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ABSTRACT

A novel and efficient route for the synthesis of 2-(polyfluoroaryl)benzofurans via a copper(I)-catalyzed tandem reaction of 2-(2,2-
dibromovinyl)phenol with polyfluoroarene is reported. The corresponding products are generated in good yields. During the reaction process,
a copper-catalyzed intramolecular C�O bond formation and a C�H activation are involved.

As a prominent structural motif, compounds with a
polyfluorinated aromatic structure have found applica-
tions in medicinal chemistry1 and material science.2 For

example, molecules containing the polyfluoroarene struc-
ture serve as active materials in electronic devices, such as
organic light-emitting diodes and field-effect transistors.2

As a privileged scaffold, the benzofuran core structure is
found in a wide variety of natural products3 and biologi-
cally importantmolecules.4 Additionally, its application in

† Fudan University.
‡ Jiangxi Science & Technology Normal University.
§Chinese Academy of Sciences.
(1) Zahn, A.; Brotschi, C.; Leumann, C. J. Chem.;Eur. J. 2005, 11,

2125.
(2) For selected recent reviews and papers, see: (a) Amii, H.;

Uneyama, K. Chem. Rev. 2009, 109, 2119. (b) Babudri, F.; Farinola,
G. M.; Naso, F.; Ragni, R.Chem. Commun. 2007, 1003. (c) Tang, M. L.;
Reichardt, A. D.; Miyaki, N.; Stoltenberg, R. M.; Bao, Z. J. Am. Chem.
Soc. 2008, 130, 6064. (d) Wang, Y.; Watson, M. D. J. Am. Chem. Soc.
2006, 128, 2536. (e)Meyer, E. A.; Castellano, R. K.; Diederich, F.Angew.
Chem., Int. Ed. 2003, 42, 1210. (f)Murphy, A. R.; Fr�echet, J.M. J.Chem.
Rev. 2007, 107, 1066.

(3) For selected examples, see: (a) M�aximo, P.; Lourenc-o, A.; Feio,
S. S.;Roseiro, J. C. J.Nat. Prod. 2002, 65, 175. (b) Song,K.-S.; Raskin, I.
J. Nat. Prod. 2002, 65, 76. (c) Sritularak, B.; Likhitwitayawuid, K.;
Conrad, J.; Vogler, B.; Reeb, S.; Klaiber, I.; Kraus, W. J. Nat. Prod.
2002, 65, 589. (d) Lin, Y.-L.; Chang, Y.-Y.; Kuo, Y.-H.; Shiao, M.-S.
J. Nat. Prod. 2002, 65, 745. (e) Pacher, T.; Seger, C.; Engelmeier, D.;
Vajrodaya, S.; Hofer, O.; Greger, H. J. Nat. Prod. 2002, 65, 820. (f)
Muriithi, M. W.; Abraham, W.-R.; Addae-Kyereme, J.; Scowen, I.;
Croft, S. L.; Gitu, P. M.; Kendrick, H.; Njagi, E. N. M.; Wright, C. W.
J. Nat. Prod. 2002, 65, 956. (g) Donnelly, D. M. X.; Meegan, M. J. In
ComprehensiveHeterocyclicChemistry; Katritzky, A.R., Rees, C.W., Eds.;
Pergamon Press: Oxford, 1984; Vol. 4, pp 657�712.

(4) For selected examples, see: (a) Felder, C. C.; Joyce, K. E.; Briley,
E.M. J. Pharmacol. Exp. Ther. 1998, 284, 291. (b) Yang, Z.; Hon, P.M.;
Chui, K. Y.; Chang, H. M.; Lee, C. M.; Cui, Y. X.; Wong, H. N. C.;
Poon, C. D.; Fung, B. M. Tetrahedron Lett. 1991, 32, 2061. (c)
Hayakawa, I.; Shioya, R.; Agatsuma, T.; Furukawa, H.; Naruto, S.;
Sugano, Y. Bioorg. Med. Chem. Lett. 2004, 14, 455. (d) Fukai, T.; Oku,
Y.; Hano, Y.; Terada, S. Planta Medica 2004, 70, 685. (e) Tsuji, E.;
Ando, K.; Kunitomo, J.-i.; Yamashita, M.; Ohta, S.; Kohno, S.; Ohishi,
Y. Org. Biomol. Chem. 2003, 1, 3139.

(5) Hwu, J. R.; Chuang, K.-S.; Chuang, S. H.; Tsay, S.-C.Org. Lett.
2005, 7, 1545.

(6) For recent selected examples: (a) Li, S.;Wu, J.Org. Lett. 2011, 13,
712. (b) Chen, Z.; Zheng,D.;Wu, J.Org. Lett. 2011, 13, 848. (c) Luo, Y.;
Pan, X.; Wu, J. Org. Lett. 2011, 13, 1150. (d) Ren, H.; Luo, Y.; Ye, S.;
Wu, J. Org. Lett. 2011, 13, 2552. (e) Li, S.; Luo, Y.; Wu, J. Org. Lett.
2011, 13, 3190. (f) Li, S.; Luo, Y.; Wu, J. Org. Lett. 2011, 13, 4312. (g)
Luo, Y.; Wu, J.Org. Lett. 2011, 13, 5858. (h) Luo, Y.; Hong, L.; Wu, J.
Chem. Commun. 2011, 47, 5298. (i) Pan, X.; Luo, Y.; Wu, J. Chem.
Commun. 2011, 47, 8967. (j) Luo, Y.; Wu, J. Chem. Commun. 2011, 47,
11137. (k) Chen, Z.; Ye, C.; Gao, L.; Wu, J. Chem. Commun. 2011, 47,
5623. (l) Qiu, G.; Hu, Y.; Ding, Q.; Peng, Y.; Hu, X.; Wu, J. Chem.
Commun. 2011, 47, 9708.



Org. Lett., Vol. 14, No. 1, 2012 71

material science has been demonstrated.5 In our labora-
tory, we have been interested in the synthesis of natural
product-like compounds with privileged scaffolds.6

Prompted by the importance of polyfluorinated com-
pounds and benzofurans, we envisioned that the benzofur-
an-incorporated polyfluorinated compounds would be
beneficial for various biological assays. Thus, we initiated
a program for method development and library construc-
tion of 2-(polyfluoroaryl)benzofurans.

Recently, the synthesis of polyfluorinated aromatic
compounds using aC�Hactivation strategy7 has attracted

much attention.8,9 In the meantime, gem-dihaloolefins
have served as a versatile building block in organic synth-
esis with good stereoselectivity.10�12 We also used gem-
dibromoolefins as substrates for the synthesis of indene
derivatives.11k�m Encouraged by these results, we con-
ceived that 2-(polyfluoroaryl)benzofurans could be pre-
pared via a transition-metal-catalyzed reaction of 2-(2,2-
dibromovinyl)phenol12l with polyfluoroarene (Scheme 1).
Therefore, we started to explore the possibility of this
transformation.

Since a copper(I) catalyst showed high efficiency in the
C�O coupling reaction13 as well as in the arylation and
alkenylation of polyfluoroarene C�H bonds,8c,d at the

Scheme 1. Proposed Route for the Transition-Metal-Catalyzed
Reaction of 2-(2,2-Dibromovinyl)phenol 1 with Polyfluoroar-
ene 2

Table 1. Initial Studies for the Copper(I)-Catalyzed Reaction of
2-(2,2-Dibromovinyl)phenol 1a with Polyfluoroarene 2a

entry

[Cu]

(mol %) base solvent

yield

(%)a

1 CuI (10) K3PO4 1,4-dioxane 40

2b CuI (20) K3PO4 1,4-dioxane NR

3 CuI (10) K3PO4 DMF NR

4 CuI (10) K3PO4 DMPU NR

5 CuI (10) K3PO4 xylene trace

6c CuI (10) K3PO4 1,4-dioxane 38

7d CuI (20) K3PO4 1,4-dioxane 57

8e CuI (10) K3PO4 1,4-dioxane 52

9d,e CuI (20) K3PO4 1,4-dioxane 72

10d,e CuBr (20) K3PO4 1,4-dioxane 38

11d,e CuCl (20) K3PO4 1,4-dioxane 27

12 d,e CuI (20) Cs2CO3 1,4-dioxane 74

13 d,e CuI (20) K2CO3 1,4-dioxane 94

14 CuI (20) Ag2CO3 1,4-dioxane NR

a Isolated yield based on 2-(2,2-dibromovinyl)phenol 1a. bWithout
the addition of 1,10-phenanthroline. c In the presence of 4.0 equiv of
K3PO4.

d In the presence of 20mol%of 1,10-phenanthroline. eUsing 4.0
equiv of pentafluorobenzene 2a.
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outset we selected copper(I) salts as the catalysts for
reaction development. 2-(2,2-Dibromovinyl)phenol 1a

and pentafluorobenzene 2a were chosen as the model
substrates (Table 1). In an initial attempt, the reaction
was catalyzed by copper(I) iodide (10 mol %) and 1,10-
phenanthroline (10 mol %) in the presence of K3PO4

(3.0 equiv) as the base in 1,4-dioxane at 125 �C (Table 1,
entry 1). To our delight, the expected 2-(polyfluoroaryl)
benzofuran 3a was formed and isolated in 40% yield. No
reaction occurred without the addition of 1,10-phenan-
throline in a control experiment (Table 1, entry 2). The
reaction could not proceed when the reaction was per-
formed in DMF or DMPU (Table 1, entries 3 and 4). A
trace amount of product was detected when the solvent
was replaced by xylene (Table 1, entry 5). No better result
was generated when the amount of base was increased
(38% yield, Table 1, entry 6). The yield could be improved
when 20 mol % of copper(I) iodide and 1,10-phenanthro-
line were employed in the reaction (57% yield, Table 1,
entry 7). A similar outcome was observed when the
amount of pentafluorobenzene 2a was increased to 4.0
equiv (52% yield, Table 1, entry 8). Thus, an investigation
was conducted for a combination of the above two condi-
tions in the model reaction. As expected, the desired
product 3a was formed in 72% yield (Table 1, entry 9).
The result was inferior when the catalyst was changed to
copper(I) bromide or copper(I) chloride (Table 1, entries
10 and 11). Other bases were examined subsequently,
which showed that K2CO3 was the best choice (94% yield,
Table 1, entry 13).
With the optimized conditions in hand [CuI (10mol%),

1,10-phenanthroline (20 mol %), K2CO3 (3.0 equiv),
1,4-dioxane, 125 �C], we then investigated the general-
ity of this copper(I)-catalyzed tandem reaction of
2-(2,2-dibromovinyl)phenol 1 with polyfluoroarene 2.
The results are presented in Table 2. Usually, the
solution turned black after the reaction was stirred
overnight. Noticeably, 2-(2,2-dibromovinyl)phenols
1 with different substitutions on the aromatic ring
were all compatible under the standard conditions.
For instance, 2-(2,2-dibromovinyl)-5-methoxyphenol
1b reacted with pentafluorobenzene 2a leading to the
corresponding product 3b in 93% yield (Table 2, entry 2).
An almost quantitative yield was obtained when
2-(2,2-dibromovinyl)-6-methoxyphenol 1c was used
as a substrate in the reaction of pentafluorobenzene
2a (98% yield, Table 2, entry 3). 2,3,5,6-Tetrafluor-
obenzonitrile 2b was a suitable partner as well, which
afforded the desired product 3d in 68% yield (Table 2,
entry 4). Interestingly, reaction of 2-(2,2-dibromovinyl)-
6-methoxyphenol 1c with 2,3,5,6-tetrafluoropyri-
dine 2c worked well to furnish 2,3,5,6-tetrafluoro-
4-(7-methoxybenzofuran-2-yl)pyridine 3e in 92%
yield (Table 2, entry 5). 1,2,4,5-Tetrafluoro-3-(trifluoro-
methyl)benzene 2d or 1,2,4,5-tetrafluoro-3-methoxyben-
zene 2e served as a reactant in the reaction of 2-(2,2-
dibromovinyl)phenol 1f (Table 2, entries 11 and 12). It
seems that the reactivity is superior when trifluoromethyl-
substituted polyfluoroarene 2dwas employed in the reaction.

A similar result was observed when 2-(2,2-dibromovinyl)
phenol 1g was utilized in the reaction of polyfluoroarene 2d

or 2e (Table 2, entries 14 and 15). Reaction of 2-(2,2-

dibromovinyl)phenol 1d with 1,2,4,5-tetrafluorobenzene 2f

was investigated subsequently (Scheme 2). It was not surpris-

ing that two products (compounds 3p and 3q) were isolated

under the standard conditions. Although we do not have

clear evidence to support the mechanism currently, we con-

sider that the reaction may proceed through an initial cupra-

tion of polyfluoroarenes by copper(I) iodide,14 followed by a

cross-coupling reaction of the (E)-bromoethenyl moiety.

Subsequently, the intramolecular copper(I)-catalyzed

Table 2. Synthesis of 2-(Polyfluoroaryl)benzofurans 3 via a
Copper(I)-Catalyzed Reaction of 2-(2,2-Dibromovinyl)phenol
1 with Polyfluoroarene 2

a Isolated yield based on 2-(2,2-dibromovinyl)phenol 1.

(14) Kanyiva, K. S.; Kashihara, N.; Nakao, Y.; Hiyama, T.; Ohashi,
M.; Ogoshi, S. Dalton Trans. 2010, 39, 10483 and references cited
therein.
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C�O coupling13 occurs to afford the benzofuran

scaffold.

In conclusion, we have described a novel and effi-
cient route for the generation of 2-(polyfluoroaryl)
benzofurans via a copper(I)-catalyzed tandem reaction

of 2-(2,2-dibromovinyl)phenol with polyfluoroarene.
During the reaction process, a copper-catalyzed intramo-
lecular C�O bond formation and an alkenylation of the
polyfluoroarene C�H bond were involved. Currently,
using polyfluoroarene as a substrate for the formation
ofN-heterocycles is under investigation in our laboratory,
and the results will be reported in due course.
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Scheme 2. Copper(I)-Catalyzed Reaction of
2-(2,2-Dibromovinyl)phenol 1dwith 1,2,4,5-Tetrafluorobenzene 2f


