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ABSTRACT

Three disaccharide donors, ethyl 2- O-(2,3,4-tris- O-tert -butyldimethylsilyl- â-D-xylopyranosyl)-3,4,6-tris- O-tert -butyldimethylsilyl-1-thio- â-D-glucopyranoside,
ethyl 2- O-(2,3,4-tris- O-tert -butyldimethylsilyl- r-L-rhamnopyranosyl)-3,4,6-tris- O-tert -butyldimethylsilyl-1-thio- â-D-glucopyranoside, and ethyl 2- O-
(2,3,4,6-tetrakis- O-tert -butyldimethylsilyl- â-D-glucopyranosyl)-3,4,6-tris- O-tert -butyldimethylsilyl-1-thio- â-D-glucopyranoside, produced a highly
â-selective glycosidation up to r/â ) 2/98 using MeOTf as the activator and 2,6-lutidine as an additive. The ring conformations of the glucose
part in these disaccharide donors were all restricted to 3S1, and the conformation would lead to the stereoselectivity.

The 2-O-glycosylatedâ-O-glucosidic structure (Figure 1,A)
is ubiquitously found as a component in natural glycosides
of aliphatic alcohols,1 coumarins,2 flavonoids,3 terpenoids,4

and steroids.5 These glycosides often show biological activi-
ties and sometimes are sweet.6 Previous stereoselective
synthetic approaches to the 2-O-glycosylatedâ-O-glucosides
have necessitated a linear route [Figure 1, (1)];7 that is, the
â-selective introduction of the first glucosyl moiety to an
alcohol of the aglycon by way of support of the 2-O-acyl
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Figure 1. Conceptual structure of the 2-O-glycosylatedâ-O-
glucoside (A) and its previous synthetic routes. L) leaving group.
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group, cleavage of the acyl-protecting group of the resulting
monoglucoside, and introduction of the second sugar. On
the other hand, the direct introduction of the 2-O-glycosylated
glucosyl donors can change the synthetic route to a conver-
gent one. However, this method has often provided a mixture
of anomeric isomers [Figure 1, (2)]8 because there is no
positive factor enhancing theâ-selectivity such as neighbor-
ing group participation. Therefore, the development of a
method for the highlyâ-selective and direct introduction of
a 2-O-glycosylated glucosyl moiety would facilitate the
synthesis of the 2-O-glycosylatedâ-O-glucosides.

We recently reported that the restricted twist-boat con-
formation of a glucosyl donor could provide a highly
â-selective glucosidation without the need for traditional
control methods such as through the participation of neigh-
boring groups, solvent effects, or properties of the leaving
groups that produce SN2-like displacements [Figure 2, (3)].9

The introduction of bulky trialkylsilyl protecting groups
restricts the conformation of the pyranose ring as illustrated

by 1, and the 2-O-triisopropylsilyl (TIPS) group hinders the
approach of a glucosyl acceptor from theR-face to afford
the correspondingâ-O-glucoside. Such ring restrictions have
also resulted from the introduction of bulky trialkylsilyl
groups into the 3-O and 4-O positions.10 In light of these
combined observations, it occurred to us that the silyl group
on the 2-O position could potentially be replaced by sugars
[Figure 2, (4)]. We herein report that disaccharide donors,
that is, ethyl 2-O-(2,3,4-tris-O-tert-butyldimethylsilyl-â-D-
xylopyranosyl)-3,4,6-tris-O-tert-butyldimethylsilyl-1-thio-â-
D-glucopyranoside (2), ethyl 2-O-(2,3,4-tris-O-tert-butyldi-
methylsilyl-R-L-rhamnopyranosyl)-3,4,6-tris-O-tert-butyldi-
methylsilyl-1-thio-â-D-glucopyranoside (3), and ethyl 2-O-
(2,3,4,6-tetrakis-O-tert-butyldimethylsilyl-â-D-glucopyrano-
syl)-3,4,6-tris-O-tert-butyldimethylsilyl-1-thio-â-D-glucopy-
ranoside (4), displayed a preference for highlyâ-selective
glycosidation. This is a new method for the highlyâ-selective
and direct formation of 2-O-glycosylated glucosides that is
based upon conferment of a twist boat conformation in the
sugar acceptor undergoing glycosylation.

The disaccharides2-4 were stereoselectively synthesized
by the respective glycosylation of a thioglucoside511 with
trichloroacetimidates6-8, followed by deprotection and
introduction of TBS groups (Scheme 1). Thus, BF3‚Et2O-
catalyzed xylosylation of5 with 612 in CH2Cl2 afforded
disaccharide9 â-selectively. The acetyl groups in9 were
first removed to provide the hexaol10, to which the TBS
groups were introduced by heating the mixture of10,
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Res. 2003, 338, 721-727. (e) Cheng, M. S.; Wang, Q. L.; Tian, Q.; Song,
H. Y.; Liu, Y. X.; Li, Q.; Xu, X.; Miao, H. D.; Yao, X. S.; Yang, Z.J.
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Figure 2. Reportedâ-glucosidation based on the restricted twist-
boat conformation (3), the concept of this paper (4), and disaccha-
ride donors that displayed theâ-selective direct glycosidations. PG
) protecting group.
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TBSOTf, and 2,6-lutidine at 130°C to give2. The introduc-
tion of six TIPS groups to10 was not complete, even using
TIPSOTf. The rhamnosylation of5 with 713 (R/â ) 77/23)
providedR-rhamnoside11. The acetyl and benzyl groups in
11 were successively removed by methanolysis and hydro-
genolysis. Despite the presence of an ethylthio group in the
molecule, the hydrogenolysis successfully proceeded. Finally,
six TBS groups were introduced to afford3. The glucosy-
lation of5 with a glucosyl trichloroacetimidate8, which was
prepared from1214 by treatment with trichloroacetonitrile

and Cs2CO3,15 afforded the disaccharide13 with good
â-selectively in toluene. The acetyl and benzoyl groups in
13 were first removed to give14, in which three benzyl
groups were cleaved by hydrogenolysis to provide the
corresponding heptaol. Seven TBS groups were then intro-
duced to give4.

The ring conformation of each of the glucose components
in 2-4 was in the3S1 conformation; the xylose in2 flipped
to 1C4, and the rhamnose part in3 stayed in the1C4 form
that is the general conformation of the sugar. The observed
ring-proton vicinal coupling constants in the1H NMR spectra
were linked to ring torsion angles.16 The molecular models
assembled on the basis of these dihedral angles displayed
the aforementioned conformations.17 Significant long-range
4J couplings were detected in all these compounds and
supported the proposed ring conformations.10,18

The glycosidation reactions of2, 3, and4 with cholesterol
proceeded in a highlyâ-selective manner to give15, 16,
and 17, respectively (Table 1). These disaccharide donors

were activated by MeOTf (4 equiv) in CH2Cl2 in the presence
of molecular sieves (4 Å) and 2,6-lutidine (2 equiv). The
R/â ratio was determined on the basis of the integral ratio
of the anomeric protons in the1H NMR spectra. The reaction
conditions were similar to our previous report using1 except
for the use of 2,6-lutidine. In this case, migration of the TIPS

(13) Rathore, H.; From, A. H. L.; Ahmed, K.; Fullerton, D. S.J. Med.
Chem. 1986, 29, 1945-1952.

(14) Mach, M.; Schlueter, U.; Mathew, F.; Fraser-Reid, B.; Hazen, K.
C. Tetrahedron2002, 58, 7345-7354.

(15) Egusa, K.; Kusumoto. S.; Fukase, K.Eur. J. Org. Chem. 2003,
3435-3445.

(16) Haasnoot, C. A. G.; de Leeuw, F. A. A. M.; Altona, C.Tetrahedron
1980, 36, 2783-2792.

Scheme 1. Preparation of the Disaccharide Donors2-4

Table 1. Glycosidations of the Disaccharide Donors2-4 with
Cholesterol
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group was not observed unless 2,6-lutidine was used.
However, during the glycosidation of the TBS-protected2
with cholesterol, migration of a TBS group occurred without
2,6-lutidine to provide the TBS-protected cholesterol as the
major product. AnO-TBS bond is generally more sensitive
under acidic conditions than anO-TIPS bond.19 Additionally,
the relatively strong steric repulsion due to the adjacent TBS
groups facilitated the cleavage of one of theO-TBS bonds
with trifluoromethanesulfonic acid, which was generated
during the reaction. The cleavage provided TBSOTf which
would react with cholesterol. The addition of 2,6-lutidine
was therefore fundamental in these cases as an acid
scavenger.

The structures of the cholesteryl disaccharides15-17were
clarified by further transformations (Figure 3), namely the

removal of the TBS groups to return the conformation of
the sugars back to their generally stable forms and by
acetylation of the resulting hydroxy groups. Thus, the 3/97
anomeric mixture of15 was treated with TBAF to remove
all of the TBS groups, and then the resulting six hydroxy
groups were acetylated to give an anomeric mixture (R/â )
1/99) of the corresponding hexaacetate18 in 87% yield. In
the1H NMR of â-18, the coupling constant between the H-1
and H-2 of the glucose part was 7.6 Hz, and the other

coupling constants due to the adjacent hydrogens on the
pyranose ring were around 10 Hz. Compounds16 and 17
were similarly treated as above to give19 and20, respec-
tively, structures of which were confirmed as well as18.

The directâ-glycosidation of the disaccharides was useful
for glycosylation of steroidal and carbocyclic alcohol agly-
cons, but was difficult to achieve with carbohydrate accep-
tors. The reaction of2 with a tertiary alcohol, 1-adamantanol,
provided the corresponding glycosideâ-selectively (R/â )
2/98) in 65% yield. On the other hand, with methyl 2,3,6-
tri-O-benzyl-R-D-glucopyranoside and methyl 2,4,6-tri-O-
benzyl-R-D-glucopyranoside, only a trace of the correspond-
ing trisaccharide was detected in each case.

In conclusion, we have introduced 2-O-glycosyl-D-glucosyl
units â-selectively. The stereoselectivity was controlled by
the restricted twist-boat conformation of the glucose part in
the disaccharide donors. Despite the use of cholesterol or
1-adamantanol as the aglycon in this study, multistep
preparations of the aglycon parts have often occurred in the
syntheses of glycosides. For the aglycons, straightforward
constructions with repeated monoglycosidation tend to be
adopted in the completion steps for the target glycosides.
The results disclosed here demonstrate that the convergent
synthesis of the 2-O-glycosylatedâ-O-glucosides became
possible.
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(17) Spartan (‘04 Windows) constructed the molecular models of2-4.
Each model was optimized by a simple MMFF calculation after constraint
of the dihedral angles (H-1-C-1-C-2-H-2, H-2-C-2-C-3-H-3, H-3-
C-3-C-4-H-4, and H-4-C-4-C-5-H-5) to the calculated dihedral angles
based on the observed coupling constants (3JH-H) in each1H NMR spectrum.

(18) (a) Yamada, H.; Tanigakiuchi, K.; Nagao, K.; Okajima, K.; Mukae,
T. Tetrahedron Lett.2004, 45, 9207-9209. (b) Yamada, H.; Okajima, K.;
Imagawa, H.; Nagata, Y.; Nishizawa, M.Tetrahedron Lett.2004, 45, 4349-
4351. (c) Okajima, K.; Mukae, T.; Imagawa, H.; Kawamura, Y.; Nishizawa,
M.; Yamada, H.Tetrahedron2005, 61, 3497-3506.

(19) Greene, T. W.; Wuts, P. G. M.ProtectiVe Groups in Organic
Synthesis, 3rd ed.; John Wiley & Sons: New York, 1999.

Figure 3. Clarifications of the anomeric stereochemistry. R)
cholesteryl.
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