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Under basic conditions, phenyl 1,2-dithio-o.-D-mannopyranoside forms a glycal-1,2-episulfide, which undergoes controlled oligomerization to
afford a family of thio-oligo-a-d>-mannopyranosides in a single reaction. The episulfide can also be intercepted by added thiolates, which leads
to other sorts of thioglycosides. These a-(1—2)-linked thio-mannopyranosides might have application as mimics of natural structures such

as viral high-mannose glycoproteins or ManLAM.

1-Thioglycosides, carbohydrate derivatives that bear a sulfurization to afford a family of thio-oligax-p-mannopyrano-
atom instead of oxygen at the anomeric linkage, are more sides 7—9) in a single reaction. These (1—2)-linked thio-

resistant to cleavage by glycosidases than the naturallymannopyranosides might have application as mimics of
occurringO-glycosides. Because of their structural similarity ~ natural structures with similar linkages, such as the outer
to the natural substrates, 1-thioglycosides can serve as modesturface of high-mannose glycoproteins such as gp120 in the
competitive inhibitors of glycosidasesand as enzyme-  viral coat of HIV® or the mannosylated lipoglycan, ManLAM,

resistant scaffolds to support ligands whose enzyme bindingthat mediates human macrophage phagocytosis of virulent

or other interactions may be of interést-Thioglycosides
are usually assembled by S-glycosylation of simple thiols

strains of Mycobacterium tuberculosfsThey might also
serve as inhibitors ofa-mannosidases with 1,2-linkage

or by S,2 displacement reactions that take advantage of the specificity’

nucleophilicity of the thiolate anion. The multistep nature
of these approaches has limited the synthesisS¢B-
trisaccharides an®,S,S-tetrasaccharides to just a few ex-
amples® With a contrasting strategy, we have found that a
glycal-1,2-episulfides (Scheme 1) can be slowly generated
in solution. Remarkably5 undergoes controlled oligomer-
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The precursor td was made (Scheme 1) from methyl
2,3-di-SO-acetyl-4,60-(phenylmethylene)-2-thio-p-man-
nopyranosidel, which itself had been prepared from
commercial methyl 4,6-O-(phenylmethylene)seglucopy-
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Scheme 1. Synthesis of 2-Thio-(4>2)-mannopyranoside
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ranoside in two stepsAcid hydrolysis of the benzylidene

protecting group and subsequent acetylation gave the tet-

raacetate?, and then acetal exchange with thiophéned
to the phenyl thioglycosid8. The (C-1)e. stereochemistry
of 3 is indicated by its'3C—'H coupling constant of 173
Hz 1% Deacetylation o8 under Zemplen conditions gave rise
not only to the expected mercaptotrébut also to a mixture
of oligomeric thioglycosides7(—9) still bearing the 2-mer-
capto substituent.

The thioglycoside product6—9 were characterized by
their IR, FAB-MS, and'H and 3C NMR spectra. Each

disaccharide7, a-linked according to the anomeriz_'s,

was further characterized as its heptaacetate, which exhibited
the expected'H resonances and IR absorbances for its
S-acetyl and sixXO-acetyl residues.

Thiirane5 can be intercepted by thiolates unrelatedtto
which leads to other sorts of thioglycosides. As an example,
phenyl 1,6-dithio-oe-mannopyranosiddl was prepared
from mannose pentaacetdt@ by standard transformations
(Scheme 2). Deacetylation dfl in methanol presumably

Scheme 2. Glycal-1,2-episulfide Trapping Experiments
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led to the formation of the 6-thiolate, which was trapped by
adding thiirane precurs@to the same solution. To facilitate
isolation of the products, air oxidation (which could not be
altogether prevented anyway) was allowed to proceed during
workup. Thepseudo-trisaccharide2 was obtained in 31%
yield (based orB3), along with two disulfides]13 and 14,

that formed froml1 as byproducts. Thiirangis implicated

as the likely intermediate leading tt2, and the thiolate
derived from11 evidently competed successfully fowith

showed the expected number of anomeric thioglycoside C’s other thiolates present in solution. Another primary thiolate

at 88—92 ppm and anomeric H's at 5:5.8 ppm. The
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precursor, protected cystein€5, was converted to the
glycopeptidé mimic 16 by sequential treatment with sodium
methoxide and® (Scheme 2).

Phenyl 1,2-dithio-ep-mannopyranosidd and the derived
1,2-episulfide5 exhibit reactivity that is unusual in several
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respects. Phenylthiolate (PhSa reactive nucleophile, is not

related tob, but only amorphous sulfide polymer was isolated

normally considered a leaving group at the anomeric position from the reaction mixture. The limited oligomerizationbf

of sugars. For example, phenyl 1-thioeemannopyrano-
side}? prepared frond0in two steps, is stable to methanolic

sodium methoxide. We have found that certain other 2-thio-

o-D-mannopyranosides, such@sitrophenyl, do decompose
during S-deacetylation at C-2 but methyl 2-thicsetnan-
nopyranoside can be made from its perace2dig treatment
with methanolic sodium methoxide without loss of methoxide
at C-1. Treatment ofl1 with sodium methoxide likewise

does not lead to thiolate ring closure at C-1, and the 2-thio-

glycoside product3—9 are isolable from methoxide solution
with the 1-thio linkage intact. One can thus attribute the ring
closure reaction off to a favorable § trajectory® and
softness matcf between the participating thiolate at C-2
and thetrans-antianomeric leaving group (Phy as well

observed here may reflect the behavior of the rather reluctant
leaving group that leads to the formation B6fin low
concentration only. Once forme#8,is trapped by the most
reactive thiolates present, namdlyand its lower oligomers.
The less-hindered thiolates derived frdrthand15 can also
intercepts to some extent before it polymerizes. Interestingly,
methanol and methoxide, which react quickly with glycal
epoxides and are present here in excess, do not intercept
glycal episulfide5 to any detectable extent (NMR, TLC).
This may be another manifestation of the importance of a
softness match for effective ring opening and closing of
thiiranes.
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