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Abstract:  Combinations of N-phenylselenophthalimide (N-PSP) or
iodosobenzene (PhIO) with Mg(ClO4)2 effectively promote
glycosylation with thioglycosides under mild conditions. A 2,2,2-
trichloroethoxycarbonyl group or trityl protecting group at the 6-
position increased α-selectivity on glycosylation with 2-O-benzylated
donors.

Thioglycosides have been used as versatile glycosyl donors since they
are stable under various reaction conditions but can be selectively
activated by appropriate thiophilic reagents. We have focused on a
search for practically useful methods for mild but efficient activation of
thioglycosides, thereby attempting to avoid the use of strongly acidic
conditions. Until now we have described two methods for this purpose
and furnished stereoselective glycosylation. One was the reaction with a
combination of N-bromosuccinimide (NBS) and a catalytic amount of
various salts of strong acids.1,2 The other utilized hypervalent iodine
reagents prepared from iodosobenzene (PhIO) and various acids.3,4 By
both methods glycosylation reactions proceed rapidly at low
temperature (usually around -20 °C) in high yields. But in certain cases,
particularly in the NBS-based reaction, the yields of α-glucosides were
not satisfactory because a side reaction to form glycosyl bromides from
the starting thioglycosides could not be avoided.5 To overcome such
disadvantage, we examined the use of other mild oxidants in
combination with metal perchlorates and found the following two pairs
to be very effective: combinations of either N-phenylselenophthalimide
(N-PSP) or PhIO with a weakly Lewis acidic salt, Mg(ClO4)2, where
highly α-selective glycosylation was achieved particularly when an
appropriate protecting group was introduced at the 6-position of the
donor molecule. These reagents are expected to be advantageous for

application to solid-phase synthesis of oligosaccharides, since the
selective glycosylation is effected at or even above room temperature.

Shimizu et al. recently reported that N-PSP promotes glycosylation with
thioglycosides when used in combination with TMSOTf but no
stereoselectivity was observed under their reaction conditions.6 In view
of the results of our NBS–strong acid salts system,2 we expected a
similar stereoselective reaction with the N-PSP reagent by the combined
use with a suitable salt.

Among many strong acid salts tested, only Mg(ClO4)2 can promote
glycosylation in combination with N-PSP. This was in strong contrast to
the reaction with NBS where addition of most strong acid salts
dramatically enhanced the glycosylation. Mg(ClO4)2 works probably as
a mild Lewis acid catalyst which matches the reactivity of N-PSP. 

Glycosylation reactions were carried out under a N2 atmosphere in ether
by the use of 1.5 equiv of N-PSP and 0.5 equiv of Mg(ClO4)2

7 against a
donor.8 An excess (1.2 equiv or 1.6 equiv) of a donor was used against
the acceptor. As summarized in Table 1, the desired glycosides were
obtained in good yields in all cases, though the reaction rates were much
lower than those by NBS-strong acid salts. Glycosylation of the 6-OH
group of acceptor 6 with 2,3,4,6-tetra-O-benzyl S-phenyl thioglycoside
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1 gave disaccharide 7 in good yield with moderate α-selectivity (entry
1). α-Selectivity was improved by using 6-O-Troc thioglycosides 2 and
3 by virtue of the influence of the Troc function (entry 2, 3).4,9,10 Since
the present glycosylation reaction proceeds under neutral conditions, we
attempted to employ an acid-sensitive trityl (Trt) group as a protecting
group. Interestingly, the 6-O-Trt survived and showed a more potent α-
directing effect than the 6-O-Troc group, probably owing to shielding of
the β-face of the anomeric cationic transition-state by the bulky 6-O-Trt
group (entry 4). 

The reaction of a more hindered, 4-hydroxy group-free acceptor 6 was
also effected by use of 1.6 equiv of 6-O-Troc thioglycosides 2, 3 and 6-
O-Trt thioglycoside 4 at slightly higher temperatures. The desired
disaccharides 10 and 11 were also obtained in good yields with high α-
selectivity (entry 5-7).

The above satisfactory results with Mg(ClO4)2 prompted us to attempt
the combination of PhIO–Mg(ClO4)2. Fine tuning of the reactivity of
the reagents was expected to be possible through correct choice of the
added salts.11 In fact, PhIO–Mg(ClO4)2 was capable of mild but
efficient activation of thioglycosides to result in highly α-selective
glycosylation. The reactions were carried out under conditions similar to
those described above for N-PSP–Mg(ClO4)2; by the use of 1.5 equiv of
PhIO and 0.5 equiv of Mg(ClO4)2 against a donor under a N2
atmosphere in ether. As shown in Table 2, the 6-O-Troc group enhanced
α-selective glycosylation (entry 2, 3). The glycosylation of the hindered
4-OH-free acceptor 6 also proceeded in good yield (entry 3). α-
Selectivity was also enhanced by the 6-O-Trt group in this case, though
the yield of the disaccharide did not exceed 70% because of the partial
cleavage of Trt group (entry 4) during the reaction.12

As described, the combinations of N-PSP with Mg(ClO4)2 and PhIO
with Mg(ClO4)2 effectively promote glycosylation with thioglycosides.
α-Selective glycosidation was effected by virtue of 6-O-Troc or 6-O-Trt
groups of a 2-O-benzylated donor. The simple experimental procedure
and high stereoselectivity provide one of the most versatile method for
glycosylation. The glycosylation reactions proceed cleanly at room
temperature under mild and homogeneous conditions without serious
side-reactions.
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