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A convenient Rh-catalyzed C-H arylation of imidazo[1,2-a]pyridines with a variety of aryl halides or triflates
has been reported. This process afforded a range of biaryl compounds in excellent yields and showed high

activity and broad scope.
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Introduction

Heteroaromatics bearing aryl-heteroaryl bond are always
as one of the most important structural units frequently
found in biological compounds, natural products, materials
chemistry, ligands.! As a pharmacophore, those compounds
exhibit a wide range of biological activities such as anti-
biotics, anti-inflammatories, anticancer and antifungal.> Due
to their wide range of practical applications, many synthetic
organic chemists have focused much of their attention on the
coupling reaction to prepare heteroaromatics for the con-
struction of new carbon-carbon bonds.?

Transition-metal-catalyzed coupling reactions play a cru-
cial role in synthetic organic chemistry and have revolu-
tionized the way to form carbon-carbon bonds.* The fields of
transition-metal-catalyzed coupling reactions have attracted
attention because of their synthetic efficiency. Over the past
few decades, many elegant transition-metal-catalyzed coupl-
ing reactions have been reported to form this kind of bis-
(hetero)aryl products, including the classical Suzuki- Miyaura,’
Negishi,® Stille,” and Kumada reactions.® In addition, transi-
tion-metal-catalyzed arylation has been reported to success-
fully construct bis(hetero)aryl products and most of them
included transition-metal catalysts such as Pd,” Cu,'” Rh!!
and Ru."? Therefore, to develop novel transformations for
the formation of carbon-carbon bonds via rhodium-cata-
lyzed arylation reactions remains a continuing challenge
reflecting organic chemistry.

Herein, an convenient rhodium-catalyzed arylation of
various imidazo[1,2-a]pyridines with aryl halides and tri-
flates has been described to form bis(hetero)aryl products.

Results and Discussion
2,3-Diphenylimidazo[1,2-a]pyridine (1a) and bromobenz-

ene (2a) was chosen as model system to identify and opti-
mize potential catalysts. The critical reaction parameters and

the results were summarized in Table 1. The rhodium cata-
lysts were firstly tested for the direct arylation process. The
results indicated that [Rh(cod)OH],, Rh(cod)BF4, Rh(PPh3);Cl
afforded 3aa in moderate yields (entries 1-3) in the presence
of K>COj; without ligand at 100 for 20 h. However, using
[Rh(cod)Cl], as the catalyst provided 3aa in 43% yield
under the same caditons (entry 4). Among the base survey-
ed, K»COj; was superior to Na,CO3, Cs,CO3, NaOr-Bu, KOAc
(entries 5-8). A variety of ligands were next examined to

Table 1. Optimization of Reaction Conditions”

H Ph
CNL/\ngh + PhBr catalyst, ligand = N/\g~Ph
XN base, solvent, 100 °C Xx~ =N
1a 2a 3aa
Entry Catalyst Base Ligand  Solvent \(((1)/e0 ])(,3
1 [Rh(cod)OH]>  K,COs - NMP 26
2 Rh(PPh3);Cl K>COs3 - NMP 23
3 Rh(cod)BF4 K>COs3 - NMP 11
4 [Rh(cod)Cl]2  K»CO; - NMP 43
5 [Rh(cod)Cl],  NayCOs - NMP 32
6 [Rh(cod)Cl],  Cs,COs - NMP 38
7 [Rh(cod)Cl]» NaO#-Bu - NMP 10
8 [Rh(cod)Cl]» KOAc - NMP 3
9 [Rh(cod)Cl],  K»CO; PPh; NMP 92
10 [Rh(cod)Cl],  K»CO; PBu; NMP 81
11¢  [Rh(cod)Cl],  K,COs Bpy NMP 52
12°  [Rh(cod)Cl],  K,COs Phen NMP 58
13 [Rh(cod)Cl],  K»CO; PPh; DMSO 71
14 [Rh(cod)Cl],  K»CO; PPh; DMA 81
15 [Rh(cod)Cl],  K»CO; PPh; DMF 83
16 [Rh(cod)Cl],  K»COs3 PPh; Toluene 78

“Reaction conditions: 1a (0.5 mmol), 2a (0.6 mmol), catalysts 2.5 mol %,
base (1.0 mmol), ligands (8 mol %), solvent (3 mL), 20 h. *Yield
determined by GC. “Bpy = 2,2"-bipyridine; Phen = 1,10-phenanthroline.
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improve the yields in the presence of [Rh(cod)Cl], and
K>COs3 at 100 °C for 20 h, such as PPhs;, PBus, Bpy, Phen
(entries 9-12). The results showed the yield of 3aa was
dramatically increased to 92% (entry 9) by using PPh; as
ligands. Effects of solvents were also investigated in the
following tests. It was found that arylation product 3aa were
obtained in very good yields in NMP (entry 9), but when
DMSO, DMA, DMF and toluene were employed, the pro-
duct 3aa was obtained in lower yield (entries 13-16).

With these sets of optimized conditions in hand, we began
to look at arylation of imidazo[1,2-a]pyridines 1 and a
variety of aryl bromides 2, and the results are shown in Table
2. A series of imidazo[1,2-a]pyridines 1a-f were subjected to
the optimized reaction conditions and the desired products
were obtained in good yields. We next investigated whether
different types of substitutents at C-1, C-5 and C-6 have
impact on the yields. The results indicated that different

Table 2. Rhodium-catalyzed Direct Arylation of Substituted
Imidazo[1,2- a]pyridines with Aryl Bromides®
Ar

Rh(cod)CI],/PPh
Jsz o pgy EN(dCIPPN; 1%#

KyCOz, NMP, 100°C X~ —N
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Table 2. Continued

3
Ph Cl
Z "N
N—pn
XN
=
3aa 87% @\ Ph 7NN,
P
N NS
3ab 86% 3ac 89%
cl

Et

Z\
= N Ph Z>N
- Ph N
. N NS

3ae 87% N
3ad 86% 3ba 89%
cl al
cl
=~ N N\
N SN NN 3bd 81%
3bb 82% 3bc 80%
Et cl
~ N ~
A N N N N
3be 89% 3ca 89% 3cb 87%
cl Ft Ph
X \N
7NN d A 3da 91%
T ~
N X N
3cc 86% 3cd 87%

cl Et
_ _ Cl AN N
N7\ NN SN
A \N A \N 3ea 91%
3db 90% 3dc 88%
| Cl
cl
cl
O A AN CI Ay {
S \N X \N . \N
3eb 82% 3ec 81% 3ed 80%
F cl
a 7NN
ZN N\ N \N ZN N\
NN 3fa 87% NN
3ee 83% 3fb 88%
R R
cl
Z\ \
sy ZINN \CNL\
3fc 87% XN XN
3fd 85% 3ga 86%

“Isolated Yield.

substituents at C-1, C-5 and C-6, including H, CHs, Cl,
C(CHs)3, Ph, had little impact on the yields of the products.
Interestingly, when 6-methylimidazo[1,2-a]pyridine, 5-meth-
ylimidazo[1,2-a]pyridine, 6-methylimidazo[1,2-a]pyridine
were used as substrates, the corresponding products were
also obtained in good yields. As expected, a series of func-
tional groups on the phenyl ring of aryl bromides, such as p-
Cl, 0-Cl, m-Cl, m-F, p-Et, o-Et, 3,4-(CHs), were compatible
under optimal condition and the products were isolated in
high yields.

Table 3. Rhodium-catalyzed Direct Arylation of Substituted
Imidazo[1, 2-a]pyridines with Triflates”
Ar

@&R

KoCO3, NMP, 100°C XN\

[Rh(cod)CI],/PPh,

\/I:$~R2 + ArOTf

2 3
Entry 1 Ar Product Yield (%)
1 la Ph 3aa 84
2 1d Ph 3da 85
3 le Ph 3ea 85
4 1f Ph 3fa 82
5 la 4-CICe¢H4 3ac 78
6 le 4-CICe¢H4 3eb 76
7 1b 4-EtCsHy4 3be 85
8 1d 4-EtCsHy4 3dc 83

“Isolated yields
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Ph
=
XN Rh! 2
3aa
Ph.
Rh Ph-Rh-X A
~ N/\$~Ar
P
N
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Rh A
Ar
2 Q\\N
™ | /A X 1a
K,CO3 N
B

Scheme 1. Plausible mechanism.

After a extensively scope of imidazo[1,2-a]pyridines and
aryl bromides was established, we were particulatly interest-
ed in extending the arylation to triflates (Table 3). The
arylation of 1a, 1d, 1e and 1f with phenyl trifluorometh-
anesulfonate was tested and the corresponding products
were formed with good yields (entries 1-4). Other triflates,
such as p-tolyl trifluoromethanesulfonate and 4-ethylphenyl
trifluoromethanesulfonate were also employed and the aryl-
ation products were obtained in good yields (entries 4-8).

A possible mechanism of arylation has been described in
Scheme 1. A mechanism similar to arylation of heterocycles
has been involved in previous reports. It involves an
electrophilic attack by the aryl-rhodium halide species A to
the 1a to give intermediate B. Abstraction of the hydrogen
atom in B with the help of K»CO3 would form intermediate
C, which would then undergo reductive elimination to give
the products 3aa and release the rhodium catalyst.

Conclusions

In conclusion, we have described an efficient rhodium-
catalyzed highly regioselective arylation of imidazo[1,2-a]
pyridinse with excellent yields. This arylation of imidazo-
[1,2-a] pyridines can be used broadly applicable for the
synthesis of biologically active molecules.

Experiment

General Information. The reactions were performed at
100 °C under air atmosphere. 'H NMR spectra and °C NMR
spectra were recorded with a Bruker 300 or 400 spectro-
meter in a CDCI; solution with TMS as internal standard.
1a-1c¢ were purchased from Aldrich Chemicals. All products
were isolated by short chromatography on silica gel (200-
300 mesh) column and the '"H NMR and '>C NMR data have
been provided in supporting information.

Synthesis of 3aa: A mixture of 1a (0.5 mmol), 2a (0.6
mmol), [Rh(cod)Cl]; (2.5 mol %), PPhs (8 mol %), K,COs
(1.0 mmol) in NMP (3 mL) is stirred for 20 h at 100 °C.
After completion of the reaction (monitored by TLC), 10
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mL water was added. The aqueous solution was extracted
with diethyl ether (3 x 10 mL) and the combined extract was
dried with anhydrous MgSOs. The solvent was removed and
the crude product was separated by column chromatography
(eluted with petroleum ether : ethyl acetate = 2:1) to give a
pure sample of 3aa.
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