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ABSTRACT

Benzimidazole ring is a useful synthon in medicinal chemistry and is a part of many biologically active
compounds. This communication reports a mild and efficient approach for the synthesis of benzimidazole ring
through oxidative cyclization of o-phenylenediamine and different aldehydes using dioxane dibromide, as a
user-friendly reagent. This is a new, convenient and facile methodology for the synthesis of 2-substituted-1H-
benzo[d]imidazoles.
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INTRODUCTION

Heterocyclic ring systems are the important class of organic compounds in the
current drug discovery research. Among different classes of heterocyclic compounds,
benzimidazole is the key scaffold which can be found in many active pharmaceutical
ingredients [1]. Benzimidazole ring system is a part of a broad class of therapeutic areas [1,
2] like antiviral, antiulcer, antihypertensive, anticancer, etc., for that reason the synthesis of
benzimidazole gained vital importance in organic synthesis in recent years.

Different synthetic approaches for the building of benzimidazole ring are reported in
the literature. o-phenylenediamine was condensed with aldehydes using solid-supported
catalyst [3], transition metal catalysts like Sc(OTf); [4], Yb(OTf); [5], FeCl3.6H,0 [6], In(OTf)3
[7], Cobalt complexes [8] etc. and also in the presence of various oxidizing agents like Air [9],
Pb(OAc), [10], sulphamic acid [11], MnO; [12], Oxone [13], lodine [14], DIB [15], H,0,—HCI
[16], DDQ [17] etc. One more approach wherein carboxylic acids were condensed with o-
phenylenediamine in the presence acid catalysts [18].

However, many of these methods have a number of drawbacks like high
temperature, low yields, hazardous reagents, a special oxidation process, long reaction time
and tedious work up with co-occurrence of side reactions. Therefore, the discovery of mild
and practicable routes for synthesis of benzimidazole continues to attract the attention of
researchers. Dioxane dibromide is a mild and efficient catalyst used in different
transformations [19-22]. To avoid the bromine handling because of its corrosive nature, this
is one of the best alternative forms of bromine. The good part of this reagent is solid and
inexpensive. The reagent can be synthesized by the procedure given in literature [22]
wherein bromine was added to cold 1,4-dioxane under stirring to get orange solid, which
was filtered and washed with 1,4-dioxane to obtain pure dioxane dibromide.
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Scheme 1. Synthesis of 2-substituted-1H-benzo[d]imidazoles.

MATERIALS AND METHODS
Experimental

The reagents o-phenylenediamine and aldehydes used for reaction were
commercially available. Reagent grade solvents were used. Melting points were determined
on a Veego apparatus and are uncorrected. Infrared spectra were recorded on a Bruker
spectrophotometer in a KBr disc, and the absorption bands are expressed in cm™. *H NMR
spectra were recorded on a Varian AS 400 MHz spectrometer in CDCl3/DMSO-ds, chemical
shifts (8) are in ppm relative to TMS and coupling constants (J) are expressed in Hertz (Hz).
Mass spectra were taken by electrospray ionization method (ES-MS). Progress of reaction
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was monitored by TLC using TLC sheets precoated with UV fluorescent silica gel MERCK 60 F
254 that were visualized by UV lamp.

A typical procedure for the preparation of benzimidazoles

To a pre-cooled (0-5°C) solution of o-phenylenediamine (9.3 mmol) in acetonitrile
(20 ml), a solution of aldehyde (9.3 mmol) in acetonitrile (5 ml) was added slowly. Reaction
mixture was allowed to room temperature. The formation of imine was monitored by ES-
MS. After complete formation of imine, reaction mixture was again cooled to 0-5°C. The
dioxane dibromide (9.3 mmol) was added to reaction mixture. Reaction mixture was
allowed to room temperature. Completion of reaction was monitored by TLC. After
completion of reaction, solvent was evaporated and the residue was dissolved in ethyl
acetate. Organic layer was washed with saturated NaHCOs;, water and brine solution.
Organic layer was dried over anhydrous sodium sulphate and concentrated to get crude
product. The crude material was then subjected to column chromatography (silica gel, 35-
40% ethyl acetate in hexane) to get pure compound. The spectroscopic data are in good
agreement with those reported for the authentic sample. This procedure was followed for
the synthesis of all the products listed in Table 2. The physical and spectral data of some
representative compounds are given below,

2-(4-chlorophenyl)-1H-benzo[d]imidazole (entry 3)

Brownish solid, mp 280-283°C. IR (KBr, cm™): 3053 (NH), 2918, 1682 (C=N); *HNMR (400
MHz, DMSO-d6-6 ppm): 6 12.98 (br s, -NH), 8.19-8.18 (d, 2H, J=7.2 Hz), 7.63-7.61 (m, 4H),
7.21 (m, 2H); ES-MS m/z 229 [M+1].

2-(4-methoxyphenyl)-1H-benzo[d]imidazole (entry 5)

Off white solid, mp 222-224°C. IR (KBr, cm™): 3350 (NH), 2949, 1671 (C=N); *HNMR (400
MHz, DMSO-d6-6 ppm): & 12.96 (br s, -NH), 8.17-8.16 (d, 2H, J=7.2 Hz), 7.62-7.60 (m, 4H),
7.21 (m, 2H), 3.57 (s, 3H); ES-MS m/z 225 [M+1].

2-(pyridin-3-yl)-1H-benzo[d]imidazole (entry 9):

Off white solid, mp 246-248°C. IR (KBr, cm™): 3445 (NH), 3054, 2431, 1618 (C=N); *HNMR
(400 MHz, CDCl3-8 ppm): & 12.8 (br's, 1H, NH), 9.27 (s, 1H), 8.67-8.66 (d, 1H), 8.45-8.42 (m,
1H), 7.43-7.40 (m, 1H), 7.30-7.25 (m, 4H); ES-MS m/z 196 [M+1].
2-methyl-1H-benzo[d]imidazole (entry 13):

Grayish solid, mp 172-175°C. IR (KBr, cm™): 3450 (NH), 3030, 1632 (C=N), 928; ‘HNMR (400

MHz, DMSO-d6-8 ppm): § 12.7 (s, 1H, NH), 7.48-7.43 (m, 2H), 7.15-7.07 (m, 2H), 2.51 (s, 3H);
ES-MS m/z 133 [M+1].
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2-cyclohexyl-1H-benzo[d]imidazole (entry 14):

white solid, mp 281-284. IR (KBr, cm™): 3420 (NH), 1630 (C=N); "HNMR (400MHz, DMSO-d6-
6 ppm): & 12.35 (br s, -NH), 7.53-7.59 (m, 2H), 7.15-7.20 (m, 2H), 2.89-2.99 (m, 2H), 2.05-
2.15 (m, 3H), 1.83-1.87 (m, 2H), 1.66-1.77 (m, 2H), 1.30-1.51 (m, 2H); ES-MS m/z 201 (M+1).

RESULTS AND DISCUSSION

In continuation of our research work [23] on the development of useful synthetic
methodologies, we have observed that benzimidazole can be synthesized efficiently by
treatment of o-phenylenediamine with aldehyde using dioxane dibromide at room
temperature (Scheme 1). The methodology was found to be a new, facile and efficient for
the synthesis of 2-substituted-1H-benzo[d]imidazole.

In order to establish the optimum condition for the reaction, various mole ratio of
dioxane dibromide were examined by using o-phenylenediamine and p-chlorobenzaldehyde
as a simple model substrate, dioxane dibromide was added in various ratios in different
solvents as shown in Table 1. Very little amount of the desired product was obtained in the
absence of dioxane dibromide (Entry 6) even after longer reaction period, while the best
result was obtained with 100 mole % of dioxane dibromide. It was observed that when we
had used 50 mole % (Entry 7) of dioxane dibromide for longer period, the yield was less; it
could be due to the degradation of reaction mass. Based upon these results, we have
proposed a plausible reaction mechanism (Scheme 2) where we propose the role of dioxane
dibromide as a oxidative reagent.
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Scheme 2. Plausible reaction mechanism
Next the effect of solvent was examined. Different solvents namely, 1,4-dioxane,
THF, acetonitrile, chloroform, ethanol, water were used. The results are shown in Table 1. It
was found that the acetonitrile (Entry 8) was the solvent of choice for the reaction and the

desired product was obtained in excellent yield (87%). While in other solvents, the reaction
had taken long time for completion along with lesser yield as compare to acetonitrile.
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Table 1: Optimization of reaction conditions.

Dioxane
Entry Solvents dibromide (mol Time Yields ® (%)
%) (min)
1. 1,4-Dioxane 100 120 70
2. THF 100 80 75
3. Chloroform 100 90 63
4. Ethanol 100 80 78
5. Water 100 160 45
6. Acetonitrile 0 160 20
7. Acetonitrile 50 90 45
8. Acetonitrile 100 35 87

®Isolated yields after column purification.

Table 2: Synthesis of 2-substituted-1H-benzo[d]imidazoles”

Entry Substrate Product Time | Yields MP MP
(min) (%) (Observed) | (Literature)
°C °C

0 N
\
1 ©)J\H @E”@ 30 90 286-287 286-288 [24]

(0] N
\
2 /©)J\H C[H> s 40 84 241-243 | 245-246 [25]

(@] N
\)
3 Q)LH @H> (e 35 87 280-283 | 284-286 [24]
Cl

(0] N
4 Q)LH @Q O 45 78 261-264 | 261-263 [26]

40 85 222-224 | 223-226 [27]

(0] N /
\
s | | SO
(6]

0

Z+

o

6 ) /©)J\H ©:z\>_@
N H

30 86 306-308 | 308-310 [26]

“ @EN W, 50 78 215217 | 217 [24]
H
(0]

N
7
8 @AH @EN»_(J 55 73 288-280 | 287-288 [28]
o H
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(0]
9 | N 80 246-248 248 [25]
N/
O
10 @)L” 70 331-334 330 [27]
S
oY
11 0 82 184-186 | 184-186 [29]
H
i N
12|~ @[>—/J 60 73 147-149 | 148-149 [30]
N
(0] N
13 | A @[N\>— 60 70 172-175 | 175[31]
H
(6] N
14 OAH @Epf_@ 60 76 281-284 | 282-283 [32]

#Aldehyde (1 mol.), o-phenylenediamine (1 mol.), dioxane dibromide (1 mol.), room temperature, *Isolated
yields after column purification.

We were pleased to find that, several aldehydes (aromatic, hetero-aromatic and
aliphatic) underwent the above conversion to form a series of benzimidazoles (Table 2).
Aromatic aldehydes containing both electron-donating and electron-withdrawing groups
worked very well. Hetero-aryl aldehyde (Table 2, entry 8-10) gave acceptable yields.
Aliphatic aldehydes (Table 2, entry 11-14) also afforded the desired products in good yields.
The method is also suitable for the preparation of benzimidazole from an acid sensitive
aldehyde such as furfuraldehyde (Table 2, entry 8) and the sterically hindered aldehyde 2-
naphthaldehyde (Table 2, entry 7). The reaction conditions are mild and the experimental
procedure is simple. The products were formed in high yields (70-90%). The structures of
the products were determined from their spectral (IR, 'H NMR and ES-MS) data along with
their melting point. The observed data then compared with reported values.

CONCLUSION

We have developed a new, facile and efficient methodology for preparation of 2-
substituted-1H-benzo[d]imidazoles through oxidative cyclization of o-phenylenediamine and
substituted aldehydes using dioxane dibromide. We have also shown the versatility of this
methodology by applying it to wide variety of aldehyde substrates. To the best of our
knowledge, this is the first report on the synthesis of benzimidazole derivatives using
dioxane dibromide.
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