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The cyclization react ions of silanes and siloxanes, containing more  than two functional groups in the 
molecule ,  have received little study. Methods are  repor ted  in the l i te ra ture  for the synthesis of te t ravinyl-  
te t raphenylcyclote t ras i loxane [1] and t r iphenylcyclotr is i loxane [2] in ~8% yields. The purpose of the p r e -  
sent paper  was to study the cycloformation react ions  in the hydrolytic and heterofunctional condensation of 
some vin}t(hydro) phenylsilanes and siloxanes. We studied the hydrolyt ic  condensation of phenylvinyldi- 
chlorosi lane (I), phenyldichlorosi lane (ID and 1,3-dichloro- l ,3-dihydrodiphenyldis i loxane (HI), and the het-  
erofuncti~nal condensation of 1,3-dihydroxy- 1,3-divinyldiphenyldisiloxane (IV) with phenylvinyldichloro- 
silane and 1,3-dichloro-l ,3-divinyldiphenyldis i loxane (V). 

The hydrolyt ic  condensation of (I) in ether at 20-25~ and at - 5  to -15  ~ proceeds with the formation 
of 1,3-dihvdroxy-l ,3-divinyldiphenyldisf loxane (IV) (and not of phenylvinylcyclosiloxanes,  as could have 
been assumed if we s ta r t  with the data on the hydrolytic condensation ofmethylphenyldichlorosi lane,  run un- 
der analogous conditions) 

CaH~ C8H5 

Cr (CH2=CH) SiCh + nil20 _~--, HO--Si----O----Si----OH + polymer 

(I) ' - ~ CH=CH2 CH=CH~ 
(!v) 

The yield of (IV) is 52%. Chromatographic  analysis of the obtained compound disclosed that it exists as two 
s t e reo i somer i c  fo rms ,  analogous to the previously descr ibed 1,3-dihydroxy-l ,3-dimethyldiphenyldis i loxane 
[3]. 

Subsequently, to obtain t r ivinyl t r iphenylcyelotr is i loxane (VI) and te t ravinyl te t raphenylcyclo te t ras i -  
loxane (VII) we studied the heterofunctional condensation of (IV) with (I) and (V) in the presence  of HC1 ac-  
ceptors 

C~Hs C6H5 

HO--Si----O-~--Si----OH + zSICl2 ~ - ~  [C6H~ (CH~--CH) SiO]a 
[ [ CH2=CH / 
CH=CH~ CH=CH~ 

(iv) (i) (vi) 
C6H5 C6H~ CBH5 C6H~ 

I ] [ I C,H,N 
H0--~i----O----Si----OH + CI--Si----O----Si----C1 c ~ c ~  * [C~Hs(CH~=CH)Si0]4 

I 1 ] I - " 
CI-I=CH~ CH=CH2 CH=CH2 CH=CH~ 

(IV) (V) (vii) 

Using a 1 : i mole ratio,  we studied the effect of the react ion conditions for the heterofunetional con:  
densation of (IV) with (I) on the yield of (VI). The obtained data a re  given in Tab le  1. As can be seen from 
the preset. ted data, the optimum resul t  was obtained when the s tar t ing reactants  were mixed in toluene at 
20-25 ~ wi~h subsequent heating of the react ion mass  at 1 1 0 - 1 2 0  ~ and the use of pyridine as the HC1 ac-  
ceptor.  The use of excess (D when running the react ion fails to lead to an increase  in the yield of (VI). 

As is known, cyclotr is i loxanes and cyclote t ras i loxanes ,  with various substituents attached to the s i l i -  
con atoms,  can correspondingly exist as two and as four spatial i somers  [4]. Chromatographic  analysis of 
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TAB LE 1. Yield of Tr iv inyl t r iphenylcyc lo t r i s i loxane  
(VI) as a Function of the React ion Conditions 

Solvent HC1 acceptor 

, m  

Ether. ITriethy laminepyridine 

Benzene 
Toluene 

Mixing I Duration temp. of 
reagents, of reflux, 
o C , h , 

- I 0  -- - - t5  6 
--t0 ~ --t5 6 

20 -- 25 6 
2 0 -  25 6 
20 -- 25 6 

Yield of 
cycle, in 
~0 of theory 

23 
27 
32 
58 
66 

76% 

5I% 

YY% 

�9 lzv=/jz% Y _j 
It B C 

67% 7q% 

�9 % ff 

_.) flu, lY E A':" 

Fig. 1. C h r o m a t o g r a m s  of phenylcyclosi loxanes:  
A) t r iv inyl t r iphenylcyclo t r i s i loxane;  B) t e t r a -  
v inyl te t raphenylcyclo te t ras i loxane;  C, D, and E 
s ta r t ing  and crys ta l l ine  f rac t ions  of t e t r apheny l -  
cyc lo te t ras i loxane .  

the obtained (VI) disclosed that it represents a mixture 
of two isomers (Fig. IA) in an ~i : i ratio. A measure- 
ment of the ratios of the integral intensities of the 
phenyl and vinyl protons in the NMR spectrum of (IV) 
shows a good agreement of the found value (0.596) with 
the calculated value (0.6). The IR spectroscopy data 
also corroborate the structure of the synthesized tri- 
vinyltriphenylcyclotrisiloxane (VI). Thephysico- 
chemical constants and the elemental analysis results 
for  (Vt) a re  given in Table 2. 

When run tmder  the opt imum conditions (see 
Table 1), the heterofunctional  condensation of (IV) with 
(V) gives te t rav iny l te t raphenylcyc lo te t ras i loxane  
(VH) in 57% yield.  Chromatographic  analys is  of the 
obtained (VII) d isc losed the p re sence  of three  of the 
four poss ib le  i somer i c  f o r m s  (see Fig. 1B). Here  two 
of the i s o m e r s  exit  as one peak,  with the i r  total amount 
in the mixture equal to ~66%. The elemental analysis 
results and the physicochemical constants for the ob- 
tained compound are given in Table 2. 

To ~synthesize the cyclic tetraphenylcyclotetra- 
siloxane (VIII) we studied the hydrolytic condensation 
of (If) and (Ill), which was obtained as described in [5]. 
The hydrolysis of (If) under mild conditions gives a 
mixture ofoligomeric and polymeric products . After 
distilling offthe solvent in a vacuum of ~i0-15 ram, 
the obtained neutral hydrolyzate represents a clear 
viscous mass, which, after evacuation at 2 mm of Hg 
for 4 h, is converted to a clear paste, in which connec- 
tionbenzene collects in the trap. On attempted frac- 
tional distillation the paste quickly turns yellow, with 
the formation of an infusible and insoluble product. 
The formation of benzene in an amount equal to 27-35% 

of the total  amount of phenyl groups,  contained in the dist i l led hydrolyzate ,  is poss ib le  due to the p r o c e s s e s  
that a r e  indicated below (slowly at r oom t e m p e r a t u r e  and rapidly  when heated) 

~Si,--C6H5 + H "  Si~- --, --~ Si--Si~ -~- C~Ho 

In con t ras t  to the above descr ibed  react ion,  the hydrolyt ic  condensation of (III) p roceeds  with the f o r -  
mat ion  of a liquid mix ture  of o l igomer ic  products ,  f rom which a mix ture  of the s t e r e o i s o m e r s  of 1,3,5,7- 
t e t raphenyleyc lo te t ras i loxane  (VIII) was isola ted in up to 37% yield 

C6H~ C6H5 
I l 

r162 , + i + Ir176 ~ 
H H L H J4 t t J~ 

(III) (VIII) n > 4 

Bes ides  the e i g h t - m e m b e r e d  cyclic s i loxane,  some high-boil ing s i loxanes could be dist i l led f rom the 
reac t ion  mix tu re  at a p r e s s u r e  of 1 m m  (bp up to 300~ which r e p r e s e n t  ~30% of the weight of the dist i l led 
products .  The solid product  r emain ing  in the sti l l  pot is readi ly  soluble in a romat ic  solvents .  

Te t raphenylcyc lo te t ras i loxane  (VIII) is a co lo r less  oily liquid that c rys t a l l i ze s  par t ia l ly  on standing. 
Three  of the four poss ible  i s o m e r s  were  r eco rded  when  the obtained (VIII) was subjected to chromatographic  
analys is  (see F i g . l C ) .  Two of the i s o m e r s  exit  as one peak, and their  total amount in the mix tu re  is ~76%. 
Both of the c rys ta l l ine  f rac t ions  (Table 3) a re  main ly  a mix tu re  of three  i s o m e r s ,  sl ightly con tam-  
inated (0.5-2%) with the fourth i s o m e r  (see Fig. 1D and E). The e lementa l  composi t ion and amount of 
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S i - H  groups in the crysta l l ine  fract ions and the residual  
mother liquor are in good agreement  with the data obtained 
for the s tar t ing (VIII). 

F rom the NMR spect ra  it could be established that 
the compound remaining in the mother  liquor and the 
start ing fraction are  a mixture of four i somers .  Differ-  
ences are  not observed in the IR spect ra  of all of the iso-  
lated fractions�9 Astudy of the IR spec t ra  confirms the 
s t ruc ture  of the synthesized te t raphenylcyclotet ras i loxane 
(VIII). The elemental analysis  resul ts  and the physico-  
chemical constants for the obtained compound are  given 
in Table 2. 

EXPERIMENTAL METHOD 

The GLC was run on a Tswett-4 chromatograph 

equipped with a 2 m • 3 mm column, which was packed 

with 5% SCTPT-50 deposited on Celite 545. Helium was 

used as the carrier gas at a flow rate of 50 ml/min, while 

the detection was based on the heat conductivity. 

In the study we used chromatographically pure 

phenylvinyldiehlorosilane (I) and phenyldichlorosilane (If), 

which were obtained by the fractional distillation of the 

technical products through a column (length 60 era), which 

was packed with glass Raschig rings, and using a total 
condensation head. 

1,3-D ihydr oxy-i ,3-divinyldiphenyldisiloxane (IV). 

With stirring, a solution of 134.3 g of (1) in 140 ml of ab- 

solute ether was added at -5 to 0 ~ to a mixture of 331 g of 

ice and 140 ml of ether. After adding all of the chloride 

the ether layer was separated, while the aqueous layer was 

extracted twice with ether, and the combined extracts were 

washed with water until neutral and then dried over anhy- 

drous Na2SO 4. The reaction mass crystallized while dis- 

tilling off the solvent in vacuo. The crystals were sep- 

arated, washed with a 6 : i pentane- CCl4mixture , and re- 
crystallized from a I0 : 1 hexane-benzene mixture. After 
removing the solvent the mother liquor was vacuum-dis- 

tilled, and the distilled (IV) was recrystallized as described 

above. We obtained 54 g (52%) of (IV) as white crystals 

with mp 105.5-106 ~ [6]. Found: C 61.33; H 5.77; Si 17.83; 

OH 10.90%. Ci~HisSi203. Calculated: C 16.11; H 5.77; Si 
17.86; OH 10.80~ 

1,3'-Diehloro-l ,3-divinyldiphenyldisi loxane (V). To 
a solution of 116.27 g of (I) in 250 ml of absolute toluene 
was added a mixture of 5.16 g of H20 and 50 ml of absolute 
dioxane in 20 h [7]. We obtained 51.1 g (50,8%) of (V) as 
a color less  oily liquid; bp 140-143 ~ (1 mm); n~ 1.5446. 
Found: C 55.02; H 4.55; Si 15.92; C1 20.02%. CI~H16Si2OC12. 
Calculated: C 54.69; H 4.59; Si 15.99; C1 20.18%. 

1 ,3-Dichloro-  1,3-dihydrodiphenyldisiloxane (IID. 
The compound was obtained by vapor-phase  hydrolysis  as 
descr ibed in [5]. 

Tr ivinyl t r iphenylcyclotr is i loxane (VD. With s t i r r ing ,  
to a mixture of 5.61 g of (IV), 250 ml of absolute toluene 
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TABLE 3. Elemental  and Functional Analysis Results for 
Various Fract ions  of Tetraphenylcyclotetrasi loxane 

Characteristics of fractions 

I 

Startin~ fradtion 
Crystalline fraction with mp 99* 

(from heptane) and mp 79.5- 
80.5 ~ ~fronl isooctane~ 

(_~ys:tailine fracdofi With mp 76- 
80.5" 

Residual mothe~ liquid 
Calculated for [C6Hs(H)SiO] 4 

Found, % 

C H S i  

59,18 5,08 23,i5 
58,88 5,02 22,89 

59,0i 4,89 22,9~ 

59,2t 5,t~ 22,92 
58,97 4,95 22,98 

Hlabile, ~ 
(8i-H) 

; r, 

0,85 
0,87 

0,82 
0,83 
0,83 

and 2.82 g of absolute pyridide was added in drops a solution of 3.62 g of (I) in 50 ml of absolute toluene in 
30 min. The reaction mixture was refluxed for 6 h. Then it was cooled, the obtained c rys ta l s  of pyridine 
hydrochloride were fi l tered (99.5% yield), and the toluene was distilled from the fil trate using a wate r - je t  
pump. The residue was vacuum-dist i l led.  We obtained 5.23 g (66%) of (VD as a color less  oily liquid with 
bp 160-165 ~ (1.5 ram). 

Tetravinyl te t raphenylcyclotetrasi loxane (VII). Employing the above described method, f rom 4.28 g 
of (IV), 4.79 g of (V) and 2.15 g of absolute pyridine we obtained 4.6 g (57%) of (VII) as a color less  oilyliquid 
that crys ta l l ized on standing. 

Tetraphenylcyclotetrasi loxane (VIID. With s t i r r ing ,  a 50% ether solution of 39.5 g of (III) was added 
to 130 ml of a 1 : 1 w a t e r - e t h e r  mixture. The ether l ayer  was separated,  washed with water until neutral,  
dr ied over anhydrous Na2SO4, the solvent was distilled off rapidly using a water - je t  pump, and the residue 
was vacuum-dist i l led twice using an oil pump. We obtained 11.9 g (37%) of (VIII) as a color less  oily liquid 
that par t ia l ly  crysta l l ized on standing. 

C O N C L U S I O N S  

1. The hydrolytic condensation of phenylvinyldichlorosilane fails to yield phenylvinylcyclosiloxanes,  
and instead 1,3-dihydroxy-l ,3-diphenyldivinyldisi loxane is formed.  

2. A study was made of the heterofunctional condensation of 1 ,3-dihydroxy-l ,3-diphenyldivinyldi-  
siloxane with phenylvinyldichlorosilane and 1,3-dichloro-l ,3-diphenyldivinyldisi loxane,  and it was shown 
that t r ivinyl t r iphenylcyclotr is i loxane and te t ravinyl te t raphenylcyclotetrasi loxane can be synthesized by the 
given method. 

3. The side process  of benzene cleavage occurs  during the hydrolyt ic  condensation of phenyldichloro- 
silane. Tetraphenylcyclotetrasi loxane can be obtained by the hydrolytic condensation of 1 ,3 -d ich lo ro - l ,3 -  
diphenyldisiloxane. 
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