COMMUNICATION

www.rsc.org/chemcomm | ChemComm

A simple route to novel D spherosilicones; the first crystallographic

structures of Dg and Dg cagesT

Alan R. Bassindale,** Zhihua Liu,” Peter G. Taylor,** Peter N. Horton” and

Michael B. Hursthouse”

Received (in Cambridge, UK) 19th May 2008, Accepted 16th July 2008
First published as an Advance Article on the web 29th September 2008

DOI: 10.1039/b808456d

The synthesis, characterisation and crystal structure of Dg
and D¢ cages from the corresponding bis(dialkoxy)methane is
reported.

Spherosilicate silsesquioxane cages have been used extensively
as scaffolds for the development of liquid crystals,'* biocom-
patible materials,’ catalysts*> and dendrimers.® There are now
numerous routes to Tg and Tg cages and their structures and
properties have been reported in detail.”® In recent years
several reviews have appeared on cage silsesquioxanes.”'°

We are interested in preparing, using rational syntheses, the
corresponding silicone (D) cages in which each of the RSiO;
vertices is replaced by RSi(CH,)O,. In these D cages one edge
Si—O-Si unit is replaced by a Si-CH,-Si unit as in molecules
1-4. Both the Dy and the Dg cages can exist in two isomeric
forms depending upon whether all Si-CH,—Si edges are aligned
parallel to each other or whether two are parallel and the other
one or two Si—-CH,—Si edges are orthogonal (Scheme 1).

Wang reported the synthesis of the D¢ cage 1 in 1958, where the
R group is methyl'' following on from work by Clarke."”
Subsequently in 1970, Cooke et al. repeated Wang’s work and
based on "H NMR spectroscopy confirmed that Wang had in fact
prepared the other isomer of the Dg cage, ' 2. Cooke also reported
the preparation of Dy cages where R is phenyl.'> No detailed
structural information was provided on either compound.

Shimojima and Kuroda have reported the preparation of
the corresponding T cages 5, 6 and 7 (Scheme 2).'* Hydrolysis
and polycondensation of bis(triethoxysilyl)methane in the
presence of tetramethylammonium hydroxide (TMAOH) in
ethanol gave 5 which could be treated with trimethylchloro-
silane to give 7. The isomeric Tg cage 6 was formed in very
small amounts, although the proportion of this cage could be
increased by performing the reaction in water. However, the
amount of this isomer was such that it could not be isolated.
No evidence was reported of the corresponding Tg cages.

To our knowledge the corresponding Dg cages, 3 and 4,
have not appeared in the literature although Cooke suggested
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that, based on mass spectroscopy, a Dg cage was present in
their product as an impurity.'?

Usually T and Ty cages are prepared by the careful hydro-
lysis of compounds of the type RSiX3. Unno and Matsumoto
have prepared Tg cages from 1,1,3,3-tetrahydroxydisiloxane
units using dicyclohexylcarbodiimide.'® This route gives Tg
cages when bulky substituents are employed such as fert-butyl
or 1,1,2-trimethylpropyl, however, we have obtained T8 cages
with less bulky groups such as cyclohexyl.” We have selectively
prepared T¢ cages in reasonable yield by the “non-aqueous”
hydrolysis of trichlorosilanes.'®

Based on Unno’s strategy we decided to prepare compounds
of the type 8, which we could link together to form cages using
our tetrabutylammonium fluoride methodology.”® In this
reaction a solution of tetrabutylammonium fluoride in THF
containing 5% water leads to hydrolysis and preferential
silsesquioxane cage formation (Scheme 3).

A range of disubstituted 1,1-bis(dichlorosilyl)methanes, 10,
could be prepared by simple hydrosilylation of the commer-
cially available 1,1-bis(dichlorosilyl)methane, 9. This was con-
verted into the dialkoxysilane, 8, by reaction with an alcohol in
the presence of base.

We thus prepared the bis(n-heptyldiethoxysilyl)methane 8
(R = CsHy)) by reacting 9 with heptene in the presence of
chloroplatinic acid followed by treatment with ethanol-
triethylamine.'” Reaction of 8 with tetra-n-butylammonium
fluoride in a 1 : 1 molar ratio in dichloromethane at room
temperature for 16 h followed by removal of the solvent and
washing with acetone gave a gel that displayed four peaks in
the ?Si NMR spectrum.'® Column chromatography gave two
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The possible isomers of Dg and Dyg spherosilicone cages.
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Scheme 2 Synthesis of siloxane-based hybrid cages with methylene
groups in the frameworks.'*
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Scheme 3 Synthetic route to disubstituted 1,1-bis(dialkoxysilyl)-
methanes.

fractions. The first fraction (17% yield) had two peaks in the
2Si NMR spectrum at —26.27 and —26.86 ppm and gave a
MALDI-TOF spectrum that matched compounds 3 and 4
(R = heptyl). Fractional recrystallisation using a dichloro-
methane—acetone mixed solvent gave crystals of one isomer
with a single peak at —26.27 ppm in the °Si NMR spectrum.
The single-crystal X-ray structure is shown in Fig. 1 confirm-
ing it has the structure 4.1 We assume the two isomeric forms 3
and 4 co-eluted from the column chromatography and
although we were not able to purify compound 3, we suggest
that it exhibits the peak at —26.86 ppm in the *°Si NMR
spectrum of the first fraction. Based on the integration of the
28i peaks 3 and 4 are obtained in a ratio of 1 : 3.

The second fraction from the column chromatography
(42% yield) again exhibited two peaks in the *°Si NMR
spectrum at —12.06 ppm and —18.75 ppm in a ratio of about
1:2. MALDI-TOF analysis gave a peak corresponding to the
corresponding Dg cage. Again we obtained a crystalline solid
after recrystallisation using a dichloromethane—acetone mixed
solvent and the single-crystal X-ray structuref is shown in
Fig. 2 confirming it has the structure 2, as suggested by Cooke
et al."® In this compound the silicon atoms in the cage are in
two different environments and so, based on the >°Si NMR
evidence, we infer that only one Dg compound was formed.
Compound 2 corresponds to the same isomer that Shimojima
and Kuroda obtained when forming the corresponding

Fig. 1 X-Ray crystal structure of the octaheptyl Dg cage 4. Silicon
atoms are shown in purple, oxygen atoms in red and carbon atoms in
grey. The arms are represented as a wire frame to emphasise the cage
structure. Selected distances (A): Si-C (cage) = 1.842(6), Si-O (top
face) = 1.642(2), Si-O (side face) = 1.616(2); selected bond angles (°):
Si-C-Si = 116.8(3), O-Si-O = 109.1(2), C-Si-O (top face) =
108.9(3), C-Si-O (side face) = 110.0(3).

Fig.2 X-Ray crystal structure of the hexaheptyl D¢ cage, 2, using the
same representation as in Fig. 1. Selected distances (A): Si—C (cage top
face) = 1.860(10), Si—C (cage bottom edge) = 1.833(11), Si-O (top
face) = 1.632(7), Si—O (side face upper) = 1.651(7), Si-O (side face
lower) = 1.660(8); selected bond angles (°): Si—C-Si (top face) =
112.6(5), Si-C-Si (bottom edge) = 119.9(6), Si—-O-Si (top face) =
144.7(5), Si—O-Si (side face) = 135.6(4), O-Si-O (Si4 ring) = 110.0(4),
O-Si-O (Si3 ring) = 106.8(4), C-Si—O (top face) = 108.7(5), C-Si-O
(side face) = 110.2(5) C-Si-O (bottom edge) = 109.6(4).

T cages, however, unlike Shimojima and Kuroda we were
unable to observe any of the other isomer.'*

The X-Ray crystal structure of compound 3 (Fig. 1) shows
that instead of spreading to occupy all the space the chains
take up a linear arrangement in the direction of the Si-CH,—Si
units effectively creating a 17 atom linear chain.

The chains on one face of the Dy extend in one direction and
the chains on the opposite face in an orthogonal direction. The
Si—-CH,-Si bond angle in the cage is about 118° whereas the
Si—O-Si bond angle is about 160° as opposed to about 150° in
conventional Tg cages. The orthogonal arrangement of the
chains means they pack in layers as shown in Fig. 3. The chains
on one face of the cage are aligned on either side with the chains
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Fig. 3 Packing of the octaheptyl Dg cages, 3, in layers.

of two other cages. The cages are offset in order for the chains
on the other face to also line up. These linear arrays of cages
then line up in the same layer with a linear array of cages where
the chains lie in the orthogonal direction. These monolayers
then stack to give the three dimensional packed array.

Fig. 2 shows a similar pattern for the D¢ cages. On one Dy
face the chains are linear and point in the same direction.

Opposite this face the two heptyl chains are arranged in an
orthogonal direction. The Si-CH,—Si bond angle in the D3
face of the cage is about 113° and the Si—-CH,—Si bond angle in
the D, face of the cage is about 120°. The Si—O-Si bond angle
in the D3 face of the cage is about 134° and the Si—O-Si bond
angle in the Dy face of the cage is about 146°. As Fig. 4 shows
again the chains pack in layers but the cages provide a bridge
between the layers. Again the chains on the D, face align with
each other to form linear arrays, but because the opposite face
has only one set of chains, two such layers interdigitate their
single strands in an orthogonal arrangement.

Fig. 4 Packing of the hexaheptyl Dg cages, 2, in layers.

In conclusion we have prepared and characterised a Dg and
a D¢ cage and for the first time obtained their X-ray crystal
structure. There is also evidence for the formation of the Dg
isomer. We are at present synthesising similar disubstituted
1,1-bis(diethoxysilyl)methanes with the intention of preparing
a range of such D cages.
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w = 0.193 mm~!, reflections collected = 33358, independent
reflections = 8180 (R, = 0.1003), final R indices [I > 20(])], R; =
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