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Abstract

In the present study two new series of [5-(4-stltstil-phenyl)-[1,3,4]oxadiazol-2-yl]-pyridine
(la-1d) and 2-(4-substituted phenyl)-5-(2-aminoptleh,3,4-oxadiazole (2a-2e) were
synthesized from esters and hydrazine hydrate enptiesence of ethanol through isonicotinic
acid hydrazide and 2-aminobenzohydrazide respdgtioiowed by reaction with phosphorus
oxychloride and various aromatic acids. Synthesizetnpounds were subjected to anti-
inflammatory and antimicrobial activity. A fair nlo@ar of compounds were found to have good
anti-inflammatory activity in carrageenan-induceat paw oedema test, while all the compounds
showed significant antibacterial activity.
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INTRODUCTION

A diversity of useful biological effects is possedsby heterocyclic compounds containing
oxadiazole nucleus [1]. In particular, compoundarimg 1,3,4-oxadiazole nucleus are known to
exhibit unique antiedema and anti-inflammatory\aigti[2-5] Differently substituted oxadiazole
moiety has been found to have other interestinlyiaes such as analgesic [3,4], antimicrobial
[6,7], antitubercular [8], anticonvulsant [9] andtitumour [10,11]. In the present work, an
attempt has been made to synthesize analogueS-distibstituted 1,3,4-oxadiazole anticipating
to possess anti-inflammatory and antimicrobialvdigti

MATERIALS AND METHODS
Preparation of hydrazide

A mixture of substituted ester (0.1mole), excesshydrazine hydrate (20ml, 0.4 mole) and
absolute alcohol (50ml) was refluxed for 5 hourgcdss of solvent was distilled off. The
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reaction mixture was cooled to 4-5°C and separatgid crystals were filtered, washed with
cold water, dried and recrystallised from ethad@l||

Synthesis of 1,3,4-oxadiazoles from respective hyaftides

A mixture of substituted aromatic acid (0.01lmoleithwhydrazide (0.01mole) dissolved in
phosphorusoxytrichloride (15ml) was refluxed ovewater bath for 4-5 hours. The progress of
reaction was monitored by TLC using ethylacetatet@e (9:1) as eluent. The reaction mixture
was cooled and poured on to crushed ice drop wiseasntinuous stirring. The separated solid
mass was neutralised with ammonia solution. Theurgxwas left overnight in refrigerator. The
resulting solid thus obtained was collected bydtibn, washed well with cold water, dried and
recrystallized from absolute ethanol [13].

Scheme
C,HsOH
R-COOC;Hs  + NHoNH,.H,0 P RCONHNH,
Substituted Hydrazine substituted
esters hydrate hydrazide
OOH
N
VANRREY
refluxing 4-5 hrs / 7
R’
2. POClg

2,5-disubstituted-1,3,4-oxadiazole
R=2-NH,CsH,, CsHuN; R’= 4-CIC;H,4, 4-NH,CeH4, 4-NO,CeH4, 3-NO,CgH4, 2-OH-3-CHCgH3, 4-NH,-2-OHGH3

Physical and Spectral Characterisation [20,21]

Preparation of 2-(4-chlorophenyl)-5-(pyridine-4-yl}1,3,4 oxadiazole 1(a)

Ci13HgN3OCI, yield: 85.6%, Mp: 110-117°C. TLC ethylacetateetone (9:1) R0.71. IR cnt
(KBry. vV 3095 (aromatic C-H ), 1598, 1481(aromatic C=C),273C=N), 1227 (asymmetric C-
O-C), 1087 (symmetric C-O-C), 1050 (Ar-Cl), 738@-id Para substfHNMR (DMSO-d;, &
ppm): 7.38-8.59 (m, 4H, C-H Pyr), 7.30-7.32 (m, 4MIS (FAB) m/z: 257 (M), 258 (M'+1,
100%).

Preparation of 4-(5-(pyridine-4-yl)-1,3,4 oxadiazoR-yl) aniline 1(b)

Ci13H10N4O, yield: 82.5%, Mp: 100-105°C. TLC ethylacetateetne (9:1) R 0.72. IR cnt
(KBry. vV 3443 (stretch Nb), 1600 (bend Nb), 3100 (aromatic C-H ), 1654, 1405 (aromatic
C=C), 1654 (C=N), 1256 (asymmetric C-O-C), 1182Zr(setric C-O-C), 846 (C-H Para subst);
'HNMR (DMSO-d;, & ppm): 7.41-8.59 (m, 4H, C-H Pyr), 7.30-7.35 (m, Arbm.), 4.13 (s,
NH,); MS (FAB) m/z: 238 (M), 239 (M'+1, 100%).
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Preparation 2-(4-nitrophenyl)-5-(pyridine-4-yl)-1,3,4-oxadiazole 1(c)

Ci13HsN4Os, vield: 60.2%, Mp: 160-166°C. TLC ethylacetateetne (9:1) R 0.48. IR cni
(KBry. V3091 (aromatic C-H ), 1606, 1485 (aromatic C=CH46C=N), 1220 (asymmetric C-O-
C), 1066 (symmetric C-O-C), 858 (C-H Para substyal (asymm. Ar-NG),1341(symm. Ar-
NO,); *HNMR (DMSO-d;, & ppm): 7.40-8.62 (m, 4H, C-H Pyr), 7.28-7.35 (m, Akbm.); MS
(FAB) m/z: 268 (M), 269 (M'+1, 100%).

Preparation of 2-(3-nitrophenyl)-5-(pyridine-4-yl)-1,3,4 oxadiazole 1(d)

Ci13HgN4Os, vield: 79.8%, Mp: 125-130°C. TLC ethylacetateetmne (9:1) R 0.63. IR cnt
(KBry. v3074 (aromatic C-H), 1596, 1475 (aromatic C=C),6l{d=N), 1225 (asymmetric C-O-
C), 1062 (symmetric C-O-C), 725, 827 (C-H meta §uld$28 (asymm. Ar-Ng), 1344 (symm.
Ar-NOy); 'HNMR (DMSO-d;, 5 ppm): 7.40-8.62 (m, 4H, C-H Pyr), 7.35-8.19 (m, Akbm.):
MS (FAB) m/z: 268 (M), 269 (M'+1, 100%).

Preparation of 2-(5-(4-chlorophenyl)-1,3,4-oxadiaze2-yl)aniline (2a)

C14H10N3OCI, yield: 80.3%, Mp: 152-157°C. TLC ethylacetateetone (9:1) R0.60. IR cnt
(KBry. vV 3413 (stretch Nb), 1560 (bend Nb), 3074 (aromatic C-H ), 1596, 1475 (aromatic
C=C), 1614 (C=N), 1217 (asymmetric C-O-C), 1087m(setric C-O-C), 1050 (Ar-Cl), 769,
827 (C-H ortho and para substiNMR (DMSO-d;, 8 ppm): 6.52-7.01 (m, 4H, C-H Arom),
7.22-7.34 (m, 4H Arom.), 4.21 (s, NHMS (FAB) m/z: 281 (M), 282 (M'+1, 100%).

Preparation of 2-(5-(3-nitrophenyl)-1,3,4-oxadiazeR-yl)aniline (2b)

C1aH10N4Os, yield: 80.6%, Mp: 170-175°C. TLC ethylacetateetane (9:1) R 0.48. IR cn
(KBry.v3440 (stretch Nb), 1551 (bend Nb), 3167 (aromatic C-H), 1619, 1402 (aromatic C=C),
1681 (C=N), 1258 (asymmetric C-O-C), 1086 (symmoe@i+O-C), 746, 815 (C-H ortho and
meta subst); 1531 (asymm. Ar-B)01350 (symm. Ar-N@; *HNMR (DMSO-d;, § ppm): 6.52-
7.01 (m, 4H, C-H Arom), 7.52-8.19 (m, 4H Arom.)2@.(s, NH); MS (FAB) m/z: 282 (M),
283 (M'+1, 100%).

Preparation of 5-amino-2-(5-(2-aminophenyl)-1,3,4xadiazol-2-yl)phenol 2(c)

C1aH12N4O,, yield: 75.1%, Mp: 163-169°C. TLC ethylacetateetane (9:1) R 0.71. IR cnt
(KBry. vV 3695 (Aromatic OH), 3190 (stretch MH 1565 (bend Nb), 3167 (aromatic C-H ),
1596, 1477 (aromatic C=C), 1670 (C=N), 1256 (asymm€-0O-C), 1093 (symmetric C-O-C),
768, 831 (C-H ortho and para subSHNMR (DMSO-ds;, 5 ppm): 4.22 (s, Nb), 6.51-7.01 (m,
4H, C-H Arom), 6.75-7.10 (m, 4H Arom.), 5.92 (d, PH.03 (d, NH); MS (FAB) m/z: 268
(M™), 269 (M'+1, 100%).

Preparation of 2,2’- (1,3,4-oxadiazole-2,5-diyl)diailine 2(d)

C1H1N4O, yield: 88.3%, Mp: 155-160°C. TLC ethylacetateetne (9:1) R 0.66. IR cnt
(KBry. v 3213 (stretch Nbj), 1562 (bend Np), 3020 (aromatic C-H ), 1597, 1490 (aromatic
C=C), 1674 (C=N), 1216 (asymmetric C-O-C), 1094(setric C-O-C), 1050 (Ar-Cl), 827 (C-
H ortho subst)!HNMR (DMSO-d;, & ppm): 6.49-7.01 (m, 4H, C-H Arom), 6.51-7.01 (nt 4
Arom.), 4.28 (d, NH); MS (FAB) m/z: 258 (M), 260 (M'+2, 100%).

Preparation of 2-(5-(2-aminophenyl)-1,3,4-oxadiaze®-yl)-6-methylphenol 2(e)

CisH13N30,, yield: 84.4%, Mp: 141-145°C. TLC ethylacetateetane (9:1) R 0.56. IR cni
(KBry. v 3506 (Aromatic OH), 3418 (stretch N1 1601 (bend Nb), 3157 (aromatic C-H ),
1597, 1490 (aromatic C=C), 1674 (C=N), 1254 (asymm€-0O-C), 1087 (symmetric C-O-C),
690, 770, 837 (C-H ortho and meta sub$t)\MR (DMSO-a;, & ppm): 6.49-7.01 (m, 4H, C-H
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Arom), 6.79-7.01 (m, 4H Arom.), 4.01 (s, MH1.30 (d, CH), 5.82 (s, OH Phenolic); MS
(FAB) m/z: 267 (M), 268 (M'+1, 100%).

Pharmacological activity

Anti-inflammatory activity against carrageenan-induced rat paw oedema:

All the newly synthesized compounds 1la-1d and 2a-2e= wenluated for their anti-
inflammatory activity against carrageenan-inducet@ paw edema in wistar rats weighing 150-
200 g [14]. The animals were fed with standardegpaliet and water was giveau libitum The
animals were acclimatized for one week under laboyaconditions before performing the test.
Carrageenan, 0.1 ml (1% w/v prepared in 0.9% saoietion) was injected in the subplanter
region of right hind paw. Indomethacin, 1.5 mg/kglp weight per oral (suspended in PEG 400)
was used as the standard drug. The synthesizedotmue 50 mg/kg body weight were
suspended in PEG 400 and administered to rats @yothl route. Before performing these
experiments, ethical clearance was obtained frostitiional Animal Ethics Committee and
conducted according to Indian National Science A&oay guidelines for the use and care of
Experimental animals (Reg. No) BBDNITM/IAEC/Cleat/20009.

The animals were weighed and numbered into sixpgg@ach group containing six animals. A
mark was made on the right hind paw, so that etierg the paw was dipped in the mercury
column up to the fixed mark, constant paw volume emasured. The initial paw volume of each
rat was noted by the mercury displaced method. hEofirst group saline was administered
whereas indomethacin to the second group was asheied orally. Test compounds were
administered orally to the third, fourth, fifth astkth groups. After 30 minutes, carrageenan 0.1
ml of 1% (w/v) was injected in the subplanter regad the right paw in all drug treated groups.
Immediately after the injection of carrageenan, paumes were measured in a mercury
plethysmograph. Thereafter the paw volume was medsat 1, 2, 4 and 8 hour intervals. The
amount of edema in the drug treated groups was amdpn relation to the control group with
the corresponding time intervals. The percentagalobition by the drugs was calculated using
the formula,

% of edema inhibition = 100- (4{ Vcontro) X 100

WhereV controt = Volume of paw edema in the control group
Vst = Vvolume of paw edema in the drug treated group

Table 1 shows the effect of synthesized compoumdsasrageenan-induced paw edema. The
percentage of inhibition was compared with thatefstandard drug.

Screening for antimicrobial activity:

The antimicrobial activity of all the synthesizeshgpounds was evaluated by cup plate method
against gram positive and gram negative bactdnains and a fungal strain using ofloxacin and
fluconazole as standard drugs for antibacterial antdfungal activities respectively. The
bacterial strain used weBacillus subtilisqMTCC 121),Staphylococcus aureyMTCC 96) for
gram positive andesherichia coli(MTCC 739), Pseudomonas aeruginogMTCC 2453) for
gram negative and for fungal strain viZCandida albicans(MTCC 227). The in vitro
antimicrobial activity was carried against 24 hold cultures. The compounds were tested at a
concentration of 50, 100, 200 and 4Q8/ml in 8%v/v dimethyl sulfoxide against all the
organisms [15-19]. Among the compounds testedritimacrobial activity, the compounds 1(a),
1(b), 1(d) and 2(c) showed promising activity.
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Values are expressed as mean + SEM; n$6&0.05, P<0.01 compared with vehicle
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treated group using one way ANOVA followed by [tirsitest.

Anti-inflammatory Activity

2

Time {hrs)
H1l(a) M1l(b) M1(c) M1(d) 2(a) M2(b) H2(c) EM2(d) Li2(e)
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Table 1. Anti-inflammatory Activity
Mean paw volume * SEM(mI) and % Inhibition
Compound | Normal paw T fer C ——
Code Volume Ime after arrageenan |nject|on
1hr 2 hr 4 hr 8 hr
Control 1.512+0.062 3.067+0.067 3.900+ 0.106  4#8A09 | 5.700+ 0.110
Indomethacin| 1-500%0-086 2.500+0.195 | 2.417+0.148 | 2.300+0.145 | 2.100+0.103 |
(70.19%) (78.27%) (87.27%) (95.31%)
2.600+0.018 | 2.417+0.08T | 2.717+0.167 | 2.467+0.088
(@) 1.26720.033 (38.282%) (37.610%) (63..8700/0)§ (76.831%)8_
2.917+0.101 | 3.150+0.118 | 2.700+0.06 2.383+0.06
1(b) 1.31720.048 (40.738%) (45.061%) (68.887%) (79.793%)
2.950+0.099 | 4.000+0.097 | 4.733+0.084 | 5.633+0.088
1(©) 1.450+0.022 "~ 44 39994 (50.639) (63.671%) | (72.419%)
2.483+0.048 | 2.633+0.067 | 2.133+0.042 | 1.717+0.060
1(d) 1.26720.033 "5, 75706) | (59.069%) | (80.748%) | (91.478%)
2.600+0.058 | 2.800+0.058 | 2.317+0.070 | 1.867+0.088
2(a) 145080022 "5g 1370) | (60.108%) | (80.552%) | (92.282%)
2.933+0.042 | 3.717+0.060 | 4.150+0.076 | 4.767+0.128
2(0) 1.650£0.043 " 55 59006) | (48.144%) | (67.138%) | (75.756%)
2.690+0.0710 | 2.700+0.106 | 2.133+0.13T | 1.650+0.115
2(c) 1.46720.049 53 59506) | (63.358%) | (85.325%) | (94.168%)
3.517+0.083 | 3.750+ 0.043 | 3.167+0.236 | 3.050+0.123
2(d) 1.350£0.043 ™5 56704 (28.643%)g (55.924%)§ (68.849%)6_
2.867+0.067 | 3.317+0.075 | 3.867+0.15 3.100+0.06
2(e) 1.33310.042 (43.144%) (45.699%) (69.277%) (80.172%)
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Table 2. Antimicrobial Activity

Compound | Conc Zone qf Inhibition (mm) _
code (g /mI') Gram+ve bacteria Gram-ve bacteria Fungus
SA BS EC PA CA
Ofloxacin 100 17 18 20 17 -
Fluconazole 100 - - - - 20
50 10 11 16 16 -
1(a) 100 09 15 18 19 -
150 13 18 18 17 -
200 18 18 18 16 -
1(b) 50 09 09 14 09 -
100 19 17 15 15 -
150 08 18 17 16 -
200 - 18 17 17 -
1(c) 50 09 08 09 09 -
100 09 10 08 09 -
150 08 18 09 09 -
200 09 17 18 18 -
1(d) 50 09 08 09 09 -
100 09 17 16 18 -
150 08 17 18 18 -
200 09 18 17 19 -
2(a) 50 07 18 14 09 -
100 08 18 14 16 -
150 15 18 17 16 -
200 17 18 18 18 -
2(b) 50 09 09 08 09 -
100 09 13 09 18 -
150 09 18 14 17 -
200 14 16 17 18 -
2(c) 50 09 09 08 17 -
100 18 18 14 16 -
150 15 17 18 18 -
200 18 17 19 18 -
2(d) 50 09 09 08 08 -
100 09 08 14 16 -
150 09 09 18 19 -
200 09 14 18 17 -
50 08 09 09 09 -
2(e) 100 08 17 18 19 -
150 09 05 09 10 -
200 18 17 19 11 -
Control
(8%viv - - - - -
DMSO)

SA - Staphylococcus aureuBS Bacillus subtilis EC-Escherichia coli PA- Pseudomonas aurugingsaA-
Candida albicans

RESULTS AND DISCUSSION

An insight into the anti-inflammatory activity witlespect to the chemical structure reveals that
compounds 1(d), 2(a) and 2(c) bearing a para anpaoa chloro, meta nitro and ortho
hydroxyphenyl moiety exhibited good anti-inflammgt activity. Compounds 1(a), 1(b), 2(b),
2(e) showed moderate anti-inflammatory activitywdeer compounds 2(d) did not show any
activity in comparison to the standard drug.
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On the other hand all the compounds showed progamimicrobial activity against all the six
organisms. However, none of the compounds showgadetivity againsCandida albicans

CONCLUSION

All the synthesized compounds 1(a)-1(d) and 2(a)-2(vere evaluated for their anti-
inflammatory and antimicrobial activity by usingastiard methods. The investigation of anti-
inflammatory activity revealed that compounds 1{#h), 1(d), 2(a), 2(b), 2(c) and 2(e) showed
significant anti-inflammatory activity at a dose® mg/kg in comparison to standard drug and
all the compounds possessed remarkable antibdcietinaty.
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