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Dendrimers bearing three types of branching functions
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Abstract—Selective t-butylperoxy-trimethylsilane oxidation of phosphites, having labile seleno- and thiophosphate groups, to
corresponding phosphates has been accomplished. This key reaction has been successfully applied to the synthesis of dendrimers
possessing three different (P=Se, P=O and P=S) branching units within the same molecule. © 2002 Elsevier Science Ltd. All
rights reserved.

Dendrimers, perfectly ordered, monodisperse macro-
molecules exhibiting iterative architecture (branching of
branches) are one of the major themes in chemistry
today.1 Their synthesis with precisely tuned structural
components like core, branches and surface terminal
groups affords material possessing particular physical
properties and applications.1 To the best of our knowl-
edge, only one example of a dendrimer built of two
types of repeat branching elements has been described.2

On the other hand, amidophosphite reagents enabled
the convenient synthesis of the large diversity of biolog-
ically relevant phosphates and their analogs.3

Recently, we have developed a methodology for the
synthesis of phosphorus-based dendrimers involving
chemistry of trivalent phosphorus derivatives.4,5 As a
continuation of our efforts, we now report a highly
efficient synthesis of new heteroorganic dendrimers hav-
ing different chalcogen atoms bound to a branching
phosphorus at different ‘layers’ of a dendrimer. Addi-
tionally, we wish to demonstrate that 2,4,6-collidine
trifluoroacetate (COLT) is a remarkably good
activator6 of phosphoroamidites, thus it can be used
instead of expensive tetrazole, as a reagent in a den-
drimer growth phosphitylation step.

The dendrimer building units, tris(5-hydroxypentyl)
selenophosphate (1), tris(5-hydroxypentyl) thiophos-
phate (2), bis(4-acetoxybutoxy)-N,N-diethylaminophos-

phine (3) and bis(5-acetoxypentoxy)-N,N-diethylamino-
phosphine (4) were prepared in high yield from appro-
priate alkanediol monoacetates,7 as described previ-
ously.4,5 The core triols 1 and 2 reacted readily with
phosphoroamidites 3 and 4 (3.4 equiv., 1 h, rt), in the
presence of 2,4,6-collidine trifluoroacetate8 (COLT) (6
equiv.) or tetrazole (6 equiv.), to afford the correspond-
ing trisphosphite intermediates 5 and 6, respectively
(Scheme 1), which were not isolated from the reaction
medium. At this point we faced the challenge to find
an oxidant for the generation of the oxyphosphoryl
functions in 5 and 6 without affecting the labile thio-
phosphate and/or the especially sensitive seleno-
phosphate group,9 present in the molecule. The first
choice oxidant seemed to be t-BuOOH, which was
successfully used for the selective conversion of the
ribonucleotide 3�-phosphite, 2�-thiophosphate deriva-
tives into the corresponding 3�-phosphate esters.10 How-
ever, the oxidation of 5 and 6 with t-BuOOH produced
a low yield of 7 and 8 accompanied by by-products

Scheme 1. (a) Tetrazole or COLT, dichloromethane; (b) t-
BuOOSiMe3; (c) S8; (d) K2CO3, methanol, water.
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(apparently, the skeleton of the forming dendrimers
was damaged), as detected by 31P{1H} NMR. Recently,
we have shown that t-butylperoxy–trimethylsilane11

quantitatively oxygenated a selenophosphate dendrimer
of generation 3 into its phosphate derivative but a
thiophosphate-based dendrimer remained intact.5 Sur-
prisingly, the addition of t-BuOOSiMe3 (3.7 equiv., 2 h
at 0°C, then 10 h at rt) to crude 5 and 6 resulted in
exclusive oxidation of P(III) phosphorus atoms at
peripheral branching, providing the first generation
dendrimers 7 and 8, in high isolated yields.12 It appears,
that even in the case of ‘small’ dendritic molecules,
outer phosphite nucleophilic centers are much more
accessible for the bulky peroxide than nucleophilic sele-
nium in the core. Addition of elemental sulfur (6 equiv.,
12 h at rt) to the crude 5 furnished dendrimer 9 in 92%
overall yield.12 Cleavage of terminal acetates in 7, 8 and
9 using K2CO3 in methanol afforded polyalcohols 10,
11 and 12 in quantitative yield. It is noteworthy that
dendrimers 7 and 8 were obtained in virtually the same
good yield regardless of the phosphitylation activator
(tetrazole or COLT) used.

Compounds 10, 11 and 12 were transformed into larger
dendrimers13 of generation 2 and 3, via reiteration of
the synthetic strategy shown in Scheme 1. For instance,
phosphitylation of the hexol 12 containing both P=Se
and P=S groups, with amide 4 (9 equiv.) and COLT
(13 equiv.), followed by t-BuOOSiMe3 (9.8 equiv.) oxi-
dation, cleanly afforded the second generation den-
drimer 13 (Fig. 1A) in 86% isolated yield and high
purity (Fig. 1B). The dendrimer growth reactions can
be easily monitored by 31P{1H} NMR analyses. The
presence of oxyphosphoryl, thiophosphoryl and
selenophosphoryl functions in one molecule gave very
clear spectra compared with fully phosphorylated or
thiophosphorylated dendrimer.4,5 This is due to the
occurrence of signals corresponding to P=O, P=S and
P=Se in three very distinct areas (Fig. 1C).

In conclusion, unprecedented oxidation of phosphites
to phosphates with preservation of sensitive P=Se and/
or P=S functions was accomplished. This key reaction
was applied to the synthesis of dendrimers having three
different branching units in their framework. Addition-
ally, we have shown that phosphoroamidites 3 and 4
can be advantageously activated by 2,4,6-collidine
trifluoroacetate.
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discussions.

References

1. Recent books and reviews: (a) Newkome, G. R.;
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M.; Vögtle F. Angew. Chem., Int. Ed. 1999, 38, 884–905;
(g) Astruc, D.; Chardac, F. Chem. Rev. 2001, 101, 2991–
3024; (h) Majoral, J. P.; Caminade, A. M. Chem. Rev.
1999, 99, 845–880; (i) Bosman, A. W.; Janssen, H. M.;
Meijer, E. W. Chem. Rev. 1999, 99, 1665–1688.

2. Lartigue, M. L.; Launay, N.; Donnadieu, B.; Caminade,
A. M.; Majoral, J. P. Bull. Soc. Chim. Fr. 1997, 134,
981–988.

3. Beaucage, S. L.; Iyer, P. R. Tetrahedron 1993, 49, 10441–
10488 and references cited therein.
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Tetrahedron Lett. 2000, 41, 1643–1645.
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Dąbkowski, W.; Tworowska, I.; Michalski, J.; Cramer,
F. Chem. Commun. 1997, 877–878; (e) Dąbkowski, W.;
Tworowska, I.; Michalski, J.; Cramer, F. Tetrahedron
Lett. 2000, 41, 7535–7539.

7. Nishigushi, T.; Taya, H. J. Am. Chem. Soc. 1989, 111,
9102–9103.

8. COLT (FW=235.2) was prepared as follows: CF3COOH
(0.579 ml, 7.5 mmol) was added to a solution of 2,4,6–
collidine (1 ml, 7.5 mmol) in dichloromethane at rt and
the mixture was stirred for 1 h. Evaporation of the
solvent gave the pure, nonhygroscopic product (1.76 g,
100%) as white crystals (mp 63°C).

Figure 1. Structure of the second generation dendrimer 13
(A), as well as its MALDI TOF MS and 31P{1H} NMR
spectra (B) and (C), respectively.
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