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Scheme 1. Homo-coupling reactions of heterocycl
cat-Pd and indium.
Homo-coupling reactions of heterocyclic aromatic bromides smoothly proceeded with cat-Pd(OAc)2,
indium, and LiCl in DMF to afford exclusively symmetric biaryls possessing heterocyclic aromatic ring
in good to excellent yields.

� 2008 Elsevier Ltd. All rights reserved.
Development of efficient synthetic methods for biaryls possess-
ing heterocyclic aromatic ring is highly required because these
compounds are of importance in natural products as well as in
molecular recognitions and in asymmetric reactions.1 Although
efficient synthetic method of symmetric biaryls with aromatic
halides catalyzed by copper reagents has been well known as the
Ullmann reaction, the use of high temperatures (neat, >200 �C),
poor substrate scope, and the need to use stoichiometric amounts
of copper reagents has limited the utility of these reactions in some
cases.2 In addition, the transition metal-catalyzed cross-coupling
reaction of aryl halides with arylmetals, including arylboronic
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ic aromatic bromides using
acids,3 arylstannanes,4 arylzinc,5 aryl Grignard regents,6 and so
on,7 is one of the effective methodologies for the synthesis of sym-
metric and unsymmetric biaryls. However, the direct dimerization
of aryl halides without the additional step related to preparation of
arylmetals is considered to be a more convenient and straightfor-
ward for the synthesis of symmetric biaryls. Recently, we reported
that treatment of aryl iodides and vinyl iodides and bromides with
indium in the presence of Pd-catalyst and LiCl efficiently produced
symmetric biaryls and 1,3-diene derivatives through the homo-
coupling reactions in good to excellent yields.8 However, in the
Table 1
Reaction optimization of homo-coupling reactions of 3-bromoquinoline

N

Br

N

Ncatalyst (2.5 mol%)

2eDMF (0.5 M), 100 oC

LiCl (1.5 equiv.)

In (0.5 equiv.)

1e

Entry Catalyst Time (h) Yielda (%)

1 Pd–C 20 24(38)b (21)c

2 PdCl2 2 78(15)c

3 Pd(OAc)2 1 91
4 Pd2dba3CHCl3 2 90
5 Pd(PPh3)4 2 85(5)c

6 (p-ally)2PdCI2 2 87(3)c

a Isolated yield.
b Isolated yield of quinoline.
c Recovery yield of 3-bromoquinoline.
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cases of heterocyclic aromatic bromides, the symmetric hetero-
cyclic biaryls were produced in lower yields together with
reduction products and the longer reaction time was required.
Therefore, there is still a strong need for a preparative method of
homo-coupling products of the heterocyclic aromatic bromides
despite the recent progress of synthesis of symmetric biaryls.9 In
Table 2
Homo-coupling reactions of heterocyclic aromatic bromidesa

Entry Substrate Time (h)

1

N Br 1a
3

2 2.5

3
N

F Br 1b 1

4
N

Br 1c 0.5

5
N

MeO Br 1d 1

6

N

Br
1e 1.5

7

N

Br

1f 3

8

Br

N
H

1g 5

9 S Br
H

O

1h 1.5

10 S Br
O

1i 6

11
O Br

EtO

O

1j 4

12

N

N
Br 1k 3

13
N

S Br
1l 16

a The reaction was performed with 1 equiv of substrate (1.0 mmol), 0.5 equiv of In an
otherwise noted.

b Isolated yield.
c Recovery yield of 4-bromopyridine.
d 1 equiv In and 5 mol% Pd(OAc)2 was used.
e Isolated yield of ethyl 2-furancarboxylate.
continuation of our studies directed toward the development of
efficient indium-mediated reactions,10 we described herein an effi-
cient synthetic method of symmetric biaryls possessing hetero-
cyclic aromatic ring from treatment of heterocyclic aromatic
bromides with indium in the presence of Pd-catalyst and LiCl
(Scheme 1).
Product Yield (%)b

N N 2a
71(13)c
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N
MeO

N
OMe 2d 87

N

N
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H
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H
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H
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S
O
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O
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O
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O

O

OEt

O
2j 85(8)e

N

N

N

N
2k 71

N

S
S

N
2l 72

d 1.5 equiv of LiCl in the presence of 2.5 mol % Pd(OAc)2 in DMF at 100 �C, unless
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Our initial study focused on homo-coupling reaction of 3-bro-
moquinoline (1e) and the results are summarized in Table 1.
Although 4,40-dimethoxy-1,10-biphenyl from homo-coupling reac-
tion of 4-iodoanisole using indium in the presence of cat-Pd/C
was produced in 91% yield,8 the homo-coupling product 2e of
3-bromoquinoline (1e) under the same reaction conditions was
obtained only in 24% yield together with quinoline (38%) and 1e
(21%) even at 100 �C for 20 h in DMF (entry 1). Therefore, new
optimum reaction conditions for biaryls possessing heterocyclic
aromatic ring were highly required. Of the reactions screened,
the best results were obtained with 2.5 mol % Pd(OAc)2 with
indium (0.5 equiv) and LiCl (1.5 equiv) in DMF at 100 �C for 1.5 h
under a nitrogen atmosphere, producing the homo-coupling
product 2e in 91% yield (entry 3). 2.5 mol % of Pd2dba3CHCl3,
Pd(PPh3)4, and (p-allyl)2PdCl2 gave the desired product 2e in good
yield, while a longer reaction time was needed to complete the
reaction (entries 4–6).

To demonstrate the efficiency and scope of the present method,
we applied the above catalytic reaction system to a variety of het-
erocyclic aromatic bromides. The results are summarized in Table
2. 4-Bromopyridine (1a) produced 4,40-bipyridine (2a) in 71% yield
together with recovered 1a (13%) under the optimum reaction con-
ditions (entry 1), while the use of 1 equiv indium and 5 mol %
Pd(OAc)2 gave 2a in 90% yield (entry 2). 2-Bromo-5-fluoropyridine
(1b) gave the homo-coupling product 2b in 89% yield (entry 3).11

2-Bromo-5-methylpyridine (1c) and 2-bromo-5-methoxypyridine
(1d) were treated with Pd(OAc)2, indium, and LiCl to provide the
desired products 2c and 2d in 94% and 87% yields, respectively
(entries 4 and 5). 4-Bromoisoquinoline (1f) turned out to be com-
patible with the employed reaction conditions (entry 7). The
homo-coupling reaction of 5-bromoindole (1g) having aryl bro-
mide moiety works equally well to give rise to the heterocyclic
biaryl 2g in 80% yield (entry 8). The presence of various carbonyl
groups, such as aldehyde, ketone, and ester groups, on the hetero-
cyclic aromatic rings did not largely affect on the efficiency of the
present reactions. 5-Bromo-2-thiophene-carboxaldehyde (1h) and
5-acetyl-2-bromothiophene (1i) gave the homo-coupling products
2h and 2i in 71% and 76% yields (entries 9 and 10) under the opti-
mum reaction conditions. It is noteworthy that protection of alde-
hyde and ketone group on substrates is not necessary. The use of
ethyl 5-bromo-2-furoate (1j) afforded the symmetric biaryl 2j hav-
ing furan moieties in 85% yield together with recovered 1j in 8%
yield (entry 11). Subjecting 5-bromopyrimidine (1k) to Pd(OAc)2,
indium, and LiCl in DMF for 3 h produced 5,50-bipyrimidine (2k)
in 71% yield (entry 12). In the case of 2-bromothiazole (1l), 2,20-
bithiazole (2l) was obtained in 72% yield (entry 13). However,
a longer reaction time (16 h) at 100 �C in DMF was required to
complete the homo-coupling reaction.

Although the mechanism of the coupling reactions has not been
established, we believe that this transformation most likely pro-
ceeded via a direct electron transfer from indium to palladium(II),
which completed the catalytic cycle (Scheme 2).5b,12 In addition,
potential for single electron transfer to generate radical or aryl-
indium species can be considered.
Ar-X

Ar2Pd
Ar-Ar

PdX2
In

Ar-Pd-XPd(0) Pd(0)

Scheme 2. Proposed catalytic cycle.
In summary, we have developed efficient homo-coupling reac-
tions of heterocyclic aromatic bromides using indium in the pres-
ence of cat-Pd(OAc)2 and LiCl in DMF at 100 �C, producing
exclusively homo-coupling products in good to excellent yields,
in which Csp2–Csp2 bonds were formed.13 It is noteworthy that
protection of aldehyde and ketone group on substrates is not
necessary.
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