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INTRODUCTION
Definition and E
The term seiz wders,feonvulsions, and epilepsy are often

used interchangeab ‘mean the same thing.
Convulsions are in gy, spasmodics contractions of muscles. Most
Vil

people probably think asponvulsien is the generalized tonic-clonic

#
é

reaction that occurs with gg := _ o major motor epilepsy, although it

idden attack of epilepsy

AM neralized convulsion.

occurs in other situdtio

or another disorder-4

aures), there may be no

abnormal mo%tétalw ﬂlﬂﬁ ETTTijures, only a part of

the body mayibe affected by ‘abnorma movements. A convulsion or

seizureﬁ%’c}ﬁﬂaﬂﬁm ﬁlmé@%ﬂé‘fﬂ‘gﬂy fever in a

young clild (Collin, 1983). The term epilepsy is used collectively to

For example, with absence seizures (petit mal s

include a group of syndromes of central nervous system (CNS) disorders
characterized by sudden, transitory, and recurring seizures involving one
or more of the following systems: motor (convulsion), sensory, autonomic,
or psychic. Most investigators do not include single isolated seizures in

the definition of epilepsy. Abnormal and excessive discharges in the



electroencephalogram (EEG) nearly always accompany the seizures

(Chan, 1992).

Epilpsy affects approximately 1% of the worldwide population

and is the second most common neurologic disorder after stroke. It is

estimated that one of every 11 p e sons in,the United States will experience
a seizure at some time dusing life nce is highest in the first 10
years of life and declin = Me of 50 until the elderly

years, when again the i \ Epilepsy begms before the age

asis of distinctive behavioral

etroencephalographic (EEG)

:‘ erminology of the
International League Aga il 98 and@e devided broadly into
two groups: partial andfgeneralized (see.Table 1) (Ambre et al., 1994).
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according to the whether consciousness is maintained (simple) or impaired

(complex). The manifestations of partial seizures are determined by the



TABLE 1.

EPILEPTIC SEIZURES: CLASSIFICATION

A. Simple partial seizurésh / |
1. with motor si kL /
2. with soma G &ory symptoms.

3. with autougimie plf. ,
4. with psyclu -. Oms ~
B. Complex pa / \\\
1. simple®partié ,fr. ‘. ollowed by imipairment of

consciouwsne
2. with impaumghfof conse: ’ t e onset.
C. Partial seizufte Ivi tily generalized seizures.

1. simple paz , ng to generalized seizures.

2. complex paifial seizures olving to generalized
seizures. " |

3. Simple partial:sciz % ing to complex partial seizures

evolving to generalized seizures. . /

v, y A
1. Generalized m'"h S 10 vulsive).
A. (1) Typical absence seizures (petit m seizures).

> AR NTNYINT

£, Clol‘% seizures.

éﬁﬁaﬁ@mmuquwﬂwaﬂ

F Atonic seizures.
IIL. Unclassified epileptic seizures including neonatal seizures

(Adapted from Commission on Classification and Terminology of the
International League Against Epiepsy, 1981).



particular brain area involved. Either type of partial seizure may become
secondarily generalized.  Generalized seizures are characterized by
impaired consciousness with clinical or EEG evidence indicating
involvement of both hemispheres initially; they are classified as non-

convulsive or convulsive subtypes. In case of unclassified epileptic

11 seizures that cannot be classified
2 onatal seizures differ greatly
from those in older pw | mﬂle initial symptom of a

serious neurologic disQid€r ange., Qrs (including abnea and

seizures, this type of seizures 1

autonomic phenome v/ set s,'b all are reflected in the

Recurrent seizurg %' g symptom of the neurologic
disorder, epilepsy. Becaustp@{- nternational Classification of Epileptic
epileptic syndromeﬂ pr@nate classification of
patients, are classified separately (Qg,mnnsswn on Classification and

erminology ) abatbel Yhagod Wghid gy, 1989). n

epileptic syndrome is characterized by a clustering of signssand symptoms
that re@aig lﬁwtﬁmﬂﬁ@ a)w)ﬂalayﬂ)rempltatmg
factors, hered1tary components, and natural history (e.g. age of onset,
chronicity, severity) are considered in this classification. Delineating
epileptic syndromes permits a greater precision of diagnosis and prognosis
than simply classifying seizure types, because the same type of seizure can

occur in various syndromes. Some syndromes are well defined and
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unequivocal while others are heterogeneous. For many patients, a specific

syndrome cannot yet be assigned.

The epilepsies are classified on the basis of seizure type

(localization-related or generalized) and seizure etiology (idiopathic or

ol ' hic epilepsies have no definable
and )ge-related. Benign familial

pilepsy are two of the

idiopathic epilepsies wi 6/ ge '?:;”:3; ments. These epilepsies are
ik s.associated with normal

es f \}\ aptic wdrugs, and remission.

development
Symptomatic epilepsi 65 are cause d by diagnosable central
nervous system (CNS) ers -”. suph, in some patients with presumed

symptomatic ~ epilepsy & the. UNdEHyme = cause remains  obscure

(cryptogenic). In _thes nfexictal EEG is more likely to be

b 1, the progigsis-is-less favorabl
abnormal, the ‘«(_ 3
drugs is variable. m m

syl bV EAE B et sy

are the most common syndrontes observed in adults. oIn the pediatric

populaﬂ)rlﬂl@ @eﬂxﬂj%mqlql%eﬂna a %} dependent.

Prevalence increases with age during childhood and adolescence, is stable

-=::::;L;-ij ponse to antiepileptic

in adult years, and increases again in elderly individuals.



TABLE 2.

EPILEPSIES AND EPILEPTIC SYNDROMES:

CLASSIFICATION.
1. Localization- related (focal, loc ial) epilepsies and syndromes
A. Idiopathic (with age- )
1. Benign childho ilep entrotemporal spike
2. Childhood ep
3 anary re

Parietal lobe o ;%1 r/
6. Occipital lobe D1 E‘ e

C. Cryptogenic.
II. Generalized epi u-_-__ . v

A. Idiopathic (Wi 1 o \'
1. Benign nepnatal S10 sm
2. Benign neo atal convulsions.
: Wﬁwﬁﬁ%
43 BN
3. Ep1 psy with grand al (GTCS) seizures on awakening.

o b TS PO e s o

(table continued on next page)



TABLE 2 (continued).

B. Crytogenic or symptomatic.
1. West syndrome.
2. Lennox-Gastaut syndrome.
3. Epilepsy with myoclonic -astatic seizures.

4. Epilepsy with myoclos .\ nces.
C. Symptomatic. ‘ p

1. Nonspe01ﬁc et10l¢ ‘ﬂ_‘
a. Early mye -rm
b. Early infantilC.e -“'-" t encepns thy with suppression
burst. -
2. Specific syj .n ¥
a. Epileptic sg

disease states.

III. Epilepsies and s ‘x her focal or generalized.

A. With both gener
1. Neonatal s¢
2. Severe myoclon;

e Epilepsy with co 15 Spik waves dun'ng slow-wave
4. Acqu depiieptic aphas e
B. Without ur [ features.

i iy
Iv. Spe01a1 syndrome§

A St TRERYIEN SWEINT

ted seizures or jsolated stz:%s eplleptlcus

@memﬁmm MHTRY"

(Adapted from Commission on Classification and Terminology of the
International League Against Epiepsy, 1981).



Basic Mechanisms of Epilepsy.

It would be a gross oversimplification to suggest a single
mechanism or cause of epilepsy. Because of the diversity of seizure types,

it is understandable that a common denominator has so far not been found,;

one neurophysiological and

-

rather, there is likely to
ecause the most prominent
feature of an epile synchronous neuronal
- discharges, and pla account for such a
phenomenon. Some’ Iny€sti sl Ve proL “that synchronous firing
may require specificdlly inhibt - ry and xcitatory neuronal activity.
However, the specifi e synchronous firing is

still unknown. It has seizures begin with, and

--"-"_,.p-""'*."'I'J""'J ‘ :“,"‘
neurons, namely, tb,ﬂ seizure focus. A ?_‘mhlbltory neurons in

the focus may be*a"plausib e exj 1 ! lesnatively, the primary

seizure focus may originate or be triggered by fz'mtors such as congenital

defects, hypo pli neoplasm, head
trauma, 1schenﬂ or endocrmegjlsordm seﬁ?focus may remain
e RPN ey

revealed by surface EEG analysis, and may not lead to overt clinical
seizures. What is not known is the exact mechanism for the transition
from a dormant focus to one that can initiate the spread of synchronous
electrical discharges to neighboring areas.  Presumably, inhibitory

pathways and mechanisms exist that prevent the spread of abnormal



discharges. The notion of positive feedback loops has been proposed

also, but there has been little evidence to support this idea (Chan, 1992).

Physiological and biochemical factors that may also facilitate the

spread of abnormal electrical activity to other parts (presumably normal)

of the brain include changes i s tension, blood glucose levels,

extracellular fluid; fatigue;
sleep deprivation; dru .‘ al deficiencies; emotional
stress; and endocri ' on triggering factors
include hot water brushing teeth, eating,

watching TV, and doi

changes may in_k—jum,_ affect” Ca’ Na" .conductances. ~ The

microenvironment ‘sirroundis >ct neuronal discharges.

Elevated extracellulagpotassu [ ssociaad with seizure activity.

Some finding 4ndi “that_su ' racellular potassium are
preceded by a@ﬁaﬁ ﬁeﬂﬂlﬁﬂﬁ tifclﬁaﬁon. This series
of eve mﬁrﬁraeﬁ qizﬁ ﬁcﬁ’bﬁtﬁﬁ gjj ; ynaptically
mediatedsinhibition and by decreasing the inhibitory inflienc€ of calcium-

dependent potassium efflux. Another mechanism involves a reduced level
of Na© + K*ATPase found in the synaptosomal membrane derived from a
freeze-lesion focus; this may lead to a reduced capability to reclaim lost

K+
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Biochemical lesions affecting the synthesis, storage, release, and
reuptake of inhibitory amino acid neurotransmitters may be another
possible mechanism for enhancing neuronal excitability. A major
inhibitory neurotransmitter is y-aminobutyric acid (GABA). Many
convulsive agents are known to affect GABA metabolism. Some agents

related to GABA metabolism' ,ﬁzceptors have been shown to

antiepileptic properties of

benzodiazepines may complex involving both

benzodiazepine and linked intimately to

conductance and syr

Animal models at there is at least one
initiation site for seizures the arca tempestus and at least
two policing areas, the sub the anterior thalamus. It
remains to be deterinined whether tl . san infregions in the human

brain regulate seizuré activity. O ydels of seizure disorders

also provide basic 1 rmation about epilepsy For example, the method

of kinding in¥ol (‘W’ET lly administered
repetitive lowﬁingsﬁy lowzﬁﬂl electrlcal stimuli.  The
o @RIRS R ) B

General Features of Antiepileptic Drug Therapy.

Antiepileptic drug therapy is the mainstay of epilepsy treatment.

The goals are to reduce the frequency of recurrent seizures and minimize
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the adverse effects associated with antiepileptic drug therapy. Specific
therapeutic and points must be individualized for each patient. The choice
of antiepileptic drug therapy should be based on the seizure classification,

the age and sex of the patient, concurent medical conditions, potential

; . — i | . .
can be attained in miy ieless, some patients may continue
to suffer from fre despite apprepriate drug treatment
(Collins, 1983) ;

. e
Before disco ' theantiepilepfie drugs, Treatment of the

epilepsy consisted of tr e use of herbal medicines

; il
and animal extracts. In 1857 S CharlesT.ocock reported the successful
s s '_:'.w-,,«f.-"‘ﬁ"ﬂl.."- =
use of potassium .t’asomlde:‘*t;ife"' ont of what is now known as
\ |

catamenial epilepsyl, 7 1912, phenc

in the next 25 yearED 35 ana p eno@bital were studied as

e SN 7
atﬂg @39 quﬁé gr\llmn:ll)@ mir?éls:]‘ve}ae Qade both in

the development of experimental models and in methods for screening and
testing new antiepileptic drugs. During that period, 13 new antiepileptic
drugs were developed and marketed. Following the enactment of

requirements for proof of drug efficacy in 1962, antiepileptic drug
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development slowed dramatically. In the last 25 years, only a few
antiepileptic drugs have reached the marketplace (Chan, 1992)

The antiepileptic drugs use nowadays belong to several chemical

classes. Most of the drugs can be classified by the chemical structure into

ethotoin (VII) |
4. oxazolidined: adione (VIII),
paramethadione (

i nsuxumde (XT)
1), etlﬂlphenacemlde (XIID)

5. succi 't —
6. acylureaﬂ_ g [

‘JQ stllbeﬁeae . carbamazepine (XIV)
8. b

uﬂmqs ﬂﬂe;m;laﬁepam (XVI),
e B Bl M N8 v

10. carbonic anhydrase inhibitors e. g. acetazolamide (XIX)
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Figure 1. The chemical structures of anticonvulsant drugs.
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0O o0
“CH-C-NH-C-NH;

(XIII)

'lJEl’JVIEWIﬁWEI’]ﬂ‘i

(XVII) (XVIII)

QW’]Mﬂ‘iWMﬂ’]’MEﬂ&U

Figure 1 (continued) The chemical structures of some anticonvulsant

drugs.
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Mechanism of Action of Anticonvulsants.

Working hypotheses for the actions of anticonvulsants arise from
the idea that drug-induced changes in permeability to specific ions may

stabilize membranes, interfere‘ with Ca™ -mediated release of

neurotransmitters, and so fi nsiderable information about

electrophysiologic effec and about their effects on

ion fluxes. Neverthe A perimental observations

to the therapeutic be

Phenytoin In management of
generalized tonic-clo | ‘ ey block Na* channels in
voltage-, frequency-, e depe shion, probably by binding to

and stabilizing the channels ‘i the nactive, rather than their resting or

open, state. In a routing ling proce: ey raise the threshold for
) swloglc level, these

¢ 1scharge (Cﬂrk 1992).

electroshock-induced’

agents decrease the sﬂead of seizure

AU INYNINYINT

Phenobdrbital and ben%o 1azep1nes promote Cl influx and

hyperpoﬂn%ﬁf?i D IRHNAIR W&Maﬁl channel

complex. Phenobarbltal appears to act at the so-called picrotoxin site.
Benzodiazepines bind at a different site. Valproic acid, a broad-spectrum
antiepileptic drug, in some way facilitates GABA-mediated inhibition and

also blocks Na* channels.
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Agents such as ethosuximide and trimethadione, which are
primarily useful for treatment of absence seizures, block a specific type
(T) of Ca™ channel and are relatively effective in preventing seizure
production by pentylenetetrazol.

Many other agents ct with the GABA complex

(vigabatrin or y-vinyl s#Na” or Ca™ channels, or
excitatory amino acid w ation for potential use in
management of epi {nalogues adenosine, a putative
neurotransmitter wi provide yet another

avenue for improved afitigpileptic.co nds (Clagk, 1992)

There are several-comipélli e development of new

antiepiliptic drugs. | “Altlicugh aftiepileptic DETmit many patients to

lead rewarding liveslj clinica suppgt the widely held but
erroneous belief that a ercenta atlents are adequately
controlled by ul kﬁﬁl&l{ﬁr 1t fnf ed that the major
cause m ith regularly
taking t&xpﬁjﬁﬁxﬂfﬂ“ mamrﬂ t chrofiic toxicity is

associated often with the prolonged administration of antiepileptic drugs.
therefore, the need for new drugs is clear, and the search for more
effective and safer antiepileptic drugs continues, with nearly 20 new

agents currently under going clinical evaluation and several new
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compounds with novel structures undergoing preclinical evaluation (Chan,

1992).

Development of Novel Unsaturated E—(ZQPropylpentanoyl)

To understand the ¢ @ novel unsaturated N-(2-

propylpentanoyl) urea t1 vhicli wese synthesized in this research,

urea

valproic acid and .it§
phenacemide (XII)

been concluded, as

Valproic acid, £2-propylpeitan ' acid) (X VIID) is an established
antiepileptic drugs with 4 sifiple chemieal'structure but an unusally broad

spectrum of actio&whii inciudes tomic-clonic partial complex, and
| St

absence seizures. | “Alfhou ; 1 the
teratogenicity ijlﬁai] }jﬁaiﬁilfj:ﬁl ed with valproate
therapy. Co@ t ?11 ' com t' potency and safety
margin; tﬁ' ' pj an ﬁlﬁﬁﬂﬂ@dﬁwﬁﬂ ﬁ’ﬁt screening,
shows at Iproic acid ‘is“less potent than phenobarbital, phenytoin and

carbamazepine.  Consequently, and due to the shortage of new

antiepileptic drugs, there is a substatial need to develop improved
derivatives of valproic acid (Bialer, 1993). For instance, the following
valproic acid derivatives were evaluated in comparison with the parent

compound (see figure 2).
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-the primary amide of valproic acid. i.e. valpromide (XX) and its

isomers and analogoues (Bialer et al., 1993).

-monoester prodrugs of valproic acid. ie. n-propyl valproate

(XXT) (Hadad et al., 1993).

-unsaturated anal 'L%cid. 1.e. 2-propyl-2-pente-
4 propyl-2-p

noic acid (XXII) (Abbo

-monourel 1.e. N-(2-propylpen-

tanoyl) urea (XXIII)

proic acid were primarily
synthesized for study *ofCstructur itogenicity relationships and

evaluated the anticonvu effects by Elmazar, Hau and

Nua. One of the iivestigated-compounds;4=iviethy!:2-propyl-4-pentenoic
acid (XXIV) as ilh@ate n fig o) edEjgher protective index
(TDso/EDsp) and safetyeratio (TDs/EDy;) than that of valproic acid,

indicating tha@ﬂs”ﬂn%ﬂﬂoﬂﬁﬂﬂfgtﬁi achieved in non-

e S T T T R e

al., 1993).
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Q o)
C-NH, C-O-CH,-CH,—CHj;
XX |

j ‘ |
AUL INPIINEANS
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Figure 3. The chemical structure of 4-methyl-2-propyl-4-

pentenoic acid.
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The successful use of phenobarbital (I) in treatment of epilepsy,
encouraged chemists to attempt to design active compounds modelled on

the partial structure of the barbiturate ring.
2-Phenylbutyrylurea (phenacemide) (XII) may be considered an
V/ arbon atom. Many compounds
&smed The two compounds

endowed with the gre ctivify, exper etally and clinically, are

"open" model of the barbiturate.

of acylureas or monourei

phenacemide (pheny.

(2-phenylbutyryl ) (XIID)
(Mercier, 1973).

In 1992, Boo an Patarapanich and Wichan
Janwitayanuchit synthesize . analogues, N-(2-propylpenta
noyl) urea (XXIII) which hza icfSide chain as valproic
acid. This compowid wa ' wulsant activity in mice

ctroshock Subcutaneous “pentylenetetrazole, and

bicuculline te ﬁg a potent broad
spectrum antlemiep ic drug w1t§ hlgier margm 0 afety and lower side
—— Q‘Wﬂaﬁﬁ‘ﬂﬁfﬁﬂ% 1MINY1AY

As mention above, N-(2-propylpentanoyl) urea (XXIII) was
decided to be a parent compound to modify the structure to develop
improved anticonvulsant. In this research, saturated aliphatic side chain of
N-(2-propylpentanoyl) urea was replaced with unsaturated aliphatic side

chain of 4-methyl-2-propyl-4-pentenoic acid to obtain the designed
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compound, N-(4-methyl-2-propyl-4-pentenoyl) urea (CU-763-11-01,
XXV) (see figure 4).

Figure 4. ICa ture  of " N-(4-methyl-2-propyl-4-

Considering the of compound (XXV), it is

expected to posseSS-a-promissing-anticonvaisant=activity with a higher

v
margin of safety andIgow

namely acylurea and the partial structure of 4-methyl-2-propyl-4-pentenoic

| AUSINGNINGINT
PRABNDRLYAI NI g

pentenoyl) urea including the following three unsaturated N-(2-

i cﬂntains pharmacophore,

propylpentanoyl) urea analogues : N-(2-propyl-4-pentenoyl) urea (CU-
763-11-02, XXVI), N-(4-methyl-2-(2'-methyl-2’-propenyl)-4-pentenoyl)
urea (CU-763-11-03, XXVII), and N-(2-allyl-4-pentenoyl) urea (CU-763-
11-04, XXVIII) (see figure 5).



22

U

reef BN U s s
REAPITEPTINEIa Y

The synthetic approach of N-(4-methyl-2-propyl-4-pentenoyl)
urea and N-(2-propyl-4-pentenoyl) urea is shown in figure 6 and the
synthetic approach of N-(2-allyl-4-pentenoyl) urea and N-(4-methyl-2-(2-
methyl-2-propenyl)-4-pentenoyl) urea is shown in figure 7.



COOEt
COOEt . NaOEt
. R DR == =
CoOEt CH3CH,CH,Br COOEt
(a) (b)
CH;CH,CH,, /COOEt CH;CH,CH,
- CH-COOEt
N
R” COOEt
1) KOH
80% EtOH
2) H
(d)
CH;CH,CH,, 0O 0

FUGTRMINGIN
VEARSD T Y BALRYAR ) e 3

hrs; (d) reflux, 2 hrs; (e) 40-50 °C, 3 hrs; (f) reflux, 8 hrs.

Figure 6. The synthetic appoach of N-(4-methyl-2-propyl-4-pentenoyl)
urea (CU-763-11-01) and N-(2-propyl-4-pentenoyl) urea (CU-
763-11-02).
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COOEt 2 NaOFEt R COOEt .
CH, — ;c/ T oo
COOEt ZRX R” Ncoopr  H:0,DMSO g
(a) (b)
1) KOH
R
80% EtOH _ “CH -((')':-cx
2)H R”
(c)
0
HzN‘C'NHz R
Benzene - R
(d)

T
CH3 r‘{-“- "r__J s
R = CH=C-CH— ACB763

CH,= e. 5%

.,I
i

O p s A

40-50 °C, 3 hrsj(e) reflux, 8 hs,

wwmnimumwmaﬂ

Figure 7. The synthetic appoach of N-(4-methyl-2-(2'-methyl-2'-propenyl)
-4-pentenoyl) urea (CU-763-11-03) and N-(2-allyl-4-pentenoyl)
urea (CU-763-11-04).
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