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ABSTRACT

A novel type of carborane cluster assembly has been successfully prepared using carbosilane derivatives as a scaffold. Two synthetic routes
have been used: One involves the reaction of a carbosilane containing terminal Si−Cl functions with the lithium salt of the phenyl-o-carborane,
and the second one consists of a highly efficient hydrosilylation of tetravinylsilane with the corresponding carboranylsilane. The crystal
structure of this carborane-containing carbosilane compound has been determined by X-ray diffraction.

The o-carborane and its derivatives present properties such
as high stability, hydrophobicity, so-called three-dimensional
“aromaticity”, and synthetic versatility.1 This makes them
suitable for a wide range of applications in organometallic
chemistry and materials science such as extraction of
radionuclides,2 BNCT,3 and catalysis,4 among others. Al-

though some carborane-containing dendrimers have been
reported, none of them have been integrated into carbosilane
structures.5 Dendrimers6 constitute a class of spherical and
monodisperse macromolecules that can be constructed from
a multifunctional central core and expand to a periphery.
Today, the technology of dendrimers is focused on the
modification of their properties and potential applications
by introduction of reactive functional groups7 or metals in
their interior or on their periphery.8,9 Of the multitude of
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dendrimers reported, we are interested in those having a Si
atom as the branch point, with strong Si-C bonds as the
connecting structure. These perfect and robust carbosilane
dendrimers are kinetically and thermodynamically very stable
molecules that can be further functionalized according to the
required application.10 Our aim is to generate new macro-
molecules using carbosilane dendrimers as an inert scaffold
in which carborane derivatives are attached on the periphery.
Here, we present the first example of an assembly of
carborane moieties linked by a carbosilane scaffold. This
compound may be taken as a model for subsequent develop-
ment of carborane-containing carbosilane dendrimers. The
synthetic methodology used is suitable for applitcation in
the synthesis of various generations of carbosilane dendrimers
and other carborane derivatives.
Our first approach for attaching clusters onto organosilicon

cores involved the reaction of the lithium salt of phenyl-o-
carborane (1) and the carbosilane derivative 211 by a
nucleophilic substitution reaction (Scheme 1). Thus, a

solution of 1 in diethyl ether was treated with n-buthyllithium
at 0 °C to afford the monolithiated species, and subsequently
a solution of 2 in toluene was added. The mixture was stirred
for 5 min at 0 °C and then filtered. After evaporation of
solvents, the residue was treated with cold diethyl ether (0

°C), affording compound 4 as an air-stable white solid in
62% yield.
Analysis (vide infra) shows that a carbosilane core with

four phenyl-o-carborane clusters on the periphery was
obtained. In principle, compound 4 could be prepared by a
hydrosilylation reaction following Cuadrado and collabora-
tors’ procedure.12 Thus, considering the properties of car-
boranes, the hydrosilylation of tetravinylsilane with the
corresponding carboranylsilane was investigated. For this
purpose, 1-dimethylsilyl-2-phenyl-1,2-dicarba-closo-dode-
caborane (3) was prepared. The synthesis of 3 was achieved
by reaction of the lithium salt of 1 with HSiMe2Cl in THF
(Scheme 2). Compound 3 was isolated as a white solid in

96% yield. The IR spectrum shows bands at 2572 and 2161
cm-1 attributed to ν(B-H) and ν(Si-H), respectively. The
1H NMR spectrum displays a doublet at 0.07 ppm (Si-Me)
and a septuplet at 3.67 ppm (Si-H). A singlet at -4.69 ppm
was displayed by the 29Si{1H} NMR spectrum, which was
split into a doublet (1J(Si, H) ) 217 Hz) in the 29Si NMR
spectrum. The 11B{1H} NMR spectrum shows five sig-
nals, in the range δ -10.56 to +2.11 ppm, assigned to
the corresponding B atoms by a two-dimensional COSY
11B{1H}-11B{1H} NMR spectrum.
No reaction was observed, however, when 3 was mixed

with tetravinylsilane in the reported reaction conditions using
Pt catalysts.11,12 The permanence of the Si-H signal in the
IR and 1H NMR spectra indicated its lack of reactivity under
those conditions. Formation of 4 in 85% yield was success-
fully achieved by the addition of 3 to tetravinylsilane in the
absence of solvent, at 50 °C overnight, using the Karstedt
catalyst13 (Scheme 2). In view of these results, the hydrosi-
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Scheme 1. Preparation of 4 from 2 and Li[1-Ph-1,2-C2B10H10]

Scheme 2. Preparation of 3 and Subsequent Hydrosilylation
Reaction of Tetravinylsilane with 3 to Achieve 4
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lylation reaction of carboranylsilanes with appropriate vinyl
or allyl derivatives under catalytic conditions in the absence
of solvent could lead to novel dendrimers or macromolecular
structures in which the carboranyl units were attached.
The structure of 4 was straightforwardly established on

the basis of IR, 1H, 13C{1H}, 11B, and 29Si NMR, ele-
mental analysis, and electrospray-ionization mass spectrom-
etry (ESI-MS) and unequivocally confirmed by X-ray dif-
fraction analysis. The IR spectrum shows two bands at 2568
and 1253 cm-1 corresponding to ν(B-H) and δ(Si-Me),
respectively. The 1H NMR spectrum exhibits a singlet at
-0.13 ppm assigned to the Si-Me protons and a multiplet
at 0.14 ppm due to the Si-(CH2)2-Si protons. Such protons
appear at higher field with respect to precursor 2 (from 0.44
to -0.13 ppm for Si-Me and from 0.65 to 0.14 ppm for
Si-CH2). This effect has been attributed to the influence of
the ring electronic currents with these protons (vide infra).14

The 13C{1H} NMR resonances of the CH2 and CH3 groups
have also been shifted to higher field with respect to 2. The
11B{1H} NMR spectrum of 4 shows four resonances in a
range δ -10.14 to +1.41 ppm that were assigned by
comparison with 3. The 29Si{1H} NMR spectrum displays
two close signals at 10.56 ppm (Si core) and 10.36 ppm (Si
periphery). The latter corresponds to the Si atom bonded to

the Ccluster. The corresponding Si resonance is shifted to
higher field with respect to the peripheral Si-Cl (32.71 ppm)
for 2, due to the presence of the cluster. The ESI mass
spectrum of 4 shows various peaks, among them one at m/z
) 1312.1 corresponding to [M + 2(CH3OH)]-. Crystals
suitable for X-ray structural determination were isolated, and
the structure is shown in Figure 1. The molecule assumes
C1 symmetry with mutually different orientations of the
clusters. The Ccluster-Ccluster distances of 1.649(4)-1.720(4)
Å are comparable to values found for 1,1′,2,2′-(SiMe2)2- and
1,2-Ph2-disubstituted o-carborane derivatives [1.688(5) and
1.720(4), and 1.733(4) Å, respectively].15 The Si-Ccluster
distances are around 1.93 Å, longer than the dendrimeric
Si-C distance (1.85 Å). The Ccluster-Ccluster-Si angle is
122.8°.

In conclusion, two different synthetic routes have been
developed for the incorporation of carboranyl moieties onto
oganosilicon cores. The first approach involves the reaction
of a Si-Cl-functionalized carbosilane derivative with the
monolithium salt of phenyl-o-carborane. The second one
consists of the hydrosilylation reaction of tetravinylsilane
with the corresponding carboranylsilane. Both methods afford
a cluster compound that incorporates four phenyl-o-carborane
moieties covalently bonded to the peripheral silicon atoms
of a carbosilane core. If we consider the many reactions that
the carborane clusters can undergo, it is clear that compound
4, as well as later to be developed carborane-terminated
carbosilane dendrimers, offers many opportunities for the
functionalization of the periphery. The synthesis of 4 opens
the way for such dendrimers considering the availability of
periphery vinyl and chlorine-terminated silicon dendrimers.
Work is now underway to extend the reported procedures
to synthesize multicarborane-containing higher generation
dendrimers and proceed toward further derivatization of the
carborane clusters.
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Figure 1. Structure of 4. Thermal ellipsoids are drawn at the 20%
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Two families of carborane-containing star-shaped carbosilane molecules have been
synthesized. Three different carborane cages 1-R-1,2-C2B10H11, in which the R group possesses
different bulkiness (R ) H, Me, Ph), have been introduced on the carbosilane periphery
through Ccluster-Si bonds. The first family, 1-3, is derived from a chlorosilane that contains
two carbon atoms as the branch point (1GV-Cl), whereas in the second one, 4-6, the branch
length has been changed (1GA-Cl) in order to study the size and flexibility of the compound
in both the reaction with carboranes and the final products. Two different methods have
been used for their preparation: (a) the nucleophilic substitution of the periphery Si-Cl
functions with the corresponding carborane monolithium salt; (b) the hydrosilylation reaction
of tetravinyl or tetraallylsilane with the carboranylsilanes 1-Me2HSi-2-Me-1,2-C2B10H10 (7)
and 1-Me2HSi-2-Ph-1,2-C2B10H10 (8) catalyzed by Karsted’s catalyst. The first method leads
to compounds that incorporate four carboranyl moieties covalently bonded to the peripheral
Si atoms of a carbosilane core; nevertheless, differences in the final product yields are
observed depending on the carborane derivatives and the starting chlorosilane. The
hydrosilylation reaction was a highly efficient method to obtain 2 and 3 in large yield;
nevertheless, this process was not successful to prepare 5 and 6. In addition, it is important
to emphasize that 1-3 were successfully isolated in crystalline form suitable for X-ray
diffraction analyses. Furthermore, the X-ray crystal structure of the carboranylsilane 1-Me2-
HSi-2-Ph-1,2-C2B10H10 (8) is also reported.

Introduction

The closo-1,2-C2B10H12 carborane cluster, known as
o-carborane, is chemically and thermally stable with a
rigid three-dimensional structure.1 The Ccluster-H pro-
tons in carboranes can be easily removed2 by strong
bases, generating nucleophile anions that have the
ability to react with a wide range of electrophilic
reagents.3 The steric bulk of the carboranes requires
that the electrophiles be reasonably reactive and un-
hindered in order to achieve good yields. Because of
their unique physical and chemical properties, carbo-
ranes have been used to prepare a great variety
of coordination compounds and have been suitable
for a wide range of applications such as catalysis,4
extraction of radionuclides,5 and radiopharmaceuticals.6
Although the field of carborane chemistry has been

developed for over 40 years, few carborane-containing
dendrimers have been reported.7 In view of the emerg-
ing importance of dendrimers8 as a new class of materi-
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A.; Nöels, A. F.; Viñas, C.; Núñez, R.; Teixidor, F. Tetrahedron Lett.
2002, 43, 983. (f) Xie, Z. Acc. Chem. Res. 2003, 36, 1. (g) Tutusaus, O.;
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als and the versatility of carboranes in both synthesis
and applications, we are interested in functionalizing
the periphery of dendrimers with carborane clusters.
The carbosilane dendrimers are well-suited for this
purpose, because they are kinetically and thermody-
namically very stable and their structures can be easily
modified according to the required application.9 In this
way we are interested in creating active multifunctional
nanosystems using carbosilane compounds as an inert
scaffold in which carborane derivatives are attached on
the periphery in the aim for subsequent cluster meta-
lation/functionalization.4,5

We have early reported the first assembly of carbo-
rane moieties linked by a carbosilane scaffold.10 Here
we present two sets of boron-functionalized star-shaped
carbosilane molecules, in which different o-carborane
derivatives have been anchored. These may be taken
as model compounds whose purpose was to test syn-
thetic routes for a subsequent development of carborane-
containing carbosilane dendrimers. To investigate the
effect of size, flexibility, and reactivity of chlorosilanes
toward carboranes, chlorosilane derivatives with two
carbon-atom spacers {Si[(CH2)2Si(CH3)2Cl]4}, 1GV-Cl,11

or three carbon-atom spacers {Si[(CH2)3Si(CH3)2Cl]4},
1GA-Cl,12 have been prepared (Figure 1). The X-ray
crystal structures of compounds 1 and 2 are also
reported, contributing to the few examples of crystalline
structures determined by single-crystal X-ray diffraction
studies of carbosilane compounds.10,13

Results and Discussion

Synthesis of Carborane-Containing Star-Shaped
Carbosilane Molecules. (a) From Chlorosilane
Derivatives. The chlorosilanes 1GV-Cl11 and 1GA-Cl12

were synthesized according to literature methods, using
tetravinyl or tetraallylsilane as initiator core and dim-

ethylchlorosilane (Me2HSiCl) in the Pt-catalyzed hy-
drosilylation step. Carborane-containing star-shaped
molecules 1GV-o-carborane (1), 1GV-methyl-o-carborane
(2), and 1GV-phenyl-o-carborane (3) were prepared in
an analogous manner from the nucleophilic substitution
of chlorine atoms in 1GV-Cl with the respective mono-
lithio derivatives of o-carborane, 1-Me-o-carborane, and
1-Ph-o-carborane (Scheme 1). The reaction conditions
were optimized and different solvent mixtures were
used depending on the cluster: Et2O/toluene (1:2 or
1:1.5) was used for the preparation of 2 and 3, respec-
tively, while dimethoxyethane/toluene (1:2) was the best
solvent mixture for preparing 1. Subsequently, 1GA-o-
carborane (4), 1GA-methyl-o-carborane (5), and 1GA-
phenyl-o-carborane (6) were prepared by reaction of a
toluene solution of 1GA-Cl with an ether solution of the
monolitium salts of the corresponding carborane cluster.
In each case, compounds were isolated from the crude
product by addition of cold Et2O, giving by filtration
spectroscopically pure crystalline air-stable solids in 38,
45, and 62% yields for 1, 2, and 3, respectively.
Nevertheless, 5 and 6 were obtained as waxlike solid
compounds in 14 and 17% yields, respectively, while 4
was a white solid obtained in 22% yield.

(b) From Carboranylsilanes. The preparation of
previous compounds was also attempted by direct hy-
drosilylation of tetravinyl or tetraallylsilane with the
appropriate carboranylsilane in the presence of the
Karstedt catalyst. For this purpose, 1-Me-2-Me2HSi-1,2-
C2B10H10 (7) and 1-Ph-2-Me2HSi-1,2-C2B10H10 (8)10 were
prepared (Scheme 2). The synthesis of 7 has been
completed by the reaction of Li[1-Me-1,2-C2B10H10] with
Me2HSiCl in THF, following a similar procedure as that
reported for 8. Compound 7 was isolated as an oil in
95% yield.

To prepare 2 and 3, the Pt-catalyzed hydrosilylation
reaction of tetravinylsilane with the respective 7 and 8
was attempted using the reaction conditions reported
for conventional organosilane compounds.14 In this
respect, different solvents (THF, toluene), catalysts
(Karstedt catalyst in xylene, Speier’s, Pt/C), tempera-
tures, and reaction times were checked. The reactions
were monitored by IR, and 1H NMR spectroscopy in
solution, tracing the evolution of the Si-H signal;
however no reaction was observed in any case. Con-
versely, in the absence of solvent, compounds 2 and 3
were obtained in high yields, 70 and 85%, respectively,
by hydrosilylation mostly in the � position of tetravi-
nylsilane with 7 and 8 at 50 °C overnight and using the
Karstedt catalyst (3-3.5% platinum) (Scheme 3).
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Kivekäs, R. Org. Lett. 2005, 7, 231.

(11) Seyferth, D.; Son, D. Y.; Rheingold, A. L.; Ostrader, R. L.
Organometallics 1994, 13, 2682.

(12) (a) van der Made, A. W.; van Leeuwen, P. W. N. M. J. Chem.
Soc., Chem. Commun. 1992, 1400. (b) Alonso, B.; Cuadrado, I.; Morán,
M.; Losada, J. J. Chem. Soc., Chem. Commun. 1994, 2575.

(13) (a) Seyferth, D.; Kugita, T.; Rheingold, A. L.; Yap, G. P. A.
Organometallics 1995, 14, 5362. (b) Bosman, A. W.; Janssen, H. M.;
Meijer, E. W. Chem. Rev. 1999, 99, 1665. (c) Majoral, J. P.; Caminade,
A. M. Chem. Rev. 1999, 99, 846. (d) Coupar, P. I.; Jafrès, P.-A.; Morris,
R. E. J. Chem. Soc., Dalton Trans. 1999, 2183. (e) de Groot, D.;
Eggeling, E. B.; de Wilde, J. C.; Kooijman, H.; van Haaren, R. J.; van
der Made, A. W.; Spek, A. L.; Vogt, D.; Reek, J. N. H.; Kamer, P. C. J.;
van Leeuwen, P. W. N. M. Chem. Commun. 1999, 1623. (f) Schuman,
H.; Wasserman, B. C.; Frackowiak, M.; Omotowa, B.; Schutte, S.;
Velder, J.; Mühle, S. H.; Krause, W. J. Organomet. Chem. 2000, 609,
189. (g) Kleij, A. W.; Gebbink, R. J. M. K.; van den Nieuwenhuijzen,
P. A. J.; Kooijman, H.; Lutz, M.; Spek, A. L.; van Koten, G. Organo-
metallics 2001, 20, 634.

(14) Lobete, F.; Cuadrado, I.; Casado, C. M.; Alonso, B.; Morán, M.;
Losada, J. J. Organomet. Chem. 1996, 509, 109.

Figure 1. Chlorosilanes derived from the tetravinylsilane
(1GV-Cl) and tetraallylsilane (1GA-Cl).

6352 Organometallics, Vol. 24, No. 26, 2005 Núñez et al.

110



the presence of the Karstedt catalyst (3-3.5% plati-
num); however the reaction did not occur.

Characterization of the Star-Shaped Molecules
1-6. The structures of 1-6 were established on the
basis of elemental analysis, IR, 1H, 13C, 11B, and 29Si
NMR, and mass spectroscopies and for 1-3 unequivo-
cally confirmed by X-ray diffraction analysis. The IR
spectra present typical ν(B-H) strong bands for closo
clusters between 2568 and 2576 cm-1 and intense bands
near 1255 cm-1 corresponding to δ(Si-CH3). The 1H
NMR spectra for 1-3 exhibit resonances for Si-CH3
protons in the region -0.13 to 0.35 ppm and methylene
protons between 0.14 and 0.66 ppm. All these protons
have been shifted to higher field with respect to the
precursor 1GV-Cl, due to the presence of the cluster in
the compound. The 13C{1H} NMR spectra show reso-
nances for Si-CH3 carbons in the region δ -2.2 to -3.7
ppm, shifted to higher field with respect to the precursor
1GV-Cl (0.9 ppm). The 11B{1H} NMR resonances are
observed in a typical region for closo15 clusters, from δ
+1.40 to -13.85 pmm, with a 1:1:2:4:2 pattern for 1 and
1:1:4:4 for 2 and 3. The 29Si{1H} NMR spectra exhibit
two signals assigned on the basis of the chemical shifts
and the peak intensities. The Si-Ccluster atoms appear
at 10.31, 9.38, and 10.36 for, 1, 2, and 3, respectively,

shifted to higher field with respect to the peripheral Si-
Cl (32.71 ppm) in 1GV-Cl. The core Si atoms appear
between 10.42 and 10.57 ppm, close to the position in
the precursor 1GV-Cl (10.09 ppm).

Due to the similarities in the characterization of 4-6
with those derived from 1GV-Cl, only some relevant
information will be specified. The 1H NMR spectra
exhibit two triplets between δ 0.39 and 0.89 ppm
attributed to the different Si-CH2 protons and multip-
lets in the region δ 1.11 to 1.39 ppm due to the
remaining CH2 protons. The 13C{1H} NMR spectra show
resonances attributed to CH2 carbon atoms, in the
region δ 17.1 to 21.2 ppm, shifted to lower field
compared with 1-3. The 11B NMR resonances are
displayed in the region δ +1.29 to -13.93 ppm, with
patterns 1:1:2:4:2 for 4 and 1:1:4:4 for 5 and 6. The 29-
Si{1H} NMR spectra exhibit the external Si-Ccluster

between δ 9.02 and 8.09 ppm, while the core Si atoms
appear in the range 0.45-0.79 ppm, at higher field
compared with 1-3 (10.42-10.57 ppm).

Two different mass spectrometry techniques have
been used for the characterization of compounds: elec-
trospray (ESI) and ammonia chemical ionization (CI).
The CI mass spectrum of 1 exhibits a peak at m/z )
963.0, which corresponds to [M + NH4]+, while the peak
at m/z ) 74.0 attributed to the fragment [SiCH2CH2 +
NH4]+ is that of 100% abundance. Nevertheless, the ESI
was recorded in CHCl3/CH3OH and used for the higher
molecular weight compounds 2-6. The ESI mass spec-
trum of 2 shows two signals, at m/z ) 1064.0 corre-
sponding to [M + 2(CH3OH)]- and at m/z ) 157.2 due
to the [C3B10H13]- fragment, attributed to the 1-Me-o-
carborane. The ESI mass spectrum of 4 shows one peak
at m/z ) 1036.8 corresponding to [M + 2(H2O)]-, in
which the two H2O molecules come from the CH3OH.
In contrast, the ESI mass spectrum of 5 and 6 shows

(15) Tood, L. J. Progress in NMR Spectroscopy; Pergamon Press Ltd.,
1979; Vol. 13, p 87.

Scheme 1. Preparation of 1-6 by Nucleophilic Substitution of Si-Cl Functions in 1GV-Cl and 1GA-Cl with
Monolithium Salts of Carboranes

Scheme 2. Preparation of Carboranylsilanes 7
and 8
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one signal at m/z ) 1120.5 and 1368.5, respectively,
which are assigned to [M + 2(CH3OH)]- and signals
corresponding to the 1-Me-o-carborane and 1-Ph-o-
carborane, respectively.

X-ray Crystal Structures of 1, 2, 3, and 8. Star-
shaped molecules 1-3 were isolated as monocrystals
suitable for X-ray structural determination by hexane
vapor diffusion into a CHCl3 solution of them. Com-
pound 8 was isolated from a Et2O solution.

X-ray analyses of 1, 2, and 310 confirmed the expected
star-shaped structures peripherally functionalized by
o-carborane derivatives for each compound. The molec-
ular structure of 1 is presented in Figure 2. Although
the structures seem very similar, the crystallographic
symmetry of the molecules is different. In 1 the central
silicon atom is located at a 4-fold improper axis; thus
the asymmetric unit of the structure consists of one-
fourth of the molecule. In 2 the central silicon atom
occupies a 2-fold axis; therefore the asymmetric unit of
the structure consists of half of the molecule. The
structure of 2 is partially disordered (see Supporting
Information). In two of the four carborane clusters, the
methyl groups connected to Cc atoms are each occupying

two positions. In 3,10 orientations of the clusters are
mutually different, resulting in C1 symmetry for the
molecule.

Despite the different symmetries of 1, 2, and 3, the
corresponding bond parameters are very similar: Sicore-
CCH2 bond lengths vary from 1.869(5) to 1.878(3) Å and
are shorter that the Si-Cc distances of 1.916(4)-1.937-
(4) Å (see Table 1). The only significant differences can
be seen in the Cc-Cc distances [1.650(8)-1.720(5) Å],
the distance in 3 being the longest. This is in accord
with the observation that a phenyl substituent at a
cluster carbon in o-carboranes expands the Cc-Cc
distance more than hydrogen or aliphatic substitu-
ents.16,17 Bond lengths and angles of 1, 2, and 3 are
typical for this kind of compound, and the values agree
well with those reported for 1,1′,2,2′-bis-μ-dimethylsi-
lylbis[1,2-dicarba-closo-dodecaborane(12)].18 The Cc-
Cc-Si angle varies slightly depending on the cluster,
being 118.5° for 1, 121.3° for 2, and 122.8° for 3. Thus,
the increase of bulkiness of the substituent in the cluster
provides an enlargement of the dihedral angle, probably
to avoid steric hindrance.

(16) (a) Venkatasubramanian, U.; Donohoe, D. J.; Ellis, D.; Giles,
B. T.; Macgregor, S. A.; Robertson, S.; Rosair, G. A.; Welch, A. J.,
Batsanov, A. S.; Boyd, L. A.; Copley, R. C. B.; Fox, M. A.; Howard, J.
A. K.; Wade, K. Polyhedron 2004, 23, 629. (b) Coult, R.; Fox, M. A.;
Gill, W. R.; Wade, K, Clegg, W. Polyhedron 1992, 11, 2717. (c) Brown,
D. A.; Clerg, W.; Colquhoun, H. M.; Daniels, J. A.; Stephenson, I. R.;
Wade, K. J. Chem. Soc., Chem. Commun. 1987, 889.

(17) (a) Kivekäs, R.; Sillanpää, R.; Teixidor, F.; Viñas, C.; Núñez,
R. Acta Crystallogr. 1994, C50, 2017. (b) Llop, J.; Viñas, C.; Teixidor,
F.; Victori, L.; Kivekäs, R.; Sillanpää, R. Organometallics 2001, 20,
4024.

(18) (a) Kivekäs, R.; Romerosa, A.; Viñas, C. Acta Crystallogr. 1994,
C50, 638. (b) Lewis, Z. G.; Welch, A. J. Acta Crystallogr. 1993, C49,
705.

Scheme 3. Synthesis of 2 and 3 by Hydrosilylation of Tetravinylsilane with 7 and 8 Using Karsted’s
Catalyst

Figure 2. Molecular structure of 1GV-o-carborane (1).
Hydrogen atoms are omitted for clarity. Displacement
ellipsoids are drawn at the 20% probability level. Super-
scripts i, j, and k refer to equivalent positions -x, -y+1/2,
z; y-1/4, -x+1/4, -z+1/4; and -y+1/4, x+1/4, -z+1/4.

Table 1. Selected Bond Lengths (Å) for 1, 2, 3, and
8

1 2 3 8

Si-CMe 1.855(3) 1.846(5) 1.844(5) 1.849(2)
1.856(5) 1.866(6) 1.861(5) 1.853(2)

Si-Cc 1.916(4) 1.931(4) 1.924(4) 1.914(2)
1.932(5) 1.937(4)

Cc-Cc 1.678(6) 1.650(8)b 1.694(5) 1.703(3)
1.720(5)

Sicore-CCH2 1.878(3) 1.869(5) 1.871(4)
1.870(4) 1.880(4)

a If more than one bond exists, shortest and longest values are
gathered one on top of the other. Cc denotes cluster carbon. b Only
ordered bond length listed.
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The molecular structure of 8 is presented in Figure
3. Bond lengths and angles in 8 are very similar to those
of 3.10 The Cc-CPh, Cc-Cc, and Si-CMe bonds of 1.507-
(3), 1.703(3), and 1.849(2)/1.853(2) Å in 8 agree very well
with the corresponding values of 1.498(5)-1.511(6),
1.694(5)-1.720(5), and 1.844(5)-1.861(5) in 3.

Discussion

The preparation of the star-shaped compounds 1-6
from chlorosilane derivatives was monitored by 11B{1H}
NMR, which indicated that the expected compounds
were immediately generated after the addition of 1GV-
Cl or 1GA-Cl to the corresponding carborane lithium
salts at 0 °C. Additional reaction times did not improve
the yield of final products because a reversal of the
reaction toward the generation of the nonlithiated
carborane was observed. Our understanding is that
buildup of Cl- during the reaction could be the limiting
factor. From the reaction crude it is always possible to
recover unreacted starting carboranes by sublimation;
however, yields are given with regard to the initial
added amount. For compounds 4-6, the reaction condi-
tions were the same as those used in the preparation of
the star-shaped molecules derived from 1GV-Cl; however
a lower yield was observed in all cases. All attempts
(change of solvents, use of TMEDA, etc.) to improve
their yield was unsuccessful. This was attributed to
intrinsic properties of the starting chlorosilane, such as
larger spacers and higher instability,19 the different
reactivity of these with each cluster, and the physical
properties of the final product.

The preparation of compounds 2, 3, 5, and 6 was also
attempted by Pt-catalyzed hydrosilylation reaction of
vinyl- or allylsilanes, using reported reaction conditions
for conventional organosilane compounds.14 However,
only compounds 2 and 3 were obtained in the absence
of solvent at 50 °C overnight and using a higher Pt
concentration. These results were attributed to the
different nature and reactivity of the carboranyl moiety

in the carboranylsilanes, (carboranyl)(Me)2SiH, com-
pared with conventional organic groups, such as phenyl
or methyl, in Ph(Me)2SiH or (Me)3SiH. To study the
different charge of the Si+ and H- in the carboranylsi-
lanes 1-SiMe2H-2-Me-1,2-C2B10H10, 1-SiMe2H-2-Ph-1,2-
C2B10H10, and their aromatic counterparts Ph(Me)2SiH
and (Me)3SiH, theoretical calculations using the GAUSS-
IAN98 suite of programs were performed. The results
indicate that the H of carboranylsilanes 7 and 8,
computed at the B3LYP/6-31G level of theory, presents
calculated NPA charges of -0.196 and -0.189, respec-
tively, compared with -0.210 and -0.216 for Ph-
(Me)2SiH and (Me)3SiH. Thus, the electron-withdrawing
character of the cluster together with its bulkiness
renders the Si-H bond less reactive, and vigorous
reaction conditions are required. In addition, for the
preparation of 5 and 6 by hydrosilylation of tetraallyl-
silane, it seems that these conditions were not good
enough probably also due to the higher electronic
delocalization in the allyl group.

Conclusions

Two sets of carborane-containing star-shaped carbosi-
lanes, 1-3 and 4-6, have been synthesized. The syn-
thetic methodology described here may be suitable for
carbosilane dendrimers of higher generations and other
carborane derivatives. Further functionalization of the
peripheral carborane clusters and the formation of
metallodendrimers are under study.

Experimental Section

Instrumentation. Microanalyses were performed in the
analytical laboratory using a Carlo Erba EA1108 microana-
lyzer. IR spectra were recorded with KBr pellets or NaCl on a
Shimadzu FTIR-8300 spectrophotometer. The electrospray-
ionization mass spectra (ESI-MS) were recorded on a Bruker
Esquire 3000 spectrometer using a source of ionization and
an ion trap analyzer. The chemical ionization mass spectrum
was recorded in a Hewlet Packard 5989 spectrometer by
introduction of NH3 gas. The 1H, 1H{11B} NMR (300.13 MHz),
11B, 11B{1H} NMR (96.29 MHz), 13C{1H} NMR (75.47 MHz),
and 29Si NMR (59.62 MHz) spectra were recorded on a Bruker
ARX 300 spectrometer equipped with the appropriate decou-
pling accessories at room temperature. All NMR spectra were
recorded in CDCl3 solutions at 22 °C. Chemical shift values
for 11B NMR spectra were referenced to external BF3‚OEt2,
and those for 1H, 1H{11B}, 13C{1H} NMR, and 29Si NMR spectra
were referenced to SiMe4. Chemical shifts are reported in units
of parts per million downfield from reference, and all coupling
constants are reported in hertz.

Materials. All manipulations were carried out under a
dinitrogen atmosphere using standard Schlenck techniques.
Solvents were reagent grade and were purified by distillation
from appropriate drying agents before use. 1,2-C2B10H12, 1-Me-
1,2-C2B10H11, and 1-Ph-1,2-C2B10H11 were supplied by Katchem
Ltd. (Prague) and used as received. Me2HSiCl, SiCl4 and
Karstedt’s catalyst (platinum divinyltetramethyldisiloxane
complex, 3-3.5% platinum in vinyl-terminated poly(dimeth-
ylsiloxane)) were purchased from ABCR and used as received.
The [Si(CHdCH2)4] was purchased from Across. The n-BuLi
solution (1.6 M in hexanes) was purchased from Lancaster or
Aldrich and CH2dCHCH2MgCl from Aldrich. The [Si(CH2CHd
CH2)4] and chlorosilanes 1GV-Cl and 1GA-Cl were prepared
according to the literature.11,12 The carboranylsilane 1-Ph-2-
Me2HSi-1,2-C2B10H10 (8) and 3 were previously prepared.10

Preparation of 1-Me-2-SiMe2H-1,2-C2B10H10 (7). To a
solution of 1-Me-1,2-C2B10H11 (1.0 g, 6.3 mmol) in dry THF

(19) van der Made, A. W.; van Leewen, P. W. N. M., de Wilde, J. C.;
Brances, R. A. C. Adv. Mater. 1993, 5, 466.

Figure 3. Molecular structure of 1-Me2HSi-2-Ph-1,2-
C2B10H10 (8). Hydrogen atoms are omitted for clarity.
Displacement ellipsoids are drawn at the 50% probability
level.
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(20 mL) at 0 °C was added dropwise a 1.6 M solution of n-BuLi
in hexane (4.1 mL, 6.6 mmol). The mixture was stirred for 30
min at room temperature, then cooled to 0 °C, and HSiMe2Cl
(0.9 mL, 8.0 mmol) was added dropwise with stirring, yielding
a suspension, which was stirred at room temperature over-
night. Next, the mixture was quenched with 10 mL of an
aqueous solution saturated with NH4Cl, transferred to a
separatory funnel, and diluted with 40 mL of Et2O. The
aqueous layer was separated and extracted with additional
Et2O (60 mL). The organic layers were then dried over
anhydrous MgSO4 and concentrated in vacuo to give 7 as a
yellow oil. Yield: 1.3 g, 95%. 1H NMR: δ 0.42 (d, J(H,H) )
3.7, 6H, Si-CH3), 2.05 (s, Ccluster-CH3), 4.26 (sept, J(H,H) )
3.7, 1H, Si-H). 1H{11B} NMR: δ 0.42 (d, J(H,H) ) 3.7, 6H,
Si-CH3), 2.05 (s, Ccluster-CH3), 2.11 (br s, B-H), 2.18 (br s,
B-H), 2.26 (br s, B-H), 2.42 (br s, B-H), 4.26 (sept, J(H,H)
) 3.7, 1H, Si-H). 29Si NMR: δ -6.83 (d, 1J(Si,H) ) 206 Hz).
11B NMR: δ 1.4 (d, 1J(B, H) ) 146, 1B, B(9)), -4.1 (d, 1J(B, H)
) 150, 1B, B(12)), -7.4 (d, 1J(B, H) ) 134, 4B, B(4,5,8,10)),
-8.7 (d, 1J(B, H) ) 156, 2B, B(3,6)), -9.6 (2B, B(7,11)). 13C-
{1H} NMR: δ -3.2 (Si-CH3), 24.9 (Ccluster-CH3), 68.5 (Ccluster),
75.3 (Ccluster). FTIR (NaCl), ν cm-1: 2562 (ν(B-H)), 2164 (ν-
(Si-H)), 1257 (δ(Si-CH3)). Anal. Calcd for C5H20B10Si: C,
27.75; H, 9.31. Found: C, 27.70; H, 9.24.

Preparation of 1GV-o-carborane (1). To a solution of 1,2-
C2B10H12 (0.61 g, 4.23 mmol) in toluene (4.0 mL) and dimethox-
yethane (3.0 mL) at 0 °C was added a 1.6 M solution of n-BuLi
in hexane (2.7 mL, 4.32 mmol) dropwise. The mixture was
stirred for 1 h at room temperature. After cooling it to 0 °C, a
solution of 1GV-Cl (0.45 g, 0.87 mmol) in toluene (4.0 mL) and
dimethoxyethane (2.0 mL) was added dropwise with stirring.
The suspension was stirred for 5 min at 0 °C and filtered off
through Celite. The solvent was removed and the residue
treated with cold Et2O (8.0 mL) to isolate 1 as a white solid.
Yield: 0.31 g, 37.8%. Hexane vapor diffusion into a CHCl3

solution of 1 gave single crystals suitable for X-ray analysis.
1H NMR: δ 0.27 (s, 24H, Si-CH3), 0.54 (m, 16H, Si-CH2),
3.36 (br s, 4H, Ccluster-H). 1H{11B} NMR: δ 0.27 (s, 24H, Si-
CH3), 0.54 (m, 16H, Si-CH2), 2.06 (br s, B-H), 2.20 (br s,
B-H), 2.25 (br s, B-H), 2.35 (br s, B-H), 3.36 (br s, 4H,
Ccluster-H). 29Si NMR: δ 10.31 (s, Si-Ccluster), 10.57 (s, Sicore).
11B NMR: δ -0.5 (br s, 1B, B(9)), -1.8 (d, 1J(B, H) ) 145, 1B,
B(12)), -7.2 (d, 1J(B, H) ) 148, 2B, B(8,10)), -11.8 (br s, 4B,
B(4,5,7,11)) -13.9 (d, 1J(B, H) ) 175, 2B, B(3,6)). 13C{1H}
NMR: δ -3.7 (Si-CH3), 2.5 (Si-CH2), 7.4 (Si-CH2), 59.6
(Ccluster), 65.6 (Ccluster). FTIR (KBr), cm-1: 3063 (ν(Ccluster-H),
2568 (ν(B-H)), 1256 (δ(Si-CH3)). Anal. Calcd for C24H84B40-
Si5: C, 30.50; H, 8.90. Found: C, 31.15; H, 8.81. MS-chemical
ionization, (NH3) m/z: calcd for C24H84B40Si5, 945.0; found,
963.0 [(M + NH4)+, 18%], 734.0 [(C18H63B30Si4 + NH4)+, 8%],
160.0 [(C2B10H10 + NH4)+, 32%], 74.0 [(SiCH2CH2 + NH4)+,
100%].

Preparation of 1GV-methyl-o-carborane (2). Method A:
To a solution of 1-Me-1,2-C2B10H11 (0.76 g, 4.81 mmol) in Et2O
(6.0 mL) and toluene (3.0 mL) at 0 °C was added a 1.6 M
solution of n-BuLi in hexane (3.1 mL, 4.96 mmol) dropwise.
The mixture was stirred for 30 min at room temperature. After
cooling it to 0 °C, a solution of 1GV-Cl (0.62 g, 1.20 mmol) in
toluene (6.0 mL) and Et2O (3.0 mL) was added dropwise with
stirring. The workup was the same as for 1GV-o-carborane to
give 2 as a white solid. Yield: 0.53 g, 44.2%. Method B: 7 (0.25
g, 1.15 mmol) was introduced into a Schlenck and heated to
50 °C; subsequently tetravinylsilane (0.1 mL, 0.59 mmol) and
2 drops of Karstedt catalyst were added. The mixture was
stirred at 50 °C for 40 h, then the volatiles were evaporated
in the vacuum line. Compound 2 was separated by chromato-
graphic workup in 70% yield. Hexane vapor diffusion into a
CHCl3 solution of 2 gave single crystals suitable for X-ray
analysis. 1H NMR: δ 0.35 (s, 24H, Si-CH3), 0.59 (m, 16H, Si-
CH2), 2.02 (s, 12H, Ccluster-CH3). 1H{11B} NMR: δ 0.35 (s, 24H,
Si-CH3), 0.59 (m, 16H, Si-CH2), 2.02 (s, 12H, Ccluster-CH3),

2.25 (br, B-H), 2.43 (br, B-H). 29Si NMR: δ 9.38 (s, Si-
Ccluster), 10.42 (s, Sicore). 11B NMR: δ 0.5 (d, 1J(B, H) ) 116,
1B, B(9)), -4.9 (d, 1J(B, H) ) 154, 1B, B(12)), -8.3 (d, 1J(B,
H) ) 147, 4B, B(4,5,8,10)), -10.3 (br s, 4B, B(3,6,7,11)). 13C-
{1H} NMR: δ -2.2 (Si-CH3), 2.7 (Si-CH2), 9.0 (Si-CH2), 25.8
(Ccluster-CH3), 71.0 (Ccluster), 75.3 (Ccluster). FTIR (KBr), cm-1:
2576 (ν(B-H)), 1257 (δ(Si-CH3)). Anal. Calcd for C28H92B40-
Si5: C, 33.60; H, 9.30. Found: C, 34.33; H, 9.55. MS-
electrospray (ESI), solution of CHCl3/CH3OH (1:1) m/z: calcd
for C28H92B40Si5, 1001.9; found, 1064.0 [(M + 2CH3OH)-,
100%], 157.2 [(C3B10H13)-, 9%].

Preparation of 1GA-o-carborane (4). The procedure was
the same as for 1GV-o-carborane (1) using 1,2-C2B10H12 (0.55
g, 3.81 mmol) and nBuLi (2.4 mL, 3.84 mmol) in a solution of
toluene (5.0 mL)/dimethoxyethane (2.0 mL), and 1GA-Cl (0.55
g, 0.96 mmol) in toluene (5.0 mL)/dimethoxyethane (2.0 mL).
The suspension was stirred for 10 min at 0 °C and filtered off
through Celite. The solvent was removed and the residue
treated with cold Et2O (10 mL) to isolate 4 as a white solid.
Yield: 0.21 g, 21.9%. 1H NMR: δ 0.26 (s, 24H, Si-CH3), 0.61
(t, 3J(H, H) ) 8.3, 8H, Si-CH2), 0.80 (t, 3J(H, H) ) 8.3, 8H,
Si-CH2), 1.34 (m, 8H, CH2), 3.35 (br s, 4H, Ccluster-H).
1H{11B} NMR: δ 0.26 (s, 24H, Si-CH3), 0.61 (t, 3J(H, H) )
8.3, 8H, Si-CH2), 0.80 (t, 3J(H, H) ) 8.3, 8H, Si-CH2), 1.34
(m, 8H, CH2), 2.06 (br s, B-H), 2.18 (br s, B-H), 2.32 (br s,
B-H), 3.35 (br s, 4H, Ccluster-H). 29Si NMR: δ 8.78 (s, Si-
Ccluster), 0.56 (s, Sicore). 11B NMR: δ -0.6 (br, 1B, B(9)), -1.9
(d, 1J(B, H) ) 143, 1B, B(12)), -7.3 (d, 1J(B, H) ) 149, 2B,
B(8,10)), -11.9 (br s, 4B, B(4,5,7,11)) -13.9 (d, 1J(B, H) ) 171,
2B, B(3,6)). 13C{1H} NMR: δ -3.0 (Si-CH3), 17.2 (CH2), 18.3
(CH2), 19.7 (CH2), 59.6 (Ccluster), 65.9 (Ccluster). FTIR (KBr), cm-1:
3071 (ν(Ccluster-H), 2573 (ν(B-H)), 1257 (δ(Si-CH3)). Anal.
Calcd for C28H92B40Si5: C, 33.57; H, 9.26. Found: C, 34.08; H,
9.38. MS-electrospray (ESI), solution of CHCl3/CH3OH (1:1)
m/z: calcd for C28H92B40Si5, 1001.9; found, 1036.8 [(M +
2H2O)-, 100%], 180.0 [(C2B10H10 + 2H2O)-, 38%], 143.0
[(C2B10H10)-, 29%].

Preparation of 1GA-methyl-o-carborane (5). The pro-
cedure was the same as for 1GV-methyl-o-carborane (2) using
1-Me-1,2-C2B10H11 (0.71 g, 4.49 mmol) and n-BuLi (2.8 mL,
4.48 mmol) in Et2O (4.0 mL)/toluene (8.0 mL). After cooling
to 0 °C, a solution of 1GA-Cl (0.60 g, 1.05 mmol) in toluene
(8.0 mL) and Et2O (4.0 mL) was added dropwise with stirring.
The suspension was stirred for 10 min at 0 °C and filtered off
through Celite. The solvent was removed and the residue
treated with hexane for 2 h. The insoluble part was separated
and treated with petroleum ether to give 5 as a transparent
oil. Yield: 0.15 mg, 13.5%. 1H NMR: δ 0.32 (s, 24H, Si-CH3),
0.64 (t, 3J(H, H) ) 7.7, 8H, Si-CH2), 0.89 (t, 3J(H, H) ) 7.7,
8H, Si-CH2), 1.39 (m, 8H, CH2), 2.02 (s, 12H, Ccluster-CH3).
1H{11B} NMR: δ 0.32 (s, 24H, Si-CH3), 0.64 (t, 3J(H, H) )
7.7, 8H, Si-CH2), 0.89 (t, 3J(H, H) ) 7.7, 8H, Si-CH2), 1.39
(m, 8H, CH2), 2.02 (s, 12H, Ccluster-CH3), 2.23 (br, B-H), 2.42
(br, B-H). 29Si NMR: δ 8.09 (s, Si-Ccluster), 0.70 (s, Sicore). 11B
NMR: δ 0.4 (d, 1J(B, H) ) 130, 1B, B(9)), -5.0 (d, 1J(B, H) )
153, 1B, B(12)), -8.4 (d, 1J(B, H) ) 148, 4B, B(4,5,8,10)), -10.4
(br s, 4B, B(3,6,7,11)). 13C{1H} NMR: δ -1.3 (Si-CH3), 17.4
(CH2), 18.4 (CH2), 21.2 (CH2), 25.7 (Ccluster-CH3), 71.3 (Ccluster),
75.3 (Ccluster). FTIR (KBr), cm-1: 2582 (ν(B-H)), 1257 (δ(Si-
CH3)). Anal. Calcd for C32H100B40Si5: C, 36.33; H, 9.52.
Found: C, 36.84; H, 9.64. MS-electrospray (ESI), solution of
CHCl3/CH3OH (1:1) m/z: calcd for C32H100B40Si5, 1056.5; found,
1120.5 [(M + 2CH3OH)-, 29%], 892.5 [(C3B10H13 + 2H2O)-,
41%], 157.0 [(C3B10H13)-, 100%].

Preparation of 1GA-phenyl-o-carborane (6). The pro-
cedure was the same as for 1GV-phenyl-o-carborane (3) using
1-Ph-1,2-C2B10H11 (0.63 g, 2.86 mmol) and n-BuLi (1.8 mL, 2.88
mmol) in dry Et2O (4.0 mL). After cooling to 0 °C, a solution
of freshly prepared 1GA-Cl (0.41 g, 0.72 mmol) in toluene (6.0
mL) was added dropwise with stirring. The workup was the
same as for 5 to give 6 as a transparent oil. Yield: 0.16 mg,
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17.0%. 1H NMR: δ -0.16 (s, 24H, Si-CH3), 0.39 (t, 3J(H, H)
) 8.1, 8H, Si-CH2), 0.51 (t, 3J(H, H) ) 8.1, 8H, Si-CH2), 1.11
(m, 8H, CH2), 7.43-7.28 (m, 20H, C6H5). 1H{11B} NMR: δ
-0.16 (s, 24H, Si-CH3), 0.39 (t, 3J(H, H) ) 8.1, 8H, Si-CH2),
0.51 (t, 3J(H, H) ) 8.1, 8H, Si-CH2), 1.11 (m, 8H, CH2), 2.18
(br s, B-H), 2.39 (br s, B-H), 2.69 (br s, B-H), 2.90 (br s,
B-H), 7.43-7.28 (m, 20H, C6H5). 29Si NMR: δ 9.02 (s, Si-
Ccluster), 0.45 (s, Sicore). 11B NMR: δ 1.3 (br, 1B, B(9)), -2.9 (d,
1J(B, H) ) 143, 1B, B(12)), -8.2 (d, 1J(B, H) ) 139, 4B,
B(4,5,8,10)), -10.9 (br s, 4B, B(3,6,7,11)). 13C{1H} NMR: δ
-2.3 (Si-CH3), 17.1 (CH2), 18.2 (CH2), 20.6 (CH2), 76.2 (Ccluster),
83.4 (Ccluster), 128.5 (Ph-Cpara), 130.5 (Ph-Cortho), 131.2 (Ph-
Cmeta), 132.7 (Ph-Cipso). FTIR (KBr), cm-1: 2583 (ν(B-H)),
1253 (δ(Si-CH3)). Anal. Calcd for C52H108B40Si5: C, 47.81; H,
8.33. Found: C, 48.05; H, 8.45. MS-electrospray (ESI), solution
of CHCl3/CH3OH (1:3) m/z: calcd for C52H108B40Si5, 1304.5;
found, 1368.5 [(M + 2CH3OH)-, 20%], 219.0 [(C8B10H15)-,
100%].

X-ray Structure Determinations of 1, 2, 3, and 8. Single
crystals of 1, 2, and 3 suitable for X-ray analyses were obtained
by hexane vapor diffusion into a CHCl3 solution, while
compound 8 was isolated as single crystals from an Et2O
solution. Single-crystal data collections were performed on a
Nonius KappaCCD diffractometer at -100 °C using graphite-
monochromatized Mo KR radiation. Totals of 2748, 5296,
12551, and 2674 unique reflections were collected for 1, 2, 3,
and 8, respectively.

The structures were solved by direct methods and refined
on F2 by the SHELXL97 program.20 None of the structures
contain solvents, and all the structures, except 2, are well-
ordered. The asymmetric unit of 2 consists of two carborane
cages, and in the other cage the methyl substituent connected
to the cluster carbon is disordered, occupying two positions.
For each compound, all non-hydrogen atoms, except the
disordered methyl carbon of 2, were refined with anisotropic
thermal displacement parameters. Hydrogen atoms for each
structure were treated as riding atoms using the SHELX97
default parameters. Crystallographic parameters for com-
pounds 1, 2, 3, and 8 are gathered in Table 2.
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Table 2. Crystallographic Parameters for 1GV-o-carborane (1), 1GV-methyl-o-carborane (2),
1GV-phenyl-o-carborane (3), and 1-SiMe2H-2-Ph-1,2-C2B10H10 (8)

1 2 3 8

empirical formula C24H84B40Si5 C28H92B40Si5 C48H100B40Si5 C10H22B10Si
fw 945.76 1001.87 1250.13 278.47
cryst syst tetragonal orthorhombic orthorhombic monoclinic
space group I41/a (no. 88) Pba2 (no. 32) Pc21b (no. 29) P21/n (14)
a (Å) 20.7053(4) 13.9813(5) 12.7957(1) 13.6454(8)
b (Å) 20.7053(4) 17.6592(5) 18.2036(2) 6.9216(2)
c (Å) 13.5310(5) 12.7224(4) 33.0523(5) 18.1622(10)
� (deg) 90 90 90 107.739(2)
V (Å3) 5800.9(3) 3141.14(17) 7698.80(16) 1633.82(14)
Z 4 2 4 4
T (°C) -100 -100 -100 -100
λ (Å) 0.71073 0.71073 0.71073 0.71073
F (g cm-3) 1.083 1.059 1.079 1.132
μ (cm-1) 1.48 1.40 1.26 1.24
goodness-of-fita on F2 1.099 1.054 1.051 1.027
R1b [I > 2σ(I)] 0.0768 0.0777 0.0674 0.0423
wR2c [I > 2σ(I)] 0.1700 0.1952 0.1028 0.1016
Flack parameter x 0.2(2) 0.38(10)

a S ) [∑(w(Fo
2 - Fc

2)2]/(n - p)1/2. b R1 ) ∑|| Fo| - |Fc||/∑|Fo|. c wR2 ) {∑[w(Fo
2 - Fc

2)2]/∑[w(Fo
2)2]}1/2.
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A novel type of hybrid organic–inorganic class II materials with carborane-containing units have

been prepared from a particular trichlorosilylcarborane-containing precursor. Different

polymerisation processes were investigated in order to achieve the formation of materials that

incorporate the covalently bonded carborane units and exhibit different structural characteristics.

Hydrolytic, and non-hydrolytic sol–gel process were used for the preparation of the hybrid

materials with an Si–O–Si-based network, whereas the hybrid material with an Si–NQCQN–

Si-based network was prepared by a carbodiimide sol–gel process. Structural characterisation was

performed by solid state NMR, IR, porosimetry and X-ray powder diffraction that reveal the

formation of non-porous to porous materials with a high level of polycondensation, a short-range

order organisation and the preservation of the covalent bond between the carborane part and the

inorganic network. Alternatively, a solid-state process was used and allows the preparation of

materials with a higher level of organisation according to polarized light microscopy. The

materials are stable to about 450 1C in inert atmosphere, suggesting good thermal stability.

Introduction

The closo-1,2-carborane and its derivatives combine, in a

unique three-dimensional symmetrical rigid cluster-like struc-

ture, high stability (chemical, photochemical and thermal)

with a highly polarizable s-aromatic character.1–6 All this

make these clusters good candidates for non-linear optical

materials;7–9 liquid crystals with specific mesophase, birefrin-

gence and photochemical stability;10–14 or organic–inorganic

hybrid carborane–siloxane polymers and preceramic precur-

sors that exhibit outstanding thermal and oxidative proper-

ties.15–19 In addition, carboranes have been used to prepare a

great variety of coordination compounds and have been

suitable for a wide range of applications such as catalysis,20–26

radiopharmaceuticals,27,28 and conducting organic poly-

mers,29 among others.30–32

The carborane cluster could represent an attractive versatile

group for the preparation of organic–inorganic hybrid materi-

als due to its intrinsic properties. We found interesting to

synthesize some of them that could be seen as models for a

subsequent development of carborane-containing hybrid ma-

terials. Nowadays, there is significant interest in materials that

combine in a hybrid material high dimensional, thermal and

oxidative stability.33 Among them, the bridged polysilsesqui-

oxanes are functional organic–inorganic materials prepared by

a sol–gel process,34,35 with the ideal chemical formula

R–[SiO1.5]n,
33,36–38 which combine the properties of the or-

ganic and inorganic parts. In this respect, the organic bridging

group attached to the Si atoms can be very different in terms of

length, rigidity and functionality, which provides the chance to

modulate properties such as porosity, thermal stability, and

chemical reactivity, among others. Likewise, the control of

porosity, thermomechanical properties and short to long-

range order organisation have been some of the main purposes

in the selection of an organic spacer.39

Thus, we report here an approach to the preparation and

characterization of hybrid materials, where the ‘‘organo-func-

tional’’ part contains a carborane moiety. In this respect, we

study the preparation of carborane–organo-poly(trichloro-

silyl), R–[Si(Cl)3]2 (R = carborane–organic part), in order to

work with the trichlorosilyl-polymerizable group,40 which al-

lows the formation of hybrid materials by either hydrolytic or

non-hydrolytic sol–gel processes. Additionally, we compare the

solvent processes with a solid-state process that leads to more

periodically organised materials.41 This type of trichlorosilyl

precursor was recently demonstrated to be useful for the

preparation of silsesquicarbodiimide, a type of hybrid material

containing Si–NQCQN–Si linkages.42–44 Therefore, starting

with the same precursor we investigate the possibility to

prepare carborane-containing silsesquioxanes by four different

ways, and to characterize these solids in terms of structure,

porosity, level of condensation and thermal stability.

Results and discussion

Synthesis and characterization of precursors

The preparation of the precursors relies on the weak acidity of

the Ccluster–H (Cc–H) protons in carboranes (pKa = 23.0),45

that can be removed by strong bases generating nucleophile

anions. These have the ability to react with a wide range

of electrophilic reagents, such as halogens, alkyl halides,

a Institut de Ciència de Materials de Barcelona CSIC, Campus UAB,
E-08193 Bellaterra, Spain. E-mail: rosario@icmab.es

b Laboratoire de Chimie Moleculaire et Organisation du Solide, UMR
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chlorosilanes, etc.46 Thus, compound 1, 1,2-

(CH2–CHQCH2)2-1,2-C2B10H10 was prepared by the reaction

of the dilithium salt of the o-carborane with the stoichiometric

amount of allyl bromide, according to Scheme 1. The resultant

yellow oil was characterized by IR, 1H{11B}, 13C{1H} and 11B

NMR. Three resonances at 2.9, 5.2 and 5.8 ppm are observed

in the 1H{11B} NMR spectrum and are attributed respectively

to Ccluster–CH2, CH and CH2 of the allyl group. The corre-

sponding resonances at 39.2, 132.5 and 119.5 ppm are also

exhibited in the 13C{1H} NMR spectrum, whereas the peak at

77.7 ppm is assigned to the Ccluster atoms (Cc). The
11B NMR

spectrum exhibits two resonances, at �4.5 and �10.6 ppm,

with a 2 : 8 pattern.

The hydrosilylation reaction with HSiCl3 of the allylic

function bonded to the carborane moiety in 1, for two hours

at room temperature in the presence of Karstedt catalyst, gave

quantitatively the trichlorosilane 2 (99% yield) (Scheme 1).

Precursor 2 was obtained as a yellow oil, for which 29Si{1H}

NMR analysis revealed the presence of only one signal at 11.6

ppm. Other NMR data obtained by 1H{11B} and 13C{1H}

NMR indicated almost complete hydrosilylation (98%) in the

b position.

Preparation of the hybrid materials

Four different methods using precursor 2 have been used:

hydrolytic sol–gel, non-hydrolytic sol–gel, solid-state and

carbodiimide processes.

According to a classical hydrolytic sol–gel process, xerogel 3

was prepared by hydrolysis–polycondensation using a stoi-

chiometric amount of water dissolved in THF at room tem-

perature (see Scheme 2). The gel was rapidly formed and

allowed to age for 7 days. After washing with the correspond-

ing solvents, the gel was dried to give an insoluble and brittle

powder.

Likewise, a non-hydrolytic sol–gel process was used for the

preparation of xerogel 4, using diisopropyl ether as oxygen

donor and FeCl3 (0.1%) as catalyst, under argon at 110 1C for

43 hours (Scheme 2).47,48

The solid-state hydrolytic process was usable since chlo-

rosilanes are highly reactive toward water,49 and xerogel 5 was

obtained by exposing the precursor 2 to the air for 19 days.

A carbodiimide sol–gel-like process based on the exchange

reaction between Si–N and Si–Cl bonds was also investigated

in order to prepare a Si–NQCQN–Si network different from

the oxide network that results from the hydrolytic or the non-

hydrolytic process. According to Scheme 2, xerogel 6 was

obtained by sol–gel polycondensation of 2 with bis(trimethyl-

silyl)carbodiimide in THF at room temperature in the pre-

sence of pyridine as catalyst. The opaque white gel was aged

for 7 days at 45 1C, washed with THF to remove by-products

and pyridine, and dried under vacuum at 130 1C for 1 day to

give xerogel 6.

Characterization of the hybrid materials

Molecular structure. The IR spectra (KBr pellet) of xerogels

3, 4 and 5 exhibit strong bands at 2594 cm�1 corresponding to

the B–H stretching mode, which indicates the presence of the

cluster in the material, and those at 1078 cm�1 are related to

Si–O–Si stretches that indicate the condensation of the pre-

cursor Si–Cl functions. Bands at 3400 and 3600 cm�1

Scheme 1 Synthesis of 1,2-(CH2–CHQCH2)2-1,2-C2B10H10 (1) and 1,2-((CH2)3SiCl3)2-1,2-C2B10H10 (2) from 1,2-C2B10H12.

Scheme 2 Preparation of xerogels 3, 4 and 6; (i) H2O, THF, (ii) (iPr)2O, FeCl3, (iii) Me3Si–NQCQN–SiMe3, THF, pyridine.
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corresponding to SiO–H are insignificant and the band near

1600 cm�1 due to H2O is very small for xerogels 3–5. Other

bands observed in the region 2950–2880 and 1250 cm�1

corroborate the presence of the alkyl chain in the hybrid

material. For 6, two strong absorption bands at 2592 and

2152 cm�1 correspond respectively to the B–H stretching and

the carbodiimide group (Si–NCN). Upon contact with moist-

ure, hydrolysis of the Si–NCN groups occurs, with subsequent

Si–O–Si polycondensation (nSi–O–Si = 1063 cm�1), and cya-

namide groups (nN–CN = 2265 cm�1) that replace the carbo-

diimide units (Si–NCN).43

The 13C CP MAS NMR spectra of xerogels 3 and 4 also

confirm that the integrity of the molecular building block

survives the sol–gel polymerization, and that the Si–C and

Cc–C bonds cleavage does not occur. Three peaks around 14,

24 and 37 ppm corresponding to Si–CH2–CH2–CH2–Ccluster

alkyl spacers are observed, while a broad peak centred at 80

ppm is attributed to the Cc atoms. For 6, the 13C CP MAS

NMR spectrum exhibits peaks at 18 ppm (CH2–Si), 24 ppm

(CH2–CH2), 38 ppm (Cc–CH2), 80 ppm (Cc) and 121 ppm

(NCN). The chemical shifts of the bridging alkylene carbons

are very similar to those observed for silica-based xerogels 3

and 4, partially due to the similar electronegativity of the NCN

function and the oxygen atoms.42

An evaluation of the degree of condensation of the poly-

siloxane network was obtained by looking at the 29Si CP MAS

NMR spectroscopic analyses. Both xerogels 3 and 4, exhibit

three broad peaks at d �49, �56 and �65 ppm, corresponding

to T1 [SiC(OH)2(OSi)], T2 [SiC(OH)(OSi)2] and T3 [SiC(OSi)3],

respectively. No signals in the range of �100 to �110 ppm due

to Qn substructures are observed, which confirms that Si–C

bonds are not cleaved during the condensation process. 29Si

CP MAS NMR spectroscopy can be used to evaluate quanti-

tatively the level of condensation (LC) according to the

formula LC =1/3 T1 þ 2/3 T2 þ 1 T3.50 In both xerogels 3

and 4, the LC was 75% by deconvolution of the 29Si CP MAS

NMR spectra (Table 1). However, xerogel 3 prepared by the

hydrolytic sol–gel process shows more T3 and T1 substructures

than xerogel 4, which presents negligible T1 units (6%) and

major T2 and T3. Altogether, 4 prepared by the non-hydrolytic

sol–gel method seems more homogeneous than 3 in terms of

substructure units (see Table 1). For 5 the quantity was too

small for such analysis. For 6, a qualitative 29Si CP HPDEC

spectrum exhibit a broad peak at �62 ppm similar to that

found in poly(organosilsesquioxanes). This corroborates the

expected formation of [(NCN)1.5Si(CH2)3(C2B10H10)(CH2)3-
Si(NCN)1.5]n due to the condensation of the material. Addi-

tional signals at 11.4 ppm and 1.7 ppm attributed, respectively,

to residual uncondensed CH2–SiCl3 and CQN–SiMe3 func-

tions are also observed. The compositions of xerogels 3, 4 and

6 were also estimated by elemental analysis, assuming that the

organic groups have not been cleaved during the condensa-

tion, and completely condensation. For hydrolytic xerogel 3

the calculated analysis is very consistent with the theoretical,

however the non-hydrolytic xerogel 4 gives percentages of C

and H which should agree with an uncondensed O(iPr) group.

For xerogel 6, as a result of the high moisture sensitivity of

–NCN groups, different elemental analyses performed from

the same sample give distinct results.

Meso- and microscopic structure. X-Ray powder diffraction

analysis was performed to obtain information about the

organization at the micro- and mesoscopic scale. The XRD

patterns of xerogels 3 and 4 are similar (Fig. 1), they did not

exhibit any sharp Bragg peak, but they present two broad

bands consistent with a short-range ordered structure. Ac-

cording to a Bragg’s law assumption, these bands correspond

to d spacings of 15.2 and 6.2 Å for 3, and 13.8 and 6.2 Å for 4.

The first d spacing is associated with the high intensity (001)

peak, while 6.2 Å could be associated with the second order

(002) peak, for each compound. Additionally, a very smooth

broad band at d = 3.7 Å (Fig. 1b and d) is also observed. For

6, the XRD diffraction pattern displays two broad bands close

to those found in xerogels 3 and 4. Additional Bragg’s signals

indicate the presence of a material with an organisation at a

long-rang order, however it is not possible at the present time

to decide if it is due to a single compound or a mixture of two

different products (Fig. 1c). Thus, all our xerogels exhibit in

general a short-range order organization at the nanometre

scale when compared to other xerogels that remain completely

amorphous,33 which we have attributed to the presence of the

rigid o-carborane cluster. In this respect, the signals at 13.8 Å

and 15.2 Å are related to the presence of the organo–carbo-

rane moiety and the broad shoulder at 3.7 Å is generally

attributed to the contribution of the Si–O–Si network.36 The

signal at 13.8 Å is in agreement with a periodic distance due to

the organic alkylene bridge, specifically to twice the

[Cc–CH2CH2CH2–SiO–] fragment, which is estimated to mea-

sure 6.85 Å, by computer simulation models of organo–car-

borane packing within silicate sheets to form a lamellar

structure (Fig. 2a). The signal at 6.2 Å could correspond to

Fig. 1 X-Ray powder diffraction diagrams of: (a) precursor 2, (b)

xerogel 3, (c) xerogel 6, (d) xerogel 4.

Table 1 Degree of condensation for xerogels 3 and 4

T1 T2 T3

Xerogel ppm % ppm % ppm % LC (%)

3 �49.8 22 �57.4 30 �65.1 48 75
4 �49.4 6 �57.0 63 �66.4 31 75
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a periodic distance of the cluster moiety, since this agrees with

twice the distance between the C1 and its antipodes B12 as

determined by computer simulation (Fig. 2a), or just to the

[Cc–CH2CH2CH2–SiO–] fragment. Likewise, this has been

interpreted by us as the formation of a periodic structure with

alternating organo–carborane and silica layers which repre-

sent an unique nanostructuration of the material (Fig. 2b).

For xerogel 5 obtained using the solid-state hydrolytic

process by exposing to air the precursor 2, the XRD diagram

shows the same two broad bands as 3, at 6.1 and 15.1 Å, and

two additional sharp peaks at d = 3.4 and 3.3 Å, indicating

the presence of a higher level of periodicity (Fig. 3). Compared

to the X-ray diffraction powder of the crystallized precursor 2,

there is a difference in the position of the Bragg’s peaks of 5,

which exhibits main peaks at 0.86, 1.10, 1.22, 1.30, 1.68, 1.72

Å�1 in Q�1. Therefore, although part of the periodical struc-

ture is maintained during the solid-state hydrolysis, it is

obvious that the initial packing of the precursor is lost and

serves as a template leading to the long-range order organiza-

tion of the xerogel 5 (see Fig. 3).

Transmission electronic microscopy (TEM) studies on the

xerogel 4 reveal the great heterogeneity of the materials in

terms of organization. Taken from the same sample, a great

part of the material appears completely amorphous, while

some other parts present a high level of organization. The

TEM images presented in Fig. 4 confirm the layered structure

of a part of the material in which the interlayer spacing is

3.4 Å. This result might be in agreement with the (004) order

with respect to the high intensity (001) peak observed in the

XRD pattern. This could be considered as a preliminary result

and further studies will be the subject of a future work.

Microscopy. Focusing on the hydrolytic solid state conden-

sation of 2, analysis of the precursor in polarized light agrees

with the X-ray data which indicate a crystallised compound

highly birefringent and colourful by microscopy. Although

part of the colour is lost upon exposure to air, the resulting 5 is

still highly birefringent and moreover the shape of the crystal-

line needles seems to be preserved indicating a very low level of

amorphisation during the polycondensation of the crystallised

precursor. This is in agreement with the presence of Bragg’s

signal observed by X-ray diffraction analysis of the material

(Fig. 5).

Fig. 2 a) Main distances in the xerogels calculated by computer

simulation. b) Proposed organization of the carborane moieties and

alkylic chains in xerogels.

Fig. 3 X-Ray powder diffraction diagrams of: (a) crystallized pre-

cursor 2 and (b) xerogel 5.

Fig. 4 TEM images for xerogel 4.
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Porosity. The pore structure and the specific surface area

of the materials were determined by adsorption/desorption

isotherms.51,52 Xerogels 3 and 4 exhibit very low specific

surface areas (o15 m2 g�1), which could be attributed in a

first approach to the presence of the flexible alkyl groups in

the material.37 However, for 6 a much higher specific surface

area of 200 m2 g�1 was found by a 5 points porosimetry

measurement with BET calculation, which clearly indicates

that for the same precursor the type of condensation process

and experimental conditions modify the porosity in the gel

structure. This may also results from the fact that Si–O–Si

bridges are flexible while Si–NQCQN–Si are much

more rigid. For 5, the amount of product was too small for

this analysis.

Thermal stability. The thermal behaviour of xerogels studied

by thermogravimetric analysis (TGA) in inert argon atmo-

sphere was determined between 20 and 1200 1C at a heating

rate of 5 1C min�1, exhibiting high thermal stability. Xerogels

3 and 4 show weight losses between 100 1C and 450 1C, which
correspond to 6.1 and 9.6%, respectively, and is attributed to

the final condensation of the material (Fig. 6). The main

weight loss (around 18%) occurs between 450 and 800 1C,
which should correspond to m/z 56, attributed to the loss of

two CH2QCH2 molecules. Continued heating to temperature

of 1200 1C leaves a black residue in 77% yield, whose ATR

spectrum exhibits two intense bands at 1370 and 1090 cm�1

attributed to n(B–O) and n(Si–O), respectively; however no

signals corresponding to B–H are observed indicating that the

cluster has been completely degraded. In addition, the XRD

spectrum of the residue does not exhibit any Bragg’s peak,

indicating that a completely amorphous material is obtained.

In the same conditions, xerogel 6 is stable up to 200 1C,
then an 8% weight lost is observed gradually up to 400 1C
and could be due to the final condensation of the material,

and evaporation of residual bis(trimethylsilyl)carbodiimide.42

The main weight loss (around 35%) occurs between 400 and

800 1C and is certainly related to the loss of carbon-containing

moieties and to the condensation of residual uncon-

densed groups like SiCl3 and –CQN–SiMe3. In all the cases,

elimination of carborane moieties should not be considered

since in inert atmosphere o-carborane (1,2-C2B10H12)

begins to isomerize to m-carborane (1,7-C2B10H12) above

425 1C, and above 700 1C the p-carborane (1,12-C2B10H12)

is obtained.6

Conclusions

In the present work we report on the preparation and struc-

tural characterization of a new type of carborane-containing

class II hybrid material in which the cluster is bonded to the

siloxane groups. The key point in the design of such materials

has been the introduction of an unusually rigid, chemically

and thermally versatile moiety attached through organic

spacers to hydrolysable SiCl3 groups ready to condense by

different processes. Four hybrid organic–inorganic xerogels

(3–6) have been prepared using hydrolytic and non-hydrolytic

sol–gel polycondensation, the solid-state process and the

carbodiimide procedure. Materials prepared by hydrolytic or

non-hydrolytic sol–gel methods are very similar in terms of

thermal stability, porosity and structure but different in terms

of structural Tn subunits. Although a short-range order be-

tween the organo–carborane unit can be proposed to describe

the structural organisation of these solids, a higher periodicity

seems achievable by a solid-state process, in agreement with

previous work.41,53 Finally, the hybrid material 6 prepared

from the same precursor exhibits some differences in the

porosity, condensation and X-ray structure with respect to

Fig. 5 Optical micrographs in polarized light of: (a) 2 and (b) 5.

Fig. 6 TGA curve of xerogel 3 under an atmosphere of argon.
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the other materials; all structural characteristics that have to

be related to the nature of the Si–NQCQN–Si network.

Current work is being carried out to go into the study of the

features and behaviour of these and other related materials.

Experimental

Materials

All reactions were carried out under an atmosphere of purified

argon using standard Schlenk techniques. Solvents were pur-

ified, dried, and distilled by standard procedures. Trichlorosi-

lane and Karstedt platinum catalyst (3–3.5% Pt) were

purchased from ABCR. Allyl bromide (99%) and n-BuLi were

used as received from Aldrich and Lancaster. FeCl3 and

pyridine were purchased from Aldrich. Me3Si–NCN–SiMe3
was prepared according to literature procedures.42

Instrumentation

Infrared spectra were measured in NaCl or KBr pellets on a

ThermoNicolet AVATAR 320 FT-IR. Attenuated Total Re-

flection (ATR) spectra were measured on a Bruker Tensor 27

using a Specac NKII Golden Gate accessory. 1H{11B} NMR

(300.13 MHz), 11B NMR (96.29 MHz), 13C{1H} NMR (75.47

MHz) and 29Si{1H} NMR (59.62 MHz) spectra were recorded

on a Bruker ARX 300 spectrometer. NMR spectra were

measured using samples in CDCl3 solution at room tempera-

ture. Chemical shifts for 11B NMR were referenced to external

BF3 �OEt2 and those for 1H{11B} NMR, 13C{1H} NMR and
29Si{1H} NMR were referenced to Me4Si.

29Si CP MAS NMR

(at 79.49 MHz) and 13C CP MAS NMR (at 100.63 MHz)

spectra were obtained on a Bruker Advance ASX400 using a

CP MAS sequence or a HPDEC. Thermogravimetric analyses

(TGA) of the network materials were performed on a Netzsch

STA 409 PC/PG under a 50 mL min�1 argon flow. Samples

were heated from 20 to 1200 1C at 5 1C min�1. X-Ray powder

diffraction measurements were performed using a spectro-

meter with a rotating copper anode with an OSMIC mono-

chromator system and an ‘Image Plate 2D’ detector working

with CuKa (l = 1.542 Å) radiation and a beam size of 0.5 �
0.5 mm and acquisition time of 40 to 50 minutes. Sample were

previously crushed and placed in a Lindeman tube (1mm

diameter). The specific surfaces areas, porosities, volumes,

and pore size distributions were determined by analysing the

N2 adsorption/desorption isotherms according to the BET

method using a Microméritics Gémini III 2375 and ASAP

2010. TEM images were achieved with a JEOL JEM 2011 (200

Kv) microscope. Elemental analyses were performed in the

analytical laboratory using a Flash EA 1112 Series micro-

analyzer.

Syntheses

1,2-(CH2–CHQCH2)2-1,2-C2B10H10 (1). In a Schlenk flask

under argon, 1,2-C2B10H10 (1.0095 g, 7.0 mmol) was dissolved

in a mixture of toluene (14 ml) and diethyl ether (7 ml).

The solution was cooled at 0 1C and n-BuLi (9.7 ml, 14.7

mmol) was added dropwise. The mixture was stirred for

1 hour at room temperature, cooled again at 0 1C, and

(CH2QCH–CH2)Br (1.2 ml, 13.9 mmol) was added. The

mixture was stirred for 2 hours at room temperature and

refluxed overnight. Then it was cooled to room temperature,

and quenched with 20 ml of water, transferred to a separatory

funnel and extracted with Et2O (3 � 10 ml). The organic layer

was dried over MgSO4 and concentrated under vacuum to

obtain compound 1 (1.51 g, 97%) as a yellow oil. FTIR NaCl/

cm�1 3086 n(QCH2), 3022 n(QCH), 2986–2925 n(C–H)alkyl,

1643 n(CQC) and 1418 d(QC–H). 1H{11B} NMR (d (ppm)):

2.1 (2H, br s, B–H), 2.3 (8H, br s, B–H), 2.9 (4H, d, J1 = 7.3

Hz, Cc–CH2), 5.1 (2H, d, J1,t = 16.7 Hz, CHQCH2), 5.2 (2H,

d, J1,c = 9.7 Hz, CHQCH2), 5.8 (2H, m, J1,t = 16.7 Hz,

J1,c = 9.7 Hz, J1 = 7.3 Hz, CHQCH2).
11B NMR (d (ppm)):

�4.5 (2B, d, J1 = 145.0 Hz), �10.6 (8B, d, J1 = 153.9 Hz).
13C{1H} NMR (d (ppm)): 132.5 (CHQCH2), 119.5

(CHQCH2), 77.7 (Cc), 39.2 (Cc–CH2).

1,2-[(CH2)3SiCl3]2-1,2-C2B10H10 (2). In a Schlenk flask un-

der argon, 1 (950 mg, 4.2 mmol), HSiCl3 (1.71 ml, 16.9 mmol)

and Karstedt catalyst (16 ml, 0.034 mmol) were mixed and

stirred for 2 hours at room temperature. Evaporation of the

volatiles and the excess of HSiCl3 gave compound 2 (2.10 g,

E99%) as yellow oil. 1H{11B} NMR (d (ppm)): 1.46 (4H, t,

J1 = 8.1 Hz, –CH2–Si), 1.86 (4H, m, –CH2–CH2–Si), 2.29

(4H, t, J1 = 8.1 Hz, B–Cc–CH2–).
11B NMR (d (ppm)): �3.6

(2B, d, J1 = 141.4 Hz), �9.4 (8B, m). 13C{1H} NMR (d
(ppm)): 78.5 (Cc), 36.4 (Cc–CH2), 23.7 (CH2–CH2), 22.6

(CH2–Si).
29Si{1H} NMR (d (ppm)): 11.6.

Hydrolytic xerogel 3. In a Schlenk flask under argon, 2 (792

mg, 1.6 mmol) was dissolved in THF (2 ml). After all the

precursor was dissolved, H2O (0.2 ml, 9.9 mmol) was added

dropwise to the solution. Once the addition was completed, a

white solid was observed and the suspension was stirred for 30

minutes. The stirring was then stopped to allow gelation. After

5 minutes a gel was formed and was kept for 1 week for aging.

The solid and the liquid phases were separated by filtration.

The isolated gel was crushed and washed with ethanol (3 � 10

ml), acetone (3 � 10 ml) and diethyl ether (3 � 10 ml), and

finally dried under vacuum to obtain xerogel 3 (279 mg, 53%).

FTIR KBr/cm�1 2958–2888 n(C–H)alkyl, 2594 n(B–H),

1458 d(C–H)alkyl, 1196 d(Si–CH), 1078 n(Si–O–Si). 29Si

NMR CP-MAS (d (ppm)): �49 (T1), �56 (T2), �65

(T3). 13C CP MAS NMR (d (ppm)): 80 (Cc), 37 (Cc–CH2),

24 (CH2–CH2), 14 (CH2–Si). X-Ray powder diffraction shows

two broad bands with d spacings of 6.2 Å and 15.2 Å. The

surface area measure using the N2 BET technique is 13 m2 g�1.

Anal. Calc. for C8H22B10Si2O3: C, 29.1; H, 6.7%. Found: C,

28.9; H, 6.6%.

Non-hydrolytic xerogel 4. In a Schlenk flask under argon, 2

(730 mg, 1.5 mmol) was dissolved in iPr2O (0.63 ml) and FeCl3
(0.1%) catalyst was added to the solution. The mixture was

stirred for 5 minutes and transferred under N2 to another tube,

which was frozen in liquid nitrogen and sealed under vacuum.

The sealed tube was held at 110 1C in an oven for 43 hours and

then opened under argon. The obtained gel was crushed and

washed with ethanol (3 � 10 ml), acetone (3 � 10 ml) and

diethyl ether (3 � 10 ml), and finally dried under vacuum to

obtain xerogel 4 (352 mg, 72%). FTIR KBr/cm�1 2950–2880

n(C–H)alkyl, 2592 n(B–H), 1458 d(C–H)alkyl, 1196 d(Si–CH),
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1063 n(Si–O–Si). 29Si CPMAS NMR (d (ppm)): �49 (T1),�56

(T2), �65 (T3). 13C CP MAS NMR (d (ppm)): 80 (Cc), 37

(Cc–CH2), 24 (CH2–CH2), 14 (CH2–Si). X-Ray powder dif-

fraction shows two broad bands with d spacings of 6.2 Å and

13.8 Å. The surface area measure using the N2 BET technique

is 8 m2 g�1. Anal. Calc. for C8H22B10Si2O3: C, 29.1; H, 6.7%.

Found: C, 32.6; H, 7.6%.

Solid-state hydrolytic xerogel 5. Some drops of a solution of

2 in CH2Cl2 were deposited on a microscope slide under argon

until the formation of some crystals was observed. Then

pictures of these crystals were taken using an electronic

microscope. After this, the crystals were exposed to air for

19 days to form a white gel, which was insoluble in CH2Cl2.

Again, some pictures of the solid were taken. FTIR KBr/cm�1

2950–2880 n(C–H)alkyl, 2594 n(B–H), 1458 d(C–H)alkyl, 1196

d(Si–CH), 1078 n(Si–O–Si). X-Ray powder diffraction shows

two broad bans with d spacings of 6.1 Å, 15.1 Å, 3.4 Å and

3.3 Å.

Silsesquicarbodiimide xerogel 6. In a Schlenk flask under

argon, 2 (693 mg, 1.4 mmol) was dissolved in THF (3 ml).

Then, Me3Si–NCN–SiMe3 (0.97 ml, 4.2 mmol) and pyridine

(0.06 ml, 0.7 mmol) were added to the solution and stirred at

room temperature for 1 hour. After this time, a white gel was

obtained and allowed to age for 1 week at 45 1C. The gel was
crushed, treated with dry THF (10 ml), filtered and washed

with dry THF (2 � 10 ml) under argon. Finally, the solid was

dried under vacuum at 130 1C for a day to obtain xerogel 6

(571 mg, 80%). FTIR KBr/cm�1 2950–2880 n(C–H)alkyl, 2592

n(B–H), 2152 n(Si–NCN), 1459 d(C–H)alkyl, 1254 d(Si–CH2).
29Si CP MAS NMR (d (ppm)): 11.4, 1.7, �62. 13C CP MAS

NMR (d (ppm)): 121 (NCN), 80 (Cc), 38 (Cc–CH2), 24

(CH2–CH2), 18 (CH2–Si). X-Ray powder diffraction shows

two broad bands with d spacings of 5.9 Å and 13.7 Å, and

additional Bragg’s peaks with d spacings of 4.3, 3.8, 3.4, 3.3

and 3.2 Å. The surface area measure using the N2 BET

technique is 200 m2 g�1.
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Núñez and F. Teixidor, Tetrahedron Lett., 2002, 43, 983.

24 Z. Xie, Acc. Chem. Res., 2003, 36, 1.
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C. Viñas and S. Sjöberg, J. Organomet. Chem., 2003, 680, 188.
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Abstract

Strategies for the preparation of carboranyl-containing hybrid materials by hydrolytic 

Sol-Gel process were investigated with carboranyl-containing poly-trialkoxysilyl 

precursors: 1,2-[(CH2)3Si(OEt)3]2-1,2-C2B10H10 (P1) and 1-R-2-Si[(CH2)2Si(OEt)3]3-

1,2-C2B10H10 (R = Me, P2 or Ph, P3). Using P1, the integrity of the precursor is 

preserved whatever is the catalyst (F-, H+), while for P2 and P3, cleavage of the Ccluster-

Si bond is observed with F- and OH- as catalysts. Such Si-Ccluster bond cleavage leads to 

porous hybrid materials templated by the carborane, which is further eliminated from 

the material and totally recovered. At the opposite, non porous materials are obtained 

when carborane is preserved in the materials. Part of this hybrid material exhibits a 

lamellar structure in relation with the presence of the carborane units. In dry air, high 

thermal stability is observed for such materials and results in a very limited oxidation of 

the material at 1200°C (weight gain of <5%). In inert atmosphere, high thermal stability 

combined with several chemical transformation lead to a limited weight loss, 

graphitisation and oxide and under-oxide mixtures. Materials were characterised by IR, 

solid state NMR (29Si, 13C), porosimetry, X-ray diffraction, SEM, TEM, TGA and XPS.

Arántzazu González-Campo, Bruno Boury, 
Francesc Teixidor, Rosario Núñez*

Carboranyl units bringing unusual thermal and 
structural properties to hybrid materials by 
hydrolitic Sol-Gel process

Carboranyl-containig class II organic-
inorganic hybrid materials prepared by 
hydrolytic Sol-Gel process exhibit unexpected 
structural features and outstanding thermal 
stability. Lamellar structures and possible 
template effect is related to the presence of the 
carboranyl units. 

SiO1.5

SiO1.5

n
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Introduction 

Boron cluster ligands provide structural and bonding possibilities distinct from 

conventional organic ligands.1 The exceptional characteristics exhibited by these 

icosahedral carboranes,2,3 such as electron-withdrawing properties,4 low nucleophilicity, 

chemical inertness, thermal stability, highly polarizable -aromatic character and high 

hydrophobicity have stimulated research on the development of novel polymeric 

materials incorporating these boron clusters.5 Thermal treatment of ortho-carborane at 

465-500 ºC6 and in a flow system at 600 ºC7 produces the meta isomer in high yield, 

while higher temperatures give an equilibrium mixture of para-carborane and its meta

isomer. High temperature stable hybrid polymers containing carborane clusters bonded 

to siloxane groups have been reported.8 These have been used as oxidative protection 

coatings or ceramic polymeric materials that exhibit outstanding thermal and thermo-

oxidative properties compared to other silicon polymers.9 Despite their potential 

application related to these properties a limited number of carborane-containing hybrid 

materials are known, and their behaviour in the preparation of Sol-Gel hybrid materials 

remains to be tested. Therefore we have been attracted to develop class II organic-

inorganic hybrid materials incorporating ortho-carborane moieties, and we recently 

reported the preparation and characterization of hybrid materials obtained from a 

trichlorosilyl precursor.10 In this report we focus on the elaboration of carborane-

containing hybrid materials from Sol-Gel hydrolysis/polycondensation of carborane-

containing organosilanes, that are suitable for the immobilisation of the carborane in an 

inorganic matrix with high chemical and thermal stability. As for other class II hybrid 

materials where the “organic” moiety is covalently linked to the Si-O-Si network,11 the 

organisation, level of condensation, porosity and composition are the key parameters to 

keep the carboranyl unit accessible to reactivity. Therefore we envisage the preparation 
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of new carboranyl-bridged polysilsesquioxanes from different precursors by 

hydrolysis/condensation of Si(OEt)3 groups included in the precursor structure. In this 

report we investigate the strategies and limitation for the introduction of the carborane 

units in such class II hybrid materials. We also check the structural organisation of the 

material since the neutral carboranyl unit have weaker self-organisation properties,12

than those reported recently (polar units, ionic units, H-bonding units) and that exhibits 

self-organised structure.11h Finally, because of the thermal stability of the clusters, we 

investigate the chemical and structural evolutions of such carboranyl-containing

material upon thermal treatment in inert and dry air atmosphere.  

Results and Discussion 

Synthesis and Characterization of Precursors. Precursor P1 was obtained 

from the hydrosilylation reaction of the allyl groups in 1,2-(CH2-CH=CH2)2-1,2-

C2B10H11,10 using an excess of HSi(OEt)3 in the presence of Karstedt catalyst at room 

temperature for two hours (Scheme 1a). Precursors P2 and P3 were prepared in a 

similar way from the corresponding vinyl-containing-carborane groups 1-(CH3)-2-

Si(CH=CH2)3-1,2-C2B10H10 and 1-(C6H5)-2-Si(CH=CH2)3-1,2-C2B10H10,13 (Scheme 

1b). According to the 1H and 13C NMR analysis, the hydrosilylation mostly occurs in 

the -position and leads to the precursors in very high yield (  99 %). The 1H NMR 

spectra show two peaks at 3.84 and 1.25 ppm due to the -OEt functions, the 

corresponding peaks in the 13C NMR spectra are displayed at 58.9 and 18.6 ppm. The 

29Si NMR spectrum of P1 shows one peak at -46.7 ppm, whereas two resonances are 

exhibited for P2 and P3 corresponding to Si-Ccluster (10.6 ppm for P2 and 11.6 ppm for 

P3) and C-SiOEt (-46.6 ppm for P2 and -46.4 ppm for P3). Some differences are 
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observed in the 11B{1H} NMR spectra patterns of the precursors; 2:8 for P1, 1:1:6:2 for 

P2 and 1:1:4:2:2 for P3.

Preparation of xerogels by Sol-Gel process. The hydrolysis-polycondensation 

of all precursors was carried out at room temperature (20-25°C), in THF solutions (1M) 

in the presence of a catalyst with the stoichiometric amount of deionised water at pH=6-

7. Three standard catalysts were tested to activate the hydrolysis/polycondensation 

reaction : a nucleophile (TBAF), an acid (HCl), and a base (NaOH). The ideal equations 

and the conditions corresponding to the polycondensation of the precursors are 

represented in Schemes 2 and 3, and in Table 1. Under these conditions, no precipitation 

was observed and after formation of the gels, they were allowed to age for 7 days, 

washed and dried. The resulting insoluble and brittle materials were grounded to 

powders. The gelation time depends clearly on the type of precursor and the catalyst 

used. In general, the formation of gels was faster for higher concentration of 

hydrolysable Si-OEt function in the precursor (P2, P3) and when TBAF was used as 

catalyst.

Spectroscopic, structural and textural characterization of xerogels obtained 

from P1. The persistence of the cluster, the presence of the organic spacer and the 

condensation of the Si-OEt functions, are confirmed by the spectrocopic data: the IR 

spectra of X1A and X1B exhibit strong bands at 2590 cm-1 (B-H stretching), at 2966-

2876 and 1250 cm-1 ( -CH2-), at 1093 cm-1 (Si-O-Si stretching), and very low intensity 

bands at 3400 and 3600 cm-1 ( SiO-H). The 13C CP MAS NMR spectra of xerogels reveal 

three resonances around 37, 24 and 12 ppm (–CH2-CH2-CH2-Si alkyl spacer), a broad 

peak centred at 80.4 ppm due to Ccluster atoms (Cc), and two peaks of low intensity, at 

59.0 and 18.3 ppm, due to residual Si(OEt) groups. The 29Si CP MAS NMR spectra for 

both xerogels display two resonances, at -57 and -66 ppm, attributed to T2 and T3
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substructures, respectively (Figure 1).10 The level of condensation (LC) was estimated 

by deconvolution of spectra and using the formula LC = 1/3 T1 + 2/3 T2 + 1 T3 (Table 

2).14 An exceptionally high LC (  94 %) is measured for materials prepared with P1

using HCl or TBAF as catalyst, the level of T3 being considerably higher than the one of 

T2 subunits. No Qn units were detected and we concluded that both 29Si and 13C CP 

MAS NMR data support that Si-C bonds were not cleaved during the condensation 

process. Organisation of the solids at the micro- and mesoscopic scale was checked by 

X-ray powder diffraction analysis, whcih present two broad signals corresponding to a d

spacing of 6.4 and 15.3 Å for X1A and 6.4 and 14.5 Å for X1B (Figure 2). These 

signals are clearly related to the presence of the organo-carboranyl unit and in a first 

attempt of interpretation, signals at 15.3 and 14.5 Å might be considered as the 001 

order and those at 6.4 Å as 002 order of a lamellar structure. Compared to other hybrid 

materials with short-range order organisation, in these xerogels the signal at 3.8 Å, 

generally attributed to the Si-O-Si contribution, is not clearly observed.15 These XRD 

patterns are very similar to those previously reported for hybrid materials prepared from 

1,2-[(CH2)3SiCl3]2-1,2-C2B10H10 that exhibited a lamellar structure.10 Thus, a lamellar 

structure with a short-range order organization due to a periodic structure with 

alternating organo-carboranyl units and silica layers may be proposed.10 By nitrogen 

adsorption/desorption isotherms,16 a low specific surface area (0-11 m2g-1) was obtained 

in both cases. This is consistent with a lamellar highly packed structure and with 

previous observations related to the presence of long alkyl groups in this type of 

materials.10,11a SEM images of X1A exhibit dense and heterogeneous particles (Figure 

3a). Transmission electronic microscopy (TEM) studies reveal great heterogeneity in 

terms of microscopic structure for xerogel X1A, which presents a large amorphous part, 

and a minor part with high level of organization. TEM images presented in Figure 4a 
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confirm the layered structure for the organized part of the material. An interlayer 

spacing of 3.4 Å can be estimated and might agree with the (004) order respect to the 

high intensity peak (001) observed in the XRD pattern.

Spectroscopic, structural and textural characterization of xerogels obtained 

from P2 and P3. Three different catalysts were tested, TBAF for X2A and X3A, NaOH 

for X2B and X3B, and HCl for X2C and X3C (Table 1). Clear differences must be 

made between X2C and X3C on one hand and X2A, X2B, X3A and X3B on the other 

hand, since for the last ones there are evidences that Si-Cc bonds cleavage occurs during 

Sol-Gel processes. First, for X2A, X2B, X3A and X3B, methyl-o-carborane or phenyl-

o-carborane were recovered in high yield (90 %) from the organic solvents used for 

washing the gels. IR spectra of those gels do not exhibit bands around 2590 cm-1 (B-H 

stretching), however they show a strong band around 1037 and 1076 cm-1 (Si-O-Si 

stretching). The 13C CPMAS NMR spectra of these xerogels show peaks of low 

intensity, at 59.0 and 18.3 ppm, (residual non-hydrolyzed Si-OEt groups), a broad 

resonance at 6.4 ppm (CH2 groups of the vinyl chain) and no signal at 80.4 ppm (Ccluster

atoms). Finally, 29Si CP MAS NMR spectra of X2A and X2B show signals 

corresponding to Tn units, n depending on the precursor and condition : for X2A (T2 and 

T3 ), for X2B and X3A (T0, T1, T2 and T3 ), and for X3B (T1, T2 and T3 subunits ) 

(values in Table 2). However, the presence of others signals is consistent with the 

cleavage of the Ccluster-Si bond during Sol-Gel process, which involves a nucleophilic 

attack by fluoride ions or strong bases, such as NaOH, on the very electrophilic silicon 

atom.17 Low intensity signals in the region of -100 to -110 ppm are consistent with Qn

substructures resulting from Si-C hydrolysis. In addition, a signal at 13.2 ppm was 

attributed to the Si atom of the moiety O[Si[(CH2)2SiO0.5]3]2 resulting from hydrolysis 
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and condensation of Cc-Si to give -Si-O-Si- functions (Scheme 3). Because of the Si-Cc

cleavage, the level of condensation (LC) of these xerogels has not being considered 

here. The X-ray diffraction patterns of xerogels X2A (Figure 5), X2B, X3A and X3B do 

not exhibit any Bragg’s peaks, indicating the formation of a completely amorphous 

material. By gas sorption porosimetry, those xerogels have high specific surface area. 

Xerogel X2A shows an specific surface area of approximately 570 m2g-1 with a porosity 

of H3 type according to the De Boer classification,18 with an average pore diameter of 

32 Å. This solid present largely mesoporous contribution (79%) without narrow pore 

size distribution and weak microporous contribution (21%). Similarly, X3A presents a 

specific surface area of 170 m2g-1 with a porous size of 28 Å, being mainly mesoporous. 

All these data indicate that the formation of porous hybrid organic-inorganic materials 

from P2 and P3 was clearly related to the efficiency of the catalyst action for removing 

the carborane clusters. In this case, the porosity could be accomplished using the 

templating effect of the methyl- or phenyl-o-carboranes that are later removed.19 This 

preliminary results could provide an alternative way for preparing porous hybrid 

materials by the controlled elimination of carborane from the material, exploiting the 

sensibility of Cc-Si bonds. However, a fine tuning of the porosity will require to control 

the formation firstly of the Si-O-Si network and followed in a second time by the Si-Cc

cleavage. 

Xerogels X2C and X3C prepared in acidic conditions are completely different 

and they exhibit strong bands at 2590 cm-1 due to the B-H stretching by IR analysis. The 

13C CP MAS NMR spectra of X2C shows one resonance around 25.0 ppm (Cc-CH3)

and X3C exhibits broad resonances around 130 ppm, (C6H5 group). Additional peaks 

corresponding to the Si-CH2 are observed around 6.0 ppm. The 29Si CPMAS NMR 

spectra of X2C (mostly of T2 subunits) and X3C (T2 and T3 substructures in a similar 
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ratio) indicate high levels of condensation of 86 % and 83 %, respectively (Table 2). All 

these data agree with the preservation of the Si-Ccluster covalent bond during the So-Gel 

process. Moreover, the XRD diagram of X3C shows two broad signals corresponding to 

a d spacing of 16.5 and 6.98 Å (Figure 5), which are very close to those observed for 

xerogels X1A. This result clearly confirms that a lamellar structure with a short-range 

order organization could be assumed for X3C, and is an obvious verification that 

signals observed are related to the presence of the carboranyl units. Xerogels X2C and 

X3C were non-porous materials with specific surface areas of  10 m2g-1 by nitrogen 

adsorption/desorption isotherms.  

Thermal treatment of carboranyl-containing hybrid material X1.

The carboranyl-bridged hybrid materials X1A and X1B exhibit good thermal 

stability up to 450 ºC under argon, as other similar hybrid materials with phenyls or 

arylenes-bridged polysilsesquioxanes.20 Xerogels looses weight by two waves (2.1 % + 

4.1 %) in the range 100-450 ºC, which is usually attributed to desorption of residues and 

the final condensation of the material. Between 450 and 800ºC an important weight loss 

of 16.5 % occurs. Heating up to 1200 ºC leaves a ceramic char with a 77 % yield 

(Figure 6). Considering that the elimination of all organic spacers would lead to a 

theoretical 35 % weight loss, the conservation of an elevated organics quantity in the 

material is obvious and this behaviour, different from other hybrid material of this type, 

suggests that carborane provides a high stabilizing effect to the material during the 

thermolysis in inert atmosphere. 

In order to obtain more detailed information of this thermal behaviour, 

characterisations of X1A were done after annealed at 400, 550, 800 and 1200ºC, under 
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an argon flow, followed by washing with THF and dried, in order to remove all the 

soluble residual compounds before characterization: 

a) Up to 400 ºC, the recovered material X1A-400 does not show significant changes 

in the X-ray diagram and in the specific surface area respect to the started xerogel X1A

(Table 3, Figure 2). However, a higher level of condensation according to the 29Si CP 

MAS spectra is observed, showing only a broad peak at -66.0 ppm corresponding to T3

subunits and suggesting a LC 100% (Figure 1). The 13C CP MAS NMR spectrum 

confirms the presence of the alkyl spacers and Cc atoms. At this temperature, the 

residual condensation has occurred without apparent alteration of the initial structure. 

b) X1A-400 was heated up to 550 ºC and X1A-550 was recovered after a weight 

loss of  8 %, which could be attributed to the elimination of a part of the organic units. 

The IR spectrum shows a large band at 2586 cm-1 due (BH) of the closo cluster, and 

bands of lower intensity in the region 2950-2880, that corroborate the presence of alkyl 

groups. The 29Si CP MAS NMR spectrum is similar to that of X1A-400, exhibiting only 

a broad band at -66.0 ppm (T3) (Figure 1). Therefore, the Si atoms are still bonded to 

the C atoms from alkyl groups at this temperature. However, the 13C CP MAS NMR 

spectrum exhibit new resonances compared to X1A-400: a new peak at 128.9 ppm was 

attributed to the presence of unsaturated C=C in the material, and that at -3.9 ppm 

assigned to a CH3 group bonded to a Si atom. Our hypothesis is that thermal treatment 

leads to the formation of partially CH2=CH2 and CH3SiO1.5 units by rearrangement of 

the CH2CH2CH2SiO1.5 radicals that results from one Ccluster-C bond cleavage. The XRD 

diagram of X1A-550 exhibits substantial differences respect to the starting X1A, only

one broad band corresponding to d spacing 16.2 Å was observed, while the band 

corresponding to d spacing 6.2 Å is hardly noticeable (Table 3, Figure 2). Additionally, 

a shoulder of low intensity with a d spacing of 7.9 Å is observed. Simultaneously, X1A-
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550 exhibits a high specific surface area of 265 m2g-1 being mainly microporous. The 

SEM images of X1A-550 reveal the general aspect of the material, which suggests that 

plastic deformations occur at the same time with gas elimination (Figure 3b). Finally, 

the TEM analyses confirm the microporosity with an approximated pore size of 4.4 Å 

(Figure 4b). This thermal behaviour is unusual for related organic-inorganic hybrid 

materials, thus it might be attributed to the presence of the carborane cluster. All these 

results indicate that the closo cluster is still present in the material, but were not 

conclusive whether or not the o-carborane has isomerised to meta-carborane. At this 

point two experiments were carried out in order to prove the possible isomerization 

process. Xerogel X1A was placed in a sealed tube and heated at 550 and 650 ºC in the 

oven under vacuum. The recovered materials were washed with THF and the soluble 

residues monitored by 1H and 11B NMR. The residue after heating at 550 ºC does not 

show signals concerned to the cluster. However at 650 ºC, the 11B NMR spectrum 

exhibits a set of broad resonances which can be attributed either to ortho or to meta-

carborane. Thus, at this temperature, a percentage of the carborane is not covalently 

bonded to the siloxane matrix due to the complete Ccluster-CH2 bonds cleavage, and this 

free carborane proves that the cluster rearrangement process is undergoing.

c) Xerogel X1A-800 is obtained after heating X1A-550 up to 800 ºC, and an 

additional weight loss of  6 %. The XRD diagram shows only a very broad band with d

spacing 22.4 Å, and the second band corresponding to a d spacing 3.7 Å (Si-O-Si) is 

practically missing (Figure 2). The ATR spectrum does not present the band 

corresponding to the B-H stretching, indicating that the closo cluster has been 

completely degraded at this temperature. In addition, broad bands at 1300 and 1035cm-1

attributed to B-O and Si-O, respectively, are observed. The X1A-800 is a non-porous 

material exhibiting a low specific surface area of ca. 22 m2/g. Evolution of X-ray 
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diffraction and specific surface area may be tentatively interpreted in terms of reaction 

of the carborane subunits with a silicon oxicarbide above it glass transition, that 

collapses and forms alloy, loosing the porosity and the short-range order between 

carborane units.  

d) X1A-800 was heated up to 1200 ºC to give X1A-1200 as an amorphous and non-

porous black residue, with a specific surface area <10 m2g-1. The XRD diagram does 

not show any Bragg’s peaks for both large or small angles (Figure 2). The elemental 

analysis using X-ray photoelectron spectroscopy (XPS) determined an atomic 

concentration of O (43.02 %), C (35.08 %), Si (11.37 %) and B (10.53 %) in the 

material surface. The curve fittings (Figure 7) give some information about the bonding 

within the different elements, the binding energy of C1s core levels found in X1A-1200

are 285.0, 287.2 and 289.3 eV assigned to C-C aliphatics, C-O and C=O functions, 

respectively. These have also been observed in carbon-fibre polymer composites or 

graphitic structures.21 The binding energy for the O1s is 534.3 eV, for B1s is 194.4 eV 

assigned to B-O bonds, and for Si2p is 105.1 eV assigned to Si-O in silica.22 The 

absence of binding energy at 187 eV corresponding to B-H bonds in the XPS analysis 

revealed the completely oxidation of the carborane group and the presence of different 

oxides (B2O3 and SiO2) in the ceramic.9b Microscopic analyses reveal an heterogeneous 

medium at different scales: scanning electron microscopy (SEM) analysis of X1A-1200

shows the presence of droplet of insoluble mineral material < 1 m Ø, that seem to have 

been exuded at the surface of the bulk (Figure 8). Interestingly, the TEM images of 

these micrometer size droplets reveals highly dense and amorphous materials possibly 

rich in boron (Figure 9a). At a lower scale, nanoparticles of 2 to 10 nm appear 

embedded in the amorphous matrix possibly made of boron crystallised as shown by 

electron diffraction (Figure 9b). In other parts of the material, the presence of graphite 



137

structures are clearly observed in Figure 10c , where the distance between the layer 

planes approaches 3.3 Å. 23 These results agree well with the previously described 

surface XPS analyses for the X1-1200.

Finally, under dry air, the TGA analysis of X1A shows a completely different 

behaviour: after an usual weight loss of 1.9 % between 20 and 350 ºC, a weight loss of 2 

% occurs in two waves up to 1000 ºC, then a weight increase of 2 % occurs from 1000 

°C up to 1200 °C to yield a black char (Figure 6). DTA curve indicates that exothermic 

processes are occurring, probably due to oxidation reactions. All together, the weight 

loss of X1A in air up to 1200°C is lower than 2 %. This very low weight loss is 

surprising if considering the following oxidation phenomena that can occur: carborane 

 B2O3 (+ 72.7 %), CSiO1.5  SiO2 (+ 4.8 %) and (-CH2-+ C)  CO2 + H2O (-35.7 

%). Indeed, the formation of a SiO2/B2O3 glass by a complete oxidation of the initial 

material would imply a weigh increase of 41.8 %. Therefore, it can be concluded that 

only a very small proportion of the material is oxidized in this process. Here again a 

high stability of the material at high temperature under dry air seems related to the 

presence of the carboranyl subunit. The ATR spectrum of the char obtained at 1200 ºC 

exhibits very intense bands at 1400 and 1035cm-1 attributed to B-O and Si-O, 

respectively. The TEM analysis reveals that the structure rearranges into discrete layer 

planes indicative of graphite structure (Figure 10).23 Likewise, the presence of such 

graphite structure is rather surprising since the sample is kept under air at 1200 °C. 

Conclusions

Organo-carboranyl bridged polysilsesquioxanes have demonstrated to be a 

versatile class of materials. They can be prepared from precursors that integrate 
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carboranyl subunits and Si(OEt)3 groups that can be polymerised by Sol-Gel process. 

Due to the high sensitivity of the Cc-Si bond, the Sol-Gel process must be achieved in 

non-nucleophilic conditions or through the use of an organic spacer between Cc and Si 

atoms, in order to avoid Cc-Si cleavage and keep the carborane as an integrated unit of 

the hybrid material. In this respect, all carboranyl-containing xerogels, were non-porous 

solids, with high level of condensation and with mostly a short-range order 

organisation, detected in form of lamellar structure,and attributed to the presence of the 

rigid carborane in the material. Furthermore, adaptation of the experimental condition 

should emphasise the formation of the detected lamellar structure homogeneously in the 

material. Contrarily, organic-inorganic hybrids obtained after removing  the carborane 

cluster, are completely amorphous and mesoporous materials, with high specific surface 

areas. In this case, the porosity could be accomplish using the templating effect of the 

carborane, after its controlled elimination from the material. Further alternative way for 

preparing porous hybrid materials exploiting the sensibility of Cc-Si bond to the 

nucleophilic attack is under study. Thermal evolution of carborane-containing hybrid 

materials in inert atmosphere reveals: (a) inertness up to 450°C, (b) formation of 

micropores between 450 and 550°C, with limited weight loss and feasible carborane 

cluster modification (rearrangement or starting isomerization), and (c) up to 1200°C 

closing of the porosity without weight loss, formation of graphite structures and dense 

nanoparticles. Thermal evolution of the same material in oxidative atmosphere leads to 

a very small weight increase (<5%) due to very limited oxidation process that leaves a 

boron rich material with the presence of graphite structures. 
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Experimental Section 

Materials. All reactions were carried out under an atmosphere of purified argon 

using standard Schlenk techniques. Solvents were purified, dried, and distilled by 

standard procedures. HSi(OEt)3 and Karstedt platinum catalyst (3-3.5% Pt) were 

purchased from ABCR. CH2CHCH2Br, TBAF, NaOH and HCl were used as received 

from Aldrich. 1,2-(CH2CH=CH2)2-1,2-C2B10H10, 1-CH3-2-Si(CH=CH2)3-1,2-C2B10H10

and 1-C6H5-2-Si(CH=CH2)3-1,2-C2B10H10 were prepared according to literature 

procedures.10,13

Instrumentation. Infrared spectra were measured in NaCl or KBr pellets on a 

ThermoNicollet AVATAR 320 FT-IR. Attenuated Total Reflection (ATR) were 

measured on a Bruker Tensor 27 using an accessory Specac NKII Golden Gate. 1H

NMR, 1H{11B} NMR (300.13 MHz), 11B NMR (96.29 MHz), 13C{1H} NMR (75.47 

MHz) and 29Si{1H} NMR (59.62 MHz) spectra were recorded on a Bruker ARX 300 

spectrometer. NMR spectra were measured in CDCl3 solution at room temperature. 

Chemical shifts for 11B NMR were referenced to external BF3·OEt2 and those for 1H

NMR, 13C NMR and 29Si NMR were referenced to Me4Si. 29Si CP MAS NMR (at 79.49 

MHz) and 13C CP MAS NMR (at 100.63 MHz) spectra were obtained on a Brucker 

Advance ASX400 using a CP MAS sequence. Thermogravimetric analysis (TGA) of 

the network materials were performed on a Netzsch STA 409 PC/PG under a 50 mL 

min-1 Argon flow. Samples were heated from 20 to 1200 ºC at 5 ºC/min. X-ray powder 

diffraction measurements were performed using spectrometer with a rotating copper 

anode with an OSMIC monochromator system and an ‘Image Plate 2D’ detector 

working with the CuK ( = 1,542Å) radiation and a beam size of 0,5 x0,5mm and 
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acquisition time of 40 to 50 minutes. Sample were previously crushed and placed in a 

Lindeman tube (1mm ). The specific surface areas, porosity, volume, and the pore 

size distribution were determined by analysing the N2 adsorption/desorption isotherms 

according to the BET method using a Microméritics Gémini III 2375 et ASAP 2010. 

Scanning electron microscopy (SEM) images were performed in a HITACHI S-570 

microscope. Transmission electron microscopy (TEM) images were produced with a 

JEOL JEM 2011 (200Kv) microscope. Elemental analyses were performed in the 

analytical laboratory using a Flash EA 1112 Series microanalyzer. X-ray photoelectron 

spectra are obtained on a PHYSICAL ELECTRONICS mod. 5701 (ESCA) Imaging 

XPS System.

Synthesis of 1,2-[(CH2)3Si(OCH2CH3)3]2-1,2-C2B10H10 (P1). In a Schlenck flask 

under argon, 1,2-(CH2CH=CH2)2-1,2-C2B10H10 (1.326 g, 5.9 mmol), HSi(OCH2CH3)3

(4.5 mL, 23.6 mmol) and Karstedt’s catalyst (10 μl, 0.021 mmol) were mixed and 

stirred for 2 hour at room temperature. Evaporation of the volatiles and the excess of 

HSi(OCH2CH3)3 at 50 ºC gave 3.23 g of a yellow oil. Yield:  99 %. 1H{11B} NMR (

(ppm)): 3.84 (q, O-CH2, 3J(H,H) = 6.9 Hz, 12H), 2.20 (t, Cc-CH2, 3J(H,H) = 7.7 Hz, 

4H), 1.66 (m, CH2-CH2-CH2, 4H), 1.25 (t, CH2-CH3, 3J(H,H) = 6.9 Hz, 18H), 0.62 (t, 

CH2-Si, 3J(H,H) = 6.9 Hz, 4H). 11B NMR (  (ppm)): -4.9 (d, 1J(B,H) = 145 Hz, 2B), -

10.7 (8B). 13C{1H} NMR (  (ppm)): 80.1 (Cc), 58.9 (O-CH2), 38.0 (Cc-CH2), 23.7 

(CH2-CH2-CH2), 18.6 (CH2-CH3), 10.7 (CH2-Si). 29Si{1H} NMR (  (ppm)): -46.7. 

Synthesis of 1-(CH3)-2-Si[(CH2)2Si(OCH2CH3)3]3-1,2-C2B10H10 (P2). In a Schlenck 

flask under argon, 1-(CH3)-2-Si(CH=CH2)3-1,2-C2B10H10 (0.620 g, 2.3 mmol), 

HSi(OCH2CH3)3 (2.7 mL, 14.2 mmol) and Karstedt’s catalyst (8 μl, 0.017 mmol) were 

mixed and heated up to reflux. Then, the mixture was stirred for 91 hours at room 
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temperature. Evaporation of the volatiles and the excess of HSi(OCH2CH3)3 at 50 ºC 

gave 1.75 g of a yellow oil. Yield:  99 %. 1H{11B} NMR (  (ppm)): 3.84 (q, O-CH2,

3J(H,H) = 7.0 Hz, 18H), 2.04 (s, Cc-CH3), 1.25 (t, CH2-CH3, 3J(H,H) = 7.0 Hz, 27H), 

0.91 (m, Si-CH2-, 6H) 0.60 (m, Si-CH2, 6H). 11B NMR (  (ppm)): 1.5 (d, 1J(B,H) = 130 

Hz, 1B), -3.9 (d, 1J(B,H) = 160 Hz, 1B), -7.3 (d, 1J(B,H) = 153 Hz, 6B), -9.6 (2B). 

13C{1H} (  (ppm)): 76.2 (Cc), 71.9 (Cc), 58.9 (O-CH2), 26.4 (Cc-CH3), 18.6 (CH2-CH3),

4.7 (Si-CH2), 3.3 (Si-CH2). 29Si{1H} NMR (  (ppm)): 10.6 (Cc-Si), -46.6 (Si-O).

Synthesis of 1-(C6H5)-2-Si[(CH2)2Si(OCH2CH3)3]3-1,2-C2B10H10 (P3). In a Schlenck 

flask under argon, 1-(C6H5)-2-Si(CH=CH2)3-1,2-C2B10H10 (902 mg, 2.7 mmol), 

HSi(OCH2CH3)3 (3.1 mL, 16.3 mmol) and Karstedt’s catalyst (8 μl, 0.017 mmol) were 

mixed and stirred for 117 hours at room temperature. Evaporation of the volatiles and 

the excess of HSi(OCH2CH3)3 at 50 ºC gave 2.23 g of a yellow oil. Yield:  99 %. 

1H{11B} NMR (  (ppm)): 7.67-7.27 (m, C6H5, 5H), 3.84 (q, O-CH2, 3J(H,H) = 7.0 Hz, 

18H), 1.25 (t, CH2-CH3, 3J(H,H) = 7.0 Hz, 27H), 0.48 (m, Si-CH2-CH2-Si, 12H). 11B

NMR (  (ppm)): 1.5 (d, 1J(B,H) = 142 Hz, 1B), -3.7 (d, 1J(B,H) = 145 Hz, 1B), -8.0 (d, 

1J(B,H) = 156 Hz, 4B), -10.1 (2B), -11.4 (d, 1J(B,H) = 151 Hz, 2B). 13C{1H} (  (ppm)): 

131.3,131.7,130.8,128.9 (C6H5), 83.5 (Cc), 76.5 (Cc), 58.9 (O-CH2), 18.6 (CH2-CH3),

4.0 (Si-CH2), 3.1 (Si-CH2). 29Si{1H} NMR (  (ppm)): 11.6 (Cc-Si), -46.4 (Si-O).

Preparation of Xerogels X1A and X1B. The preparation of xerogels was carried out 

according to the following general procedure, the X1A is given as an example. In a 

tube, 704 mg (1.27 mmol) of P1 was dissolved in 637 μL of dried THF. Then, 637 μL 

of a solution containing 25 μL (25.5 μmol) of TBAF (1 M in THF), 69 μL (3.82 mmol) 

of H2O and 543 μL of dried THF were added. The suspension was then stirred for 10 
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seconds. After 192 hours a gel was formed and kept 7 days for aging. The gel obtained 

was powdered and washed three times with ethanol, acetone and diethyl ether and dried 

in vacuum for 3 hours to yield 372 mg of a white powder. Yield: 88 %. FTIR (KBr, cm-

1)  (C-H)alquil 2966-2928,  (B-H) 2590,  (C-H)alquil 1460,  (Si-O-Si) 1093. 29Si CP 

MAS NMR (  (ppm)): -57.7 (T2); -66.9 (T3). 13C CP MAS NMR (  (ppm)): 80.4 (Cc), 

59.0 (Si-OCH2), 37.3 (CH2), 23.7 (CH2), 18.3 (OCH2CH3), 12.4 (CH2). SBet < 10 m2g-1.

X-ray powder diffraction shows two very intense broad bands with d spacing of 15.7 Å 

and 6.4 Å. 

X1B: 900 mg (1.63 mmol) of P1 in 1.63 mL of THF containing 41 μL (0.49 mmol) of 

HCl (37 %) and 88 μL (4.89 mmol) of H2O gave 452 mg of a gel after 4320 hours. 

Yield: 84 %. FTIR (KBr, cm-1)  (C-H)alquil 2947-2876,  (B-H) 2593,  (C-H)alquil 1460, 

 (Si-O-Si) 1093. 29Si CP MAS NMR (  (ppm)): -57.6 (T2); -66.2 (T3). 13C CP MAS 

NMR (  (ppm)): 80.4 (Cc), 59.0 (Si-OCH2), 37.3 (CH2), 23.7 (CH2), 18.3 (OCH2CH3),

12.4 (CH2). SBet =11 m2g-1. X-ray power diffraction shows two broad bands with d

spacing of 14.5 Å, 6.4 Å.

X1A-400: The xerogel X1A was heated at 400 ºC under an argon flow of 5 ºCmin-1.

The white solid produced was analysed, indicating the completed condensation of the 

starteing material X1A. FTIR (KBr, cm-1)  (C-H)alquil 2939-2914,  (B-H) 2586,  (C-

H)alquil 1460,  (Si-O-Si) 1031, 690. 29Si CP MAS NMR (  (ppm)): -66.0 (T3). 13C CP 

MAS NMR (  (ppm)): 80.4 (Cc), 37.3 (CH2), 23.7 (CH2), 13.1 (CH2). SBet = 3 m2g-1. X-

ray powder diffraction shows two broad bands with d spacing of 15.0 Å, 6.4 Å.

X1A-550: Xerogel X1A-400 was heated up to 550 ºC under an argon atmosphere. The 

recovered white solid was analysed. FTIR (KBr, cm-1)  (C-H)alquil 2950-2880,  (B-H) 

2586,  (C-H)alquil 1460,  (Si-O-Si) 1138, 774. 29Si CP MAS NMR (  (ppm)): -64.7 

(T3). 13C CP MAS NMR (  (ppm)): 128.9 (C=C), 71.0 (Cc), 20.7 (CH2), -3.9 (OSi-
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CH3). SBet = 265 m2g-1. X-ray powder diffraction shows one broad bands with d spacing 

of 16.2 Å, and two very low intensity bands corresponding to d spacing 7.9 and 3.9 Å. 

X1A-800: Xerogel X1A-550 was heated up to 800 ºC under an argon atmosphere. The 

recovered black solid was analysed. ATR (cm-1)  (C-H)alquil 2950-2880,  (B-O) 1300, 

 (Si-O-Si) 1035. 29Si CP MAS NMR (  (ppm)): -66.0 (T3), 110 (Qn). SBet = 22 m2g-1.

X-ray powder diffraction shows one broad bands with d spacing of 22.4 Å, and a very 

low intensity band corresponding to d spacing 3.7 Å. 

X1A-1200: Xerogel X1A-800 was heated up to 1200 ºC under an argon atmosphere 

obtaining a black residue. ATR (cm-1)  (B-O) 1376,  (Si-O-Si) 1189, 1086. SBet  10 

m2g-1. 11B CPMAS NMR (  (ppm)): 19.9 ppm. X-ray powder diffraction does not show 

any bands, which indicated the formation of an amorphous material. XPS analysis: O 

(43.02 %), C (35.08 %), Si (11.37 %), B (10.53 %). The binding energy are for C1s 285 

eV, O1s 534 eV, Si2p 105 eV, B1s 194 eV.

Preparation of Xerogels X2. The preparation of xerogels was carried out similarly. 

The procedure for X2A is given as an example. In a tube, 327 mg (0.43 mmol) of P2

was dissolved in 0.43 mL of dried THF containing 13 μL (13 μmol) of TBAF and 34 

μL (1.93 mmol) H2O. Then the suspension was stirred for 10 seconds. After 20 min. a 

gel was formed and kept 7 days for aging. The gel obtained was powered and washed 

three times with ethanol, acetone and diethyl ether and dried in vacuum for 3 hours to 

yield 129 mg of an off-white power. Yield  99%, calculated taking into account the 

total condensation and that carborane has been completely removed (see ideal formula 

in scheme 2). FTIR (KBr, cm-1)  (C-H)alquil 2966-2912, (Si-C) 1267,  (Si-O-Si) 1037, 

694. 29Si CP MAS NMR (  ppm, 60 MHz): 13.2 (CH2Si-O-SiCH2), - 57.3 (T2), -64.4 

(T3). 13C CP MAS NMR (  (ppm)): 59.0 (O-CH2), 18.3 (CH2-CH3), 6.4 (br, Si-CH2).



144

SBet = 570 m2g-1, average pore diameter = 32 Å. The X-ray powder diffraction does not 

show any Bragg’s peak.

X2B: In a tube, 203 mg (0.27 mmol) of P2 was dissolved in 0.27 mL of dried THF 

containing 0.33 mg (8.1 μmol) of NaOH and 22 μL (1.22 mmol) of H2O to give 16 mg 

of a gel after 1824 hours. Yield: 22 %. calculated taking into account the total 

condensation and that carborane has been completely removed (see ideal formula in 

scheme 2). FTIR (KBr, cm-1)  (C-H)alquil 2972-2912, (Si-C) 1267,  (Si-O-Si) 1076, 

1027, 694. 29Si CP MAS NMR (  ppm, 60 MHz): 13.2 (CH2Si-O-SiCH2), -46.1(T0), -

53.3(T1), -57.5 (T2), -64.7 (T3). 13C CP MAS NMR (  (ppm)): 59.0 (O-CH2), 18.3 (CH2-

CH3), 6.4 (Si-CH2). The X-ray powdr diffraction does not show any Bragg’s peak.

X2C: 190 mg (0.25 mmol) of P2 was dissolved in 0.25 mL of dried THF containing 11 

μL (0.11 mmol) of HCl (32 %) and 20 μL (1.13 mmol) H2O gave 79 mg of a gel after 

744 hours. Yield: 74 %. FTIR (KBr, cm-1)  (C-H)alquil 2972-2942, (Si-C) 1267,  (Si-

O-Si) 1076, 1027, 694. 29Si CP MAS NMR (  ppm, 60 MHz): 12.0 (Cc-Si), -51.5 (T1), -

57.1 (T2), -64.3 (T3). 13C CP MAS NMR (  (ppm)): 59.0 (O-CH2), 25.0 (Cc-CH3), 18.6 

(CH2-CH3), 0.5-12.0 (br, Si-CH2). SBet=  10 m2g-1. X-ray powder diffraction shows 

two broad bands with d spacing of 16.4 and 6.7 Å.

Preparation of Xerogels X3. The preparation of the xerogels was carried out according 

to the following general procedure, the X3A is given as an example. In a tube, 426 mg 

(0.52 mmol) of P3 was dissolved in 0.52 mL of dried THF containing 15.6 μL (15.6 of 

TBAF and 42 μL (2.34 mmol) of H2O. Then the suspension was stirred for 10 seconds. 

After 25 minutes a gel was formed and kept 7 days for aging. The gel obtained was 

powered and washed three times with ethanol, acetone and diethyl ether and dried to 

yield 134 mg as a slightly white power. Yield: 93 %. calculated taking into account the 



145

total condensation and that carborane has been completely removed (see ideal formula 

in scheme 2). FTIR (KBr, cm-1)  (O-H) 3365,  (C-H)alquil 2974-2889, (Si-C) 1265,

(Si-O-Si) 1053, 694. 29Si CP MAS NMR (  ppm, 60 MHz): 13.6 (CH2Si-O-SiCH2), -

47.0 (T0) -50.7 (T1), -57.1 (T2), -65.0 (T3). 13C CP MAS NMR (  (ppm)): 58.9 (O-CH2),

18.3 (CH2-CH3), 6.4 (br, Si-CH2). SBet = 170 m2g-1, pore size = 28 Å. The X-ray powder 

diffraction does not show any Bragg’s peak.

X3B: 312 mg (0.38 mmol) of P3 in 0.38 mL of THF containing 0.46mg (11.4 μmol) of 

NaOH and 31 μL (1.71 mmol) of H2O gave 73 mg of a gel after 648 hours. Yield: 69 %. 

calculated taking into account the total condensation and that carborane has been 

completely removed (see ideal formula in scheme 2). FTIR (KBr. cm-1)  (O-H) 3386, 

(C-H)alquil 2974-2889,  (C-H)alquil 1460, (Si-C) 1265,  (Si-O-Si) 1072. 29Si CP MAS 

NMR (  ppm, 60 MHz): 13.6. (CH2Si-O-SiCH2), -49.9 (T1), -57.0 (T2), -64.9 (T3). 13C

CP MAS NMR (  (ppm)) = 58.9 (O-CH2), 18.3 (CH2-CH3), 6.4 (Si-CH2). The X-ray 

powder diffraction does not show any Bragg’s peak. Elemental analysis calculated for 

C6H12O5Si4: C, 26,06; H, 4.37. Found: C, 21,83; H, 5.79. 

X3C: 362 mg (0.44 mmol) of P3 in 0.44 mL of THF containing 20 μL (0.20 mmol) of 

HCl (32 %) and 36 μL (1.08 mmol) of H2O gave 143 mg of a gel after 1296 hours. 

Yield: 67 %. FTIR (KBr. cm-1)  (C-H)alquil 2958-2928,  (B-H) 2590,  (C-H)alquil 1460, 

 (Si-O-Si) 1101. 29Si CP MAS NMR (  ppm, 60 MHz): 12.2 (Cc-Si), -57.0 (T2), -64.1 

(T3). 13C CP MAS NMR (  (ppm).: 130.5 (C6H5), 83.5 (Cc), 58.4 (SiOCH2), 18.2 

(CH2CH3), 6.2 (CH2). SBet=  10 m2g-1. X-ray power diffraction shows two broad bands 

with d spacing of 16.5 and 6.9 Å.
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Scheme Caption.

Scheme 1.  Synthesis of Precursors: a) P1, b) P2 and P3

Scheme 2. Preparation of Xerogels X1A (TBA F) X1B(HCl) 

Scheme 3. Preparation of Xerogels X2 [A(TBAF), B(NaOH), C(HCl)] and X3

[A(TBAF), B(NaOH), C(HCl)].
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Scheme 3. Preparation of Xerogels X2 [A(TBAF), B(NaOH), C(HCl)] and X3

[A(TBAF), B(NaOH), C(HCl)].
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Figure Captions 

Figure 1. 29Si CP MAS NMR Spectra for X1A, X1A-400 and X1A-550.

Figure 2. XRD Diagram for Xerogel X1A Before and After the Thermal Treatment at 

Different Temperatures: a) X1A, b) X1A-400, c) X1A-550, d) X1A-800, e) X1A-1200.

Figure 3. SEM Images of X1A at Different Temperatures: a) X1A, b) X1A-550

Figure 4. TEM Images of: a) X1A and b) X1A-550.

Figure 5. XRD Diagrams for Xerogels X3A and X3C.

Figure 6. TGA Analyses for Xerogel X1A: a) Under Argon, b) Under Dry Air. 

Figure 7. C1s, B1s and Si2p Binding Energy Envelopes in the X-ray Photoelectron 

Spectra of X1A-1200.

Figure 8. Scanning Electron Microscopy (SEM) Images of X1A-1200

Figure 9. TEM Images of X1A-1200

Figure 10. TEM Images For Char Obtained After Heating X1A Up To 1200 ºC Under 

Dry Air. 
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Figure 1. 29Si CP MAS NMR Spectra for X1A, X1A-400 and X1A-550.
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Figure 2. XRD Diagram for Xerogel X1A Before and After the Thermal Treatment at 

Different Temperatures: a) X1A, b) X1A-400, c) X1A-550, d) X1A-800, e) X1A-1200.
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Figure 3. SEM Images of X1A at Different Temperatures: a) X1A, b) X1A-550

a) b)
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Figure 4. TEM Images of: a) X1A and b) X1A-550.
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Figure 5. XRD Diagrams for Xerogels X3A and X3C.
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Figure 6. TGA Analyses for Xerogel X1A: a) Under Argon, b) Under Dry Air. 
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Figure 7. C1s, B1s and Si2p Binding Energy Envelopes in the X-ray Photoelectron 

Spectra of X1A-1200.
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Figure 8. Scanning Electron Microscopy (SEM) Images of X1A-1200
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Figure 9. TEM Images of X1A-1200
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Figure 10. TEM Images For Char Obtained After Heating X1A Up To 1200 ºC Under 

Dry Air. 

10 nm 5 nm
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Table 1. Experimental Conditions Xerogels Obtained in THF.  

Xerogel Precursor 
Precursor

(mol L-1)
Catalyst

Catalyst

(mol L-1)

Gellation

time (h) 

X1A P1 1 TBAF 0.02 192  

X1B P1 1 HCl 0.6 4320  

X2A P2 1 TBAF 0.03 0.33 

X2B P2 1 NaOH 0.03 1824 

X2C P2 1 HCl 0.45 744 

X3A P3 1 TBAF 0.03 0.41 

X3B P3 1 NaOH 0.03 648 

X3C P3 1 HCl 0.44 1296 
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Table 2. 29Si CP MAS NMR Data of Xerogels. aLevel of condensation calculated 

according to the general equation L.C. = [0.5(T1 area) + 1.0 (T2 area) + 1.5 (T3

area)]/1.5.

29Si NMR CP-MAS

T0 T1 T2 T3Xerogel

ppm % ppm % ppm % ppm % 

L.C.a

(%)

X1A ----- 0 ----- 0 -57.7 17 -66.9 83 94 

X1B ----- 0 ----- 0 -57.6 22 -66.2 78 93 

X2A ----- 0 ----- 0 -57.3 47 -64.4 53 -- 

X2B -46.1 12 -53.3 35 -57.5 30 -64.7 23 -- 

X2C ----- 0 -51.5 6 -57.1 30 -64.3 64 86 

X3A -47.0 2 -50.7 3 -57.1 88 -65.0 7 -- 

X3B ----- 0 -49.9 24 -57.0 45 -64.9 31 -- 

X3C ----- 0 ----- 0 -57.0 53 -64.1 47 82 
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Table 3. BET and XRD of Carboranyl-Containing Hybrids: X1A Before and After 

Thermal Treatment, X1B, X2C and X3C.

Material BET(m2g-1) XRD(Å) 

X1A  10 15.7/6.4 

X1B 11 15.5/6.4 

X1A-400  10 15.0/6.4 

X1A-550 265 16.2 

X1A-800 22 22.4 

X1A-1200  10 -- 

X2C  10 16.4/6.7  

X3C  10 16.5/6.9 
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ABSTRACT 

Small carbosilane dendrons in which a closo-carborane is located at the focal point have been prepared by a 
sequence of steps involving hydrosilylation and reduction reactions. These compounds are used as scaffold for 
peripheral functionalization with styrene, chlorovinylstyrene or suitable carboranes, while keeping the Cc-Si bond. 
Modification of the core by reduction of the carborane with Mg/BrCH2CH2Br was also achieved.  

Molecules that have a star shape, such as dendrimers, 
are important due to their very attractive features. 
Dendrimers allow the design of macromolecules with 
tailored properties through the incorporation of suitable 
functions at the suitable site, the core or the periphery.1

Dendrons are dendrimer “wedges”, that contain a precise 
functional group at the core, which generally is different 

                                                     
(1) (a) Dendrimers and other Dendritic Polymers, Fréchet, J. M., 

Tomalia, D. A., Eds.; Wiley Series in Polymer Science, Wiley, 2001. (b) 
Newkome, G. R.; Moorefield, C. N.; Vötgle, F. Dendrimers and 
Dendrons: Concepts, Synthesis, Applications; Wiley: New York, 2002. 
(d) Astruc, D.; Chardac, F. Chem. Rev. 2001, 101, 2991. (d) Frey, H.; 
Schlenk, C. Top. Curr. Chem. 2000, 210, 69. (e) Kreiter, R.; Kleij, A. 
W.; Gebbink, R. J. M. K.; van Koten G. Top. Curr. Chem. 2001, 217,
163. (f) Zeng, F.; Zimmerman, S. C. Chem. Rev. 1997, 97, 1681. 

from the end groups on the periphery. The usefulness of 
dendritic wedges or dendrons having functionalities on 
the surface and another single functionality at the core 
has not been widely developed. Generally, due to their 
conical shaped, dendrons are used to produce shape-
controlled nanostructures and nanoobjects.2 The 1,2-
dicarba-closo-dodecaborane and derivatives present

                                                     
(2) Schlüter, A.-D. Dendrimers, Vötgle, F. Ed.; Springer: Berlin, 
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Scheme 1. Preparation of chloroterminated carboranylsilanes 4-6 and subsequent reduction to obtain compounds 7-9.

Si

R

Si

R

Si

Si

Si

Cl

Cl

Cl

Si

R

Si

Si

Si

H

H

H

(CH3)2HSiCl LiAlH4

Et2OKarstedt cat.

R = Si(CHCH2)3, 1
R = CH3, 2
R = C6H5, 3

R = Si[(CH2)2(CH3)2SiCl]3, 4
R = CH3, 5
R = C6H5, 6

R = Si[(CH2)2(CH3)2SiCl]3, 7
R = CH3, 8
R = C6H5, 9

exceptional characteristics,3,4 such as low nucleophilicity, 
chemical inertness, thermal stability,5 electron-
withdrawing properties,6 and a highly polarizable -
aromatic character, that have stimulated the development 
of a wide range of potential applications.7 Their rigid 
geometry and the relative easiness of derivatization 
specially at the carbon atoms have allowed the 
preparation of a wide number of compounds.8 Recently, 
we become interested in the synthesis of carborane-
containing star-shaped molecules in which a carbosilane 
core is used as scaffold.9 Following our work dealing 
with the synthesis and study of properties of carborane-
containing carbosilanes, we wish to report some 
examples of dendrons, in which the cluster has been the 
focal point or core. The versatility of the carborane 
cluster allows to act as scaffold to extend the dendron 
from the carbon atoms to the periphery, or to be modified 
as focal point. 

Compounds 1-3 were prepared from the reaction of the 
dilithum or monolithium salts of the respective 
carboranes; 1,2-C2B10H12, 1-CH3-1,2-C2B10H11 and 1-
C6H5-1,2-C2B10H11, respectively, with the stoichiometric 
amount of (CH2=CH)3SiCl in Et2O/toluene solutions at 
room temperature. All three compounds were purified 
and isolated as pure crystalline air-stable solids in 
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(4) (a) Bregadze, V.I. Chem. Rev. 1992, 92, 209. (b) Plesek, J. Chem. 
Rev. 1992, 269.  

(5) (a) Kolel-Veetil, M. K.; Keller, T. M. J. Polym. Sci. Part A 2006,
44, 147. (b) González-Campo, A.; Núñez, R.; Viñas, C.; Boury, B. New 
J. Chem. 2006, 30, 546. 

(6) (a) Teixidor, F.; Núñez, R.; Viñas, C.; Sillanpää, R.; Kivekäs R. 
Angew. Chem. Int. Ed. 2000, 39, 4290. (b) Núñez, R.; Farrás, P.; 
Teixidor, F.; Viñas, C.; Sillanpää. R.; Kivekäs, R.; Angew. Chem. Int. 
Ed. 2006, 45, 1270. 

(7) (a) Grüner, B.; Plesek, J.; Baca, J.; Cisarova, I.; Dozol, J.-F.; 
Rouquette, H.; Viñas, C.; Selucký, P.; Rais, J. New J. Chem. 2002, 26,
1519. (b) Tutusaus, O.; Viñas, C.; Núñez, R.; Teixidor, F.; Demonceau, 
A.; Delfosse, S.; Nöels, A. F.; Mata, I.; Molins, E. J. Am. Chem. Soc.
2003, 125, 11830. (c) Hawthorne, M. F.; Maderna, A. Chem. Rev. 1999,
99, 3421. (d) Lu, S.-Y.; Hamerton, I. Prog. Polym. Sci. 2002, 27, 1661. 

(8) King, R. B. Chem. Rev. 2001, 101, 1119.  
(9) (a) Núñez, R.; González, A.; Viñas, C.; Teixidor, F.; Sillanpää, 

R.; Kivekäs, R. Org. Lett. 2005, 7, 231. (b) Núñez, R.; González, A.; 
Viñas, C.; Teixidor, F.; Sillanpää, R.; Kivekäs, R. Organometallics,
2005, 24, 6351. 

moderated to good yields, 52.4, 86.4 and 80.0 %, 
respectively. These compounds present two reactive 
parts, the carborane cluster (focal point) and the 
trivinylsilanes (branched points). Thus, compounds 1-3
were used as core molecules from which a set of 
dendrons were prepared by alternate hydrosilylation, 
reduction and peripheral functionalization steps.10   

Scheme 2. Preparation of 11 via hydrosilylation of 
chlorovinyllstyrene with compound 9.
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Hydrosilylations of vinyl functions bonded to the 
carborane moiety were performed with (CH3)2HSiCl in 
the absence of solvent at room temperature, in the 
presence of Karstedt catalyst (3-3.5% Pt) (Scheme 1). 
The 1H NMR olefinic resonances were used to follow the 
complete hydrosilylation reaction by the disappearance of 
the double bonds protons. The chloro-terminated 
carboranylsilane dendrons 4-6 were recovered in high 
yield (80-95 %). The presence of Si-Cl in the periphery 
should allow the divergent growth of the dendrons to 
subsequent generations by successive allylation and 
hydrosilylation steps.10 However, our interest has been 
oriented to introduce different functions on the periphery 
and check the resistance of the Ccluster-Si bond, in order to 
use the carborane cluster as focal-point and silicon–core 
protector. Thus, reductions of Si-Cl functions in 4-6 were 
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achieved with Li[AlH4] in Et2O, at room temperature 
overnight, to give 7-9 in 60-80 % yield, as 
spectroscopically pure oils (Scheme 1).

In order to demonstrate the possibility of a further 
functionalization of dendrons periphery, different ligand 
systems were attached. Compounds 7-9 with Si-H 
functions are used as hydrosilylation reagents. The 
hydrosilylation of styrene using 8 in a solvent-free 
reaction, in the presence of Karstedt catalyst, at room 
temperature overnight, leads quantitatively to compound 
10. Likewise, the functionalization has also been 
achieved by the hydrosilylation reaction of 
chlorovinylstyrene with 9 in the same conditions to give 
compound 11 (99 %) (Scheme 2). Compounds 10-11
provide a means of activation of dendrons for further 
reactions, such as transition metal 6-arene complexes,11

or coupling agents for Suzuki cross-coupling reactions,12

respectively.  

Scheme 3. Preparation of peripheral carboranyl-functionalized 
dendrons 12-13 from 5-6 and the lithium salts of the carboranes. 
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Furthermore, chloro-terminated dendrons 5 and 6
reacted with the lithium salts of 1-CH3-1,2-C2B10H11 and 
1-C6H5-1,2-C2B10H11, in a Et2O/toluene (1:2) solution at 
room temperature, to give the peripheral carborane-
functionalized 12 and 13, respectively (Scheme 3). These 
compounds represent an example in which the versatility 
of the cluster has led to prepare carbosilane dendrons 
functionalized with carboranes in the focal point and on 
the periphery. Until here we have studied several 
strategies to functionalize the surface, to obtain molecules 
having original structures. The chemical reactivity of the 
cluster located at the core and its compatibility with the 
functionalities of the surface is of great interest. In this 
work, we have considered the possibility to modify the 
cluster by reduction using a route recently described by 
our group, in which Mg/BrCH2CH2Br was the reducing 
agent.13 Compounds 1-3 were reacted with  
Mg/BrCH2CH2Br in THF at room temperature for 15 
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2002, 642, 16. (b) Laromaine, A.; Teixidor, F.; Viñas, C. Angew. Chem. 
Int. Ed., 2005, 44, 2220. 

hours (Scheme 4). Residues were treated with water and 
[NMe4]Cl to give compounds 14-16 as white solids, in 
which the Cc-Si bond was not cleaved. This reducing 
method can lead to the formation of two isomers: the 
kinetic and the thermodynamic.12 In our case, only the 
corresponding thermodynamic isomer was observed, as 
will be later confirmed by NMR spectroscopy.  

Scheme 4. Reduction of the carborane located at the focal point 
with Mg/EtBr2 . 
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All resultant structures were characterized by IR, 
1H{11B}, 13C{1H}, 11B and 29Si NMR, mass spectrometry 
and confirmed by X-ray diffraction analysis for 
compounds 1-3. The IR spectra for compounds 
containing closo clusters, 1-13, present typical (B-H) 
strong bands between 2584 and 2574 cm-1, while in nido
compounds 14-16 the corresponding band appears in the 
range 2515-2525 cm-1. For 7-9 the typical (Si-H) band at 
2110 cm-1 is observed. Conversely, the disappearance of 
this band in the IR spectra of 10-11 corroborates the 
formation of these compounds. The 1H NMR spectra for 
1-3 and 14-16 exhibit resonances for vinyl protons in the 
region 6.39-5.58 ppm and other resonances for protons of 
the related exo-cluster groups. All vinylic protons have 
been unambiguously assigned for each molecule (Table 
1, Supporting Information). Moreover, the 1H NMR 
spectra of 4-13 display resonances corresponding to the -
CH2-CH2- groups in the region 0.49-0.95 ppm and a 
signal due to the Si-CH3 protons. For compounds 7-9, the 
presence of the Si-H in the molecule was confirmed by a 
septuplet at = 3.87 ppm (3J(H, H) = 3.7 Hz) for 7-8 and 
at = 3.77 ppm for 9. In compounds 10-11, resonances 
attributed to -CH2-Ph and additional -CH2-Si protons are 
observed. For 12-13, the 1H NMR spectra show 
resonances corresponding to the exo-cluster groups Cc-
CH3 and Cc-C6H5 at 2.02 and 7.68-7.36 ppm, 
respectively. Finally, for 15-16, the appearance and 
chemical shift of the –CHR proton confirm the position 
of each group in the thermodynamic isomer.12b For 15,
this proton appears as a multiplet at 3.68 ppm due to the 
coupling with the CH3 group, while in 16 is a singlet at 
4.47 ppm. 

In parallel, the 13C{1H} NMR spectra of 1-3 and 14-16
show resonances between 138.0 and 131.0 ppm attributed 
to the CH2=CH carbons. For the rest of compounds, the 
13C NMR spectra show resonances, in the corresponding 
regions, related to the Si-CH3 and the Si-CH2-CH2-Si
carbons. Other resonances attributed to the exo-cluster 
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groups carbons and peripheral functions are also 
exhibited for the corresponding compounds. 

The 11B{1H} NMR resonances for 1-13 correspond to 
closo species,14 from  +1.5 to -11.4 ppm. Compound 1
and derivatives (4, 7) show the pattern 2:2:6. However, 
different patterns are exhibited for precursor 2 and their 
derivatives: 1:1:4:4 for 2, 1:1:6:2 for 5 and 8, 1:1:4:2:2 
for 10, and 1:1:4:2:2 for 12. Compound 3 and derivatives 
(6, 9, 11) exhibit the same pattern 1:1:4:2:2, while 13
shows the pattern 1:1:8. Contrarily, the 11B resonances of 
reduced nido-compounds 14-16 appear in the region -
20.0 to 20.0 ppm with the pattern 2:1:1:2:2:2, which is 
characteristic of the thermodynamic isomer. 

The 29Si{1H} NMR spectra of compounds 1-3 exhibit a 
unique signal for all three compounds, around  = -19.0 
ppm. For compounds 4-13 the 29Si{1H} NMR spectra 
exhibit two resonances assigned on the basis of the 
chemical shifts and the peak intensities. The Cc-Si 
resonance appears in all compounds in the region 8.06-
10.75 ppm. Additionally, the spectra of 4-6 exhibit a 
second peak corresponding to the peripheral Si-Cl (ca. 32 
ppm), whereas for 7-9, the presence of the Si-H group is 
confirmed by a resonance in the region -9.62 to -10.04 
ppm.  

The electrospray (ESI) mass spectra of 10-13 and
MALDI-TOF-MS of the rest of compounds have 
confirmed their formation (see Supporting Information). 

Figure 1. Molecular structure of 1. Displacement 
ellipsoids are drawn at 30 % probability level.  

X-ray analyses of 1-3 confirmed the expected 1,2-C2
substitutions for the compounds. The molecular structures 
of 1-3 are presented in Figures 1 and 2. Asymmetric unit 
of 1 contains one molecule and those of 2 and 3 contain 
two molecules each having crystallographic C1 symmetry. 
In all compounds the silicon atoms are bonded to three –
CH=CH2 groups with the C=C double bonds showing 
normal values of 1.301(3)-1.330(3) Å. The Cc-Cc
distances of 1.715(3) Å for 1, 1.674(2) and 1.676(2) for 
2, and 1.708(3) and 1.713(3) Å for 3, are in the expected 
range for the 1,2-C2 substituted ortho-carboranes and 
confirm that contribution of substituents at the cluster 
carbons increases the Cc-Cc distances.15Untill now, the 
dendritic wedges or dendrons had been usually used in 
the convergent strategy for the growth of dendrimers, in 
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which the dendrimer is assembled from the periphery, 
and the final reaction involves the attachment of the 
dendritic wedges to a core molecule. Nowadays, the use 
of different functions as dendron focal points, which can 
act as protecting groups during dendrimer growth and can 
be eliminated at the end of the growing process, has 
opened a new route to synthesize dendrimeric 
compounds,16 or nanomaterials.17 In carbosilane 
dendrimers, the phenyl group has been used as silicon-
core protector (Si-Ph), which can be cleaved with protic 
acids, such as HCl or TfOH to give Si-OTf. In the latter, 
the TfO¯ is a good leaving-group allowing the linking of 
functional nucleophiles.18 Likewise, the reaction 
involving nucleophilic attack by fluoride or other 
nucleophiles, and the subsequent cleavage of Cc-Si
bonds, is a well-documented process in carboranylsilane 
chemistry.19,20 Thus, the possibility to use the carborane 
as platforms for dendrons functionalization and its further 
elimination by nucleophilic cleavage of the Cc-Si opens a 
new strategy to introduce other functions at the focal 
point. Furthermore, the possibility of modification of the 
core cluster by reducing agents, while keeping the Cc-Si
bond, represents another alternative to prepare new 
carboranylsilane dendrons. Further modifications are 
under study.  

Figure 2. Molecular structures of one of the two 
molecules in the asymmetric units of 2 and 3. 
Displacement ellipsoids are drawn at 30 % probability 
level.  
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Experimental Section 

Instrumentation. IR spectra were recorded with KBr pellets or NaCl on a Shimadzu 

FTIR-8300 spectrophotometer. Microanalyses were performed in the analytical 

laboratory using a Carlo Erba EA1108 microanalyzer. The electrospray-ionization mass 

spectra (ESI-MS) were recorded on a Bruker Esquire 3000 spectrometer using a source 

of ionization an ion trap analyzer. The MALDI-TOF-MS mass spectra were recorded in 

the negative ion mode using a Bruker Biflex MALDI-TOF [N2 laser; exc 337 nm (0.5 

ns pusles); voltge ion source 20.00 Kv (Uis1) and 17.50 Kv (Uis2)]. The 1H, 1H{11B} 

NMR (300.13 MHz), 13C{1H} NMR (75.47 MHz), 11B, 11B{1H} NMR (96.29 MHz) 

and 29Si{1H} NMR (59.62 MHz) spectra were recorded on a Bruker ARX 300 

spectrometer equipped with the appropriate decoupling accessories at room temperature. 

All NMR spectra were performed in CDCl3 or (CD3)2CO solutions at 22 ºC. Chemical 

shift values for 1H, 1H{11B}, 13C, 13C{1H} NMR and 29Si{1H} NMR spectra were 

referenced to SiMe4, and those for 11B{1H} and 11B NMR were referenced to external 

BF3·Et2O. Chemical shifts are reported in units of part per million downfield from the 

reference, and all coupling constants are reported in Hertz. 

Material. All manipulations were carried out under an atmosphere of purified N2 using 

standard Schlenk techniques. Solvents were purified, dried, and distilled by standard 

procedures before use. 1,2-C2B10H12, 1-CH3-1,2-C2B10H11 and 1,2-C6H5-1,2-C2B10H11

were supplied by Katchem Ltd. (Prague) and used as received. (CH2=CH)3SiCl, 
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(CH3)2HSiCl, and Karstedt’s catalyst in xylene solution (platinum 

divinyltetramethyldisiloxane complex, 2.1-2.4% platinum in vinyl-terminated 

poly(dimethylsiloxane)) and I2 were purchased from ABCR and used as received. The 

n-BuLi solution (1.6 M in hexanes) was used as received from Lancaster. LiAlH4,

C6H5CH=CH2, (CH=CH2)C6H4CH2Cl, I2, Mg, BrCH2CH2Br and [N(CH3)4]Cl were 

purchased from Aldrich. The Mg was washed with hexane and THF before used. 

Synthesis of 1,2-[Si(CH=CH2)3]2-1,2-C2B10H10 (1). To a solution of 1,2-C2B10H10

(1.00 g, 6.93 mmol) in Et2O (7 mL) and toluene (14 mL) at 0 ºC was added drop-wise a 

1.6 M solution of n-BuLi in hexane (9.1 mL, 1.46 mmol). The mixture was stirred for 1 

h at room temperature, cooled again at 0 ºC, and (CH2=CH)3SiCl (1.2 ml, 13.90 mmol) 

was added drop-wise. The reaction mixture was then stirred at room temperature for 2 h 

and filtered off through Celite. The solvent was removed in vacuo and the residue 

treated with cold Et2O (10 mL) to isolate 1 as a white solid. Yield: 1.31 g, 52.4%. A 

Et2O solution of 1 gave single crystals suitable for X-ray analysis. 1H{11B} NMR: 

6.27-6.17 (m, 3J(H,H) = 16.7, 2J(H,H) = 7.0, 12H, CH=CH2), 5.84 (dd, 3J(H,H) = 16.7, 

2J(H,H) = 7.0, 6H, CH=CH2), 2.51 (br s, B-H), 2.40 (br s, B-H), 2.21 (br s, B-H). 11B

NMR:  2.5 (d, 1J(B, H) = 143, 2B), -5.5 (d, 1J(B, H) = 150, 2B), -8.7 (d, 1J(B, H) = 

162, 4B), -10.7 (d, 1J(B, H) = 192, 2B). 13C{1H} NMR:  138.4 (CH=CH2), 131.8 

(CH=CH2), 71.9 (Ccluster). 29Si{1H} NMR: -18.49. FTIR (KBr), cm-1: 3059 ( (Cvinyl-H)),

2985-2950 ( (Calkyl-H)), 2574 ( (B-H)). Anal. Calcd. for C14H28B10Si2: C, 46.62; H, 

7.83. Found: C, 46.0; H, 7.70. MALDI-TOF-MS (m/z): cald. 360.7 found: 359.3 (M-1), 

250.1 [M-Si(CH=CH2)3], 143.0 [M-2(Si(CH=CH2)3)].
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Synthesis of 1-CH3-2-[Si(CH=CH2)3]-1,2-C2B10H10 (2). The procedure was the same 

as for compound 1 using 1.00 g (6.32 mmol) of 1-CH3-1,2-C2B10H11 in Et2O (7 mL) and 

toluene (14 mL), 4.1 mL (6.56 mmol) of 1.6 M solution of n-BuLi in hexane and 1.0 

mL (6.32 mmol) of (CH2=CH)3SiCl. The reaction mixture was stirred for 50 min and 

filtered off through Celite. The solvent was removed in vacuo giving 2 as white waxy 

solid. Yield: 1.46 g, 86.4 %. A Et2O solution of 2 gave single crystals suitable for X-ray 

analysis. 1H NMR:  6.34 (dd, 3J(H,H) = 14.6, 2J(H,H) = 4.1, 3H, CH=CH2), 6.22 (t, 

3J(H,H) = 19.5, 3H, CH=CH2), 5.92 (dd, 3J(H,H) = 19.5, 2J(H,H) = 4.1, 3H, CH=CH2),

3.5-1.5 (br s, B-H), 2.02 (s, 3H, Ccluster-CH3). 1H{11B} NMR:  6.34 (dd, 3J(H,H) = 14.6, 

2J(H,H) = 4.1, 3H, CH=CH2), 6.22 (t, 3J(H,H) = 19.5, 3H, CH=CH2), 5.92 (dd, 3J(H,H)

= 19.5, 2J(H,H) = 4.1, 3H, CH=CH2), 2.95 (br s, B-H), 2.45 (br s, B-H), 2.02 (s, 3H, 

Ccluster-CH3), 1.51 (br s, B-H). 11B NMR:  1.5 (d, 1J(B, H) = 130, 1B), -3.9 (d, 1J(B, H) 

= 160, 1B), -7.3 (d, 1J(B, H) = 153, 4B), -9.6 (4B). 13C{1H} NMR:  138.9 (CH=CH2),

130.2 (CH=CH2), 75.2 (Ccluster), 69.0 (Ccluster), 25.3 (Ccluster-CH3). 29Si{1H} NMR: -

19.29. FTIR (KBr), cm-1: 3060 ( (Cvinyl-H)), 2985-2950 ( (Calkyl-H)), 2584 ( (B-H)).

Anal. Calcd. for C9H22B10Si: C, 40.57; H, 8.32. Found: C, ;41.0 H, 8.28.

Synthesis of 1-C6H5-2-[Si(CH=CH2)3]-1,2-C2B10H10 (3). The procedure was the same 

as for compound 1 using 1.01 g (4.59 mmol) of 1-C6H5-1,2-C2B10H11 in Et2O (7 mL) 

and toluene (14 mL), 3.0 mL (4.80 mmol) of 1.6 M solution of n-BuLi in hexane and 

0.8 mL (4.59 mmol) of (CH2=CH)3SiCl. The reaction mixture was stirred for 10 min 

and filtered off through Celite. The solvent was removed in vacuo giving 3 as a white 

waxy solid. Yield: 1.20 g, 80.0 %. An Et2O solution of 3 gave single crystals suitable 

for X-ray analysis. 1H NMR:  7.64-7.30 (m, 5H, C6H5), 6.07 (dd, 3J(H,H) = 14.2, 

2J(H,H) = 3.2, 3H, CH=CH2), 5.77 (t, 3J(H,H) = 19.9, 3H, CH=CH2), 5.58 (dd, 3J(H,H)
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= 19.9, 2J(H,H) = 3.2, 3H, CH=CH2), 3.51-1.51 (br s, B-H). 1H{11B} NMR:  7.64-7.30 

(m, 5H, C6H5), 6.07 (dd, 3J(H,H) = 14.2, 2J(H,H) = 3.2, 3H, CH=CH2), 5.77 (t, 3J(H,H) 

= 19.9, 3H, CH=CH2), 5.58 (dd, 3J(H,H) = 19.9, 2J(H,H) = 4.1, 2J(H,H) = 3.2, 3H, 

CH=CH2), 3.11 (br s, B-H), 2.66 (br s, B-H), 2.19 (br s, B-H), 1.51 (br s, B-H). 11B

NMR:  1.5 (d, 1J(B, H) = 142, 1B), -3.7 (d, 1J(B, H) = 145, 1B), -8.0 (d, 1J(B, H) = 

156, 4B), -10.1 (2B), -11.4 (d, 1J(B, H) = 151, 2B). 13C{1H} NMR:  138.0 (CH=CH2), 

132.3 (Ph-Cipso), 131.5 (Ph-Cmeta), 130.6 (CH=CH2), 129.7 (Ph-Cortho), 128.3 (Ph-Cpara),

83.1 (Ccluster), 74.3 (Ccluster). 29Si{1H} NMR: -19.80. FTIR (KBr), cm-1: 3060 ( (C-H)),

2985-2950 ( (Calkyl-H)), 2574 ( (B-H)). Anal. Calcd. for C14H24B10Si: C, 51.18; H, 

7.36. Found: C, 51.27; H 7.36. 

Synthesis of 1,2-[Si(CH2CH2(CH3)2SiCl)3]2-1,2-C2B10H10 (4). In a Schlenk flask, 1

(0.20 g, 0.55 mmol), (CH3)2HSiCl (0.8 mL, 6.59 mmol) and Karstedt catalyst (10 μl, 

0.02 mmol) were mixed and stirred for 43 h at room temperature. Evaporation of 

volatiles and the excess of (CH3)2HSiCl gave 4 as a transparent oil. Yield: 0.42 g, 80.3 

%. 1H NMR:  3.01-2.17 (br s, B-H), 0.94 (m, 12H, Si-CH2), 0.80 (m, 12H, Si-CH2),

0.46 (s, 36H, Si-CH3). 1H{11B} NMR:  2.50 (br s, B-H), 2.27 (br s, B-H), 2.17 (br s, B-

H), 0.94 (m, 12H, Si-CH2), 0.80 (m, 12H, Si-CH2), 0.46 (s, 36H, Si-CH3). 11B NMR: 

4.1 (br, 2B), -3.7 (br, 2B), -7.7 (br, 6B). 13C{1H} NMR:  74.5 (Ccluster), 11.8 (Si-CH2),

6.0 (Si-CH2), 1.1 (Si-CH3). 29Si{1H} NMR: 32.43 (Si-Cl), 10.75 (Si-Ccluster).

Synthesis of 1-CH3-2-[Si(CH2CH2(CH3)2SiCl)3]-1,2-C2B10H10 (5). The process was 

the same as for compound 4 using 0.21 g (0.79 mmol) of 2, 0.6 mL (5.13 mmol) of 

(CH3)2HSiCl and 10 μl (0.02 mmol) of Karstedt catalyst. The mixture was stirred for 16 

h at room temperature. Evaporation of the excess of (CH3)2HSiCl gave 5 as a brown oil. 
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Yield: 0.39 g, 90.7 %. 1H NMR:  2.04 (s, 3H, Ccluster-CH3), 0.91 (m, 6H, Si-CH2), 0.81 

(m, 6H, Si-CH2), 0.46 (s, 18H, Si-CH3). 1H{11B} NMR: 2.44 (br s, B-H), 2.36 (br s, B-

H), 2.27 (br s, B-H), 2.12 (br s, B-H), 2.04 (s, 3H, Ccluster-CH3), 0.91 (m, 6H, Si-CH2),

0.81 (m, 6H, Si-CH2), 0.46 (s, 18H, Si-CH3). 11B NMR:  2.6 (d, 1J(B, H) = 106, 1B), -

3.4 (d, 1J(B, H) = 140, 1B), -6.4 (d, 1J(B, H) = 106, 6B), -8.7 (br, 2B). 13C{1H} NMR: 

75.9 (Ccluster), 70.8 (Ccluster), 26.2 (Ccluster-CH3), 11.3 (Si-CH2), 4.58 (Si-CH2), 0.99 (Si-

CH3). 29Si{1H} NMR: 32.24 (Si-Cl), 9.45 (Si-Ccluster).

Synthesis of 1-C6H5-2-[Si(CH2CH2(CH3)2SiCl)3]-1,2-C2B10H10 (6): The process was 

the same as for compound 4 using 0.21 g (0.64 mmol) of 3, 0.5 mL (4.28 mmol) of 

HSiMe2Cl and 10 μl (0.02 mmol) of Karstedt catalyst. The mixture was stirred for 14 h 

at room temperature. Evaporation of the excess of (CH3)2HSiCl gave 6 as a yellow 

waxy solid. Yield: 0.37 g, 94.9 %. 1H NMR:  7.69-7.33 (m, 5H, C6H5), 0.60 (m, 6H, 

Si-CH2), 0.49 (m, 6H, Si-CH2), 0.39 (s, 18H, Si-CH3). 1H{11B} NMR:  7.69-7.33 (m, 

5H, C6H5), 2.94 (br s, B-H), 2.60 (br s, B-H), 2.40 (br s, B-H), 2.25 (br s, B-H), 0.60 (m, 

6H, Si-CH2), 0.49 (m, 6H, Si-CH2), 0.39 (s, 18H, Si-CH3). 11B NMR:  3.6 (d, 1J(B, H) 

= 113, 1B), -1.3 (d, 1J(B, H) = 145, 1B), -6.3 (d, 1J(B, H) = 147, 4B), -8.8 (br, 2B), -

10.07 (br, 2B). 13C{1H} NMR:  132.8 (Ph-Cipso), 131.3 (Ph-Cmeta), 130.8 (Ph-Cortho),

128.8 (Ph-Cpara), 84.0 (Ccluster), 76.2 (Ccluster), 11.2 (Si-CH2), 3.8 (Si-CH2), 1.0 (Si-CH3). 

29Si{1H} NMR: 32.20 (Si-Cl), 10.28 (Si-Ccluster).

Synthesis of 1,2-[Si(CH2CH2(CH3)2SiH)3]2-1,2-C2B10H10 (7): To a solution of LiAlH4

(64.1 mg, 1.69 mmol) in Et2O (10 mL) at 0 ºC was added drop-wise a solution of 4

(0.52 g, 0.56 mmol) in Et2O (10 mL). The mixture was stirred for 15 h at room 

temperature and filtered off through Celite twice. The solvent was removed in vacuo to 
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give 7 as a transparent oil. Yield: 0.24, 58.5%. 1H NMR:  3.87 (sept, J(H, H) = 3.7, 6H, 

Si-H), 3.01-2.17 (br s, B-H), 0.83 (m, 12H, Si-CH2), 0.57 (m, 12H, Si-CH2), 0.12 (d, 

1J(H, H) = 3.7, 36H, Si-CH3). 1H{11B} NMR:  3.87 (sept, 3J(H, H) = 3.7, 6H, Si-H),

2.47 (br s, B-H), 2.31 (br s, B-H), 2.17 (br s, B-H), 0.83 (m, 12H, Si-CH2), 0.57 (m, 

12H, Si-CH2), 0.12 (d, 3J(H, H) = 3.7, 36H, Si-CH3). 11B NMR:  3.6 (br, 2B), -3.3 (br, 

2B), -7.7 (br, 6B). 13C{1H} NMR:  74.5 (Ccluster), 7.18 (Si-CH2), 6.59 (Si-CH2), -4.50 

(Si-CH3). 29Si{1H} NMR: 9.60 (Si-Ccluster), -9.62 (Si-H). FTIR (NaCl), cm-1: 2957-2900 

( (Calkyl-H)), 2584 ( (B-H)), 2112 ( (Si-H)), 1249 ( (Si-CH3)).

Synthesis of 1-CH3-2-[Si(CH2CH2(CH3)2SiH)3]-1,2-C2B10H10 (8): The process was 

the same as for compound 7 using LiAlH (40.1 mg, 1.00 mmol) of in Et2O (10 mL) and 

5 (0.37 (0.67 mmol) in Et2O (5 mL). The mixture was stirred for 15 h at room 

temperature and filtered off through Celite three times. The solvent was removed in

vacuo to give 8 as a transparent oil. Yield: 0.18 g, 60.0%. 1H NMR:  3.87 (sept, J(H, 

H) = 3.7, 3H, Si-H), 2.03 (s, Ccluster-CH3), 0.84 (m, 6H, Si-CH2), 0.58 (m, 6H, Si-CH2),

0.13 (d, 1J(H, H) = 3.7, 18H, Si-CH3). 1H{11B} NMR: 3.87 (sept, 3J(H, H) = 3.7, 3H, Si-

H), 2.42 (br s, B-H), 2.36 (br s, B-H), 2.26 (br s, B-H), 2.16 (br s, B-H), 2.03 (s, Ccluster-

CH3), 0.84 (m, 6H, Si-CH2), 0.58 (m, 6H, Si-CH2), 0.13 (d, 3J(H, H) = 3.7, 18H, Si-

CH3). 11B NMR:  2.2 (d, 1J(B, H) = 133, 1B), -3.4 (d, 1J(B, H) = 158, 1B), -6.5 (d, 1J(B,

H) = 151, 6B), -8.5 (br, 2B). 13C{1H} NMR: 75.7 (Ccluster), 71.8 (Ccluster), 26.1 (Ccluster-

CH3), 6.6 (Si-CH2), 6.1 (Si-CH2), -4.9 (Si-CH3). 29Si{1H} NMR: 9.30 (Si-Ccluster), -9.82 

(Si-H). FTIR (NaCl), cm-1: 2957-2900 ( (Calkyl-H)), 2584 ( (B-H)), 2112 ( (Si-H)), 

1249 ( (Si-CH3)). MALDI-TOF-MS (m/z): calcd. 446.98 found. 445.31 [M-1]-, 155.98 

[M-(C12H33Si4)]- or [C3H13B10]-.
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Synthesis of 1-C6H5-2-[Si(CH2CH2Si(CH3)2H)3]-1,2-C2B10H10 (9): The process was 

the same as for compound 7 using LiAlH (22.0 mg, 5.51 mmol) in Et2O (8 mL) and 6

(0.22 g, 0.36 mmol) in Et2O (5 mL). The mixture was stirred for 16 h at room 

temperature and filtered off through Celite three times. The solvent was removed in

vacuo giving 9 as a transparent oil. Yield: 0.15 g, 78.9%. 1H NMR:  7.69-7.34 (m, 5H, 

C6H5), 3.77 (sept, 3J(H, H) = 3.7, 3H, Si-H), 0.40 (s, 12H, Si-CH2), 0.05 (d, 3J(H, H) = 

3.7, 18H, Si-CH3). 1H{11B} NMR:  7.69-7.34 (m, 5H, C6H5), 3.77 (sept, 3J(H, H) = 

3.7, 3H, Si-H), 2.93 (br s, B-H), 2.57 (br s, B-H), 2.38 (br s, B-H), 2.26 (br s, B-H), 0.40 

(s, 12H, Si-CH2), 0.05 (d, 3J(H, H) = 3.7, 18H, Si-CH3). 11B NMR:  3.0 (d, 1J(B, H) = 

118, 1B), -1.5 (d, 1J(B, H) = 144, 1B), -6.4 (d, 1J(B, H) = 153, 4B), -8.5 (br, 2B), -10.2 

(br, 2B). 13C{1H} NMR:  133.1 (Ph-Cipso), 131.3 (Ph-Cmeta), 130.5 (Ph-Cortho), 128.5 

(Ph-Cpara), 83.9 (Ccluster), 76.1 (Ccluster), 6.4 (Si-CH2), 5.3 (Si-CH2), -4.9 (Si-CH3).

29Si{1H} NMR: 10.27 (Si-Ccluster), -10.04 (Si-H). FTIR (NaCl), cm-1: 3064 ( (Caryl-H)),

2957-2903 ( (Calkyl-H)), 2586 ( (B-H)), 2110 ( (Si-H)), 1249 ( (Si-CH3)). MALDI-

TOF-MS (m/z): calcd. 509 found: 508.41 [M-1]-, 218.07 [C8B10H14]-.

Synthesis of 1-CH3-2-[Si(CH2CH2Si(CH3)2CH2CH2C6H5)3]-1,2-C2B10H10 (10): In a 

Schlenk flask, 8 (0.11 g, 0.24 mmol), C6H5CH=CH2 (8.3 L, 0.72 mmol) and Karstedt 

catalyst (5.0 μL, 0.01 mmol) were mixed and stirred overnight at room temperature. The 

volatiles were removed in vacuo giving 10 as a yellow oil. Yield: 0.18 g, ~99%. 1H

NMR:  7.33-7.21 (m, 5H, C6H5), 2.67 (t, 2J(H, H) = 8.5, 6H, CH2-C6H5), 2.01 (s, 3H, 

Ccluster-CH3), 0.95 (t, 2J(H, H) = 8.5, 6H, Si-CH2), 0.74 (m, 6H, Si-CH2), 0.47 (m, 6H, 

Si-CH2), 0.06 (s, 18H, Si-CH3). 1H{11B} NMR:  7.33-7.21 (m, 5H, C6H5), 2.67 (t, 

2J(H, H) = 8.5, 6H, CH2-C6H5), 2.49 (br, B-H), 2.35 (br s, B-H), 2.29 (br s, B-H), 2.19 

(br s, B-H), 2.01 (s, 3H, Ccluster-CH3), 0.95 (t, 2J(H, H) = 8.5, 6H, Si-CH2), 0.74 (m, 6H, 
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Si-CH2), 0.47 (m, 6H, Si-CH2), 0.06 (s, 18H, Si-CH3). 11B NMR:  2.2 (br, 1B), -3.4 

(br,1B), -6.5 (br, 8B). 13C{1H} NMR:  144.8, 128.3, 127.7, 125.7 (C6H5), 75.7 (Ccluster),

72.1 (Ccluster), 30.0 (CH2-C6H5), 26.2 (Ccluster-CH3), 16.6 (Si-CH2), 7.6 (Si-CH2), 5.3 (Si-

CH2), -4.0 (Si-CH3). 29Si{1H} NMR: 9.37 (Si-Ccluster), 4.73 (Si-CH2). FTIR (NaCl), cm-

1: 3062 ( (Caryl-H)), 2921 ( (Calkyl-H)), 2582 ( (B-H)), 1249 ( (Si-CH3)). MS-

Electrospray (ESI) solution of CHCl3/MeOH m/z calcd for C39H70B10Si4: 759.4; found: 

782.5 [M+Na]+.

Synthesis of 1-C6H5-2-[Si(CH2CH2(CH3)2SiCH2CH2C6H4CH2Cl)3]-1,2-C2B10H10

(11). In a Schlenk flask, 9 (0.15 g, 0.29 mmol), (CH=CH2)C6H4CH2Cl (0.13 mL, 0.86 

mmol) and Karstedt catalyst (5 μl, 0.01 mmol) were mixed and stirred overnight at 

room temperature. The volatiles were removed in vacuo to give 11 as a yellow oil. 

Yield: 0.28 g, ~99%. 1H NMR:  7.69-7.34 (m, 5H, C6H5), 7.33-7.17 (m, 12H, C6H4),

4.59 (s, 6H, CH2-Cl), 2.58 (t, 2J(H, H) = 8.5, 6H, C6H4-CH2), 0.83 (t, 2J(H, H) = 8.5, 6H, 

Si-CH2), 0.35 (s, 12H, Si-CH2), -0.02 (s, 18H, Si-CH3). 1H{11B} NMR:  7.69-7.34 (m, 

5H, C6H5), 7.33-7.17 (m, 12H, C6H4), 4.59 (s, 6H, CH2-Cl), 2.58 (t, 2J(H, H) = 8.5, 6H, 

C6H4-CH2), 2.91 (br s, B-H), 2.38 (br s, B-H), 2.28 (br s, B-H), 0.83 (t, 2J(H, H) = 8.5, 

6H, Si-CH2), 0.35 (s, 12H, Si-CH2), -0.02 (s, 18H, Si-CH3). 11B NMR:  3.45 (br, 1B), -

1.2 (br,1B), -6.2 (br, 8B). 13C{1H} NMR:  145.8, 134.9, 133.1, 130.6 (C6H5), 131.3, 

128.7, 128.5, 128.2 (C6H4), 83.8 (Ccluster), 76.1 (Ccluster), 46.2 (CH2-Cl), 29.7 (C6H4-

CH2), 16.5 (Si-CH2), 7.4 (Si-CH2), 4.6 (Si-CH2), -4.0 (Si-CH3). 29Si{1H} NMR:  10.38 

(Si-Ccluster), 4.72 (Si-CH2). FTIR (NaCl), cm-1: 3053 ( (Caryl-H)), 2952-2923 ( (Calkyl-

H)), 2586 ( (B-H)), 1247 ( (Si-CH3)). MS-Electrospray (ESI) solution of CHCl3/MeOH

m/z calcd for C47H75B10Si4Cl3: 966.9; found: 984.4 [M+H2O]+
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Synthesis of 1-CH3-2-[Si(CH2CH2(CH3)2Si(1-CH3-1,2-C2B10H10)3]-1,2-C2B10H10

(12). To a solution of 1-CH3-1,2-C2B10H11 (0.33 g, 2.09 mmol) in Et2O (3 mL) and 

toluene (6 mL) at 0ºC was added drop-wise a 1.6 M solution of n-BuLi in hexane (1.4 

mL, 2.24 mmol). The mixture was stirred for 1 h at room temperature. After cooling it 

to 0ºC, a solution of 5 (0.38 g, 0.70 mmol) in toluene (6 mL) and Et2O (3 mL) was 

added drop-wise with stirring. The suspension was stirred for 2 h at room temperature 

and was filtered off through Celite. The solvent was removed and the residue was 

treated with 5 mL of cold Et2O to isolate 12 as a white solid. Yield: 0.13 g, 20.3%. 1H

NMR:  2.02 (s, 12H, Ccluster-CH3), 0.82 (m, 12H, Si-CH2), 0.38 (s, 18H, Si-CH3).

1H{11B} NMR:  2.46 (br s, B-H), 2.27 (br s, B-H), 2.02 (s, 12H, Ccluster-CH3), 0.82 (m, 

12H, Si-CH2), 0.38 (s, 18H, Si-CH3). 11B NMR:  2.4 (br, 1B), -3.3 (br, 1B), -6.5 (br, 

4B), -7.5 (br, 2B), -11.2 (br, 2B). 13C{1H} NMR:  75.3 (Ccluster), 70.3 (Ccluster), 25.8 

(Ccluster-CH3), 9.5 (Si-CH2), 5.5 (Si-CH2), -2.2 (Si-CH3). 29Si{1H} NMR:  9.00 

(Siperiphery), 8.06 (Sicore). FTIR (KBr), cm-1: 2951 ( (Calkyl-H)), 2582 ( (B-H)), 1258 

( (Si-CH3)). Anal. Calcd. for C24H82B40Si4: C, 31.48; H, 9.03. Found: C, ; H,. MS-

Electrospray (ESI) solution of CHCl3/MeOH m/z calcd for C24H82B40Si4: 915.1; found, 

938.8 [M+Na]+

Synthesis of 1-C6H5-2-[Si(CH2CH2Si(CH3)2(1-C6H5-1,2-C2B10H10)3]-1,2-C2B10H10

(13). The procedure was the same as for 12 using 1-C6H5-1,2-C2B10H11 (0.19 g, 0.87 

mmol) and n-BuLi (0.59 mL, 0.94 mmol) in toluene (2 mL) and Et2O (1 mL). After 

cooling at 0ºC, a solution of 6 (0.18 g, 0.29 mmol) in toluene (2mL) and Et2O (1 mL) 

was added drop-wise with stirring. The suspension was stirred for 5 h at room 

temperature and filtered off through Celite. The solvent was removed to vacuum to give 

a brown oil, which was treated with hexane to obtain 13 as a brown oil. Yield: 0.08 g, 
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24.5%. 1H NMR:  7.68-7.36 (m, 20H, C6H5), 0.21 (m, 12H, Si-CH2), -0.19 (s, 18H, Si-

CH3). 1H{11B} NMR:  7.68-7.36 (m, 20H, C6H5), 2.89 (br s, B-H), 2.62 (br s, B-H),

2.35 (br s, B-H), 0.21 (m, 12H, Si-CH2), -0.19 (s, 18H, Si-CH3). 11B NMR:  3.3 (br, 

1B), -1.0 (br, 1B), -6.4 (br, 4B), -9.3 (br, 4B). 13C{1H} NMR:  132.6-128.5 (C6H5),

83.5 (Ccluster), 75.4 (Ccluster), 8.5 (Si-CH2), 4.3 (Si-CH2), -3.4 (Si-CH3). 29Si{1H} NMR: 

10.32 (Siperiphery), 10.02 (Sicore). FTIR (KBr), cm-1: 3074 ( (C-H)), 2960-2926 ( (Calkyl-

H)), 2583 ( (B-H)), 1259 ( (Si-CH3)). MS-Electrospray (ESI) solution of CHCl3/MeOH

m/z calcd for C44H90B40Si4: 1164.0; found, 1187.0 [M+Na]+

Synthesis of [N(Me)4][7-Si(CH=CH2)3-µ-(9,10-CHSi(CH=CH2)3)-nido-CB10H10 (14).

In a Schlenk flask were added Mg (1.25 g, 0.05 mmol), 1 mL of THF and a crystal of I2.

Then a solution of 1 (0.25 g, 0.69 mmol) in THF (5 mL ) and dibromoethane (1.3 mL, 

3.17 mmol) were added drop-wise at the same time to the flask. After the addition was 

completed, the reaction mixture was refluxed for 15 h and cooled at room temperature. 

The volatile compounds were removed in vacuo and the reaction residue washed with 

water (50 mL) and filtered. An excess of [N(CH3)4]Cl in water was added to precipitate 

a white solid. The solid was filtered off, washed with water and dried under vacuum to 

obtain 14. Yield: 93 mg, 31 %. 1H NMR [(CD3)2CO]:  6.34-5.79 (m, 18H, CH=CH2),

3.80 (s, 1H, C-H), 3.45 (s, 12H, ([N(CH3)4]). 1H{11B} NMR [(CD3)2CO]:  6.34-5.787 

(m, 18H, CH=CH2), 4.22 (br s, 2H, B-H), 3.80 (s, 1H, Si-C-H), 3.78 (br s, 1H, B-H),

3.45 (s, 12H, ([N(CH3)4]), 3.05 (br s, 2H, B-H), 2.20 (br s, 2H, B-H), 1.67 (br s, 2H, B-

H), 0.99 (br s, 2H, B-H). 11B NMR [(CD3)2CO]:  20.3 (d, 1J(B, H) = 139, 2B), 17.4 (d, 

1J(B, H) = 143, 1B), 4.7 (d, 1J(B, H) = 142, 1B), -4.9 (d, 1J(B, H) = 149, 2B), -12.6 (d, 

1J(B, H) = 136, 2B), -20. (d, 1J(B, H) = 134, 2B). 13C{1H} NMR [(CD3)2CO]:  138.4-

131.7 (CH=CH2), 81.7 (CHSi), 55.2 ([N(CH3)4]). FTIR (KBr), cm-1: 3051 ( (C-H)),
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2945 ( (Calkyl-H)), 2515 ( (B-H)), 1404 ( (N-H)). MALDI-TOF-MS (m/z): calcd. 361, 

found 360.

Synthesis of [N(Me)4][7-Si(CH=CH2)3-µ-(9,10-CHCH3)-nido-CB10H10] (15). The

procedure was the same as for 14 using Mg (1.25 g, 0.05 mmol), a crystal of I2 in THF 

(1 mL), a solution of 2 (0.23 g, 0.86 mmol) in THF (5 mL ) and dibromoethane (1.3 

mL, 3.17 mmol). After 15 h at reflux the compound 15 was obtained as a white solid by 

using the same work up as for 14. Yield: 40.0 mg, 32%. 1H NMR [(CD3)2CO]:  6.28 

(dd, 3J(H,H) = 20.2, 3J(H,H) = 14.6, 3H, CH=CH2), 6.03 (dd, 3J(H,H) = 14.6, 2J(H,H) = 

4.4, 3H, CH=CH2), 5.71 (dd, 3J(H,H) = 20.2, 2J(H,H) = 4.4, 3H, CH=CH2), 3.68 (m, 1H, 

CH3-CH), 3.45 (s, 12H, [N(CH3)4]), 1.30 (s, 3H, CH3-CH). 1H{11B} NMR [(CD3)2CO]: 

 6.28 (dd, 3J(H,H) = 20.2, 3J(H,H) = 14.6, 3H, CH=CH2), 6.03 (dd, 3J(H,H) = 14.6, 

2J(H,H) = 4.4, 3H, CH=CH2), 5.71 (dd, 3J(H,H) = 20.2, 2J(H,H) = 4.4, 3H, CH=CH2), 

3.83 (br s, 2H, B-H), 3.68 (m, 1H, CH3-CH), 3.45 (s, 12H, [N(CH3)4]), 2.85 (br s, 1H, 

B-H), 2.70 (br s, 2H, B-H), 1.69 (br s, 2H, B-H), 1.30 (d, 3J(H, H) = 6.2, 3H, CH3-CH),

1.23 (br s, 2H, B-H). 11B NMR [(CD3)2CO]:  18.0 (d, 1J(B, H) = 143, 2B), 13.5 (d, 

1J(B, H) = 135, 1B), 1.1 (d, 1J(B, H) = 130, 1B), -5.7 (d, 1J(B, H) = 145, 2B), -10.3 (d, 

1J(B, H) = 132, 2B), -16.2. (d, 1J(B, H) = 137, 2B). 13C NMR [(CD3)2CO]:  136.4 (d, 

1J(C, H) = 136, CH=CH2), 132.6 (t, 1J(C,H) = 165, CH=CH2), 91,1 (d, 1J(C, H) = 168, 

CH3-CH), 55.1 (q, 1J(C, H) = 143, [N(CH3)4]), 32.1 (q, 1J(C,H) = 136, CHCH3). FTIR 

(KBr), cm-1: 3049 ( (C-H)), 2941 ( (Calkyl-H)), 2515 ( (B-H)), 1400 ( (N-H)). MALDI-

TOF-MS (m/z): calcd. 266, found 266. 

Synthesis of [N(Me)4][7-Si(CH=CH2)3-µ-(9,10-CHC6H5)-nido-CB10H10 (16). The 

procedure was the same as for 14 using Mg (1.25 g, 0.05 mmol), a crystal of I2 in THF 
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(1 mL), a solution of 3 (0.25 g, 0.76 mmol) in THF (5 mL ) and dibromoethane (1.3 

mL, 3.17 mmol). After 15 h at reflux 16 was obtained as a white solid by using the same 

work up as for 14. Yield: 45.0 mg, 32.0%. 1H NMR [(CD3)2CO]:  7.06 (m, 5H, C6H5), 

6.39 (dd, 3J(H,H) = 20.2, 3J(H,H) = 14.6, 3H, CH=CH2), 6.13 (dd, 3J(H,H) = 14.6, 

2J(H,H) = 4.4, 3H, CH=CH2), 5.81 (dd, 3J(H,H) = 20.2, 2J(H,H) = 4.4, 3H, CH=CH2), 

6.41-5.77 (m, 9H, CH=CH2), 4.48 (s, 1H, C6H5-CH), 3.45 (s, 12H, [N(CH3)4]). 1H{11B}

NMR [(CD3)2CO]:  7.06 (m, 5H, C6H5), 6.39 (dd, 3J(H,H) = 20.2, 3J(H,H) = 14.6, 3H, 

CH=CH2), 6.13 (dd, 3J(H,H) = 14.6, 2J(H,H) = 4.4, 3H, CH=CH2), 5.81 (dd, 3J(H,H) = 

20.2, 2J(H,H) = 4.4, 3H, CH=CH2), 4.48 (s, 1H, C6H5-C-H), 3.83 (br s, B-H), 3.45 (s, 

12H, [N(CH3)4]), 2.77 (br s, B-H), 1.76 (br s, B-H), 1.56 (br s, B-H), 1.29 (br s, B-H).

11B NMR [(CD3)2CO]:  20.0 (d, 1J(B, H) = 146, 2B), 13.8 (d, 1J(B, H) = 138, 1B), 2.2 

(d, 1J(B, H) = 133, 1B), -5.9 (d, 1J(B, H) = 139, 2B), -10.0 (d, 1J(B, H) = 128, 2B), -

14.1. (d, 1J(B, H) = 129, 2B). 13C NMR [(CD3)2CO]:  136.2 (CH=CH2), 133.0 

(CH=CH2), 128.1-124.6 (C6H5), 89.6 (CHC6H5), 55.1 (N(CH3)4). FTIR (KBr), cm-1:

3051 ( (C-H)), 2958 ( (Calkyl-H)), 2525 ( (B-H)), 1431 ( (N-H)). MALDI-TOF-MS 

(m/z): calcd. 328, found 327. 

X-ray crystallography: 

Single-crystal data collection for 1-3 were performed at –100ºC with an Enraf Nonius 

KappaCCD diffractometer using graphite monochromatized Mo K  radiation (  = 

0.71073 Å). A total of 4252, 5982 and 7340 unique reflections were collected for 1-3,

respectively. The structures were solved by direct methods and refined on F2 by the 

SHELXL97 program.1 All non-hydrogen atoms were refined with anisotropic 

displacement parameters, but the hydrogen atoms were treated as riding atoms using the 
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SHELX97 default parameters. Crystallographic parameters for 1-3 are collected in 

Table 2. 
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Table 1.

Compound Ha Hb Hc

10 6.27-6.17 6.27-6.17 5.84 

11 6.22 6.34 5.92 

12 5.77 6.07 5.58 

13 6.34-5.79 6.34-5.79 6.34-5.79 

14 6.28 6.03 5.71 

15 6.39 6.13 5.81 
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Table 2.- Symmary of Crystallographic Data for 1-3 at 173(2) K 

_____________________________________________________________________________________________ 

1   2   3

_____________________________________________________________________________________________ 

empirical formula  C14H28B10Si2  C9H22B10Si  C14H24B10Si 

formula weight  360.64   266.46   328.52 

crystal habit, color prism, colorless  block, colorless  prism, colorless 

crystal system  monoclinic  triclinic   monoclinic 

space group  P21/c (no. 14)  P-1 (no. 2)  P21/c (no. 14) 

a (Å)    15.8018(8)  7.7775(2)  16.7308(12) 

b (Å)   10.5930(6)  14.1714(3)  13.0118(5) 

c (Å)   13.4179(4)  15.9281(5)  19.7733(13) 

(deg)   90   96.034(2)  90 

 (deg)   99.317(3)  103.042(2)  113.094(2) 

 (deg)   90   100.443(2)  90 

V (V3)   2216.37(18)  1662.30(8)  3959.6(4) 

Z    4   4   8 

 (g cm-3)  1.081   1.065   1.102 

 (cm-1)   1.56   1.19   1.12 

no. measured reflns. 7421   10437   13072 

Rint   0.0466   0.0262   0.0414 

goodness-of-fita on F2 1.046   1.030   1.041 

Rb [I  2 (I)]  0.0460   0.0426   0.0535 

Rw
c [I  2 (I)]   0.1055   0.1070   0.1230 

____________________________________________________________________________________ 

a S = [ (w(Fo
2 - Fc

2)2]/(n-p)1/2 , b R = ||Fo| - |Fc||/ |Fo|, c Rw = [ w(|Fo
2| - |Fc

2|)2/ w|Fo
2|2]1/2.    
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1 Sheldrick, G. M. SHELX97. University of Göttingen, Germany, 1997.
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New carbosilane dendrimers containing peripheral carborane derivatives and propyl linkages between 
the Ccluster and the Si atoms were synthesized. Regiospecific hydrosilylation of 1-allyl-2-Ph-1,2-C2B10H10

(1) and 1-allyl-2-Me-1,2-C2B10H10 (2) offers an efficient route to molecular precursors and dendrons that 
can provide both divergent and convergent strategies for dendritic growth. A modular construction of 
dendrimers containing four and eight closo-carboranes has been developed using different 
methodologies and precursors. First generations of neutral carborane-containing dendrimers were 
constructed by two approaches: a) a divergent approach via hydrosilylation of 1-2 with the first 
generation of carbosilane dendrimers containing peripheral Si-H, Si[(CH2)2(CH3)2SiH]4, 1G-H; and b) a 
pseudo-convergent strategy being initiated at the site that will became the periphery of the molecule, the 
carborane. In the latter, the hydrosilylation of the allyl group in 1-2 with Me2HSiCl was carried out leading 
to the formation of 1-(CH2)3SiCl-2-R-C2B10H10 (R = Ph (3), Me (4)), followed by reduction with LiAlH4, and 
the resultant 1-(CH2)3SiH-2-R-C2B10H10 (R= Ph (5), Me (6) was reacted with the tetravinylsilane or core 
molecule to yield the first generation dendrimers, 7 and 8, with four carborane clusters. The next-
generation dendrimers could be built up in a similar manner, by the hydrosilylation of the vinyl group of 
dendrons 9-10, prepared from the alkylation of 3-4 with vinylmagnesium chloride, with 1G-H. A second 
strategy to prepare the second generation consists in growing the carboranylsilane dendrons to a second 
generation and later assembling all to the core tetravinylsilane. Finally, another second generation 
dendrimers containing eight carborane clusters were prepared by hydrosilylation of the vinyl groups in 
the dendrimer Si{(CH2)2(CH3)Si[(CHCH2)2}4] with carboranylsilane dendrons containing Si-H functions. 
Degradation reaction of the peripheral closo-carboranes in dendrimers 7 and 8 using KOH/EtOH led to 
the formation of the corresponding polianionic carbosilane dendrimers containing four peripheral nido-
carborane clusters.  

Introduction 

Dendrimers are hyperbranched and mono-dispersed 
macromolecules, which emanate from a central core and 
are obtained by an iterative sequence of reactions steps.1
Their well-defined size, molecular weight, internal 
connectivity and specific number of end groups give 
access to dendritic macromolecules having special 
properties and a variety of functions.2 Nowadays, 
dendrimers are widely investigated as supports for 
functional groups and metal fragments, which can be 
localized in the core or at the periphery. The incorporation 
of metals in dendritic structures has attracted growing 
interest as it generates new metallodendrimers with 
interesting redox, magnetic, and photo-optical properties.3
Transition metal catalysis based on functionalized 
dendrimers is another very promising application of 
dendrimers.4,5 These have inspired many chemists to 
develop new materials and several applications have been 
explored, e.g. in industry as novel catalysts and materials 

for molecular electronic devices and light energy 
conversion, in medicine and in other fields. To medicine 
dendrimers are substances whose possible applications as 
diagnostic, or even as therapeutic agents in BNCT6 have 
been discussed and studied.7 The fast growing area of 
dendrimer chemistry is still young, and the first synthesis 
of dendritic macromolecules has been only 30 years ago.8

Although the field of carboranes chemistry and their 
applications has been developed for over 40 years,9,10,11

few carborane-containing dendrimers have been 
reported.12

In view of the availability of carbosilane dendrimers13 as 
inert scaffolds for attaching carborane derivatives on the 
periphery and the versatility of carborane cluster for 
synthesis and application, we have started using several 
strategies to functionalize the surface of star-shaped 
carbosilanes incorporating carboranes by Si-Ccluster direct 
bonds.14 To our opinion, these systems have provide an 
interesting example, from the scientific point of view, for 
testing the reactivity of the carborane derivatis towards 
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different organosilanes and for testing their reactivity as 
hydrosilylating agents. However, due to the sensibility of 
the Cc-Si bond to the nucleophilic attack, they also present 
a restraint for further reactions on the peripheral cluster. 

Pursuing our work dealing with the preparation, 
functionalization and study of reactivity of carborane-
containing carbosilane dendrimers, we have prepared a 
family of dendrimers, in which o-carborane derivatives are 
bonded to the Si atom through an alkyl spacer. For this 
purpose, we have used the divergent routine or 
alternatively a pseudo-convergent strategy, for which a set 
of carboranyl compounds have been synthesized to be used 
as branched subunits that are attached at the end to a core 
molecule. Thus, the new approach to functionalize 
carboranylsilane monodendrons described below could be 
adapted to assembly of other dendrimeric systems and uses 
as coupling point. Furthermore, the new carborane-
containing dendrimeric compounds allow the modification 
and degradation of the cluster located at the periphery, 
leading to new polianionic species, which we expect 
endured a further metallation.  

Results and Discussion 

Preparation of First Generations of Carboranyl-
Containing Carbosilane Dendrimers. Dendritic 
carbosilanes are generally prepared using the divergent 
approach by successive allylation (using alkylated agents) 
and hydrosilylation steps (using silanes as hydrosilylating 
agents),13 although a convergent strategy has also been 
used to attach dendritic carbosilane fragment to core 
systems.15 With this idea, we have developed 
carboranylsilane monodendrons in order to used as source 
in different synthetic paths for the construction of 
carboranyl-containing first and second generation of 
dendrimer synthesis. Thus, precursors 1-2 were prepared 
from the reaction of the monolithium salts of the 
corresponding carboranes; 1-C6H5-1,2-C2B10H11 and 1-
CH3-1,2-C2B10H11 respectively, with the stoichiometric 
amount of (CH2CH=CH2)Br in a Et2O/toluene solution at 
room temperature, to give crystalline air-stable solids in 82 
and 88 % yield, respectively. The presence of the allyl 
function allows the platinum-catalyzed hydrosilylation 
with (CH3)2HSiCl, that is carried out in the absence of 
solvent at room temperature for four hours, to give 
chloroterminated carboranylsilane monodendrons 3 and 4,
respectively (Scheme 1). The 1H NMR olefinic resonances 
were used to follow the complete hydrosilylation reaction 
by the disappearance of the double bonds protons. 
Subsequent reduction of the Si-Cl functions in carboranyl-
chlorosilanes 3-4 was carried out with lithium 
tetrahydroaluminate, Li[AlH4], in Et2O at room 
temperature overnight to give 5-6 in 93-72 % yield, as 
analytical and spectroscopically pure oils (Scheme 1). In
order to obtain the first generation of carboranyl-
containing carbosilane dendrimers, two different 
approaches have been used: a) hydrosililation reaction of 
precursors 1-2 with the previously prepared 1G-H; b) 
hydrosililation of tetravinylsilane using 5-6 as 
hydrosilylating agents. For the first method, 
Si[(CH2)2(CH3)2SiH]4, 1G-H13a was synthesized according to 

literature procedures, the subsequent reaction of this with 
compounds 1-2 in the presence of Karstedt catalyst, at 
room temperature for 48 hours and after workup, gave 
dendrimers 7-8, respectively (Scheme 1). Using the second 
way, 7-8 were also obtained in higher yield (99%), by 
platinum-catalyzed hydrosilylation of tetravinylsilane with 
5-6 in toluene, at room temperature overnight. The second 
method is faster and cleaner and affords 7-8 in higher yield 
(Scheme 1).  

Scheme 1. Preparation of the Carboranyl-Containing First 
Generation Dendrimers 7 and 8 using two different approaches 

Preparation of Second Generations of Carboranyl-
Containing Carbosilane Dendrimers. To prepare second 
generation dendrimers we have used several approaches, in 
order to obtain dendrimers with four and eight clusters. In 
a first time, we have used a pseudo-convergent method 
which consists in growing the monodendrons 3-4 using a 
repetitive sequence of alquenilation, hydrosilylation an 
reduction reactions. Thus, he reaction of compounds 3-4
with vinylmagnesium chloride in THF, at room 
temperature overnight gave the corresponding vinyl-
carborane derivatives 9-10 as yelow oils (Scheme 2). The 
subsequent hydrosilylation reaction of 9-10 with 
Me2HSiCl in the presence of Karstedt catalyst, at room 
temperature for 12 and 2 hours, respectively, led to the 
formation of 11-12 in exceptional high yield (> 99%). The 
reduction of the Si-Cl function in 11-12 with LiAlH4 in an 
ether solution gave after workup reaction the carboranyl-
silane derivatives 13-14 (Scheme 2).  

Finally, a solvent free platinum-catalyzed 
hydrosilylation reaction of tetravinylsilane with 13-14, at 
room temperature overnight, led to the formation of the 
second generation dendrimer 15 and 16, respectively as 
yellow oils (Scheme 2). A second method used to obtain 
dendrimers 15-16 consists in the reaction of vinyl-
carborane derivatives 9 and 10 with a freshly prepared 1G-
H in the presence of Karstedt catalyst overnight. Both 
methods provide compounds 15-16 in very high yield.  
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Scheme 2. Preparation of Carboranyl-Containing Second 
Generation Dendrimers with Four Peripheral Clusters, 15-16.

Two second generation dendrimers containing eight 
peripheral carborane clusters have been prepared from the 
reaction of compound 5 and 6 with the dendrimer 1G-
(CH=CH2)2,13e which contains two vinyl function in each 
branch. The hydrosilylation reaction of 5-6 on the 
dendrimer is carried out in toluene using Kartestd as 
catalyst, at room temperature overnight (Scheme 3). After 
workup, dendrimers 17 and 18, respectively, were obtained 
as yellow oils in relative high yield.  

Scheme 3. Preparation of Carboranyl-Containing Second 
Generation Dendrimers with Eight Peripheral Clusters, 17-18.

Preparation of Carboranyl-Containing Polianionic 
Carbosilane Dendrimers. In this work we present the 
preliminary results in the preparation of polianionic 
dendrimers from carboranyl-containing carbosilane 
dendrimers. For this purpose, the degradation reaction of 
peripheral carboranes incorporated in dendrimers 7 and 8

was achieved, using KOH/EtOH at reflux for several hours 
(Scheme 4). The nucleofilic attack of the EtO- ion on the 
cluster caused its degradation obtaining the corresponding 
anionic nido species, without alteration of the dendrimeric 
structure. Thus, polianionic compounds 19-20 were 
isolated and purified as tetramethylammonium salts in 
very good yield. It is important to notice that the presence 
of the alkyl spacer between the Ccluster and the Si atom 
allows to prove the reactivity of the cluster towards 
nucleophiles and open the way to the modification and 
metallation of the cluster in order to obtain 
metallodendrimers. 

Scheme 4. Preparation of Carboranyl-Containing Polianionic 
Carbosilane Dendrimers, 19-20.

Characterization of Precursors and Dendrimers. The
structures of compounds 1-20 were established on the 
basis of elemental analysis, IR, 1H, 13C, 11B, 29Si NMR and 
mass spectroscopies and for 1-2 unequivocally confirmed 
by X-ray diffraction analysis. The IR spectra of 1-18
present typical (B-H) strong bands for closo clusters 
between 2570 and 2590 cm-1, and intense bands near 1255 
cm-1 corresponding to (Si-CH3). For compounds 5, 6, 13 
and 14 a characteristic band at 2110 cm-1 corresponding to 
(Si-H) was also observed. For anionic 19-20 the (B-H) 

appears around 2517 cm-1, which is typical for nido
clusters. The 1H NMR spectra for 1-2 exhibit resonances 
for allyl protons in the region 5.80-4.75 ppm, while 9-10
present the vinyl protons in the region 6.15-5.58 ppm. The 
allyl and vinyl protons have been used to follow the 
complete hydrosililation and to check the formation of 
corresponding products. The 1H NMR spectra of 3-18 
exhibit resonances for Si-CH3 protons in the region -0.15 
to 0.45 ppm and methylene protons between 0.25 and 0.56 
ppm, which has been unambiguously assigned to the 
corresponding protons, in the majority of cases. In these 
compounds the Cc-CH2 protons appear at lower field due 
to the electron-withdrawing character of the closo-cluster.
Contrarily, for anionic 19-20, these protons are shifted to 
higher field, respect to the closo-precursors 7-8, due to the 
electro-donor character of the nido-cluster. Additionally, 
for compounds 5, 6, 13 and 14, the presence of Si-H bonds 
in the molecule was confirmed by a multiplet displayed 
between 3.89 and 3.70 ppm. The 13C{1H} NMR spectra 
shows resonances for Ccluster from 83.5 to 80.6 ppm for the 
Ph-carborane derivatives and between 78.2 and 74.4 ppm 
for the Me-carborane derivatives. The Si-CH3 carbons 
appear in a wide range of the 13C NMR spectrum, between 
-4.9 and 1.5 ppm, depending on the other substitutents at 
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the Si atom. Finally, the CH2 carbons are exhibited in the 
region 39.0 (for Cc-CH2) and 2.6 ppm (Si-CH2). The 
position for Cc-CH2 is very similar for monomers or 
dendrimers, however, the Si-CH2 chemical shifts depend 
on the type of compounds and substituent at the Si atom.  

The 11B{1H} NMR resonances for compounds 1-18
appear in the closo region,16 from  -3.8 to -10.52 ppm. 
Without exception, all compounds containing 1-C6H5-1,2-
C2B10H11 present broad underhanded bands with the 
pattern 2:8, while derivative compounds of 1-CH3-1,2-
C2B10H11 show the general patterns 1:1:8 or 1:1:3:5. 
Contrarily, the 11B resonances of nido-compounds 19-20
appear in the typical region of nido-carboranes between -
6.0 and -35.0 ppm with the pattern 1:1:1:4:1:1.  

The 29Si{1H} NMR spectra of compounds 3-6 and 9-10
exhibit an unique signal whose chemical shift depended on 
the substituents on the Si atom. The resonances for Si-Cl 
appear around  = 30.4 ppm, the Si-H resonances are 
observed at higher field, about  = -14.0 ppm, and the Si-
C=C are exhibited at -6.3 ppm. For first generation neutral 
dendrimers 7-8 the 29Si{1H} NMR spectra exhibit two 
signals, whereas for second generation dendrimers 15-18
three resonances are observed. All resonances are assigned 
on the basis of the chemical shifts and the peak intensities. 
For all dendrimers the Sicore appears in the region 7.26-
9.05 ppm, whereas the Siperiphery are exhibited in a close 
interval, between 3.32 and 3.56 ppm. Additionally, the 
spectra of 15-18 exhibit a third peak in the region 5.05-
7.26 ppm corresponding to the branch Si-C. Finally, for 
anionic dendrimers 19-20, the 29Si NMR spectra show two 
signals corresponding to the Sicore, at 8.54 and 9.47 ppm, 
respectively and to the Siperiphery at 2.97 and 4.06 ppm.   

X-ray Crystal Structures of 1 and 2. Precursors 1 and 
2 were isolated as monocrystals suitable for X-ray 
structural determination from a solution of Et2O. The 
molecular structures of 1 and 2 are presented in Figure 1.  

Figure 1. Molecular structures of precursors 1 and 2.

Conclusions 

Carborane derivatives 1-2 that contain one exo-cluster 
allyl function have shown to be good precursors for a 
modular construction of carboranyl-containing carbosilane 
dendrons and dendrimers. Different synthetic strategies 
using divergent and convergent steps have been developed 
in order to obtain neutral first and second generation 

dendrimers, 7, 8, 15 and 16, which contain four peripheral 
carborane clusters linked to the Si atoms though a propyl 
chain. Additionally, two neutral second deneration 
carbosilane dendrimers peripherally functionalized with 
eight carborane cluster, 17-18, have also been prepared. 
The degradation of closo-carborane to the corresponding 
nido-species was performed using the EtO- as nucleophiles, 
leading to the formation of polianionic carboranyl-
containing carbosilane dendrimers. Thus the versatility of 
the carboranes have provide the development of several 
ways to prepared different king of carborane-containing 
carbosilane dendrimers.   

Experimental Section 

Instrumentation. Microanalyses were performed in the 
analytical laboratory using a Carlo Erba EA1108 
microanalyser. IR spectra were recorded with KBr pellets or 
NaCl on a Shimadzu FTIR-8300 spectrophotometer. The 
Electrospray-Ionization mass spectra (ESI-MS) were 
recorded on a Bruker Esquire 3000 spectrometer using a 
source of ionization and a ions trap analyzer. The 1H,
1H{11B} NMR (300.13 MHz), 11B, 11B{1H} NMR (96.29 
MHz), 13C{1H} NMR (75.47 MHz) and 29Si NMR (59.62 
MHz) spectra were recorded on a Bruker ARX 300 
spectrometer equipped with the appropriate decoupling 
accessories at room temperature. All NMR spectra were 
recorded in CDCl3 solutions at 22ºC. Chemical shift values 
for 11B NMR spectra were referenced to external BF3·OEt2,
and those for 1H, 1H{11B}, 13C{1H}NMR and 29Si NMR 
spectra were referenced to SiMe4. Chemical shifts are 
reported in units of parts per million downfield from 
reference, and all coupling constants are reported in Hertz. 

Materials. All manipulations were carried out under a 
dinitrogen atmosphere using standard Schlenck techniques. 
Solvents were reagent grade and were purified by 
distillation from appropriate drying agents before use. 1-
Me-1,2-C2B10H11 and 1-Ph-1,2-C2B10H11 were supplied by 
Katchem Ltd. (Prague) and used as received. (CH3)2HSiCl
and Karstedt’s catalyst (platinum 
divinyltetramethyldisiloxane complex, 2.1-2.4% platinum 
in vinyl terminated polydimethylsiloxane in xylene 
solution) were purchased from ABCR and used as 
received. The [Si(CH=CH2)4] was purchased from Across. 
The n-BuLi solution (1.6M in hexanes) was purchased 
from Lancaster or Aldrich and CH2=CHMgCl from 
Aldrich. Dendrimers Si[(CH2)2(CH3)2SiH]4, 1G-H and 
Si{(CH2)2(CH3)Si[(CHCH2)2}4], 1G-(CH=CH2)2 were 
prepared according to the literature.13a,e  

Synthesis of 1-C6H5-2-CH2CH=CH2-1,2-C2B10H10 (1).
To a solution of 1-C6H5-C2B10H11 (0.50 g, 2.3 mmol) a 
mixture toluene (7 mL) and diethyl ether (3.5 mL) at 0 ºC, 
was added dropwise a solution of n-BuLi 1.6 M in hexane 
(1.5 mL, 2.4 mmol). The mixture was stirred for 1 h at 
room temperature, cooled again at 0 ºC, and (CH2=CH-
CH2)Br (0.2 mL, 2.3 mmol) was added. The mixture was 
stirred for 2 h at room temperature and refluxed overnight. 
Next, the mixture was warmed at room temperature, 
quenched with 20 mL of water, transferred to a separatory 
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funnel and extracted with Et2O (3 x 10 mL). The organic 
layer was dried over MgSO4 and concentrated in vacuo to 
obtain compound 1 as a white solid. Yield: 0.52 g, 88 %. 
An Et2O solution of 1 gave single crystals suitable for X-
ray analysis. 1H NMR:  7.68-7.36 (m, 5H, C6H5), 5.65 
(ddt, 3J(H,H) = 16.7, 3J(H,H) = 10.0, 3J(H,H) = 7.3, 1H, 
CH2CH=CH2), 5.05 (d, 3J(H,H) = 10.0, 1H, CH2CH=CH2), 
4.75 (d, 3J(H,H) = 16.7, 1H, CH2CH=CH2), 2.57 (d, 
3J(H,H) = 7.32, 2H, CH2CH=CH2). 1H{11B} NMR:  7.68-
7.36 (m, 5H, C6H5), 5.65 (ddt, 3J(H,H) = 16.7, 3J(H,H) = 
10.0, 3J(H,H) = 7.3, 1H, CH2CH=CH2), 5.05 (d, 3J(H,H) = 
10.0, 1H, CH2CH=CH2), 4.75 (d, 3J(H,H) = 16.7, 1H, 
CH2CH=CH2), 2.76 (br s, B-H), 2.57 (d, 3J(H,H) = 7.3, 
2H, CH2CH=CH2), 2.38 (br s, B-H), 2.28 (br s, B-H). 11B
NMR:  -3.8 (d, 1J(B,H) = 147, 2B), -10.5 (8B). 13C{1H}
NMR:  132.4 (CH2CH=CH2), 131.3 (Ph-Cmeta), 130.7 
(Ph-Cortho), 130.5 (Ph-Cipso), 128.8 (Ph-Cpara), 119.3 
(CH2CH=CH2), 83.2 (Cc), 80.6 (Cc), 39.2 (CH2CH=CH2).
FTIR (KBr), cm-1: 3084 (  (C=H)), 2967, 2927 (  (Calkyl-
H)), 2575 (  (B-H)). Anal. Calcd. for C11H20B10: C, 50.74; 
H, 7.74. Found: C, 50.36; H 7.61. 

Synthesis of 1-CH3-2-CH2CH=CH2-1,2-C2B10H10 (2).
The procedure was the same as for 1 using 1.00 g (6.32 
mmol) of 1-CH3-1,2-C2B10H11 in toluene (14 mL) and 
Et2O (7 mL), 4.1 mL (6.56 mmol) of 1.6 M solution of n-
BuLi in hexane and 0.55 mL (6.33 mmol) of (CH2=CH-
CH2)Br. The mixture was stirred for 2 hours at room 
temperature and refluxed overnight. The workup was the 
same as for 1 to give 2 as a yellow oil. Yield: 1.02 g, 82 %. 
An Et2O solution of 2 gave single crystals suitable for X-
ray analysis. 1H NMR:  5.78 (ddt, 3J(H,H) = 16.8, 3J(H,H)
= 10.0, 3J(H,H) = 7.2, 1H, CH2CH=CH2), 5.21 (d, 3J(H,H) 
= 10.0, 1H, CH2CH=CH2), 5.13 (d, 3J(H,H) = 16.8, 1H, 
CH2CH=CH2), 2.97 (d, 3J(H,H) = 7.2, 2H, CH2CH=CH2),
2.03 (s, 3H, Cc-CH3). 1H{11B} NMR:  5.78 (ddt, 3J(H,H) 
= 16.8, 3J(H,H) = 10.0, 3J(H,H) = 7.2, 1H, CH2CH=CH2),
5.21 (d, 3J(H,H) = 10.0, 1H, CH2CH=CH2), 5.13 (d, 
3J(H,H) = 16.8, 1H, CH2CH=CH2), 2.97 (d, 3J(H,H) = 7.2, 
2H, CH2CH=CH2), 2.26 (br s, B-H), 2.21 (br s, B-H), 2.14 
(br s, B-H), 2.03 (s, 3H, Cc-CH3). 11B NMR:  -2.9 (d, 
1J(B,H) = 124, 1B), -4.1 (d, 1J(B,H) = 135, 1B), -8.2 (br s, 
3B), -9.1 (d, 1J(B,H) = 143, 5B). 13C{1H} NMR:  132.5 
(CH2CH=CH2), 119.5 (CH2CH=CH2), 78.1 (Cc), 74.4 (Cc),
39.6 (CH2CH=CH2), 23.0 (Cc-CH3). FTIR (NaCl), cm-1:
3086 (  (C=H)), 2987, 2947 (  (Calkyl-H)), 2586 (  (B-H)). 
Anal. Calcd. for C6H18B10: C, 36.34; H, 9.15. Found: C, 
36.42; H, 9.25. 

Synthesis of 1-C6H5-2-[CH2CH2CH2(CH3)2SiCl]-1,2-
C2B10H10 (3). In a Schlenk flask, 1 (0.32 g, 1.23 mmol), 
(CH3)2HSiCl (0.3 mL, 2.56 mmol) and Karstedt catalyst (5 
μl, 0.01 mmol) were mixed and stirred for 4 h at room 
temperature. Evaporation of volatiles and the excess of 
(CH3)2HSiCl gave 3 as a yellow oil. Yield: 0.43 g,  99 %. 
1H NMR:  7.67-7.41 (m, 5H, C6H5), 1.84 (t, 3J(H,H) = 
7.5, 2H, Cc-CH2), 1.52 (m, 2H, CH2CH2CH2), 0.60 (t, 
3J(H,H) = 8.1, 2H, Si-CH2), 0.31 (s, 6H, Si-CH3). 1H{11B} 
NMR:  7.67-7.41 (m, 5H, C6H5), 2.73 (br s, 2H, B-H),
2.36 (br s, 6H, B-H), 2.27 (br s, 2H, B-H), 1.84 (t, 3J(H,H) 
= 7.5, 2H, Cc-CH2), 1.52 (m, 2H, CH2CH2CH2), 0.60 (t, 
3J(H,H) = 8.1, 2H, Si-CH2), 0.31 (s, 6H, Si-CH3). 11B
NMR:  -3.6 (d, 1J(B,H) = 145, 2B), -10.5 (br s, 8B). 

13C{1H} NMR:  131.1-128.9 (C6H5), 83.5 (Cc), 81.9 (Cc), 
37.8 (Cc-CH2), 23.1 (CH2CH2CH2), 18.4 (SiCH2), 1.5 (Si-
CH3). 29Si{1H} NMR:  30.42.  

Synthesis of 1-CH3-2-[CH2CH2CH2(CH3)2SiCl]-1,2-
C2B10H10 (4). The procedure was the same as for 
compounds 3 using 2 (0.64 g, 3.21 mmol), (CH3)2HSiCl 
(0.75 mL, 6.42 mmol) and Karstedt catalyst (10 μl, 0.02 
mmol). The mixture was stirred under N2 for 5 h at room 
temperature. Evaporation of volatiles gave 4 as a yellow 
oil. Yield: 0.94 g,  99 %. 1H NMR:  2.24 (t, 3J(H,H) = 
8.1, 2H, Cc-CH2), 2.03 (s, 3H, Cc-CH3), 1.70 (quint., 3

J(H,H) = 8.1, 2H, CH2CH2CH2), 0.85 (t, 3J(H,H) = 8.1, 2H, 
Si-CH2), 0.45 (s, 6H, Si-CH3). 1H{11B} NMR:  2.26 (br s, 
B-H), 2.20 (br s, B-H), 2.17 (br s, B-H), 1.70 (quint., 
3J(H,H) = 8.1, 2H, CH2CH2CH2), 0.85 (t, 3J(H,H) = 8.13, 
2H, Si-CH2), 0.45 (s, 6H, Si-CH3). 11B NMR:  -2.9 (d, 
1J(B,H) = 132, 1B), -4.2 (d, 1J(B,H) = 144, 1B), -9.1 (d, 
1J(B,H) = 139, 8B). 13C{1H} NMR:  77.7 (Cc), 74.6 (Cc), 
38.1 (Cc-CH2), 23.3 (CH2CH2CH2), 23.2 (Cc-CH3), 18.6 
(CH2-Si), 1.6 (Si-CH3). 29Si{1H} NMR:  30.45. 

Synthesis of 1-C6H5-2-[CH2CH2CH2(CH3)2SiH]-1,2-
C2B10H10 (5). To a solution of LiAlH4 (38.0 mg, 1.00 
mmol) in Et2O (16 mL) at 0 ºC was added dropwise a 
solution of 3 (0.70 g, 1.98 mmol) in Et2O (8 mL). The 
mixture was stirred for 15 h at room temperature and 
filtered off through Celite twice. The solvent was removed 
in vacuo to give 5 as a transparent oil. Yield: 0.59 g, 93 %. 
1H NMR:  7.65-7.39 (m, 5H, C6H5), 3.70 (m, 1H, Si-H),
1.81 (t, 3J(H,H) = 8.5, 2H, Cc-CH2), 1.45 (tt, 3J(H,H) = 8.5, 
3J(H,H) = 8.1, 2H, CH2CH2CH2), 0.37 (td, 3J(H,H) = 8.1, 
3J(H,H) = 3.2, 2H, Si-CH2), -0.02 (d, 3J(H,H) = 3.7, 6H, 
Si-CH3). 1H{11B} NMR:  7.65-7.39 (m, 5H, C6H5), 3.70 
(m, 1H, Si-H), 2.73 (br s, 2H, B-H), 2.36 (br s, 6H, B-H), 
2.25 (br s, 2H, B-H), 1.81 (t, 3J(H,H) = 8.1, 2H, Cc-CH2), 
1.45 (tt, 3J(H,H) = 8.5, 3J(H,H) = 8.1, 2H, CH2CH2CH2),
0.37 (td, 3J(H,H) = 8.1, 3J(H,H) = 3.2, 2H, Si-CH2), -0.02 
(d, 3J(H,H) = 3.7, 6H, Si-CH3). 11B NMR:  -2.3 (d, 
1J(B,H) = 146, 2B), -9.1 (d, 1J(B,H) = 121, 8B). 13C{1H} 
NMR:  131.1-128.9 (C6H5), 83.5 (Cc), 82.4 (Cc), 38.1 (Cc-
CH2), 24.5 (CH2), 13.8 (Si-CH2), -4.7 (Si-CH3). 29Si{1H} 
NMR:  -14.10. FTIR (NaCl), cm-1: 3065 (  (Caryl-H)), 
2957 (  (Calkyl-H)), 2590 (  (B-H)), 2114 (  (Si-H)), 1252 
(  (Si-CH3)). 

Synthesis of 1-CH3-2-[CH2CH2CH2(CH3)2SiH]-1,2-
C2B10H10 (6). The process was the same as for compound 
5 using LiAlH4 (25.5 mg, 0.61 mmol) in Et2O (8 mL) and 
4 (0.36 g, 1.22 mmol) in Et2O (2 mL). The mixture was 
stirred for 15 h at room temperature and filtered off 
through Celite three times. The solvent was removed in
vacuo to give 6 as a transparent oil. Yield: 0.23 g, 72 %. 
1H NMR:  3.89 (m, 1H, Si-H), 2.20 (t, 3J(H,H) = 8.5, 2H, 
Cc-CH2), 2.02 (s, 3H, Cc-CH3), 1.62 (tt, 3J(H,H) = 8.5, 
3J(H,H) = 8.1, 2H, CH2CH2CH2), 0.61 (td, 3J(H,H) = 8.1 
3J(H,H) = 3.2, 2H, Si-CH2), 0.11 (d, 3J(H,H) = 3.7, 6H, Si-
CH3). 1H{11B} NMR:  3.89 (m, 1H, Si-H), 2.25 (br s, B-
H), 2.20 (t, 3J(H,H) = 8.5, 2H, Cc-CH2), 2.10 (br s, B-H),
2.02 (s, 3H, Cc-CH3), 1.62 (tt, 3J(H,H) = 8.5, 3J(H,H) = 8.1, 
2H, CH2CH2CH2), 0.61 (td, 3J(H,H) = 8.1 3J(H,H) = 3.2, 
2H, Si-CH2), 0.11 (d, 3J(H,H) = 3.7, 6H, Si-CH3). 11B
NMR:  -2.9 (d, 1J(B,H) = 130, 1B), -4.2 (d, 1J(B,H) = 
140, 1B), -8.3 (br s, 3B), -9.1 (d, 1J(B,H) = 145, 5B). 
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13C{1H} NMR:  78.1 (Cc), 74.7 (Cc), 38.4 (Cc-CH2), 24.8 
(CH2CH2CH2), 23.1 (Cc-CH3), 14.0 (Si-CH2), -4.5 (Si-
CH3). 29Si{1H} NMR:  -14.07. FTIR (NaCl), cm-1: 2957-
2901 (  (Calkyl-H)), 2588 (  (B-H)), 2114 (  (Si-H)), 1252 
(  (Si-CH3)).

Synthesis of 1G-CH2CH2CH2-Phenyl-o-carborane 
(7). Method A: In a Schlenk flask, 1 (0.55 g, 2.12 mmol), 
1G-H (0.20 g, 0.53 mmol) and one drop of Karstedt 
catalyst were mixed and stirred for 1 h. Next, THF (0.5 
mL) was added to the mixture and stirred for 48 h at room 
temperature. The volatiles were evaporated in the vacuum 
line to obtain a yellowish oil, which was treated with 
petroleum ether. An insoluble oily product was formed, 
separated from the solution and treated with acetonitrile. 
The insoluble part was separated, and the solution was 
evaporated to give 7 as a yellowish oil. Yield: 0.27 g, 36 
%. Method B: In a Schlenk flask, 5 (0.11 g, 0.36 mmol), 
Si(CH=CH2)4 (16 μL, 0.09 mmol), one drop of Karstedt 
catalyst and 0.1 mL of THF. The mixture was stirred 
overnight, and solvent removal afforded the product 7 as a 
yellowish oil. Yield: 0.13 g, 99 %. 1H NMR:  7.66-7.40 
(m, 20H, C6H5), 1.78 (t, 3J(H,H) = 8.1, 8H, Cc-CH2), 1.39 
(m, 8H, CH2CH2CH2), 0.29 (m, 24H, SiCH2CH2SiCH2), -
0.12 (s, 24H, Si-CH3). 1H{11B} NMR:  7.66-7.40 (m, 
20H, C6H5), 2.72 (br s, 8H, B-H), 2.37 (br s, 24H, B-H), 
2.25 (br s, 8H, B-H), 1.78 (t, 3J(H,H) = 8.1, 8H, Cc-CH2),
1.39 (m, 8H, CH2CH2CH2), 0.29 (m, 24H, 
SiCH2CH2SiCH2), -0.12 (s, 24, Si-CH3). 11B NMR:  -2.1 
(d, 1J(B,H) = 136, 8B), -8.9 (d, 1J(B,H) = 121, 32B). 
13C{1H} NMR:  131.1-129.9 (C6H5), 83.4 (Cc), 82.4 (Cc),
38.6 (Cc-CH2), 24.2 (CH2CH2CH2), 14.5 (Si-CH2), 7.1 (Si-
CH2CH2-Si), 2.6 (Si-CH2CH2-Si), -4.0 (Si-CH3). 29Si{1H}
NMR:  9.05 (Sicore), 3.32 (Siperiphery). FTIR (NaCl), cm-1:
3063 (  (Caryl-H)), 2957-2901 (  (Calkyl-H)), 2585 (  (B-
H)), 1252 (  (Si-CH3)). MS-electrospray (ESI), solution of 
CHCl3/CH3OH (1:1) m/z: calcd for C60H124B40Si5, 1418.5; 
found, 1454.2 [(M + 2H2O)-, 100%]. 

Synthesis of 1G-CH2CH2CH2-Methyl-o-carborane 
(8). Method A: In a Schlenk flask, 2 (0.13 g, 0.64 mmol), 
1G-H (60.2 mg, 0.16 mmol) and one drop of Karstedt 
catalyst were mixed and stirred for 48 h. The volatiles 
were evaporated in the vacuum line to obtain a yellowish 
oil, which was treated with acetonitrile. An insoluble oily 
product was formed and separated from the solution. 
Solvent removal afforded the product 8 as a yellow oil. 
Yield: 51.4 mg,  37 %. Method B: The procedure was the 
same as for 7 using 6 (0.25 g, 0.97 mmol), Si(CH=CH2)4
(40 μL, 0.24 mmol), one drop of Karstedt catalyst. The 
mixture was stirred for 5 min, then THF (1 mL) was 
added. The mixture was stirred for 5 h, and solvent 
removal afforded the product 8 as a yellowish oil. Yield: 
1.13 g, 99 %. 1H NMR:  2.21 (t, 3J(H,H) = 8.1, 8H, Cc-
CH2), 2.01 (s, 12H, Cc-CH3), 1.56 (m, 8H, CH2CH2CH2),
0.54 (t, 3J(H,H) = 8.5, 8H, Si-CH2), 0.39 (m, 16H, 
SiCH2CH2Si), 0.02 (s, 24H, Si-CH3). 1H{11B} NMR: 
2.24 (br s, B-H),  2.21 (t, 3J(H,H) = 8.1, 8H, Cc-CH2), 
2.01 (s, 12H, Cc-CH3), 1.56 (m, 8H, CH2CH2CH2), 0.54 (t, 
3J(H,H) = 8.5, 8H, Si-CH2), 0.39 (m, 16H, SiCH2CH2Si), 
0.02 (s, 24H, Si-CH3). 11B NMR: -3.0 (4B), -4.7 (d, 
1J(B,H) = 145, 8B), -9.1 (d, 1J(B,H) = 137, 32B). 13C{1H} 
NMR: 78.1 (Cc), 74.6 (Cc), 38.9 (Cc-CH2), 24.4 

(CH2CH2CH2), 23.1 (Cc-CH3), 14.7 (Si-CH2), 7.2 (Si-
CH2CH2-Si), 2.7 (Si-CH2CH2-Si), -3.9 (Si-CH3). 29Si{1H} 
NMR: 8.54 (Sicore), 3.58 (Siperiphery). FTIR (NaCl), cm-1:
2953,2903 (  (Calkyl-H)), 2588 (  (B-H)), 1250 (  (Si-
CH3)). MALDI-TOF-MS (m/z): calcd for C40H116B40Si5:
1170.3; found, 1168.9 [M-1]-, 910.75 [M-
Si(CH3)2CH2CH2CH2(C3B10H13)]-, 527.5 [M-
CH2CH2Si(CH3)2CH2CH2CH2(C3B10H13)]-, 194.0 
[CH2CH2CH2(C3B10H13)]-, 169.0 [CH2(C3B10H13)]-, 156 
[C3B10H13]-.

Synthesis of 1-C6H5-2-
[CH2CH2CH2(CH3)2SiCH=CH2]-1,2-C2B10H10 (9). A 
solution of 3 (0.21 g, 0.80 mmol) in 6 mL of THF was 
dropwisely added into a solution of vinyl magnesium 
chloride (0.5 mL, 0.81 mmol). The mixture was refluxed 
overnight. Next, the solvent was removed in vacuo and dry 
hexane (6 mL) was added. The suspension was filtered off 
through Celite and the solvent was removed to give 9 as a 
yellow oil. Yield: 0.22 mg, 81 %. 1H NMR:  7.66-7.38 
(m, 5H, C6H5), 6.05-5.87 (m, 2H), 5.58 (m, 1H), 1.79 (t, 
3J(H,H) = 8.1, 2H, Cc-CH2), 1.41 (tt, 3J(H,H) = 8.1, 2H, 
CH2CH2CH2), 0.34 (t, 3J(H,H) = 8.1, 2H, Si-CH2), -0.03 (s, 
6H, Si-CH3). 1H{11B} NMR:  7.66-7.38 (m, 5H, C6H5), 
6.05-5.87 (m, 2H), 5.58 (m, 1H), 2.72 (br s, 2H, B-H),
2.36 (br s, 6H, B-H), 2.40 (br s, 2H, B-H), 1.79 (t, 3J(H,H) 
= 8.1, 2H, Cc-CH2), 1.41 (tt, 3J(H,H) = 8.1, 2H, 
CH2CH2CH2), 0.34 (t, 3J(H,H) = 8.1, 2H, Si-CH2), -0.03 (s, 
6H, Si-CH3). 11B NMR:  -2.2 (d, 1J(B,H) = 146, 2B), -9.0 
(d, 1J(B,H) = 127, 8B). 29Si{1H} NMR:  -6.30. 

Synthesis of 1-CH3-2-
[CH2CH2CH2(CH3)2SiCH=CH2]-1,2-C2B10H10 (10). The 
process was the same as for compound 9 using 0.5 mL 
(0.84 mmol) of vinyl magnesium chloride and 0.22 g (0.75 
mmol) of 4 in 6 mL of THF. The mixture was refluxed 
overnight. The solvent was removed in vacuo, then dry 
hexane (6 mL) was added, and the suspension was filtered 
off through Celite. The solvent was removed to give 10 as 
a yellow oil. Yield: 0.17 g, 78 %. 1H NMR:  6.15-5.98 
(m, 2H), 5.70 (m, 1H), 2.19 (t, 3J(H,H) = 8.1, 2H, Cc-CH2),
2.01 (s, 3H, Cc-CH3), 1.62 (m, 2H, CH2CH2CH2), 0.61 (t, 
3J(H,H) = 8.5, 2H, Si-CH2), 0.10 (s, 6H, Si-CH3). 1H{11B} 
NMR:  6.15-5.98 (m, 2H), 5.70 (m, 1H), 2.25 (br, B-H), 
2.04 (br, B-H), 2.01 (s, 3H, Cc-CH3), 1.62 (m, 2H, 
CH2CH2CH2), 0.61 (t, 3J(H,H) = 8.5, 2H, Si-CH2), 0.10 (s, 
6H, Si-CH3). 11B NMR:  -2.9 (d, 1J(B,H) = 122, 1B), -4.1 
(d, 1J(B,H) = 141, 1B), -9.1 (d, 1J(B,H) = 141, 8B). 
13C{1H} NMR:  138.2 (CH=CH2), 132.2 (CH=CH2), 78.2 
(Cc), 74.7 (Cc), 38.7 (Cc-CH2), 24.3 (CH2), 23.1 (Cc-CH3),
15.3 (Si-CH2), -3.4 (Si-CH3). 29Si{1H} NMR:  -6.27.  

Synthesis of 1-C6H5-2-[CH2CH2CH2(CH3)2SiCH2CH2

(CH3)2SiCl]-1,2-C2B10H10 (11). In a Schlenk flask, 9 (0.22 
g, 0.64 mmol), (CH3)2HSiCl (0.15 mL, 1.28 mmol) and 
one drop of Karstedt catalyst were mixed and stirred for 12 
h at room temperature. Evaporation of volatiles and the 
excess of (CH3)2HSiCl gave 11 as a yellow oil. Yield: 0.28 
g,  99 %. 1H NMR:  7.67-7.41 (m, 5H, C6H5), 1.80 (t, 
3J(H,H) = 8.1, 2H, Cc-CH2), 1.39 (m, 2H, CH2CH2CH2), 
0.61 (m, 2H, CH2), 0.39 (m, 8H, Sicore-CH2, Siperiphery-CH3), 
0.30 (m, 2H, CH2), -0.11 (s, 6H, Sicore-CH3). 1H{11B}
NMR:  7.67-7.41 (m, 5H, C6H5), 2.73 (br s, 2B, B-H), 
2.36 (br s, 8B, B-H), 1.80 (t, 3J(H,H) = 8.1, 2H, Cc-CH2),



195

1.39 (m, 2H, CH2CH2CH2), 0.61 (m, 2H, CH2), 0.39 (m, 
8H, Sicore-CH2, Siperiphery-CH3), 0.30 (m, 2H, CH2), -0.11 (s, 
6H, Sicore-CH3). 11B NMR:  -2.2 (d, 1J(B,H) = 144, 2B), -
8.9 (d, 1J(B,H) = 130, 8B). 13C{1H} NMR:  131.1-128.9 
(C6H5), 83.3 (Cc), 82.3 (Cc), 38.6 (Cc-CH2), 24.0 (CH2),
14.4 (CH2), 11.3 (CH2), 6.3 (CH2), 0.9 (CH3-Siperiphery), -
4.1 (CH3-Sicore).

Synthesis of 1-CH3-2-[CH2CH2CH2(CH3)2SiCH2CH2

(CH3)2SiCl]-1,2-C2B10H10 (12). The procedure was the 
same as for compound 11 using, 10 (0.12 g, 0.43 mmol), 
(CH3)2HSiCl (0.1, 0.86 mmol) and one drop of Karstedt 
catalyst. The mixture was for 2 h at room temperature. 
Evaporation of volatiles and the excess of (CH3)2HSiCl 
gave 12 as a yellow oil. Yield: 0.16 g,  99 %. 1H NMR: .
2.19 (t, 3J(H,H) = 8.1, 2H, Cc-CH2), 2.01 (s, 3H, Cc-CH3),
1.57 (m, 2H, CH2CH2CH2), 0.54 (m, 12H), 0.03 (s, 6H, Si-
CH3).  1H{11B} NMR: 2.20 (m, Cc-CH2, B-H), 2.01 (s, 3H, 
Cc-CH3), 1.57 (m, 2H, CH2CH2CH2), 0.54 (m, 12H), 0.03 
(s, 6H, Si-CH3). 11B NMR:  -2.1 (d, 1J(B,H) = 122, 1B), -
3.3 (d, 1J(B,H) = 141, 1B), -8.3 (d, 1J(B,H) = 141, 
8B).13C{1H} NMR:  78.1 (Cc), 74.5 (Cc), 39.0 (Cc-CH2),
24.2 (CH2), 23.1 (Cc-CH3), 14.7 (CH2), 11.4 (CH2), 6.4 
(CH2), 0.9 (Siperiphery-CH3), -4.0 (Sicore-CH3).

Synthesis of 1-C6H5-2-[CH2CH2CH2(CH3)2SiCH2CH2

(CH3)2SiH]-1,2-C2B10H10 (13). To a solution of LiAlH4
(12.9 mg, 0. 32 mmol) in Et2O (10 mL) at 0 ºC was added 
dropwise a solution of 11 (0.28 g, 0.64 mmol) in Et2O (2 
mL). The mixture was stirred for 12 h at room temperature 
and filtered off through Celite twice. The solvent was 
removed in vacuo to give 13 as a transparent oil. Yield: 
0.16 g, 60 %. 1H NMR:  7.66-7.40 (m, 5H, C6H5), 3.81 
(m, 1H, Si-H), 1.78 (t, 3J(H,H) = 8.1, 2H, Cc-CH2), 1.39 
(m, 2H, CH2CH2CH2), 0.36 (m, 4H, CH2), 0.27 (m, 2H, 
CH2), 0.04 (d, J3(H,H) = 3.7, 6H, Siperiphery-CH3), -0.14 (s, 
6H, Sicore-CH3). 1H{11B} NMR:  7.66-7.40 (m, 5H, C6H5), 
3.81 (m, 1H, Si-H), 2.7 (br s, 2H, B-H), 2.37 (br s, 6H, B-
H), 2.25 (br s, 2H, B-H), 1.78 (t, 3J(H,H) = 8.1, 2H, Cc-
CH2), 1.39 (m, 2H, CH2CH2CH2), 0.36 (m, 4H, CH2), 0.27 
(m, 2H, CH2), 0.04 (d, J3(H,H) = 3.7, 6H, Siperiphery-CH3), -
0.14 (s, 6H, Sicore-CH3). 11B NMR: -1.2 (d, 1J(B,H) = 144, 
2B), -8.0 (d, 1J(B,H) = 132, 8B). 13C{1H} NMR: 131.1-
128.8 (C6H5), 83.3 (Cc), 82.4 (Cc), 38.7 (Cc-CH2), 24.1 
(CH2), 14.5 (CH2), 7.7 (CH2), 6.3 (CH2), -4.0 (CH3-Si), -
4.9 (CH3-Si). FTIR (NaCl), cm-1: 3065 (  (Caryl-H)), 2954 
(  (Calkyl-H)), 2590 (  (B-H)), 2110 (  (Si-H)), 1250 (  (Si-
CH3)).

Synthesis of 1-CH3-2-[CH2CH2CH2(CH3)2SiCH2CH2

(CH3)2SiH]-1,2-C2B10H10 (14). The process was the same 
as for compound 13 using LiAlH4 (8.5 mg, 0.21 mmol) in 
Et2O (8 mL) and 12 (0.16 g, 0.43 mmol) in Et2O (2 mL). 
The mixture was stirred for 12 h at room temperature and 
filtered off through Celite three times. The solvent was 
removed in vacuo to give 14 as a transparent oil. Yield: 90 
mg, 61 %. 1H NMR:  3.85 (m, 1H, Si-H), 2.19 (t, 3J(H,H)
= 8.1, 2H, Cc-CH2), 2.02 (s, 3H, Cc-CH3), 1.55 (m, 2H, 
CH2CH2CH2), 0.47 (m, 6H), 0.08 (d, 3J(H,H) = 3.7, 6H, 
Siperiphery-CH3), 0.005 (s, 6H, Sicore-CH3). 1H{11B} NMR: 
3.85 (m, 1H, Si-H), 2.15 (m, Cc-CH2, B-H), 2.02 (s, 3H, 
Cc-CH3), 1.55 (m, 2H, CH2CH2CH2), 0.47 (m, 6H), 0.08 
(d, 3J(H,H) = 3.7, 6H, Siperiphery-CH3), 0.005 (s, 6H, Sicore-
CH3). 11B NMR:  -2.1 (d, 1J(B,H) = 122, 1B), -3.3 (d, 

1J(B,H) = 141, 1B), -8.3 (d, 1J(B,H) = 141, 8B). 13C{1H} 
NMR:  78.1 (Cc), 74.6 (Cc), 39.0 (Cc-CH2), 24.3 (CH2), 
23.1 (Cc-CH3), 14.8 (CH2), 7.8 (CH2), 6.3 (CH2), -3.9 
(CH3-Si), -4.9 (CH3-Si). FTIR (NaCl), cm-1: 2955-2905 (
(Calkyl-H)), 2589 (  (B-H)), 2110 (  (Si-H)), 1252 (  (Si-
CH3)). 

Synthesis of 2G-CH2CH2CH2-Phenyl-o-carborane 
(15). Method A: In a Schlenk flask, 9 (83.9 mg, 0.24 
mmol), 1G-H (22.8 mg, 0.06 mmol) and one drop of 
Karstedt catalyst were mixed and stirred overnight. The 
volatiles were removed in vacuo to give a yellowish oil, 
which was treated with acetonitrile. An insoluble oil was 
formed and separated from the solution. This oily product 
was washed with petroleum ether and finally, the solvent 
removal afforded the product 15 as a yellow oil. Yield: 
42.3 mg, 40 %. Method B: In a Schlenk flask, 13 (0.16 g, 
0.38 mmol), Si(CH=CH2) (17 μL, 0.10 mmol) and one 
drop of Karstedt catalyst were mixed and stirred overnight. 
The volatiles were evaporated in the vacuum line to obtain 
a yellowish oil, which was treated with acetonitrile. An 
insoluble oily product was formed and separated from the 
solution. Solvent removal afforded the product 15 as a 
yellow oil. Yield: 98 mg, 58 %. 1H NMR:  7.66-7.40 (m, 
20H, C6H5), 1.78 (t, 3J(H,H) = 8.5, 8H, Cc-CH2), 1.39 (m, 
8H, CH2CH2CH2), 0.33 (m, 40H, 
Si(1)CH2CH2Si(2)CH2CH2Si(3)CH2), -0.05 (s, 24H, Si-
CH3), -0.15 (s, 24H, Si-CH3). 1H{11B} NMR:  7.66-7.40 
(m, 20H, C6H5), 2.72 (br s, 8B, B-H), 2.35 (br s, 24B, B-
H), 2.24 (br s, 8B, B-H), 1.78 (t, 3J(H,H) = 8.5, 8H, Cc-
CH2), 1.39 (m, 8H, CH2CH2CH2), 0.33 (m, 40H, 
Si(1)CH2CH2Si(2)CH2CH2Si(3)CH2), -0.05 (s, 24H, Si-
CH3), -0.15 (s, 24H, Si-CH3). 11B NMR:  -2.3 (d, 1J(B,H) 
= 141, 8B), -9.0 (d, 1J(B,H) = 127, 32B). 13C{1H} NMR: 
131.1-128.9 (C6H5), 83.4 (Cc), 82.4 (Cc), 38.7 (Cc-CH2),
24.1 (CH2CH2CH2), 14.4 (SiCH2CH2CH2), 7.1-6.5 
(SiCH2CH2SiCH2CH2Si), -4.0 (Si-CH3), -4.4 (Si-CH3). 
29Si{1H} NMR:  8.92 (Si(1)), 5.05 (Si(2)), 3.36 (Si(3)). 
FTIR (NaCl), cm-1: 3063 (  (Caryl-H)) 2955-2901 (  (Calkyl-
H)), 2584 (  (B-H)), 1250 (  (Si-CH3)).

Synthesis of 2G-CH2CH2CH2-Methyl-o-carborane 
(16). Method A: The procedure was the same as for 
compound 15 using 10 (0.17 g, 0.59 mmol), 1G-H (55.2 
mg, 0.15 mmol) and one drop of Karstedt catalyst. The 
mixture was stirred overnight, and the volatiles evaporated 
in the vacuum line to obtain a yellowish oil, which was 
treated with acetronitrile. An insoluble oily product was 
formed and separated from the solution. The oil was 
washed with petroleum ether and finally solvent removal 
afforded the product 16 as yellow oil. Yield: 0.10, 45 %. 
Method B: In a Schlenk flask, 14 (58.3 mg, 0.17 mmol), 
Si(CH=CH2) (7.6 μL, 0.04 mmol) and one drop of 
Karstedt catalyst were mixed and stirred overnight. The 
volatiles were evaporated in vacuo to obtain a yellowish 
oil, which was treated with acetonitrile. an insoluble oily 
product was formed and separated from the solution. 
Solvent removal afforded the product 16 as a yellow oil. 
Yield: 38.8 g, 61 %. 1H NMR:  2.18 (t, 3J(H,H) = 8.5, 8H, 
Cc-CH2), 2.01 (s, 12H, Cc-CH3), 1.56 (m, 8H, 
CH2CH2CH2), 0.52-0.39 (m, 40H, 
SiCH2CH2SiCH2CH2SiCH2), -0.005 (s, 24H, Si-CH3), -
0.03 (s, 24H, Si-CH3). 1H{11B} NMR:  2.19 (m, B-H, Cc-
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CH2), 1.56 (m, 8H, CH2CH2CH2), 0.52-0.39 (m, 40H, 
SiCH2CH2SiCH2CH2SiCH2), -0.005 (s, 24H, Si-CH3), -
0.03 (s, 24H, Si-CH3). 11B NMR:  -3.0 (d, 1J(B,H) = 117, 
4B), -4.3 (d, 1J(B,H) = 143, 4B), -9.2 (d, 1J(B,H) = 140, 
32B). 13C{1H} NMR:  78.1 (Cc), 74.5 (Cc), 39.0 (Cc-
CH2), 24.4 (CH2CH2CH2), 23.1 (Cc-CH3), 14.8 
(SiCH2CH2CH2), 7.2, 6.7 (SiCH2CH2SiCH2CH2Si), -3.9 
(Si(3)-CH3), -4.5 (Si(2)-CH3). 29Si{1H} NMR:  7.26 
(Si(1)), 5.21 (Si(2)), 3.52 (Si(3)). FTIR (NaCl), cm-1: 2955-
2901 (  (Calkyl-H)), 2578 (  (B-H)), 1250 (  (Si-CH3)).
MS-electrospray (ESI), solution of CHCl3/CH3OH (1:2) 
m/z: calcd for C56H156B40Si9, 1515.1; found, 1551.5 [(M + 
2H2O)-].

Synthesis of 2G-[CH2CH2CH2-Phenyl-o-carborane]2

(17). In a Schlenk flask, 5 (0.13 g, 0.41 mmol), 1G-
(CH=CH2)2 (27.0 mg, 51 μmol), 0.4 mL of toluene and 
Karstedt catalyst were mixed and stirred during 48 hours. 
The volatiles were evaporated in the vacuum line to obtain 
a yellowish oil, which was treated with hexane. An 
insoluble oily product was formed and separated from the 
solution. Solvent removal afforded the product 17 as a 
yellow oil. Yield: 94.9 mg, 60%. 1H NMR:  7.64-7.38 (m, 
40H, C6H5), 1.77 (t, 3J(H,H) = 8.1, 16H, Cc-CH2), 1.38 (m, 
16H, CH2CH2CH2), 0.27 (br s, 64H, 
SiCH2CH2Si(CH2CH2SiCH2)2), -0.16 (br s, 60H, Si-CH3).
1H{11B} NMR:  7.64-7.38 (m, 40H, C6H5), 2.72 (br s, 
16H, B-H), 2.37 (br s, 48H, B-H), 2.25 (br s, 16H, B-H), 
1.77 (t, 3J(H,H) = 8.1, 16H, Cc-CH2), 1.38 (m, 16H, 
CH2CH2CH2), 0.27 (br s, 64H, 
SiCH2CH2Si(CH2CH2SiCH2)2), -0.16 (br s, 60H, Si-CH3).
11B NMR:  -2.1 (d, 1J(B,H) = 122, 16B), -8.8 (brs, 64B). 

Synthesis of 2G-[CH2CH2CH2-Methyl-o-carborane]2

(18). In a Schlenk flask, 6 (0.17 g, 0.67 mmol), 1G-
(CH=CH2)2 (44.1 mg, 84 μmol), 0.4 mL of toluene and 
Karstedt catalyst were mixed and stirred during 24 hours. 
The volatiles were evaporated in the vacuum line to obtain 
a yellowish oil, which was treated with petroleum ether. 
An insoluble oily product was formed and separated from 
the solution. Solvent removal afforded the product 18 as a 
yellowish waxy solid. Yield: 0.13 g, 58 %. 1H NMR: 
2.18 (t, 3J(H,H) = 8.1, 16H, Cc-CH2), 2.01 (s, 24H, Cc-
CH3), 1.55 (m, 16H, CH2CH2CH2), 0.53 (t, 3J(H,H) = 8.5, 
16H, CH2CH2CH2), 0.40 (br s, 48H, Si-CH2CH2-Si), 0.004 
(s, 48H, Si(3)-CH3), -0.04 (s, 12H, Si(2)-CH3). 1H{11B} 
NMR:  2.25 (br s, B-H), 2.18 (t, 3J(H,H) = 8.1, 16H, Cc-
CH2), 2.10 (br s, B-H), 2.01 (s, 24H, Cc-CH3), 1.55 (m, 
16H, CH2CH2CH2), 0.53 (t, 3J(H,H) = 8.5, 16H, 
CH2CH2CH2), 0.40 (br s, 48H, Si-CH2CH2-Si), 0.004 (s, 
48H, Si(3)-CH3), -0.04 (s, 12H, Si(2)-CH3). 11B NMR:  -
3.1 (8B), -4.2 (d, 1J(B,H) = 144, 8B), -9.1 (d, 1J(B,H) = 
136, 64B). 13C{1H} NMR:  78.1 (Cc), 74.7 (Cc), 39.0 (Cc-
CH2), 24.4 (CH2CH2CH2), 23.1 (Cc-CH3), 14.8 
(SiCH2CH2CH2), 7.3-4.5 (SiCH2CH2SiCH2CH2Si), -3.8 
(Si-CH3), -6.5 (Si-CH3). 29Si{1H} NMR:  8.99 Si(1), 7.26 
Si(2), 3.42 Si(3). FTIR (NaCl), cm-1: 2955-2901 (  (Calkyl-
H)), 2584 (  (B-H)), 1250 (  (Si-CH3)). MS-electrospray 
(ESI), solution of CHCl3/CH3OH (1:2) m/z: calcd for 
C92H260B80Si13, 2597.1; found, 2661.8 [(M + 2CH3OH)-]. 

Synthesis of 1G-CH2CH2CH2-Phenyl-nido-carborane 
(19). To a two necked round bottom flask containing a 
solution of KOH (0.12g, 1.80 mmol) in deoxygenated 

ethanol (4 mL) was added a solution of 7 (0.13 g, 0.09 
mmol) in 2 mL of THF. The mixture was refluxed during 
10 hours. Then, the volatiles were evaporated in the 
vacuum and an excess of tetrabutylamonium chloride in 
water was added to obtain a white solid. This was filtered 
off, washed with water (3 x 15 mL), diethyl ether (3 x 10 
mL), toluene (3 x 10 mL) and dried under vacuum to 
obtain 19 as a white solid. Yield: 0.13 g, 89 %. 1H NMR 
(CD3OCD3):  7.36-7.12 (m, 20H, C6H5), 3.42 (s, 48H, 
[NCH3]4), 1.30 (m, 16H, Cc-CH2CH2), 0.35 (m, 24H, 
Sicore-CH2CH2-SiperipheryCH2), -0.17 (s, 24H, Si-CH3), -2.13 
(br s, 4H, BHB). 1H{11B} NMR:  7.36-7.12 (m, 20H, 
C6H5), 1.57 (br s, B-H), 1.31 (br, B-H), 0.35 (m, 24H, 
Sicore-CH2CH2-SiperipheryCH2), -0.17 (s, 24H, Si-CH3), -2.13 
(br s, 4H, BHB). 11B NMR:  -6.1 (4B), -8.2 (d, 1J(B,H) = 
140, 4B), -11.2 (d, 1J(B,H) = 161, 4B), -15.6 (d, 1J(B,H) = 
128, 16B), -31.3 (dd, 1J(B,H) = 119, 1J(B,H) = 31, 4B), -
34.1 (d, 1J(B,H) = 135, 4B). 13C{1H} NMR:  143.0, 
131.9, 129.2, 126.7 (C6H5), 67.0 (Cc), 63.3 (Cc), 55.2 
(NCH3), 40.7 (CH2), 24.6 (CH2), 15.1 (CH2), 7.2 (CH2),
2.4 (CH2), -4.5 (CH3). 29Si{1H} NMR:  8.54 (Sicore), 2.97 
(Siperiphery). FTIR (KBr), cm-1: 3032 (  (Caryl-H)), 2943-
2904 (  (Calkyl-H)), 2517 (  (B-H)), 1483 (  (C-N)), 1246 
(  (Si-CH3)). MS-electrospray (ESI), solution of 
CHCl3/CH3OH (1:2) m/z: calcd for C76H172B36Si5, 1671.8; 
found, 1597.5 [(M - N(CH3)4]-.

Synthesis of 1G-CH2CH2CH2-Methyl-nido-carborane 
(20). To a two necked round bottom flask containing a 
solution of KOH (0.10g, 1.80 mmol) in deoxygenated 
ethanol (5 mL) was added a solution of 8 (0.09 g, 0.08 
mmol) in 1 mL of THF. The mixture was refluxed during 6 
hours. Then, the volatiles were evaporated in the vacuum 
and an excess of tetrabutylamonium chloride in water was 
added to obtain a white solid. This was filtered off, washed 
with water (3 x 15 mL) and dried under vacuum to obtain 
20 as a white solid. Yield: 0.08 g, 70 %. 1H NMR 
(CD3OCD3):  3.44 (s, 48H, [NCH3]4), 1.62 (m, 16H, Cc-
CH2CH2), 1.42 (s, 12H, Cc-CH3), 0.46 (m, 24H, 
SiCH2CH2SiCH2), -0.01 (s, 24H, Si-CH3). 1H{11B} NMR: 
 3.44 (s, 48H, [NCH3]4), 1.62 (m, 16H, Cc-CH2CH2), 1.42 

(s, 12H, Cc-CH3), 0.46 (m, 24H, SiCH2CH2SiCH2), -0.01 
(s, 24H, Si-CH3), -2.58 (br s, 4H, BHB). 11B NMR:  -6.0 
(d, 1J(B,H) = 158, 4B), -7.8 (d, 1J(B,H) = 153, 8B), -15.1 
(d, 1J(B,H) = 112, 16B), -31.6 (dd, 1J(B,H) = 133, 1J(B,H) 
= 45, 4B), -34.1 (d, 1J(B,H) = 140, 4B). 13C{1H} NMR: 
55.2 (NCH3), 40.3 (CH2), 25.1 (CH2), 21.6 (Cc-CH3), 15.1 
(CH2), 7.3 (CH2), 2.5 (CH2), -4.3 (CH3). 29Si{1H} NMR: 
9.47 (Sicore), 4.06 (Siperiphery). FTIR (KBr), cm-1: 2932 (
(Calkyl-H)), 2515 (  (B-H)), 1481 (  (C-N)), 1227 (  (Si-
CH3)).

X-ray structure determinations of 1 and 2. Supporting 
Information: crystallographic data (CIF) for 1 and 2 are available 
free of charges via the Internet http://pubs.acs.org.
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Introduction 

Polyhedral oligomeric soluble silsesquioxanes (POSS) 
are one type of hybrid inorganic-organic materials of the 
form (RSiO1.5)n, where organic substituents are attached to 
a silicon-oxygen cage.1 The most known POSS cage is the 
octasilsesquioxane T8 (Si8O12), a cubic molecule of silicon 
atoms at the vertices of the cube, bringing by oxygen 
atoms. One of the major potential applications of POSS 
materials is as nanosized building blocks for 
organic/inorganic hybrids due to the control of the organic 
architecture between the rigid silica cores. The interest of 
these compounds is the possibility of the choice of 
functional group chemical reactivity associated with 
organic chemistry.In the literature exist several examples 
of carbosilane dendrimer-POSS compounds prepared from 
Si8O12 silsesquioxane cores using sequential 
hydrosililation and alkenylation steps followed by surface 
functionalization.2 In fact, POSS cages have been 
generally used as core units, from which a wide variety of 
functional groups have been attached, leading to its use in 
a variety of different applications.3 Recently, POSS have 
been used for preparing a new generation of silica 
nanocomposites with particular use in cardiovascular 
interventional devices,4 or to functionalized metal oxide 
nanoparticles.5 Incorporation of POSS into organic 
polymers,6 and surface dendrimers7 have also offered the 
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possibility for developing new materials. These inorganic-
organic hybrids offer a unique set of physical, chemical 
and size-dependent properties that could not be realized 
from just ceramics or organic polymers alone. There are 
different strategies to prepare functionalized three-
dimensional silsesquioxane cages, functionalizing the 
commercial octasilsesquioxanes or by controlled hydrolitic 
condensation of silanols, trialkoxy- or trichlorosilanes.1b8

The 1-2-dicarba-closo-dodecaborane and derivatives 
present exceptional characteristics,9,10 such as low 
nucleophilicity, chemical inertness, thermal stability,11 

electron-withdrawing properties,12 and a highly polarizable 
-aromatic character, that have stimulated the 

development of a wide range of potential applications.13 

Their rigid geometry and the relative easiness of 
derivatization specially at the carbon atoms have allowed 
the preparation of a wide number of compounds.14 

Recently, we become interested in the synthesis of 
carborane-containing star-shaped molecules in which a 
carbosilane core is used as scaffold.15 In view of the 
importance of POSS for the development of a wide range 
of novel materials, we are interested in the use of these as 
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scaffold for the preparation of carboranyl-functionalized 
cages in order to study their properties and reactivity.  

Results and Discussion 

Scheme 1. Preparation of Carboranylsiloxane Dimers 1
and 2 using two different approaches 

Scheme 2. Preparation of Carboranyl-Containing 
Polianionic Dimers, 3 and 4.

Scheme 3. Preparation of precursors 5-8.

Scheme 4. Preparation of Carboranyl-Containing 
Silsesquioxanes, 9 and 10.

Scheme 5. Preparation of Carboranyl-Containing 

Polianionic Silsesquioxane, 11.

Experimental Section 

Instrumentation. Microanalyses were performed in the 
analytical laboratory using a Carlo Erba EA1108 
microanalyser. IR spectra were recorded with KBr pellets or 
NaCl on a Shimadzu FTIR-8300 spectrophotometer. The 
Electrospray-Ionization mass spectra (ESI-MS) were 
recorded on a Bruker Esquire 3000 spectrometer using a 
source of ionization and a ions trap analyzer. The 1H,
1H{11B} NMR (300.13 MHz), 11B, 11B{1H} NMR (96.29 
MHz), 13C{1H} NMR (75.47 MHz) and 29Si NMR (59.62 
MHz) spectra were recorded on a Bruker ARX 300 
spectrometer equipped with the appropriate decoupling 
accessories at room temperature. 29Si CP MAS NMR (at 
79.49 MHz) spectra were obtained on a Bruker Advance 
ASX400 using a CP MAS sequence. All NMR spectra 
were recorded in CDCl3 and CD3COCD3 solutions at 22ºC. 
Chemical shift values for 11B NMR spectra were 
referenced to external BF3·OEt2, and those for 1H,
1H{11B}, 13C{1H}NMR and 29Si NMR spectra were 
referenced to SiMe4. Chemical shifts are reported in units 
of parts per million downfield from reference, and all 
coupling constants are reported in Hertz. 

Materials. All manipulations were carried out under a 
dinitrogen atmosphere using standard Schlenck techniques. 
Solvents were reagent grade and were purified by 
distillation from appropriate drying agents before use. 1-
Me-1,2-C2B10H11 and 1-Ph-1,2-C2B10H11 were supplied by 
Katchem Ltd. (Prague) and used as received. HSiCl3,
His(OEt)3 and Karstedt’s catalyst (platinum 
divinyltetramethyldisiloxane complex, 2.1-2.4% platinum 
in vinyl terminated polydimethylsiloxane in xylene 
solution) were purchased from ABCR and used as 
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received. The [Si(CH=CH2)4] was purchased from Across. 
The n-BuLi solution (1.6M in hexanes) was purchased 
from Lancaster or Aldrich. 1-C6H5-2-CH2CH=CH2-1,2-
C2B10H10, 1-CH3-2-CH2CH=CH2-1,2-C2B10H10, 1-C6H5-
2-[CH2CH2CH2(CH3)2SiCl]-1,2-C2B10H10 and 1-CH3-2-
[CH2CH2CH2(CH3)2SiCl]-1,2-C2B10H10 were prepared 
according to the literature.

Synthesis of [1-CH3-2-CH2CH2CH2(CH3)2Si-1,2-
closo-C2B10H10]2O (1). Method A: To a round bottom flask 
containing 1-CH3-2-CH2CH2CH2(CH3)2SiCl-1,2-
C2B10H10 (0.28 g, 0.95 mmol), 0.05 mL (2.7 mmol) of 
water and 5 mL of diethyl ether were added. The mixture 
was transferred to a separatory funnel and was extracted. 
The organic layer was dried over MgSO4 and concentrated 
in vacuum to obtain compound 1 as a white waxy solid. 
Yield: 0.18 g, 72 %. Method B: In a Schlenk flask, 1-CH3-
2-CH2CH2CH2(CH3)2SiCl-1,2-C2B10H10 (0.28 g, 0.95 
mmol), DMSO (0.3 mL, 4.22 mmol) and 4 mL of CHCl3
were mixed and stirred overnight. Then, the mixture was 
quenched with 8 mL of water, transferred to a separatory 
funnel and the organic layer was washed with water (2 x 8 
mL), was dried over MgSO4 and concentrated in vacuum 
to obtain compound 1 as a white waxy solid. Yield: 0.10 g, 
40 %. Hexane vapour diffusion into CHCl3 solution of 1
gave single crystals suitable for X-ray analysis. 1H-NMR: 
 2.20 (t, 3J(H,H) = 8.5, 4H, Cc-CH2), 2.02 (s, 6H, Cc-

CH3), 1.59 (m. 4H, CH2CH2CH2), 0.54 (t, 3J(H,H) = 8.5, 
4H, CH2CH2CH2), 0.10 (s, 12H, Si-CH3). 1H{11B} NMR: 
2.25, 2.21, 2.15, 2.11 (br s, B-H), 2.02 (s, 6H, Cc-CH3),
1.59 (m, 4H, CH2CH2CH2), 0.54 (t, 3J(H,H) = 8.5, 4H, 
CH2CH2CH2), 0.10 (s, 12H, Si-CH3). 11B NMR:  -3.9 (d, 
1J(B,H) = 123, 2B), -5.0 (d, 1J(B,H) = 141, 2B), -9.9 (d, 
1J(B,H) = 132, 16B). 13C{1H} NMR:  78.0 (Cc), 74.6 
(Cc), 38.7 (CH2), 23.7 (CH2), 23.1 (Cc-CH3), 18.2 (Si-
CH2), 0.4 (Si-CH3). 29Si{1H} NMR:  6.9. FTIR (KBr), 
cm-1: 2954-2878 (  (Calkyl-H)), 2584 (  (B-H)), 1256 (  (Si-
CH3)), 1076 (  (Si-O)). Anal. Calcd. for C16H50B20Si2O: C, 
36.19; H, 9.49. Found: C, 36.27; H 9.58. MALDI-TOF-
MS (m/z): cald. 530.97 found. 529.68 [M-1]-.

Synthesis of [1-C6H5-2-CH2CHCH2(CH3)2Si-1,2-
closo-C2B10H10]2O (2). To a round bottom flask containing 
1-C6H5-2-CH2CH2CH2(CH3)2SiCl-1,2-C2B10H10 (0.28 g, 
0.80 mmol), 3 mL of diethyl ether and 13 μL (0.81 mmol) 
of water were added. The mixture was stirred during 10 
min. and transferred to a separatory funnel. The organic 
layer was washed with water (2 x 5 mL) and the aqueous 
layer with diethyl ether (3 x 5 mL). Then, the organic layer 
was dried over MgSO4 and concentrated in vacuum to 
obtain compound 2 as a yellowish oil. Yield: 0.21, 81 %. 
1H NMR:  7.66-7.40 (m, 10H, C6H5), 1.77 t, 3J(H,H) = 
8.1, 4H, Cc-CH2), 1.38 (m, 4H, CH2CH2CH2), 0.24 (t, 
3J(H,H) = 8.5, 4H, CH2CH2CH2), -0.08 (s, 12H, Si-CH3). 
1H{11B} NMR:  7.66-7.40 (m, 10H, C6H5), 2.73 (br s, 4B, 
B-H), 2.37 (br s, 12B, B-H), 2.27 (br s, 4B, B-H), 1.77 t, 
3J(H,H) = 8.1, 4H, Cc-CH2), 1.38 (m, 4H, CH2CH2CH2),
0.24 (t, 3J(H,H) = 8.5, 4H, CH2CH2CH2), -0.08 (s, 12H, Si-
CH3). 11B NMR:  -2.7 (d, 1J(B,H) = 133, 4B), -9.5 (br s, 
16B). 13C{1H} NMR:  131.1, 130.8, 130.6, 128.9 (C6H5),
83.4 (Cc), 82.3 (Cc), 38.3 (CH2), 23.5 (CH2), 17.9 (CH2), 

0.19 (Si-CH3). 29Si{1H} NMR:  6.6. FTIR (NaCl), cm-1:
3063 (  (Caryl-H)), 2955-2893 (  (Calkyl-H)), 2584 (  (B-
H)), 1257 (  (Si-CH3)), 1065 (  (Si-O)). MALDI-TOF-MS 
(m/z): cald. 655.12 found. 654.42 [M-1]-.

Synthesis of [NMe4]2[(7-CH3-8-CH2CHCH2(CH3)2Si-
7,8-nido-C2B9H10)2O] (3). Method A: To a two necked 
round bottom flask containing a solution of 1 (42.6 mg, 
0.08 mmol) in deoxygenated ethanol (4 mL) was added an 
excess of piperidine (0.08 mL, 0.80 mmol). The mixture 
was stirred and refluxed during 20 hours. After this time, 
the solvent was removed and an a white solid was isolated 
by precipitation after addition of saturated aqueous 
[NMe4]Cl solution. The solid is filtered off, washed with 
water (3 x 10 mL) and dried under vacuum to obtain 3 as a 
white solid. Yield: 21.0 mg, 40 % Method B: To a two 
necked round bottom flask containing a solution of KOH 
(0.13 g, 1.98 mmol) in deoxygenated ethanol (5 mL) was 
added 1 (0.10 g, 0.19 mmol). The mixture was stirred and 
refluxed during 6 hours. After this time, the solvent was 
removed and an a white solid was isolated by precipitation 
after addition of saturated aqueous [NMe4]Cl solution. The 
solid is filtered off, washed with water (3 x 10 mL) and 
dried under vacuum to obtain 3. Yield: 55.3 mg, 44 %. 1H
NMR (CD3OCD3):  3.43 (s, 24H, N(CH3)4), 1.64 (m, 8H, 
Cc-CH2CH2), 1.39 (br s, 6H, Cc-CH3), 0.46 (t, 3J(H,H) = 
8.4, 4H, CH2CH2CH2), 0.07 (s, 6H, Si-CH3), 0.04 (s, 6H, 
Si-CH3). 1H{11B} NMR:  3.43 (s, 24H, N(CH3)4), 1.64 
(m, 8H, Cc-CH2CH2), 1.39 (br s, 6H, Cc-CH3), 0.46 (t, 
3J(H,H) = 8.4, 4H, CH2CH2CH2), 0.07 (s, 6H, Si-CH3), 
0.039 (s, 6H, Si-CH3), -2.60 (br s, 2H, BHB). 11B NMR: 
-8.2 (d, 1J(B,H) = 157, 2B), -10.0 (1J(B,H) = 151, 4B), -
17.3 (1J(B,H) = 122, 8B), -33.8 (dd, 1J(B,H) = 126, 1J(B,H) 
= 45, 2B), -36.3 (1J(B,H) = 138, 2B). 13C{1H} NMR: 
55.2 (N(CH3)4). 40.2, 40.0 (CH2), 24.4 (CH2), 21.5 (Cc-
CH3), 18.9, 18.7 (CH2), -0.1, -0.7 (Si-CH3). FTIR (KBr),
cm-1: 2932-2870 (  (Calkyl-H)), 2515 (  (B-H)), 1481 (  (C-
N)), 1250 (  (Si-CH3)), 1034 (  (Si-O)). 

Synthesis of [NMe4]2[(7-C6H5-8-CH2CHCH2(CH3)2Si-
7,8-nido-C2B9H10)2O] (4). To a two necked round bottom 
flask containing a solution of KOH (0.12 g, 1.78 mmol) in 
deoxygenated ethanol (10 mL) was added 2 (0.12 g, 0.18 
mmol). The mixture was stirred and refluxed during 14 
hours. After this time, the solvent was removed and an a 
white solid was isolated by precipitation after addition of 
saturated aqueous [NMe4]Cl solution. The solid is filtered 
off, washed with water (3 x 15 mL) and dried under 
vacuum to obtain 4. Yield: 0.55 g, 40 %. 1H NMR 
(CD3OCD3):  7.30-7.03 (m, 10H, C6H5), 3.38 (s, 24H, 
N(CH3)4), 1.24 (m, 8H, Cc-CH2CH2), -0.04 (m, 4H, CH2), -
0.18, (s, 12H, Si-CH3). 1H{11B} NMR:  7.30-7.03 (m, 
10H, C6H5), 3.38 (s, 24H, N(CH3)4), 1.50 (br s, B-H), 1.24 
(m, 8H, Cc-CH2CH2), 0.62 (br s, B-H), 0.18 (br s, B-H), -
0.04 (m, 4H, CH2), -0.18 (s, 12H, Si-CH3), -2.19 (br s, 2H, 
BHB). 11B NMR:  -5.9 (d, 1J(B,H) = 145, 2B), -8.1 (d, 
1J(B,H) = 141, 2B), -10.9 (2B), -14.0 (d, 1J(B,H) = 156, 
2B), -15.3 (d, 1J(B,H) =127, 4B), -16.4 (2B), -30.8 (d, 
1J(B,H) = 131, 2B), -33.8 (d, 1J(B,H) = 144, 2B).  

Synthesis of 1-CH3-2-CH2CH2CH2SiCl3-1,2-C2B10H10

(5). In a Schlenk flask 1-CH3-2-CH2CHCH2-C2B10H10
(0.21 g, 1.05 mmol), HSiCl3 (0.21 mL, 2.10 mmol) and 
Karstedt catalyst (5 μl, 0.01 mmol) were mixed and stirred 
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under N2 for 5 h at room temperature. Evaporation of 
volatiles and the excess of HSiCl3 gave 5 as a yellow oil. 
Yield: 0.42 g, >99 %. 1H NMR:  2.29 (t, 3J(H,H) = 8.1, 
2H, Cc-CH2), 2.02 (s, 3H, Cc-CH3), 1.88 (m, 2H, 
CH2CH2CH2), 1.45 (t, 3J(H,H) = 8.1, 2H, Si-CH2). 1H{11B}
NMR:  2.26 (br s, B-H), 2.18 (br s, B-H), 2.02 (s, 3H, Cc-
CH3), 1.88 (m, 2H, CH2CH2CH2), 1.45 (t, 3J(H,H) = 8.1, 
2H, Si-CH2). 11B NMR:  -3.2 (d, 1J(B,H) = 141, 1B), -4.6 
(d, 1J(B,H) = 146, 1B), -9.0 (8B). 13C{1H} NMR:  76.8 
(Cc), 74.7 (Cc), 36.8 (CH2), 23.7 (CH2), 23.2 (Cc-CH3), 
22.6 (Si-CH2). 29Si{1H} NMR:  11.5. 

Synthesis of 1-C6H5-2-CH2CH2CH2SiCl3-1,2-
C2B10H10 (6). In a Schlenk flask 1-C6H5-2-CH2CHCH2-
C2B10H10 (0.21 g, 0.81 mmol), HSiCl3 (0.17 mL, 1.60 
mmol) and Karstedt catalyst (5 μl, 0.01 mmol) were mixed 
and stirred under N2 for 5 h at room temperature. 
Evaporation of volatiles and the excess of HSiCl3 gave 6
as a yellow oil. Yield: 0.32 g, >99 %. 1H NMR:  7.67-
7.42 (m, 5H, C6H5), 1.91(t, 3J(H,H) = 8.2, 2H, Cc-CH2),
1.70 (m, 2H, CH2CH2CH2), 1.21 (t, 3J(H,H) = 8.1, 2H, Si-
CH2). 1H{11B} NMR:  7.67-7.42 (m, 5H, C6H5), 2.74 (br 
s, 2H, B-H), 2.39 (br s, 6H, B-H), 2.28 (br s, 2H, B-H),
1.91(t, 3J(H,H) = 8.2, 2H, Cc-CH2), 1.70 (m, 2H, 
CH2CH2CH2), 1.21 (t, 3J(H,H) = 8.1, 2H, Si-CH2). 11B
NMR:  -2.6, (d, 1J(B,H) = 145, 2B), -9.4 (8B). 13C{1H} 
NMR:  131.1, 130.8,130.5, 129.0 (C6H5), 83.6 (Cc), 81.1 
(Cc), 36.5 (CH2), 23.5 (CH2), 22.3 (Si-CH2). 29Si{1H}
NMR: 11.3. 

Synthesis of 1-CH3-2-CH2CH2CH2Si(OEt)3-1,2-
C2B10H10 (7). In a Schlenk flask 1-CH3-2-CH2CHCH2-
C2B10H10 (0.80 g, 4.0 mmol), HSi(OEt)3 (1.53 mL, 8.04 
mmol) and Karstedt catalyst (10 μl, 0.02 mmol) were 
mixed and stirred under N2 for 5 h at room temperature. 
Evaporation of volatiles and the excess of HSi(OEt)3 at 50 
ºC gave 7 as a brown oil. Yield: 1.46 g, >99 %. 1H NMR: 
3.83 (q, 3J(H,H) = 6.9, 6H, O-CH2), 2.20 (t, 3J(H,H) = 8.1, 
2H, Cc-CH2), 2.01 (s, 3H, Cc-CH3), 1.68 (quint., 3J(H,H) = 
8.1, 6H, CH2CH2CH2), 1.23 (t, 3J(H,H) = 6.9, 9H, CH2-
CH3), 0.63 (t, 3J(H,H) = 8.1, 2H, CH2CH2CH2). 1H{11B}
NMR:  3.83 (q, 3J(H,H) = 6.9, 6H, O-CH2), 2.26 (br s, B-
H), 2.18 (br s, B-H), 2.01 (s, 3H, Cc-CH3), 1.68 (quint., 
3J(H,H) = 8.1, 6H, CH2CH2CH2), 1.23 (t, 3J(H,H) = 6.9, 
9H, CH2-CH3), 0.63 (t, 3J(H,H) = 8.1, 2H, CH2CH2CH2).
1B NMR:  -3.2 (d, 1J(B,H) = 122, 1B), -4.63 (d, 1J(B,H) = 
141, 1B), -9.2 (d, 1J(B,H) = 145, 8B). 13C{1H} NMR: 
78.7 (Cc), 75.0 (Cc). 58.9 (O-CH2), 38.2 (CH2), 23.7 (CH2),
23.5 (Cc-CH3), 18.5 (CH2CH3), 10.6 (Si-CH2). 29Si{1H}
NMR:  -46.6. 

Synthesis of 1-C6H5-2-CH2CH2CH2Si(OEt)3-1,2-
C2B10H10 (8). In a Schlenk flask 1-C6H5-2-CH2CHCH2-
C2B10H10 (0.16 g, 0.60 mmol), HSi(OEt)3 (0.24 mL, 1.23 
mmol) and Karstedt catalyst (5 μl, 0.01 mmol) were mixed 
and stirred under N2 for 14 h at room temperature. 
Evaporation of volatiles and the excess of HSi(OEt)3 at 50 
ºC gave 8 as a brown oil. Yield: 0.26 g, >99 %. 1H NMR: 
7.62-7.39 (m, 5H, C6H5), 3.37 (q, 3J(H,H) = 6.9, 6H, O-
CH2), 1.83 (t, 3J(H,H) = 8.1, 2H, Cc-CH2), 1.53 (m, 2H, 
CH2CH2CH2), 1.20 (t, 3J(H,H) = 6.9, 9H, CH2-CH3), 0,40 
(t, 3J(H,H) = 8.1, 2H, Si-CH2). 1H{11B} NMR:  7.62-7.39 
(m, 5H, C6H5), 3.37 (q, 3J(H,H) = 6.9, 6H, O-CH2), 2.73 
(br s, 2H, B-H), 2.36 (br s, 6H, B-H), 2.25 (br s, 2H, B-H),

1.83 (t, 3J(H,H) = 8.1, 2H, Cc-CH2), 1.53 (m, 2H, 
CH2CH2CH2), 1.20 (t, 3J(H,H) = 6.9, 9H, CH2-CH3), 0,40 
(t, 3J(H,H) = 8.1, 2H, Si-CH2). 11B NMR:  -2.6 (d, 1J(B,H) 
= 143, 2B), -9.4 (d, 1J(B,H) = 134, 8B). 13C{1H} NMR: 
131.1, 130.8, 130.5, 128.8 (C6H5), 83.4 (Cc), 82.4 (Cc),
58.3 (O-CH2), 37.8 (CH2), 23.1 (CH2), 18.1 (CH2-CH3),
10.2 (Si-CH2). 29Si{1H} NMR: -46.4  

Synthesis of (1-CH3-2-CH2CH2CH2-1,2-
C2B10H10)silsesquioxane (9). Method A: In a Schlenk flask 
5 (0.42 g, 1.05 mmol), 0.2 mL of CHCl3 and DMSO (0.23 
mL, 3.24 mmols) were mixed and stirred under N2 for 48 
hours at room temperature. Then, the mixture was washed 
with water (3 x 10 mL), dried with MgSO4 and 
evaporation of  the solvent under reduced pressure gave an 
oily product. This residue was treated with EtOH to isolate 
9 as a white solid. Yield: 60 mg, 23 %. Method B: In a 
tube, 0.72 g (1.99 mmol) of 7 was dissolved in 993 μL of 
dried THF. After, 993 μL of a solution containing 19 μL 
(19 μmol) of TBAF (1M in THF), 54 μL (2.98 mmol) of 
H2O and 920 μL of dried THF were added. Then the 
suspension was stirred for 10 seconds. After 133 days, 
evaporation of volatiles gave a yellowish solid. This solid 
was washed with ethanol to isolate 9 as a white solid. 
Yield: 0.35 g, 70 %. Method C: In a tube, 0.53 g (1.46 
mmol) of 7 was dissolved in 731 μL of dried THF. After, 
731 μL of a solution containing 0.58 mg (0.015 mmol) of 
NaOH, 40 μL (3.95 mmol) of H2O and 691 μL of dried 
THF were added. Then the suspension was stirred for 10 
seconds. After 180 days, evaporation of volatiles gave a 
yellowish solid. This solid was washed with ethanol to 
isolate 9 as a white solid. Yield: 0.20 g, 55 %. 1H NMR: 
2.23 (br s, 16H, Cc-CH2), 2.03 (br s, 24H, Cc-CH3), 1.70 
(br s, 16H, CH2CH2CH2), 0.74 (br s, 16H, CH2CH2CH2). 
1H{11B} NMR:  2.23 (br s, B-H, Cc-CH2), 2.03 (br s, 
24H, Cc-CH3), 1.70 (br s, 16H, CH2CH2CH2), 0.74 (br s, 
16H, CH2CH2CH2). 11B NMR:  -4.2 (16B), -8.9 (64B). 
13C{1H} NMR:  75.1 (Cc), 37.9 (CH2), 23.2 (CH2, Cc-
CH3), 12.6 (Si-CH2). 29Si CP MAS NMR:  -66.1. FTIR 
(KBr), cm-1: 2939-2893 (  (Calkyl-H)), 2592 (  (B-H)), 1119 
(  (Si-O)). Anal. Calcd. for C48H152B80O12Si8: C, 28.66; H, 
7.62, Found: C, 28.77; H, 7.52.  

Synthesis of (1-C6H5-2-CH2CH2CH2-1,2-
C2B10H10)silsesquioxane (10). The procedure was the 
same as for 9 using 6 (0.31 g, 0.78 mmol), 0.2 mL of 
CHCl3 and DMSO (0.17 mL, 2.39 mmol). The mixture 
were stirred under N2 for 48 hours at room temperature 
and was washed with water (3 x 10 mL), dried with 
MgSO4 and evaporation of  the solvent under reduced 
pressure gave an oily product. This residue was treated 
with EtOH to isolate 9 as a white solid. Yield: 51.6 mg, 21 
%. 1H NMR:  7.64-7.39 (m, 40H, C6H5), 1.75 (br s, 16H, 
Cc-CH2), 1.43 (br s, 16H, CH2CH2CH2), 0.36 (br s, 16H, 
CH2CH2CH2). 1H{11B} NMR:  7.64-7.39 (m, 40H, C6H5),
2.40 (br s, B-H), 2.27 (br s, B-H), 1.75 (br s, 16H, Cc-
CH2), 1.43 (br s, 16H, CH2CH2CH2), 0.36 (br s, 16H, 
CH2CH2CH2). 11B NMR:  -2.0 (16B), -8.6 (64B). FTIR 
(KBr), cm-1: 3063 (  (Caryl-H)), 2939-2893 (  (Calkyl-H)), 
2584 (  (B-H)), 1103 (  (Si-O)). 
Synthesis of [NMe4]8(7-CH3-2-CH2CH2CH2-7,8-nido-
C2B9H10)silsesquioxane (11). To a two necked round 
bottom flask containing a solution of KOH (0.13 g, 2.00 
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mmol) in deoxygenated ethanol (10 mL) was added a 
solution of 9 (0.10 g, 0.05 mmol) in 1 ml of THF. The 
mixture was refluxed during 6 hours. Then, the volatiles 
were evaporated in the vacuum and an excess of 
tetrabutylamonium chloride in water was added to obtain a 
white solid. This was filtered off, washed with water (3 x 
10 mL) and dried under vacuum to obtain 11 as a white 
solid. Yield: 52.6 mg, 42 %. 1H NMR (CD3OCD3):  3.43 
(s, 96H, [NCH3]4), 1.68 (br s, 32H, Cc-CH2CH2CH2), 1.47 
(br s, 24H, Cc-CH3), 0.63 (br s, 16H, CH2CH2CH2). 
1H{11B} NMR:  .43 (s, 96H, [NCH3]4), 1.68 (br s, 32H, 
Cc-CH2CH2CH2), 1.47 (br s, 24H, Cc-CH3), 0.63 (br s, 
16H, CH2CH2CH2), 0.50 (br s, B-H), 0.05 (br s, B-H), -
2.57 (br s, 8H, BHB). 11B NMR:  -6.8 (8B) -8.3 (16B), -
16.3 (32B), -32.2 (dd, 1J(B,H) = 115, 1J(B,H) = 43, 8B), -
34.6 (d, 1J(B,H) = 138, 8B). 13C{1H} NMR:  61.6 (Cc), 
55.4 ([NCH3]4), 39.4 (CH2), 23.8 (CH2) 21.8 Cc-CH3), 13.3 
(Si-CH2). FTIR (KBr), cm-1: 2932-2893 (  (Calkyl-H)), 2515 
(  (B-H)), 1489 (  (C-N)) 1111 (  (Si-O)). 
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