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ABSTRACT

A new copper-mediated cross-coupling of arenes and arylboronic acids is described. Under the influence of Cu(OCOCF3)2, the C-H bond
arylation of electron-rich arenes with arylboronic acids takes place to afford a range of biaryls in good yields. The reaction is selective for
cross-coupling; no homocoupling product arising from arenes or arylboronic acids is detected. Multiple C-H bond arylation is possible with
indoles and pyrroles furnishing interesting extended π-systems.

The development of efficient methods for making the
privileged biaryl motif has been a topic of immense scientific
importance in chemical synthesis.1 Among a myriad of metal
promoters, copper has played a pivotal role in aryl-aryl bond
formation. Historically, the first methodologically important
breakthrough was undoubtedly the reductive coupling of two
haloarenes by the action of Cu(0) reported by Ullmann in
1901.1 Conversely, the Cu-catalyzed oxidative coupling of
arenes is of great utility in the preparation of binaphtols and
related biaryls.1 Copper has also contributed to modern
methodology for the cross-coupling of different aromatic
nuclei. In the cross-coupling reactions of metalated arenes
and haloarenes, where palladium is usually the first catalyst
of choice, it has been reported that copper complexes can
function as copromoters or as catalysts.1 This is also true in
the emerging field of biaryl synthesis through C-H bond
functionalization.2–4 For example, copper salts can promote
the palladium-catalyzed cross-coupling of arenes and ha-

loarenes.5 More recently, it was found that a copper complex
alone can catalyze such cross-coupling of arenes and
haloarenes.6 Often, in the palladium-catalyzed oxidative
cross-coupling of two different arenes7 or arenes and
metalated arenes,8 a stoichiometric amount of Cu(II) salts
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(considered as an oxidant for Pd0f PdII process) is required.
We herein report that Cu(OCOCF3)2 can facilitate the C-H
bond arylation of arenes with arylboronic acids.

The metalation of the C-H bond is a key step in the C-H
bond arylation of aromatic compounds. Our strategy has been
to establish a distinct nucleophile-electrophile interaction
between an arene and a transition metal, thereby promoting
electrophilic arene metalation (Scheme 1). Previous work
from our laboratory demonstrated that a rhodium complex
bearing extremely π-accepting P[OCH(CF3)2]3 as a support-
ing ligand can catalyze the C-H bond arylation of arenes
with iodoarenes.9 As an alternative to using a neutral ligand,
we surmised that the use of electron-withdrawing anionic
ligand would also facilitate aromatic C-H bond arylation
(Scheme 1).10 After an extensive screening of metal salts

based on such a scenario, we found that Cu(OCOCF3)2

promotes the cross-coupling of electron-rich arenes and
arylboronic acids.8,11

As a typical example, when a mixture of 1,3,5-trimethoxy-
benzene (1) and phenylboronic acid (2a) is treated with
Cu(OCOCF3)2 in 1,2-dichloroethane at 80 °C for 13 h under
air (molar ratio, 1/2a/Cu ) 1:2:1), biaryl 3a is obtained in
51% yield (Table 1, entry 1). Surprisingly, the reaction is
selective for cross-coupling; no homocoupling product arising
from 1 or 2a is detected. The importance of the trifluoro-
acetate moiety10 has been quickly recognized, as other
copper(II) salts such as Cu(OCOCH3)2, Cu(OTf)2, and CuCl2
do not promote the reaction at all (entries 2-4). The reaction
under argon atmosphere is significantly slower than that
performed under air (entry 5). The addition of CF3CO2H is
beneficial giving rise to better yield as high as 68% (1 equiv
is optimal, entry 6). The yield of 3a can be increased to 75%
at the expense of higher loading of 2a (4 equiv) (entry 9).
Reducing the amount of copper (0.3 equiv) results in a 45%
yield; the reaction is limited by low TON (turnover number)
with respect to copper under current conditions (entry 10).

With a first-generation procedure in hand, the scope of
applicable arylboronic acids (2) was examined (Table 2).
Various arylboronic acids (2) react with 1 to give the corre-
sponding biaryls 3 in moderate to good yields.12 In all cases,
the cross-coupling product is solely detected. Notably, halogen-
containing arylboronic acids undergo cross-coupling leaving
carbon-halogen bonds intact (3e-h). The tolerance of the
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Scheme 1 Table 1. Cu-Mediated Cross-Coupling of 1 and 2aa

entry Cu (equiv) CF3CO2H (equiv) yield (%)b

1 Cu(OCOCF3)2 (1.0) 0 51
2 Cu(OCOCH3)2 (1.0) 0 <1
3 Cu(OTf)2 (1.0) 0 <1
4 CuCl2 (1.0) 0 <1
5c Cu(OCOCF3)2 (1.0) 0 14
6 Cu(OCOCF3)2 (1.0) 1.0 68
7 Cu(OCOCF3)2 (1.0) 5.0 63
8d Cu(OCOCF3)2 (1.0) 1.0 45
9e Cu(OCOCF3)2 (1.0) 1.0 75
10 Cu(OCOCF3)2 (0.3) 1.0 45

a Conditions: 1 (0.40 mmol), 2a (0.80 mmol), Cu (0.40 mmol),
CF3CO2H, ClCH2CH2Cl (3 mL), 80 °C, 13 h, under air. Cu(OCOCF3)2
was employed as a hydrate salt. b Yield of 3a determined by NMR, using
internal standard. c Reaction under argon atmosphere. d 1.0 equiv of 2a was
employed. e 4.0 equiv of 2a was employed.
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reaction for C-Br bonds makes it attractive for the rapid and
selective assembly of arene units in combination with C-X
bond cross-couplings such as the Suzuki-Miyaura reaction.

More interestingly, multiple C-H bond arylation is
possible with some nitrogen heterocycles (Scheme 2). For
example, when N-methylindole (4) is reacted with PhB(OH)2

(2a) under the influence of Cu(OCOCF3)2 (molar ratio, 4/2a/
Cu/CF3CO2H ) 0.51:1.5:1.0:0.05), double phenylation takes
place to afford 5 in 54% yield. When N-methylpyrrole (6)
is reacted with 2a (molar ratio, 6/2a/Cu/CF3CO2H ) 0.22:
1.3:1.0:0.02), quadruple phenylation takes place to afford 7
in 51% yield. It should be noted that the tetraarylpyrrole
motif has been a target of interest as materials for organic
electroluminescence devices13 or as an antioxidant inhibiting

microsomal lipid oxidation.14 Also worthy of note is that
such a facile multiple C-H bond arylation does not take
place in the seemingly related Pd-catalyzed oxidative arene
cross-coupling reactions.7,8 These results, together with the
quantitative elemental analysis of Cu(OCOCF3)2 by ICP-
AES (Inductively Coupled Plasma-Atomic Emission Spec-
trometry) showing that the Pd concentration is less than 0.40
ppm (detection limit), implicate that the present reaction is
not likely to be mediated by trace palladium.15

In summary, a new copper-mediated C-H bond arylation
of arenes with arylboronic acids is described. Although
further mechanistic studies and optimization of the reaction
conditions are warranted for this reaction to reach its full
synthetic potential, the new reactivity finding in C-H bond
functionalization is noteworthy. In particular, the successful
multiple C-H bond arylation of nitrogen heterocycles
highlights the potential of the present cross-coupling for
further development and applications. In addition to the
synthetic potential of this reaction, these results indicate that
the role of stoichiometric copper salts used in Pd-catalyzed
oxidative C-H bond transformations7,8 may not always be
limited to that of a reoxidant for Pd0. The development of a
catalytic protocol is the focus of ongoing research efforts.
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Table 2. Cross-Coupling of 1 and Arylboronic Acids (2)a

a Conditions: 1 (0.40 mmol), 2 (0.80 mmol), Cu(OCOCF3)2 (0.40 mmol),
CF3CO2H (0.40 mmol), ClCH2CH2Cl (3 mL), 80 °C, 13 h, under air.
Cu(OCOCF3)2 was employed as a hydrate salt.

Scheme 2. Multiple C-H Bond Arylation of Nitrogen
Heterocycles
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