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Abstract

A series of Isoninicotinic acid hydrazide (INH) orporated derivatives of thiazolidin-4-o(2a-
h,3a-h), azetidin-2-one(4a-h) and 1,3,4-oxadiazolé5a-h) has been synthesized using an
appropriate synthetic route and characterized lynehtal analysis and spectral data. The
anticonvulsant activity of all the synthesized campds was evaluated against maximal
electroshock induced seizures (MES) and subcutangentylenetetrazole (scPTZ) induced
seizure models in mice. The neurotoxicity was assksising the rota-rod method.All the test
compounds were administered at doses of 30, 100 3®@d mg/kg body weight and the
anticonvulsant activity was noted at 0.5 and 4letintervals after the drug administration. All
the compounds were active in MES and a majoritgashpounds were active in scPTZ test. All
compounds were less neurotoxic than the standagipirenytoin.

Keywords. Thiazolidin-4-one, azetidin-2-one, 1,3,4-oxadi@zohaximal electroshock (MES),
subcutaneous pentylenetetrazole (SscPTZ).

I ntroduction

Epilepsy is not a disease, but a syndrome of diffeccerebral disorders of central nervous
system (CNS), and it is characterized by paroxysneacessive and hyper synchronous
discharges of large numbers of neurons [1]. Desphite increasing understanding of the
pathogenesis of seizures and epilepsy, the celbhdais of human epilepsy remains a mystery
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[2]. Studies have reported that in India the preneé rate of epilepsy varies from 1710 to 9780
cases per million population [1]. Epilepsies arenomn and frequently devastating and affect
around 1-2% of the world population. The convulsiah approximately 25% of epileptics are
inadequately controlled by the standard drug therdme number of drugs useful for the
treatment of epilepsy is remarkably small. Fewemtl20 drugs are currently marketed in the
United States and of these only five or six areelyidused[3]. It has been estimated adequate
control of seizures could not be obtained in u2@o of the patients with epilepsy using first
generation of antiepileptic drugs (phenobarbitddempytoin, carbamazepine, sodium valproate
and diazepam)[4]. The limitations with conventioralailable antiepileptic drugs (AEDS)
highlighted the need for developing newer agentefidepsie$l].

The search for antiepileptic compounds with a meetective activity and lower toxicity
continues to be an area of investigation in medicichemistry[3]. All currently approved
antiepileptic drugs have dose-related toxicity a@hdsyncratic side effects. In response to the
premise that major medical breakthroughs in normsphaologic therapies for the treatment of
epilepsy in the near future seem remote, the sefacmew antiepileptic drugs with lower
toxicities and fewer side effects continues. Dunmegent years, a large number of new AEDs
have been marketed worldwide, but the proportionpafients failing to respond to drug
treatment has not been changed in a significaenex2].

From the study of structures of clinically estalidid drugs, it can be concluded that the
anticonvulsant properties have been displayed biows hydrazones (= N-NH-), amides (-
CONH) and carbamides (-NHCO-NH-) [1]. The prime cheas to search for a molecule that
could complement all the above structures in ong laenzylidene isonicotinohydrazide was
expected to be considered one of them. In the preswestigation we have synthesized
substituted derivatives of thiazolidin-4-one, adieti2-one and 1,3,4-oxadiazole, a versatile
hydrophobic molecule possessing preliminary antiatsant properties [3], condensed with the
isonicotinic acid hydrazide with the hope to poiatet the biological activities with lesser or
limited amount of toxicities [Scheme 1].

Materials and M ethods

Experimental

Animals

Male albino mice (Swiss, 18-25 gm) were used asexyental animals. The test compounds
were suspended in polyethylene glycol (PEG). Thmals were maintained on an adequate diet
and allowed free access to food and water excapglthe short time they were removed from
cages for testing. The animals were maintained camr temperature (25-3C). All the
experimental protocols were carried out with thenpssion from Institutional Animal Ethics
Committee (IAEC), form no.520. Animals were obtairfeom Central Animal House Facility,
Hamdard University,New Delhi-110062, India. Regiitn number and date of registration of
Animal House Facility (173/CPCSEA, 28, JAN-2000).
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Chemistry

All the solvents were of AR grade and were obtaifnech Merck, CDH and S.D.Fine chemicals.
Melting points were determined in open capillargas and are uncorrected. All the compounds
were subjected to elemental analysis (CHN) andrteasured values agreed within £0.4% with
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the calculated ones. Thin layer chromatography pex$ormed on silica gel G (Merck). The
spots were developed in iodine chamber and viseghath an ultra-violet lamp. The IR spectra
were recorded in KBr pellets on (BIO-RAD FTS 135)NAIR spectrophotometerrH-NMR
spectra were recorded on a Bruker model DPX 30(NMR spectrometer in CDglusing
tetramethylsilane (M&i) TMS as an internal standard. The chemicaltskife reported id
ppm scale.

General procedure for the synthesis of (E)-N’-(stibedbenzylidene) isonicotinohydrazide-

h)

To an equimolar methanolic solution of isonicotimicid hydrazide (0.1mol) and substituted
benzaldehyde (0.1mol), a few drops of glacial acatid were added. The mixture was then
refluxed on water bath for 5-6 h. It was then akowto cool and poured into crushed ice.
Recrystallisation of the dried compounds from methgielded compoundsa-h.

(E)-N’-(2-chlorobenzylidene) isonicotinohydrazide)

Yield: 90%; m.p.18(C; IR(v,cmi'):3300(N-H)str.,1680(C=0)str.,1600(-N=CH-Ar)str.(8B3C-
Cl) str.; 'H-NMR (CDCk) & ppm: 7.72, 8.63 (m,4H,Py), 7.12- 7.15 (m,4H, Ar9Hz),
6.1(s,1H,NH),7.9(s,1H,N-CH),MS m/z: 259[M 261[M*"+1]; Anal Calcd for: GzH:oNsOCI:
C,60.10; H,3.79; N,16.12; Found:C,60.12; H,3.88;6\18.

General procedure for the synthesis of N-(2-(substituted phenyl)-4-oxothiazolidin-3-yl)
isonicotinamide (2a-h)

A mixture of1 (0.01mol) and thioglycollic acid (0.01mol) was hehion an oil-bath at 120-25
~C for 12h.The reaction mixture was cooled and é@avith10%sodium bicarbonate solution.
The product was isolated and recrystallised fronthanr®l-dioxane (4:1) to give compourzis

h.

N-(2-(2-chlorophenyl)-4-oxothiazolidin-3-yl) isoninamide(2a)

Yield: 85%; m.p.198C; IR(v,cm™): 3300 (NH) str., 1700(C=0 thiazolidinone) si670 (C=0)
str.,700 (C-S-C)str., 830 (C-Cl) str., 1619(C=N).,§672 (C=C)sttH-NMR (CDCk)&
ppm:7.72,8.63(m,4H,Py),5.96(s,1H,-S-CH-Ar),7.1257(f,4H, Ar- HJ=9Hz),9.8(s,1H,CONH-
),7.2 (S,1H,N-CH-),3.5(s,2H,GHC),MS m/z: 333[M], 353 [M"+1],334[M'+2]; Anal Calcd for:
C1sH12CIN3O,S: C,53.92; H,3.59; N,12.54; Found:C,53.97; H,32;2.59.

General procedure for the synthesis of 2-(2-(2-substitutedphenyl)-3-(isonicotinamido)-4-
oxothiazolidin-5-yl) acetic acid (3a-h)

A mixture of 1 (0.01mol) and thiomalic acid (0.01mol) was heatacha oil-bath at 120-125C
for 12h. The reaction mixture was cooled and tbatgh10%sodium bicarbonate solution. The
product was isolated and recrystallised from methdioxane (4:1) to give compoun@a-h.

2-(2-(2-chlorophenyl)-3-(isonicotinamido)-4-oxotha@idin-5-yl) acetic acid3a)

Yield: 80%; m.p.185C; IR(v,cm*): 3200 (NH) str., 1700 (C=0 thiazolidinone) sit666(C=0)
str.,700(C-S-C)str., 830 (C-CI) str., 1610(C=N)st572 (C=C)sttH-NMR (CDCL) *H-NMR
(CDCl) o ppm: 7.73, 8.63 (m,4H,Py),5.95(s,1H,-S-CH-Ar), /6.16.15 (m, 4H,Ar-
H,J=6Hz),9.8(s,1H,CONH-),7.2 (s,1H,N-CH-),10.0(s,1HC®), MS m/z: 391[M], 393
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[M*+1]; Anal Calcd for: G/H14CIN3O,S: C,52.09; H,3.57; N,10.69; Found: C,52.11; H,3.60
N,10.72.

General procedure for the synthesis of N-(3-chloro-2-(2-substitutedphenyl)-4-oxaazetidin-1-yl)
isonicotinamide (4a-h)

A solution of 1 (0.01mol) in dioxane (20mL) was added to a wellret mixture of
chloroacetylchloride (0.012mol) and triethylamir&sN) (0.012mol) in dioxane (10mL) at 0-5
~C. The reaction mixture was then stirred for 8iptkier 2days at room temperature and then
treated with cold water. The solid thus obtaineds wadtered, washed with water and
recrystallised from methanol to yiedid-h.

N-(3-chloro-2-(2-chlorophenyl)-4-oxaazetidin-1-idbnicotinamidg4a)

Yield:75%; m.plJ300°C; IR(v,cm™): 3250 (NH) str., 1745 (C=C lactam ring) str.,1670(C=0)
str.,742(C-Cl) str., 1600(C=N)str., 1560 (C=CY$&tNMR (CDCkL) & ppm: 7.73, 8.61
(m,4H,Py),,6.61- 6.63 (m,4H,Ar-Bk6Hz), 9.4(s,1H,CONH-), 7.7 (s,1H,N-CH-), MS m/A53
[M™], 337 [M"+1]; Anal Calcd for: G;H14CIN3O,S: C,53.56; H,3.26; N,12.46; Found: C,53.59;
H,3.30; N,12.50.

General procedure for the synthesis of 1-(2-(2-substitutedphenyl)-5-(pyridine-4-yl)-1,3,4-
oxadiazol-3(2H)-yl)ethanone (5a-h)

A mixture of1(0.003mol) and acetic anhydride (10mL) was heateteureflux for 4h. After the
reaction mixture attained room temperature, exeestic anhydride was decomposed by water
and the mixture was stirred for further 30 min. Beparated product was filtered, washed with
water, dried and recrystallised in appropriate aot\systems to give the produbtsh.

1-(2-(2-chlorophenyl)-5-(pyridine-4-yl)-1,3,4-oxaaol-3(2H)-yl)ethanonésa)

Yield:65%; m.p.182C; IR(v,cm?): 1660(acetyl C=0) str. 1614(C=N)str.,1560 (C=€)’80 (C-
Cl) str.,1500(C-O-C)strtH-NMR (CDCk) & ppm: 7.72, 8.64 (m,4H,Py), 7.12- 7.14 (m,4H, Ar-
H, J=6Hz),7.19(s,1H,CH-oxadiazole);MS m/z:30I[M803[M*+1]; Anal Calcd for:
Ci15H12CIN3O,: C,59.68; H,3.98; N,13.90; Found:C,59.71; H,4011.3.93.

Similarly other compoundglb-h, 2b-h, 3b-h, 4b-h & 5b-h) of the series were synthesized and
their structures are confirmed by their spectral elemental analysis.

Anticonvulsant screening:

Electroshock-induced seizures (MES test)

Albino mice (20-25g) were used in this test. Animalere divided in groups of six and were

stimulated through corneal electrodes to 50mA cura¢ a pulse of 60 Hz alternating current for
2s.The mice were previously administergd with the test drug solution in polyethylene glycol

at three dose levels (30,100 and 300 mg/kg), thieaavulsant activity was assessed after 30
min. and 4h intervals of administration. The abafitof hind limb tonic extensor spasm was

recorded as a measure of anticonvulsant activjty [5
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Subcutaneous pentylenetetrazole seizure threshold test

scPTZ was conducted by administering PTZ disso@€&96 sodium chloride solution in the
posterior midline of the animals. A minimal time 8 min subsequent to sc administration of
PTZ was used for seizure detection. Protection weéesrred to as the failure to observe an
episode of clonic spasms of at least 5s duratisimguhis time period [3].

Neurotoxic effects

Rota-rod test

Minimal motor impairment was measured in mice bg tbtorod test [6]. The mice were trained
to stay on an accelerating rota-rod that rotatd® aevolutions/min. The rod diameter was
302cm.Trained animals were given i.p. injectiontloé test compounds 30, 100, 300mg/kg.
Neurotoxicity was indicated by the inability of thaimals to maintain equilibrium on the rod for
at least 1 min. in each of the trials.

Results and Discussion

The pharmacological evaluation of the compou(@ish, 3a-h, 4a-h & 5a-h) were initially
carried out according to the protocols of antiggite drug development program (ADD),
Epilepsy Branch, INH. The methods employed havenbpeeviously described [5]. The
compounds were initially screened in the mouse M&S. Minimal motor impairment was
measured by rotorod test. Data is represented abl€T1). All the isonicotinic acid hydrazide
incorporated derivatives of thiazolidin-4-one, &iet2-one and 1,3,4-oxadiazole ring systems
were active in MES test at a dose of 300mg/kg etdie of their ability to protect the seizure
spread. At a dose of 30mg/kg, compounds that shqwettction in half or more tested mice
were(2a, 2¢, 2f, 29, 3a-c, 4a-c, 5a, 5¢, 5f & 5g) after 0.5h time interval. These compounds also
showed protection after 4h but at a higher dosB6Mmg/kg. The compound2b, 2d, 3d, 3f, 3g,

4d, 4e, 4g, 5b, 5d & 5e) showed protection at a dose of 100mg/kg after.Ol'Blese compounds
also showed protection after 4h but at a highee @ds800mg/kg. Compoundz&e, 2h, 3e, 3h, 4h

& 5h) showed protection in MES test at 300mg/kg botardits5h and 4h duration.

In the scPTZ screen compoun@s, 2c, 2f, 29, 3a, 4c, 4f, 5a, 5¢ & 5g) had shown activity at 30
mg/kg dose level after 0.5h time interval and 10§'kg dose level after 4h time interval but
compoundg2d, 3b, 3c, 4a, 4b, 4d & 5f) had shown activity at the dose level of 100 mgikgr
0.5h time interval. These compounds also showetegtion after 4h but at a higher dose of
300mg/kg. Rest of the compoun@b, 2h, 3e, 3f, 3h, 4h, 5b, 5e & 5h) had shown activity at the
dose level of 300mg/kg at both time intervals exagmpoundg2e, 3d, 3g, 4e, 49 & 5d) which
had inactivity.

In neurotoxicity screening, the compoun@s, 2d, 3d, 3e, 3g, 4a, 4e, 49, 5a & 5Q) were
neurotoxic at a maximal dose of 300mg/kg after 0Gdmpoundg2e, 29, 3c, 4b, 4d, 5d & 5e)
showed neurotoxicity at a dose of 100 mg/kg afterAll the compounds showed neurotoxicity
at a higher dose of 300mg/kg after 0.5h time irgkrtHowever all the compounds were less
neurotoxic than phenytoin.
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Tablel. Anticonvulsant profile and rota-rod toxicity of the examined compounds (2a-h, 3a-
h, 4a-h, 5a-h) in mice

N\ N\ N N
| A |

X
R
= R F

F G |
S S
CONH-N CONH-N
CONH-N Cl N
o N
2a-h 3a-h 4a-h
CH,COOH /
(o] o N
o \
COCH,
h

Sa-

Intraperitoneal injection in miée

Compound MES screen SCPTZ Neurotoxicity screen
0.5h 4h 0.5h 4h 0.5h 4h
2a 30 100 30 100 300 -
2b 100 300 300 300 300 300
2c 30 100 30 100 300 300
2d 100 300 100 300 300 -
2e 300 300 - - 300 100
2f 30 100 30 100 300 300
29 30 100 30 100 300 100
2h 300 300 300 300 300 300
3a 30 100 30 100 300 300
3b 30 100 100 300 300 300
3c 30 300 100 300 300 100
3d 100 300 - - 300 -
3e 300 300 300 300 300 -
3f 100 300 300 300 300 300
39 100 300 - - 300 -
3h 300 300 300 300 300 300
4a 30 100 100 300 300 -
4b 30 100 100 300 300 100
4c 30 100 30 100 300 300
4ad 100 300 100 300 300 100
de 100 300 - - 300 -
4f 30 100 30 100 300 300
49 100 300 - - 300 -
4h 300 300 300 300 300 300
5a 30 100 30 100 300 -
5b 100 300 300 300 300 300
5¢c 30 100 30 100 300 300
5d 100 300 - - 300 100
5e 100 300 300 300 300 100
5f 30 100 100 300 300 300
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59 30 100 30 100 300 -
5h 300 300 300 300 300 300
Phenytoin® 30 30 - - 100 100
Car bamazepine” 30 100 100 100 100 300

®Doses of 30,100,300 mg/kg were administered. Thardi in the table indicates the minimum dose whereb
bioactivity was demonstrated in half or more of teémals (n=6).The animals were examined 0.5h dndfter
administration. The (-) indicates an absence d¥iggtt maximum dose administered (300mg/kg).

PData from references [7,8].

Conclusion

In general, substitution a¥-Cl, 0-OH, 0-NO, andp-F at a distal phenyl rind showed potent
activity against MES and scPTZ test. The presefige@, mOH andp-OCH; at distal phenyl
ring showed moderate activity against MES and scBEZ Substitution with N(CH, showed
protection against MES test at a higher dose ofh2fKg. In conclusion, the majority of the
compounds of isonicotinic acid hydrazide incorpedatierivatives of thiazolidin-4-one, azetidin-
2-one and 1,3,4-oxadiazole were active in MES aRT Z test and all the compounds were less
neurotoxic than phenytoin.
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