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Great effort has been devoted to the development of new
strategies for glycosidic coupling owing to the growing
importance of synthetic oligosaccharides in glycobiology.1 In
the past decades, methods for construction of glycosidic
linkages have progressed considerably.2 However, compared
to the synthesis of oligopeptides and oligonucleotides, the
synthesis of oligosaccharides is still laborious work. The use
of unprotected or partially protected sugars in glycosidic
coupling is of particular interest since synthetic routes can
be substantially simplified. In addition, chemistry on
unprotected sugars represents a great challenge, as there
are only tiny differences in coupling sugar hydroxyl groups,
particularly secondary hydroxyl groups.

Formation of sugar-sugar ortho esters in glycosylation
is well-known, and these ortho esters are obtained in
variable yields,3a-i sometimes as byproducts,3j but there have
been no reports dealing with the preparation of ortho esters
using unprotected or partially protected glycosides as the
glycosyl acceptors. In addition, TMSOTf-promoted rear-
rangement4 has only been used to treat fully protected ortho
esters formed from reaction with either the primary4a,b

hydroxyl group of a sugar acceptor or a simple aglycon
alcohol.4c We now report a new methodology for highly
regio- and stereoselective synthesis of oligosaccharides. That
is, (1) the preparation of sugar-sugar ortho esters by
coupling acetobromosugars with unprotected alkyl glycosides
or partially protected sugar acceptors in high yields and
excellent selectivity and (2) the rearrangement of either
partially protected or fully protected ortho esters of diverse
structure by the catalytic use of TMSOTf.

A typical example is presented in entry 1 of Table 1.
Coupling5 of acetobromoglucose 1 with 4,6-unprotected
glucoside 6 promoted by AgOTf in the presence of 2,4-
lutidine selectively afforded the ortho ester 7 in nearly
quantitative yield. Rearrangement6 of 7 with a catalytic
amount TMSOTf selectively furnished 9 in a satisfactory
yield (78%), and subsequent acetylation gave 10. To confirm
the selectivity of the rearrangement, acetylation of 7 (giving
8) followed by rearrangement (80%) gave the same disac-
charide 10. The structures 9 and 10 were determined by
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(5) Typical conditions for ortho ester preparation: To a stirred mixture
of 1 (238 mg, 0.58 mmol), 6 (188 mg, 0.577 mmol), 2,4-lutidine (68 µL, 0.58
mmol), and molecular sieves (0.2 g) in dichloromethane (6 mL) was added
silver triflate (148 mg, 0.58 mmol) under nitrogen atmosphere in a dark
room, and the reaction was carried out at room temperature and monitored
by TLC (2:1 petroleum ether/ethyl acetate). After completion of the reaction,
the mixture was partitioned between dichloromethane and water, and the
organic phase was concentrated under reduced pressure. The residual oil
was purified by silica gel column chromatography with 2:1 petroleum ether/
ethyl acetate as the eluent, giving the product 7 as an amorphous solid in
a yield of 95% (360 mg), capable of being used for further rearrangement.

(6) Typical rearrangement conditions: To a stirred solution of sugar-
sugar ortho ester 7 (360 mg, 0.55 mmol) in dichloromethane (6 mL) was
added TMSOTf (10 µL, 0.1 equiv) at 0 °C under nitrogen atmosphere, and
the reaction was monitored by TLC (2:1 petroleum ether/ethyl acetate). After
completion of the reaction, to the mixture was added triethylamine (15 µL)
and then the mixture was treated at the same way as described in (5), giving
9 in a yield of 78%.
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1H NMR as described in ref 7. Similar results were obtained
for coupling of acetobromogalactose 23 with the acceptor 6
(see entry 5 in Table 1, isolated yields are indicated in
parentheses following each product). Again, the rearrange-
ment selectivity was confirmed by the fact that the two
paths, i.e., acetylation of 24 followed by rearrangement of
25 and rearrangement of 24 followed by acetylation of 26,
gave the same disaccharide 27. Exciting results were
obtained when this new method was used for the coupling8

of acetobromoglycose with unprotected methyl glycosides
(see Scheme 1 and Table 1, entries 4 and 7). Coupling of 1
with 2 gave ortho ester 3 as the sole product, and its in situ
acetylation (giving 4) followed by rearrangement afforded
1,6-â-linked disaccharide 5 in a high yield. Coupling of 1
with an unprotected 1,6-linked disaccharide 19 followed by
rearrangement dramatically furnished 1,6-linked trisaccha-
ride 22.8 Excellent regioselectivity for coupling with accep-
tors having 2,3 or 3,4 free secondary hydroxyl groups was
also achieved (see Table 1, entries 2, 3, and 6). It is
interesting to note that selective 3-O-glucosylation for either
11 or 15 was achieved. This result is different from the
reported selective, mercuric bromide promoted 2-O-gluco-
sylation9 using 3,4,6-tri-O-acetyl-1,2-O-ethylorthoacetyl-R-

D-glucopyranose as the glucosyl donor and 11 as the acceptor
(the ratio of 2-O-glucosylation to 3-O-glucosylation was 3:1
with a total yield of 28%). The selectivity of entry 2 (Table
1) was confirmed by the fact that the disaccharide 14
obtained from the rearrangement of 13 gave the same 1H
NMR data as the reported values.10 The selectivity of entry
3 (Table 1) was verified by comparison of the disaccharide
formed from the rearrangement with an authentic sample,11

giving exactly the same 1H NMR data. The 1H NMR data
of 30 showed H-4 at δ 5.01, downfield compared to H-3 (δ
4.00-3.88), confirming the 3-O-linkage in entry 6 (Table 1).

We rationalize that the high regioselectivity, which cannot
be achieved by direct coupling under normal glycosylation
conditions, is mainly the result of steric factors, i.e., the
attack to the acyloxnium carbon of A (Scheme 1) by less
hindered hydroxyl group, while the high regio- and stereo-
selectivity of the rearrangement results from the C-1
backside attack of A by the trimethylsilylated acceptor
(Scheme 1).

In summary, we have presented a new and very effective
method for regio- and stereoselective synthesis of 1,2-trans-
linked oligosaccharides using acetobromoglycose as the
glycosyl donor. The high regioselectivity of ortho ester
formation can result in a high yield synthesis of 1f6 and
1f3 linked oligosaccharides, while the high selectivity of
rearrangement allows further modification at the unpro-
tected hydroxyl groups of the rearrangement products. This
new methodology will be very useful for the synthesis of di-
and trisaccharides, and in combination with the known
methods, synthesis of complex oligosaccharides may be
substantially simplified. Further investigation of the ap-
plication of this new method to the synthesis of complex
oligosaccharides is in process.
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(7) 1H NMR data for 10: δ 4.52 (d, H-1′â), 4.63 (d, H-1R), 5.41, 5.20,
5.05, 5.01, 4.86 (5t, H-2′,3′,4′, and H-3,4), 4.67, 4.56 (ABq, BnCH2), 4.26
(dd, H-6′a), 4.12 (dd, H-6′b), 3.94-3.44 (m, 4H, H-5,5′,6), 3.50 (dd, H-2). 1H
NMR data for 9: δ 4.58 (d, H-1′â), 4.64 (d, H-1 R), 5.20 (t, H-3), 5.18 (t,
H-3′), 5.08 (t, H-4′), 5.03 (t, H-2′), 4.66, 4.60 (ABq, BnCH2), 4.24 (dd, H-6′a),
4.16 (dd, H-6′b), 4.05 (dd, H-6a), 3.96-3.91 (m, H-5′), 3.78 (dd, H-6b), 3.70-
3.66 (m, H-5), 3.52 (t, H-4), 3.48 (dd, H-2).

(8) Typical procedure: To a mixture of 2 (108 mg, 0.56 mmol), 2,4-lutidine
(65 µL, 0.56 mmol), and molecular sieves (0.1 g) in DMF (12 mL) under
nitrogen atmosphere was added 1 (250 mg, 0.61 mmol) followed by silver
triflate (145 mg, 0.56 mmol). The reaction was carried out in a dark room
at room temperature. After being stirred for 5-6 h, the reaction mixture
was evaporated under reduced pressure, and pyridine (dry, 1.0 mL) and
acetic anhydride (0.8 mL) were added. After 2 h, the reaction mixture was
filtered, and the filtrate was washed with aqueous NaCO3 and water and
treated the same way as described in (5). The yields of ortho ester with
unprotected glycoside acceptors were not very high mainly due to the poor
solubility of the acceptors in the reaction medium.1H NMR data for 5: δ
5.46, 5.21, 5.08, 5.02, 4.91 (5t, 5H, J ) 9.6 Hz, H-2′,3,3′,4,4′), 4.92 (d, 1H,
J1,2 ) 3.8 Hz, H-1), 4.84 (dd, 1H, H-2), 4.55 (d, 1H, J1′,2′ ) 8.0 Hz, H-1′),
4.28 (dd, 1H, H-6′a), 4.13 (dd, 1H, H-6′b), 3.96-3.91 (m, 2H, H-5′,6a), 3.71-
3.69 (m, 1H, H-5), 3.54 (dd, 1H, H-6b), 3.38 (s, 3H, CH3), 2.09, 2.07, 2.05,
2.03, 2.02, 2.01, 2.00 (7s, 7CH3CO). 1H NMR data for 22: δ 5.47-4.90 (m,
8H, H-1, 2′,2′′,3,3′,3′′,4,4′,4′′), 4.85 (dd, 1H, H-2), 4.58, 4.51 (2d, 2H, H-1′,1′′),
4.30-3.50 (m, 9H, H-5,5′,5′′,6,6′,6′′), 3.39 (s, 3H, CH3), 2.10, 2.07, 2.06, 2.05,
2.05, 2.04, 2.03, 2.02, 2.00, 1.99 (10s, 30H, 10CH3CO). 1H NMR data for
35: δ 5.33-5.25 (m, 6H, H-2,2′,3,3′,4,4′), 4.88, 4.70 (2s, 2H, H-1,1′), 4.28
(dd, 1H, H-6′a), 4.14 (dd, 1H, H-6′b), 4.12-3.78 (m, 2H, H-5,5′), 3.80 (dd,
1H, H-6a), 3.58 (dd, 1H, H-6b), 3.43 (s, 3H, CH3), 2.18, 2.17, 2.13, 2.08,
2.06, 2.01, 2.00 (7s, 7CH3CO).

(9) Kochetkov, N. K.; Khorlin, A. J.; Bochkov, A. F. Tetrahedron 1967,
23, 693.

(10) Takeo, K. Carbohydr. Res. 1979, 75, 245. The reported 1H NMR data
of 14: δ 8.22-7.25 (m, 10H, Bz-H), 5.60 (s, 1H, PhCH), 3.38 (s, 3H, CH3),
1.97, 1.95, 1.88, and 1.57 (s, 12H, 4CH3CO); mp 185-186 °C; [R]20

D +35.3°
(c 1.7, CHCl3); Observed: δ 8.17-7.27 (m, 10H, Bz-H), 5.60 (s, 1H, PhCH),
5.16-4.94 (m, 5H, H-1,2,2′,3′,4′), 4.77 (d, 1H, H-1′), 4.43-3.56 (m, 8H,
H-3,4,5,5′,6,6′), 3.38 (s, 3H, CH3), 1.97, 1.95, 1.88, and 1.57 (4s, 12H, 4CH3-
CO); mp 184-186 °C; [R]16

D +34.1° (c 1.2, CHCl3). Anal. Calcd for
C35H40O16: C, 58.66; H, 5.63. Found: C, 58.76; H, 5.62.

(11) An authentic sample was synthesized for confirming the selectivity
of entry 3 of Table 1 as follows. Selective 2-O-benzoylation followed by
chloroacetylation of allyl 4,6-O-benzylidene-R-D-glucopyranoside gave allyl
4,6-O-benzylidene-2-O-benzoyl-3-O-chloroacetyl-R-D-glucopyranoside. Re-
moval of benzylidene by acidic hydrolysis followed by selective 6-O-
benzoylation afforded allyl 2,6-di-O-benzoyl-3-O-chloroacetyl-R-D-glucopy-
ranoside. Acetylation followed by dechloroacetylation with thiourea gave
the key compound allyl 4-O-acetyl-2,6-di-O-benzoyl-R-D-glucopyranoside
[[R]20

D +102° (c 4.0, CHCl3); 1H NMR δ 8.15-7.40 (m, 10H, Bz-H), 5.96-
5.74 (m, 1H, CH2dCHCH2-), 5.34-5.09 (m, 4H, H-2, 4, CH2dCHCH2-),
5.21 (d, 1H, J1,2 ) 4.0 Hz, H-1), 4.58-3.98 (m, 6H, H-3, 5, 6, CH2dCHCH2-),
2.16 (s, 3H, CH3CO). Anal. Calcd for C25H26O9: C, 63.76; H, 5.60. Found:
C, 63.82; H, 5.58], the direct coupling of which with acetobromoglucose in
the presence of AgOTf furnished allyl 4-O-acetyl-3-O-(2,3,4,6-tetra-O-acetyl-
â-D-glucopyranosyl)-2,6-di-O-benzoyl-R-D-glucopyranoside (18), identical
with the product obtained from rearrangement of 17.

Scheme 1a

a Key: (a) AgOTf (1 equiv), 2,4-lutidine (1 equiv), DMF, molecular
sieves (4A), rt, N2, 5 h; (b) Pyr, Ac2O, rt, 2 h; (c) TMSOTf (0.1 equiv),
CH2Cl2, molecular sieves (4A), 0 °C, N2, 2 h.
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