6698

First Divergent Strategy Using Two AB, Unprotected
Monomers for the Rapid Synthesis of Dendrimers

Laurent Brauge, Germinal Magro,
Anne-Marie Caminade,* and Jean-Pierre Majoral*

Laboratoire de Chimie de Coordination
CNRS, 205 route de Narbonne
31077 Toulouse Cedex 4, France

Receied August 7, 2000

Dendrimers and dendritic molecutexffer a fascinating palette
of very unique properties, with applications in numerous fields
ranging from chemistry, catalysis, or material sciences to biology.
However, their synthesis is tedious, due to the large number of
steps needed to grow these macromolecules. Several ways hav

been proposed to accelerate the synthesis by diminishing the

number of steps. The first one, often called “double-st&ge”,
implies the grafting of dendrons to the surface of small dendrimers
called “hypercores”. However, the total number of reactions used

to obtain the dendron and the hypercore is the same as for the

simple step-by-step synthesis of the final dendrimer. A second
type of method used to improve the synthesis of dendrimers is
called “double exponential growti”In this case, the growing

of the dendron occurs bidirectionally (periphery and focal point).
This type of strategy could be interesting for the rapid synthesis
of high-generation dendrimers, but it has been experienced only
for middle-sized dendrons, leading, for instance, to a fourth

generation dendron in seven steps (instead of eight by a classica

way). A third way to accelerate the synthesis of dendrimers
consists of using hypermonomértis means compounds of type
AB, or ABg instead of the AB or AB; monomers classically
used in dendrimer chemistry. This strategy increases rapidly the
number of end groups, but it does not improve the number of
steps needed to obtain one generation (generally 2). Finally, a
fourth method called “orthogonal coupling strateggbnsists of
using two types of AB units, which contain two pairs of
complementary coupling functionalities. This type of “orthogonal
system” implies a set of completely independent class of
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protecting group&Thus, in all cases at least one of these functions
needs to be activated using another reagent, which of course
?enerates byproducts, implying purification at each step. However,
his strategy designed for the convergent synthesis of dendrons
is powerful since it gives a new generation at each step. To the
best of our knowledge, this type of strategy has never been applied
to a divergent synthesis of dendrimers, or to two pairs of com-
plementary functions able to react spontaneously without any
activating agent. This last point appears highly desirable, since it
could theoretically allow the growing of dendrimers without
purification, provided each reaction is chosen to be quantitative.
In the course of our researches concerning the synthesis of
phosphorus-containing dendrimers, we have demonstrated that the
condensation reaction between phosphorhydrazides and aldéhydes
on one side, and the Staudinger reaction between phosphines and
azide$ on the other side, possess both properties. Indeed, these
reactions are quantitative; there is no need for an activating agent,
and the byproducts are only water for the condensation and
nitrogen for the Staudinger reaction. Having in hand these
reactions, the goal was to design two types of,ABonomers,
one with aldehyde and azide functions, the other one with
hydrazine and phosphine functions. The later one is obtained in
two steps from P(S)GI Two equivalents of NaOg,PPh® are
first reacted at low temperature to yield CIP(S)#PGPPh).. A
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second reaction with methyl hydrazine affordgNMMeP(S)- Gy
(OCH4PPh), 1, an AB, type compound with A= NH, and one-pot

B = PPh. The second type of molecule should have=AN;

and B= CHO. Compoun (N3P (S)(OGH,CHOQ),)!° perfectly Gy

fits these requirements. However, the reaction between compounds

1 and2 would lead to an hyperbranched polymer; to avoid this Gy
situation, and to grow a dendrimer in a divergent way, one has
to react, first, one of the ABmonomers with a core, to deactivate Gz
its A function. We choose to use (S)P(@GCHO)’ Gy as a
core. Thus, the first step is the condensation reaction between
Go and 3 equiv of the ABmonomerl (Scheme 1). The first ‘
generatiorG,, having six diphenylphosphino end groups is easily
obtained. The next step is the Staudinger reaction betv&en
and 6 equiv of the azid®, which affords the second generation
G, (12 aldehyde end groups). The dendrimer is then grown using
again monomerl, then monomer2 (Scheme 1). Thus, the
formation of the fourth generatio®, having 48 aldehyde end
groups, necessitates only four steps from the GyéH and**C

NMR give good evidence for the completion of reactions, but
3P NMR appears to be the most powerful technique for this
purpose. Indeed, the condensation reaction induces the shielding
of the signal of the &S group of the phosphorhydraziddrom

0 = 67.0 to 61.6 (forG;) or 61.9 (for G3) ppm, whereas the
Staudinger reaction induces the appearance of a set of two
doublets até = 14.3 (P=N) and 6 = 50.2 ppm (B=S).
Furthermore, the narrow polydispersity of all compounds has been
checked by size exclusion chromatography, which gives very

narrow peaks foG, and G, (see Supporting Information). The — | —
enlargement observed f@; is presumably due to oxidation of 20

the phosphine end groups during the analysis or interactions of Elution time (mn)

the phosphine with the colunh. Figure 1. 3P NMR spectra of dendrimer64 step-by-step ands4

The compounds obtained are layered dendrimers made ofgne pot.
0O-CGsH4-Z-P(S) linkages, the difference between two layers being
the nature of Z, CHEN—N(Me) or PhP=N groups. The presence
of P=N—P=S groups is particularly interesting since we have
already demonstrated their specific reactivity with electrophiles,
which opened large avenues for the obtaining of dendritic
structures having very original architectufésFurthermore,
compoundsl and?2 could be used also in a convergent strategy,
provided the B functions of one of them could be deactivated in
a first step. Deactivation of phosphino groups incan be
performed by oxidation, sulfuration, or complexation, while
deactivation of aldehyde groups tcan be done, that is, by a
Schiff reaction involving Girard P or T reagenrifs.

In fact, the type of synthesis we propose here is statto
sensusan orthogonal system since no deprotection of both AB
monomers is required, but this particularity offers a marked
advantage over previously reported systems. Indeed, it is clear
that with a strict control of the stoichiometry, this sequence of
reactions does not require any isolation, since the only byproducts

are HO and N. Thus, we have tried to carry out a one-pot
experiment to obtain directly the fourth generation starting from
the core. Two aspects of the synthesis require a particular care:
(i) this type of synthesis necessitates a strict control of the
stoichiometry, (ii) we observed that the condensation step is
slower during the one-pot process; thus, it is advisable to
concentrate the solution before addiig The spectroscopic
characteristics of5, obtained by the one-pot process are very
similar to those described f@, obtained step-by-step. However,
a slight broadening of the peaks is detectab@NMR (Figure
1), as well as for SEC traces. A very small peak at a higher
retention time indicates that a slight excess of one reagent was
used at one step, leading to the formation of a small dendrimer.
The slight broadening of the base of the main peak corresponds
to uncompleted reactions @&..

To the best of our knowledge, this is the first example of the
one-pot synthesis of a fourth generation dendrimer obtained rather
cleanly. The easy obtaining of such a compound opens the way
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