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Abstract—We describe an efficient new approach for the synthesis of a chiral butenolide that is based on the oxidation of a chiral
furan ring with singlet oxygen in the presence of Hünig�s base, followed by Luche reduction and in situ lactonization.
� 2005 Elsevier Ltd. All rights reserved.
Butenolides and their corresponding saturated c-lac-
tones are found as structural subunits in a wide range
of natural products with biological activities.1 They
are often used as intermediates for the synthesis of bio-
logically and chemically significant natural products,2

some of them are depicted in Figure 1.

We recently described a new methodology for the syn-
thesis of oxacyclic compounds using either methoxyal-
lene3a,e or furan.3b–d In order to further enlarge the
scope of our methodology, we decided to use chiral fur-
an 7 as starting material. Much to our surprise, we could
not synthesize 4-methoxy butenolide 8 using the experi-
mental conditions previously developed by us3b–d
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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Figure 1. Some natural products containing the butenolide and the c-lacton
(Scheme 1). The reason for the non-formation of 8 could
be explained by the steric hindrance of the two bulky
protecting groups.

This setback steered us to look for an alternative to
compound 8. It was anticipated that the effect of the ste-
ric hindrance of the TBDPS groups would not prevent
the formation of 4-hydroxybutenolide 9. Indeed oxida-
tion of 7 with singlet oxygen in methanol in the presence
of diisopropylethylamine (Hünig�s base)4 cleanly affor-
ded 4-hydroxybutenolide 9 (Scheme 1). Our initial aim
was to synthesize butenolide 8 and transform it into
the titled building block compound 14. As shown in
Scheme 2, 4-hydroxy butenolide 9 is even better than
products.
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4-methoxybutenolide 8 as synthon for compound 14.
Accordingly, 9 being in equilibrium with its open form
15 could be reduced with sodium borohydride under
Luche�s conditions to give hydroxy acid 16 which under-
went acid catalyzed in situ lactonization, affording
butenolide 14 in excellent yield (98%).5 4-Hydroxy-
butenolide 9 can be synthesized as follows: commercially
available tri-O-acetyl-DD-glucal (11)6 was deacetylated
with methanolic K2CO3, in quantitative yield, giving
DD-glucal (12),7 which on reaction with indium chloride
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in acetonitrile afforded chiral furan diol 138 in 70% yield.
The hydroxy groups of the latter were protected as tert-
butyldiphenylsilylethers affording 7 in 93% yield. Furan
7 was oxidized with singlet oxygen in the presence of
Hünig�s base giving the desired 4-hydroxybutenolide 9
in 88% yield.

Butenolide 14 was obtained enantiomerically pure but at
this stage the stereochemistry of C-4 was unknown, so
we decided to establish the stereochemistry by carrying
out the following reaction sequence: the primary hydrox-
yl group of 14 was selectively deprotected and the
resulting alcohol 17 on reaction with NaHCO3 afforded
bicyclic lactone 189 through an intramolecular Michael
addition (Scheme 3). From the NOE correlations of 18
it could be deduced that the stereochemistry of C-4 of
butenolide 14 was the one depicted in Scheme 2. Buteno-
lide 14 is a valuable building block for the synthesis of
biologically and chemically significant natural prod-
ucts.2,10 Reaction of 14 with dimethylcuprate11 afforded
1912 in excellent yield (Scheme 3). The stereochemistry
of 19 was established by NOE correlations. 19 is an ad-
vanced intermediate towards the synthesis of eldanolide
(3), whisky lactone (4) and cognac lactone (5) (Fig. 1).

In conclusion, we demonstrated that from tri-O-acetyl-
DD-glucal (11) a commercially available chiral synthon,
we could efficiently synthesize chiral butenolide 14 in
excellent yield. The use of butenolide 14 as building
block for the synthesis of various natural products is
now under way in our laboratories.
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