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a b s t r a c t

A new, convenient, and environmentally benign three-component synthesis of a novel class of benzofu-
rans is developed by condensing different arylglyoxals, benzamide, and phenolic substrates under
solvent-free conditions. These reactions are catalyzed by tungstate sulfuric acid (TSA) as a safe, clean,
and recyclable solid acid. The method is operationally simple and provides access to a variety of
2-aryl-3-benzamido benzofurans in good to excellent yields.

� 2013 Published by Elsevier Ltd.
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Benzo-fused heterocycles play important roles in both drug
discovery and chemical biology.1 Among benzoheterocycles con-
taining an oxygen atom, benzofurans are present in various biolog-
ically active molecules possessing, for example, antibacterial,2

antifungal,3 anti-inflammatory,4 antidepressant,5 and anticonvul-
sant6 activity. For example, benzbromaron is a uricosuric agent
used in the treatment of gout,7 cloridarol is a vasodilator,8 oxeto-
rone is an antimigraine agent,9 and amiodarone is an anti-arrhyth-
mic agent used for various types of cardiac dysrhythmias, both
ventricular and atrial.10

Several strategies for the synthesis of benzofurans are known.
Almost all the reported methods can be classified into two catego-
ries: (1) intramolecular cyclization of benzene derivatives and (2)
creation of an annellated carbocyclic ring.11 The traditional
methods for the synthesis of benzofuran derivatives involve the
preparation, via O-alkylation of salicylaldehyde with chloroacetic
acid, followed by dehydration of the resulting ether (category 1)12

or via Perkin rearrangement in which a coumarin is reacted with
a hydroxide (category 2).13–15 New strategies have also been
employed for the synthesis of benzofurans such as Claisen rear-
rangement and ring-closing metathesis,16 condensation of benzil
with phenols and aryl ethers mediated by SnCl2,17 a one-pot meth-
od for synthesizing 4-acetoxy-2-amino-3-arylbenzofurans,18 and
the synthesis of 2-imino-3-aminobenzofurans via multicomponent
reactions from TosMIC.19 It is important to mention that Wang et al.
have reported a three-component process for the synthesis of
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2-aryl-3-aminobenzofuran derivatives from phenols, arylglyoxal
monohydrates, and para-toluenesulfonamide promoted by indium
trichloride. Using this method, benzofurans were obtained in good
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Scheme 1. Synthesis of 2-aryl-3-benzamido-benzofuran derivatives.
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Table 1
Synthesis of novel benzofurans in the presence of TSA30

Entry Product Yield (%)a Mp (�C)

5a

O

HN

Ph O

80 230–232

5b

O

HN

O

MeO

Ph

75 239–241

5c

O

HN

O

Br

Ph

85 286–288

5d

O

HN

Ph O

Cl

80 270–272

5e
O

HN

Ph O

OMe

85 198–200

5f
O

HN

Ph O

75 220–222

5g

O

HN

OPh

Cl

HO

85 248–250

5h

O

HN

OPh

Cl

HO

75 225–227

a Isolated yield.

Figure 1. Recyclability of the TSA catalyst in the synthesis of 5a over 3 runs.
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Scheme 2. Suggested mechanism for the formation of 2-aryl-3-benzamido-benzo-
furans catalyzed by tungstate sulfuric acid.
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to excellent yields while the formation of diketones as by-products
was effectively inhibited.20

Multicomponent reactions (MCRs) are powerful tools for the
generation of chemical libraries and they have attracted significant
attention due to their broad applications in medicinal chemistry
for the production of various structural scaffolds, and in combina-
torial synthesis.21

In continuation of our research on the development of novel
techniques for the synthesis of heterocyclic compounds,22–28 here-
in, we describe a new and green strategy for the preparation of no-
vel benzofurans through a three-component reaction (category 1)
similar to that reported earlier.20
According to previous reports on the synthesis of amidoalkyl
naphthols,29 we treated arylglyoxals 1 (obtained by selenium diox-
ide oxidation of the corresponding phenyl ketones) and benzamide
(2) with phenolic substrates 3 in the presence of a catalytic amount
of tungstate sulfuric acid (TSA) under solvent-free conditions
(Scheme 1). Despite the low probability of intramolecular cycliza-
tion of intermediate 4, we originally thought that the two isomers
5 and 6 would be formed. However, after characterization by IR
and NMR spectroscopy, we found that only 2-aryl-3-benzamido-
benzofurans 5 were actually formed.

The scope of this three-component reaction for the synthesis of
2-aryl-3-benzamido-benzofurans was studied and the results are
summarized in Table 1. It should be mentioned that all the reac-
tions proceeded by in situ generation of intermediate 4 and
showed regiospecificity toward structural isomer 5 rather than
oxazole 6.

In these reactions, electron-rich and -deficient arylglyoxals, as
well as various phenolic substrates worked well. Methods based
on green chemistry principles have attracted growing interest from
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the scientific community in recent years. The results in Table 1
indicate the feasibility of these three-component reactions under
solvent-free conditions. All the products were synthesized in very
good yields (75–85%) at 120 �C over 90–240 min. Moreover, the
catalyst (TSA) is safe, separable, and can be reused several times.
For example, the activity of the catalyst was tested in the synthesis
of 5a over three runs, during which little appreciable loss was ob-
served in the catalytic activity (Fig. 1). Therefore, the efficiency of
this strategy under environmentally friendly conditions is in accor-
dance with green chemistry criteria.

A mechanistic rationale for the formation of compounds 5 is
postulated in Scheme 2. The reaction is thought to take place in
three steps. It is reasonable to assume that the initial event in-
volves the generation of intermediate 7 via condensation of amide
and arylglyoxal. In the next step, intramolecular cyclization of
intermediate 8 gives 9 followed by dehydration to form the prod-
uct 5.

In summary, the reaction between arylglyoxals, benzamide, and
phenol derivatives in the presence of a catalytic amount of tung-
state sulfuric acid provides a simple one-pot entry for the synthesis
of 2-aryl-3-benzamido-benzofurans of potential synthetic and
pharmaceutical interest. This method has advantages such as the
use of a safe and recyclable catalyst, avoidance of organic solvents,
high yields of products, short reaction times, and a simple work-up
procedure. It is worthwhile to note that the presence of transform-
able functionalities in the products makes them potentially valu-
able for further synthetic manipulations.
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