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Polyhedral silsesquioxanes are well-known molecules that
have recently attracted widespread attention as molecular
building blocks in the synthesis of various molecular systems
and materials, such as ceramic materials and liquid crystalline
supramolecular systems. Recently cuboid octasilsesquioxane
has also been incorporated in the synthesis of electroactive
ferrocenyl-substituted organosilicon dendritic supramolecular
systems.1i However, the incorporation of silsesquioxanes as
cores in dendrimers, highly branched functionalized molecules
formed by iterative reaction sequences,2-4 has not been much
explored.1h-i We report here the use of a phosphine-substituted
polyhedral octasilsesquioxane, Si8O12(CH2CH2PPh2)8 ([G0]-
Si8O12P8, Figure 1), as a core for building new types of dendritic
macromolecules. A total of eight monodendrons can be
connected to the octasilsesquioxane center, giving a rapid growth
of molecular weight. Different generations of preformed
monodendrons can be used to give a controlled growth of
molecular weight. In addition, on the external surface of these
dendrimers there are terminal 2,2′:6′,2′′-terpyridine (tpy) units,
which may allow easy access to the incorporation of multiple
active metal centers. In this communication we report the
synthesis and characterization of this interesting new type of
molecular architecture with a cuboid center. Specifically,
electrospray mass spectral analysis (ESI/MS) and31P{1H} NMR
spectroscopy are used to study the homogeneity and to establish
the purity of this series of dendrimers.
Our approach to the preparation of macromolecules with

encapsulated silsesquioxanes and terminal tpy groups began with
a convergent synthesis of monodendrons with tpy units, Figure
2. Monodendron tpy1-[G1]-Br can be prepared according to
the literature method.6 Treatment of tpy1-[G1]-Br (2 equiv) with
3,5-dihydroxybenzyl alcohol (step i) affords the second-genera-
tion monodendron, tpy2-[G2]-OH. Further bromination with
CBr4/PPh3 (step ii) gives tpy2-[G2]-Br. Typically, the reaction
yields are in the range 70-80%.

All monodendrons have been fully characterized using1H
and13C NMR and fast atom bombardment mass spectral (FAB/
MS) analysis. Upon conversion from benzylic alcohol to
benzylic bromide, the1H NMR signal of the benzylic-CH2

groups changes from 4.65 ppm in the former to 4.44 ppm in
the latter. Correspondingly,13C NMR signal of the benzylic
-CH2 also changes from 65.11 ppm to 29.72 ppm after the
bromination at the focal point. FAB/MS analysis affords clear
identification of molecular ion peaks for all monodendrons.5

Dendrimers have been prepared by divergently attaching tpy-
substituted monodendrons around the periphery of a cuboid
silsesquioxane, Si8O12(CH2CH2PPh2)8.7 Typically, the coupling
reaction is carried out using 1 equiv of this octaphosphine to
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Figure 1. G0, G1, and G2 dendrimers with encapsulated cuboid
octasilsesquioxane centers.
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react, in refluxing tetrahydrofuran for at least 24 h, with an
excess amount (usually 9 equiv) of G1 or G2 monodendron
with Br at the focal point. An excellent feature of these new
dendrimers is that31P{1H} NMR spectroscopy can be readily
used to monitor the completion of reaction and also establish
the purity of the dendrimers, since the coupling reaction
produces phosphonium groups at the points of attachment
between the monodendrons and the central core unit, Figure 1.
Evidence for the complete transformation from phosphine to
phosphonium is provided by the disappearance of the31P{1H}
NMR signal of free-PPh2 at -9.37 ppm and the appearance
of the 31P{1H} NMR signal of phosphonium at 30.99 ppm for
tpy8-[G1]-Si8O12P8 and at 31.80 ppm for tpy16-[G2]-Si8O12P8.
At shorter reaction time, an incomplete reaction between all
-PPh2 units and benzylic bromine is observed, as evidenced
by the presence of a small signal at-9.37 ppm. A solution
state29Si{1H} NMR spectroscopic study has also been carried
out. Signals at-67.9 and-69.0 ppm are found for tpy8-[G1]-
Si8O12P8 and tpy16-[G2]-Si8O12P8, respectively. These signals,
though slightly shifted, are identical to that found for Si8O12(CH2-
CH2PPh2)8, -67.1 ppm.7

We have incorporated electrospray ionization mass spec-
trometry (ESI/MS) in the characterization of dendrimers, bearing
up to eight positive charges, with encapsulated silsesquioxane
centers. ESI/MS, introduced by Fenn and co-workers,8 has been
shown to be a powerful technique in the analysis of multiply
charged ions. Contrary to the conventional MS methods, which
show many undesirable fragment ions in the MS spectra, ESI/
MS often provides a simpler mass pattern and allows the
accurate determination of molecular mass with high sensitivity.9

Only recently has ESI/MS been used in the characterization of
dendrimers, such as starburst dendrimers,10 a polystyrene-poly-
(propylene imine) dendrimer block copolymer,11 and a dendritic
heptanuclear complex with Ru(II) centers.9 To our best
knowledge, our work here represents the first ESI/MS study of
highly charged dendrimers, especially with silsesquioxane
centers. Figure 3 shows a representative spectrum of tpy8-[G1]-
Si8O12P8 (MW ) 5337) with an inset of the resolution of the
peak atm/z1700.7 (isotope peaks separated by 0.3m/zunit).
Interestingly, the spectrum is dominated by five sets of peaks,
all with z ) 3. The assignment of peaks is relatively
straightforward. The peaks atm/z1700.7 and 1566.1 can be
assigned to triply charged species [M- 3Br]3+ and [M- 3Br
- (tpy-Ph-CH2Br)]3+. The latter corresponds to the loss of

one monodendron (tpy-Ph-CH2Br) from the former. The third
dominating peak atm/z1504.3 corresponds to the fragment [M
- 3Br - (tpy-Ph-CH2Br) - PPh2]3+, which is the further
loss of one PPh2 unit from the fragment withm/z1566.1. The
fourth dominating peak,m/z 1370.2, is assigned to a triply
charged fragment [M- 3Br- (2tpy-2Ph-2CH2Br) - PPh2]3+.
This corresponds to the loss of the second monodendron from
the fragment withm/z1504.3. The last dominating peak,m/z
1307.7, is assigned to the fragment [M- 3Br - (tpy-Ph-
CH2Br) - 2PPh2]3+, a loss of the second PPh2 unit. Relative
abundance of all other fragments in the full ESI/MS spectrum
of tpy8-[G1]-Si8O12P8 are quite low (<10%). From the ESI/
MS study, in correspondence to the aforementioned31P{1H}
NMR study, we can conclude that the deposition of monoden-
drons on the cuboid center is complete and no significant
imperfection of the resulting dendrimer is observed.
All monodendrons and dendrimers with silsesquioxane centers

are found to be soluble in CHCl3 and CH2Cl2 and sparingly
soluble in THF and acetone. Interestingly, the solubility of tpy8-
[G1]-Si8O12P8 in organic solvents (THF specifically) is relatively
lower than that of tpy16-[G2]-Si8O12P8. Presumably, when larger
monodendrons are used to connect to the center, the hydrophilic
cores are surrounded by a loose hydrophobic shell of dendritic
wedges extending outward, resulting in the change in solubility.
In conclusion, we have reported a facile route to a novel type

of inorganic/organic hybrid dendritic macromolecule with an
encapsulated cuboid silsesquioxane. Higher generations of
dendrimers can be further obtained using higher generations of
preformed dendrons. The incorporation of the external terpyr-
idine units will allow easy access to the introduction of various
metal centers in the system. Indeed, the preparation of higher
generations of dendrimers and the study of the metalated
dendritic macromolecules are underway.
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Figure 2. Reagents and conditions: (i) 3,5-dihydroxybenzyl alcohol,
K2CO3, 18-crown-6, acetone, reflux 24 h; (ii) CBr4/PPh3, THF, 2 h.

Figure 3. ESI/MS of tpy8-[G1]-Si8O12P8. Inset: resolution of the peak
atm/z1700.7.
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