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Abstract
An easy and efficient one pot condensation method for the synthesis of substituted
benzimidazoles from 6-phenylenediamines with aryl-aldehydes using UHP and I, in
DMSO. This method provides wide substrate scope with good to excellent yields, simple

and quick isolation of the products

KEYWORDS: Benzimidazole, ©6-diaminoarene, urea hydrogen peroxide, iodine,

aldehydes

INTRODUCTION
Benzimidazole and its analogues have gained importance in modern drug discovery™

(Telmisartan, Dexlansoprazole). In particular, they have been in use as anticancer drug
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agentst? anti-ulcer,™ anti-HIV ! antihypertensive,™ analgesic,® antiviral,!”! anti-
inflammatory,® and are also very useful intermediates in organic synthesis. Numerous
synthetic methods are available for the construction of benzimidazoles on the basis of
condensation reaction between 6-diaminoarene and a carboxylic acids (or) esters (or) 3-
Diketones (or) weinreb amide (or) aldehydes (or) acid chlorides (or) nitriles (or) aryl
alcohols in the presence of different catalysts such as PhI(OAc)2,® IBX,* silica=sulfuric
acid,™ PEG-mediated catalyst-free condition,[*?) BF3.0Et,,™! UHP/Si03-OPO3H,,!*
Mgl,, ™! DABAL-Mes, ™ HCI/H20,,1* and CAN/H20,.1*® Further, several transition-
metal catalyzed reactions have been reported for the synthesis of 2-substituted
benzimidazoles such as CuCl,™™ Cu,0,?% CoCl,," YB(OTH)3,1*? In(0TH)3,*! and
WOx/Zr0,.1** However, these methods suffer. from several disadvantages like low yield,
harsh reaction conditions, use of expensive.catalysts, occurrence of side reactions,
additional oxidation step, tedious work-up pracedure and low reaction rate. The present

method aims at overcoming all these problems.

In the recent years, the versatility of urea hydrogen peroxide(UHP) reagent has been
disclosed in organi¢ synthesis for instance, in the oxidation of aryl aldehydes to acids,!**
sulfides to sulfoxides,?® imines to nitrones,’?”) preparation of heterocyclic N-oxides,

solid-state oxidation,®® and conversion of pyridines to N-oxides.l*

In continuation of our studies in developing inexpensive and environmentally benign

methodologies for the synthesis of bioactive molecules, herein, we report UHP mediated
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synthesis of 2-substuted bezimidazoles via oxidative condensation of ©6-diaminoarene and

substituted aldehydes followed by cyclization reaction.

RESULTS AND DISCUSSION
First, we investigated the reaction conditions for the synthesis of benzimidazole (3a), as
shown in Table-1. We choose the reaction of 6-diaminoarene (1a) (1.0 mmol) was treated
with benzaldehyde (2a) (1.1 mmol) and I, (0.1 mmol) in DMSO (5 mL)at 70.°C as a

model reaction to optimize the reaction conditions.

In the absence of oxidant the product was obtained in 25% vyield (Table 1, entry 1).
Therefore, our efforts were focused on the search for.a suitable oxidant. Initially,
trifluoroperacetic acid (TFPA) (20 mol%) was utilized as an oxidant to carry out this
reaction, it gave 29% yield at 1h (Table 1, entry 2). Then, cumene hydroperoxide (CHP)
(20 mol%) was used as an oxidantin DMSO at 70 °C and it gave 54% yield in 56 minute
(Table 1, entry 3). Next, we turned our attention to various inorganic peroxides, these
were screened in ourmodel reaction (Table 1). Finally, we found that Urea Hydrogen
Peroxide (UHP) showed high catalytic activity in terms of reaction time as well as yield
of the product (Table 1, entry 9). Once we established the suitable catalyst for the
synthesis.of 2-substituted benzimidazoles, we then focused on the quantity of UHP. It
was found that 20 mol% is sufficient for the reaction (Table 1, entry 6). The product was
obtained in very low yield without iodine (Table 1, entry 7). It was found that 20 mol%
of UHP and lodine (0.1 mmol) were significant to carry out the reaction smoothly. The

effect of temperature on reaction rate as well as on yields of products was also
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investigated. Increasing the temperature yields of the reaction was not satisfactory (Table

1, entries 10, 11).

In the process of reaction optimization, we investigated the effect of various solvents on
the model reaction (Table 2, entries 1-6). Among the tested solvents DMSO and CH3;CN
gave excellent results. However, DMSO was preferred over CH3CN because it provided
better solubility for polar reactants. From process of optimization studies,»UHP/I, and

DMSO witnessed as the efficient catalyst and solvent respectively:

With this optimized reaction conditions in hand, the scope of cyclization reaction was
examined between variety aryl aldehydes and ©6-diaminoarene, the results are presented

in Table 3.

It was found that various substrates were converted into the corresponding products with
good yields under the optimized conditions. Hetero aromatic aldehydes gave slightly
lower yields (Table 3, entries 3m, 3n, 30 and 3p) when compared to general substituted
aromatic aldehydes (Table 3, entries 3a-3l). We also investigated the aldehydes with
electron withdrawing as well as with electron donating groups participated in the reaction
uniformly and gave better yields of the target products. Similarly, no steric effect was

observed (Table 3 entries 3d & 3i).

General Procedure For Synthesis Of 2-Substituted Benzimidazoles (3a-P):
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A stirred solution of ©6-diaminoarene (1.0 mmol), aryl aldehyde (1.1 mmol), iodine (0.1
mmol), 20 mol% UHP and DMSO (5 mL) was heated to 70 °C for specified time. After
completion of the reaction as indicated by TLC, it was cooled to room temperature,
aqueous sodium carbonate solution was added and extracted with EtOAc (2 x 25 mL).
The combined organic layers were washed with brine solution (2 x 25 mL), dried over
anhy. Na,SO,4 and concentrated under reduced pressure to get crude. The crude was
purified by silica gel column chromatography using etyl acetate: hexane«(3:7) to afford
the pure product.

CONCLUSION:

In conclusion, we have developed a new, one-pot synthetic method for the
preparation of substituted benzimidazoles from different aryl aldehydes and 6-
diaminoarene using UHP/I; as a catalyst. This method shows several advantages such as
experimental simplicity, readily available starting material, simple purification procedure
and therefore, the present protocol will be of wide application in medicinal chemistry and

organic chemistry.
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Table 1: Synthesis of 4-arylidene-2-phenyl-5(4)-oxazolones (3a) under different

optimization conditions

Entry Oxidant (mol %) Temp (°C) Time (min) Yield (%)*
1 70 72 25
2 TFPA (20) 70 60 29
3 CHP (20) 70 56 54
4 TBHP (20) 70 51 58
5 H,0, (20) 70 48 60
6 UHP (20) 70 40 87
7 UHP (20) 70 40 48°
8 UHP (25) 70 40 87
9 UHP (30) 70 40 87
10 UHP (20) 90 30 80
11 UHP (20) 100 30 78

a-Isolated yield after column chrematography.

b-Reaction was performed in absence of UHP.

c-Reaction was performed in absence of 1.

11
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Table 2. Effect of various solvents in the synthesis of 3a

Entry Solvent Time (min) Yield (%)?
1 THF 90 10
2 CHCl3 58 15
3 CH,Cl, 63 45
4 CH3CN 50 72
5 DMSO 30 87
6 Toluene 88 54

%Isolated yield after column chromatography

12
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Table 3. Synthesis of 2-substituted benzimidazoles using UHP/I, in DMSO solvent.

Entry R; R Yield (%)°
N
\
3a @EH@ Ph 87
N
3b @[H\%Q% 4-MePh 01
3c Lo 4-MeOPh 93
N
3d @Qf@ 2-MeOPh 85
Hmeo
N
3 @N@CN 4-CNPh 89
N
3f @H@F 4-FPh 94
N\
39 @”@ 2-FPh 85
F
N
3h @Q@C| 4-CIPh 91
N
3i @[H@ 2-CIPh 86
Cl
. N -
3] @[N@F 3,4-FPh 91
H
N
3K @H@B 4-BrPh 90
N
3| @H@CFS 4-CFsPh 93

13
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N —

3m @Nw 2-py 81
H
N

3n @,\?—(/Nj 2-pyrryl 84
H H
N

30 L7 2-furyl 81
H
N

3p @N\Msj 2-thionyl 79
H

®isolated yield of pure product after purification of crude reaction mixture using column

chromatography.

14
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Scheme 1. Model reaction
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Scheme 2. Optimization of solvent system
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Scheme 3. Preparation of product 3a-3l
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Figure 1. Medicinal drugs containing a benzimidazole motif.

Telmisartan Lansoprazole
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