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Abstract: Various 2-arylbenzimidazoles were synthe-
sized from phenylenediamines and aromatic alde-
hydes via a one-step process in the presence of a cat-
alytic amount of a cobalt-salen complex supported
on activated carbon [CoxO-Co(salen) 11] at room
temperature. The salient features of this method in-
clude mild conditions, short reaction times, high
yields, easy purification, recyclable catalyst, large-
scale synthesis and simple procedure. The reactions
were performed in ethanol and the catalyst could be
reused for several cycles without a decrease in activi-

ty. The heterogeneous catalyst was characterized by
powder X-ray diffraction (XRD), scanning electron
microscopy (SEM), atomic forced microscopy
(AFM), thermogravimetric (TG) methods for analy-
sis of nitrogen adsorption and FT-IR spectroscopy.
Leaching experiments showed that the catalyst is
most strongly anchored to the activated support after
10 cycles of reuse.

Keywords: activated carbon; 2-arylbenzimidazoles;
cobalt-salen complexes; recyclable catalyst

Introduction

The benzimidazole ring is an important pharmaco-
phore in modern drug design and discovery."'! Substi-
tuted benzimidazole derivatives have found applica-
tions in diverse therapeutic areas including antiulcer
agents, antihypertensives, antivirals, antifungals, anti-
cancers, and antihistaminics to name just a few.>*
In addition, benzimidazoles are very important inter-
mediates in organic reactions.">® The extensive inter-
est in benzimidazole-containing structures has
prompted widespread studies for their synthesis.
There are two general methods for the synthesis of 2-
substituted benzimidazoles. The first is the coupling
of phenylenediamines and carboxylic acids”! or their
derivatives (nitriles, imidates, or orthoesters),’®! which
often requires strong acidic conditions, and sometimes
combined with very high temperatures (i.e., PPA,
180°C) or the use of microwave irradiation.l”’ The
second route involves a two-step procedure that in-
cludes the oxidative cyclodehydrogenation of aniline
Schiff’s bases, which are often generated in situ from
the condensation of phenylenediamines with alde-
hydes.’! Various oxidative reagents such as nitroben-
zene (high-boiling point oxidant/solvent),'” 1,4-ben-
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zoquinone,'" air,®! In(OTf);,!"® PhI(OAc),,"”! Zn-pro-
line,"™ heteropoly acids,*¥ thionyl chloride-treat-
ment,’™ DDQ,!'Y electron-deficient olefins,'”! benzo-
furoxan,”®  MnO,"  Pb(OAc),*  oxone!
NaHSO0,,” H,0,/HCI*! and Na,S,0s%* have been
employed. Because of the availability of a vast
number of aldehydes, the condensation of phenylene-
diamines with aldehydes has been extensively used.
However, many of these methods have some draw-
backs such as low yields, long reaction times, drastic
reaction conditions, tedious work-up procedures, co-
occurrence of several side reactions and in some cases
more than one step is involved in the synthesis of
these compounds. Moreover, the main disadvantage
of almost all existing methods is that the catalysts are
destroyed in the work-up procedure and cannot be re-
covered or reused. Therefore, the search continues for
a better catalyst for the synthesis of benzimidazoles in
terms of operational simplicity, reusability, economic
viability, and greater selectivity.

Activated carbons are porous, readily available, and
have high thermal and chemical stabilities and very
low cost. Besides the advantages mentioned above,
active carbons are among the materials that have the
largest specific surface area, easily reaching values of
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>1000 m’g"". Because of their high surface area and
high porosity, active carbons have been used as sup-
ports for many noble metal-based heterogeneous cat-
alysts, particularly palladium on charcoal. The struc-
ture of active carbons, although not periodic and uni-
form, is being increasingly understood, and the pres-
ence of functional groups able to intervene in cova-
lent anchoring, particularly carboxyl and hydroxy
groups, is recognized. The population of surface hy-
droxy groups can be maximized by chemical oxidation
and mild partial combustion processes.”*!

The activated carbons and single-wall carbon nano-
tubes (SWNTs), have been used for the immobiliza-
tion of chiral salen-metal complexes and have attract-
ed much recent interest.>*°!

Herein we report a simple and highly selective pro-
cedure for the condensation reaction of o-phenylene-
diamine derivatives with different aldehydes using
metal-salen complexes in homogeneous and heteroge-
neous types whereby molecular oxygen is utilized as
the sole green oxidant without any additives in etha-
nol at ambient temperature.

Results and Discussion

Using Metal-Salen Complexes for the Synthesis of
Benzimidazole Derivatives

Metal-salen complexes have been recognized as being
among the most promising catalysts for various reac-
tions. These complexes show wide applicability, and
are now used as catalysts for a variety of enantioselec-
tive reactions, such as oxidation,”? the Diels—Alder
reaction,” the addition of TMSCN to aldehydes,”
and the conversion of 1,2-epoxyethanes to 2-haloetha-
nols with molecular halogen.""

In conjunction with ongoing work in our laboratory
on the synthesis and formation of metal-salen com-
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plexes with different molecules,”* we found that
these complexes efficiently catalyzed the condensa-
tion reaction of o-phenylenediamine derivatives with
different aldehydes to form benzimidazoles in ethanol
(Scheme 1).

In this study, the preparation of benzimidazoles
from o-phenylenediamines and aryl aldehydes in the
presence of a catalytic amount of cobalt-salen com-
plex was examined.

In a general procedure, to a mixture of o-pheny-
lenediamine and benzaldehyde in ethanol, was added
a solution of the catalyst in ethanol and the mixture
was stirred at room temperature. With regard to the
amount of o-phenylenediamine, 5 mol% of catalyst
was used.

While the condensation reaction of o-phenylene-
diamine with benzaldehyde in the absence of the cata-
lyst (Table 1, entry 1) or absence of the metal in the
salen structure (Table 1, entry 2) led to a very little
product, metal-incorporated salen structures, showed
auspicious results as shown in Table 1 (entries 3-7).

Furthermore, three different metallic ions were
tested. The reaction times and yields of 2-phenylben-
zimidazole in the presence of various metal(IIl)-salen

Table 1. The condensation reaction of o-phenylendiamine
(1.0 mmol) with benzaldehyde (1.0 mmol) using different
metal(IIT)-salen complexes (5 mol%) in ethanol at room
temperature.

Entry Catalyst Time [h] Yield® [%]
1 - 12 <10

2 5 12 <10

3 6 5 58

4 7 0.5 90

5 8 0.5 74

6 9 0.5 87

7 10 0.5 96

[ Tsolated yield.

Q- IO,
H
X

3 4 o
(exclusive) (not formed) R’
5: M = no metal, Y =-(CH,),-
6:M=Mn-Cl, Y =-(CH,),-
7:M=Co-OAc, Y =-(CH,),-
8 M =Fe-Cl, Y = ~(CH,)p-

9:M=Co-OAc, Y = EI
10: M =Co-OAc, Y = (I
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complexes (Mn, Co, Fe) are summarized in Table 1
(entries 3-5). Among the metal-incorporated catalysts
examined, the use of Co(III)-salen 7 gave the best re-
sults in terms of yield and reaction rate.

In the next step in order to examine the effect(s) of
ligands on the catalysis of the reaction, three different
kind of ligands were employed (Table 1, entries 4, 6
and 7).

It was of great importance that the reaction was
largely affected by the various ligands of the com-
plexes. Among the three different ligands tested, the
use of catalyst Co(salen) 10 was found to be the most
effective and the reaction was completed within
30 min with the best outcome (Table 1, entry 7). In
the presence of other catalysts the reaction times and
yields were of lower quality as shown in the Table 1
(entries 4, 6 and 7).

According to Table 2, the best results were ob-
tained with the use of 5 mol% of cobalt-salen 10.
When the amount of the catalyst was reduced, the
yield of the products decreased, whereas raising the
catalyst concentration did not lead to an appreciable
increase of the yield and a shorter reaction time.

The effect of solvents on the condensation reaction
utilizing cobalt-salen complex 10 was also investigated
as shown in Table 3. We found that these reactions

Table 2. The optimal cobalt-salen percentage amount
(mol%) towards the 2-phenylbenzimidazole synthesis.

Entry Mol% of catalyst Time [min] Yield® [%]
1 1 30 28
2 3 30 51
3 5 30 96
4 10 30 96
5 20 30 96

[ Isolated yield.

Table 3. Effect of different solvents in the condensation re-
action of o-phenylenediamine (1.0 mmol) with benzaldehyde
(1.0 mmol) at room temperature using Co(III)-salen 10 (5
mol% ).

Entry Solvent Time  Yield of prod- Yield of by-prod-
[min]  uct 3 [%] uct 4 [%]

1 MeOH 30 92 5

2 EtOH 30 96 0

3 MeCN 120 42 6

4 Dioxane 120 30 12

5 THF 120 35 14

6 DMF 180 <10 0

7 CH,Cl, 180 <10 1

8 H,O 60 46 8

9 EtOH 240 30" 0

[ Isolated yield.
] Operated under a nitrogen atmosphere.
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appeared to be largely dependent on the nature of
the solvent. Obviously, ethanol stands out as the sol-
vent of choice with its fast reaction rate, high yield,
selectivity, cheapness and environmental acceptability.

Only a little benzimidazole would be obtained if
this reaction was operated in a nitrogen atmosphere
(Table 3, entry 9). That is to say, O, played an impor-
tant role in this reaction. Using the obtained opti-
mized conditions, to investigate the oxygen effect, in-
stead of a static atmosphere of air, a continuous flow
of O, was bubbled through the reaction mixture, but
the rate was not accelerated showing that O, dis-
solved in the solvent and absorbed by surface adsorb-
tion is sufficient for an efficient reaction process.

Preparation of the Heterogeneous Supported
Catalysts

Since the Co(I1I)-salen 10 proved to be the best cata-
lyst among the cobalt-salens for benzimidazole syn-
thesis, we set forth to prepare a new heterogeneous
catalyst by a simple impregnation of Co(IlI)-salen 10
onto activated carbon. An air-oxidized activated
carbon (Cox)P was refluxed with an aqueous solu-
tion of sodium hydroxide to form CoxONa. In the
next step, 1.00 g of the resulting CoxONa was allowed
to reflux with a solution of Co(III) salen 10 [0.10 g of
Co(salen) 10 in 10 mL EtOH] under N, in 20 mL of
absolute EtOH for 1h. The anchoring process was
followed by UV-Vis spectroscopy (Scheme 2). The re-
sulting supported complexes were then separated,
dried and their cobalt content was examined by an in-
ductively coupled plasma (ICP) analyzer. To evaluate
the cobalt content, the supported catalyst was treated
with concentrated HCI (5.0M) and HNO; (5.0M), fol-
lowed by ICP analysis. The cobalt content was deter-
mined to be 8.94% w/w, which is close to the expected
value of 9.04% w/w.

The new successful heterogeneous cobalt-salen cat-
alyst synthesized by this simple anchoring procedure,
was characterized by some electron microscopic and

2.5 4

0 T T T T T T 1

210 260 310 360 410 480 510 560
Wavelenth (nm)

Scheme 2. Monitoring the supporting process of cobalt salen
by the UV-Vis, (a): before and (b): after being supported on
activated carbon.
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spectroscopic techniques such as SEM, AFM, and
XRD. The thermal stability of the cobalt-salen com-
plex coated on activated carbon was also analyzed
using a self-made TG instrumentation system.* The
nitrogen adsorption of the cobalt-salen complex on
activated carbon validated that that the cobalt-salen
complex was well coated on the activated carbon.
This technique was achieved via the flowing of a trace
amount of nitrogen gas through the sample and fol-
lowing the changes in the weight percentage of cobalt
supported on activated carbon using TG analysis.
Before supporting the cobalt-salen complex on the
carbon substrate, the carbon powders were activated
via flowing a trace amount of oxygen™ through
carbon powders located in a quartz tube inside a fur-
nace at 200°C for about 2 h. The operating conditions
for the activation and functionalization processes
were optimized based on FT-IR spectrometry. Activa-
tion of carbon powders resulted to the formation of
hydroxy groups. Further oxidation of carbon powder
causes oxidation of hydroxy groups to carboxylic
functional groups. The FT-IR spectra of carbon pow-
ders reveal the formation of carboxylic acid groups.
The sharp peak at around 3448 cm™' is correlated
with the hydroxy bond (O—H) formed during the acti-
vation process.*® Electron microscopy such as SEM is
a precise instrumentation method for the direct obser-
vation of non-material samples.””) AFM is also used
to study the topography of the elements at micro and
nano scales.” In this research, samples of the cobalt-
salen complex suspended on activated carbon as sub-
strate were observed using SEM and AFM. The SEM
(Figure 1) and AFM images (Figure2, a: 2-D and
Figure 2, b: 3-D), show that the cobalt nanoparticles
with different sizes have been dispersed on the acti-
vated carbon substrate. According to the images of
electron microscopy, the average size of the cobalt
particles on the carbon substrate is estimated to be

Figure 1. SEM image of the cobalt-salen complex coated on
activated carbon.
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around 120 nm. Based on the voltage profile of the
AFM image (Figure 2, ¢), the width of the band at
half height of the voltage profile peak reveals the size
of cobalt nanoparticles. This has been estimated at
about 112 nm. The histogram (Figure 3) shows a dis-
tribution of cobalt nanoparticles between 50 to
500 nm. The XRD patterns of both activated carbon
and cobalt nanoparticles supported on carbon
(Figure 4) reveal a single phase of cobalt nanoparticle
structure along with the amorphous nature of activat-
ed carbon as substrate. As shown in Figure 4, the
strongest peaks of the XRD patterns correspond to
the planes of activated carbon whereas other peaks at
0=22.5° and 25.0° are related to the supported cobalt
particles.’” The same results were also obtained for
the XRD patterns of the cobalt-salen complex after
its use as catalyst in the synthetic organic reaction for
at least 10 cycles. This reveals the excellent stability
and recovery of the doped cobalt-salen complex on
activated carbon.

ICP results showed 98.3% recovery for this anchor-
ing procedure. In order to validate the result of ICP
analysis, the thermal stability of cobalt nanoparticles
on activated carbon was also investigated using a slef-
made TG analysis instrument. Figure 5 shows the
thermogram of the sample at an air flow of
3mLmin' and temperature ramp of 2°Cmin'. Ac-
cording to the thermogram, the weight lost at around
95°C is related to the desorption of water vapour and
other volatile organic compounds that have been ad-
sorbed on the catalyst. Following the thermogram, the
decrease observed in the slope of the diagram starting
at around 130°C is related to the oxidation of cobalt
nanoparticles. At this step a slow reduction in the
weight percent of Co-salen/C is observed. Also, the
weight lost at around 295°C is due to the oxidation of
activated carbon. Finally, about 4.10% remaining
weight percentage at the end of TG analysis reveals
the amount of cobalt oxide (Co0,0;).*! This value
shows 99.76% recovery for doping of the cobalt-salen
complex on activated carbon. The small difference
(~1.46%) between the results of TGA and ICP is re-
lated to the incomplete sample preparation during
treatment with nitric acid prior to analysis with ICP.

The adsorption behaviours of nitrogen gas on each
deactivated and activated carbon and also salen-
cobalt complex supported on activated carbon have
also been studied using the TG analysis instrumenta-
tion system and a nitrogen atmosphere (Figure 6).
The results show that activation of carbon and also its
supporting with the cobalt-salen complex cause reduc-
tions of surface activity for nitrogen adsorption of
about 0.017£0.0012% and 0.025+0.001% wt, respec-
tively. Therefore when carbon is activated and sup-
ported with cobalt salen complex, it is estimated to
have about 0.136 cm’g ™! and 0.200 cm®g™' reductions
in nitrogen adsorption.

asc.wiley-vch.de 2383


http://asc.wiley-vch.de

FULL PAPERS

Hashem Sharghi et al.

[20] som] 219 nm

[ri]

[201 1m] 219 mm

' 4

007 fueu]

osT1

& 2
0 0 0
0 [um] 30

c
Image Profile

e v

E "I""I. s ,,__‘\x

E IlrI l““"".l_

et +

=] I|I e

I Il'r

1 M2 na: 200 5\

g/

| | lk‘\v.‘

s \

0 0 # 2 i60pm]

Figure 2. AFM images of the cobalt-salen complex coated on activated carbon, a: 2-D image, b: 3-D image, ¢: voltage pro-

file.

A plausible anchoring mechanism for the cobalt-
salen catalyst onto the modified air-oxidized activated
carbon(Cox), considering the fact that the salen with
no metallic ion could not anchor onto the activated
carbon, is proposed that may involve the grafting of
cobalt-salen onto activated carbon by the reaction of
Co(salen) with the surface CoxONa groups to form
Co—O—Cox linkages (Scheme 3). The need for a
treatment with concentrated HCl to release the
Co(salen) complex from activated carbon support
would corroborate the proposed mechanism.

2384 asc.wiley-vch.de
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Homogeneous and Heterogeneous Catalytic
Benzimidazole Synthesis

Finally, using the optimized conditions, the reaction of
o-phenylenediamines (1 mmol) and aryl aldehydes (1
mmol) were carried out in the presence of homogene-
ous and heterogeneous catalysts at room temperature
to give the corresponding 2-aryl-substituted benzimi-
dazoles in high yields. Under optimized reaction con-
ditions, we obtained exclusively 2-substituted products
3 and no N-alkylated products 4 were observed
(Scheme 1). We studied the scope of the reaction by

Adpv. Synth. Catal. 2008, 350, 2380-2390
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Figure 3. Histogram representing the size distribution of the cobalt-salen complex supported on activated carbon.
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Figure 4. XRD patterns of activated carbon (a) and the cobalt-salen complex coated on activated carbon (b), amorphous

carbon (m), Co (e).

varying the o-phenylenediamines (1la-1d) for conden-
sation with benzaldehyde under the optimized condi-
tions and the results are shown in Table 4. In the next
step, we studied the generality and selectivity of the
catalyst for the condensation of electronically diver-
gent aromatic aldehydes with o-phenylenediamine. In
all cases, the reaction was clean and carried out
within 25 min to 7 h. All products were characterized
by IR, '"H NMR, *C NMR and mass spectrometry. As
shown, both aldehydes bearing electron-donating and
electron-withdrawing substituents afforded the de-

Adv. Synth. Catal. 2008, 350, 2380-2390
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sired benzimidazoles in excellent yields (Table 4).
Heteroaryl aldehydes, such as, 2-thiophenyl- and 2-
pyridinylcarboxaldehydes (Table 4, entries 16 and 17),
were also well tolerated under these mild conditions.
The presented method has the ability to tolerate
other functional groups such as hydroxy, methoxy,
halo, nitro, and nitrile on the aryl aldehyde (Table 4,
entries 5-15). As shown in Table 4 (entries 18 and 19)
aliphatic aldehydes and vinylic aldehydes are not ap-
plicable for the synthesis of 2-alkylbenzimidazole de-
rivatives in the presented procedure.

asc.wiley-vch.de 2385
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Figure S. Thermogram of the cobalt-salen complex support-

ed on activated carbon.

The reactivity of the heterogeneous catalyst in com-
parison with the homogeneous catalyst is partially in-
creased but the selectivity of products 3 and 4 remains
unchanged (Table 4).

0.23 1

0.22

To access the feasibility of applying this method on
a preparative scale, we carried out the coupling of o-
phenylenediamine with benzaldehyde in a 50-mmol
scale in the presence of the hetereogenous catalyst.
As expected, the reaction proceeded smoothly, similar
to the case in a smaller scale (Table 4, entry 1), and
the desired 2-phenylbenzimidazole was obtained in
96% isolated yield in 25 min. The continuous bub-
bling of O, through the reaction mixture instead of a
static atmosphere of air, did not accelerate the reac-
tion rate, as was mentioned for the smaller scale reac-
tion.

Supporting the cobalt salen complex on activated
carbon provided the chance of recovery of catalyst for
the successive uses. The catalyst could be readily re-
moved from the reaction mixture by a simple filtra-
tion and be used repeatedly for several times without
appreciable loss in activity. In a typical run, o-phenyl-
enediamine (1 mmol), benzaldehyde (1 mmol) and
CoxO-Co(salen) 11 (0.24 g, 5 mol% ) were allowed to
react in ethanol at room temperature for 25 min.
Then the reaction mixture was directly passed
through celite and rinsed with ethanol (3x15mL).

0.21 -

02 A

"

0.19 1

0.18 -

0.17 1

Nitrogen Adsorption Percent

0.16 -

0.15 T T T
10 15

20 25 30 35 40
Time ¢min)

Figure 6. Comparison between the adsorption behaviour of nitrogen gas on carbon powder (a), carbon powder activated
with oxygen (b) and activated carbon after deposition of the cobalt-salen complex (c).

¥
o |0
ONa OAc
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1

Scheme 3. The proposed anchoring procedure for the Co(salen) catalyst onto a modified air-oxidized activated carbon.
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Table 4. Condensation reaction of o-phenylenediamine (1.0 mmol) with different aldehydes (1.0 mmol) using Co(III)-salen
complex 10 and CoxO-Co(salen) 11 (5 mol% ) in ethanol at room temperature.

Entry Aldehyde

o-Phenylenediamine Compound 3

Co(salen) complex 10 CoxO-Co(salen) 11
Time [min] Yield® [%] Time [min] Yield® [%]

1 C:H;CHO la 3a
2 C¢H;CHO 1b 3b
3 C.H;CHO 1c 3c
4 C¢H;CHO 1d 3d
5 4-CIC(H,CHO 1a 3e
6 3-CIC(H,CHO 1a 3f
7 2-CIC(H,CHO 1a 3g
8 4-MeC,H,CHO 1a 3h
9 4-MeOC-¢H,CHO 1a 3i
10 4-CNC(H,CHO 1a 3j
11 4-i-PrCsH,CHO 1a 3k
12 2-HOCH,CHO 1a 31
13 4-HOCH,CHO 1a 3m
14 4-NO,C,H,CHO 1a 3n
15 3-NO,CH,CHO 1a 3o
16 2-thiophenyl 1a 3p
17 2-pyridinylcarboxaldehyde 1la 3q
18 CH;(CH,);CHO 1a -
19 CH,;CHCHCHO 1a -

30 96 25 96
15 96 12 95
150 93 135 94
6h 88 55h 90
60 90 50 92
90 91 75 90
45 94 40 95
40 95 30 94
45 92 40 95
180 85 165 90
40 95 30 96
120 90 110 92
90 92 80 92
240 90 225 92
150 94 135 95
210 89 195 91
7h 90 6.5h 90

no reaction
no reaction

- no reaction -
- no reaction -

[ Isolated yield.

The recovered CoxO-Co(salen) 11 was dried and
used for another successive reaction run and the com-
bined filtrates were collected for product identifica-
tion and quantitation. As shown in Table 5, the cata-
lytic activity of CoxO-Co(salen) 11 remained largely
unchanged even after ten consecutive runs. The ICP
analysis of the recycled catalyst (after the tenth reac-
tion run) revealed the Co content to be 8.64% w/w,
which is comparable to the initial value of 8.94% wi/w.
As shown in Table 5, the catalytic activity of the
cobalt-salen complex supported on activated carbon
remained largely unchanged for ten successive runs,
with a total of 191.6 turnovers being achieved.

Table 5. Catalyst recyclability studies in ethanol at room
temperature.

Reaction run Time [min] Yield [% ]!
1 25 96
2 25 96
3 25 96
4 25 96
5 25 96
6 25 96
7 25 96
8 25 96
9 25 95
10 25 95

[ Isolated yield.

Adv. Synth. Catal. 2008, 350, 2380-2390
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Mechanistically, we believe that the formation of
benzimidazoles under these conditions follows
through the knownl>*10 162224411 jptermediate Schiff’s
bases A, which exist in equilibrium with the cyclic hy-
drobenzimidazoles B that were oxidized to benzimi-
dazoles by oxygen of the air (Scheme 4). We propose
that the reaction of cyclic hydrobenzimidazoles B
with cobalt(Ill)-salen proceeded by the reduction of
Co(III) to Co(II), the utilization of O,, and the con-
comitant generation of H,O, similar to the reported
experiment for the oxidation of hydroquinone by a
copper(Il) complex.”’ Then the oxidative dehydro-
genation of adduct C in the presence of O, affords
the desired 2-arylbenzimidazoles.

Conclusions

In summary, we have developed a general and effi-
cient one-pot synthetic route to 2-arylbenzimidazoles
from phenylenediamines and aromatic aldehydes
using a cobalt(III)-salen complex supported on acti-
vated carbon and air (O,) as catalyst. The mild reac-
tion conditions, the fast reaction times, large-scale
synthesis, easy and quick isolation of products, recy-
clable catalyst and excellent yields are the main ad-
vantages of this procedure which make it an attractive
and useful contribution to the present methodologies.
Hence, we believe that it will find wide application in
organic synthesis as well as in industry.
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Scheme 4. The proposed mechanism for the cobalt-salen complex-catalyzed reaction for the synthesis of 2-substituted benz-

imidazole derivatives.

Experimental Section

General Procedure for the Synthesis of 2-Substituted
Benzimidazoles in the Presence of a Catalytic
Amount of Co(salen) Complex 10

For each reaction, a mixture of o-phenylenediamine 1
(1 mmol) and aldehyde 2 (1 mmol) was stirred in 5.0 mL of
EtOH in the presence of catalyst (5 mol%) at room temper-
ature in the presence of air. Progress of the reactions was
monitored by TLC using n-hexane/ethyl acetate (8:1). After
the reaction was completed the solvent was evaporated to
give the crude product, which was purified by silica gel
column chromatography employing n-hexane/ethyl acetate
(8:1) as eluent.

General Procedure for the Synthesis of 2-Substituted
Benzimidazoles in the Presence of a Catalytic
Amount of CoxO-Co(salen) 11

For each reaction, a mixture of o-phenylendiamine 1
(1 mmol) and aldehyde 2 (1 mmol) was stirred in 5.0 mL of
EtOH (96%) in the presence of catalyst (5 mol%) at room
temperature. Progress of the reactions was monitored by
TLC using n-hexane/ethyl acetate (8:1). After the reaction
was completed the whole reaction mixture was directly
passed through celite (porosity 4, capacity 50 mL) and
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rinsed with EtOH (3x15 mL). The recovered catalyst was
dried and stored for another consecutive reaction run and
the combined filtrates was concentrated by evaporating the
solvent to give the crude product, which was purified by
silica gel column chromatography employing n-hexane/ethyl
acetate (8:1) as eluent.
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