
ABSTRACT
Epilepsy is a common neurological condition, affecting 0.5% to 1% of the population worldwide.

Rational drug design process of a new anticonvulsant could be achieved in several ways. The

first strategy is the identification of new targets through better understanding of molecular

mechanisms of epilepsy. Another way is to modify already existing drugs and formulations. The

chemical diversity and various mechanisms of action of anticonvulsants make it difficult to find a

common way of identifying new drugs. Novel anticonvulsant agents are discovered through

conventional screening and/or structure modification. The new AEDs and anticonvulsant agents

representing various structures have been reviewed in the present review. The newer agents

include sulfonamides, amino acids, amides (analogs of g-vinyl GABA, N-benzylamides, 2,6-

dimethylanilides, carboxyamides, hydroxyamides, alkanoamides); heterocyclic agents ((arylalkyl)

imidazoles, tricyclic indoles, indazoles, arylpiperazine and piperazines, pyrrolidin-2,5-diones,

pyridazinone, lactams, semi- thiosemicarbazones, thiadiazoles, quinazolin-4 (3H)-ones, 2,5-

disubstituted 1,2,4-thiadiazoles, xanthones, derivatives of isatin), enaminones, imidooxy

compounds and valproic acid derivatives. These new structural classes of compounds can prove

useful for the design of future targets and development of new drugs.
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Epilepsy, a common neurological disorder characterized

by recurrent spontaneous seizures, is considered to

be a major health problem that affects approximately one

to two per cent of the population worldwide (45-100 million

people) 1, 2.

Despite the considerable progress in our

understanding of the pathophysiology and

pharmacotherapy of seizures and epilepsy3 the cellular

basis of human epilepsy remains an enigma. In the

absence of etiological understanding, approaches to

pharmacotherapy must be directed to the control of

symptoms, that is the suppression of seizures.

Over the years, there has been considerable success

in the development of novel antiepileptic drugs (AED)

along with new improved formulations. Conventional

antiepileptic ‘first generation’ drugs such as primidone,

phenytoin, carbamazepine, phenobarbitol, valproic acid,

ethosuximide and benzodiazepine, are widely used but

exhibit an unfavorable side effect profile and failure to

adequately control seizures. In the recent years several

new ‘second generation’ drugs such as lamotrigine,

vigabatrin, tiagabine, topiramate,  gabapentin,

levetiracetam, oxcarbazepine, zonisamide, fosphenytoin,

vigabatrin and felbamate have been added to the list of

therapeutic agents against epilepsy4,5.

However, there is a significant group of patients (up

to 30%) who are resistant to the available antiepileptic

drugs. The long-established AEDs control seizures in 50%

of patients developing partial seizures and in 60-70% of

those developing generalized seizures6-10. Hence, there

is an urgent need to develop new AEDs11.The selection

of an antiepileptic drug for treatment is predicted on its

efficacy for the specific type of seizures, tolerability and

safety12,13. The search for antiepileptic compounds with

a more selective activity and lower toxicity continues to

be an area of investigation in medicinal chemistry. A

rational drug design process of a new anticonvulsant could

be achieved in several ways14,15.

Epileptic seizures can be generalized, originating in

both hemispheres of the brain simultaneously, or partial

(focal seizures) originating in one or more parts of one or

both hemispheres, most commonly the temporal lobe.

Epilepsy or epileptic syndromes can be either idiopathic

(etiology or cause is unknown) with a presumed genetic

basis or symptomatic (acquired). The known potential

causes of epilepsy include brain tumors, infections,

traumatic head injuries, perinatal insults, developmental

malformations, cerebrovascular diseases, febrile seizures

and status epilepticus16.

Traditionally, pharmacological strategies for

treatment of epilepsy are aimed at suppressing the

initiation or propagation of seizures rather than the

underlying processes that lead to epilepsy17. The first

strategy is the identification of new targets through better
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understanding of molecular mechanisms of epilepsy.

Another way is to modify already existing drugs and

formulations18. The efficacy of AEDs is due to the main

activities, which include interaction with ion channels or

neurotransmitter systems19-25.

Currently available AEDs have limited value because

the majority of AEDs possess more than one mechanism

of action, which may account for their efficacy, and it is

also the fact that some of the clinically used drugs have

not been linked with a specific site in the brain, and the

exact mechanisms of many AEDs remain unknown 26,27.

The new AEDs and anticonvulsant agents have been

reviewed during last few years 28-32.

Novel anticonvulsant agents are discovered through

conventional screening and/or structure modification

rather than a mechanism-driven design. Therefore, drug

identification is usually conducted via in vivo screening

tests, on the basis of seizure type rather than etiology.

This review presents new anticonvulsant agents

representing various structures, which are in different

stages of development as potential drugs targeting

epilepsy. The newer agents include carabersat analogues,

heterocyclic compounds ((arylalkyl)imidazoles, tricyclic

indoles, indazoles, arylpiperazine and piperazines,

pyrr loidine-2,5-diones, lactams, semi and

thiosemicarbazones, thiadiazoles and quinazolin-4(3H)-

ones, xanthones, pyridazinone and isatin derivatives),

sulfonamides, amino acids, amides, enaminones and

others. These new structural classes of compounds can

be useful for the design of future targets and development

of new antiepileptic drugs.

New anticonvulsant agents : structure activity

relationships:

Heterocyclic analogs of carabersat:

Parent analog of Carabersat is cromakalim (Fig. 1),

which is an antihypertensive that acts via relaxation of

vascular smooth muscle caused by opening of ATP

sensitive K+ channel. K+ channel opener can easily

penetrate CNS and may have therapeutic potential in

treatment of seizure 19. Replacement of the 2-pyrrolidinone

group of cromakalim by the fluorobenzoylamino group

has introduced anticonvulsant activity33. Carabersat, the

benzopyran derivative, is a chemically novel AED with a

novel mechanism of action and a stereo specific CNS

binding site. Carabersat is currently proposed for migraine

prophylaxis and in the treatment of epilepsy34,35.

Compound 270664,the T substituted THIQ was reported

as a promising key lead compounds with high affinity at

the [3H]-SB-204269 binding site (pK
a
 8.9) but was later

found to have poor pharmacokinetic properties. In the

series of 7 linked THIQ derivatives a new series of 8,8

dimethylnapthyridine compounds are identified in which

gem dimethyl group is incorporated to prevent

aromatization and replacement of the THIQ benzo ring

with pirydyl prevents reduction in hydroxylation and the

compound 1 is found to have encouraging pharmacokinetic

profile with excellent aqueous stability and good ‘in vivo’

activity in preclinical anticonvulsant model in rats36.

Compound 1 has high affinity at the [3H]-SB-204269

binding site (pKi 8.7), suggesting a novel mechanism of

action, comparable with carabersat (Fig. 2).
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Fig. 1 : The structure of cromakalim and carabersat

Sulphonamides:

Bifunctional 5 membered heterocycles comprised of

a sulphonamide and an amide as well as a 1, 3, 4 thiazole

nucleus, making a potent Carbonic Anhydrase (CA)

inhibitor such as topiramate and zonisamide used as

antiepileptic drugs. Acetazolamide, topiramate and

zonisamide (Fig. 3) possess a sulphamate moiety, which

is essential for their anhydrase inhibition. Several new

carbonic anhydrase inhibitors derivatives of sulfonamides

have been developed37,38.  A series of aromatic /

heteroaromatic sulfonamides incorporating valproyl and

other lipophilic moieties have been found to possess potent
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Fig. 2 : Heterocyclic analog of carabersat
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CA inhibitory properties as well as anticonvulsant in vivo

effects. The valproyl derivative of acetazolamide 2 was

one of the best hCAI and hCAII inhibitors in the series

and it exhibited very strong anticonvulsive properties in

the MES test in mice. Some lipophilic derivatives such as

5-benzylamido-5-toluenesulfonylamido-, 5-

adamantylcarboxamido-, and 5-pivaloylamido1,3,4-

thiadiazole-2-sulfonamide show promising in vivo

anticonvulsant properties. These compounds serve as

interesting leads for developing anticonvulsant or selective

cerebrovasodilator drugs38. A new series of sulfonamides

incorporating adamantyl moieties attached to the scaffolds

of aromatic/heteroaromatic sulfonamides have shown

good inhibitory potency against two human CA isozymes,

compounds 3,4 which also exhibit good protection against

electrically induced convulsions (Fig. 4).

NEW ANTIEPILEPTIC AGENTS: STRUCTURE ACTIVITY RELATIONSHIPS

Amides:

Analogs of γγγγ-vinyl GABA:

Vigabatrin (γ-vinyl GABA) is being proposed as an

anticonvulsant agent by acting as inhibitor of GABA

aminotransferase 25. Lee and coworkers have developed

several analogs of vigabatrin as potential dual acting

prodrugs, which were covalently coupled with an amide

bond of vigabatrin and GABA mimetic substances such

as GABA, γ -vinyl GABA, valproic acid, isonipecotic acid,

nipecotic acid, and 2-pyrrolidinone39,40. Among them,

compounds 5 and 6 displayed the most potent

anticonvulsive activity and a broader spectrum when

compared to vigabatrin (Fig. 5).
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N-benzylamides of γγγγ-hydroxy butyric acid:

Derivatives of γ-substituted γ-amino-, γ -phthalimido,

γ -acetoxy- and γ -hydroxy butyric acid, such as acids,

esters and amides, have been investigated as new potent

anticonvulsants41-50. It has been shown that α -substituted

N benzylamides of γ -hydroxybutyric acid (GHB) are the

most potent compounds in this group, possessing

anticonvulsant activities in MES (i.p. in mice) screens.

The most potent anticonvulsants were α- (benzylamino)-

γ-hydroxybutyric acid N-benzylamide 7 and N- (2-

chlorobenzylamide) 8 (Fig. 6). Biochemical tests have

H

N

N

H

OH

O R

7  R = H

8  R = Cl

Fig. 6 : αααα-substituted N benzylamides of γγγγ-hydroxybutric acid
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indicated that the active amides act as allosteric

modulators of the γ -aminobutyric acid, GABA
A
 complex,

and have an affinity to voltage-sensitive calcium channel

receptors. The results of pharmacological in vivo

experiments with the γ -hydroxybutyric acid amide

analogues 7 and 8 have shown that the compounds

possess variable influence on the CNS in mice47.

2, 6-dimethylanilides, Carboxamides:

The activity of several 2-piperidinecarboxyamides

in the MES test in mice has been reported51,52. Using N-

(2,6-dimethyl) phenyl-2-piperidinecarboxyamide 9 and N

(α-methylbenzyl) piperidine carboxamide 10 as structural

leads (Fig. 7), a variety of analogues have been synthesized

and evaluated for anticonvulsant activity in the MES test

in mice53. The following modifications led to an increase

MEGHA SHARMA, POOJA S. BANERJEE 
AND R.K.NEMA

compounds with therapeutic potential in the treatment of

tonic-clonic and partial seizures in humans. The

antiepileptic activity of a series of N-aryl-isoxazole

carboxamides/N-isoxazolylbenzamide analogs has been

investigated and a significant antiepileptic activity was

predicted54 (Fig. 9).
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Fig. 7 : Structures of 2-piperidinecarboxamides with activity

against MES in mice

in MES activity: replacement of the piperidine ring with

pyridine and movement of the carboxamide group to the

4-position, then opening the piperidine ring. The 2,6-

dimethylanilides were the most potent compounds in the

MES test in each group of compounds (Fig. 8). In these

derivatives, the lipophilicity of the compound and the

substitution at the α -position of the amino acid derivative

played key roles in quantitative anticonvulsant activity.

Pyridine carboxamide 11 and norleucine carboxamide 12

were selected as useful leads in the development of

CH3

CH3NHO

N

11

HN

nBu

NH2

O
CH3

CH3

12

Fig. 8 : Structures of 2, 6-dimenthylanidies, derivatives of

carboxamides

Hydroxyamides:

Brown and coworkers have evaluated a series of

novel hydroxyamides55,56. Anticonvulsant testing of these

compounds revealed the lead, 3,3,3-trifluoro-2-hydroxy-

2-phenyl-propionamide 13, is an active orally available

anticonvulsant with similar activity to phenytoin, and its

methylated alcohol and amide have shown similar activity.

In this new series of compounds, two, 14 and 15, were

the most active. Patch clamp electrophysiology studies

demonstrated significant tonic blockade of T-type calcium

current by compounds 13-15 (Fig. 10) at 1mM.
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Fig. 10 : Derivatives of 4-(benzyloxy) benzamides
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Furthermore, compounds 13 and 14 induced a significant

use-dependent blockade of T-type calcium current. These

results suggest that the mechanism of anticonvulsant

activity may include blockade of T-type calcium currents.

Alkanolamides:

In the group of alkanolamides (16), the most

interesting results were yielded by 2-N-methyl amino

ethanol derivative (compound 17), which displayed anti-

MES activity (i.p. in mice) higher than that for valproate

in the same test57 (Fig. 11).

acetamido unit (R1=C (O) CH
3
) for potent anticonvulsant

activity and showed that either a decrease (i.e., R1 = C

(O) H) or increases (i.e., R1 = C (O) CH
2
CH

3
, C

(O)C(H)CH
3
)

2
, C(O)CCH

3
)

3
) in the size of this moiety

led to reduced activity. Furthermore, when the acetamido

(CH
3
C(O) NH) unit in 18 was replaced with methyl,

methoxy, hydroxyl, acetoxy, or halogen, the obtained

NEW ANTIEPILEPTIC AGENTS: STRUCTURE ACTIVITY RELATIONSHIPS
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Fig. 11 : The schematic structure of anticonvulsant derivaties

of amino acids

Derivatives of amino acids:

Amino acids that are functionalized at both the N-

and C terminal are proven potent anticonvulsant agents58-

83. In the recent years, Kohn and coworkers have reported

on the anticonvulsant activity of a series of functionalized

amino acids58-72. (FAA) 18 (Fig. 12). A structure activity

relationships study of over 250 compounds has yielded 12

compounds with anticonvulsant activity in rodents that is

equal to or greater than phenytoin according to the MES

seizure test. N-Benzyl-2-acetamidopropionamide 22(Fig.

13) was the parent compound in this series66. (R)-N-

benzyl-2-acetamido-3-methoxy-propionamide 10 was

selected as the lead compound. Compound 23 (Fig. 13)

has now entered phase II clinical trials for the treatment

of epilepsy and neuropatic pain. . In the initial design of

FAA, the N terminal amine was protected as an amide to

provide compounds with increased lipophilicity.

Subsequent studies demonstrated the importance of the

Fig. 12 : Amino acid derivaties
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compounds exhibited diminished anticonvulsant activity.

Structural modifications also included replacing the C (2)

unit with the corresponding N (2) group giving the

structurally related semicarbazide derivatives 666.

Evaluation of aza analogue 19 of functionalized amino

acids in both mice (i.p.) and rats (p.o.) showed that the

compounds exhibited significant anticonvulsant activities.

Of the investigated compounds, 1-acetyl-4-benzyl-2-

(thiazol-2-yl)-semicarbazide 24(Fig. 13) displayed

moderate-excellent activity in mice (MES i.p. ED50 = 22

mgkg-1, PI = 5.4) and excellent activity in rats (MES

p.o. ED50 =6.2 mg kg-1, Tox TD50 > 250) which

exceeded that of phenytoin.

Conformationally restricted analogues of

anticonvulsant-functionalized amino acids have also been

investigated67. Four peptidomimetic compounds of parent

FAA 22 such as1, 5-disubstituted tetrazole 25, 3-substitued

1-benzylpyrrolidin-2-one 26, proline 27, and (thio)

hydantoins 28, 29 as well as peptidomimetic FAA

derivatives have been evaluated (Fig. 14).
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Replacing the N-terminal amide group in FAA with

phenyl ethyl, styryl, and phenyl ethynyl units provided a

series of functionalized amido ketones (FAK) 2071 (Fig.

15). The favorable activities for FAK have been attributed

to the incorporation of key R structural units within the

FAK backbone and conformation of the terminal ketone

unit.

Conversion of the acetamido unit in 18 to an amino

moiety provided amino acid amides (AAA, 21) that are

likely to have increased water solubility compared with

their FAA 18 counterparts72.

Some amino acid derivatives have also been studied

by Paruszewski and coworkers73-78.  Amides of N

substituted natural and a natural amino acids containing

benzylamide, 4-fluorobenzylamide, 4-

methoxybenzylamide, 2-furfurylamide, phenylethylamide,

3-pirydylmethylamide, buthylamide, isobutylamide,

usoamylamide moiety as well as esters have been

synthesized and evaluated. Among the tested compounds,

benzylamide derivatives of b-Ala, Ac-D-Pro-BZA and

(R, S)-Me-Tzl-BZA were the most active. Recent studies

have demonstrated that some picoline and nicotinic acid

benzylamides substituted on the phenyl ring also possess

anticonvulsant properties76-78. Of these, the most active

was the picolinic acid fluorobenzylamide (Pic-FBZA).

ED50 of the most effective amide was14.7 mg kg-1

(MES), >50 mg kg-1 (scPTZ) and PI < 3.4against MES

(rats, i.p.) 76. SAR studies of alanine derivatives suggested

that the structure of this amino acid, especially of fragment

N-Cá-C’, is responsible for its action73.

Derivatives of arylidene imidazoline-4-one amino

acids were investigated by Kiec-Kononowicz and

Karolak-Wojciechowska79-80. Several series of arylidene

(aryl)-imidazolidyno-4-one derivatives incorporating

glycine, modified glycine or a-alanine and modified a-

alanine were studied as a new ligand for the glycine-

NMDA binding site (iGluRs) as well as anticonvulsant

agents. Selected amino acid derivatives (33-36) presented

in Fig. 16 displayed anticonvulsant activity in MES seizure

tests at a dosage of 100 mg kg-1 or less.

Heterocyclic agents:

(Aryl alkyl) imidazoles:

One of the structurally distinct classes of antiepileptic
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Tricyclic indoles:

Researchers at Vernalis have reported on a series

of tricyclic indoles (exemplified by 39 and 40)(Fig. 19) as

5-HT2C agonists, containing a 2-aminopropyl group as a

common motif, which is thought to provide improved

metabolic stability (reduction of oxidative deamination)

and improved selectivity over 5-HT1 receptors85.

O

N N

Nafimidone

N N

OH

Denzimol

Fig. 16 : Structure of (arylalkyl) imidazole antiepileptic

drugs

drugs is the (arylalkyl) imidazoles. Denzimol (+/-)-N- [β
–[4(β -phenylethyl) phenyl]-β-hydroxyethyl] imidazole and

nafimidone (1-[2-naphthoylmethyl) imidazole are examples

of a class of anticonvulsants; the (arylalkyl) imidazoles

(Fig. 17) 18. SAR studies show that anticonvulsant

properties of this group are associated with the presence

of small oxygen functional group (such as carbonyl,

ethylene dioxy, methoxy, acyloxy and hydroxyl

substituents) in the alkylene bridge in addition to an

imidazole ring and a lipophilic aryl portion facilitating

N

O

CH3
N

N

37  E (trans)

N

N

N

OC3H7

38

Fig. 17 : Oxime either derivatives of anticonvulsant

nafimidone

penetration of the blood barrier. The introduction of oxime

and oxime ether groups to the alkylene bridge of (arylalkyl)

imidazole as a small oxygen functional group led to new

compounds, which displayed various levels of activity83.

O-Alkylation of nafimidone oxime resulted in new

compounds possessing anticonvulsant properties. The o-

alkyl substituted compounds (37-38) were found to be

more active than o-arylalkyl substituted compounds (Fig.

18).

N H 2

N

N

41

O

Fig. 19 : Indazole derivatives

Compound 40 is chiral with the S-enantiomer being

preferred. This compound displayed good functional

selectivity over 5-HT2A with good potency at the 5-HT2C

receptors (EC50 (h5-HT2C) = 4nM, 87% of the 5-HT

response in a calcium mobilization assay).

Indazole:

A functionally selective and orally active 5-HT2C

agonists with the potential to demonstrate antiepileptic

effects is the indazole 41 (Fig. 20) which showed

functional selectivity in a phosphoinositide hydrolysis

assay over 5-HT2A86.

Arylpiperazines and Piperazine:

The arylpiperazines are known to be 5-HT2C

agonists but they are not selective for the 5-HT2C

receptors. Many variations on arylpiperazines have been

explored in an effort to find potent agonists having

promising functional selectivity over the 5-HT2A and 5-

HT2B receptors. Biovitrum (formerly part of Pharmacia)

has disclosed piperazinylpyazine 42 with excellent affinity

(Ki (h5-HT2C) = 8 nM) for the 5-HT2C receptors

although no functional data was provided85.Another

constrained arylpiperazine, WAY-161503 43 reported by

American Home Product (now Wyeth) is a potent 5-HT2C

agonist (EC50 (h5-HT2C) = 8nM, in a functional assay

measuring inositol monophosphate formation) with a 2,000-

fold functional selectivity over 5-HT2A. Compound 44

and 45 are additional highly selective5-HT2C receptor

agonists85. Scientists at Vernalis were able to combine

the active indole structure and the arylpiperazine template

to produce potent ring-constrained analogs exemplified

NEW ANTIEPILEPTIC AGENTS: STRUCTURE ACTIVITY RELATIONSHIPS
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Fig. 18 : Tricyclic indoles
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over the 5-HT2A receptors85 (Fig. 21).

F

O N

N

N

NH

42

Fig. 20 : Selective 5-HT2C agonists with potential

antiepileptic properties
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Fig. 21 : Derivatives of 3-arylpyrrolidine-2, 5-dione

Pyrrolidin-2, 5-diones:

A number of 3-phenylpyrrolidine-2, 5-dione

derivatives with pyridyl-, aryl- and aminophenyl-moiety

at the nitrogen atom, as well as 3-arylpyrrolidine-2, 5-

dione containing a 4-arylpiperazinyl-1-yl-alkyl moiety at

the nitrogen atom and 2-aza-spiro [4.4] nonane-1, 3-dione

have been investigated88-92. Recently, the most potent in

the series of N- [(4-arylpiperazin-1-yl) methyl derivatives

of 3-arylpyrrolidine-2, 5-dione were compounds 51 and

52 (Fig. 22). SAR studies include following structural
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by the tetrahydropyazioindole 46. Compound 46 has an

EC50 value of 0.4 nM at the h5-HT2C receptor and is

more than 1000-fold selective over 5-HT2A in a calcium

mobilization functional assay.

Eli Lilly has reported in vitro and in vivo profiles of

a selective 5-HT2C receptor agonist, LY-448100 47 This

compound also exhibited very good oral activity in rats

(oral bioavailability= 83%) making it an ideal candidate

for further proof of concept as an orally active

anticonvulsant87.

More recently two additional piperazine analogs 48

and 49 were disclosed as potent and selective 5-HT2C

agonists. These analogues are claimed to be useful as

potential antiepileptics but no supporting in vivo data was

reported85. Hoffmann- la Roche and Vernalis reported a

piperazine 50 where the basic nitrogen atom appears to

be spatially distant from the aromatic core which

possessed good potency and good functional selectivity

NH

OH

O

53

HO

NH

O

54

NH

HO

O

55

NH

HO

O

56

Fig. 22 : Derivatives of αααα-substituted caprolactams

elements that are required for antiepileptic activity, (a)

an aromatic ring of pyrrolidin2-5 dione moiety and a (b)

4-arylpiperazine fragment with selected substitutes at the

phenyl ring. The introduction of a spiro cyclopentyl ring

at 3-position of pyrrolidin 2-5dione didn’t enhance the

anticonvulsant activity.
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Lactams:

Derivatives of lactams were synthesized and

evaluated for antiepileptic activity93-96. One of the

compounds, α-hydroxy- α-phenylcaprolactam (53) was

particularly interesting. I.p. administration of 53 in mice

resulted in potent anticonvulsant protection in both

anticonvulsant models tested: MES- and scMet-induced

convulsions. New synthesized analogues of this compound,

α -benzyl- α -hydroxycaprolactam (54), α -ethynyl- α -

hydroxycaprolactam (55) and α-hydroxy-α
(phenylethynyl) caprolactam (56) (Fig. 23) displayed

significant anticonvulsant activity96.α-benzyl- α
hydroxycaprolactam (54) was effective in halting seizures,

while α-ethynyl- α -hydroxycaprolactam (55) was a

selective inhibitor of petite mal seizures. The potent activity

of 56 in all models indicated that the substituted alkynyl

caprolactams represent a new anticonvulsant structural

class.

selected as lead (Fig. 24). Recently, compound 58 [4-(6-

ch lor ob enz ot h ia z ol -2 - y l ) -1 - (3 - i s a t i n i min o)

thiosemicarbazone] has also shown strong activity in MES

seizures and scPTZ screens107. Knowing that isatine

derivatives possess anticonvulsant properties109,110

compound 58 was designed as hybr id molecule

incorporating a thiosemicarbazone fragment and an isatine

molecule.

NH2 N

H

N
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S

N

NH N

H

N

S
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N

H

O
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Fig. 23 : Structures of semi-and thiosemicarbazones
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Thiadiazoles and Quinazolin-4 (3H)-ones:

New thiadiazolyl and thiazolidinonyl quinazolin-4

(3H)-ones have been synthesized and screened for their

anticonvulsant activity comparing with the standard

AEDs111.  These hybrid molecules comprise two

fragments, quinazolinone and thiazolidinone, whose

derivatives have been found to show anticonvulsant

properties112. Out of the 30 new hybrid compounds, the

most active was 59 (Fig. 25). SAR studies have indicated

that  compounds having a 3-amino-2-methyl-6-

bromoquinazolin- 4(3H)-aryl moiety showed more

protection than compounds with a 3-amino-2-methyl-

quinazolin-4 (3H)-aryl moiety. Another group of new

hybrid molecules represent derivatives of 1,3,4-thiadiazoles

has been obtained by adding two heterocyclic nuclei

possessing anticonvulsant activity, namely barbituric acid

and quinazolinone (Fig. 25) 113. Of the compounds studied,

NEW ANTIEPILEPTIC AGENTS: STRUCTURE ACTIVITY RELATIONSHIPS

Semi- and thiosemicarbazones:

Through the work of Dimmock’s and Pandeya’s

research group97-108 a number of semicarbazones,

thiosemicarbazones, bis-carbohydrazones, aryl, arylidene,

aryloxyaryl semicarbazones, acetyl hydrazones and

oxamoylhydrazones have been synthesized and evaluated

for anticonvulsant activity. SAR studies have led to

postulating a specific binding site of semicarbazones. The

proposed pharmacophoric requirements in the

semicarbazone molecules are: (a) aryl binding site with a

hydrophobic group; (b) hydrogen bonding domain

exemplified by the presence of the –NHCO- grouping;

(c) two electron donor systems; (d) hydrophobic binding

site whose size determines the type of activity107. In the

series of aryloxyaryl semicarbazones, molecule 57 was

OH

NN

S N

H

R

R = -C2H5

    

     61

R = 

    62

F

Fig. 25 : 2,5-Disubstituted 1, 3, 4-thiadiazoles
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the most active one (60) displayed activity against MES

and scPTZ seizure test in mice (i.p.) that was more potent

than the standard drug. In the series of 2,5-disubstituted

1,3,4-thiadiazoles, two active anticonvulsant agents (61,

62) have been found114. Compounds 61 and 62 (Fig. 26)

have shown maximum protection (90 and 70%,

respectively) comparative to sodium valproate (80%) in

the scPTZ screen.

N

N

H

CH2CONHNH2

63
O

Fig. 26 : Pyridazinone derivatives

N

N

F

(CH2)2CONHNH2

64
O

naphthalimidooxy carboxylates were synthesized by

Edafiogho and coworkers,  and evaluated for

anticonvulsant activity Most interesting results were

obtained with N- (benzyloxy)-2-azaspiro [4.4] nonane-1,

3-dione 65 which displayed anti-MES activity and a

protective index (TD50/ED50) of >4.5117.

Conclusion:

Despite the availability of new antiepileptic drugs

(AEDs) with novel pharmacological modes of action, the

efficacy of the medical therapies in terms of seizure control

has not increased significantly over recent years.

Nevertheless, there is a continuing need for new AEDs,

especially for focal and secondary generalized seizures.

A large portion of the human epilepsies comprises

disorders in which the inheritance of two or three

susceptibility genes in the same individual is required to

produce epilepsy. The protein coded by the mutant gene

can suggest new molecules to be targeted by the

antiseizure drugs. The available evidence suggests that

the combination of AEDs with different modes of action

may be more effective than monotherapy. It is therefore

conceivable that AEDs with new modes of action, such

as 5-HT2C receptor  agonism, can improve the

effectiveness of medical therapy with respect to seizure

control if they are sensibly combined with existing AEDs.

Future clinical approval of 5-HT2C agonists as AEDs is

expected to be a useful addition to the treatment

armamentarium for focal and secondary generalized

seizures.

The search for antiepileptic compounds with more

selective activity a lower toxicity continues to be an area

of intensive investigation in medicinal chemistry. The

mechanism of action of new anticonvulsant moieties is

still not clear but they can prove useful for the design of

future targets and development of new drugs. Some of

the newer anticonvulsant agents represent structural

modifications of pre-existing compounds, while others have

been developed with the specific objective of modifying
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Pyridazinones:

Anticonvulsant activity of 4, 6-diaryl-3-pyridazinones

or N-ethoxycarbonyl alkyl pyridazinones is also

reported115. A series of 3-oxo-5-substituted-benzylidene-

6-methyl-(4H)-2-pyridazinylacetamides and 2-

pyridazinylacetylhydrazides 63 and 64 (Fig. 27) including

most of their derivatives showed an anticonvulsant effect

better than sodium valproate, a commonly used

anticonvulsant agent. The most active compounds in this

series are given in (Fig. 28).116.

Imidooxy compounds:

Imidooxy compounds possess interesting

Anticonvulsant activity. Previous results of anticonvulsant

activity in several imidooxy carboxylates related to

aminooxy acetic acid in young chicks, prompted an in-

depth reinvestigation of these analogues in mice. A series

of 22 succinimidooxy, phthalimidooxy,  and

N

O

O

O

65

Fig. 28 : N-(benzyloxy)-2-azaspiro [4,4] nonane-1, 3=dione

N
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        b               2  -C l     N H 2
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Fig. 27 : Different substitutions on pyridazinone derivatives
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targets. These new agents belong to several different

chemical classes. Some of them represent compounds

bearing five-membered or other heterocyclic rings in their

structure; additionally, numerous studies have

demonstrated that derivatives of amino acids can function

as potential new anticonvulsant agents. Pandeya et al,

while investigating the semicarbazone series, proposed a

new pharmacophore model with four binding sites essential

for anticonvulsant activity. These sites are:

– A hydrophobic aryl ring,

– A hydrogen-bonding domain,

– An electron donor acceptor system,

– Another hydrophobic aryl ring responsible for

metabolism. (Fig. 29)

                                                                                   

 

      A 
HBD 

 

 

  D 

          C 

Fig. 29 : Suggested [pharmacophore model of anticovulsant

activity. A and C are hydrophobic binding site, HBD

is hydrogen-bonding site and D is electron donor

group

 New data has also confirmed that the lipophilicity

of new active molecules is an important factor affecting

their anticonvulsant potency. These new agents can be

used for the design of future targets and development of

new drugs. The discovery of a number of active leads

may also ultimately help elucidate the mechanism of action

of these new anticonvulsants.
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