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We have previously investigated the heterofunctional condensation reaction of alkyl- 
chlorosilanes with hydroxyl derivatives in order to obtain organocyclosiloxanes with a given 
configuration of functional groups in the ring (vinyl and SiH), from which it was possible 
to synthesize polymers of a defined structure asd determine the effect of the monomer~s struc- 
ture on the properties of the oligomers and polymers [1, 2]. 

In the present work the heterofunctional condensation reaction has been used to obtain 
previously unknown organobicyc'losiloxa~es with an ethylene bridge between Si atoms. There is 
information in the literature about the isolation from the pyrolysis products of [Me2Si0]2~ 
[Ph2Si0]2 cyclosiloxanes of a cyclotetrasiloxane with a phenylene bridgebetween Si atoms, the 
structure of which was proved only from its NMR, IR, and mass spectra [3]. We have investi- 
gated the reactions of bis(methyldichlorosilyl)ethane (A) with organosilicon dihydroxy deriva- 
tives 
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In the reaction of (A) with dihydroxysilanes, tetrasiloxane rings with an endo-ethylene bridge 
(1)-(V) are formed, while with dihydroxydisiloxanes a mixture of two isomeric products is 
formed -- bis(pentaorganocyclotrisiloxanyl)ethanes (VII) and (.IX) and organobicyclocarbosilox- 
anes (VI) and (VIII). 

In the reaction of (A) with tetramethyidisiloxanediol, a fraction was isolated with 
bp 98-i01~C (1 mm), which according to its NMR spectra consisted of a mixture of (VII) and 
(VII) in the ratio 3:1. On recrystallization of the mixture it was only possible to isolate 
(VI) in a pure form, the structure of which was confirmed by its NMR spectra and x-:ray dif- 
fraction analysis [4]. Isomers (VIII) and (IX) were isolated in a pure form from the products 
of the reaction of (A) with tetraphenyldisiloxanediol, the initial ratio of isomers in the 
reaction products being 3:1. The properties of the compounds obtained are shown in Table !. 

In the IR spectra of (1)-(V) there is a displacement of the absorption bands due to 
deformation and symmetrical stretching vibrations of SiOSi to 620 and 1020-1030 cm -~ respec- 
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TABLE i. 
with endo-Ethylene B r i d g e  between Si Atoms 
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Physicochemical Properties of Organocyclosiloxanes 
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For a mixture of (VI) and 
(VII) in the ratio 3 : 1 
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TABLE 1 ( c o n t i n u e d )  
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TABLE 2. NMR Spectra of Organocyclosiloxanes with an Ethylene 
Bridge within the Ring 
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tively~ This may be due to the considerable strain in the rings of (1)-(V); the SiOSi angles 
in them are 134.4 ~ [4], which is much less than in cyclotetrasiloxanes (142~ For (VI) and 
(VIII) the bands due to the Si0Si bonds occur at ii00 and 520-540 cm -~. 

The structures of (1)-(IX) have been confirmed from their zsC and ~gSi NMR spectra 
(Table 2), For compounds of the type 

! 2 

with the same substituents at Si 2, i.e., (I), (III), (V), (Vl), and (Vlll), in accordance with 
the molecular symmetry there are two signals in the 29Si spectra, due to Si: and Si 2, while 
in the ~aC spectra there is one signal each from the two equivalent MeSi* and CH2Si ~ groups as 
well as double signals from the carbons of the substituents at Si=. The substituents at the 
different Si 2 sites formidentical pairs; within the pairs the substituents have a different con- 
figuration relative to the skeleton of the bicyclic system. 
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th~s work. 
are possible 

In the spectra of the dumbbell-shaped compounds (Vll) and (IX) the number of signals 
must be the same as for the compounds reported above. The substituents at Si 2 are distin- 
guished according to their cis and trans configuration relative to the ethylene bridge. In 
the ~3C spectrum of (VII) there are two signals from the methyl groups at Si 2, whereas for 
(IX) the differences in ~3C chemical shifts from the nonequivalent phenyl groups occur within 
the width of the lines. 

The difference between (VII), (IX) and the corresponding isomers (VI), (VIII) is most 
clearly shown in the 29Si spectra. The atoms of the first two form part of a six-membered 
cyclosiloxane. The 29Si chemical shifts in [5] match up with them for this size of ring (in 
the case of (IX) a correction is made for the effect of the phenyl groups [6]). For (VI) 
and (VIII) the 2~ chemical shifts that occur are characteristic of rings of a larger size. 
The 29Si chemical shifts that occur are characteristic of rings of a larger size. The ~Si 
chemical shift of the dimethylsiloxane fragment in (Vl), which forms part of a nine-membered 
cyclocarbosiloxane, occupies an intermediate position between the 29Si chemical shifts of 
octamethylcyclotetrasiloxane (20.0 ppm) and decamethylcyclopentasiloxane (22.8 ppm). It should 
be noted that the value of the 29Si chemical shift from the Me2Si fragment in (I) (part of a 
seven-membered cyclocarbosiloxane) also occurs between the chemical shifts of the correspond- 
ing fragments in six- and eight-membered cyclosiloxanes. Thus, the dependence of the 29Si 
chemical shifts on the size of the ring also extends to the cyclocarbosiloxanes studied in 

For compounds having two different substituents at Si 2, the following isomers 

R 2 R f 

I I "I 

(a.) (b) (c) 
where R = CH==CH (II) and Ph (IV). ........ 

In isomers (a) and (c) the Si 2 atoms and the substituents at Si 2 are mutually equivalent as 
a result of their symmetry. Therefore, one Si 2 signal in the 29Si spectrum and one set of 
signals each from carbon in the substituents at Si 2 in the ~3C spectrum must correspond to 
each isomer. In isomer (b) the two Si 2 atoms and the substituents of one type (Me or R) at 
Si= occupy sterically nonequivalent positions. Therefore isomer (b) must give two Si 2 signals 
in the 2gSi spectrum and double sets of signals from substituents in the :~C spectrum. In all 
three isomers Si I and the substituents at Si I (CH= and Me) have a symmetrical configuration 
relative to the plane passing through the Si ~ atoms and the center of the C-C bond in the 
ethylene bridge. Hence, one Si ~ signal (29Si spectrum) and one signal each from CH2 and Me 
(~3C spectrum) must correspond to each isomer. 

The experimental spectra of (II) and (IV) are ~onsistent with a mixture of isomers. 
The 29$i spectrum of (If) contains three Si ~ signals and four Si= signals, while the ~3C 
spectrum has three Si~CH2 signals and four sets of signals from SliMe and CH2CH--, which cor- 
responds to a mixture of three isomers. It was possible to assign the signals from the (b) 
isomer from the intensity ratio and the doubling of certain signals. It made up 48% of the 
mixture. The content of the other two isomers in the mixture was 16 and 36%. Isomers (a) 
and (c) have the same number of nonequivalent atoms and groups and it is not possible to 
identify their signals in the spectra from this criterion. It may be assumed that the steric 
interaction of the two vinyl groups inhibits the formation of isomer (c) when (II) is obtained. 
Therefore, isomer (c) can be assigned the signals of the isomer with content 16%. 

The 29Si and ~3C spectra of (IV) are consistent with a mixture of only two isomers -- 
(b) and one or the other of (a) and (c). Their content in the mixture was 55 and 45% respec- 
tively. Isomer (c) is likely to be absent as its formation is inhibited by even bulkier sub- 
stituents than for (II). In the case of (IV) there is a greater degree of distortion in the 
ratio of isomers that would occur if the statistical factor were to play a determining role 
in the formation of the isomers, namely,(a):(b):(c) = 1:2:1. Reinforcement of this tendency 
in the case of (IV) compared to (II) supports the validity of the principle used to assign the 
signals of isomers (a) and (c). 
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EXPERIMENTAL 

NMR spectra were recorded on a Bruker WP-2OOSY spectrometer at 50.31 MHz for ~3C and 
39.76 MHz for 2"Si. The samples were used as 5% solutions in CCI~ with the addition of I0- 
15% C~D6, with TMS as internal standard. In order to obtain spectra with intensities that 
were not distorted, pulsed suppression at the proton frequencies (inversed decoupling) and 
long delay times (20-30 sec) were used. To assign the 29Si signals in specific cases spectra 
were recorded without proton decoupling. In order to assign certain '3C signals the pulsed 
DEPT was used. 

l~3~3~5~7~7-Hexamethylbicyclo[3.2.3]tetrasila-214~6~8-oxane (I). To a solution of 
28.3 g (0.358 mole) of p yridine in i00 mi of ether at0vC were added dr0pwise for 2 h 20.8 g 
(0.081 mole) of tetrachloride (A) in 300 ml of ether and 15.0 g (0.163 mole) of dimethyl- 
dihydroxysilane in 350 ml of ether. After separation of the precipitate the mixture was 
washed with water, dried over Na20~, and fractionated. From 18 g of oil was obtained 6.8 g M 
(28%) of (I) with bp 85~ (i0 nun). 

1,3~bt7-Tetramethyl-3~7-dlvinylbicyclo(3.2.3]l~3~5~7-tetrasila-2~4~6~8-oxane (II). 
To a solution of 40.0 g (0.505 mole) of pyrldine in 150 ml of ether with agitation at 0~ 
were introduced 30.6 g (0.119 mole) of (A) in 300 ml of ether and 24.9 g (0.239 mole) of 
methylvinyldlhydroxysilane in 300 ml of ether. The precipitate was filtered off, and the re- 
action mixture was washed with water, dried, and distilled. The fraction with bp 95-120QC 
(i0 mm) containing 14 g (38%) of (II) was selected. 

l~5-nimethzl-3,3,7,TTtetraethylbic~clo[3.2~3]l,3,5,7-tetrasila-2,9,6,8-oxane '(III). 
To a solution of 23.1 g (0.293 mole) of pyridine in 200 ml of ether at O~ were added drop- 
wise 17.1 g (0.066 mole) of (A) in 200 ml of ether and 16.0 g (0.133 mole) of diethyldihydroxy- 
silane in 200 ml of ether. The mixture was treated in the same way as indicated above. 
From 18 g of oil taken for distillation 9.2 g (45%) of (llI) was obtained, with bp II0-120~ 
(3-4 ram). 

1,3~5~7-y#tramethyl-3~7-diphenylbicyclo[3.2.3]l,3,5~77tetrasila-2,4,6,8-oxane (IV). 
To a solution of 19.9 g (0.25 mole) of pyridine in 130 ml of ether at 0~ were introduced 
14.7 g (57 mmoles) of (A) in 200 ml of ether and 15.4 g (0.114 mole) of methylphenyldihydroxy- 
silane in 200 ml of ether. The mixture was treated ~n the same way as indicated above. From 
19 g of oil was isolated 7.6 g (32%) of (IV), with bp 175-183~ (i mm)o 

. . . . . . . . . . . . . . . . .  To l~5-Dimethyl-3,3~7~7-tetraphenylbicyclo[3.2.3]!~3~5~7-tetrasila-2~4,6,8-oxane (V). 
a solution of 12.8 g (0.05 mole) of (A) in 200 ml of ether at 10~ were added dropwise a solu- 
tion of 23.3 g (0.1 mole) of diphenyldihydroxysilane in 300 ml of ether and 17.4 g (0.22 
mole) of pyridine in 350 ml of ether. The mixture was treated in the same way as indicated 
above. After distillation, the fraction with bp 170-190~ (i m m) was selected, containing 
14.5 g (54%) of product (V), which was recrystallized from an ether--pentane (i:i) =ixture, 
bp 148-149~ 

~,3~3,5~5t7~9~9~-Decamethy~bicyc~[4.2.4]~3~5~7~9~-hexasi~a-2~6~8~2-~xane 
(VI). To a solution of 17.4 g (0.22 mole) of pyridine in i00 ml of ether at 0~C were intro- 
duced 1.6 g (0.i mole) of tetramethyldihydroxydisiloxane in 200 ml of ether and 12o8 g (5 
mmoles) of (A) in 200 ml of ether. After separation of the precipitate and distillation of 
the solvent the mixture (17.5 g) was fractionated. The fraction with bp 98-102=C (i mm) con~ 
raining 8.5 g (38%) was selected, mp 38-45~C. According to NMR this was a mixture of (Vi) 
and (VII) (3:1). Recrystallization from pentane gave 4.2 g of (VI); (VII) was not isolated 
in pure form. 

~7-Dimeth~-3~3~5~5~9~9~-~ctaPhen~icZc~[4.2.4]~3~5~7~9~-hexasi~a-2~6~8~2- 
oxan e (VIII). To a solution of 9.22 g (58 mmoles) of pyridine in 75 ml of ether at 0~C were-- 
introduced a solution of 6.75 g (26.4 mmoles) of (A) in 150 ml of ether and 21~9 g (52.8 
mmoles) of tetraphenyldihydroxydisiloxane in 150 ml of ether. The mixture was filtered, 
washed with water, and dried, and the solvent was distilled off. From 19.4 g of crystalline 
product 8 g (40%) of (VIII) was isolated by recrystallizatlon from benzene, with mp 208~ 
and 4 g of (IX) with mp 152-153~C was obtained from a benzene-pentane (2:1) mixture. The 
initial reaction product mixture, according to NMR, contained (VIII) and (IX) in the ratio 
3:1. 
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CONCLUSIONS 

The heterofunctional condensation reaction gave for the first time organocyclosiloxanes 
with an endo-ethylene bridge between Si atoms~ their structures were confirmed by 29Si and 
~SC NME spectroscopy. 
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AMMONOLYSIS AND AMINOLYSIS OF ORGANOCHLOROSILANES 

WITH THE TRICYCLODECENYL RADICAL AT THE SILICON ATOM 
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The reactions of organochlorosilanes, containing tricyclodecenyl groups at the Si 
atom, with N-H,, amines, and hexamethyldisilazane were studied in the present work. The initial 
organochlorosilanes were synthesized according to [i, 2]. 

~ q -  -~ CIoHIsSiR2R' R~R'SiH 

where R = Me, R' = CI; R = C], R" = Me. 

The ammonolysis of tricyclo[5.2, i. 02'" ]-dec-4-en-8-yldimethylchlorosilane (TDMCS) with 
dry NH~ in benzene and the aminolysis with diethylamine by boiling in benzene give high 

yields (86-88%) of the aminosilanes (I) and (II). 
NH, 

C,0HI~SiMe2NH2 
C,0HIsSiMe2CI -N~,cl (I) 

Et,NII ) CIoHI3SiMe2NEt 2 
--~t,NH. I~Cl (I I) 

The absence of secondary  convers ions  i s  exp l a ined  by the  s h i e l d i n g  e f f e c t  of  the  bulky 
substituent at the Si atom. The ammonolysis of tricyclo[5.2.1.0.2'6]-dec-4-en-8-ylmethyl di- 
chlorosilane (TMDCS) under the condis indicated above led to the isolation, by fractiona- 
tion, of 1,3-diamino-l,3-bis (methyltricyclo [5.2.1.02'' ]-dec-4-en-8-yl)disilazane (III) and 
i, 3,5-iris (tricyclo [5.2.1.02 '" ] -dec-4-en-8-yl) -i, 3,5-trimethylcyclo trisilazane (IV). 

nC*~ --NH.C{ [Cl~ q- [C~~ 
(III) (IV) 

The trans-silylation of TMDCS with hexamethyldisilazane at 70~ will give the product 
of the partial silylation -- tricyclo-[5.2.1.02'6]-dec-4-en-8-yl-(trime=hylsilylamino) chl~176 
silane (V) -- due to the significant steric hindrance of the bulky substituent at the Si atom. 
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