
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

ARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

An efficient and facile synthesis of benzimidazo[1,2-a]benzimidazoles via 
copper-catalyzed domino addition/double cyclization 

Guodong Yuan,§ Haiquan Liu,§ Jilong Gao, Hongjuan Xu, Liu Jiang, Xiaoxia Wang, and Xin Lv* 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 
DOI: 10.1039/b000000x 5 

A copper-catalyzed synthesis of benzimidazo[1,2-
a]benzimidazoles by domino addition/double cyclization of 
bis-(o-haloaryl)carbodiimides with primary amines was 
developed. A variety of the desired polycyclic benzimidazoles 
were efficiently and facilely assembled. Multibonds and 10 

polycyclic moieties were directly constructed in one pot. 2-
Bromo-2’-iodo-diarylcarbodiimides gave good selectivity. 

 
The benzimidazole skeleton is found in many biologically active 
natural products and pharmaceuticals.1 Polycyclic benzimidzole 15 

derivatives are of significance in medicinal chemistry2 and 
material science.3 As a subclass of imidazobenzimidazoles,2b, 4 
benzimidazo[1,2-a]benzimidazoles may exhibit interesting 
pharmaceutical and biological activities. These polycyclic 
molecules have also attracted great interest in the field of 20 

electroluminescent devices.5 
The common approaches to imidazobenzimidazoles usually 

suffer from the drawbacks such as the use of special reagents, 
tedious procedures, low efficiency, and/or the narrow application 
scopes.2a-b, 5a, 6 Recently, Fu et al. found that the Cu-catalyzed 25 

oxidative intramolecular C-H amination lead to 
imidazobenzimidazoles.7 The method was efficient and 
economical. However, substituted 2-(1H-imidazol-1-yl)-N–
alkylbenzenamines should be prepared beforehand and high 
reaction temperature (155 °C) was required. 30 

Catalytic domino transformation is an efficient and convenient 
strategy for the one-step assembly of molecular complexity and 
diversity from readily available starting materials.8 Copper-
catalyzed domino synthesis have received considerable attention 
because of their low cost, high efficiency and convenience.9 To 35 

the best of our knowledge, there is no report about the copper-
catalyzed one-pot multi-bond forming assembly of 
benzimidazo[1,2-a]benzimidazoles. In continuation of our efforts 
to synthesize heterocycles using domino methods,10 we 
investigated the Cu-catalyzed domino approaches to 40 

benzimidazo[1,2-a]benzimidazoles from bis-(o-
haloaryl)carbodiimides11, 12 and primary amines. 

Initially, 2-bromo-N-(((2-iodophenyl)imino)methylene)aniline 
1a and benzylamine 2a were chosen as the model substrates. In a 
typical experiment, substrate 1a (0.5 mmol, 1 equiv) was treated 45 

with 2a (0.55 mmol, 1.1 equiv) in the presence of CuI (10 mol%), 
1,10-phen (monohydrate, 20 mol%), and K3PO4 (2 mmol, 4 equiv) 
in dioxane at 100 ºC for 12 h. Encouragingly, the desired double-

cyclized product 3a was isolated in a good yield (Table 1, entry 
1). Other copper catalysts such as CuBr, CuCl and Cu2O were 50 

then screened, and the best result was obtained when CuCl was 
utilized as the catalyst (Table 1, entries 2-4). Trace amount of the 
product was observed in the absence of copper catalyst (Table 1, 
entry 5), showing that the catalyst was indispensable for this 
reaction. The effect of base was investigated (Table 1, entries 3 55 

and 6-8), and K3PO4 turned out to be the optimal base (Table 1, 
entry 6). Different solvents were also examined for this domino 
transformation (Table 1, entries 6 and 9-11). Dioxane, DMF and 
toluene were found to be suitable solvents (Table 1, entries 6, 9 
and 10), whereas dioxane showed to be superior to others (Table 60 

1, entry 6). Among the ligands tested for the reaction, 1,10-phen 
exhibited the highest activity (Table 1, compare entry 6 with 
entries 12-14). Notably, 75% yield of the desired product was 
obtained in a control experiment without the addition of ligand 
(Table 1, entry 15), indicating that the addition intermediate itself 65 

might act as a ligand. 
 

Table 1. Optimization of the reaction conditionsa 

1,10-phen H2O
1,10-phen H2O
1,10-phen H2O
1,10-phen H2O
1,10-phen H2O
1,10-phen H2O
1,10-phen H2O
1,10-phen H2O
1,10-phen H2O
1,10-phen H2O
1,10-phen H2O

L-proline
2-piperidinecarboxylic acid

2,2'-bipy
-

N
C

N

I

Br

Catalyst/Ligand

Solvent, base

H2N N

N

N Ph

1a 2a 3a

Entry Catalyst Base Solvent Ligand Yieldb

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

CuI
CuBr
CuCl
Cu2O

-
CuCl
CuCl
CuCl
CuCl
CuCl
CuCl
CuCl
CuCl
CuCl
CuCl

Cs2CO3
Cs2CO3
Cs2CO3
Cs2CO3
Cs2CO3
K3PO4
Na2CO3
K2CO3
K3PO4
K3PO4
K3PO4
K3PO4
K3PO4
K3PO4
K3PO4

dioxane
dioxane
dioxane
dioxane
dioxane
dioxane
dioxane
dioxane
DMF
toluene
MeCN
dioxane
dioxane
dioxane
dioxane

87%
70%
90%
81%
trace
95%
60%
73%
91%
88%
39%
40%
65%
29%
75%

 
a Reaction conditions: 2-bromo-N-(((2-iodophenyl)imino)methylene)-70 

aniline 1a (0.5 mmol, 1 equiv),  benzylamine 2a (0.55 mmol, 1.1 equiv), 
Cu catalyst (0.05 mmol, 10 mol%), ligand (0.1 mmol, 20 mol%), and base 
(2 mmol, 4 equiv), in solvent (3 mL), under nitrogen atmosphere, at 100 
ºC for 12 h. b Isolated yield. 
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We next investigated the reaction scope by varying bis-(o-
haloaryl)carbodiimides and N-nucleophiles. As summarized in 
Table 2, generally, both electron-donating and electron-
withdrawing groups on the phenyl rings of bis-(o-
haloaryl)carbodiimides were well tolerated, and the desired 5 

double cyclized products were efficiently generated (Table 2, 
entries 1-12 and 14-20). A range of the substrates including o-

bromo-o’-iodo-diphenylcarbodiimides (Table 2, entries 1-12), 
bis-(o-iodophenyl)carbodiimides (Table 2, entries 14-17), and 
bis-(o-bromophenyl)carbodiimides (Table 2, entries 18-20) were 10 

compatible with the reaction conditions, delivering the 
corresponding benzimidazo[1,2-a]benzimidazoles in good to 
excellent yields, though the reactions of the dibromides usually 
required a longer reaction time (Table 2, entries 18-20). However,  

 15 

Table 2. Cu-catalyzed domino synthesis of benzimidazo[1,2-a]benzimidazolesa 

 
a Reaction conditions: 1 (0.5 mmol, 1 equiv),  primary amine 2 (0.55 mmol, 1.1 equiv), CuCl (0.05 mmol, 10 mol%), 1,10-phen·H2O (0.1 mmol, 20 mol%), 
and K3PO4 (2 mmol, 4 equiv), in dioxane (3 mL), under nitrogen atmosphere, at 100 ºC for 12 h. b Isolated yield. c For 24 h. d For 18 h. 
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the 2-bromo-N-(((2-iodophenyl)imino)methylene)aniline with a 
strong electron-withdrawing group (NO2) on the aromatic ring 
showed less reactive and furnished the product only in a moderate 
yield (Table 2, entry 13). A variety of primary amines were also 
employed. Either aliphatic (including the    benzylamines; Table 5 

2, entries 1-6 and 11-20) or aromatic primary amines (Table 2, 
entries 7-10) efficiently reacted with bis-(o-
haloaryl)carbodiimides to afford the corresponding polycyclic 
benzimidazole derivatives. The anilines bearing electron-poor 

aromatic rings (Table 2, entries 8 and 10) performed as well as 10 

those with electron-rich phenyl rings (Table 2, entry 9). Notably, 
a heteroaromatic aniline could also be successfully employed as 
the N-nucleophile (Table 2, entry 10). 

As shown in Scheme 1, excellent selectivity was achieved 
during our research. It was noticeable that the reaction of 15 

unsymmetrical 2-bromo-2’-iodo-diphenylcarbodiimide gave the 
polycyclic products with good to exclusive selectivity . 

 
Scheme 1. The selective domino reactions of unsymmetrical bis-(o-haloaryl)carbodiimides with primary aliphatic amines 

 20 

A possible pathway to the benzimidazo[1,2-a]benzimidazole 
from the reaction of bis-(o-haloaryl)carbodiimide with primary 
amine was shown in Scheme 2. The nucleophilic addition of 
primary amine 2 to carbodiimide 1 initiated the reaction, and 
addition intermediate 4 was generated; then 4 might give 25 

intermediate 5 (or 5’) through an intramolecular C-N coupling; 
finally, product 3 (or 3’) formed via another intramolecular C-N 

coupling process. It was worthy noting that 3 was selectively 
obtained when unsymmetrical substituted 2-bromo-2’-iodo-
diphenylcarbodiimide and aliphatic primary amine were utilized 30 

as the materials, probably due to the different reactivity of the C-I 
bond and C-Br bond, as well as the NH-aryl group’s better 
activity than the NH-alkyl group’s in the intramolecular coupling 
process. 

  35 

Scheme 2. The proposed mechanism for the domino reaction of bis-(o-haloaryl)carbodiimide with primary amine 
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Conclusions 

In conclusion, a novel, concise and efficient method for the 
synthesis of benzimidazo[1,2-a]benzimidazoles has been 
developed. A wide range of the polycyclic benzimidazole 
derivatives, which might be useful in medicinal chemistry and 5 

material fields, were facilely generated in good to excellent yields 
through copper-catalyzed domino addition/double cyclization 
process. The starting materials are readily available, the 
application scope is broad, and the procedure is convenient. 
Notably, multibonds and polycyclic moieties were directly 10 

constructed in one pot. Furthermore, good selectivity was 
observed when unsymmetrical 2-bromo-2’-iodo-
diphenylcarbodiimides were utilized. The domino transformation 
would be useful and practical for the synthesis of various 
polycyclic N-heterocycles of medicinal and material interests. 15 
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A variety of benzimidazo[1,2-a]benzimidazole derivatives were efficiently and facilely assembled from 

bis-(o-haloaryl)carbodiimides and primary amines through a Cu-catalyzed domino addition/double cyclization 

process. 
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