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One-pot synthesis of 5,6-dihydroxylated benzo[b]furan derivatives
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Abstract—In the presence of sodium iodate and pyridine, several 5,6-dihydroxylated benzo[b]furan derivatives were synthesized via
oxidation–Michael addition of b-dicarbonyl compounds with catechols in a one-pot procedure. The final products were confirmed
by ESMS, NMR, and single-crystal X-ray diffraction study. The mechanism different from that of electrochemical methods was pro-
posed based on DFT calculation.
� 2006 Elsevier Ltd. All rights reserved.
Hydroxylated benzo[b]furan moiety constitutes a major
group of natural biologically active heterocycle com-
pounds,1–5 which have attracted much attention owing
to their wide range of biological activities, such as acting
as antioxidant agents, antifungal agents, modulators of
estrogen receptor, 5-lipoxygenase inhibitors, cyclooxy-
genase-2 inhibitors, and Na+, K+-ATPase inhibitors.6–11

They can also be employed as the key intermediate in
the synthesis of quinone type natural products such as
tanshinone or mansonone F. In recent years, we have
focused on the studies of bioactivities and chemical
properties of tanshinones12–14 isolated from Salvia
miltiorrhiza Bunge, a well-known traditional Chinese
medicinal herb. As part of the projects, synthesis of
polyhydroxylated benzo[b]furan derivatives was
proposed.

Many documents on the preparation of benzo[b]furan
derivatives have been reported. These works generally
involve the intramolecular cyclization of a suitable
substituted benzene ring.3,15–18 These strategies involve
either multi-steps, rigorous reaction conditions, or exp-
ensive reagents, and the synthesis of polyhydroxylated
benzo[b]furan derivatives have not been reported using
these methods. Nematollahi et al. reported19–24 the syn-
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thesis of polyhydroxylated benzo[b]furans by electro-
chemical oxidation of catechols in the presence of
1,3-dicarbonyl compounds such as b-diketones, b-keto-
esters, coumarins and 4-hydroxy-6-methyl-2-pyrone.
Wanzlick et al.25 and Darbarwar et al.26 found that
the oxidative coupling of catechol with 4-hydroxy-cou-
marins in the presence of potassium ferricyanide led to
11,12-oxygenated coumestan derivatives. Nevertheless,
the chemical access to polyhydroxylated benzo[b]furans
still remain scarce. Herein we described a facile chemical
method for the synthesis of 5,6-dihydroxylated benzo-
[b]furan derivatives by oxidation–Michael addition of
catechol and substituted catechols with b-dicarbonyl
compounds (Scheme 1) and studied a possible reaction
mechanism.

Our initial attempt to synthesize 5,6-dihydroxyl benzo-
[b]furans via oxidation–addition reaction of cate-
chols27 with acetylacetone or ethyl acetylacetate was
based on Wanzlick’s25 and Darbarwar’s26 methods by
using potassium ferricyanide as oxidant in aq acetone
solution of sodium acetate. However, the reaction failed
to give the desired products.

After extensive study, we found that sodium iodate and
pyridine in aq ethanol worked well at room temperature.
The final products were purified easily by column chro-
matography. In this procedure, it was found that the
amount of water used was very critical, small proportion
of water could enhance the solubility of sodium iodate
in ethanol and then would benefit the reaction, while
too much water could lead to none of the products
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Figure 1. ORTEP drawing of compound 3e.
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except the tarred polymer. The possible reason was that
final products were easy to be oxidized. Besides,
1.0 equiv of pyridine was required as the catalyst.

According to the above procedure, six 5,6-dihydroxyl-
ated benzo[b]furans were obtained successfully via reac-
tion of catechols with b-dicarbonyl compounds in
moderate isolated yields (ca. 30–50%), and their struc-
tures were confirmed by NMR and ESMS.28

Generally, it is considered that the presence of a meth-
oxy or chlorine group at the C-3 position of 1b and 1c
would yield two types of products 3 and 4 in each case.
However, the 1H NMR and 13C NMR spectra suggested
that compounds 3c–f were obtained as essentially the
only isomer, 4c–f were undetectable. The structure of
3c was further confirmed by the HMBC correlations
(Table 1) of H-7 (d, 7.11) with C-6 (d, 139.4), C-7a (d,
144.5), C-3a (d, 117.4), and C-5 (d, 132.7). Compound
3e was also confirmed by HMBC (Table 1) and single-
crystal X-ray diffraction study (shown as Fig. 1 for the
ORTEP drawing of 3e).29 The unambiguously deter-
mined structures of 3c and 3e also lent support to the
proposed structures of 3d and 3f.
Table 1. Key 1H and 13C NMR and HMBC data for compounds 3c and 3e

Position dC

3c 3e 3c

2a 15.2 15.1 2.70
3 117.2 117.5 —
3a 117.4 117.3 —
4 135.7 104.4 —
5 132.7 143.2 —
6 139.4 140.9 —
7 100.6 102.6 7.11
7a 144.5 144.2 —
As proposed by Nematollahi et al.,20–24 the oxidation–
addition reaction of 1b with 2 proceeded via the inter-
molecular and intramolecular addition of o-quinone as
the key intermediate. Compounds 4c–d were expected
to be obtained. However, NMR spectra confirmed that
the obtained products were 3c–d instead of 4c–d. It was
possible that our process followed the different pathway
from that of electrochemical condition in Refs. 20–24. In
order to further elucidate this hypothesis, DFT calcula-
tion on atomic charge of intermediate 3-methoxy-o-qui-
none 5 was carried out. The calculation results (Table 2)
indicated that C-9 in 5 would be more easily attacked by
a nucleophile than C-6 because the former (�0.12016)
had less atomic charge than the latter (�0.22058) (see
Fig. 2 for structures). This result was consistent with
the regioselectivity reported by Nematollahi et al.
Encouraged by this preliminary calculation results, we
carried out another calculation on substrate 1b. The
results (Table 2) showed that H-9 (0.42263) in 1b had
more positive charge than H-14 (0.40637). It would then
be possible that the oxidation of 1b took place in a step-
wise manner through single electron transfer. Therefore,
a possible mechanism was proposed in Scheme 2.

To further verify the validity of the above result, the
DFT calculations of substrate 1c and o-quinone 6 were
also performed. As shown in Table 2, the electronic
charges of H-9 and H-14 in 1c (Fig. 2) were similar,
indicating that both of the hydroxyl groups might be
oxidized, and the oxidation–Michael addition reaction
would proceed essentially via o-quinone 6 as the inter-
(DMSO-d6)

dH HMBC (H–C)

3e 3c 3e

2.70 2,3 2,3
— — —
— — —
— — —
— — —
— — —
7.35 5, 6, 7a, 3a 5,6,7a, 3
— — —



Table 2. Atomic charges for selected atoms in compounds 5, 6, 1b, and
1c30

Atom 5 1b 1c 6

O-4 �0.39902 �0.64650 �0.67277 �0.38969
O-7 �0.43239 �0.63358 �0.64698 �0.41273
C-6 �0.22058 — — �0.13227
C-9 �0.12016 — — �0.11659
H-9 — 0.42263 0.42982 —
H-14 — 0.40637 0.43057 —
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mediate. The atomic charges indicated that C-9
(�0.11659) in 6 would be more easily attacked by 2 than
C-6 (�0.13227), and 3e–f were expected to be formed
(Scheme 3). This was in agreement with our results.

In summary, we have described a facile method for syn-
thesis of 5,6-dihydroxylated benzo[b]furan derivatives.
The electronic effect of C-3 substituents on catechols
was investigated and the different pathway from that
of electrochemical method was proposed based on
DFT calculation. Although the oxidation of final
products in this system caused the yield decrease, the
described method held promise in the synthesis of
5,6-dihydroxylated benzo[b]furan derivatives due to the
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facile procedure and the readily available material.
The optimization of this method and reaction of various
substituted catechols with b-dicarbonyl compounds are
in progress.
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