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ABSTRACT

A series of 2-[5-(aryloxymethyl)-1, 3, 4-oxadiazol-2-ylsulfanyl] propanoic acids were synthesized and studied for
their antibacterial activity. These compounds were prepared from aryloxyacetic acid hydrazides. Aryloxyacetic acid
hydrazides 1 on refluxing with carbon disulfide and methanolic potassium hydroxide and then on subsequent
acidification with hydrochloric acid furnished 5-aryloxymethyl-1, 3, 4-oxadiazole-2-thiones 2. 2-Chloro propanoic
acid reacted with 2 in alkaline media and then on subsequent acidification yielded the title compounds 3. These
compounds were characterized by modern spectroscopic techniques. All the compounds were evaluated for their in
vitro antibacterial activity against two Gram negative strains (Escherichia coli and Pseudomonas aeruginosa) and
two Gram positive strains (Bacillus subtilis and Staphylococcus aureus) and their minimum inhibitory concentration
(MIC) were determined.

Keywords: 1, 3, 4-Oxadiazoles, antibacterial activity, mioiminhibitory concentration (MIC).

INTRODUCTION

The considerable use of chemotherapeutic agenteasedication for infectious diseases leads tathelopment
of microbial resistance to current drugs. The atiegresistance to the foremost classes of angii@attdrugs is
accepted as a major health concern of worldwideufatipn. This turn out to be the challenge for thedicinal
chemists for the development of novel antimicrolllaligs having a different mechanism of action tttldahe
problem of multi-drug resistance [1]. Heterocyatiempounds continue to fascinate considerable isitedee to
their diverse biological activities. Amongst theivef membered heterocyclic compounds occupy a unidaee in
the field of natural and synthetic organic cheryistn recent years, attention has increasingly bgigan to the
synthesis of 1, 3, 4-oxadiazole derivatives aswacaoof developing new antibacterial agents. 14-8xadiazole
derivatives constitute an important class of hetgeles possessing diverse biological activities ktibacterial [2-
6], antifungal [7, 8], insecticidal [9], herbiciddl0], anticancer [11], anti-inflammatory [18fc. Further, [5-(aryl)-1,
3, 4-thiadiazole-2-ylthio] propionateshave beennfbuio possess antimycobacterial activity [13]. Ehesports
including our ongoing research program in the figigynthesis and antimicrobial activity of medaliy important
compounds [14, 15] inspired us to undertake thethggis of some 2-[5-(aryloxymethyl)-1, 3, 4-oxadib2-
ylsulfanyl] propanoic acids. The synthesized conmusuwere characterized on the basis of modern tcelly
techniques. These compounds were evaluated forithétro antibacterial activity.

MATERIALS AND METHODS

The purity of the synthesized compounds were asoed by thin layer chromatography on silica gahGarious
solvent systems using iodine vapors as detectiegtalylelting points were determined by Toshniwaltivig Point
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Boiling Point Determination Apparatus in open ckapyl tubes and are uncorrected. Infra-red spectna wecorded
on Shimadzu 8000-FTIR Spectrophotometer in KBr EhBsoton NMR spectra were recorded in Cjog@IBruker
Avance DRX-300 FT-NMR Spectrometer using tetramletbjane as internal standard. Aryloxyacetic acid
hydrazidesla-gwere prepared by the reaction of hydrazine hydsdtte the corresponding methyl esters of aryloxy
acetic acids as described in the literature [1&hil8rly, 5-aryloxymethyl-1, 3, 4-oxadiazole-2-tmies 2a-gwere
synthesized according to the method reported e§tlig.

General Procedure for the Synthesis of 2-[5-(aryloxnethyl)-1, 3, 4-oxadiazol-2-ylsulfanyl] propanoicacids:
5-Aryloxymethyl-1, 3, 4-oxadiazole-2-thion2g-g 0.01 M) was dissolved in sodium hydroxide solut{@0%, 10
ml). This solution was added drop-wise into a solubf 2-chloro propanoic acid (0.011 M) which wargviously
neutralized with saturated solution of sodium cadie, and mixture was stirred for 6 to 8 h. Aftempletion of
reaction the product was obtained by precipitatigtih dilute hydrochloric acid. The title compoundasvfiltered,
washed, dried and re-crystallized from the redifsgirit. The physical and analytical data of tlyatkesized title
compounds are given as follows.

2-(5-(phenoxymethyl)-1, 3, 4-oxadiazol-2-ylsulfanylpropanoic acid (3a): Yield: 86%; m.p.:120-122 °C; IR
(KBr, cmi?): 3300-2400 broad band (O-H), 1732 (C=0), 1609 NEN=C), 1225, 1070 (C-O-C), 781, 708
(monosubstituted benzer#).NMR (CDCk): & (ppm) 11.72 (s, 1H, COOH), 7.27-7.37 (m, 4H, Aréi}6-4.53 (q,
1H, CH), 1.75-1.78 (d, 3H, G}

2-(5-((4-methylphenoxy) methyl)-1, 3, 4-oxadiazol-2Isulfanyl) propanoic acid (3b): Yield: 81%; m.p.:123-124
°C; IR (KBr, cni): 3300-2400 broad band (O-H), 1731 (C=0), 1611NEN=C), 1227, 1072 (C-O-C), 824-(
disubstituted benzen& NMR (CDCL): & (ppm) 11.72 (s, 1H, COOH), 7.28-7.38 (m, 4H, Arki}6-4.53 (g, 1H,
CH), 2.41-2.43 (3H, s, aromatic methyl protons}511.78 (d, 3H, Ck).

2-(5-((4-methoxyphenoxy) methyl)-1, 3, 4-oxadiaz@-ylsulfanyl) propanoic acid (3c): Yield: 81%; m.p.:123-
124 °C; IR (KBr, crit): 3300-2400 broad band (O-H), 1731 (C=0), 1611INEN=C), 1227, 1072 (C-O-C), 835+
disubstituted benzen&i NMR (CDCk): & (ppm) 11.72 (s, 1H, COOH), 7.28-7.38 (m, 4H, Aré#i}6-4.53 (g, 1H,
CH), 3.88 (3H, s, aromatic methoxy protons), 1.74¢1d, 3H, CH).

2-(5-((4-chlorophenoxy)methyl)-1,3,4-oxadiazol-2-gulfanyl)propanoic acid (3d)Yield: 85%; m.p.: 126-128 °C;
IR (KBr, cm): 3200-2400 broad band (O-H), 1734 (C=0), 1620NEN=C), 1256, 1072 (C-O-C), 831

disubstituted benzen& NMR (CDCL): & (ppm) 11.72 (s, 1H, COOH), 7.27-7.34 (m, 4H, Arli§7-4.54 (q, 1H,
CH), 1.76-1.78 (d, 3H, Cj\

2-(5-((4-bromophenoxy) methyl)-1, 3, 4-oxadiazol-2isulfanyl) propanoic acid (3e):Yield: 83%; m.p.: 1146-

1147 °C; IR (KBr, cri): 3200-2400 broad band (O-H), 1732 (C=0), 1601NEN=C), 1256, 1036 (C-O-C), 832
(p-disubstituted benzen& NMR (CDCk): & (ppm) 11.75 (s, 1H, COOH), 7.27-7.37 (m, 4H, Ard)}7-4.54 (q,

1H, CH), 1.76-1.78 (d, 3H, Gj{

2-(5-((4-fluorophenoxy) methyl)-1, 3, 4-oxadiazol-Zlsulfanyl) propanoic acid (3f): Yield: 81%; m.p.: 150-152
°C; IR (KBr, cm®): 3200-2400 broad band (O-H), 1730 (C=0), 1602NEN=C), 1256, 1036 (C-O-C), 834-(
disubstituted benzen&i NMR (CDCk): & (ppm) 11.76 (s, 1H, COOH), 7.27-7.37 (m, 4H, Ardi}7-4.54 (q, 1H,
CH), 1.76-1.78 (d, 3H, Cj)

2-(5-((4-nitrophenoxy) methyl)-1, 3, 4-oxadiazol-34sulfanyl) propanoic acid (3g): Yield: 86%; m.p.: 161-
163°C; IR (KBr, crif): 3300-2400 broad band (O-H), 1732 (C=0), 1608NAN=C), 1224, 1070 (C-O-C), 834
disubstituted benzen& NMR (CDCL): & (ppm) 11.72 (s, 1H, COOH), 7.27-7.35 (m, 3H, Arki}6-4.53 (g, 1H,
CH), 1.75-1.78 (d, 3H, C}}

Antibacterial Activity: All the compounds were screened for thaivitro antibacterial activity against two Gram
negative strainsi.e., Escherichia coli (MTCC 40) andPseudomonas aeruginosa (MTCC 2453), and two Gram
positive strainsj.e., Bacillus subtilis (MTCC 121) andStaphylococcus aureus (MTCC 96).Antibacterial activity
was assessed by serial two fold dilution techni¢l®]. Ciprofloxacin was used as a standard drud. tidé
compounds were dissolved in dimethyl sulfoxide igeca concentration of 10g mI*. Double strength nutrient
broth was used as a growth media. The stock solwi@s serially diluted to give concentrations & 8.01ug mit

in nutrient broth. The inoculum size was approxihatl® colony forming units (CFU/ml). The inoculated tsbe
were incubated for 24 h at 37(x1) °C. After 24 e inoculated culture tubes were macroscopicalyméred for
turbidity. The culture tube showing turbidity (lomeoncentration) and the culture tube showing mbidiity (higher
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concentration) gave the minimum inhibitory concetitm (MIC) for the compound. The MIC for the title
compounds and the standard driug, ciprofloxacin are given in Table 1.

Table 1:In Vitro Antibacterial Activity of the Title Compounds (3a-g)

Minimum Inhibitory Concentration pg ml ~*
Compound E. coli P. aeruginosa S. aureus B. subtilis
(MTCC 40) | (MTCC 2453) | (MTCC 121) | (MTCC 96)
3a 0.50 0.65 0.60 0.55
3b 0.45 0.60 0.55 0.50
3c 0.45 0.60 0.55 0.50
3d 0.40 0.55 0.50 0.45
3e 0.40 0.55 0.50 0.45
3f 0.35 0.45 0.40 0.40
39 0.30 0.40 0.35 0.35
Standard Drug 0.01 0.25 0.15 0.12
N/NH
) CONHNH i) CS,/KOH /
Ar pd \/ 2 (”) . 2 - o \/k >§S
(ii) dil. HCI Ar/ o)
la-g
2a-g
Cl COOH __N
- N \ COOH
(i) alkaline O\/L S
ii) dil. HCI
( ) AI'/ O
3a-g
Ar
3a  Cg¢Hjs
3b  CH;-C6H,
3¢ CH30-C6H4
3d  Cl-C4H,
3e Br—C6H4
3f  F-CgH,
3g NOz-C6H4

Scheme 1: Synthesis of 2-[5-(aryloxymethyl)-1, 3, 4-oxadiazol-2-ylsulfanyl] propionic acids
RESULTS AND DISCUSSION

Chemistry

The syntheses of 2-[5-(aryloxymethyl)-1, 3, 4-oxadi-2-ylsulfanyl] propanoic acid3 were achieved following
the steps outlined in Scheme 1. Reaction of ar@n@rboxylic acid hydrazide$ with methanolic potassium
hydroxide and carbon disulfide and then acidifizativith dilute hydrochloric acid afforded the capending 5-
aryloxymethyl-1, 3, 4-oxadizole-2-thionegs The intermediate®? on reaction with 2-chloro propanoic acid in
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alkaline medium and then subsequent acidificati¢th dilute hydrochloric acid furnished the titlerapounds3 in
good yield.

Infrared spectra of each compound showed a broad fma O-H stretching vibrations in the range of 3200-2400
cm®. The C=Ostretching vibrations for the carboxyl group were absorbedhia range of 1736-1730 émThe
absorption for aromatic C-Hending vibrations was observed below 900 tniR absorption bands due to C-O-C
grouping of 1, 3, 4-oxadiazole nucleus were obskrive the range of 1275-1200 ¢mand 1075-1020 cih
Similarly, the grouping C=N-N=C of 1, 3, 4-oxadié&zmucleus also showed the IR absorption in thigyasd range

of 1670-1600 cil. In case of 1H NMR, the chemical shiftvalue forbmxyl group was observed in the range of
12.41-11.73 (ppm) and appeared as singlet (s).Aromatic prodppeared as multiplet (m) in the assigned value of
6.99-7.675 (ppm). Methylene protons appeared as singlet @pm) 4.12 whereas methine and aliphatic methyl
protons absorbed at(ppm) 4.47-4.54 and (ppm) 1.76-1.78, respectively. Both of them albovged splitting of
signals and appeared as quartet (q) and doubleeg&hectively.

Minimum Inhibitory Concentration (MIC)

The reference standard ciprofloxacin inhibited Graegative bacterig. coli andP. aeruginosa at a MIC of 0.0lug
ml™ and 0.25:g mI™, respectively whereas against Gram positive biacfiaureus andBacillus subtilis MIC was
found to be 0.1:ug mI* and 0.12ug mi*, respectively. All the synthesized compourddsg showed significant
antibacterial activity againd®. aeruginosa (MIC 0.40-0.65ug ml%), S. aureus (MIC 0.35-0.60ug mit) andB.
subtilis (MIC 0.35-0.55ug mi?) whereas moderate antibacterial activity was foagdinstE. coli (MIC 0.30-0.50
ng mit) as compared to the standard drug ciprofloxacabl@ 1). Compounds containing 4-nitro moiedg)(was
found to be most active. The results of the MIC thoe standard drug, ciprofloxacin, against the dyaat strains
used were found to be within the range as repantéiterature [19-21].

CONCLUSION

Present study describes a straightforward synthafsisew 2-[5-(aryloxymethyl)-1, 3, 4-oxadiazol-2sylfanyl]

propanoic acids. The structures of the synthesipatbounds were ascertained by the modern analygicahiques.
The title compounds were evaluated farvitro antibacterial activity against two Gram negativeaiss, i.e.,

Escherichia coli (MTCC 40) andPseudomonas aeruginosa (MTCC 2453), and two Gram positive straing,,

Bacillus subtilis (MTCC 121) andtaphylococcus aureus (MTCC 96). Compound8g exhibited significant activity
against all the bacterial strains used in this \stuthese results suggest that some more compouraigdsbe
synthesized and screened for antibacterial actitotyexplore the possibility of 2-[5-(aryloxymethnd) 3, 4-
oxadiazol-2-ylsulfanyl] propanoic acids as a naaties of antibacterial drugs.
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