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Abstract - Interglycosidic spiro-orthoesters were efficiently prepared from methyl
2,6-di-O-benzylgalactopyranoside and sugar lactones in the presence of methoxy-
trimethylsilane and a catalytic amount of trimethylsilyl triflate. The structure of the
prepared orthoester, galactosylidenegalactoside, was determined by X-Ray
crystallographic analysis.

The spiro-orthoester interlinkage between a glycosylidene group and the diol moiety of glycoside has been
found in the orthosomycin family of antibiotics.! Since this unique orthoester linkage restricts conformation
of the saccharide, it arose interest from the point of designing pseudo-saccharide molecules. Yoshimura and
his co-workers have extensively studied interglycosidic orthoesters for the purpose of synthesizing
orthosomycin antibiotics? and developed the method for the synthesis of such compounds by using TMSOTf
and the corresponding sitylated diols2¢ in modification of Noyori's method.? Recently, we were also interested
in this unique type of linkage as the intermediate in our novel reductive glycosidic bond formation
{Scheme 1), and modified the process for the formation of these orthoesters.# In previous paper,4 we
reported that sugar lactones and methy! 2,3-di-O-benzylglucopyranoside rapidly formed orthoesters in the
presence of excess amount of TMSOMe and catalytic amount of TMSOTY.S In this paper, we repott the
efficient preparation and the X-Ray structure determination of novel orthoester compounds using 2,6-di-O-

protected galactoside as a a-diol type glycoside.
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According to our improved procedure, we examined the ability of methyl 2,6-di-O-benzylgalactopyranoside
(2) to form orthoesters with sugar lactones (la-¢). As shown in Table 1, 3,4-O-glucopyranosylidene (3a),
3,4-0-galactopyranosylidene (3b) and 3,4-O-mannnopyranosylidene acetals (3c) were obtained in 82, 87
and 79% yields, respectively, using o-dichlorobenzene as a solvent (Scheme 2). To improve the yields of
orthoesters, produced MeOH and hexamethyldisiloxane were removed from the reaction mixtures under
reduced pressure (5-15 mmHg), and the reagents (TMSOMe and TMSOTT) were supplemented during the
course of reactions. Two stercoisomers were possible for each orthoester around anomeric center. The
ratios of major isomers to minor ones were 4 : 1 in all three cases. The major isomers were separated by
silica gel column chromatography, and the yields of them are shown in Table 1 beside those of mixtures.
13C-Chemical shifts (8 in ppm relative to TMS) of anomeric carbons (C-1, C-16 in these six orthoesters

were summarized in Table 2.
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Table 1
Lactone Orthoester  Yield (Major : Minor)2 Yield (Major)
la 3a 82% 4: 1) 64 %
1b 3b 87% (4:1) 65 %
1e 3c 9% {@:1) 58 %

These reactions were carried out in ¢-dichlorobenzene under Ar at rt for 4 h ([la-c]
=100 mM, [2]=100 mM, [TMSOMe] =1.0 M, [TMSOT{]=2-8 mM). During the reaction,
generated MeOH and hexamethyldisiloxane were removed under reduced pressure
(5-15 mmHg, 1 hr x 2). a) Determined by TH-NMR,

Table 2

3a(major) 3a(minor) 3b(major) 3b(minor) 3c(major) 3Jc(minor)
C-1 98.3 98.5 98.3 98.6 97.9 98.6
C-1 119.4 120.4 119.9 120.9 118.9 120.2

13C-Chemical shifts (3 in ppm relative to TMS) of anormeric carbons (C-1, C-1%).
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It was revealed by the TLC analysis that the ratio between the amounts of major and minor isomers reached
to 4 : 1 after the removal of MeOH and disiloxane under reduced pressure. We think that the presence of
excess amount of TMSOMe, which was also removed under reduced pressure, might change the ratio between
them. First, we used toluene or CH2Cly as a solvent for this reaction. However, in the cases with these
solvents, the major / minor ratio did not reach to the above value. Differ from o-dichlorobenzene, these
solvents were lost together with TMSOMe under these reduced pressure conditions, and then the reaction
might not attain equilibrium completely after the removal of TMSOMe.

One of the presented orthoesters, the major isomer of galactosylidencgalactoside (3b{major)), was a crystalline
compound, and the structure of it was determined by X-Ray crystallographic analysis.” The result is shown
in Figure 1. It was indicated that O-3 atom linked to the orthoester carbon atom (C-1") from axial axis, and
that the absclute configuration of C-1' was R. As shown in Table 2, the 13C-NMR signals of orthoester
carbons (C-1" in the major isomers (3a(major), 3b(major) and 3e(major)) were all observed in higher-field
compared to those in the corresponding minor ones (3a{minor), 3b{minor) and 3e(minor)). It therefore can
be assumed that the configurations of the orthoester carbon atoms in these major isomers are the same.
The role of TMSOMe under these reaction conditions is still not clear. While the reaction of ct-diol type
glycosides with sugar lactones rapidly attained an equilibrium to afford interglycosidic orthoesters in the
presence of TMSOMe and a catalytic amount of TMSOTH, the reaction of corresponding trimethylsilylated
diols with lactones proceeded tar more slowly in the presence of same amount of catalyst. Thus, we presume
that TMSOMe may activate sugar lactones instead of a diol group. It is plausible that dimethyl or methyl
trimethylsilyl acetals of sugar lactones® are produced under these reaction conditions, and that the formed

acetals react more efficiently with diols than sugar lactones.

Figure 1

The X-Ray single-crystal structure of orthoester (3b(major))
represented with ball and stick model.
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The presented orthoesters will be employed in our reductive glycosylation procedure, The results in the
reduction step will be published in due course. The design and synthesis of pseudo-succaride molecules

containing spiro-orthoester linkages are also under investigation in this laboratory.

Typical Experimental Procedure for Orthoester Preparation: To a solution of lactene (1a) (54 mg, (.10
mmol), diol (2) (37 mg, 0.10 mmol) and TMSOMe (0.14 mL., 1.0 mmol) in dry o-dichlorobenzene (1
mL), TMSOTT (0.4 gL, 2 mol%) was added at rt under afgon. After 1 h of stirring, produced MeOH and
hexamethyldisiloxane were removed under reduced pressure (5-15 mmHg, 1 h). The reaction vessel was
leaked with argon, then TMSOMe (0.14 mL., 1.0 mmol) and TMSOTT (0.4 uL, 2 mol%) were again added
to the remained solution. The mixture was stirred for further 30 min and produced MeOH and disiloxane
were removed under reduced pressure again. After leaking with argon, triethylamine (50 pL) was added to
the resulting solution, and the mixture was applied to a silica gel column chromatography (ether-hexane 1:3,
then 1:2) to afford 3a as a colorless syrup (73 mg, 82%).
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