 7), two eompounds
of the series presented by M i M e r and L o n g proved to be of
therapeutical value. They entered the pharmaceutioal markets under the
trade names of Milontin (or Pheinsuximiide) (A, wherein R = methyl,
R1 = phenyl, R2 = R3 = H) and Celontin (or Methsuximide) '(A, wherein
R = methyl, R1 = phenyl, R2 = methyl, R3 = H) and are widely used
in routine iprevention and trea-tment of p e t i t m a i seizures.

The inyestigationis by Mi Metr and L o n g involved very. many
derivatóves of pheinylsuociinimide, some of them contaiining various ring
substituents. The imide-nliitrogen substituehts (R) vaniied fnom methyl
up to butyl and allyl, thoiugh the authora suggested that the uinsuhstituted
and N-methyl imides were the most active members of any homologous
series.

Sińce our earlier research 8) madę available all four p-halophenyl-
succinic acids, we canveirted them recently to imides and N-substituted
imides of the type (A), whereiin R1 = p-halophenyl, R2 = R3 = H, and
R = H or alkyl. Our aim was to explore the dependence of tbe anti-
convulsant activity on the type of halogen and alkyl substituents. The
number of N-homologues preipared .amid tested for biological activity was
co^nsiderably iracreased as compaored with the research by M i 11 e r aind
L o n g , as .all straight-chaiin alkyls and some iso-alkyls were induded
up to hexyl.

Preparation of p-halopheinylsucciGaimides followed in generał the con-
ventional procedurę invalving pyrolysis of mono- or diammonium (or
amine) salts of the oorresponiding acids. The salts were prepaired by
mixirug eąuimolar amounts of the acid and aąueous ammoinia or amine,
and were processed further without isolation. Higher yields and purer
products were noted with hydrogem euocinates;. The temperaturę of the
reaction mixturie during pyrolysis had to be maintained below 175°;
otherwise, iconsiderable charring oocured which caused difficulty in iso-
lating the produicts amd substantially out the yield. The imides were
purified preferably by neorystallizatioin, though some of the oompoun'ds,
especially those with the N-substituents of relatively high molecular
weight, crystallized extremely slowly. Vacuum distillation was helpful
in a few caises of crystallizatioin failure.
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Most of the imides prepared were tested for anticonvulsant activity
.in the Pbarmacological Laboratoory, Institute of Drugs, Warsaw. Seven
oompoiunds eluded biological testing, owing to yery Iow solubility. The
standard testing techniąue was as follows: the eompounds were given
orally to mice im a single 200 mg/kg dose, the animals were injected
1 hour later with 100 mg/kg metrazoł, and mortality was recorded; the
most active eompoimds were similarly tested in a 100 mg/kg dose. In
tests with rat®, a 200 mg/kg dose of the compound tested was admini-
stereid 1 hour before subjecting the animals to electric shoook (0.6 sec,
70 V), and the occuirene of comvulsio!ns was irecorded. Ali the compounds
were of approximately uniformly acute toxicity of (LD50) 1,5 g/kg.

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

In these tables tbe effect on the metaazol-induoed con^ulsrons is
represented as the ratio of the ruumber of lethal cases to the total number
of aniimals tested (for exaanple, ratio 2/5 denotes that the compound was
given to 5 mice and in 2 of them it failed to1 give suffieient protection
againts lethal dose of metrazol). The activity in eleictrically induced con-
vulsions is represented as the ratio of failures to the total number of
animals tested (for example, the ratio 3/5 denaotes that the compound wias
given to' 5 rats and in 3 cases it failed to prevent coinvulsions).

The results of biological sereening. clearly stowed that each homo-
logous series might be divided iinto two subgroups, containimg compounds
of high actiyity aind of Iow iactivity (or even inactive), respectwely. The
first subgroup oontained N-'u;nsubstituted imides and the N-methyl and
N-ethyl homologues thexeof. The eompoumds containing five- or six-
carbon alkyls proved almost completely inactive; this failure is probably
due to some extent to their extremely Iow solubility in aqueo'us sołutions,
which óbviously affects. resorptiom.

In series eontaining various halogen substituents, the three lowest
members of the bromine series proved to be most active; ain outstanding
activity was also observed in the case of p-fluorophenylisuccinimide. The
activity of these four comipounds was evidently higher than that of
Milontin, which was used as referenoe; a detailed pharmacologicai evalua-
tion is being carried out at preseint.

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

EXPERIMENTAL

Preparatłon of p-halophenylsuccinimides

p-Fluorophęnylsuccinic acid (8 g, 0.0377 mole) was suspended in 15 ml water
and 2.5 ml concentrated aąueous ammonia was added. The solution was heated to
distil off the water. When the temperaturę of the reaction rnixture reached appro-
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ximately 100—110°, the hydrogen ammonium salt began to crystallize out, but
melted as soon as the temperaturę was raised. Pyrolytic decomposition commenced
at about 160° as indicated by rapid ddstillation 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°/o 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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OTRZYMYWANIE I AKTYWNOŚĆ BIOLOGICZNA POCHODNYCH
KWASU BURSZTYNOWEGO. III. OTRZYMYWANIE I CZYNNOŚĆ

PRZECIWDRGAWKOWA IMIDOW KWASÓW
p-CHLOROWCOFENYLOBURSZTYNOWYCH

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

Kontynuując badania nad zależnością pomiędzy czynnością biologiczną a bu-
dową chemiczną pochodnych .azotowych kwasów p-chlorowcofenylobursztynowych
otrzymaliśmy imidy tych kwasów oraz szereg, ich N-alkilowych pochodnych. Związki
te otrzymaliśmy stosując konwencjonalną metodę pirolizy odpowiednich soli amo-
nowych lub aminowych. Najlepsze rezultaty osiągnęliśmy poddając pirolizie sole
kwaśne. Otrzymane pochodne, stanowiące analogi strukturalne leków przeciw-
drgawkowych Milontin i Celontin ( M i l l e r i L o n g 3~0)), badano pod względem
czynności przeciwdrgawkowej. W badaniach na myszach 3 najniższe człony każdej
serii, tj. imid miepodstawiony oraz pochodne N-metylowa i N-etylowa, wykazały
bardzo wysoką zdolność hamowania drgawek wywołanych przez injekcyjne podanie
kardiazolu. Pochodne z wyższymi podstawnikami alkilowymi (od propylowego do
heksylowego) wykazały bardzo niską czynność lub były nieczynne. Wszystkie ba-
dane związki wykazały brak zdolności hamowania drgawek wywołanych u szczu-
rów przez szok elektryczny. Cztery spośród otrzymanych związków (I, XXI, XXII
i XXIII) wykazały czynność wyższą niż Milontin i są obecnie przedmiotem szcze-
gółowych badań farmakologicznych.
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