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Design and synthesis of triazole-based peptide dendrimers
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Abstract—A series of novel designer dendrimers (8, 9, 11, 13 and 16) was synthesized by employing click chemistry. The dendritic
structures reported here include symmetrical, unsymmetrical and cationic dendrimers with a variety of cores such as triazole, cystine

and Lys-Asp dipeptide.
© 2007 Elsevier Ltd. All rights reserved.

Dendrimers are structurally well-defined large molecules
with tree-like architecture having low polydispersity val-
ues. These macromolecules find use as gene and drug
delivery vehicles,! in tissue engineering,> photodynamic
therapy® and in synthetic vaccines development.* Den-
drimers with a large number of functional groups at
the surface can be functionalized with suitable binding
entities towards a particular biological receptor. This
will lead to a synergistic increase in binding affinity
through multivalent interactions called cluster effect.’
Amphiphilic dendrimers are another class of dendrimers
finding applications in diverse areas, for example, as uni-
molecular micelles® and as slow drug delivery agents.’
The synthesis of large dendrimers is still a challenge®
which we address here by generating various dendritic
structures via an elegant synthetic protocol.

Dendrimers (8, 9, 11, 13 and 16) were synthesized by
employing a Huisgen 1,3-dipolar cycloaddition reaction
commonly called a click reaction.” Click reactions have
been used extensively in chemical biology,!® polymer
chemistry!' and in dendrimer syntheses.!?

In order to make a dual surface dendrimer, we set out to
synthesize an aspartic-based dendron with an azido
group at the N-terminal and a lysine-based dendron
with an alkyne at the C-terminal. Aspartic-based
dendron 4 was synthesized from No protected aspartic
acid 1 and Ca-protected Asp-diOMe. The N-terminal
benzyloxycarbonyl group (Z) of 2 was deprotected using
H, and 10% Pd/C and coupled to azidoacetyl chloride'?
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to generate dendron 4 ready to couple with the alkyne
counterpart (Scheme 1).

A lysine-based dendron terminated with an alkyne
moiety (Lys),Lys-alkyne 7 was synthesized from
BocLys(Boc)-OH 5. The alkyne unit was incorporated
as the C-terminal part of BocLys(Boc) by coupling with
propargylamine using N-hydroxysuccinimide/DCC.
Compound 6 thus obtained was deprotected with TFA
and then reacted with Boc-Lys(Boc)-OH to produce
dendron 7 in 78% yield (Scheme 2).

Reaction of 4 and 7 in a Cu(I)-catalyzed 1,3-dipolar
cycloaddition reaction gave only 1,4-substituted tri-
azole-based dendrimer 8 in ~68% yield with four Boc
protected amines and four carbomethoxy units. The
Boc groups were deprotected to generate cationic den-
drimer 9 in quantitative yield (Scheme 2).!#

This methodology was extended to synthesize homo-
meric dendrimers on a cystine core. The cystine-based
cores 10 and 12 were synthesized from N*-Boc protected
cystine and cystine dimethyl ester by coupling propar-
gylamine and azidoacetyl chloride, respectively. The
azide terminated dendron 4 was coupled to alkyne-ter-
minated cystine 10 to generate homoaspartic acid den-
drimer 11 in 65% yield (Scheme 3). Similarly, lysine-
based dendron 7 was coupled with 12 to give dendrimer
13. These compounds gave satisfactory 'H NMR and
ESI-MS spectra.

As an extension, and to prove the versatility of this
strategy, we used a Lys-Asp as the central core unit.
Asp-(Asp), dendron 4 was attached by click chemistry
to Lys-Asp scaffold 15 to give compound 16 in 70% yield
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(Scheme 4). The unused Lys No and Ne amino handle
will allow other dendrons to be attached. Moreover,
these No and Ne amino groups could, in principle also
be reacted with molecules of biological significance.

Triazole unit has already been illustrated as an amide
bond surrogate in the peptide design.!®> The large dipole
of triazole and the presence of two nitrogens as hydro-
gen bond acceptors, makes the triazole an excellent pep-
tide bond surrogate.'® Triazole unit may impart rigidity,
lipophilicity, enhanced absorption and protease stabil-
ity. Thus the incorporation of the triazole unit in the
dendrimer structure is an added advantage.

In conclusion, we have demonstrated a simple and
elegant method to synthesize peptide-dendrimers based
on click chemistry. This synthesis will enable us to
generate various peptide or hybrid dendrimers which
may find applications in drug delivery, gene therapy,
tissue engineering etc. Further work on the functional
properties of these novel dendrimers is in progress and
will be reported in due course.
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