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Abstract

Several 2,5-disubstituted-1,3,4-oxadiazoles (4a-f) and 3,6-disubstituted-1,2,4-triazolo[3,4-b]-1,3,4-thiadiazoles (7a-f)
were synthesized and characterized by elemental analyses and spectral data. These compounds were screened for
their anti-inflammatory, analgesic, ulcerogenic and lipid peroxidation activities: Compound 7c showed excellent
anti-inflammatory and remarkable analgesic activity with reduced ulcerogenic and.lipid peroxidation activity when

compared with ibuprofen.
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Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are the
most frequently prescribed drugs worldwide in-muscu-
loskeletal disorders'. They have long been used as anti-
inflammatory, antipyretic and analgesic ‘agents. They
reduce pain significantly in patients with arthritis, low
back pain and soft tissue pain* However, NSAIDs have
important adverse effects, including gastrointestinal (GI)
bleeding, peptic ulcer disease, hypertension, oedema
and renal disease; more recently, some NSAIDs have
also been associated with an increased risk of myocar-
dial infarction®*. Therefore, development of novel com-
pounds having anti-inflammatory and analgesic activity
with improved safety profile is still a necessity.

During literature survey, we found that compounds
having heterocyclic ring substituted with halogenated
phenyl ring in their structure are reported as anti-inflam-
matory and analgesic agents, e.g. zomepirac,’® fluproqua-
zone,’ SC-5587 and DuP-697° (Figure 1). It is reported
that the incorporation of fluorine into a molecule pro-
vides a compound with enhanced biological activity®.
Accumulation of fluorine in carbon increases its oxidative
and thermal stability. Thus fluorinated drugs are useful

because of them being metabolically non-degradable'.
Also, inclusion of fluorine may lead to improved lipid
solubility thereby enhancing the rate of absorption and
transport of drug in vivo". Additionally, fluorinated drug
candidates increase binding affinity to target protein'.
Likewise, bromine-substituted analogues also show bet-
ter anti-inflammatory' activity.

There are reports that dihalogen-substituted com-
pounds exhibit superior biological activity'®'* and only
one heterocyclic compound substituted with 3-bromo-4-
-fluoro phenyl ring is reported as potent analgesic used
in neuropathic and inflammatory pain'.

It is reported that 1,3,4-oxadiazoles possess a broad
spectrum of biological properties including anti-
inflammatory'®,  antifungal'/, anti-mycobacterial'?,
anticancer” and antibacterial®® activities. Similarly,
1,2,4-triazolo[3,4-b]-1,3,4-thiadiazoles are also reported
to have anti-inflammatory*, anticancer®, and antimi-
crobial® activities.

A survey of literature revealed that many researchers
have synthesized 1,3,4- oxadiazole* or 1,2,4-triazolo[3,4-
b]-1,3,4-thiadiazole* derivatives possessing anti-inflam-
matory activity with reduced ulcerogenic effect.
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Figure 1. Chemical structures of some halogenated anti-
inflammatory and analgesic agents.

The above reportings inspired us to synthesize 1,3,4-
oxadiazole and 1,2,4-triazolo[3,4-b]-1,3,4-thiadiazole
derivatives bearing 3-bromo-4-fluoro phenyl moiety
with the aim of getting potential anti-inflammatory and
analgesic compounds with reduced GI side effects. The
study of the effect of various substituents in the aromatic
ring at 5 position of 1,3,4- oxadiazoles*?*® and 6 position
of 1,2,4-triazolo[3,4-b]-1,3,4-thiadiazoles” is based on
various reportings.

We hereby report the syntheses of some new 2-(3-
bromo-4-fluorophenyl)-5-substituted-1,3,4-oxadiazoles
and  3-(3-bromo-4-fluorophenyl)-6-substituted-1,2,4-
triazolo[3,4-b]-1,3,4-thiadiazoles. These compounds
were screened for their anti-inflammatory, analgesic,
ulcerogenic and lipid peroxidation activities.

For the study, ibuprofen was chosen as reference drug.
This selection was based on intensive literature survey.
Many researchers have already used this drug for com-
parison purpose to study anti-inflammatory and related
activities of different azoles***.

Ibuprofen is a traditional NSAID largely employed for
its analgesic, anti-inflammatory and antipyretic proper-
ties. It is used both as prescription and non-prescription
drug’. It has large number of users and so provides the
most stable baseline for comparisons®. Its use, however,
may result in ulceration and/or bleeding®. Therefore, by
using ibuprofen as reference drug, we could compare
both the desirable and non-desirable effects in the tested
compounds.

Materials and methods

Chemistry

Melting points were determined in open capillaries and
are uncorrected. Chemicals were purchased from Merck
Chemical Company, CDH (India), SD Fine (India) and
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Qualigens (India). Infrared (IR) spectra were recorded
on Shimadzu 8400S IR spectrometer. The 'H and *C
NMR spectra were recorded on Bruker AV 300 MHz
spectrophotometer using CDCl, or DMSO-d, as nuclear
magnetic resonance (NMR) solvent. Mass spectra were
recorded on a Waters UPLC/ MS quadrupole system
equipped with electron spray ionization (ESI) source and
elemental analyses were carried out on a Vario-EL III
CHNOS-Elemental analyzer. Thin layer chromatography
(TLC) was performed to monitor progress of the reaction
and purity of the compounds, spot being located under
iodine vapours or UV light.

Synthesis of 3-bromo-4-fluorobenzoic acid (1)

The mixture of water (17mL), 4-fluorobenzoic acid
(3.50g, 0.025mol) and potassium bromate (3.93g,
0.024 mol) was heated to 80°C and sulphuric acid (16 mL)
was added slowly over a period of 3h. The contents were
then heated further at 90°C-100°C for 2 h. To this reaction
mixture, water (50mL) was added and the mixture was
extracted with diethyl ether (3 x 30 mL). The organic layer
extracts were combined, treated with sodium bisulphite
solution and dried over anhydrous magnesium sulphate
The ether was removed to give the yellowish white solid.
Yield (62%), m. p. 132°C-134°C (lit*!, 137°C-139°C).

Synthesis of methyl 3-bromo-4-fluorobenzoate (2)
Compound 1 (2.19g, 0.01 mol) was refluxed with metha-
nol (30mL) in presence of few drops of sulphuric acid
for 4h. The reaction mixture was poured onto crushed
ice. A yellow oily liquid so obtained was extracted with
diethyl ether (2x20mL) and dried over magnesium sul-
phate. Ether was removed and light yellow oily liquid so
obtained was used for the next step. Yield (78%).

Synthesis of 3-bromo-4-fluorobenzohydrazide (3)

Compound 2 (2.33 g, 0.01 mol) was refluxed with hydra-
zine hydrate (0.5mL, 0.01mol) in absolute ethanol
(40mL) for 6h. The mixture was concentrated, cooled
and poured onto crushed ice. The solid thus separated
out was filtered, dried and recrystallised from ethanol to
give light yellow crystals. Yield (64%); m. p. 120°C-122°C.

General method for the synthesis of 2-(3-bromo-

4-fluorophenyl)-5-substituted-1,3,4-oxadiazoles (4a-f)
Compound 3 (0.23g, 0.001 mol) was refluxed with equi-
molar quantity of appropriate aromatic acid in presence
of phosphorous oxychloride (10 mL) for 8-12 h. After cool-
ing, it was poured onto crushed ice and kept overnight.
The solid thus separated out was filtered, washed with
water, dried, and recrystallised from ethanol to give 4a-f.

2-(3-Bromo-4-fluorophenyl)-5-phenyl-1,3,
4-oxadiazole (4a)

FTIR (KBr pellet) cm™: 3124 (aromatic C-H stretch);
1627 (C=N stretch); 1532, 1500, 1407 (C=C ring stretch);
1280 (N-N=C); 1211 (asymmetric C-O-C stretch); 1018
(symmetric C-O-C stretch); 1149 (C-F stretch); 543 (C-Br
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stretch); "H NMR (DMSO-d,) 6 (ppm): 7.30 (dd, 1H, /=8.4
Hz, J=8.1 Hz, 5-H), 7.48 (m, 1H, ArH), 7.92 (m, 2H, ArH),
7.98 (ddd, 1H, J=5.1 Hz, J=4.5 Hz, J=2.1 Hz, 6-H), 8.01
(m, 2H, ArH) 8.16 (dd, 1H, J=6.3 Hz, J=2.1 Hz, 2-H); *C
NMR (DMSO-d,) 6 (ppm): 165.2 (C), 157.4 (C), 156.3 (C),
133.8 (C), 132.4 (C), 131.5 (C), 128.8 (C), 127.3 (2C), 126.1
(2C), 122.3 (C), 114.6 (C), 112.3 (C); MS: m/z 319 (M*);
Anal. Calcd for C H,BrFN,O: C, 52.69; H, 2.53; N, 8.78;
Found C, 52.71; H, 2.54; N, 8.77%.
2-(3-Bromo-4-fluorophenyl)-5-(4-chlorophenyl)-
1,3,4-oxadiazole (4b)
2-(3-Bromo-4-fluorophenyl)-5-(4-fluorophenyl)-
1,3,4-oxadiazole (4c)
2-(3-Bromo-4-fluorophenyl)-5-(4-methylphenyl)-
1,3,4-oxadiazole (4d)
2-(3-Bromo-4-fluorophenyl)-5-(4-methoxyphenyl)-
1,3,4-oxadiazole (4e)
2-(3-Bromo-4-fluorophenyl)-5-(1-naphthylmethyl)-
1,3,4-oxadiazole (4f)

Synthesis of potassium salt of 3-bromo-
4-fluorobenzohydrazide (5)

A mixture of compound 3 (2.33 g, 0.01 mol), carbon disul-
fide (0.9 mL, 0.015mol) and potassium hydroxide (0.84 g,
0.015mol) in absolute ethanol (50mL) was refluxed for
14 h. It was cooled to room temperature and diluted with
dry ether (25mL). The solid so obtained was filtered,
washed with ether and vacuum dried at 65°C. The salt so
obtained was used as such for next step. Yield (67%).

Synthesis of 4-amino-5-(3-bromo-4-fluorophenyl)-
4H-1,2,4-triazole-3-thiol (6)

A mixture of compound 5 (3.35g, 0.01 mol), hydrazine
hydrate (1.0 mL, 0.02 mol) and water (15 mL) was refluxed
for 2h. The contents turned green, hydrogen sulphide gas
was evolved and a homogenous mixture was obtained.
The contents were diluted with cold water (100 mL) and
acidified with hydrochloric acid; a white solid so obtained
was filtered, washed with cold water and recrystallised
from aqueous ethanol to give compound 6. Yield (65%);
m. p. 138°C-140°C.

FTIR (KBr pellet) cm™: 3417 (N-H stretch); 3078 (aro-
matic C-H stretch); 2673 (S-H stretch) 1685 (C =N stretch);
1539, 1508, 1427 (C =C ring stretch); 1292 (N-N=C); 1049
(C-F stretch); 497 (C-Br stretch); '"H NMR (DMSO-d,) o
(ppm): 2.51 (s, 1H, S-H), 3.82 (s, 2H, NH,), 7.04 (dd, /=8.4
Hz,J=7.8Hz, 1H, 5-H), 7.91 (ddd, 1H, J=5.1 Hz, J=4.2 Hz,
J=1.8Hz, 6-H), 8.14 (dd, 1H, J=6.6 Hz, J=1.8 Hz, 2-H); *C
NMR (DMSO-d,) & (ppm): 165.7 (C), 160.4 (C), 158.3 (C),
136.1 (C), 134.3 (C), 126.4 (C), 118.1 (C), 112.3 (C); MS:
m/z 288 (M"); Anal. Calcd for C;HBrEN,S: C, 33.23; H,
2.09; N, 19.38; Found C, 33.29; H, 2.09; N, 19.36%.

General method for the synthesis of 3-(3-bromo-
4-fluorophenyl)-6-substituted-1,2,4-triazolo[3,4-b]-
1,3,4-thiadiazoles (7a-f)

Compound 6 (0.29g, 0.001 mol) was refluxed with equi-
molar quantity of appropriate aromatic acid in presence

of phosphorous oxychloride (10mL) for 3-5h. The reac-
tion mixture was cooled to room temperature and poured
onto crushed ice with constant stirring. The mixture was
allowed to stand overnight and the solid thus separated
out was filtered, treated with 5% of dilute sodium hydrox-
ide solution, washed with water and recrystallised from
ethanol to give 7a-f.

3-(3-Bromo-4-fluorophenyl)-6-phenyl-1,2,
4-triazolo[3,4-b]-1,3,4-thiadiazole (7a)
FTIR (KBr pellet) cm™: 3039 (aromatic C-H stretch); 1704
(C=N stretch); 1550, 1527, 1442 (C=C ring stretch); 1384
(N=C-S); 1292 (N-N=C); 1053 (C-F stretch); 563 (C-Br
stretch); "H NMR (DMSO-d,) 6 (ppm): 7.18 (dd, 1H, /=8.7
Hz, J=8.1 Hz, 5-H), 7.48 (m, 1H, ArH), 7.89 (m, 2H, ArH),
7.97 (ddd, 1H, J =4.8 Hz, J=4.5 Hz, J=1.8 Hz, 6-H), 8.01
(m, 2H, ArH) 8.16 (dd, 1H, J=6.9 Hz, J=2.1 Hz, 2-H); *C
NMR (DMSO-d,) 6 (ppm): 164.2 (C), 160.7 (C), 157.1 (C),
154.3 (C), 134.3 (C), 132.6 (C), 131.4 (C), 128.3 (C), 126.8
(2C), 126.2 (2C), 116.3 (C), 113.8 (C), 112.4 (C); MS: m/z
375 (M*); Anal. Calcd for C H,BrFN,S: C, 48.01; H, 2.15;
N, 14.93; Found C, 47.96; H, 2.15; N, 14.96%.
3-(3-Bromo-4-fluorophenyl)-6-(4-chlorophenyl)-
1,2,4-triazolo[3,4-b]-1,3,4-thiadiazole (7b)
3-(3-Bromo-4-fluorophenyl)-6-(4-fluorophenyl)-
1,2,4-triazolo[3,4-b]-1,3,4-thiadiazole (7¢)
3-(3-Bromo-4-fluorophenyl)-6-(4-methylphenyl)-
1,2,4-triazolo[3,4-b]-1,3,4-thiadiazole (7d)
3-(3-Bromo-4-fluorophenyl)-6-(4-methoxyphenyl)-
1,2,4-triazolo[3,4-b]-1,3,4-thiadiazole (7e)
3-(3-Bromo-4-fluorophenyl)-6-(1-naphthylmethyl)-
1,2,4-triazolo[3,4-b]-1,3,4-thiadiazole (7f)

Animals

Adult Wistar albino rats of either sex, weighing between
160 and 200g were used for anti-inflammatory, ulcero-
genic and lipid peroxidation activities, whereas Swiss
albino mice of either sex, weighing between 18 and 25g
were used to evaluate analgesic activity. The animals were
randomly distributed into groups at the beginning of all
the experiments. In each group six animals were kept. The
animals were allowed food and water ad libitum except
during the experiments. All the test compounds and the
reference drug were administered orally, suspended
in 1% carboxymethylcellulose (CMC) with one drop of
twin-80 solution wherever required. The experimental
protocol was approved by the animal ethics committee
of Jamia Hamdard.

Anti-inflammatory activity

Anti-inflammatory activity was evaluated by carra-
geenan-induced hind paw oedema method®. Into the
subplantar region of the right hind paw of each rat,
0.1 mL of 1% carrageenan solution in saline was injected
subcutaneously, 1h after administration of the test
compounds and standard drug. Control group received
only solution of 10mL/kg 1% CMC with one drop of
twin-80. Standard drug ibuprofen was administered
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orally at a dose of 20 mg/kg. The test compounds were
administered orally at same dose of 20mg/kg. The
right hind paw volume was measured with a digital
plethysmometer (Panlab LE 7500) before and after 1, 3
and 4h of carrageenan treatment. Percentage of anti-
inflammatory activity was calculated according to the
following formula:

Percent oedema inhibition = {Vc-Vt/Vc}x100

where Ve represents the mean increase in paw volume in
control group of rats and Vtrepresents the mean increase
in paw volume in rats treated with test compounds and
standard drug.

Analgesic activity

Analgesic activity was evaluated by acetic acid-
induced writhing method®. It was performed by an
Intraperitoneal (IP) injection of 1% aqueous acetic acid
solution in a volume of 0.1 mL. Screening of analgesic
activity was performed after PO (oral) administration
of test compounds at a dose of 20 mg/kg. All the com-
pounds were dissolved in 1% CMC. One group was
kept as control and received PO administration of 1%
CMC. Ibuprofen 20 mg/kg was used as reference drug.
After 1h of drug administration, 0.1 mL of 1% acetic
acid solution was given to mice intraperitoneally. The
total number of writhes was recorded for 10 min begin-
ning 5min after the acetic acid injection. The analgesic
activity was expressed in terms of percentage inhibition
of the number of writhes.

Analgesic activity (%) = {Nc-Nt/Nc}x100

where Ncrepresents the mean number of writhes of con-
trol group of mice and Nt represents the mean number of
writhes of test group of mice.

Acute ulcerogenicity studies

Acute ulcerogenicity screening was performed accord-
ing to the method reported by Cioli et al.** Ulcerogenic
activity was evaluated after PO administration of test
compounds or ibuprofen at a dose of 20mg/kg. Control
group received PO administration of vehicle (suspen-
sion of 1% CMC). Food, but not water, was removed 24 h
before administration of the test compounds and stan-
dard drug. After the drug treatment, the rats were fed with
normal diet for 17h and then sacrificed under light ether
anaesthesia. The stomach was then removed and opened
along the greater curvature, washed with distil water and
cleaned gently by dipping in saline. The mucosal damage
was examined by means of a magnifying glass. For each
stomach, the mucosal damage was assessed according to
the following scoring system:

0.5 Redness

1.0 Spot ulcers

1.5 Hemorrhagic streaks
2.0 Ulcers <3, but<5
3.0 Ulcers > 5

© 2012 Informa UK, Ltd.
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The mean score of each treated group minus the mean
score of control group was regarded as severity index of
gastric mucosal damage.

Lipid peroxidation

Lipid peroxidation in the gastric mucosa was evaluated
according to the method reported by Ohkawa et al.*®
After screening for ulcerogenic effect of synthesized
compounds the gastric mucosa of animals was scraped
with two glass slides, weighed (100 mg) and homog-
enized in 1.8 mL of 1.15% ice-cold KCI solution. The
homogenate was supplemented with 0.2mL of 8.1%
sodium dodecyl sulphate (SDS), 1.5mL of acetate
buffer (pH 3.5) and 1.5mL of 0.8% thiobarbituric acid
(TBA). The mixture was heated at 95°C for 60 min. After
cooling, the contents were shaken vigorously for 1 min
and centrifuged for 10 min at 4000rpm after supple-
menting with 5mL of the mixture of n-butanol and
pyridine (15:1 v/v). The supernatant organic layer was
separated and absorbance was measured at 532nm on
UV spectrophotometer. The results are expressed as
nmols of MDA per 100 mg tissue, using extinction coef-
ficient 1.56 x 10° cm™'M,

Acute toxicity study

Approximate 50% lethal dose (ALD,) of the promis-
ing compounds was determined in albino mice by
the reported method*. Swiss albino mice of either sex
weighing 18-25g were used. The test compounds were
dissolved in DMSO in 500, 750, and 1000mg/kg body
weight doses and were injected intraperitoneally. The
toxic symptoms and mortality rates in each group were
recorded 24 h after drug administration.

Statistical analysis

Statistical analysis was carried out by using Graphpad
Prism 3.0 (Graphpad software; San Diego, California,
USA). All results were expressed by mean + SD. Graphs
of data were compared with an analysis of variance
(ANOVA) followed by Dunnett’s multiple comparison
test. Values were considered statistically significant as
p<0.05.

Results and discussion

Chemistry
The reaction sequences involved in the synthesis of target
compounds are shown in Scheme 1.

The starting material 3-bromo-4-fluorobenzoic
acid 1 was successfully synthesized by the bromi-
nation of 4-fluoro-benzoic acid on the basis of the
synthesis of 3-bromobenzoic acid*” and halogena-
tion reactions®. Compound 1 on esterification with
methanol in presence of catalytic amounts of sulph-
uric acid gave methyl 3-bromo-4-fluorobenzoate 2.
Further, compound 2 was converted into 3-bromo-
4-fluorobenzohydrazide 3, by reacting it with hydra-
zine hydrate in presence of absolute ethanol. The
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2-(3-bromo-4-fluorophenyl)-5-substituted-1,3,4-
oxadiazoles 4a-f were successfully obtained by react-
ing 3 with appropriate aromatic acid in presence of
phosphorous oxychloride. However, refluxing the
compound 3 with carbon disulphide and potassium
hydroxide in absolute alcohol formed potassium salt
of 3-bromo-4-fluorobenzohydrazide 5. This, potassium
salt on treatment with hydrazine hydrate gave 4-amino-
5-(3-bromo-4-fluorophenyl)-4H-1,2,4-triazole-3-thiol
6. Compound 6 on reacting with appropriate aromatic
acid in presence of phosphorous oxychloride yielded
3-(3-bromo-4-fluorophenyl)-6-substituted-1,2,4-
triazolo[3,4-b]-1,3,4-thiadiazoles 7a-f.

Anti-inflammatory activity

All the newly synthesized compounds 4a-f and 7a-f
were evaluated for their in vivo anti-inflammatory activ-
ity by carrageenan-induced rat paw oedema method of
Winter et al.** The effect of various substituents in the
aromatic ring was studied. The compounds were tested

at 20mg/kg oral dose and response was compared with
the standard drug ibuprofen at the same oral dose. The
percentage inhibition was calculated after 1, 3 and 4 h of
carrageenan treatment. Since maximum inhibition was
observed after 4h, this was made the basis of discus-
sion. The tested compounds showed anti-inflammatory
activity ranging from 23.75%-51.86% (Table 1), whereas
the standard drug ibuprofen showed 60.06% inhibition
after 4h. The 1,3,4-oxadiazole derivatives 4a-f exhibited
anti-inflammatory activity in the range from 23.75% to
35.36%. The 1,2,4-triazolo[3,4-b]-1,3,4-thiadiazole deriv-
atives 7a-f displayed better activity ranging from 29.95%
t0 51.86%.

It was interesting to note that the compounds 4a
and 7a having unsubstituted aryl ring showed the low-
est anti-inflammatory activity in their respective series
(23.75% and 29.95%, respectively). It was observed that
introduction of halogen atom in the aryl ring increased
the activity in both the series of compounds. Compound
7¢, a 1,2,4-triazolo[3,4-b]-1,3,4-thiadiazole derivative,

i COOH ()G o cooq V) F COOCH;
(iii)
Br Br 2
(v)
)\
o - (vi) F CONHNH,
- -
Br 3
Br da-f
(vii)
F CONHNHC(S)S'K*
Br >
(viii)
) J
\ \
N)\S B (ix) T)\SH
\ o~
F N=< F NH,
Br Ar Br .

Ta-f

Scheme 1. Reagents and conditions: Synthetic route to target compounds 4a-f and 7a-f. (i) KBrO,, 80°C; (ii) H,SO, add over a period of 3 h;
(iii) heat, 90°C-100°C, 2h; (iv) CH,OH, H,SO,, reflux for 4h; (v) NH,NH,.H,0, absolute C,H_OH, reflux for 6 h; (vi) POCI,, Ar-COOH, reflux
for 8-12h; (vii) KOH, CS,, absolute C,H_OH, reflux for 14 h, (viii) NH,NH,.H,0, reflux for 2 h; (ix) POCI,, Ar-COOH, reflux for 3-5h. Where a,
Ar=CH,; b, Ar=4-Cl-CH; ¢, Ar=4-F-CH,; d, Ar=4-CH,-C H ; e, Ar=4-OCH,-C H; f, Ar= C, H,.

6" 5 64 6" "4’ 6" "4’
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the aryl ring of which is substituted with fluorine atom
showed the highest activity (51.86%) which is compa-
rable with ibuprofen (60.06%). When this fluorine atom
was replaced by chlorine atom the obtained compound
7b showed 46.61% inhibition. The same pattern of anti-
inflammatory activity was also observed with 1,3,4-oxa-
diazole derivatives 4a-f. Compound 4c containing
fluorine atom at para-position in the aryl ring present
at 5 position of 1,3,4-oxadiazole nucleus showed an
increase in anti-inflammatory activity from 23.75% to
34.66% compared with unsubstituted aryl ring. When
the fluorine atom was replaced by chlorine atom, the
obtained compound 4b showed 33.03% anti-inflamma-
tory activity. It was noted when the aryl ring was replaced
by naphthyl ring, the obtained compound 4f showed the
highest activity 35.36% among 1,3,4-oxadiazole deriva-
tives. It was also observed that changing electronic
parameter adversely affected the activity, a decrease in

Azoles as anti-inflammatory and analgesic agents 663

activity was observed by replacing halogen atom with
methyl (4d and 7d; 26.97% and 32.17%, respectively) or
methoxy (4e and 7e; 28.19% and 34.25%, respectively)
group. Statistically significant testing using ANOVA fol-
lowed by Dunnett’s multiple comparison test showed
that the anti-inflammatory activity of all the tested
compounds except 7c were in the range of p<0.01 when
compared with ibuprofen. Anti-inflammatory activity
of compound 7c¢ was found comparable to ibuprofen.
Potency of synthesized compounds was determined in
comparison to ibuprofen. Compounds having potency >
0.50 were further selected for determining their ulcero-
genic activity.

Analgesic activity

The analgesic activity of the synthesized compounds was
evaluated by acetic acid-induced writhing method®. The
tested compounds showed analgesic activity ranging

Table 1. Anti-inflammatory activity of the synthesized compounds after oral administration (20 mg/kg).

Paw volume. +SD % inhibition +SD

Compound 0h (Basal) After1h After3h After 4 h After 1 h After 3h After4h Potency
4a 0.84+0.07 1.24+0.07 1.74+0.10 1.84+0.10 12.91+£7.30 21.94+6.36 23.75+5.68* 0.40
4b 0.82+0.06 1.16+0.07 1.54+0.08 1.61+0.09 18.65+7.86 31.18+4.55 33.03+4.38* 0.55
4c 0.84+0.05 1.11+0.09 1.55+0.11 1.58+0.11 22.44+2.92 30.81+4.32 34.66+3.74* 0.58
4d 0.81+0.07 1.21+0.09 1.73+0.10 1.76+0.09 14.92+8.90 22.73+3.58 26.97+3.01* 0.45
4e 0.83+0.03 1.21+0.06 1.69+0.07 1.73+0.08 15.28+7.85 24.28+5.65 28.19+5.47* 0.47
4f 0.84+0.07 1.16+0.07 1.53+0.05 1.56+0.06 18.54+6.41 31.56+1.81 35.36+2.06* 0.59
7a 0.81+0.07 1.22+0.07 1.63+0.11 1.69+0.11 14.12+7.41 27.09+6.36 29.95+6.21* 0.50
7b 0.81+0.06 1.13+£0.06 1.25+0.05 1.29+0.05 20.72+7.54 43.94+3.47 46.61+3.29° 0.78
7c 0.81+0.04 1.06+0.04 1.12+0.08 1.16+0.10 25.49+1.89 49.93+3.35 51.86+4.10 0.86
7d 0.83+0.07 1.19+0.05 1.60+0.05 1.63+0.04 16.11+8.14 28.34+4.47 32.17+3.95* 0.54
7e 0.82+0.05 1.18+0.05 1.55+0.06 1.58+0.05 17.44+1.77 30.46+5.03 34.25+3.84* 0.57
7f 0.84+0.07 1.19+0.05 1.44+0.07 1.48+0.08 16.22+6.78 35.42+4.45 38.42+4.09* 0.60
Ibuprofen 0.82+0.06 0.89+0.04 0.94+0.04 0.96+0.04 37.62+0.90 57.78+1.42 60.06+1.66 1.00
Control 0.84+0.08 1.43+0.09 2.23+0.07 2.41+0.08 - - - -

Data were given in mean + SD and analyzed by ANOVA followed by Dunnett’s multiple comparison test, (n=6).

3p<0.01 compared to the standard drug (ibuprofen).

Table 2. Analgesic, ulcerogenic and lipid peroxidation activities of the synthesized compounds.

Analgesic activity £ SD

No. of writhes in

Compound 15min + SD % inhibition Potency Ulcerogenic activity ~ Lipid peroxidation
4a 59.25+7.81 17.41+£4.19° 0.29 - -

4b 55.50+7.94 22.77+3.36" 0.38 0.763+0.19* 5.103+0.41*
4c 53.75+10.84 25.74+4.33" 0.43 0.850+0.40° 5.200+0.51*
4d 60.50+7.55 15.65+3.46° 0.26 - -

4e 53.25+5.91 24.84+13.12° 0.41 - -

4f 51.50+5.26 27.71+£8.17° 0.46 0.900+0.48° 5.615+0.83°
7a 53.25+8.18 25.61+9.43" 0.42 - -

7b 39.75+5.56 44.48+5.73* 0.73 0.788+0.17* 5.008+0.45
7c 36.75+4.65 48.18+9.11 0.80 0.763+0.37* 5.108+0.58*
7d 50.00+6.22 29.75+9.96" 0.49 0.750+0.39* 5.095+0.46*
7e 45.00+6.48 36.95+8.71° 0.61 0.875+0.42° 5.248+0.65*
7f 45.50+6.60 35.83+9.37° 0.59 0.925+0.41° 5.358+0.48"
Ibuprofen 28.50 +£5.20 60.48 + 3.12 1.00 1.738 £0.13" 7.375 1 0.48°
Control 72.00 +11.17 - - 0.000 +0.00 3.978 +£0.15

®p<0.01; *p<0.05; compared to the standard drug (ibuprofen) for analgesic; compared to the control for ulcerogenic and lipid

peroxidation studies.

© 2012 Informa UK, Ltd.
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from 15.65% to 48.48%, whereas ibuprofen showed 60.48%
inhibition (Table 2). The 1,2,4-triazolo[3,4-b]-1,3,4-thi-
adiazole derivatives 7a-f showed better analgesic activ-
ity (25.61%-48.48%) compared with 1,3,4-oxadiazole
derivatives 4a-f (15.65%-27.71%). It was observed that
compound 7c possessing excellent anti-inflammatory
activity also showed highest analgesic activity 48.18%.
In compound 7c, aryl ring is substituted with fluorine
atom. When the fluorine atom of this compound was
replaced by chlorine atom, the obtained compound 7b
was also found to have a good analgesic activity 44.48%.
Compounds 7e and 7f showed moderate analgesic activ-
ity (36.95% and 35.83%, respectively).

Acute ulcerogenicity studies

The ulcerogenic activity was done according to Cioli
et al** The compounds showed ulcerogenic activity
ranging from 0.750 to 0.925. The standard drug ibupro-
fen showed high severity index of 1.738 (Table 2). It was
clear that the ulcerogenic effect of all the test compounds
was appreciably less than ibuprofen. Five compounds
4b, 4c, 7b, 7c and 7d showed severity index having half
the value of ibuprofen. It is interesting to note that all the
1,2,4-triazolo[3,4-b]-1,3,4-thiadiazole derivatives sub-
stituted with halogenated phenyl ring at 6 position have
very less ulcerogenic activity.

Lipid peroxidation

Compounds with low ulcerogenic activity are also
reported to have reduced malondialdehyde (MDA)
content, a by-product of lipid peroxidation®. Therefore
by determining the MDA level, an attempt was made
to correlate the reduction in ulcerogenic activity of the
compounds with that of lipid peroxidation. The lipid
peroxidation was measured as nmols of MDA/100mg
of tissue. All the compounds which were evaluated for
ulcerogenic activity were also subjected to lipid per-
oxidation studies. The animals treated with ibuprofen
showed lipid peroxidation 7.375, whereas the control
group exhibited 3.978 and the groups treated with the
synthesized compounds showed it to be ranging from
5.008 to 5.615 (Table 2). These results further confirmed
that the synthesized compounds have less ulcerogenic
effects compared with the standard drug ibuprofen.

Acute toxicity

Compounds 7b and 7c exhibiting prominent anti-
inflammatory and analgesic activity were further
selected for evaluating their approximate lethal dose
(ALD, ) in mice as described in the literature®. However,
no toxic symptoms or mortality rates were observed 24 h
post-administration even at the dose of 1000 mg/kg body
weight suggesting their wide margin of safety.

Conclusion

We report herein that the syntheses of 2-(3-bromo-
4-fluorophenyl)-5-substituted-1,2,4-oxadiazoles 4a-f

and 3-(3-bromo-4-fluorophenyl)-6-substituted-1,2,4-
triazolo(3,4-b]-1,3,4-thiadiazoles 7a-f. The synthesized
compounds were studied for their anti-inflammatory,
analgesic, ulcerogenic and lipid peroxidation proper-
ties. The biological results showed that, compound
7c¢ possessed highest anti-inflammatory (51.86%) and
analgesic (48.18%) activity. Also, there was marked
reduction in ulcerogenic and lipid peroxidation activity
(0.763 and 5.108, respectively) compared with the stan-
dard drug (1.738 and 7.375, respectively). Similarly,
compound 7b exhibited moderate anti-inflammatory
and analgesic activity with less ulceration and lipid
peroxidation (46.61%, 44.48%, 0.788 and 5.008, respec-
tively). Compounds 7b and 7c¢ were further selected for
toxicity studies and were found to have a wide margin
of safety.

The 1,2,4-triazolo[3,4-b]-1,3,4-thiadiazoles derivative
having fluorine-substituted aryl ring at 6 position was
identified as most potent anti-inflammatory and analge-
sic agent with reduced ulcerogenic effect.
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