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A New and Versatile Method for the Preparation of Unsaturated Sugars
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Summary Reaction of vicinal diols with iodoform, tri- olefin in high to moderate yields.
phenylphosphine, and imidazole gives the corresponding
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IN recent years the use of sugars as chiral synthons! has
received increasing attention. Specifically, di- and tri-
deoxyhexoses have been employed in the synthesis of
complex natural products.?»®* The most frequently used
methods for the preparation of these compounds involve
catalytic hydrogenation of di- and tri-deoxyhexenopyrano-
sides.

The synthetic methods employed in the preparation of
unsaturated sugars depend upon the stereochemical
relationship of the starting vicinal diols. For example, in
cis systems, cyclic acetals,* cyclic thiocarbonate O-esters,?
and bisdithiocarbonates® are decomposed to form the
olefins, whereas reductive elimination of a #rans 1,2-diol
system usually proceeds by treatment of a 1,2-disulphonate
ester’” with zinc and sodium iodide or by treating a 1,2-
bisdithiocarbonate with tri-n-butyltin hydride.® Recently,
two new methods have been reported which involve either
the treatment of an unprotected 1,2-diol with triphenyl-
phosphine, imidazole, and tri-iodoimidazole® or the de-
composition of a 1,2-diol monotosylate with a mixture of
sodium iodide, zinc-copper couple, dimethylformamide,
and 1,2-dimethoxyethane at 130 °C.%

All of these methods suffer from certain drawbacks as
they involve either multistep reactions or require the
preparation of tri-iodoimidazole, whose synthesis is a
cumbersome process especially on a large scale. The work
described here avoids these drawbacks by using readily
available starting materials and reagents to produce
unsaturated sugars in high to moderate yields.

Since tri-iodoimidazole was used as an iodinating re-
agent,® it was rationalized that a similarly reactive iodin-
ated compound might successfully replace it. Indeed,
when the readily available iodoform was substituted for
tri-iodoimidazole, the reaction proceeded smoothly during
1h in refluxing toluene. In a typical experiment, to a
solution of the diol (1 equiv.) in toluene was added tri-
phenylphosphine (4 equiv.), iodoform (2 equiv.), and imida-
zole (2 equiv.), and the mixture was refluxed for 1 h with
vigorous stirring. The cooled solution was washed with
saturated sodium hydrogen carbonate, dried (MgSO,), and
evaporated to dryness to yield a brown residue which was
extracted with hot hexane. Evaporation of the hexane
extract furnished the crude product which was crystallized
from methanol-water (ca. 3:1).

TaBLE. Conversion of methyl 4,6-O-benzylidene-«-p-hexo-
pyranosides into the corresponding hex-2-enopyranosides
Product % Yield
(1) (gluco) (4)a 80
(2) (altro) (4) 65
(3) (manno) (4) 45
(5) (zdo) (6)v 75

aM.p. 118—120 °C (lit. 119—120 °C: E. Albano, D. Horton,
and T. Tsuchiva, Carbohydr. Res., 1966, 2, 349). b M.p. 150—
151 °C (lit.,% 148—150 °C).

The reaction was found to be applicable to sugars con-
taining cis- and frans-1,2-diols. Inspection of the Table
reveals that sugar analogues having a #rans-1,2-diol arrange-
ment give better yields of the desired unsaturated com-
pounds than their cis counterparts as illustrated with the
glucose and mannose derivatives (1) and (3).
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A proposed mechanism involves iodide displacement of
the oxyphosphonium groups resulting in the formation of a
vicinal di-iodo derivative. Highest yields are observed
when the iodo-substituent can assume a 1,2-diaxial con-
figuration. Indeed, triphenylphosphine with tri-iodoimida-
zole or iodoform was found to convert sugars into iodo-
sugars with inversion of configuration.l.1 Reductive
elimination of the di-iodo intermediate with imidazole then
furnishes the unsaturated product. The postulated role
imidazole plays in this reaction is supported by the fact that
when it is eliminated from the reaction mixture, no un-
saturated product is observed, while its replacement with
zinc restores the formation of the olefin, but in poor yield.
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Methyl 4,6-O-benzylidene-o-D-galactopyranoside (7, R=
H), a diequatorial 1,2-diol, failed to undergo this reaction.
This led us to conclude that the formation of a 1,2-diaxial
di-iodo derivative is not feasible in this case, possibly
owing to a 1,3-diaxial interaction between the approaching
iodide ion and the benzylidene oxygens. The fact that the
1,2-diaxial diols (2) and (5) undergo this elimination
suggests that the pyranose form is in equilibrium with a
skew form which allows the formation of the required
di-iodide intermediate. The recent work of Angyal on
methyl 4,6-O-benzylidene-a-p-idopyranoside supports this
conclusion.2

This new method of reductive elimination is considered
to be complementary to the already existing methods.
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