2-Substituted Benzimidazole Synthesis in Dry Medium
Mediated by Pyridine N-oxide
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Substituted benzimidazoles were obtained from o-phenylenediamine and organic halides in solvent-free
medium. The procedure involves pyridine N-oxide as mild oxidizing agent. The benzimidazoles were prepared
without the separation of the intermediates. The absence of catalysts and good yields are important benefits
of the method.
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Benzimidazole is a bicyclic compound containing the
benzene ring and the imidazole nucleus, both fused. The
heterocyclic moiety of benzimidazole derivatives is
important in pharmaceutical and medicinal chemistry,
many compounds show a high biological activity [1].

Benzimidazole derivatives exhibit antiprotozoal activity
against Giardia intestinalis, Trichomonas vaginalis and
Entamoeba histolytica [2], antimicrobial activity against a
range of bacterial and fungal strains [3-6], and antiviral
therapeutic effects [7-9]. Some benzimidazoles are used
as anti-inflammatory agents with antioxidant effect [10,
11], antiulcer drugs [12] and anticancer compounds [13,
15].

The complexes of transition metal salts with
benzimidazole derivatives reveal pharmacological
properties. Thus, the complexes of copper (I) [16],
ruthenium (1) [17], cobalt (I1) [18], platinum (II) and
palladium (Il) [19] with benzimidazole derivatives shows
high cytotoxic activity.

Historically, the first synthesis of a benzimidazole
derivative, 2,5(or 2,6)-dimethylbenzimidazole, was
accomplished in 1872 by F. Hoebrecker from 2-nitro-4-
methylacetanilide and tin in agueous hydrochloric acid
medium [20, 21].

It should also be noted that several methods have been
developed for synthesis of 2-substituted benzimidazole.
Condensation reaction between o-phenylenediamines and
carboxylic acids, nitriles, acyl chlorides, orthoesters and
imidates occurs at high temperatures in strong acidic
medium [22-24]. Condensation reaction of 1,2-
phenylenediamines and aldehydes followed by a
dehydrogenation require different oxidants to afford 2-
substituted benzimidazoles as well [25-30]. 2-Substituted
benzimidazoles can also be prepared from 2-haloanilides
via intramolecular cyclization catalyzed by transition
metals asiridium [31], iron [32], copper [33], and zirconium
[34].

Unconventional methods involving microwaves [35, 36]
and ultrasound [37] as activation sources have also been
used for 2-substituted benzimidazole synthesis.

Although all of these methods are widely used for the
synthesis of 2-substituted benzimidazoles, they have

important inconvenient such as long reaction time, low
yields, expensive catalysts, tedious protocols, hazardous
solvents, and in some cases, sever reaction conditions are
imperious.

Earlier, we obtained benzimidazole derivatives through
a domino reaction [38, 39]. Following this subject, we
obtained various aromatic and aliphatic 2-substituted
benzimidazoles starting from o-phenylenediamine,
halogenated compounds and pyridine-N-oxide.

Experimental part
Reagents, equipment and methods
Orthophenylenediamines, pyridine-N-oxide and
organobromides are commercial substances. Synthesized
products were identified using TLC (petroleum ether-
EtOAC), IR spectra and elemental analysis. IR / FT spectra
were recorded with an ALPHA FTIR / ATR spectrometer
produced by Bruker Optics GmbH. Elemental analyses
were accomplished with a Carlo Erba model 1106
elemental analyzer fabricated by Carlo Erba SpA. The
melting points were measured on a Gallenkamp digital
melting point apparatus manufactured by Sanyo Electric
Co.

General procedure of synthesis

Inaround bottom flask fitted with a reflux bulb condenser
were introduced primary organobromides (5 mmol),
pyridine-N-oxide (12.5 mmol) and o-phenylenediamine
derivative (5 mmol). The mixture was placed in an oil bath
on a magnetic stirrer hot plate at required temperature
and heated to selected temperature for required time. At
the end of the reaction, the organic mixture was washed
with dilute NaOH and filtered off. The resulting precipitate
was recrystallized from EtOH-H,O to give the desired 2-
substituted benzimidazole products (table 2). Melting
points of the benzimidazole derivatives are identical with
the literature melting points of the same compounds.

Results and discussions

First, we explored the reaction of obtaining 2-(4-
nitrophenyl)-1H-benzimidazole (table 1). The reaction
occurs as follows:
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The reaction medium contained 1-(bromomethyl)-4-
nitrobenzene, o-phenylenediamine and pyridine-N-oxide
was heated at different temperatures and time intervals.
The amount of 2-(4-nitrophenyl)-1H-benzimidazole
depends on temperature, time and molar ratio of reactants
(table 1). Optimal parameters of 2-(4-nitrophenyl)-1H-
benzimidazole synthesis correspond to a temperature of
110 °C, two hours of reaction time and molar ratio 1-
(bromomethyl)-4-nitrobenzene : o-phenylenediamine :
pyridine-N-oxide=1:2.5:1 (tablel, entry 4, yield 90%).

We think that 1-(bromomethyl)-4-nitrobenzene is
oxidized to 4-nitrobenzaldehyde (I) with the help of
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With this set of reaction conditions, a series of
benzimidazoles derivatives was obtained (table 2). The
synthesis of the products performs in good yields. The
amount of benzimidazole derivative depends on the
experimental conditions, such as the work reaction
temperature, the molar ratio of reactants, the reaction time
and the nature of the organic halide and amine used.
Reactions to obtain 2-substituted benzimidazoles from
(bromomethyl) arenes and o-phenylenediamines occur
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pyridine-N-oxide. This reaction looks like Kornblum
reaction. 4-Nitrobenzaldehyde reacts with o-
phenylenediamine to form the Schiff base, 2-((4-
nitrobenzylidene)amino)aniline (I). An intramolecular
cycloaddition of Schiff base produces 2-(4-nitrophenyl)-
2,3-dihydro-1H- benzimidazole (lll). Furthermore, the
oxidation of 2-(4-nitrophenyl)-2,3-dihydro-1H- benzimid-
azole by pyridine-N-oxide gives 2-(4-nitrophenyl)-1H-
benzimidazole (IV). The mechanism of 2- substituted
benzimidazole synthesis was recently published and is
depicted as bellow [38, 39]:
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much better than the same reactions in which alkyl primary
bromides are employed. Lower boiling points of the alkyl
primary bromides do not allow the development of the
reactions at higher temperatures and can also be an
impediment factor for the yield of synthesis of 2-alkyl
substituted benzimidazoles. Reaction time is higher for 2-
alkyl substituted benzimidazoles than for 2-aryl substituted
benzimidazoles.
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Table 2
SYNTHESIS OF 2-SUBSTITUTED BENZIMIDAZOLES UNDER SMOOTH REACTION CONDITIONS
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Conclusions

2-Substituted benzimidazoles can be synthesized by a
mild method without any catalyst in a solvent-free medium.
The syntheses happen in dry heterogeneous medium by
one pot domino reaction using o-phenylenediamines, alkyl
bromides or (bromomethyl) arenes and pyridine-N-oxide.
Operational simplicity, easy work methodology and good
yields are the main advantages. The method is a good
alternative to protocols that use expensive catalysts, toxic
solvents, and strong acids.
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