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A novel two-step synthesis of 2-arylbenzofurans has been
developed. It involves a selective cross McMurry coupling
of a salicylaldehyde or substituted salicylaldehyde with an
aromatic aldehyde and a sequential oxidative cyclization of
the resultingortho-vinylphenols. Utilizing this synthetic
protocol, a variety of 2-arylbenzofurans including cicerfuran
(5) have been efficiently synthesized.

Benzofurans and their analogues constitute a major group of
naturally occurring compounds.1 Their broad range of biological
activities and significant pharmacological potentials have gener-
ated extensive and enduring efforts toward the syntheses of these
important heterocyclic compounds.2 Major reported synthetic
strategies involve (Scheme 1) (i) oxidative cyclization of
o-vinylphenols,3 (ii) dehydrative cyclization ofR-phenoxy
ketones,4 (iii) cyclization of o-ynylphenol,5 (iv) copper- or

palladium-catalyzed O-arylation ofo-halobenzyl ketones,6 and
(v) intramolecular McMurry couplings7 or Wittig reactions.8

Recently, we have initiated a program to achieve the general
and selective cross McMurry couplings between two carbonyl
compounds.9 We reported that, in the presence of a series of
groups such as-OH, -NH2, etc., a selective cross McMurry
coupling between diaryl or aryl ketones with various ketones
was achieved.9 We now disclose a novel two-step synthetic
strategy for 2-arylbenzofurans using the selective cross McMurry
couplings between two aromatic aldehydes as a pivotal step,
namely, (a) a selective cross McMurry coupling of salicyl-
aldehyde or substituted salicylaldehyde with an aromatic alde-
hyde yielding ano-vinylphenol, and (b) a sequential oxidative
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cyclization of theo-vinylphenol to afford the corresponding
2-arylbenzofuran. Because the reagents are readily available and
the protocols simple to carry out, this new synthetic methodol-
ogy represents a convenient and effective approach toward a
variety of 2-arylbenzofurans.

Initially, we performed the McMurry coupling of salicylal-
dehyde (1a) with benzaldehyde (2a) and 4-methoxybenzalde-
hyde (2b) using 5 equiv of low valent titanium (TiCl4-Zn-
Py) according to our reported procedure.9 It was observed that
the coupling proceeded significantly faster than those between
ketones9 with isolated yields of the cross couplings products
ranging from 43 to 60%, respectively (Table 1, entries 1 and
6). The yields increased to 58 and 74% when 2.5 equiv of low
valent titanium was used (Table 1, entries 3 and 8). We observed
a yellow precipitate forming during the course of the reaction.
Ordinarily, the couplings occur as a black mixture using TiCl4-
Zn as a low valent titanium source. The yields were similar to
those using TiCl4-Zn-Py (Table 1, entries 4, 5, 9, and 10).
Here, optimal conditions for cross McMurry couplings of
salicylaldehyde or substituted salicylaldehyde (1) with aryl
aldehyde (2) employed 2.5 equiv of TiCl4-Zn with a 1:1.2 mol
ratio of 1 to 2.

The oxidative cyclization ofo-vinylphenols was tested using
three reagents: (A) DDQ,3c-g (B) m-CPBA/TsOH,3h and (C)
I2/K2CO3.3c-g The results are outlined in Table 2. Although
DDQ is commonly utilized to carry out the oxidative cyclization,
we observed that the other two reagents were equally effective.
Additionally, the workup of the DDQ reaction required greater
effort than the other two methods. The reported cyclization via
m-CPBA/TsOH was performed in two steps:3h epoxidation by
m-CPBA followed by TsOH-catalyzed cyclization. In our lab,
we improved the procedure and performed the two reactions in
one pot. We found that this method was suitable for the
o-vinylphenol without an electron-donating group such as MeO-

(Table 2, entry 1). The method employing I2/K2CO3 was highly
effective and simple for the oxidative cyclization in most cases.
We were able to achieve the oxidative cyclization ofo-
vinylphenols using I2/K2CO3 in most cases that were attempted.
For theo-vinylphenols without electron-donating groups, we

obtained the oxidative cyclization product viam-CPBA/TsOH.

With the above optimized conditions for the two reactions,
we prepared a variety of 2-arylbenzofurans through this two-
step synthetic strategy in order to establish the generality of
this approach (Table 3). This method proved to be a flexible
and convergent protocol for 2-arylbenzofurans. Besides 2-phenyl
or substituted phenyl benzofurans, 2-heteroaromatic substituted
benzofurans were also conveniently and efficiently synthesized
(Table 3, entries 3, 4, and 7). The oxidative cyclization
proceeded smoothly, and high yields were achieved. In regards
the selective cross McMurry reaction, the following features
are highlighted: (1) the hydroxyl group of1a-f is important
to the selective cross coupling as it not only enhances the
selective cross coupling over homocoupling but also facilitates
the isolation of the products; (2) the presence of electron-
donating groups, such as methoxy and piperidinyl, seems
beneficial to the enhancement of the selectivity cross coupling

TABLE 1. The Influence of the Equivalent of Low Valent
Titanium on the Cross McMurry Reactions between Salicylaldehyde
and Aryl Aldehyde

entry aldehydea Ti (equiv)
time
(h)

yieldb

(%)

1 1a + 2a TiCl4-Zn-Py (5) 3.5 43 (3aa)
2 1a + 2a TiCl4-Zn-Py (4) 5 50.2 (3aa)
3 1a + 2a TiCl4-Zn-Py (2.5) 6 58 (3aa)
4 1a + 2a TiCl4-Zn (4) 5 51 (3aa)
5 1a + 2a TiCl4-Zn (2.5) 6 60 (3aa)
6 1a + 2b TiCl4-Zn-Py (5) 3 60 (3ab)
7 1a + 2b TiCl4-Zn-Py (4) 5.5 73 (3ab)
8 1a + 2b TiCl4-Zn-Py (2.5) 6 74 (3ab)
9 1a + 2b TiCl4-Zn (4) 6 72 (3ab)

10 1a + 2b TiCl4-Zn (2.5) 6 75 (3ab)

a The mole ratios of1a to 2a, 2b were 1:1.2.b Yield of isolated
product.

TABLE 2. The Oxidative Cyclization of o-Vinylphenols to
2-Arylbenzofurans

a Isolated yield.
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(Table 3, entries 2, 6, 8, 9, and 13-15), an effect also observed
for the homocoupling of diaryl ketone;10 (3) to achieve a
selective cross coupling, the rates of two carbonyl compounds
in the McMurry reaction should not be significantly different;
otherwise the coupling of the two carbonyl compounds will
result in predominantly homocoupling products. In our hands,
the couplings of salicylaldehyde with butyraldehyde, cyclo-
pentanecarboxaldehyde, and cyclohexanone did not signifi-
cantly afford their respective cross coupling products. We
observed that the homocouplings of butyraldehyde, cyclo-
pentanecarboxaldehyde, and cyclohexanone were complete in
approximately 1 h, and hardly any cross coupling products were
observed.

Utilizing the synthetic approach outlined above, we achieved
a total synthesis of a naturally occurring benzofuran compound,
cicerfuran (5),11 as illustrated in Scheme 2. Our synthesis of

cicerfuran is more convenient and effective compared to
previously reported procedures,11a,bfor the reagents are readily
available and the procedures are simple. Moreover, the overall
yield of 60% is significantly higher than those reported
(<20%).11a,b

In conclusion, we developed a facile two-step synthetic
strategy for 2-arylbenzofurans. The key step is a selective cross
McMurry coupling between a salicylaldehyde or substituted
salicylaldehyde and an aromatic aldehyde. This synthetic
approach further extends the scope of the cross McMurry
reaction and provides a novel approach toward the facile
syntheses of 2-arylbenzofurans.
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TABLE 3. Preparation of 2-Arylbenzofuran Using the Selective Cross McMurry Reactions

a The mole ratios of1a-1f to 2a-2k were 1:1.2.b Yield of isolated product.
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Experimental Section

General Procedure for Cross McMurry Reactions.Under an
Ar atmosphere, a four-necked flask equipped with a magnetic stirrer
was charged with zinc powder (0.8 g, 12 mmol) and 40 mL of
THF. The mixture was cooled to-5 ∼ 0 °C, and TiCl4 (0.65 mL,
6 mmol) was added by a syringe slowly with the temperature kept
under 0°C. The suspension was warmed to room temperature and
stirred for 0.5 h, then heated at reflux for 2.5 h. The mixture was
again cooled to-5 ∼ 0 °C, and the solution of two aldehydes (in
1:1.2 mol ratio, 2.4 mmol) in THF (15 mL) was added slowly.
After addition, the reaction mixture was heated at reflux until the
carbonyl compounds were consumed (monitored by TLC). The
reaction was quenched with 10% aqueous NaHCO3 solution and
taken up CH2Cl2. The organic layer was collected and concentrated.
The crude material was purified by flash chromatography to give
the desired products.

General Procedure for the Oxidative Cyclization of o-
Vinylphenols Usingm-CPBA/TsOH. To a solution ofo-vinylphe-
nol (5 mmol) in chloroform (100 mL) was addedm-chloroperben-
zoic acid (1.8 g, 8.5 mmol). The mixture was stirred at 35-40 °C
until the o-vinylphenol was completely oxidized (monitored by
TLC). Then a few crystals ofp-toluenesulfonic acid were added,
and the resulting mixture was again stirred at 35-40 °C until the
epoxide was consumed (monitored by TLC). The mixture was
washed with saturated aqueous NaHCO3 (100 mL), and the organic
layer was washed with 2× 200 mL purified water and dried over

anhydrous Na2SO4. The organic layer was concentrated, and the
crude material was purified by flash chromatography to give the
desired products.

General Procedure for the Oxidative Cyclization of o-
Vinylphenols Using I2/K2CO3. To a solution ofo-vinylphenol (2
mmol) in THF (20 mL) was added anhydrous K2CO3 (1.53 g, 11.1
mmol) and was stirred for 10 min. I2 (2.82 g, 11.1 mmol) was added,
and the mixture was stirred at ambient temperature until the
o-vinylphenol was consumed. The mixture was poured into
saturated aqueous NaHCO3 (30 mL) and treated with saturated
aqueous NaHSO3 to remove the unreacted iodine. The mixture was
extracted with EtOAc, and the organic layer was dried over
anhydrous Na2SO4. The organic layer was concentrated, and the
crude material was purified by flash chromatography to give the
desired products.
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SCHEME 2. Total Synthesis of Cicerfuran
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