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Abstract—A novel, yet simple, method for the synthesis of 4-aryl-furan-3-ols is described. The condensation between dimethyl
diglycolate 1 and various aryl glyoxylates 2 using KOt-Bu as base furnished a series of 4-aryl-furan-3-ols 4 bearing one tert-butyl
ester and one methyl ester substituent. Such a mixed ester allowed easy differentiation of the two esters for selective chemical
modification. In addition, these 4-aryl-furan-3-ols could be further transformed to other useful substituted furans through
conversion to the triflates and subsequent metal-mediated reduction or coupling. © 2001 Elsevier Science Ltd. All rights reserved.

Furan moieties exist in numerous natural products,
such as the kallolides1 and the cembranolides,2 as well
as many pharmaceutical products.3 Recently, we were
interested in developing a general method to synthesize
furan-3-ols with various aryl groups substituted at the
4-position. We anticipated that the condensation of
dimethyl diglycolate4 1 with various aryl glyoxylates 2
under basic conditions would be a viable method to
furnish such 4-aryl-furan-3-ols, especially because many
aryl glyoxylates either are commercially available or
can be easily prepared.5 Indeed, when methyl phenyl-
glyoxylate was used with NaOMe as the base (condi-
tion a in Scheme 1), the dimethyl ester 3 (Ar�Ph) was

obtained in 81% yield. An interesting variation of this
reaction was discovered when KOt-Bu was used in a
mixture of toluene6 and t-BuOH (condition b). Instead
of the dimethyl ester 3, a mixed ester 4, bearing one
methyl ester and one tert-butyl ester, was obtained in
72% yield.7 The formation of the mixed ester 4 allowed
for easy differentiation of the two esters for selective
chemical modification. For example, the tert-butyl ester
was expected to be more susceptible to acid hydrolysis
whereas the methyl ester should undergo nucleophilic
attack more readily. In this publication, we would like
to report the application of this novel approach to the
synthesis of 4-aryl-furan-3-ols.

Scheme 1. Reagents and conditions : (a) NaOMe, MeOH, 70°C, generating 3. (b) KOt-Bu, t-BuOH–toluene (2:1), 70°C, generating
4.
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When dimethyl ester 3 obtained from the NaOMe
reaction (condition a) was treated with KOt-Bu (condi-
tion b), 4 was obtained in 79% yield. This result indi-
cated that, under condition b, 3 was likely to be an
intermediate involved during the reaction between 1
and 2 to yield 4. It is noteworthy that only one tert-
butyl ester was formed, even when KOt-Bu was used in
large excess. Under the basic reaction condition b, the

methyl ester at the 2-position of the furan was reso-
nance-stabilized by the anion of the furan-3-ol, making
this methyl ester resistant to exchange with tert-butox-
ide ion. The methyl ester at the 5-position, however, did
not have such stabilization and was therefore more
reactive. Consequently, only the methyl ester at the
5-position reacted with the excess tert-butoxide ion to
afford 4. The structure of 4 was supported by the NOE
observed between the protons of the tert-butyl group
and those of the phenyl group.

This condensation reaction has also been shown to
work for glyoxylates bearing phenyl groups with vari-
ous substituents and heteroaromatic groups, as shown
in Table 1. The yields were consistently around 60–
70%. Even for a bulky aryl group such as the 2,4,6-
trimethylphenyl group, a yield of 63% was obtained.
This method is therefore useful for the synthesis of
furan-3-ols with various aryl substituents at the 4-
position.

This approach to the synthesis of furan-3-ols can be
further extended to the synthesis of tri-substituted and
tetra-substituted furans. The furan-3-ols can be readily
converted to their corresponding triflates, which in turn
can be converted to H or alkyl groups, via metal-
assisted reduction or coupling, to furnish tri-substituted
and tetra-substituted furans respectively. Such an appli-
cation is demonstrated in the synthesis of carboxylic
acid 9, a key intermediate in the synthesis of the
furo[2,3-c ]-isoquinoline alkaloids.8 With the current
discovery, 9 can now be efficiently synthesized from 4
in a five-step sequence and the overall yield is much
higher than that of the method previously reported.8

The furan-3-ol 4 was first converted to its triflate 5
(93%). Upon treatment with Pd(PPh3)2Cl2, NEt3 and
HCOOH in DMF at 80°C, 5 was reduced to the
tri-substituted furan 6 (90%).9 The methyl ester was
expected to be more susceptible to nucleophilic attack
than the tert-butyl ester. Indeed, treatment with super-
hydride in THF selectively reduced the methyl ester to
its corresponding primary alcohol 7 (93%). Alcohol 7
was further reduced to 8 under hydrogenolysis condi-
tions (98%). Finally, acid hydrolysis of the tert-butyl
ester furnished the acid 9 (95%) (Scheme 2).10

In summary, a novel synthesis of 4-aryl-furan-3-ols has
been developed.11 From dimethyl diglycolate which has
two identical methyl esters, a mixed ester furan product
with one tert-butyl ester and one methyl ester was
formed, allowing easy differentiation of these two
esters. This method not only offers a general approach
to the synthesis of furan-3-ols, but can also be extended
to the synthesis of other substituted furans via the
triflates of these furan-3-ols.
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Table 1. Yields of the reaction in Scheme 1 with various
Ar groups
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Scheme 2. Reagents and conditions : (a) Tf2O, i-Pr2NEt, CH2Cl2, −78°C. (b) Pd(PPh3)2Cl2, NEt3, HCOOH, DMF, 80°C. (c)
LiHBEt3, THF, rt. (d) H2 (balloon), Pd(OH)2, MeOH, rt. (e) HCOOH, rt.
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