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Simple, Convenient, and Efficient Synthesis
of 2-Aryl-substituted Benzo[b]furans

Yong Jiang, Botao Gao, Wenjuan Huang, Yongmin Liang,

Guosheng Huang, and Yongxiang Ma
State Key Laboratory of Applied Organic Chemistry, Lanzhou

University, Lanzhou, China

Abstract: A simple, convenient, and efficient one-pot method for the preparation of
benzofuran is reported. Sonogashira coupling reaction of aryl iodides with 2-methyl-
3-butyn-2-ol was used as an acetylene source in the presence of Pd(PPh3)2Cl2 and
CuI. Deprotection of the acetylene moiety in the same pot using a strong base
and the second Sonogashira coupling=cyclization of and substituted o-iodophenols
led to the formation of the appropriate benzo[b]furans. These protocols also can be
used in the synthesis of natural products and indoles.

Keywords: Aryl iodide, benzo[b]furan, 2-methyl-3-butyn-2-ol, o-iodophenol,
Sonogashira reaction

Benzo[b]furan derivatives are an important class of organic compounds
that occur in many compounds and natural products because of their
biological activities,[1] including antitumor properties.[2] They can be used
as inhibitors of 5-lipoxygenase,[3] antagonists of the angiotensin II
receptor,[4] blood coagulation factor Xa inhibitors,[5] ligands of adenosine
A1 receptor[6] and so forth.

Generally, preparing benzofurans via a palladium catalytic reaction
is an effective and a widely used method.[7] This is accomplished through
a tandem Sonagashira coupling=5-endo-dig cyclization starting from
either o-iodophenols or o-ethynyl-phenols. In comparison to the tradi-
tional methods, these palladium-based methods offer increased functional
group tolerance and improved yields of the desired benzofuran, but
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they need expensive acetylenes, or their substrate preparation needs
tedious operation and expensive reagents. Recently, many new and
efficient methods for the synthesis of benzofuran have been developed,
such as cyclization=oxidation of the allyl aryl ether,[8] the cyclization of
2-arylethynyl anisole,[9] and intramolecular o-arylation of 2-haloaryl
ketones.[10] These methods are very efficient for synthesizing benzofuran;
unfortunately, the substrate preparation also needs tedious operation or
expensive reagents, and there are some limitations for using substrate
extension. So, in the present work, we describe a simple, convenient,
and efficient method for the preparation of benzofuran via a one-pot
process using a tandem a Sonogashira reaction.

Previously, Nov�aak’s group has reported tandem Sonogashira coupling
using the cheap reagent 2-methyl-3-butyn-2-ol.[11] Therefore, the first set of
experiments was directed toward establishing the feasibility of the reaction.
We chose iodobenzene (1) as a model compound and carried out its coupling
with 2-methyl-3-butyn-2-ol (2) in the presence of 2 mol% bis(tri-phenylpho-
sphine)palladium dichloride, 2 mol% copper(I) iodide, and Et3N at room
temperature for about 5 h. The intermediate (3) as a yellow solid was iso-
lated first and characterized; then (3) was reacted with 2-iodo-4-methylphe-
nol in the presence of the same catalyst and a strong base KOBut to give the
desired product (4), 5-methyl-2-phenylbenzo[b]furan, in a yield of 63%. In
following experiments, another portion of the catalyst Pd(PPh3)2Cl2=CuI,
2-iodo-4-methylphenol, and the strong base KOBut were added immediately
after completing conversion of (1) and (2) (monitored by thin-layer chroma-
tography, TLC) without isolating the intermediate (3). The addition of
another portion of the catalyst is neccessary or lower yield of the desired pro-
duct will be obtained. Then the mixture was stirred at 110� for 24 h to give
the benzo[b]furan (4) in a yield of 75% (as shown in Scheme 1).

To find out the optimum operation, we examined the reaction in
various conditions. It can be seen from Table 1 that beneficial base
and solvent were used and the isolated yields of 16% for NaOH (entry
1), 45% for KOH (entry 3), 75% for KOBut (entry 5), and 8% for
K3PO4 (entry 6) in toluene were obtained. When using K2CO3 or NaOAc
as the base, no desired product was detected by TLC monitoring. A very
interesting result appeared when using KOBut as the base and benzene as
the solvent, and an 80% yield was given. In the following experiments,

Scheme 1.
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Table 1. Various condition effects on the reactiona

Entry Solvent Base Isolated yield (%)

1 Toluene NaOH 16
2 Toluene K2CO3 –b

3 Toluene KOH 45
4 Toluene NaOAc –b

5 Toluene KOBut 75
6 Toluene K3PO4

8
7 Toluene KOBut 80

aReacted in a 110 �C oil bath or at the boiling point of the solvent under an
argon atmosphere for 24 h.

bNo benzofuran product was detected by TLC.

Table 2. Synthesis of 2-phenyl substituted benzofurans

Entry o-Iodophenola Product Isolated yield (%)

1 80

2 60

3 45

4 75

5 61

ao-Iodophenols were prepared according to the literature procedure Ref.[13].
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we chose the Pd(PPh3)2Cl2=CuI-KOBut-benzene system as the standard
protocol and aryl iodides,[12] 2-methyl-3-butyn-2-ol and substituted
o-iodophenols as substrates to synthesize 2-arylbenzo[b]furans.

Table 3. Synthesis of 5-methyl-2-arylbenzofuran

Entry Arl Product Isolated yield (%)

1 81

2 52

3 61

4 51

5 45

6 49

7 69

8 75

9 65

10 53

a0.02 mmol of Pd(OAc)2 and 0.04 mmol of PPh3 were used instead of
Pd(PPh3)2Cl2 and reacted at 50 �C in the first step.
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Using this protocol, a series of 5-functional group substituted 2-phenyl-
benzo-furans in moderate to good yield (Table 2) can be prepared. From
the table, it can be seen that the yield decreases with the increasing electron
withdrawing of the functional group. The ortho group of the iodophenol
also gives the lower yield of the product (entry 5, Table 2). Furthermore,
we successfully synthesized 5-methyl-2-aryl benzo[b]furan in moderate
to good yield (Table 3). From the control experiments (entries 1, 2, 4, 5,
7–9, Table 3), it can be seen that the position of functional group of the aryl
has a distinct effect on the yield. It is likely that the steric hindrance of
the ortho group led to the corresponding yield decrease. In addition,
2-bromovinylbenzene also works in the reaction (entry 10, Table 3). Upon
further study, we found that this protocol can be used for the preparation of
natural products, cicer-furan (Scheme 2) and indole (Scheme 3).

In summary, a simple, convenient, and efficient method is reported
for the one-pot synthesis of various substituted benzo[b]furans starting
from easily prepared aryl iodides and o-iodophenols and the economical
reagent 2-methyl-3-butyn-2-ol. It avoids using expensive reagents, needs
no isolation of the intermediate, greatly simplifies the operational steps,
and can be used in the preparation of natural products and indole.

EXPERIMENTAL

General Procedure for the Preparation of Benzo[b]furan

Under an argon atmosphere, 0.02 mmol of Pd(PPh3)2Cl2, 0.02 mmol of
CuI, 1 mmol of aryl iodide, 1 mmol of 2-methyl-3-butyn-2-ol, and 1 ml

Scheme 3.

Scheme 2. Synthesis of cicerfuran.
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of Et3 N were added to a glass tube (2.5 cm in diameter) equipped with a
Teflon1-coated stir bar. The mixture was stirred for about 5 h at room
temperature until the aryl iodide was converted completely (monitored
by TLC). Then 0.02 mmol of Pd(PPh3)2Cl2, 0.02 mmol of CuI, 1 mmol of
o-iodophenol, 3 mmol of KOBut, and 2 ml of benzene were added and
stirred at a reflux condition for 24 h. After cool to rt, the mixture was
extracted by ethyl acetate, washed twice by water brine, and dried over
anhydrous MgSO4. The solvent was evaporated under reduced pressure,
and the residue was purified by column chromatography on silica gel
with petroleum ether and ethyl acetate as eluent to afford the pure
product.

Preparation of 2-(6-Methoxybenzo[d][1,3]dioxol-5-yl) Benzofuran-6-ol
(Cicerfuran) (Scheme 2)

Under an argon atmosphere, 0.02 mmol of Pd(OAc)2, 0.02 mmol of CuI,
0.04 mmol of PPh3, 1 mmol of 5-bromide-6-methoxybenzo[d][1,3]dioxole,
1 mmol of 2-methyl-3-butyn-2-ol, and 1 ml of Et3N were added to a glass
tube (2.5 cm in diameter) equipped with a Teflon1-coated stir bar. The
mixture was stirred for about 5 h at 50 �C the until aryl iodide was con-
verted completely (monitored by TLC). Then 0.02 mmol of Pd(OAc)2,
0.02 mmol of CuI, 0.04 mmol of PPh3, 1 mmol of 4-bromobenzene-1,
3-diol, 5 mmol of KOBut, and 2 ml of benzene were added and stirred
at a reflux condition for 24 h. After cooling to rt, the mixture was neutra-
lized with 1 NHCl, extracted by ethyl acetate, washed twice by water
brine, and dried over anhydrous MgSO4. The solvent was evaporated
under reduced pressure, and the residue was purified by column chroma-
tography on silica gel with petroleum ether and ethyl acetate as eluent to
afford the pure product. White crystals; mp: 145–147 �C (lit.[7i] 145–
147 �C). 1H NMR (300 MHz, DMSO–d6): d¼ 9.6 (br, 1H), 7.38 (d,
J¼ 8.5 Hz, 1H), 7.35 (s, 1H), 7.12 (s, 1H), 6.97 (s, 1H), 6.93 (s, 1H),
6.73 (d, J¼ 8.5 Hz, 1H), 6.01 (s, 2 H), 3.91 (s, 3 H). 13C NMR (75 MHz,
MHz, DMSO-d6): d¼ 155.45, 154.03, 151.81, 150.16, 147.73, 141.02,
121.33, 120.97, 111.11, 104.62, 104.41, 101.55, 97.22, 95.41, 56.30. MS
(EI): m=z¼ 284[Mþ]. Anal. calcd. for C16H12O5: C, 67.60; H, 4.25.
Found: C, 67.78; H, 4.35.

Preparation of 2-Phenyl-1H-indole (Scheme 3)

Under an argon atmosphere, 0.02 mmol of Pd(PPh3)2Cl2, 0.02 mmol of
CuI, 1 mmol of aryl iodide, 1 mmol of 2-methyl-3-butyn-2-ol, and 1 ml
of Et3N were added to a glass tube (2.5 cm in diameter) equipped with
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a Teflon1-coated stir bar. The mixture was stirred for about 5 h at room
temperature until the aryl iodide was converted completely until (moni-
tored by TLC). Then 0.02 mmol of Pd(PPh3)2Cl2, 0.02 mmol of CuI,
1 mmol of N-(2-iodo-phenyl)actamide, and 3 mmol of KOBut, and 2 ml
of benzene were added and stirred at a reflux condition for 24 h. After
cooling to rt, the mixture was extracted by ethyl acetate, washed twice
by water then brine, and dried over anhydrous MgSO4. The solvent
was evaporated under reduced pressure, and the residue was purified
by column chromatography on silica gel with petroleum ether and ethyl
acetate as eluent to afford the pure product (yield 57%). Pale yellow
solid; 1H NMR (300 MHz, CDCl3): d¼ 8.34 (brs, 1H), 7.64 (t, J¼ 7.5 Hz,
3 H), 7.43 (t, J¼ 7.5 Hz, 2H), 7.39 (d, J¼ 7.5 Hz, 1H), 7.32 (t, J¼ 7.5 Hz,
1H), 7.20 (t, J¼ 7.5 Hz, 1H), 7.13 (t, J¼ 7.5 Hz, 1H), 6.83 (s, 1 H). 13C
NMR (75 MHz, CDCl3): d¼ 137.92, 136.95, 132.47, 129.33, 129.01,
127.73, 125.26, 122.45, 120.72, 120.31, 110.93, 100.07. MS(EI):
m=z¼ 193[Mþ]. Anal. calcd. for C14H11N: C, 87.01; H, 5.74; N, 7.25.
Found: C, 87.11; H, 5.69; N, 7.20.
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297–299; (i) Novák, Z.; Timári, G.; Kotschy, A. Tetrahedron 2003, 59,
7509–7513.

8. (a) Esen, B.; Ilia, F.; Peter, L. Tetrahedron Lett. 2005, 46, 2185–2187; (b)
Zhang, H. M.; Eric, M.; Ferreira, B. M. S. Angew. Chemie. Int. Ed. 2004,
43, 6144–6148; (c) So, W. Y.; Jeong, I. E. Org. Lett. 2005, 7, 3355–3358.

9. (a) Yue, D. W.; Yao, T. L.; Larock, R. C. J. Org. Chem. 2005, 70, 9985–9989;
(b) Furstner, A.; Davies, P. W. J. Am. Chem. Soc. 2005, 127, 15024–15025; (c)
Nakamura, I.; Mizushima, I.; Yamamoto, Y. J. Am. Chem. Soc. 2005, 127,
15022–15023.

10. (a) Chen, C. Y.; Peter, G. D. J. Org. Chem. 2005, 70, 6964–6967; (b) Micheal,
C. W.; Dawn, T.; Adam, T. G. Org. Lett. 2004, 6, 4755–4757.

11. (a) Nov�aak, Z.; Nemes, P.; Kotschy, A. Org. Lett. 2004, 6, 4917; (b) Nagy, A.;
Nov�aak, Z.; Kotschy, A. J. Organometallic Chem. 2005, 690, 4453.

12. The aryl iodides were prepared according to the literature procedure: Larock,
R. C.; Harrison, L. W. J. Am. Chem. Soc. 1984, 106, 4218–4227.

13. Edgar, K. J.; Falling, S. N. J. Org. Chem. 1990, 55, 5287–5291.

204 Y. Jiang et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
M

em
ph

is
] 

at
 0

9:
11

 0
1 

O
ct

ob
er

 2
01

2 


