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SYNTHESIS OF ORGANOBICYCLOSILOXANES WITH
CARBOSILOXANE AND CARBOSILANE GROUPS
BETWEEN THE RINGS

A. A. Zhdanov, V. M. Kotov, UDC 542,91:547.1'128
B. D, Lavrukhin, and T. A. Pryakhina

We have previously obtained bicyclocarbosiloxanes and bicyclocarbosilanes containing tri- or tetrasil-
oxane rings [1, 2]. It was of interest to synthesize bicyclocarbosiloxanes and bicyclocarbosilanes containing
both six~ and seven-membered siloxane rings, in order to examine their polymerization.

The synthesis of these organobicyclosiloxane groups between the rings was carried out stepwise. First,
the monoaddition compounds were obtained by hydrosilylation of heptamethylviny leyclotetrasiloxane with a~w-
dihydroorganosiloxanes in the presence of H,PtCl;, molar ratio of reactants 1:1.

Me Me
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MeSi—0—SiCH=CH, Me R Me
[ | ! | | HPtCL
o] 0O -+ HSiO--§ —Si0— —SiH
i | ! ! |
MeSi—0—SiMe Me R /n Me
J | i
Me Me
Me Me Me R Me
! I ! | !
MeSi—0--SiCH,CH,Si0—{ —Si0— }—SiH
| [ { | |
— (]) (o] Me R n Me
I
MeSi—0—SiMe

! ! :
Me Me (I)—(IV)
R=Me; n=0 (I); R=Me; n=1 (II); R =Me; rn =2 (Ill); R = Ph; n =1 (IV).
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Next, hydrosilylation of pentamethylvinylcyclotrisiloxane with the compounds obtained (I-IV) afforded the
bicyclocarbosiloxanes (V~VIII)

Me Me R Me Me Me
|, . 1. l. | ! H:PtCle
SiCH=CH, HSiO0—| —Si0— |—SiCH,CH,Si—0—SiMe ——

VAN | I | ]
0 0 + Me R 2 Me J) o}

/ N . | ]
MeSi—0~——SiMe MeSi—O0~—SiMe
| ] | N
Me Me Me Me

1\/lIe Me R Me Me Me
[ ! | | ‘
—SiCH,CH,Si0 —| —Si0— ——SiCHjCHgSi,—O—S’iMe
7\ | i ! |
0 0 Me R n Me (6] (0]

e . |, |
MeSi——O——=SiMe MeSi—0—5iMe
| | | }
Me Me (V)—(VIII) Me Me

R=Me; n=20 (V); R=Me; n=1 (VI); R = Mo, n'=2 (VI); R =Ph; n =1 (VII)

Bicyclocarbosilanes were also obtained by hydrosilylation, as follows*

Me Me Me Me R
[ R HPICL | | é H:PiCls |
MeSi—0—SiCH=CH, ~——> MeS8i—0—SiCH,CH,SiH
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R = Me (IX); Ph (X).

The IR spectra of (V)-(X) show strong absorption at 1080 and 1020 cm~! for the stretching vibrations of
the Si—O bond in organocyclotetra- and organosilotrisiloxanes respectively. The spectra of (I)-(V) show weak
absorption of 2890-2880 cm-!, due to symmetrical stretching vibrations of the methylene CH group, which are
absent in the spectra of the starting materials. Furthermore, absorption at 1140 em™! is seen in compounds
(D-(II) and (V)-(VID), assigned to fan vibrations of the CH, groups in the SiCH,CH,Si grouping [3]. These find-
ings show that hydrosiloxanes add to the f-carbon of the ring vinyl group. Absorption at 1140 cm-! in the spec-
tra of (IV) and (VII)-(X) is obscured by absorption at 1125 cm~! due to the SiPh bond.

The PMR spectra of (I)-(X) show signals at 0-0.25 ppm for the SiMe groups, and at 0,44-0.48 ppm for
the SiCH,CH,Si groups. In addition, the spectra of (I)-(IV) show signals at 4.2-4.7 ppm for the SiH groups,
and in (IV) and (VII)-(X) signals at 7.0-7.5 ppm for the Ph protons. The occurrence of all these signals, and
the ratios of the integral intensities of the Me, CH,CH,. Ph and H protons for the compounds are close to the
values calculated for compounds with structural formulas (I)-(X). The physicochemical properties and elemen-
tal analyses for the compounds obtained are given in Table 1.

Chromatograms of the monoaddition compounds (I)-(Ill) with methyl groups attached to the Si atom show
two peaks, and the diaddition products (V)-(VII) three peaks. The occurrence of more than one peak may be ra-
tionalized by assuming that hydrosiloxanes add to some extent to the o ~carbon atom in addition to the g-carbon
of the ring vinyl groups. This would afford two and three isomers respectively in these compounds. To con-
firm this suggestion, an analogous disiloxane containing two pentamethylcyclotrisiloxanylethyl groups was sub-
jected to separation, together with the compound obtained by hydride addition of 1, 3-dihydrotetramethyldisil -
oxane to pentamethylvinylcyclotrisiloxane, the ratio of components being 1:2 [1]. This compound was chosen
for study for the reason that, according to GLC, it contained the greatest amount (34%) of a compound corre-
sponding to the second peak on the chromatogram. We assign the following structure to this compound

* The physicochemical properties of the monoaddition products have been reported [2].
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TABLE 1
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and to the compound corresponding to the first peak (63%), the structure
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(XII) (B, B-position)
The compound corresponding to the third peak on the chromatogram (3%) could not be isolated in the pure state,

The PMR spectrum of (XII) in CDCl; consisted of signals for the CH,CH, protens (& 0.48 ppm), Me,8i0Si-
Me, (6, 0.44 ppm), SilMe (6 0.148 ppm), and the remaining methyl groups of the cyclotrisiloxanes (5 0.170
ppm). The ratios of the integral intensities were in agreement with the assigned structure. The spectrum of
(XD in CCly showed signals for the protons of the CH,CH, group (56 0.44 ppm), a doublet for Me5 (6 1.04 ppm),
and a quartet for CH (6 —0.05 ppm, JCchH =7.7 Hz). The spectrum of the 8i'Me protons was more complex
than in (XII), since in this molecule there is an asymmetric center at C%, the presence of which renders all
the SiMe groups nonequivalent, but in the event it apparently affects only its immediate environment, the left-
hand half of the molecule being unaffected. This follows from the fact that the H atoms of the CH,CH, group
do not display nonequivalence. On the basis of the above, and taking into account the values of the chemical

shifts in the spectrum of (XII), together with the ratios of the intensities in the spectrum of (XI), the following
assignments can be made:

6Si°Me, = 0,047 ppm, 8Si’Me = 0.078 ppm, 5Si’Me = 0.89 ppm and 58i'Me = 0.103 ppm. The signals
with 6 = 0.122 and 0,126 ppm correspond to the methyl groups of the cyclotrisiloxane moieties, except for
Si'Me, the ratio of intensities being ~4:5. Hence, the PMR data fully confirm structures (XT) and (XID).

Since the chromatograms of the bicyclic compounds obtained are analogous to that of bicyclocarbosiloxane,
it may be concluded that the first peak corresponds to compounds in which addition had taken place in the 3,3
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positions with respect to the carbon atom of the vinyl group, and the second peak in the 8, a-positions. Ac-
cording to GLC, in the preparation of the mono~ and diaddition products (I)~(II) and (V)-(VII), the hydrosil-
oxanes add mainly to the B~carbon of the vinyl group, and the yields of §-addition products are in excess of
75%. No clear separation of isomers was observed in the chromatograms of compounds containing phenyl
groups (IV), (VII)~(X).

Fractional polymerization of bicyclosiloxanes with carbosiloxane and carbosilane groups between the
rings was carried out in the presence of basic polymerization initiators. In most instances, the final polymeri-
zation products were spatially cross-linked polymers. Under mild conditions, however, soluble polymers
were obtained. Thus, polymerization of (IX) inthepresenceof0.05% ofw, w-bis(tetramethylammonio)polydi-
methyl(methylphenyl)siloxane (calculated on tetramethylammonium) at 60°C for 11 h afforded a polymer with
Ngp 0.13. When a 15% benzene solution of (V) is polymerized under the same conditions, a polymer is formed
which after reprecipitation from methanol has Ngp 0.05. It is likely that the polymerization of organosilicon
compounds containing both cyclotri- and cyclotetrasiloxane fragments under mild conditions proceeds mainly
via fission of the six-membered siloxane rings to give polysiloxanes containing cyclotetrasiloxanylethyl groups
in the siloxane chain framework.

EXPERIMENTAL

1-Hydro-1,1,3,3-tetramethyl -3- [2-(heptamethylecyclotetrasiloxanyl)ethyl |disiloxane (I). To 7 g (0.023
mole) of heptamethylvinylcyclotetrasiloxane at 50°C under argon was added H,PtClg, followed by dropwise addi-
tion of 3.10 g (0. 023 mole) of tetramethyldisiloxane. The mixture was stirred for 3 h at 80°C, and distilled in
vacuo.

Similarly obtained at 80°C, reactant ratio 1:1, were 1-hydro-1,1,3,3-5, 5-hexamethyl-5-[2~(heptamethyl-
cyclotetrasiloxanyl)ethyl]-trisiloxane (II), 1-hydro-1,1,3,3,5,5,7,7-octamethyl-7-[2-(heptamethylcyclotetra~
siloxanyl)ethyl tetrasiloxane (Iil), 1-hydro-1,1,5,5-tetramethyl-3,3-diphenyl-5-[2~(heptamethylcyclotetrasil-
oxanyl)ethyl trisiloxane (IV), 1,1,3,3-tetramethyl-1-[2~(pentamethylcyclotrisiloxanyl)ethyl]-3-[2-(heptamethyl~
cyclotetrasiloxanyl)ethyl|disiloxane (V), 1,1,3,3,5,5-hexamethyl-1-[2-(pentamethylcyclotrisiloxanyl)ethyl}-5-
[2~(heptamethylcyclotetrasiloxanyl)ethyl]-trisiloxane (V)), 1,1,3,3,5,5,7, 7-octamethyl-1-[2-(pentamethyl -
cyclotrisiloxanyl)ethyl]-7-[2-(heptamethyleyclotetrasiloxanyl)ethyljtetrasiloxane (Vi, 1,1,3,3-tetramethyl-3,3-
diphenyl-1-[2-pentamethylcyclotrisiloxanyl)-ethyl]trisiloxane (VIII), [2-(pentamethylcyclotrisiloxanyl)ethyl]-
[2~(heptamethylcyclotetrasiloxanyl)ethyllmethylphenylsilane (IX), and [2-(pentamethylcyclotrisiloxanyl)ethyl]-
[2-(heptamethylcyclotetrasiloxanyl)ethyljdiphenylsilane (X).

PMR spectra were obtained on a Bruker WP-200SY relative to TMS. Separation of isomers was carried

out on a Khrom-3 preparative chromatograph (d = 3 mm, ! =3 m, stationary phase Chromaton N-AW 0.2-0.25
mm, liquid phase 12% OV-17, column temperature 220°C).

The authors thank V. Khvalovskii (Czech SSR) for help in the preparative separation of the hydrosilyla-
tion products.

CONCLUSIONS
1. Hydrosilylation of methylvinylsiloxanes with dihydrosiloxanes and dihydrosilanes in the presence of
H,PtCl, has given bicyclocarbosiloxanes and bicyclocarbosilanes containing six- and seven-membered siloxane
rings.
2. Addition of dihydrosiloxanes occurs to some extent at the a-carbon atom of the ring vinyl group, in
addition to the p-position.
3, Polymerization of bicyclocarbosiloxanes and bicyclocarbosilanes in the presence of basic polymeri-

zation initiators under severe conditions affords polymers with spatially cross-linked structures, but under
mild conditions soluble polymers are obtained.
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