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A new, convenient method for the syntheses of 2-substituted
benzimidazole and benzothizole is described. Short reaction
times, large-scale synthesis, easy and quick isolation of the
products, excellent chemoselectivity, and excellent yields are
the main advantages of this procedure.

Compounds that exhibit the functionality of benzimidazole
and benzothiazole have been extensively employed in the area
of pharmaceuticals.'™ The high profile of biological applications
of compounds with benzimidazole and benzothiazole structures
has prompted extensive studies for their synthesis.

Methods of benzimidazole synthesis include the condensation
of 1,2-phenylendiamines with carboxylic acids or their deriva-
tives in the presence of strong acids such as polyphosphoric
acid® or mineral acids® and the thermal or acid-promoted
cyclization of N-(N-arylbenzimidoyl)-1,4-benzoquinoneimines.’
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In another method, benzimidazoles have been prepared by
classical cyclocondensation of 1,2-phenylendiamines with the
corresponding aldehydes under oxidative conditions.®"?

While many reports are available for the preparation of
2-substituted benzothiazoles,'* the most popular approaches
generally involve condensation—dehydration of 2-aminothiophe-
nol with carboxylic acids'® or condensation with aldehydes
under oxidative conditions.'®

Unfortunately, many of these processes suffer limitations,
such as drastic reaction conditions, low yields, tedious workup
procedures, and co-occurrence of several side reactions. As a
consequence, the introduction of new methods and/or further
work on technical improvements to overcome the limitations
is still an important experimental challenge.

Diluted solutions of hydrogen peroxide are a universal,
ecologically clean, and convenient way to handle reagents for
different oxidations in the liquid phase.'”"'® Developing envi-
ronmentally benign technologies that provide economical
synthetic strategies is an area of research that is being vigorously
pursued. Much of this impact is associated with solvent waste.
The toxic and/or hazardous properties of many solvents in
conjunction with crucial environmental concerns, such as
atmospheric emissions and contamination of water effluents, is
restricting their use.?” Solvent-free reactions have many advan-
tages: reduced pollution, low cost, and simplicity in process
and handling.

In continuation of our work®' on the development of useful
synthetic methodologies, in this study we wish to report the
use of a catalytic redox cycling for the synthesis of various
benzimidazole derivatives, based on (Ce(IV)/Ce(Ill))-redox-
mediated oxidation of the Schiff’s base intermediates derived
from differently substituted aromatic 1,2-phenylendiamines and
a variety of aromatic aldehydes (Scheme 1).

Ceric ammonium nitrate (CAN), a very inexpensive and easily
available oxidizing agent, has been widely used in organic
reactions,”? but it has not been carefully studied as a catalyst in
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SCHEME 1
R NH, Ho/caN R N
\@[ + A—CHO ———— = S—ar
NH, solvent-free, 50 °C g
R =H, Me, NO,

TABLE 1. Effect of Increasing Amounts of H,O, and CAN on the
Preparation of Benzimidazole Derivatives

NH, N
C[ + Ph—CHO — C[ S—pn
NH, N

entry 30% H0, (mmol) CAN (mmol) yield*? (%)
1 4 0.05 37
2 3 0.07 50
3 3 0.1 70
4 4 0.1 97
5 4 0.25 96

“Reaction conditions: The reactions were performed with
benzaldehyde (1 mmol) and 1,2-phenylendiamine (1mmol) for 12 min at
50 °C. ®Isolated yield.

the synthesis of 2-arylbenzimidazoles and 2-arylbenzothiazoles
until now. During the research, we found that CAN could
catalyze synthesis of 2-arylbenzimidazoles and 2-arylbenzothia-
zoles in the presence of HyO,.

We also performed a set of preliminary experiments on
benzaldehyde and 1,2-phenylendiamine in the presence of
different amounts of H,O, and CAN in acetonitrile at room
temperature. The results are depicted in Table 1. As shown, a
ratio of 1:1:4:0.1 1,2-phenylendiamine/aryl aldehyde/H,O,/Ce
(IV) was found to be optimum for the coupling of aryl aldehydes
and 1,2-phenylendiamines.

To evaluate the effect of reaction temperature, the reaction
of benzaldehyde and 1,2-phenylendiamine in the presence of
H,0,/CAN system was carried out at different temperatures.
At room temperature, the reaction rate was found to be very
slow, and it increased with temperature. At 50 °C, the reaction
rate was found to be a maximum, and further increases in
temperature did not show any enhancement.

To generalize our reagent system, the applicability of the
H,0,/CAN system was then examined for the reactions of a
series of aromatic aldehydes with 1,2-phenylendiamines under
the optimized reaction conditions (Table 2.) As shown, a variety
of benzaldehydes bearing electron-donating (entries 2—6) and
electron-withdrawing (entries 7—9) substituents were success-
fully employed to prepare the corresponding benzimidazole
derivatives in excellent yields. Cinnamyl aldehyde (entry 10)
also afforded the desired products in excellent yield. This
procedure is also applicable to substituted 1,2-phenylendiamines,
which produced the corresponding 2-arylbenzimidazoles smoothly
in excellent yields (entries 11—16).

Finally, we have developed this synthetic method for the
preparation of additional extended bis-benzimidazole derivatives
in a 2:1:4:0.1 molar ratio of 1,2-phenylenediamine derivative
to 1,4-benzenedicarboxaldehyde to H,O, and CAN as depicted
in Scheme 2.

To assess the feasibility of applying this method on a
preparative scale, we carried out the coupling of 1,2-phenylene-
diamine with 3-nitrobenzaldehyde on a 50 mmol scale. As
expected, the reaction proceeded smoothly, similar to the case
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TABLE 2. Results of H;O»/CAN System-Promoted Synthesis of
2-Arylbenzimidazoles and 2-Arylbenzothiazoles

R N
o
X

entry Ar R X  time (min) yield*® (%)  ref
1 CeHs H NH 12 97 23a
2 4-MeOCgH4 H NH 44 95 23a
3 4-HOC¢H4 H NH 10 94 24a
4 4-MeC¢Ha H NH 27 97 23a
5 4-(Me)NC¢Hs  H NH 70 93 24b
6 2-HOCgH4 H NH 10 93 25
7 2-CICeHy H NH 9 97 25
8 4-CIC¢H4 H NH 10 95 23a
9 3-NO,C¢Hy H NH 10 96 23b
10 CeHsCH=CH H NH 47 95 26
11 CeHs Me NH 10 96 23c
12 4-MeC¢Ha Me NH 9 93 23b
13 4-MeOCgHy Me NH 11 94 23d
14 4-FC¢Ha Me NH 9 94
15 CeHs NO, NH 26 97 23b
16 4-FC¢Ha NO, NH 21 98 27
17 CeHs H S 13 97 28
18 2-HOCgH4 H S 16 95 24c¢
19 4-MeOCgH4 H S 33 92 28
20 4-MeCgHy H S 22 94 24d
21 4-CIC¢H4 H S 10 94 28
22 4-BrCeHy H S 14 97 29
23 4-FC¢Ha H S 10 92 30
24 4-NO,CeHy H S 10 94 28
25 3-NO,C¢Ha H S 11 94 28
26 4-PhC¢H4 H S 9 95
27 OHCC¢Ha H S 28 96

“The products were characterized by comparison of their
spectroscopic and physical data with authentic samples synthesized by
reported procedures. ? Yields refer to pure isolated products.

O,N. NHz @ OzN N NO2
—_— \
95% N
NH, H

Me NH, ® Me N Me
) 2
NH, A

“ Reagents and conditions: (a) 1,4-Ph(CHO)»/30% H,O, /CAN/solvent

free, 50 °C, 20 min; (b) 1,4-Ph(CHO),/30% H,0,/CAN /solvnt free, 50
°C, 32 min.
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in a smaller scale (Table 2, entry 9), and the desired 2-(3-
nitrophenyl)- 1 H-benzimidazole was obtained in 95% isolated
yield.

The proposed mechanism for the preparation of benzimida-
zoles is shown in Scheme 3. That the actual oxidant is Ce(IV)
and not H,O, was confirmed in control experiments, wherein
the absence of Ce(IV) resulted in an extremely sluggish reaction
insufficient for complete product formation even after 10 h. In

N\
Ce(IV) Ce(IIl)
N4




SCHEME 4
NH, H,0,/CAN N,
+ Ar—CHO ———————————» \>—Ar
solvent-free, 50 °C g
SH

this case, imine derivative was obtained as only product. In
contrast, the addition of a catalytic amount of Ce(IV) typically
resulted in completion of reactions within 9—70 min, rendering
the procedure valuable for synthetic purposes.

Nevertheless, this protocol has its limitations. Butylaldehyde,
an aliphatic aldehyde, or furfural only provided low to moderate
yields of the desired products.

2-Aminothiophenol also underwent the reaction, affording the
corresponding 2-arylbenzothiazoles in excellent yields (Scheme
4, Table 2, entries 17—27). The limitations on the use of the
aldehydes were similar to those for 1,2-phenylenediamines.
2-Aminophenol did not give the desired products in the reaction.

In conclusion, the HyO,/CAN system has been employed as
a novel, mild, and very efficient reagent for the convenient
preparation of benzimidazoles and benzothiazoles in excellent
yields from 1,2-phenylenediamines and 2-aminothiophenol,
respectively, and a wide variety of aryl aldehydes. In addition,
low-cost, solvent-free conditions, environmental friendliness,
easy availability, and excellent chemoselectivity make this
methodology a valid contribution to the existing processes in
the field of benzimidazole and benzothiazole derivatives synthesis.

Experimental Section

General Procedure. A mixture of 1,2-phenylenediamine (1
mmol), aryl adehyde (1 mmol), H,O, (30%, 4 mmol, 0.4 mL), and
NH4Ce(NO3)6 (0.1 mmol, 0.0548 g) was heated at 50 °C for the
appropriate time as mentioned in Table 2. After completion of the
reaction, the reaction mixture was dissolved in EtOH (10 mL) and
then poured into ice—water (30 mL). The pure solid product was
filtered, washed with ice—water, and subsequently dried. An
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identical procedure was employed using 2-aminothiophenol (1
mmol) and aryl adehyde (1 mmol) in the presence of 30% H,O, (4
mmol) and NH4Ce(NO,)s (0.1 mmol) for the synthesis of ben-
zothiazoles (Table 2).

All of the products are known compounds and characterized
easily by comparison with authentic samples ("H NMR, 3C NMR,
mp).23-30

2-Phenyl-1H-benzimidazole. 'H NMR (200 MHz, DMSO-ds):
0 7.19—7.23 (m, 2H), 7.51-7.61 (m, 5H), 8.16—8.21 (m, 2H),
12.91 (br, 1H, NH). 3C NMR (50 MHz, DMSO-d): 6 120.1, 123,
127, 127.3, 129.8, 130.8, 131, 152.1.
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