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Abstract—The one-pot synthesis of multivalent arrays of mannose mono- and disaccharides, of potential use as anti-infective
agents against enterobacteria infections, is described. © 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

It is now accepted that glycoproteins and glycolipids
are widely expressed on cell surfaces and participate in
many molecular recognition and binding processes in
both healthy and diseased states.1 In particular, some
bacterial surface proteins demonstrate specific binding
for carbohydrates expressed on human cells, and such
interactions form an essential part of the infection
pathway. It has been demonstrated that administration
of synthetic or natural carbohydrate derivatives can
disrupt this infective pathway, so long as the adminis-
tered derivatives have a high affinity for the bacterial
lectins.2 In such cases, the bacteria are no longer able to
interact with the host, and therefore pass through the
body without initiating infection. Such therapeutic
agents have been termed anti-infective agents. A num-
ber of anti-infective agents occur naturally, for exam-
ple, human breast milk contains numerous soluble
oligosaccharides that provide newborn babies with a
mechanism for aborting infection processes.3 However,
there is also considerable interest in the synthesis of
non-natural carbohydrate based anti-infective agents.4

In particular, flexible multivalent arrays of receptor
carbohydrates are considered of interest, due to their
enhanced activity resulting from the cluster effect.5

As part of a programme directed towards the inhibition
of infections caused by enterobacteria (for example

some E. coli and S. suis strains), that naturally adhere
via type 1 fimbriae to high-branched mannose chains,6

we required access to multivalent arrays of mannose
saccharides. Although the natural hosts display com-
plex mannose saccharides, it has already been demon-
strated that multivalent arrays of mannose
monosaccharides,7 as well as Man �-1,2-Man and Man
�-1,3-Man disaccharides,8 are effective for inhibiting
the carbohydrate-lectin interactions.

2. Results and discussion

The synthesis of carbohydrate based therapeutics is
often complicated by the necessity for extensive protec-
tion/deprotection strategies. Therefore the aim of this
research was to establish a short and efficient route to
multivalent arrays of mannose saccharides, with mini-
mal dependence on protecting groups. Our attention
thus focused on the development of a one-pot strategy
involving condensation of a series of multivalent (di- to
hexavalent) amines with unprotected mannose mono-
and disaccharides. Interestingly, the condensation reac-
tion of mono- and diamines with wood pulp disaccha-
rides, to produce divalent derivatives, had previously
proved successful.9 A series of reactions was therefore
performed to establish the utility of this methodology
for accessing multivalent arrays of mannose mono- and
disaccharides (Table 1). A representative example utiliz-
ing ethylenediamine and D-mannose is illustrated below
(Scheme 1). Examples of other amine and saccharide
substrates employed are illustrated in Fig. 1 and Table
1. In all cases the reactions were effected by dissolving
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Table 1.

Yield of productSaccharide Amine
(%)

Ethylenediamine 77D-Mannose
1,2-PropanediamineD-Mannose 64
1,3-PropanediamineD-Mannose 68
1,4-ButanediamineD-Mannose 53

56Tris(2-aminoethyl)amineD-Mannose
47D-Mannose Pentaerythrityl

tetraamine
D-Mannose Hexavalent dendrimer12 56
Man �-1,2-Man Ethylenediamine 39

EthylenediamineMan �-1,3-Man 43
Man �-1,2-Man 35Hexavalent dendrimer12

Man �-1,3-Man Hexavalent dendrimer12 37

cipitates thus formed then afforded the desired
targets.11

Pleasingly these results illustrate that in all cases it
was possible to form the multivalent saccharide
derivatives in one pot without any need for protecting
group manipulations. It is interesting to note that
targets incorporating Man �-1,2-Man and Man �-1,3-
Man disaccharides, as well as a glycodendrimers,13

could be prepared using this direct approach. Conver-
sion yields varied from excellent to moderate, with the
lower yields corresponding to the reactions of higher
valent amines with the mono- and disaccharides. How-
ever, in these latter cases it should be noted that up to
six condensation reactions were occurring within the
one-pot.

The ability of these multivalent derivatives to inhibit
infections caused by E. coli is currently being assessed.
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the multivalent amine and either D-mannose or Man-�-
1,2-Man or Man-�-1,3-Man in anhydrous methanol,
and stirring the reaction mixture at room tempera-
ture.10 After approximately one hour, precipitation of
the target multivalent derivatives commenced. How-
ever, the reactions were left to stir at room temperature
overnight, and then cooled to 4°C and stored at this
temperature for 24 hours. Simple filtration of the pre-

Scheme 1. Representative example of the condensation methodology. (i) Anhydrous methanol, room temperature, then 4°C.

Figure 1.
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endorf, N.; Lindhorst, T. K. Top. Curr. Chem. 2001,
217, 201–238.


	One-pot synthesis of multivalent arrays of mannose mono- and disaccharides
	Introduction
	Results and discussion
	Acknowledgements
	References


