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CHAPTER-I

W-_—Tw

Epilepsy is a chronic and often-progressive disorder characterized by the periodic and
unpredictable occurrence of seizures that is caused by abnormal discharge of cerebral
neurons (1). Epilepsy is not a disease, but a syndrome of different cerebral disorders of
the central nervous system (CNS), which is characterized by paroxysmal, excessive and
hypersynchronous discharges of large number of neurons (2). These discharges disrupt
normal brain functions by creating fluctuations in electrochemical balance. Seizures are

sudden and transitory episodes of abnormal phenomena of motor, sensory, automatic or
psychic origin. The motor episodes are termed convulsions. These seizures are nearly
always correlated with abnormal and excessive discharges in the brain, which can be
recorded on an electroencephalogram (EEG) (3). In addition, cpi Ieptic seizurcs are seen in
many illnesses that directly or indirectly involve the brain, including jonic and electrolyte
imbalances, disorders of carbohydrate, amino acid and lipid metabolism, infections, brain
tumors, brain trauma and elevation of body temperature in the young (2, 4, 5).

Types of Seizure: -
Seizures are conventionally categorized into four major classes: -

a) Partial seizures
b) Generalized seizures
c) Undetermined seizures and

d) Special syndromes

(a) Partial Seizures: -
Pactial seizures are epileptic episodes i
remain localized within a focal area of the brain. These seizures may or may not

Traditionally, partial seizures include temporal lobe

n which excessive neuronal discharges

impair consciousness.

seizures and focal motor seizures. Partial seizures are generally characterized by
a single limb; muscle group or specific localized sensory

convulsions confined to
disturbances usually without impa

may become secondarily generalized (6).

irment of consciousness. This type of seizure

(b)  Generalized Seizures: -
Generalized seizures impair consciousness, By convention, this class includes

those seizures Known as grand mal, petit mal, and minor seizures,
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6. Juvenile myoclonic epilepsy (impulsive petit mal)

7. Epilepsy with grand mal (GTCS) seizures on awakening

8. Other generalized idiopathic epilepsies not defined above

9. Epilepsies with seizures precipitated by specific modes of activation
B. Cryptogenic or symplomatic (in order of age)

. West syndrome (infantile spasms)

2. Lennox- Gastuat syndrome

3. Epilepsy with myoclonic absences

C. Symptomatic
1. Nonspecific etiology
a) Early myoclonic encephalopathy )
b) Early infantile epileptic encephalopathy with suppression burst
c) Other symptomatic generalized epilepsies not defined above

2. Specific syndromes

T Epilepsies and syndromes undetermined whether focal or general

A. With both generalized and focal seizures
1. Neonatal seizure
2. Severe myoclonic epilepsy in infancy
3. Epilepsy with continuous spike-waves during slow wave sleep
4. Acquired epileptic aphasia (Landau-Kleffner syndrome)
5. Other undetermined epilepsies not defined above.
B. Without unequivocal generalized or focal features
IV.  Special syndromes
A. Situation-related seizures (Gelegenheitsanfalle)
1. Febrile convulsions
2. Isolated seizures or local status epilepticus
3. Seizures occurring only when there is an acute metabolic or toxic event due

to alcohol, drugs, eclampsia, or nonketotic hyperglycemia.
Approximately 50 million people worldwide have epilepsy; making this condition the
second leading neurological disorder (8). In India, studies have reported the prevalence
rate varying from 171 to 978 cases per 1,00,000 population (9). It is estimated that 25%
of the epileptic population have seizures that are not responsive to presently available
medical therapies (8). The incidence of epilepsy is higher within the first decade of life

and more particularly, in the first year of life (6). Males tend to have a2 higher prevalence
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and incidence of epilepsy than females (6). Despite the optimal use of available
anticpileptic drugs, many patients with cpilepsy fail to experience scizure control and
olhers do so only at the expense of significant toxic side effects. Estimates suggest that
the available medication controls the seizures in only 50% of patients or decreases the
incidence in only 75% of paticnts (10).

Although many new antiepileptic drugs (AEDs) have been introduced in the last decade,
but still approximately about 30% of patients remain pharmaco-resistant (11) and have
not benefited significantly from the introduction of sceveral new AEDs since 1993.
Furthermore, none of the currently marketed ALDs kave been shown to prevent the
development of epilepsy in susceptible individuals after a variety of central ncrvous
system (CNS) insults including infection, trauma, ar febrile scizures (12-15). The poor
success in identifying novel therapics that may prevent the development of epilepsy and
pharmaco-resistance has been partially the result of lack of experimental models that
closely approximate chronic human epilepsy syndromes as well as our poor
understanding  of the pathophysiological basis for pharmaco-resistance  and
epilcptogenesis.

Epileptogenesis is the process by which normal central nervous system tissue is
wransformed into brain tissue prone to the manifestations of spontaneous recurrent
seizures (16). Neuronal injury in the form of stroke is the most common factor associated
with epileptogenesis and acquired epilepsy (17).

Twenty years ago, the selection of AEDs for individual patients relied upon a
combination of clinical experience, personal reference and serendipity. The last two
decades have witnessed unprecedented progress in the pharmacotherapy of epilepsy with
the introduction of nine new drugs and considerable advance in our understanding of how
AEDs exert their effect at the cellular level,

Anticonvulsant’s mechanistn of Action (Fig. [.1):

Figure L.1: Representation of epileptic condition.
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At the cellular level, three major mechanisms of action have been recognized,

(1)

1. Modulation of voltage gated ion channel
2. Enhancement of y-amino butyric acid (GABA) mediated inhibitory
neurotransmission
3. Attenuation of glutamate mediated excitatory transmission (18, 19).
Modulation of Voltage gated ion channels: -
The intrinsic excitability of the nervous system is ultimately controlled by voltage
gated ion channels, which regulate the flow of cations across surface and internal
cell membranes. Voltage dependent sodium channels are responsible for
depolarization of the cell membrane and the characteristic upstroke of the
neuronal action potential. Voltage sensitive calcium channels are, similarly
involved in depolarization, often recruited in response to initial sodium dependent
action potential generation. Calcium channels are distributed throughout the
nervous system on dendrites, cell bodies and nerve terminals. The N, P and Q-
type calcium channels have been implicated in the control of neurotransmitter
release at the synapse, whereas the T-type channel, expressed predominantly in
thalamocortical relay neurons, is believed to play a role in the distinctive rhythmic
discharges of generalized absence seizures. (18-20).
Blockade of voltage gated sodium channels is the most common mechanism of
action amongst the currently available AEDs. The cstablished agents Phenytoin
and Carbamazepine are archetypal sodium channel blockers and the newer drugs
Lamotrigine, Felbamate, Topiramate and Oxcarbazepine also share this
mechanism. There is also evidence that Sodium Valproate and Gabapentin have
effects on sodium channels. In the majority of cases, these drugs bind to the
inactivated state of the sodium channel and produce a voltage and frequency
dependent reduction in channel conductance, resulting in a limitation of repetitive
neuronal firing with little or no effect on the generation of single action potentials
(19, 21).
Voltage gated calcium channels represent a major target for AEDs. The efficacy
of Ethosuximide against generalized absence seizures is believed to mediate by
blockade of T-type calcium channel. Anecdotal evidence suggests that Sodium
Valproate may have similar effects. In addition, Lamotrigine has been reported to

limit neurotransmitter release by blockade of the N-and P-subtypes of voltage
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sensitive calcium channcl, while Gabapentin binds to the oz & subunit of the L-
type channel. Felbamate and Topiramate also appear to influence calcium channel

conductance, although these effects are less well characterized in terms of

specificity for individual channel subtypes.

Enhancement of Inhibitory Neurotransmission: -

GABA is the predominant inhibitory neurotransmitter in the mammalian central
ncrvous system where it is released at up to 40% of all synapses. Following
synaptic release, GABA acts on three specific receptors, GABAs, GABAg, and
the newly characterized GABA,, which are distinguished by their pharmacology,
function and anatomical distribution. The GABA,4 receptor, with its pentameric
subunit array and central chloride ion pore, is perhaps the best characterized. It
belongs to the ligand-gated ion channel super family and responds to GABA
binding by increasing chloride conductance, resulting in  neuronal
hyperpolarisation. GABA is removed from the synaptic cleft into localized nerve
terminals and glial cells by specific transport molecules, four of which (GAT-];
GAT-2; GAT-3 & BGT-1) have been described. Thereafter, GABA is either
recycled to the readily releasable neurotransmitter pool or metabolized by the
action of the mitochondrial enzyme GABA-Transaminase (GABA.T) thereby

completing the cycle (18, 19) (Fig 1.2)

. Inhibitary
VIGABATRIN
s W GABA uptake
/ \ o e
GABA © .
TIAGABINE _
BENZODIAZEPINE © 8t Tasa
PHENOBARBITAL Gmm _
GABA, ! oltal ceil
recaplor, N/ :
-r-"ﬁ'---_. * . b - _-“-—-"-I'-——.___-_
’ i
postsynapiic
o fauwrone .

Fig 1.2: Methods of augmenting GABAergic transmission,
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Several AEDs exert their pharmacological effects on the GABA system. The
established agents Phenobarbital and the benzodiazepines bind to distinct sites on
the GABAA receptor complex and exert an aliosteric influence on the opening of
the chloride ion channel in response to GABA. Phenobarbita] increases the
duration of channel opening, while the benzodiazepines increase the frequency of
opening. Felbamate and Topiramate also activate the GABA, receptor and these
effects are less well characterized. Current cvidence suggests that they have
similarly distinct binding sites and different effects on chloride channel kinetics.
The contemporary AEDs, Vigabatrin and Tiagabine exert their antiepileptic
actions by selective effects at the GABA synapse. Vigabatrin is an irreversible
inhibitor of the enzyme GABA-T, while Tiagabine prevents the uptake of GABA
from the synaptic cleft by blockade of the GAT-1 transporter. These m;:chanisms
are importantly distinguished by their neurochemical consequences.

Inhibition of GABA metabolism results in the global elevation of brain GABA
concentrations, whereas blockade of GABA uptake temporarily prolongs the
presence of neuronally released GABA in the synapse. Other AEDs including
Sodium Valproate, Gabapentin and Topiramate, have also been proposed to
influence GABA- ergic neurotransmission by increasing the synthesis and/or

release of GABA (18, 19).
Attenuation of Excitatory Neurotransmission: -~
Glutamate is the principal excitatory neurotransmitter in the mammalian brain.

Following synaptic release, it exerts its effects on both ionotropic and
metabotropic receptor types. The ionotropic glutamate receptors are arguably the
best characterized and are classified into three specific subtypes, AMPA, Kainate
and NMDA, which form Ligand-gated ion channels permeable to sodium and
depending on subtype and subunit composition, calcium ions (18), The AMPA
and Kainate subtypes are implicated in fast excitatory neurotransmission, whereas
the NMDA receptor, quiescent at resting membrane potential, is recruited during
periods of prolonged depolarization (19).

Despite attracting considerable attention in the ongoing search of novel AEDs
none of the currently available agents exert their pharmacological effects solely by
an action on the glutametergic system. Nevertheless, blockade of NMDA subtype
of glutamate receptor has been reported to contribute to the antiepileptic effects of

Felbamate. Topiramate is similarly distinguished by an inhibitory action on the

7
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In addition, several AEDs have been reported to reduce

glutamate release, although this effect may be more indicative of their actions on

calcium channels than a direct effect on the glutamate system. (18, 19).

Table 1.1: Proposed Pharmacological targets of Antiepileptic drugs (19, 20): -

S.No. Drugs Na® Ca™* GABA | GABA | Glutamate
channels | channels | receptors | synapse | receptors
| Phenobarbital - - +H - .
2 Phenytoin =+ - - . .
3 Ethosuximide - +++ - - .
4 Carbamazepine ot - - - .
5 Sodium Valproate + + - ++ .
6 Benzodiazepines - - ++ - -
7 Vigabatrin - - - +++ .
8 Lamotrigine H+ ++ - . .
9 Felbamate + ++ ++ - ++
10 Gabapentin + + . ++ .
11 Topiramate ++ ++ ++ + ++
12 Tiagabine . - - +4+ .
! Oxcarbazepine e+ + - - .
14 . Leviracetam ? ? ? ? 2

+++ = Primary target

+

= Possible target

++ = Probable target

? = Unknown

Most of the antiepileptic drugs identified by screening methods have more than one

molecular mechanism of action. Among the recently evaluated agents, Topiramate and

Felbamate possess two or three key mechanisms of action. Topiramate and Felbamate

potentiate GABA, prolong inactivation of sodium channels and also block AMPA or

NMDA receptors (21). Models of acquired epilepsy are associated with multiple changes

in receptors and ion channels. All synaptic systems are subject to modulatory control

systems that tend to nullify and sustain shift in activity. Therefore, it is probable that an

optimal therapeutic effect will be achieved by simultaneous actions at several targets
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Anticonvulsant drug classes: -

The anticonvulsant agents may be conveniently grouped into three general categories.

(1) “First Gencration” or older agents as exemplified by Phenytoin (I-1),
Carbamazepine (1-2), Valproate (I-3), the Benzodiazepines (I-4, I-4a and [-4b),
Ethosuximide (I-5), Phenobarbital (I-6), Primidone (I-7) and Trimethadione (I-8), all
of which were introduced between 1910 and 1970.

NHz
o
(I-1) (I-2) (1-3)
CH; H CHa
) |
rln\go N\S Neo/"
Cl ! N O,N . N : :N
| ] cl o
(I-4) (I-4a) (1-4b)
CHa o M o) 'T' CHa,
H5C» N N HaC 0]
p=0 )
O l}l e H;C5 N H5C; N 0) [;«l o
H o A o 4 CHs
(1-5) (1-6) (&-7) (1-8)
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{2) “Second Generation” or newer agents consisting of Vigabatrin (I-9), Gabapentin (I-
10), Felbamate (I-11), Lamotrigine (I-12), Oxcarbazepine (I-13), Zonisamide (I-14),
Tiagabine (I-15), Topiramate (I-16) and Leviteracetam (I-17).

COOH

T NH;
o
//\NL OH
e WO

(1-9) (1-10) (1-11)
0 .
N N
~ 0
cl ah O O I
N
H2N NH; oS, 3
(I-12) (1-13) (I-14)
ki
O=8=

(I-15) (I-16) (I-17)

(3) “Third Generation” agents are those agents that are in preclinical or clinical
development which is exemplified by AWD-131 (I-18), Harkoseride (I-19), LY-
300164 (1-20), NPS-1776 (I-21), NW-1015 (1-22), Pregabalin (-23), Remacemide (I-
24), Retigabine (I-25), Rufinamide (I-26), Losigamone (1-27), Stiripentol (I-28),

10



Ganaxolone  (I-29),  Soretolide

(1-30)’
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4-(4-fluorophenoxy)benzaldehyde

semicarbazone (1-31), AMP-397A (1-32), U-594494 A (1-33), SB-204269 (1-34).

&

O

(1-18)

CHa

O OCHsH
* N
3~ N

H O

(1-19)

CH; O

CHj NH;

(1-21)

HoN" > ~COOH

CH3/I\

CHs

(1-23)

11

(1-25)
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Adverse Effects of Marketed AEDs: -

The efficacy of many of the marketed drugs is largely compromised by notable adverse
effect in patients (22-24). Barbiturates such as Phenobarbital and Mephobarbital (N-
Methyl phenobarbital), marketed early in the 20™ century and used mainly in the
treatment of generalized and partial seizures, cause severe drowsiness and sedative-

hypnotic effect that greatly limit their use at present (25-27).

Phenytoin, a member of the hydantoin family, although widely used in controlling
generalized and partial seizures, possess a range of CNS related side effects such as
nystagmus, ataxia, mental confusion, disturbances of equilibrium etc (28, 29).
Ethosuximide, a succinimide drug, is regarded as the most effective and least toxic in the
treatment of absence seizures, and yet causes drowsiness, ataxia, skin rashes, and possibly
hepatic and renal dysfunction (30, 31).

Benzodiazepines such as Diazepam and Clonazepam used in the treatment of partial and
generalized seizures and status epilepticus, although clinically effective, are unsuitable for
chronic treatment because of the development of drug-tolerance and drug-dependence in
patients (32, 33). Valproic acid has a wide spectrum of anticonvulsant action and is used
clinically for the treatment of generalized, partial and absence seizures. However, its use
is also limited by a potential for fatal hepatotoxicity and teratogenicity. In addition,
gastro- intestinal disturbances are frequently observed with this drug (34, 35).

Gabapentin, Lamotrigine, Vigabatrin and Tiagabine are among the major newly marketed
antiepileptic drugs, which are effective in the treatment of refractory adult patients with
complex partial seizures. Some of the undesirable side effects of CNS origin that
accompany the use of these drugs are somnolence, fatigue, dizziness, headache, ataxia,
diplopia, and mental confusion. (36-39).

These limitations with the conventional AEDs highlighted the need for developing newer
agents for epilepsies and the AED search has come a long way, particularly over the last

two decades.

I3



Table 1.2: Side effect profile of Anticonvulsants: -

INTRODUCTION

Non-dose related

folate deficiency

Dose rela ic . .
Drug se related (Predictable) (Idiosyneratic)
Diplopia, drowsiness, headache, Photosensitivity, Stevens-
Carb epine nausea, orofacial dyskinesia Johnson syndrome,
amazep * 5 y ’ | agranulocytosis, aplastic
arrhythmias . ..
anaemia, hepatotoxicity
Dyspepsia, nauses, vomiting Acute  pancreatitis, aplastic
i . ’ . . ’ mia, thrombocyt i
Sodium valproate hair loss, anorexia, drowsiness anac . cylopena,
hepatotoxicity
git:;if;] nlf;::::%pr?l:ziadrl? ::JE::’ Blood dyscrasias, rash,
i . . .. . tren’s contractu
Fhenytoin diplopia, asterixis, orofacial hDupuy . e
. . epatotoxicity
dyskinesia, folate deficiency
Fatigue, listlessness, depression, 3
. poor memory, impotence, | Macropopular rash, exfoliation,
Phenobarbitone hypocalcaemia, osteomalacia, | hepatotoxicity

Ethosuximide

Nausea, vomiting, drowsiness,
headache, lethargy

Rash, erythema muitiforms,
Stevens-Johnson syndrome

Clonazepam Fatigue, drowsiness, ataxia Rash, thrombocytopenia
. Headaches, drowsiness, | Liver failure, disseminated
Lamotrigine diplopia, ataxia intravascular coagulation
Drowsiness, diplopia, ataxia,
i ’ Not reported
Gabapentin headache P
Dizziness, drowsiness,
Topiramate nervousness, fatigue, weight | Not reported
loss
. ) Drowsiness, dizziness, weight | Behavioral disturbances, severe
Vigabatrin loss psychosis
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The conventional antiepileptic drugs are unable to control seizures effectively in as many
as 25% of patients (40), their dose related neurotoxicity and other side effects, at times,
become a major limitation in their clinical use (41). Furthermore, since AED therapy is
for a long duration, there is a risk of drug interactions, with concomitant administration of
other drugs (42). This problem is further compounded by the high protein bindings for
some of the drugs and potential for inducing hepatic enzymes. The limitations with the
conventional AEDs highlighted the need for developing newer agents for epilepsies and

the AED search has come a long way, particularly over the last two decades.

Hydrazides and Hydrazones: -

The hydrazine derivatives are capable of exerting either convulsant or anticonvulsant
actions depending upon the compound and the conditions employed. Hydrazine induced
convulsions have been attributed to their ability to interact with pyridoxal or pyridoxal-5-
phosphate. Dixon ct al. (43) demonstrated that pyridoxal hydrazone and pyridoxal-5-
phosphate hydrazone of semicarbazide and other hydrazides were much more cffective
convulsants than the parent compounds. Since hydrazones of the phosphorylated form of
the vitamin were active convulsants, but not inhibitors of pyridoxal phosphokinase, the
authors concluded that neither pyridoxal phosphate binding nor phosphokinase inhibition

could completely explain the mode of action in producing seizures.

Hydrazine derivatives (44) have been shown to inhibit monoamine oxidase enzyme.
Prockop et al. (45, 46) first observed that the MAO inhibitors exhibit anticonvulsant
activity. In mice, they were found to be effective against electro shock and metrazole
induced seizures, but not against strychnine model; and the highest anticonvulsant activity

corresponded to the time when brain amine levels were elevated.

Agarwal et al. (47) synthesized a series of N'-substituted indole-3-acety!-N>-substituted
hydrazines and hydrazones and evaluated for anticonvulsant activity against subcutaneous

pentylene tetrazole (scPTZ) induced seizure. Compound II-1 showed 50 % protection.
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QOCH3
1
CHy CHyp-C—NH—NH~CH, OCH,
C
( IT?I][ CH, OCH;,
H

(11-1)

Wood et al. (48) studied sequential lowering and raising of GABA levels by the intra-
muscular administration of Isonicotinic acid hydrazide (II-2) to chicks. Initially a rapid
and significant decrease in the concentration of brain GABA, followed by a reversal of
the effect in which the GABA level increased was observed. It elevates GABA levels due
to a strong inhibitory action on GABA-a-ketoglutarate transaminase (GABA-T), but a
concomitant inhibition of glutamic acid decarboxylase (GAD) activity occurs, which may

reduce the potential of the compound as an anticonvulsant agent.

N C—NH—NH
Q_g ’

(11-2)
Wood et al. (49) developed an anticonvulsant agent based on its effect on GABA
metabolism. The administration of INH and pyridoxine in chicks 14-18 h prior exposure

to hyperbaric oxygen provided excellent protection against the onset of oxygen-induced

seizures.

Parmar et al. (50) synthesized a series of substituted cinnamides (o investigate their in
vitro MAO inhibitory propertics and their ability to protect against scPTZ convulsions
produced in mice. The degree of protection offered by these compounds did not correlate
with their enzyme inhibitory properties. The compound II-3 showed 50 % protection
against scPTZ-induced seizure.

0
I
chqf:—c——mu—@—%wn-uﬂz
o

NH

1
//C'—‘CsH5
O
(11-3)

Parmar et al. (51) synthesized 2-alkyl-1-(4’-benzhydrazide)aminomethylbenzimidazoles

and evaluated for their MAO inhibitory property and anticonvulsant activity. The
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anticonvulsant activity exhibited by these compounds against scPTZ-induced seizure was
found 10 be unrelated to the MAO inhibitory ability of these compounds. In this series,

the compound I1-4 showed 50% protection against sc PTZ induced convulsion.

N
@E )
N
NH—Q‘(&—NH—NH;;
1)

(11-4)

Wood et al. (52) studied the anticonvulsant properties of II-2 and associated changes in
GABA metabolism. The administration of INH and pyridoxine to chicks pn'o.r to being
cxposed to oxygen at high pressure brought about a delay in the onset of the hyperbaric-
oxygen induced seizures in the birds. The hydrazide was the active anticonvulsant
component of the drug mixture but pyridoxine was necessary to prevent seizures induced
by the hydrazide itself shortly after its administration. The anticonvulsant action of the
drug mixture developed slowly but lasted for several hours and correlated well with
concomitant changes in the concentration of GABA in the brain. No similar correlation

was obscrved between the anticonvulsant action and the activity of either glutamic acid

decarboxylase or GABA-a-oxoglutarate aminotransferase.

Parmar et al. (53) prepared some N'-(4-acetamidobenzoyl)-N*(substituted phenyl
carboxylate)benzylidinohydrazines and evaluated for their ability to inhibit monoamine
oxidase activity of rat brain homogenates. These compounds possessed anticonvulsant
activity, which was reflected by the protection afforded against scPTZ induced
convulsion and also potentiated pentobarbital-induced hypnosis in mice. Monoamine
oxidase inhibitory effectiveness of these substituted benzylidino hydrazines was unrelated
to their anticonvulsant activity and their ability to potentiate pentobarbital-induced
hypnosis. The compound N'-(4-acetamidobcnzoyl)-Nz-(3-
nitrophenylcarboxyfate)benzylidinohydrazine (1£-5) showed 50% of protection against

scPTZ-induced seizure.

org_pgreems—< o
O H O

o)
(I1-5) NO,
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Wood et al. (54) synthesized several aryl / heteroaryl hydrazides and hydrazones and
cvaluated for their inhibitory effects on GAD, GABA-T and MAO enzyme systems in
chick brain 24 b after their intramuscular administration. All compounds produced
reduction in GAD, GABA-T and MAO activity. Structure activity relationships indicated
that the ring structure had a greater influence on the degree of GAD and GABA-T
inhibition than the N'-terminal group. In contrast, structural requirements for MAQ
inhibition were much more restrictive. The intramuscular administration of benzoic acid
hydrazones to chicks 24 h prior exposure to oxygen at high pressure provided significant
protection against the onset of the hyperbaric oxygen induced seizures. The compound 11-
6 showed GABA-T inhibitory activity and anticonvuisant activity against scPTZ-induced

convulsion.
@-%‘—NH—N=C|:—CH3
9

CHs
(11-6)

Soliman et al. (55) prepared 3-substituted-4-oxothiazolin-2yl-(1-Phthalazinyl)hydrazones,
3-substituted-4-oxo0-35,6-dihydro-1,3-thiazin-2yl-(1-phthalazinyl)hydrazones ~ and  2-
substituted-amino-5-oxo0-4-(1-phthalazinyl)-6-hydro-1,3.4-thiadiazines and tested for
their anticonvulsant activity. Some of the compounds showed weak to moderate

anticonvulsant activity. The compound II-7 showed 70% protection against scPTZ-

induced convulsion.

(11-7)

Chapleo et al (56) synthesized a series of 2-aryl-5-hydrazino-1,3,4-thiadiazoles and
evaluated for anticonvuisant activity. The combination of preferred aromatic substituents
in the 2-position coupled with alkyl substitution on the hydrazine moiety led to a number
of potent corpounds lacking sedation, ataxia, or lethality. 2-(2'-biphenylymethyl-5-(1"-
methyl hydrazino)-1,3,4-thiadiazole (II-8) represents a new class of anticonvulsant agent.
It showed EDso of 18 mg/kg against MES induced seizure,
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N—/—N

Q CHz“J\S/""f}J—NHz
CH,

Lightcap et al. (57) found methyihydrazine (I1-9) and (3-hydroxybenzyl)hydrazine (II-
10) to be potent slow binding inhibitors of the pyridoxal-5-phosphate (PLP)-dependent

(11-8)

enzyme GABA-T. The rate constant for formation of the enzyme inhibitox: complex
determined from the slow binding kinetics was 2.08x10* and 1.98x10* m'min" for
methyl hydrazine and (3-hydroxybenzylhydrazine, respectively. The rate constant for
dissociation of the enzyme-inhibitor complex determined for the slow binding kinetics
was 4.6x10 and 5x102 min’!, respectively. The inhibition constants calculated from the

slow binding inhibition kinetics are 2.2 pm for methylhydrazine and 0.3 pm for (3-
hydroxybenzylhhydrazine.

CHy-NH—NH
CHs—NH—NH, 2 2

(11-9) HO (11-10)

Dimmock et al. (58) synthesized various acetylhydrazones and oxamoylhydrazones as
candidate anticonvulisants with a view to examine the viability of a putative binding site
hypothesis. Atomic charge calculations were undertaken to determine the hydrogen
bonding capacities of various molecules. The biological results obtained revealed that in
general the acetylhydrazones (11-11) afforded good protection against convulsions while
ihe oxamoy) hydrazones were significantly Jess active. These data suggest that terminal

electron donating groups enhanced the hydrogen bonding capabilities and anticonvulsant

properties of these molecules.

CH3—(”)—~NH*-N=?

C H
C

(11-11)
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N—=N

Q CHz'—"\SJl—FIJ—NHg

CHj;

Lightcap et al. (57) found methylhydrazine (II-9) and (3-hydroxybenzyhhydrazine (11~
10) to be potent slow binding inhibitors of the pyridoxal-S-phosphate (PLP)-dependent

(11-8)

enzyme GABA-T. The rate constant for formation of the enzyme inhibitor complex
determined from the slow binding kinetics was 2.08x10° and 1.98x10* m'min” for
methyl hydrazine and (3-hydroxybenzyl)hydrazine, respectively. The rate constant for
dissociation of the enzyme-inhibitor complex determined for the slow binding kinetics
was 4.6x107 and 5x10” min”, respectively. The inhibition constants calculated from the

slow binding inhibition kinetics are 2.2 um for methylhydrazine and 0.3 pm for (3-
hydroxybenzyi)hydrazine.

CHz-NH—NH
CHs~NH—NH, 2 2

(11-9) HO (11-10)

Dimmock et al. (58) synthesized various acetylhydrazones and oxamoylhydrazones as
candidate anticonvulsants with a view to examine the viability of a putative binding site
hypothesis. Atomic charge calculations were undertaken to determine the hydrogen
bonding capacities of various molecules. The biological resuits obtained revealed that in
general the acetylhydrazones (11-11) afforded good protection against convulsions while
the oxamoy! hydrazones were significantly less active. These data suggest that terminal
electron donating groups enhanced the hydrogen bonding capabilities and anticonvuisant

properties of these moiecules.

CHs—(I?—NH—N=(i':

o H
Ci

(11-11)
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Pandeya et al. (59) synthesized a series of phenoxy / p-bromophenoxy acetylhydrazones
(II-12) and their anticonvulsant activity was screened against MES, scPTZ and scSTY
tests. Compounds with -OCH. were devoid of anticonvulsant activity. The studies
reveled that the hydrogen-bonding domain in semicarbazones, adjacent to the lipophilic

aryl ring, is essential for the anticonvulsant activity.

Br—O—O+CHz—(“:—NH—N=(I:—®
0

H
(1-12)

Semicarbazides and Thiosemicarbazides; -

Semicarbazides and thiosemicarbazides (60, 61) have been shown to inhibit monoamine
oxidase enzyme. Prockop et al. (45, 46) first observed that the MAOQ inhibitors exhibit
anticonvulsant activity. In mice, these were found to be effective against electro shock
and metrazole induced seizures, but not against strychnine model; and the highest

anticonvulsant activity corresponded to the time when brain amine levels were elevated.

Durant et al. (62) prepared the series of aryloxyalkyl semicarbazides, in which 2,6-
dimethylphenoxyethylsemicarbazide (11-13) showed marked anticonvulsant activity

against MES model of seizures.

CH;
.
O—CHyCHy-N—C—NH,
o)
CH,
(11-13)

Coyne et al. (63) synthesized a series of semicarbazides from various tricyclic amines and
the structure-activity relationship of their anticonvulsant activity was investigated, In that

2-chloro substituted tricyclic amine (II-14) had shown a EDsq of 14.8 mg kg !

o)
Ci
\
,C—NH—NH,
o)
(I1-14)
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Parmar et al. (50) reported compound II-15 to show 70 % protection against scPTZ-

induced seizure.

i 1 %
Q-CH=CI:~C—NH—®-C—NH-NH—~C—NH
NH
CH
//C—CGHS 3

(11-15)

Parmar et al. (64) prepared several 2,5-disubstituted-1,3,4-oxadiazoles and tested for their
effectiveness in inhibiting the respiratory activity of rat brain homogenate. All substituted
oxadiazoles and their precursors, thiosemicarbazides were found to tnhibit nicotinamide
adenine dinucleotide (NAD) dependent oxidations of pyruvate and c-ketoghiarate as
well as the NAD-independent oxidation of succinate. Anticonvulsant activity, as
exhibited by protection against scPTZ induced scizures, with substituted
thiosemicarbazides and the corresponding cyclized oxadiazoles ranged from 30 to 90% at
a dose of 100 mg/kg. The degree of protection afforded by these compounds, however,
was unrelated to their ability to inhibit oxidation of pyruvate, a-ketoglutarate and

succinate. The compound II-16 showed 90% protection against scPTZ-induced

convulsion.
Br

CH;_
CH3"'—C O_CHz‘%—NH“NH—ﬁ—NH

CH3
CH3

(II-16)

Dwivedi et al. (65) synthesized several substituted anilino-[3-methoxy-4-(4-aryl
semicarbazido carbonyl methylene oxy)] benzylidene compounds. Their ability to inhibit
monoamine oxidase and to afford protection against hypo-osmotic hemolysis in dog
erythrocytes was found to bear no relationship with their anticonvulsant activity against
scPTZ induced seizures in mice. The compound 4-methoxy anilino-[3-methoxy-4-(4-
methy] phenyl semicarbazido carbonyl methylene oxy)] benzylidene (11-17) showed 70%

protection against scPTZ-induced seizure.
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OCH,
C H30 ‘QN= T OOC H2 —(I-.I: —NH _NH—“% —NHOC H3
H o) O
(11-17)
Singh et al. (66) synthesized several 10-(1-acetyl-4-

arylthiosemicarbazido)phenothiazines and evaluated for the inhibition of nicotinamide
adenine dinucleotide (NAD)- dependent oxidation of pyruvate and a-ketoglutarate. All
phenothiazine derivatives exhibited anticonvulsant activity, which was reflected by the
20-60% protection observed against scPTZ-induced convulsions in mice. The
anticonvulsant activity possessed by these substituted phenothiazines bore no relationship
with their ability to sclectively inhibit the NAD-dependent oxidations. The compound 10-
[l-acctyl-4-(4-mcthoxyphenyl)thioscmicarbazido]phcnothiazinc (11-18) showed 60%

protection against SCPTZ—indtéCCd convulsion.
: I }
,/c—CHz—NH—NH—c-—NH——Q—OCHa
0

(11-18)

Scngupta ct al. (67) prepared N‘-(N-rnorpholinoacclyl)-N"-ary]-3-lhioscmicarbazidc
derivatives, in which, the compound N'-(N-morpholinoacctyl)-N"-(3—chlorophenyl)-thio

semicarbazide (11-19) showed 83% protcclion against scI'Z-induced convulsion.

NH—C—NH—NH—C—CH,—N O
i TR,
o)
cl

(11-19)
Semicarbazones and Thiosemicarbazones: -

Dimmock et al. (68) prepared a number of thiosemicarbazones and semicarbazones
derived from 4-aryl-3-buten-2-ones and most of the compounds were found to have
antiepileptic activity. In particular, 4-(4-methylphcnyl)-3-buten-2-one thiosemicarbazone
(11-20) had an EDs of 6.96 mg/kg in the scPTZ induced seizure threshold test when

administcred by the intraperitoneal route to mice and a protection index (P1) of 10.37.
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When given orally, the activity of this compound was retained albeit diminished. In
addition, this compound afforded some protection against scizurcs induced by bicuculine

and picrotoxin but had no effect on the activities of glutamic acid decarboxylase and

GABA-T.
CH3@C H=C H—('IJ =N—NH—-(;T‘—NH2

CHj; S

(I1-20)

Dimmock et al. (69) synthesized a number of thiosemicarbazones of arylidene and aryl
ketones as candidate anticonvulsant agents. X-ray crystallography of 4-(4-methylphenyl)-
3-buten-2-one thiosemicarbazone revealed that it had the E-configuration with respect to
both olefinic and carbimino double bonds. Most of the compounds displayed activity in
the MES and/or scPTZ tests and of particular interest was acetophenone semicarbazone

(I1-21), which exhibited good activity when administcred by the intraperitoneal and oral

C H3-®‘(': =N“NH—(“:"‘NH2
S

CHs
(11-21)

routes.

Dimmock et al. (70) carried out the systemic chemical modification of thiosemicarbazone
of acetophenone. The activities of these analogues were studied in the MES and scPTZ
tests along with their neuroloxicity screen in the mice when administered by i.p. route.
Most of the compounds were active and the representative compounds examined for oral
activity in rats revealed that in most of the cases protection against seizures induced in the
MES screen but not the scCPTZ test was achicved at a dose of 50mg/kg. Some correlations
between chemical structures and anticonvulsant properties were reported. The compound

I1-22 showed EDso of 12.84 mg/kg against MES induced seizure.

CI—@—?=N—~NH——(";—NH2
O

CHs

(11-22)
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Dimmock et al. (71) prepared various semicarbazones derived from aryl aldehydes,
phenyl alkyl aldehydes and pheny) alkyl ketones as well as some related compounds and
evaluated for anticonvulsant activity, Most of the compounds displayed anticonvulsant
activity in the MES and scPTZ screens accompanied by neurotoxicity when given to mice
by the i.p. route. However, quantitative data revealed Protective Index (Pl="1Dsp/EDsg) of
less than 4 in general. Oral administration of the compounds to rats led to excellent
potency in the MES screen accompanied by high protection indices while virtually no
activity in the scPTZ test. These observations support the theory that one large
hydrophobic group (in this case the aryl ring) and two clectron donor systems (present in
the semicarbazono group) are the structural requirements for protection in the MES
screen. In gencral, the semicarbazones had rapid onsct of action, and onc of the ways in
which these compounds displayed their anticonvulsant activity is likely to be interaction
with chloride channels. Empirical and semiempirical conformational calculations
indicated that certain molecular fragments and hydraphobicity of these molecules affects
bioactivity. The compound I1-23 showed EDso of 20.18 mg/kg against MES induced

seizure,

Cl (i'J=N——NH—C“)—NH2
H 0

Cl (11-23)

Further, Dimmock et al. (72) studied some of the properties of 4-bromobenzaldehyde
semicarbazone (II-24), a prototype molccule of a new class of anticonvulsants. 4-
bromobenzaldehyde semicarbazone demonstrated activity in the MES and scPTZ 1ests in
mice, with low neurotoxicity. When given oraily to rats, it displayed high potency in the
MES test and very low neurotoxicity, resulting in a high protection index (PI), It
displayed no proconvulsant properties, and development of rapid tolerance was not noted.
When administered i.p. at doses of 100, 300 or 600 mg/kg to rats, it had no effect on
levels of GABA or GABA-T activity in whole brain. When tested in vitro, this compound
had no effect on the brain GABA-T at a drug concentration of 100 uM. This compound
showed EDsg of 22.0 mg/kg against MES induced seizure.

Br—@—?w—wH—-ﬁ—-NHz
H o)

(11-24)
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Dimmock ¢t al. (73) converted a number of aryl alicyclic ketones to their corresponding
semicarbazones, thiosemicarbazones and bis-carbohydrazones. Anticonvulsant activity
was displayed by most of the compounds in the MES and scPTZ screens, when given by
i.p. route 1o mice. However, upon oral administration to rats, a marked selective activity
in the MES screen only was noted. The compound I1-25 showed EDs, of 14.35 mg/kg

against MES induced convulsion.
N—~NH—%-NH2

0
(11-25)

Dimmock et al. (74) studied a number of aryl semicarbazones, which displayed
anticonvulsant activity in the MES and scPTZ screens when ad;ninistered
intraperitoneally to mice. When given by the oral route to rats, protection was afforded in
the MES but not in the scPTZ test, Correlations were noted between the ¢ and o* values
of the aryl substituents, the interplanar angles made by the aryl rings with the adjacent
carbimino groups, the shapes of certain semicarbazones were determined by X-ray
crystallography and the activities in the rat oral MES screen. Molecular modeling studics
revealed a number of statistically significant descriptors, which contributed 1o
anticonvulsant aclivity. The compound 4-fluorophenyl semicarbazone (I11-26) showced

EDsp of 8.77 mg/kg against MES induced scizure.

F —Q—-(l) =N-—NH—%-—NH2
H O

(11-26)

Dimmock et al. (75) studied the importance of the primary amino group in the aryl
semicarbazones, which had been shown previously to have significant anticonvulsant
property, by replacing it with other substituents. The results indicated that the amino
group was not essential for anticonvulsant property. However its replacement by an aryl
ring generally abolished activity while a terminal phenyl aming function (I1-27) was
better tolerated. Thus both the size of the group and its hydrogen bonding capabilities
appear to influence the bioactivity. Alteration of the oxygen atom of the semicarbazoncs

by isosteres did not enhance anticonvulsant propertics,
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O

H
(11-27)

Dimmock et al. (76) synthesized a number of (aryloxy)arylsemicarbazones and related
compounds and evaluated for anticonvulsant activitics. After i.p. injections to mice, the
semicarbazones were examined in the MES, scPTZ and NT screens. Quantitation of
approximately onc third of the compounds revealed an average protection index of
approximately 9. After oral administration to rats, a2 number of compounds displayed
significant potency in the MES screen (EDso of 1-5 mg/kg) that accompanied by very
high protection indices. In fact over half of the compounds had PI greater than 100, and
two werc in excess of 300. The compounds were essentially inactive in the scPTZ and NT
screens  after  oral  administration  to  rats. The  compound 4-(4-

Flurophenoxyphenyl)semicarbazone (II-28) showed EDsp of 1.59 mg/kg (Pl >315)

against MES induced scizure.

F—@-OO(I:——-N—-NH~%—NHZ
H 0

(11-28)

Puthucode et al. (77) evaluated a number of aryl, arylidene and aryloxyaryl
semicarbazones as candidate anticonvuisants. In particular, inscrtion of an olefinic group
between the carbimino carbon atom and an aryl ring (referred to as the proximal ring) led
to a serics of ncw compounds in which there was retention in activity and two compounds
were shown to be useful lead molecules. At the doses utilized, neurotoxicity was absent in
these compounds when given orally to rats. The aryloxyaryl semicarbazones showed oral
activity in MES screen substantially greater than that of phenytoin and PI of over 100. A
binding site hypothesis as a result of the biodata generated was in accord with the
informations obtained by X-ray crystallography. The compound 1i-29 showed EDsy of

5.62 mg/kg against MES induced seizure.
CHs © G=N=—NH—C—NH,
CH,

(I1-29)
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Pandeya et al. (78) synthesized a series of thioureido derivatives of acetophenone
semicarbazone and evaluated for anticonvulsant activity. Some compounds provided
significant protection against MES and scPTZ induced scizures. The compound methyl

thioureido derivative of acetophenone semicarbazone (II-30) was the most active

compound with EDso 23.5 mg kg’ and equipotent to phenytoin (EDso = 23.2 mg/kg).

CHg—NH—C— NHO?=N—NH-—%-—NHQ
CH, O

S
(T1-30)

Dimmock et al. (79) studied the 4-(4-fluorophenoxy)benzaldehyde semicarbazone (I1-28)
as a novel anticonvulsant affording excellent protection in the rat oral MES screen as well
as having an apparent Pl over 300. The metabolism of this compound was studied by
examining the wurine of rats dosed orally with 50 mgkg of 4-(4-
fluorophenoxy)benzaldehyde semicarbazone which revealed that most of the drug was
converted into a metabolite 1-[4-(4-fluorophenoxy)benzoyl]semicarbazide (I1-31), which
was confirmed by an independent synthesis. This compound was bereft of activity in the
rat oral MES screen. This datum provided strong evidence that the anticonvulsant activity
of 4-(4-fluorophenoxy) benzaldehyde semicarbazone and related compounds is due to the
intact molecules and is not produced by breakdown products in vivo.
F OO?=N-—NH—%——NH2
H 0
(11-28)

|
g

(11-31)

Pandeya et al. (80) synthesized a serics of semicarbazones and thiosemicarbazones and

evaluated for anticonvulsant activity. Some compounds provided significant protection
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against MES and scSTY induced seizures. The acetophenone semicarbazone was the
most active in the series with activity in a dose of 30 mg/kg in the strychnine seizure
pattern test and EDso of 10 mg/kg in the MES test. Hence it could serve as a prototype
molecule for future developments. Also compounds with a p-nitrophenyl substitution (11-
32) in place of the amino hydrogen of semicarbazone moiety showed activity in a dose of

30 mg/kg and an EDs of 83 mg/kg in the MES test,

ON—(  )—NH—C—NH—N==C
2 i N\ /
0 H

(11-32)

Pandeya et al. (81) prepared a series of p-nitrophenyl substituted semicarbazones and
their anticonvulsant activity was screened against MES, scPTZ, and scSTY tests. 4-(4'-
nitrophenyl)-2-nitrobenzaldehyde semicarbazone (I11-33) has been found to be the most
active in all these tests. This study revealed that a primary amino function is not essential
for anticonvulsant activity in the semicarbazone series of compounds. Presumably these
compounds also act on glycine receptors.

OzN

OzN—GNH—%HNH— =c
o H

(11-33)

Dimmock et al. (82) obtained a result from a previous study which led to the postulate
that a number of aryl semicarbazones displaying anticonvuisant activity in the MES
screen interacted at both a hydrophobic and a hydrogen bonding areas on a specific
binding site. The two parts of the binding site may be referred to as areas A and B,
respectively (Fig 1L.1). In order to circumvent the possible problems of the carbimino
group in semicarbazones such as toxicity and acid lability, some related ureylenes (11-34,
[1-38) were considered. Initial evidences suggested that a second lipophilic group in the
molecule was advantageous; this group may interact at area *C* on (he proposcd binding
site. Most of the compounds prepared with a view to interact at areas A, B and C showed
protection in mice against MES induced seizures. A number of compounds were active

when given orally to rats and devoid of neurotoxicity at the doses utilized.
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@—(EH—NH-—-%—NH—CH;-CHTCH;;
o

CH,
(11-34)
@‘?H—NH-(&—NH—@
CH;, o)
(11-35)

o AandC ——  Hydrophobic binding area
° B 7" Hydrogen binding site

Fig [1.1: Proposed binding site of Ureylene Anticonvulsants,

Dimmock et al. (58) synthesized various semicarbazones as candidate anticonvulsants
with a view to examine the viability of a putative binding site hypothesis. Atomic charge
calculations were undertaken to determine the hydrogen bonding capacities of various
molecules. The biological results obtained revealed that in general the semicarbazones
(11-36) afforded good protection against convulsions. These data suggest that tcrminal
electron donating groups enhanced the hydrogen bonding capabilities and anticonvulsant
propertics of these molecules. Compound I1-36 showed EDso of 21.3 mg/kg against MES

induced seizure.
CH;—(CHz);—CH=C H—(]‘,=N—-NH—EI3—NH2

(11-36)

Pandeya et al. (83) synthesized a series of p-chlorophenyl substituted aryl semicarbazones
and evaluated for anticonvulsant activity. Most of the compounds provided significant
protection against MES induced seizures a1 100 mg kg after 0.5h and at 300 mg kg
after 4h in both MES and scPTZ induced scizures. The majority of compounds showed
protection against scSTY induced seizures at 30 mg kg™!. The compound p-Chlorophenyl

semicarbazone with acetophenone (I1-37) was aclive in both MES and SCPTZ tests. The
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study has shown that the terminal primary amino group is not necessary for

anticonvulsant activity.

CIO—NHH%—NH—N=?@
0 CHs

(11-37)

Pandeya et al. (84) further synthesized a number of 4-bromophenyl semicarbazones and
evaluated for anticonvulsant and sedative-hypnotic activities. After intraperitoneal
injection 1o mice, the semicarbazonc derivalives werc examined in the MES, scPTZ,
seSTY and NT screens. All the compounds showed anticonvulsant activity in one or more
test models. 4-(4-bromophenyl) acetone semicarbazone (II-38) showed greatest activity,
being active in all the screen with very low neurotoxicity and no sedative hypnotic

activity. The essential structural features responsible for interaction with receptor site

were established within a suggested pharmacophore.

Br—@—NH—%—NH—N=(I3—CH3
) CH,

(11-38)

Pandeya ct al. (85) also reported a series of semicarbazones and hydrazones and evaluated
for anticonvulsant activity. Some compounds provided significant protection against MES
and scSTY induced seizures.  N'-(2-chlorophenyl)-N*-(4-methoxybenzylidene)
semicarbazone (11-39) emerged as the most aclive compound at a dose of 30 mg kg™ in
seSTY test, This compound showed siguificant potentiation of sedative and hyprotic

activity of pentobarbitone sodium and could serve as a prototype of future development.

NH—%—NH—N=?OOCH3
0 H

(11-39)

Cl

Pandeya et al. (86) designed and synthesized a series of substituted isatin semicarbazones

and related bioisosteric hydrazones to meet the structural requirements essential for

30



LITERATURE REVIEW

anticonvulsant properties. A number of isatin semicarbazones exhibited significant
protection after intraperitoncal administration at the dosc of 100 and 300 mg kg™ and
some of them showed good anticonvulsant activity in MES test in rats after oral
administration at the dose ol 30 mg kg™. The bioisosteric hydrazone derivatives were
inactive in all the tests. The compound 6-chloroisatin-3-(4-bromophenyl) semicarbazone
(11-40) has emerged as the most active analogues of the series showing good activity in

all the three tests and was more active than phenytoin and valproic acid.

N—NH— C NHOBr

(11-40)

Pandeya et al. (87) screened a series of N-methyl/acetyl, 5-(un)-substituted isatin-3-
semicarbazones for anticonvulsant and sedative-hypnotic activities. The results revealed
that protection was obtained in ali the screens i.e., MES, scPTZ, and scSTY. Compound
N-methylisatino-3-(4-nitrophenyl)semicarbazone (I1-41) showed good activity in the rat
oral screen. Among all the compounds, II-41 emerged as the most active compound as
indicated by the protection it exhibited in MES, scSTY and scPTZ screens. All the

compounds showed significant scdative-hypnotic activity.

N—NH—%—NHO—NOZ
: N O

|
CHs
(11-41)

Micale et al. (88) prepared a series of novel 2-[(4-alkyl semicarbazono)-(4-aminophenyl)-
methyl]-4,5-methylenedioxyphenyl acetic acid alkyl esters carrying an alkyl
semicarbazono moiety at a benzylic site. The influence of this group on the biological
activity was evaluated by testing the corresponding derivatives, in which the 4-alkyl
semicarbazono moiety had been removed. The anticonvulsant activity of all compounds

was assayed against audiogenic seizures induced in DBA/2 mice. Within this series of
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derivatives,  2-{[(4-aminophenyl)-(4-methylsemicarbazono)-methyl]-4,5-mecthylenedioxy
phenylaceticacid methylester (I1-42) proved to be most active compound. It displayed a
potency 5-fold higher than that shown by 1-(4-aminophenyl)-4-methyl-7,8-
methylenedioxy-5H-2,3-benzodiazepine (GYKI-52466), a well known non-competitive
2-amino-3-(3-hydroxy-5methyl-isoxazol-4yl)propionicacid (AMPA) receptor antagonist.

7
0.~ CHs—C—O0CH;
G
N—NH—C":—NH‘“-C Ha
0
H2N

(J1-42)

Pandeya et al. (59) synthesized a series of p-nitrophenyl substituted semicarbazones (II-
43) and their anticonvulsant activity was screened against MES, scPTZ and scSTY tests,
Compounds with ~NHCO-were found to be the most active in the MES test after oral
administration in rats. The studies revealed that the hydrogen-bonding domain in

semicarbazones, adjacent to the lipophilic aryl ring, is cssential for the anticonvulsant

activity.
ozNO—NH—%—NH—N=?~©
o)

H
(11-43)

Pandeya et al. (89) synthesized a series of 4-N-substituted arylsemicarbazones with
increased lipophilicity and evaluated for anticonvulsant activity. The compounds
provided significant protection against MES and scPTZ induced seizures at 300 mg/kg
after 0.5 h. The study has shown that introduction of alkyl (ethyl) at the terminal amino

group (I1-44) led to increased activity and decreased toxicity.

@-—NH—C")—NH—N=CIZ—CH2-CH3
R o) CHj,

(11-44)
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Pandcya et al. (90) reported a scrics of semicarbazones in which p-Chloropheny!

semicarbazone of N,N-dimethylamino propiophenonc (I1-45) has been found to be the

most active compound.

— /CH3
Ci NH—C—NH—N=
Il ? \ / N\CH
O CaHs 3

(I1-45)

Yogeeswari et al. (91) synthesized ten 6-chlorobenzothiazolyl-2-thiosemicarbazones and
screened for anticonvulsant and neurotoxic properties. Most of the compounds showed
anticonvulsant activity against both MES and scPTZ screens. Compound [4-(6-
chlorobenzothiazol-2-yl)-1-(3-isatimino)thiosemicarbazone] (II-46) emerged as the most
promising one with an EDso of 17.86 and 6.07 mg kg™ in mice and rat p.o., respectively.

Compound 46 showed a weak ability to block the expression of fully kindled seizures.

SO B
ci S)J\NH—(“J—~NH—N=4/©
N

/

o)
I

H
(11-46)

Yogeeswari et al. (92) synthesized a series of 3-bromophenylsemicarbazone derivatives
and evaluated for anticonvulsant activity. Compound N'-(3-bromophenyl)-N*-(4-methyl
benzylidene)semicarbazone (11-47) was demonstrated to have anticonvulsant activity in
the MES and scPTZ tests, the EDso being 32.35 mg/kg and <45.0 mg/kg, respectively.
The quantitative measurement of y-amino butyric acid (GABA) levels in different regions
of the rat brain after administration of the aryl semicarbazone had shown a significant

increase in GABA level. This result was the first of its kind to report aryl semicarbazone

NH—c":—NH—Nzcl:OC Hs
0

H

to act through GABA mediation,

Br
(11-47)
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Yogeeswari et al. (93) prepared phenyl(thio)semicarbazide derivatives of phthalimido
pharmacophore and evaluated for their anticonvulsant and neurotoxic properties. Initial
‘anticonvulsant screening was performed using intraperitoneal (i.p) route, MES induced
seizure, scPTZ and scSTY induced seizure threshold tests in mice. N*- phthalimido-4-
chloro phenyl(thio)semicarbazide (I11-48) compound afforded protection in all the three
screens. The compounds exhibited CNS depression and behavioral despair side cffects,

lesser than the conventional anticpileptic drugs.
O

N—NH—%—NHOCI
S

0
(11-48)

Yogeeswari et al. (94) prepared a series of 4-sulphamoyl phenyl semicarbazone
derivatives and screcned for anticonvulsant activity. The results indicated that greater
protection was obtained in the MES screen and scSTY than the scPTZ tests. All the
compounds showed low ncurotoxicity when compared to the clinically used drugs.
Compounds with substituted acetophenone showed good activity in the rat oral MES
screen. Among the new derivatives evaluated, compound 4-sulphamoyl pheny!
semicarbazone with 4-methyl acetophenone (I1-49), emerged as the most active

compound as indicated by its protection in the MES and s¢ STY screens and with low

HzNozs—@—NH—%_NH—-NT-(‘)‘@‘CHs
0

CH,

neurotoxicity.

(11-49)

Aggarwal et al. (95) designed and synthesized a series of 4-aryl substituted
semicarbazones of citral and R (+) carvone to meet the structural requirements essential
for anticonvulsant activity. All the compounds were evaluated for anticonvulsant activity
by MES and scPTZ induced seizure models and NT by rotorod test. The results showed

that anticonvulsants with cyclic and acyclic terpenoid moiety retain activity in MES as
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well as scPTZ test. The 4-Fluro aryl substituted semicarbazones (I1-50, 11-51) emerged as

the most active in both cyclic and acyclic terpenes.

0
1 AN
N—NH—C—NHOF \ ?
CH=N—NH—C—NH F

N

(11-50) (11-51)

Yogeeswari et al. (96) synthesized a series of 4-cthoxypheny! semicarbazone derivatives
and screened for anticonvulsant activity. All the test compounds were administered to
mice at doses of 30, 100 and 300 mg kg™’ body weight and the anticonvuisant activity was
noted at 0.5h and 4h time intcrvals after the drug administration. Among the compounds
tested, compound I1-52 showed protection from seizures in both the animal models and

also found to increase y-aminobutyric acid (GABA) levels in the medulla oblongata

region of the rat brain.
't
mC-HQC—O’QNH—C—NH—N=?O%
CHs,

(11-52)

These literature reports gave an impetus to design and develop newer ary! semicarbazone

derivatives, which has emerged as a newer generation of anticonvuisants in the recent

years.
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CHAPTER-II
OBJECTIVE & PLAN OF WORK

e e ———]

Objective: -

(1) The aim of the research work was to design and synthesize novel disubstituted
phenyl semicarbazones and their analogues with potential broad spectrum
anticonvulsant activity with no or lesser neurotoxicity and devoid of side effects
like sedation, CNS depression and hepatotoxicity.

(2) The research work would also altempt to study the mechanism of action by
carrying out neurochemical study in rat brain.

Plan of work: -

The plan of work is broadly classified into 3 headings

1.

Molecular Design: -

Comparing the steuctures of the well-known and recently approved antiepileptic
drugs led to a common pharmacophore model comprising of one aryl ring, a
hydrogen bond acceptor / donor system and an electron donor atom / group. With
this as basic, in the present study pharmacophore mapping and matiching including
superimposition of the pharmacophores and estimation of the root mean square

deviation has been carried out.

Synthesis: -
Various disubstituted phenyl semicarbazones and its analogues have been
synthesized either by conventional urea method or by phenyl carbamate method.

The present work comprises of the synthesis of the following
(A) 3-chloro-2-mcthylphenylsemicarbazones.

(B) 2,4-dimethylphcnylsemicarbazoncs.

©
(D) 2,6-dimethylphenylsemicarbazoncs.

2,4-dimethoxyphcnylsemicarbazoncs.

2,6-dimethylhydrazonoacetanilide derivatives.

(E)
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Pharmacology: -

All the synthesized compounds were estimated for anticonvulsant activity using a

battery of tests which includes

. Maximal electroshock seizure test (MES).
2. Subcutaneous pentylenetetrazole seizure threshold test (sc PTZ).
3 Subcutaneous strychnine induced convulsive test (scSTY).

Selected compounds that showed promising activity were tested for their ability to
protect against

4, Subcutaneous picrotoxin seizure threshold test (scPIC) and

5. Hippocampal kindling test.

Some representative compounds from each scries were estimated for the side
effects and toxicity that includes

I Neurotoxicity.

2. Behavioral despair effect.

3. CNS depression.

4, Sedative-hypnotic property.

5. Hepatotoxicity.

In order to determine the possible mechanism of action, representative compounds

from each series were cvaluated in the neurochemical study.
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CHAPTER-1V
MOLECULAR DESIGN

._-_'___-__-_—
A very important part of drug design is prediction of smail molecule binding to a target

macromolecule. A reasonable qualitative prediction of binding can be made by specifying the
-‘lllpatial arrangement of a small number of atoms or functional groups. Such arrangement is
called pharmacophore. The pharmacophore search finds molecule with different overall
chemistry, but which have the functional groups in the correct geometry. Once a
pharmacophore has been isolated, it can be used to further improve the activity of
pharmaceutical drugs (97)-
The pharmacophore is an important and unifying concept in rational drug design that
embodies the notion that molecules are active at a particular receptor because they possess a
number of key features (i.e. functional groups) that intcract favourably with the receptor and
which possess geometry complimentary to it (98).
The process of deriving a pharmacophore, called pharmacophore mapping consists of three
steps

(1) Identifying common binding elements that are responsible for biological

activity.
(ii)  Generating potential conformations that active compound may adopt and
(iii)  Determining the 3D relationship between the pharmacophore elements in each

conformation generated.

Earlier 2D-modeling on anticonvulsants have identified that atleast one aryl unit, one or two

electron donor atoms, and / or an NH group in a special spatial arrangement to be

recommended for anticonvulsant activity (99-1 03). On the basis of some ideas of Camerman

and Camerman (99) and Wong et al. (100), Jones and Woodbury (101,102) defined a model

with two clectron donors in some proximity to a bulky hydrophobic moicty. Sclecting other
compounds as those of Jones and Woodbury, Codding et al. (103) postulated a
pharmacophore consisting of 2 linear arrangement of a rotated phenyl ring, an electron donor
atom, and a hydrogen donor site, which partially agrees with the model of Jones and
Woodbury. Bruillette et al. (104-106) investigated the sodium channel blocking activity of
several mono- and bicyclic phenytoin analogues and concluded that high log P values, a free
imide group, and a specific aromatic ring orientation are optimal for high binding affinity to
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- the sodium channel. These criteria were well fulfilled in monocyclic hydantoins. However,
the conclusions of these studies were not related to other substance classes acting at the same
receptor site. Since only the primary structures of several types of voltage-dependent sodium
channels are known (107-110), a study of the various anticonvulsants with sodium channel

blockade activity may define structural elements, which are essential for activity.

I/ [
IH oIHAD
| |
L — -

Phenytoin

Progabide Remacemide
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A — Hydrophobic unit
D — Electron donor group
[1AD — Hydrogen bond acceptor / donor unit

Fig IV.1: Selected Anticonvulsants for the development of a pharmacophore model.

Development of a pharmacophore model and design of arvl semicarbazoncs
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Fig 1V.2: Suggested pharmacophore model for Anticonvulsants on the basis of MM3 and

CHARMM simulations.

[n the present study, the (20 well-known and struciurally different compounds with

anticonvulsant aclivity, Albuloin, Carbamazepine, Gabapenlin, Lamotrigine, Mephobarbital,

Phenytoin, Progabide, Ralitoline, Remacemide and Zonisamide were selected.
To build a pharmacophore based on the structurcs of anticonvulsant compounds, two

methods were applied. In the first method a set of minimum energy conformation for each

structure was gencrated and common structural Features were noted. [n another method all

possible conformations for each structure wcre considercd to evaluate shared orientations of

the common functional groups. The pharmacophore group’s distance estimation was done by
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~ molecular mechanics calculations with the force fields based on both CHARMM force fields
and MM3 parameterization (15). In the present work, energy minimization was performed on
Albutoin, Carbamazepine, Gabapentin, Lamotrigine, Mephobarbital, Phenytoin, Progabide,
Ralitoline, Remacemide, Zonisamide, and the Aryl semicarbazones using both CHARMM
(ACD 3D views) and MM3 (Alchemy 2000) parameterization. A systemic conformational
search was performed using Alchemy 2000 program.

The crucial structural components that were included in the 4-point pharmacophore model
(Figure 1V.1) were the aryl ring center or the lipophilic group (A), an electron donor atom
(D), a hydrogen bond acceptor (HA) and a hydrogen bond donor (HD).

Pharmacophore generation through conformational analysis and manual alignment is a very
time consuming task, especially when the list ol aclive compounds is large. In agreement
with all the compounds, we determined the centre of the aromatic ring as the reference point
for A. The distance between the 4-pharmacophoric points were calculated for minimum four
different conformations and represented as mean = standard deviation (Table 1V.1). An
optimized range for every point were obtained and compared for aryl semicarbazones,

Now it may be interesting to examine whether the aryl semicarbazones reflect the conditions
of the derived pharmacophore model. Our analyses of the distance relationship showed that
the aryl semicarbazones fulfill the essential demands of pharmacophores when compared
with the standard drugs. With this as background, the present work highlights the importance
of synthesis of prototypes of aryl semicarbazones.

The proposed aryl semicarbazones were also found to comply within the optimal range
between the pharmacophoric elements. A representative of the proposed aryl semicarbazone
was superimposed by merging the two energy minimized structures by MM3 force fields and
fast RMS (Root mean square) fit was calculated with Carbamazepine, Lamotrigine, and
Phenytoin by superimposing the aryl ring and the electron donor atoms and are presented in
Figures [V.3-5. The proposed aryl semicarbazone was also superimposed with Ralitoline due
to structural similarity and presented as Figure IV.6. Comparing the RMS error, it was found

that the proposed aryl semicarbazone would fit more with Ralitoline and Lamotrigine.
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Table IV.1: Distance ranges between the essential structure elcments A, D, HA and HD of ten anticonvulsants by molecular

mechanics (MM 3) and Chentistry at Harvard Macromolecular Mechanics (CHARMM) force ficlds: -

A-HA A-HD A-D HA - HD BD-D A -D
SNo. | Compound CHARM | V" TOWARM | o™ | CHARM | ™ | CHARM [ oo TCHARM | o | CHARM | oo
M M M M M M
R 5872 | 5.06% | 250= | 253+ | 469 | 481z | 2645 | 2722 | 4212 | 2165 | 445: | 435«
0.00 0.00 0.00 0.00 1.61 1.66 0.00 0.00 1,52 .48 1,27 1.65
: | 362x | 373x | 454+ [ 441+ | 339x | 386+ | 232% | 2282 | 530z | 524% | 415+ | 388z
\ 2 rca‘b’“‘mp'“ 0.99 \ .02 0.70 0.09 0.62 0.68 0.1) 0.06 0.21 0.03 .20 1.03
L 3 | Gabspentn a77= | 478z | &6l= | 464= | 388% | 400 | 2232 | 2262 | 266% | 263: | 332: | 336=
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
— S14= | 507z | 5622 | 5702 | 446= | 2502 | 242z | 2422 | 3475 | 348z | 258z | 2532
4 Lamobrigine 0.00 0.00 1.97 1.94 0.85 0.88 0.00 0.01 0.73 0.74 0,26 0.26
. 546 550 = .03 5.04 & 464 % 464 224 226 3.20= 3,19 385+ 3.88
5 | Mephobarbital 172 1,69 0.00 0.00 0.56 0.53 0.00 0.0) 118 118 LAl 112
6 Phenytoin 488 482z 4,94 = 497+ 443 % 451 230 = 2.26% 4.04 % 4,15 2.36= 243 %
0.05 0.06 )24 122 0.01 0.03 0.05 0.12 0.82 0.82 0.00 0.00
7 | Provabite 3022 | 4022 | 430= | 4322 | 9092 | 896¢ | 2402 | 367¢ | 681 | J40% | 563z | 5732
8 0.21 0.28 2.06 2.14 0.76 0.68 0.00 0.00 125 112 0.85 0.72
p Ralitoline 402 = 424 = 449 = 443 + 650+ 6.89 + 221 % 229+ 282+ 284 334z 347«
0.04 0.05 151 1.54 143 142 0.00 0.00 0.00 0.00 LAl 113
) 634t | 555& | 6612 | 7392 | 4502 | asaz | 2682 | 301z | 369 | 340¢ | 223: | 2292
9 | Remacemide .01 151 133 1.64 0.92 0.95 0.00 0.00 0.00 0.00 0.00 0.00
— 3422 | 451z | 6032 | 5822 | 3072 | 3292 | 2222 | 1892 | 5242 | 502 | 402z | 4072
10 | Zonisamide 0.06 0.13 0.00 0.00 0.47 0.49 0.51 0.53 1.05 1.09 0.84 0.89
0 comicarbazone | 409 | AI19% | 3953 | 396% | 650 | 6593 | 225 | 226% | 306% | 295z | 3463 | 3.20%
Ary 0.13 0.18 1.62 1.58 0.73 0.91 0.02 0.03 1.46 143 0.92 0.85
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Carbamuazeping

Arvisemicarbazone

Figure [V. 3. Superimposition and Fast RMS fit of the proposed arylsemicarbazone with
Carbamazepine (RMS error = 0.166).
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| amotriging

&
%

Ay lsemiicarbazong

IV. 4. Superimposition and Fast RMS fit of the proposed arylsemicarbazone with

Fig
ture Lamotriging (RMS error = 0.097).
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Phenvitoin

vy isemicarbazone

Figure [V 5 Superimposition and Fast RMS fit of the proposed arylsemicarbazone with
Phenytoin ( RMS error =0.142).
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Ralitoling

Anrvisemicarbazone

Figure IV 6. Superimposition and Fast RMS fit of the proposed arylsemicarbazone with
Ralitoline (RMS ecror =0.036).
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CHAPTER-V
MATERIALS AND METHODS

Melting points were determined in one end open capillary (ubes on a Buchi 530 mehing
point apparatus and ar¢ uncorrected. [nfra red spectra (IR) and proton nuclear magnetic
resonance ('H-NMR) spectra were recorded for the compounds on Jasco IR Report 100
(KBr) and Brucker Avance (300 MHz) spectrophotometers, respectively. Chemical shifts
were reported in parts per million (ppm) using tetramethyl silane (TMS) as an internal
standard. All cxchangeable protons were confirmed by addition of deutcrated water
(D20). Mass spectra of two compounds were carricd out with Shimatzu GC-MS-QP5000
spectrophotometer. Elemental analyses (C, H, N) were undertaken with Perkin-Elmer
model 240C analyzer. The homogeneity of the compounds was monitored by ascending
thin layer chromatography (TLC) on silica gel-G (Merck) coated aluminum plates and
visualized by using iodine vapor. Developing solvents were chloroform - methanol (9:1)

and petroleum ether - ethyl acetate (8:2). The log P values werc determined using Scilog

P software.
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AQITERINLS AND METIHODS

[. Synthesis: -

Synthesis of disubstituted phenyl semicarbazones was accomplished by cither of the
following methods.

Method I: -

The syntheses of the 3-chloro-2-methyl substituted phenylsemicarbazones and 2,4-

dimethy! substituted phenylsemicarbazones have been prepared according to the earlier

reported procedure (84).

Ri NaCNO /H,0 Rs
2 — | -——
O.

Ry Glacial 2

CH3COCH Disubstituted phenylurea

(a) NHzN Hz.HzO

Disubstituted aniline

CaHsOH
Ra. (b) Conc.HCI
c=0
R1 R4/ R4
DNH—CﬂNH—N:C—R4 -—— NH—G—NH—NHz.HCI
R; o R;  CHsCOONa Rz o

Ho0 , . . .
Disubstituted phenylsemicarbazones 2 Disubstituted phenylsemicarbazide
CoHsOH

hydrochloride

Where (A) R, =3-Cl; R2a=2-CHs
(B) R, =2-CHj3 R2= 4-CH;
R; = H; CH3; CeHs
R, = CH3; C,Hs; CsHs; 4-C1 CgHa; 4-CH; CgH, etc.

The disubstituted aniline was the starting material, which was treated with sodium

cyanate in the presence of glacial acetic acid to give the disubstitutcd phenyl arca. The

urea on condensation with hydrazine hydratc in ethanol medium gave the disubstituted

pheny! semicarbazide, which was purificd by converting it into its hydrochloride salt by

the addition of concentrated hydrochloric acid. Finally, the required disubstituted phenyl

semicarbazone derivatives was prepared by the reaction between the appropriate alkyl /

aryl aldehydes or ketones and disubstituted phenyl semicarbazide hydrochloride in the

presence of sodium acetate in ethanol / water medium,
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Mechanism of reaction: -
Step-1: Preparation of Disubstituted phenylurea: -

In this step, first the sodium cyanate reacts with glacial acetic acid to from sodium acetate
and isocyanic acid. Then the disubstituted aniline attacking the positively polarized
carbon of the isocyanic acid (HNCO) to form a Zwitter-ionic intermediate. Finally it takes

a simple proton shift to form disubstituted phenyl urea (nucleophilic addition reaction).

H"N=€j(ji H' H__é_)__cpo-

— | +
Hﬁ l?l—H
| R

A Ri= 3-Cl; Rx= 2-CH3

R1
Where R = -QR (B) R, =2-CHs; Ry =4-CH;
2

Step-2: Preparation of Disubstituted phenylsemicarbazide: -

Nucleophilic substitution at a carbony! group most often proceeds by a second-order

which is called the tetrahedral mechanism. In the present reaction

mechanism,
the positively polarized carbon of the

mechanism, the hydrazine moiety attacks
disubstituted phenyl urea 10 give an intermediate containing both hydrazine and amine

moieties and then the amine released as ammonia.

o .
Ci 9 . NHs 0

R—NH—C—NH; R—NH—C—+NH> o
l:L“" —+ R—NH—C—NH—NH,
H-—| H
H—i‘;.l-—-H NH,
NH,

(A) Ri=3-Cl; Rp=2-CH,

Ry
Where R = Q (B) Ri=2-CHj; R2=4-CH,
2

Step-3: Preparation of Disubstituted phenylsemicarbazones: -

The reaction of formation of semicarbazones takes place by nucleophilic addition-

elimination type reaction. In this step first the sodium acetate reacts with disubstituted

phenyl semicarbazide hydrochloride to form free semicarbazide, sodium chloride and
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lacetic acid. The Jormed acetic acid adyusts the reaction medium to the night acidic pll.
Addition involves nucleophilic attack by the basic nitrogen compound on carbony)
carbon. Protonation of carbony! oxygen makes carbonyl carbon more susceptible to
nucleophilic attack; in so far as the carbonyl compound is concerned, then, addition will
1 be favoured by high acidity. But the semicarbazide can also undergo protonation to form
the ion, which lacks unshared electrons and is no longer nucleophilic; in so far as the
nitrogen compound is concerned, then, addition is favoured by low acidity. The exact

condition used depends upon the basicity of the reagent and upon the reactivity of

carbonyl compound.

Ry . R
- —
I ,
R;-. . Re | Ry ,|l) ﬁb'
S = | | Re—CpN° ¥ Ry—C=N-G
(@] H=N—H | .sl
| OK H
o
0 pum—. >
Where G = —NH—C—NH—¢ (A) R;=3-Cl; Ry=2-CHj

(B) Ra=2-CHj;; Rz =4-CH,
R3 = “, CHJ, C(,Hs

R. = CH3, CoHs, CeHs, 4-CH3-CgHs
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Method L -
The svntheses of the 2,4-dimethoxy substituted phenylsemicarbazones and 2,6-dimethyl

substituted phenylsemicarbazones have been prepared according to the carlier reported

procedure (111,112). r—

O C~O)
R, ’ : R e =
NH; ; G, P—NH—C—O0—\ )
CHCl4 Ry g '
Disubstituted aniline Phenyl-N-(Disubstituted phenyli)carbamate
NHsNH; H,0
CHJC‘;,
Ra.
C:-' n
R, Ra R ;
=N . —NH—C - NH-—NH,
—— - w N “C F‘. ;n ' e
l" "/ NH (It NH T 4 Glacial R O
R O Ra CH,COOH  ©
CHOH

Disubstituted phenylsemicarbazones Disubstituted phenylsemicarbazide

Where (C) R, = 2-OCH3; R2 = 4-QClLl,
(D) R;=2-CH3R2= 6-CH,
R; = H; CHa; Cells
R, = CHj; CaHs; CgHs; 4-C1 CgHa; 4-CHj CeHa ete. ..

The disubstituted aniline was trcated with phenyl chloroformate in the presence of

chloroform and stirred at roo
“This compound on condensation with

¢ the disubstituted phenyl semicarbazide. Finally the required disubstituted
s were prepared by the reaction between the appropriate aryl/alkyl

ubstituted phenyl semicarbazide w the presence of glacial

m temperaturc te gel Phenyl-N-(disubstituted phenyl)

hydrazine hydrate in methylene
carbamate

dichloride, gav
phenyl semicarbazon¢
aldehydes or ketones and dis

acetic acid in ethanol.

Mechanism of reaction: -

Step-1: Prepacation of Pheayl-N-(Disubstituted phenyljcarbamates: -

This i [cophitic substitution rcaction. Nucleophilic substitution at a carbonyl group
is is a nucle

often proceeds by @ second

this reaction mechanism, disubstitut

order mechanism, which is called tetrahedral mechanism. ln

ed aniline moiety attacking the positively polarized
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carbon of the phenyl chloroformate containing both aniline and chlorine moieties and

then the chlorine released as 1ICH,

i
/ (;) - 1/ 0 -
4 o—-C—C \ Oecy  -HC i
(J_ " \ ‘_‘_‘f ’0 '\) : .i ‘q
( B H-N~H H
1
H—N-—-H R
R
= (C} R| = 2-0Cl‘[3; R'_) = 4-OCH3
Where R = ) o (D) Ry = 2-CH3; Ry = 6-CH;
R

Step-2: Preparation of Disubstituted phenylsemicarbazide: -

This reaction is also nucleophilic substitution reaction. In this reaction mcchanism,
hydrazine hydratc moicty attacking the positively polarized carbon of the Phenyl)-N-
(disubstituted phenyl)carbamate coniaining both hydrazine and phenoxy moictics and

then the phenoxy group released as phenol.

on
- -.
o 3 /
R—N—C—0— ‘."(7)1 / "
'H " L 1 = R NH? O—4 Y R_NH_'C_'NH‘—'NHz
| Hr-N—NH,
& J =
H—N-~NH; M
M
— Ry (C) R, =2-OCHj; Ry = 4-OCH;
WhereR = % A (D) Ry =2-CHjR;=6-CH;

Step-3: Prepacation of Disubstituted pheaylscmicarbazones: -

This reaction is nucleophilic addition-climination type reaction. As per the deseription

presented carlier (Page No. 50).
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Modification at the semicarbazone group was studied by the synthesis of disubstituted
hydrazonoacetanilide derivatives, which is presented in the following scheme. The

synthetic protocol was based on the earlier reported procedure (113).

Synthesis of disubstituted hydrazonoacetanilides: -

R, CICH,COCI R,

Ra . 2
. \ - 0-5C . . .
Disubstituted aniline Disubstituted chloroacetanilide
NHoNH, . H,0
CH)Clp
=0 '
R, RS R
NH—C—CHy~-NH—N=C—R,; 4 NH—C—CH;-NH—NH,
Il | Glacial [l
RZ ) R3 acia Ry O
CHyCOOH
CoHLOH
Disubstituted hydrazonoacetanilides Disubstituted hydrazinoacetanilide
Where R; = 2-CH3 Ry =6-CH;
R;=H; CH; R4 = CHjy; C¢Hs; 4-Cl C6H4; 4-CH;3 CgH, etc

The disubstituted aniline was reacted with chloro acetyl chloride at 0-5 °C to get
disubstituted chloro acetanilide, which was further trcated with hydrazine hydrate, to get
disubstituted hydrazino acetanilide, This compound on reaction with appropriate alkyl /

aryl aldehydes or ketones in ethanol in the presence of glacial acetic acid, gave the

required disubstituted hydrazonoacetanilides.

Mechanism of reaction: -

Step-1: Preparation of Disubstituted chloroacetanilide: -

This is a nucleophilic substitution reaction. In this reaction, the substitution at a carbony)
group often proceeds as a second order mechanism, which is called tetrahedral
mechanism. In this mechanism 2,6-dimethyl aniline moiety attacking the positively

polarized carbon of the chloro acetyl chloride containing both aniline and chlorine

moieties and then the chlorine released as HCI.
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- <7
Cl—CHp~C—Cl —

R Where R = _@
Rz

R, =2-CHj3: R; = 6-CH;

Step-2: Preparation of Disubstituted hydrazinoacetanilide: -
This is an aliphatic nucleophilic substitution reaction (Sy2 mechanism).

The organic halide is attacked by the nucleophilic hydrazine molecule form a transition

staie and then the chlorine atom is leaved as HC.

( Il
‘CD{:HZ—@—NH-—R — HzN-—rldi—Hzc—c—NH-—R —> R—NH—(%—CH;—NH—NH:
( H
H—N—H

|

NH; R1
Where R = —@

Rz

R] = 2-CH3Z Rz = 6-CH3

Step-3; Preparation of Disubstituted hydrazonoacetanilides: -

This reaction is nucleophilic addition-elimination type reaction. As per the description

presented earlier (Page No. 50).
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I-'II. Pharmacological Activities: -

‘The studies were conducted on CF # 1 (Carworth Farms number-one) / Swiss albino mice
(20-25 gm) or Sprague-dawley / Wistar albino rats (130-160 gm) of either sex. The
animals were obtained from Hissar Agricultural University and were housed under
fnormal Laboratory conditions (12 hours light-dark cycle) with free access to food and
water. The animals were housed in groups of six in perplex cages in the laboratory three
days prior to experimentation. The cxperimental sessions were conducted during the light
- phase of the cycle between 8 A.M and 4 P.M. The test drugs were dissolved in 30%
polyethylene glycol 400 or 2% methylcellulose / water. All procedures described in this

report were reviewed and approved by the Institutional Animal Ethical Committee

(Protoco! No. IAEC/RES/3, 31-01-02).

The parameters sclected for the pharmacological study include.

-1 Anticonvulsant activity: -
a. Maximal Electroshock seizure test (MES).
b. Subcutanecous pentylene tetrazole seizure threshold test (sc PTZ).
c. Subcutaneous picrotoxin seizure threshold test (scPIC).
d. Subcutaneous strychnine seizure pattern test (sc STY).
c. Rat p.o. Identification.

f. Quantification studies (EDso, TDso and PJ).
g Hippocampal kindling test.

2. CNS depressant activity: -
Locomotor activity by using Photoactometer (INCO, Ambala).

a.
b. Porsolt’s swim test.
c. Pentobarbitone induced narcosis test.
3. Neurotoxicity study using rotorod test,
4. Hepatotoxicity study.
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Auticonvulsant activity: -

Initially all the compounds were administered intraperitoneally (i.p) in a volume
of 0.01 ml/g body weight for mouse and 0.004 ml/iog body weight for rat at doses
of 30, 100, and 300 mg/kg to one to four animals. The profile of anticonvulsant
activity was cstablished after i.p. injection by one electrical and three chemical
tests. The electrical test employed was the maximal electroshock seizure (MES)
pattern  test. The chemical tests employed were the subcutaneous
pentylenetetrazole (scPTZ) seizure threshold test. Some selected compounds were

cvaluated in the subcutancous picrotoxin (scPIC) scizurc threshold test and

subcutancous strychnine (scSTY) seizurc pattern test.

Maximal Electroshock Seizure test (MES)(114): -

Maximal seizures were elicited by a 60 Hz alternating current of 50 mA (five to
seven times that is necessary to elicit minimal seizures) intensity delivered for 0.2
sec via corneal electrodes. A drop of 0.9% sodium chloride instilled in each eye
prior to application of the electrodes assured adequate electrical contact. Tes
solutions of all compounds were prepared in 30% polyethylene glycol 400 and the

animals were dosed intraperitoncally 30 min prior to testing. Abolition of the hind
limb tonic extension component of the seizure was defined as protection in the

MES test.

Subcutaneous pentylenetetrazole seizure threshold test (scPTZ)(115): -

This test produces minimal clonic seizures. Compounds were tested for their
ability to antagonize scPTZ-induced convulsions in mice after i.p. injection as
discussed elsewhere (107). The animals of control group reccived 0.2 ml saline
(i.p.). The other groups were administered experimental drug solution (i.p). After
30 min and 4.0h, pentylenetetrazole as 0.85% solution in 0.9% sodium chloride,
was administered subcutaneously in a loose fold of skin on the back of the neck in
a dose of 85 mg / kg. The animals were placed in individual cages and observed
for 30 min after pentylene tetrazole administration. A threshold convulsion was
defined as one episode of clonic convulsion, which persisted for at Jeast 5

seconds. Absence of a single 5 seconds episode of clonic spasm wag taken as the

end point in this test.

56



(c)

(d)

(c)

MATERJALS AND METHODS

Subcutaneous picrotoxin seizure threshold test (scPIC)(116): -

The test compounds were suspended in 30% polyethylene glycol 400 and
evaluated for their ability to antagonize scPIC-induced convulsion in mice afier
i.p. administration. After 30 min the convulsive dose of picrotoxin (3.15 mg/kg)
was injected subcutaneously in a volume of 0.0 mi/g body weight into each of the
mice. The mice were placed in isolated cages and observed for the next 45
minutes for the presence or absence ol threshold convulsion. Absence of a
threshold convulsion was laken as the end point and indicates that the test

substance has the ability to elevate the picrotoxin seizure threshold.
Subcutaneous strychnine seizure pattern test (seSTY)(117): -

Test solutions of all compounds were prepared in 30% polyethylene élycol 400
and animals were dosed intraperitoneally 30 min prior to testing. The convulsive
dose of strychnine (1.2 mg/kg) was injected subcutaneously in a volume of 0.01
ml/g body weights into each of the mice. The mice were placed in isofated cages
and observed for 30 min for the presence or absence of the hind leg tonic extensor
component of the seizure. Abolition of the hind leg tonic extensor component was

taken as the end point and indicate that the test substance has the ability to prevent
scizure spread.

Rat p.o Identification (118): ~
The onset and duration of action of a drug depends on the route of administration.
For example, when a drug is given by intravenous route (i.v) the effect is seen

instantaneously as compared to oral administration of drug when it takes up to

longer hours to show the effect.

Some compounds were selected for ora) evalvation for anti-MES and
neurotoxicity activity in rats. The rat was held by its neck muscle and through the
feeding needle the solution was gently pushed into the mouth. Care was taken that

no drug came out of the mouth or nose. The anti-MES and neurotoxic effects were

studied 0.25, 0.5, 1, 2 and 4 h after injection of either 30 mg/kg or 50 mg/kg of

experimental drug.
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Quantitative studies (119-123); -

For the determination of the median effective dose (EDsg) and median
neurotoxicity dose (TDsp), groups of 6-12 CF # | albino mice were given a range
of i.p. doses of the test drug until at least three points were established in the range
of 0-100% seizure protection or minimal observed neurotoxicity. The observed
pereentage was converted into probits by referring to the appropriate probit table
and the values thus obtained were plotied against log dose. Before plotteang, the

percent for the 0 and 100 are corrected according to the formula,
0% activity = 100 (0.25/n)
100% activity = 100 ((n-25)/n)

The dose corresponding to probit 5 or 50% was found 10 be representating EDs,,.

T'Dso values and the 95% confidence intervals were calculated. The protectiv
P c

mdex (Pf) was then determined by taking the ratio of 1TDsg to EDgy.

Kindling experiment (Hippocampal kindling test)(124): -

The test compounds were evaluated in the hippocampal-kindling seizure mode] in
rats. Bricfly a bipolar clectrode was placed sterotaxically into the ventral
hippocampus (AP-3.6, ML-4.9, VD-5.0 from dura, incisor bar % 5.0) of adult male
Sprague-Dawley rats (275-300g) under ketamine-xylazine anacsthesia as reported
in the literature (125). After I-week of recovery period, animals were kindled 1o
stage 5 behavior seizure by using a stimulus consisting of a 50 Hz, 10 sec train of
I msec biphasic 200 pA pulses delivered every 0.5 for 6h (12 stimulations per
day) on alternating days for a total of 60 stimulations (5 stimulus days). Five
scizure scorcs were assigned as fallows: 1 (mouth and facial clonus); 2 (stage 1
plus head nodding); 3 (stage 2 plus forelimb clonus); 4 (stage 3 plus rearing) and 5
(stage 4 plus repeated rearing and falling). During the subsequent 7 days period,
the animals werc not electrically stimulated. After this 1-week recovery period,
the animals received two to three suprathreshold stimulations delivered every 0.5h
before administration of the test compound. During these control blocks, the
stability of the bchavioral seizure slage and after discharge duration (ADD) was
recorded. A 130 mg/kg dose of compound 8 and 100 myg/kg dose of compound 6
were administered intraperitoncally 0.25 h alter the last control block, Fach of the

two rats was stimulated after 0.25 h and the individual scores ang after discharge
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durations (ADD) were recorded after each stimulation. The contro) ratg received
the vehicle only. The behavioral scizure latency was the time span between the
application of stimulus and the appearance of the first sign of a motor seizyre

Behavioral scizure duration was the length of time that the motor scizure was
observed.

CNS depressant activity: -

Behavioral test by using Photoactometer (126): -

The test compounds (30 mg & 100 mg/kg) were sereened for their behavioral
effects using Photoactometer (INCQ- Ambala) at 30 min and 1.0 h afier
intraperitoncal injection to mice. The behavior of the animals inside the photoce!|
was recorded as a digital score. The photoactometer was placed in a sound proof
box and mice was placed inside. Duration of the experitnental observation was up
to 10 min (2+8). After an initial period of 2 min during which the animals gels
accustomed to the new environment, the counter was reset and the remaining 8

min reading was noted. Alter cach trial, the base was cleaned with 20% v/v cthyl

alcohol,

Porsolt’s Swim test: -
The method adopted was a notification of that described by Porsolt et al (1 27)
Swimming sessions were conducted by placing individual mice or rats
plexiglass cylinders of 45 cm diameter (mice) and 60 cm diameter (rats)
containing 25 ¢m and 35 cm of water (23-25°C) respectively (a volume deep
enough so that the animal could not touch the bottom with its hind limbs or by its
tail). The animals were subjected to a 15 min swimming session 24 hours prior to
the conduct of a six-minute test. The animals were administered an i.p. injection
(30 mg & 100 mg/kg) of the test compounds 30 min before the test session. The
duration of immobility (Passive floating without struggling and making only those
movements which are necessary to keep its head above the surface of water) was

recorded during the last 4 min of the 6 min testing period. (For rats, last § min of

the total 7 min period)

Pentobarbitone induced narcosts study: -
The method of barbiturate hypnosis potentiation activity by Forney et al, (123)
m

was employed. Swiss albino mice of cither sex (20-25 ) were divided into groups
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of six and food was withdrawn 12 hr before the start of the experiment. Each
animal of the control group was injected pentobarbitone sodium (40 mg / kg. i.p)
and slceping time of cach mouse was noted as the interval between loss and gain
of righting ccflex. The criteria for loss and gain of righting reflex were taken as the

inability or ability respectively of the mice to right themselves within 30 sec, in 3

successive trials when piaced on its back.

in the other group, cach animal was injected intraperitoneally the test drug at a
dose of 30 mg/kg. Alter 30 min, cach animal was injected pentobarbitone sodium
(40 mg/kg, i.p) and the tme of loss and gain of righting reflex were taken as the
end point. The signiticance of the data was determined by performing Student’s (-

test in comparison with the control group (128).

Neurotoxicity (NT) screen: -

Minimal motor impairment was measured in mice by the rotorod test (129, 130).
I'he mice were trained 0 stay on an accclerating rotorod that rolates at 6
revolutions per minute. The rod diameter was 3.2 cm. Trained animals were given
intraperitoncal injection of the test compounds. Neurotoxicity was indicated by

the inability of the animal to maintain cquilibrium on the rod for at least 1 min in
cach of the three trials.

Hepatotoxicity Studies: -

Wistar albino rats (120-160 gm) of cither sex were reared in a quict room with an

ambient temperaturc of 25 & 2°C, on a standard normal dict and water ad {ibitum.

The animals were divided into groups of 6 and the control group received a basal
diet and vehicle. Othcr groups were administered the test drug in a dosc of 30 or

g / kg / day p.o (in PEG 400 or 2% methyl cellulose) for 14 days. After the

100 m
ach animal was anaesthetized by anesthetic ether and blood

stipulated period, ¢
was collccted by cardiac puncturc to assess the lransaminase activity. The in-vitro

n of transaminase activity was carcied out by the 2,4-dinitro-pheny|

determinatio
132) using SPAN diagnostic reagents Kits.

hydrazine method (131,
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Principle: -
SGPT (ALT) catalyses
SGPT
« - Ketoglutarate + [-Alaninc = L-Glutamate + Pyruvale.
SGOT (AST) catalyses
SGOT

-Glutamate + Oxaloacelate.

« - Ketogluarate + L-Alantne
Pyruvate and oxaioacctale so formed 18 coupled with 2, d-dmitro-phenyl
hydrazine (2, 4 - DNPH) 1o give the corresponding hydrazone, which gives brown
color wn alkaline medivm and this can be measured colorimelricaily or

spectrophotometrically.

Reagents: (Supplied in the kit)

Reagent-1: Buffered Alanine - o - Ketogluarate substrate, pH 7.4

Reagent-2: DNPH color reagent.

Reagent-3: Sodium hydroxide, 4N
Reagent-4; Working Pyruvate standard, 2 mM.

Reagent-5: working oxaloncetate standard, 2mM

Preparation of working solutions:
{ ml of Reagent 3 was diluted to 10 ml with distilicd water (solution )

Other reagents werc ready for usc.

Procedure:

Standard curve: -
s with time, more anounts of products are formed and

As the reaction proceed

since the end products inhibit the en
em. it is necessary to standardize any spectrophotometric method against

¢ method. With the use of the working standards provided with
ation curves were obtained by taking enzyme activity on X-

standard curve is presented in Fig-V.3and V.4

zyme, there is more of inhibition. Because of

this probl
a standard kineti
the kit, standard calibr
axis and 0.D on Y-axis. The
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Test for hepatotoxicity: -

0.1 m! of the serum samples were dissolved in 0.5 m! buflered substrate (pH 7.4)
and incubated at 37°C for 30 min, To this, Reagent-2 (DNPH color reagent) was
added and mixed well. The mixture was allowed to stand at room temperature for
10 min and the 0.D was rcad against a blank on a Jasco UV spccirophometer at an

absorption maxima of 505nm. The enzyme activity corresponding to the O.D was

obtained from the standard curvce.

Neurochemical Work: -

Determination of GABA level in rat brain: -

ihe disubstituted phenyl semicarbazone derivatives have shown good antconvulsant

activity. Hence neurochemical investigation was carried out 1o study the cflcet of the

compounds on thec GABA levels in rat brain. Various methods for cstimation of GABA in

lissuc extracts have been reported. Some of the methods arc

i.  Enzymatic UV method
ii, Enzymatic fluorimctric method
iit. Papcr chromatographic method (133)

iv. Receptor inhibition method (134)

v. Column chromatographic method (1359)

cnzymatic methods are very selective, speeific and can be used

Among these methods,
¢ concentration of GABA in tissuc extracls. In the present

successfully to determine ih
study, the cnzymatic UV method have been used.
Equipments: -

1. Glass apparalus : Borosil

2% Micropipeltcs : Accupipette

- MAC Orbital shaking incubator

3. Incubator shaket

4. Refrigerated centrifuge - Remi cooling compufuge
5. Refrigerator / decp freczer : Vest frost

6. Vacuum Centrifuge : Maxy dry Ivo
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7. Water bath : Remi

8. Incubator : SEW India

9. U.V. Spectrphotometer : Perkin Elmer Lamda EZ201
10.  Sonicator : Biosonik 1

Reagenis (All the reagents used were of AR grade): -

[, Dipotassium hydrogen ortho phosphate; KoHPO,
2. Potassium dihydrogen phosphate; K H>POy4
3. Sodium Pyrophosphate; Na,P,0; 10H,0

4. Magnesium sulphate; MgSO; . 7H.0

5. Protease peptone
6. Ammonium nitrate; NH,NO,

7. 2-Mercapto ethanol

8. Nicotinamide Adenine dinucleotide (-form)

9. Nicotinamide Adenine dinucleotide hydride {(B-form)

10.  a-ketoglutaric acid
1. y-aminobutyric acid
12.  Sodium hydroxide
13. Hydrochloric acid
14, Glycerol

15. Agar
The following steps were involved for the estimation of GABA level in rat brain,

Step 1: GABAse enzyme preparation.

Step 2: Assay of GABAse enzyme

Step 3: Neurochemical determination of GABA level,
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Step 1: GABAse enzyme preparation (136, 137): -

The presence of relatively high concentration of y-aminobutyric acid in mammalian brain
led to the discovery of a reaction utilizing this amino acid by what appeared to be
transamination with a-ketoglutaric acid. Studies with brain preparations were, however,
handicapped by the particulate nature of the syslem catalyzing the reaction. The most
rapid, specific and sensitive determination of GABA in biological extracts is based on the
use of an enzyme system found in the bacterium Psendomonas fluorescens grown on a

medium containing pyrrolidine which converts GABA to succinate via transamination
and oxidation coupled to NAD reduction,
Process I: -

Growth conditions: -
The strain of Pseudomonas fluorescens (NCIM 2638) was first grown on King’s B

medjum, the specific medium for this strain, which composed of

King’s B medium (138): -

Protease peptone -20p
K2HPO, -25¢
Glycerol - 15ml
MgS04.7H20 -6¢g
Agar -15g

Distilled watcr - 1000 ml

The medium was preparcd and sterilized by aufoclaving. Then in aseptic condition the
strain was transferred to the medium and the medium was incubated at 28°C for 24hr in

an incubator.
The grown strain was then incubated similarly in partially GABA containing medium,

The King’s B medium was prepared in which 50% of peptone was substituted with
ing’s

GABA as sole carbon source.

64



MATERJALS AND METHODS

This adopted strain was then finally transferred to the medium containing GABA as the

sol¢ carbon source. The liquid medium consists of the following (in grams per liter):

GABA - 4g
K,HPO, - 1.15g

K H,PO; - 0.625¢
MgSO; -0.028
NILNO; - lg

The broth was sterilized in autoclave and the strain was transferred to it aseptically. The

medium was incubated for 24 h with vigorous mechanical shaking in an incubator shaker
a1 28°C. -

Process - II: -

Extraction (Fig-V.]):

The cells were collected in log phase and stored at —20°C for 24 hrs. The medium was
thawed, to which 2 volumes of 0.]M potassium phosphate buffer (pH 7.35) containing
0.01% of mercaptoethano] was added and centrifuged at 7000 rpm at 0°C for 10 min.

After centrifugation the supernatant was discarded. This freczing, thawing and washing

procedure was found to remove large amounts of nucleic acid. The residue was then

dispersed in an cqual volume of 0.1M phosphate bulfer and oscillated lor 5 min in »

sonicalor. Then the entire suspension was centrifuged at 7000 rpm at 0°C for 20 min. The
supernatant was collected and the residue was again suspended in phosphate buffer and

oscillated in a sonicator for 5 min. The turbid solution was again centrifuged at 7000 rpm
at 0°C for 20 min. The supernatant was collected. The collected supematants were mixed

with each other and they represent the crude extract of the enzyme system. The extract
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MATERIALS AND MEDODS

Extraction of GABAse enzyme: -

Medium stored in log phase (-20°C)
Medium Thawed

Add 2 vol. of 0.1 M phosphate buffer (pH 7.35)

Centrifuge (7000 rpm, 0°C, 10 min)

I

Supernatant (discarded) Residue |
[
v

Equal Vol. of 0.1 M Phosphate buffer (pH7.35)

m Oscillate in sonicator (5 min)

Centrifuge (7000 rpm, 0°C, 20 min)

l
v }
Supernatant 1 (collected) Resildue.g

v ¢

Residue (discarded)

Supernatant 2 (collected)

Mix supernatants 1 & 2
(GABAsc enzyme)

(Stored in small tubes at ~20°C)

Fig-V.1. Flow chart for the extraction of GABAse enzyme

Step-2: Assay of GABAse enzyme (139): -

Method: UV spectrophotometric method at Amax
GABA-T

Y-aminobutyrate + a-ketoglutarate=———

. SSADH
succinic semialdehyde + NAD™  ———»

340 nm.

succinic semialdehyde + Glutamate — Eqn.]

succinic acid + NADH + H4*

Eqn.2
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MATERIALS AND HETODS

!
Enzyme activity was determined by coupling reaction 1 with an €xcess of succinic

semialdehyde deh ydragenase (Reaction 2) present in the extract so that the formation of

reduced pyridine nucleotide was a function of transaminase activity,

Reagents: -

I." Sodium pyrophosphate buffer (0.1M) at pH 8.1

2. NAD (0.01M) adjusted 10 pH 6.5
3. Mercaptoethanol (0.1 M), 0.07 m! per 10 ml of water

4. a-ketoglutarate (0.02M) adjusted to pH 7.0

5. y-amino butyrate (0.02M) adjusted to pH 8.1

6. Enzyme preparation

The reaction was followed spectrophotometrically at 340nm in an incubation system,

which included the following:

Sodium pyrophosphate buffer, 0.3 ml; mercaptoethanol, 0. ml; NAD, 0.1 mJ; .
ketoglularale, 0.1 mi; y-aminobutyrate, 0.1 mi; required quantity of enzyme preparation

{contains  both y-amino butyric acid transaminase + succinic semialdehyde

dehydropenase).
A unit of activity is defined as that amount of transaminase allowing the formation of )

Hmole of reduced pyridine nucleotide per minute in the standard assay system. Specific
activity was expressed in terms of unit per mg of protein. So for the determination of the

Unit of activity, the enzyme extract was added in increasing volumes upto 1.8 m|,
]

NADH calibration curve was drawn in UV at Anec 340 nm (Fig-V.5). Then a cyrve
between volume of enzyme and the O.D was drawn in UV at Ama 340 nm (Fig-V.6).
These two curves were correlated and a third curve was drawn between concentration of
NADH and m] of enzyme. | UM concentration of NADH is 664.4 pg Ay this

Oncentration, the enzyme volume was found out to be 1.53 ml, which is takep as the unit

of activity (Fig-V.7).

Step.s; Determination of G ABA level in the rat brain regions: -

Schematic depictions of the UV enzymatic method for the determination of GABA in

tigsye sample are given in Fig‘v'z'
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MATERJALS AND METHODS

Collection of sample:
Animals: Wistar Albino rats (130-160gm) in groups of 6.

Route of administration: - intraperitoneal (5.p)
After 2 hrs cervica) dislocation

Brain dissected off (whole brain & different regions)
Brain tissuc homogenized in 80% ice-cold Ethanol.

Centrifuge (7000 rpm, 10 min, 0°C)
l

v v

Reiid ue Supematant (discarded)

Reiuspended in 75% ice cold ethanol

Centrifuge (twice, 7000 rpm, 20 min, 0°C)

’ |

|
Residue (discarded) Supernatant (collected)

Dried in vacuum centrifuge

1 ml of distiiled water for
every 100 mg of fresh
weight of tissue,

CentrifugeI(IO,OOO rpm, 20 min, 0°C)

!
Supcimatant Residue (discarded)

Assay
Fig-V.2. Flow chart for the estimation of GABA from the rat brain tissue

ASSay: -
Reagents: - Sodium pyrophosphate (0.1M, pH 8.1)
NAD (0.01M, pH 6.5)

Mercaptoethanol (0. IM, 0.07 ml in 10 ml of H,O)

o - ketoglutarate (0.02 M, pH 7.0}

Amu - 340 nm.
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MOPPLRIALL NND MLIDNGDS

UV method (140): -
The most rapid, specific and sensitive determination of GABA in biological extracts is
based on the use of the UV enzymatic method. The procedure described below was
employcd for the determination of GABA in extracts from brain (136), but obviously can
be moditied for extracts from other types of malcrial,
» Sodium pyrophosphate bufter (0.1M, ptt 8.1): -

Weighed 4 46p of NiL 07,10 $1,0 i 70 m! of distitfed water, adjusted to

pif 8.1 and diluted o 100 mi with distilled water.

23 Mercaptocthanol (2 mg/ml): -

70 ! of mercaptocthanol (20mg) was diluted to 10 ml in sodium pyrophosphate

buffer.
3. NAD: -

13.2 mg of NAD dissolved in 2 ml of distilled water
A «-Ketogluaratc: -

0.146g of a-ketoglutaric acid was dissolved in 5 ml of distilled water. It was

weutralized with | N sodium hydroxide and diluted to 10 ml with distilled watcr.

DL Reagent mixture: - | mi of solution 2, 3 and 4 were mixed.

Stability of Solutions: -

stored in ice-cold condition. Also the cnzyme

Solution 5 was preparcd freshly and

sohution was stored in ice-cold conditions.

Procedure:

albino rats weighing 130-160gm were used, The control group was

For the study, wistas
Zicle (30% polyc[hylcncglycol 400). The compounds were dosed at

treated only with vel
After 2h of drug administration, the animat

nvulsant activity doscs.

their minimal antico
were separated immediately and weighed. The whote brain

brains

was sacrificed and the
like midbrain, cerebellum,

or different brain regions

were dropped into separal

medulla oblongata and olfactory jobe

e vials containing 4-6 ml of 80% ice-cold cthanol and processed

i | V.2
further under frozen condition s presented in 118 V.2,
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MATERIALS AND METHODS

Calibration curve: -
Standard GABA solution: -

Standard GABA solutions were prepared in the concentration of 10-120 pg / 0.1 ml of
distilled water and processed as follows. The reaction was started by addition of 0.3 ml of
pyrophosphate buffer (pH 8.1), 0.3 ml of reagent mixture, 1.53 ml of the enzyme solution

and sample contained in the optical tube. Optical density at 340nm was rcad immediately

afier the reaction mixture has been stirred.
All spectrophotometric readings were made with the Perkin-Elmer spectrophotometer. A
standard calibration curve was obtained by plotting different concentrations of standard

GABA with the corresponding O.D. observed (Fig-V.8).

Observation and calculations: -
optical density was
All the spectrophotometric reading was taken at 340 nm. The op ¢

converted 1o concentration of GABA for the test samples from the standard calibration

curve. The mean GABA concentrations of whole brain or in different regions of brain are

. . -/ IX'14s 15)
presented in respective tables (Tables-VI-9; VII-7; VI,
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MATLRIALS AND METIHO DS

Calibration curve for NADII determination

0s - - -

-

0s

o 00 Ao 0 o0 1000
Cancentiation

y = 0.0006x + 0.0088
R? = .9897 l

Fig-v 5. O.D vs Concentration of NADH (kg / ml) graph.

Calibration curve for GAIBASse enzymice

s i
Dab
24
03s

03

8 ox
a2z
o
01

nos

o L
1 15 2

mL

e XM » 0. DasT
=090

Fig-v.6. O.D vs Volume of cnzyme (ml) graph.
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ANPERINLS AND METHODS

Unit of activity determination of GABAse enzyme

500

800
i

700

400

Concantration

200

100

0 62 04 06 0B 1
mi

¥ = 389.84x + 66.556
R? = 0.9989

|

Fig-V.7. Concentration of NADH (pg/ml) vs Volume of enzyme (mi) graph

Calibration curve for GABA determination
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0.6
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02

0.1
: B |

0.9 I
f |

0.D

0 ————— =i =
0 20 40 60 80 100 120 140

!
|
f
Concentration J
|
[

y = 0.0061x + 0.035
R? = 0,9957

Fig-V.8. O.D vs Concentration of GABA (ug /0.1 ml) graph.
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CHAPTER-VI

Synthesis and Pharmacological activity of 3-chloro-2-methylphenylsemicarbazones

e e e e P e e e—

e present work focuses on synthesis and anticonvulsant evaluation of 3-chloro-2-methyl
2nyl substituted semicarbazones, since substitution in the 2-position of the phenyl ring with
;tron-donating groups was generally beneficial to activity as reported elsewhere (141) and

importance of the ortho-methyl group for anticonvulsant activity had been depicted in

ny studics (142-147) including the recently marketed drug tiagabine.

nthesis: -

tep - 1: Synthesis of 3-chloro-2-methylphenylurea: -

NaCNOQ / H,0
—NHa > \ ) NH—C—NH,
2y Glacial I—-—-’ O
Cl CHy CH3zCOOH cl CHj

-chloro-2-methylaniline 3-chloro-2-methylphenylurea

3-chloro-2-methylaniline (0.1 M, 14.1g, 11.8 ml) was dissolved in 20 mi of glacial acetic acid

ind 10 ml of water. To this 0.1 mole of sodium cyanate (6.5g) 1n 80 ml of warm water was
idded with stirring. Allowed to stand for 30 min, then cooled in 1ce and filtered with suction
md dried Recrystallisation was done with boiling water 1o yield 3-chloro-2-methyl
phenylurea (A-32), with m.p. 201°C, IR (KBr) vinay 3450, 1650. 840 em™; 'H-NMR (DMSO-
ds) 8 2.4 (s, 3H, CHy), 7.2-7.4 (m, 3H, ArH), 8.28 (s, 1H, ArNH, D>O exchangeable), 9.33 (s,

2H, CONH,. D,0O exchangeable).
chloro-2-methylphenylsemicarbuzide hydrochloride: -
(@) NHNH,.H,O

== CoH5OH / \
NH—C—NHz = = \ / NH_‘%*NH-—NHZ.HCI
I (b) Conc.HCI — 3

¢\ cl CH
Ci CHs 3

Step-2: Synthesis of 3-

N

3-chloro-2-methylphenylsemicarbazide

3-chloro-2-methylphenylurea
hydrochloride
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delloro- 2-mothiyl phenyl semcarbazones

hloro-2-methylphenylurea (0.05M, 9.2 gm) was refluxed in ethanol with double the
antity ot hydrazine hydrate (0,104, 4.85 ml) tor 24 he with stirring. The two-third volume
“alcohol was distilled by vacuum distillation and poured into ice. The resuitant precipitate
ras filtered. washed with water and dried. The precipitate was recrystallised from ethanol
;95%) to which concentrated hydrochloric acid was added in the ratio of 1:10:5 (precipitate-
sthanol-conc. [IC]). The precipitate of 3-chloro-2-methylphenylsemicarbazide hydrochloride
xas filtered by vacuum and dried. Then it was converted into free semicarbazide in which
semicarbazide hydrochloride was dissolved in minimum quantity of alcohol and neutralized
with 10% sodium carbonate solution. At neutral pl, the semicarbazide (A-33) appeared as
drecipitate. which was separated by vacuum filtration and dried, m.p. 163 °C, IR (KBr) vy
3450, 3269. 1640. 840 Cm’'; '"H-NMR (DMSO-de) 8 2.33 (s, 3H, CH3), 5.56 (s, 2H, NI,
D0 exchangeable), 7.20-7.435 (m, 3H, ArH). 8.34 (s, 1H, ArNH, D20 exchangeable), 9.6 (bs,

TEL NEINEL.. D20 exchangeable).

Sten-3: Ceneral wethod for the synthests of 3-chloro-2-methplphenylsemicarbazones: -

R\
(@ C=0{
Ry B
- CaHsOH ‘ o PO VT
( - NH—C—NH—NHZ.HCI — N\ / NH ﬁ NH N-—-C—R1
\! V4 i R s O :
>"’\ O (b) CH,COONa/ '/ \ R
o CH, H20 ¢ CHs

3-chloro-2-methylphenylsemicarbazidc 3-chloro-2-methylphenylsemicarbazones

hydrochloride
thylphenylsemicarbazide hydrochlonde (0.005M, 1.175g) in

To a solution of 3-chioro-2-me
sodium acetate (0.005M, 0.41g) in 2 ml of water. About 25 ml of

25ml of water, was added
wbidity. This solution mixture was added to an equimolar

ethanol was added to clear @
Quantity of (he appropriate aldehy
for 30 min 10 2 hr until the completiot

dried and recrystallised from hot ethanol. The p
in Table-V] | and VI 2. The IR spectra of the semicarbazone derivatives were identical in the

3450, 3300-3250, 1650, 1595, 840 cm . 'H-NMR (300 MHgz, 8) spectra of

de or ketone in alcohol with stirting on a magnetic stirrer
1 of reaction. The resultant precipitate was filtered,

hystcal data of the semicarbazones are given

following aspects:
. o . |‘\l’l ‘
Some representative compounds are given i R
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e-VL.1: Physical data of t

NH—C—NH-—N=C_©
I ] Ry

3-chiforo-2-metfiyf phenyl semicarbazones

he 3-chloro-2-methylphenylsemicarbazones: -

NH_(I:I—‘NH—Nz(i:—R'
o R

;_ 0 R
* CHa Cl CHjy
| A-(1-18) A-(19-26)
yound Substituents Yield [ m.p. Moleculz:‘r Mol. R Log P
0. R R, (%) (°C Formula Weight r g
-1 H H 75 | 193 | CisHuN,OCI | 28775 | 091 | 2.53
2 H 4-CH, 83 199 | CrHNOCl | 30177 | 088 | 271
3 H 4-OCH; 83 187 | CiwHiN:0-Cl | 31777 | 092 | 198
-4 H 4-OH 53 | 239 | CisHuN:;0,Cl | 30375 | 082 | 1.88
-5 H ANCHy, | 79 | 216 | CwHoN.OCI | 33082 | 087 2.17
5 H 4-NO, 26 | 257 | CisHoN,O,Cl | 33275 | 085 | 278
7 H 3-OCH, 62 | 232 | CiHiN;0sC1 | 33377 1 075 | 1.39
4-OH

-8 H 3-NO; 7 | 214 | CisHNOsCl | 33275 | 082 | 28I
-9 H 2-Cl %0 | 209 | CisHiNOCL | 32219 | 090 | 2.90
10 H 2-OH e | 224 | CisHwN;0:Cl | 30375 | 074 | 219
1 H 2-NO; 24 | 211 | CisHoNsOsCl | 33275 | 081 | 283
12 CH, H 63 220 C,sHis N, O Cl 301.77 0.92 2.54
J3 CH, 4-Cl 66 227 Cs HisN; O Clz 336.22 0.90 2.63
14 CH; 4-NH, 54 189 CieHiNsOCl 316.79 0.83 2.03
15 CH; 4-OH 54 1015 | CiuHieNs02Cl ) 31777 | 085 1.84
16 CH, 4-NO; 52 | 265 | CiHisNaOsCl | 34677 | 093 | 272
17 CHs 3-NH: 6! 184 | NN O CH 31679 | 064 | 1.87
18 CH, 2-0H 59 215 | Ciellin™h©: Cl | 31777 | 077 | 2.15
19 “cH, | CHs | 57 | 166 | Cu HuN,OCl | 23971 | 088 | 2.03
20 CH, C,Hs 74 175 CoHIeN;OCH | 253.73 095 2.34
21 __E.ﬁ:-ﬂ CH,CH(CH3)2 53 144 CiHpN:OCl 281.78 0.87 2.70
2 | cn, | cHcocH; | 56 | 2 CaHeN:;0,C1 | 28174 | 074 | 2.14
23 | n | 2-furfuryl ST | 186 | CuHeNsO:Cl | 27771 | 089 | 2.42
24 m CoHsCHa 78 160 CisHuN;OCl | 39190 | 090 | 257
35 | CRR,=Cyclopentylene 75 | 191 | CuHwN;OCI | 26574 | 072 | 230
26 w 2 | 152 | CuHs N;OCI | 27977 | 077 | 240

mental analyses for C.
L P was generated using Alc

lting point of the compounds at t

H, N were within * 0.4

% of the theoretical values.

heir decomposition.
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i-chforn-2-meth oyl pheuyl semicacbazones

1ble-VI.2: Physical data of the 3-chloro-2-methylphenylsemicarbazones: -

R
M-~ Nt N“-——-‘
cl CH “'
H
A-(27-31)
~ompaund Yield m.p. ) far a Mol. —[ 6 i
ccular formula , Y

No. | R (%) °C) Molecular formu Weigh Re Log P
A-27 H 17 2066 CioHiyNs Oz Cl 328.76 0.78 1.28
A28 | r 56 271¢ CiyH1aN,O: CI F 346.75 0.69 1.75
TR 62 255 CieHi2N0: Cly 363.20 0.88 .65
A-30 | Br 51 2315 | ColinaNaO:CIBr | 407.65 0.80 1.68
A-31 ' i 7 i 267¢ C His N2 O; Cl 342.78 0.79 1.35

! Elemental analyses for C, H, N were within = 0.4 % of the theoretical values.
h .
Log P was generated using Alchemy 2000 and SciLog P softwares.

: Meling pont of the compounds at their decomposition.
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S-chiloro-2-methiyl phenyl semicarbasones

able-Vl.3: Spectral and Elemental analyses data of the compounds: -

Ct')mpound i IR Spectroscopy

"H-NMR

Elemental Analyses
(Calculated/Found)*

No. 1 (em™; KBr) (8 ppim, DMSO-d.} z =
— 1 N
3370, 3350, 3090, { 2.35 (s, 3H, ArClLy), 7.20-8.31 (m, 711,
A 2870, 1690, 1610, | AcH), 8-10(s, IH, imine H),9.10(s, 1H, | 5414 | 394 | 1684
1600-1520, 1450, { ArNH, D;O exchangeable), 11.19 (s, | 53.93 3.93 16.78
1340, 1310 {H, CONR, D,0 exchangeable). '
2.28 (s, 3H, ArCH,), 6.81-7.80 (m, 7H
3940, 3200, 3090, | AtH), 8.25 (s, IH, imine H), 8675, 1H, | o0 o,
f' A-10 1680, 1620, 1600- | ArNH, D,O exchangeable), 10.71 (s, pi 4.65 | 13.83
P 1530, 1300, 1260 | IH, CONH, D,0 exchangeable), 10.06 30 463 ) 1378
' ) (s, IH, ArOH, D:0 exchangeable).
| 3380, 3100, 2850, | 2.24 (s, 3H, CH,), 2.37 (s, 3H ArCH;),
Al 1710,  1580-1510, | 7.24-8.41 (m, 7H, ArH), 8.98 (s, IH, | $542 | 436 | 16.16
| 1460, 1340, 1300, | ANH, D,O exchangeable), 11.05 (s, [ $5.22 | 435 ( 1609
— 860 IH, CONH, D,0 exchangeable).
2.18 (s, 3H, CHy), 2.30 (s, 3H ArCH,),
3420, 3210, 3090,
! ' : 74-7, , 8.62 (s, IH,
A (2340. 1680, 1620, | &74-7.78 (m, 7H, ArH), 8 (<S)| A1 6047 | 508 | 130
-18 ! 0 1310 ArNH, D,0O exchangeable), 10.01 (s, 60.24 P
| : 1600-1330. ' | IH, ArOH, D:O exchangeadle), 10.64 | 9% 06 | 13.18
|10 (s, 1H. CONH, DO exchangeable).
2.14 (s, 3H, CH;), 2.24 (s, 31, CH3),
3390, 3100, 2880, [ 2.34 (s, 3H ACHy), 7.12:7.30 (m, 3N, | oo )
A-19 1695, 15801540, | Atil), 858 (s, M, AN, D0} 407 g:g 17.53
1320, 1240 exchangeable), 10.54 (s, IH, CONH, ‘ . 17.47
o~ D,Q exchangeable).
1.32-1.36 (t, 3H, CH;,, J = 7.6 Hz), 1.82-
1'88 (q) 21—” CH% J=176 Hz}i 2‘20 {si
3380, 3090, 2860, | 3y "y 233 (s, 3H, ArCHy), 7.08- | 56.80 | 635 | (6.56
A-20 1690,  1590-1340, [ 754 (m, 3H, ArH), 8.62 (s, IH, AINH, | 5658 | 634 | j6.51
1325, 1220 D;O exchangeable), 100! (s, 1H,
CONH, D,0 exchangeable).
T 2.31 (s, 3H, ArCHy), 6,88-8.14 (m,Dag
H 2
3350, 3250, 1720, | Arll), 8.74 (s, I, ArNH, D; 47.14 267 13.74
A-29 1700, 1610, 1590 | exchangeable), 10.82 (s, 1H, NH | .o 29 | 1370
(510, 1350, 1180 isatinyl, D,O exchangeable), 10.90 (s, ' .
’ 1H, CONH, D0 exchangeable).
T 2.30 (5. 3H, ArCHy), 6.94-828 (m, 6H
3360, 3240, 1725, [ AcH), 932 (s, 1H, AN, DO 5200 | 333 | 154
A-30 | 1700,1605, 1590- | exchangeable), 1038 (& AP NP 5379 13 1 O
ISIO' 1320 1160 isal‘inyf, Dzo cxchangeablc), 10.92 (5, * -
’ ' [ i1, CONH, D,0 exchangeable). o

“-_._____-_‘_—-_—_

Elemental analyses for C, H, N werc within £ 0.4

% of the theoretical values,
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3-chforo-2-methyl phenyl semicarbazones

Pharmacological activity: -

Table-V1.4: Anticonvulsant activity and minimal motor impairment of 3-chloro-2-

methylphenylsemicarbazones: -

Intraperitoncal Injection in mice®
Compound MES Screen scPTZ Screen scSTY Screen® Neurotoxicity
No. Screen
0.5h 4.0h 0.5h 4.0h 0.5h 2.0h 0.5h 4.0h
Al - 300 - - X x - .
A-2 - - 300 . 300° R - .
A-6 - 300° - - 100 100 100 100 |
A9 R 300° ; - 100 300 300 300
T A-10 ; ; 3 i 100 300 300 300
A-11 - - 300 4 100 100 300 300
AT - 300° - - 100 300 - -
A-19 300° 300 300 i 100 100 300 300
A-20 - 300 - - | 300 300 - N
A-21 - 300 - - ol - . -
A-25 ; 300 - - X x - !
A-26 - 300 - - X % - -
A-28 - -~ - . x - ;
A0 - - K . x x 300 )
A-32 100 . 100 - x x 100 .
T A33 100 K 300 . X x 300 100
__Phenytoin 30 30 - - - . 100 100
| Ethosuximide - - 100 300 300 - - -

ere administered. The figures in the table indicate the minimum
half or more of the mice. The animals were
TY test, 0.5h and 2.0h period study). The
dose administered (300 mg/kg) and (*)

® Doses of 30. 100 and 300 mg/kg W ;
- dose whercby bioactivity was demonstrated in
* examined 0.5h and 4.0h after injection were made. (scS
J dash (-) indicates an absence of activity al maximum

indicates not tested.
b
‘In the s¢STY screen compound

¢

'In the MES screen at 30 mg/kg com
A-17 (173, 4.0h), A-19(2/3, 1.0n) and A-28 (1/7, 4.0h).

“In the scPTZ screen, at [00m&/ke, compounds A-10 (1/5, 4.0h), A-11 (1/5, 4.0h), A-29 (1/5, 0.5h)
and at 300 mg/kg compound A-10(1/5,0.5h & 4.0h).

¢ . . ved with compounds A-2 and A-20 (300 k
In tl T mild clonic jerks were observ mg/Kg,
1/3;ecgfnsp|0:nsdm:31i caused loss of righting reflex and death (2/2, 300 mp/kg).

“In the neurotoxicity screen, at 100 me/kg, compounds A-9 (2/3, 2hy and A-25 (213, 2.01).

s A-3 and A-27 showed protection at 300 mg/kg for 0.5h.
pound A-6 (1/4, 4h) and at 100 mg/kg compounds A-9 (1/3, 4h),
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i-chforg-2-methyl phonyf sencarbazones

Table-V1.5: Evaluation of some compounds in the MES test after oral administration

(30 mig/kg) to rats: -

()ral_:_ldminislration to Rats’

Compound

No. 0.25h 0.5h 1.0h 2.0h 4.0h

A-11 ] 0 | 0 0

A-17 0 0 0 0 U

A-19 0 = 2 0 ! 0

A-32 | 0 0 0 {
: A-33 a | ! | I
__Phenyioin | 1 A4 3 3 3

J ~
The figures indicate the number of rats out of fou

Table-VE.6: Behaviora

S_E | i Activily SC'-"'C:__,- 7 ]
ompound T Contr = PPost trcatment
No? Control e —
~— 5 {24.0h Prior) . 0.5h afler 1.0h after
A2 408.23 £ 32.96 48,67 + 04.66 3317 + 02.11
A 154‘67 L1090 113324 1030°7 159.32 + 06.77 NS
A ek 11741722 343.67 +21.11 NS
— A9 320.00 + 27.73 31,174 17. = ‘
A-10 51017+ 13.38 42) 00 £ 26185, 3590042987
~A-ll 180,83 £ 30.72 1,33 £ 09.697 164.17 £ 11.02 NS
A-17 303,17 £ 22.66 a1672 0221 — ?;?;g : 3;02
A1y [ 37;ass 5275 0230 T g 1283 £02.05
A-20 247112 1566 pe0slz 261033
Phenytoin 547.32 4 2112 1041141436 — + 1244

a dose of 30 mg'kg (i.p)

y + SEM of si¥ mice, SIEN
atp <002 d

The compounds were tested al

b
Each score represents the meas
P <0.0001, *p < 0.008, **p < 0.02 and NS
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3-chforo-2-metfiyf phenyl sconcarbazom

Elblc-\ .7: CNS study on selected compounds in Porsolt's swim test: -

Immobility time” (sec)

Tompound No

Control
{24.0h prior)

Post treatment
(60 min after)

PEG 164.67 £ 11.69 168.53 ¢ 12.32 NS
A-1 125.67 + 11.89 190.30 + 12.35
A-2 200.00  11.63 137.30 + 12.49
WA 78.65 + (2.62 104.00 £ 12.94 NS
A9 | 57.00 4 12.16 130.30 * 11.25
A-11 | (34.00 + 12,70 205.00 + 11.63 ,
a17 | [15.67 + 12.05 15060+ 1206NS |
o A-21 [ 10433 4+ 13.29 187.30 £ 13.09 7
fﬁbamachinc ] 138.40+ 17.30 240.60 £ [4.10

“The compounds were tested at a dose of 30 mg/kg (i.p).
*Each valuc represents mean & SEM of six rats significantly difterent from the control at p < 0.05

and NS denotes not significant ot p < 0.05 (Student’s t-test).

Table-v1.8: Effect of some 3-chloro-2-methylphenylsemicarbazones on serum levels of

transaminase in Six rats: -

e ‘ - | SGOT’(Units/m1)

c : SGPT® (Units / nl)

4 Oqg);)nu[ndl No~ | e 45 00 + 6.24 o 73.17 + 5.98*

o 173 e TS

B 687234

_' .A-l'.l I 543'_1“+“~—-*—318 73'58;4‘43
T ey e R TN T YT

B e e —— 57 67 +3.48 ~ ——

— Phenyroin : ~

. A | § 100 me/kg (p o) for 14 days.

N fosc ©
e . e tested atat . .

ompaunds were i M of six raLs significantly different from the contro! ag *p < 0.05

+ SEM o6 ol =

[._S?gniliwll"”y different (Student's t-test).

tullld.l\‘

—— o

b
Each valye represents mean
ad remaining values are no

\ Testeq at 23mg/kg (p.0) for the treatined
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v hdosin- 2-methyl phenyl semvcarbazoncs

‘Table-V1.9: Effect of compounds on GABA sysfems: -

Concentration of GABA {ug /100 mg tissue)®

Compound o
e Olfactory lobe Mid brain u“lf.‘;‘.'.‘,;';:‘;'a Cerebellum

Control 12014174 | 44312178 | 33282204 | 2193252
A-G 1434281 | 6275+2.57% | 3972226 | 28.91+2.08
A-9 13.2243.05 | 59.824229% | 37894203 | 2855335
A-17 13504278 | 62.83:239% | 41.55£396 | 30.59%4.16
A-19 | 15594338 | 60.95£3.59% | 46.89%2.69% | 2547247
Clobazam | 17.67+262 | 63.57+283 | 4591%216* | 28732312

* The compounds wese tested at a dose of 100 mg/kg (i.p) for 2 lus.

b Each value represent mean t SEM of six rats, significantly different from the control at
*p < 0.05 and remaining values are not sigmificantly different (Student’s 1-test).

° Tested at 30 me/kg (i.p)-
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Fehlorv-2-umet byl plionyf semicarbazones

Results & Discussion: -

Chemistyy - -

Fhe design ol 3-chloro-2-methylphenylsemicarbazones was based on the literature report in
which the introduction of lipophilic (r), electron-withdrawing substituents (+ o) in the meta
position (3 position) of the phenyl ring was found to significandy increase the
anticonyulsant potency compared to the unsubstituted benzene (142)

I'he required  3-chloro-2-methylphenylsemicarbazones were synthesized by a three-step
pProcess starting from 3-chloro-2-methylaniline. The homogeneity of the compounds was
Monitored by performing thin layer chromatography (TLC) by which Ry values were
calculated. ):tuent for all compounds were CHCly : CHsOH (9:1)(Tables- V11 and V1 2).

All the compounds were found to be more lipophilic ndicated by their calculated partition

2] excent for compounds A-4. A-7, A-15, A-17 and

Coctficient value preater than 2 [log P>
2 winee all substituted with polar groups like

A‘(27’~31), [hese compounds possessed log P =
UHNH, and substituted isatin A-(27-31) derivatves

Wiy fegard to the percentage yicld of the synthesized compounds, the compounds with
Substitutey aryl aldehydes have yields in the runge of 62-86%, and those with substituted aryi
pave 52-66% and 51-77% sespectively

N 3-chioro-2-methylphenyl)-N ~(2-hydroxybenzaldehyde)

Jd in KBr pellet and the following bands (vau, cm'') were

/ alke o
atky) ketones and isatins

th ?
¢ IR spectrum  of

SCI]]iC&t-bZlZ(mc (A_lo) was I‘CCOI’L’L’ v '.
Obserye Absorption band at 3440 cm” showed NH stetching, 3200 cm™ showed OH
aromatic CH strete
hing,. 1620 ciu ' showed C=N StTCtChing, 1600-1525

ine. 2850 cm’ showed aliphatic C
Setching, 3090 cm' showed e 00152

Stretal. - -5 atrelc
retchmg, 1680 cmi ' showed L=V strel |
[ 240) ¢nt

Al & 2.28 for 311 of CH; protons, singlet at § 8.25 for
7 (1H, ArNH), 1071 (1T, CONH) and 10.06 (1H,

o , o C-O stretehing were observed.
n showe | atie siretching,
e aromatic

iy
,]- 5])(,(: ru a i | ILI
M Pect I I'CVCEI]Cd < sil g

'} Iy at & 8.0
yof Imine proton and singets 4 9
Sumilarly,

ks depic

e structures of other compounds were confirmed

We O ~ ¥ bl .
¢ 1,0 exchangeable (ed M Table-V1.3.

ae . 3
gcmdmg to their characterislics P=-
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Aecitoro-2-methyl pheuyl semicarbazones

I he mna e i ¢ -
b

/2 - - oy .
169. The remaining major fragmentation peaks were at n/z 141, 135 and 107

—-— 135 -
; HO
/ \ U ; N // ey \
A ::.r—- NHLC*NH-—N—L—;C_\\ ’)
c/  CHy |.pd ,
141 —- ‘ 107
|
168

. o . s
Pharmacological activity: -

The anticonvulsant activity of the synthesized compounds was cstablished after their i.p
adminislrati(m in three seizure models in mice viz MUES, scPT7 and scSTY screens. The
animals were dosed with 30, 100 and 300 mg/kg body weight of the test drugs and anti
Convulsang activity was examined at 0.5h and 4.0h and scSTY screen 0.5h and 2.0h, after the

Mjections,
Phis Providud u profile of the anticonvulsant activity duc to absorption of compounds or due
y was demonstrated in half or

02 possible metabolite The minumum dose wherceby bioactivit
in Table-V14, along with the data of phenylomn and

M S . .
MO of the mice is presented

etl‘lc'sm'iimidc.

(i

" MES ¢est: -
19. 20, 21, 25 and 26 were active in the MES test at a
2 and A-33 were active at 100 mg/kg,

reid. At a dose of 300 mg/kg, most of
ind A-19 which showed
pid onset of

Ihe compounds A-1, 6,9, 17,

dose of 300 mg/kg and the compoutuds A-3
prevent sel2ult 5
only at 4.0b excepl compot
ce (his compound showed a ra
A-32 and A-33 showed

nset and short duration of

indicative of their abthty (0

the compounds showed protecttonl
4 0.5h and 4.0h peciod hen

rolonged action
¢ compounds had

The compounds

rapid O

actuvity at botl
action and also had p

protection only at 0.5h. 50 thes
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Jectloro-2-methyl plesyl senucardbazoncs

- }
Y [3 < /(.;d 0 [ "]thI.l\c C I l[‘

& . , ~ .

no aclivity except A-17, which showed activity at 300 mg/kg body weight a1 4.0 ]
ar4.0 h.

(“) sePTZ Tcst: i

I this s 3
his screen, except A-6, 11,19, 32 and 33 none of the compounds were active. This

test 1s i i
{ is used to identify compounds that elevate the seizme threshold. All these five

compounds showed protection al 306 mg/kg at 0.5h period, which indicated that the

compounds showed a shortet duration of action.

(t1t)  seSTY Screen: -

Out of the nine compounds (A-2, 6. 9, 1o, 11, 17 and 19-21) screened, eight
G1Y-induced seizures. Compound A-2

compounds showed protection against s¢
on 1n both 0.5 and 2.0h. All otha

showed protection at 0.5h and A-20 showed protecti
compounds showed activity at 100 mg/kyg m soth 0,30 and 4.0h except compounds A-
9. 10 17 and 20, which showed protection only al 300 mg/kg for 2.0h period, This
indicated that these compounds have the ability 1O prevent seizure spread und also

ave a role via inhtbitory plycine 1€Ceplors

these compound may h
Neurotoxicity screen (NT): -

ds A-6. 9. 11, 19, 25, 29, 32 and 33 showed neurotoxicity it

except A-6, 9, 25, 32 and 33 Compound A-6, 9 and 25
h and 2.0h respectively. Compounds A-32 and
& 4.0h period. When compared with

rotoxicity. All other compounds

In the N'T' Screen, compoun
higher dose leve) (300 mg/ke)
(100mg/kg) showed neurotoxicity at 0.31, 2.0
ity at 100 me/kg at 0.5h

nd 29 showed lesser neu
( Table- V] 4)

A-33 showed neurotoxic

Phenytoin, compounds A-11, 19 a

exhibi . ) e
hibited neither anticonvulsant activity nor neurotoxictty
(A-19)  exlubited

7-0:10)5;:111ic:u‘bazunc

1 h = 1 /A
¢t N -(J-ch101'0-2-mc(hylphcnyI)—N L(propan-2
a5 the most active compound in this

screen and emet ged

anti o ¢ .
iconyulsant activity in all three
exhibited an

his series have
s thereby indicating their

nal and petitmal,

SE¥) :

ries. The compounds in liconvulsant activty against MES,
scP . :

TZ and scSTY induced seizure atential as broad specirum
P p

ant . . .
ticonvulsants covering epilepsies of grandi
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s-chloso-2-methyl phenyl semcarbazones

Rat p.o. ldentification: -

Ou! of
all the - o .
the compounds that were active n the i.p. anticonvulsant screen some
were

selected for activity i ' o - .
activity in the oral sereen in the MES and neurotoxicity tests in rats, The resul
' esults

ar 3 RN .
e presented in Table-V1.5. The compounds were lested at 30 mg/kg in which none of tl
he

COMNo . .
pounds showed protection except compound A-33, which exhibited anti-MES protectio
n

thr : : i
oughout the time period, compared with the standard drug phenytoin.

CNS depressant evaluation: -

-mcthyIphcnyIscmicarbazonc derivatives were examined for CNS

Some selected 3-choloro-2
activity using actophotometer and Porsolt’s

d etinrt ‘g
epressant activity which meciuded locomotor
SWInY test <winee . . S -

n lest, since many current [rontline antepileptic drugs are known to exhibit CNS

depression side effect (39).

and A-9 showed no behavioral despair

1[ Y . 0

1 the behuvioral study usmg actophotometer compo
efiee .
feet when compared 10 phenytomn a3 represcited in [able-V1.6. Compounds A-6 and 11 did
motor activity m the 30 min intervol but did not show any signiticant

show decreased loco
1e pesiod. All other compound

b . o ‘ . ¢
ehavioral despair effect in ih tin s were found to decrease the
motor activity of the animals.

orsolt’s swim test the immobility time after the administration of

th Carbamazepine (Tabl
pression compared with the control a

In a similar study using P
e-V1.7). The compounds A-6

th .
1€ test compounds Were compared Wi

a 0 NS
nd A-37 were found to show no stgntlicant CNS de
4 were found 1o emerge 45 CNS depressants as they

?
P<0.04. All other compounds teste
{ated depresston at a dose of 30 mg/kg

yme. The compounds facili

iconvulsant dose, whic
ation of depression could be different.

Wicreased the i '
w immobility
iy suggest that the mechanism

I,
p. The dosus were lower than the amt

nvolved in 1he anticonvulsant acion and in the facilil

Hep: .
lepatotoxicity Studies:
.2-1}1e{hylphcnylwmicarbazoncs on the serum levels of
determined S some

(148, 149).
chicle (PEG) were taken

T .

he effect of some selected 3-chlioro
T and SGOT) were
oate exhibit liver toxicity

transaminases (SGP drugs like Phenytoin,

Phenobarbital and Sodium Valpr
antmals adminislcr:d with v

The serum SGOT and SGPT levels in
-6 did not show any

d compounds X

as . ! seant 1 :
the control. All the testé cept A srgnificant increase i
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3-chforo-2methiyl phenyl semicasbazones

the SGOT ¢ SGPT leve L gn o
nd SGPT level. N'-(3-Chioro-2-methyiphenyl)-N'-{4-nitrobenzaldehyde)

semicarbazone (A-6) showed a signili . )
carbazone {A-6) showced a sigatlicant inerease i the level of SGOT, though it did not
’ no

reach the hepatotoxic level (SGOT >130 Units / mi)( able-VI8).

Effect on the levels of GABA in different regions of rat brain: -
Iﬂ ¢ "y . M . T
order to explore the mechanism of anticonvulsant activity, some selected compounds that

ere highly active were subjected 0 neurochemical investigation to study their effects on the

lc 1 AP o R , . .
vels of GABA in different regions of rat brain, viz. olfactory lobe, midbrain, medutla

oblongata and cerebellum. All the compounds subjected o neu
| in the mid brain region significantly, when compared to standard

rochemical study were found

to increase the GABA leve

drug Clobazam. In all other regions there is no significant increase in the level of GABA

except compound A-19 which ncreased the GABA level in medulla oblongata region

it can be concluded that the 3-chloro-2-methylphenyl

significantly. From this result
able-V1.9),

mts through GABA-mediated mechansm { f

semicarbazones act as :unic()n\'ulS:
Structure Activity Relationship: -
-one N'-(3~chloro-Z-methylphenyl)-N*-(substiluted

Fables-Vi1 and VI.2 lists thirty
sicarbazones. The unsubstituted derivative

nzophenone)sen
a dose of 300 mg/kg.
| analogucs [A-(2-11, 13-18)] were

chosen 10 examine the cftects of clectron donating and
19-31)).

ulk and lipophilicity [A-(
p showed anticonvulsant
| (A-10) and nitro

benzaldehyde / acetophenonc / be
A-1 showed activity in the MES testal

Various compounds of 2-, 3- and d-substituted pheny

prepared with the substituents
Withdrawing groups as well as changes in b
n with chloro (A-9) grou
ybstitution with hydroxy
ninst scPTZ and scSTY tests. All

(1) Substitution in the 2-positio
activity against MES and scSTY test. S
d anticonvulsant activily a8

(A-11) groups showe
win dose of 300 me/Ke.

yrotoxicity ala maxin

1 with anmno (A-17) Brow? s
and no neurotoxicity.

three compounds showed nct
(i)  Substitution at 3-positiol howed anticonvulsant

activity against both MES and scSTY lesls
(i)  Similarly, substitution at 4-position with electron douating group, viz, methy!
¢PTZ and <« STY lests and was not

group (A-2) exhibited activity both m s

ncurotoxic.
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d-chloro-2-methiyl phenyl semvcarbazoncs

(tv)  The carbimino hydrogen atom when replaced with methyl group showed
diminished anticonvulsant activity. Only compound A-17 showed anticonvulsant
activity,

(v) Substitution in the carbimino hydrogen atom by bulky group like phenyl (A-24)
croup showed total abolition of anticonvulsant activity.

(Vi) Replacement of phenyl ring with furan moicty (A-23) also showed loss of
activity.,

(vii)  Replacement of phenyl ving with eycloalkyl groups like cyclopentyl (A-25) and

cyelohexyl (A-26) showed anticonvulsant activity against MES test with absence

of neurotoxicity.

(viif) Replacements of carbimino phenyl ring with alkyl group like methyl (A-19)

showed activity against all the three screens viz. MES, scPTZ and scSTY tests.

(ix) Replacement of benzylidene group with substituted isatins [A-(27-31)] exhibited

drminished anticonvulsant activity.

p—t H (®)
' #
( —N—C,_ Methyl / Phenyl - decrease or
\ ¢ N—H 7 abolishes the activity
CH N ‘
G : _ CTR
7\
Alkyl [& )) R ———= 2-Cl (A-9) - MES & scSTY
MES , scPTZ & 5¢STY R Ra - se
\

\

Isating (A 27-31) i
decrease activity I ‘3-NH2 (A-17) -MES & scSTY

4-CH3 (A-2) - scPTZ & scSTY

Figure vy [ Schematic representation of SAR of 3-chloro-2-methylphenylsemicarbazones.
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3-chioro-2-methyl phenyl semicarbazones

From the above :
he above results, it could be concluded that the small lipophilic moiety like methyl (A

Ig} S st ' d \ "

substituted semicarbazone showed broad spectrum of anticonvulsant activity. The most

active . . i
co:npound of this seriecs was N ['(3'°l'|°"0‘2‘“‘°‘hylphcnyl)-NJ-(pmpan 2

one)semicarbazone (A-19).

+—NH—C—NH—N=C—CHj

\
.‘ “\ Q CH3
Cl CHj
MES lOO"/oproleclional30011'1gf’kg

scPTZ : 100% protection at 300 mg / kg

seSTY : 100% protection at 100 mg / Kg

Toxicity: No hepatotoxicity
Increased the level of GABA in mid brain and

medulla oblongata of the rat brain by 37% and

40% compared to the control respectively.
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CHAPTER-VII

Synthesis and Pharmacological activity of 2,4-dimethylphenylsemicarbazones

e ]

.rh M ONTL * H . H
¢ design of 2.4-dimethylphenyisemicarbazones was based on the importance of th
C
9] . ¢ y - ] [ .4
rtho mcthyl group for anticonvulsant activity had been depicted in many studics (142
146) inciudi N -
6) including the recently marketed drug Tiagabine. So the present series was an attempt

to study the effect of dimethy! substitution in aryi semicarbazones.

Synthesis: -
Step-1: Synthesis of 2,4 - dimethylphenylurea: -

NaCNO /H0
CH, NH; p— CHs; NH—(I.'I:-—NHz
O

CHy CH;COOH CHs

2,4-dimethylaniline 2.4-dimethylphenylurea
20 ml of glacial acetic acid and 20

2,4-dimethylaniline (0.1M, 12.1 gm) was dissolved in
anate (6.5g) in 80.mi of warm water was

m) of water. To this sojution. 0.1 M af sodium ¢y
ice and filtered with

added with stirring. Allowed to stand for 45 min and then cooled in
suction and dried. Recrystallisation from boiling water yiclded 2,4-dimethylphenylurea

(B-29) with m.p 210 °C. IR (KBr) vnay 3430, 2040, 1650, 843 cm''; 'H-NMR (DMSO-ds,
3H, ArCHy), 6.80-7.24 (m, 3H, ArH), 8.68 (s, IH,

ppm) § 2.16 (s, 3H, ArCHs), 2.20 (s,
exchangeable).

ArNH, D,0 exchangeable), 9.74 (s, 2H, CONHy, D:0

Step-2: Synthesis of 2,4 - dimethylphenylsemicarbazide nhydrochloride: -

() NHzNH,.H20
CH,OH
CH, NH—C—NH; ——— CHy NH—C—NH—NH,.HCI
3 (b) Conc.HC! S
CHs

CHs
2,4-dimethylphenylsemicarbazide

2,4-dimcthylphenylurea
hydrochloridc

|1.48 gm} was refluxed in methano! with double the
ltant precipitate was filtered and
methanol to which

0:5 (solid-methanol-

2,4-dimethylphenylurea (0.07M,
ydrate (7.0 mi} for 24 hr. The resu

cipitate (solid) was recrystallised from
was added in the ratio of 1:!

quantity of hydrazine h
dried. The dried pre
concentrated hydrochloric acid
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2 4-dimetfiy{ phenyl semicarbazones

conc.HCly and cooled in a freezer for  2hr, The precipitate  of 24-
dimethylphenylsemicarbazide hydrochloride was filtered by vacuum tiltration and dried.
Then it was converted inte its free semicarbazide (B-30) by using 10% sodium carbonate
solution, filtered and dricd, m.p.138 °C, IR (KBr) v 3450, 3300-3250, 2940, 1670-
1650, 1400-1300, 845-835 cm™; "H-NMR (DMSO-d. 8 ppm) 2.17 (s, 3H, ArCH,), 2.22
(5. 311 ArCty), 5.80 (s, 2H, Niis. 120 exchangeable), 6.84-7.26 (m, 311, ArH), 9.02 (s,
1H, ArNI1. D20 exchangeable), 10,08 (bs, 11, NHNHz, 1,0 exchangeable).

Step-3: General procedure for the syuthesis of 2,4 - dimetipiphenyisemicarbazones: -

R
,C=01
Ry pa—
GHyOH =" R o e
CHy—< \— NH—C—NH—NHy HC| ——— ™ g NH—C—NH—N=C—Ri
T 4 I CHyCOONa / o 0 R
' o “;0 CH:,

GHy

2,4-dimethylphenylsemicarbazide 2.4-dimethylphenylsemicarbazones

hydrochloride

To a solution of 2,4-dimczhy{pllenyIsemicarbaz|dc (0.003M, 0.55g) in methano! was
added an equimolar quantity of sodum acctate in waler and appropriate aldehyde or

The nnixture was stireed with heating on a magnetic stimer for 30 min

ketone in methanol.

10 2.0 hr until the completion of the

reaction and the resnltant peecipitate was filtered and

ol the senmicarbazones are presented 10 lable-VILI, The IK
dentical in the following aspects 3450, 3300-3260, 3040,
'H-NMR (DMSO-ds, 300 MHz,

dricd. Lhe physical data
spectra of the compounds werc |

|
2940, 1670-1650, 1570-1550, 1400-1300, 845-835 cm Sk
6 ppm) spectra and the elemental analyses of some representative compounds are given (n

the Table-V1].2.
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S A dbumethiyl phenyl semicarbazones

Table-VIL1: Physical data of the Z.J-dtmuhylphunlwmlr.ulmnmc\: «

|

CHy yNH=C—NH—N=C - #  CHy~—¢ ) NH—C—NH N=C—R,
O R R' y O R
CH, CH,
B-(1-23) B-(24-28)
(nmpuuud substitiems Yield { mp. Mulucul;lr J i:vipl. : R, J“’l’ P
N R f R, (%) | (°C) Formula Weight
B | w | _a e lm Cys 17N, 0 # 26733 | 085 |
-B:Z ’ iH | d-i3r | 97 i Cu, H|(, NJO Br , 346,22 0.87
83w | ean, 89 [ 196 | CaMuN0 | 28135 | o046
[ 81 L T 4-ocu.“, 77 | 140 | CpHwN;0, 297.35 | 090
[ s o aon 86 | 210 | CullyyN O, 2332 | 079
B~ H | 4-NCHy: | 68 | 200 | Cu0uN.0 31039 | 082
-—3-7 l_l ’ 4.N02 80 25'} f CloPlle"O' 3'2.32 0.8"
B8 i 4- 02' 75 | 192 | ColiwN,O, 31335 | o2 I‘ .44
3-OCH,
w M 3 3Cl [ 67 1195 | CullaNOC | 30077 | 080 291 |
: - - , 20 Tos2 | 2o
n IU 14 j 3-NO, f 57 010, N0, ' o 'w‘,
0 u 2 LI ‘ e ;vo_l
e 1 H,s N D iy X 5 =3
B-12 " 2011 g8 | 22| ow, TR
B-13 H 2-NO; 73] 207 [ Ciplhi Ny O, 73;;() o'a;ﬂﬁkv'az !
1 LN, O : 2.
— | ch o Ry WN:OCl | 31580 | 0.87 | 279
—5_ | <ty 4'0*‘ R B 29538 | 0.78 | 276
CH .¥__‘;‘CHJ 68 176 Cil'l_;LN)O . 5 :
P 1 5 185 | CiHuN,O 20637 | 078 | 2.17
 Ctl f AP, - n“'_ﬁB 20735 | 089 | 190
CH 4-011 jJ L 178 ) CithoN; O, | : |
: 5 86 | 248 | ClyNs O, 31580 | 092 | 2.8
CH 4-NO» 2 . ;
‘L qu 3-NIL, 73 | 220 | ColluNiO | 29637 | 062 | 203
CH, ¥ e i RO CaHiuN;0p | 29735 | 071 | 225
CHJ - 59 [ 190 ] cuHaNo [ 30342 [ 092 | 24
oHs T 51 | 68 | CubeN,08r | 42232 | 09! 2.77_|
Gty | 4B 159 | Coltan,0 | 21928 | 079 | 2.1
| CHy L P . | 23331 | 085 | 244
| r'“_ 57 | 148 CiyHiyN, O i :
| cHy 2 60 | 103 | CshinN,0 | 26136 | 082 | 289 |
: HyCH(CH,)z | O — L =
| CHs | CHy - 85 | CuHuMN0: | 20032 To7r | 228
| 25935 | 073 | 23

Cl(R, (yv.lulu_\yltm. [ 7i I 174_ 15 Flap Ny
? L'I:n::; dyses tor C, 1, N were within £ 0.4 % ot the theoretical valoes
CRLUL an: s 4

' Log P wus penerated using Alchemy 2000 and SciLog I' software
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Table-V11.2: Spectral and Elemental analyses data of the compounds: -

Aoyl phenyl semicorbazones

———

Elemental Analyses

Campouny H Spectroscom -NMR !
L tem ' Khsr) (o ppm. DNISO=,) . (Cmcuhuiw"]‘i]..,
i { | N !
206 (s, 3. Clly), 220 (s, 3H, |
13390, 3360. | ArCHa), 2.24 (s, 3H, ArCHa), 6.76-
3 2840, 1680. | 7.84 (m, 7. ArM). 7.90 (s, I+, | 72.57 | 681 | 14.94
1620, 1595-1540. ’ inine H), 848 (s. 1M, ArNH, DO | 72.20 6.79 14,89
1450, 1340, 1250 | exchangeable), 9.72 (s, 1H, CONH,
. L= | D,0 exchangeable).
5 2.20 (s, 3, ArCla), 2.24 (s, 3H,
- fggg ;2:8: AICH3), 696-8.23 (n, TH A o | 510 | 1704
- (590- (540 8.01 (s, I, imine [1), 8.63 (s, U, 61.29 514 (7.87
1340 1440' (245 ArNH, D,0O exchangeable), (1.00 = : :
o ’ T (s, 1H, CONH, DO exchangeable).
2.14 (s, 3H, CH;), 2.20 (s, 3H
3400, 3200, | ArCH;), 2.22 (s, 3H, ArCH3), 5.32
3090, 2950, | (s, 2H, ArNH,, D,0 exchangeable),
B-17 (2850, 1690, ] 6.54-7.67 (m, 7TH, ArkD), 844 (5| 000 1 S50 [ 183
1620, 1590-1540, { IH, ArNH, D,0 exchangeable), e ' :
1340, 1280, 1140 [ 9.55 (s, 1H, CONH, DO
— cxchangeabie).
1.85 (s, 3H, CHy), 1.95(s, 311, Cia),
3380, 3090, | 2,18¢(s, 3H, ArClt), 2.24(s, 3K,
oy 2880, 1680, | ArCH;), 6.80-7.12 (m, 3!, ArH), | 65.73 7.81 19.16
1580-1545, 1310, | 824 (s, M, AfNH, DO 6547 | 778 | 19.10
1230 exchangeable), 9.54 (s, |H, CONH,
13,0 exchangeable). .
) T | 1.46-1.50 (4, 3H, CH;, J=7.66:_-ilz;, |
[.84-1.90 {q, 21, CH,, 1=7.6Hz),
3390, 31000 oq (o 3, CHy), 222 (5 M| goo0 | 821 | 1801
B.as | 2840, V68O eny 296 (s, 3H, AICH), 682 1 (o | ols | 1704
1590-1535, 1320 5 e (. 311, Arll), 820 (s ML ' '
1210 ArNH, D,0 exchangeable), 9.44 (s,
1 H, CONH, D,0 exchangeable).

——

= .
Elemental analyses for C, H, N were within + 0.4 % of the theoretical values.
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> .
Pharmacological activity: -

Table-V11.3: ic ivi i
able-V11.3: Anticonvulsant activity and minimal motor g

dimethylphenylsemicarbazones: -

2,4-dumethiyl pheay{ semicarbazones

wrment ol 2,4-

minimum dose whereby bioact
, ndicates an absence of pctivity
In the MES screen the compou
In the wI*'TZ scrven # @ dose ©
, 29 4nd 30 (0.25h), B-24 (025N |
Mhe compound B-30 at 100 mg/
: "}ﬁl:r administrauon.
Compound B-29 showed n¢

a

WrotoNicity

Table-VII.4: Evaluation of sonit

test) after i.p- administ
[T=; ~TnFaEeH[onp_n]_ﬂj}ji_u_ijijg}ﬁﬁ@_‘PEEL ==
Compound No |—ggar— 03t [ —bS—1— 200
- B-3 l g e
——— 2 i
B-7 P N il
| e -
- B-13 - . P, e
— 13— 4
Covetiracemn® | = ——A— e
N four which Wer

) L2
The figures indicate the num
not protected.

L
Tested at 30 mg/kg (i-p)-

* Doses of 30, 100 and 300 mp/ke wore
jvity was demon

maxlmum dose 3
on ar 100mg

p.lundr that
{B-28( i

kg caused death following &

nd showed protect)
100 mp'kg, s
b 1527 (0.5h) ax

at 100 mg/kg after thol

ber of mice out of

95

grrated in hal
dministered (

compounds in the psy¢cl

vation (lﬂOmglkg) tcm

300 mg/ig)
%g in 173 nuce

o Intrageritoneal Injection in nice’
Compound E —
No. MLECS Screen scPTZ Screen s¢STY Screen Neurotoxicity
e Screen
0.5h +4.0h 0.5h 4.0h 0.5h 2.0h 0.5h 4.0h
3-2 - - 300 . 100 300 300 300
13-3 300 M 100 100 . .
B-16 : R I ! 100 | - 300
B-23 300 - 300° }-.* 300 300 300 ;
| __B-24 00 |_1ou_| 300 | 3007 | 308 300 | 100_| 300
B-25 300 | - 3005 L 28 100 . 300 .
B-26 100 300 100 300 | 300 300 100 300
_ B-27 . : « bl T . : _
|___B-28 300 300 | 300 3 300 300 300 300
B-29 100 2 | 300% 8 . - 300 -
. B-30 100 - 30[1 7 K — 0, | = 100 100
Phcnytoin 30 | 30 _____'__—L__’.__-__—'—— - 100 100
_Carbamazepine 30 100 | 199__—_‘__1”9.,.__-——'— : 100 300
=300 Sdnunistered. The figures 1n the table indicate the

f or more of the mice. The dash (+)

Bowed protestinn were B8-23, 25,

admstraline

ice: -

ntinuous seizures at | h period

Jomotar seizure (6 Hz MES

e prolectcd. The dash (-) indicates



2 4-dmethyl phenyl semcacbazones

Fable-VILS: Behavioral study on some selected compounds using Actophotometer; -

F e Activity score”
No Control Post treatment
(24N prior) 0.5h after i.0h after
B-23 197.67 + 13.24 120.33 £ 11.35 41.33£03.25
13-24 282.33 £29.08 100.33 + 13.11 51.17 +06.80
w25 30150+ 27.67 137.33 2 11.33 93.17 + 05.93
’ B-26 A8 160 70.33 3 06.43 33.00 + 05,99
L 1328 155.17 + 26.98 60.17 + 05.04 71.00 20745
Phu])[oin 247324 21.12 104.1] £ 14.56 106.23 + 12 44

"The compounds werc tested at a dose of 100 mg/kg {1.p).
" Each score represents the mean = SEM of six mice, significantly different from the control score

Ap< 0.05 (Student’s t-test).
Tested at 30 mg/kg (i.p).

Table-V11.6;: CNS study on sclected compounds in Porsolt’s swim test: -

Compound T Immobility time' (sec)
No.” Conlrol Post treatment
.~ e 4 (24 h prior) {60 min after)
e —PEG 143.50 % 11.42 157.83 + 10.04 NS
_ B-23 ]63.33 £08.53 208.33 £09.92
B-24 151.00 £ 06.39 212.33 £ 06.89
- B-25 142,17 + 06.27 197.83 + 08.44
B-26 147.33 +05.82 225.50 + 06.99
i 3-28 139.3 13 + 06.67 192.17 + 06.47
Carba:r)a/cpﬁ?—Lb 1315020932 207.3320849 |

"The compounds were tested at & dosc of 100 mg/kg (i.p).

® Each value represents the mean * SEM of six mice significantly dilferent from the control at

P < 0.05 and NS denotes not significant at p < 0.05 (Student's t test)

“ Tested at 30 mg/kg (i-p).

Table-VIL.7: Effects of compounds on GABA system: - =
e ’7 Lonccmrulmn of (:ABA o/ 100 mg tissuo )’ - -
Compoyad . ’ Medulla
No.” Olfactory Lobe Mid Brain Oblongata Cerebellum
__ Control 1201 + .74 4431 <178 | 3328+204 | 21.93+252
B2 10.79+322 | 6339%2.77% 4 37.64% 6.79 | 19.36+2.22
“Ba2s | 1785%289 | 36.09%505 | 46.8723.34% | 28.92+3.34
B-26 18.71£2.63 | 72274377 41.08+296 | 25.82+3.46
30— 1 79792093 | 48912377 | 38774525 | 43.54+220*
Ciobazam® | 17.67£2.62 | 63.57+2383" 4591 £2.16* | 28732312

dose of 100 mg/kg (i.p)-

SEM of six rals significantly difti
at p < 0.05 (Student’s t-test).

*The compounds were tested at a
srent from the conirol at

“Each value represents the smean * «
*P<0.05 and the remaining v

 Tested at 30 mg/kg (i.p)-

alues are not signiftcant
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2 LimetliyS pheuyl semicarba zones

Results & Discussion: -
Chemistry; -
I'he 2eA-dimethylphenylsemicarbazones have been prepared starting from 2,4-dimethyl

Fhe homogeneity of the compounds was monitored by thin layer chromatography

aniline,
calculated. Eluent for ali compounds were CHCl, -

(YLT) by which Ry values were
ClHL011 (9:1),

Al the compounds were found to be more lipophilic indicated by their calcutated

Partition coefficient value greater than 2 (log P> 2) exeept for compounds B-5, § and 18,

hese compounds had Jog I <2 which were substituted with polar group like OH (Table-

VILY).

With regard 1o the perceniage yield of the synthesized compounds, the compounds with
substituted aryl aldehydes have yielded in the range of 73-97% except for compounds B-
9.10 and 11 whose percentage yiclds were 67, 57 and 67% respectively. The compounds

With substituted aryl/alky! ketones yielded about 53-86% (Table-VIIL1).

The IR spectrum of N'<(2,4-dimethylphenyl)-N '-(4-nitrobenzaldehyde):scmicarbazone (B-
7) was recorded in KBr pelfet and the following bands (vanx cm )':”Cfe observed.
Absorption band at 3400, 3350 cm™ showed NH stretching, |1680 L 5’*°“"-jd Cjo
Stretehing, 1620 cm”’ showed C=N stretching, 1600-1540 cm showed aromatic C=C

Stretching, 1340 cm™ showed aryl C-N stretching.

HNMR spectrum of compound B-7 revealed singlets at o 220 for 3t of al’,V[' s
Protons and at § 2.24 for another 3H of aryl CHj protons, singfet at & 8.00 &"’ IH of imtae
Proton and singfets at & 8.63 (IH, AINH) and & 11.00 (1H, CONH), which were D0

firmed according to
CXchangeable Similarly, the structures of other compounds were con I

) ] i i -VI.2.
their characteristic peaks depicted in Table-V

Ph:armacnlnrzical activity: - ‘ s was established after their 1.
The anticonvulsant activity of the synthesized compoun

I The
m MES, scPTZ and s¢STY screens.
administration in three seizure models 10 mice viz, ES ; e
m i alt or mo m

inj hereby bioactivity was demonstrated in hal ore
SR oin and Ethosuximide.

' t
Presented in Table-VI11.3 along with the data of Plicn)
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MES test: -

the compounds B-3, 23-26, and 28-30 showed anti-MES activity at a dose of 309

mg/kg. indicative of their ability to prevent seizure spread. At a dose of 100

mg/kg. compounds B-26, 29 and 30 showed protection omly at 0.54 by compound

B-24 which showed aclivity at both 0.5h and 4.0h period. Hence this compound

showed a rapid onset of action and also had prolonged action at 100 mg/kg. But

the compounds B-3, 26 and 28 were capable of preventing seizure spread over a
period of 4hy only at a dose of 300 mg/kg. The compounds B-29 and B-3p were
3.4—d|muthyh;hcn}‘furca and semicarbazide respectively which showed protection
only at 0.5h at a dose of 100 mg/kg and it could not prevent seizure spread over a

period of 4h even at a maxinum dose of 300 mg/ke administered. So these

compounds had rapid onset and shorter duration of action, which migit be due to

metabolism to inactive compounds.

$scPTZ test: -
The compounds B-2, 23-26 and 28-30 were found to be active in the scPTZ test, a

test used to identify compounds that elevate seizure threshold. Compound B-26
showed activity at a dose of 100 mg/kg comparable with Carbamazepine
Compounds that showed moderate protection at a dose of 100 mg/kg include B.23
(0.25h, 2/5), B-24 (0.25h, 1h, 5/5), B-25 (0.25h, 3/5), B-28 (1h, 1/5), B-29 (.25,

2/5) and B-30 (0.25h, 3/3).

JLSI Y l“ﬁ" -

:::”:l::js CC:-’; O‘;”' 23, 24 and 26-28 in the scSTY test indicated that
semiiarbazoncs could also acl through inhibitory eg' cine receptors as reported
carlier (83). The compound B-3 was abie to prevc~nt seizure at. a.dose of 75mg/kg

e _ Compounds tha showed anti-scSTY activity ar 109 mg/kg
over a 2.0h period 0.511) and B-23 at 150 mg/kg. Compounds B-24, 26 ang
include B-2 (O,Sht)., l:—:f;g{;'mg:kg and cotnpounds B-26 and B-28 were found to
28 showed protectio

- : M [. :
how loss of righting refles after 0.25h of grug; administration
show loss o

Neuwtoxicity screen (NT): - _ B
.3 and B-27 did not show toxicity in the highest

B
" the neurotoxicity test, compounds 1
com

dministered dose (300 mg/ke) and the

outds B-12, 16, 23, 25, 28 and 29 showed
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2, £t byl phenyd semicarbazanes

less toxicity than standard drugs Phenytoin and Carbamazepine. On the other hand.
compounds B-2 (4h), B-24 (0.3h), B-26 (0.5h) and B-30 (4h) were more toxic (100
mg/kg). Mice were unable to grasp rotorod after administration of the following
compounds viz. B-3 (300 mg/kg, 0.5h), B-12 (300 mg/kg, 0.5h), B-24 (100 mg/kg, 0.5,
Ih and 300 mg/kg 0.5h, 4h). B-28 (300 mg/kg, 0.5h, 4h) and B-3¢ (300 ing/kg, 0.5h).

With compound B-26, foss of righting reflex was observed at 0.5h and 4h afier 300 mg/ky
dose was administered and with compound B-28 (300 mg/kg) slight trermors were noted.

Compounds B-4-11, 13, 15 and 17-22 did not exhibit anticonvulsant activity and

neurotoxicity (Table-VIL3).

In the rat i.p MES model, compounds B-5 and B-12 at 30 mg/kg showed protection at 1h
and 0.25h respectively. And in the rat oral MES screen, compounds that were active
nchide B-24 (0.5h) and 13-25 (0.3h. Th and 2h).

Ihe MES and scPTZ tests have become the two most widely employed scizure modets

igh throughput screening of nvestig
nfymg new antiepileptic drugs that

d tonic-clonic and generalized

for the carly identification and h ational antiepileptic
drugs. These tests, albeit extremely effective in 1den

may be useful for the treatment of human generalize
pileptic drugs that may be useful

pcults obtained with f eviteracetam

myoclonic seizures respectively, may miss noved antie
for the treatment of therapy resistant partial seizures. R
it may identify a compound, which is 00

ect active substances that would have been mjssed by

in the 6 Hz test suggest that t active by either the
MES or scPTZ test and thus may det
the more traditional identification procedure

selected compounds B-(3, 5, 7, 12, 13 and 17) we
3,7 and 13 showed protccli

(150, 151 In the present study, some
re screened in 6 Hz psychomotor
on in 25% mice at 100 mg/kg at

seizure model. Compounds B-
0.25h, 2.0h and 0.5h respectively (Table-VIl.4). Recen
am, NIH, have found that 6

er sodium channel blockers.

¢ studies completed by the
Hz scizures appear to be

anticonvulsant screcning progr

somewhat resistant to phenytoin and oth

CNS depressant Evaluation: -

melhylphcnyiscm:carbazouc doerivatives were examined for CNS
h included locomotor activity using
gs are

Some selected 2,4-di |
actophotometer and Porsolt's

depressant activity whic
: ‘epilepti nown to exhibit CNS
Swim test, since many current frontline antiepileptic dru known {

depression side effect (3 9).
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2-dimettiyl plienyl semucarbazones

fn & efyer1ys *
the behavioral study using actophotometer, all the compounds were found to decrease

the behavior of the animals in both (.50 and 1.0h period, which was similar to standard

drug Phenytoin as represented in Fable-VILLS,

Ina simitar study using Porsolt’s swim test the immobility time after the administration of
B tae . .

the  test compounds were compared with Carbamazepine (Table-VIL6). All the
Compounds tested were found to show CNS depression which were significantly different

from the control at P<0.05. The present study showed an increase i iwmobility time by

the tested compounds and hence indicating facilitation ot depresston.

Effect on the levels of GABA in different regions of rat brain; -

In order 1o explore the mechanism of anticonvulsant activity, some selected compounds

that were highly active were subjected 1o neurochemical investigation to study their
effects on the Jevels of GABA in ditferent regions of rat brain viz olfactory lobe,
Midbrain, medulla oblongata and cerebellum {Table-VIL7). Compound B-30 showed an

incl'casc of GABA level in olfactory lobe and cercbellum while compounds 1B-24 and B-

26 showed a significant increase in GABA levels in mid brain regron of r1at brain. The

Compound B-25 has significant clicct on the GABA fevel m medulla oblongata when

Compared 10 standard drug Clobazam. From this result it can be concluded that the 2,4-

dimethyIphenylsemicarhazones acls as anticonvuisants by influencing GABA mediated

Mechanism,

Structure Activity Relationship: -
2 4-dimcthyiphenyl)-N'-(substituted  beazaldehyde/

Fable-viny tises twenty-cight N'<(
acetophenone/benzophenone)semicarbazones. Various compounds of 2-, 3- and 4-
15-20 and 23)] were prepared with the

Substituted phenyl analogues [B-(2-13. '
cctran donating and withdrawing groups

Substituents chosen to examine the effects of ¢l
(22, 24-28)]

as well as changes is bulk and lipophilicity [B-
-position of the pheny! ring showed no anticonvulsant

(i) Substitution in the 2- and 3

activity.
lectron withdrawing group (B-

) Substitution in 4-position of the phenyl ring with ¢
t activity agains! scPTZ and scSTY test,

2) showed anticonvulsan
i electron donating group (B-3)

i) Substitution in 4-posttion of the phenyl ring witl
exhibited activity in MES and scS1 Y tests.
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(wv)

v)

(vi)

(vii)

Figure VIL. 1. Schematic representation of SAR

2 4-dunetliyl plhenyl semicarbazones

Replacement of carbimino hydrogen by methyl group showed no change in the
anticonvulsant effect. The compound B-16 {N'-(2,4-dimelhylphcnyl)-N"-[|-(4-
methylphenyljethan--onejsemicarbazone} showed activity against seSTY test
similar to compounds possessing carbimino hydrogen atom like B-2 and B-3.
Similarly, the carbimino hydrogen atom when replaced with bulky group like
phenyl (B-22, B-23) showed activity as equal to B-3. The compound B-3 showed
activity in the MES and scSTY tests but compound B-23 exhibited anticonvuisant
activity against all screens viz, MES, scPTZ and seSTY.,

Introduction of small lipophilic group like alkyl groups [B-(24-26)] instead of
carbimino phenyl ring showed broad specteum of anticonvulsant activity. These

compounds showed activity in all the screens viz. MES, scP1Z and scSTY.
Similarly, replacement of carbimino pheny! ring with cyclohexyl group (B-28)

exhibited broad spectrum of anticonvulsant activity.

CH; H 0O
l / C//
i d & \ p methyl / phenyl - no effect
| ' N""H g
L J r\l,'
C < & 1
& ~cHR
Alky! ( ’-'»"'_- ' ,_',- R ,——»EW/ED groups - no activity
—\\__//
CH3 (8-24) ; C2Hs (B-251% X EW - Electron withdrawing groug
CH2CH(CH3)2 (B-26) R3 Ra ED - Eiectron donating group
MES, scPTZ & scSTY ’ A \
r \ EW 7 ED groups - no activity

4-Br (B-2) scPTZ & scSTY
4-CH3 (B-3) MES & scSTY

of 2.4-dimethylphenylsemicarbazones.
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29 dowe byl plieny( semecacbazones

it could he 'd the i ih
| e concluded that small lipophilic group like alky! groups at the carbimino end
showe > i i ivi
¢d broad spectrumm ol anticonvulsant aclivity. The most active compound of this
serics is N'-(2,4-dj ,
is N'<(2,4-dimethylphenyl)-N'-(4-methyIpentan-2-one)semicarbazone (B-26)

H3C—, f{)—NH—C-NH—N=C—CHzCH(CH3)2

) 4 !
\ O CHs
CHs
MES 100% protection at 100 mg /7 kg

scPTZ : 100% protection at 100 mg / kg

scSTY :  100% protection at 300 mg / kg

Neurotoxicily at 300 mg / kg
increased the level of GABA in the mid brain
region of the rat brain by 63% when conipared to

the control.
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CHAPTER-VIN

Synthesis and Pharmacological activity of 2,4-dimethoxyphenyisemicarbazones

e e ——
M
Fhe idea behind the syothesis of 24-dimethoxy substituents was based on the Itterature

report (141) in which 2, 4 and 53" position of the molecule was substituted with methoxy

Sroup and also that substitution in the 2-position of phenyl ring with electron donating
groups was generally beaeficial 1o anticonvulsant activity (142)
Synthesis: -

Step-1: Synthesis of Phenyt-N-(2,4-dimethoxyphenyfcarbamate: -

% 7% - CH0—,  —NH-C—0— )
— 0 e 4

QCH,

24-dimethoxyaniline  Phenylchloroformate Phenyl-N~(2,4-dimethoxypheayi)
carbamate

2.6 ml) wis dissolved in 40 ml of chloroform and

Phenylchloroformate (0.1M.
¢quimolar quantities of 2,4-dimethoxyaniline (0.1M, 12.3ml) and triethylamine (0.1M

13.9 ml) were added drop wise and stirred in the room temperature for Shr. The reaction
olume and 100 m) of petroleum ether was added.

Mixture was concentrated to one-third v

The precipitate which appeared was washed with water, lillcred and dried, m.p. 126°C, IR
: 'TH-NMR {CDCls, 8 ppm) 3.74

(KBr) v,,,, 3400, 3100-3060, 2940, 1700, 1320, 845 cm”
(s, 3H, ArOCH,), 3.78 (s, 3H, ArOCH3), 6.86-7.67 (n, 8H, ArH). 8.32 (s, IH, ArNH,

D;0 exchangeablc).
Step-2; Synthesis of 2.4-dimethoxyphenylsemicarbazt e

NHaNHy H0
e S W 55 cH,o—«(— b NH~C—NH—NH,

CH;0~—~  )—NH-C—

H;0 w NH (I:;: \ § - CoHeOM
< 0 o

OCHj3

OCH3
Phenyi-N (2,4-di ethoxyphenyl) 2,4-dimethoxyphenylsemicarbazide
enyl-N-(2,4-dim
Carbamate
, L |
Phenyl-N-(2,4-dimethoxyphenyljcarbamate (0.05M, 12.05 gm) was dissolved in 100 m
1, 4.85 ml of hydrazine hydrate (0.1M) was added and

of dichloromethane. To this solutios

[03



2 A fimethoxy phenyl seoncarbazones

refluxed with stirring for 2dhr. The precipitate of 2,4-dimethoxyphenylsemicarbazide (C-
21) was separated by vacuum filiration and washed with dichloromethane and dried,
m.p.190 °C, IR (KBr) viax 3390, 3090, 2860, 1680, 1320, 840 cm™ ; 'H-NMR (DMSO-
ds, 300 MHz, & ppm) 3.68 (s, 3H, ArOCH;), 3.72 (s, 3H, ArOCH;), 5.42 (s, 2H, NH,,
D:0 exchangeable), 7.12-7.37 (m, 3H, ArH), 8.36 (s, 1H, ArNH, D,O exchangeable),
9.48 (bs, 1H, NHNH,, D,O exchangeable).

Step-3: General procedure for the synthesis of 2,4-dimethoxyphenylsemicarbazones: «

R,
‘.(":G
Ry s~
- C.-"‘-EOH + - / T ' - — T o
CH;0- > ~NH-——C',-NH—NH_\ m— CHO—4 I\P—'% NH f\--: R
: o CHyCOOH .D(‘H @
OCH4 G

2,4-dimethoxyphenylsemicarbazide 2,4-dimethoxyphenysemicarbazones

To a solution of 2,4-dimethoxyphenylsemicarbazide (0.003M, 0.84g) in ethanol, an
equimolar quantity of appropriate aldehyde or ketone in ethanol and glacial acetic acid

were added The mixture was stirred with heating for thr to 4hr until the completion of
e was filtered and dried. The product was

the reaction and the resultant precipitat
recrystallised from 95% ethanol. The phy

Table-V1I] | The IR spectra of the compound

=
3400-3320. 2900-2850, 1690-1670, 1620-1540, 1320, 840 cm -
of some representative compounds are given in

sical data of the compounds are presented in

s were identical in the following aspects.
‘H-NMR (300MHz, §

PPm) spectra and the clemental analyses

the Table-VIII.2.
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Table-VIL1: Physical data of the

2 bifemethoxy phenyf semicacbuzones

2 4-dimcethoxyphenyisemicarbazones: -

fa— S /-:._
CH,; 0~ F—NH=C—NH—N=C—{ CH,0 \ PN —NH—N=C R,
' | 5
—X o) N e a R
OCHJ OCHJ
C{1-15) C-(16-20)
i
| Compound Subslituents Yicld l m.p. Molccular Mol. R, Log P
| No. R | R, (%) , (°C) Formula Weight
= i » 62 ‘l 188 | CioHir ™0 20933 | 071 .88
o o 4-CH, lf 550159 | CobheM0; 31336 | 062 207
o3 - 20CH, | 52 | 155 | ColleNiO, | 32035 | 064 148 |
fiT— : N0, | 34240 f o.mJ 121 |
e - NGl | 30| 137 L.,u,:w.u I3 _l '
—— N ' 3 1 72 22
it Cs it | 4-NO: ’ 66 | 173 | CullNiOs | 33 | 0
- — =~ a0 : [ 0.70 221
| €4 | H 3-Ct [ 64 ‘ 139 | CiolheM 01| 33377
b : . : e | 3 0.74 2.i9
| 7 ’ I N0, | o | 200 | CulleNes | 3
e =8 | 79 | CpliuNy0; €1 | 33377 0.68 2.19
-8 T H ‘ 2-C 60 § 179 | S s
f—— ; (0 31335 | 069 | 197
| | 61 127 (,g“w"‘t ?
C- ] I 2-CH; e ° - e e |
| 3 }15.33 0.65 .52 |
3 ’ 57 156 Cu.,“HN)o‘
| CI10 It 2-01 e 213 1
P— — 0 34432 | 074 -1
65 145 CrolluNatls
C-i1 H f 2-NOs I 85
e 0 31335 | 0.71 ‘
N [ 6t [ 161 | CrMob® 1 -
F\C-ll | CHy 8| ___._-—-—-——--0 cl | 347.80 0.74 1.95
cas | o, | 4C ' sg | 166 CaMuMh®7 j -
~} - Cily - 2l —] 27.38 0.63 2.06
Bk, T 53 P ist | CultaNs: O N 327,
C-i4 Cll, 4-Cihy A . — 0.7 205
— ' g . 0 358.33
— ¢ 67 ‘ 118 (;7HmN4 3 e .
| Cis | ainy | 4NO: e 25128 | 069 | iS5
e g cr | 139 | CallnNO = I
C-16 .ECH, CHh 54 i 265.31 0.62 1.79
—~—F E —I 33 138 CitpNs O I e
car | oy Catls il e SR 20336 | 061 2.13
P‘—-___'.—_'—_-_-‘L‘_—_- _”—,2 141 C;;H:}NJOJ _ =25
L Cas CH; | CHCH(CHY): | 0 =] 0.66 1.62
\ } RS " o Ny O 293.32 :
|\“ — 50 156 Cu”l" 1 e} e
! C-19 ' CH, CH,COCH; — —C‘T‘;*(; 291.35 0.67 1.76
— 47 1 P21 ' e — et
| C20 I CRR,*‘Cyclohcxyluw . | 2 =
- S ~ . heoretical values.
v : 4 % of the theorclic
Elemental analyses for C, M, N were within + 0.9 %
softwares.

b -
Log P was generated using Alchemy

2000 and SciLog P
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Tabie- : Spe
le-VIIL2: Spectral and elemental analyses data of the compounds: -

2,3-dunethoxy plienyl semucartazones

f

Elemental analyses

Compound IRS 1
pectroscopy H-NMR Spectra & pp Cal
No. (em™'; KBr) (DMSO-dg} " e
L C H N
| 3390, 2890. 1670, | 2.24 (s, 3tI, ArCH), 3.64 (s, 3H,
1610, 1590-1530, | ArOCH,), 3.68 (s, 3H, ArQCH,),
C2 1320 6.78-7.86 (m, TH. AcH), 792 (s, | 6316 | 611 1 13.4]
I H, imine H), 8.46 (s, 1H, ArNH, | 64.9] 6.09
D0 exchangeable), 9.70 (s, 1H, ) 13136
M— CONH, D0 exchangeable).
3350. 2900, 1690, | 3.70 (s, 3H, ArOCH3), 3.74 (s,
1605, 1590-1340, | 3ti, ArOCH;), 6.84-7.96 (m, 7, A
C-5 1435, 1330, 1310, | Acll), 8.02 (s, IH, imine M), 8.62 | 5581 | 408 [ 1627
exchangeable), 1094 (s, 1L
- CONH, D;O exchangeable).
3370, 2890, 1670, | 1.82 (s, 3H, CH), rlogg (§,33;3
1590-1545, 1320, { CHy), 3.66 (s, 3H A Hs), 3.
C-16 1200 (s, 3H, ArOCH,), 6.72:6.84 (, 5736 | 6.82 | 16.72
3H, ArH), 8.22 (s, |H, ArNH, | 57.14 6.80 16.66
D,O exchangeable), 9.54 (s, HH.

~ vere within £ 0.4 % ol the theore

Elemental analyses for C, H N

CONH, D:O exchangeable).

ucal values.
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R bddineshoxy phenyl senncarazones

Pharmacological activity: -

Table-VIIL3: Anticonvulsant activity and minimal motor impairment of 2,4-

dimethoxyphenyisemicarbazones: -

| Intraperitoneal Injection in mice’

]

|
Compound ‘ MES Screen | scPTZ Screen I scSTY Screen ! Neuratoxicity i
No. Screen
| 05h | 4.0h 0.5h 4.0h 1 05h 2.0h 0.5h | 4.0n
P C) | 300 | - | - - I ox X 300 | -
_ C2 "300 | - : - ox Iy 100 100
_C3 ' 300" | 300 300 - 100 | 300 300 .
i 300° | 300 | - 300 | 300 .
L O | 300 S - . .
-2 - | aee | e | - 100 300
N 0 3000 | - 100 | 100
CH 300 - 1 300 ;
12 300 . - - - T :
—gte13 | 300 ' 0 ; 300 | 300 300 -
C-14 300 300_[ 300" ‘ o :
~ &3 | - T ey ST 0 BT - :
—C-16 00 : 300° . 100 | 300 300 -
— &7 1300~ [ 300 ] - 300 :
— G148 30 00 - 300 | 300 300 -
19 300 _3300 y » i -
C-2i 3007 1= : : 100 | 100
30 _ _

__Phenytoin |30 |

| “ 100 | 300 300,

[_Ethosuximide | - |

‘o W administe
" Doses of 30, 100 and 300 mg/kg “csrt)c:;lonstm.‘t

Minimum dose whereby broactivity wa

were examined 0.5h and 4.0h (SCS,TY- au;
made. The dash (-) indicates ifie absence

{(x) indicates not tested.

I ahe MES screen at :
1900.25h, 1/3), C-3, 6. 7 and 18 (.

"In the scPTZ screen, at a dose of Iz(?Sh
1/5), C-8 (0.25h, 1/5), C-14 (0.25h,

(0.25h, 175).

) s of 10U mg kg_ sy ;
a dose ol Shy 1730, G20 {1, 1

0 mg/kg, c0
2/9), C-

»
.
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f activity at max dose

mpounds that showed
lSp(O.ZS, 1h, 1/5), C-

~d The figures in the table indicate the
1—m half or more of the mice. The animals

sudy) after injection were
W and 2.0h period study) a
iy administered (300 mg/kg) and

| chowed protection were C-9 and C-
and C-4 (2.0h, 1/3).
protection were C-3(0.5h,

47 (0.25h, 1/5) and C-21



St i bacy plowid semacartisrones

Table-VIIL4: Evaluation of some compounds in the sePTZ test after oral

administration (S8mg/kg) to rats: -

R Oral administration to rats’
¢ pout 0 0.25h 0.5h 1.0h | 2.0h 4.0h
C-21 l 2 6 .1 >
—_— T e~ —— -t i
Ezthosuxinyide ! i 3 B ' - &

e igures indreate the number ol iats oul of tour which were protected.

Table-V 111.5: Behavioral study op some sclected compounds using Actophotometer:-

— " Activity Score’ i
= === g
“ompound Controt e ’_______gg_c,_r_treatmem‘ Oh afier |
No.’ (24b beforey ______oshaller 5567211 64 N8
C-3 o674 1743 2070020998 et
| C-.g I 406.67 971 282.00 1“.11_9_3;,__183_6: 10'90
T 39533 £ 17.48 731174 12.68 204592 S
o C | 392 oss S 075 32600k 11.94
14 417.50 £ 13.08 S =800 30833:13.12
— T 488.00 % 12.57 37650 £08.0%2
= __ C-16 I LA e 32333 % n791 140,33 + 09.20
1 | 4l 17.59 3D Tes 30331 £ 09.28NS
. C-18 3220011038 o6 e 225.50 + 09.63
L ___C1Y T 33800 1143 DRl 0623+ 124 )
__ Phenytoin® 247.32 % 2012 A o
e I kg {1.9)
The compounds were (ested at o dost of 100 ulb- e ificamly different {rom the control score
b Ea5h score re the mean £ SEM of six mice, Sngll icant! rest).
presents e cantalp < 0.05 (Smdcnl S

2l p < 0.05 and NS denotes 1ol signifs
“Tested at 30 mg/kg (i P)-
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2 d-dimethoxy pheny{ semicarbazones

Table-VIIL6: CNS study on sclected compounds in Porsolt’s swim test: -

Tmimobility time” (sec)

" The compounds were tested at a dose of 100 mg/kg (1.p)-

1ean = SEM ot six mice significantly diffe
5 1105l

rent from the control at

1
Each valuc represents the 1
p < 0.05 and NS denotes not significant at p < 0.05 (Student”

“Tested a1 30mg/kg (i.p)-

BA system: ~

Compound
No." Caontrol Post treatment
(24 h prior) {60 min after)
PEG 151.50 + 3.77 163.67 + 5.08 NS
= C-3 154.33 + 6.06 209.50 £ 6.23
C4 157.33 £7.97 197.17 £ 8.03
C-12 170.67 + 7.57 204.33 + 7.87
C-14 162.33 + 3.88 218.67 + 6.08
C-16 158.50 £ 4.90 219.00 +35.01
_Ca7 | 16550653 . 18733+7.32
8 ﬂﬂm-i’d(_’?ﬁ_ s 20233 +7.80
C-19 171.67 + 8.44 0 193332609NS
FM_ ,33’5% 207.33 +8.49

Table-VI11.7: Effects of compounds on GA
T — G onccn:m!’icm Ofv(_jf}l’ "‘;_(ﬂg.lm,&“”ucr —
Compound  |——""" NI Medulta Cerebellum
No.” Olfactory Lobe Mid Brain Oblongata

T Comrol | 120i% 174 —3iais | 3281200 ggg £2.52
3 —1300 L 256 | 58872610 A 2979 £3.08

- G4 71+ 180 | 637722 g2° | 420827 ;2* 57994283
. — g7 | 6472348 4 4432229274 Lo

16 I L;gf;?—éf—v 3572 283" 45.012216* | 28734312

17. L L.0L ) e

|__Clobazam™ |

.

The compounds were tested 212 dose
EM of six t
ot significant a P

of 100 mg/Kg (1.p)
ats sggnlﬁ:m"

fy differcot from the control at

b g
Each value represents the mean £ 3 0.08 (Suundent’s 1-1est)

*P < 0.05 and the remaining values are

" Tested at 30mE/kg (i.p)-
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5% dhnetbony plienyl semicarbazones

Results & Discussion: -
Sll he required 2.4-dimethoxyphenylsemicarbazones were prepared by a three-step pr
b;:::‘:’ ‘:;0:: j;:-dimclhoxwﬂilli\"c- The homogeneity of the compounds was nfoii:);::
omatography (T1L.C) by which Ry values were caiculated. Eluent for al]
compounds were CHCly: CH3OM (9:1). Out of the twenty compounds, nine compound
were found to be more lipophilic (i.e. C-2, 5-8, 11, 14, 15 and 18) indicated by the.s
Caleulated partition cocfficient vatues greater than 2 {log P > 2). The re:maini:llr
compounds had shown log P < 2 which were all substituted with polar groups like OH?

NH. and simple alkyl ketones (Table-VHLT).
Wi aer { ’
th regard to the percentage yield of the synthesized compounds, most of the

Compounds have yiclded in the range of 50-58% except for compounds C-1, 5-8, 11, 12
and 18, which have yielded in the range of 60-69% (Table-VIIL1).

The IR spectrum of N'_(2'4-dimemoxyphcny])-N'-(4-nitrobenzaldehydc)semicarbazone
(C-5) was recorded in KBr petlet and the following bands (Viax cm") were observed.
Absorption bands at 3410, 3300 cm™ showed NH stretching, 1660 cm showed C<O

streiching, 1610 em™ showed C+N stretching, 1600-1535 emt showed aromatic C=C

streiching, {340 cm™' showed aryl C-N suctching.
vealed singlets at & 3 82 for 3H of aryl OCH;

'H
-NMR spectrum of compound C-5 re
-1 of aryl OCHj protons, singlet at & 8.12 for IH of

Protons and at & 3.86 for another 3!
a1 & 8.43 (1H, ArNH) and 8 10.86 (1H, CONH), which were

Mine proton and singlets
f other compounds were confinued

D;0 exchangeable. Similarly, the structures o
according to their characteristic peaks depicted 10 Table-V!II2

--.__Phal‘macolc;gical activity: -
yunds was cstablished afler their i.p

Fhe anticonvulsant activity of the synthestzed comp:
«cPTZ and scSTY screen, The

administration in three seizure models in mice viz, MES,
as demonsirated 0 palf or more ol the mice is

Minimum dose whercby bioaclivity W
ong with the data of Phenytolll and Ethasuximide

Presented in Tabie-VIIl.3 al
ose of 300

) MES test: -
£-21 showed anti-MES activity atad
nds C-3,

The compounds C-1-6, 9-14 and 1
prevent seizure spread. The compou

my/kp, indicative of their ability to
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2,4-{!!”:!50.0?5‘@[_"”@’5“0”‘

4, 14 and 16 showed activity both at 0.5h and 4.0h periods and other compounds
like C-1, 2, 5, 6, 9-13 and 17-21 showed activity only at 0.5h. The compounds

that showed activity till 4.0h period was mainly due to substitution of electron

donating group in the carbimino phenyl ring. But most of the compounds showed

activity only at 0.5h indicating that they have rapid onset and shorter duration of

action.
(i)  scPTZscreen: -

were found to be active in the scPTZ test, a test

Compounds C-3, 7, 8 and 13-21
pounds that clevate seizure threshold. The compound C-7

used to identify com
showed activity at a dose of 100 mg/kg comparable with Ethosuximide.

Compounds that showed moderate protection at a dose of 100 mg/kg include C-3
(0.5h, 1/5), C-8 (0.25h, 1/5), C-14 (0.25h, 2/5), C-15 (0.25h, 1h, 1/5), C-17
(6.25h, 1/5) and C-21 (0.25h, 1/5). All these compounds showed 100% protection
at a dose of 300 mg/kg at 0.5h. So these compounds have quick onset of action but
for shorter duration.

(iii)  scSTY test: -
rried on to the scSTY pattern fest. Compounds C-3,

Promising compounds were ¢
4, 12, 14 and 16-19 showed protection against scSTY induced seizures indicative
zure spread and also these compounds might play a

Compounds C-3, 16 and 17 showed

16 showed activity till 4.0h in

of their ability to prevent sei

role in the inhibitory glycine receptors.

activity at 100 mg/kg at 0.5h in which compound C- e

th dose but com .3 and C-16 showed activity at a dose of 300
e same do

pounds €
he other com pounds C-4, 12,

14, 18 and 19 showed activity at

mg/kg at 4.0h. All t .
300 mg/kg both in the 0.5h and 4.0h periods.
Neurotoxicity screen: -
16 and 21 did not show neurotoxicity and the

ounds C-4 5 12,

7-19 we
4s C-2 (0.5h, 1h); C-7 (0.5h), C-8 (0.5h, 4h),

pounds C-5, 10 and 11 exhibited

In th
e NT screen, comp re less peurotoxic than standard drug

compounds C-1, 3, 9 1315 2™ 1
Ph"“}'loin. On the other hand, compount

§h0wed neurotoxicity at 2 dose of | icity (Tabl
- . oXICl
Neither anticonvulsant activity 1Or neur®

1



¥ stlm‘fal_';/.n';l-gluwu.z 2anry

Ral p.o. Identification; -
Among the compounds that were active ir the i.p anticonvuisant screen, only and 2 4.

dimcthoxyphenylscmicarbazidc (C-21) was sclected for activity in the oral screen ip the

seP1Z and neurotoxicity tests. The results are presented in Table-VIIf 4 The compound
Was lested at 50mg/kg and conpared with standard drug
21 (1/4, 2/4)) periods and the oral activity

Ethosuximide. Compound -2

shuwed protection only at 0.25h and 0.5h [C-
was comparatively ltesser than the standard drug Ethosuximide. This compound hag

shown no neurotoxicity at 50 mg/kg,

CNS depressant evaluation: -
Some selected, 2,4-dimethoxyphenylscmicarbazone derivatives (C-3, 4, 12, 14 and 15.
19) were examined for CNS depressant activity which included locomotor activity using

actophotometer and Porsolt’s swim test, since many current frontline antiepileptic drugs

are known to exhibit CNS depressant side effect (39).
In the behavioral study using actophotometer, the compounds C-3 and C-18 showed no
behavigra) despair cifect after !.0h when compared (o Phenytomn as represented i Tape-

Vilts. gy these compounds showed behavioral despair eftect at 0.5h period. Al oeher

TORTTE of als.
COMpounds were found to decrease the behavior of the animals

I a simijtar study using Porsolt’s swim test, the immobility time alter the administration
Of the ey compounds were vompured with Carbamazepine (Table-VIILG), The

Compound C 19 was found to show no significant CNS depression compared with the

nd C- 0

control at p < 0.05. All other compounds tested were found to emerge as CNS depressants
at p < 0.05.

3 they increased the immobility time.

i f rat braiu: -
Effect oy the levels of GABA in diffcrent regions of
i vl lected compounds
‘ nvulsant activity, some se p
I order echantsm ol antico
to explore the m

Whi . ere subjected 10 neurochemical investigation to study their
lCh WCFC hlghly aCtlvc w Wwain viz OrraCtUry robe, I]}id

of rat |
ditfercnt 1cgois
effecys on the levels of GABA 1 Mum (Toble-VIILT). All the compounds subjected (o
wm

brajn, medulla oblongata and cerebe tho GABA Ievel T the mid b egion
T mereasce
urachemical study were found 10

there wits no significant increase in the level of
ns‘ ]
C-16. which increased the GABA level in the

sig"iﬁcantly. It the other brain regto
.14 and

GABRA except for compounils

- Jobazam
Medul)y, oblongata region similar 10 &%
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29-dimethiogy phenyl semicarbazones

Structure Activity Relationship: -
In' the structure activity refationship study of 2,4-dimefhoxyphenyisemicarbazones,

among twenly compounds the parent compound C-1 [N'-(2,4-dimcthoxyphenyl)-N‘-

(benzafdchydc) semicarbazone] showed activity against MES test ap a dose ot 300

mg/kg. The parent compound was substituted with different groups like electron donating

OF withdrawing groups in diffesent position of the carbimino phenyl ring and the

carbimino phenyl ring was replaced by alkyl / cycloalkyl groups and studied for their

effect on anticonvulsant activity.

Substitution at 2-position of carbimino phenyl ring with chloro (C-8) and methyi

(i)
(C-9) groups showed anticonvuisanl activity agatnst both MES and S¢PTZ tests

But, the compounds subsiituted with nitro group (C-11) and hydroxy! group (C-

10) exhibited loss of anticonvulsant activity.
Substitution in the 3-position with chloro (C-6) and nitro (C-7) groups showed
anticonvulsant activity in MES and sc¢PTZ tests respectively.

Substitution in the 4-position of carbimino phenyl ring with electron donating

) .
groups [C-(2-4)] showed activity against MES and scSTY tests but ng

ticonvulsant activity was observed with electron withdrawing substituents (C-
anticon

5).
fiv)  Replacement of carbimino hydrogen by small lipophitic group like alkyf groups
e ) .
[C-(12-15)] showed anticonvulsant activity similar to unsubstituted compounds,

, B alkul oo
V) When the carbimino phenyl ring was replaced with small Tipophilic alkyl moietics,
[ wen the ca

13

[C-(16-19)] a broad spectrum of anticonvulsant activity viz. MES, scPTZ and

bserved. With regard to neurotoxicity, the compound C-16 did not
scSTY was observed. ximum dose (300 mg/kg) tested. But other

o the ma
rotoxicity even at .
show neu 17. 18 and 19 showed neurotoxicity at a dose of 300 mg/kg at 0.5h
compounds C-17,

period. - | |

6 and 17 (4-methoxypheny! and alkyl groups like dimethyl

Vi) Compounds C-3, ! s) showed potent anticonvulsant activity against scSTY
and ethylmethy! group

hosuximide.
hen compared 10 standard drug et}
screen when

(13



29-dimethiory phenyl semucarbozones

o, Methyl - no effect

CHL0O
AXy
CH3 (C-16) 7\
—¢ f=Ry T 2:CI (C-8) & 2-CH3(C-9) - MES & scPT2

CaHs (C-17)
CH2CH(CH3)2 (C-18) p 2-NO2 (C-11) - loss of activity

MES ; scPTZ & s¢STY

’ L
3-Ci {€-6) & 3-N .7 -
e odic s {C-6) & 3-NO2 (C-7) -MES & scPTZ
4-N(CH3)2(C-4) MES & scSTY
4-NO> (C-5) - No activity

Figure V1I1.1. Schematic representation of SAR of 2,4-dimethoxyphenylsemicarbazones

From the above results, it could be concluded that the small lipophilic moicty like methy!

(C-16) substituted semicarbazone showed broad spectrum of anticonvualsant activity. The
most active compound of this series fs N'-(2,4-dimthoxyphcny!)-N‘-(propan_z_

on¢)semicarbazone (C-16)

-
chO-—( " "NH—P'—'NH*‘N=(I3_CH3
: O CH,

OCH;

MES : [00% protection at 300 mg/ kg
scPTZ : 100% protection at 300 mg/ kg

scSTY :  100% protection at 100 mg / kg

Toxicity: No Neuratoxicity
Increase the level of GABA in the region of

mid brain and medulla oblongata of the rat brain

by 46% and 33% compared to the control

respectively.
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CHAPTER-IX

Synthesis and Pharmacological activity of 2,6-dimethylphenylsemicarbazoncs

B oSS e
~(Iimclhylphcnylscmicarbazones was based on the

e selection for the synthesis of 2,6
2.6 position of phenyl ring with small

daterature report in which the substitulion in the
when compared 1o other substitutions

li ilic .
ipophilic () had generally showed potent actvity
number of benzamides of aimino benzoic

(142, 143). Clark et al. (152, 153) synthesized a
seizures in mice. The 2,6-dimethylanilide,

act : - : -
acids having potent activity against MES
ound arising from these studies with an

ameliolide
meliolide proved to be the most potent cOmp
\ i.p. route in mice. 4-Amino-N-(2,6-

ED« of 2.6 mg/kg when administered by ai
gned fraom the models of ameltolide and

dimethylphenyl)phthalimide was previously desi

thalidom|de (154).

Synthesis: -
Ste!)-]? Suvuthesis of _thwl-N-{2,ﬁ-difﬂeﬂl}'/phéﬂ}”)carb{"”a".'. S
CHy zCH‘
S VY g—= ‘( r -
— — o~ / \ / \
—NH {. N O C— ol :'_'_.(:l’._. \". "",*— -NH—C "C’_'\\‘ /;‘
Ve e W T (R
CH Ch
3
2’("dimmhylanilinc Phenylchlorotormate Phenyl-N-(2,6-dimethylphenyl)
csrbamate

solved in 40ml of chloroform and taken in a

2,6-dimcthylanilinc (0.1M, 12.3 ml) and

Phen)’lchloroformatc (0.1M, (2.1 ml) was dis
d at room temperature for 3 hr.

o this solution,

¢ added slowly and SUTe
trated to one-third volume and 100 ml of petroleum

The precipiate appeared immediately which was

Sther was added to the above solution. - dried c
filtered, washed with large guant!ty f water and again filtered and dried, m.p. 106°C, IR
! 40, 1240 em”': "H-NMR (CDCl3, 300 MHz, §

(KBr) vy 3 710, 1600-17
max 260, 3040, 2850; ] ’
PPM) 228 (s, GH, Ar-2CH3) 7.02-7.87 (M. sit, ArH), 844 (s, 1H, ArNH, D0

3-necked round bottom flask. iC
triethylamine (0.1M, 13.9 ml) wer

Then the reaction mixture was concen

Xchangeable).

i3



2,.6-dimethyl plienyl semicarbazones

Step-2: Synthesis of 2,6-dimethylphenylsemicarbazide: -

CH, NHNH,. H,0 S
= ) CH.Cl, ,v": \

b N ﬂ o —_— 1\\‘ “."/ “~NH -(l:l: = NH_NH:
- O = CgHsOH ;'4\ 0

l: H | .(-: "'J

Phenyl-N-(2,6-dimethylphenyl) 2,6-dimethyiphenylsemicarbazide

carbamate
I’hcnyl-N-(2,6-dimcthylphcnyl)carbamalc (0.05M, 12.05g) was dissolved in 100 ml of

dichloromethane. To this solution, 4.85 mi of hydrazine hydrate (0.1M) was added and

stirred at  room temperature for 24 hr. The precipitate of 2,6-

dimethylphenylsemicarbazide (D-31) was separated out, filtered, washed with
dichloromethane and dried. m.p. 184 °C; IR (KBr) vmax 3450, 3300, 2980, 1660, 1620,
1590-1540, 1360, 1310, 1210 cm’'; 'H-NMR (DMSO-de, 300 MHz, § ppm) 2.24 (s, 6H,
Ar-2Ctl3), 5.46 (s, 211, Nib, 1,0 exchangeable), 7.18-7.36 (m, 311, Arll), 8.38 (s, 111,
ArNH, D,0 exchangeable), 9.52 (bs, | H, NHNH,, D,O exchangeable).

Step-3: General procedure for the synthesis of 2,6-dimethylphenylsemicarbazones: -

R
—_—r Cc=0 ~
Gy (..H}
(R R /
" = -3‘-“
§  PNH—C—NH—N, —2HsOH § p—NH-C—NH-N=C—R,
R o) Glacial = ,_\ O R

CHs

2,6-dimethylphenylsemicarbazide 2,6-dimethylphenylsemicarbazones

To a solution of 2,6-dimethylphenylsemicarbazide (0.003M, 0.54g) in ethanol, an
equimolar quantity of appropriate alkyl/ary! aldchydes or ketones was added and stirred
for I hr to 3 hr uatil the compietion of the reaction. The resultant precipitate was filtered,
dried and recrystallised from 95% ethanol. The physical data of the compounds are

presented Tables-1X.1 and IX.2. The IR spectra of the compounds were identical in the
0-3200, 2950-2900, 1680-1660, 1620-1520, 1350, 1210, 840 cm ;

following aspects 342 .
300 MHz, & ppm) spectra of the some of the representative

'H-NMR (DMSO-ds,
compounds are given in the Table-1X.3.
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2, 6-dimethiyl phenyl semicarbazones

Table-IX.1: Physical data of the 2, 6-(!imcthylpllcnyfscmiczlrbzlzoncs: -

. Hhin =
* Elemental anaiyses for €, Hy N were ® s

bLUg " was generated using Alehenty <

17

CH
b o CH,
PNl ) S\
." | -'] % T G — o (O e N -
. o | V—'K'Ri \-\_,_'7 NH .Cl: NH N—lc Ry
CHy
D-(1-16)
Compotmd Substitueiis W
Nao. R ! ®, J Y«I-Eld A Malecular
I 1 (%) r=C) Formuly?
J -1 b YD ]
i D-2 fJ r : l 37 213 { CI::“UN)O
e —’ 4.('& 2 199 CrliwN; O
- . r_-_— ———
: . +-oct, f R 201 Ciy HisN; O,
b om ] aN@is | er | 209 TR
ps | H g 4-NO- 85 | 256 | Cuthenio,
4 4-OH
D-6 T
| e 7710236 | ColuN; 0, FJJ 36 | 0.77 1.35
| ] =
| b7 | oo 3-NO; 83| 224 | CulNO, | 31233 | 091 1 3me
| D8 ] Ho | 20 $3_| 208 | CiHiNoOC! | 30178 | 085 | 290
D-9 | H J 2-OH L 214 CieHi7N; O, 28333 | 0.8] 2.22
I '
D-10 | H | 2-NO; E 233 CisHig Ny Oy 31233 | .93 3.02
: ‘
[ oat [ en [ H 60 | 205 | CoHwNy© [ 28136 | 079 | 235 |
| b2 | CH | 4-OH 50 | 200 | CipHwN;O: | 29736 | o0.82 82 |
f’ D-13 : CH, 4-NI1, 33 I 194 Ci2HoNsO :l 296,37 0.76 208*‘
Toaa | ci | #NO, [ a8 ) 256 | CaltaMO, | 32635 | 090 | 276
D15 | CHy | 3Nl 51 {198 | CiyttoNsO 29637 | 0.77 192 |
(" oo16 cH, | 2-0H 52| 230 | CyHeMNO: | 29736 | 075 [ 217 |
f .17 f H I 2-furfuryl J' 59 [ 2270 | CuMisN;0s 25729 | 070 | 138s
> 1 on Cin ! 60 | 2270 | CiaHyyN; O 21929 | 0.71 206 |
I ey I‘CHJ T CH:CH) | 357 12270 | CisHN; O 233311 072 237 |
s S - A 2 by N, O 261,32 0. N
oz | cin [CICORR = — (“l{l JN'OJ 34]3 43 ;’5 -
t D22 * C6H5 ‘4 ._—_C_GL_ 82 202 c,’?l a N3 = 0.88 2.52
:b_l___’_n_. CH.CHs 90 205 Caq Hys N3O 371.48 0.76 2.57 ]
D.23 CsHsCHz J il
LL : 1 58 [ >270 | CisHy N0 259.35 | 0.82 2.44
| D24 CRR =Cyclonexyichie ~
pe _———‘——’—_]'_n;___i?_J 270 | CiuaHpN;© 245.32 0.8] 233
D-25 R Rl’?yc]gpﬂ’.'iiﬂ .
T R o= 0.4 % of the theorutical values

s and SciLog I? softwares.



2,6-dimetleyl plienyl semicarbazones

Table-1X.2: Physical data of the 2,6-dimethylphenylsemicarbazones: -

CH,
/‘.__—!‘
g o
.'\.\ ’,".. ""*- .q.: "‘H e "— < =,
\ /4 b 7 \ ” ]
Ch) O r N
H
D-(26-30)
Compound . N ' - v
NI:J. R Yield (%) | m.p.(°C) | Molccular Formula Weigh R¢ Log P*
D-26 H 77 190 Cir Hie Ny O, 308.34 0.87 179
D‘27 r 63 182 Cl”'l! N"OZ ’.' 326v33 0,89 |84
|
J D-29 Br 60 222 CoHisN,O;Br | 38724 | 089 | 2.1
' D-30 | CHJ 66 ]83 C,s H.g N_;O: 32237 0.84 |89
|

" Elementoi analyses for C, H, N were within£ 0.2 % of (he theoretical values.

" [ag P was gencrated using Alchemy 2000 and Scil.og P softwares.
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2,6 dimetfiy( phenyf semicarbazones

Table-IX.3; Spectral and Elemental analyses data of the compouuds: -

Comp ' IR | TH-NMR Elemental Amalyses |
(Calculated/Found)*

" Spectroscopy
N
/L{ (Cm". KBI’) (5 ppm, DMSO-C’G) = -~ 3

3390, 2890, 1 2.14 (s, 611, Ar-2CH;), 2.32 (s, 3H, ATCH,), 6 36638 14
1690, 1610, | 2t J=7.6 Hz), 7.04 (s, 3H, AcH), 7.23-727 (d, 2H, J-7.6 | 72.57 6.81 | 14.93
1600- 1525, H2). 802 (s, 1M, imine-H), 8.34 (s, I1H, AINH, D0 | 72.47 679 | 14.91

i 1330, 1230 exchangeable), 9.42 (s, 11, CONH, D,Q exchangeable).
| - i 1 > - - ;
e o [ B NG B g e, 5 |
D-g | 1083 1620, {3 S0, K30 s, 100, immc, 832 it Ay, | 6963 | 7.14 | 18.05
gl Bt eschungeahler. Y2 s 1L conig, D0 [ 6957 7.3 1igoq
1320, 1210 ¥ .
~— ooschanggiieh, -
{d |

l 3410, 2900, | 2.18 (s, 61, Ar-2CH,). 7.14 (5. 3N, ArH), 7.42:7.44
1680, 1605, l ML 3575 Nz) T87 as, HL aincefl), 813816 (0, 21
J=7.5 1lz). 857 (s 1H. AtNH, D.O exchangeable), 9.08

D-5 | 1595.1540,
{s. TH, CONM, D0 exchangeable).

6153 [ 516 | 17.94 |
[ 61961 515 | 17.9) |

| 1430, 1315,1305,
11200 L
3400, 3210, | 2230 (s, 6, 2-CH,), 3.8 (s, JH. OCHy), 6.75-6.78 (0. r ‘
3090, 2885, | 1Hl, J=7.5 Hz), 7.03-7.08 (m, 4 I,B M"ﬁ(’l-lli J 4: ul. ;;:(f 65.16 | 6.11 | 13.41
D-¢6 16653, 1600- | Aryl-H), 7.80 (s, 11, wmne-tl), 841 (5. I ry - 65.13 | 6.00 | 1
1535, 1335, | DO exchangeable), 934 (s, H, CONM, DO ’ 3.39
- ! 1220, 1190 exchangeable), 10.34 (s, 11 G, D20 exchangeable).
N 221 (s, 6H, 2-CHy), 6 79-6.88 (m, 2!-:. P:;\)ry;-;ll).;;is ((g,
H), 7.16-2.2) (m, 1H, Aryl H}, 7.91-7, s
2333' ?223' 1' f;’ /T:;ll-lv:,).l-ls Hz), [8.‘.'4 (s, H, imine-H), 8.42 (s, | 67.83 | 6.05 | 14.83
D-9 Iélo: ]600-I 1H, Aryt NH, D,0 exchangeable). 9.98 (s, IH, CO?;H:T. 67.69 | 6.04 | 14.80
1 1540, 1345, 1220 | D,O exchangeable), 1049 (s, H, OH, D0 .
‘ exchangeable). YT |
T : “CHy), 6.74-6.76 (d. 2H,
3190, | 2.14 (s, 38, CHj), 2.20 (s, 61, 2-C !
' o =7.6 Hz), 7.05 (s, 3N, Aryl-ii), 763-765 (d, 2H, J=76 | (o (o 644 | 14.13
[ 2695 1660, | 1=7.6 Hz), e
| D12 {3615, 1590- | Mol 8.30 (. (H. Aryl NIt DO exchangeabic, i oo | 6852 ) 643 | 1412
[540, 1320, | 1M, CONN, D20 exchangeable), 10.34 (s, 110 :J |
- IZJU: 1205 exchangeable), — ]
0 3205, | 2.14 (5. 3H. CHy), 2.19 (s, GH, 2CH). 532 (5 3'7"0';”('57'
‘ U. D-0 exchangeable), b 52-6 59 1d, 211, J=7.5 Hz), 7078, | 68 09 | ¢ g0 18.90
3090, 2890, 2 4 (d. 211 J=7.5 Hz), 8.30 (s, IH], |
D-13 | 1690 1605, | 3H. Aryl-H), 7.61-7.64 (d. 2]L =70 16 200 168.75 | 6.79 | 19.86
1595:1535 ' AI')’I'NH, D2O cxchangcablc}, 9.34 (s IH. s &%
1330, 1160 exchangeable). oY
' (=, 311, Clia), 1.85 (s, 30, Cily), 218 (& 811, 2-CH, |
oL i :I";g-‘;r;l:i km,_’J 2 5ite), 7.20-2.22 (d, 2, J=74 ':lz_;- é’;;’; ;g (') :3 :g
D-18 fgg':sm . 542 is. 1H. Aryl NH. D0 cxchangeable). 9.52 &, 1H, | 65, ' :
‘ 1310, 1205 CONI, D0 exchangeable! ST 2T
D-19 | 2860, 1685, | 277 A(\q ZHL 240 (o '1H, Aryl NH, D;0 exchangeable), | 66.78 | 8.19 | 17.92
[ 1605,  1595- ) 3H. Aryl-H). 8. iH. D;0 exchangeable).
| 1540, 1320, 1185 | 9.53 (s, |H. CONH. ity 2,12 (. I, CFo, 'u
— 1.68 {8, 3M, CH,), 2.08 (s, 31, '-‘ Aryl-i0), 838 (s, | 6434 | 733 | 16.08 I

3400, 2870, %) .3
221 (n 6H, ..-c"')‘:.?Z:.;(L;:ZL 0.4 (2, IH, CON".‘ e " 732" Mis.06 t

1700, 1665, | 2 , 3-C
D-24 1600-1535, 1H, Aryl NH, D020
" 1300, 1190 D;O exchangeable).
7 o ve within £ 0.4 % of the theoretical values,

Elemental unalyses for C, H, N we
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2,6-dimethyl phenyl semicorbazones

Pharniacological activity: -
Table-1X.4: Anticonvulsant activity and minimal motor impairment of 2,6-dimethyl

phenylsemicarbazones: -

Intraperitoneal Injection in mice”

| Compound MES Screen scPTZ Screen sc¢STY Screen | Neurotoxicity ScrmF1

L o 05h | 40h | 05h [ 40b | 0.5h | 20h 0.5h 4.0h
D-1 100 100 300 - 30 100 300 -
D-2 100 300 300 - 100 100 . 300
D-3 100 300 300 - 30 100 300 -
D-4 100 300 300 - 1060 | 100 300 -
D-5 100 300 300 - 30 100 300 -
D-6 100 300 300 - 30 | 100 . -
D-7 100 300 300 - 30 | 100 300 -
D-8 100 | 300 | 300 . 30 100 300 s
N-9 100 300 300 - 30 | 100 . =

D-10 300 | 300 | 300 - 100 : 300 -

D-11 100 300 300 - 30 100 . .
— D1z | 100 | 300 | 300 - 30 100 : -
| D-13 100 300 300 = 30 | 100 300 -

D-14 300 300 300 - 100 300 300 .

D-15 T100 | 300 . . i00 | 300 300 -

D-16 100 300 300 = 100 f 300 . .

D-17 00 | 300 | 300 - 100 | 300 300 =

Da8 | 100 | 300 ] 300 - | 100 [ 100 300 -

D-19 o0 | 300 | 300 | - | 30 | 100 ) -

D20 100|300 - 30 E 100 - -

D21 | 100 | 300 | 300 L - 100|300 ;og 5
LD {00 | 300 [ 300 [ - | 300 L - 0 :

—1 300 | 300 ; - 300 | - 300 -

D-23 300 300 —

100 | 300 . - 100 300
[ p2¢ [ 100 LI - 1300 ] -

D-25 100 | 300 | 3 T8 i 300 -
—pa2e | 100 | 309 L = — 100 | 300 -

p27 | 100 | 300 1 — 300 :
— .28 | 100 300 300 -

D-28 I e | 300 £
——pao | 100 | 300 41— 300 -
‘"‘“‘_D"_'jo'—'— 100 300 _ 300 Y - 300 ~

D31 | 100 | .5,90&—#—399—— - 100|100
- — . 3 - |
__Phenytoin___ w%%"( o0 [ 100 | 300_ 100 | 300 |

Carbamazepl o t—=—" F—re-;;;r_l-i—st-ered. The figures in the table indicate the minimum

i kg we f the mice. The ammals were
D [ 30, 100, 300 mg/ . if or mace of t | im:
dgss;zsv?hefeby bioactivity Wi dunnnslrnted in 12 ere made. The line (-} indicates an

Oh) W
examined 0.5h and 4.0h. (For ¢cSTY test O sk oand 2.0h) O in tlost e nistered (300

iconv 4 nevroloxicity at the
absence of antico
mg/kg) and (x) indical€s not

ulsant activity a0
tested!
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2,6 dimetliyl plenyl semicarbazones

Fable-IX.3: Spectral and Elemental analyses data of the compounds: -

| Com IR | |
N P Spectroscopy H-NMR Elemental Anaiyses
0 (em™, KBr) (5 pp, DMSO-dg) (Calculated/Found)*
C H N
3390, 2890, [ 2.t4 (s, 6H, Ar-2CH,), 2.3
1690, 1610, | 2H, J=7.6 Hz), 7.0 2h s 2t ArCH), 6.36-6.58 (f
D-2 N Z), . 4(3. 3“. Af[]). 7.23‘?.27 (d ?H J= <X
l 16001528, Hz), 8.02 (s, IH, imine-H), 8.34 (s, 1H, AfNH Jg 72.57 ) 6.81 | 14.93
' 1330, 1230 cx::l:anggablc). 9.42 (s, |1H, CONR, D;O cx’changca’blc)!. 72471 679 | 1491
' 3380, 2 1.82 (s. 6H, Ac-N(Clly)y), 2.16 (s, GH, Ar-2 :
p.g | 168 Jo%0, | 656 (0, 2H, 175 Hz), 7.07 . 3h, :;rl;\)l: 5.(';2-’7)&(:‘5(3
4| 1600.1535. 2H, J=7.5 112), 8.20 (s, 1F), imine-F1), 8.32 (s, 1K, Aeg, | 0965 | 7.14 | 18.05
| 30,200 D) esdungeblel 962 (s, L CONHL 0 | 6957 | 213 11804
| 3410, 2900, | 2.18 (s, 61, Ar-2CI,), 7.14 .
1680, 1605, | 2, J=7.5 Hz), 787 o Th .ﬁ.,.’f*“;""s“l’;’s“,‘;ij*,,‘,‘f
D-§ | 1595-1540. J=1.5 M), 857 (s, 11, ArNH, D,0 exchangeable), 9.98 | 01-33 | 5:16 | 17.94
:;‘gg. 1315,0308, | (s, 11, CONII, 2,0 exchangeable). 6196 | 5.15 | 17.91
| 3400, 3210, | 2.20 (5, 6, 2:CHy), 3.81 (5, 3H, OCH,), 6.75-6.78 (4, |
; 3090, 2885, | 1M, J=7.5 Mz), 7.03-7.08 (m, 4H, Aryl-t), 7.48 s, 1H,
D-6 | 1665, 1600- | Aryl-H), 7.80 (s, 1H, iminc-M), 841 (s, tH, Aryl NH 65.16 | 6.11 | 13.41
' 1535, 1335, | D,O exchangeable), 934 (s, 1l CONH, D,0 65.13 | 6.09 ) 13.39
11220, 1190 exchangeable). 10.34 (s, 117, O, D10 exchangeable).
2.21 (5, 6H, 2-CHly), 6.79-6.88 (m, 2H, Aryl-H), 7.08 (s,
3420, 3300, | 3H, Aryl R), 7.16-2.21 (m, IH, Acyl H), 7.91-7.94 (d,
Do [ 2900, 1660, | IH, Aryl-H, J=7.5 Hz), 8.24 (s, [H, iminc-H), 8.42 (s, | 67.83 | 6.05 | 14.83
1610, 1600~ | 1M, Aryl NH, D;O cxchangeable), 9.98 (s, 1H, CONH, | 67.69 | 6.04 | [4.80
1540, 1345, 1220 | D:O  exchangeable), 1049 (s, IH, OH, D0 ' '
| exchangeable). I
3390, 3190, | 2.14 (s, 3H, CHy), 2.20 (s, 6H, 2-CH,), 6.74-6.76 (d, 2H, |
2893, 1660, | 1=7.6 Hz), 7.05 (s, 3H, Aryl-H), 7.63-7.65 (d, 20, J=76 | ca ca | € 44 | 14
Do12 | 1615 1590- | Hz), 8.30 (s, UL Aryl NH, D;O exchangeable), 972 (s, | o - A3
| 1540, 1320, | 1H, CONIL, D;O exchangeable), 10.34 (s, 111, OH, D;0 68.52 | 643 | 14.12
1230, 1203 exchangeable).
3410, 3205, | 2.14 (5, 311 CHy), 2.19 (s, 6H, 2-CH;), 3.32 (s, 2H, NH,
| 3090, 2890, | D-O exchangeable), 6.52-6.54 (d, 2H, J=2.5 Hz), .07 (s, 68.89
 D-13 | 1690, 1605, | 311, Aryl-1), 7.61-7.64 (d, 211, J=7.5 H2), 8.30 (s, 1H, 68.75 g‘gg ; :93’32
| 1595-1535, Aryl-NH, D0 exchangeable), 9.34 (s, 11, CONH, DO | 7 : -
| 1330, 1060 cxclmugca‘blc).
100 3100, | 176 (5. 3H, Cil), 185 (5, 311, Clly), 2,18 (5, GO 2:CHy), |
' 2850, 1680, | 707-713 (1, 111, J=7.5112), 7.20-7.22 (d, 2H, J=7.5 Hz), | 65.73 | 7.81 | 19.16
| D18 | 5901530 842 (s, 111, Aryl NH, D0 exchangeable), 9.52 (5, |H, | 6558 | 7.80 | 19.15
1310 1205‘ CONIL D0 exchangeable).
A Tos 3100, | 1 01-1.03 (1 3H, CHy, J=76 Ha), 214 3H, CHy), 2.73-
33 0. |685’ 2 77 (q, 2H, 1=7.6H2), 2.20 (s, 6H, 2-CHy), 7.11-7.14im, | 66.92 | 821 | 18.01
' D-19 2335. 1595- | 3H, Aryl-H), 8.40 (5, IH, Aryl NH, D,0 exchangeable), | 66.78 | 8.19 | 17.92
1605, a <4 (. IH, CONH, DO exchangeable).
1540, 1320, 1185 } 77 1% = ~
*_ — . 28?0 i o4 (5, 111, CH,\ 208 | 3”. CHL). 2,12 {s, 2H. CHJ,-
3400, 665' 591 (5. oM, 2-CH). 707-7.11 (m, IH, Aryleb), 838 (s, | 64.34 | 7.33 | 16.08
D-21 ey 5 - IH, Aryl NH, D0) exchangeable), 9.64 (s, 1H, CONH, | 64.29 | 7.32 16.06
] |600‘ | 53 ’ l)’(-) cxch:ﬂg(-‘-“bf'-')- |
1300, 1190_____ | T = ]
ey o H Nawere \within # 0.4 %6 of the theoretical valucs.

Elemental analyses for €
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2,6-dunethyf phenyf semicarbazones

Pharmacological activity: -
able-IX.4: i sant activi i
| [X.4: Anticonvulsant activity and minimal motor impairmeat of 2,6-dimethyl
,6-

phenylscmicarbazones: -

a
MUY

y Was demons

bioactivit
¢

and 4 Vi {(For
onvulsant activity an
tes not tesied

dose wherehy
examined 0.5h
absence of antic
mg/kg) and (%) indica

120

STY tedt 0.5h
J neurotoxicl

{ 20h) wele

ty at the A

Compound TR Intraperitoneal Injection in mice”
No. e ¢ 4‘1’;1‘ ?)CEITZ SC?ZI;: ScsslTY Sc;ccn Neurotoxicity Screen
D- 160 | 100 | 300 | - o0 20 | Lol b
D2 100 | 300 100 4, 300 '
D3 100 300 . 100 [ 100 .

- 300 | 300 | - 30| 100 2
D-4 100 | 300 | 300 | - 200 -

: i00 [ 100 | 300 -
D-5 100 | 300 | 300 | - | 30 [ 100

D-6 100 | 300 | 300 | - | 30 | 100 300 -
D-7 700 | 300 | 300 | - | 30 | 160 e -
D8 100 [ 300 1 300 | - | 30 [ 100 %% -
D9 100" | 300 | 300 - 30 | 100 . -
D-10 300 | 300 | 300 | - [ 100 | 300 3
D11 700 | 300 | 300 [ - | 30 | 160 - e
D-12 G0 | 300 | 300 | - | 30 | 100 . -
D13 50 300 | 300 | - | 30 | 100 | 300 :
D-14 300 | 300 | 300 | - | 100 | 300 ] 300 L
D-15 {00 |_300 : [ 100 | 300 | 300 3
D-16 100 | 300 | 300 | - 7100|300 . 3
D-17 o0 | 300 | 300 [ - | 100 300 | 300 :
D-18 o0 | 300 { 300 - 100 | 100 300 =
D-19 fo0 | 300 | 300 | - | 30 100 . 5
D-20 100 | 300 : T30 [ 100 . )
D-21 T00 | 300 | 300 [ - | 100 | 300 | 300 L
D-22 —jo0_| 300 | 300 | - 300 | - 300 .
D-23 300 | 300 | - [300 1 300 -
D-24 oo T30 (- 1 - 100 [ 30 300 - =
D-25 160 | 300 [ 300 | - | - e 300 -
D-26 ~J00 | 300 | - | 30 | 100 300 3
Da7 | 100 | 300 | 3B L - —30 | 100 | 300 -
e B T WU o
o | d00_| 300 | ~— 1 -— 30 = .
ST R o O M B
D-31 — ] 100 F}-O‘O 300 | = ] ?gg 100

_ DS T30 | = L —

[y A oo 001 E1o e s i Y
——————— inistered. The figures in the table indicate the minimum

{ the mice The animals were

Nses of 20, 10 0 mg/kg were adm
es of 30, 100. 300 ETC srated in haif of more © .
made. The line () indicptes an

dose admintstered | W0



2. 6-dunetliyl plenyl semicarbuzones

Table-1X.5: Evaluation of 2,6-dimethylphenylsemicarbazones in the MES test after

oral administration (30 mg/kg) to rats: -

| Oral administrati "
Compeund No ODSCHAEY
p 0.25h 0.5h i.0h | 2.0h 4.0h

D-1 3 3 ' 3 é?
D-2 3
D-3
D-4
D-5
D-6
D-7

!
0
I
!
J

D-9

D-10

D-11

2
4
2
i
3
|
[
3
2 _
2
l D-12 2
D-13 3
D-14 ! 2
| 3
|
2
4
4
2
4
|
|
!
2
2
[
x
|
|
0

2

3

!

D-8 2
I

2

|

l

l

D-15

D-16

D-17

D-18

D-19

D-20

3
0
3
|
)
D-21 2
D-22 I =
0
!
2
2
|
|
|
&

D-23
D-24 =
D-25
D-26
D-27
D-28
D-29 -
D-30 ==
D-31 0

e DL , 3 ]

_Phenytoln

* The figures in the s

3
4
|
4
3
4
4
2
3
4
4
|

3
4
3
2
3
2
4
0
0
3
|

3
3
|

4
3
3
|
3
)

|

4
2
3
3
2
3
2
3
4
3
3
4
4
|

0
4
3
]

!

|

T 0
3

)
o«
-

3

3 3

3
3
2
2
4
3
!
3
2
4
4
4
2
I
2
{
4
4
2
2
|
|
2
i
|
|
0
0
3
|_—

creen indicate the number of rats out of four which wese protected.
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MES Screen Neurotoxicity Screen
Compound P
No. " lfg;‘; 95%Cl | Slope | SE | ¢ nfg[ji; 95% C1 | Slope | sg | (MES)
D-2 2 | 33.19 [20.18-54.78| 3.84 | 134 |0.25-24| >120 . . - | >03.62
D-9 4 19.85 113.04-29.031 398 | L1 [0.25-24]| >500 - - - >25.19
D-13 4 1 29.14 18.32-44.44| 329 | 1.00 |0.25-24| >464 - . - {>1592
D-19 4 | 29.05 |15.66-51.08| 2.48 | 0.81 [0.25-24] >500 - - - >17.21
D-21 2 19.89 |11.75-30.82| 2.25 | 0.60 [0.25-24( >216 - - - >10.86
Phenytoin | 2 | 232 | 21.5-25.4 | 150 | 4.28 |0.25-24| >500 . - - | >21.60
*Pl indicates the protection index, i.e. TDs/EDsq.
® The compound was examined 0.25, 0.5, 1,2, 4, 6, 8 and 24 h after administration.
Table-IX.7: Quantification study of 2,6-dimethylphenylsemicarbazones in the MES
and Neurotoxicity test after intraperitoneal injection to rats: -
MES Screen Neuroloxicity Screen
Compound = (]VI[)IISS)
No. EDso 0 . 50 1 95%Cl | Slope | SE
t me/kg 95% Cl | Slope | SE t mg/ke () p
D-4 20 1833 [7.41-34.01 201 | 0.69 [0.25-24°| >250 - - - | >13.64
D-6 10] 2622 [17.9-3506| 3.83 | 108 | 1 | >117 - - - | >446
D-7 10| 29.77 |20.76-37.74] 568 | 1.80 | 0.25-6 | >120 - - - ) >403
D-10 0.5 | 23.26 |1436-30.15] 4.09 | 127 [ 0256 [ >100 | - - - | 2430
—— . S 3
D-12 025 41.64 [2233-61.77) 3.04 | 0.94 (0.25-24"| >68 - . - 1.6
o 6.60
Phenytoin | 20| 648 | 5.65-7.24 | 124 | 360 | 05 | 428 | - . - :

! i -
hPI ndicates the protection index, i.¢. TDso/EDso. |
The compound was examined 0.25, 0.5, 1.2, 4,6, 8and 24 h after administration.
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Table-IX.10: Behavioral study of 2,6-dimethylphenylsemicarbazones using
Actophotomcter: -
Activity Score”
Compound No.? Control Post Treatment
(24h before) 0.5h after 1.0h after
-1 228.67 + 27.39 154.17 £ 19.63 146.00 + 18.23
D-2 268.74 £ 25.54 175.67 £ 16.61 133.50 + 14.62
D-3 231.75 £ 16.39 177.50 + 09.72 166.17 + 09.28
D-4 245.50 + 14.95 147.11 £ 08.13 124.50 + 08.06
D-5 235.33 £28.03 158.00 + 13.68 159.83 £ 07.53
D-6 238.78 + 16.83 157.32 £ 12.67 130.78 + 16.05
D-7 202.23 +25.71 129.23 + 14.39 131.50 £ 10.65
D-8 274.17 £ 17.09 236.17 + 17.21 166.17 + 13.38
-9 217.00 + 1941 155.50 £ 14.35 135.23 + 12.55
D-10 281.50 + 28.36 17700+ 21.24 152.33 + 17,46
D-11 323.11 +23.08 138.67 £ 09.76 117.75 £ 10.57
D-12 260.23 + 25.98 205.75 + 11.07 198.67 + 12.55
D-13 258.50 £ 26.55 202.83 + 08.49 187.17 £ 05.31
o D-I4 252.17 £ 16.92 171.50 £ 08.31 117.23 + 06.28
D-15 212.25 £ 19.58 (49.67 £ 07.97 137.25 + 06.49
D-16 208.75 +20.10 135.83 £16.90 106.25 + 17.75
D17 202.67 + 18.71 150.23 + 11.16 107.32 + 09.52
D-18 227.00 + 20.05 159.33 + 11.89 148.67 £ 16.98
D-19 224.32 £ 20.82 188.00 £ 12.13 195.50 + 18.48
D-20 256.33 +20.12 182.78 + 07.92 161.23 + 07.63
D2t 214.00 + 26.97 127.23 + 12.24 14425 +15.25
) gl_ﬁ_?it_lﬁ_?} | 162.50 + 18.43 134.32 + 13.73
s | 202.83225.19 146.23 £ 12.02 121.50 £ 10.79
D2 308.17+ 31.49 207.67 £ 20.88 14817 +09.06
D-24 0611 £29.79 138.23 + 09.03 143.11 + 13.07
D25 | —19-0—‘;‘;‘; 20,96 224.17 % 16.77NS | 217.50 + 17.60 NS
D-26 --;Zlﬁ'ﬁ $27.03 20432+ 16.57 NS | 194.83 + 19.68 NS
D27 1 =~ 23+ 3145 263.23 £ 1706 NS | 267.00 £21.49 NS
D-28 - ‘2}0:33??7"71 17223+ 1611 NS | 176.50 + 12.09 NS
P22 %%:ﬁﬁﬁ:: | 35550 £2067NS | 368.67£24.35 NS
D-30 [ cos—E 104.11 £ 14.56 106.23 +12.44
Ry J 7 ‘2.!? ’1'2_1‘_2'} . —— “.__-——*—’
__Phenylo? — dace of 30me/kg (.p)-

C‘J ut s

'The compounds were test

" Eagh x

Wt p -

- - S
0 05 and N> denotes

- % moun
u.‘ttcpt-.v.nnl!,c ' :

¢ SEM of
":;’_.nf.lx’llhl at
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2 odimet 5y plienyl semicarbuzones

Table-I1X.5: Evaluation of 2,6-dimethylphenylsemicarbazones in the MES test after

oral administration (30 mg/kg) to rats: -

Qral administration to rats"
5h 0.5h 1.0h 2.0h 4.0
3 3 4
3
3
)

Compound No 0 H

D-1
D-2
D-3
D-4
D-5
D-6
D-7
D-8
D-9
D-10
D-11
D-12
D-13
D-14
D-15
D-16
D-17
D-18
D-19
D-20
D-21 =
D-22
D-23
D-24
D-25
D-26
D-27
D-28
D29 |
D-30

p-31

o

I Bl L Bad Bt L B (] LS VR FY FICY [RC) [UY I B PO (R RPN P P OO

I
——-—MN-—::-—-m—-—ucw—a—--—N--M-—w—-—-—-c>—

I

4
4
3
4
4
2
3
4
4
|
3
4
3
2
3
2
4
0
0
3
|
3
3
|
0
3
2

3
3
2
2
4
3
|
3
2
4
4
4
2
|
2
|
4
4
2
2
|
|
2
!
|
|
0
0
3
I

4
3
8
]
3
|

|

4
2
3
3
2
3
2
3
4
3
3
4
4
]

0
4
3
|

!

2
3
3

i 3 s

Phenvtoin __ | __ ~ e '
fi in the screen indicate [he sumber of rsts out of four which were protected
' The figures |

S i

et L4 Bl e el B ) 1Y [ B

=) PN




- Conipannd .! MES Screen Neurotoxicity Screen

! a

No. ¢ 'fgi'l 95%C1 | Slope | SE .l' l:gﬂog 95% Cl | Slope | SE (Nll)llas)
Il 03 2 | 33.19 [20.18-54.78] 3.84 | 1.34 [025-24] >120 . A . |>om62
__0-9 4 | 19.85 [13.04-29.03] 3.98 | L.11 |0.25-24] >500 . . . | 2519
*__D-IJ 3 | 29.14 [18.32-44.44( 3.29 | 1.00 [0.25-24| >464 . . >15.92
“D-I9 4 | 2005 |15.66-51.08[ 2.48 | 0.81 ]0.25-24f >500 . . - 11721

D-2i 2 | 19.89 [11.75-30.82| 225 | 060 [0.25-24| >216 = g - |{>1086

Phemytoin | 2 | 232 | 20.5-254 | 150 | 4.28 |0.25-24) >500 [ - . - |»21.60
*Pl indicates the protection index, i.e. TDso/EDso.
* The com pound was examined 0.25,0.5, ,2,4,6,8 and 24 h after administration.
Table-1X.7: Quantification study of 2,6-<Iimethylphcnylscmicarbazoncs in the MES
and Neurotoxicity test after intraperitoneal injection to rats: -

M MES SCI'L‘!;II Neurotoxicity Screen
Con}guouud — (r\:l,llS;‘,)

0. ' nl:'.g;og 95% Cl | Stope | SE t me/kg 95% CI | Slope | SE
——D--t 20| 18.33 [7.41-34.01 201 | 0.69 0.25-24° >250 >13.64
- D-6 (0| 2622 | 17.9-35.06 | 383 | 108 | _-_“7_ >4.46
~D-? 1.0 29.77 20.?6-;7.—7: -;6'8— 1.80 0.25-6_3!20 e >4.03
_—D 10 0.5 23.26 |4.3o-§1’|-;_4v.0;— Tz? 0.25:6 [ >100 >4.30
bz foas| 4ied 22.33:61.77] 3.04 | 094 Of’_ff __>68_ .- >1.6}
En)’toin 20| 648 | 565724 | 124 360 4 §-n _“_zf_m g
'Pl indicates the protection index. 1.€. TDso/EDso o

.6 Samidah silet administration.

"The compound was examined 0.25, 0.3, L
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2,6-dimethyl phenyl semicarbazones

Table-IX.8: Anticonvulsant activity of some selected compounds against scPIC

seizure threshold test after intraperitoneal injection into mice: -

Intraperitoneal Injection in mice”

C_omp ound No. scPIC Screen Neurotoxicity Screen
D-9 30 -
D-12 30 -
D-13 30 300
D-21 30 300
Phenytoin - 100
Phenobarbital 30 100

® Doses of 30 and 100 mg were administered. The figures in the table indicate the minimum dose
whereby bioactivity was determined. The line (-) indicates no activity at the maximum dose of

100mg/kg.

Table-1X.9: Hippocampal kindling screen: -

d ) Dose Scizure Score ADD" (sec)
Conlllpo(?un Animal mg/kg Predrug Drug Predrug Drug
Rat# | 5 ] 26-42 52
D-7 Rat# 2 100 4-5 5 11-39 59
Rat# 1 5 ] 26-39 gg
| D9 Rat #2 130 5 1 30-39

2 ADD = After discharge duration (time of maximum effect : 45
prevent/modify fully kindled seizures.
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min). Result suggests ability to




< dieesfiyf plenyl somcarbazones

Table-IX.10:  Behavioral study of 2,0-dimcthylphenylsemicarbazones  using
Actophotometer: -
— ~ Activity Score” ‘
Compound No.? Control = i Post Trcalmcnt] —
= (24h before) 0.5h after .0h after
D-i 228.67 1+ 27.39 154.17 4 19.63 146.00 + 18.23
D-2 268.74 + 25.54 175.67 + 16.6] 133.50 + {4.62
D-3 231.75 £ 16.39 177.50 + 09.72 166.17 + 09.28
D-4 245.50 % 14.95 14714 + 08.13 124.50 £ 08.06
— +13.68 159.83 + 07.53
D-5 25533 +28.03 158.00 % 13. 953 £ 078
D-6 238,78 + 16.83 157.32 £ 12.67 131.50 L1649
D-7 202,23 +25.71 129.23 £ 14.39 D22
—— 236,17+ 17.21 166.17 + 13.38
D-8 27417+ 17.09 | 23 : :
i 15550+ 1435 | 135231255
-9 217.00 £ 1941 | 13 = 1521321746
\ D-10 28150 = 28.36 177.(;(—1’*'_';:).;‘; L
':8. 7 4 4 ID o x .
' il 323, E-QLF""“%S 75 + 11.07 198.67 + 12.55
L bn 2603 L8R | 08D 187.17 £ 0531
, D-13 T 258.50 426,55 fnétﬁ e e
e =14 | 2521721692 | oo 797 137.25 + 06.49
b D15 | 20225 wﬁg"'f“‘:%;ﬁ?’l@b‘ 106.25 + 17.75
D16 3_08.7533%;%-—i 02+ L6 | 1073210052 4
L D17 | 202.67 > 18. 033 £11.89 148.67 + 16.98
| D18 [ 227.@222@"%@§72.13 [ 195.50 + 18.48
D19 2243222082 reror | 1612320763
| D20 | 256332002 L oo | 1442521525 |
- 314002697 L A2 T g 3 13,73
‘l_‘-_ D'zl | ‘2_!4_,@_—'—1-6—7‘3' _-T 162._5_[.)-_1:_1&5}—- : | !2 -50 ; 10.79
+t & e~ . - .
b [ a6TSEISR iy pe [ 121304107
D23 2028322512 L — 5o 0088 | 148.17409.06
54 308 1723149 ?EW 14300 £13.07 |
———— J9 L IS 50 £ 17.60 NS
o [ ol e 16T 943 156N
D2e | 270.32£203 =2 0+ 1657 NS 83+ 19.
D27 i 423t 22-]21—“-'2-'6'33?1 17.06 NS | 267.00+21.49 NS
—— ' 23 + 31.45 L ' 5012,
. D28 «___280.83&31-4711,..7.- 7223z 16.11 st ;;gi%i 22}1:2:
— D2 ] 20}‘32'2”@52" 355502 206710 10623+ 1244 |
| D35 | 3726728254711 4 14.56 22128 _J
[ —— e 4»——*""'3‘2+21,12_-_.’- -
— R’.‘E’”."!nm : 2.__47» 7_*.:—-';“‘0.” o/hp 0 P
The compounds were rested at i dase 0 . i '“mcm,jy different from the control score
' i + GEM of S '“f(,,c})sl?gtuydcnt's t-fest)
Rach score represents the 1mean 75,1{ncunt A G e

a'p < 0.05 and NS denotes not 5!5
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2,6-dimethiyf phenyl semicarbazones

Table-IX.11: CNS study on selected compounds in Porsolt’s swim test: -

Immobility time” (sec)
Compound No.” Control Post treatment
(24 h prior) (60 min after)
PEG 400 164.67 + 11.69 168.53 £ 12.32 NS
D-2 146.33 £21.37 225.66 + 07.88
D-4 182.00 + 14.26 207.00 & 08.54 NS
D-6 143.23 + 16.78 207.32 £ 10.14
D-7 173.33 £ 15.93 231.00+11.15
D-9 190.25 £ 16.55 191.25 + 10.17 NS
D-10 132.00 + 15.71 190.50 + 13.06
1)-12 15900 + 11.59 223.16 £ 12.00
D-13 184.25 £ 17.23 204.50 £ 15.17 NS
D-19 176.66 + 22.69 199.33 + 11.63 NS
D-21 164.25 + 21.53 198.75 + 17.03 NS
Carbamazepine 131.50 +£09.32 207.33 £ 08.49

3 The compounds were tested at a dose of 30mgrkg (i.p).

® fach value represents the mean * SEM of six mice, significantly different from the control at

p - 0.05 and NS denotes not significant at p - 0,08 (Student’s t-test),

Table-1X.12: Evaluation of compounds for the potentiation or antagonism of

pentobarbitone induced narcosis: -

2 Compounds were test
n
v Compound was tested ata dose of 40

¢ Each value represents
control at p <043 2

test).

¢ Reversal of pentobarbitonc In

the mean =

125

nd NS denoles not 5tgmtzcant

duced narcosts.

5 Mean sleeping time*
Compound No. (min)
tobarbital’ 54.25 + 15.73
= OT)-z 150.50 4_~d|9.so
'gzg 68.42 + 12.61 NS
e )T 147.00 £ 13.00
b d
= ——“f’,);l% 141.00 £ 17.50
D.IZ 108.00 +d15.7l
—H—:-——Pﬁ"‘”_—‘ 61.33 + 14.90 NS
D-19 - =
] D-21 ]
- D21

ed at a dose of 30mg/kg (i p)-

28 i pl
v mice. significantly different from
at p < 0.08 (Student's 1-




2,6-Jimetbiyl phenyl semicarbazones

transaminases in six rafs: -

Compound No.n SGPTc
Control 4?33 i/? |2)4 ﬂsnig:l)
! 00 6. 73.1
II:; 47,39 +3.19 70.2; i :3:
> 43.33 +4.81 64.83 1 5.30
SN 44,67 + 6.57 71,33 +4.06
~renioi 49.32+4.32 79.63 £5.71
52,671+ 3.48 $4.16 £ 6.50

The
compounds were tested at a dose of 30mg/kg (p-o) for the treatment of 14 days.

b
Te
- sted at 25mg/kg (p.0) for the treatment of 14 days.
.ach Vi.lll,lc e e -
presents the mean + SEM of six rat ipnifi P
value at p < 0,05 (Student’s t-test). s ats, no significandly differen from the conrol

(2hr study): -

T
able-1X.14: Effect of compounds on GABA system

e
Concentration of GABA
Compound No.’ 100mg of tissue)”
Whole rat brain
_ Control 4844 5.05
D-2 90.26 + 4.30
75.58 ¢ 6.18**

D4 | 51242 767"
— D6 9124 £ 7.67*
7984537

cmm 0 16 £ 8750

- DT
$4.76 £ 6.39**

I - B
__,,PiL—'f/
____’D’-li/ 81.18i7.61"‘*

_I,D;li/ 100.461:8.31*
—— b1 /Js,u‘f;iil"/——

83.35 £ 9.35**
__4_,__;,/’///’_’_—
D-21 /,10,1,17},6-71”’—

Clobazam’
{ g dose of 30 mg/kg (i-p)-
ifferent from the control at

. _
hThe compounds were tested a
Each value represents the mean £ S
P<0.001, *p <0.004 and **P < 0.01

°T
ested at 30 mg/kg (i-p)-

EM of six rats,
(Student’s t-1et)
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2,6-immetly! phenyl senncarbazones

Table-IX.15: Effect of compounds on GABA system (7 days study): -

Concentration of GABA
Compound No* (pg/l(]ﬂmggt‘tissuc)h

Whole rat brain
Control 50.59 + 2.68
D-2 100.43 + 3.73

D-4 68.17 £4.77*
D-6 106.27 + 3.68
D-7 87.97 + 6.87
D-9 110.43 +2.73
D-10 81.65+1.88
D-12 93.65 +4.52
D-13 112.32 £3.29
D-19 101.86 + 5.14
D-21 03.55 +£2.51
Clobazam® 110.67 + 4.83

The compounds were tested at a dose of 30 mg/kg (p.o) for 7 days.
Each value represents the mean + SEM of six rats, significantly different from the control at

*p < 0 008 and remaining values are signiticantly different {tom the conteol at p < 6.001

(Student’s t-test).
Tested at 30 mg/kg (p.0).
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2,6-dimetfiyl phenyl semicarbazones

Results & Discussion: -
Chemistry: -

The required 2,6-dimethylphenylsemicarbazones were prepared by a three-step process
starting from 2,6-dimethylaniline. The homogeneity of the compounds was monitored by
thin layer chromatography (TLC) by which Rf values were calculated. Eluent for all
compounds were CHCly: CH30H (9:1).

All the compounds were found to be more lipophilic indicated by their calculated
partition coefficient value greater than 2 (log P > 2) except for compounds D-6, 12, 15,
17, 26-28 and 30. These compounds had log P < 2 which were all substituted with polar
groups like OH, NH; and isatin derivatives (Tables-IX.1 and 1X.2). With regard to
percentage yield of the synthesized compounds, the compounds with substituted aryl
aldehydes have yielded in the range of 62-84% and those with substituted aryl/alkyl
ketones and isatins gave 50-60% and 50-77% respectively.

The IR spectrum of N'-(2,6-dimethylphenyl)-N4-[1-(4-aminophenyl)ethan~l-one]
semicarbazone (D-13) was recorded in KBr pellet and the following bands (v cm")
were observed. Absorption band at 3410 and 3205 cm’’ showed NH stretching and 3090
cm”’ (Ar CH str); 2890 cm’ (alk CH str) ; 1690 em™ (C=0 str); 1605 em™ (C=N str);
1595-1535 cm™ (C=C str); 1330 cm” (Ar C-N str); 1190 em” (Alk C-N str) were

observed.
'"H-NMR spectrum of compound D-13 {N'-(2,6-dimethylphenyl)-N“-[l-(4-aminophenyl)
vealed a singlet at & 2.14 for 3H of imino CHj protons;

ethan- | -oneJsemicarbazonere
singlet at & 5.32 for 2H for NH, which was

singlet at 5 2.19 for 6H of Ar-2CH; protons; v
doublets at & 6.52-6.54 and 761-7.64 for 2H of carbimino ArH

for 3H of ArH of 2,6 dimethyl
nd CONH respectively which

D,0 exchangeable;
protons of 2,6 and 3,5 respectively; singlet at 8 7.07

phenyl ring; singlets at & 8.30 and 9.34 for IH of ArNH a

were D,0 exchangeable (Table-1X.3).
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2,6-dimetfiyl phenyl semicarbazones

The mass spectrum of compound D-13 showed a molecular ion peak at m/z 296, base

peak at m/z 148. The remaining major fragmentation peaks were at m/z 133, 120 and 91.

———— -

o ;
CHs ; ! £ e 91—
R
NH-C-~NH-+-N=rC— NH;
[
CHy 1 | :
I
«~—120—= | |e—— 133 —>
]

Pharmacological activity: -

The anticonvulsant activity of the synthesized compounds was established after their i.p
administration in three seizure models in mice viz. MES, scPTZ and scSTY screens. The
animals were dosed with 30, 100 and 300 mg/kg body weight of the test drugs and
anticonvulsant activity was examined at 0.5h and 4.0h and scSTY screen at 0.5h and 2.0h,
after the injections. The minimum dose whereby bioactivity was demonstrated in half or
more of the mice is presented in Table-IX.4, along with the data of Phenytoin and

Ethosuximide.

()

(ii)

MES test: -

All the synthesized compounds showed activity at 0.5h in the MES screen at a
dose of 100 mg/kg except compounds D-10, 14 and 23, which were active at a
dose of 300 mg/kg, indicative of their ability to prevent seizure spread. In the 4.0h
period, most of the compounds showed activity at a dose of 300 mg/kg except
compound D-1, which showed activity at [00 mg/kg. Hence, these compounds

showed a quick onset and longer duration of action.

scPTZ test: -

In this screen, all the compounds showed activity 8t the maximum dose of 300
mg/kg at 0.5h period except compounds D-185, 20, 23, 24, 26 and 29, which did
not exhibit protective activity. This test is used to identify the compounds that
elevate the seizure threshold. These compounds possessed quick onset and short

duration of action.
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2,6-dimethyl phenyl semicarbazones

(iii)  scSTY test: -
In this series, all the synthesized compounds were examined for their ability to
prevent seizure induced by scSTY model. The results of this evaluation are
presented in Table-IX.4. All the synthesized compounds showed potent activity in
this model at a dose of 30 mg/kg at 0.5h except compounds D-10, 14-18, 21 and
22-23, which were active at 100 mg/kg and 300 mg/kg respectively. So these
results indicated that the compounds have an ability to prevent seizure spread and
possessed quick onset of action. At 2.0h period most of the compounds showed
activity at 100 mg/kg except D-14-17, 21 and 24 that were active at 300 mg/kg.
The compounds D-10, 22, 23 and 25 did not show protective activity at 2.0h

period even at the maximum dosc administered (300 mg/kg).

(iv)  scPIC test: -
Four semicarbazones of this series were examined for their ability to prevent
seizures induced by picrotoxin, an epileptic model that relates the activity with
GABA-mediation. The result of this evaluation is presented in Table-I1X.8. All the
four compounds showed protection at 30 mg/kg. During the 45-minute
observation, the animals did not show clonic convulsion continuously for 5
seconds. This indicated that the compounds have the ability to increase the

threshold level of convulsion and also these compounds might be acting through

inhibitory neurotransmitter pathway like GABA.

Neurotoxicity Screen: -
In the NT screen. all the compounds showed neurotoxicity at 0.5h but no toxicity was
t the maximum dose of 300 mg/kg administered, except

ed neurotoxicity at 300 mg/kg at 4.0h which might be due to
yed absorption of the compound. The compounds D-2, 6, 9,

observed at 4.0h even a

compound D-2 which show

its metabolite or due to dela o

11, 12, 19 and 20, did not show neurotoxicity at the maximum dose administered. (Table-
* s an .

X.4),

Rat p.o. Identification: -
p anticonvulsant screen were selected for

xicity tests. The results are presented in

n which most of the compounds

All the compounds that was active in the L

t
ctivity in the oral screen in the MES and neuroto "
i

Table-1.s, The compounds were tested at 30 mg/kg
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2,6-dimethiyl pheny! semicarbazones

showed protection equal to or more than the standard drug Phenytoin and exhibited anti-

MES protection throughout the period i.e. up to 24 h.

Out of the thirty-one compounds, D-5, 7, 10 and 14 showed lesser activity when
compared to Phenytoin. All these four compounds showed 25-50% of protection in all the
time intervals. In these compounds, the carbimino phenyl ring was substituted with nitro
group. This was consistent with the results obtained in the i.p. screen. Compound D-22
showed 25% protection al 0.5, 1 and 2 and compound D-23 showed 25% protective
activity only at 0.5 and 1.0h. In both these compounds (D-22 and D-23), the carbimino
hydrogen was substituted with bulky group like phenyl and benzyl respectively. This
indicated that the bulkier groups caused a reduction in activity due to either steric effect
or poor absorption. The compounds substituted with isatins (D-(26-30)) showed 25-50%
activity at 0.25, 0.5 1 & 2h and 75% protection at 4h, except compound D-3¢ which

showed 75% protection at 1, 2 and 4h,
The compound D-31 (2,6-dimethyl phenyl semicarbazide) showed activity at 1, 2 and 4h
in the range of 25-75% protection. At 0.25h and 0.5h this compound had shown no

activity. This indicated that this compound did not have rapid onset of action.

Compounds D-6 and D-18 showed 100% protection in all time periods i.e. 0.25,0.5, 1, 2
and 4h. But the standard drug Phenytain showed 100% protection only at 0.5h and at
0.25h it showed 25% protection. Hence the compounds D-6 and D-18 have quick onset of
action when compared to Phenytoin and also showed 75-100% protection in the entire
time interval, which was similar to Phenytoin. So these two compounds have better
properties than Phenytoin because these showed both quick onset and longer duration of
action. Compounds D-1-4, 9, 11-13, 16, 17 and 19-21 showed protection similar to
standard drug Phenytoin.

Quantitative Evaluation of 2,6-dimethylphenylsemicarbazones: -

More complete data were obtained from the quantitative MES evaluation in mice and rats
dosed intraperitoneally and orally, respectively. Results of the quantitative test for
selected compounds, along with the data on standard drug phenytoin are reported in tables

IX.6 and IX.7.
The compounds that were active in the preliminary anticonvulsant screening were

quantified for the anticonvulsant and toxic effects. The EDs values were determined

131



2.6dimeskyl pheny! semicorbazones

against MES induced convulsion and TDs, values were measured by the rotorod
procedure for evaluating neurological deficit.

The compounds D-2, 9, 13, 19 and 21 were administered orally to rats. The EDsg values
for these compounds in the MES test were 33.19, 19.85. 29.14, 29.05 and 19.89 mg/kg
respectively. The TDso figures were > 120, >500, >464, >500 and >216 mg/kg
respectively, The quantitation of representative compounds have been undertaken in rats
in order to get a precise indication of their potencies and to compare their activities with
that of existing drugs, and to evaluate the protective index (P1) values of the compounds,
Phenytoin had an EDsy value of 23.2 mg/kg in the MES test in rats afier p.o.
administration, The compounds D-9 and D-21 exhibited greater potency than Phenytoin.
The Pi value for phenytoin was > 21.6. Only compound D-9 showed more potency than
standard drug phenytoin in which the P1 was > 25.19 and Time of peak effect (TPE) was
4h, which indicated, that this compound has longer duration of action. The remaining

compounds D-13, 19 and 21 have shown PI nearly around 11-17 and compound D-2

showed Pl of 4,
The TPE (Time of peak eftect) determination revealed that the compounds D-10 and D-
12 had shown TPE at 0.5h and 0.25h respectively. Other compounds D-(4, 6 and 7)

exhibited TPE at 2h, 1h and !h respectively.

Compounds D-4, 6, 7, 10 and 12 were administered intraperitoneally to rats. The EDsy
values for those compounds in the MES test were 18.33, 26.22, 29.77, 23.26 and 41.64
mg/kg respectively. The TDso figures were >250, >117, >120, >1(?0 aer >68 mg/kg
respectively. Phenytoin, drug used in treating generalized tonic-clonic seizures, had an

EDs, value in the MES in rats after i.p injection of 6.48 mg/kg. The PI value for

compared with this data, the compound D-4 showed more

phenytoin was 6.60: hence
ini i 13.64. Other compounds D-

d drug phenytoin in which the PI was >
potency than standar gp 5. The compound D-12

' i PI ranged from 4-
otent to Phenytoin whose .
4, 6 and 7 were equip row. [n the mice i.p.

i ' ic window was very nar
o dicating that its therapeutic win
showed P] > |.63 indicating e e p

ds
MES screen, among the selected compoun DR .
a kg and TDso greater than 250 mg/kg, resulting in a high protection
" EDso of 18.33 mg/ke cally used drug. The time to peak

: 4 compared to clini

index (PJ), j.e. TDso/EDso» Of >13.6 v 64

Cffect i . 52 D-4 was found to be oh similar to Phenytoin. With an EDs of 41
€Ct for compound D-

i d toxic than other compounds
.12 was less active an
Mg/kg and a TDsy >68, com pound D
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2,6-dimetfiyl phenyf semicarbazones

Kindling experiment: -
Compounds D-7 and D-9 were examined in the hippocampal kindling test in rats and

results are summarized in Table-1X.9. Significant reduction in the seizure scores of 80%

occurred after 0.75 h, which suggests ability to prevent/modify fully kindled seizures. This
screen provides a good model for focal seizures as well as a means of studying complex
brain networks that may contribute to seizure spread and generalization from a focus
(124).

CNS depressant Evaluation: -

All the compounds were examined for CNS depressant activity, which included
locomotor activity using actophotometer, Porsolt’s swim test and pentobarbital induced

narcosis since many current frontline antiepileptic drugs were known to exhibit CNS

depression side effect (39).
In the behavioral study using actophotometer ail the synthesized compounds were found
to decrease the behavior of the animals except compounds D-26-30 which did not show
any behavior despair effect. These compounds substituted with isatin derivatives
generally act as MAO inhibitors and hence act as antidepressants (Table-1X.10).

In a similar study using Porsolt’s swim test, thc immobility time after the administration
of the test compounds were compared with Carbamazepine. The compounds D-4, 9, 13,
19 and 21 were found to show no significat CNS depression compared with the control
at p<0.05. All other compounds D-2, 6, 7, 18 and 12 tested were found to emerge as CNS
depressants as they increased the immobility time. The. compounds that showed
depression mainly had NO substitution in the carbimino ary! ring (Table-IX.11).

Some selected compounds of 2,6-dimethyl phenyl semicarbazones were examine.d for
n activity at a dose of 30 mg/kg i.p. The control animals

¢ for 54.25 min. Compounds D-4, 9, 13 and 21 did not
19 did not show any effect when compared to control

10 and 12 exhibit sedation. The mean sleeping time

barbiturate hypnosis potentiatio
lost the righting reflex and slep
induce sleep. Compounds D-6 and
animals. But the compounds D-2, 7,
for the compounds are given in Table-1X.12.
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Hepatotoxicity studies: -

The effect of some selected 2.6-dimethyl pheny! semicarbazones on the serun levels of

transaminases (SGOT and SGPT) were determined as some drugs like Phenytoin,

Phenobarbital and Sodium Valproate cxhibited liver toxicity (149, 133)

The serum SGOT and SGPT levels in animals administered with vehicle (PEG 400,
Control) were found to be 73.17 + 5.98 Units/m! and 45.0 % 6.24 Units/mi, respectively,

All the screened compounds did not show any significant increase in the SGOT and

SGPT levels when compared to control animals (Table-1X.13).

Determination of the levels of GABA in the whole rat brain: -

In order to explore the mechanism of anticonvulsant activity, some selected compounds
that were highly active were subjected to neurochemical investigation to study their

eltects on the levels of GABA in the whole rat brain. The study was conducted in groups

of six aniimals, at two time points,

In the first set of study the brain was removed aller 2h administration of the drug, which
was given by i.p. routc. (n another set of animals. the drug was given by wral route for 7
days and their brain was removed after 4 hr of the 7 day administration of drug. The

GABA level were measured in the whole brain which were compared with control

animals.
All the compounds subjected to neurochemical study were found to increase the GABA

level significantly when compared to control animals ot p=0.05 in both set of animals

(Tables-IX.14 and 1X.15). From this result, it can be concluded that the 2.6-
y influencing GABA mediated

dimethylphenyl semicarbazones act as anticonvulsants b

mechanism.

Structure Activity Relationship: -
anticonvulsant acttvity against MES, scPTZ

Compound D-1 possessed broad spectrum

and scSTY models.
Table-IX.1 ond 1X.2 lists thiry N'-(Z.é-dimﬂhylphen)U-N'—{suhsmutcd benzaldehyde:
The unsubstituted derivative, D-1 showed

acetophenone henzophenoneisemicarbuazones h ek
no activity at 30 mg/kg but robust anticonvulsant effect a1 [00 mg/ky. Sertes ol 2-,

i stituents
4- substituted phenyl analogues [D-(2-10, 12-16)] were prepared with the substituen
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2, 6-finesKyl phenyl semicarbagones

chosen to examine the effects of electron donating and withdrawing groups as well as

changes in the bulk and lipophilicity [D-(17-30)].

All the compounds showed anticonvulsant activity in the preliminary screening of mice

i.p model including both MES and scPTZ test.

According to rat oral study

(1)

(i)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

Compounds substituted with electron withdrawing groups [D-(S, 7, 8, 10 and 14))

showed lesser anticonvulsant activity compared to compounds with electron

donating groups.
Compounds substituted with electron withdrawing groups showed 25-50% of
protection in the MES test but the compounds bearing electron donating groups

showed 50-100% of protection at ali time points (0.25, 0.5, 1, 2, 4, 6, 8 and 24h).
Replacement of carbimino hydrogen atom by bulky groups like phenyl (D-22) and

benzy! (D-23) group exhibited loss of anticonvuisant activity.

Similarly, the carbimino phenyl ring when replaced with isatins [D-(26-30)] and
cyclopenty! group (D-25) showed diminished anticonvulsant activity.

Replacement of carbimino phenyl ring with small lipophilic alkyl moieties [D-
(18-21)) showed enhancement of anticonvulisant activity.

With regard to onset of action, most of the compounds showed 50-75% protection

only at 0.5h or 1.0 petiod except compounds D-6, 16 and 19, (Vanillyl, 2-

hydroxyl phenyl and ethylmethyl groups) which showed 75% protection at 0.25h.

So these 3 compounds had a quick onset of action.

her than D-5, 7, 8, 10, 14, 25 and 26-30 (nitro group and isatiny!

Compounds ot
pounds showed 75-

group) showed longer duration of action i.e. most of these com

100% protection till 4h period.
dimethyiphenylsemicarbazones revealed that the

Quantification study of 2,6-
ydroxyphenyl and acetylacetone groups) showed

-21 (2-h
ompounds D-9 and D

- tency than the standard drug phenytoin. EDso values of compounds of D-9
pote

more
are 19.85 and 19.8

and D-21
23.2 mg/kg. The compound D

standard drug phenytoin (21.6

9 mg/kg respectively against phenytoin EDso value
_9 exhibited Pl value (>25.19), which is more than
). It indicated that the compound exhibited a wide

therapeutic window-
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2,6-dimethyl phenyl semicarbazones

CHj
H
| 4
N—C “N—H Methyl - no effect
| Phenyl (D-22} / benzy! (D-23)
CHa Ne - loss of activity
C
Alkyl
Ry——» 2-OH (D-9) -
CH3 (D-18) ; C2H5 (D-19)e—"" L e ;D:’L ZMESI
CH2CH(CH3)2 {(D-20) R g (D-8) & 2-NO (D-10) - MES]
3 2

CH2COCH3 (D-21)
MES | / \
3-NO2 (D-7) -MES|

4-CHg3 (D-2) : 4-OCH3 (D-3)l
4-N(CH3)2 (D-4) - MES

4-NO2 (D-5) - MES 1

Figure 1X.1. Schematic representation of SAR of 2,6-dimethylphenylsemicarbazones.

The above results revealed that 2,6-dimethylphenylsemicarbazones possessed broad

spectrum of anticonvulsant activity with lesser neurotoxicity. In the 2,6-

dimethylphenylsemicarbazone serics, compound D-9 emerged as the most active
compound with an EDsp and TDsp of 19.85 and >500 mg/kg respectively.

N'-(2,6-dimethylphenyl)-N'-(2-hydroxybenzaldehyde)semicarbazone (D-9)

CHs HO
NH~IC]>—NH—N=(|3
0] H
CH,
MES (p.o): EDss 19.85 mg/kg
PI = >2519
scPTZ  : 100% protection at 300 mg/ kg
scSTY  : 100% protection at 30 mg/kg

scPIC  : 100% protection at 30 mg / kg
: Active in Hippocampal kindling test.

: No hepatotoxicity & Neurotoxicity
- Increased the level of GABA in the rat brain by

118% compared to control.
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CHAPTER-X

Synthesis and Pharmacological activity of 2,6-dimethylhydrazonoacetanitide

The effect of hydrogen boading on anticonvulsant activity has been studied by

modification of the semicarbazone moiety by introducing CH; group.

Synthesis: -
Step-1: Synthesis of (2,6-dimethyl)chloroacetanilide: -
CH,
CHa
{C2Hs)3N
+ Cl—CH,-C—CI —_—— NH—C—CH>-Ci
NH I CHCly !
CH;y 0-5°C CHs

2,6-dimethylaniline  Chloroacetylchloride (2,6-dimethyl)chloroacetanilide

Equimolar quantities of 2,6-dimethylaniline (0.1M, 12.35 ml) and triethylamine (0.1M,
13.9 ml) were dissolved in 40mi of chloroform and stirred in the magnetic stirred under
cold condition (0-5°C). Chloro acetyl chloride (0.1 M, 8.0 ml) was dissolved in 20 ml of
chloroform and added to the above solution slowly while maintaining the temperature (0-
5°C). The stirring was continued for half an hour and then the reaction mixture was
concentrated to one-third volume and 100 mi of petroleuin cther was added to the above
solution, The precipitale appeared immediately which was (iltered, washed with Jarge
quantity of water and again filtered, dried and analyzed. m.p 141°C, IR (KBr) vmux 3440,
3100, 2860, 1665, 1600, 1540, 1300, 1210 cm™'; "H-NMR (CDCl;, 300 MHz, 5 ppm) 2.26
(s, 6H, Ar-2CH;), 4.26 (s, 2H, CH,), 7.12-7.46 (m, 3H, ArH), 8.72 (s, 1H, AfNH, D;0

exchangeable).

Step-2: Synthesis of 2,6-dimethyliydrazinoacetanilide: -

CHy NHNH, H,0 CH,
CH,Cly
NH—C~—CH,-CI NH—=C—CHy-NH—NH,
3 (CzHs)sN
CHs CHs

2 6-dimethylychloroacetanilide 2,6-dimethylhydrazinoacetanilide

Equimolar quantities of (2,6-dimelhyl)chloroacc(anilidc (0.05M, 9.88g) and triethylamine
(0.05M, 6.95 ml) were dissolved in 80mi of dichloromethane and stirred with heating. To
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2. 6-dimetiyliydra=onoacetanifides

this solwtion. double the quantity of hydrazine hydrate (0.1M. 4.85mi) was added and
continued the stirring with heating. Then the reaction mixture was concentraled to one-
third volume and kept in room temperature and the precipitate appeared immediately. The
resultant precipitate was recrystallised from 95% ethanol, m.p. 193°C, IR (KBr) viax
3420, 3100, 2860, 1670, 1600, 1535, 1305, 1200 cm™’; 'H-NMR (DMSO-ds, 300 MHz, &
ppm) 2.24 (s, 6H, Ar-2CHs), 3.41 (s, 2H, CHa), 5.16 (s, 2H, NH;, D,0 exchangeabie),
5.24 (bs, 1H, NHNH_, DO exchangeable), 6.82-7.06 (m, 3H, ArH), 8.26 (s, 1H, ArNH,

D;0 exchangeable).

Step-3: General procedure for the synthesis of 2,6-dimethylhydrazonoacetanilides: -

R, —
CHs Ry CHs
CyHsOH _
NH—C—CHp=NH~NH; —————» NH=C—CH-NH—N=G—R
S Glacial S R
CH;COOH CHs

CH;

2,6-Dimethylhydrazinoacetanilide 2,6-Dimethylhydrazonoacetanilides

To a solution of 2,6-dimethylhydrazinoacetanilide (0.03M, 0.58g) in ethanol was added

an equimolar quantity of appropriate aldehyde or ketone in ethanol. The mixture was

stirred with heating for 30 min to 4 hr until the completion of the reaction. The resultant
precipitate was filtered, dried and recrystallised from 95% ethanol. The physical data of

the compounds are presented in Table-X.1. The IR spectra of the compounds were

identical in the following aspects 3420-3380, 3100-3060, 3000-2850, 1690-1670, 1600-

1540, 1305, 1210-1190 cm; 'H-NMR (DMSO-ds, 300MHz, & ppm) spectra and

elemental analyses of the two compounds are given in the Table-X.2.
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Table-X.1: - Physical data of the 2,6-dimethylhydrazonoacetanilides: -

2, 6-dimethylydrazonoacetanifides

CHs3
NH—C—CHy-NH—N=C
It |
o) R Ry
CHa
E-(1-12)

Compound Substitucats Yield | m.p. Molecular Mol. R Log P*
No. R R, %) | O Formula® Weight f g
E-1 H 4-CH, 58 166 CipHy N; O 295.38 0.72 249
E-2 H 4-NO; 56 >270 CiaHis N O3 326.35 0.84 255

4-OH '

. Hy N, O 32738 | 0.76 LI
E-3 H 3.0CH, 67 189 CisHa Ny U5
E-4 H 3-Ci 59 136 C;HisN,OCI 31580 { 0.78 24
E-5 H 3-NO, 51 187 CiyHisNa O 32635 | 0.80 2.52
E-6 H 2-C) 52 139 Cy7HisN; 0C1 31580 | 0.73 233
E-7 H 2-01 59 215 CpHiN; 32 297.36 0.67 1.59
E-8 H 2-NO;, 57 198 Cyz Hlig N Os 32635 | 070 | 2.52
E-9 CH;, 4-CH, 52 (55 CpoHp Nz O 30941 | 064 | 250
E-10 CH; 4-OH 53 208 CisHu N 02 311.38 | 0.74 .77
E-1 CH, 4-NO, 60 201 CisHoNa O 340.38 0.82 2.50
E-12 CeH; 4-Br 59 164 Cys Hz N, O Br 436,35 0.81 2.25

® Elemental analyses for C, H, N were within 0.4 % of the theoretical values.

b .
Log P was generated using Alchemy 2000 and SciLog P softwares.

139




2, o-dumethyl kydrazono acetanifides

Table-X.2: Spectral and elemental analyses data of the compounds: -

Compound | IR Spectroscopy 'H-NMR (%.'?{Euﬂ?é?pﬁam
No. (cm™, KBr) (3 ppm, DMSO-dg) o m v
2.18 (s, 6H, Ar-2CH;), 2.24 (s, 3H,
ArCH;,), 3.39 (s, 2H, CHy), 5.18 (s,
E1 | ooy v602 isos | 1H, CH:NH, D0 exchangeable), | 7257 | 6.81 | 1494
1520, 1300, 1205 | 6:97 (5, 1H, imine H), 6.72.7.06 (m, | 7229 | 6.78 | 14.89
» 1500, 7H, ArH), 8.18 (s, 1H, ArNH, D,0
exchangeable).
2.14 (s, 3H, CH3), 2.20 (s, 6H, Ar-
3440, 3090, 2890, | 2CHy), 337 (s, 2H, CHa), 520 (5, | 207 | 555 | 17.47
E-11 1710, 1610, 1600- | 1H, CH,NH, D;O exchangeable), 2' 4 ) 4 '
1525, 1310, 1200 | 6.84-7.21 (m, 7H, ArH), 834 (s, 1H, | 6234 | 554 | 17.10
] | ArNH, D0, exchangeabie).

* Llemental analyscs for C, H, N were within £ 0.4 % of the theoretical valucs.

Pharmacological activity: -

Table-X.3: Anticonvulsant activity and minimal motor impairment of 2,6-dimethy!

hydrazonoacetanilides: -

Compound

Intraperitoneal Injection in mice®

MES Screen

scPTZ Screen

Neurotoxicity Screen

a
No. 0.5h

4.0h

0.5h 4.0h

4.0h

E-1 -

0.5h

E-2

E-3

E-4

ES -

E-6

E-7 -

E-8

E-9

E-10

[ E-U -

[ Phenytoin 30 |

30

100

[“Ethosuximide [ - |

100

» Doses of 30, 100 and 300 mg/kg were administered.

b The figures in the table indicate the minimum dose whereby bioactivity was d.emonstrated in
half or more of the mice. The animals were examined 0.5h and 4.0h after injection were made.
The dash (-) indicates an absence of activity at maximum dose administered.
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Results & Discussion: -
Chemistry: -

Out of four series of compounds, 2,6-dimethylphenylsemicarbazone derivatives exhibited
potent anticonvulsant activity when compared to other series. So we planed to modify the

semicarbazone moiety of 2,6-direthylphenylisemicarbazone by introducing CH, group to

2,6-dimethylhydrazonoacetanilide.

The required 2,6-dimethylhydrazonoacetanilides were prepared by a three-step process in
which 2,6-dimethylaniline was taken as the starting material. In this series eleven
compounds were synthesized and the homogeneity of the compounds was monitored by

thin layer chromatography (TLC) by which R¢ values were calculated. Eluent for alf
compounds were CHCly: CH3OH (9:1) (Table-X. 1),

All the compounds were found to be more lipophilic indicated by their calculated
partition coefficient value greater than 2 (log P>2) except for compounds E-3, 6 and 7.

These compounds had log P<2 which were all substituted with polar group like OH in the

imine phenyl ring.
With regard to percentage yicld of the synthesized compounds, most of the compounds

yielded in the range of 50-60% except compound E-3, which was yielded 67%.

methylbenzaldehyde)hydrazone (E-1) was recorded in KBr pellet and the following bands
showed NH stretching, 3100

(Vimax cm1”') Were observed. Absorption band at 3420 cm
; )
cm” showed ary! CH stretching, 2910 em” showed alkyl-CH stretching, 1700 cm

showed C=0 stretching, 1602 cm™ showed C=N stretching, 1595-1520 em™ showed ary]
C=C stretching, 1300 cm™' showed aryl C-N stretching.

TH-NMR spectrum of compound E-1 revealed singlets at 5 2.14 for 6H of aryl 2,6-CH;
protons, and at 8 2.24 for 3H for aryl CH; protons, singlet at & 6.97 for 1H of imine
proton, singlets at & 5.18 (JH, CHyNH) and & 8.18 (JH, AmNH) which were D0
ble and multiplet at 8 6.72-7.06 for 7H of Arl4. Similarly, the spectrum of other

exchanged ' .
s confirmed according to their characteristic peaks depicted in Table-X.2.

w\u‘,pOUﬂdS wa
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2,6-dimethyliydrazonoacetanifides

Pharmacological activity: -

Stage | screening consisted of administering doses of 30, 100 and 300 mgrkg of the
compounds in this series E-1-11 to mice by i.p route and examination in the MES and

scPTZ screens occurred and the neurotoxicity test,

All the eleven compounds exhibited neither anticonvulsant activity nor neurotoxicity
except for E-9 and E-10. The compound E-9 (4-methylphenyl group) showed
neurotoxicity at a dose of 300 mg/kg at 4.0h. Compound E-10 (4-hydroxyphenyl group)
showed neurotoxicity at 0.5h at a dose of 100 mg/kg (Table-X.3).

Structure Activity Relationship: -
Table-X.1 showed the lists of cleven compounds of 2,6-dimethylhydrazonoacetanilides,
in which none of the compounds showed anticonvulsant activity. It indicated that the

arylsemicarbazone moiety is essential for anticonvulsant activity.

(i) If the number of spacer atom was increased from 5 to 6 it showed a loss of
anticonvuisant activity.
(2)  Substitution in the pheny! ring did not influence the anticonvulsant activity but

hydrogen bonding area (semicarbazono group) played a major role in the

anticonvulsant activity.

From the above result, it could be concluded that increase in the chain length of the linker

atom (hydrogen bonding area) causes loss of anticonvulsant activity.
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CHAPTER-XI

SUMMARY AND CONCLUSION

m

Totally 5 series of 121 compounds in which 4 series (A-D) of disubstituted phenyt
semicarbazones and ] series (E-series) of disubstituted hydrazono acetanilides
with different substituents in the carbimino phenyl ring and different alkyl groups

in the carbimino carbon atom were designed and synthesized.

Series A and B like 3-chloro 2-methyl phenyl semicarbazones and 2,4-dimethyl
phenyl semicarbazones were prepared via urea formation.

Series C and D like 2,4-dimethoxy phenyl semicarbazones and 2,6-dimethyl
pheny] semicarbazones were prepared via phenyl carbamate formation,

The series E (2,6-dimethyl hydrazono acetanilides) was prepared via chloroacetyl
chloride formation.

The purity of the compounds was ascertained by TLC and elemental analyses and
their structures were elucidated by spectral data.

Synthesized compounds were screened for anticonvulsant activity, which included
MES, scPTZ, s¢STY and scPIC test.

In the MES screen, the activity was estimated after i.p and p.o administration of
tested compounds.

Quantification studies for 10 compounds of 2,6-dimethyl phenyl semicarbazones
were carried out. Among the 10 compounds, 2 compounds (D-4 and D-9) were

more potent than standard drug phenytoin with respect to protective index (PI).

With regard to toxicity studies, most of the compounds had exhibited lesser
neurotoxicity or no neurotoxicity.

CNS depressant activity studies were carried out in mice by using actophotometer
and Porsolt’s swim test.

In the Porsolt’s swim test, most of the compounds showed slight CNS depressant

effect except some compounds of 2,6-dimethyiphenylsemicarbazones, which did

not show any CNS depressant effect.
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SUMMARY AND CONCLUSION

Hepatoxicity studies of some selected compounds showed that these compounds
were not hepatotoxic after chronic administration,

Neurochemical studies of most active compounds were performed in the rat brain.
‘The results showed that there was a significant increase in the level of GABA in

the midbrain region.

The results from the above screening procedure showed that the compounds have

a broad spectrum of anticonvulsant activity.

Structure activity relationship studies on the disubstituted phenyl semicarbazones

suggest that the carbiminophenyl group with alky! groups showed broad spectrum
* of anticonvulsant activity. All other modifications were found to show difference

in activity with respect to different disubstituted phenyl semicarbazones.

Among all the synthesized compounds, the compound D-9 [N'-(2,6-
dimethylphenyl)-N*-( 2-hydroxybenzaldehyde)semicarbazone] has emerged as the
most active lead compound as it showed promising results viz broad spectrum
anticonvulsant activity with less neurotoxicity and no hepatotoxicity. The
compound EDsp value was 19.85 mg/kg and Pl is >25.17 that are more than

standard drug Phenytoin.

N'.(2,6-dimethyl phenyl)}-N'-(2-hydroxybenzaldehyde)semicarbazone (D-9)

CHs HO
H—C—NH—N=
o)

O

H
CH;,
MES _:EDs, 19.85mg/kg;Pl = >25.19
scPTZ : 100% protection at 300 mg / kg at 0.5 hr period
scSTY : 100% protection at 30 mg / kg at 0.5 & 4.0 hr period
scPIC  : 100% protection at 30 mg / kg at 0.75 hr period
Kindling: Active in Hippocampal kindling test.

Toxicity: No hepatotoxicity & Neurotoxicity
GABA : Increased the GABA level in the rat brain by 118%

compared to control.
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SUMMARY AND CONCLUSION

FUTURE PERSPECTIVES

Thus potentially active compounds of disubstituted phenyl semicarbazones with broad
spectrum anticonvulsant activity were successfully synthesized. However, further
toxicological screening of these compounds has to be carried out and more attention has
to be paid in the lines of developing a suitable formulation of these synthesized
compounds. Extensive pharmacodynamic and pharmacokinetic studies of the safer
compounds (from toxicological screening) will have to be undertaken in various animal
models. Further, the feasibility, cost effectiveness and reproducibility of synthesizing
these compounds in bulk has to be tried, so as to convert these compounds in to life

saving drugs for the betterment of mankind.

22222222 2]
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