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Abstract  

A novel series of 2-(5-bromothiophen-2-yl)-5-substituted-1, 3, 4-oxadiazoleswere synthesized by oxidative cyclization of 

schiff bases derived from5-bromo-2-thiophene-carboxaldehyde and aromatichydrazides using Chloramine-T as an efficient 

oxidant. Structural elucidation was accomplished by 
1
H NMR, 

13
C NMR, elemental analysesand IR of synthesized 

compounds. 
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Introduction 

Nitrogen containing heterocycles, especially 5-membered rings, 

have grabbed attention as they are found in natural products and 

are used often in medicinal chemistry. There has been a 

considerable development in the study of compounds with 

oxadiazole moiety. 1, 3, 4-oxadiazole is observed to be 

extensively manipulated in the fields of chemical and 

pharmaceutical sciences. The capacity of this isomer to undergo 

an array of chemical reactions has made it the medicinal 

backbone on which a number of potential molecules can be 

constructed.  
 

Raltagravir, potent PDF inhibitor BB-83698 and furamizole are 

just few instances of oxadiazole therapeutic agents. A choice of 

compounds with 1, 3, 4-oxadiazoles are effective against 

bacterial strains
1
, fungi

2
, inflammation

3-4
, body ache

5
 and 

convulsion
6-7

. A range of similar compounds have also shown 

good activities against different insects
8
. This isomer is the 

active ingredient in compounds that can bring about muscle 

relaxation
9
. 

 

In order to avoid the harsh conditions and side reactions that the 

classical oxidants offer, milder reagents have been developed
10

. 

Chloramine-T
11-12 

is one such oxidant. Its mild quality affords 

fine yield and excellently pure 2, 5-disubstituted-1, 3, 4-

oxadiazoles. 

 

The great potential for different pharmacological activities of 1, 

3, 4-oxadiazole derivatives, the underlined chemistry and our 

continued interest
13-15 

impelled us to carry out the Chloramine-T 

mediated synthesis of a series of 2-(5-bromothiophen-2-yl)-5-

substituted-1, 3, 4-oxadiazoles. 

 

Results and Discussion 

The target compounds were synthesized as per scheme 1. All 

the experiments were carried out in Orbit 6 parallel synthesizer. 

Different aromatic acids 1 were esterified in the presence of acid 

catalyst. The esters 2 were converted to corresponding 

hydrazides by reacting with hydrazine. The resulting Aryl 

hydrazides 3 were further reacted with 5-bromo-2-thiophene-

carboxaldehyde 4 to afford aryl hydrazones 5, which were 

oxidatively cyclized by using the catalyst Chloramine-T to the 

desired oxadiazoles 6 in good yield. Nuclear Magnetic 

Resonance spectra, Infrared spectra and elemental analyses 

characterized the synthesized compounds. The Infrared 

spectrum of oxadiazoles showed the absence of amide carbonyl 

peak at1600-1760 cm
-1

 and disappearance of the -NH peak at 

3100-3300 cm
-1

, which could be observed in aryl hydrazones, 

the intermediate stage. 
1
H NMR and 

13
C NMR showed the exact 

number of protons and carbons respectively in the expected 

region for the predicted structures of the oxadiazoles. The 

formation of the products was confirmed by correct elemental 

analyses. 

 

Material and Methods 

Experiments were carried out in an Orbit 6 parallel synthesizer. 

Melting points were established on a Thomas Hoover melting 

point apparatus and are uncorrected. 
1
H NMR and 

13
C NMR 

spectra were recorded on a Bruker AM 400 MHz spectrometer 

using DMSO as solvent and tetramethylsilane as internal 

standard. Chemical shifts were expressed in δ and the following 

abbreviations were used: s = singlet, d = doublet, t = triplet and 

m = multiplet. IR (KBr) spectra were recorded on Shimadzu 

8300 spectrometer. Thin layer chromatography was facilitated 

on precoated silica gel G plates. 

 

Representative procedure for the synthesis of aromatic 

hydrazides3 (a-k): A parallel synthesis equipment, set with a 

magnetic stirrer was charged with the respective aromatic acid 1 

(1 g), ethanol (5 mL) and catalytic amount of conc. H2SO4. The 

mixture was refluxed for 3 h. The progress of the reaction was 

supervised by TLC (toluene: ethyl acetate = 7.5: 2.5). After 
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completion of reaction, aqueous layer was subjected to diethyl 

ether extraction. Ether layer was washed with 5 % sodium 

bicarbonate solution and thereafter evaporated to yield 

corresponding aromatic ester 2, which was refluxed with 98 % 

hydratedhydrazine (2 mL) in ethanol (2 mL) for 2 h. The 

progress of the reaction was monitored by TLC (toluene: ethyl 

acetate: diethylamine = 7.5: 2.5:1). After completion of the 

reaction, reaction mixture was cooled and the solid formed was 

filtered and washed with chilled ethanol (1 mL) to get 3 (a-k) 

which were directly used for next stage. 

 

Representative procedure for the synthesis of aryl 
hydrazones 5 (a-k): An equimolar mixture of aromatic 

hydrazide 3 (a-k) and 5-bromo-2-thiophene-

carboxaldehyde4was refluxed in IPA (10 vol.) for 2 h. The 

progress of the reaction was monitored by TLC (toluene: ethyl 

acetate: DEA= 7.5: 2.5: 1). After completion of the reaction, the 

mass was cooled and the solid formed was filtered to give 5 (a-

k). 

 

Representative procedure for the sythesis of 2, 5- 

disubstituted -1, 3, 4 oxadiazoles6 (a-k): A mixture of aryl 

hydrazone5 (a-k) (1 mmol) and Chloramine-T. 3H2O (1.19 

mmol) in ethanol (10 vol.) was refluxed under stirring for 2 h. 

The progress of the reaction was monitored by TLC (CHCl3: 

ethyl acetate= 1:1). The reaction mass was then concentrated 

under reduced pressure and the residue was extracted into 

diethyl ether. Ether layer was washed with 10% NaOH solution, 

water, finally with brine solutions and dried (anhy. Na2SO4). 

Ether was evaporated to get the solid 6 (a-k). The hydrazone 

was recrystallized from ethanol. 

 

The same procedure was used in all cases. 

 

Synthesis of 2-(5-bromothiophen-2-yl)-5-substituted-1,3,4-oxadiazole library
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Synthesis of 2-(5-bromothiophen-2-yl)-5-substituted-1, 3, 4-oxadiazole library 
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2-(5-bromothiophen-2-yl)-5-phenyl-1,3,4-oxadiazole 6a: 
Acquired from 5a (1.0 g, 3.23 mmol) and Chloramine-T.3H2O 

(1.07 g, 3.84mmol) as a brown crystalline solid (0.91 g, 92 %), 

m.p. 124-126
o
C.IR (KBr pellets cm

-1
) v 817, 972, 1200, 1488, 

1596.
1
H NMR DMSO: δ 7.855-7.297 (m, 5H-Ar), 7.932 (d, 

1H-Thiophene), 8.579 (d, 1H-Thiophene).
13

C NMR DMSO: δ 

123.80(2C-Ar), 126.33(2C-Ar), 127.2(1C-Ar), 129.72(1C-

Thiophene), 131.77(1C-Thiophene), 132.70(1C-Thiophene), 

132.72 (1C-Thiophene), 144.01 (1C-Ar), 159.77(1C-

Oxadiazole), 164.08 (1C-Oxadiazole). Anal.Calcd.for 

C12H7BrN2OS: C, 46.92; H, 2.30; N, 9.12 %. Found: C, 46.96; 

H, 2.32; N, 9.14 %. 

 

2-(5-bromothiophen-2-yl)-5-(thiophen-2-yl)-1,3,4-
oxadiazole 6b: Acquired from 5b (1.0 g, 3.17mmol) and 

Chloramine-T.3H2O (1.05 g, 3.76mmol) as a brown crystalline 

solid (0.85 g, 86 %), m.p. 136-138
o
C.IR (KBr pellets cm

-1
) 

v817, 1040, 1141, 1488, 1561.
1
H NMR DMSO: δ7.748-7.319 

(m, 3H-Thiophenewithout-Br), 7.758 (d, 1H-Thiophene), 

8.80(d, 1H-Thiophene).
13

C NMR DMSO: δ 117.64 (1C-

Thiophene), 124.31(1C-Thiophene), 126.08(1C-Thiophene), 

129.31(1C-Thiophene), 131.23(1C- Thiophene with Br 

attached), 131.71(1C- Thiophene with Br attached), 132.48 

(1C- Thiophene with Br attached), 132.73 (1C-Thiophene with 

Br attached), 159.36 (1C-Oxadiazole), 160.43 (1C-

Oxadiazole). Anal.Calcd.forC10H5BrN2OS2: C, 38.35; H, 1.61; 

N, 8.94 %. Found: C, 38.33; H, 1.60; N, 8.96 %. 

 

2-(5-bromothiophen-2-yl)-5-(4-chlorophenyl)-1,3,4-

oxadiazole 6c: Acquired from 5c (1.0 g, 2.91mmol) and 

Chloramine-T.3H2O (0.96 g, 3.45mmol) as a yellow 

crystalline solid (0.78 g, 79 %), m.p. 128-129
o
C.IR (KBr 

pellets cm
-1

) v802, 1087, 1265, 1481, 1599.
1
H NMR DMSO: 

δ7.705-7.128 (m, 4H-Ar), 7.822 (d, 1H-Thiophene), 8.112(d, 

1H-Thiophene).
13

C NMR DMSO: δ128.2 (2C-Ar), 129.80 

(1C-Thiophene), 129.86(2C-Ar), 131.94(1C-Thiophene), 

132.51(1C-Thiophene), 133.86 (1C-Ar), 137.41(1C-

Thiophene), 139 (1C-Ar), 159.30(1C-Oxadiazole), 163.34(1C-

Oxadiazole).Anal.Calcd.forC12H6BrClN2OS: C, 42.19; H, 

1.77; N, 8.20 %. Found: C, 42.16; H, 1.72; N, 8.18 %. 

 

2-(5-bromothiophen-2-yl)-5-(4-nitrophenyl)-1,3,4-

oxadiazole 6d: Acquired from 5d (1.0 g, 2.82 mmol) and 

Chloramine-T.3H2O (0.93 g, 3.34 mmol) as a yellow 

crystalline solid (0.74 g, 75 %), m.p. 140-142 
o
C.IR (KBr 

pellets cm
-1

) v856, 1519, 1324, 1427, 1589.
1
H NMR DMSO: 

δ7.882-7.427 (4H-Ar), 8.116 (d, 1H-Thiophene), 8.831(d, 1H-

Thiophene).
13

C NMR DMSO: δ 123.6 (2C-Ar), 128.01 (2C-

Ar), 129 (1C-Thiophene), 131.94(1C-Thiophene), 132.51(1C-

Thiophene), 137.41(1C-Thiophene), 145.3 (1C-Ar), 147 (1C-

Ar), 159.27 (1C-Oxadiazole), 163.35 (1C-

Oxadiazole).Anal.Calcd.forC12H6BrN3O3S: C, 40.81; H, 2.00; 

N, 11.90 %. Found: C, 40.78; H, 1.99; N, 11.94 %. 

 

2-(5-bromothiophen-2-yl)-5-(4-bromophenyl)-1,3,4-
oxadiazole 6e: Acquired from 5e (1.0 g, 2.57mmol) and 

Chloramine-T.3H2O (0.93 g, 3.04mmol) as a cream crystalline 

solid (0.83 g, 84 %), m.p. 134-136
o
C.IR (KBr pellets cm

-1
) 

v833, 1100, 1481, 1589.
1
H NMR DMSO: δ7.643-7.277 (m, 

4H-Ar), 8.127 (d, 1H-Thiophene), 8.654(d, 1H-Thiophene).
13

C 

NMR DMSO: δ 122 (1C-Ar), 129.04 (2C-Ar), 129 (1C-

Thiophene), 131.94(1C-Thiophene), 132.3 (2C-Ar), 

132.51(1C-Thiophene), 137.41(1C-Thiophene), 140 (1C-Ar), 

159.3(1C-Oxadiazole), 163.3 (1C-Oxadiazole). Anal.Calcd. 

for C12H6Br2N2OS: C, 37.33; H, 1.57; N, 7.26 %. Found: C, 

37.29; H, 1.56; N, 7.24 %. 

 

2-(5-bromothiophen-2-yl)-5-(3-chlorophenyl)-1,3,4-
oxadiazole 6f: Acquired from 5f (1.0 g, 2.92 mmol) and 

Chloramine-T.3H2O (1.05 g, 3.45 mmol) as a brown 

crystalline solid (0.77 g, 78 %), m.p. 132-133
o
C.IR (KBr 

pellets cm
-1

) v 766, 1033, 1200, 1427, 1512.
1
H NMR DMSO: 

δ 7.92-7.15 (m, 4H-Ar), 8.01 (d, 1H-Thiophene), 8.123(d, 1H-

Thiophene).
13

C NMR DMSO: δ125.2 (1C-Ar), 127.4 (1C-Ar), 

127.9 (1C-Ar), 129.75 (1C-Thiophene), 129.86(1C-Ar), 

131.94(1C-Thiophene), 132 (1C-Thiophene), 135.11 (1C-Ar), 

137.41(1C-Thiophene), 141.1 (1C-Ar), 159.2(1C-Oxadiazole), 

163.11 (1C-Oxadiazole).Anal.Calcd.for C12H6BrClN2OS: C, 

42.19; H, 1.77; N, 8.20 %. Found: C, 42.15; H, 1.76; N, 8.17 

%. 

 

2-(5-bromothiophen-2-yl)-5-(furan-2-yl)-1,3,4-oxadiazole 
6g: Acquired from 5g (1.0 g, 3.34 mmol) and Chloramine-

T.3H2O (1.20 g, 3.94 mmol) as a yellow crystalline solid (0.79 

g, 80 %), m.p. 222-224 
o
C.IR (KBr pellets cm

-1
) v 799, 901, 

1133, 1473, 1555.
1
H NMR DMSO: δ7.86-7.467 (m, 3H-

Furan), 7.94 (d, 1H-Thiophene), 8.79 (d, 1H-Thiophene).
13

C 

NMR DMSO: δ 119.05 (1C-Thiophene), 124.9 (1C-

Thiophene), 126.12 (1C-Thiophene), 127.2 (1C-Furan), 127.4 

(1C-Furan), 128.9 (1C-Furan), 129.25 (1C-Thiophene), 154.7 

(1C-Furan), 159.10 (1C- Oxadiazole), 160.2 (1C-Oxadiazole). 

Anal.Calcd.for C10H5BrN2O2S: C, 40.42; H, 1.70; N, 9.43 %. 

Found C, 40.39; H, 1.75; N, 9.41 %. 

 

2-(5-bromothiophen-2-yl)-5-(2-chlorophenyl)-1,3,4-
oxadiazole 6h:  Acquired from 5h (1.0 g, 2.91mmol) and 

Chloramine-T.3H2O (1.04 g, 3.43mmol) as a brown crystalline 

solid (0.77 g, 78 %), m.p. 148-150 
o
C.IR (KBr pellets cm

-1
) v 

802, 848, 1164, 1272, 1488, 1589.
1
H NMR DMSO: δ7.845-

7.39 (m, 4H-Ar), 8.16 (d, 1H-Thiophene), 8.287 (d, 1H-

Thiophene).
13

C NMR DMSO: δ 125.2 (1C-Ar), 127.4 (1C-Ar), 

127.9 (1C-Ar), 129.75 (1C-Thiophene), 129.86 (1C-Ar), 

131.94(1C-Thiophene), 132 (1C-Thiophene), 135.11 (1C-Ar), 

137.41(1C-Thiophene), 141.1 (1C-Ar), 159.2 (1C-

Oxadiazole), 163.11 (1C-Oxadiazole).Anal.Calcd.for 

C12H6BrClN2OS: C, 41.19; H, 1.77; N, 8.20 %. Found C, 

41.16; H, 1.79; N, 8.17 %. 

 

2-(5-bromothiophen-2-yl)-5-(4-methylphenyl)-1,3,4-
oxadiazole 6i: Acquired from 5i (1.0 g, 3.09mmol) and 

Chloramine-T.3H2O (1.10 g, 3.64mmol) as a yellow 

crystalline solid (0.85 g, 86 %), m.p. 137-138
o
C.IR (KBr 
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pellets cm
-1

) v 813, 1062, 1372, 1466, 1591.
1
H NMR DMSO: 

δ 2.39 (s, 3H, CH3), 7.64-7.48 (m, 4H-Ar), 8.157 (d, 1H-

Thiophene), 8.27 (d, 1H-Thiophene). 
13

C NMR DMSO: δ 21.1 

(1C-CH3), 127.1 (2C-Ar), 129 (1C-Thiophene), 129.6 (2C-Ar), 

131.94(1C-Thiophene), 132.1(1C-Thiophene), 136.5 (1C-Ar), 

137.21(1C-Thiophene), 138.1 (1C-Ar), 159.4(1C-Oxadiazole), 

163.7 (1C-Oxadiazole).Anal.Calcd.for C13H9BrN2OS: C, 

48.61; H, 2.82; N, 8.72 %. Found C, 48.64; H, 2.83; N, 8.68 

%. 

 

2-(5-bromothiophen-2-yl)-5-(2, 4-dichlorophenyl)-1,3,4-

oxadiazole6j: Acquired from 5j (1.0 g, 2.64 mmol) and 

Chloramine-T.3H2O (0.93 g, 3.10 mmol) as a brown 

crystalline solid (0.78 g, 79 %), m.p. 137-138 
o
C.IR (KBr 

pellets cm
-1

) v 789, 824, 914, 1103, 1457, 1578.
1
H NMR 

DMSO: δ 7.94-7.77 (m, 3H-Ar), 8.39 (d, 1H-Thiophene), 8.68 

(d, 1H-Thiophene).
13

C NMR DMSO: δ 126.2 (1C-Ar), 127.1 

(1C-Ar), 129.1(1C-Thiophene), 129.3 (1C-Ar), 131.82(1C-

Thiophene), 32.05(1C-Thiophene), 134.6 (1C-Ar), 134.8 (1C-

Ar), 137.32 (1C-Thiophene), 139.3(1C-Ar), 159.5(1C-

Oxadiazole), 162.9 (1C-Oxadiazole).Anal.Calcd.for 

C12H5BrCl2N2OS: C, 38.33; H, 1.34; N, 7.45 %. Found C, 

38.36; H, 1.29; N, 7.48 %. 

 

N-(2-{[5-(5-bromothiophen-2-yl)-1,3,4-oxadiazol-2-
yl]methyl}phenyl)-2, 6-dichloroaniline6k: Acquired from 5k 

(1.0 g, 2.06 mmol) and Chloramine-T.3H2O (0.72 g, 2.41 

mmol) as a brown crystalline solid (0.71 g, 72 %), m.p 80-

82
o
C.IR (KBr pellets cm

-1
) v 762, 813, 905, 1108, 1347, 1480, 

1598.
1
H NMR DMSO: δ 2.32 (s, 2H, CH2), 3.73 (s, 1H, NH), 

6.5-6.7 (m, 4H, ArH), 6.93 (s, 1H, ArH), 7.12 (s, 2H, ArH), 

8.39 (d, 1H-Thiophene), 8.68 (d, 1H-Thiophene).
13

C NMR 

DMSO: δ 50.7 (1C-CH2), 116.5 (1C-Ar), 119.4 (1C-Ar), 121.5 

(1C-Ar), 124 (1C-Ar), 125.9 (1C-Ar), 127.1 (1C-Ar), 127.9 

(1C-Ar), 128.4 (1C-Ar), 129 (1C-Thiophene), 131 (1C-Ar), 

131.57 (1C-Thiophene), 132.32 (1C-Thiophene), 134.7 (1C-

Ar), 137.31 (1C-Thiophene), 145.4 (1C-Ar), 147.2 (1C-Ar), 

158.9 (1C-Oxadiazole), 162 (1C-Oxadiazole). Anal.Calcd.for 

C19H12BrCl2N3OS: C, 47.42; H, 2.51; N, 8.73 %. Found C, 

47.38; H, 2.55; N, 8.70 %. 

 

Conclusion 

Chloramine-T, a novel oxidant, mediated the synthesis of a new 

series of 2-(5-bromothiophen-2-yl)-5-substituted-1, 3, 4-

oxadiazoles by oxidative cyclization pathway. Chloramine-Tis 

desired as it is commercially available, inexpensive, water-

tolerant, non-toxic, easy to handle and could be used without 

further purification. Acquired compounds were characterized 

based on their physical and spectral data. Synthesis of 

oxadiazole derivatives which have proven to be having great 

biological activities is found to be further advantageous. This 

work is intended to evaluate the anti-microbial activities of 

synthesized compounds in future. 
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