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In this article, simple, convenient synthesis of 2-aryl-1-
arylmethyl-1H-1,3-benzimidazole (1,2-disubstituted
benzimidazoles) via condensation of 1,2-phenylenediamine and
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biological activities such as local anesthetic,
antipyretic,  antihistaminic  [1],  fungicidal,
1. Introduction antihypertensive, antidiabetic, sedative,

Synthesis of benzimidazole ring system has antimicrobial, antifungal, antiparkinson,

attracted a great deal of attention because of its anticancer, antibiotic [2]. They can act as lowering

blood sugar level, inhibitor of kasin kinase-2 (CK-
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2) and phosphodiesterase-5 (PDE-5). Also some
anthelmintic drugs such as albendazole [3] and
mebendazole [4] have benzimidazole scaffold.
Tilomisole as a thiabenzimidazole derivative has
demonstrated immunomodulatory, anti-

inflammatory and antimetastatic activity (Fig. 1)
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albendazole mebendazole tilomisole

Fig. 1. Some benzimidazole drugs

Conventionally 1,2-disubstituted benzimidazoles
are synthesized by the condensation of o-
phenylendiamine and a carboxylic acid or its
derivatives (nitriles, amidates, orthoesters) under
harsh dehydrating conditions [6]. Other synthetic
protocols involve N-alkylation of 2-substituted
benzimidazole [7] and N-alkylation of o-
nitroanilides followed by reductive cyclization [8].
Various catalyst such as YCl; [9], oxalic acid [10],
FePO,4 [11], bismuth trifluoromethanesulphonate
[12], silica sulfuric acid [6], silica phenyl sulfonic
acid [13], HCI-Treated trans-3,5-Dihydroperoxy-
3,5-dimethyl-1,2-dioxolane [14], TsOH/graphite,
N,N-dimethylaniline/graphite ~ [15],  SBA-15-
supported poly (4-styrenesulfonyl-
perfluorobutylsulfonyl) imide [7], Amberlite IR-
120 [16], P,Os/SiO, [17] were used in this
synthesis. In this paper, we want to report the
application of SBA-Pr-SO;H as a highly active,
nanoporous heterogeneous acid catalyst in the
preparation of 1,2-disubstituted benzimidazoles.
The heterogeneous catalysts can conveniently be
removed from the reaction mixture, making the
experimental procedure simple and ecofriendly
[18]. SBA-Pr-SO;H has

structure with pore size of 6 nm which can act as

mesoporous  silica
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reactive nanoreactor in organic synthesis [19]. We
have been used SBA-Pr-SO;H in the synthesis of
polyhydroquinolines derivatives [20], quinoxaline
derivatives [21], Triazoloquinazolinones and

benzimidazoquinazolinones [18].

2. Experimental procedure

General information

2.1. General procedure for the synthesis of
SBA-15

In a typical synthesis batch, triblock copolymer
surfactant as a template (P123 = EO20PO70EO20,
Mac = 5800) (4.0 g) was dissolved in 30 g of water
and 120 g of 2 M HCI solution. Then, TEOS
(tetracthylorthosilicate) (8.50 g) was added to
reaction mixture which was stirred for 8 h at 40 °C.
The resulting mixture was transferred into a
Teflon-lined stainless steel autoclave and kept at
100 °C for 20 h without stirring. The gel
composition P123 : HCI : H,O : TEOS was
0.0168:5.854:162.681:1 in molar ratio. After
cooling down to room temperature, the product
was filtered, washed with distilled water and dried
overnight at 60 °C in air. The as-synthesized
sample was calcinated at 550 °C for 6 h in air
atmosphere to remove the template.
2.2. Functionalization of SBA-15 by organic
groups

Functionalization of the SBA-15 catalyst was
schematically shown in Fig 2. The calcinated SBA-
15 (2 g) and (3-mercaptopropyl) trimethoxysilane
(10 ml) in dry toluene (20 ml) were refluxed for 24
h. The product was filtered and extracted for 6 h in
CH,Cl, using a soxhlet apparatus, then dried under
vacuum. The solid product was oxidized with H,O,
(excess) and one drop of H,SO,4 in methanol (20
ml) for 24 h at rt and then the mixture was filtered
and washed with H,O, and acetone. The modified
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SBA-15-Pr-SOsH was dried and wused as
nanoporous solid acid catalyst in the following

reactions [21].

—OH o, o
o (MeO),Si SH el N\ H;0,, 1t o] N\
Tlow —=— | T Lo "sH — 220 > | T o—si " s0M
e Toluene, Reflux, 24 h 2 CHiOH,24h | @

—oH —0 —0

Fig. 2. Schematic illustration for the preparation of
SBA-Pr-SO;H
2.3. General procedure for the preparation of 2-
aryl-1-arylmethyl-1-H-1,3-benzimidazoles

The SBA-Pr-SO;H (0.02 g) was activated in
vacuum at 100 °C and then after cooling to room
temperature, an aromatic aldehyde (2 mmol) and
1,2-phenylendiamine (1 mmol, 0.11gr) was added.
The mixture was stirred at room temperature under
solvent free conditions for an appropriate time
according Table 1. After completion of reaction
that was indicated by TLC (n-hexane/EtOAc, 3/1),
the crude product was dissolved in hot convenient
solvent (Table 1), the heterogeneous solid catalyst
was removed easily by simple filtration and after
cooling of the filtrate, the pure crystals of products
were obtained. The acid catalyst can be reactivated
by simple washing subsequently with diluted acid
solution, water and acetone, dried under vacuum
and re-used for several times without loss of
significant activity.
2.4. Spectral data of products
1 -(4-Hydroxybenzyl)-2-(4-hydroxyphenyl)-1H-1,3-
benzimidazole (3g): IR (KBr):3295, 1610, 1513,
1441, 1391, 1245 cm’. 'H NMR (250 MHz,
CDCl;) 6 = 7.67-7.70 (d, 2H), 7.50-7.54 (d, 2H),
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6.70-6.91 (m, 4H), 5.37 (s, 2H), 4.20 (s, 1H), 3.51-
3.59 (q, 1H).
1-(3,4-Dimethoxybenzyl)-2-(3,4-dimethoxyphenyl)-
1H-1,3-benzimidazole (3i): IR (KBr):1607, 1588,
1513, 1377, 1258 cm™; '"H NMR (250 MHz,
CDCL) ¢ = 7.78-7.87 (d, 2H), 7.69-7.73 (d, 1H),
7.54 (s, 1H), 7.15-7.41 (m, 4H), 6.65-6.90 (d, 2H),
3.90 (s, 3H), 3.85 (s, 3H), 3.77 (s, 3H), 3.71 (s,
3H).
2.5. Instruments

GC-Mass analysis was performed on a GC-Mass
model: 5973 network mass selective detector, GC
6890 egilent. IR spectra were obtained with a
brucker 500 scientific spectrometer. Products were
recorded on a FT-NMR Bruker 250 MHz. Melting
points were measured by using the capillary tube
method with an electro thermal 9200 apparatus.
SEM analysis was performed on a Philips XL-30
field-emission scanning electron microscope
operated at16 kV while TEM was carried out on a

Tecnai G* F30 at 300 kV.

3. Results and discussion

In this paper, the condensation of 1,2-
phenylendiamine (1) with aromatic aldehydes (2)
in the presence of SBA-Pr-SO;H as nanoporous
solid acid catalyst in solvent free conditions at
room temperature for the preparation of some 1,2-
disubstituted benzimidazoles (3) has been studied
(Fig. 3). The reactions were completed in 10-52

min. After completion of the reaction (monitored
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Table 1: SBA-Pr-SO;H catalyzed the synthesis of 1,2-disubstituted benzimidazoles under solvent free condition.

Time Yield % Crystallization

Entry Aldehyde Product (min) solvent

mp (°C) mp (Lit) Ref.

CHO N

1 25 88 MeOH/ EtOAc 130-132 132 [22]

3a
N\
CHO @[N> < > cl

2 © ﬁ 20 85 EtOAc 262-265 262-265 [23]
Cl

cl
3b
N
CHO @ > OCH,
N
3 © 15 75 EtOAc 129-131 129-130 [24]
OCHj3 HsCO
3c

CHO
4 © 35 75 MeCN 128-130 128-130 [24]

CHg H,C
3d

N
OO
N

CHO
5 © 17 80 EtOH 191-193 190-192 [17]

NO, O,N
3e

N
N

CHO
6 © Q) 52 87 EtOAc 252-253 250252 [24]
(Me),N

N(Me),
3f
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Table 1: SBA-Pr-SO;H catalyzed the synthesis of 1,2-disubstituted benzimidazoles under solvent free
condition (continued).

Time Yield Crystallization

Entry Aldehyde Product (min) % solvent

N
N
HO

mp (°C) mp (Lit)/Ref

CHO
10 90 EtOH 250-252 250-253 [25]
OH

39

HsCO

OO
A\
CHO N
OCHs
8 ©/ 10 85 MeOH 149-151 149-152 [26]
OCHs
3h

OCHj

z z

CHO
9 40 75 EtOH 235 235-236 [23]
OCHs

OCHs HiCO b,

3i
to excellent yields by the reaction with various
NH, , i SBA-Pr-SOH @[N\%Ar aromatic aldehydes in the presence of SBA-Pr-
[:[NH A” H solvent free, rt N SOs;H under solvent free condition. The reaction

2

Ar results were reported in Table 1. We examined
1 2 3 various aldehydes with electron-donating and

electron-withdrawing substituent. Results indicated
Fig. 3. Synthesis of 2-aryl-l-arylmethyl-1-H-1,3-
benzimidazoles using SBA-Pr-SO;H.

that the reaction time was decreased with more
electron withdrawing substituent such as —NO,
(Table 1, entries 5) and increased with more
by TLC), the crude product was dissolved in electron-donating substituent such as —N(Me), and
—OCH; (Table 1 entries 6, 9).

The products were characterized by IR and

convenient solvent (Table 1) and the
heterogeneous solid catalyst was removed easily
by simple filtration, and after cooling of the NMR  spectroscopy data. Melting points are
filtrate, the pure crystals of products were obtained.
In all the studied cases, the 1,2-disubstituted

benzimidazoles were selectively obtained in good

compared with reported values in literature.
The suggested mechanism (Fig. 4) for the SBA-
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Table 2: Efficiency Comparison of various catalysts in the synthesis of 1,2-di substituted benzimidazoles.

Conditions/ . . .
Entry Catalyst Solvent Tem (°C) Time (min) Yield Ref.
1 Mesoporous mixed metal oxide nano
catalyst of Al,0;-Fe,03, Al,O;- Free M.W/109 0.75-1.5 88-94 [27]
V205, A1203-Cll0
5 Mesoporous mixed metal oxide nano
catalyst of Al,0;-Fe,03, Al,O;- CH;CN r.t. 10-45 78-90 [28]
V205, A1203—Cu0
3 TsOH-Si0, EtOAc 60-70 5-30 76-99 [28]
4 Acetic acid/O, - M.W/50 4-8 75-98 [25]
5 Acetic acid/O, - Reflux/80 20-60 52-92 [26]
6 [Hmim]TFA free r.t. 1-5h 78-93 [24]
7 [Hmim]TFA water r.t. 10-20 76-95 [25]
8 Silica Sulphoric acid ethanol r.t./20 1-2h 67-95 [6]
9 Silica Sulphoric acid water r.t./20 1.5-3h 60-90 [6]
10 SBA-Pr-SOzH free r.t. 10-52 min 75-90 This work
TsOH-Si0,: p-toluenesulfonic acid adsorbed on silica gel
[Hmim]TFA:1-methylimidazoliumtriflouroacetate
(0]

Pr -SO;H catalyzed transformation is shown in Fig.
2. At first, the solid acid catalyst protonates the
carbonyl group of aromatic aldehyde (2) which
then condense with 1,2-phenylendiamine (1) to
produce dibenzylidene-1,2-phenylenediamine (4).
In the presence of catalyst, ring closure produces
five membered ring (5) which produced 1,2-
disubstituted benzimidazoles (3) by deprotonation
and [1, 3] hydrid shift [23, 29].

The synthesis of 1,2-disubstituted benzimidazo-
leswere reported with several -catalysts and
solvents in literature as shown in Table 2. In
contrast with other existing methods, the present
methodology offers several advantages such as
synthesis, a simple

excellent yields, easy

procedure, simple work-up and greener conditions.

- H
N A ND Ar N
L, — X Ly~
N" Ar N )H N
+ —Ar Ar)
4 5 3

Fig. 4. Proposed mechanism for the synthesis of 2-aryl-
1-arylmethyl-1-H-1,3-benzimidazoles.

Preparation of catalyst: The SBA-15 as a new
nanoporous silica can be prepared by using
triblock

Pluronic P126 as a structure directing agent.

commercially  available copolymer
Integration of acidic functional groups (e.g., —
SO;H) into SBA-15 has been explored to produce

promising solid acids. The calcined SBA-15 silica
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was functionalized with (3-mercaptopropyl)tri-
methoxysilane (MPTS) and then, the thiol groups
were oxidized to sulfonic acid by hydrogen
peroxide. The surface of catalyst was analyzed by
different methods such as TGA, BET and CHN
methods which demonstrated that the organic
groups (propyl sulfonic acid) were immobilized
into the pore [18]. The SEM and TEM images of
SBA-Pr-SO;H illustrate in Figure 5. Figure 5 (a)
shows SEM image of SBA-Pr-SO;H that indicates
uniform particles about 1 um. The TEM image

G. Mohammadi Ziarani / JNS 2 (2012) 213-220

4. Conclusion

In summary, this paper describes clean and
simple one-pot reaction for the synthesis of
synthesis of 2-aryl-1-aryl-methyl-1-H-1,3-benzimi-
dazole derivativescatalyzed by SBA-Pr-SOs;H as a
solid nano catalyst in green conditions.It is worthy
of mention thatoperational simplicity, simple
separation of catalyst, high yields and short
reaction time are the notable features of these one-
pot reactions leading to the synthesis of

heterocyclic compounds.

(Figure 5 (b)) represents the parallel channels Acknowledgment
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