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Synthesis of antimicrobial active benzimidazole-2-thioate derivatives of
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ABSTRACT

A facile, green, efficient and one pot synthetic method for biological active benzimidazole-2-thioate derivatives
comprising the reaction of corresponding 2-Mercaptobenzimidazole with various substituted aromatic
carboxylic acids using oxalyl chloride has been described.
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INTRODUCTION
Nitrogen- and sulfur-containing heterocycles are
ubiquitous substructures in a huge number of
biologically active natural products and smallmolecule in pharmaceuticals [1], one of them is 2mercaptobenzimidazole (MBI) and it is important
derivative of benzimidazole.
Substituted 2-mercaptobenzimidazole molecules
have drawn much attention of synthetic chemists
because of their broad range of biological activities
such as antimicrobial [2], antitubercular [3],
antifungal [4], antagonist and antihistamine [5].
The compound, 2-mercapto-5-difluoromethoxy1H-benzimidazole, an important intermediate
required for the synthesis of pantoprazole, is a new
medicinal intermediate. Pantoprazole is a
substituted benzimidazole which markedly inhibits
basal and stimulated gastric acid secretion [6-7]
and some of 2-mercaptobenzimidazole derivatives
show antiepileptic activity and anti-diabetic activity
[8]. Thioesters, an important class of sulfurcontaining compounds, are widely present in a

great number of biologically active compounds and
natural products [9]. In recent years; there are a
many of reports on the synthesis of bioactive
proteins thioesters by native chemical ligation [10].
The ubiquity of thioesters in biology implicates
them as prospective compounds of importance to
the origin of life. Similar to phosphoanhydrides e.g.
ATP, the hydrolysis of thioesters is relatively slow
despite the large thermodynamic feasibility of the
reaction. Wachtershauser and de Duve found that
thioesters may have played a critical role in early
metabolism, primarily as chemical reservoirs of
energy [11]. Some thioesters are very important for
pheochromocytoma cell (PC) 12 inhibitors, it is
most widely used of all neuronal cell line and some
are used for fatty acid synthase inhibitor.
Although a great deal of effort has been directed
toward the use of nucleophilic thiols [12] for the
formation of C-S bond, thioacids [13] have not
been explored in organic synthesis as they are less
nucleophilic and hence less reactive. But, the
thioesters obtained from thioacids as nucleophiles
are synthetically more valuable because of their
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widespread
application
in
pharmaceutical
chemistry [14] and also they serve as key
intermediates in the synthesis of various bioactive
molecules [15]. Moreover, thioesters are used as
coupling partners in organometallic reactions [16],
building blocks for the synthesis of heterocyclic
compounds [17], and acyl transfer reactions [18].

Progress of the reaction is monitored by TLC and
CH2Cl2 (10 mL) was added. The organic layer was
washed with saturated aqueous potassium
carbonate (3×5 mL) and aqueous sodium
thiosulfate (2×5 mL) respectively and dried. The
pure product was obtained by Colum
chromatography using silica gel and n-hexane/ethyl
acetate (4:1) as eluent.

From last some decade several synthetic
methodologies have been developed for the
synthesis of thioesters from carboxylic acid using
various catalysts or reagents such as, Na2S
mediated by Ethyl-3-(3-dimethylaminopropyl)
carbodiimidode (EDC) [19], azopyridine and
triphenyl phosphine is a suitable electron-deficient
reagent for Mitsunobu thioesterification reactions
[20], isobutyl carbonochloridate and triethyl amine
[21],
Tetramethyl
fluoroformamidium
hexafluorophosphate (TFFH) as the coupling
reagent [22], hafnium(IV) or zirconium(IV) salts
[23]. Various thiols can be acetylated using acetic
anhydride in the presence of catalyst like silver
triflate
[24],
acetonyltriphenylphosphonium
bromide [25], and Copper (II) triflate [26] and
some other methods are also reported for synthesis
of thioesters [27, 28]. Most of these methods suffer
from one or more drawbacks such as long reaction
times, expensive reagents, drastic reaction
conditions, low yields, tedious work-up procedures
and generation of acidic/metallic wastes.

Characterization of selected compounds:
S-1H-benzimidazol-2-yl benzothioate (Table 5.5,
entry a): 1H NMR Spectrum (400 MHz, DMSOd6), δ, ppm (J, Hz): 12.50 (1H, s, N-H); 8.30-8.00
(3H, m, H Ar); 7.80 (2H, d, 2H, J = 8.0, H Ar);
7.51 (2H, d, J = 8.2, H Ar); 7.40 (2H, t, J = 8.2, H
Ar). 13C NMR Spectrum (100 MHz, DMSO- d6),
δ, ppm: 179.8 (C=O); 169.1 (-N=C-N- Ar); 134.9
(C Ar); 131.8 (C Ar); 130.8 (C Ar); 129.0 (C Ar);
128.6 (C Ar); 125.1 (C Ar); 115.6 (C Ar).
Mass spectrum (EI, 80 eV) m/z (%): 254 [M+] (17)
S-1H-benzimidazol-2-yl
4-methylbenzothioate
(Table 1, entry b): 1H NMR Spectrum (400 MHz,
DMSO- d6), δ, ppm (J, Hz): 11.70 (1H, s, N-H);
7.80 (2H, d, J= 8.3, H Ar); 7.53 (2H, d, J = 8.0, H
Ar); 7.42 (2H, d, J = 8.3, H Ar); 7.31 (2H, d, J =
8.0, H Ar); 2.4 (3H, s, -CH3).
13
C NMR Spectrum (100 MHz, DMSO- d6): δ
176.2 (C=O); 168.2 (-N=C-N- Ar); 135.1 (C Ar);
134.2 (C Ar); 130.2 (C Ar); 129.0 (C Ar); 127.8 (C
Ar); 125.0 (C Ar); 115.4 (C Ar); 22.1 (-CH3).
Mass spectrum (EI, 80 eV) m/z (%): 269 [M+]
(25).

Considering the biological applications and
disadvantages in synthetic methods of thioesters
and in continuation of seeking newer synthetic
routes for 1,3-azole derivatives [29], here we tried
to develop a new simple and convenient method for
synthesis of biologically active thioesters from
available
carboxylic
acids
and
2mercaptobenzimidazoles using green chemistry
protocols and we found oxalyl chloride as a
versatile reagent giving rise to carboxylic acid
derivatives and a building block for the formation
of heterocyclic products, and it is known as acyl
halide reagent [30].

S-1H-benzimidazol-2-yl
4-nitrobenzothioate
(Table 1, entry d): 1H NMR Spectrum (400 MHz,
DMSO- d6), δ, ppm (J, Hz): 12.40 (1H, s, N-H);
7.90 (2H, d, J= 8.2, H Ar); 7.50 (2H, d, J = 8.2, H
Ar); 7.42 (2H, d, J = 8.0, H Ar); 7.30 (2H, t, J =
8.0, H Ar). 13C NMR Spectrum (100 MHz,
DMSO- d6): δ 181.1(C=O); 165.3 (C-NO2 Ar);
153.4 (-N=C-N- Ar); 134.6 (C Ar); 132.0 (C Ar);
126.8 (C Ar); 122.2 (C Ar); 121.0 (C Ar); 114.2 (C
Ar). Mass spectrum (EI, 80 eV) m/z (%): 299.06
[M+] (21)

MATERIAL AND METHODS
RESULTS AND DISCUSSION
General procedure for the conversion of
carboxylic acid to benzimidazole-2-thioates: A
mixture of carboxylic acid (1.0 mmol) and oxalyl
chloride (0.126g, 1.0 mmol) in dichloromethane (4
mL) was stirred at room conditions. After
completion of chlorination, MBI (0.150g, 1.0
mmol) was added in same pot with further addition
of dichloromethane (4mL) and potassium carbonate
(0.25gm) and mixture was refluxed with stirring.

In order to find the best experimental conditions,
we describes a simple method for synthesis of a
new class of benzimidazole-2- thioate derivatives
from one-pot reaction between substituted 2mercaptobenzimidazole derivatives and aromatic
carboxylic acids. Here we report oxalyl chloride
first time as chlorinating agent for synthesis of
thioesters (Scheme 1).
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As mentioned above, due to the problems
encountered with isolation process of the
byproducts and great attention in using
commercially available reagents, we report, use of
oxalyl chloride to perform a very clean and
efficient reaction for chlorination of carboxylic
acids. In this system, the resulting byproducts are
gaseous like CO2, CO, HCl and can be removed by
simple heating.

Biological screening: The new synthesized
benzimidazole-2-thioate derivatives were screened
for their biological activity. The biological activity
was tested by disc plate method of assay in nutrient
agar media. Compounds were tested at 50, 100, 125
mg/mL concentration and minimum zone inhibition
was determined. Streptomycin was taken as
standard for antimicrobial screening. Five
compounds (Table 1, Entry a–e), showed good
biological activity against Salmonella Typhi and
Escherichia Coli. The details are given in Table 3
and Table 4.

To find the optimized condition, we did
chlorination of benzoic acid (1 mmol) using oxalyl
chloride (1.0 mmol) at room temperature (30-40℃)
and desired benzoyl chloride, was obtained in
excellent yield (100%) in dichloromethane (5 mL)
as compare to other organic solvents, such as
acetonitrile, toluene and ethyl acetate at different
temperatures to find the most suitable condition for
the reaction (Results of optimization are
summarized in Table 1) then addition of MBI (1
mmol) in same pot under reflux condition resulted
in conversion of benzoyl chloride to S-1Hbenzimidazol-2-ylbenzothioate (98%) in short
reaction time (30 minute) in excellent yield. After
optimization extended of our study towards
carboxylic acids containing electron donating and
withdrawing groups and we found this reaction
condition is very useful for transformation of
carboxylic acids to corresponding thioesters.
Results are summarized in Table 2.

CONCLUSION
We have found simple, efficient, economical and
one pot methodology for synthesis of biologically
active new S-1H-benzimidazol-2-yl thioates from
2-mercaptobenzimidazole and carboxylic acids by
using oxalyl chloride as a chlorinating agent first
time for synthesis of thioesters. This protocol offers
several advantages such as good yield of product in
very short reaction time, very easy to handle,
environmentally safe and less costly.
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TABLES
Table 1: Synthesis of benzoyl chloride from benzoic acids a:
Entry
Solvent

Timeb
(min)
8

Yieldc (%)

a

Dichloromethane

b

Acetonitrile

12

85

c

Toluene

22

72

d

Ethyl acetate

18

80

a- Reaction condition- Benzoic acid (1 mmol), oxalyl chloride (1.0 mmol), solvent (5 mL)
b- Time required for the completion of reaction
c- Isolated yield.
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Table 2: One pot synthesis of benzimidazole-2-arylthioates from carboxylic acidsa:
Entry Products
Timeb
Yieldc
(min)
mg (%)
a
S-1H-benzimidazol-2-yl benzothioate
30
249 (98)

M. P.
(℃)
315-317

b

S-1H-benzimidazol-2-yl 4-methylbenzothioate

35

257 (96)

195-197

c

S-1H-benzimidazol-2-yl-2-methyl-4-nitrobenzothioate

25

306 (98)

280-282

d

S-1H-benzimidazol-2-yl 4-nitrobenzothioate

25

293 (98)

287-289

e

S-1H-benzimidazol-2-yl 4-chlorobenzothioate

25

289 (95)

230-232

f

S-1H-benzimidazol-2-yl 4-methoxybenzothioate

40

278 (98)

185-187

g

S-1H-benzimidazol-2-yl 2-phenylethanethioate

25

254 (95)

222-224

h

S-1H-benzimidazol-2-yl pyridine-2-carbothioate

20

245 (96)

190-192

i

S-1H-benzimidazol-2-yl 2-methylbenzothioate

32

247 (95)

196-198

a- Reaction condition- carboxylic acids (1 mmol), oxalyl chloride (1.0 mmol), MBI (1 mmol),
DCM (8 mL).
b- Time required for the completion of reaction
c- Isolated yield.
Table 3: Antimicrobial activity on Salmonella Typhi
Entry
Zone of inhibition (cm) in different concentrations (mg/ ml)
50

100

125

a

0.35

0.57

0.79

b

0.38

0.45

0.65

c
d
e

0.34
0.40
0.37

0.55
0.65
0.49

0.76
0.85
0.58

Streptomycin

0.50

0.85

1.00

Table 4: Antimicrobial activity on Escherichia Coli
Entry
Zone of inhibition (cm) in different concentrations (mg/ ml)
50

100

125

a

0.44

0.57

0.83

b

0.40

0.65

0.79

c

0.42

0.50

0.80

d
e

0.32
0.39

0.42
0.61

0.76
0.73

Streptomycin

0.60

0.95

1.10
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