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Assembly of dendritic glycoclusters from monomeric mannose
building blocks
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Mannoside-based dendrimers were prepared by tetrafold
glycosidation of selenium-donors with branched alcohol
scaffolds. A trisaccharide-based glycocluster could be
assembled in one reaction vessel based on reactivity tuning
of glycosyl fluorides, orthogonal coupling to a glycosyl
selenide and subsequent capture onto the dendritic
scaffold.

High-mannose oligosaccharides have been shown to have
important biological functions.1 The mannose-binding protein
(MBP),2 an acute phase protein of immune response, recognises
a broad array of oligosaccharide moieties on the surface of
bacteria, which it is able to distinguish from its own sugar
epitopes.3

Suitable glycomimetics which are able to compete or even
perform better than the naturally occurring carbohydrate lig-
ands are needed for the manipulation of carbohydrate–protein
interactions.4 For this purpose the clustering of glycosides has
proved to be advantageous in many instances, as the multi-
presentation of specific sugar epitopes in one molecule can
result in remarkably increased adhesion.5 Copolymerization 6

and telomerization 7 reactions have been used to incorporate
several oligosaccharides. In addition, an increasing number of
dendrimers has appeared as core molecules for the synthesis of
clustered glycosides.8

We have shown previously that the application of the prin-
ciples of reactivity tuning and orthogonal activation in glyco-
sylation reactions allows rapid access to oligosaccharides
utilizing one-pot coupling strategies.9 As part of our continuing
investigations into the utility of one-pot oligosaccharide syn-
thesis, we report the extension of this methodology to illustrate
how the final assembled oligosaccharide can be captured onto a
dendritic scaffold.

As core scaffolds we have chosen to prepare the tetraalcohols
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2 and 3 which can be readily obtained from pentaerythritol 1,
by employing an iterative allylation–hydroboration strategy, in
excellent overall yield (Scheme 1).10 Further elaboration of the
polyether chains to give greater branching or to vary the dis-
tances between the carbohydrate units to be attached to the
alcohol functions should be straightforward.

In order to test the efficiency of the glycosylation reaction to
form tetraantennary glycoclusters, the alcohol 2 was reacted
with selenium donor 4, which was activated by NIS–TfOH,11 to
give the mannoside cluster 5 in high yield (91%) and with com-
plete α-selectivity, as expected (Scheme 2). Deacetylation under

standard conditions and reductive debenzylation employing
Pd(OH)2/C as the catalyst gave the fully deprotected glyco-
cluster 6 in 77% yield. Reaction of the tetraalcohol 3 with selen-
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ium donor 4 performed equally well to give the glycocluster
7 (87%). Deprotection of this compound provided tetra-
antennary mannoside 8 in 80% yield.

Encouraged by these results we next examined the reaction of
alcohols 2 and 3 with the selenium trisaccharide donor 9 which
we have recently prepared using a one-pot coupling strategy.9b

Reaction of 9 with tetraol 2 under NIS–TfOH activation condi-
tions gave the tetraantennary glycocluster 10 (Scheme 3) in 52%
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yield (85% yield per glycosylation step).12 Deprotection was
achieved by desilylation using TBAF, reductive debenzylation
using Pd(OH)2/C as the catalyst and subsequent cleavage of
the butane 1,2-diacetal (BDA) protecting groups 13 using a tri-
fluoroacetic acid–water mixture (9 :1) to give the deprotected
dendrimer 11 in 56% overall yield. Selenide 9 underwent in
similar fashion a tetrafold glycosylation with tetraol 3 to give a
glycocluster in 50% yield which was subsequently deprotected
in 68% overall yield to give the glycocluster 12 (Fig. 1).12

Structure 12 was confirmed by integration of the respective
linker and anomeric signals in the 1H NMR spectra and by
MALDI-TOF spectroscopy.14

Based on these results the glycocluster 10 was prepared in one
pot starting with fluoride donor 13 which was coupled onto
acceptor 14 to give 15 in situ using HfCp2Cl2–AgOTf as an
activation system.15 Disaccharide 15 was coupled to selenium-
acceptor 16 to generate, as an intermediate, trisaccharide 9
which underwent a perglycosylation with tetraalcohol 2 to give
glycocluster 10 in 10% overall yield, which represents a 68%
yield per glycosylation step (Scheme 4).

Fig. 1
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We have demonstrated that one-pot reaction technologies are
not only efficient in terms of oligosaccharide assembly but are
also flexible enough to allow the final products to be further
elaborated. We believe that the generation of complex arrays
and libraries, with the minimum of protecting group manipu-
lations, can be efficiently realized and our laboratory is continu-
ing to explore the scope of this methodology.

Acknowledgements

We thank BP for a research endowment (to S. V. L.), Novartis
for a Research Fellowship (to S. V. L.), BBRSC for a student-
ship (to S. J. I.) and the Alexander-von-Humboldt-Stiftung for
a Feodor-Lynen Fellowship (to P. L.).

References
1 T. Mizuochi, M. W. Spellman, M. Larkin, J. Soloman, L. J. Basa and

T. Feizi, Biochem. J., 1988, 254, 599.
2 (a) W. I. Weis, R. Kahn, K. Drickamer and W. A. Hendrickson,

Science, 1991, 254, 1608; (b) M. W. Turner, Biochem. Soc. Trans.,
1994, 22, 88.

3 (a) R. A. B. Ezekowitz, Curr. Biol., 1992, 2, 147; (b) J. G. Raynes,
Biochem. Soc. Trans., 1994, 22, 69.

4 T. Feizi, TIBS, 1994, 19, 233.
5 (a) A. Spaltenstein and G. M. Whitesides, J. Am. Chem. Soc., 1991,

113, 686; (b) K. H. Mortell, M. Gingras and L. L. Kiessling, J. Am.
Chem. Soc., 1994, 116, 12053.

6 (a) S. Aravind, W. K. C. Park, S. Brochu and R. Roy, Tetrahedron
Lett., 1994, 7739; (b) W. K. C. Park, S. Aravind, A. Romanowska,
J. Renaud and R. R. Romanowska, Methods Enzymol., 1994, 242,
294.

7 (a) R. Roy, D. Zanini, S. J. Meunier and A. Romanowska, J. Chem.
Soc., Chem. Commun., 1993, 1869; (b) T. Toyokuni and A. K.
Singhal, Chem. Soc. Rev., 1995, 231; (c) R. Roy, W. K. C. Park,
Q. Q. Wu and S.-N. Wang, Tetrahedron Lett., 1995, 36, 4377; (d )
D. Zanini, W. K. C. Park and R. Roy, Tetrahedron Lett., 1995, 36,
7383; (e) K. Aoi, K. Itoh and M. Okada, Macromolecules, 1995, 28,
5391; ( f ) R. Roy, in Modern Methods in Carbohydrate Synthesis,
eds. S. H. Khan and R. A. O’Neill, Harwood, Amsterdam, 1996,
378; (g) T. K. Lindhorst and C. Kieburg, Angew. Chem., 1996, 108,
2083; Angew. Chem., Int. Ed. Engl., 1996, 35, 1953; (h) R. Roy, in
Top. Curr. Chem., 1997, 187, 241.

8 For a review, see: N. Jayaraman, S. A. Nepogodiev and J. F.
Stoddart, Chem. Eur. J., 1997, 3, 1193.

9 (a) M.-K. Cheung, N. L. Douglas, B. Hinzen, S. V. Ley and
X. Pannecoucke, Synlett, 1997, 257; (b) L. Green, B. Hinzen, S. J.
Ince, P. Langer, S. V. Ley and S. L. Warriner, Synlett, 1998, 440.
Others have reported in this area; (c) S. Raghavan and D. Kahne,
J. Am. Chem. Soc., 1993, 115, 1580; (d ) H. Yamada, T. Harada,

H. Miyazaki and T. Takahashi, Tetrahedron Lett., 1994, 35, 3979; (e)
G.-J. Boons and T. Zhu, Synlett, 1997, 809.

10 All new compounds were characterized by spectroscopic and mass
data. Preparation of the initial mannose building blocks employed
standard protocols.

11 G. H. Veeneman, S. H. van Leeuwen and J. H. van Boom,
Tetrahedron Lett., 1990, 31, 1331.

12 Purification of 10 from the reaction by-products was accomplished
by chromatography on silica gel. Purification of the deprotected
compounds 11 and 12 was afforded by gel filtration using Sephadex
G25 as the stationary phase and water as the eluent. However, 10
and 12 exist as an inseparable 5 :1 and 2 :1 α :β mixture of anomers,
respectively.

13 (a) N. L. Douglas, S. V. Ley, H. M. I. Osborn, D. R. Owen, H. W. M.
Priepke and S. L. Warriner, Synlett, 1996, 793; (b) J.-L. Montchamp,
F. Tian, M. E. Hart and J. W. Frost, J. Org. Chem., 1996, 61, 3897;
(c) U. Berens, D. Leckel and S. C. Oepen, J. Org. Chem., 1995, 60,
8204.

14 Selected analytical data for 12: δH(D2O, 600 MHz) (α :β = 2 :1) 5.05
(α :β) (4H, s, H-b), 4.95 (α :β) (4H, s, H-a), 4.78 (α) (4H, s, H-c), 4.57
(β) (4H, s, H-c), 1.81–1.78 (16H, m, 2 × CH2-d); MALDI-TOF: m/z
2570.3 (C101H180O72Na requires 2567).

15 (a) K. Suzuki, H. Maeta and T. Matsumoto, Tetrahedron
Lett., 1989, 30, 4853; (b) S. Ikeshita, A. Sakamoto, Y. Nakahara,
Y. Nakahara and T. Ogawa, Tetrahedron Lett., 1994, 35, 3123.

Communication 8/07621I

OO

O

OH OH

OH

O

O

O
OH

OH
OH

O
OH

HO
HO

OH

O O

O

O

b

a

c

d

d


