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An efficient one step dihydroxylation of 1,2-glycals with oxone
in acetone�
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Abstract—A number of glycals have been converted into the corresponding 1,2-diols in fair to good yields. The reaction appears
to proceed via the corresponding epoxide which opens in situ. © 2003 Elsevier Science Ltd. All rights reserved.

Differentially protected sugar 1,2-diols (Scheme 1) are
useful intermediates in a variety of organic transforma-
tions. They are, for example, used in the synthesis of
chiral polyols2 and related natural products, in the
synthesis of O-glycosides,3 C-glycosides4 and in
intramolecular O-glycosylations as introduced by
Hindsgaul,5 Stork 6 and Bols.7 One of the most com-
monly used methods2,8 of preparing sugar derived 1,2-
diols involves conversion of the corresponding
acetobromosugars to ortho esters followed by hydroly-
sis. However, one of the drawbacks of this method is
the necessity of using an excess of s-collidine as the
solvent in the step leading to the formation of the ortho
ester. Recently, OsO4/NMO mediated dihydroxylation
of 1,2-glycals has been reported3a,c as an alternative to
the above method to obtain such 1,2-diols. In addition,
hydrolytic opening of 1,2-glycal epoxides could be con-
sidered an alternative for the formation of 1,2-diols
since glycal epoxides are now readily available by the
epoxidation of glycals using dimethyl dioxirane.9 While

our work was in progress Danishefsky et al.10 published
on the formation of such diols using a similar strategy.

In connection with another project we had the opportu-
nity to study the reactions of glycals with oxone in
acetone without isolating dimethyl dioxirane and we
have now found that in one step, 1,2-diols are obtained
in fair to good yields. Five examples (Table 1) of
differently protected glycals were studied and these
gave moderate to good yields of the corresponding
diols (almost a 1:1 anomeric mixture of the diols) which
were characterised as their acetates.11 It was found that
the stereochemistry at C-2 is equatorial in every case. It
is noteworthy that under these conditions acid labile
acetonide protection survived (entry 4, Table 1). There
is one report in the literature12 where hydroxylation of
olefins using oxone in strongly acidic aqueous medium
is described. We therefore examined reactions of simple
olefins with Oxone in acetone under the present condi-
tions. Although the dihydroxylation did occur (Table

Scheme 1.
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1), the conversion to products was generally low. The
example using cyclohexene was chosen to assess the
stereochemical outcome of the reaction. The corre-
sponding diol was acetylated and the diacetate was
found to be trans indicating clearly that the reaction
proceeds via an epoxide.

Interestingly, among the non-carbohydrate substrates,
cyclohexene gave a good yield of the diol, but stilbene
gave an epoxide (entry 10, Table 1). In other cases the
reaction was incomplete. It is clear that formation of
epoxides and their subsequent opening is better with
glycals as substrates. This is, however, not surprising
since glycals are more nucleophilic than simple olefins

and the corresponding epoxides are more reactive
towards ring opening.

Lichtenthaler et al.8a in their pioneering work have
shown that ulosyl bromides are useful intermediates in
carboydrate chemistry. Typically, synthesis of ulosyl
bromides involves bromination of the corresponding
enol acetates which in turn are obtained from the
corresponding ortho esters. In the present work, we
converted a 1,2-diacetate into the corresponding bro-
moacetate (Scheme 1) using red P/Br2 followed by
elimination of the elements of HBr using DBU as a
base to obtain the enol acetate. This enol acetate was
readily converted into the ulosyl bromide by bromina-

Table 1. Dihydroxylation of 1,2-glycals and olefins using Oxone in acetone
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tion with NBS as reported by Lichtenthaler. The
present sequence of reactions is, therefore, useful and
offers a convenient alternative to the existing method of
preparing 1,2-diols, enol acetates as well as ulosyl bro-
mides. Overall, we believe that this one step conversion
of glycals into the corresponding 1,2-diols should find
wide application in organic synthesis.

Typical experimental procedure: To a solution of triben-
zyl glucal (100 mg, 0.24 mmol) in 2 mL of an acetone-
water (2:0.5) mixture, was added a mixture of Oxone
(442 mg, 3 mmol) and NaHCO3 (121 mg, 6 mmol)
slowly at 20–25°C in small portions over a period of
30–60 min in a stoppered flask with continuous stirring.
After the reaction was complete (TLC monitoring),
acetone was evaporated and the remaining semi-solid
mass was filtered and washed with EtOAc (3×15 mL).
The organic layer was washed with water (2×15 mL),
and brine (15 mL) and dried over Na2SO4. Evaporation
of solvent gave the diol which was purified by column
chromatography. Acetylation of the diol was done in
the usual manner and the product characterised by
spectroscopic and analytical means.
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