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In the past few years, interest in solid-phase synthesis
has increased dramatically due mainly to the excitement
engendered by the concept of combinatorial chemistry,2
a powerful tool in the discovery of new biologically active
compounds. Of the natural biopolymers, oligosaccha-
rides3 have proven to be the most challenging to synthe-
size on solid supports. Pioneering studies4 in this area
were limited by the use of glycosyl bromides,7 then the
glycosyl donors of choice. Recent developments in donor
technology have energized research in solid-phase meth-
odology,5 producing protected oligosaccharides that can
be cleaved from the solid supports before deprotection
and subsequent biological assay.
As a tool for the burgeoning field of glycobiology,6 it

would be highly desirable to synthesize polymer bound,
fully deprotected saccharides, which could then be used
directly and repeatedly for various and/or different
assays.7 One solution to this problem was recently
reported by Kahne, Still, and their co-workers.8 We are
therefore prompted to describe our efforts to assemble
polymer-supported oligosaccharides in deprotected form
using n-pentenyl glycoside (NPG) chemistry.9
In principle, NPGs present two alternatives for the

solid-phase synthesis of an expanding oligosaccharide. In

the first, the NPG donor would be anchored through one
of its hydroxyl groups to the support, and coupled to the
glycosyl acceptor, present in solution in excess. The
second alternative represents the opposite modality
whereby the acceptor alcohol is on the solid support with
excess NPG donor in solution. This modality was tested
with the resin-bound donors 1a and 1b, prepared by
condensing the corresponding 6-O-carboxymethyl NPG
donor with the 3-amino-3-(2-nitrophenyl)propionyl (ANP)
linker (Scheme 1a).10 The prospect for glycosidation was
assessed by using a large excess of benzyl alcohol.
Although the photocleaved product indicated some benzyl
glycoside 2a, a substantial amount of hemiacetal 2b was
also obtained. As a model for the alternate modality
wherein the acceptor resides on the solid support, NPGs
3a and 4a were glycosidated with the resin-bound
acceptor 9 (Scheme 1b) to give the corresponding bound
glycosides 3b and 4b in yields of 92 and 97%, respec-
tively.11
The second modality was clearly preferable, and so our

next objective was to investigate trends in anomeric
selectivity for coupling of 9 to the gluco-derivatives shown
in Table 1, as monitored by gel-phase 13C NMR.12 Entries
i and ii showed that C2-phthalimides and esters (11 and
12) code for 1,2-trans glycosides in keeping with solution
and prior solid-phase5 experience. Entries iii, iv, and v
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Scheme 1a

a Key: (a) BnOH, NIS, TESOTf, CH2Cl2, 2 h, 25 °C; (b) hν, THF,
3h, 25 °C; (c) 9, NIS, TESOTf, CH2Cl2, 2 h, 25 °C; (d) NaOMe/
MeOH/THF; (e) 11a or 11b, NIS, TESOTf, CH2Cl2, 2 h, 25 °C.
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relate to the presence of nonparticipating C-2 substitu-
ents. The first shows that R/â product ratios are inde-
pendent of the anomeric orientation of the glycosyl donor
(13R or 13â). Comparison of entries iii and iv (Table 1)
shows that, as in solution chemistry,13 anomeric selectiv-
ity can be influenced by choice of solvent.

Entry v (Table 1) supports the findings of Frechet and
Schuerch14 that steric bulk at O6 can have a salutary
effect on R-glucoside selection. Thus the dinitro analogue
14a gave a higher R/â ratio than the mononitro counter-
part 14b. In order to test the generality of this principle,
the bound glycoside 3b was saponified and then con-
densed with the gluco and galacto NPGs 10a and 10b to
give the R disaccharides 5a and 5b.15 For additional
evidence (Scheme 1c), trisaccharide 8 was assembled via
716 from polymer-supported monosaccharide 6 in a depro-
tect-couple-deprotect-couple strategy,17 simplifying the
operations that must be carried out on the resin-bound
substrate(s).

The foregoing stereocontrolling factors now had to be
evaluated in the context of our desire to prepare polymer-
supported oligosaccharides in deprotected form. Use of
benzyl groups was inadvisable because catalytic hydro-
genolysis would involve solid/solid interaction. While
acyl protecting groups would obviate that problem, their
tendency to deactivate both donor18 and acceptor19 was
worrisome. To resolve this concern, syntheses of disac-

charides 15a, 16a, and 16b20 were carried out with
success, yields being in the 50-78% range.21

Having determined that NPG methodology could ac-
commodate donor/acceptor partners that were globally
acylated, it was desirable to adopt (a) a solid support that
was more amenable to parallel synthesis and (b) a linker
that would facilitate monitoring. These requirements
were met by polystyrene-grafted “crowns”22 and Rich’s
linker, 17.23 Syntheses of the “crown” disaccharides
15b-d and 16c20 were carried out as readily as for the
corresponding resin-bound analogs. In order to monitor
the reaction, a small portion of the crown was removed
and photolyzed after each procedure. Mass spectral
analysis of the resultant crude material confirmed the
progress of the reaction, and the absence of any signifi-
cant “truncated” products. The reactions could therefore
be monitored in a more expedient manner as compared
to earlier methods.11
These successes encouraged us to pursue our objective

of synthesizing polymer-bound, fully deprotected sac-
charides. Accordingly, disaccharide 15d was dechloro-
acetylated with thiourea, and coupling to NPG 18 gave
trisaccharide 19 (Scheme 2). As before, the synthesis was
monitored by removing a small portion of the “crown” for
mass spectral analysis. The esters and phthalimide
group on 19 could be readily cleaved by ethylenediamine
in methoxyethanol to give the desired fully deprotected
trisaccharide 20. For confirmation, 20was peracetylated
to give 21, and photolytic cleavage from the support
afforded the acetylated derivative 22.24
Efforts to extend this methodology to polymer-bound,

branched oligosaccharides are currently underway.
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(6 pages).
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Table 1. Stereoselectivity in Coupling Reaction of 9 to
Some NPGs

Scheme 2a

a Key: (a) thiourea, methoxyethanol, 80 °C, 6 h; (b) NIS,
TESOTf, CH2Cl2, 2 h, rt; (c) ethylenediamine, methoxyethanol,
70 °C, 4h; (d) Ac2O, DMAP, Pyr, CH2Cl2; (e) hν, THF, 0.5 h.
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