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8   R = Et, X = TBDMS, Y = Bn
9   R = Et, X = TMS, Y = Bn
10 R = Et, X = Y = Bn
11 R = Ph, X = Y = Bn
12 R = Et, X = Y = allyl
13 R = Et, X = allyl, Y = Bn
14 R = Ph, X = Y = Me

15 R = Et, X =  Bn
16 R = Ph, X = Me

20
18 R = Et, X =  Bn
19 R = Ph, X = Me

17

1 R = Et, X = TBDMS, Y = Bn
2 R = Et, X = TMS, Y = Bn
3 R = Et, X = Y = Bn
4 R = Ph, X = Y = Bn
5 R = Et, X = Y = allyl
6 R = Et, X = allyl, Y = Bn
7 R = Ph, X = Y = Me
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As a consequence of the exo-anomeric effect, and in contrast
to their b-anomers, a-thioglycosides undergo stereoselective
oxidation to give very predominantly the R-sulfoxides, as
revealed by X-ray crystallography.

The sulfoxide method is a very powerful tool for the formation
of glycosidic linkages to even very sterically hindered,
unreactive glycosyl acceptors.1–3 In most of the work described
in the literature b-thioglycosides are oxidized to mixtures of
sulfoxides,3–5 which are used as such in the coupling reaction.
In contrast, we have noted that a range of differentially
protected a-mannopyranosyl thioglycosides are oxidized with
excellent stereoselectivity to give essentially diastereomerically
pure sulfoxides. These may then be employed productively in
the efficient synthesis of b-mannopyranosides.6–9 We now
report the configuration of three a-mannopyranosyl sulfoxides,
as determined by X-ray crystallography and chemical correla-
tion, and discuss a possible reason for the stereoselectivity.

Initially, we noted that thioglycoside 1 was oxidized
stereoselectively by magnesium monoperoxyphthalate
(MMPP) in aqueous THF to give a single sulfoxide 8 in
excellent yield, but were unable to assign configuration.10

Similar results were obtained with MCPBA in CH2Cl2.
Subsequently, the same phenomenon was observed with
thioglycosides 2–7 and 15–17, giving the corresponding
sulfoxides 9–14 and 18–20.6–9,11,12 In view of the mechanism of
the stereoselective b-mannosylation process,9 in which the
sulfoxide simply serves as a convenient precursor to the actual
glycosylating species, the a-mannosyl triflate, the configuration
at sulfur is of no consequence. However, curiosity dictated that
we seek the origins of this unanticipated stereoselective
sulfoxidation. Eventually, we were rewarded by the growth of
single crystals of 20 (mp 109–111 °C) suitable for X-ray
crystallographic analysis from EtOH solution. In due course the
configuration at sulfur was revealed to be R (Fig. 1).

In an attempt to obtain an isomeric sulfoxide, 16 was
oxidized with NaIO4 and with Oxone, but in each case only 19
was obtained. It was therefore apparent that the stereoselectivity
was not a function of the reagent and, for example, hydrogen
bonding to the ring oxygen. We next submitted thioglycoside 21
to oxidation with MCPBA and again were rewarded by the
formation of one major sulfoxide ( > 10:1). Crystals suitable for
X-ray analysis were again obtained (mp 190 °C, EtOH) and the
structure consequently revealed to be 22 (Fig. 2), with the same
configuration at sulfur as 20. Again, a diverse range of oxidants
provided the same major sulfoxide. Treatment of 22 with NaH
and then BnBr in THF provided sulfoxide 10, albeit in only 35%
yield, so fixing its configuration at sulfur as R. Thus, we have
established that three of the eleven sulfoxides in question have
the same R-configuration and see no reason to doubt that the
remainder follow the pattern.

In view of the range of different oxidants and solvents
employed, each giving the same result, we conclude that the
stereoselectivity of the oxidation is dictated predominantly by

steric effects13 and the conformation imposed on the thioglyco-
sides by the exo-anomeric effect.14–16 Thus, as seen from the
Newman projection in Fig 3, in the conformation imposed by
the exo-anomeric effect the pro-R lone pair of the a-
thioglycosides is exposed to attack. On the other hand oxidation
of the pro-S lone pair would be substantially hindered by the
pyranose ring, and especially by the axial hydrogens, H-3 and
H-5. In the case of the b-thioglycosides, the two lone pairs are
less sterically differentiated and mixtures of sulfoxides result.

Finally, we note that the two crystalline sulfoxides both adopt
the same conformation (Fig. 1 and 2) about the C1–S bond,
which roughly mirrors that imposed on the original thioglyco-
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sides by the exo-anomeric effect. However, in this instance, it
seems likely that this is more a consequence of minimization of
repulsion between the C1–O5 and S–O dipoles.17
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Fig. 1 Structure of 20 showing crystallographic numbering scheme
adopted.

Fig. 2 Structure of 22 showing crystallographic numbering scheme
adopted.

Fig. 3
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