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Synthesis of Sugar Episulfides and Olefins from vic-Diols via Cyclic Sulfates
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Cyclic sulfates of vic-diols are transformed in one-pot into sugar episulfides by treatment with potassium thioacetate
or thiourea followed by reaction with sodium methoxide; reaction of these cyclic sulfates with potassium
selenocyanate followed by treatment with sodium borohydride allows the synthesis of sugar olefins.

vic-Diols have been used as precursors for the synthesis of
episulfides and olefins. The synthesis of episulfides! generally
involves prior transformation of the diol into the corresponding
epoxide and then opening with a nucleophile. Thiocyanate salts
or thiourea? are the most common reagents. These methods
have been applied in the syntheses of hexose 5,6-episulfides and
other epithiosugars.? Sugar episulfides have also been obtained
by the reaction of sugar oxiranes with mono- and di-thioacids of
phosphorus.# Olefins can be obtained directly from vic-diols by
treatment with tungsten reagents,> titanium metals, Me;SiCl-
Nal,” Ph;P-imidazole-I,8 and PBr;—CuBr—ether followed by
zinc powder.® vic-Diols can also be deoxygenated indirectly by
prior conversion into sulfonate ester derivatives,!? bisdithio-
carbonates,!! cyclic thionocarbonates,'2 oxiranes,!3 episul-
fides,!4 or cyclic orthoformiates.!> However, to the best of our
knowledge cyclic sulfates of vic-diols have never been used for
the synthesis of episulfides and olefins.

The synthesis and use of cyclic sulfates have been recently
reviewed.'6 Nucleophilic reactions of cyclic sulfates are
perhaps the most commonly studied reactions and are well
known for their high reactivity. Nucleophilic substitution
reactions of cyclic sulfates are superior to their epoxide
counterparts. The opening of a cyclic sulfate by a nucleophile
gives an acyclic sulfate. The sulfate group thus generated is a
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Scheme 1 Reagents and conditions: i, SOCl,, Et;N, CHxCly; ii,
RuCl3-3H,0, NalO4, MeCN, CCly, H;0; iii, KSAc, acetone; iv, NaMcO,
MeOH; v, KSeCN, acetone; vi, NaBH,4, MeOH; vii, Na,S-10H,O, MeOH

Table 1 Transformation of cyclic sulfates 2a—d into episulfides 4a,c—e and
olefins 7a,c—e

Starting material Episulfides [yield (%)] Olefins [yield (%)]

2a 4a (55) 7a (94)
2b 4e (90) Te (50)
2c 4c 91) Tc (67)
2d 4d (83) 7d (55)

good leaving group and can undergo intramolecular displace-
ment by the nucleophile incorporated into the molecule. We
have applied this idea to the synthesis in one-pot of sugar
episulfides and alkenes from cyclic sulfates.

The diols 1a-d} were easily transformed via cyclic sulfites
into the cyclic sulfates 2a—d in high yields (66—88%) following
the improvement procedure of Gao and Sharpless.!® Nucleo-
philic ring opening of the cyclic sulfates 2a—d} with potassium
thioacetate (1.1 equiv.) in dry acetone at room temp. followed
by (without purification) treatment with sodium methoxide (3
equiv.) in methylene chloride-methanol leads to the thiirane
derivatives 4a,e,c,d,} respectively (55-91% yield) (see Table
1).§ Thiourea was also used as nucleophile with compound 2b
yielding the corresponding cyclic sulfide 4ei in 52% yield.
Inversion at C-5 should happen in these processes because the
nucleophilic attack is regiospecific at C-6 leading to the (-
acetylthiosulfate 3. On treatment with sodium methoxide, 3
underwent deacetylation and cyclization giving the thiirane
derivatives 4. The reaction of the di-O-isopropylidene deriva-
tive 8 with sodium thioacetate did not yield the corresponding
episulfide 9. However, when sodium sulfide was used as
nucleophile in boiling methanol, the desired cyclic sulfide 9%
was obtained in 42% yield.

Cyclic sulfates are also shown to be adequate precursors for
the synthesis of olefins if potassium selenocyanate is used as
nucleophile instead of potassium thioacetate. The 3-seleno-
cyanatosulfates that result in these reactions can be transformed
in the corresponding seleniranes by treatment with sodium
borohydride. However, seleniranes are unstable and expel the
selenium atom giving alkenes.2® When the cyclic sulfates 2a—d
were treated with potassium selenocyanate (1.1 equiv.) in dry
acetone at room temp. the seleno derivatives Sa—d were
obtained. These products were used in the next step without
further purification. Reaction with sodium borohydride (3
equiv.) in methanol at room temp. gave the olefins 7a—d¥ in
50-94% vyield (see Table 1).
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Footnotes

+ Compounds lc,d have been obtained according to the procedures
described in refs. 17 and 18, respectively.

1 These compounds showed satisfactory spectral and analytical data. Yields
refer to isolated compounds after purification by column chromatography or
crystallization.
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