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a b s t r a c t

Dendrimer are hyperbranched macromolecules, which can be used as support of catalytic entities. This
review focusses on polyphosphorhydrazone (PPH) dendrimers, bearing as terminal groups, transition
metal complexes of 3d elements (Cu, Sc) and 4d elements (Pd, Ru, Rh). These complexes have been used
as catalysts for various organic reactions, in particular C–C couplings. Most of these dendritic complexes
can be recovered and re-used several times (up to 12 successive runs with the same efficiency). In several
cases, a dendritic (or dendrimer) effect is observed, i.e., an increased efficiency and/or enantioselectivity
when comparing a monomeric catalyst with increasing generations of the dendrimers, using in all cases
the same number of catalytic entities.
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1. Introduction

Dendrimers are macromolecules constituted of branches ema-
nating radially from a central core. Dendrimers induce a large
and increasing interest in the scientific community, due to the
numerous properties they have in different fields, in particular
for catalysis, for the elaboration of (nano)materials, and in biol-
ogy/nanomedicine [1]. They are synthesized step-by-step, most
generally by the repetition of a sequence of two reactions that
induces a multiplication of the number of terminal functions, cre-
ating what is called a new ‘‘generation’’. Scheme 1 displays the
principles for the divergent synthesis of dendrimers. The starting
point is a multi-functional core, whose functions are activated,
deprotected, or modified in the first step. A branched monomer
is used in the second step to react with the modified core, affording
the first generation dendrimer. The first generation has the same
type of functions than the initial core, but the number of functions
is multiplied, most generally by two, eventually by three [2],
exceptionally by five [3]. If this sequence of reactions is absolutely
quantitative, then the process can be used again, to afford the sec-
ond generation, then the third, and so on. High generations have
been attained for some dendrimers, generation 10 for PAMAM
(polyamidoamine) dendrimers [4] and poly-L-lysine dendrimers

[5], generation 12 for PPH (polyphosphorhydrazone) dendrimers
[6], and very recently generation 13 for polytriazine dendrimers
[7] and polyphenylene dendrimers [8]. Obtaining these high gener-
ations is a long process, but most of the properties of dendrimers
can be attained with lower generations, most often not higher than
generations 4 or 5.

A large number of publications and patents about dendrimers is
related to catalysis. Indeed, dendrimers are considered in many
cases as soluble supports of catalytic entities, most generally of
transition metal complexes. The very first example in this field
concerned a generation 1 carbosilane dendrimer ended by nickel
derivatives, and used for the catalysis of the Kharasch addition
[9]. The dendritic catalyst was less efficient than the monomeric
catalyst, but it was proposed that only the dendrimer could be
recovered and reused, using a membrane reactor. However, in
most cases of re-uses of the catalysts, a bad solvent for the dendri-
mer is added to the reaction media after the catalytic experiments,
to precipitate the dendritic catalysts. In most cases, this bad
solvent is miscible with the solvent used for the catalysis, but it
sufficiently modifies the media to induce the precipitation of the
dendrimers. This is one of the major advantage when using a den-
dritic catalyst, the possibility to recover it easily, and to reuse it
[10]. This aspect is particularly interesting when considering the
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