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Abstract—In continuation of our earlier work on benzothiadiazines, we have prepared a series of nitrofuran, nitrothiophene and
arylfuran coupled benzothiadiazines and evaluated them for antimycobacterial and antibacterial activities. One of the compounds
2f has shown good in vitro antimycobacterial activity. All the synthesized compounds have shown moderate to good antibacterial

activity.
© 2007 Elsevier Ltd. All rights reserved.

Tuberculosis is a dreadful disease caused by bacteria
called Mycobacterium tuberculosis and responsible for
more human deaths than any other single infectious dis-
ease. It is estimated that, about one-third of the world’s
population is infected with this disease. According to
World Health Organization, approximately 8 million
people contact TB annually with almost 2 million
deaths.! Furthermore, treatment of this disease caused
by resistant bacteria is more difficult in immuno-com-
promised patients such as those infected with human
immunodeficiency virus (HIV).? For these reasons, there
is an overwhelming need to develop novel antimycobac-
terial agents with different mechanism of action aimed at
a better understanding of antimycobacterial resistance.

The importance of nitrofurans and the isosteric nitrothi-
ophenes as antimicrobial agents is well documented.?
Although a lot of work has been done on these hetero-
cycles, they still remained an active area of research
interest.* The antimicrobial activity of nitroheterocycles
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(1 and 2, Fig. 1) is mainly due to the metabolic reduction
of their nitro group by a class of enzymes called nitrore-
ductases.® Recently, Lee and co-workers® have prepared
a series of nitrofuranyl amides and tested for antimyco-
bacterial activity. One of the analogues has shown excel-
lent antimycobacterial activity, however, it did not reach
the expected in vivo profile due to poor bioavailability.
To overcome this problem, more recently, a new series
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Figure 1. Antibacterial (1 and 2), antimycobacterial (3) and antitry-
panosomal (4) nitroheterocycles.
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of these compounds have been prepared and evaluated
for antimycobacterial activity. Some of these have
shown much higher activity with improved bioavailabil-
ity.” Similarly, 5-nitrothiophene derivatives have been
studied as potential tuberculostatic agents (3, Fig. 1).8
Further, these heterocycles have also shown significant
bactericidal activity against growing and dormant
Mpycobacterium bovis.® Besides this, there has been con-
siderable effort placed on these molecules as antitrypan-
osomal agents.'® Davioud-Charvet and co-workers have
identified that S5-nitro-2-furanocarbohydrazide as an
excellent scaffold for the design of new antitrypanoso-
mal agents (4, Fig. 1). !! In addition to these properties,
nitrofurans and nitrothiophenes have been described as
antiamoebic,'? hypoxia selective alkylating agents!'? and
thioredoxin reductase inhibitors.'* The related arylhet-
erocyclic derivatives have also been found to exhibit dif-

ferent biological properties such as NHE-1,'
Escherichia coli methionine aminopeptidase!® and try-
panosomal cysteine protease cruzain inhibitory
activities.!”

Sulfonamide derivatives have demonstrated potential
antibacterial, anticancer, and anti-inflammatory activi-
ties in the literature!® and benzothiadiazines can be con-
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Scheme 1. Reagents and condition: (i) cat. acetic acid, ethanol, reflux.
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sidered as cyclic sulfonamide class of molecules. These
compounds have been extensively studied as potassium
channel openers.!® Moreover, this ring system has also
been known for antimicrobial activity.?’ Based on these
findings, recently we have reported the synthesis and
evaluation of antimycobacterial activity of these mole-
cules by coupling with pyrazine carboxylic acid deriva-
tives.”?!  Keeping the importance of  the
nitroheterocycles in mind and in continuation of our
studies on antimycobacterials particularly benzothiadia-
zines, herein we have reported the synthesis of 5-nitrofu-
ran, S-nitrothiophene and arylfuran coupled
benzothiadiazines and evaluated them for their antimy-
cobacterial and antibacterial activities.

The preparation of desired compounds was carried out
by the synthetic sequence illustrated in Schemes 1 and
2. The key intermediates 1a—-d and 3a-d were prepared
according to our previous report.>> The desired com-
pounds 2a-g were obtained by the condensation of
hydrazide derivatives (la-d) with 5-nitrofurfural and
S-nitrothiophene aldehyde. The other target compounds
5a—k were prepared by the reaction of chloro derivatives
(3a—d) with carbohydrazide derivatives of aryl and nitro-
furans (4a—c).?> All the synthesized compounds were
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Scheme 2. Reagents and condition: (i) Et;N, THF, rt, 24 h.

5e: R = CH3, Y = 2-nitrophenyl, Ry = H
5f: R = C,Hs, Y = 2-nitrophenyl, Ry =H
5g: R = Ph, Y = 2-nitrophenyl, Ry = H
5h: R = CHg3, Y = 2-nitrophenyl, Ry = CI
5i: R = CHj, Y = 3-nitrophenyl, Ry = H
5j: R = C,Hs, Y = 3-nitrophenyl, Ry = H
5k: R = Ph, Y = 3-nitrophenyl, Ry = H
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Table 1. Antibacterial and antimycobacterial activities of 3-benzothi-
adiazinyl hydrazone (2a-g) and hydrazide derivatives (5a-k) (MIC in
pg/mL)

Compound M. tuber- S. aureus E. coli P. aeru- B. Subtilis

culosis Hy7Rv ginosa

2a 8 37.5 18.75 150 37.5
2b 8 37.5 37.5 150 18.75
2¢ 8 37.5 18.75 150 9.37
2d 16 18.75 18.75 150 18.75
2e 4 18.75 18.75 150 18.75
2f 1 75 37.5 150 37.5
2g 4 37.5 18.75 150 37.5
5a 32 37.5 18.75 150 18.75
5b 32 150 18.75 150 18.75
5¢ 8 37.5 18.75 150 75
5d 4 37.5 18.75 150 18.75
Se >100 18.75 375 75 37.5
5f >100 9.37 18.75 150 18.75
5g >100 18.75 75 150 37.5
5h >100 75 18.75 150 37.5
5i >100 18.75 18.75 75 37.5
5§ >100 75 75 150 37.5
5k >100 18.75 18.75 150 37.5
NF — 18.75 18.75 150 18.75
RMP 0.12 — — — —
INH 0.5 — — — —

NF, Nitrofurantoin; RMP, Rifampicin; INH, Isoniazid.

characterized by 'H NMR, IR and mass spectral
analysis.?*

The compounds 2a—g and Sa—k have been evaluated for
the antimycobacterial activity and the results are sum-
marized in Table 1. All compounds were initially
screened against M. tuberculosis H3;Rv at the single
concentration of 100 pg/mL. The active compounds
from this screening were further tested for minimum
inhibitory concentration (MIC) determination using a
broth macrodilution assay. Compounds demonstrating
at least 90% inhibition in the primary screen were re-
tested at lower concentrations by serial dilution against
M. tuberculosis Hz;Rv to determine the actual MIC,
using the nitrate reductase assay (NRA).?> The growth
in the microtitre plate is indicated by the change in col-
our to pink detected by the addition of NRA reagent.
The MIC is defined as the lowest concentration of the
compound showing no change in colour relative to con-
trols. Rifampicin and isoniazid were used as reference
drugs. All the hydrazone derivatives have shown activity
between 1 and 16 pg/mL. Among these compounds
nitrofuran-derived phenyl-substituted benzothiadiazine
(2f) has shown good in vitro antimycobacterial activity
(1 pg/mL). The replacement of furan ring with thio-
phene moiety in this compound has led to the reduction
of activity by fourfold (2g). The replacement of phenyl
group with alkyl groups has also reduced the effective-
ness. Among the nitrofuran carbohydrazide derivatives,
only 7-chloro-N-methyl (5d) substituted and N-phenyl
(5¢) derivatives have shown moderate activity. The cor-
responding nitrophenyl carbohydrazide derivatives have
not shown any significant activity.

Further, these compounds (2a-g and 5a-k) have also
been evaluated for antibacterial activity by broth dilu-

tion method for minimum inhibitory concentration
(MIC) as per the NCCLS?® against clinical isolates of
Bacillus subtilis MTCC 441, Staphylococcus aureus
MTCC 96, Escherichia coli MTCC 443 and Pseudomo-
nas aeruginosa MTCC 1688, and the results are summa-
rized along with standard drug nitrofurantoin in Table
1. All the evaluated compounds have shown consider-
able in vitro activity against tested strains of organism
except for P. aeruginosa.

In conclusion, we have synthesized a new series of nitro-
heterocyclic-coupled benzothiadiazines and evaluated
them for their efficacy as antimicrobial agents. Com-
pound 2f was found to be most active against M. tuber-
culosis amongst the compounds tested. Furthermore,
most of the compounds showed broad spectrum of
activity against almost all bacterial strains screened,
while these compounds exhibited mild activity against
P. aeruginosa. Therefore, this work would be fruitful
matrix for the development of a novel class of antimyco-
bacterial agents.
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nitrothiophene aldehyde (1.2 mmol). The resulting mix-
ture was refluxed for about 8 h. The obtained suspen-
sion was filtered and washed with cold ethanol. The
filtered compound was recrystallised from ethanol.
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Spectral data for selected compounds 2a: Yield 72%; mp
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