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ABSTRACT 
 
 

 

 

 

 

 

Diverse series of 2-(substituted phenyl)-6-phenylimidazo[2,1-b]1,3,4-oxadiazole were synthesized. Five of the synthesized compounds were 
evaluated for their anticancer activity on MCF-7 cancer cell lines. The recently synthesized compounds were illustrated by IR, 1HNMR. The 
anticancer activity of the compounds was carried out at Anti-Cancer Drug Screening Facility (ACDSF), Advanced Centre for Treatment, Research 
& Education in Cancer (ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai. The anticancer activity would be evaluated by In vitro testing 
using SRB assay protocols. All the screened compounds showed good to moderate activity against the MCF-7 cancer cell line. Compounds 5b, 6c, 
7a were found to be active with GI50 <10 µg/ml. All the synthesized compounds were screened against Gram-Positive and Gram-Negative bacteria 
Streptococcus aureus, Bacillus subtilis, and E. coli respectively.  
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INTRODUCTION 
Cancer proves to be a serious health issue all around the world 

and is proved to be the major cause of death worldwide. Cancer is 
a group of different life-threatening diseases characterized by 
uncontrolled cell growth, leading to invasiveness in the surrounding 
tissues, and metastasizing to other parts of the body. Cancer is 
characterized to be the second most major cause of death after the 
cardiovascular disease reported in the statistics.1–3 According to the 
report of the National Cancer Institute number of death due to 
cancer in different age groups was estimated to be 1960, in 2014 it 
was15, 780 and in 2017 it was increased to 1,688,780. The risk of 

developing cancer in an individual in his lifetime depends on 
factors like smoking, excessive alcohol consumption, sedentary 
lifestyle, lack of physical activity, and improper or unhealthy 
diet.4,5 However, this can also be in association with transformation 
at the cellular level linked to viral infection radiation and chemical 
exposure.6,7 Cancer treatment has been the major/foremost goal of 
pharmaceutical industries and R & D wings in research centers 
from the past decades.8–11 The current therapeutic approaches used 
in the treatment of cancer involve Chemotherapy, immunotherapy, 
hormonal therapy, radiotherapy, monoclonal antibody therapy, 
targeted therapy.12 But due to the invasive nature of cancerous cells 
to other cells or tissue, can cure 40% of individuals only and is thus 
associated with a high mortality rate. Chemotherapy is the major 
crossbow against the neoplasm but possesses some side effects to 
include alopecia, sore throat, diarrhea, fatigue, etc. The failure of 
chemotherapy is generally reported due to the development of 
multidrug-resistant, or the cancerous cells resist them against 
chemotherapeutic agents, poor patient compliance due to clinical 
systemic toxicity.13 Mostly the clinical used antineoplastic 
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molecules or drugs are synthetic in origin. These molecules act by 
a variety of molecular mechanics which include initiation 
inhibition, progression, promotion, and metastasis of cancerous 
cells but in the process also destroy the normal cells that lead to 
toxicity,14 severe side effects of the drug entities, development of 
resistance against drugs, failure of antitumor drugs are the main 
obstacle in the successful development of anticancer drugs.15,16 The 
incidence of cancer worldwide elevates the finding for new, safer, 
and efficient anticancer agents, aiming for the prevention or the 
cure of this disease. Research laboratories are still indulged deeply 
in the research of a new anticancer drug.17 

Oxadiazole is from the major class of 5 membered aromatic 
heterocyclic compounds incorporating two nitrogen and one 
oxygen atom in the ring. 1,3,4-oxadiazole is thermally stable and 
exists in two forms 2,3-dihydro-,3,4-oxadiazole, and 2,5-dihydro-
1,3,4-oxadiazole. Oxadiazole possesses four isomers 1,2,4-
oxadiazole, 1,2,5-oxadiazole, 1,3,4-oxadiazole, 1,2,3-oxadiazole 
depending on the position of the nitrogen atom. Out of these four 
isomers, 1,3,4-oxadiazole possesses different pharmacological 
activities.18 

Zibotentan is a marketed compound based upon 1,3,4-
oxadiazole and possesses excellent anti-cancer activity. It is an 
endothelial receptor antagonist and is used for the treatment of 
prostate cancer.19 
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Figure 1. Chemical structure of Zibotenan 

 From the literature survey, we come to know that the 1,3,4-
oxadiazole and its derivatives possess a wide range of 
pharmacological activities including antibacterial activity,20,21 anti-
mycobacterial,22 antifungal23,24 anti-HIV,25–27 anti-inflammatory 
and analgesic,28–30 hypoglycaemic,31 anticonvulsant32 and 
antitumor,33 herbicidal properties,34 Antihypertensive,35 enzyme 
inhibition,36 muscle relaxants37 hypnotic, sedatives38 and 
Anticancer activit39,40 Oxadiazole possesses desirable charge 
transport and electronic properties, incorporation of different 
functional groups in the ring is easy. This resulted in the potential 
utilization of the oxadiazole derivatives in the field of medicinal 
chemistry.  From the literature survey, it came to know that 1, 3, 4-
oxadiazole acts as telomerase inhibitors. So, the researchers are 
interested to explore 1,3,4-oxadiazole because of its diverse 
pharmacological activities. In the present study, we report the 
synthesis of new series of 1,3,4-oxadiazole derivatives. 

MATERIAL AND METHOD  
Semicarbazide hydrochloride, substituted aromatic aldehyde, 

substituted phenacyl bromide, Sodium acetate, and solvents were 
purchased from LOBACHEM, India. The progress in the reaction 

was monitored by the thin layer chromatography technique using 
pre-coated TLC plates. The spots developed were seen in the iodine 
chamber. The melting point of the compounds reported was 
determined by the capillary method and was uncorrected. The 
infrared spectra (IR) were undergone on Bruker alpha-E FTIR-ATR 
at A.S.B.A.S.J.S.M. College of Pharmacy Bela, Ropar (Punjab). 
1HNMR was carried out from the Indian Institute of Technology 
(IIT) Ropar, (Punjab) using DMSO and chloroform as solvent and 
also at SAIF, Punjab University Chandigarh. 

Chemistry 
Preparation of 1-Benzylidenesemicarbazide derivatives (3a-

3c): 
Semicarbazide hydrochloride (1.12 g 0.01 mol) and sodium 

acetate (1.64 g 0.02mol) were mixed in 10-20 ml water. To this 
mixture substituted aromatic aldehyde (0.01 mol) was added slowly 
with continuous stirring to give a turbid solution. The solution was 
stirred for 10 h at room temperature. The reaction was monitored 
using TLC by hexane and ethyl acetate (2:1). Upon completion, the 
reaction mixture was kept overnight. 

Preparation of 2-Amino-5-aryl-1, 3, 4-oxadiazole (4a-4c): 
Semicarbazone (0.01 mol) and sodium acetate (1.64 g 0.02 mol) 

was dissolved in 30-40 ml of glacial acetic acid taken in a round 
bottom flask. Bromine (0.7 ml in 5 ml of glacial acetic acid) was 
added slowly to it while stirring magnetically. After 4 h of stirring, 
the solution was poured on crushed ice. The resulting solid was 
separated, dried, and recrystallized from ethanol. 

Preparation of 2-(substituted phenyl)-6-phenylimidazo- [2, 
1-b] 1, 3, 4- Oxadiazole (5-7) 

A mixture of the equimolar quantity of 2-amino-5-aryl-1, 3, 4-
oxadiazole (0.005 mol), and bromoacetyl compounds was refluxed 
with DMF for 16 h. The excess solvent was distilled off and the 
solid hydrobromide that separated was collected by filtration, 
suspended in water, and neutralized by sodium carbonate solution 
to get a free base. It was filtered washed with water, dried, and 
recrystallized from a suitable solvent. 

2-(4-Bromophenyl)-6-phenylimidazo[2,1-b]-1.3.4-oxadiazole 
(5a): C16H10BrN3O; Melting point 108-110ºC; Yield 47.33%; IR (γ 
cm-1) C-Br stretch 686.19, Ar C-H stretch 3273.46, Ar C=C stretch  
1478, C=N stretch 1656, C-N stretch 1351, C-O stretch 
1063.1HNMR (CDCl3, 400MHz,) δ ppm  7.47-7.50 (m, 6H, Ar –
CH),7.52-(s,1H, Ar –CH)7.61-7.69(m, 2H, Ar –CH), 9.07 (s,1H, 
imidazole). 

2-(4-Bromophenyl)-6-(4-methoxy)phenylimidazo[2,1-b]-1.3.4-
oxadiazole (5b): C16H12BrN3O2; Melting point 78-80ºC; Yield 
54.34%; IR (γ cm-1) C-Br stretch 661, Ar C-H stretch 3183, Ar C=C 
stretch 1474, C=N stretch 1657, C-N stretch 1398, C-O stretch 
1007. 1HNMR (CDCl3, 400MHz,) δ ppm3.03 ( s, 3H, OCH3), 7.11 
(s,1H, imidazole),7.31(m, 2H, Ar –CH), 7.5-7.68 (m,4H, Ar –CH), 
7.84 (s, 2H, Ar –CH). 

2-(4-Bromophenyl)-6-p-tolylimidazo[2,1-b]-1.3.4-oxadiazole 
(5c): C17H12BrN3O; Melting point 92-94ºC; Yield 35.42%; IR (γ 
cm-1) C-Br stretch 636, Ar C=C stretch 1469, C=N stretch 1622, C-
N stretch 1267, C-O stretch 1011, C-H stretch 2800. 1HNMR 
(CDCl3, 400MHz,) δ ppm2.9-3.0 (m, 3H, CH3), 7.10 (s,1H, 
imidazole), 7.51-7.59 ( m, 5H, Ar-CH), 7.67-7.69(m, 3H, Ar-CH), 
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2-(4-Bromophenyl)-6-(4-
Chloro)phenylimidazo[2,1-
b]-1.3.4-oxadiazole (5d):  
C16H9BrN3OCl; Melting 
point 151-153ºC; Yield  
52.97%; IR (γ cm-1) C-Br 
stretch 628, Ar C-H stretch 
3052, Ar C=C stretch 1480, 
C=N stretch 1659,C-N 
stretch 1267, C-O stretch 
1002, C-Cl stretch 742. 

2-(4-Nitrophenyl)-6-
phenylimidazo[2,1-b]-1.3.4-
oxadiazole (6a): C16H10N4O3; 
Melting point 88-90ºC; Yield 
30%; IR (γ cm-1) N=O stretch 
1518, 1338, Ar C-H stretch 
3061, Ar C=C stretch 1450, 
C=N stretch 1677, C-N 
stretch 1171, C-O stretch 
1018.  

2-(4-Nitrophenyl)-6-(4-
methoxy)-
phenylimidazo[2,1-b]-1.3.4-
oxadiazole (6b): C17H12N4O4; 
Melting point 74-76ºC; Yield 
42.76%; IR (γ cm-1) N=O 
stretch 1504, 1335, Ar C-H 
stretch 3065, Ar C=C stretch 
1456, C=N stretch 1662, C-N 
stretch 1243, C-O stretch 
1018, C-H stretch 2923, 
2838. 1HNMR (DMSO, 
400MHz) δ ppm 3.90 (m, 
3H,-OCH3), 6.9-8.2 (m, 8H, 
Ar –CH), 7.7 (imidazole C-
H). 

2-(4-Nitrophenyl)-6-p-
tolylimidazo[2,1-b]-1.3.4-
oxadiazole (6c): C17H12N4O3; 
Melting point 78-80ºC; Yield 
34.52%; IR (γ cm-1) N=O 
stretch 1510, 1334, Ar C-H 
stretch 3030, Ar C=C stretch 
1595, C=N stretch 1665, C-N stretch 1071, C-O stretch 1013, C-H 
stretch 2921, 2859. 

2-(4-Nitrophenyl)-6-(4-chloro)-phenylimidazo[2,1-b]-1.3.4-
oxadiazole (6d): C16H9ClN4O3; Melting point 75-77ºC; Yield 50%; 
IR (γ cm-1) N=O stretch 1524, 1398, Ar C-H stretch 3048, Ar C=C 
stretch 1585, C=N stretch 1661, C-N stretch 1267, C-O stretch 
1002, C-Cl stretch 741. 

2-(2,5-dimethoxyphenyl)-6-(4-methoxy)phenylimidazo[2,1-b]-
1.3.4-oxadiazole (7a): C19H17N3O4; Melting point 80-82ºC; Yield 
40%; IR (γ cm-1) Ar C-H stretch 3067, C=N stretch 1667,  Ar C=C 
stretch 1499, C-N stretch 1244, C-O stretch 1018, C-H stretch 2920, 
2844.1HNMR (DMSO, 400MHz, δ ppm)δ 3.73 (m, 1H,-OCH3), δ 

3.73 (o, 1H,-OCH3), δ 3.73 (p, 1H,-OCH3), δ 6.9 (m, 4H, Ar –CH), 
δ 7.0-7.3 (m, 3H, Ar –CH), δ 7.1 (imidazole C-H). 

2-(2,5-dimethoxyphenyl)-6-p-tolylimidazo[2,1-b]-1.3.4-
oxadiazole (7b): C19H17N3O3; Melting point 60-62ºC; Yield 48%; 
IR (γ cm-1) Ar C-H stretch 3030, Ar C=C stretch 1595, C=N stretch 
1665, C-N stretch 1334, C-O stretch 1013, C-H stretch 2921, 2859. 

 
Biological Activity 
In vitro Anti-cancer screening 
Five of the synthesized compounds were submitted to Anti-

Cancer Drug Screening Facility (ACDSF), Advanced Centre for 
Treatment, Research & Education in Cancer (ACTREC), Tata 
Memorial Centre, Kharghar, Navi Mumbai. The source of cell lines 
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Figure 2. Reaction scheme for synthesis of compounds 

Reagents and conditions: (a) CH3COONa, Distilled water, stirring 10 h(b) CH3COONa, CH3COOH, Br2 
stirring 4 h (r) DMF, substituted Phenacylbromide, reflux 18 h. 
3a: R= 4-Br                                    3b:R=4-NO2                                      3c:R=2,5-diOCH3              

4a: R=4-Br                                    4b:R=4-NO2                                        4c:R=2,5-diOCH3              

5a: R=4-Br  R1=H                        6a: R=4-NO2  R1=H                7a:R=2,5-diOCH3  R1=OCH3 

5b:R=4-BrR1=OCH3                           6b: R=4-NO2  R1=OCH3                7b: R=2,5-diOCH3  R1=CH3 
5c:R=2,5-diOCH3  R1=CH3             6c: R=4-NO2  R1=CH3 
5d:R=2,5-diOCH3  R1=Cl            6d: R=4-NO2  R1=Cl 
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was NCI USA. In vitro testing was done using SRB assay protocol, 
each derivative was tested at 4 dose levels 1×10-7 M, 1×10-6 M, 
1×10-5 M, 1×10-4). The compounds were screened against MCF-7 
(breast cancer) cell line.  

In vitro Antimicrobial screening 
All the synthesized compounds were evaluated for antibacterial 

activity against Gram-Negative bacteria E-coli (MTCC), Gram-
Positive bacteria Staphylococcus aureus (MTCC), Bacillus subtilis 
(MTCC) at Microbiological lab in Amar Shaheed Baba Ajit Singh 
Jujhar Singh Memorial College of Pharmacy, Bela (Ropar). 

RESULTS AND DISCUSSION 
The synthesis, spectral studies, and biological activity of some 

2-(substituted phenyl)-6-phenylimidazo[2,1-b]1,3,4-oxadiazole 
was carried out as per the proposed protocol.41 

Anticancer Screening Results 
All the screened compounds showed good to moderate activity 

against the MCF-7 Human cancer cell line. The compounds 5b, 6c, 
7a possess good growth inhibition activity whereas compound 5a, 
6b shows moderate growth activity. The compounds 5b, 6c, 7a have 
GI50 <10 µg/ml which is equal to the standard used in the screening 
42,43 The order for the % control growth inhibition of MCF-7 was 
found to be 6b<7a<5b<6c<5a as shown in (Table: 1-4) 

 
Table: 1 In vitro percentage control growth of MCF-7cell line at 
different concentrations of compounds (Experiment 1) 

 
C. No. 

% Control growth (MCF-7) 
Compound concentration (μg/mL) 

 10 20 40 80 
5a 63.8 65.3 32.7 12.4 

5b 26.3 25.1 22.8 20.9 

6b 88.7 84.3 71.6 52.2 

6c 48.3 42.2 21.2 8.5 

7a 34.0 28.6 29.1 21.6 

ADR -4.3 -10.7 -14.7 -47.7 

 

Table: 2 In vitro percentage control growth of MCF-7cell line at 
different concentrations of compounds (Experiment 2) 

 
C. No. 

% Control growth (MCF-7) 

Compound concentration (μg/mL) 

 10 20 40 80 

5a 74.7 60.6 37.6 12.7 

5b 29.1 25.4 30.5 29.1 

6b 87.0 84.6 77.7 62.9 

6c 49.9 32.5 21.5 14.6 

7a 38.0 31.9 34.3 30.3 

ADR -1.8 -3.9 -18.5 -40.9 

 

Table: 3 In vitro percentage control growth of MCF-7 cell line at 
different concentrations of compounds (Experiment 3) 

 
C. No. 

% Control growth (MCF-7) 

Compound concentration (μg/mL) 
 10 20 40 80 

5a 73.8 60.0 39.2 16.1 

5b 28.4 28.1 31.4 30.3 

6b 86.5 78.7 74.9 67.4 

6c 48.5 31.5 25.5 21.2 

7a 35.0 34.1 31.7 36.6 

ADR -8.4 -10.4 -27.4 -39.7 

 

 

Figure 3. Anticancer activity graph with Standard deviation of  
compound 5a, 5b and 6b. 
 
Table: 4 Screened compound concentrations (μg/mL) as TGI, LC50, 
and GI50 for MCF-7 cell line. 

C. No. Compound concentration(μg/mL) 

LC50 TGI GI50 
5a NE NE 32.3 
5b NE NE <10 
6b NE NE >80 
6c NE NE <10 
7a NE NE <10 

ADR NE <10 <10 

 
LC50 = Concentration of drug causing 50% cell kill; GI50 = 

Concentration of drug causing 50% inhibition of cell growth; TGI 
= Concentration of drug causing total inhibition of cell growth; 
ADR = Adriamycin, Positive control compound; GI50 value of ≤ 10-

6 molar (1 µmolar) or ≤ 10µg/ml is considered to demonstrate 
activity in case of pure compounds; Yellow highlighted values 
under GI50 column indicate activity: NE=Non-evaluable data. The 
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experiment needs to be repeated using a different set of drug 
concentrations. 

Antimicrobial screening results 
All the synthesized compounds were tested against Gram-

Positive and Gram-Negative bacteria Streptococcus aureus, 
Bacillus subtilis, and E.coli respectively. The cup plate agar 
diffusion method was used to perform its antimicrobial activity. 
The compounds active against Gram-Positive bacterial strains 
Streptococcus aureus were 5c, 5d, 6c, 6d, and compounds against 
Bacillus subtilis were 5a, 5c, 5d, 6a, 6c, 7a, 7b. Complete series of 
compounds were inactive against Gram-Negative44. (Table: 5) 
 

Table: 5 Showing Antimicrobial activity 

 
Compound 
no. 

Activity 

Gram-Positive bacteria Gram Negative 
bacteria 

S.aureus B. subtilis E. coli 
5a _ + _ 

5b _ _ _ 

5c + + _ 

5d + + _ 

6a _ + _ 

6b _ _ _ 

6c + + _ 

6d + _ _ 

7a _ + _ 

7b _ + _ 

(-) Not active, (+) Active 

CONCLUSION 
In conclusion, a series of compounds such as 2-(substituted 

phenyl)-6-phenylimidazo[2,1-b]1,3,4-oxadiazole were synthesized 
and tested for anti-cancer and antimicrobial activity. Five 
compounds from the synthesized compounds were tested against 
the MCF-7 cell line to determine the growth inhibitory effect of 
compounds. In vitro testing was done using SRB assay protocol, 
each derivative was tested at 4 dose levels (10 μg/ml, 20 μg/ml, 40 
μg/ml, 80 μg/ml). All the selected synthesized compounds possess 
good to moderate anticancer activity. Compounds 5b, 6c, 7a were 
found to be active with GI50 <10 µg/ml. The order for the % control 
growth inhibition of MCF-7 was found to be 6b<7a<5b<6c<5a. All 
the synthesized compounds were screened against Gram-Positive 
and Gram-Negative bacterias Streptococcus aureus, Bacillus 
subtilis, and E.coli respectively45–47. It is concluded that the 
compounds with electron-withdrawing group/ electronegative 
groups possess good activity. 
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