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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 suchthough some carborane-containing dendrimers have been
as high stability, hydrophobicity, so-called three-dimensional reported, none of them have been integrated into carbosilane
“aromaticity”, and synthetic versatility This makes them  structures. Dendrimer$ constitute a class of spherical and
suitable for a wide range of applications in organometallic monodisperse macromolecules that can be constructed from
chemistry and materials science such as extraction ofa multifunctional central core and expand to a periphery.

radionuclideg, BNCT,? and catalysi4,among others. Al-  Today, the technology of dendrimers is focused on the
¥ instintt de Ciéncia de Materials de Barce] - modification of their properties and potential applications
A is enrglled in the UAB Ph D?prg;gr%ha( ) by introduction of reactive functional grouper metals in
8 University of Jyvéskyla their interior or on their peripher§? Of the multitude of
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dendrimers reported, we are interested in those having a Si°C), affording compound} as an air-stable white solid in

atom as the branch point, with strong-% bonds as the

62% yield.

connecting structure. These perfect and robust carbosilane Analysis (vide infra) shows that a carbosilane core with
dendrimers are kinetically and thermodynamically very stable four phenyl-o-carborane clusters on the periphery was
molecules that can be further functionalized according to the obtained. In principle, compourdicould be prepared by a

required applicatio®® Our aim is to generate new macro-

hydrosilylation reaction following Cuadrado and collabora-

molecules using carbosilane dendrimers as an inert scaffoldtors’ proceduré? Thus, considering the properties of car-
in which carborane derivatives are attached on the periphery.poranes, the hydrosilylation of tetravinylsilane with the
Here, we present the first example of an assembly of corresponding carboranylsilane was investigated. For this
carborane moieties linked by a carbosilane scaffold. This purpose, 1-dimethylsilyl-2-phenyl-1,2-dicarbiso-dode-
compound may be taken as a model for subsequent developcaborane (3) was prepared. The synthesBwés achieved
ment of carborane-containing carbosilane dendrimers. Thepy reaction of the lithium salt of with HSiMe;Cl in THF

synthetic methodology used is suitable for applitcation in (Scheme 2). Compoun8 was isolated as a white solid 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-
carborane (1) and the carbosilane derivat@®e by a

nucleophilic substitution reaction (Scheme 1). Thus, a
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96% vyield. The IR spectrum shows bands at 2572 and 2161
cmt attributed tov(B—H) andv(Si—H), respectively. The

IH NMR spectrum displays a doublet at 0.07 ppm~Bie)

and a septuplet at 3.67 ppm (3i). A singlet at—4.69 ppm

at 0°C to afford the monolithiated species, and subsequently was displayed by th&®Si{*H} NMR spectrum, which was

a solution of2 in toluene was added. The mixture was stirred
for 5 min at 0°C and then filtered. After evaporation of

split into a doublet J(Si, H) = 217 Hz) in the?*Si NMR
spectrum. The'B{'H} NMR spectrum shows five sig-

solvents, the residue was treated with cold diethyl ether (0 ngjs, in the range) —10.56 to+2.11 ppm, assigned to
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the corresponding B atoms by a two-dimensional COSY
UB{H} —B{*H} NMR spectrum.

No reaction was observed, however, wigwas mixed
with tetravinylsilane in the reported reaction conditions using
Pt catalystd!}12 The permanence of the-SH signal in the
IR and'H NMR spectra indicated its lack of reactivity under
those conditions. Formation dfin 85% yield was success-
fully achieved by the addition d to tetravinylsilane in the
absence of solvent, at 5@ overnight, using the Karstedt
catalyst® (Scheme 2). In view of these results, the hydrosi-
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the Guster The corresponding Si resonance is shifted to
higher field with respect to the peripherat-&l (32.71 ppm)

for 2, due to the presence of the cluster. The ESI mass
spectrum o# shows various peaks, among them onenét

= 1312.1 corresponding to [M- 2(CH;OH)]~. Crystals
suitable for X-ray structural determination were isolated, and
the structure is shown in Figure 1. The molecule assumes
C: symmetry with mutually different orientations of the
clusters. The Guster—Ceusterdistances of 1.649(4)—1.720(4)

A are comparable to values found for 1212-(SiMey),- and
1,2-Ph-disubstitutedb-carborane derivatives [1.688(5) and
1.720(4), and 1.733(4) A, respectively]The Si—Custer
distances are around 1.93 A, longer than the dendrimeric
Si—C distance (1.85 A). The (GserCouse—Si angle is
122.8°.

In conclusion, two different synthetic routes have been
Figure 1. Structure of4. Thermal ellipsoids are drawn at the 20% develop_gd for the incorpqration of carbpranyl moieties on_to
probability level. oganosilicon cores. The first approach involves the reaction
of a Si—Cl-functionalized carbosilane derivative with the
monolithium salt of phenyb-carborane. The second one
lylation reaction of carboranylsilanes with appropriate vinyl consists of the hydrosilylation reaction of tetravinylsilane
or allyl derivatives under catalytic conditions in the absence With the corresponding carboranylsilane. Both methods afford
of solvent could lead to novel dendrimers or macromolecular @ cluster compound that incorporates four phengirborane

structures in which the carborany! units were attached. moieties covalently bonded to the peripheral silicon atoms
The structure o# was straightforwardly established on of a carbosilane core. If we consider the many reactions that
the basis of IR,'H, 3C{'H}, 1B, and ?°Si NMR, ele- the carborane clusters can undergo, it is clear that compound

mental analysis, and electrospray-ionization mass spectrom-4, as well as later to be developed carborane-terminated
etry (ESI-MS) and unequivocally confirmed by X-ray dif- carbosilane dendrimers, offers many opportunities for the
fraction analysis. The IR spectrum shows two bands at 2568functionalization of the periphery. The synthesisiaipens
and 1253 cm! corresponding ta/(B—H) and 6(Si—Me), the way for such dendrimers considering the availability of
respectively. ThéH NMR spectrum exhibits a singlet at  periphery vinyl and chlorine-terminated silicon dendrimers.
—0.13 ppm assigned to the-Sile protons and a multiplet ~ Work is now underway to extend the reported procedures
at 0.14 ppm due to the S{CH,),—Si protons. Such protons  to synthesize multicarborane-containing higher generation
appear at higher field with respect to precur@gfrom 0.44 dendrimers and proceed toward further derivatization of the
to —0.13 ppm for Si—Me and from 0.65 to 0.14 ppm for carborane clusters.

Si—CH,). This effect has been attributed to the influence of

the ring electronic currents with these protons (vide inffa). Acknowledgment. This work was supported by CICYT,
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