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The copper(I)-catalyzed synthetic method for the preparation of

2-alkynylbenzofurans from gem-dihaloolefins has been estab-

lished using DABCO and TBAF?3H2O as a cocatalyst. This

methodology relies on a simple reaction system and inexpensive

Cu salts as catalysts. It is generally applicable to gem-dihaloolefins

and phenylacetylenes.

2-Alkynylbenzofuran derivatives have attracted much attention in
biological and material sciences as ubiquitous building blocks
with wide-ranging pharmaceutical and pharmacological proper-
ties.1 Thus, a number of synthetic strategies have been reported
for the construction of these privileged molecular entities.
Previously developed approaches for the preparation of members
of this family include a Pd-catalyzed intramolecular coupling
reaction with 2-(4-trimethylsilyl-1,3-butadiyn-1-yl)-tert-butyldi-
methylsilylphenol,2 Pd- and Cu-catalyzed cascade reaction of
2-ethynylphenols with (E)-1,2-diiodoalkenes and the one-pot
Suzuki coupling/direct arylation of (E)-1,2-dichlorovinyl ethers
and alkynyl trifluoroborates.3 An alternative procedure includes a
transition metal-catalyzed sequential Suzuki–Miyaura coupling/
intra-molecular direct arylation between dichlorovinyl ethers and
organoboronic acids.4 Despite the existence of several methods for
the synthesis of 2-alkynylbenzofuran derivatives, versatile and
flexible methods to construct the target compounds are still
desired. Recently, Lautens et al. described a novel and practical
method of alkynyl benzofuran synthesis via tandem CuI and Pd-
catalyzed cross-couplings.5 Meanwhile, Wang et al. reported a
similar Pd-catalyzed process involving 2-bromobenzofuran and
phenylacetylene to generate the corresponding cross-coupling
products in high yields under the Sonogashira reaction condi-
tions.6 These approaches to prepare 2-alkynylbenzofuran are
summarized in Scheme 1.

The gem-dihaloolefins, owing to their simple and readily
available starting materials,7 broad functional group tolerance,
mild reaction conditions, facile operation, and high regioselec-
tivity, could be used for the construction of heterocyclic
compounds. Following the pioneering efforts, this strategy has
been applied to the preparation of a variety of heterocycles, such
as indoles,8 benzothiophenes,9 benzofurans,5 and isocoumarins10

through tandem reactions. Therefore, the transition metal-
catalyzed tandem reaction serves as an atom-economical and
environmentally benign alternative for C–C and C–heteroatom
bond formation.11 In the reactions mentioned above, Pd is used
extensively because of its tolerance of many functional groups, its
low toxicity and regioselectivity. However, in recent years copper-
catalyzed reactions have received considerable attention because
of their high efficiency and low costs.12 Inspired by recently
reported advantages of the Cu-catalyzed tandem reaction, we
hypothesized that inexpensive Cu catalysts should be capable of
promoting intramolecular cross-coupling reactions and
Sonogashira reactions of gem-dihaloolefins. Herein, we describe
a novel catalytic system which is not dependent phosphine ligand
or precious metal to mediate this reaction with an efficient
performance. This methodology relies on a simple reaction system
and inexpensive Cu salts as catalysts.
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We initially tested the tandem reaction of 2-(2,2-dibromovinyl)-
phenol with phenylacetylene using 15 mol% CuI in N,N-dimethyl
formamide at 140 uC in a N2 atmosphere. The reaction parameters
including various ligands, copper catalysts, solvents and bases
were investigated. The ligands screened are shown in Scheme 2.
Ligand L1 was prepared in 89% yield by a catalytic tandem
reaction, while Ligand L2 was prepared in 36% yield. We believe
that the most promising preliminary results were obtained using
L5, L6, L8, and L9 as the supporting ligand. We observed that the
latter provided a superior yield (91%). We postulated that the key
point to achieve this transformation is the excellent coordination
of L3 to the Cu catalyst and its high solubility in the DMF system.

The development of an applicable tandem reaction procedure
requires further assessment of the catalyst activity. These studies
revealed that the reactions conducted with Cu(I) catalysts could
result in high reactivities in DMF. It was found that CuI was the
most efficient catalyst, producing the corresponding alkynyl
benzofuran in 94% yield (Table 1, entry 4). Bases have an
insignificant influence on the catalyst activity (Table 1, entries 10
and 13), while solvents play an important role in the chemical
process (Table 1, entries 14–16). DMF turns out to be the most
efficient solvent amongst the solvents DMF, THF, dioxane, and
toluene. A low reaction temperature leads to a low yield in forming
the tandem coupling reaction product (Table 1, entries 17 and 18).

Under optimized conditions, various electron-rich and elec-
tron-poor phenylacetylenes were investigated in their reaction with
gem-dibromovinylphenol (3aa–3af, Table 2). The results indicated
that the scope of the reaction was quite broad given that alkyl,
methoxyl, fluoro and halo substituents were tolerated. The desired
products were obtained in high yields up to 86% and the reactions
were highly regioselective. To our delight, the p-tert-butyl
substituted compounds were formed in excellent yields.

Furthermore, various functional groups can be tolerated both in
the gem-dibromovinylphenol and the phenyl fragment, including a
large range of methyl, methoxyl, and halo substituents (3ba–3ef). It
was found that both electron-rich groups and electron-poor groups
at the para- and meta- positions of the gem-dibromovinylphenol
gave higher yields from 50% to 88%. Meanwhile, the tandem
coupling reaction of 1-(2, 2-dibromovinyl)naphthalen-2-ol and
phenylacetylenes with various electron releasing and withdrawing
groups also proceeded smoothly to give the corresponding alkynyl
benzofurans in high yields.

Under similar conditions, we were able to extend this copper-
catalytic protocol to the coupling of 4-chloro-2-(2, 2-dibromovinyl)-
phenol with 1-(tert-butyl)-4-ethynylbenzene. We found that the
electronic and steric effects of the groups attached to 4-chloro-2-(2,
2-dibromovinyl)phenol can not be ignored for either the initial
tandem coupling reaction or the sequential Sonogashira reaction.
The target product was obtained in moderate yield up to 64%
(Scheme 3). In addition, benzyl derivatives which are valuable
compounds, are found as a substructure of natural products, and
are utilized as corrosion inhibitors of mild steel and photo-
sensitive agents in photocurable coatings. Under similar condi-
tions to those reported by Sajiki,13 we have established a Pd/C-
catalyzed environmentally benign process for the oxidation of
2-alkynylbenzofuran to corresponding benzil derivatives using
DMSO and oxygen as dual oxidizing agents. The 2-(phenylethy-
nyl)benzofuran underwent the oxidation to give 1-(benzofuran-2-
yl)-2-phenylethane-1,2-dione in good yield to 70% (Scheme 4).

Scheme 2 Ligands screened in the tandem reaction.

Table 1 Influence of the base, catalyst, and solvent on the cross-coupling
between 2-(2, 2-dibromovinyl)phenol and phenylacetylenea

Entry Catalyst Base Solvent T/uC Yield (%)b

1 CuIc Cs2CO3 DMF 140 73
2 CuId Cs2CO3 DMF 140 trace
3 CuIe Cs2CO3 DMF 140 80
4 CuI Cs2CO3 DMF 140 94(86)c

5 CuI Cs2CO3 DMF 140 73
6 CuBr Cs2CO3 DMF 140 82
7 Cu(OAc)2?H2O Cs2CO3 DMF 140 59
8 Cu(acac)2 Cs2CO3 DMF 140 74
9 CuCl Cs2CO3 DMF 140 53
10 CuI K2CO3 DMF 140 92
11 CuI KOH DMF 140 48
12 CuI Na2CO3 DMF 140 86
13 CuI K3PO4?3H2O DMF 140 31
14 CuI Cs2CO3 Dioxane 140 66
15 CuI Cs2CO3 THF 140 88
16 CuI Cs2CO3 Toluene 140 trace
17 CuI Cs2CO3 DMF 120 87
18 CuI Cs2CO3 DMF 100 67

a Reaction conditions: CuI (0.15 mmol), DABCO (0.30 mmol), gem-
dihaloolefin (1.0 mmol), phenylacetylene (1.5 mmol), TBAF?3H2O
(1.0 mmol), base (2.0 mmol), solvent (5.0 mL). b Yields were
determined by GC with n-dodecane as an internal standard. c Yield
of isolated product. d DABCO and TBAF?3H2O were not added.
e TBAF?3H2O was not added.
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To explore the mechanism for this reaction, control experi-
ments were conducted under the standard reaction conditions
(Scheme 5). The tandem cross coupling of 2-(2, 2-dibromovinyl)-
phenol, 2-bromobenzofuran with (phenylethynyl)copper was also
carried out smoothly in a good yield (up to 86%). A working
mechanism was proposed as an outline in Fig. 1 for the Cu-
catalyzed tandem cross coupling reaction.14 The reaction of
intermediate Cu complexes (a four-center transition state pro-
posed by Castro and Stephens) with phenylacetylene afforded a
copper(I)-complex intermediate. The latter occurs to form a four-
coordinated copper(III) complex by oxidative addition with

2-bromobenzofuran, followed by reductive elimination of the
copper(III) intermediate (in neutral or cationic type), giving the
tandem coupling product and regenerating the active copper(I)
complex.

In conclusion, we have explored the convenient and efficient
synthesis of 2-alkynylbenzofurans from gem-dihaloolefins via a
sequential cyclization and Sonogashira reaction. By applying this
elegant protocol, a wide range of electron-rich and electron-poor
2-alkynylbenzofurans were obtained. We believe that such a
simple and effective catalyst system could provide good insight
into the synthesis of related 2-alkynylbenzofurans.

Table 2 Tandem coupling products from gem-dibromovinylphenols and phe-
nylacetylenesa,b

a Reaction conditions: CuI (0.15 mmol), DABCO (0.30 mmol), gem-
dihaloolefin (1.0 mmol), phenylacetylene (1.5 mmol), TBAF?3H2O
(1.0 mmol), Cs2CO3 (2.0 mmol), DMF (5.0 mL). b Yield of isolated
product.

Scheme 3 Cu(I)-catalyzed tandem coupling products from 4-chloro-2-(2, 2-dibro-
movinyl)phenol with 1-(tert-butyl)-4-ethynylbenzene.

Scheme 5 Control experiment confirming the CuI-catalyzed tandem reactions of
gem-dihaloolefins.

Fig. 1 Possible mechanism for the CuI-catalyzed tandem reactions of 2-(2,2-
dibromovinyl)phenol.

Scheme 4 Pd/C-catalyzed environmentally benign process for the oxidation of
2-alkynylbenzofuran.
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