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ABSTRACT

A series of 2, 2’-(5-nitrobenzene-1, 3-diyl) bisafkyl-1, 3, 4-oxadiazole)2é-e) 5,5'-(5-
nitrobenzene-1,3-diyl)bis(1,3,4-oxadiazole-2-thi¢B) and 5,5'-(5-nitrobenzene-1,3-diyl)bis(4-
amino-4H-1,2,4-triazole-3-thidl) were obtained via reaction of 5-nitro iso-phthatityydrazide
(2). All these newly synthesized compounds were ctarzed by IR, NMR and Mass, spectral
studies. Newly synthesized compound displayed tpatéibacterial and antinociceptive activity.

Keywords: antibacterial activity, antinociceptive activi#nti-inflammatory activity, alkyl bis1,
3,4-oxadiazole,bis1,2,4-triazole.

INTRODUCTION

Synthesis of novel heterocycles is an importank fas heterocyclic chemists, from various
points of view for the development of compoundplohirmacological and industrial importance.
Oxadiazole and triazloes continue to attract gies&trest due to their wide spectrum of
biological activity [l]. A generalized and efficient method for the sysik of 1,3,4-oxadiazoles
have been reported by][ Alkyl 1,3,4-oxadiazoles was synthesized by catiion of aryl
hydrazide with aromatic or aliphatic acids in thegence of phosphorus oxychloride. And 5,5'-
(5-nitrobenzene-1,3-diyl)bis(1,3,4-oxadiazole-2thb,5'-(5-nitrobenzene-1,3-diyl)bis(4-amino-
4H-1,2,4-triazole-3-thiol) was prepared in good yjeltsing multi-step reaction by adopting
reported method 3] with suitable modifications. Nitrogen, oxygen, Igwr containing
heterocycles like 1,3, 4-oxadiazoles and 1,2,4dtes are a class of heterocycles they are of
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significant interest in medicine and pesticide cistym in a number of biological targets
including anti-inflammatory agent4d-5] antibacterial §-8], tuberculostatic9], anti-convulsant
[10-17 and antimicrobial activity]2-13. 1, 2, 3-oxadiazoles can also be used as HI\grate
inhibitors [L4] or as prostaglandin receptor antagoni4fy.[1,3,4-oxadiazole and 1,2,4-triazole
derivatives can be readily produced using dihydi@zas starting materialsdg] showing
significant antimicrobial I7-18 and antinociceptive activitylp]. Recently, our research group
reported that the studies on synthesis and phatogical activities of 3,6-disubstituted-1,2,4-
triazolo[3,4-b]-1,3,4-thiadiazoles and their dihydranalogues. And heterocyclic system
containing bridgehead nitrogen atom: Synthesis gharmacological contained activities of
some substituted 1,2,4-triazolo[3,4-b]-1,3,4-oxadias P0-21] The rapid growth in the
literature dealing with the synthesis and biolobieativities, promoted us to report the
synthesis, antibacterial and antinociceptive aiiiviof novel of the 2,2'-(5-nitrobenzene-1,3-
diyl)bis(5-alkyl-1,3,4-oxadiazole), 5,5'-(5-nitralmene-1,3-diyl)bis(4-aminok#1,2,4-triazole-
3-thiol) and 5, 5'-(5-nitrobenzene-1,3-diyl)bis(#dxadiazole-2-thiol)  derivatives, with
excellent yield, as depicted in tekeheme 1

MATERIALS AND METHODS

All analytical grade chemicals of were used digectMelting points were determined in
scientific melting point apparatus and uncorreciBuke progress of reaction was monitored by
TLC using silica gel coated plates (0.5 mm thideieéMerck) and spots visualized under UV
radiation. Synthesized compounds were recrystalimdg suitable solvent. Infra-Red spectra
were recorded on Perkin Elmer-spectrum RX-1mode&cspphotometer using KBr pellets.
NMR spectra was recorded by Bruker DRX400 MHz speceter and acquired on a Bruker
Avance-2 model spectrophotometer using GIIMMSO as a solvent and TMS as an internal
reference.

General procedure for the Synthesis of aryl 3- nit iso-phthalic acid dihydrazide

The Hydrazine hydrate (0.2 M) was added drop-wisthé solution of iso-phthalic ester in (0.1
M) in 30 ml of dire ethanol with vigorous stirringhe resulting mixture was refluxed for 4-6
hrs. The Excess ethanol was distilled out andctrgents were cooled to a room temperature.
The progress of the reaction was monitored by Te@gbeum ether, ethyl acetate (1:1) as the
eluting solvent and visualized in a UV light. Thellpw solid mass formed was filtered, washed
thoroughly with brine solution and the resultanedr

General procedure for the Synthesis of 2, 2’-(5-nibbenzene-1, 3-diyl) bis (5-alkyl-1, 3, 4-
oxadiazole) (2a-e)

A suspension of 5-nitrobenzene-1,3-dicarbohydraglddenmol) and the appropriate long chain
fatty acids (2 mmol) in POg(10 ml) was refluxed for 6-8 hrs. The progresshef reaction was
monitored on TLC by using silica gel plates usimgrpleum ether and ethyl acetate (7:3) as the
eluting system and visualized in UV light. The m&@t mixture allowed cooled to room
temperature, slowly poured over crushed ice keptraght. The solid thus, separated out was
neutralized with anhydrous sodium bicarbonateer@tl, washed with water and recrystalized
using ethanol. The physical and spectral propeatiegiven below.
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General procedure for the Synthesis of Potassium tthiocabazinate (4)

Mixture of 5-nitrobenzene-1,3-dicarbohydrazide (1lotvas added to Ethanolic KOH solution
(3 mmol), with constant stirring in 10- P&.To this, carbon disulfide (5 mmol) was added in
small portions with constant stirring. The reactinixture was agitated continuously for a period
of 15 hrs. It was diluted with anhydrous ether. Phnecipitated potassium dithiocabazinate was
collected by filtration. The precipitate was funtheashed with anhydrous ether (100 ml) and
dried under vacuum. The potassium salt, thus obdawas in quantitative yield and was used in
the next step without further purification.

General procedure for the Synthesis of 5,5'-(5-nisbenzene-1,3-diyl)bis(4-amino-4H-1,2 4-
triazole-3-thiol) (5)

A suspension of potassium dithiocabazinate of r@smearomatic ester (2), (1 mml) in water (5
ml) and hydrazine hydrate (3 mml) was refluxed@e8 h with occasional shaking. The color of
the reaction mixture changed to green with the wan of H,S gas (lead acetate paper and
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odor). A homogenous reaction mixture was obtaingathd the reaction process. The completion
of the reaction was monitored by TLC using silied plate’s ethyl acetate and petroleum ether
(1:1) as a eluting solvent and TLC visualized in Wyht. The reaction mixture was cooled to
room temperature and diluted with water (100 mliy @cidification with concentrated
hydrochloric acid, the required triazole was priatpd out. It was filtered, washed thoroughly
with cold water and recrystallized from ethanoly$tbal data of these compounsismmarized

in Table 1.

RESULTS AND DISCUSSION

Spectral data of synthesized compound

2, 2’-(5-nitrobenzene-1, 3-diyl) bis (5-alkyl-1, 34-oxadiazole) (2a-e)

2a IR (V max, cm® = 2849 (C-H), 1630(C=N), 1507 (N}) 2921(aliphatic chain),"H NMR
(CDCl) (6 ppm) = 0.7(t, 6H, Aliphatic CgJ, 1.2-1.3(br, S, 12H, CH2) 1.36(m, 4H, gH
1.45(m, 4H, CH)1.9 (m, 4H, CH) 3.0(t, 4H, CH) 9.0(d, 2H, Ar-H), 9.03 (t, 1H, Ar-H). MS
m/z= 457.25 (M) **C NMR (CDCE) @ ppm) = 14.6, 23.1, 26.0-32.4 ( aliphatic- C) TR4.
127.4,130.1, 149.6, (Ar- C), 162.6 £ @ oxadiazole), 168.8 (Lbf oxadiazole

2b IR (V max ,cm” = 2849 (C-H), 1630(C=N), 1507 (N 2921(aliphatic chainjH NMR
(CDCl) (6 ppm) = 0.7(t, 6H, Aliphatic CgJ, 1.2-1.3(br,S,16 H, CHl 1.36(m, 4H, Ch)
1.45(M, 4H, CH)1.9 (m, 4H, CH) 3.0(t, 4H, CH) 9.0(d, 2H, Ar-H), 9.03 (t, 1H, Ar-H). MS
m/z=510.37 (M)

2¢ IR (V max ,cm® = 2849 (C-H), 1630(C=N), 1507 (N}) 2921(aliphatic chainjH NMR
(CDCh) (6 ppm) = 0.7(t, 6H, Aliphatic CgJ, 1.2-1.3(br,S, 32H, CHl 1.36(m, 4H, Ch)
1.45(m, 4H, CH)1.9 (m, 4H, CH) 3.0(t, 4H, CH) 9.0(d, 2H, Ar-H), 9.03 (t, 1H, Ar-H). MS
m/z=568.7 (M)

2d IR (V max, cm) = 2849 (C-H), 1630(C=N), 1507 (N} 2921(aliphatic chain)'H NMR
(CDCly) (5 ppm) = 0.7(t, 6H, Aliphatic C§), 1.2-1.3(br,S, 44H, CHl 1.36(m, 4H, CH) 1.45(m,
4H, CHy)1.9 (M, 4H, CH) 3.0(t, 4H, CH) 9.0(d, 2H, Ar-H), 9.03 (t, 1H, Ar-H). M®&/z =
625.51(M)

2e IR (V max, cni” = 2849 (C-H), 1630(C=N), 1507 (N} 2921 (aliphatic chainjH NMR
(CDCly) (5 ppm) = 0.7(t, 6H, Aliphatic Ck), 1.2-1.3(br,S, 44H, C} 1.48(m, 4H, Ch) 1.9 (m,
4H, CHb) 3.0(t, 4H, CH) 9.0(d, 2H, AR-H), 9.03 (t, 1H, Ar-H). MB/z= 680.9 (M)

2f IR (V max, cni® = 2849 (C-H), 1630(C=N), 1507 (NI 2921 (aliphatic chain)'H NMR
(CDCl) (5 ppm) = 0.7(t, 6H, Aliphatic Ck), 1.2-1.3(br,S, 44H, CH 1.36(m, 4H, Ch)
1.45(M, 4H, CH)1.9 (m, 4H, CH) 3.0(t, 4H, CH) 9.0(d, 2H, AR-H), 9.03 (t, 1H, Ar-H). MS
m/z= 737.07(M)

3 IR (V max, cmP = 2849 (C-H), 2852.7 c(SH), 1676 (C=NYH NMR (DMSO — d6) &
ppm) = 8.5 (t, 1H Ar-H), 8.7(d.2H) (ppm) = 13.9 (s,2H,SH ) MBI/z= 222.0 (M) **C NMR
(DMSO) © ppm) = 110.6, 114.2, 124.9,151.2 (Ar-C)160.8 ¢€ oxadiazole), 163.1 ( Lof
oxadiazole)
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4 IR (V max,cm = 2849 (C-H), 3291 (NH stretching), 1613 (C]N stheng), 3130 (aromatic
CH stretching), 2586 (SHJH NMR (DMSO — d6) § ppm) = 8.5 (t, 1H Ar-H), 8.7(d.2H Ar-H),
5.5 - 5.7(4H, NH),13.9 (s,2H,SH ) M$/z= 350.0 (M) **C NMR (DMSO ) § ppm) = 110.6,
114.2, 124.9,151.2 ( Ar-C),160.8 £ 6f oxadiazole), 163.1 (Lf oxadiazole)

Table 1. Physical parameters of newly synthesize@dmpounds.

Compound R m.p recrystallizing Yield Molecular formula
(°C) solvent (%) /Molecular wt
2a (CH)sCH; 58-59 Ethanol /KD 63  G4H33Ns0,/455.54
2b (CH)sCH;  64-65 Ethanol /ED 67  GoHisNsO4/511.65
2c (CH)1CH; 66-67 Ethanol /ED 65  GH4Ns0,/567.76
2d (C"b)12CH3 72-74 Ethanol /'fD 60 GGH57N504/62386
2e (C"k)14CH3 76-78 Ethanol /'fD 57 GoH65N504/67997
2f (CHp)1sCH; 82-84 Ethanol /ED 64  G4H73Ns0,/736.08
3 - 242-243 DMF/ KD 84 GHsNs0S/323.307
5 - 263-264 DMF/ KD 63  GoHoNgO,S,/351.36

Pharmacological activity

In vitro antibacterial screening

All the newly synthesized compounds were evaluédedheir antimicrobial properties MIC’s
were recorded as the minimum concentration of ceamg@pwhich inhibits the growth of tested
microorganisms. Antibacterial activities were detgred by the well-diffusion method?2).
Compounds exhibited moderate to better activityiregaall bacteria viz.,Pseudomonas
aeruginosgATCC-20852) Klebsiella pneumoniaATCC-618),Staphylococcus auredTCC
29737),Salmonella typh{ATCC-19430),Salmonella paratyph{ATCC-9150)and Escherchia
coli (ATCC-25922). The results revealed that 1@0f compound in 100L of 10% DMF with
distilled water v/v was found to be the minimumibition concentration at which they showed
inhibition of bacteria under study. Compounds Zidwed comparatively good activity against
all the strains, which is attributed to the presemd groups having inductively electron
withdrawing but mesomerically electron donating stitbents on phenyl group. It has been
observed that compourigland 5 having 5, 5'-(5-nitrobenzene-1,3-diyl)bis(1,3,4-0eaole-2-
thiol) and 5,5'-(5-nitrobenzene-1,3-diyl)bis(4-amidH-1,2,4-triazole-3-thiol) moiety has have
higher antibacterial activity against all the stmicontaining parallel polar groups SH and,NH
[23]. In case of compound 3 and 5 has shown very gmbidity against all the test organisms
with NO2 substituent while same substituent in klky8,4- oxadiazole system has moderate
activity (compound 2a-f). The results are summakireTable2and Table 3.

Table 2. Clinical strains Minimal inhibitory concentrations (MIC) of anti bacterial activity

Clinical strains Minimal inhibitory concentratiod8(C)
Compounds Staphylococcus Klebsiella Pseudomonas Escherchia
aureus pneumoniae aureginosa coli
3 8.5 9.0 10.00 12.00
5 7.0 9.5 8.0 9.5
Ciproflaxin 55 6.0 5.5 5.8
110
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Table 3 In vitro antibacterial activity of newly synthesized compounds against Staphylococcus aurelseudomonas
aeruginosa, Klebsiella pneumoniae, Salmonella typhSalmonella paratyphi and Escherchia coli

Zone of inhibition (mm)
Compounds  Staphylococcus Klebsiella Pseudomonas Salmonella Salmonella  Escherchia
(10ug/ 10uL) aureus pneumoniae  aureginosa typhi paratyphi coli
2a 16 14 14 11 15 14
2b 15 11 14 19 17 16
2c 13 09 20 17 14 14
2d 15 15 19 20 17 17
2e 17 16 17 19 14 16
2f 18 17 16 16 16 14
3 33 29 26 22 23 26
5 35 27 29 24 25 31
Ciproflaxin 44 35 36 34 35 37

Antinociceptive activity

Antinociceptive activity of the newly synthesizedngpounds was carried out using adult Swiss
albino mice (6 animals per group) by abdominal tieteon method 24]. Mice of either sex
were housed individually in polypropylene cageshwpaddy husk as bedding. Animals were
maintained at a temperature of 25:27and relative humidity of 30-70%. Mice were praalr
from Virus Diagnostic Laboratory, Shimoga. Five gpe of six mice each (25-30 g) was
selected and 0.6% acetic acid (dose 10 ml/kg) weted intraperitoneally. The number of
writhes was counted for 20 min after 5 min of imj@c of acetic acid to each mouse. This
reading was taken as control. Next day, the sarpepgr of mice were used for evaluating
antinociceptive activity. Each group administeredlly with the suspension of test compounds
(100 mg/kg body weight) in gum tragacanth (1% wiith 1 h early injection of acetic acid.
After 5 min, the mice were observed for the nundfexrithes for the duration of 20 min.

The mean value for each group was calculated angpared with the control. Acetyl salicylic
acid was used as a standard for the comparisomtofoaiceptive activity Percent protection
was calculated using the formula (3/V;) x 100, where: Y= Mean number of writhing in test
animals, \{ = Mean number of writhing in control. Results exgged the mean = S.E.M. of 6
animals per group. The data was statistically aeal\by turkey’'d-test for significance level of
*P < 0.05, *P < 0.01 as compared to control group. The numbevrrithing observed during a
20 min period in control group was 71.33 + 1.91nmpound3 (18.67 + 0.71) and Compourad
(22.17 + 0.98) showed significant antinociceptiwaivaty than the Compounds belonging to
group 2 derivatives. Whereas, Compouhghowed activity comparable to the standard drug
acetyl salicylic acid (14.5 £ 1.26).We also obsdrtieat animals treated with CompouBdnd
Compounds showed delayed onset of writhing (after 35-52 mwhen compared to the control
(12 min). However, with the animals treated with @@mpounds belonging to group 2 in which
onset of writhes was observed within 5 min. Theailtssof antinociceptive activity are depicted
in Table 4
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Table 4. Antinociceptive activity of newly synthesied compounds by abdominal writhing

Compounds ConcentrationNo. of writhes Incubation time

Control(Gum tragacanth 1% wi/v 71.33+x1.91 1 min
Acetyl salicylic acid 100mg/kg 14.5+1.26 ** 69 min
2a 100mg/kg  31.83+1.45** 2 min

2b 100mg/kg  53.33+1.28** 2 min

2c 100mg/kg  49.83+0.79** 3 min

2d 100mg/kg  47.17+0.6** 5 min

2e 100mg/kg 56.33+1.31** 1 min

2f 100mg/kg  53.33+1.05** 1 min

3 100mg/kg  18.67+0.71** 52 min

5 100mg/kg  22.17+0.98** 35 min

Values are the mean +S.E.M. of six mice. Symlapeesent statistical significance.
*P < 0.05, ** P < 0.01 as compared to control group

Anti-inflammatory activity

All the synthesized compounds were tested for themiti-inflammatory activity using
carrageenan induced rat hind paw edema method W&t al. 25]. Albino rats (Wistar strain)

of either sex, weighing between 150 and 200 g, weesl for the experiment. Tested compounds
showed weak to moderate activity ranging from 6%3286, while phenylbutazone, standard
Showed 55% of inhibition. The animals were dividetb various groups and each group
consisting of six animals. One group served asroband received 0.1 ml of 1% gum acacia
suspension orally. Group Il served as standardraoeived phenylbutazone at the dose of 100
mg kg™ as suspension in gum acacia orally. One hour #feeadministration of test compounds
at the dose of 100 mg kg—1 as suspension in guciaadal ml of 1% carrageenan in normal
saline was given subcutaneously to the sub plaetion of right hind paw. The paw volume
was measured immediately (‘0O’ h) and after 1-4ekpectively, by using plethysmometer.

Table 5. Anti-inflammatory activity of compounds (2a-2f, 3,5)

Compound change in paw value in (mL) after drugttreent (+ SEM)  Anti-inflammatory activity (%inhilian)

1h 2h 3h 1h 2h 3h
Control 1.76+0.07 1.92+0.05 3.31+0.03 - - -
Diclofenac 1.96+0.04 2.27+0.04 2.31+0.03 27.96** 47.96** 71.30**
2a 1.76+0.04 2.32+0.06 2.16+0.06 23.87* 36.84** 60.35**
2b 1.98+0.01 2.25+0.04 2.58 +0.04 29.11** 50.87** 71.83*
2c 1.48+£0.03 1.84+0.03 1.43 £0.02 1864 41.35* 60.34**
2d 1.42+0.03 2.00 +0.03 2.33+0.05 20.99* 43.09** 68.62**
2e 1.34+0.02 1.97 £0.02 2.26 +0.02 28.20** 48.78** 69.37**
2f 1.62+0.03 2.00+0.03 2.33+0.05 1854  40.20* 60.99**
3 2.01+0.02 2.32+0.01 2.65+0.01 30.53** 51.72** 80.07**
5 2.02+0.06 2.33+0.06 2.61 +0.06 31.38** 46.96** 72.88**

Data analyzed by one way ANOVA followed by Dursigdst, (n = 6), *P < 0.05, **P < 0.01 significarftom
control; ns, not significant.

The difference between the paw volume at 4th ahdr®asurement was calculated and taken as

edema volume. Percentage inhibition in the paw edemas calculated by using the formula,
percentage inhibition = 100 (1 — Vt/Vc), where Virean increase in paw
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Volume of test, and Vc = mean increase in paw velush control. All newly synthesized
compounds showed potent anti-inflammatory activRgrcentage inhibition shown by tested
compounds is recorded Trable 5.

Based on findings of these preclinical resultsthieir studies need to be carried out to investigate
the other specifications, such as in vitro assaklispnic ulceroge-nicity studies, toxicological
studies and mechanism by which these drugs expilténtial analgesic, anti-inflammatory
activity.

CONCLUSION

We report a convenient, economically cheaper amdulisnethod for the synthesis of active
molecules possessing anti microbial and antinotieeproperty containing a series B5’-(5-
nitrobenzene-1,3-diyl)bis(alkyl1,3,4-oxadiazoterivatives,5,5'-(5-nitrobenzene 1,3diyl)bis
(1,3,4-oxadiazole-2-thiol) and,5’-(5-nitrobenzene-1,3-diyl)bis(1,3,4-oxadiaz@hiol) most

of our synthesized compounds showed potent amébakand antinociceptive activity. Among
all the Compounds tested for antibacterial andnactceptive activity, the Compourl and
Compound5 exhibited potent antinociceptive activity. The Bnng test compounds showed
significant activity when compared with the starbldrug. Hence, it is concluded that, this class
of Compounds certainly holds greater promise foscavering safer antimicrobial and
antinociceptive agents.
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