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ABSTRACT

A convenient method for the copper(I)-catalyzed arylation of substituted imidazo[1,2-a]pyridine has been developed. This method is applicable to
a variety of aryl electrophiles, including bromides, iodides, and triflates. It represents the first general process for C-3 arylation of substituted
imidazo[1,2-a]pyridine by Cu(I) catalysis to construct various functionalized imidazo[1,2-a]pyridine core π-systems.

Transition-metal-catalyzed direct C�H functionaliza-
tion represents a powerful tool for the formation of
heteroaromatic molecules via coupling of two different
fragments in organic synthesis1 and has attracted consider-
able interest2 among chemists. These heteroaromatic mol-
ecules play an important role in predominant structural
motifs ofmany natural products and bioactivemolecules.3

In recent decades, a variety of direct arylation reactions to
synthesize these compounds have been developed by C�H
bond functionalization due to its high efficiency. In partic-
ular, Pd-,4 Rh-,5and Ru-6catalyzed direct C�H arylations
of heteroaromatic compounds have been extensively stud-

ied. Compared with those expensive catalysts, inexpensive

Cu,7 Fe,8 and Ni9 salts proved to be highly effective for

direct arylation but showed more potential in future

development. Although a variety of heterocyclic com-

pounds, such as imidazo[2,1-b]thiazole, indolizines, imidazo

[1,5-a]pyrazines, xanthines, and thiazoles, have been devel-

oped to construct heteroaromatic molecules via several

metal-catalyzed direct arylations, there is still an intrinsic

need to develop and construct new heteroaromatic mole-

cules by Cu-catalyzed direct C�H functionalization under

much milder conditions and simpler catalytic system.10
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In contrast, imidazo[1,2-a]pyridine derivatives as impor-
tant fine chemicals have been found to be key structural

units in many natural products and drugs and exhibited a

wide range of biological activities,11 such as zolpidem,

zolimidine, and alpidem. Thus, the development of an

efficient transformation to form novel imidazo[1,2-

a]pyridine derivatives is a long-standing and challenging

goal of organic chemists. To the best of our knowledge,

there has been no report of a Cu(I)-catalyzed example of

direct arylation of the imidazo[1,2-a]pyridine.
2-Methylimidazo[1,2-a]pyridine 1a and iodobenzene 2a

were chosen as model substrates to optimize the reaction
conditions. Without any ligand, treatment of 1a with 2a

using Cs2CO3 as the base and CuCl as the copper source in
DMF afforded very poor conversion, yielding only 5% of
3aa (Table 1, entry 1). In the absence of base, reaction fails
completely (entry 2). The desired product 3aa was ob-
tained in 25% yield, when the reaction was carried out in
the presence of CuCl as the catalyst, PPh3 as the ligand,
and Cs2CO3 as the base at 140 �C for 24 h (entry 3). Other
Cu(I) catalysts, such as CuBr, CuI, CuCN, were examined
at 140 �C for 24 h (entries 4�6). Excitingly, CuI proved to
be an ideal choice among the catalysts investigated. Sub-
sequently, our study focused on the arylation of 1a by
testing various ligands, such as PBu3, Phen, pyridine, Bpy,
DMEDA, TMEDA, and DABCO (entries 7�13).The use
of Phen as a ligand significantly improved the catalytic

efficiency. Bases such as Cs2CO3, K2CO3, t-BuOLi, t-
BuOK, and K3PO4 were found to facilitate this coupling
reaction, and among them t-BuOK was the best (entries
14�17). After a variety of solvents were examined, such
as DMF, NMP, DMA, and toluene, DMFwas clearly the
best solvent system (entries 18�20). These preliminary
results revealed that Phen acts as a good ligand with
optimumconditionswhich include the presenceof t-BuOK
andCuI as the copper source inDMF solvent at 140 �C for
24 h. The results proved that the conditions previously
reported by Daugulis are optimal for direct arylation.
With the establishment of a viable reaction system, the

scope of this coupling reaction was further expanded and
the results are summarized inTable 2. To explore the scope
of the arylation reaction, a variety of different imidazo[1,2-
a]pyridines (1a�1d) and diverse aryl iodides (2a�2p) were
examined under optimal conditions to form the corre-
sponding product. First, by using 1a as a fixed substrate,
we carried out the arylation of 1awith various types of aryl
iodides. From Table 2, it was found that the reaction
conditions were useful for 2a�2o and in most cases the
corresponding products 3aa�3ao were obtained in mod-
erate to good yields (entries 1�15). The results clearly
indicate that this protocol is general and applicable for

Table 1. Optimization of Reaction Conditions a

entry cat. ligandb base solvent

yield

(%)c

1 CuCl � Cs2CO3 DMF 5

2 CuCl PPh3 � DMF �
3 CuCl PPh3 Cs2CO3 DMF 25

4 CuBr PPh3 Cs2CO3 DMF 22

5 CuI PPh3 Cs2CO3 DMF 39

6 CuCN PPh3 Cs2CO3 DMF 35

7 CuI PBu3 Cs2CO3 DMF 36

8 CuI Phen Cs2CO3 DMF 70

9 CuI pyridine Cs2CO3 DMF 43

10 CuI Bpy Cs2CO3 DMF 58

11 CuI DMEDA Cs2CO3 DMF 56

12 CuI TMEDA Cs2CO3 DMF 21

13 CuI DABCO Cs2CO3 DMF 17

14 CuI Phen K2CO3 DMF 73

15 CuI Phen t-BuOLi DMF 86

16 CuI Phen t-BuOK DMF 92(87)d

17 CuI Phen K3PO4 DMF 41

18 CuI Phen t-BuOK DMA 86

19 CuI Phen t-BuOK NMP 85

20 CuI Phen t-BuOK toluene 74

aReaction conditions: 1a (1 mmol), 2a (1.5 mmol), CuI (5 mol %),
ligand (10 mol %), and base (2.5 mmol) in 2 mL of solvent at 140 �C for
24 h. bPhen = 1,10-phenanthroline; Bpy = 2,20-bipyridine; DMEDA =
N,N0-dimethylethylene diamine; TMEDA = N,N,N,N0-tetramethy-
lethylene diamine;DABCO=1,4-diazabicyclo[2.2.2]octane. cGCyield.
d Isolated yield.
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reactions of a wide variety of electron-rich and -deficient
aryl iodides. It is noteworthy that the present strategy was
tolerant ofmany other functional groups including o-F,m-
F, p-F, and p-CN, (entries 9�11, 15). Also this arylation is
less sensitive to steric factors and gives good yields which
has been evident in all ortho-substituted iodoarenes
(entries 2, 7, 13). Furthermore, other different substituted
imidazo[1,2-a]pyridines, such as 2-(trifluoromethyl)imi-
dazo[1,2-a]pyridine (1b), 6-chloro-2-methylimidazo[1,
2-a]pyridine (1c), ethyl 5-methylimidazo[1,2-a]pyridine-2-
carboxylate (1d), ethyl imidazo[1,2-a]pyridine-2-carboxy-
late (1e), and 2-phenylimidazo[1,2-a]pyridine (1f), were
also tested and coupled with aryl iodides to give the
corresponding products in good yields. From Table 2, it

is observed that this transformation occurs smoothly. Also
this process is applicable for arylationof a variety of electron-
deficient groups at C-2, such as �CF3 and �CO2Et. How-
ever, the corresponding product 3frwas not detected, when
the arylation of 1f with 2r was carried out.
We also applied these direct arylation conditions to

other phenyl electrophiles, such as aryl bromides, triflates.
As shown in Table 3, we are pleased to find that the aryl
bromides coupled with 1a, 1b, or 1c smoothly to afford the
expected products in good yields under the optimal condi-
tions (entries 1�11). To our surprise, the arylation of the
triflates, suchas phenyl triflate and p-tolyl triflate,with 1aor
1b also reacted to give the corresponding product 3aa, 3ad,
3bc in moderate to good yields (entries 1, 3, 8). All of these

Table 2. Direct Arylation of Substituted Imidazo[1,2-a]pyridine with Aryl Iodidesa

aReaction conditions: 1 (1 mmol), 2 (1.5 mmol), CuI (5 mol%), 1,10-phenanthroline (10 mol%), and t-BuOK (2.5 mmol) in DMF (2 mL) at 140 �C
for 24 h. b Isolated yield.



Org. Lett., Vol. 14, No. 7, 2012 1691

results in Tables 2 and 3 demonstrate clearly that this
copper(I) catalytic systems are applicable to a variety of
aryl electrophiles, including bromides, iodides, and triflates.
Finally, we attempted to constructmore complex imida-

zo[1,2-a]pyridine derivatives by coupling 1a with 1,4-
diiodobenzene, 1,4-dibromobenzene, 1,2-diiodobenzene,
and 1,2-dibromobenzene (Scheme 1). Interestingly, the
desired product 1,4-bis(2-methylimidazo[1,2-a]pyridin-3-yl)-
benzene 4awas formed,when the reactionwas carried out by
using 1,4-diiodobenzene or 1,4-dibromobenzene as the sub-
strate. However, when 1,2-diiodobenzene or 1,2-dibromo-
benzene was used as the substrate, the target compound 4b

was not detected and trace amounts of product 4c was
detected by GC-MS.
A proposed mechanism is described in Scheme 2. The

mechanism was consistent with previous studies on the
arylation of heterocycles.12First, deprotonation utilizing t-
BuOKwould generate intermediateA. And then transme-
talation to copper formed the intermediate B, which
possibly would then undergo PhI reversible oxidative
addition to give the intermediate C. Finally intermediate
C underwent reductive elimination to give the product 3aa
and released the Cu(I) catalyst.
In conclusion, we have developed an inexpensive

copper(I) catalytic system for the efficient direct arylation
of substituted imidazo[1,2-a]pyridines (1a�1f)withdiverse
aryl iodides, aryl bromides, and triflates to give rise to
the corresponding π-conjugated compounds. This trans-
formation provides a new avenue for developing C�C

bond-forming processes ofmultisubstituted imidazo[1,2-a]
pyridine which is a common structural motif in natural
products and pharmaceuticals. The advantage of this
arylation is the usage of inexpensive copper, rather than
expensive palladium, as a catalyst with better yields.
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Table 3. Arylation of 1 with Aryl Bromides or Triflatesa

entry 1 ArX product yield (%)b

1 1a X = Br, OTf 3aa 81 (76)c

2 1a X = Br 3ac 79

3 1a X = Br, OTf 3ad 84 (81)

4 1a X = Br 3af 77

5 1a X = Br 3ag 72

7 1a X = Br 3ah 85

7 1a X = Br 3ak 81

8 1b X = Br, OTf 3bc 78 (75)c

9 1b X = Br 3be 76

10 1c X = Br 3cc 83

aReaction conditions: 1 (1mmol), 2 (1.5mmol), CuI (5mol%),1,10-
phenanthroline (10 mol %), and t-BuOK (2.5 mmol) in DMF (2 mL) at
140 �C for 24 h. b Isolated yield. cUsing triflates as substrates.

Scheme 1. Arylation of 1a with Aryl Dihalides

Scheme 2. Proposed Mechanism for CuI-Catalyzed Arylation
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