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GRAPHICAL ABSTRACT

Abstract A simple and efficient procedure has been developed for the synthesis of benzoth-
iazole derivatives in water by the condensation of 2-aminothiophenol with aldehydes in the
presence of Sulfonated porous carbon (SPC). This method provides a simple and efficient pro-
tocol in terms of mild reaction conditions, clean reaction profiles, small quantity of catalyst,
and simple workup procedure.

Keywords Benzothiazole; sulfonated porous carbon; water; microwaves irradiation

INTRODUCTION

Benzothiazole and its derivatives are found in numerous pharmaceutical agents with
a diverse range of biological properties.1–8 Their significance is also due to their appli-
cations in the treatment of autoimmune, inflammatory, epilepsy, analgesia, viral, cancer,
tuberculosis diseases, and the prevention of organ transplant rejection.1–3

Many methods have been reported in the literature for the synthesis of benzothia-
zoles. Traditional methods include (i) condensation of 2-aminothiophenols with aldehy-
des,4 carboxylic acids,5 acid chlorides,6 esters,7 or nitriles8 and (ii) oxidative cyclization
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536 A. SHOKROLAHI ET AL.

of thiobenzanilides using various oxidants.9–14 Recently, a one-step preparation of ben-
zothiazole derivatives by the aqueous reaction of the corresponding thioamidinium salts
and 2-aminothiophenol has been reported.15 However, many of these existing methods are
accompanied by one or more disadvantages such as the use of volatile organic solvents,
costly air sensitive reagents,4a prolonged reaction time,16 multistep reaction sequences,
high reaction temperature, requirement of extreme pH, tedious work-up procedures,4e and
generation of solid wastes.17,18 Therefore, more attention has been directed to overcome
the above limitations by providing an efficient and convenient protocol for the synthesis of
2-substituted benzothiazoles.

Due to environmental and economic considerations in recent years, heterogeneous
catalysts have been gained some advantages with respect to the homogeneous systems,
such as ease of recovery, recycling, and enhanced stability. Porous carbon materials and
products based on them are diffuse in many actual scientific applications. They are used as
supports for different catalytic processes, fuel cells, and capacitors. Porous carbon materials
with high surface areas and well-developed porosities have attracted substantial attention
because they can fulfill most of the desirable properties required for a suitable catalyst
support. The stability in aggressive media at elevated temperature, feasibility of control
parameters of the porous structure surface area in a broad range, and the physicochemical
properties are the major advantages of carbon materials.19–27

The application of microwaves (MW) irradiation as an energy-efficient heat source
for accelerating chemical reactions has been reported in the literatures. Reactions that
previously required hours to run to completion can now be finished within minutes.28,29

Moreover, carrying out organic reactions in water has become highly desirable in
recent years to meet environmental considerations. The use of water as a sole medium of
organic reactions would greatly contribute to the development of environmentally friendly
processes.

Herein, an efficient and convenient procedure for the synthesis of benzothiazole
derivatives in water using Sulfonated Porous Carbon (SPC) as a heterogeneous catalyst
under reflux conditions and microwave irradiation (Scheme 1) is reported.

SH

NH2

+ RCHO
S

N
R

SPC/water.

Reflux or MW

Scheme 1

RESULTS AND DISCUSSION

The reaction of 2-aminothiophenol with benzaldehyde was selected as the model
substrate and studied its synthesis in water using SPC as catalyst, to optimize the reaction
conditions. The results of these optimization experiments are presented in Table 1. The ef-
fect of catalyst loading was studied by carrying out the experiments with different amounts
of SPC, without any catalyst under identical conditions and these results are presented in the
Table 1 (Entries 1–5). In the absence of an acid catalyst, the yield of 2-phenylbenzothiazole
was only 16% in duration 10 h after beginning of reaction at refluxing temperature. In-
creasing the catalyst loading from 0.03 to 0.07 g was found to decrease reaction time
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SPC-CATALYZED SYNTHESIS OF BENZOTHIAZOLE DERIVATIVES IN WATER 537

Table 1 The condensation of 2-aminothiophenol with benzaldehyde under different reaction conditions

Refluxa Microwaveb

Entry Catalyst Added amount (g) Yield (%) Yieldc (%) c

1 — — 3 5
2 SPC 0.03 61 31
3 SPC 0.05 67 46
4 SPC 0.07 90 92
5 SPC 0.1 92 93

aAt 90 min, bat 6 min, and cisolated yield.

substantially and further increase of catalyst loading to 0.1 g decreased the reaction time
marginally. When the model reaction was carried out under microwave irradiation, it gave
comparatively higher yields of products in shorter reaction time (Table 1, Entries 1–5).

The protocol developed for the synthesis of 2-arylbenzothiazoles and 2-
arylformylbenzothiazoles consists of the stirred mixture of substrate and catalytic amount
of SPC (0.07 g) in water (3 mL) at refluxing temperature and microwave irradiation.

The catalytic performance of the SPC was investigated for the synthesis of 2-
phenylbenzothiazole in water. The reaction product (2-phenylbenzothiazole) measured as a
function of time at refluxing temperature over the SPC, amorphous sugar catalyst (ASC),30

and protonated Nafion.
The surface areas, acid densities, added amount, and initial rate of 2-

phenylbenzothiazole formation (catalytic activity) for all samples are summarized in
Table 2.

Compared with the heterogeneous catalysts, SPC, ACS, and NR50, the sulfonated
porous carbon with initial rate of 81.6 µmol/min indicate a higher catalytic activity in
2-phenylbenzothiazole formation reaction. The yield of reaction was 90%, 41.7%, and
24.4% for SPC, ACS, and NR50 catalyst, respectively, using the same equivalent H+ at
time 90 min (Table 2). The higher catalytic activity of sulfonated porous carbon is due to
high specific surface area, high acid site density, and high density of mesoporous (which
provide good access to the SO3H groups on the surface of the carbon material).

The generality of this approach has been demonstrated by a facile and effortless
synthesis of a wide variety of 2-substituted benzothiazole as shown in Table 3. All the
substrates studied were smoothly converted to the corresponding benzothiazole without
using additional oxidants.

Table 2 Catalytic activity of the tested catalysts under reflux reaction conditions

Total surface Acid density Added mmol Initial formation
Catalyst area (m2/g) (mmol H+/g)a amount (g) H+ rateb (µmol min−1)c Yieldd

SPC 1200 4.55 0.07 0.3 81.6 90
ASC 5 3.5 0.09 0.3 46.7 41.7
Nafion <0.1 0.9 0.35 0.3 24.0 24.4

aDetermined by titration with NaOH, bunder reflux condition, cthe initial rate of a reaction is the instantaneous
rate at the certain time (30 min) of the reaction, and disolated yield.
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538 A. SHOKROLAHI ET AL.

Table 3 The reaction of 2-aminothiophenol with aldehydes in the presence of SPC under reflux conditions

SH

NH2

+ RCHO
S

N
R

SPC/water,

Reflux or MW

o_a3_oa21

Reaction condition

Reflux Microwave

Entry R Product Time (min) Yielda (%) Time (min) Yielda (%) Ref.

1 3a 90 90 6 92 31a

2 3b 70 86 5 89 31b

3 3c 230 85 14 85 31a

4 3d 150 87 9 89 31c

5 3e 70 87 5 85 4b

6 3f 70 83 5 85 31d

7 3g 70 85 5 86 31a

8 3h 100 90 6 91 31e

9 3i 70 85 5 85 31a

10 3j 70 87 5 87 31a

11 3k 110 88 7 90 31b

(Continued on next page)
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SPC-CATALYZED SYNTHESIS OF BENZOTHIAZOLE DERIVATIVES IN WATER 539

Table 3 The reaction of 2-aminothiophenol with aldehydes in the presence of SPC under reflux conditions
(Continued)

SH

NH2

+ RCHO
S

N
R

SPC/water,

Reflux or MW

o_a3_oa21

Reaction condition

Reflux Microwave

Entry R Product Time (min) Yielda (%) Time (min) Yielda (%) Ref.

12 3l 180 79 12 81 31f

13 3m 180 84 11 87 31f

14 3n 230 80 14 83 4f

15 3o 250 77 15 84 4f

aIsolated yield.

As shown in Table 3, a series of 2-substituted benzothiazole was synthesized with the
catalyst SPC at refluxing temperature and microwave irradiation. This procedure is applica-
ble to variety of aromatic and heteroaromatic aldehydes, which produced the corresponding
2-aryl benzothiazoles smoothly and in good yields (Table 3, Entries 1–13).

The substitution groups on the aromatic aldehydes ring (electron-releasing or
electron-withdrawing groups) have no obvious effect on the yields and reaction time under
the above optimal conditions. However, aromatic aldehydes with strongly electron-releasing
groups on aromatic ring such as 4-methoxybenzaldehyde gave the product with good yield
in a longer reaction time (Table 3, Entry 3).

We have also examined the condensation reaction of arylformylaldehyde
with 2-aminothiophenol in the presence of SPC in water for the synthesis of 2-
arylformylbenzothiazoles. The reactions were completed within 230–250 min with good
yields (Table 3, Entries 14, 15). When the same reaction was conducted under microwave
irradiation, it gave good yields of product in a shorter reaction time.

Table 4 compares the efficiency of the SPC with the efficiency of other catalysts
in the synthesis of 2-phenylbenzothiazole obtained by other groups. The data in Table 4
show that some protocols took much longer time (Entries 11, 13, and 15), some used extra
oxidants (Entries 1–4), no recovery catalyst (Entries 5–7,10), or low yields of products
(Entries 11–15).
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540 A. SHOKROLAHI ET AL.

Table 4 Comparison of results using SPC catalyst with results obtained with other catalysts in the synthesis of
2-phenylbenzothiazolea

Reaction

Entry Catalyst Condition (medium) Time (min) Yieldb (%) Ref.

1 CANc (0.1 mmol)/H2O2 (30%,
4 mmol)

50 ◦C 13 97 4b

2 Fe(NO3)3 (0.1 mmol)/H2O2

(30%, 4 mmol)
50 ◦C 14 97 32a

3 Co(NO3)2 (0.5 mmol)
6H2O/H2O2 (30%, 1 mmol)

80 ◦C (DMF) 15 93 4g

4 K2S2O8 (1 mmol)-CuSO4

(0.01 mmol)
60 ◦C (H2O-SDS) 40 90 4h

5 CTAB (0.05 mmol)d Reflux (H2O) 90 98 4h
6 β-Cyclodextrin (1 mmol) 50 ◦C (H2O) 75 92 32b
7 NH4Cl (0.7 mmol) Room temperature (CH3OH) 30 84 32c
8 Sulfamic acid (100 mg) Reflux (H2O) 300 58 32d
9 Sulfamic acid (100 mg) Under MW (solvent free) 10 70 32d

10 PTSAe (0.1 mmol) 70 ◦C (H2O) 90 97 32c
11 Amberlite-IR 120 (100 mg) Reflux (H2O) 300 51 32d
12 Amberlite-IR 120 (100 mg) Under MW (solvent free) 10 64 32d
13 Acidic Al2O3 (100 mg) Reflux (H2O) 300 45 32d
14 Acidic Al2O3 (100 mg) Under MW (solvent free) 10 57 32d
15 SSAf (100 mg) Reflux (H2O) 300 76 32d
16 SSA (100 mg) Under MW (solvent free) 10 91 32d
17 ASC (30 mg) Reflux (H2O) 90 41.7 This Work
18 ASC (30 mg) Under MW (H2O) 6 51.5 This Work
19 Nafion (116 mg) Reflux (H2O) 90 24.4 This Work
20 Nafion (116 mg) Under MW (H2O) 6 31.7 This Work
21 SPC (23 mg) Reflux (H2O) 90 90 This Work
22 SPC (23 mg) Under MW (H2O) 6 92 This Work

aReaction conditions: the reactions were performed with benzaldehyde (1 mmol) and 2-aminothiophenol,
bisolated yield, cceric ammonium nitrate, dcetyltrimethyl ammonium bromide, e p-toluenesulfonic acid, and
fsilica sulfuric acid.

To check the reusability and recyclability of the catalyst (SPC), we have carried out
the synthesis of 2-phenylbenzothiazole under similar reaction conditions. The catalyst was
separated by filtration after completion of the reaction. It has also been dried and used
for subsequent experiments after adding fresh substrate and water under similar reaction
conditions. For three catalytic cycles, the yields and reaction times remained the same.
The reaction time was found to increase gradually with the comparable yields of the
2-phenylbenzothiazole in subsequent recycle experiments.

In conclusion, we have developed an aqueous and general efficient method for the
synthesis of 2-substituted benzothiazoles by the condensation of aryl, arylformyl aldehydes
with 2-aminothiophenol in the presence of catalytic amount SPC in water. Compared to
previous reported methods, the present protocol features simple work-up, environmentally
benign, good yields, no requirement of extra oxidants, and use of the cheap catalyst.

EXPERIMENTAL

Chemicals were purchased from Fluka, Merck, and Aldrich chemical compa-
nies. Melting points were measured on an Electrothermal 9100 apparatus. Thin layer
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SPC-CATALYZED SYNTHESIS OF BENZOTHIAZOLE DERIVATIVES IN WATER 541

chromatography (TLC) was used to monitor all reactions and all yields refer to isolated
products. 1H NMR spectra were recorded on a Bruker-Avance AQS 300 MHz using tetram-
ethylsilane (TMS) as an internal standard. The specific surface area and mean pore di-
ameter (dp) were calculated from adsorption isotherms of nitrogen at 77 K using the
standard Brunauer–Emmett–Teller (BET) equation and were obtained on a NOVA 2200,
Quantachrome Corporation, Version. Microwave reactions were conducted in a modified
microwave oven fitted with a condenser (Samsung MF 45, Korea).

Preparation of SPC

Pine wood powder was used as starting material in the preparation of porous carbon
material. In a typical procedure, wood powder (10 g) was impregnated with ZnCl2 by
immersion in aqueous solution of HCl (1.0 M, 50 mL) containing ZnCl2 (20 g) under
mechanical agitation at 25 ◦C for 15 h. After that the supernatant liquid was separated
by filtration and the remaining solid was oven dried at 80 ◦C for 24 h. Then, the ZnCl2-
impregnated wood powder was placed in a boat like small size ceramic container and heated
gradually from room temperature to 500 ◦C. The heating gradient was not faster than
10 ◦C min−1. The heating time at maximum heat (500 ◦C) treatment temperature was
1 h. Thereafter, the sample was washed by heating in the aqueous HCl solution (5%,
100 mL) at 100 ◦C for 1 h. Then, the resulting solid was filtered and rinsed with warm
distilled water (50 ◦C) to confirm that the wash solution is free of zinc ions. The resultant
activated porous carbon material was finally dried at 80 ◦C in an oven for approximately
24 h. Then, the activated porous carbon material (5 g) was heated for 15 h in oleum (18–
24 wt% SO3, 100 mL) at 150 ◦C under N2 in order to introduce SO3H. After heating
and then cooling to room temperature, distilled water (400 mL) was added to the mixture.
The black precipitate was filtered and repeatedly washed with boiling distilled water until
impurities such as sulfate ions were no longer detected in the wash water. The sample was
finally dried overnight in an oven at 80 ◦C to afford the sulfonated acid catalyst.26,27,32

General Procedure for the Preparation of 2-Substituted Benzothiazoles

A mixture of aldehyde (3 mmol), 2-aminothiophenol (3 mmol), SPC (0.07g), and
water (3 mL) was stirred at specified times under reflux condition or microwave irradiation
(at 180 W) (Table 3). The reaction was monitored by TLC. After completion of the reaction,
the product was extracted with ethyl acetate (3 × 10 mL). The organic layer dried over
Na2SO4 and the solvent was removed under reduced pressure. The residue was subjected
to column chromatography on silica gel (300–400 mesh) using an ethyl acetate/petroleum
ether mixture as the eluent to afford a pure product. When necessary, the crude products
were purified through recrystallization from 95% ethanol.
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Bioorg. Med. Chem. 2005, 13, 1587-1597; (c) Palmer, P. J.; Trigg, R. B.; Warrington, J. V.
J. Med. Chem. 1971, 14, 248-251.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sa

sk
at

ch
ew

an
 L

ib
ra

ry
] 

at
 0

7:
33

 0
3 

Ju
ly

 2
01

2 



542 A. SHOKROLAHI ET AL.

2. (a) Hutchinson, I.; Jennings, S. A.; Vishnuvajjala, B. R.; Westwell, A. D.; Stevens, M. F. G. J.
Med. Chem. 2002, 45, 744-747; (b) Hutchinson, I.; Chua, M. S.; Browne, H. L.; Trapani, V.;
Bradshaw, T. D.; Westwell, A. D.; Stevens, M. F. G. J. Med. Chem. 2001, 44, 1446-1455.

3. (a) Chen, C.; Chen, Y. J. Tetrahedron Lett. 2004, 45, 113-115; (b) Tale, R. H. Org. Lett. 2002, 4,
1641-1642; (c) Mathis, C. A.; Wang, Y. M.; Holt, D. P.; Huang, G. F.; Debnath, M. L.; Klunk, W.
E. J. Med. Chem. 2003, 46, 2740-2754; (d) Jackson, Y. A.; Lyon, M. A.; Townsend, N.; Bellabe,
K.; Soltanik, F. J. Chem. Soc. Perkin Trans. 1 2000, 205-210.

4. (a) Chen, Y. X.; Qian, L. F.; Zhang, W.; Han, B. Angew. Chem. Int. Ed. 2008, 47, 9330-9333;
(b) Bahrami, K.; Khodaei, M. M.; Naali, F. J. Org. Chem. 2008, 73, 6835-6837; (c) Chakraborti,
A. K.; Rudrawar, S.; Jadhav, K. B.; Kaur, G.; Chankeshwara, S. V. Green Chem. 2007, 9, 1335-
1340; (d) Azarifar, D.; Maleki B.; Setayeshnazar M. Phosphorus, Sulfur Silicon Relat. Elem.
2009, 184, 2097-2102; (e) Hein, D. W.; Alheim, R. J.; Leavitt, J. J. J. Am. Chem. Soc. 1957,
79, 427-429; (f) Yang, X.-L.; Xu, C.-M.; Lin, S.-M.; Chen, J.-X.; Ding, J.-C.; Wu, H.-Y.; Sua,
W.-K. J. Braz. Chem. Soc. 2010, 21, 37-42; (g) Chandrachood, P. S.; Garud, D. R.; Gadakari,
T. V.; Torane, R. C.; Deshpande, N. R.; Kashalkar, R. V. Acta Chim. Slov. 2011, 58, 367-371;
(h) Kumar, A.; Maurya, R. A.; Saxena, D. Mol. Divers. 2010, 14, 331-341; (i) Nam, N. H.; Dung,
P.T.; Thuong, P. T. Med. Chem. 2011, 7, 127-134; (j) Bandyopadhyay, P.; Sathe, M.; Prasad, G.
K.; Sharma, P.; Kaushik, M. P. Mol. Catal. A: Chem. 2011, 341, 77-82; (k) Yuan, Y.-Q.; Guo,
S.-R. Synth. Commun. 2011, 41, 2169-2177; (l) Maleki, B. Collect. Czech. Chem. Commun.
2011, 76, 27-37.

5. (a) Mourtas, S.; Gatos, D.; Barlos, K. Tetrahedron Lett. 2001, 42, 2201-2204; (b) Njoya, Y.;
Gellis, A.; Crozet, M.; Vanelle, P. Sulfur Lett. 2003, 26, 67-75; (c) Chakraborti, A. K.; Selvam,
C.; Kaur, G.; Bhagat, S. Synlett 2004, 851-855; (d) Yildiz-Oren, I.; Yalcin, I.; Aki-Sener, E. Eur.
J. Med. Chem. 2004, 39, 291-298; (e) Rudrawar, S.; Kondaskar, A.; Chakraborti, A. K. Synthesis
2005, 2521-2526.

6. (a) Laskar, I. R.; Chen, T. M. Chem. Mater. 2004, 16, 111-117; (b) Nadaf, R. N.; Siddiqui, S. A.;
Daniel T.; Lahoti, R. J.; Srinivasan, K. V. J. Mol. Catal. A: Chem. 2004, 214, 155-160.

7. Matsushita, H.; Lee, S. H.; Joung, M.; Clapham, B.; Janda, K. D. Tetrahedron Lett. 2004, 45,
313-316.

8. Cohen, V. I., Pourabass, S. J. J. Heterocycl. Chem. 1977, 14, 1321-1323.
9. Thiel, O. R.; Bernard, C.; King, T.; Dilmeghani-Seran, M.; Bostick, T.; Larsen, R. D.; Faul, M.

M. J. Org. Chem. 2008, 73, 3508-3515.
10. Bose, D. S.; Idrees, M.; Srikanth, B. Synthesis 2007, 819-823.
11. Wang, M.; Gao, M.; Mock, B. H.; Miller, K. D.; Sledge, G. W.; Hutchins, G. D.; Zheng, Q. H.

Bioorg. Med. Chem. 2006, 14, 8599-8607.
12. Mu, X. J.; Zou, J. P.; Zeng, R. S.; Wu, J. C. Tetrahedron Lett. 2005, 46, 4345-3447.
13. Inamoto, K.; Hasegawa, C.; Hiroya, K.; Doi, T. Org. Lett. 2008, 10, 5147-5150.
14. Matloubi Moghaddam, F.; Zali Boeini, H. Synlett 2005, 1612-1614.
15. Zali Boeini, H.; Hajibabaei Najafabadi, K. Eur. J. Org. Chem. 2009, 2009(29), 4926-4929.
16. Majo, V. J.; Prabhakaran, J.; Mann, J. J.; Kumar, J. S. D. Tetrahedron Lett. 2003, 44, 8535-8537.
17. (a) Evindar, G.; Batey, R. A. J. Org. Chem. 2006, 71, 1802-1808; (b) Itoh, T.; Mase, T. Org.

Lett. 2007, 9, 3687-3689; (c) Hutchinson, I.; Stevens, M. F. G.; Westwel, A. D. Tetrahedron Lett.
2000, 41, 425-428.

18. Pratap, U. R.; Mali, J. R.; Jawale, D. V.; Mane, R. A. Tetrahedron Lett. 2009, 50, 1352-1354.
19. Marsh, H. Rodriguez-Reinoso, F. Activated Carbon; Elsevier: Oxford, 2006.
20. Sun, R. Q.; Sun, L. B.; Chun, Y.; Xu, Q. H. Carbon 2008, 46, 1757-1764.
21. Thomas, K. M. Catal. Today 2007, 120, 389-398.
22. Nakagawa, Y.; Molina-Sabio, M.; Rodrı́guez-Reinoso, F. Micropor. Mesopor. Mater. 2007, 103,

29-34.
23. Caiazzo, A.; Dalili, S.; Picard, C.; Sasaki, M.; Siu, T.; Yudin, A. K. Pure Appl. Chem., 2004, 76,

603-613.
24. Kudo, S.; Maki, T.; Miura, K.; Mae, K. Carbon 2010, 48, 1186-1195.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sa

sk
at

ch
ew

an
 L

ib
ra

ry
] 

at
 0

7:
33

 0
3 

Ju
ly

 2
01

2 



SPC-CATALYZED SYNTHESIS OF BENZOTHIAZOLE DERIVATIVES IN WATER 543

25. Machnikowski, J.; Grzyb, B.; Machnikowska, H.; Weber, J. V. Micropor. Mesopor. Mater. 2005,
82, 113-120.
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