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ABSTRACT 

 The pursuit of development of newer treatments for existing 

diseases has been the doorstep for the present research work. In the 

present work newer antibacterial agents based on oxadiazole-

benzenamine scaffold were synthesized using microwave irradia-

tion and evaluated. All the compounds were yellowish to brown in 

colour and were obtained in 73-81% yields using the optimized re-

action conditions. The compounds were insoluble in water, metha-

nol, soluble in chloroform and DMSO. The confirmation of the 

structure of the synthesized compounds was done by IR, 1HNMR 

and mass spectral studies. All the compounds exhibited the absorp-

tion bands of C=O, C=N, C-H, C=C stretching in the IR spectra. 

The compounds were evaluated for anti-bacterial potential using 

disc diffusion method (in vitro). The results obtained led to the con-

clusion that the antibacterial activity of the oxadiazole-

benzenamine derivatives as depends on position of the hydroxyl 

substitution present in the scaffold. 
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Introduction 

1.1 Oxadiazole 

Oxadiazoles are five membered heterocyclic 

ring systems containing two carbons, two ni-

trogen and one oxygen atom. They are known 

to exist in different isomeric forms viz., 1,2,4-

Oxadiazole, 1,3,4-oxadizole, 1,2,5-oxadiazole 

and 1,2,3-oxadiazole [1]. The isomer 1,2,3-

oxadiazole is a slightly unstable and gets con-

verted into a diazoketone tautomer. Amongst 

all the isomers, 1,3,4-oxadiazole has high sig-

nificance in the area of research. Several 

pharmacological actions of various synthe-

sized oxadiazole derivatives have been re-

ported in literature. Some recent reported 

pharmacological potential of oxadiazole based 

molecules include anti alzheimers [6], anti-

cholinesterase action [8], analgesic and anti-

inflammatory [9, 14], antiproliferative [15], 

anticancer [17], and anticonvulsant [20].  

Oxadiazoles have been known to exert a good 

anti microbial property [25,26] and have been 

recenlty widely researched for their vivid bio-

logical potentials. The objective of the current 

work is to synthesize some derivatives bearing 

oxadiazole-benzenamine conjugates using mi-

crowave assisted synthesis method and to as-

sess their anti microbial potential. 

Material and Methods 

 The scheme for the synthesis of the 

oxadiazole derivatives was adapted from the 

procedures reported by Amir et al [41] and 

Mishra et al [42] and the scheme is depicted 

in Figure 1. The scheme was modified for mi-

crowave assisted synthesis and validated for 

the reaction conditions. 

General method for synthesis of substi-

tuted benzohydrazides  

0.1 moles of substituted benzoic acid (1a-e) 

was dissolved in 25 ml ethanol and the mix-

ture was irradiated using microwave for 7 min 

at 100 Watt in presence of 5 drops of concen-

trated H2SO4. On cooling, a solid separated 

which was filtered to give an intermediate. The 

intermediate was reacted by hydrazine hy-

drate in presence of ethanol with catalytic 

amount of concentrated sulfuric acid. Briefly, 

0.1 mole of the intermediate in 20 ml ethanol, 

0.1 mole of hydrazine hydrate was added. To 

the mixture, catalytic amount of concentrated 

sulfuric acid was added. The mixture was ir-

radiated at 100 Watt using microwave until 

the completion of the reaction (approximately 

3 min). On cooling, a solid separated, which 

was recrystallized from ethanol to give the 

products 2a-e. 

Synthesis of N-(2,3-dimethylphenyl)-2-(5-

phenyl-1,3,4-oxadiazol-2-yl) benzenamine 
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Compound 2a-e (0.001 mol) and mefenamic 

acid, 3 (0.001 mol) were dissolved in phospho-

rus oxychloride and irradiated at 100 Watt us-

ing microwave for 25 min. The reaction mixture 

was slowly poured over crushed ice and kept 

overnight. The solid thus precipitated was fil-

tered, washed with water, dried and recrystal-

lized from ethanol to obtain compounds 4a-e. 

Chemical Characterization  

  All the synthesized compounds were 

characterized for melting point, solubility, yield 

and elucidation of the structure. The structure 

elucidation was performed by spectroscopic 

analysis (NMR, Mass and IR).  

Melting point was determined using open capil-

lary employing melting point apparatus, the 

solubility was qualitatively assessed in solvents 

of varying polarity and the TLC was performed 

on precoated silica gel plates. 

Antibacterial acivity 

The compounds synthesized during the present 

investigation were screened for their antibacte-

rial activity. The antibacterial tests were con-

ducted on four common microorganisms viz. 

Bacillus subtilis, Streptococcus aureus, Es-

cherichia coli and Salmonella, which are the 

representative types of gram positive and gram-

negative organisms respectively. The antibacte-

rial activity of the compounds was assessed by 

disc diffusion.  

Preparation of test solution  

 20 mg of the synthesized compounds were dis-

solved separately in 20 ml chloroform. 1 ml of 

this solution was diluted to 10 ml with chloro-

form. 0.5 ml (50 µg) and 1 ml (100 µg) of this 

solution was further diluted upto 2 ml by addi-

tion of chloroform to obtain a solution of 25 

and 50 µg/ml strength. These sample solutions 

were sterilized test tubes. These test com-

pounds (25, 50 and 100 µg/ml) were soaked on 

small circular disc of 5 mm.   

Procedure of antibacterial testing 

Hardness test 

The sterilized media (nutrient agar) was cooled 

to 45°C with gentle shaking for uniform cooling 

and then inoculated with 18-24 h old bacterial 

subculture under aseptic conditions in a lami-

nar air flow bench and mixed well by gentle 

shaking. This was poured in to sterile Petri 

dishes and allowed to set. After solidification all 

the Petri dishes were transferred to laminar 

flow unit and the test sample discs were care-

fully kept on the solidified media by using ster-

ilized forceps. These Petri dishes were kept in 

the laminar air flow unit undisturbed for one-

hour diffusion at room temperature and then 

for incubation at 37°C for 24 h in an incubator. 

The extent diameter of inhibition after 24 h was 

measured as the zone of inhibition in millime-

ters (mm). 

Results and Discussion 
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Chemical characterization  

The physicochemical properties are shown in 

Table 1. All the compounds were found to be 

soluble in chloroform and insoluble in water 

and methanol. 

The structure elucidation of the synthesized 

compounds was confirmed by interpretation of 

the IR, 1HNMR and Mass spectra of the com-

pounds. The IR spectra were observed for the 

characteristic peaks obtained due to the pres-

ence of the functional groups. All the com-

pounds exhibited the peaks of aromatic C=C 

stretching, C-H stretching, C-N and C=N 

stretching and C-O stretching. The occurrence 

of absorption bands for C-O and C=N may oc-

cur at the same frequency and Fermi resonance 

peaks may be the diagnostic of a carbonyl 

group in the compounds. The 1HNMR spectra of 

all the compounds exhibited chemical shifts of 

aromatic hydrogen. They also exhibited any 

peak that may arise due to certain functional 

groups like –OH and NH protons. The mass 

spectra of the compounds were examined for 

the presence of molecular ion peak or the iso-

topic peaks to confirm the formation of the 

compounds. 

Antibacterial Action 

The antibacterial activity of the synthesized 

oxadiazole-benzenamine conjugates was deter-

mined measuring the zone of inhibition in the 

agar plate. Three concentrations of the synthe-

sized compounds were tested for antibacterial 

action against ciprofloxacin as the standard 

drug for antibacterial action. The zone of inhibi-

tion of the test compounds is presented in table 

2. 

The results revealed that the antibacterial ac-

tion of the synthesized compounds was dose 

dependent. The compounds were mild to mod-

erately antibacterial. The presence of hydroxy 

group at para position in the phenyl ring at-

tached to oxadiazole in the compounds favored 

antibacterial activity against gram negative bac-

teria (4a, & 4c) whereas hydroxyl group on 

meta or ortho position of the phenyl ring at-

tached to  oxadiazole favored activity against 

gram positive bacteria (4d, 4e). Compound 4b 

did not exhibit significant antibacterial action 

as compared to the control suggesting the im-

portance of the hydroxyl substitution in the 

compounds for antibacterial potency.  

Conclusion 

The objective of the present investigation was to 

synthesize anti-microbial molecules based on 

oxadiazole-benzenamine scaffold using micro-

wave irradiation method. It was accomplished 

by converting the carboxyl group of substituted 

aromatic acids mefenamic acid to oxadiazole 

nucleus while conjugating it with me-
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fenamic acid. The synthesized compounds pre-

sented good yield and antibacterial activity 

comparable to that of the standard drug. 

References 

1. J. Bostrom, A. Hogner, A. Llinas, E. Wellner, 

A.T. Plowright. Oxadiazoles in Medicinal Chem-

istry. Journal of Medicinal Chemistry, 55 

(2012) 1817-1830.  

2. M. Saitoh, J. Kunitomo, E. Kimura, Y. Ha-

yase, H. Kobayashi, N. Uchiyama, T. Kawa-

moto, T. Tanaka, C.D. Mol, D.R. Dougan, G.S. 

Textor. Design, synthesis and structure-activity 

relationships of 1,3,4-oxadiazole derivatives as 

novel inhibitors of glycogen synthase kinase-3 

β. Bioorganic & Medicinal Chemistry, 17 (2009) 

2017-2029.  

3. A. Rehman, K. Nafeesa, M.A. Abbasi, S.Z. 

Siddiqui, S. Rasool, S.A.A. Shah, M. Ashraf. 

Synthesis of new heterocyclic 3-piperidinyl-

1,3,4-oxadiazole derivatives as potential drug 

candidate for the treatment of Alzheimer’s dis-

ease. Organic Chemistry, 4 (2018) 1-15.   

4. H. Kumar, S.A. Javed, S.A. Khan, M. Amir. 

1,3,4-Oxadiazole/thiadiazole and 1,2,4-triazole 

derivatives of biphenyl-4-yloxy acetic acid: syn-

thesis and preliminary evaluation of biological 

properties. European Journal of Medicinal 

Chemistry, 43 (2008) 2688-2698.  

5. A. Rathore, R. Sudhakar, M.J. Ahsan, A. Ali, 

N. Subbarao, S.S. Jadav, S. Umar, M.S. Yar. In 

vivo anti-inflammatory and docking study of 

newly synthesized benzimidazole derivatives 

bearing oxadiazole and morpholine rings. Bio-

organic Chemistry, 70 (2017) 107-117.  

6. A.S. Kiselyov, M.N. Semenova, N.B. Cherny-

shova, A. Leitao, A.V. Samet, K.A. Kislyi, M.M. 

Raihstat, T. Oprea, H. Lemcke, M. Lantow, D.G. 

Weiss, N.N. Ikizalp, S.A. Kuznetsov, V.V. Se-

menov. Novel derivatives of 1,3,4-oxadiazoles 

are potent mitostatic agents featuring trong 

microtubule depolymerizing activity in the sea 

urchin embryo and cell culture assays. Euro-

pean Journal of Medicinal Chemistry, 45 (2010) 

1683-1697.  

7. X.M. Zhang, M. Qiu, J. Sun, Y.B. Zhang, Y.S. 

Yang, X.L. Wang, J.F. Tang, H.L. Zhu. Synthe-

sis, biological evaluation, and molecular dock-

ing studies of 1,3,4-oxadiazole derivatives pos-

sessing 1,4-benzodioxan moiety as potential 

anticancer agents. Bioorganic & Medicinal 

Chemistry, 19 (2011) 6518-6524.   

8. N. Siddiqui, M.S. Alam, W. Ahsan. Synthesis, 

anticonvulsant and toxicity evaluation of 2-(1H-

indol-3-yl)acetyl-N-(substituted phenyl)

hydrazine carbothioamides and their related 

heterocyclic derivatives. Acta Pharm, 58 (2008) 

445-454.   

9. S. George, M.K. Parameswaran, A.R. Chak-

raborty, T.K. Ravi. Synthesis and evaluation of 



Iqbal et al., J. Pharmacol. Biomed. 2022; 6(4): 551-558 

Journal of Pharmacology and Biomedicine       6 

the biological activities of some 3-{[5-(6-methyl-

4-aryl-2-oxo-1,2,3,4-tetrahydropyrimidin-5-yl)-

1,3,4-oxadiazol-2-yl]-imino}-1,3-dihydro-2H-

indol-2-one derivatives. Acta Pharm, 58 (2008) 

119-129.  

10. M.S. Karthikeyan, D.J. Prasad, M. Mahal-

inga, B.S. Holla, N.S. Kumari. Antimicrobial 

studies of 2,4-dichloro-5-fluorophenyl contain-

ing oxadiazoles. European Journal of Medicinal 

Chemistry, 43 (2008) 25-31. 

11. M. Amir, S. Kumar. Synthesis and evalua-

tion of anti-inflammatory, analgesic, ulcerogenic 

and lipid peroxidation properties of ibuprofen 

derivatives. Acta Pharmaceutica, 57 (2007) 31-

45. 

12. R. Mishra, B. Mishra, N.S.H.N. Moorthy. 

Synthesis and antimicrobial evaluation of some 

3, 4-dihydro pyrimidine-2-one derivatives. 

Trends in Applied Sciences Research, 3 (2008), 

203-208. 

http://scholar.google.com/scholar?cluster=5916920008568119119&hl=en&oi=scholarr
http://scholar.google.com/scholar?cluster=5916920008568119119&hl=en&oi=scholarr


Iqbal et al., J. Pharmacol. Biomed. 2022; 6(4): 551-558 

Journal of Pharmacology and Biomedicine       7 

 

 

 

 

 

 

 

 

 

 

 

     Figure 4.1 Scheme for synthesis of oxadiazole-benzenamine derivatives 

 

 

 

 

 

 

 

 

 

           Table 1 Physicochemical characters of synthesized compounds 

R

OH

O

Ethanol, MWI, 100 Watt

NH2NH2.H2O

NHNH2

O

R

1
2a-e

N
H

OHO

3

+

POCl3

N
H

N

N

O

R

4a-e

MWI, 100 Watt

Compound 

code 

Aromatic 

acid Used 

Yield (%) Color Rf Value Melting 

point (°C) 

4a Coumaric 

acid 

81 Yellow 0.67 249-251 

4b Cinnamic 

acid 

75 Yellow 0.63 238-240 

4c Gallic acid 73 Yellow 0.69 222-224 

4d 2,4-

dihydroxy 

benzoic acid 

77 Yellow 0.64 261-263 

4e 2,5-

dihydroxy 

benzoic acid 

74 Brown 0.66 265-267 
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   Table 2  Zone of Inhibition of synthesized compounds 

 

 

 

 

 

 

        Figure 2  Zone of Inhibition of the tested compounds 
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Compound 

Code 

Zone of Inhibition (mm)* 

B. subtilis S. auerus E.coli Salmonella 

25

µg 

50

µg 

100

µg 

25

µg 

50

µg 

100

µg 

25

µg 

50

µg 

100

µg 

25

µg 

50

µg 

100

µg 

4a 7 9 14 6 8 15 11 16 23 10 16 24 

4b 5 5 7 5 7 9 5 8 11 6 11 13 

4c 6 9 13 6 8 13 9 15 24 8 16 25 

4d 10 16 25 9 16 24 6 9 13 5 9 14 

4e 11 14 23 10 15 23 6 8 12 6 10 13 

Ciproflox-

acin 

21 26 31 20 24 28 18 25 36 20 27 36 


