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Abstract In this work, a simple, rapid and efficient method for the preparation of
benzimidazoles and quinoxalines from the condensation of o-phenylene diamines
with aldehydes and/or 1,2-dicarbonyl compounds in the presence of sulfonated rice
husk ash (RHA-SOzH) as an efficient green catalyst is reported. RHA-SO5H can be
easily prepared using a readily available organic compound by simple modification
of rice husk ash. All reactions are performed under mild reaction conditions with
high to excellent yields. The method is applicable to aromatic, unsaturated and
hetero aromatic aldehydes. The advantages of this method are short reaction times,
milder conditions, easy work-up, solvent-free conditions and catalyst reusability.
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Introduction

Benzimidazole derivatives are one of the most important classes of heterocyclic
compounds that occur widely in natural products. Benzimidazoles are also a class of
interesting pharmacophores with various useful pharmacological properties, such as
anti-inflammatory, antiviral, antimicrobial and anticancer activities [1-4]. Recent
results indicate that the benzimidazole structure can bind in the DNA minor groove
[5] and can act as ligands to transition metals [6]. Numerous synthetic strategies for
the synthesis of benzimidazoles have been reported by employing aromatic and
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heteroaromatic 2-nitroamines [7], aldehydes [8], carboxylic acids [9], carbonitriles,
[10], arylamino oximes [11], cyclization of o-bromoaryl derivatives [12] and
orthoesters [13]. In spite of the applicability of these methods, one-pot condensation
of o-phenylenediamines with aryl aldehydes is more efficient and simple [14].

Organic compounds containing the quinoxaline moiety have also received
considerable synthetic attention. These compounds are widely distributed in nature
and exhibit a broad spectrum of biological activity, including antibacterial [15],
antitubercular, antimicrobial, antifungal, antimalarial, anti-inflammatory, antileish-
manial, and antitumor activities, as well as functioning as herbicides and insecticides
[16]. So, they have been synthesized by many research groups using numerous
methods involving the condensation of 1,2-diamines with o-diketones [17],
diazenylbutenes [18] and epoxides [19]. Recent research groups have presented
reports concerning the synthesis of different quinoxaline derivatives involving several
environmentally friendly (“green”) methodologies, including recyclable catalysts,
microwave-assisted synthesis and reactions in aqueous media [20].

Recently, some of the other methods for the synthesis of quinoxaline derivatives
have been reported [21-25].

Although these procedures provide improvements, many of the applied catalysts
or activators suffer from disadvantages, such as the use of organic solvents or toxic
reagents, harsh reaction conditions, long reaction times, the need for excess amounts
of reagent, and non-recoverability of the catalyst. Therefore, simple, efficient and
mild procedures with easily separable and reusable solid catalysts to overcome these
problems are still in demand.

In recent years, the use of green reagents in organic reactions has attracted the
attention of many organic chemists. This attention can be attributed to the reduction
of environmental pollution and the low cost of the applied methods. Rice husk ash is
one of these types of reagents recently used as a solid acid catalyst in some of the
important organic reactions [26-29].

Herein, and in continuation of these studies, we wish to report the applicability of
sulfonated rice husk ash (RHA-SOz;H) as a newly reported derivative of rice husk
ash [30, 31] in promoting synthesis of benzimidazole and quinoxaline derivatives.
All reactions are performed under mild conditions with relatively short reaction
times in good to high yields.

Experimental

Chemicals were purchased from Fluka, Merck and Aldrich chemical companies. All
yields refer to the isolated products. Products were characterized by their physical
constants and via comparison with authentic samples. Determining the purity of the
substrate and monitoring the reaction were accompanied by thin layer chromatog-
raphy (TLC) on silica-gel polygram SILG-UV 254 plates.
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General procedure for the synthesis of benzimidazoles derivatives

1,2-Phenylenediamine (1 mmol) was added to a mixture of RHA-SOs;H (30 mg)
and aldehyde (1 mmol) and the resulting mixture was stirred at 80 °C for the
appropriate time in an oil bath. After completion of the reaction, as monitored by
TLC (EtOAc: n-hexane 3:7), ethyl acetate (20 mL) was added and the catalyst was
separated by filtration. The solvent was then removed under reduced pressure and
the resulting solid product was recrystallized from ethanol, producing the pure
product in good to high yields.

General procedure for the synthesis of quinoxaline derivatives

To a mixture of 1,2-diaminobenzene (1 mmol) and 1,2-dicarbonyl compound
(1 mmol), RHA-SOszH (15 mg) was added and the mixture was stirred at room
temperature for the appropriate time. The progress of the reaction was monitored by
TLC (EtOAc: n-hexane 2:8). After completion of the reaction, ethyl acetate (20 mL)
was added to the mixture and the solid catalyst was separated. Then the solvent was
evaporated and the resulting solid product was recrystallized from ethanol,
producing the pure product in high yields.

Selected spectral data
2-(3-Bromophenyl)-1H-benzo[d]imidazole: '"H NMR (400 MHz-DMSO-d¢): &

(ppm): 7/35-7/39 (m, 2H), 7/61 (t, J = 8 Hz, 1H), 7-7/74 (m, 2H, 7/80 (dt,
J = 8 Hz, 1H), 7/20 (dt, J = 8 Hz, J = 16 Hz, 1H), 8/41 (t, J = 16 Hz, 1H).

NH N

A 2 D

R—@ + ArcHo HA-SOHG0me) R—(): S—Ar
F NH, Solvent-free, 80 °C N

Scheme 1 RHA-SO;H catalyzed the synthesis of benzimidazole derivatives

Table 1 Optimization of the reaction conditions catalyzed by RHA-SO;H

Entry Catalyst (mg) Condition Temperature (°C) Time (min) Conversion (%)*
1 0 Solvent-free 80 30 0
2 10 Solvent-free 80 30 10
3 15 Solvent-free 80 30 10
4 20 Solvent-free 80 30 50
5 25 Solvent-free 80 30 70
6 30 Solvent-free 80 10 100
7 30 Solvent-free 25 60 30
8 30 EtOH Reflux 60 100
9 30 H,O Reflux 60 30
10 30 CH;CN Reflux 60 50
* GC
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Table 2 Synthesis of benzimidazole derivatives catalyzed by RHA-SO;H

Entry Diamine Aldehyde Time (min) Yield (%)* M, (°C) (references)
1 NH, C¢HsCHO 10 98 288-290 [32]
©iNH2
2 4-CIC¢H,CHO 10 98 294-296 [33]
3 2-CIC¢H4,CHO 20 98 225-226 [34]
4 3-CIC¢H4CHO 15 93 234-235 [35]
5 3-BrC¢H,CHO 25 90 249-252 [22]
6 4-FC¢H4,CHO 15 98 249-251 [36]
7 4-NO,C¢H4,CHO 20 85 306-308 [34]
8 3-NO,C¢H4CHO 30 90 184-186 [34]
9 4-MeOC¢H,CHO 15 85 223-225 [37]
10 3-MeOC¢H4,CHO 25 90 207-209 [36]
11 4-Me,NCcH,CHO 15 98 285-287 [34]
12 2-HOC¢H4,CHO 25 85 180182 [34]
13 4-HOC¢H,CHO 25 90 285-287 [22]
14 PhCH=CHCHO 15 98 198-199 [32]
15 Furfural 15 88 283-285 [33]
16 2-Naphthaldehyde 15 98 218-220 [38]
17 O,N NH, CcHsCHO 20 98 202-204 [34]
\©iNH2

18 4-CIC¢H,CHO 20 98 302-304 [39]
10 4-NO,C¢H,CHO 35 90 332-334 [34]
20 3-NO,C¢H4CHO 45 80 280-282 [40]
21 4-MeOCH,CHO 40 85 236-238 [34]
22 3-MeOC¢H4,CHO 30 85 137-139 [40]
23 2-HOC¢H,CHO 30 95 276-278 [40]
24 Me NH, CgHsCHO 10 98 233-236 [39]
25 4-MeOCcH,CHO 15 97 171-173 [39]
26 4-FC¢H,CHO 15 90 178-180 [39]
27 HzN/‘\Nﬁz C¢HsCHO 10 98 95-97 [37]
28 4-MeOC¢H,CHO 10 92 147-148 [37]
29 4-BrC¢H4CHO 15 94 244-246 [37]
30 4-NO,C¢H4,CHO 20 98 230-232 [37]
31 4-Me,NCcH,CHO 10 92 289-290 [37]
32 3-Pyridinecarboxaldehyde 25 96 103-105 [37]

# Tsolated yield
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6-Nitro-2,3-diphenylquinoxaline: IR (KBr): '"H NMR (400 MHz, CdCls) o
(ppm): 7.38-7.48 (m, 6H), 7.55-7.61 (m, 4H), 8.33 (d, J = 9.2 Hz, 1H), 8.55-8.58
(dd, 1 H), 9.11 (d, J = 2.4 Hz, 1H).

Results and discussion

On the basis of the research information obtained on the applicability of RHA-SOs;H
in the promotion of different types of organic reactions, we expected that this
reagent could also be efficiently used in promoting the synthesis of benzimidazoles
and quinoxaline; these compounds function as acidic catalysts and speed up the
reaction. Initially, optimizal reaction conditions were studied by investigating the
effect of various reactant molar ratios and solvents. and also solvent-free conditions,
on the reaction of 4-chlorobenzaldehyde (1 mmol) and 1,2-phenylene diamine
(1 mmol) in terms of time and the product yield.

The obtained results showed that the reaction using 30 mg of the catalyst at
80 °C under a solvent-free condition produced the highest yield during a very short
time (Scheme 1; Table 1, entry 6). Any further increase of the temperature or the
catalyst amount did not improve the reaction time and yield.

After optimizing the reaction conditions and in order to show the general
applicability of this method, the preparation of benzimidazoles derivatives with a
variety of simple, readily available substrates under the optimal conditions was
investigated. Several aldehydes having electron donating and electron withdrawing
groups underwent the conversion to form a series of aryl benzimidazoles in good to
excellent yields. (Table 2, entries 1-16). As can be seen, o-phenylene diamines with
electron-withdrawing groups gave the desired products in lower yields within longer
times (Table 2, entries 17-26).

In addition, 1,2-ethylenediamine was reacted with aromatic aldehydes under the
same reaction conditions, and the desired products were obtained in very short times
in excellent yields (Table 2, entries 27-32).

Furthermore, this method was found to be useful for the synthesis of
benzimidazole derivatives from the reaction of diamines with heteroaromatic
aldehydes or a,B-unsaturated aldehydes in very short reaction times and with very
excellent yields (Table 2, entries 14, 15, 32).

It seems that the electronic or strict effect of different substituents on the
aromatic ring of the aldehydes had no obvious effect on the yield or reaction time
under the optimal conditions.

After the successful synthesis of benzimidazoles, the preparation of quinoxaline
derivatives, as the other useful heterocyclis compounds, in the presence of RHA-
SOsH, was nominated for further study.

RIS NH, O, O  RHASO, _RHA-SOJH (15mg) (IN Ar
T + H

Z NH, Ar Ar Solvent free, r.t. N Ar
Scheme 2 RHA-SO;H catalyzed the synthesis of quinoxaline derivatives
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Table 3 Synthesis of quinoxaline derivatives catalyzed by RHA-SO;H

Entry Diamine 1,2-Dicarbonyl compound Time Yield M, (°C)
(min) (%)* (references)

1 NH, o 0 5 98 123-124 [27]

2 o l OMe 15 90 146-147 [27]
MeO O o

3 o O 10 98 217-219 [27]

7\

4 O o 5 98 237-240 [27]
T

5 0 0 15 90 190-192 [41]
Br Br

6 O,N NH, o O 15 95 188-191 [27]

L

7 o OMe 30 90 190-192 [27]
WoR

8 O o 15 98 322-324 [27]
T

9 Me NH, O o 10 98 232-234 [25]

T, XX
10 o O 5 98 116-119 [24]
11 o OMe 10 98 124-126 [24]

# Isolated yields
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98 98 9% 96 94 %

1 10 10 12 1

‘ ETime (min) @ Yield (%)

Fig. 1 Reusability of RHA-SOzH (Table 2, entry 1; Table 3, entry 3)

Table 4 Comparison of the result obtained from the reaction of o-phenylenediamine and benzaldehyde
in the presence of RHA-SO;H with those obtained using some of the other catalysts

Entry Catalyst (mol%) Reaction Time Yield (%)
conditions (h) (references)

1 Co(OH), (10) EtOH, r.t. 4 96 [42]

2 (Bromodimethyl)sulfonium CH;CN, r.t. 5 85 [43]

bromide (100)
3 Cu(OH), (10) MeOH, r.t. 4 98 [44]
4 TBAF (5) H,0, ultrasonic 0.5 94 [45]
irradiations, r.t.

5 LaCl; (10) CH;CN, r.t. 3 88 [38]

6 Nano-ZnO (10) EtOH, reflux 100 min 88 [22]

7 Fe(HSO4); (1) EtOH, r.t. 25 min 95 [34]

8 RHA (0.72) Solvent-free, 80 °C 1 28

9 RHA-SO3H (0.72) Solvent-free, 80 °C 10 min 98

Our investigations clarified that by using this method, the best results can be
obtained when the reaction proceeded using lower amounts of the catalyst (15 mg)
under solvent-free conditions at ambient temperatures. It is important to note that
this reaction was not completed in different types of solvents even after a long times
under reflux conditions. The selected conditions are shown in Scheme 2.

To assess the efficiency of RHA-SO;H in the preparation of quinoxaline
derivatives, various aromatic aldehydes were subjected to the optimal conditions.

It was observed that under the selected conditions, all the substrates containing
electron-withdrawing groups, as well as electron-donating groups, were easily
reacted in short reaction times with good to excellent isolated yields (Table 3,
entries 1-11).

To check the reusability of the catalyst, the reaction of o-phenylenediamine with
benzaldehyde or phenanthrene-9,10-dione under the optimized reaction conditions
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was studied again. When the reaction was completed, ethyl acetate was added and
the catalyst was separated by filtration. The recovered catalyst was washed with
dichloromethane, dried and reused for the same reaction. The recovered catalyst was
reused six times with a slight decrease in reusability in comparison to fresh catalyst
(Fig. 1).

In order to show the efficiency of the present method, our result obtained from
the reaction between o-phenylenediamine and benzaldehyde in the presence of
RHA-SO;H was compared with some of the other results reported in the literature
for the same reaction. As can be seen in Table 4, this method avoids the
disadvantages of other procedures such as long reaction times, excess reagents and
organic solvents.

Conclusion

In conclusion, we used RHA-SO;H as a highly solid acid catalyst for the simple and
efficient synthesis of benzimidazole and quinoxaline and their derivatives. The
procedure has several advantages, such as ease of preparation and handling of the
catalyst, being a simple experimental procedure, having high reaction rates,
producing excellent yields and the use of inexpensive and reusable catalyst.
Furthermore, this process avoids problems associated with the use of organic
solvents and liquid acids, which makes it a useful and attractive strategy in view of
these economic and environmental advantages.
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