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Xanthan sulfuric acid is an efficient solid acid catalyst for the preparation of 2-aryl benzimidazoles in excellent 
yields. This method is applicable for the reaction of benzo[c][1,2,5]thiadiazole-4,5-diamine with aldehydes by sim-
ple physical grinding at room temperature. The salient features of the present methodology is cheaper process, easy 
synthesis of stable catalyst and the catalyst can be easily recycled without significant loss of activity. 
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Introduction 
One of the most challenging tasks in modern organic 

chemistry is the synthesis of natural products containing 
heterocyclic ring. Despite the considerable exploration 
to date within this field, there is still a need for further 
development of alternative methods for the synthesis of 
heterocyclic compounds. The benzimidazole ring is a 
crucial pharmacophore in drug discovery. Benzimida-
zole derivatives are unique, potent and broad-spectrum 
class of antirhino/enteroviral agents. They exhibit sig-
nificant activities such as antihistaminics, antiparasitics, 
antiulcers, antihypertensives, antivirals, antibacterial, 
antifungals, anticancers and antitubercular.[1,2] Ben-
zimidazole and its derivatives have been used to act 
EGFR, VEGFR-2 and PDGFR kinase inhibitors,[3] se-
lective neuropeptide Y Y 1 receptor antagonists,[4] 
H+/K+-ATP enzyme inhibitors,[5] nitroreductase and 
aminopeptidase activity in clinically important bacte-
ria.[6] In addition, benzimidazoles are very important 
intermediates in organic reactions.[7] Therefore, the 
preparation of benzimidazoles has gained considerable 
attention in recent years. Despite their importance from 
pharmacological, industrial, and synthetic point of 
views, comparatively few methods for the preparation 
of benzimidazoles have been reported. These include 
the condensation of o-aryldiamines and aldehyde in re-
fluxing nitrobenzene,[8] the condensation of o-aryldi-
amines with carboxylic acids or their derivatives in the 
presence of strong acids such as polyphosphoric acid[9] 
or mineral acids,[10] and thermal or acid promoted cycli- 

zation of N-(N-arylbenzimidoyl)-1,4-benzoquinone- 
imines.[11] Benzimidazoles have also been prepared on a 
solid phase to provide a combinatorial approach.[12] 
Various oxidative and catalytic reagents such as sul-
famic acid,[13] I2,[14] DDQ,[15] air,[16] oxone,[17] FeCl3• 
6H2O,[18] In(OTf)3,[19] Yb(OTf)3,[20] Sc(OTf)3,[21] 
KHSO4,[22] SASPSPE,[23] copper[24] and ionic liquid 
were used for the synthesis of benzimidazoles.[25] Some 
of these methods have suffered from the drawbacks 
such as harsh reaction conditions (i.e., the condensation 
of o-aryldiamines and carboxylic acids carried out by 
conventional thermal heating, heating under pressure in 
solvents, using a stoichiometric or excess amount of 
acid, and very high reaction temperatures), use of haz-
ardous reagents, drastic reaction conditions, prolonged 
reaction time, tedious work-up procedures, 
co-occurrence of side reactions, low yields, and expen-
sive reagents/catalysts. Some of the catalysts are de-
stroyed in the work-up procedure and cannot be recov-
ered or reused. Furthermore, the disposal of these acids 
leads to environmental pollution. In view of the phar-
maceutical application values of 2-aryl benzimidazoles, 
it is worthwhile to search continuously for a better cata-
lyst for the synthesis of 2-aryl benzimidazoles in terms 
of operational simplicity, reusability of catalyst, low 
cost and greater selectivity.  

Xanthan and its derivatives,[26-28] have some unique 
properties, which make them attractive alternatives for 
conventional organic or inorganic supports for catalytic 
applications. Xanthan is the most abundant bacterial 
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exopolysaccharide in the world, which is produced 
through fermentation and it has been widely studied 
during the past decades, as it is a biodegradable material 
and a renewable resource. Unlike other gums, it is very 
stable under a wide range of temperatures and pH val-
ues. Recently, xanthan sulfuric acid has emerged as a 
promising biopolymeric solid support acid catalyst for 
acid-catalyzed reactions, such as the synthesis of 
α-aminonitriles and 2-amino selenazole-5-carboxy- 
lates.[29] Xanthan sulfuric acid can be easily prepared by 
the reaction of inexpensive xanthan with chlorosulfonic 
acid.  

Experimental  
The progress of the reaction was monitored by TLC. 

1H NMR spectra were measured on a Varian Gemini 
200-MHz spectrometer using TMS as internal standard. 
The C, H, and N analysis of the compound was done on 
a Carlo Erba model EA1108. Mass spectra were re-
corded on a Jeol JMS D-300 spectrometer. 

Preparation of xanthan sulfuric acid  
To a magnetically stirred mixture of xanthan (5.00 g) 

in CHCl3 (15 mL), chlorosulfonic acid (1.00 g) was 
added dropwise at 0 ℃ during 2 h. After completion of 
the addition, the mixture was stirred for 3 h. Then, the 
mixture was filtered and washed with methanol (25 mL) 
and dried at room temperature to obtain XSA as white 
powder (5.30 g). Sulfur content of the samples by con-
ventional elemental analysis, was 0.62 mmol/g for XSA. 
The number of H＋ site of xanthan-SO3H determined by 
acid-base titration was 0.6 meq/g. This value corre-
sponds to about 92% of the sulfur content, indi- 
cating that most of the sulfur species on the sample are 
in the form of the sulfonic acid groups. 

Procedure for the synthesis of thiadiazolo benzimi-
dazoles 

Mixture of xanthan sulfuric acid (0.1 g), aldehyde 
(3.6 mmol) and benzo[c][1,2,5]thiadiazole-4,5-diamine 
(3.0 mmol) was taken in a mortar, grinding with a pestle 
at room temperature in the presence of air for the ap-
propriate time, as shown in Table 3. After completion of 
reaction (progress of the reaction was observed by TLC), 
CHCl3 (15 mL) was added. The catalyst (XSA) was 
filtered off, solid was washed with CHCl3 (5 mL), com-
bined CHCl3 solution was concentrated in vacuum to 
afford the crude product and the crude solid product was 
further purified by column chromatography [V(hexane)/ 
V(ethyl acetate)＝8∶2].  

Product characterization data 
(Table 3, Entry 3a): m.p. 185 ℃; 1H NMR (CDCl3) 

δ: 6.11 (s, 1H), 7.07—7.84 (m, 7H); IR (KBr) ν: 1617, 
3419 cm－1; EIMS (70 eV) m/z: 252 (M＋). Anal. calcd 
for C13H8N4S: C 61.89, H 3. 20, N 22.21; found C 61.83, 
H 3.21, N 22.24. 

(Table 3, Entry 3l): m.p. 270 ℃; 1H NMR (CDCl3) 
δ: 5.39 (s, 1H), 7.61—8.08 (m, 6H), 9.17 (s, 1H); IR 
(KBr) ν: 1622, 3433 cm－1; EIMS (70 eV) m/z: 320   
(M＋). Anal. calcd for C16H8N4O2S: C 59.99, H 2.52, N 
17.49; found C 59.83, H 2.64, N 17.37. 

(Table 3, Entry 3m): m.p. 156 ℃; 1H NMR (CDCl3) 
δ: 5.42 (s, 1H), 7.57—8.14 (m, 5H), 9.20 (s, 1H); IR 
(KBr) ν: 1625, 3434 cm－1; EIMS (70 eV) m/z: 365   
(M＋). Anal. calcd for C16H7N5O4S: C 52.60, H 1.93, N 
19.17; found C 51.72, H 1.51, N 20.21. 

(Table 3, Entry 3n): m.p. 160 ℃; 1H NMR (CDCl3) 
δ: 5.40 (s, 1H), 7.58—8.12 (m, 7H); IR (KBr) ν: 1612, 
3406 cm－1; EIMS (70 eV) m/z: 337 (M＋). Anal. calcd 
for C16H8ClN5S: C 56.89, H 2.39, N 20.73; found C 
56.09, H 2.22, N 20.13. 

(Table 3, Entry 3o): m.p. 140 ℃; 1H NMR (CDCl3) 
δ: 2.12 (s, 3H), 5.62 (s, 1H), 7.38—7.92 (m, 6H); IR 
(KBr) ν: 1653, 3492 cm－1; EIMS (70 eV) m/z: 351   
(M＋). Anal. calcd for C17H10ClN5S: C 58.04, H 2.86, N 
19.91; found C 56.78, H 2.23, N 20.45. 

Results and Discussion 
In continuation of our research work on new re-

agents,[30] we report here the cheaper and recyclable 
xanthan sulfuric acid as an efficient mild Lewis acid 
catalyst for the preparation of 2-aryl benzimidazoles in 
excellent yields (Scheme 1). The plausible mechanism 
for the formation of benzimidazole by using xanthan 
sulfuric acid is shown as Scheme 2. The reaction was 
carried out at room temperature for 2—10 min by sim-
ple physical grinding of benzo[c][1,2,5]thiadiazole-4,5- 
diamine with aldehydes in the presence of xanthan sul-
furic acid to give the desired benzimidazoles in excel-
lent yields. 

Scheme 1  Synthesis of 2-aryl benzimidazoles with XSA 
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To illustrate the need of the xanthan sulfuric acid, an 
experiment was conducted in the absence of xanthan 
sulfuric acid, and yields obtained were very low, side 
products were formed and reactants were not involved 
completely in this reaction. Obviously, the xanthan sul-
furic acid is an important component of the reaction. 

The efficiency of the xanthan sulfuric acid compared 
to various sulfur analog acidic catalysts was also exam-
ined (Table 1). In this study it was found that xanthan 
sulfuric acid is a more efficient and superior catalyst 
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Scheme 2  Proposed mechanism 
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Table 1  Effect of catalysts on yield 

Entry Catalyst Yielda/% 
1 Xanthan sulfuric acid 96 
2 Silica sulfuric acid 92 
3 p-Toluene sulfonic acid 85 
4 Sulfuric acid in acetic acid 55 
5 No catalyst 10 
a Yields refer to the pure isolated product. 

over other acidic catalysts with respect to reaction time 
and yield. It was also observed that the yield was only 
10% in the absence of the xanthan sulfuric acid catalyst. 

We examined the amount of catalyst in this reaction. 
The best results were obtained using 0.1 g of catalyst 
(96%). Using lower amounts of catalyst resulted in 
lower yields, and in the absence of catalyst the yield of 
the product was found to be very low (Table 2). 

Table 2  Influence of the catalytic amounts of xanthan sulfuric 
acid a  

Entry Catalyst/g Time/min Yieldb/% 
1 None 20 Trace 
2 0.02 20 25 
3 0.04 10 52 
4 0.08 10 79 
5 0.1 20 96 
6 0.1 10 96 
a Yields refer to the pure isolated product. 

The recovered catalyst can be reused at least three 
additional times in subsequent reactions without sig-
nificant loss in product yield (Table 4). 

Table 3  Synthesis of benzimidazoles by XSA 

Entry Aldehyde 
Time/
min 

Yielda/
% 

3a Benzaldehyde 2 96 
3b 4-Hydroxybenzaldehyde 3 91 
3c 4-Chlorobenzaldehyde 2 95 
3d 2-Chlorobenzaldehyde 3 90 
3e 4-Methylbenzaldehyde 3 92 
3f 4-Methoxybenzaldehyde 3 95 
3g 2-Nitrobenzaldehyde 2 83 
3h 4-Nitrobenzaldehyde 2 88 
3i Naphthaldehyde 3 89 
3j 4-Ethoxybenzaldehyde 3 87 
3k Furanaldehyde 2 80 
3l 4-oxo-4H-Chromene-3-carbaldehyde 3 82 

3m 
6-Nitro-4-oxo-4H-chromene-3- 
carbaldehyde 

5 78 

3n 2-Chloroquinoline-3-carbaldehyde 3 78 

3o 
2-Chloro-6-methylquinoline-3- 
carbaldehyde 

3 75 

a Yields refer to isolated pure products.  

Table 4  Results of recyclability of the catalysta 

Run Cycle Yieldb/% 
1 0 96 
2 1 94 
3 2 88 
4 3 71 
a Reaction conditions: Mixture of xanthan sulfuric acid (0.1 g), 
aldehyde (3.6 mmol) and benzo[c][1,2,5]thiadiazole-4,5-diamine 
(3.0 mmol) was ground at room temperature. b Yields refer to the 
pure isolated product. 

Conclusions 
In conclusion, xanthan sulfuric acid has proved to be 

an effective catalyst for the synthesis of benzimidazoles 
under solid state conditions. The protocol offers several 
advantages such as catalyst reusability, high yields of 
product, short reaction time, simple work up procedures 
and easy isolation, thus making it a viable alternative to 
the existing methods. Further work is in progress to ex-
trapolate the catalytic activity of xanthan sulfuric acid to 
other organic transformations  
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