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a b s t r a c t

Polysubstituted amidines, benzimidazoles and pyrimidines were synthesized via the electrophilic acti-
vation of amides with trifluoromethanesulfonic anhydride and 2-chloropyridine. The one-pot protocol is
concise and efficient and the substrates are readily available.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Amidines are an important class of compounds for their bi-
ological properties1 and applications in heterocyclic synthesis.2

Consequently, their synthesis has received much attention.3 Con-
ventional methods for the preparation of polysubstituted amidines
include imidoylation of amines with imidoyl chlorides,4 imidate
fluoroborates,5 iminium triflates,6 iminium sulfonates,7 or
imidoylbenzotriazoles.3b

As previous reported, amide is attractive starting material due to
their easily accessible. However, amide itself is seldom used in or-
ganic synthesis for its relative stable. The nitrogen atom of the
amide donates its lone pair electrons to C–N bond, both nucleo-
philicity of nitrogen and electrophilicity of carbonyl are hence de-
creased. There are several ways to activate the amide functional
group in the literature. Among those methods, combination of
trifluoromethanesulfonic anhydride (Tf2O) and pyridine or
2-chloropyridine (2-ClPy) is hitherto the most attractive and
feasible way. In the presence of a suitable nucleophile, a variety of
compounds such as piperidines,8 carboxylic acid derivatives,9

amines,10 pyrimidines,11 and pyridines12 were thus constructed via
this electrophilic activation of amide pathway. Recently, we also
developed a one-pot domino synthesis of indoles from amides and

diazoacetate through finely tuning the electrophilicity of the acti-
vated N-aryl amides using the combination of Tf2O, 2-ClPy and
2,6-Cl2Py in a certain ratio.13 As the extension of these preliminary
results, we considered the amide itself function as a weak nucleo-
phile and tested the possibility of the self-dimerization of amides.
We herein report the details of this effort.

2. Results and discussion

Initially, we chose to focus our attention on the reaction of
N-phenylbenzamide (1a). As we expected, when the combination
of Tf2O and 2-ClPy was used as the activating reagent, the amidine
2a was readily obtained (Scheme 1).

In order to obtain the optimized reaction conditions, several
combinations of base additive were investigated (Table 1). When
pyridine and its analogous (Py, 2-ClPy, and 2,6-Cl2Py) were used as
base additive (Table 1, entries 8, 7, and 4, respectively), dimerized
product 2a was isolated in moderate to good yield. Other base
additives such as DMAP, triethylamine or DBU (Table 1, entries 9, 10
and 11, respectively) were found to be ineffective in this one-pot
approach. 2-ClPy functioned as base additive was thereby screened
for further investigation. By comparison, refluxing is necessary for
reaction completeness (Table 1, entries 4, 5 and 6), whereas half
hour is enough (Table 1, entries 2, 3 and 4). Dimerization may also
occur using Tf2O as the sole activating reagent but with relatively
lower yield (Table 1, entries 1 and 2). The mechanism presented in
Scheme 1 showed slightly difference between with or without the
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participation of 2-ClPy. In comparison with phosphoric anhydride14

as activating reagent, our method is more general and efficient.
Using the optimized reaction condition, we explored the scope

of the reaction with a variety of the accessible amides (Table 2). In
all cases, amides 1 proceeded to furnish the corresponding
substituted amidines 2. Both the amides with an aromatic acyl
(Table 2, entries 1–7) and the amides with an aliphatic acyl (Table 2,
entry 8) gave good to excellent yields (79–90%). The amide with
heterocycles such as furan or thiophene (Table 2, entries 9 and 10,
respectively) could also undergo the reaction. Moreover, the in-
ductive effects of the N-aryl side of amide on the reaction were
insignificant (Table 2, entries 1, 3, 5 and 6).

When the amides 3a–3g, derived from symmetric 1,2-dia-
minobenzenes, were used as the substrates, N-acyl benzimidazoles
4 were constructed in moderate yields (Table 3). Unsymmetrically
substituted diamides 5 afforded a mixture of two isomers 6 and 7
(Table 4). The structure of 7c was unambiguously determined by
X-ray diffraction analysis.15

Since benzimidazoles are of wide applications as drugs with
biological and pharmaceutical impact,16 and as molecular pre-
cursors for the development of ligands,17 dyes18 and polymers,19

our reaction provides a novel synthetic method leading to this
important class of heterocyclic compounds.

Using optical diamide 8 as the substrate, derived from (1R,2R)-
cyclohexane-1,2-diamine, chrial dihydroimidazoles 9 were
obtained in excellent yields (Scheme 2).

Table 1
Survey of reaction conditions for preparation of amidine 2a

Ph

O

N
H

Ph

base additive

Ph

N

Ph

O
Ph

N
PhTf2O (0.6 equiv)

DCM

1a

2a

Entry Base additive (equiv) Temperature (�C) Time (h) Yielda (%)

1 none �78wreflux 8 50
2 2-ClPy (0.6) �78wreflux 8 88
3 2-ClPy (0.6) �78wreflux 3 86
4 2-ClPy (0.6) �78wreflux 0.5 85
5 2-ClPy (0.6) �78wrt. 0.5 75
6 2-ClPy (0.6) �78 0.5 20
7 2,6-Cl2Py (0.6) �78wreflux 0.5 78
8 Py (0.6) �78wreflux 0.5 80
9 DMAP (0.6) �78wreflux 0.5 trace
10 TEA (0.6) �78wreflux 0.5 trace
11 DBU (0.6) �78wreflux 0.5 trace

a Isolated yield refers to amide 1a.

Table 2
Synthesis of amidines 2a

R1
N
H

R2

O

DCM
78°C ~ reflux, 0.5 h

R2

NR2

O
R1

N

1 2

2-ClPy (0.6 equiv)
Tf2O (0.6 equiv)

R1

Entry R1 R2 Product Yieldb (%)

1 Ph Ph 2a 85
2 Ph 2-ClC6H4 2b 85
3 4-MeOC6H4 Ph 2c 84
4 2-Me-4-MeO-C6H3 Ph 2d 80
5 4-MeC6H4 Ph 2e 79
6 4-BrC6H4 Ph 2f 83
7 2-MeC6H4 Ph 2g 90
8 Ph n-C5H11 2h 89

9
Ph

O
2i 84

10
4-MeC6H4

S
2j 82

a All reactions were performed on 1 mmol of amide.
b Isolated yield refers to amide.

Table 3
Synthesis of 1-acyl-benzimidazoles 4a

NH

NH

O R2

O R2

R1

R1

2-ClPy (1.2 equiv)
Tf2O (1.2 equiv)

DCM
-78°C ~ reflux 0.5 h

N

N
R2

R2
O

R1

R1

3

4

Entry R1 R2 Product Yieldb (%)

1 H Ph 4a 62
2 H 4-ClC6H4 4b 58
3 Cl Ph 4c 60
4 Cl 4-MeC6H4 4d 66
5 CH3 Ph 4e 55
6 CH3 4-ClC6H4 4f 51
7 H 2-MeC6H4 4g 58

a All reactions were performed on 1 mmol of amide.
b Isolated yield refers to amide.
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Scheme 1. Formation of amidine 2a.

Table 4
Synthesis of 1-acyl-benzimidazoles 6 and 7a

NH

NH

O

O R2

R2

R1

2-ClPy (1.2 equiv)
Tf2O (1.2 equiv)

DCM
-78°C ~ reflux 0.5 h

N

N
R2

R2
O

R1

N

N
R2

R2
O

R1

6

7

5

Entry R1 R2 Product Yieldc (%)

1 Me Ph 6aþ7a (4:3)b 53
2 Cl 2-MeC6H4 6b

7b
32
24

3 NO2 Ph 6c
7c

24
30

a All reactions were performed on 1 mmol of amide 5.
b The ratio for 6a/7a was determined by 1H NMR spectra.
c Isolated yield refers to amide.
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