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Abstract Ionic liquid 3-methyl-1-sulfonic acid imidazolium chloride/FeCls, as well as ionic liquid 1,
3-disulfonic acid imidazolium chloride/FeCl; catalytic systems, efficiently catalyzes the condensation of
benzene-1, 2-diamine with aromatic aldehydes in the presence of atmospheric air as a green oxidant in
ethyl acetate at room temperature to afford benzimidazole derivatives in high yields and in short reaction
times. The reaction is also efficiently performed when carboxylic acids are used instead of aldehydes.
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1. Introduction

Benzo-fused heterocyclic systems like benzimidazole are
well-known due to possessing a wide range of biological prop-
erties and clinical applications [1-3]. These heterocyclic ring
systems are present in numerous antiparasitic, fungicidal, an-
thelmintic and antiinflammatory drugs [4-7]. Antibacterial and
antifungal activity was observed for benzimidazole deriva-
tives [8]. 2-Aryl and 2-alkyl benzimidazoles exhibit activity
against HIV [9]. Thus, the synthesis of these compounds has re-
ceived considerable attention in diverse areas of chemistry. A
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number of synthetic methods have been developed to uncover
a variety of new reagents for the preparation of benzimida-
zoles [10-27]. The most commonly-used synthetic approaches
typically entail the condensation of o-arylenediamines with
carbonyl compounds, such as aldehydes, carboxylic acids and
their derivatives [ 16-22]. In addition, there are several reports
on benzimidazoles synthesis via the reductive cyclization of o-
nitroanilines with aldehydes [23], cyclization of o-nitroaniline
derivatives with aryl isothiocyanates [24,25], and Baker’s yeast
reduction of 2, 4-dinitroacyl anilines [26]. Recently, Salehi et al.
reported that the reaction of benzene-1, 2-diamine with alde-
hydes in the presence of silica sulfuric acid produce 2-aryl-1-
arylmethyl-1H-1, 3-benzimidazoles [27]. However, most of the
reported methods have several drawbacks including low yield,
long reaction time, the use of expensive reagents, harsh reaction
conditions, tedious workup procedures, involving more than
one step in their synthesis, and co-occurrence of several side
reactions.

Tonic liquids (based imidazolium or other organic cations)
have found wide usage in catalytic and non-catalytic reac-
tions, besides the application of these compounds as green
solvent [28-32]. Moreover, the synthesis of task-specific ionic
liquids, which have a functional group in their framework, may
expand the application of ionic liquids in organic chemistry
[33,34]. Acidic ionic liquids have been also successfully used
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Figure 1: The structures of 3-methyl-1-sulfonic acid imidazolium chloride
{[Msim]Cl} and 1, 3-disulfonic acid imidazolium chloride {[Dsim]Cl}.
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i: [Msim]Cl1 (10 mol%)/FeCls (10 mol%), EtOAc, r.t.
ii: [Dsim]C1 (10 mol%)/FeCls (10 mol%), EtOAe, r.t.

Figure 2: The synthesis of benzimidazoles from benzene-1, 2-diamine and

aldehydes.
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Figure 3: The synthesis of benzimidazoles from benzene-1, 2-diamine and
carboxylic acids.

in many organic transformations [33-38]. More recently, the
high importance of ionic liquids based imidazolium salts, with
Brensted acidic property, encouraged us to prepare ionic liquid
3-methyl-1-sulfonic acid imidazolium chloride {[Msim]CI}
[35-38] and 1, 3-disulfonic acid imidazolium chloride {[Dsim]Cl}
(Figure 1) [38].

Herein, we report the synthesis of benzimidazole derivatives
from benzene-1, 2-diamine and aromatic aldehydes (or car-
boxylic acids) in the presence of catalytic amounts of function-
alized sulfonic acid imidazolium salts {[Msim]Cl or [Dsim]CI}
and FeCl; as efficient and mild catalytic systems, beside air as
a green oxidant in ethyl acetate (Figures 2 and 3). Interestingly,
this method has none of the above-mentioned drawbacks for
the preparation of benzimidazoles at all.

2. Results and discussion

In our previous work [35], we produced ionic liquid
3-methyl-1-sulfonic acid imidazolium chloride {[Msim]Cl}
(Figure 4) and used it, beside NaNO,, for the efficient nitra-
tion of phenols. The synthesis of bis(indolyl)methans [36] and
N-Sulfonyl imines were also successfully catalyzed by [Msim]Cl
[37]. Furthermore, more recently, we synthesized another sul-
fonic acid functionalized imidazolium salt, [Dsim]Cl, as an ionic
liquid, via the reaction of imidazole with chlorosulfonic acid
(Figure 5), and applied it as catalyst in the preparation of
1-amidoalkyl-2-naphthols [38]. In this presented work, we
wish to use [Msim]Cl/FeCls or [Dsim]Cl/FeCl; as mild catalytic
systems in the presence of air for the preparation of benzim-
idazole derivatives. For this purpose, as a model, the conden-
sation of benzene-1, 2-diamine (2 m mol) with benzaldehyde
(2 m mol) was examined in the presence of different molar ra-
tios of [Msim]Cl/FeCl; as well as [Dsim]Cl/FeCl; catalytic sys-
tems in different solvents and under solvent-free conditions at

/ \ CH2Cl2 L\
\ + ClSO3H(neat e \ ¢/
/‘\\O/N ol ) r.t. /!\\®/N“So__j]|
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Figure 4: The preparation of [Msim]|CI.

2\ . CH2Cly | o

\| JH + 2C1SO3H L Tt JNWEUNL - ]

]\Q'\H aH{neat) —=— [HO,8 s():‘H(I +HCI
[Dsim]Cl1

Figure 5: The preparation of [Dsim]Cl.

room temperature. Higher yields of the product and shorter re-
action times were obtained when 10 mol% of the ionic liquids,
beside 10 mol% of FeCls in ethyl acetate, were utilized. In these
conditions, [Msim]Cl/FeCl; afforded the product in 88% yield
within 15 min, and [Dsim]Cl/FeCl; gave the product in 91%
within 12 min.

To assess efficacy and generality of [Msim]Cl/FeCl; and
[Dsim]Cl/FeCl; catalytic systems, benzene-1, 2-diamine was
reacted with various aromatic aldehydes under the optimized
reaction conditions to furnish the corresponding benzimida-
zoles in high yields and in short reaction times (Table 1).
The effect of electron-releasing and electron-withdrawing sub-
stituents on the aromatic ring of aldehydes was also studied,
using [Msim]Cl/FeCl; and [Dsim]Cl/FeCls as catalysts. As seen
in Table 1, the electron-releasing groups slightly decreased the
yields and increased the reaction times (Table 1, compounds
1b-d); however, the electron-withdrawing substituents in-
creased the yields and decreased the reaction times (Table 1,
compounds 1e and 1f). Moreover, the results showed that the
presence of halogens on the aromatic ring of aldehydes had
negligible influence on the yields, but slightly decreased the
reaction times (Table 1, compounds 1g-i). The reaction was
also efficiently progressed when aromatic aldehydes contain-
ing hydroxyl group or hetero-aromatic aldehydes were applied
(Table 1, compounds 1j-n)

The method was also applied successfully for the conden-
sation of benzene-1, 2-diamine with carboxylic acids to af-
ford benzimidazoles in high yields and in short reaction times
(Figure 2 and Table 2); nevertheless, in this case, the reaction
was performed at 60 °C.

In a plausible mechanism which is confirmed with the
literature [39], benzene-1, 2-diamine attacks aldehyde, which
is activated with the sulfonic acid imidazolium salt {[Dsim]CI}
to give I by exiting one mole of H,O. Then, Il is produced via
intra-molecular condensation of I and proton transfer of the
intermediate. High-valent oxidoiron(IV), as a key intermediate
in these oxidation conditions, can be formed by treatment
between Fe(Ill) and oxidant. Afterward, Fe(IV) oxidizes II
to III and IV, respectively, in two steps, and converts to
Fe(Il). Finally, O, of air, as a green oxidant, oxidizes Fe(Il)
to high-valent oxidoiron(IV), and this cycle continues until
completion of the reaction. Mechanistically, we observed that
iron(Ill)chloride, beside the sulfonic acid imidazolium salts,
successfully catalyzed the production of benzimidazoles. The
proposed mechanism is displayed in Figure 6.

3. Conclusion

In summary, we have introduced [Msim]Cl/FeCl; and
[Dsim]Cl/FeCls, in the presence of atmospheric air, as efficient,
green and mild catalytic systems for the synthesis of benzimida-
zole derivatives at room temperature. The promising points of
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Table 1: The preparation of benzimidazole derivatives from benzene-1, 2-diamine and aldehydes using [Msim]Cl/FeCl; as well as [Dsim]Cl/FeCl; at 60 °C.

Product [Msim]Cl [Dsim]Cl M.p. °C (Lit.)
Time (min) Yield? (%) Time (min) Yield® (%)
N\
N>_© 15 88 12 91 289-293 (292-294) [16]
H
(1a)
N\
N; < > e 20 86 16 89 268-270 (270) [17]
H
(1b)
N\
N> < > R 25 84 20 86 225-227 (226) [17]
H
(1c)
OMe
N
) 25 86 18 88 203-205 (201-204) [16]
N
H
(1d)
NO,
N
N\ 12 95 9 95 200-203 (204-207) [16]
H
(le)
N
N>—®N02 10 97 6 97 315-317 (316) [39]
H
(1)
Cl
N
Y 15 90 10 92 231-233 (234) [11]
N
H
(1g)
N
N\>—©~Cl 13 89 3 93 290-292 (292) [39]
H
(1h)
Cl
N
N 14 86 8 87 277-279 (279) [39]
N
H
(1) L
HO
N
) 18 87 10 90 239-241(242) [39]
N
H
1y

(continued on next page)
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Table 1 (continued)

Product [Msim]Cl [Dsim]Cl M.p. °C (Lit.)
Time (min) Yield? (%) Time (min) Yield?® (%)
OH
N
N 13 90 9 95 183-186 (181-184) [39]
N
H
(1k)
N
N\ OH 20 85 15 88 253-255 (254-255) [39]
H
(11)
N N=
N\ N\ / 24 82 15 84 216-218 (218) [39]
H
(1m)
N 0—
N\ N\ / 22 78 15 79 284-286 (287-288) [39]
H
(1n)

2 [solated yield.

! Ho N
2 . D Very fast @JN@
fll HaN -H20 HzN

C \-"' it
@_//J Proton exchange @V ~ ]
\’I 2N N

N i}
I II

Fe(IIl) + Oxidant —— Fe(I1T) — Oxidant . Fe(IV)—= O

151 .
H N H N ]
+Fe(IV)— 0 — @A( + Fe(1ll) — OH
N N.
H H

I1 111

H N N
+ Fe(Ill) — OH ——» < + Fe(IT)

N -H2 O N

H H

v

11

Fe(Il) + 02 . Fe(IV)= O
Figure 6:
derivatives.

The proposed mechanism for the synthesis of benzimidazole

this method are simple experimental procedure, mild reaction
conditions, safety, high yields, short reaction times and mini-

mization of chemical wastes, as compared to the other method
counterparts.

4. Experimental

All Chemicals were purchased from Merck or Fluka Chemical
Company. The products were identified by comparison of their
TH NMR, TLC and melting points, with those in the authentic
samples. Progress of the reactions was monitored by TLC, using
silica gel SIL G/UV 254 plates. The "H NMR (250 MHz) and '3C
NMR (62.5 MHz) were run on a Bruker Avance DPX-250 FT-NMR
spectrometer (§ in ppm). Melting points were recorded on a
Stuart Scientific Apparatus SMP3 (UK) in open capillary tubes.

4.1. Procedure for the preparation of ionic liquid [Msim]Cl

A round-bottomed flask (100 mL) was charged with
1-methylimidazole (0.410 g, 5 m mol) in dry CH,Cl, (50 mL),
and then chlorosulfonic acid (0.605 g, 5.2 m mol) was added
dropwise over a period of 5 min at room temperature. After the
addition was completed, the reaction mixture was stirred for
20 min, left to stand for 5 min, and the CH,Cl, was decanted.
The residue was washed with dry CH,Cl; (3 x 50 mL) and dried
under vacuum to give [Msim]ClI as a viscous colorless oil in 92%
yield, 0.912 g (Figure 4) [35-38].

4.2. Procedure for the preparation of ionic liquid [Dsim]Cl

To a round-bottomed flask (100 mL) containing imidazole
(0.340 g, 5 m mol) in dry CH,Cl, (50 mL), chlorosulfonic acid
(1.1885 g, 10.2 m mol) dropwise over a period of 20 min at room
temperature was added. After the addition was completed, the
reaction mixture was stirred for 12 h under the pressure of
nitrogen (to remove the produced HCl), left to stand for 5 min,
and the CH,Cl, was decanted. The residue was washed with dry
CH,Cl, (3 x 50 mL) and dried under vacuum to give [Dsim]Cl
as a viscous pale yellow oil in 95% yield, 1.257 g (Figure 5) [38].
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Table 2: The preparation of benzimidazole derivatives from benzene-1, 2-diamine and carboxylic acids using [Msim]Cl/FeCl; as well as [Dsim]Cl/FeCl; at 60 °C.

Product [Msim]Cl [Dsim]Cl M.p. °C (Lit.)
Time (min) Yield? (%) Time (min) Yield? (%)
N\
N 30 86 25 88 289-293 (292-294) [16]
H
(la)
N\
N che 40 80 35 84 225-227 (226) [17]
H
(1c)
NO,
N
N\ 25 89 18 93 200-203 (204-207) [16]
H
(le)
N
N\>—©*Cl 25 88 20 89 290-292 (292) [39]
H
(1h)
2 Isolation yield.
4.3. General procedure for the synthesis of benzimidazoles via Acknowledgments

the condensation of benzene-1, 2-diamine with aldehydes or
carboxylic acids (Figures 2 and 3)

To a mixture of benzene-1, 2-diamine (0.22 g, 2 m mol),
aldehyde or carboxylic acid (2 m mol), the sulfonic acid
imidazolium salt (0.2 m mol) and FeCl;3 (0.032 g, 0.2 m mol) in
a 10 mL round-bottomed flask was added EtOAc (10 mL), and
the resulting mixture was stirred at room temperature for the
appropriate time (Tables 1 and 2). (Note: When carboxylic acids
were utilized instead of aldehydes, the reaction was carried
out at 60 °C). Afterward, warm EtOAc (60 mL) was added to
the reaction mixture, filtered, and the filtrate was washed with
saturated solution of NaHCO5 (2 x 40 mL)and H,0 (2 x 40 mL).
After drying and evaporation of the solvent, the resulting solid
was recrystallized from EtOH to give the pure product.

4.4. Selected spectral data of the products

2-Phenyl-1H-benzimidazole (1a): 'H NMR (DMSO-dg): §
7.12-7.19 (m, 2H), 7.49-7.55 (m, 5H), 7.98 (m, 2H), 12.56 (s,
1H); '3C NMR (DMSO-dg): § 114.2, 121.6, 125.3, 126.2, 130.6,
131.2,134.7, 148.8.

2-(4-Methoxyphenyl)-1H-benzimidazole (1c): 'H NMR
(DMSO-dg): 6 3.75 (s, 3H), 7.14 (d, ] = 8.7 Hz, 2H), 7.19 (m,
2H), 7.47 (m, 2H), 8.09 (d, ] = 8.7 Hz, 2H), 12.69 (s, 1H); 3C
NMR (DMSO-dg): 6 55.8,112.2,115.1,121.2,123.1,128.2, 134.1,
151.8, 160.3.

2-(3-Nitrophenyl)-1  H-benzimidazole (le): 'H NMR
(DMSO-dg): 8 7.18 (m, 2H), 7.56 (m, 2H), 7.69-7.78 (m, 1H),
8.29 (m, 1H), 8.58 (m, 1H), 8.91 (s, 1H), 13.12 (s, 1H); '>*C NMR
(DMSO-dg): 6 115.7, 120.2, 121.9, 124.3, 130.2, 131.9, 133.0,
137.2,148.7, 150.1.
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