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In recent years many significant advances have been made in
the synthesis of oligosaccharides. Virtually all of these ap-
proaches link two or more cyclic monosaccharide components
via glycoside bond formation.1 Several classes of biologically
active natural products possess polysaccharide domains composed
of highly deoxygenated sugars. The most common patterns
feature deoxygenation at the 2- and 6-positions and occasionally
at the 3-position, and bothD andL enantiomeric forms are known
for many of these deoxy sugars.2 Herein we describe a novel
strategy for the preparation of oligosaccharides of 2,3,6-trideoxy-
hexoses, in which glycosylation with an acyclic alkynyl alcohol
glycosyl acceptor is followed by transition-metal-promoted
alkynol cycloisomerization to the glycal,3 forming a polysaccha-
ride in which the reducing terminus is activated as a glycosyl
donor for subsequent glycosylation.
The absolute chirality for the deoxycarbohydrate target arose

from the stereochemistry of the lactate precursor to aldehydes
1a,b (Scheme 1).4 Although addition of allenylmagnesium
bromide to 1a,b was not stereoselective, the 1:1 mixture of
diastereomeric products could be chromatographically separated.5

Compounds2a6 and3awere separately converted into4 and6,
which each underwent tungsten-induced cyclization followed by
triethylamine treatment to afford the pyranoid 1,2-glycals of
L-amicetose (5)7 andL-rhodinose (7), respectively.8

Our first demonstration of the reiterative application of alkynol
cycloisomerization to oligosaccharide synthesis began with ste-
reoselectiveN-iodosuccinimide-promoted glycosylation of glycal
5 with the acyclic alkynol3a (R ) TBDMS), followed by
triphenylstannane-promoted dehalogenation9 to afford the alkynyl
glycoside8 (Scheme 2).10-12 Desilylation and tungsten-promoted
cycloisomerization of the alkynol9 provided the disaccharide
glycal 10. Although iodoglycosylation of10with 3a proceeded
in low yield, the direct acid-catalyzed glycosylation11 of 10with
compound3a gave glycoside1112 as a single diastereomer, due
to the largeL-amicetose substituent attached to C-4 of the glycal
10. Desilylation and cycloisomerization steps as before furnished
theL-amicetose-R-L-rhodinose-R-L-rhodinose trisaccharide glycal
(13) in a straightforward manner.
To test this new strategy in a more challenging system, we

engaged in syntheses of the disaccharide and trisaccharide glycals
17and20 (Scheme 3), which are reasonable synthetic precursors
to the aquayamycin class of platelet aggregation inhibitor natural
products exemplified by PI-080 (Figure 1).2d,13,14

The base-sensitiveL-aculose donor1415 could be stereoselec-
tively glycosylated by ZnCl2-catalyzed reaction16 with alkynol
3a. Desilylation of glycoside1512was accomplished under mildly
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Scheme 1.Preparation and Cycloisomerization of Alkynolsa

aReagents: (a) (i) H2CdCdCHMgBr, Et2O (73-84%). For seriesa:
(ii) silica gel chromatographic separation. For seriesb: (ii) Ac2O, py,
cat. DMAP, CH2Cl2. (iii) Silica gel chromatographic separation. (iv)
K2CO3, CH3OH/H2O. (b) (i) NaH, PhCH2Br, THF. (ii) Bu4NF, THF (87-
92%). (c) (THF)W(CO)5, THF. (d) Et3N, Et2O/THF (28-32%, two steps).
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acidic conditions to afford16, which underwent tungsten-
promoted cycloisomerization to theL-aculose-R-L-rhodinose dis-
accharide glycal17 in the presence of the sensitiVe aculose sugar.
The electron-rich enol ether of17could also be stereoselectively
glycosylated with silyl ether-alkynol 3a under acidic catalysis
to afford the axial glycoside18a, but at this stage, we could not
remove the silyl ether protective group without hydrolysis of the
newly formed glycosidic bond. However, thep-methoxybenzyl-
protected glycoside18b (from alkynol 3b and glycal17) was

deprotected under oxidative conditions to yield the disaccharide-
substituted alkynol19,12 and cycloisomerization provided the
glycal 20 corresponding to theL-aculose-R-L-rhodinose-R-L-
rhodinose trisaccharide of PI-080.
The principal advantage of our strategy for oligosaccharide

synthesis is the relatively inert nature of alkynes to the polar
reaction conditions required for glycosylation and the minimal
protective group manipulations, particularly the absence of
anomeric deprotection and activation steps generally required with
traditional glycosylation strategies. Note also that the affinity of
the transition-metal-promoted transformation for theπ-system of
the alkyne readily accommodates acid-sensitive glycoside linkages
as well as base- and nucleophile-sensitive aculose sugar. Al-
though the challenge of yield optimization still remains, this novel
strategy provides significant step savings toward the efficient
synthesis of oligosaccharides of deoxygenated carbohydrates.
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Scheme 2.Synthesis of Trisaccharide13 via Alkynol
Cycloisomerizationsa

aReagents: (a) NIS, CH3CN, 3 Å molecular sieves, 0°C. (b) Ph3SnH,
cat. AIBN, C6H6, 80 °C (58%, two steps). (c) Bu4NF, THF (94-97%).
(d) (THF)W(CO)5, THF. (e) Et3N, Et2O/THF (45-47%, two steps). (f)
cat.p-TsOH-H2O, C6H6 (90%).

Figure 1. Structure of PI-080.

Scheme 3.Short Synthesis of Oligosaccharide Glycals17 and
20a

aReagents: (a) cat. ZnCl2-OEt2, CH2Cl2/ClCH2CH2Cl (80%). (b)
HOAc, THF, H2O (70%). (c) (THF)W(CO)5, THF. (d) Et3N, Et2O/THF
(for 17, 34%; for20, 23% yield). (e) cat.p-TsOH-H2O, C6H6. (f) DDQ,
H2O/CH2Cl2 (49%, two steps).
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