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Site-selective Suzuki cross-coupling reactions of 2,3-dibromobenzofuran
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The Suzuki–Miyaura reaction of 2,3-dibromobenzofuran with two equivalents of boronic acids gave 2,3-
diarylbenzofurans. The reaction with one equivalent of arylboronic acids resulted in site-selective forma-
tion of 2-aryl-3-bromobenzofurans. 2,3-Diarylbenzofurans containing two different aryl groups were
prepared from 2,3-dibromobenzofuran in a one-pot protocol by sequential addition of two different boro-
nic acids.

� 2010 Elsevier Ltd. All rights reserved.
Br

Br ArB(OH)2

Ar

Ar
2a-h
Benzofurans are pharmacologically important heterocycles.1

For example, synthetic amiodarone represents a potent antiarryth-
mic and antianginal drug.2 7-Alkanoylbenzofurans and 7-alkanoyl-
2,3-dihydrobenzofurans occur in various natural products, such as
longicaudatin,3 flemistrictin E, tovophenone C, vismiaguianone C,
piperaduncin B and sessiliflorols A and B.4

In recent years, it has been shown that polyhalogenated hetero-
cycles can be site-selectively functionalized in palladium(0)-cata-
lyzed cross-coupling reactions by selective activation of a single
halogen atom. The site-selectivity is controlled by electronic and
steric parameters.5 Recently, we have reported the synthesis of
aryl-substituted thiophenes,6 pyrroles7 and selenophenes8 based
on site-selective Suzuki reactions of tetrabrominated thiophene,
N-methylpyrrole and selenophene, respectively. 2,3-Dibromoben-
zofuran and 2,6-dibromobenzofuran represent interesting starting
materials which have been used in site-selective Sonogashira,9 Negi-
shi9 and Stille10 coupling reactions. Site-selective Negishi and
Kumada cross-coupling reactions of 2,3,5-tribromobenzofuran have
also been reported.11 Recently, we have reported Heck reactions of
2,3-dibromobenzofuran.12 Herein, we report what are, to the best
of our knowledge, the first Suzuki–Miyaura reactions of 2,3-dib-
romobenzofuran. These reactions proceed with excellent site-selec-
tivity. We also have developed a one-pot protocol for the synthesis of
unsymmetrical 2,3-diarylbenzofurans in one step.

The Suzuki–Miyaura reaction of 2,3-dibromobenzofuran (1)
with various arylboronic acids (2.0 equiv) afforded the 2,3-diary-
ll rights reserved.

: +49 381 4986412.
nger).
lbenzofurans 3a–h (Scheme 1, Table 1).13 High yields were ob-
tained for products derived from both electron-rich and electron-
poor boronic acids.

The Suzuki–Miyaura reaction of 1 with 1.0 equiv of arylboronic
acids 2c,e,g–i afforded the 2-aryl-3-bromobenzofurans 4a–e in
very good yields (Scheme 2, Table 2).13,14 The reactions proceeded
with very good site-selectivity.

In all the reactions, the best yields were obtained when
Pd(PPh3)4 (5 mol %) was used as the catalyst. The use of Pd(OAc)2

in the presence of XPhos15 or SPhos15 proved to be less successful
in terms of yield. All the reactions were carried out at 70–80 �C. For
the mono-coupling it proved to be important to carry out the reac-
tion at 70 �C. An aqueous solution of K2CO3 (2 M) was used as the
base. The employment of K3PO4 gave equally good results. 1,4-
Dioxane was used throughout as the organic solvent.

The sequential addition of two different arylboronic acids al-
lowed the direct synthesis of 2,3-diarylbenzofurans 5a,b contain-
ing two different aryl groups (Scheme 3, Table 3).16,17 The yields
of the products were significantly higher when the reactions were
carried out in a one-pot procedure without isolation of the mono-
coupling product.
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Scheme 1. Synthesis of 3a–h. Conditions: (i) 2a–h (2.0 equiv), Pd(PPh3)4 (5 mol %),
aq K2CO3 (2 M), dioxane, 80 �C, 8 h.
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Table 1
Synthesis of 2,3-diarylbenzofurans 3a–h

2,3 Ar % (3)a

a 4-MeC6H4 92
b 2-MeC6H4 81
c 4-EtC6H4 86
d 4-tBuC6H4 88
e 4-ClC6H4 83
f 4-FC6H4 81
g 2-(MeO)C6H4 82
h 3,5-Me2C6H3 79

a Yields of isolated products.
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Scheme 2. Synthesis of 4a–e. Conditions: (i) 2c,e,g–i (1.0 equiv), Pd(PPh3)4

(5 mol %), aq K2CO3 (2 M), dioxane, 70 �C, 6 h.

Table 2
Synthesis of 2-aryl-3-bromobenzofuran 4a–e

2 4 Ar % (4)a

c a 4-EtC6H4 86
e b 4-ClC6H4 90
g c 2-(MeO)C6H4 87
h d 3,5-Me2C6H3 79
i e 2,3-(MeO)2C6H3 82

a Yields of isolated products.
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Scheme 3. Synthesis of 5a,b. Conditions: (i) (1) 2a (1.0 equiv), Pd(PPh3)4 (5 mol %),
aq K2CO3 (2 M), dioxane, 70 �C, 6 h; (2) 2f,j (1.0 equiv), 80 �C, 6 h.

Table 3
Synthesis of unsymmetrical 2,3-diarybenzofuran 5a,b

5 Ar1 Ar2 % (5)a

a 4-MeC6H4 3-(MeO)C6H4 76
b 4-MeC6H4 4-FC6H4 79

a Yields of isolated products.

Figure 1. Crystal structure of 5b.
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Figure 2. Possible explanation for the site-selectivity of the Suzuki–Miyaura
reactions of 1.
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The structures of all the products 3, 4 and 5 were established by
spectroscopic methods. The structure of 5b was independently
confirmed by X-ray crystal structure analysis (Fig. 1).18

The first attack of palladium(0)-catalyzed cross-coupling reac-
tions generally occurs at the less electron-rich position.5 A simple
guide for the prediction of the site-selectivity of palladium(0)-cat-
alyzed cross-coupling reactions of polyhalogenated molecules is
based on the 1H NMR chemical shift values of those analogues in
which the halide atom is replaced by a hydrogen atom.19 In fact,
the 1H NMR signal of proton 2-H of benzofuran (7.52 ppm) appears
at much lower field than the signal of proton 3-H (6.66 ppm).
Position 2 of dibromobenzofuran is much less electron-rich than
position 3 (Fig. 2). This is further supported by preliminary semi-
empirical calculations and HMO calculations.20
In conclusion, 2,3-diarylbenzofurans were prepared by Suzuki–
Miyaura reactions of 2,3-dibromobenzofuran with two equivalents
of boronic acids. The reaction with one equivalent of arylboronic
acids resulted in site-selective formation of 2-aryl-3-bromoben-
zofurans. 2,3-Diarylbenzofurans containing two different aryl
groups were prepared from 2,3-dibromobenzofuran in a one-pot
protocol by sequential addition of two different boronic acids.
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