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Abstract A simple and efficient procedure for synthesis of 2-substituted benzimidazole and
benzothiazole has been developed by using sulfonic-acid-functionalized activated carbon as
heterogeneous catalyst. The activated material was prepared from matured tea leaf in pres-
ence of phosphoric acid as activating agent. The final catalyst was prepared by anchoring —
SO;H group on the surface of the activated carbon. The catalyst could be easily recovered and
reused for more than three catalytic cycles without significant loss in catalytic activity. The
catalytic performance of the catalyst was found to be superior to that of a similar catalyst
prepared from montmorillonite K10.
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Introduction

Benzimidazoles and benzothiazoles are considered to be attractive building blocks
by synthetic chemists due to their presence as active substructures in biologically
significant compounds. These structural motifs are associated with a wide variety of
pharmacological activities such as antiviral, antifungal, anticancer, antiulcer,
antihypertensive, and antihistaminic effects [1-8]. Benzimidazole derivatives
exhibit considerable activity against several viruses such as human immunodefi-
ciency virus (HIV) and herpes simplex virus type 1 (HSV-1), and also act as
antitumor and antimicrobial agents [9-12]. Benzothiazole derivatives have appli-
cations as enzyme inhibitors, antitumor agents, fluorescent materials, and in vivo
imaging agents [13-16].

Due to the extensive utility of these heterocycles, a variety of methods for their
synthesis have been widely reported. The most common synthetic method involves
condensation of 1,2-phenylenediamine or 2-aminothiophenol with aldehydes
[17-19]. In case of some other synthetic approaches, orthoesters [20, 21], carboxylic
acid [22-24], alcohols [25], acid chlorides [26] or diketones [27, 28] have also been
used instead of aldehydes.

Recently, Martins et al. [29] reported a procedure for synthesis of benzimidazole
using Ce(NO3)3-6H,0 as promoter in dimethylformamide (DMF). Shirini et al. [30]
and coworkers synthesized benzimidazole derivatives using 1,1’-disulfo-[2,2’-
bipyridine]-1,1’-diium chloride ionic liquid as homogeneous catalyst. Hanoon et al.
[31] described synthesis of benzimidazole derivatives in presence of ionic-liquid-
functionalized reduced graphene oxide as catalyst. Another method using graphene
oxide as catalyst for synthesis of benzimidazoles and benzothiazoles was reported
by Dhopte [32]. Use of Cul nanoparticles for synthesis of 2-substituted benzim-
idazoles requires use of molecular oxygen as oxidant [33]. Although there are
several reports on synthesis of these two heterocycles, most of the traditional
synthetic methods suffer from one or more drawbacks, such as high temperature,
long reaction time, low yield of product, use of toxic organic solvents, harsh
reaction condition, use of expensive and hazardous catalyst, etc. Taking into
account the various drawbacks of existing synthetic methods, there is a need to
develop environmentally benign methodologies for synthesis of benzimidazoles and
benzothiazoles.

We report herein an efficient environmentally friendly method for synthesis of
benzimidazoles and benzothiazoles in presence of sulfonic-acid-functionalized
activated carbon made from matured tea leaf (MTLAC-SA). Sulfonic-acid-
functionalized montmorillonite K10 (K10-SA) was also used as catalyst for
comparison. Although both catalysts were found to be efficient for synthesis of these
heterocycles, MTLAC—SA showed better catalytic activity than K10-SA.
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Experimental
Materials and apparatus

The Brunauer—-Emmett-Teller (BET) surface area of all the synthesized materials
was determined from the N, adsorption—desorption isotherm at —196 °C using a
surface area analyzer (Beckmann Coulter SA-3100). Scanning electron microscopy
(SEM) and energy-dispersive X-ray analysis (EDX) of the synthesized materials
were carried out using a JEOL JSM-6360 scanning electron microscope. Fourier-
transform infrared (FT-IR) spectra were recorded on a Shimadzu IRAffinity-1
spectrophotometer. "H nuclear magnetic resonance (NMR) spectra were obtained in
CDCl; and dimethylsulfoxide (DMSO) using a Bruker 300 MHz instrument.

Synthesis of catalysts
Synthesis of activated carbon (MTLAC)

Activated carbon was synthesized by following a previously reported procedure
[34]. The raw material, i.e., matured tea leaf (MTL), for preparation of activated
carbon, was collected from a tea garden of Upper Assam. MTL was washed
thoroughly with distilled water to remove adhering dust and impurities, dried,
ground, and sieved to obtain 60-mesh-size particles. MTL powder was soaked in
85% H3POy, at ratio of 1:3 (MTL:H5POy, w/v) and kept in an oven for 3 h at 60 °C.
Acid-impregnated MTL was carbonized in a tube furnace under nitrogen
atmosphere. It was heated from room temperature to 500 °C (at heating rate of
5 °C/min) with 1 h holding time at 100 °C intervals. After cooling to room
temperature, the activated carbon was washed thoroughly with distilled water until
the washing water became neutral, then dried in oven at 100 °C for about 8 h. The
resulting activated carbon (MTLAC) was ground, sieved, and kept in a desiccator
for further use.

Synthesis of sulfonic-acid-functionalized MTLAC and K10

Sulfonic-acid-functionalized activated carbon was prepared as follows [35]:

Initially, MTLAC powder (200 mg) was dispersed in 5 mL dry CH,Cl, by
ultrasonic bath for 30 min. Chlorosulfonic acid (0.2 mL) was added dropwise to an
ice-cooled solution of MTLAC over a period of 30 min at room temperature. After
completion of the addition, the mixture was stirred for another 3 h for complete
dissipation of HCI from the reaction vessel. The resulting product was filtered and
washed with ethanol and water and finally dried in an oven at 80 °C to obtain
sulfonic-acid-functionalized activated carbon (MTLAC-SA). Sulfonic-acid-func-
tionalized montmorillonite K10 was prepared by the same procedure as above and is
denoted as K10-SA.
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General procedure for synthesis of benzimidazole and benzothiazole derivatives

Aldehyde (1 mmol), ortho-phenylenediamine or 2-aminothiophenol (1.1 mmol),
synthesized catalyst (10 wt%), and ethanol (3 mL) were mixed and stirred at room
temperature for appropriate time. After reaction completion as confirmed by thin-
layer chromatography (TLC), the usual work-up procedure was carried out and the
crude product was purified using column chromatography to obtain the pure
product. Both the catalysts were recovered after reaction, washed with ethanol,
dried in an oven for about 1 h, and reused for seven cycles successfully.

Experimental data for synthesized benzimidazole and benzothiazole
derivatives

2-Phenyl-1H-benzimidazole (1a)

M.p. 287-290 °C (lit. 290-291 °C) [36]; '"H NMR (300 MHz, CDCl; + DMSO-
dg): 6 (ppm): 7.18-7.20 (m, 2H), 7.47-7.64 (m, 5H), 8.16 (d, J = 7.8 Hz, 2H).

2-p-Tolyl-1H-benzimidazole (1b)

M.p. 261-264 °C (lit. 262-265 °C) [36]; '"H NMR (300 MHz, CDCl; + DMSO-
dg): 0 (ppm): 2.33 (s, 3H), 7.18-7.23 (m, 4H), 7.59-7.62 (m, 2H), 8.05 (d,
J = 8.1 Hz, 2H).

2-(4-Methoxyphenyl)-1H-benzimidazole (1c)

M.p. 224-226 °C (lit. 225-226 °C) [36]; '"H NMR (300 MHz, CDCl; + DMSO-
dg): 0 (ppm): 3.76 (s, 3H), 6.90 (d, J = 8.7 Hz, 2H), 7.13-7.16 (m, 2H), 7.53-7.56
(m, 2H), 8.09 (d, J = 8.7 Hz, 2H).

2-(2-Methoxyphenyl)-1H-benzimidazole (1d)

M.p. 163-165 °C (lit. 157-158 °C) [37]; '"H NMR (300 MHz, CDCl; + DMSO-
dg): 0 (ppm): 3.99 (s, 3H), 6.97-7.06 (m, 2H), 7.16-7.19 (m, 2H), 7.36 (t,
J = 8.7 Hz, 1H), 7.60-7.64 (m, 2H), 8.45-8.47 (d, J = 6 Hz, 1H).
2-(3,4-Dimethoxyphenyl)- 1 H-benzimidazole (1e)

M.p. 186-188 °C (lit. 180-181 °C) [38]; '"H NMR (300 MHz, CDCl; + DMSO-
dg): 6 (ppm): 3.86 (s, 6H), 6.87 (d, J = 8.4 Hz, 1H), 7.16-7.20 (m, 2H), 7.56-7.59
(m, 2H), 7.71 (d, J = 8.1 Hz, 1H), 7.79 (s, 1H).
2-(4-Chlorophenyl)-1H-benzimidazole (1f)

M.p. 286-288 °C (lit. 288-290 °C) [36]; 'H NMR (300 MHz, CDCl; + DMSO-
dg): & (ppm): 7.22 (s, 2H), 7.62 (d, J = 7.8 Hz, 4H), 8.17 (d, J = 7.5 Hz, 2H).
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2-(4-Fluorophenyl)-1H-benzimidazole (1g)
M.p. 248-252 °C (lit. 251 °C) [17]; "H NMR (300 MHz, CDCl; + DMSO-dy): 6

(ppm): 7.08 (t, J = 8.7 Hz, 2H), 7.18-7.21 (m, 2H), 7.57-7.60 (m, 2H), 8.14-8.19
(m, 2H).

2-(2-Fluorophenyl)-1H-benzimidazole (1h)
M.p. 223-225 °C (lit. 232-235 °C) [39]; '"H NMR (300 MHz, CDCl; + DMSO-

dy): & (ppm): 7.20-7.25 (m, 1H), 7.30-7.36 (m, 3H), 7.45 (t, J = 7.5 Hz, 1H), 7.52
(s, 1H), 7.86 (s, 1H), 8.52 (t, J = 7.5 Hz, 1H), 10.02 (s, 1H).

2-(4-Bromophenyl)-1H-benzimidazole (1i)
M.p. 295-298 °C (lit. 294-296 °C) [17]; '"H NMR (300 MHz, CDCl; + DMSO-

dg): & (ppm): 7.12-7.15 (m, 2H), 7.51 (d, J = 8.7 Hz, 4H), 7.99 (d, J = 8.7 Hz,
2H).

2-(4-Nitrophenyl)-1H-benzimidazole (1j)
M.p. 317-320 °C (lit. 319-321 °C) [36]; '"H NMR (300 MHz, CDCl; + DMSO-

dg): 0 (ppm): 7.19-7.22 (m, 2H), 7.50-7.57 (m, 2H), 8.26 (t, J = 7.8 Hz, 2H), 8.37
(d, J = 8.7 Hz, 2H).

2-(3-Nitrophenyl)-1H-benzimidazole (1k)
M.p. 196-199 °C (lit. 203-205 °C) [40]; '"H NMR (300 MHz, CDCl; + DMSO-

de): 0 (ppm): 7.38-7.24 (m, 2H), 7.65 (t,J = 7.8 Hz, 3H), 8.24 (d, / = 7.8 Hz, 1H),
8.63 (d, J = 7.5 Hz, 1H), 9.09 (s, 1H).

2-Heptyl-1H-benzimidazole (11)
M.p. 134-138 °C (lit. 138-140 °C) [38]; '"H NMR (300 MHz, CDCl; + DMSO-

dy): 8 (ppm): 0.80-0.87 (m, 3H), 1.21-1.35 (m, 8H), 1.82-1.89 (m, 2H), 2.99 (t,
J = 8.1 Hz, 2H), 6.16 (s, 1H), 7.23-7.27 (m, 2H), 7.60 (s, 2H).

2-(1H-pyrrol-2-yl)-1H-benzimidazole (1m)
M.p. 275-277 °C (lit. 273-275 °C) [37]; '"H NMR (300 MHz, CDCl; + DMSO-

dg): & (ppm): 6.11 (t, J = 5.4 Hz, 1H), 6.87 (s, 1H), 6.93 (d, J = 3 Hz, 1H),
7.04-7.08 (m, 2H), 7.36-7.40 (m, 2H), 11.59 (s, 1H).
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2-(Anthracen-9-yl)-1H-benzimidazole (In)

M.p. 255 °C (lit. 261-263 °C) [41]; "H NMR (300 MHz, CDCl; + DMSO-dy): 6
(ppm): 7.33-7.44 (m, 6H), 7.61 (d, J = 7.8 Hz, 2H), 7.72-7.75 (m, 2H), 7.98 (d,
J = 8.4 Hz, 2H), 8.52 (s, 1H).

2-(Naphthalen-1-yl)-1H-benzimidazole (10)

M.p. 205-207 °C (lit. 212-215 °C) [38]; '"H NMR (300 MHz, CDCl; + DMSO-
dg): 0 (ppm): 7.08-7.10 (m, 2H), 7.35 (s, 2H), 7.52 (s, 2H), 7.68 (d, J = 4.2 Hz,
1H), 7.76 (d, J = 8.1 Hz, 2H), 8.15 (d, J = 8.4 Hz, 1H), 8.58 (s, 1H).
2-(Furan-2-yl)-1H-benzimidazole (Ip)

M.p. 284-285 °C (lit. 278-283 °C) [38]; '"H NMR (300 MHz, CDCl; + DMSO-
dg): 0 (ppm): 6.44-6.46 (m, 1H), 7.10-7.13 (m, 2H), 7.26 (t, J = 3.3 Hz, 1H),
7.46-7.50 (m, 3H).

2-Styryl-1H-benzimidazole (1q)

M.p. 200204 °C (lit. 200202 °C) [17]; '"H NMR (300 MHz, CDCl; + DMSO-
dg): 0 (ppm): 7.04-6.96 (m, 3H), 7.11-7.18 (m, 3H), 7.33-7.40 (m, 4H), 7.57 (d,
J = 16.8 Hz, 1H).

4-(1H-Benzimidazol-2-yl) benzene-1,2-diol (Ir)

M.p. 255-257 °C (lit. 258 °C) [42]; "H NMR (300 MHz, CDCl; + DMSO-dy): 6
(ppm): 6.69 (d, J = 8.4 Hz, 1H), 6.90-6.93 (m, 2H), 7.30-7.33 (m, 3H), 7.46 (s,
1H).

5,6-Dichloro-2-p-tolyl-1H-benzimidazole (1s)

M.p. 220-221 °C (lit. 223-225 °C) [43]; "H NMR (300 MHz, DMSO-d,): § (ppm):
2.37 (s, 3H), 7.36 (d, J = 7.8 Hz, 2H), 7.81 (s, 2H), 8.03 (d, J/ = 6 Hz, 2H).

6-Methyl-2-p-tolyl-1H-benzimidazole (1t)

M.p. 104-105 °C (lit. 101-103 °C) [44]; 'H NMR (300 MHz, CDCl5): § (ppm):
2.27 (s, 3H), 2.39 (s, 3H), 7.07-7.00 (m, 3H), 7.33 (s, 1H), 7.46 (d, J = 8.1 Hz, 2H),
8.07 (d, J = 7.8 Hz, 2H).

2-Phenylbenzothiazole (2a)

M.p. 112115 °C (lit. 111-112 °C) [36]; 'H NMR (300 MHz, CDCLy): § (ppm):
6.69 (d, J = 8.4 Hz, 1H), 6.90-6.93 (m, 2H), 7.30-7.33 (m, 3H), 7.46 (s, 1H).
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2-p-Tolylbenzothiazole (2b)

M.p. 82-86 °C (lit. 81-83 °C) [36]; 'H NMR (300 MHz, CDCls): § (ppm): 2.43 (s,
3H), 7.30-7.41 (m, 3H), 7.50 (t, / = 7.8 Hz, 1H), 7.90 (d, J = 7.5 Hz, 1H), 7.99 (d,
J =17.8 Hz, 2H), 8.07 (d, J = 8.4 Hz, 1H).

2-(4-Methoxyphenyl)benzothiazole (2c)

M.p. 125 °C (lit. 120-121 °C) [36]; 'H NMR (300 MHz, CDCl3): & (ppm): 3.90 (s,
3H), 7.02 (d, J = 9 Hz, 2H), 7.38 (t, J = 7.8 Hz, 1H), 7.50 (t, J = 7.2 Hz, 1H),
7.89 (d, J = 8.1 Hz, 1H), 8.07 (d, J = 8.7 Hz, 3H).

2-(2-Methoxyphenyl)benzothiazole (2d)

M.p. 108 °C (lit. 110-112 °C) [45]; "H NMR (300 MHz, CDCl;): & (ppm): 4.08 (s,
3H), 7.07-7.18 (m, 2H), 7.37-7.42 (m, 1H), 7.45-7.53 (m, 2H), 7.94 (d,
J = 8.1 Hz, 1H), 8.13 (d, / = 7.8 Hz, 1H), 8.56 (d, / = 9.6 Hz, 1H).

2-(4-Fluorophenyl)benzothiazole (2e)

M.p. 100 °C (lit. 100102 °C) [46]; 'H NMR (300 MHz, CDCL5): & (ppm): 7.20 (t,
J=87Hz 2H), 741 (t, J =78 Hz, 1H), 7.52 (t, J = 7.8 Hz, 1H), 7.91 (d,
J = 7.8 Hz, 1H), 8.07-8.13 (m, 3H).

2-(2-Fluorophenyl)benzothiazole (2f)

M.p. 91-93 °C (lit. 95-98 °C) [39]; 'H NMR (300 MHz, CDCl3): § (ppm):
7.23-7.37 (m, 2H), 7.42-7.58 (m, 3H), 7.96 (d, J = 8.1 Hz, 1H), 8.19 (d,
J = 8.4 Hz, 1H), 8.50 (t, J = 8.1 Hz, 1H).

2-(2,4-Dichlorophenyl)benzothiazole (2g)

M.p. 148 °C (lit. 151-152 °C) [45]; '"H NMR (300 MHz, CDCl3): & (ppm):
7.40-7.48 (m, 2H), 7.55 (t, J = 7.5 Hz, 2H), 7.97 (d, J = 7.8 Hz, 1H), 8.13 (d,
J = 8.1 Hz, 1H), 8.24 (d, J = 8.4 Hz, 1H).

2-(3-Nitrophenyl)benzothiazole (2h)

M.p. 190 °C (lit. 194-197 °C) [45]; 'H NMR (300 MHz, CDCL;): & (ppm): 7.46 (t,
J =78 Hz, 1H), 7.56 (t, J = 8.1 Hz, 1H), 7.70 (t, J = 8.1 Hz, 1H), 7.96 (d,
J=75Hz, 1H), 8.13 (d, J = 8.4 Hz, 1H), 8.35 (d, J = 9.3 Hz, 1H), 8.43 (d,
J = 7.5 Hz, 1H), 8.95 (s, 1H).
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2-(4-Bromophenyl)benzothiazole (2i)

M.p. 100 °C (lit. 101-102 °C) [36]; 'H NMR (300 MHz, CDCl5): & (ppm): 7.42 (t,
J =75 Hz, 1H), 7.52 (t, J = 7.5 Hz, 1H), 7.65 (d, J = 8.4 Hz, 2H), 7.90-7.98 (m,
3H), 8.08 (d, J = 8.1 Hz, 1H).

2-Heptyl-1H-benzothiazole (2j)

'"H NMR (300 MHz, CDCl5): § (ppm): 0.88 (t, J = 6.6 Hz, 3H), 1.29-1.48 (m, 8H),
1.82-1.92 (m, 2H), 3.11 (t, J = 9 Hz, 2H), 7.34 (t, J = 7.5 Hz, 1H), 7.45 (1,
J =72 Hz, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.98 (d, J = 8.1 Hz, 1H).

2-(Naphthalen-1-yl)benzothiazole (2k)

M.p. 126-128 °C (lit. 128-130 °C) [46]; 'H NMR (300 MHz, CDCL): § (ppm):
742 (t, J=175Hz, IH), 7.50-7.58 (m, 3H), 7.88-8.00 (m, 4H), 8.13 (d,
J = 8.1 Hz, 1H), 8.23 (d, J = 8.1 Hz, 1H), 8.58 (s, 1H).

Results and discussion
Synthesis of catalysts

Initially, activated carbon was synthesized by following a procedure reported by us
[34]. After ensuring formation of activated carbon from matured tea leaves, the
surface of activated carbon was further modified by incorporating sulfonic acid
functionality on the surface by using chlorosulfonic acid in DCM (Fig. 1).

For surface modification, carbon sample was taken in DCM and kept under
sonication for 30 min to produce homogeneous dispersion. The dispersion was
further kept on an ice bath, and appropriate amount of chlorosulfonic acid was
added slowly dropwise. To incorporate maximum amount of sulfonic acid
functionality on the carbon surface, a series of experiments was conducted using
different amounts of chlorosulfonic acid. It was found that a maximum of 1 mL
chlorosulfonic acid per gram of sample could be used for surface modification.
Beyond this amount, the carbon sample was converted to a sticky mass after

Fig. 1 Schematic representation of the process of synthesis of catalysts
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Table 1 Surface area of

2
materials Sample Sger (M7/g)
MTLAC 1313.4
MTLAC-SA 1169.3
K10 218.2
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Fig. 2 N, adsorption—desorption isotherms of synthesized materials

chlorosulfonic acid treatment. For comparison of the catalytic activity, commer-
cially available montmorillonite K10 sample was also modified by incorporating
sulfonic acid functionality. It is noteworthy that montmorillonite K10 has already
been exploited as catalyst for this particular transformation.

The BET surface area of all the synthesized materials was determined from N,
adsorption—desorption isotherms at — 196 °C. The surface texture and elemental
content of the synthesized materials were characterized by scanning electron
microscopy (SEM) and energy-dispersive X-ray (EDX) spectroscopic analysis. To
confirm the functional groups present in the samples, Fourier-transform infrared
(FT-IR) spectra were recorded in the scanning range from 4000 to 400 cm™'.
Boehm titration was carried out to determine the total surface acidity of the
synthesized catalysts.
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Date :8 Mar 2016
Time :14:04:20

Fig. 3 Scanning electron micrographs of a MTLAC, b MTLAC-SA, ¢ K10, and d K10-SA

Table 2 EDX analysis of

MTLAC and MTLAC-SA Element (wt%) Sample
MTLAC MTLAC-SA
CK 96.22 73.13
O K 3.78 25.63
S K - 1.24
Table 3 EDX analysis of K10
and K10-SA Element (wt%) Sample
K10 K10-SA
O K 50.87 60.83
Al K 15.81 11.58
Si K 33.33 25.41
S K - 1.19
BET analysis

The surface area of the synthesized materials was determined by nitrogen
adsorption—desorption method using the BET equation. Prior to analysis, the
samples were dried at 100 °C then degassed under vacuum at 120 °C for 2 h. The

@ Springer



Sulfonic-acid-functionalized activated carbon made from... 1607

surface area of the materials is presented in Table 1, and the nitrogen adsorption—
desorption isotherms are shown in Fig. 2. All the isotherms were found to be of
type II as per International Union of Pure and Applied Chemistry (IUPAC)
classification. From Table 1, it is seen that MTLAC had higher surface area than
K10. After surface functionalization, there was a decrease in surface area for all the
materials. Such decrease in surface area may be due to introduction of functional
groups onto surface-active sites of the parent material.

SEM and EDX analysis

The surface morphology of MTLAC-SA and K10-SA was studied by SEM (Fig. 3).
The samples were coated with a thin layer of gold using a sputter coater prior to
analysis. As shown in the figure, MTLAC-SA had porous surface, in good
agreement with its higher BET surface area among the two catalysts.

Energy-dispersive X-ray (EDX) spectroscopic analysis was carried out for in situ
chemical analysis of the synthesized materials; the results are presented in Tables 2
and 3. Presence of one new element (S) in MTLAC-SA and K10-SA confirmed
successful functionalization of sulfonic acid group on the surface of the synthesized
materials.

MTLAC

MTLAC-SA

Transmittance (%)

T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm’)

Fig. 4 FT-IR spectra of synthesized materials
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Table 4 Results of Boehm

titration Sample Amount of acidic surface groups (mmol/g)
MTLAC-SA 0.51
K10-SA 0.45

FT-IR analysis

FT-IR spectra of all the synthesized materials are presented in Fig. 3. The signal
observed at around 620 cm™' can be attributed to presence of S—O stretching
vibration. The signal observed at around 1120 cm™' is due to presence of S=O
symmetric stretching vibration. The broad band at around 3400 cm™' can be
assigned to S—OH stretching vibration (Fig. 4).

Boehm titration

Boehm titration was carried out to determine the amount of acidic surface groups on
the synthesized materials [47]. Synthesized materials (0.15 g) were mixed with
30 mL 0.05 N NaOH solution. The samples were sealed and shaken for 24 h, then
10 mL filtrate was titrated with 0.05 N HCl. The number of acidic surface groups
was calculated based on the assumption that NaOH neutralizes acidic groups present
on the material surface. The results of the experiment are presented in Table 4,
revealing that MTLAC-SA had slightly more acidic surface groups than K10-SA.

Optimization of reaction conditions

The reaction of 4-methylbenzaldehyde (1 mmol) and ortho-phenylenediamine
(1.1 mmol) was selected as model reaction to establish the best reaction conditions.
The reaction was first performed without any catalyst for about 5 h at room
temperature, obtaining trace (8%) yield. In presence of the synthesized catalyst
(MTLAC-SA), 92% yield was obtained in 45 min.

The effect of different solvent systems for synthesis of imidazole derivatives was
studied; the results are summarized in Table 5. The reaction was carried out using
solvents EtOH, MeOH, water, and acetonitrile. EtOH and acetonitrile showed
almost equal results regarding yield of product. Considering the environmental
effect, EtOH was chosen as a suitable solvent for the reaction. The model reaction
was also optimized in terms of catalyst concentration. The results are summarized in
Table 5. In absence of catalyst, the reaction did not produce good yield. However,
addition of 5 wt% (with respect to the weight of aldehyde) catalyst resulted in a
sharp increase of yield within a short period of time. Addition of 10 wt% catalyst
was found to be sufficient for the reaction. Further increase in the amount of catalyst
up to 15 wt% did not show any effective increase in product yield.

These optimum conditions were also used for synthesis of benzothiazole
derivatives.
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= MTLAC-SA
mK10-SA

92 -
90
88
86
84
82
80 -
78
76

74 T :
Benzimidazole Benzothiazole

Fig. 5 Comparison of catalytic activity of MTLAC-SA and K10-SA

To compare the catalytic activity of MTLAC-SA with that of K10-SA, the
reaction between 4-methylbenzaldehyde and ortho-phenylenediamine or ortho-
aminothiophenol was carried out using both catalysts. The results obtained are
depicted in Fig. 5.

From this figure, it is observed that MTLAC-SA showed better catalytic activity
in comparison with K10-SA. This can be attributed to the acid capacity of the
studied catalyst. According to the Boehm titration results (Table 4), the acid
capacity of MTLAC-SA was higher than that of K10-SA. Also, the higher surface
area of the catalyst (Table 1) provides a large number of active sites. These are the
two major reasons for the superior catalytic performance of MTLAC-SA to that of
K10-SA.

After optimizing the reaction conditions, the versatility of this method was
examined by performing the reaction using different substituted aldehydes.
Aldehydes with both electron-withdrawing and electron-donating substituent were
used successfully for synthesis of corresponding imidazole and thiazole derivatives
in excellent yield. The results are presented in Table 6. Using the same optimum
condition, benzothiazole derivatives were also synthesized; the results obtained are
summarized in Table 6. From this table one can say that the catalyst is very
effective for benzothiazole synthesis as well.

The effectiveness and applicability of the synthesized catalysts were compared
with some reported catalysts in terms of reaction time, percentage yield, and
reaction temperature. For this study, synthesis of 2-(4-methoxyphenyl)-1H-
benzimidazole and 2-(4-methoxyphenyl)benzothiazole were taken as model reac-
tions (Table 7).
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Table 6 Synthesis of benzimidazole and benzothiazole derivatives using MTLAC-SA catalyst

~ NH,
R P + R—CHO
XH

Catalyst (10 wt%)
Ethanol (3 mL), rt

N

! N\
R —R
@X 1

R,= Aryl, alkyl ﬁg‘“z;l‘: t
X=NH, S
MTLAC-SA
Entry R X Substrate Product  Time Yield®
(min) (%)
1 H NH 1a 45 85
CHO
2 H NH 1b 45 92
OHC CH;
3 H NH 1c 45 94
OHC OCH;
4 H NH H;CO, 1d 45 92
OHC

5 H NH OCH; le 45 92
om«i}om3

6 H NH 1f 60 82
OHC Cl

7 H NH 1g 50 88

OHC F
8 H NH F 1h 60 85
we )

9 H NH 1i 60 82
OHC Br

10 H NH 1j 45 84
OHC NO,

11 H NH NO, 1k 60 80

OHC
12 H NH OHC I P VN 1 65 75
13 H NH I% 1m 50 92
OHC— |
14 H NH CHO In 60 86
15 H NH 90
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Table 6 continued

MTLAC-SA

Entry R X Substrate Product Time Yield®
(min) (%)

16 H NH 0 1p 60 85
OHc@

17 H NH OHCW 1q 60 84
18 H NH OH 1r 60 87
one—y-on
19 4,5-dichloro NH 1s 60 83
OHC CH;

20 4-CH; NH 1t 60 90
OHC CHj
21 H S 2a 60 85

CHO
22 H S 2b 45 92
OHC CH,
23 H S O 2 45 94
OHC OCH;
24 H S H;CO 2d 45 90
OHC
25 H S O 2e 45 87
OHC F
26 H S F, 2f 60 84
o)
27 H S Cl 2g 60 81
OHC@CI
28 H S NO, 2h 60 82
o)
29 H S 2i 60 85
OHC Br
30 H S OHE— 2 65 75

31 H S CHO 2k 60 85

Reaction condition: aldehyde (1 mmol), o-phenylenediamine/o-aminothiophenol (1.1 mmol), catalyst
10 wt%

“Isolated yield, column chromatography
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Table 7 Comparative study of present versus reported methods

Catalyst Reaction time (min) Temperature Yield (%) References
Montmorillonite K10? 2400 R.t. 47.1 [48]
Nano-ZnO*® 80 Reflux 70 [49]
Nanoporous aluminosilicate® 270 Reflux 88 [50]
MnFe,0," 300 Rt 82 [51]
Copper triflate” 270 Reflux 88 [52]
SA-functionalized activated carbon™P 45 R.t. 94 This study
SA-functionalized montmorillonite 90 R.t. 87 This study
K10?*
“Reaction performed with 4-methoxybenzaldehyde and o-aminothiophenol
"Reaction performed with 4-methoxybenzaldehyde and o-phenylenediamine
100 - EMTLAC-SA
90 1 mK10-SA
80
70 1
g 60
.% 50
B 40 -
30
20
10 A
0 T T r T 1

Fig. 6 Recyclability of both catalysts

Recyclability of catalysts

No. of Cycles

To check the recyclability of the catalysts, the reaction between 4-methylbenzalde-
hyde and ortho-phenylenediamine was carried out using both catalysts.

After the reaction, the catalysts were separated from the reaction mixture, washed
with ethanol, then dried. The recovered catalysts were further used for the same
reaction to check the catalytic activity. All the catalysts were successfully used for
seven catalytic cycles without much decrease in product yield, as shown in Fig. 6.
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Conclusions

An efficient, simple, and green method was developed for synthesis of benzimi-
dazole and benzothiazole derivatives using sulfonic-acid-modified activated carbon
(MTLAC-SA) as very effective and recyclable catalyst. The catalytic activity of
MTLAC-SA was found to be superior to that of a catalyst prepared by modification
of montmorillonite K10 (K10-SA). The synthesis procedure for both catalysts was
very simple and cost effective. Short reaction time, good to excellent yield of
product, room-temperature condition, and use of inexpensive and reusable catalysts
make this method both economically and environmentally suitable.
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