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Abstract: During the initial efforts to develop novel
antibiotics, a new class of benzothiazoles (3a—n) were designed
and  synthesized as potential  antibacterial and
antimycobacterial agents. Most of the synthesized compounds
showed good antibacterial activity against the Gram-positive
bacteria tested. The compounds 3i exhibited excellent in vitro
activity, with a MIC value of 1 pg/mL against Mycobacterium
tuberculosis H37Rv. These compounds were also found to have
activity against Candida albicans, with a MIC value of 4 pg/mL.

Index Terms: Benzothiazole, fused heterocycles, hydrazones,
antibacterial, antimycobacterial

I. INTRODUCTION

One of the world's most important public health
challenges is antimicrobial resistance [1]. There were an
approximate 4.95 million (3.62-6.57) deaths related to
bacterial antimicrobial resistance in the year 2019 [2].
Escherichia  coli, Staphylococcus aureus, Klebsiella
pneumoniae, Streptococcus pneumoniae, Acinetobacter
baumannii, and Pseudomonas aeruginosa were major
contributors for deaths associated with resistance. The fight
against bacterial infection represents one of the high points
of modern medicine.

Discovery of antibiotics in the 1940s offered physicians a
powerful tool against bacterial infections that has saved the
lives of millions of people. Though, because of the
widespread and sometimes inappropriate use of antibiotics,
strains of bacteria have begun to occur that are antibiotic-
resistance [3]. The advent and spread of bacterial resistance
pose a major threat to human health across the globe. The
number of cases of multi-drug resistant bacterial infections
is increasing at an alarming rate. Moreover, the clinicians
have become dependent on strong antibiotics such as
Vancomycin for serious infections. Therefore, there is an
urgent need for the development of novel chemical entities
with high safety profiles that are particularly effective
against gram-positive pathogens including the resistant
strains.

Benzothiazoles are fused heterocycles, which contain a 1,
3-thiazole ring that fused to a benzene ring. Since the 1990s,
various pharmacological investigations of newly synthesized
benzothiazole = derivatives  demonstrated  interesting
pharmacological activities and led to the development of
new medications for treating human diseases [4,5].

Benzothiazoles comprise a novel class of therapeutic
compounds shown to exert a wide range of biological
activities such as antimicrobial, anticancer, anthelminthic,
antidiabetic, antitubercular, anti-inflammatory, antifungal,
antiviral, anti-infective, anti-hypertensive and antipsychotic
etc [4-7].

II. CHEMISTRY

As part of antimicrobial research in our laboratory [8-10],
a new class of benzothiazoles have been synthesized and
evaluated for their biological activity.

Synthesis of Aryl/heterocyclic aldehyde-2-(1,3-benzothiazol-
2-yl)hydrazones

The synthesis of benzothiazole hydrazones (3a-n) were
synthesized by procedure described in Scheme 1. The key
intermediates 2-hydazinobenzothiazoles have been produced
by amination of 2-aminobenzothiazole by using hydrazine
hydrate. The benzothiazole hydrazines were treated with
appropriate aldehydes in presence of acetic acid to afford
target benzothiazole hydrazones [11,12]. The details of the
structures of 3a-n were provided in Table 1.

SCHEME L
N )
(@) N
/@E \>—NH2 — /@E \>—NHNH2
R S R s
1 2

(i)

N
B

R = OMe, CF,, OCF,, H, NO,, Cl, F ¢
X=0,8 3 =

O,N
Reagents and conditions: (i) Hydrazine hydrate, glycol, 140 °C, 4h; (ii)
Aromatic aldehydes, ethanol, cat AcOH, reflux, 2h.

TABLEL
REPRESENTATIVE COMPOUNDS 3a-m

S.No Compound R X

1 3a -H -0
2 3b -H -S
3 3c -OCHj; -0
4 3d -OCH; -S
5 3e -CF; -0
6 3f -CF; -S
7 3g -OCF; -0
8 3h -OCF; -S
9 3i -NO, -0
10 3j -NO, -S
11 3k -F -0
12 31 -F -S
13 3m -Cl -0
14 3n -Cl -S
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III. BIOLOGICAL ACTIVITY

A. Antibacterial and antifungal activity

Antibacterial activity of compounds 3a-n were screened
for their antibacterial activity against Staphylococcus
aureus, Staphylococcus epidermidis, Bacillus subtillis,
Escherichia coli, Klebsiella pneumoniae, and Pseudomonas
aeruginosa (Table 2) and the antifungal activity was
evaluated against yeast Candida albicans (MTCC 227). The
antimicrobial activities were measured in the inhibitory
zones (in mm) and were determined by using agar well
method (cup plate method) [13,14]. Antibiotics
Streptomycin, Ciprofloxacin and Amphotericin B were used
as positive controls against bacteria and fungi respectively.
In all determinations, tests were performed in duplicate, and
results were reported as the mean of at least three
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showed significant inhibition against all the bacteria tested.
Compounds are more active against gram positive bacteria
than gram negative bacteria. Compounds 3b, 3i, and 3m
showed good antibacterial activity. In compounds 3a-n,
introduction of thiophen group instead of nitro furan group
leads to decrease in the antibacterial activity against gram
positive bacteria, this trend reverses in gram negative
species. The significant inhibition shown by the compounds
3b, 3i, and 3m might be due to the presence of nitrofuran
ring on the benzothiazole system.

The more active compounds 3i, and 3m were further
screened  for  antimicrobial activity in  variable
concentrations. The antimicrobial activity shown in the zone
of inhibition, compound 3m was found to be the most active
compound among the series detailed in Table 3. Compound

S o 3m exhibited remarkable antibacterial and antifungal
determinations. In Table 2, all compounds exhibited . &
. . .. activity.
moderate to good antibacterial activity. Compounds 3a-n
TABLE IL.
ANTIBACTERIAL AND ANTIFUNGAL ACTIVITY OF BENZOTHIAZOLE ANALOGS (3a-n) EXPRESSED IN ZONE OF INHIBITION IN mm
Staphylococcu Staphylococ Bacillus Escherichia Klebsiella Pseudomona Candida
Comp s aureus cus epidermis subtillis coli pneumoiae S aeruginosa albicans
ounds/Co | 50 100 | 50 100 | 50 100 | 50 100 | 50 100 | 50 100 | 50 100
ncentrati | pg/ml pg/ml pg/m  pg/ml | pg/m  pg/ml | pg/m  pg/ml | pg/m  pg/ml | pg/m  pg/ml | pg/m  pg/ml
ons 1 1 1 1 1 1
3a - 13 | 10 14 — 17 ~ 12 ~ — - — - 23
3b - 15 15 10 - 14 . 18 . - - - - 25
3¢ - - - 12 - 11 - 21 - 15 - - - 24
3d - - - - - 10 - 25 14 12 14 15 - 20
3e 12 14 17 -- 10 15 10 15 - 10 -- 17 -- 31
3f - - - - - - 09 19 - 10 | 10 - - 16
3g - 14 10 12 10 17 - 21 - 11 -- 13 -- 28
3h - 12 - - - 13 - 15 - 14 - 12 - 18
3i 1 17 13 23 -- 21 - 14 - 10 -- - -- 40
3j - - - 13 - 17 - 16 - 11 - 11 - -
3k 10 12 10 14 - 17 - 21 - 11 - 12 - 27
3l - 11 - - - - - - - - - - 11 21
3m 19 26 19 -- 17 30 - 34 - 20 -- 30 -- 30
3n - 10 - - - 15 . 16 . . - . - 20
STR 22 18 17 21 22 29 -
CIP 32 35 32 >40 20 30 -
AT-B - - - - - - 16

The test were conducted in duplicate and repeated thrice; STP, Streptomycin; CIP, Ciprofloxacin (50 pg/mL); AT-B, Amphotericin (100 units); (--),
bacteria are resistant to the compound at the concentrations.
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TABLE III.
ANTIBACTERIAL AND ANTI-FUNGAL ACTIVITY OF 3m, AND 3i ANALOGS IN DIFFERENT CONCENTRATIONS EXPRESSED IN ZONE OF INHIBITION IN mm
Compounds 3m 3i CIp AT-B Nys
Concentration 10 25 50 75 100 10 25 50 75 100 50 20 20
in pg/mL
Staphylococ 17 21 24 25 27 9 11 15 17 19 26 NT NT
cus aureus
Staphylococ 17 22 27 28 29 9 10 12 13 23 34 NT NT
cus epidermis
Bacillus 19 22 26 28 28 -- 10 14 17 21 32 NT NT
Subbtilis
Escherichia 17 21 24 25 27 9 11 15 17 19 38 NT NT
coli
Pseudomona 17 22 27 28 29 9 10 12 13 40 NT NT
s aeruginosa
Klebsiella 19 22 26 28 28 -- 10 14 17 21 21 NT NT
pneumoniae
Candida NT 18 23 25 28 NT - -- -- -- NT 14 -
albicans
Aspergillus NT - 10 24 27 NT - -- -- -- NT 23 26
niger
Aspergillus NT 10 10 15 19 NT - -- -- -- NT 14 16
Sp

The test were performed in duplicate and repeated thrice; CIP, Ciprofloxacin (50 pg/mL); AT-B, Amphotericin (100 units) Nys, Nystatin-1 (20 pg/mL);
(--), bacteria are resistant to the compound at the concentrations.

TABLEIV.
ANTIMYCOBACTERIAL ACTIVITY OF COMPOUNDS 3a-m AGAINST M. TUBERCULOSIS H37Rv (MIC IN pg/mL)

S. No. Compound Molecular Formula | Molecular Weight CMR MIC (pg/mL) ClogP
(Molar refractivity) (Hydrophobicity)

1 3a C,HgN4OsS 288.28 7.63 >16 3.24

2 3b C12HsN4O,S, 304.01 8.23 >16 3.78

3 3c Ci3H10N4O4S 318.31 8.25 >16 3.54

4 3d Ci3H10N4O5S, 334.37 8.85 >16 4.07

5 3e Ci3H7F3N4O58 356.28 8.14 >16 4.19

6 3f Ci3H7F5N40,S, 37235 8.74 >16 4.72

8 3h Ci3H7F3N405S, 388.34 8.89 >16 5.18

9 3i Ci,HsN50sS 333.28 8.26 1 3.09

10 3j Ci,H7N504S, 34935 8.84 >16 3.62

11 3k C,H7FN4O5S 306.27 7.65 >16 3.38

12 31 C,H7FN4O,S, 322.34 8.24 >16 391

13 3m C2H,CIN4O5S 322.73 8.13 >16 3.95

14 3n C12H7CIN4O:S, 338.79 8.72 >16 4.48
RMP 0.25 0.5
INH 0.5 -0.7

RMP, Rifampicin; INH, Isoniazid; the Chem Draw Ultra, version 9.0 was used to calculate the values of Molar refractivity and Hydrophobicity
of the above compounds.

B.  Antimycobacterial activity

All the synthesized compounds were evaluated for the
antitubercular activity, and the results are concise in Table 4.
The compounds 3a-n were initially tested against
Mycobacterium tuberculosis H37Rv at 16 pg/mL as the
single concentration. From this screening, the active
compounds were selected further to conduct broth
microdilution assay to find out Minimum Inhibitory
Concentration (MIC) [15,16]. The compounds showing at
least 90% inhibition in the initial screen were retested to
determine the actual MIC. This has been achieved by serial
dilution at lower concentrations against Mycobacterium
tuberculosis H37Rv using the Nitrate Reductase Assay
(NRA). In addition to the NRA reagent to microtiter plate, a
change in color to pink indicates the growth of bacteria. The
possible lowest concentration of the compound that shows
no change in the color relative to controls is defined as MIC.
Isoniazid and Rifampicin were used as reference drugs. The
compound 3i has shown good antimycobacterial activity 1
pg/mL (Table 4). Further investigation of other arcas of
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biological properties of these synthesized compounds (3a-n)
are going on and the results will be communicated soon.

VI. EXPERIMENTAL DATA

General procedure for the synthesis of heterocyclic
aldehyde-2-(1,3-benzothiazol-2-yl)hydrazones (3a-n)

2-hydrazeno-benzothiazoles (1 eq) and heterocyclic
aldehydes (1 eq) were dissolved in a small amount of
ethanol (10 mL). To the above mixture, a catalytic amount
of acetic acid was added, and it was stirred for 1 hour. After
that period, the reaction has stopped. On filtration, the
precipitate was collected washed with cold methanol (3 X
30 mL) followed by cold chloroform (2 X 20 mL).
Recrystallization has been done to afford pure respective
hydrazones by using hot methanol.
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S-Nitrofuran aldehyde-2-(1,3-benzothiazol-2-yl)hydrazone
(3a)

The compound 3a was prepared according to the above-
defined method by using 2-hydrazeno-benzothiazole (165
mg, 1 eq) and 5-nitro-2-furancarboxaldehde (140 mg, 1 eq).
Yield: 260 mg (85%).

'"H NMR (DMSO-ds, 200 MHz): § 6.90 (d, 1H, J = 3.7
Hz), 7.22 (d, 1H, J= 8.7 Hz), 7.43 (m, 1H, J= 2.9, 8.0 Hz),
7.60 (d, 1H), 7.7 (d, 1H, J = 3.7 Hz), 7.8 (s, 1H), 7.84 (m,
1H), 12.3 (bs, 1H); ESIMS: m/z 289 (M+H)".

S-Nitrothiophen aldehyde-2-(1,3-benzothiazol-2-
vlhydrazone (3b)

The compound 3b was synthesized as per the above
procedure using and 2-hydrazino-benzothiazole (165 mg, 1
eq) and S5-nitro-2-thiophencarboxaldehde (156 mg, 1 eq)
Yield: 256 mg (84 %).

"H NMR (DMSO-ds, 200 MHz): § 7.00 (dd, 1H, J = 8.0,
2.9 Hz), 7.19-7.15 (m, 3H, J= 4.3, 7.1 Hz), 7.35 (d, 1H, J =
8.0 Hz), 7.79 (s, 1H), 7.83 (d, 1H, J = 4.3 Hz), 12.0 (bs,
1H); ESIMS: m/z 305 (M+H)".

S-Nitrofuran aldehyde-2-(6-methoxy-1,3-benzothiazol-2-
vl)hydrazone (3¢)

The compound 3¢ was synthesized as per the above
procedure of 3a wusing and 2-hydrazino-6-methoxy-
benzothiazoles (178 mg, 1 eq) and  5-nitro-2-
furancarboxaldehde (140 mg, 1 eq) Yield: 267 mg (89 %).

'"H NMR (DMSO-ds, 200 MHz): § 3.76 (s, 3H), 6.84 (dd,
1H, J=9.0, 2.25 Hz), 6.96 (d, 1H, J=3.7 Hz), 7.27 (d, 1H,
J=22Hz), 735 (d, 1H, J = 9.0 Hz), 7.58 (d, 1H, J = 3.7
Hz), 7.96 (s, 1H), 12.4 (bs, 1H); ESIMS: m/z 319 (M+H)".

5-Nitrothiophen aldehyde-2-(6-methoxy-1,3-benzothiazol-2-
vl)hydrazone (3d)

The compound 3d was synthesized as per the above given
procedure using 2-hydrazino-6-methoxy-benzothiazoles
(165 mg, 1 eq) and 5-Nitro-2-nitrothiophen carboxaldehde
(157 mg, 1 eq). Yield: 281 mg (88 %).

"H NMR (DMSO-ds, 200 MHz): J 3.76 (s, 3H), 6.84 (dd,
1H, J=9.0, 2.25 Hz), 7.19 (d, 1H, J = 4.7 Hz), 7.27 (d, 1H,
J=2.2Hz),7.30(d, 1H, J=9.0 Hz), 7.8 (d, 1H, J=4.7 Hz),
7.96 (s, 1H), 12.4 (bs, 1H); ESIMS: m/z 335 (M+H)".

S-Nitrofuranaldehyde-2-(6-trifluoromethyl-1,3-
benzothiazol-2yl)hydrazone (3e)

The compound 3e was synthesized as per the above given
procedure of 3a wusing 2-hydrazino-6-trifluoromethyl-
benzothiazole (233 mg, 1 eq) and S-nitrofuran aldehyde
(141 mg, 1 eq). Yield: 300 mg (84 %).

'H NMR (DMSO-ds, 200 MHz): 8 6.9 (d, 1H, J = 3.7
Hz), 7.22 (d, 1H, J = 8.7 Hz), 7.43 (m, 1H, J = 2.9, 8.0 Hz),
7.58 (d, 1H, J = 3.7 Hz), 7.60 (d, 1H), 7.84 (m, 1H, J=4.3
hz), 12.3 (bs, 1H); ESIMS: m/z 357 (M+H)".

S-Nitrothiophen aldehyde-2-(6-trifluoromethyl-1,3-
benzothiazol-2yl)hydrazone (3f)

The compound 3f was synthesized as per the above given
procedure of 3a wusing 2-hydrazino-6-trifluoromethyl-

benzothiazole (233 mg, 1 eq) and 5-nitrothiophen aldehyde
(157 mg, 1 eq) Yield: 315 mg (85 %).
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'H NMR (DMSO-de, 200 MHz): 6 7.19 (d, 1H, J = 4.38
Hz), 7.22 (d, 1H, J= 8.7 Hz), 7.43 (m, 1H, J = 2.9, 8.0 Hz),
7.60 (d, 1H), 7.84-7.82 (m, 2H, J = 4.3 Hz), 12.3 (bs, 1H);
ESIMS: m/z 373 (M+H)".

S-Nitrofuran aldehyde-2-(6-trifluoromethoxy-1,3-
benzothiazol-2yl)hydrazone (3g)

The compound 3g was synthesized according to the
procedure described for 3a by using 5-nitrofuran aldehyde
(141 mg, 1 eq) and 2-hydrazino-6-trifluoromethoxy-
benzothiazole (249 mg, 1 eq) (yield 316 mg, 85 %).

'"H NMR (DMSO-ds, 200 MHz): 6 8.42 (bs, 1H), 7.44-
7.41 (m, 2H), 7.36 (d, 1H), 7.27 (d, 1H, J = 2.4 Hz), 7.30 (d,
1H, J =39 Hz), 7.14 (d, 1H, J = 8.6 Hz), 6.48 (d, 1H, J =
3.9 Hz); ESIMS: m/z 373 (M+H)".

5-Nitrothiophen aldehyde-2-(6-trifluoromethoxy-1,3-
benzothiazol-2yl)hydrazone (3h)

The compound 3h was synthesized according to the
procedure described for 3a by using S-nitrothiophen
aldehyde (157 mg, 1 eq) and 2-hydrazino-6-
trifluoromethoxy-benzothiazole (249 mg, 1 eq) (yield 329
mg, 85 %).

'"H NMR (DMSO-ds, 200 MHz): § 12.7 (bs, 1H), 8.14-
8.10 (m, 2H, J= 7.7, 4.3 Hz), 7.83 (m, 1H), 7.51 (d, 1H, J =
4.5 Hz), 7.35-7.30 (m, 2H), 6.93 (dd, 1H, J = 2.4, 8.7 Hz),
3.77 (s, 3H); ESIMS: m/z 389 (M+H)".

S-Nitrofuran aldehyde-2-(6-nitro-1,3-benzothiazol-
2yl)hydrazone (3i)

The compound 3i was synthesized as per the method
described for the synthesis of 3a using 2-hydrazino-6-nitro-
benzothiazole (210 mg, 1 eq) and S-nitrofuran aldehyde
(141 mg, 1 eq). Yield: 280 mg (84 %).

'H NMR (DMSO-ds, 200 MHz): 6 7.15-7.12 (m, 2H, J =
2.4, 6.8 Hz), 7.30 (m, 1H, J= 7.8 Hz), 7.43 (m, 1H), 7.71 (d,
1H, J = 3.9 Hz), 8.10 (s, 1H), 12.7 (bs, 1H); ESIMS: m/z
334 (M+H)".

5-Nitrothiophen aldehyde-2-(6-nitro-1,3-benzothiazol-
2yl)hydrazone (3j)

The compound 3j was synthesized as per the method
described for the synthesis of 3a using S-nitrothiophen
aldehyde (157 mg, 1 eq) and 2-hydrazino-6-nitro-
benzothiazole (210 mg, 1 eq). Yield: 300 mg (86 %).

'H NMR (DMSO-ds, 200 MHz): 6 7.15-7.12 (m, 2H, J =
2.4, 6.8 Hz) 7.30 (m, 1H, J = 7.8 Hz), 7.43 (m, 1H), 8.15-
8.09 (m, 2H, J = 4.7 Hz), 12.0 (bs, 1H); ESIMS: m/z 350
M)

S-Nitrofuran aldehyde-2-(6-fluoro-1,3-benzothiazol-
2yl)hydrazone (3k)

The compound 3k was synthesized synthesized as per the
method described for the synthesis of 3a using 2-hydrazino-
6-fluoro-benzothiazole (183 mg, 1 eq) and S-nitrofuran
aldehyde (140 mg, 1 eq). Yield: 260 mg (86 %).

'"H NMR (DMSO-ds, 200 MHz): § 6.84 (dd, 1H, J = 9.0,
2.2 Hz), 6.96 (d, 1H, J = 3.7 Hz),7.27 (d, 1H, J = 2.2 Hz),
7.35 (d, 1H, J=9.0 Hz), 7.58 (d, 1H, J = 3.7 Hz), 7.96 (s,
1H), 12.4 (bs, 1H); ESIMS: m/z 307 (M)".
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5-Nitrothiophen aldehyde-2-(6-fluoro-1,3-ben Zothiazole-2-
vl)hydrazone (31)

The compound 31 was synthesized according to the
method given for the synthesis of 3a using 2-hydrazino-6-
fluoro-benzothiazole (183 mg, 1 eq) and S5-nitrothiophen
aldehyde (157 mg, 1 eq). Yield: 260 mg (80 %).

"H NMR (DMSO-ds, 200 MHz): § 7.18 (d, 1H, J = 4.3
Hz), 7.21 (d, 1H, J= 8.7 Hz), 7.59 (d, 1H), 7.43 (m, 1H, J =
2.9, 8.0 Hz), 7.82-7.84 (m, 2H, J = 4.3 Hz), 12.3 (bs, 1H);
ESIMS: m/z 323 (M+H)".

S-nitro-2-furaldehyde-2-(6-chloro-1,3-benzothiazole 2-
vlhydrazone (3m)

The compound 3m was synthesized according to the
method given for the synthesis of 3a using 2-hydrazino-6-
chloro-benzothiazole (199 mg, 1 eq) and S5-nitrofuran
aldehyde (140 mg, 1 eq). Yield: 261 mg (84 %).

"H NMR (DMSO-ds, 200 MHz): J 6.85 (dd, 1H, J = 9.1,
2.3 Hz) 6.97 (d, 1H, J = 3.6 Hz), 7.27 (d, 1H, J = 2.3 Hz),
7.34 (d, 1H, J=9.1 Hz), 7.60 (d, 1H, J = 3.6 Hz), 7.88-7.90
(s, 1H), 12.4 (bs, 1H); ESIMS: m/z 323 (M)".

S-Nitrothiophen aldehyde-2-(6-chloro-1,3-benzothiazol-
2yl)hydrazone (3n)

The compound 3n was synthesized according to the
method given for the synthesis of 3a using 2-hydrazino-6-
chloro-benzothiazole (199 mg, 1 eq) and 5-nitrothiophen
aldehyde (157 mg, 1 eq). Yield: 287 mg (85 %).

'"H NMR (DMSO-ds, 200 MHz): § 7.19 (d, 1H, J = 4.3
Hz), 7.22 (d, 1H, J = 8.7 Hz), 7.43 (m, 1H, J = 2.9, 8.0 Hz),
7.60 (d, 1H), 7.84-7.82 (m, 2H, J = 4.3 Hz), 12.3 (bs, 1H);
ESIMS: m/z 339 (M+H)".

V. CONCLUSIONS

Herein, demonstrate the synthesis and antimicrobial
potency of a new class of benzothiazolesagainst Gram-
positive, Gram-negative and Mycobacterium.
tuberculosis  bacteria. Amongst the synthesized
compounds, 3b and 3m have shown potent in vitro
antibacterial activity. Interestingly, these compounds
have also exhibited good antibacterial activity against
resistant strains of Gram- positive and Gram-negative.
The compound 3i has shown potent antimycobacterial
activity against Mycobacterium tuberculosis H37Rv.
Further investigations of these new classes of
compounds for their potential biological properties are
under process.
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