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The molecular diversity of oligosaccharides has been recog-
nized in their involvement in numerous important biochemical
recognitions.1 The efficient synthesis of oligosaccharides for the
study of their structure and function is, however, still a very
significant challenge for synthetic organic chemists.2 Recent
development in the field includes approaches such as one-pot
synthesis,3 enzymatic glycosylation,4 glycal strategy,5 and com-
binatorial chemistry.6 With regard to combinatorial carbohydrate
synthesis, a major problem is the lack of an efficient orthogonal
protection-deprotection strategy. To tackle this problem, we
describe here an effective library approach to oligosaccharides
using a designed building block with four selectively removable
protecting groups as the core for the source of acceptors and high-
yielding coupling with different donors. As illustrated in Scheme
1, we envisaged that if seven glycosyl donors are used in this
orthogonal strategy, the disaccharide library will have 56 com-
pounds generated after the first glycosylation. These disaccharides
can produce 168 acceptors from the core moiety, which, after
glycosylation with seven donors, will generate 1176 trisaccharides.
Following the same strategy, a library of 38 416 pentasaccharides
will be generated.

To demonstrate the feasibility of this strategy, the monosac-
charide building block1 with four selectively removable protect-
ing groups was designed (Scheme 2). The four chosen protecting
groups, chloroacetyl (ClAc),p-methoxybenzyl (PMB), levulinyl
(Lev), and tert-butyldiphenylsilyl (TBDPS), can be selectively
removed in high yields with sodium bicarbonate, trifluoroacetic
acid, hydrazine, and hydrogen fluoride-pyridine, respectively,

using the conditions reported previously7 with slight modifications
to ensure that deprotection of each group in the presence of the
others is highly selective. The synthesis of1 is illustrated in
Scheme 3. Starting from the thioglycoside6, the four hydroxyl
groups were selectively protected to give7, which was glycosyl-
ated with methyl 6-hydroxyhexanate to give1.
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Scheme 1

Scheme 2a

a Reagents and conditions: (a) NH2NH2/AcOH, THF/MeOH (10:1);
(b) NaHCO3, MeOH/H2O (5:1), 60°C; (c) HF-pyridine, HOAc/THF
(1:4); (d) trifluoroacetic acid, CH2Cl2, -20 °C.

Scheme 3a

a Reagents and conditions: (a)t-BuPh2SiCl, imidazole, DMF, 100%;
(b) i. Bu2SnO, toluene/benzene, reflux; ii.p-CH3OC6H4CH2Cl, Bu4NI,
DMF, 60 °C, 49%; (c) ClCH2COCl, Et3N, CH2Cl2, -20 °C to room
temperature, 52%; (d) levulinic acid, DCC, 4-DMAP, CH2Cl2, 83%; (e)
i. HO(CH2)5CO2Me, NIS, TMSOTf, 4 Å MS, CH3CN, -20 °C to room
temperature; ii. HgBr2, toluene/CH3NO2, 60 °C, 85%. DCC) 1,3-
dicyclohexylcarbodiimide; 4-DMAP) 4-(dimethylamino)pyridine; NIS
) N-iodosuccinimide; TMSOTf) trimethylsilyl trifluoromethane-
sulfonate.
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With building block1 in hand, an oligosaccharide library was
prepared as examplified in Scheme 4. Acceptor5 was coupled
with donor8 in the presence of (dimethylthio)methylsulfonium
triflate (DMTST)8 to give exclusively theR-linked disaccharide
9 in 99% yield. After removal of the ClAc group from9 (98%
yield), the acceptor10 was coupled with donor11 in the same
manner to give trisaccharide12 (92% yield). Removal of the
Lev group from 12 followed by glycosylation produced the
tetrasaccharide13 smoothly (90% yield). Interestingly, after
deprotection and coupling with donor14, tetrasaccharide13 can
be further converted to the very bulky pentasaccharides15 and
16 in 85% yield. Thus, using seven glycosyl donors (see
Supporting Information) for glycosylation, we have prepared 45
protected oligosaccharides (Table 1, for tetra- and pentasaccharide,
see Scheme 4). Most reactions were rapid and efficient, and the
products were indentified with proton and carbon-13 NMR and
further confirmed by high-resolution mass analysis. These
protected oligosaccharides can be fully deprotected (Scheme 5).

In summary, we have developed an effective orthogonal
strategy for the synthesis of a library of oligosaccharides as
individual entities (∼30 mg per molecule), using a designed
building block containing four selectively removable protecting
groups as acceptors for glycosylation. Though the pentasaccha-
rides prepared in this manner are fully branched, the di-, tri-, and
tetrasaccharides are biologically relavent, and work is in progress

to increase the number of the library and to screen for binders to
certain lectins and antibodies. Although the synthesis was carried
out in solution phase, the strategy should be applicable to solid-
phase synthesis.
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Scheme 4 Table 1. Oligosaccharide Library

a Overall isolated yield from the building block1. b Based on another
building block with ClAc for R3 and Lev for R1.

Scheme 5
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