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A green and practical method to construct benzimidazoles,
which are ubiquitous structural units in a number of
biological active compounds, has been developed. The catalyst

10 and additive free conditions, using air as oxidant and the mild
conditions make this transformation very green, practical,
and attractive.

Introduction

Benzimidazole nucleus has a ubiquitous presence in several
1s bioactive molecules and is considered to be the privileged
sub-structure for drug design.' Various benzimidazole
derivatives have been found to possess anticancer, antiviral,
antihypertension and some other properties.'” Benzimidazoles
are also important building blocks in organic synthesis.'” In
2 the past decades, a lot of significant methods to construct
benzimidazoles have been subsequently developed. Among
these methods, the intramolecular condensation,* the coupling
of o-phenylenediamine with carboxylic acids or carboxylic
halide® and some other methods® have been widely used (1
»s and 2, Schemel). However, the uneasily available precursors,
undesired by-products and required activating involving in
these methods still stimulate chemists to develop more green
and sustainable approaches.*”’
Aldehydes are desirable starting materials in
30 benzimidazoles synthesis due to their ready availability and
non-toxic nature.® Using 0-phenylenediamine and aldehyde as
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Scheme 1. Strategies for the synthesis of benzimidazoles.

35 the starting material to construct benzimidazoles have caught
considerable attentions (3, Scheme 1).° Despite the advances
of these methodologies, in some cases, the special reaction
conditions such as using undesirable stoichiometric oxidants,
at high reaction temperature or employing noble transition
metal catalyst may limit their application.” Recently, an
elegant work for the construction of benzimidazoles was
reported by Han and coworkers.'® Using molecular oxygen as
oxidant, 4-OMe-TEMPO as catalyst, at 120 °C, o-
phenylenediamine and aryl-aldehyde could be smoothly
converted into the desired 2-aryl-benzimidazoles with
excellent yield.'” However, there is still room for innovation.
Herein, our developed a catalyst and additive free procedure
to construct 2-alkyl-benzimidazoles using air as the oxidant at
room temperature (4, Scheme 1).
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so Table 1. Aerobic oxidative cyclization of 1a with 2a.?

NH, air (1 atm) N
. //—<] room temperature \>—<]

o) toluene (2.5 mL) N

NH, 2 H

1a 3aa
entry [cat.] additive (1.0 eq) solvent yield of 3aa (%)°
1 CuBr none toluene 80
2 FeCl, none toluene 91
3 Pd(OAc), none toluene 85
4 AgNO; none toluene 80
5 CoCl, none toluene 94
6 RuCly none toluene 94
7 PPh;AuCl none toluene 91
8 none none toluene 96
9 none AcOH toluene 45
10 none PivOH toluene 90
11 none K,CO3 toluene trace
12 none KHCO3 toluene trace
13 none none DMF 7
14 none none DCE 94
15 none none THF 41

# Reaction conditions: 1a (0.25 mmol), 2a (0.375 mmol), Cat. (0.025
mmol), additive (0.25 mmol) solvent (2.5 mL), air (1 atm), 12 h.® Isolated
yields.

55

This journal is © The Royal Society of Chemistry [year]

[journal], [year], [vol], 00-00 | 1


http://dx.doi.org/10.1039/c2gc36416f

Downloaded by Stanford University on 09 October 2012
Published on 09 October 2012 on http://pubs.rsc.org | doi:10.1039/C2GC36416F

Green Chemistry

Results and discussion

Our study commenced with the reactions of 2-benzene-1, 2-
diamine (1a) and cyclopropanecarbaldehyde (2a) catalyzed by
CuBr. Interestingly, the desired product 3aa, which was

s further confirmed by single-crystal X-ray analysis (Fig. 1),"
was obtained in 80% yield in the absence of any additives in
toluene at room temperature (entry 1, Table 1). Considering
the results catalyzed by other metal salts such as Fe, Pd, Ag,
Co, Ru or Au were similar (entries 1-7, Table 1), we

10 envisioned that the metals might not affect the efficiency of
this transformation. The reaction in the absence of metal salts
was subsequently investigated. Dramatically, 3aa was

15 Figure 1. The crystal structure of 3aa.

Table 2. Aerobic oxidative cyclization of different diamines 1 with 2a.”

N NH, Air (1 atm) N
110 N\
R1—1 . //—<] room temperature R ‘ P >—Q
= NH e} toluene (2.5 mL) N
2 2a H
1 3
entry 1 yield of 3 (%)°
NH,
1 @[ 1a 3aa (96)
NH,
Me NH,
2 \©i 1b 3ba (86)
NH,
Me
NH,
3 1c 3ca (91)
NH,
Me
Me NH,
4 1d 3da (88)
NH,
Me NH,
5 I;[ 1e 3ea (77)
Me NH,
MeO NH,
6 \C[ 1f 3fa (90)
NH,
Cl NH,
] \@: 1g 3ja (73)
NH,
F NH,
8 \@[ 1h 3ha (93)
NH,
FsC NH,
9 \©i 1i 3ia (53)

NH,

# Standard reaction conditions: 1 (0.25 mmol), 2a (0.375 mmol), toluene
(2.5 mL), 25 °C, air (1 atm), 12 h. ® Isolated yields.

20 produced in 96% yield (entry 8, Table 1). The presence of

acid or base decreased the efficiency of this transformation
(entries 9-12, Table 1). The effect of different solvents were

then investigated. The reactions gave low yields respe Vel}snlme

in DMF, DCE, THF or other solvents (entries 13-15, Table

25 Table 3. Aerobic oxidative cyclization of 1a with different aldehyde 2.*
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NH, Air (1 atm) N
2
@ . 04\ g2 __oom temperature \>—R
toluene (2.5 mL) N
2 H
la 3
entry 2 yield of 3 (%)°

2a 3aa: 96

>
=0
2 E{ 2b 3ab: 53 (77)°

3 [ > N 2c 3ac: 54 (75)°
o)
4 <:>—\\ 2d 3ad: 76
o)
5 /\/\70 2e . c
Me 3ae: 46 (53)
6 Me _~_~0  2f 3af: 43 (50)°
o
7 Me™ TN 29 3ag: 41 (53)°
Me
8 Me e 2h 3ah: 62
Me
~N
9 ﬁ/\o 2i 3ai: 70
Me
Me Me

10 )Wvo 2 3aj: 56
Me
1 @CHO 2% 3ak: 0

* Standard reaction conditions: 1a (0.25 mmol), 2 (0.375 mmol), toluene
(2.5 mL), 25 °C, air (1 atm), 12 h. ® Isolated yields. The number in the
parenthesis is the yield when the reaction was carried out under O, (1
atm).

The optimized reaction conditions were applicable to a
broad range of electron-poor and -rich aromatic substrates
(Table 2). Furthermore, substituents at different positions of
the arene group (para-, meta-, and ortho-position) do not
affect the efficiency of this transformation (77-91%, 3ba-3ea,
Table 2). Many valuable functional groups such as methoxy
(3fa), chloro- (3ja), fluoro- (3fa), and trifluoromethyl groups
(3ia) were well tolerated.

The substrate scope was further extended to a variety of
substituted aldehydes 2 (Table 3). Under the optimal reaction
conditions, the aldehydes with cyclopropyl (2a), cyclobutyl
(2b), cyclopentyl (2¢) and cyclohexyl (2d) could smoothly
transform into the desired benzimidazole products in good to
excellent yields (75-96%, entries 1-4, Table 3), which are
reported as the important precursors for the synthesis of dual
inducible/neuronal nitric oxide synthase (iNOS/nNOS)
inhibitors (Scheme 2).%
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The aldehyde with alkyl chain also work well in this
transformation. Furthermore, the steric hindrance in alkyl
chain does not affect the efficiency (2h-2i, Table 3). In
addition, using molecular oxygen as oxidant, the efficiency of
this chemistry could be improved (entries 2, 3, 5-7, Table 3).
Unfortunately, the desired 2-aryl-benzimidazole 3ak was not
obtained when aromatic aldehyde was used as the substrate
under the optimal reaction conditions (entry 11, Table 3).

) = DO D Q

Scheme 2. The preparation of dual inducible/neuronal nitric oxide
synthase (iNOS/nNOS) inhibitor.

[

To test the feasibility of a large-scale reaction, the reaction
by taking 25 mmol of benzene-1, 2-diamine (1a) and
cyclopropanecarbaldehyde (2a) (37.5 mmol) was investigated.
The reaction could afford 3.28 g of 3aa in 83% yield by
recrystallization (Scheme 3). Therefore, this protocol could be
used as a practical method to synthesize the precursors of

some important bioactive molecule.
NH, air (1 atm), 36 h N

N //—<] room temperature \> <
o toluene (100 mL) N
NH; H

la 3aa

2a
3.28 g (83%)

a

20
Scheme 3. The large-scale reaction: 1a (25 mmol), 2a (37.5 mmol) ,
toluene (100 mL), 25 °C, 36 h. Isolated yield by recrystallization.

A plausible mechanism for the green and practical method
to construct benzimidazoles is illustrated in Scheme 4.
25 benzene-1, 2-diamine (1a) and cyclopropanecarbaldehyde (2a)
initially dehydrate to form imines (4).'? The intermediate 5 is
generated though the intramolecular 1,2-addition of
intermediate 4. Finally, the intermediate 5 is easily oxidized
by air to produce the desired product 3aa with H,O as the
30 byproduct.’

NH, o N
. [ 4/ __standard conditions _ I; </

N

NH; 2a H

1a 3aa
H,O
Hz0 Air
H
Nx intramolecular [: (N
(:[ 1,2-addition N
NH, H
4 5

Scheme 4. A proposed mechanism for the direct transformation.

In summary, we have demonstrated a green and practical

3s method to construct benzimidazoles, which are ubiquitous
structural units in a number of biological active compounds.
The catalyst and additive free condition, using air as oxidant
and at room temperature make this transformation Vergi greghe o
practical and attractive. Further studies to clearly understand

20 the reaction mechanism and the synthetic applications are
ongoing in our laboratory.
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