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Abstract. Purpose: A series of substituted isatin semicar-
bazones and related bioisosteric hydrazones were designed
and synthesised to meet the structural requirements essen-
tial for anticonvulsant properties. Methods: The struc-
tures of all synthesised compounds were confirmed by
means of infrared, proton magnetic resonance spectros-
copy and by elemental analyses. All compounds were eval-
uated for their anticonvulsant activity by maximal
electroshock (MES), subcutaneous metrazol (ScMet) and
subcutaneous strychnine (ScSty) induced seizure methods
and their neurotoxic effects were determined by rotorod
test. Results: A number of isatin semicarbazones exhib-
ited significant protection after intraperitoneal administra-
tion at the dose of 100 and 300mg/kg. Some of them
showed good anticonvulsant activity in MES test in rats
after per oral administration at the dose of 30mg/kg. The
bioisosteric hydrazone derivatives were inactive in all tests.
Compound 6-chloroisatin-3- (4-bromophenyl)-semicarba-
zone has emerged as the most active analogue of the series
showing good activity in all the three tests and was more
active than phenytoin and valproic acid. Conclusions:
The results evidenced the importance of hydrogen bond-
ing and suggested a new pharmacophore model with four
binding sites essential for anticonvulsant activity.

INTRODUCTION

Epilepsy is a neurological disorder characterised by unpro-
voked seizures that affects at least 15 million people world-
wide. Approximately 2.5 million individuals suffer from
this disorder in the U.S., with 250,000 new cases diagnosed
every year. Phamacotherapy is the mainstay treatment for
epilepsy and the choice of antiepileptic drug for a particu-
lar patient is made according to the seizure type (1). Sev-
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eral new anticonvulsants (2) like oxacarbazepine,
vigabatrin, lamotrigine, gabapentin, tiagabine, topiramate,
felbamate, rufinamide and levetiracetam have been put
into clinical practice. Despite familiarity with established
antiepileptic drugs and the introduction of these new
agents in the past decade, up to one third of epilepsy
patients remain resistant to optimum drug treatment (3).
However, the choice of these new anticonvulsants
depends upon the individual factors like age, sex, type of
syndrome etc. Women of childbearing age face specific
problems related to the type of epilepsy and to the treat-
ment with anticonvulsants. Also in current clinical practice
combination therapy is prescribed in significant propor-
tion of patients with epilepsy (4). Symptoms of depression
were significantly more likely to appear in patients taking
vigabatrin (5). These results triggered the search for newer

anticonvulsants.

Recently, Dimmock (6,7) and Pandeya (8,9) have explored
semicarbazones as newer chemical entities with potential
anticonvulsants. The basis of the development of semicat-
bazones has been advocated by citing a binding site
hypothesis in which there is; (a) a hydrophobic aryl ring,
(b) a hydrogen bonding domain, (c) an electron donor
acceptor system, and (d) an another hydrophobic aryl ring
responsible for metabolism, the size of the ring can differ.
To test this hypothesis some modifications were made in
the structure of semicarbazones.

a. Isatin (indoline-2, 3-dione), a versatile heterocyclic
hydrophobic molecule possessing preliminary anticonvul-
sant properties (10) has been selected for the hydrophobic
binding site of our hypothesis.

b. To increase the liphophilicity of the isatin molecule,
chloro substitutuents (T value 0.71) in different positions
have been introduced.
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c. (i) The hydrogen bonding domain (-CONH-) in semi-
carbazones has been replaced with bioisosteric non hydro-
gen bonding (-O-CH, -) group.

(i) The acetylation and benzylation of N-H group of
isatin has been explored either to increase liphophilicity or
to create in vivo N-H group to bind at the active site.

d. Lastly, the distal aryl binding site has been proposed
from our eatlier findings.

MATERIAL AND METHODS

Chemistry

The isatin and substituted isatins (a-d) were prepared by
following the procedure reported earlier (11, 12) (Scheme
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The N-acetylation of b with acetic anhydride and benzyla-
tion of a with benzyl chloride in presence of potassium
carbonate and dimethyl formamide furnished N-acetyl-5-
chloro isatin (e) and N-benzyl isatin (f) respectively.

The substituted phenyl semicarbazides (Scheme 2) and
(un) substituted phenoxy acetyl hydrazides (Scheme 3)
were synthesised by using the method described in eatlier
literatures (13, 14). The condensation of substituted isatins
a-f with aryl substituted semicarbazides and related bioi-
sosteric hydrazides resulted in the formation of isatin

semicarbazones 1-13 and 20 and isatin hydrazones 14-

19, respectively.
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Melting points were determined in open capillary tubes on
a Thomas Hoover melting point apparatus and are uncor-
rected. The purity of the compounds was confirmed by
thin layer chromatography using silica gel glass plates as
stationary phase, chloroform and methanol (9:1) as mobile
phase. Elemental analyses (CHN) were undertaken for all
compounds and were within +0.4% of the calculated val-
ues. The IR spectra were recorded on a JASCO FT-IR
5300 instrument using KBr disc method and 'H NMR
spectra were recorded at 90 MHz on a Jeol FX 90Q FT-
NMR spectrophotometer using DMSOd, as solvent and
TMS as an internal standard.

Synthesis of isatin-3-semicarbazones (1-13 and 20)

Equimolar quantities of isatin (0.003 mol) and the appro-
priate substituted phenyl semicarbazide (0.003 mol) were
dissolved in 10 ml of ethanol (95%) containing few drops
of glacial acetic acid. The mixture was refluxed for 45 min-
utes then cooled in ice. The resultant solid was filtered,
dried and recrystallized from ethanol (95%). Percentage
yield and melting points are presented in Table 1.
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Table 1: Physical characterisation of synthesized Table 2: Anticonvulsant and neurotoxicity screening of
compounds synthesized compounds

Intraperitoneal Imection i Mice
Compound1 MES Screen Sc Met Boreen BoBty Screen NT Sereen

N—NH

. U5h 4h  05h 4k 05k 05h  4h

R _c=0 . 100 - - - = 100 -
N -0 300 300 300

o - - = =
5 ; o0 100 - - - 1o 160
Elemental analysis 300 300 300 300
Compound R R’ R Molecular MP Yield Rf Rm Calculated %% 3 - 100 0 - - 100 -
Forroula °C % Found % 300 300 300 - 300 300 300
C H W 4 a0 - 100 i) 100 1o ]
T FCT  H  Z-ohlom phenyl Oy HpCIN, O %6 75 084F 03998 5150 288 1604 _ _ _ _
axing 5146 291 1610 300 300 300
2 4C1  H  4uites phengl CysHuCIN;0 130 69 0720 03750 5008 230 1948 5 - - - - - 1o -
amino 5017 298 1961 300 300 _ _ _ 300 300
3 6C1 H  4bomophenyl CuyHuwBrCIND; 230 76 0448 05094 4577 256 1423
4 6C1  H  Zchlmophenyl CuHuClL N,Op 157 68 062 04162 zslf gé ggé }géi é
: - - : 300 300 - — - 300 300
amino 5142 267 1831
5 6-C1  H 4 chlom phenyl CpsHyCl MOy 182 71 0660 04005 5159 238 1604 7 100 - - - - 100 100
axing 5180 271 1582 300 300 _ _ 300 300 _
& 6C1  H  4uites phengl CyyHuCIN;0 01 62 0653 04003 5008 230 1045
amminn 5013 278 19.50 2 - - - - - 100 -
7 5-C1 Acetyl dbromo phenyl CppHpBrCIN, Oy 178 13 0644 04070 4686 277 12388 300 _ _ _ 300 300 _
amin 4673 252 1259
g H  Benzgyl 2-chlmwophenyl CoHuyCLI,Op 128 76 0792 03546 6526 423 1336 - - - - 100 - -
aminn 6542 416 1360 9 300 B B _ B 300 _
] H  Bengyl 3 chlowphenyl CpHpCLH,Qp 124 53 0765 03630 6526 423 1336
axing 6538 440 1377 10 - - - - - - -
10 H  Bengyl 4 chlowphenyl CpHuyClLH, O 173 72 0803 03497 6526 423 1336 300 _ _ _ _ _ =
axing 6538 434 1381
1 H  Benzyl 4 bromophenyl CgpHyyBr Ny 95 75 0603 04246 5881 381 1246 - - - — — —
sing 5250 372 1261 1 300 _ 300 _ 200 _
12 H  Bengyl 4sulphonamido C g HioN; 0,8 152 64 0738 D372 5878 426 1423
pheny] aming 5872 431 1440 1z - - - - - - -
13 H  Bengyl 4nitm phenyl CgHpN;04 130 53 0757 03653 6361 412 1685 200 _ _ _ _ _ _
axing 6366 416 1676
14 H  Benzyl phenoxy methyl CgsHe N:Os 152 82 0657 04017 TL67 49 1050 13 - - - - - - -
7133 432 1096 300 _ _ _ _ _ _
15 H  Benzyl 4brome CpHisBr ;0; 130 85 0628 04136 5049 350 905
phenoxy methyl Sp42 376 940 15 - - - - - 1aa -
16 4cl H phonowy methyl CpcHpCLH:0: 168 76 0545 04575 5828 366 1274 300 _ _ _ _ 200 _
5822 360 1275
17 4cl H Aoromn CuHuBrCIN,O; 220 73 0458 05000 4702 271 1028 Isatin 400 - - — - — —
henoy methyl 4697 273 1035 :
12 a0 H Mromg il CpHgCl M0 262 81 0807 03500 5828 366 1274 Fhenyton 30 100 - - - Lo 100
5835 358 1263 Carhatnazepine 30 — 100 - - 1aa 300
19 6C1 H Ahromo CLHuBrCIND; 256 7% 0428 05232 4702 271 1038 F— — — — — — =
phenoxy methyl 2 276 1047 Valprote acid 300
20 H  Berzyl  amino CpeHy N, O D 66 0705 03835 6527 479 1902

6322 460 1330 lCompounds 14,16, 17, 18, 19 and 20 were mactive at doses 30, 100 and 300 meflke in all tests.
*Doses of 30, 100 and 300 mg/kg of each compound were administered. The fgures in the table

1 mndicate the dose whereby bioactivity was demonstrated m half or more of the mice. The animals
1. UV (xmaX, fll’l’l) 308, 242. IR (I<B1‘ V cm ) 3442 (SCCOHdaf}’ were exarnined at 0.5h and 4h after injections were made. The (=) sigh indicates absence of

NH), 3306 (amide NH), 1734 (keto C=0), 1612 (C=N), 1655  actiity
(NH-CO-NH), 734 (phenyl C-H). "THNMR (DMSOd; &) 5.9 (s, 14: UV (Amax, nm) 322, 268. IR (KBr v cm‘l) 3345 (secondary
1H, D,O exchangeable, CO-NH), 7.7 -7.9 (m, 7H, Hetero - NH), 2926 (N-CH,-), 1734 (keto C=0), 1602 (C=N), 1248,
NH). 7: UV (Amax, nm) 303,247. IR (KBr v cm™') 3424 (sec- 1190 (CH,-O), 1680 (NH-CO), 748 (aryl C-H). "THNMR
ondary NH), 3314 (amide NH), 1734 (keto C=0), 1722 (acetyl (DMSOdg 9) 3.5 (s, 2H, N-CH,-), 5.1 (s, 2H, CO-CH,), 7.1-7.2
C=0), 1610 (NH-CO-NH), 1571 (C=N). 'HNMR (DMSOd; ) (m, 10H, phenyl CH), 7.3-7.9 (m, 4H, isatin ring CH), 8.5 (s, 1H,
3.2 (s, 3H, N-COCH3), 5.8 (s, 1H, DO exchangeable, CO-NH),  D,O exchangeable, =N-NH). 17: UV (Amax, nm) 322, 268. IR
7.6-7.91 (m, 7H, aromatic CH), 8.7 (s, 1H, D,O exchangeable, (KBr v cm‘l) 3419 (secondary NH), 3282 (amide NH), 2920 (-
=N-NH). 11: UV (Amax, nm) 296, 244, 207. IR (KBr vV cm)) CH,-0-), 1734 (keto C=0), 1653 (C=N), 1610 (amide C=0).
3490 (secondary NH), 2926 (N-CH,-), 1734 (keto C=0), 1612 'HNMR (DMSOd, §) 5.1 (s, 1H, -O-CH,), 7.3-7.8 (m, 7H, aro-
(C=N), 626 (C-Cl). 'HNMR (DMSOd, ) 3.4 (s, 2H, N-CH,-), matic CH), 8.6 (s, 1H, D,O exchangeable, =N-NH), 11.4 (s, 1H,
6.6 (s, 1H, D,O exchangeable, CO-NH), 7- 7.8 (m, 13H, aro- D,0 exchangeable, heterocyclic-NH).
matic CH), 8.3 (s, 1H, D,O exchangeable, =N-NH).

Anticonvulsant screening
Synthesis of isatin-3-bydrazones 14 - 19

All the compounds were screened for anticonvulsant
Equimolar quantities of isatin (0.003 mol) and parabromo  peoperties and the activity was established by following the

or unsubstituted phenoxy acetyl hydrazide (0.003 mol)  apticonvulsant drug development (ADD) program proto-
were dissolved in 10 ml of warm ethanol (95%) containing ] (15, 16). The compounds were administered intrapeti-
few drops of glacial acetic acid. The mixture was refluxed toneally in a volume of 0.01mL/g body weight in mice at
for 30 minutes then cooled in ice. The resultant solid was  joses of 30, 100 and 300 mg/ke to 1 to 4 mice. The activi-
filtered, dried and recrystallized from ethanol (95%). fies of the compounds in maximum electroshock (MES),

metrazole (ScMet) and subcutaneous strychnine (ScSty)

Percentage yield and melting points are presented in table st are presented in Table 2. Further, the most active com-

2. pounds were examined for oral activity in rats at dose 30

mg/kg (Table 3).
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Table 3: Anticonvulsant evaluation of compounds 1, 2, 3,
4, 6, 12, 13 and 15 after oral administration (30 mg/kg)
in rats

MES Screen’ HT Zcresn
Compound 0,25k 0.5h  1h 2h 4h | 0.25h 0.5k lh 2h 4h
1 144 144 114 34 14 04 04 04 04 0f4
2 144 04 04 14 X4 074 04 04 04 04
3 03 323 33 33 0f4 04 04 04 0/
4 144 144 04 24 04 074 0 04 04 0/
1] 0/ 04 14 3 14 04 04 04 04 0
12 0/ 04 14 24 14 04 04 04 04 0/
3 @ 14 04 4 A 04 04 04 0H A
15 U4 04 04 04 04 | 04 04 04 0 0@

"Mazimum electroshock test, the fipures in the table indicates the number of animals protected
against the number of animals tested.

*Meurotoxicity test, the fizures in the table indicate the number of animals that exzhibited toxcity
against the number of animals tested.

Neurotoxicity (NT) screening

The minimal motor impairment was measured in mice by
the rotorod test. The mice were trained to stay on an accel-
erating rotorod that rotates at 10 revolutions per minute.
The rod diameter was 3.2 cm. Trained animals were
injected intraperitoneally with the test compounds at doses
of 30, 100 and 300 mg/kg. Neurotoxicity was indicated by
the inability of the animal to maintain equilibrium on the
rod for at least one minute in each of the three trails. The
results are shown in the Table 2.

RESULTS

The semicarbazones were screened at 30, 100 and 300
mg/kg intraperitoneally in mice for anticonvulsant activity
using the procedure described previously. In the first series
of the experiments the compounds were administered by
i.p. route and the MES, ScMet and ScSty tests were per-
formed for each compound. In the initial evaluation of the
anticonvulsant activity there is a clear cut differentiation in
the activity of aryl substituted semicarbazones (com-
pounds 1 to 15) showing anticonvulsant activity over those
with phenoxy substituted derivatives except 15. This find-
ing clearly demonstrates the importance of hydrogen
bonding domain present in the aryl substituted semicarba-
zones and absent in aryloxy substituted derivatives. Among
the compounds showing anticonvulsant activity from 1 to
15, compound with more lipophilic substitution like chloro
group in the isatin molecule 1 to 7, are more active than
those where there is no chloro substitution in the isatin
ring (8 to 15).

Among the N-substituted derivatives of isatin the acetyl
group has appeatred to be more favourable (activity at 100
mg/kg) as compared to the benzyl substituted derivatives
(activity at 300 mg/kg), which may be due to easier

deacetylation as compared to debenzylation so that the
NH group becomes free in vivo for hydrogen bonding
with the receptor.

Some compounds (2, 3, 4 and 11) have also shown activity
in both MES and ScMet screen exhibiting a broad spec-
trum anitconvulsant activity. Among these compound 2, 3
and 4 showed activity in all the three tests at the dose of
100 mg/kg.

Next, in the second series of experiments the most active
compounds (1 to 4, 6, 12, 13 and 15) were administered by
oral route at 30 mg/kg in rats in MES test and neurotoxic
effects examined at 0.25, 0.5, 1, 2 and 4 h intervals. Com-
pound 3 [6-chloroisatin-3- (4-bromophenyl) semicarba-
zone| exhibited excellent activity (50% protection after 0.5
h and 100% protection after 2 h at 30mg/kg) in MES test
after per oral administration. Compounds 1, 4, 6 and 12
showed maximum protection after 2 h of administration
and compound 2 showed maximum protection after 4 h.
Only moderate activity was observed by compounds 13
and 15 after per oral administration. None of the com-
pounds showed neurotoxicity after oral administration at
30 mg/kg in rats.

DiscUsSIONS

In the present series of the compounds many of them
showed good anticonvulsant activity at 100 mg/kg as com-
pated to isatin (17) (MES 400 mg/kg). So there is an
increase in anticonvulsant activity by our molecular modi-
fications. In the semicarbazone series and urelylene anti-
convulsants Dimmock has proposed a binding site
hypothesis for these compounds eliciting anticonvulsant
activity (Figure 1).

Figure 1: Proposed binding site of urelylene
anticonvulsants. The locations A and C are considered to
be hydrophobic binding areas and B is hydrogen bonding
site.
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A scrutiny for certain selected structures for active anti-
convulsants has been shown to possess a hydrophobic unit
(R), an electron donor group (D) and hydrogen donor
acceptor unit (HBD) as shown in Figure 2.

| % HBD)
(Lack of activity)

Figure 2: Structures of anticonvulsants showing the
general pharmacophore model for anticonvulsant activity.

In our present series of compounds the active compound
3 possess all the requirements essential for anticonvulsant
activity as proposed by Dimmock and others. The replace-
ment of the amide bond responsible for hydrogen bonding
in the phenoxy substituted derivative 16 cleatly establishes
the requirement of this unit for anticonvulsant activity
(shown in Figure 2).

Thus our new proposal for a pharmacophore model
includes not only three factors but also an additional
hydrophobic binding site C shown in Figure 3 for bioactiv-

ity.

Figure 3: Suggested pharmacophore model for
anticonvulsant activity. A and C are hydrophobic binding
site, HBD is hydrogen-bonding site and D is electron
donor group.

In conclusion these results give a new look at the pharma-
cophore model suggested eatlier by several workers, which
will account for bioactivity of majority of compounds.
From our present work, compound 3 has emerged as lead
molecule whose further molecular modification is under
investigation.
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