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INTRODUCTION

Tuberculosis (TB) is an old disease, which is caused by
Mycobacterium tuberculosis (Mtb). Worldwide, tuberculosis
is one of the top 10 causes of death and the leading cause from
a single infectious agent (above HIV/AIDS). Millions of people
continue to fall sick with tuberculosis each year [1]. During
the last decade there has been an increased interest for research
on tuberculosis by international and national organizations,
pharmaceutical companies. The innovative focus on tuber-
culosis has partly been prompted by the persistent larger
number of tuberculosis case studies in developing countries
and partly by the increased occurrence of multidrug and
extensively drug resistant tuberculosis (MDR- and XDR-TB)
[2,3]. According to WHO 2018 report, in 2017, tuberculosis
caused an estimated 1.3 million deaths among HIV-negative
people and there were an additional 300 000 deaths from tuber-
culosis among HIV-positive people. Globally, the best estimate
is that 10 million people developed tuberculosis disease in
2017: 5.8 million men, 3.2 million women and 1.0 million
children [1]. Hence, the need for search the new and efficient
antituberculosis agents with a new mechanism of action
remains a crucial task [4,5].
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Benzofuran and its derivatives are important basis for drug
discovery and possessing broad spectrum of biological and
pharmaceutical activities [6-11]. The 3-substituted benzofurans
have attracted the medicinal chemists due to their exciting
biological properties such as antifungal and antitubercular
agents [12], antiviral and antitumor [13], cytotoxicity [14],
hepatitis C virus inhibitors [15], inhibitors of mycobacterium
protein tyrosine phosphatase [16], dual 5-HT1A receptor and
serotonin transporter affinity [17], bone morphogenetic protein-
2 up-regulators [18], glycogen synthase kinase 3β inhibitors
[19], calcium activated chloride channel inhibitors [20], inhibi-
tion of Aβ neurotoxicity, cholinesterase activity and β-amyloid
aggregation [21], ischemic cell death inhibitors [22], orally
bioavailable GPR40 agonist [23]. The potent antitubercular
properties exhibited by some compounds with benzofuran [24-
30] and 3-substituted benzofuran moieties [31-36] are reported
in the literature.

Recently, there are many reports pertaining to biological
activity of 1,3,4-oxadiazole as antitubercular [37], anticon-
vulsant [38], antiallergic [39], antiepileptic [40], cytotoxic and
antimicrobial [41] and anticancer [42] agents.

The continued attempt of our group on designing oxygen
based heterocycles as biologically effective molecules [43-
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45], here we are reporting the design and synthesis of
benzofuran-oxadiazole conjugates 7(a-o) with the aim to study
structure activity relationships and thereby provide novel
compounds as potential antitubercular agents against
Mycobacterium phlei and Mycobacterium tuberculosis H37RV.

EXPERIMENTAL

The melting points were determined by open capillary
method and are uncorrected. The IR spectra (KBr disc) were
recorded on a Thermo Fisher Nicolet-6700 FT-IR spectro-
photometer. 1H NMR and 13C NMR spectra were recorded on
500 MHz Bruker spectrometer using dimethylsulfoxide
(DMSO-d6) as solvent and tetramethylsilane (TMS) as an
internal standard. The chemical shifts were expressed in δ ppm
and coupling constant (J) values were given in Hertz. The mass
spectra were recorded using Shimadzu GCMS-QP2010S instru-
ment. The elemental analysis was carried out using Heraus
CHN rapid analyzer. Progress of the reaction was monitored
by TLC using aluminium sheets precoated with UV fluorescent
silica gel Merck 60 F254 and were visualized by using UV
lamp. All the chemicals of analytical grade were purchased
from Sigma-Aldrich Chemicals (India) and S.D. Fine
Chemicals (India) and were used without further purification
unless otherwise stated.

General procedure for synthesis of benzofuran-oxadia-
zole conjugates 7(a-o): The required benzofuran-3-yl-acetic
acid hydrazides 6(a-o) were prepared according our earlier
report [45]. A mixture of carbohydrazide 6(a-o) (10 mmol)
and triethyl orthoformate (2 mL) in toluene (60 mL) was heated
under reflux for 15 h. The excess solvent was evaporated and
the reaction mass was cooled to room temperature. The
resultant solid 7(a-o) was filtered and recrystallized from
ethanol.

2-((5-Methylbenzofuran-3-yl)methyl)-1,3,4-oxadiazole
(7a): Colourless solid; m.p. 147-148 °C; (74 %); IR (KBr,
νmax, cm–1): 1606 (C=N); 1H NMR (500 MHz, DMSO-d6): δ
2.41 (s, 3H, 5-CH3), 3.76 (s, 2H, C3-CH2), 7.14-7.16 (dd, J =
8.5 Hz, 1.0 Hz, 1H, C6-H), 7.41 (s, 2H, C4-H and oxadiazole-
H), 7.45 (d, J = 8.5 Hz, C7-H), 7.80 (s, 1H, C2-H); 13C NMR
(125 MHz, DMSO-d6): δ 20.12, 21.68, 111.82, 113.84, 120.18,
124.42, 125.56, 134.74, 143.28, 155.42, 170.90; GCMS m/z:
214 [M+]; Anal. calcd. for C12H10N2O2; C, 67.28; H, 4.71; ; N,
13.08; Found: C, 67.26; H, 4.71; N, 13.07.

2-((6-Methylbenzofuran-3-yl)methyl)-1,3,4-oxadiazole
(7b): Colourless solid; m.p. 173-174 °C; yield (76 %); IR (KBr,
νmax, cm–1): 1606 (C=N); 1H NMR (500 MHz, DMSO-d6): δ
2.40 (s, 3H, 6-CH3), 3.73 (s, 2H, C3-CH2), 7.06-7.08 (d, J =
8.0 Hz, 1H, C5-H), 7.35 (s, 2H, C7-H and oxadiazole-H), 7.43-
7.45 (d, J = 8.0 Hz, 1H, C4-H), 7.79 (s, 1H, C2-H); 13C NMR
(125 MHz, DMSO-d6): δ 19.29, 21.63, 111.78, 113.78, 120.03,
124.39, 125.54, 134.66, 143.25, 155.39, 170.87; GCMS m/z:
213 [M+-1]; Anal. calcd. for C12H10N2O2; C, 67.28; H, 4.71;
N, 13.08; Found: C, 67.27; H, 4.71; N, 13.07.

2-((4,6-Dimethylbenzofuran-3-yl)methyl)-1,3,4-
oxadiazole (7c): Colourless; m.p. 167-168 °C, yield (72 %);
IR (KBr, νmax, cm–1) 1619 (C=N); 1H NMR (500 MHz, DMSO-
d6): δ 2.35 (s, 3H, CH3), 2.46 (s, 3H, CH3), 3.75 (s, 2H, C3-
CH2), 6.80 (s, 1H, C5-H), 7.19 (s, 1H, C7-H), 7.28 (s, 1H,

oxadiazole-H), 7.82 (s, 1H, C2-H); 13C NMR (125 MHz, DMSO-
d6): 19.08, 21.48, 21.94, 110.94, 113.65, 120.14, 124.44,
126.02, 134.98, 143.56, 155.99, 164.72, 171.10; GCMS m/z:
228 [M+]; Anal. calcd. for C13H12N2O2; C, 68.41; H, 5.30; N,
12.27; Found: C, 68.40; H, 5.30; N, 12.26.

2-((6,7-Dimethylbenzofuran-3-yl)methyl)-1,3,4-
oxadiazole (7d): Colourless solid; m.p. 154-155 °C; yield (70
%); IR (KBr, νmax, cm–1): 1620 (C=N); 1H NMR (500 MHz,
DMSO-d6): δ 2.34 (s, 3H, CH3), 2.45 (s, 3H, CH3), 3.78 (s,
2H, C3-CH2), 7.08-7.10 (d, J = 8.0 Hz, 1H, C5-H), 7.24-7.26
(d, J = 8.0 Hz, 1H, C4-H), 7.45 (s, 1H, oxadiazole-H), 7.78
(s, 1H, C2-H); 13C NMR (125 MHz, DMSO-d6): δ 18.65, 19.94,
23.24, 110.63, 113.21, 123.10, 125.27, 125.64, 130.60, 142.11,
155.67, 166.92, 171.06; GCMS m/z: 228 [M+]; Anal. calcd.
for C13H12N2O2; C, 68.41; H, 5.30; N, 12.27; Found: C, 68.39;
H, 5.30; N, 12.25.

2-((5-iso-Propylbenzofuran-3-yl)methyl)-1,3,4-
oxadiazole (7e): Colourless solid; m.p. 142-143 °C; yield (72
%); IR (KBr, νmax, cm–1): 1630 (C=N); 1H NMR (500 MHz,
DMSO-d6): δ 1.27 (d, 6H, isopropyl-CH3, J = 6 Hz), 2.95-
3.07 (m, 1H, isopropyl-CH), 3.76 (s, 2H, C3-CH2), 7.11 (dd, J
= 8.5 Hz, 1.5 Hz, 1H, C6-H), 7.40-7.45 (m, 2H, C4-H and C7-
H), 7.60 (s, 1H, oxadiazole-H), 7.75 (s, 1H, C2-H); 13C NMR
(125 MHz, DMSO-d6): δ 23.10, 29.52, 34.06, 111.16, 114.58,
122.26, 123.45, 129.34, 135.18, 145.12, 156.54, 167.63,
171.20; GCMS m/z: 242 [M+]; Anal. calcd. for C14H14N2O2;
C, 69.38; H, 5.82; N, 11.54; Found: C, 69.36; H, 5.82; N,
11.53.

2-((5-tert-Butylbenzofuran-3-yl)methyl)-1,3,4-
oxadiazole (7f): Colourless solid; m.p. 163-164 °C; yield (75
%); IR (KBr, νmax, cm–1): 1620 (C=N); 1H NMR (500 MHz,
DMSO-d6): δ 1.38 (s, 9H, CH3), 3.84 (s, 2H, C3-CH2), 7.10
(dd, J = 8.5 Hz, 1.5 Hz, 1H, C6-H), 7.44-7.50 (m, 2H, C4-H,
C7-H and oxadiazole-H), 7.81 (s, 1H, C2-H); 13C NMR (125
MHz, DMSO-d6): 29.40, 31.56, 44.56, 114.15, 117.32, 121.45,
126.94, 128.68, 131.68, 144.36, 157.14, 167.38. 171.33;
GCMS m/z: 256 [M+]; Anal. calcd. for C15H16N2O2; C, 70.29;
H, 6.29; N, 10.93; Found: C, 70.27; H, 6.29; N, 10.92.

3-((1,3,4-Oxadiazol-2-yl)methyl)benzofuran-6-ol (7g):
Colourless solid; m.p. 150-151 °C; yield (73 %); IR (KBr,
νmax, cm–1): 1632 (C=N), 3256 (Broad, OH); 1H NMR (500
MHz, DMSO-d6): δ 3.86 (s, 2H, C3-CH2), 6.76 (dd, J = 8.4
Hz, 2.0 Hz, 1H, C5-H), 6.86-6.88 (d, J = 2.0 Hz, 1H, C7-H),
7.36 (d, J = 8.4 Hz, 1H, C4-H), 7.43 (m, 2H, oxadiazole-H
and C2-H); 13C NMR (125 MHz, DMSO-d6): δ 29.50, 99.74,
114.30, 116.66, 120.24, 123.92, 144.84, 158.30, 158.64,
167.80, 172.18; GCMS m/z: 216 [M+]; Anal. calcd. for
C11H8N2O3; C, 61.11; H, 3.73; N, 12.96; Found: C, 61.09; H,
3.73; N, 12.95.

2-((5-Methoxybenzofuran-3-yl)methyl)-1,3,4-oxadiazole
(7h): Beige solid; m.p. 146-147 °C; yield (82 %); IR (KBr,
νmax, cm–1): 1618 (C=N); 1H NMR (500 MHz, DMSO-d6): δ
3.58 (s, 3H, 5-OCH3), 3.89 (s, 2H, C3-CH2), 6.85-6.91 (dd, J
= 8.0 Hz, 2.0 Hz, 1H, C6-H), 7.25 (d, J = 2.0 Hz, 1H, C4-H),
7.41 (d, J = 8.0 Hz, 1H, C7-H), 7.56 (s, 1H, oxadiazole-H),
7.83 (s, 1H, C2-H); 13C NMR (125 MHz, DMSO-d6): δ 29.84,
57.12, 106.18, 115.10, 115.63, 115.79, 128.12, 144.58, 151.35,
156.94, 168.87, 172.33; GCMS m/z: 230 [M+]; Anal. calcd.
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for C12H10N2O3; C, 62.60; H, 4.38; N, 12.17; Found: C, 62.54;
H, 4.38; N, 12.16.

2-((6-Methoxybenzofuran-3-yl)methyl)-1,3,4-oxadia-
zole (7i): Grey solid; m.p. 171-172 °C; yield (80 %); IR (KBr,
νmax, cm–1): 1627 (C=N); 1H NMR (500 MHz, DMSO-d6): δ
3.59 (s, 3H, 6-OCH3), 3.89 (s, 2H, C3-CH2), 6.86 (dd, J = 9.0
Hz, 2.0 Hz, 1H, C5-H), 7.14 (d, J = 2.0 Hz, 1H, C7-H), 7.44
(d, J = 9.0 Hz, 1H, C4-H), 7.61 (s, 1H, oxadiazole-H), 7.78
(s, 1H, C2-H); 13C NMR (125 MHz, DMSO-d6): δ 21.70, 56.14,
104.55, 105.34, 112.98, 114.14, 125.38, 144.17, 144.54,
169.05, 172.06; GCMS m/z: 230 [M+]; Anal. calcd. for
C12H10N2O3; C, 62.60; H, 4.38; N, 12.17; Found: C, 62.58; H,
4.38; N, 12.16.

2-((5-Chlorobenzofuran-3-yl)methyl)-1,3,4-oxadiazole
(7j): Colourless solid; m.p. 149-150 °C; yield (69 %); IR (KBr,
νmax, cm–1): 1639 (C=N); 1H NMR (500 MHz, DMSO-d6): δ
3.92 (s, 2H, C3-CH2), 7.36 (d, J = 9.0 Hz, 1H, C6-H), 7.59 (d,
J = 9.0 Hz, 1H, C7-H), 7.64 (s, 2H, C4-H and oxadiazole-H),
7.90 (s, 1H, C2-H); 13C NMR (125 MHz, DMSO-d6): 29.71,
114.18, 115.92, 121.44, 125.56, 128.01, 131.35, 145.98,
155.33, 168.12, 171.32; GCMS m/z: 234, 236 [M+, M+2];
Anal. calcd. for C11H7N2O2Cl; C, 56.31; H, 3.01; N, 11.94;
Found: C, 56.30; H, 3.01; N, 11.93.

2-((6-Chlorobenzofuran-3-yl)methyl)-1,3,4-oxadiazole
(7k): Colourless solid; m.p. 158-159 °C; yield (67 %); IR (KBr,
νmax, cm–1): 1631 (C=N); 1H NMR (500 MHz, DMSO-d6): δ
3.90 (s, 2H, C3-CH2), 7.09-7.11 (d, J = 8.0 Hz, 1H, C5-H),
7.42 (s, 1H, C7-H), 7.44-7.46 (d, J = 8.0 Hz, 1H, C4-H), 7.51
(s, 1H, oxadiazole-H), 7.76 (s, 1H, C2-H); 13C NMR (125 MHz,
DMSO-d6): δ 29.98, 115.33, 116.54, 121.98, 125.74, 128.45,
132.44, 147.58, 156.10, 166.41, 172.43; GCMS m/z: 234, 236
[M+, M+2]; Anal. calcd. for C11H7N2O2Cl; C, 56.31; H, 3.01;
N, 11.94; Found: C, 56.30; H, 3.01; N, 11.93.

2-((5-Bromobenzofuran-3-yl)methyl)-1,3,4-oxadiazole
(7l): Colourless solid; m.p. 168-169 °C; yield (66 %); IR (KBr,
νmax, cm–1): 1635 (C=N); 1H NMR (500 MHz, DMSO-d6): δ
3.91 (s, 2H, C3-CH2), 7.41-7.44 (dd, J = 9.0 Hz, 2.0 Hz, 1H,
C6-H), 7.53 (d, J = 9.0 Hz, 1H, C7-H), 7.86 (d, J = 2.0 Hz,
1H, C4-H), 7.88-7.90 (m, 2H, oxadiazole-H and C2-H); 13C
NMR (125 MHz, DMSO-d6): δ 29.52, 114.04, 115.98, 116.07,
124.53, 128.33, 132.84, 146.78, 155.62, 164.47, 172.14;
GCMS m/z: 277, 279 [M+, M+2]; Anal. calcd. for
C11H7N2O2Br; C, 47.34; H, 2.53; N, 10.04; Found: C, 47.33;
H, 2.53; N, 10.04.

2-((6-Bromobenzofuran-3-yl)methyl)-1,3,4-oxadiazole
(7m): Colourless solid; m.p. 134-135 °C; yield (60 %); IR
(KBr, νmax, cm–1): 1629 (C=N); 1H NMR (500 MHz, DMSO-
d6): δ 3.91 (s, 2H, C3-CH2), 7.08-7.10 (d, J = 8.0 Hz, 1H, C5-
H), 7.39 (s, 1H, C7-H), 7.42-7.44 (d, J = 8.0 Hz, 1H, C4-H),
7.60 (s, 1H, oxadiazole-H), 7.75 (s, 1H, C2-H); 13C NMR (125
MHz, DMSO-d6): 29.98, 115.11, 116.47, 121.52, 127.45,
129.82, 135.84, 148.44, 156.87, 169.33, 172.70; GCMS m/z:
277, 279 [M+, M+2]; Anal. calcd. for C11H7N2O2Br; C, 47.34;
H, 2.53; N, 10.04; Found: C, 47.32; H, 2.53; N, 10.04.

2-(Naphtho[2,1-b]furan-1-ylmethyl)-1,3,4-oxadiazole
(7n): Beige solid; m.p. 201-202 °C; yield (72 %); IR (KBr,
νmax, cm–1): 1618 (C=N); 1H NMR (500 MHz, DMSO-d6): δ
3.81 (s, 2H, C3-CH2), 7.46-7.49 (t, J = 7.5 Hz, 1H, Ar-H),

7.52-7.55 (t, J = 7.5 Hz, 1H, Ar-H), 7.78-7.80 (d, J = 9.0 Hz,
1H, Ar-H), 7.86-7.88 (d, J = 9.0 Hz, 1H, Ar-H), 8.05-8.10 (m,
2H, oxadiazole-H and Ar-H), 8.10 (s, 1H, C2-H), 8.14-8.15
(d, J = 8.5 Hz, 1H, Ar-H); 13C NMR (125 MHz, DMSO-d6): δ
22.56, 114.12, 114.64, 121.28, 123.87, 126.44, 126.82, 127.60,
127.98, 129.87, 131.74, 145.33, 154.82, 164.74, 172.10;
GCMS m/z: 250 [M+]; Anal. calcd. for C15H10N2O2; C, 71.99;
H, 4.03; N, 11.19; Found: C, 71.97; H, 4.03; N, 11.18.

2-(Naphtho[1,2-b]furan-3-ylmethyl)-1,3,4-oxadiazole
(7o): Brown solid; m.p. 161-162 °C; yield (70 %); IR (KBr,
νmax, cm–1): 1652 (C=N); 1H NMR (500 MHz, DMSO-d6): δ
3.86 (s, 2H, C3-CH2), 7.46-7.49 (m, 1H, Ar-H), 7.61-7.63 (m,
1H, Ar-H), 7.65-7.67 (d, J = 8.4 Hz, 1H, Ar-H), 7.70-7.72 (d,
J = 8.8 Hz, 1H, Ar-H), 8.02 (m, 3H, oxadiazole and Ar-H),
8.18 (d, J = 8.0 Hz, 1H, Ar-H); 13C NMR (125 MHz, DMSO-
d6): δ 29.68, 116.68, 119.82, 119.99, 121.82, 124.56, 124.18,
126.63, 128.10, 128.64, 133.18, 145.68, 149.98, 169.15,
172.44; GCMS m/z: 250 [M+]; Anal. calcd. for C15H10N2O2;
C, 71.99; H, 4.03; N, 11.19; Found: C, 71.98; H, 4.03; N,
11.19.

Antitubercular activity: The antitubercular activity of
titled compounds 7(a-o) were performed against M. phlei and
M. tuberculosis H37RV using well known procedure microplate
alamar blue assay (MABA) [46]. This methodology is non-
toxic, uses stable reagents and shows good correlation with
proportional and BACTEC radiometric method. In brief, 200
µL of sterile deionized water was added to all outer perimeter
wells of sterile 96-well plate to minimize evaporation of medium
in the test wells during incubation. The 96-well plate received
100 µL of the Middlebrook 7H9 broth and serial dilution of
compounds was made directly on plate. The final drug concen-
trations tested were 100-0.1 µg/mL. Plates were covered and
sealed with parafilm and incubated at 37 °C for 5 days. After
this time, 25 µL of freshly prepared 1:1 mixture of Alamar
Blue reagent and 10 % Tween 80 were added to the plate and
incubated for 24 h. A blue colour in the well was interpreted
as no bacterial growth and pink colour was scored as growth.
The MIC was defined as the lowest drug concentration that
prevented the colour change from blue to pink.

RESULTS AND DISCUSSION

The concise synthetic route used to synthesize the inter-
mediates and titled compounds 7(a-o) are outlined in Schemes
I and II. Benzofuran-3-yl-acetic acids 5(a-o) were converted
into corresponding ethyl esters by refluxing with absolute ethanol
in presence of conc. sulphuric acid. The resulting mixture, was
converted into the acid hydrazides 6(a-o) by the reaction with
hydrazine hydrate at reflux temperature [45]. Further, these
acid hydrazides 6(a-o) were reacted with triethyl orthoformate
in toluene at reflux temperature for 15 h afforded title compounds
7(a-o). All the synthesized compounds 7(a-o) were charac-
terized by elemental analysis, IR, 1H NMR, 13C NMR and mass
spectral data.

The IR spectrum of an intermediate (6-methyl-benzo-
furan-3-yl)-acetic acid hydrazide (6b), showed a strong peak
at 1643 cm-1 for carbonyl group whereas 3303 cm-1 for NHNH2

stretching. The 1H NMR spectrum exhibited δ 2.41 (s, 3H, 6-
CH3), 3.63 (d, J = 1.0 Hz, 2H, C3-CH2), 4.22 (s, br, 2H, NH2,
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D2O exchangeable), 7.06 (d, J = 8.0 Hz, 1H, C5-H), 7.33 (s,
1H, C7-H), 7.43 (d, J = 8.0 Hz, 1H, C4-H), 7.73 (s, 1H, C2-
H), 9.26 (s, br, 1H, NH, D2O exchangeable); which was further
confirmed by 13C NMR spectrum agrees with the number of
carbons and by its mass spectrum that showed the molecular
ion peak m/z 204 (M+), confirms the molecular weight of the
compound [45].

The IR spectrum of representative compound in the series
2-((6-methylbenzofuran-3-yl)methyl)-1,3,4-oxadiazole (7b),
showed absence of carbonyl group and NHNH2 stretching
frequencies. Further, new band appeared at 1606 (C=N) indi-
cate the cyclization. The 1H NMR spectrum exhibited δ 2.40
(s, 3H, 6-CH3), 3.73 (s, 2H, C3-CH2), 7.06-7.08 (d, J = 8.0 Hz,
1H, C5-H), 7.35 (s, 2H, C7-H and oxadiazole-H), 7.43-7.45
(d, J = 8.0 Hz, 1H, C4-H), 7.79 (s, 1H, C2-H); Here, the dis-
appearance of NH2 protons at 4.22 (s, br, 2H, NH2, D2O exchan-
geable) in the precursor compound indicates the cyclization
to the compound 7b. Futher, all the carbons are resonated in
the expected regions. The formation of the compound 7b is
confirmed by its mass spectrum which showed molecular ion
peak at 213.

Antitubercular evaluation: The in vitro antitubercular
activity against Mycobacterium phlei and Mycobacterium
tuberculosis H37RV was carried out by using standard pro-
cedure, microplate alamar blue assay (MABA) [46]. The MIC
values of all the title compounds 7(a-o) along with standard
drugs pyrazinamide and streptomycin for the comparison are
summarized in Table-1. The MIC ranges in between 1.56 and
> 100 µg/mL.

Mycobacterium phlei: In the series of compounds 7(a-o),
the chlorine or bromine on 6th position of benzofuran exhibited
equipotent activity (7k, 7m: MIC 1.56 µg/mL), which were
more potent than standard drugs pyrazinamide (MIC 3.125
µg/mL) and streptomycin (MIC 6.25 µg/mL). Whereas, decrease

TABLE-1 
RESULTS OF ANTITUBERCULAR ACTIVITY  

OF COMPOUNDS 7(a-o) MICs (µg/mL) 

Compound R 
Mycobacterium 

phlei 

Mycobacterium 
tuberculosis 

H37RV 

7a 5-CH3 > 100 > 100 
7b 6-CH3 > 100 > 100 
7c 4,6-di-CH3 > 100 > 100 
7d 6,7-di-CH3 > 100 > 100 
7e 5-iso-Propyl > 100 50 
7f 5-t-Butyl > 100 50 
7g 6-OH 12.5 12.5 
7h 5-OCH3 12.5 25 
7i 6-OCH3 12.5 25 
7j 5-Cl 3.125 6.25 
7k 6-Cl 1.56 6.25 
7l 5-Br 3.125 3.125 

7m 6-Br 1.56 3.125 
7n 4,5-Benzo > 100 25 
7o 6,7-Benzo > 100 25 

Pyrazinamide – 3.125 3.125 
Streptomycin – 6.25 6.25 

 
in activity were observed by change in the position of chlorine
or bromine from 6th to 5th position i.e., 7j, 7l: MIC 3.125 µg/mL.
Further, decrease in activity were observed on varying the
substituent by hydroxy (7g), methoxy (7h, 7i) groups to MIC
12.5 µg/mL. The least activity were observed for alkyl (7a-7f),
benzo (7n, 7o) derivatives with MIC > 100 µg/mL.

Mycobacterium tuberculosis H37RV: In the series of com-
pounds 7(a-o), the bromine either 5th position or 6th position
on benzofuran exhibited equipotent activity (7l, 7m: MIC 3.125
µg/mL), were equal to standard drug pyrazinamide (MIC 3.125
µg/mL) and more potent to streptomycin (MIC 6.25 µg/mL).
Whereas, decrease in activity were observed by changing the

R

OH

Conc. H2SO4, 0-5 oC

O O

R

Br

4(a-o)

a = 5-CH3

b = 6-CH3
c = 4,6-Dimethyl

21

Br2 in Diethyl ether

1 M NaOH, 
Ref lux 1-2 h

3(a-o)
5(a-o)

R

O

O

O

OO

Br

O
O

OH

O

d = 6,7-Dimethyl
e = 5-iso-propyl
f = 5-t-Butyl

g = 6-OH
h = 5-OCH3
i = 6-OCH3

j = 5-Cl
k = 6-Cl
l = 5-Br

m = 6-Br
n = 4,5-Benzo
o = 6,7-Benzo

Scheme-I: Synthesis of benzofuran acetic acids 5(a-o)

a = 5-CH3

b = 6-CH3
c = 4,6-Dimethyl

5(a-o)

R
O

OH

O

6(a-o)

R
O

NHNH2

O

CH(OC2H5)3, Toluene, Reflux

7(a-o)

R
O

N
N

O

NH2NH2.2H2O, Ref lux

Ethanol, Conc. H2SO4, Ref lux

d = 6,7-Dimethyl
e = 5-iso-propyl
f = 5-t-Butyl

g = 6-OH
h = 5-OCH3
i = 6-OCH3

j = 5-Cl
k = 6-Cl
l = 5-Br

m = 6-Br
n = 4,5-Benzo
o = 6,7-Benzo

Scheme-II: Synthesis of benzofuran-oxadiazole conjugates 7(a-o)
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bromine by chlorine i.e., 7j, 7k: MIC 6.25 µg/mL. The hydroxy
derivative 7g exhibited with MIC 12.5 µg/mL, was more active
than methoxy (7h, 7i) and benzo (7n, 7o) derivatives with MIC
25 µg/mL. Branched alkyl derivatives (7e, 7f) were exhibited
MIC 50 µg/mL, whereas mono-methyl (7a,7b) and dimethyl
(7c,7d) derivatives were least active in the series with MIC >
100 µg/mL.

Conclusion

In conclusion, a series of novel benzofuran-oxadiazole
conjugates 7(a-o) prepared were proved to be potential anti-
tubercular agents against Mycobacterium phlei and Mycobac-
terium tuberculosis H37RV. The compounds bearing chlorine
(7j, 7k) and bromine (7l, 7m) substituent of the benzofuran
ring were found to be the most potent in the series. Among
them, compound 7m bearing bromine on 6th position on benzo-
furan was found to be most potent against both Mycobacterium
phlei and Mycobacterium tuberculosis H37RV. Further bio-
logical investigation is under progress in our laboratory and
will be reported in due course.
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