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Abstract: A series of 1,2,4-trisubstituted-1H- imidazole derivatives (4a-0) was synthesized by reacting 2,4-di-
substituted-1H-imidazoles (3a-0) with chlorobenzene in the presence of triethylamine. Phenylglyoxal (2) was
reacted with different aromatic aldehydes in the presence of ammonium acetate and glacial acetic acid to afford
the disubstituted imidazoles (3a-0). The structures of the synthesized compounds were confirmed on the basis
of their elemental analysis and spectral data results. Anticonvulsant activity was shown by majority of the syn-
thesized compounds in the maximal electroshock (MES) and subcutaneous pentylenetetrazole (scPTZ) screens
when given i.p. to mice. In anticonvulsant screening, only one compound 4k showed potent activity compara-
ble to that of standard drugs phenytoin and carbamazepine. Compounds 4a, 4c, 4e, 41 and 4n passed the rotorod
test successfully without any sign of neurological deficit.

Keywords: trisubstituted imidazoles, anticonvulsant, neurotoxicity and lipophilicity.

Epilepsy is a common neurological disorder
characterized by unprovoked seizures that affects at
least 0.5 to 1% of the population worldwide (45—100
million people) (1). Although conventional
antiepileptic drugs (AEDs): phenobarbital, primi-
done, phenytoin, carbamazepine, ethosuximide and
benzodiazepine, are already in clinical use, some
types of seizures are still not adequately treated with
current therapy and have limitations or intolerable
side effects (1-3). In response to these limitations
several new drugs like oxcarbazepine, lamotrigine,
topiramate, gabapentin, zonisamide, tiagabine, fos-
phenytoin, vigabatrin and felbamate have been
strongly advocated to optimally manage seizures
(3). However, there is a significant group of patients
(up to 40%) who are resistant to the available
antiepileptic drugs (4-7). Hence, there is an urgent
need to develop new antiepileptic compounds with a
more selectivity and lower toxicity (8) which con-
tinues to be an area of investigation in medicinal
chemistry.

In recent years, the field of antiepileptic drug
development (ADD) has become quite dynamic,
affording many promising research opportunities.

* Corresponding author: e-mail: drasithusain@yahoo.com
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Mechanistic approaches are increasingly being facil-
itated by the new wave of research in epileptics (9).
Recent studies revealed that the substituted imida-
zole derivatives have attracted much attention due to
their broad spectrum of pharmacological activities
such as anti-inflammatory, analgesic, antimicrobial,
antiviral, antifungal, antitubercular, anticancer and
anticonvulsant (10-16).

Literature survey shows that imidazole-hetero-
cyclic compounds could be new classes of anticon-
vulsant agents by virtue of their potential anticon-
vulsant properties (17-19). Here, we present the
synthesis, anticonvulsant and neurotoxicity activity
of a series of unpublished trisubstituted imidazole
derivatives (4a-0).

EXPERIMENTAL

All the chemicals and solvents used were
mostly of AR grade obtained from Merck, CDH
and S.D. Fine Chem Ltd.. The melting points were
determined in open glass capillary tubes using
Kjeldahl flask containing liquid paraffin and are
uncorrected. Purity of the compounds was checked
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Table 1. Physical data of the title compounds (4a-0).
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Compd. R Mol. formula® M.p. Yield log P* R¢
(Mol. Wt.) (°C) (%)

4a H C,,H,,N,O,

(370.41) 140-142 60 0.97 0.67
4b 3-Cl C,,H;CIN,O,

(403.86) 135-136 45 1.69 0.74
4c¢ 4-Cl1 C,;H,;CIN,O,

(403.86) 145-147 71 1.64 0.60
4d 4-F C,,;H;CIN,O,

(387.40) 150-152 50 1.74 0.68
4e 2-OH Cz:« H|9N303

(385.41) 161 70 1.17 0.61
af 4-OH C,H,N,0,

(385.41) 120-122 65 1.78 0.58
4g 3'NOZ CZJ Hlx N4O4

(414.41) 145-148 39 1.45 0.58
4h 4-NO, C,,HN,O,

(414.41) 154 60 1.51 0.70
4i 4-OCH, C.H, N0,

(399.44) 156-158 55 1.84 0.71
4j 4-N(CH,), Cy H, N,O,

(412.48) 122 74 0.65 0.55
4k 3,4-(OCH,), CyH; N0,

(429.46) 140 40 1.81 0.68
41 4-OCH,, 3-OH C,H, N,O,

(415.44) 171-173 47 1.74 0.60
4m 4-OCH,, 3-OCH,COOH C,H,;N,Oq

(473.47) 155-157 55 0.85 0.60
4n 4-OC,H,, 3-OH C,sH,;N,0O,

(429.46) 152-153 40 1.85 0.75
40 4-OC,H,, 3-OCH,COOH C,,H,;N,Oq

(487.50) 148-150 60 0.91 0.65

*Solvent of crystallization — ethanol, "Melting point of the compounds at their decomposition, ‘Log P was calculated by using absorbance
data, Chloroform/phosphate buffer at 28°C, “Solvent system — toluene:ethyl acetate:formic acid (5:4:1, v/v/v) and benzene:acetone (8:2,
7:3 v/v) . Elemental analysis for C, H, N were within + 0.4% of the theoretical value.

on thin layer chromatography (TLC) plates using
silica gel G (Merck) and the solvent system ben-
zene—acetone (9:1 and 8:2, v/v) and toluene—ethyl
acetate—formic acid (TEF) (5:4:1, v/v/v); the spots
were visualized under iodine vapors or UV light.
The FT-IR spectra were obtained in KBr pellets on
BIO-RAD FTS FT-IR spectrophotometer. The 'H-
NMR spectra were recorded on DPX-300 NMR
spectrometer and BRUKER-400 Ultra Shield™
spectrometer using tetramethylsilane (TMS) as an
internal standard in DMSO/CDC],. Chemical shifts
(0) are expressed in ppm. Mass spectrometry was
recorded on UPLC-MS/MS (WATERS, Mass
Lynx version 4.1) spectrometer. Microanalysis of

the compounds was done on Perkin-Elmer model
240 analyzer and the values were found within £
0.4% of the theoretical values. The synthetic proto-
col of the title compounds is presented in Scheme
1. The physical constants, spectral data and anti-
convulsant screening of the synthesized com-
pounds are presented in Tables 1, 2 and 3, respec-
tively.

Synthesis of  N-[4-hydroxy-3-(2-oxoacetyl)
phenyl] acetamide (2)

It was synthesized from N-(3-acetyl-4-hydroxy-
phenyl) acetamide (1) according to the literature
method (20).



Synthesis of 2,4-disubstituted-1H-imidazoles (3a-o)

A mixture of N-[4-hydroxy-3-(2-oxoacetyl)
phenyl] acetamide (2) (0.025 mol), aromatic aldehyde
(0.025 mol) and ammonium acetate (10 g) in glacial
acetic acid (50 mL) was refluxed in round bottom flask
for 5 h. After completion of the reaction, the reaction
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Table 2. Spectral data of the title compounds (4a-0).

mixture was cooled to room temperature and the con-
tent was poured into the cold water (250 mL). The pre-
cipitates so obtained were filtered, washed with water,
dried and recrystallized from acetone to get the desired
products 3. The compounds were found pure on TLC
examination (TEF 5:4:1, v/v/v).

Compd. IR (KBr), cm™! 'H-NMR (DMSO-d,), & (ppm)’ / MS data

4a 3309 (OH), 3227 (NH), 3008 (CH), | 2.55 (3H, s, CH,), 6.73-8.11 (13H, m, Ar-H), 9.01 (1H, s,
1685 (C=0),1602 (C=N), 1458 imidazole), 9.49 (1H, s, OH), 9.91 (1H, s, CONH) / 371
(C=C), 1341 (C-N). (M+1).

4b 3321 (OH), 3233 (NH), 3011 (CH), | 2.53 (3H, s, CH,), 7.01-8.11 (12H, m, Ar-H), 9.11 (1H, s,
1676 (C=0), 1590, (C=N), 1440 imidazole), 9.51 (1H, s, OH), 10.10 (1H, s, CONH).
(C=C), 1344 (C-N),709 (C-CD).

4c 3324 (OH), 3210 (NH), 3022 (CH), | 2.48 (3H, s, CH,), 6.44-8.03 (12H, m, Ar-H), 9.04 (1H, s,
1677 (C=0), 1589 (C=N), 1444 imidazole), 9.63 (1H, s, OH), 9.85 (1H, s, CONH) / 403 (M").
(C=C), 1344 (C-N), 696 (C-CI).

4d 3339 (OH), 3201 (NH), 2995 (CH), | 2.51 (3H, s, CH,), 7.05-7.80 (12H, m, Ar-H), 9.13 (1H, s,
1660 (C=0), 1575 (C=N), 1450 imidazole), 9.32 (1H, s, OH), 10.25 (1H, s, CONH).
(C=C), 1349 (C-N), 1105 (C-F).

4e 3311 (OH), 3244 (NH), 3020 (CH), | 2.47 (3H, s, CH,), 7.15-7.71 (12H, m, Ar-H), 9.04 (1H, s,
1688 (C=0), 1571 (C=N), 1419 imidazole), 9.54 (2H, s, 2 x OH), 10.23 (1H, s, CONH) / 385 (M").
(C=C), 1333 (C-N).

4f 3324 (OH), 3210 (NH), 3022 (CH), | 2.48 (3H, s, CH,), 6.74-7.90 (12H, m, Ar-H), 9.07 (1H, s,
1677 (C=0), 1589 (C=N), 1444 imidazole), 9.51 (2H, s, 2 x OH), 10.30 (1H, s, CONH).
(C=C), 1341 (C-N).

4g 3330 (OH), 3232 (NH), 3001 (CH), | 2.45 (3H, s, CH,), 7.00-7.81 (9H, m, Ar-H), 8.30-8.60 (4H,
1680 (C=0), 1589 (C=N), 1482 m, Ar-H), 8.91 (1H, s, imidazole), 9.25 (1H, s, OH),
(C=C), 1336 (C-N). 10.55 (1H, s, CONH) / 414 (M*).

4h 3309 (OH), 3229 (NH), 3018 (CH), | 2.51 (3H, s, CH,), 7.00-7.58 (8H, m, Ar-H), 8.01-8.32
1681 (C=0), 1558 (C=N), 1449 (4H, m, Ar-H), 9.01 (1H, s, imidazole), 9.35 (1H, s, OH),
(C=C), 1331 (C-N). 10.47 (1H, s, CONH).

4i 3341 (OH), 3226 (NH), 3013 (CH), | 2.49 (3H, s, CH,), 3.85 (3H, s, OCH,), 7.14-7.91
1686 (C=0), 1587 (C=N), 1464 (12H, m, Ar-H), 8.95 (1H, s, imidazole), 9.44 (1H, s, OH),
(C=C), 1349 (C-N). 10.55 (1H, s, CONH) / 399 (M*).

4j 3317 (OH), 3220 (NH), 3010 (CH), | 2.53 (3H, s, CH,), 2.95 (6H, s, -N(CH,),), 6.84-7.98 (12H,
1646 (C=0), 1556 (C=N), 1452 m, Ar-H), 9.01 (1H, s, imidazole), 9.45 (1H, s, OH),
(C=C), 1338 (C-N). 10.53 (1H, s, CONH) / 413 (M*").

4k 3312 (OH), 3208 (NH), 3019 (CH), | 2.50 (3H, s, CH,), 3.83 (6H, s, 2 x OCH,), 6.91-7.85 (11H, m,
1685 (C=0), 1579 (C=N), 1451 Ar-H), 9.13 (1H, s, imidazole), 9.50 (1H, s, OH), 10.70 (1H,
(C=C), 1323 (C-N). s, CONH) / 429 (M").

41 3339 (OH), 3206 (NH), 3014 (CH), | 2.46 (3H, s, CH,), 3.85 (3H, s, OCH,), 6.90-7.85 (11H, m,
1665 (C=0), 1569 (C=N), 1444 Ar-H), 8.94 (1H, s, imidazole), 9.45 (2H, s, 2 x OH), 10.49 (1H,
(C=C), 1334 (C-N). s, CONH) / 415 (M").

4m 3311 (OH), 3215 (NH), 3061 (CH), | 2.31 (3H, s, CH,), 3.83 (3H, m, OCH,), 4.70 (2H, s, OCH,),
1686 (C=0), 1560 (C=N), 1432 6.95-7.61 (11H, m, Ar-H), 9.02 (1H, s, imidazole), 9.25
(C=C), 1320 (C-N). (1H, s, OH), 10.44 (1H, s, CONH), 11.15 (1H, s, COOH).

4n 3334 (OH), 3202 (NH), 3001 (CH), | 2.48 (3H, s, CH,), 3.85 (3H, s, OCH,), 6.90-7.85 (11H, m,
1687 (C=0), 1569 (C=N), 1458 Ar-H), 8.94 (1H, s, imidazole), 9.45 (2H, s, 2 x OH), 10.50
(C=C), 1334 (C-N). (1H, s, CONH) / 429 (M*).

40 3348 (OH), 3214 (NH), 2998 (CH), 1.32 (3H, m, CH, of C,H;), 2.45 (3H, s, CH,), 4.13 (2H, m,

1668 (C=0), 1559 (C=N), 1431
(C=C), 1328 (C-N).

CH, of C,H,), 4.60 (2H, s, CH, of OCH,), 6.95-7.55 (11H,
m, Ar-H), 9.01(1H, s, imidazole) 9.41 (1H, s, OH), 10.50
(1H, s, CONH), 11.23 (1H, s, COOH).

Ts= singlet; d = doublet; m = multiplet; Ar-H = aromatic protons.
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Table 3. Anticonvulsant and neurotoxicity screening of the title compounds (4a-o0).

i.p. injection in mice* Neurotoxicity
Compd. (MES screen) (scPTZ) screening®

05h 4h 0.5h 4h 0.5h 4h

4a - - 300 - -
4b 100 300 300 - 300

4c 100 - - - -
4d 100 300 300 - 300 300

4e 300 - X - -

4f 100 300 300 300 —
4g 300 - 300 - 300 300

4h 300 - - 300 -
4i 100 300 300 - - 300

4j - - - X X

4k 30 300 300 - 300 -

41 100 300 300 - -
4m 300 - 300 - - 300

4n 100 300 X - -
40 300 - 300 - 300
Phenytoin 30 30 - 100 100
CBZ 30 100 300 300

“Doses of 30, 100 and 300 mg/kg were administered; the figures in the table indicate the minimum dose whereby activity was demonstrated
in half or more of the mice (n = 6). The animals were examined 0.5 and 4 h after injections. The dash (-) indicates an absence of activity
at maximum dose administered (300 mg/kg). The cross (x) indicates not tested. *Data from references (29, 30). CBZ = carbamazepine.

Synthesis of 1, 2, 4-trisubstituted-1H-imidazoles
(4a-0)

Compound 3 (0.0lmol) was suspended in
tetrahydrofuran (20 mL) and refluxed with
chlorobenzene (2 mL) in the presence of 2-3 drops
of triethylamine for 8 h. The reaction was monitored
by using TLC. After completion of the reaction, ace-
tone was added to the reaction mixture and left at
room temperature overnight. A precipitate (4) was
formed, which was filtered, dried and recrystallized
from ethanol. The compounds were found pure on
TLC examination (B:A, 9:1, v/v).

PHARMACOLOGY

Anticonvulsant activity

The anticonvulsant screening of the final com-
pounds was done according to the protocols of
National Institute of Neurological Disorders and
Stroke, NIH (USA). Swiss albino mice (25-30 g) of
either sex were used as experimental animals. The
mice were kept under standard conditions at an

ambient temperature of 25 + 2°C and allowed free
access to food and water except at the time they
were brought out of the cage. The tested compounds
and standard drugs were suspended in 0.5% (CMC)
carbomethoxycellulose water mixture or in PEG
(polyethylene glycol).

Maximal electroshock seizure test (MES)

Maximal electroshock seizure was elicited
with a current intensity of 50 mA, 60Hz for 0.2 s via
ear clip electrodes, with the doses of test compounds
(30, 100, 300 mg/kg). The maximal seizure typical-
ly consists of a short period of tonic extension of the
hind limbs and a final clonic episode. The abolition
of the hind limb tonic extensor component of the
seizure due to the drug treatment is defined as anti-
convulsant activity (21, 22).

Subcutaneous pentylenetetrazole induced seizure
test (scPTZ)

The subcutaneous pentylenetetrazole test was
performed according to the known protocol (23, 24).
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This method utilizes pentylenetetrazole (75 mg/kg)
administered as a 0.5% solution subcutaneously in
the posterior midline that produces seizures in >
95% of animals. The animals were observed for 30
min. Failure to observe even a threshold seizure (a
single episode of clonic spasms of at least 5 s dura-
tion) was defined as protection.

661

Neurotoxicity screening (NT)

The minimal motor impairment was measured
by the rotorod test (25). The mice (20-25 g) were
trained to stay on an accelerating rotorod that rotates
at 6 rpm, and its diameter was 3.2 cm. Only those
mice were taken for the test which could stay on the
revolving rod for at least one minute. Trained ani-

OH o
CHs
(1)

H3COCHN

Dioxane | SeO2, H20

H
CHO
(2)

H3COCHN

Amm. acetate

OH

H3COCHN \
(3a-0)
TH.F
TEA

OH

H3COCHN \

(4a-0)

o

N

\ R

NH
O

N

\ R

N

Scheme 1. Synthesis of the title compounds (4a-0). R substituents are the same as in Table 1
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mals were injected i.p. with the test compounds at
doses of 300 mg/kg. The inability of the animal to
maintain equilibration on the rod for at least one
minute indicated neurotoxicity.

Log P determination

Biological activity is dependent on lipophilic
character of the drug. In particular, the reports by
Lien et al. indicated that anticonvulsant activity of
different types of compounds was correlated with
lipophilicity (26). However, it has been observed
that the maximum potency of the drugs which act on
the central nervous system (CNS) is obtained with
congeners having an optimum lipophilicity (log P,)
near 2. In this study, an attempt was made to corre-
late the anticonvulsant activity of the 1,2,4-trisubsti-
tuted-1H-imidazole analogues with the calculated
log P value (CLOGP) (27). The experimental log P
values of the compounds were obtained using chlo-
roform/phosphate buffer method (28).

RESULTS AND DISCUSSION

The new derivatives (4a-0) were injected i.p.
into mice at doses of 30, 100 and 300 mg/kg for anti-
convulsant activity (Table 3). All the compounds
except 4a and 4j showed anti-MES activity indica-
tive of their ability to prevent seizure spread.
Compounds that showed protection against MES
model at 100 mg/kg include 4b, 4c, 4d, 4f, 4i, 41 and
4n. Compounds 4b, 4d, 4f, 4i, 4k, 41 and 4n showed
activity both at 0.5 and 4.0 h. Thus, only one com-
pound 4k showing activity at a lower dose of 30
mg/kg seems to be very potent in anticonvulsant
MES screening. Some of the compounds showed
activity only at 0.5 h, indicating that they have rapid
onset and shorter duration of action.

In scPTZ screening, compounds 4d, 4g, 4i, 4k
and 4m showed 100% protection at a dose of 300
mg/kg at 0.5 h. So these compounds have quick
onset but for shorter duration of action. Some com-
pounds (4a, 4b, 4f, 41 and 40) were also active after
4.0 h extended period of activity.

In the neurotoxicity screening, compounds
4a, 4c, 4e, 41 and 4n do not show any toxicity at the
dose of 300 mg/kg. Compounds 4d and 4g were
toxic at 0.5 and 4.0 h, whereas compounds 4f, 4h
and 4k showed toxicity only after 0.5 h and do not
show toxicity after 4.0 h. Four compounds (4b, 4i,
4m and 40) showed delayed toxicity i.e., toxicity
only after 4.0 h, which is comparable with that of
carbamazepine (300 mg/kg). However, all the
compounds were less toxic than phenytoin (100
mg/kg).

Compounds 4b, 4c, 4d, 4f, 4i, 4k, 41 and 4n
were found to be more lipophilic having potent anti-
convulsant activity. The other compounds (4e, 4g
and 4h) were also lipophilic having some potency.
Compounds 4a, 4m and 40 were less lipophilic and
were less active in MES test.

CONCLUSION

The present work indicates that halo and
alkoxy substituted phenyl ring of imidazole moiety
have given impetus to the present investigation and
showed favored MES activity as compared to
hydroxyl or unsubstituted rings. Thus, a number of
1,2,4-trisubstituted-1/H-imidazole derivatives exhib-
ited anticonvulsant activity in MES screen. Some
compounds (4b, 4c, 4d, 4f, 4i, 4k, 41 and 4n)
showed more lipophilic character and were more
active. The compounds 4a, 4e, 4g, 4h, 4m and 40
were also lipophilic but were less active in MES test.
Some of the above mentioned compounds have
shown high degree of protection and obviously may
have future commitment.
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