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Abstract A novel series 7(a—f) 3-[5-(4-substituted) phe-
nyl-1,3,4-oxadiazole-2yl]-2 phenylquinazoline-4(3H)-ones
have been synthesized and screened for its anticonvulsant
and neurotoxic activity. After i.p. injection to mice at doses
of 30, 100, and 300 mg/kg body weight 2,3-disubstituted-
quinazolin-4(3H)-ones were examined in the maximal
electroshock induced seizures (MES) and subcutaneous
pentylenetetrazole (scPTZ) induced seizure models in mice.
Spectroscopic data were consistent with the structure of
newly synthesized compounds. The neurotoxicity was
assessed using the rotorod method. In the prepared series, 7a
was found to be active in the MES screen at 0.5 h, whereas 7f
showed anticonvulsant activity at both 0.5 and 4 h.

Keywords 1,3,4-Oxadiazole - Semicarbazone -
Anticonvulsant

Introduction

Epilepsy is a chronic brain disease of diverse etiology,

characterized by recurrent paroxysmal episodes of uncon-
trolled excitation of brain neurons. There is currently a need
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for improved agents for the treatment of seizures, since
currently available drugs are effective only in 60-80% of
epileptic patients. Polytherapy with antiepileptic drugs
(AEDs) is necessary in clinical practice because of the
limited efficacy of monotherapy. In recent years, many new
chemical entities (NCE) have been designed that were
structurally dissimilar from many common anticonvulsant
containing dicarboximide function (CONRCO), which
contributes toxic side effects. 4(3H)-Quinazolinones and
related quinazolines are classes of fused heterocyclic that
are of considerable interest. Quinazoline and quinazolinone
derivatives have diverse pharmacological activities like
anti-tumor, anti-inflammatory, CNS depressant, stimulant,
anthelmentic, muscle relaxant, antifertility, hypoglycemic,
and anti-microbial activities (Raffa et al., 2004a, b; Ala-
garsamy et al., 2003; Mukerji et al., 1980; Gupta et al.,
2008; Shukla and Saxena, 1979; Hussain and Gupta, 1982;
Abdel-Aleem and Abdel-ghaffer, 1980). Literature survey
revealed that presence of substituted aromatic ring at
position 3 and methyl group at position 2 are necessary
requirement for the central nervous system (CNS) depres-
sant and anticonvulsant activities. Modification of methyl
group by some other chemical moiety yielded structural
analogues with anticonvulsant activity. The reported work
is based on 4(3H)-quinazolinone nucleus containing well
known sedative-hypnotic and anticonvulsant methaqualone
(2-methyl-3-o0-tolyl-4(3H)-quinazolinone) and already
reported compounds by us in search of potential anticon-
vulsant compounds (Jatav et al., 2008a, b; Kashaw et al.,
2008, 2009). The structural requirement as presented in the
Fig. 1 prompted us to undertake the present work.

It was also expected to get synergistic response of 4(3H)-
quinazolinone nucleus itself, placement of substituted 1,3,4-
oxadiazole at third position and chemically modifying
second position of 4(3H)-quinazolinone (substituting —CgHs).
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Fig. 1 Comparative pictorial representation of the proposed hypoth-
esis (iv), methaqualone (ii) and previously reported compounds (ii)
and (iii)

Chemistry

The synthetic route is outlined in Fig. 2. Substituted aryl
semicarbazones (2) were prepared according to the method
reported in the literature using semicarbazide hydro-
chloride and substituted aldehydes in alcohol (Furniss

et al., 2005a, b). 2-Amino-5-aryl-1,3,4-oxadiazoles (3)
CH3COZNa R
R CHO + NH,NHCONH, ————

(1a-1f)

Substituted aldehydes Semicarbazide

Substituted semicarbazones

(2a-2f)

were prepared by cyclization of semicarbazones of the
corresponding aromatic aldehydes in the presence of bro-
mine in glacial acetic acid (Rajak et al., 2007). N-benzoyl
anthranilic acid (5) was prepared by reaction of anthranilic
acid with benzoyl chloride. The reaction is followed by
dehydrative cyclization of N-benzoyl anthranilic acid to
form 2-phenyl benzoxazinone (6) (Raffa et al., 2004a, b).
Title compounds 7(a—f) were synthesized by refluxing
2-phenyl benzoxazinone (6) with 2-amino-5-aryl-1,3,
4-oxadiazole (3) in glacial acetic acid. All the synthesized
compounds were characterized by spectral analysis (IR,
H'-NMR). Thin layer chromatography (TLC) was run
throughout the reaction to optimize the reaction for purity
and completion.

Pharmacology

Initial anticonvulsant evaluation of the target compounds
were undertaken by anticonvulsant drug development
(ADD) program, NIH protocol. The profile of anticonvul-
sant activity was established after i.p. injections by one
electrical and one chemical test. The electrical test

H N—N
Br, CH COH

\ /@A )\NH
e

N CH €O Na
>:o

HN (3a-3f)

Substituted oxadiazole amines
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Fig. 2 Scheme for synthesis of target compounds

(7a-7f)

@ Springer



1640

Med Chem Res (2011) 20:1638-1642

employed was the MES pattern test. The chemical test
employed was the subcutaneous metrazole seizure thresh-
old test. Minimal motor impairment was measured by the
rotorod (neurotoxocity, NT) test.

Results and discussion

Structure of the prepared compounds was confirmed with
the help of spectral analysis. Initial anticonvulsant activity
and neurotoxicity data for the quinazolinone analogs are
reported in Table 2. In the prepared series, 7a and 7f were
found to be active at 300 mg/kg in the MES screen at 0.5 h,
whereas 7f showed anticonvulsant activity at 4 h. Out of
six compounds only two compounds namely 7a and 7f
exhibited activity at 300 mg/kg body weight. Three com-
pounds out of six exhibited neurotoxicity at a maximum
dose level of 300 mg/kg. None of the compounds showed
neurotoxicity at a dose of 100 mg/kg. Compounds 7¢, 7d,
and 7e showed extended level of neurotoxicity up to 4 h. It
was observed that, as the electronegativity of substituted
group increases, their anticonvulsant activity and duration
of action also increases. In compound 7a, R is —H which is
less electronegative as compared to —F. Compound 7f
showed rapid onset of action. Compound 7a which was
active at 300 mg/kg in anticonvulsant screening showed no
neurotoxicity, which suggested its selectivity.

Conclusion

Out of six synthesized compounds, 7a and 7f showed
anticonvulsant activity while three compounds (7¢-7f)
exhibited the neurotoxicity (at 300 mg/kg body weight).
Almost all the neurotoxic compounds also exhibited
extended level of activity up to 4 h. Compound 7f was
active at 300 mg/kg body weight during 0.5 and 4 h time
duration but unfortunately it was also toxic at the same
dose. Compound with halogen substitution at position R
was active but with neurotoxicity. Based on the experi-
mental results, it may be concluded that the synthesized
compounds showed more neurotoxic as compared to
anticonvulsant.

Experimental

Chemistry

Melting points were determined in one end open capillary
tubes on a Buchi 530 melting point apparatus and are

uncorrected. Infrared (IR) spectra were recorded for the
compounds on Perkin Elmer Spectrophotometer in KBr

@ Springer

pellets, H'-NMR spectra were recorded on Bruker Avance
Spectrometer at 400 MHz using CDCl; as the solvent.
Chemical shifts were reported in parts per million (ppm)
using trimethylsilane (TMS) as an internal standard. The
purity of the compounds was confirmed by thin layer
chromatography using silica gel glass plates and a solvent
system of chloroform:methanol (8:2). The spots were
developed in iodine chamber and visualized under ultra
violet lamp.

Synthesis of 4-substitutedbenzaldehyde semicarbazone
(2a-2f)

A solution of aromatic aldehyde (0.2 mol) in warm alcohol
(250 ml) and a solution of semicarbazide (0.2 mol) and
sodium acetate (0.4 mol) in 50-60 ml of warm water were
mixed slowly with continuous stirring. The product sepa-
rated immediately on cooling.

Synthesis of 2-amino-5-aryl-1,3,4-oxadiazoles (3a-3f)

Substituted semicarbazone (0.1 mol) and sodium acetate
(0.2 mol) was dissolved in 300-350 ml of warm glacial
acetic acid with continuous stirring. Bromine (7 ml in
50 ml of glacial acetic acid) was added slowly to it.
Solution was stirred for an hour and then poured onto
crushed ice. The separated solid was dried and recrystal-
lized from 95% hot ethanol.

Synthesis of N-benzoyl anthranilic acid (5a-5f)

Anthranilic acid (4) (0.1 mol) was added in 360 ml of (5%)
sodium hydroxide solution in a well-corked conical flask.
Benzoyl chloride (36 ml) was added slowly with constant
shaking until the odor of benzoyl chloride disappeared. The
resulting solid was separated, dried and recrystallised from
95% ethanol.

Synthesis of 2-phenyl benzoxazinone (6a—6f)

The mixture of N-benzoyl anthranilic acid (5) (0.01mol)
and acetic anhydride (0.1 mol) was refluxed under anhy-
drous condition for 2 h. The excess acetic anhydride was
distilled off under reduced pressure. The product so
obtained as a solid mass was used up immediately for next
step. Physico-chemical data and m.p. of the 5 and 6 was in
agreement with the data reported in the literature.

Synthesis of title compounds (7a—7f)
To the mixture of 2-phenyl benzoxazinone (0.1 mol),

2-amino-5-aryl-1,3,4-oxadiazole (0.1 mol) in 100 ml of
glacial acetic acid was added and refluxed under anhydrous
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condition for 4 h. After cooling, it was poured into crushed
ice. The solid was filtered out, dried and recrystallized from
hot ethanol (95%). The yields and melting point of syn-
thesized compound are recorded in Table 1.

7a IR (cm™') 1683.1 (C=O str. in quinazolinone ring), 1608.7 (C=N
str.), 1159.3 (C—O-C str. in oxadiazole ring), 849.3 (Ar-CH out
of plane bending vibration), "HNMR (400 MH,, ) 7.22-7.9 (m,
14H, 3Ar-H)

7b IR (Cm_l) 1684.3 (C=O0 str. in quinazolinone ring), 1608.9 (C=N
str.), 1180.6 (C—O-C str. in oxadiazole ring), 849.3 (Ar-CH out
of plane bending vibration) '"HNMR (400 MH,, 6) 7.29-7.9 (m,
13H, 3Ar-H)

7¢ IR (cm™!) 1684.4 (C=O str. in quinazolinone ring), 1609.4 (C=N
str.), 1180.5 (C—O-C str. in oxadiazole ring), 1231.5 (Asym.
C-O-C str. of aryl alkyl ether), 1025.0 (sym. C—O—C str. of aryl
alkyl ether), 2983.4 (Alkane C-H str.) 848.3 (Ar-CH out of
plane bending vibration) "HNMR (400 MH,, ) 6.83-7.9 (m, 13
H, 3Ar-H), 3.73 (s, 3H, OCH3)

7d IR (cm™ ') 1660.9 (C=O str. in quinazolinone ring), 1583.8 (C=N
str.), 1181.8 (C—O-C str. in oxadiazole ring), 2853.6 (Alkane
C—H str.), 829.1 (Ar-CH out of plane bending vibration)
"HNMR (400 MH,, d) 7.12-7.9 (m, 13H, 3Ar-H), 2.35 (s, 3H,
CH,)

7e IR (cm™!) 1685.0 (C=O str. in quinazolinone ring), 1643.4 (C=N
str.), 1158.3 (C—O-C str. in oxadiazole ring), 1538.5 (Asym.
NO, str.), 1314.9 (Asym. NO, str.) 849.6 (Ar-CH out of plane
bending vibration) "HNMR (400 MH,, 9) 7.29-8.25 (m, 13H,
3Ar-H)

7t IR (cm™!) 1684.8 (C=O str. in quinazolinone ring), 1645.6 (C=N
str), 1157.9 (C—O-C str. in oxadiazole ring), 1039.2 (Aromatic
C—F str.) 843.1(Ar-CH out of plane bending vibration) "HNMR
(400 MH,, 6), 7.03-7.9 (m, 13H, 3Ar-H)

Table 1 Physical data of 3-[5-(4-substituted)phenyl-1,3,4-oxadiaz-
ole-2yl]-2-phenylquinazoline-4(3H)-ones

e
s

_ R
N
(7a-7f)
S.no. Code Molecular formula -R M.P. (°c) % Yield
1 7a CyoH 4N4O, -H 123-125 37.20
2 7b C,,H 5CIN4O, -C1 113-116  42.56
3 7c Cy3H6N4O3 —-OCH; 132-135 29.32
4 7d Cy3H ¢N4Oo —CH3 162-165 46.82
5 Te C,,H3N504 -NO, 155-158  25.80
6 7t C,,H3FN4O, -F 149-152  26.89

Pharmacology

The new derivatives obtained from the reaction sequence
were injected intraperitoneally into mice and evaluated in
the maximal electroshock (MES), subcutaneous metrazole
(ScMET), and neurotoxicity screens, using doses of 30,
100, and 300 mg/kg at two different time intervals. These
data are presented in Table 2.

Anticonvulsant screening

Albino mice were used for this experiment. Food was
withdrawn 12-15 h before the commencement of the
experiments, while water was withdrawn immediately
before the experiment. Maximum seizures were induced by
applications of electrical current across the brain via cor-
neal electrodes primed with normal saline (0.9% NaCl).
The stimulus parameters were 50 mA AC in a pulse of
60 Hz for 0.2 s. After applying shock mice were observed
for the type of convulsion produced and the hind limb
extensor response was taken as the end point. Animals
showing positive hind limb extensor response were used
for testing drug substance. For SCMET test the test com-
pounds were administrated i.p. to all animals in a group.
Pentylenetetrazole (85 mg/kg) was injected subcutane-
ously, 30 min and 4 h after the administration of the
compounds. The absence or presence of an episode of
clonic convulsion was taken as the end point. Initially, all
the compounds were administered i.p. in a volume of
0.01 ml/g body weight for mice and 0.004 ml/g body
weight for rats at doses of 30, 100, and 300 mg/kg to one to

Table 2 Anticonvulsant activity and minimal motor impairment of
3-[5-(4-substituted)  phenyl-1,3,4-oxadiazole-2yl]-2-phenylquinazo-
line-4(3H)-ones

Code no. Intraperitoneal injection in mice®

MES screen scPTZ screen Neurotoxicity screen

05h 4h 05h 4h 05h 4h
7a 300 - - - - -
7b - - - - - -
Te - - - - 300 300
7d - - - - - 300
Te - - - - 300 300
7f 300 300 - - 300 -
Phenytoin” 30 30 - - 100 100
Carbamazepine® 30 100 100 300 100 300

? Doses of 30, 100, and 300 mg/kg were administered. The figures in
the table indicates the minimum dose whereby bioactivity was dem-
onstrated in half or more of the mice. The animals were examined 0.5
and 4 h after injections. () indicates an absence of activity at max-
imum dose administered (300 mg/kg)

® Reference drug
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four animals. Activity was established using the MES and
ScMET test (White et al., 1995a, b) and these data are
presented in Table 2.

Neurotoxicity screen

The test is used to evaluate whether any drug is interfering
with established anticonvulsant activity. Minimal motor
impairment (Swinyard et al., 1961) was measured in mice
by the rotorod test. The mice were trained to stay on an
accelerating rotorod that rotated at six revolutions per
minute. Only those animals showing ability to remain on
the revolving rod for at least 1 min were selected for the
test. These trained mice were divided into group of four
animals each and were given test compounds intraperito-
neally in doses of 30, 100, and 300 mg/kg. The rod
diameter was 3.2 cm. Neurotoxicity was indicated by the
inability of the animal to maintain equilibrium on the rod
for at least 1 min in each of the three trials.

Acknowledgments The authors deeply appreciate the assistance of
Dr. J.P. Stables, Director, Antiepileptic Drug Development Program,
Epilepsy Branch, Preclinical Pharmacology Section, NIH, USA for
screening the compounds for anticonvulsant activity.

References

Abdel-Aleem AM, Abdel-ghaffer AF (1980) Synthesis and antimi-
crobial activity of certain 3-aryl-2-(f-aryl sulphonyl hydrazin-
nomethyl) 4(3H)-quinazolinone. Indian J Pharm Sci 12:78

Alagarsamy V, Revathi S, Kalaiselvi R, Phuvaneswari S, Revathi R,
Amuthalakshmi S, Vijay Kumar S, Siva Kumar S M, Angay-
arkanni T, Sarathadevi M, Saravan Kumar S, Thaugatiruppathy
A, Venkatnarayanan R, Vankatesatermal R (2003) Analgesic
anti-inflammatory and antibacterial activity of some novel 2-
phenyl-3-(substituted methyl amino) quinazolin-4(3H)-ones.
Indian J Pharm Sci 534-536

Furniss BS, Hannaford AJ, Smith PWG, Tatchell AR (2005a) Vogel’s
textbook of practical organic chemistry, Sth edn. Pearson
Education, Edinburgh, p 1258

Furniss BS, Hannaford AJ, Smith PWG, Tatchell AR (2005b) Vogel’s
textbook of practical organic chemistry, S5th edn. Pearson
Education, Edinburgh, p 1274

Gupta A, Mishra P, Kashaw SK, Jatav V, Stables JP (2008) Synthesis
and anticonvulsant activity of some novel 3-aryl amino/amino-4-

@ Springer

aryl-5-imino-Delta(2)-1, 2, 4-thiadiazoline. Eur J Med Chem
43:749-754

Hussain MI, Gupta KB (1982) Hypoglycemic activity of 2-(substi-
tuted phenoxymethyl)-3-(thiadiazol-2-yl)-4-quinazolinones.
Indian J Pharm Sci 44:37

Jatav V, Mishra P, Kashaw S, Stables JP (2008a) CNS depressant and
anticonvulsant activities of some novel 3-[5-substituted 1, 3, 4-
thiadiazole-2-yl]-2-styryl quinazoline-4(3H)-ones. Eur J Med
Chem 43:1945-1954

Jatav V, Mishra P, Kashaw S, Stables JP (2008b) Synthesis and CNS
depressant activity of some novel 3-[5-substituted 1,3,4-thiadi-
azole-2-yl]-2-styryl quinazoline-4(3H)-ones. Eur J Med Chem
43:135-141

Kashaw SK, Kashaw V, Mishra P, Jain NK (2008) Design, synthesis
and potential CNS activity of some novel 1-(4-substituted-
phenyl)-3-(4-oxo-2-propyl-4H-quinazolin-3-yl)-urea. ~ Arkivoc
14:17-26

Kashaw SK, Kashaw V, Mishra P, Jain NK, Stables JP (2009) Design,
synthesis and potential CNS activity of some novel 1-(4-
substituted-phenyl)-3-(4-oxo-2-methyl-4 H-quinazolin-3-yl)-
urea. Eur J Med Chem 44:4335-4343

Mukerji DD, Nautiyal SR, Prasad CR, Dhawan BN (1980) CNS-
depressant activity of some newly synthesised 4(3H)-quinazol-
ones. Indian J Med Res 71:480-482

Raffa D, Daidone G, Maggio B, Cascioferro S, Plescia F, Schillaci D
(2004a) Synthesis and antileukemic activity of new 3-(1-phenyl-
30methylpyrazol-5-yl)-2-styrylquinazolin-4(3H)-ones. IL Far-
maco 59:215-221

Raffa D, Edler MC, Daidone G, Maggio B, Merickech M, Plescia S,
Schillaci D, Bai R, Hamel E (2004b) Synthesis, cytotoxicity and
inhibitory effect on tubulin polymerization of 3-heterocyclo
substituted 2-styrylquinazolinone. Eur J Med Chem 39:299-304

Rajak H, Mishra P, Kharya MD (2007) Synthesis of some novel
oxadiazole and oxadiazoline analogues for their anti-inflamma-
tory activity. Yakugaku Zasshi 127:1757-1764

Shukla JS, Saxena S (1979) Antifertility activity of some newer
variously substituted 4(3H)-quinazolinones. J Indian Chem Soc
56:1237

Swinyard EA, Clark LD, Miyahara JT, Wolf HH (1961) Studies on
the mechanism of amphetamine toxicity in aggregated mice.
J Pharmacol Exp Ther 132:97-102

White HS, Johnson M, Wolf HH, Kupferberg HJ (1995a) The early
identification of anticonvulsant activity: role of the maximal
electroshock and subcutaneous pentylenetetrazol seizure models.
Ital J Neurol Sci 16:73-77

White HS, Woodhead JH, Franklin MR (1995b) General principles:
experimental selection, quantification and evaluation of antiep-
ileptic drugs. In: Antiepileptic drugs. Raven Press, New York,
pp 99-110



	Design and synthesis of some novel 3-[5-(4-substituted) phenyl-1,3,4-oxadiazole-2yl]-2-phenylquinazoline-4(3H)-ones as possible anticonvulsant agent
	Abstract
	Introduction
	Chemistry
	Pharmacology
	Results and discussion
	Conclusion
	Experimental
	Chemistry
	Synthesis of 4-substitutedbenzaldehyde semicarbazone (2a--2f)
	Synthesis of 2-amino-5-aryl-1,3,4-oxadiazoles (3a--3f)
	Synthesis of N-benzoyl anthranilic acid (5a--5f)
	Synthesis of 2-phenyl benzoxazinone (6a--6f)
	Synthesis of title compounds (7a--7f)
	Pharmacology
	Anticonvulsant screening
	Neurotoxicity screen

	Acknowledgments
	References


