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Letters
InCl3/IBX: a novel reagent system for the conversion of glycals into
a,b-unsaturated d-lactones
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Abstract—The combination of indium trichloride with iodoxybenzoic acid (IBX) has been utilized for the first time as a novel
reagent system for the one-pot synthesis of 2,3-dideoxy-DD-hex-2-enono-1,5-lactones from glycals. The reaction proceeds smoothly in
aqueous media and the products are obtained in good yields. This method is suitable for the oxidation of glycals bearing olefin
functionality.
� 2004 Elsevier Ltd. All rights reserved.
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Naturally occurring carbohydrates have been exten-
sively used as chiral pool starting materials in the syn-
thesis of biologically active natural products.1 The ready
availability of a wide range of carbohydrates in Nature,
each having several chiral centres, coupled with their
well-defined stereochemistry, make them useful inter-
mediates in organic synthesis.2 Glycals are versatile
chiral building blocks for the synthesis of glycoconju-
gates and polyether antibiotics.3 Glycals are known to
undergo acid-catalyzed allylic rearrangement with vari-
ous nucleophiles to afford pseudoglycals or 2,3-unsatu-
rated glycosides.4;5 In particular, 2,3-dideoxyhex-2-
enono-1,5-lactones derived from glycals and peracids6

are useful precursors for the synthesis of various opti-
cally active heterocycles such as pyrazolidin-3-ones and
isoxazolidin-5-ones.7 Alternatively, PCC has been used
for the conversion of glycals into a,b-unsaturated
d-lactones.8 Hypervalent iodine reagents have attracted
increasing interest as oxidants in organic synthesis due
to their mild, selective and environmentally benign oxi-
dizing properties.9 Among various hypervalent iodine
reagents, iodoxybenzoic acid (IBX) is a versatile oxi-
dizing agent because of its high efficiency, easy avail-
ability, mild reaction conditions and its stability to
moisture and air.10 A wide functional group tolerance
and high-yielding reactions, without over oxidation have
made IBX very familiar for the oxidation of alcohols
even in the presence of olefins, thioethers and amino
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groups.11 In recent reports, the use of IBX as a mild
oxidant has been extended to many other elegant oxi-
dative transformations.12 Recently, indium halides have
emerged as versatile Lewis acid catalysts imparting high
regio-, chemo- and diastereoselectivity for a variety of
organic transformations. Compared to conventional
Lewis acids, indium trichloride in particular has
advantages of low catalyst loading, moisture stability
and catalyst recycling.13

In this article, we report a mild and efficient protocol for
the synthesis of a,b-unsaturated d-lactones from glycals
using catalytic InCl3 in combination with a stoichio-
metric amount of IBX as a novel reagent system
(Scheme 1).

Treatment of 3,4,6-tri-O-acetyl-DD-glucal in water with
10mol% InCl3 and 2.5 equiv of IBX in refluxing ace-
tonitrile resulted in the formation of 4,6-di-O-acetyl-2,3-
dideoxy-DD-erythro-hex-2-enono-1,5-lactone in 82%
yield. Similarly, various other DD-glucals such as 3,4,6-tri-
O-benzoyl, 3,4,6-tri-O-allyl and 3,4,6-tri-O-benzyl-DD-
glucal derivatives were converted into their corre-
sponding 2,3-dideoxy-DD-hex-2-enono-1,5-lactones using
this procedure (Table 1, entries b–d). Other glycals such
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as 3,4,6-tri-O-acetyl-DD-galactal, 3,4-di-O-acetyl-LL-rham-
nal, 3,4-di-O-acetyl-DD-xylal and 3,4-di-O-acetyl-DD-arab-
inal also afforded the respective enelactones in fairly
good yields under similar conditions (Table 1, entries e–
h). However, the hexa-O-acetyl-DD-lactal derived from
the disaccharide, a-DD-lactose, gave 3,6-dioxo-(2R)-3,6-
dihydro-2H-2-pyranylmethyl acetate (Scheme 2).

In the oxidation of disaccharides, cleavage of the gly-
cosidic bond was observed under the reaction condi-
tions. All products were characterized by 1H, 13C NMR
and IR spectroscopy and also by comparison with
authentic compounds.6 Mechanistically, the reaction is
Table 1. Oxidation of DD-glycals to a,b-unsaturated d-lactones using InCl3/IB
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aAll products were characterized by IR, 1H,13C NMR and mass spectroscop
b Isolated and unoptimized yields.
initiated by InCl3 induced allylic rearrangement of gly-
cal with water to form an intermediate 2,3-dideoxy-hex-
2-enopyranoside, which on subsequent oxidation by
IBX results in the formation of the corresponding ene-
lactone (Scheme 3).
X in water/CH3CN
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In all cases, the reactions were carried out in a water/
acetonitrile (1:9) solvent system. Since indium trichlo-
ride is stable in water, no precautions needed to be taken
to exclude moisture from the reaction medium. Fur-
thermore, this method does not require stringent reac-
tion conditions. The experimental procedure is quite
simple and convenient affording the desired products in
good yields. Among various catalysts such as scandium
triflate, ytterbium triflate, cerium triflate and indium
triflate employed for this transformation, indium tri-
chloride was found to be the most effective catalyst in
terms of conversion and reaction rates. Low conversions
(40–55%) were obtained when the reactions were carried
out using 5mol% Sc(OTf)3 and 2.5 equiv of IBX in
refluxing acetonitrile–water (9:1). Furthermore, the
combination of IBX with conventional Lewis acids such
as BF3�OEt2, TiCl4 and TMSOTf failed to give the
desired enelactones. The scope and generality of this
process is illustrated with respect to various glycals and
the results are presented in Table 1.14

In summary, we describe a novel procedure for the
preparation of 2,3-dideoxy-DD-hex-2-enono-1,5-lactones
from glycals using InCl3/IBX. This method is not only
applicable to simple acetyl glycals but also to highly
functionalized benzyl, benzoyl and allyl glycals. This
new reagent system provides a simple and convenient
method for the preparation of optically active a,b-
unsaturated d-lactones.
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