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Reactivity Inside a Selenophosphate Dendrimer

Grzegorz M. Salamończyk
Centre of Molecular and Macromolecular Studies, The Polish Academy
of Sciences, �Lódź, Poland

The divergent synthesis of new series of dendrimers having phosphoryl, thiophos-
phoryl, and selenophosphoryl branching units has been accomplished by a concise
procedure involving phosphitylation of alkanediol derivatives, followed by the cor-
responding chalcogen addition as the key steps. The backbone of a selenophosphate
dendrimer was flexible enough to allow its chemical modification by means of the
oxygenation with bulky peroxide.
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INTRODUCTION

Dendrimers are perfectly ordered, monodisperse macromolecules ex-
hibiting iterative architecture-branching of branches cascade. Their
synthesis with precisely tuned structural components like core,
branches, cavities and surface terminal functions affords mate-
rial possessing particular chemical and physical properties and
applications.1−6 Modification and introduction of various functional
groups to a dendrimer are of great present interest.7 Nevertheless, most
of these transformations rely on the formation of covalent or noncova-
lent bond to the surface. A controlled alteration of the interior of a
dendrimer appears to be a much more difficult task.

On the other hand, amidophosphite reagents now are being used
widely for the synthesis of the large diversity of biologically rele-
vant phosphates, including automated synthesis of oligonucleotides and
their analogs on solid phase support.8 In spite of this, they have not
been sufficiently exploited to prove their suitability for the synthesis of
phosphorus-based dendrimers.
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RESULTS AND DISCUSSION

In this laboratory, a novel expedient method for the synthesis of den-
drimers based on phosphorus at each branching point has been de-
signed. Our developed methodology involves applying amidophosphite
chemistry in divergent synthetic approach. The dendrimer building
units, the core compounds 1, 2 and phosphitylating agents 3, 4 were
prepared in high yields from appropriate alkanediol monoacetates9 as
described.10 The key dendrimer growth step is based on acid mediated
alcoholysis of amidophosphite.13 For example, Se P[O(CH2)3OH]3 (1)
reacts readily with an excess of Et2NP[O(CH2)4OAc]2 (4) in the presence
of tetrazole to provide trisphosphite intermediate 5 and diethylammo-
nium salt of tetrazole (Scheme 1). At this stage we faced the challenge to
find a mild oxidant for the generation of the oxyphosphoryl functions in
5 and 6 without affecting the labile thiophosphate or/and the especially
sensitive selenophosphate group, present in the molecule. After much
experimentation we have found that t-butylperoxy-trimethylsilane ex-
clusively oxidized the P(III) phosphorus atoms at peripheral branching,
furnishing the first generation dendrimers 7 and 8, in good yields.12 It
seems that even in the case of relatively small dendritic molecules, ex-
ternal phosphite nucleophilic centers are much better reachable for the
bulky peroxide than nucleophilic selenium in the core.

SCHEME 1
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Selenophosphate Dendrimer 1053

FIGURE 1 31P{1H} NMR spectrum of 15.

Addition of elemental sulfur or black selenium to crude 5 provided
dendrimers 9 and 10 respectively. Cleavage of terminal acetates in 7,
8, 9 and 10 using K2CO3 in methanol afforded corresponding polyal-
cohols 11, 12, 13 and 14 in quantitative yields. The latter compounds
were transformed into larger dendrimers up to generation 5 via reit-
eration of the synthetic strategy shown in Scheme 1. The dendrimer
growth reactions can be easily monitored by 31P{1H} NMR analyses.
Figure 1 shows the structure of the second generation dendrimer 15
(A), as well as its MALDI TOF MS and 31P{1H} NMR spectra (B) and
(C), respectively. The presence of oxyphosphoryl, thiophosphoryl, and
selenophosphoryl functions in one molecule gave very clear spectra com-
pared with fully phosphorylated or thiophosphorylated dendrimer. This
is due to the occurrence of signals corresponding to P O, P S, and P Se
in three very distinct areas.

Well-separated resonance lines gave also the 31P{1H} NMR and
77Se{1H} NMR spectra of dendrimers having P Se functions at
each branching point. For example, 31P{1H} NMR spectrum of
somewhat large 4th generation selenophosphate dendrimer (theor.
FW = 15275) showed five distinct resonance lines with accurate integra-
tion: δ = 73.99(1P, core), 73.72(3P), 73.57(6P), 73.54(12P), 73.41(24P)
ppm. All signals displayed satellite side bands with the splitting of
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FIGURE 2 77Se{1H} NMR spectrum of 16.

931 Hz due to 31P-77Se coupling. Figure 2 shows the 77Se{1H} NMR
spectrum of third generation selenophosphate dendrimer 16 (Scheme 2)
having three and four carbon chains in its scaffold. The spectrum dis-
plays clearly four doublets with the same 1 JP,Se = 930 Hz. The selenium
atoms (22) at each generation are undoubtedly detected, including se-
lenium at the core (the lowest resonance lines, Se0).

The chemical behavior of selenophosphate dendrimers was found to
be rather intriguing.11 Oxidation of thio- and selenophosphates with
peroxides to their corresponding oxo compounds is documented and
proceeds presumably via addition-elimination mechanism with for-
mation of pentacovalent phosphorus intermediates.16,17 Treatment of

SCHEME 2
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Selenophosphate Dendrimer 1055

FIGURE 3 MALDI TOF spectrum of 17.

3rd generation dendrimer 16 [theor. mol. weight 7398 (M + Na)] with
tert-butylperoxy trimethylsilane (8 equiv.) resulted in regioselective
oxygenation of phosphorus atoms at peripheral branching and extru-
sion of red selenium, which precipitated from reaction medium. The
31P{1H}NMR spectra proved that on average 6 out of 12 phosphorus
atoms at peripheral branching were regioselectively oxygenated.

Next, the addition of identical quantity of peroxide to the reaction
mixture shifted the degree of oxygenation to about 70%. At this stage
the MALDI TOF spectral analysis supplied definitive information about
the reaction course (Figure 3). All peaks differ in mass exactly 63 amu
due to replacement of selenium (79) by oxygen (16). Major products
(central peak) contain 4 selenophosphate and 18 phosphate functions
suggesting that the majority of remaining selenium is placed in the
core and at first sphere. Evidently no degradation of dendrimer skele-
ton has taken place. Successive addition of the final amount (8 equiv.)
of organic peroxide completed the conversion (Scheme 2) of hydropho-
bic dendrimer 16 into water-soluble polyphosphate 17 in quantitative
yield. Interestingly, the entire dendritic structure was sufficiently flexi-
ble to allow bulky peroxide to penetrate the depth of the macromolecule.
Moreover, during the reaction time, all branching units and the core
must have changed their geometry from tetrahedral to trigonal bipyra-
midal and back to tetrahedral. It is also worthy to mention that the anal-
ogous thiophosphate dendrimer did not react in these mild conditions.

We have synthesized highly pure, novel heteroorganic dendrimers
via simple one-pot phosphitylation and chalcogen addition reactions.
In addition, selenophosphate dendrimer served as a macromolecular
substrate for partial or complete oxygenation. The oxygenation reac-
tion cleanly proceeded. In the beginning, peroxide reagent oxidized
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peripheral branching, then it was capable of penetrating deeper into
the internal structure. The dendrimer was adaptable enough to make
possible the modification in the core.
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