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We have developed an efficient method for the synthesis of
benzimidazoles via cascade reactions of o-haloacetoanilide
derivatives with amidine hydrochlorides. The protocol uses
10 mol % CuBr as the catalyst, Cs2CO3 as the base, and
DMSO as the solvent, and no ligand is required. The
procedure proceeds via the sequential coupling of o-
haloacetoanilide derivatives with amidines, hydrolysis of the
intermediates (amides), and intramolecular cyclization with
the loss of NH3 to give 2-substituted 1H-benzimidazoles.

Benzimidazoles have attracted much attention for their wide
applications as enzyme inhibitors,1 drugs,2 dyes,3 and polymers.4

Among the previous methods,5 the condensation of 1,2-

diaminoarene derivatives with carbonyl compounds is perhaps
the most common.6 Substituted o-nitroanilines can also be used
in the place of the 1,2-diaminoarene derivatives under reducing
conditions.7 However, the preparation of benzimidazoles with
these methods depends on the availability of the requisite 1,2-
diaminoarene or o-nitroaniline derivatives, and some of them
are sometimes difficult to prepare.8 Recently, considerable
progress has been made in the area of copper-catalyzed Ullmann
N-arylations,9 with some research groups10-12 and ourselves13

having developed highly efficient copper catalyst systems to
N-arylate amines, and therefore construct N-heterocycles.14

Copper15 and palladium-catalyzed16 couplings of o-haloacetoa-
nilides with amines to form N-aryl benzimidazoles have been
reported. Herein, we report a novel and efficient copper-
catalyzed cascade reaction of o-haloacetoanilide derivatives with
amidine hydrochlorides to synthesize 2-substituted benzimidazoles.
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Initially, o-bromoacetoanilide and butyramidine hydrochloride
were chosen as the model substrates to optimize reaction
conditions including optimization of the catalysts, ligands, bases,
and solvents under nitrogen atmosphere. Reaction temperature
was maintained at 90 °C (N-arylation temperature of amidine)
for 24 h and then at 120 °C (hydrolysis temperature of amide,
see reaction mechanism in Scheme 2) for 48 h as shown in
Table 1, and 2-propyl-1H-benzimidazole (3b) was obtained in
various yields. The copper salts CuBr, CuI, Cu2O, and CuCl2

(10 mol % amount relative to o-bromoacetoanilide) were tested
in DMSO (entries 1-4), using 20 mol % 3,4,7,8-tetramethyl-
1,10-phenanthroline as the ligand and 3 equiv of Cs2CO3 as
the base. CuBr was found to be the most effective catalyst (entry
1). We attempted to use different ligands (entries 5-8) in DMF,
and N,N′-dimethylethylenediamine showed the highest activity
(entry 6). We changed solvent from DMF to DMSO, and the
results showed that DMF was much better than DMSO (compare
entries 6 and 9). Surprisingly, 2-propyl-1H-benzimidazole (3b)
was obtained in 63% yield with Cs2CO3 as the base and DMSO
as the solvent in the absence of ligand (entry 10), which implied
the existence of an ortho-substitutent effect (see the reaction
mechanism). The effect of bases was also investigated (entries
10-12), and Cs2CO3 proved to be most effective (entry 10).
When DMSO was replaced with DMF as the solvent, the

coupling reaction gave a lower yield (entry 13). After the
optimization process for catalysts, ligands, bases, and solvents,
the various benzimidazole derivatives were synthesized under
our standard conditions: 10 mol % CuBr as the catalyst, 3 equiv
of Cs2CO3 as the base (relative to o-haloacetoanilides), and
DMSO as the solvent.

Using the optimized conditions, we investigated the scope
of substrates. As shown in Table 2, all the examined substrates
provided the corresponding benzimidazoles in good yields. For
the substituted o-haloacetanilides, o-iodoacetanilide showed
higher reactivity than o-bromoacetanilide derivatives, the N-

SCHEME 1. Copper-Catalyzed Couplings of Butyramidine
Hydrochloride with o-Bromoacetoanilide (1b) or
o-Bromoaniline

TABLE 1. Copper-Catalyzed Synthesis of
2-Propyl-1H-benzimidazole (3b) via Cascade Reaction of
o-Bromoacetanilide with Butyramidine Hydrochloride: Optimization
of the Catalysis Conditionsa

entry catalyst ligand base solvent yield b

1 CuBr A Cs2CO3 DMSO 33
2 CuI A Cs2CO3 DMSO 28
3 Cu2O A Cs2CO3 DMSO 31
4 CuCl2 A Cs2CO3 DMSO 10
5 CuBr A Cs2CO3 DMF 34
6 CuBr B Cs2CO3 DMF 65
7 CuBr C Cs2CO DMF 51
8 CuBr D Cs2CO3 DMF 36
9 CuBr B Cs2CO3 DMSO 25
10 CuBr Cs2CO3 DMSO 63
11 CuBr K2CO3 DMSO 42
12 CuBr K3PO4 DMSO 59
13 CuBr Cs2CO3 DMF 37

a Reaction conditions: under nitrogen atmosphere, reaction temper-
ature (90 °C for 24 h, and then 120 °C for 48 h). o-Bromoacetanilide (1
mmol), butyramidine hydrochloride (1.2 mmol), catalyst (0.1 mmol),
ligand (0.2 mmol), base (3 mmol), solvent (2 mL). b Isolated yield.

TABLE 2. Copper-Catalyzed Synthesis of 2-Substituted
Benzimidazoles via Cascade Reactions of o-Haloacetanilide
Derivatives with Amidine Hydrochloridesa

a Reaction conditions: o-haloacetanilide derivative (1 mmol), amidine
hydrochloride (1.2 mmol), CuBr (0.1 mmol), Cs2CO3 (3 mmol), DMSO
(2 mL) under N2. Reaction temperature and time (60 °C/10 h and then
120 °C/48 h for 1a; 90 °C/24 h and then 120 °C/48 h for 1b and 1c; 70
°C/24 h and then 120 °C/48 h for 1d and 1e). b Isolated yield.
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arylation of amidines was performed at 60 °C with o-iodoac-
etanilide as the partner (entries 1 and 2), but it was necessary
to raise the temperature to 90 °C for o-bromoacetanilide (entries
3-13). o-Haloacetanilides containing electron-withdrawing
groups showed higher reactivity than ones containing electron-
donating groups. For 2-bromo-4-bromoacetanilide, the N-
arylation of amidines selectively occurred ortho to the NH-
COCH3 group, therefore revealing an ortho-substituent-effect
during the Ullmann coupling reaction (see the reaction mech-
anism). Although aliphatic amidines showed high reactivity,
unfortunately, aryl ones were poor substrates.

We also attempted a one-pot two-step coupling of o-ha-
loacetanilides, amidine hydrochlorides, and aryl iodides as
shown in Table 3. Reaction conditions for formation of
2-substituted 1H-benzimidazoles are similar to those in Table
2. Once the formation of 2-substituted 1H-benzimidazoles was
completed (TLC determination), 2 or 3 equiv of aryl iodide and
20 mol % 3,4,7,8-tetramethyl-1,10-phenanthroline were added
to the resulting solution. N-Arylation of the 2-substituted 1H-
benzimidazoles then smoothly occurred to give 1,2-disubstituted
benzimidazoles in good yield. The one-pot two-step coupling
of 2-bromo-4-methylacetanilide, acetamidine hydrochloride, and
1-iodobenzene or 1-chloro-4-iodobenzene provided isomeric 1,2-
disubstituted benzimidazoles (entries 7 and 8). Interestingly,
2-bromo-4-bromoacetanilide only gave an isomer (entry 9).

We also investigated the reaction mechanism to form
2-substituted benzimidazoles via cascade reactions of o-halo-
acetanilides with amidine hydrochlorides in the presence of
Cs2CO3. The reaction mixture was examined by ESI-MS after
coupling of o-bromoacetoanilide with butyramidine hydrochlo-
ride for a time, and intermediate I and 2-propyl-1H-benzimi-
dazole (3b) were found (see Figure 1 in the Supporting
Information) (Scheme 1, reaction i). However, treatment of
o-bromoaniline with butyramidine hydrochloride did not produce
intermediate II and product 3b (Scheme 1, reaction ii). The
results above imply that the NHCOCH3 substituent in o-
bromoacetoanilide mediates the N-arylation. Since suitable
ortho-substituents can promote Ullmann-type couplings,17 a
plausible mechanism to form 2-substituted benzimidazoles is
proposed in Scheme 2. Reaction of amidine hydrochloride (2)
with base (Cs2CO3) produces free amidine (2′) and water.
Coordination of o-haloacetanilide with CuBr first forms III,
oxidation addition of III provides coordinate IV, and complex-
ation of IV with amidine gives V. Reductive elimination of V
in the presence of Cs2CO3 affords N-arylation product (I) of
amidaine releasing copper catalyst. Hydrolysis of I in the
presence of base (Cs2CO3) provides II,18 which undergoes ring
closure and elimination of NH3 to provide the target product 3.

In summary, we have developed an efficient method for
copper-catalyzed synthesis of 2-substituted benzimidazoles, and
the protocol uses inexpensive CuBr as the catalyst and readily
available o-haloacetanilide derivatives and amidine hydrochlo-
rides as the substrates, and no ligand is required. The method
has practical applications for the synthesis of enzyme inhibitors
and pharmaceutical and medicinal compounds, as well as
polymers and materials containing the benzimidazole motif.
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TABLE 3. Copper-Catalyzed Synthesis of 1,2-Disubstituted
Benzimidazoles via One-Pot Two-Step Reactionsa

a Reaction conditions: For step 1, o-haloacetanilide derivative (1
mmol), amidine hydrochloride (1.2 mmol), CuBr (0.1 mmol), Cs2CO3 (3
mmol), DMSO (2 mL) under N2, reaction temperature and time are the
same as given in Table 2. For step 2, aryl iodide (3 mmol for 4a, 2
mmol for others), ligand A (0.2 mmol), reaction temperature and time
(130 °C/36 h for entry 8; 120 °C/36 h for others). b Isolated yield.
c Ratio of 5 to 5′ was determined by 1H NMR.
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Experimental Section

General Procedure for Copper-Catalyzed Synthesis of 2-Sub-
stituted 1H-Benzimidazoles (3a-k) and 1,2-Disubstituted Ben-
zimidazoles (5a-i). A flask was charged with CuBr (14 mg, 0.1
mmol), Cs2CO3 (977 mg, 3 mmol) (see Tables 2 and 3) in 2 mL of
DMSO, and o-haloacetanilide (1 mmol) and amidine hydrochloride
(1.2 mmol) (see Tables 2 and 3) were added to the flask at room
temperature under nitrogen atmosphere. The mixture was stirred
at 60-90 °C (see Tables 2 and 3) under nitrogen atmosphere. After
the coupling reaction for a time as shown in Tables 2 and 3, the
resulting solution was raised to 120 °C, and the reaction was
maintained for 48 h. The reaction system was cooled to room
temperature, and then the workup was performed for synthesis of
2-substituted benzimidazoles in Table 2. The cooled mixture was
partitioned between water and ethyl acetate. The organic layer was
separated, and the aqueous layer was extracted with ethyl acetate.
The combined organic layers were dried over Na2SO4, and
concentrated in vacuo. The residue was purified by column

chromatography on silica gel using petroleum ether/ethyl acetate
as eluent to provide the desired product. For synthesis of disub-
stituted benzimidazoles in Table 3, aryl iodide (2 mmol) and 3,4,7,8-
tetramethyl-1,10-phenanthroline (47 mg, 0.2 mmol) were added to
the resulting solution, and the reaction was carried out at 120 or
130 °C for 36 h under nitrogen atmosphere. The following workup
was similar to the former (2-substituted benzimidazoles). Two
examples are shown as follows.

5-Bromo-2-methylbenzimidazole (3e). Eluent: ethyl acetate.
Yield 86% (180 mg). White solid, mp 232-233 °C. 1H NMR
(DMSO-d6, 300 MHz, ppm) δ 7.65 (s, 1H), 7.43-7.40 (d, 1H, J
) 9.0 Hz), 7.26-7.23 (d, 1H, J ) 9.0 Hz), 2.50 (s, 3H). 13C NMR
(DMSO-d6, 75 MHz, ppm) δ 153.4, 141.3, 138.2, 124.4, 117.7,
116.1, 113.8, 15.1. ESI-MS M+ 210.5, 212.4.

1-Phenyl-2-propylbenzoimidazole (5b). Eluent: petroleum ether/
ethyl acetate (6:1). Yield 65% (153 mg). Pale yellow viscous liquid.
1H NMR (CDCl3, 300 MHz, ppm) δ 7.80-7.10 (m, 9H), 2.77 (t,
2H, J ) 7.6 Hz), 1.83 (dt, 2H, J ) 7.6 Hz), 0.94 (t, 3H, J ) 7.6
Hz). 13C NMR (CDCl3, 75 MHz, ppm) δ 155.3, 136.6, 136.1, 130.0,
129.6, 129.0, 127.5, 122.6, 122.4, 119.2, 29.7, 21.3, 14.0. ESI-MS
[M + H]+ m/z 236.5.
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SCHEME 2. Plausible Reaction Mechanism To Form
Benzimidazoles via Copper-Catalyzed Cascade Reactions of
o-Haloacetanilide Derivatives with Amidine Hydrochlorides
in the Presence of Cs2CO3
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