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Unsymmetrical dendrimers, containing both mannose binding

units and coumarin fluorescent units, have been prepared using

click chemistry and shown to be highly efficient, dual-

purpose recognition/detection agents for the inhibition of

hemagglutination.

The high functional group density at the chain ends of dendrimers,

coupled with unprecedented control over molecular structure,

makes these synthetic materials extremely attractive candidates for

a variety of surface active applications.1 One of the most promising

is to exploit the numerous chain end groups as multivalent binding

sites2 for interaction with biological receptors and cell surfaces in

the construction of targeted drug delivery systems.3 This concept

has been exploited by Cloninger et al.4 in a series of pioneering

studies designed to alter and control the strength of lectin binding

by varying the generation number of a series of mannose

functionalized PAMAM dendrimers. For future practical applica-

tions, at least 3 functional units are required: a targeting moiety, a

medicinally active agent (drug), and a diagnostic label such as a

fluorescent dye, each attached at a specific position within the

nanostructure. While a number of approaches have been reported

for combining all of these elements into a single system,5 the

structural control and monodispersity of dendrimer-based

macromolecules promise superior performance.6 A general

strategy for the facile synthesis of chemically differentiated

dendrimers which allows for the introduction of functional groups

at defined locations has however not been reported. To address

this challenge, the synthesis of dendritic block copolymers7 in

which two distinct clusters of functionality (targeting and

detection) are placed at the chain ends in a controlled fashion is

described. The key chemical transformation which allows simple

and facile preparation of these dual-purpose, multifunctional

materials is the copper(I)-catalyzed azide–alkyne cycloaddition, a

premier ‘‘click’’ reaction.8 The high efficiency of this process is

exploited to couple the dendritic blocks together, while its

tolerance of a wide variety of functional groups allows the

introduction of reactive units at the periphery without the use of

protecting groups.9

The synthetic approach selected is based on 2,2-bis(hydroxy-

methyl)propionic acid (bis-MPA) as a biocompatible building

block and the resulting anhydride 1 provides easy access to both

the alkyne 2 and the azide 3 by condensation with the appropriate

alcohol.10 Removal of the acetonide protecting groups and

subsequent acylation with the anhydride 1 allows for facile

generation growth of the dendritic blocks containing either a single

acetylene 4 or azide group 5 at the focal point. The resulting

dendrons can be rendered reactive and hydrophilic by deprotection

or kept protected and hydrophobic by retention of the acetonide

caps.

To facilitate these studies and allow preparation of a library of

structures, two series of dendrons up to the 4th generation were

synthesized in high yield and purity (Scheme 1). Coupling of the

differentiated dendritic blocks containing a variety of chain end
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Scheme 1 Synthesis of hydrophilic and hydrophobic dendrons with

either acetylene 4 or azide 5 groups at the focal point.
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functional groups proceeded smoothly under the copper(I)-

catalysis conditions. Thus, reaction of (HO)8–[G-3]–Az, 6, and

(An)4–[G-3]–Acet, 7, in dry THF in the presence of catalytic

[Cu(PPh3)3Br] and N,N-diisopropylethylamine furnished the

diblock dendrimer 8 in 92% yield after purification (Scheme 2).

The orthogonality of this process is demonstrated by the ability to

employ both the hydroxy and the acetonide terminated bis-MPA

dendrons with no unwanted side reactions occurring at the

numerous chain ends. The efficiency of this polymer coupling

reaction was further proved by GPC, NMR and MALDI analysis,

the latter showing a single peak at 1985 (MH+) for 8.11 Using the

same methodology, a series of amphiphilic dendrimers from

generation 1 to 4 were prepared from dendrons of varied sizes. For

example, the asymmetrical structure 9, in which both the size and

functionality of the dendron is varied, was assembled from a

hydroxy functionalized [G-1]–azide and an acetonide functiona-

lized [G-4]–acetylene.

The modular nature of this synthetic strategy and the chemical

stability of triazoles, azides and acetylenes allows for the efficient

introduction of functional groups at different stages of the process.

For example, the asymmetrical dendrimer (An)16–[G-4]–[G-1]–

(OH)2, 9, was first decorated with alkyne groups by esterification

of the two free hydroxyls with pent-4-ynoic anhydride (Scheme 3).

Removal of the acetonide protecting groups on the 4th generation

dendritic block of 10 revealed 16 reactive hydroxy groups (11)

followed by attachment of the two 7-diethylaminocoumarin dyes12

Scheme 2 Synthesis of unsymmetrical dendrimer 8 containing a

chemically differentiated surface.

Scheme 3 Synthesis of multivalent, asymmetrical dendrimer 14 containing 16 mannose units and 2 coumarin chromophores.
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to the alkyne units resulting in 12. After introduction of the

16 alkynes (via esterification with the anhydride of pentynoic acid),

the resulting dendrimer 13 was directly coupled with the

unprotected 2-azidoethyl a-D-mannopyranoside in THF–water

to furnish the desired asymmetrical, dual functionalized dendrimer,

14. Complete characterization of the asymmetric dendrimers by

GPC, NMR and MALDI spectroscopy showed essentially

monodisperse materials with quantitative functionalization of the

chain ends after every step. For example, the acetylene

functionalized, fluorescently labelled dendrimer 13 showed a single

molecular ion (MH+ = 4184; MNa+ = 4206) in the MALDI

spectrum which correlates with 2 coumarin and 16 acetylene chain

end groups (Fig. 1). Designed to bear peripheral groups for

polyvalent binding (mannose) and fluorescent dyes (coumarin) for

visualization/diagnostic purposes, this macromolecular structure is

an example of the sophisticated, multifunctional nanomaterials

that can be constructed in a stepwise, yet facile manner using Click

methodology.13

The performance of the mannosylated dendrimer was evaluated

in the standard hemagglutination assay using the mannose binding

protein concanvalin A and rabbit red blood cells.14 Dendrimer 14

exhibited 240-fold greater potency than monomeric mannose,

corresponding to a relative activity of 15 per sugar moiety when

compared to mannose (activity = 1). This demonstrates the

synergistic benefit provided by the multivalent, dendritic array of

receptor groups. A complete study of polyvalent affinity vs.

dendrimer size and generation number is underway and will be

described in the future.

In summary, copper(I)-catalyzed azide–acetylene cycloaddi-

tion15 has proven to be a powerful tool for both the preparation

of unsymmetric diblock dendrimers and for efficient differentiation

of the dendritic chain end groups. By preparing dendrons with

unique acetylenic and azide groups at the focal point, highly

efficient coupling of these blocks was achieved through the

formation of a stable [1,2,3]-triazole linkage. Quantitative

modification and sequential differentiation of the chain ends by

the introduction of mannose and coumarin unit derivatives to the

periphery of individual blocks allowed preparation of agents with

dual function, recognition and detection, which may prove useful

in identification and treatment of pathological conditions via

multivalent interactions.
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Fig. 1 MALDI mass spectrum of the differentiated, dye-labelled

dendrimer 13 showing efficient functionalization and monodispersity.
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