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The addition of a roma t i c  de r iva t ives  to v inylchloros i lanes  has  been studied with the interactJion of 
v inylehloros i lanes  with the fo rmula  CH 2 =CHRnSiC13_ n (with R = CH3; n= 0, 1, 2, 3) with benzene,  toluene, 
chlorobenzene,  and cumene as examples  [1-3]. An in t r amolecu la r  cycl izat ion of vinylbenzyldichlorosi lane 
and vinylbenzyldimethyls i lane  has also been c a r r i e d  out [4-5] in the p re sence  of a luminum chlor ide.  

In this work we invest igated the in t r amolecu la r  cycl izat ion of v inylbenzylmethylchloros i lane .  In the 
p resence  of a luminum chloride v inylbenzylmethylchloros i lane  undergoes  a change and fo rms  a product  with 
a somewhat  higher boiling point, but posses s ing  the s ame  e lementa l  composi t ion.  The format ion  of such 
a compound can be r e p r e s e n t e d  by the scheme  

CH~=CI{ 

\SIC1 - - - .  ~___/--~Si / 
AIC,, ~ CHa 

C~HsCH~/JHs ~ \ 
Cl 

(i) (ii) 

The yield of (II) r eaches  30-32%, whereas  the yield of 3 , 4 - b e n z o - ( 1 , 1 - d i c h l o r o - l - s i l a c y c l o h e x a n e  
in the cycl iza t ion  of v inylbenzyldichloros i lane  according  to the equation 

CeHsCH~ 
\sicl~ A,.c~ 2---% /ci 

cu~=ci~/  - -  " X = ~ s i \  
Cl 

r e a c h e s  44% �9 The data obtained agree  with the data that we obtained in an investigation of the reac t iv i ty  of 
the vinyl group of v inylchloros i lanes  (CH 2 = CHRnSiC1 a_ n, where  R = CH 3, n = 0-3) in the reac t ion  of addi- 
tion to benzene under the act ion of a luminum chloride [3]. 

To c h a r a c t e r i z e  the p r o p e r t i e s  and s t ruc tu re  of the synthes ized compound, we produced ce r ta in  de- 
r iva t ives  (D and (II). Hydro lys i s  of (I) and (II) yielded the co r respond ing  dis i loxanes  (III) and (IV) accord -  
ing to the scheme  

CHt~H -CH~=CH 
CHs~SiC1 It,O / CHs\--Si/O + 2HCI 

L jo 
(m) 

2--% /CH~ 2 - - %  

r L. J,J, 
The IR s p e c t r a  ci ted in Fig. 1 were  taken for  the synthes ized  dis i loxanes .  In a c o m p a r i s o n  of the 

s p e c t r a  of these  compounds,  it can be seen  that the absorp t ion  band in the region of 1610 c m-1, c h a r a c t e r i s t i c  
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F i g .  1. IN spect ra . .  1) p r o d u c t  
of  h y d r o l y s i s  of  v i n y l m e t h y l -  
b e n z y l e h l o r o s i l a n e ;  2) p r o d u c t  
of  h y d r o l y s i s  of  3 , 4 - b e n z o - l -  
c h l o r o -  1-  m e t h y l -  1-  s i l a c y c  lo -  
hexane .  

of the v a l e n c e  v i b r a t i o n s  of the doub le  bond in the  v iny l  g r o u p  and 
o b s e r v e d  in the  s p e c t r u m  of d i v i n y l d i b e n z y l d i m e t h y l d i s i l o x a n e ,  is  
p r a c t i c a l l y  a b s e n t  in the s p e c t r u m  of  the d e r i v a t i v e .  The  l o w - i n -  
t e n s i t y  band  o b s e r v e d  in the  s p e c t r u m  of (II) at 1610 c m  -1 is  a p p a -  
r e n t l y  due to v i b r a t i o n s  in the bonds  of the a r o m a t i c  r i ng .  

An a n a l y s i s  of the NMR s p e c t r a  t aken  on a H i t a c h i  H-60  s p e c -  
t r o m e t e r  shows  t b a t  in the  s p e c t r u m  t aken  fo r  compound  (II), the 
v a l u e s  of the c h e m i c a l  sh i f t s  of the  h y d r o g e n  a t o m s  of the m e t h y l  

c 
g roup  c o m p r i s e  0.3 ppm; fo r  the m e t h y l e n e  b r i d g e  CH 2 th is  va lue  
is  2.20 ppm,  fo r  the CH 2 g r o u p s  in the  e thy l  b r i d g e  t h e s e  v a l u e s  a r e  

b a 
equa l  to 1.12 ppm for  - C H  2-  and 2.70 p p m  for  - C t t 2 - .  C h e m i c a l  
s h i f t s  of 7.00 ppm,  c o r r e s p o n d i n g  to the h y d r o g e n s  of the pheny!  r i n g ,  
a r e  o b s e r v e d :  

\__/- - -x ,  Si / - - ~ _ _ / .  \ 
CII~ CH2 ~, 

a "  b %t 

In the NMR s p e c t r a  fo r  compound  (II), t h e r e  a r e  no sh i f t s  a t  a l l  c o r -  
r e s p o n d i n g  to the h y d r o g e n s  of  the  v inyl  g roup ,  the  v a l u e s  of  which  l i e  
in the r e g i o n  of 5 .50-6 .45  ppm.  The to t a l  d i s a p p e a r a n c e  of the va lue s  
of the  sh i f t  for  the h y d r o g e n s  of the v iny l  g roup  and the p r e s e n c e  of 

sh i f t s  c h a r a c t e r i s t i c  of the  m e t h y l e n e  and e t h y l e n e  g r o u p s ,  bound to the  be nz e ne  r i n g  and s i l i c o n  a t o m ,  con-  
f i r m  the p r o p o s e d  s t r u c t u r e  of compoun  d (II). A c o m p a r i s o n  of  the 111 s p e c t r a  and an a n a l y s i s  of the NMR 
s p e c t r a  p e r m i t s  us  to c o n s i d e r  tha t  a s  a r e s u l t  of  i n t r a m o l e c u l a r  c y c l i z a t i o n  of  v i n y l b e n z y l m e t h y l e h l o r o -  
s i l a n e  in the  p r e s e n c e  of  a l u m i n u m  c h l o r i d e ,  3 , 4 - b e n z o - l - m e t h y l - l - c h l o r o - l - s i l a c y c l o h e x a n e  is  f o r m e d .  

A c e t o x y  d e r i v a t i v e s  (V) and (VI) w e r e  p r o d u c e d  by an exchange  r e a c t i o n  of compounds  (I) and (ID with  
p o t a s s i u m  a c e t a t e ,  and then h y d r o x y - d e r i v a t i v e s  of v i n y l m e t h y l b e n z y l c h l o r o s i l a n e  and 3 , 4 - b e n z o - l - m e t h y l -  
1 - c h l o r o - l - s i l a c y c l o h e x a n e ,  (VII) and  (VIII), w e r e  p r o d u c e  d a c c o r d i n g  to the s c h e m e s  

C~HsCII: C~It~CH2 
\ \ 

CH2---CH--SiC1 + CII~C00K -~ CH~--CII--SiOCOCH.~ -I- KC] 
/ / 

CII3 CII3 
(i) (iii) 

CH3 
(II) + CIIsCOOK---, ~_ ()/ '--" S1 / 

= x._._/ ~ " \  + KC1 

0COCHs 
(vi) 

The s i l a n o l s  of c o m p o u n d s  (I) and (II) a p p e a r a s  o i l y  l i q u i d s  which  c o n d e n s e  upon s t and ing ,  f o r m i n g  
the c o r r e s p o n d i n g  d i s i l o x a n e s .  The  c o m p o s i t i o n  and p r o p e r t i e s  of the s y n t h e s i z e d  c o m p o u n d s  a r e  c i t ed  in 
Tab le  1. 

EXPERIME NTA L 

V i n y l b e n z y l m e t h y l e h l o r o s i l a n e .  A G r i g n a r d  r e a g e n t  f r o m  12 g of magTmsium and 77 g b e n z y l  c h l o r i d e  
was  added  wi th  coo l ing  and v i g o r o u s  m i x i n g  to 71 g , v i n y l m e t h y l d i c h l o r o s i l a n e  in 150 ml  of e t h e r .  Then the 
r e a c t i o n  m i x t u r e  was  m i x e d  fo r  4 h at  40 ~ coo l e d ,  and f i l t e r e d .  E t h e r  was  d i s t i l l e d  off f r o m  the f i l t r a t e ,  
and the  r e s i d u e  r e d i s t i l l e d  u n d e r  vacuum.  F r a c t i o n a l  d i s t i l l a t i o n  y i e l d e d  55 g (40%) of v i n y l b e n z y l m e t h y l -  
c h l o r o s i l a n e .  

1 - C h l o r o - l - m e t h y l - 3 , 4 - b e n z o - l - s i l a c y c l o h e x a n e .  Into a f l a s k  with  a r e f l u x  c o n d e n s e r  and m i x e r ,  
c o n t a i n i n g  277 g v i n y l m e t h y l b e n z y l c h l o r o s i l a n e ,  12 .74  g a n h y d r o u s  A1C1 s was  i n t roduc e d  in s m a l l  p o r t i o n s .  
The  r e a c t i o n  m i x t u r e  showed  a s t r o n g  t e m p e r a t u r e  r i s e  (to 150-160 ~ and d a r k e n e d .  Then the  f l a s k  was  
h e a t e d  for  4 h at  170 ~ c o o l e d  to 0 ~ and 8 g (C2tI5)3N was  added;  a f t e r  30-40 min  the l iqu id  p o r t i o n  tha t  s ep -  
a r a t e d  was  d e c a n t e d ,  and it was  f r a c t i o n a t e d  under  vacuum.  Y i e l d  95 g (35%) of  1 - c h l o r o - l - m e t h y l  3 ,4-  
b e n z o -  1-  s i l a c y c l o h e x a n e .  
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TABLE 1. Composit ion and Proper t i es  of Synthesized Compounds 

ff- 
J "XJ 

Bp., ~ (p, 
mm Hg) 

83--87(3) 

98--100(4) 

167--170(3) 

197--200(5) 

97--100(4) 

96--102(1) 

1,0336 

1,0897 

0,9976 

1,0504 

1,0161 

1,0612 

0,9940 

1,0523 

I 40 

II 35 

Ill 70 

IV 61 

V 51 

V[ 52 

VII 73 

VIII 51 

Dt~ 

1;5215 

1,5330 

1,5310 

1,5510 

0,5049 

1,5230 

1,5285 

1,5595 

MR, 

found calcula- 
ted 

58,40 

56,13 

I05,02 

102,82 

66,54 

64,38 

55;46 

53,91 

58,37 

56,71 

I05,93 

102,91 

66,57 

64,91 

56,70 

54,47 

61,15 
60,85 
60,45 
60,42 
69,75 
70,03 
70,08 
69,88 
65,95 
66,06 I 

65,41 I 
65,61 

68,00 I 68,19 
67,15 
67,40 

.Found, % 

H Si 

6,64 13,86 
6,52 14,00 ] 
6,57 14,34 1 
6,69 14,18 } 
7,56 16,44 J 
7,67 16,49 / 
7,59 16,87 
7,69 17,04 
7,28 12,04 
7,45 11,98 
7,31 12,23 
7,24 12,11 
7,85 16,36 
7,93 16,01 
7,76 15,23 
7,82 15,45 

C1 
(0COCHa) 

t ( o~ )  

18,39 
18,38 
18,18 
18,32 

25,97 
25,87 
25,77 
26,07 
8,96 
8,87 
9,45 
9,47 

Empirical 
, formula 

Ct0ItlaSie[ 

C10H18SiCI 

[C~H~Si]20 

[C~H~Si]eO 

C1=tt16Si0~ 

Cr2Hl6Si02 

CloH~4SiO 

CloHIaSiO 

61,04 

61,04 

70,94 

70,94 

65,44 

65,44 

67,35 

67,35 

Calculated, % 

I-I Si 

6,6( 14,28 

6,6~ j14,23 

7,74 /16,59 

7,74 16,59 

7,27 12,75 

7,27 12,75 

7,91 15,75 

7,91 15,75 

El 
(OCOCH3) 

(OH) 

!8,02 

18,02 

26,79 

26,79 

9,54 

9,54 

Hydrolysis  of Vinylbenzylmethylchlorosi lane.  In the react ion flask we placed 10 ml of water  and 50 
ml benzene, and 25 g vinylbenzylmethylchlorosi lane in 25 ml benzene was introduced with mixing. Then 
the mixture was mixed for another 1.5 h at 40 ~ the organic layer  removed,  washed according to methyl 
orange,  dried over  Na2SO 4, and the solvent distilled off. The residue was redist i l led under vacuum. Frac-  
tional distillation yielded 15 g (70%) of the product. 

Hydrolys is  of 1 -Ch lo ro - l -m e thy l -3 ,4 -benzo - l - s i l a cyc lohexane .  F r o m  50 ml of water ,  50 ml of ben- 
zene, and 20 g of 1 - c h l o r o - l - m e t h y l - 3 , 4 - b e n z o - l - s i l a c y c l o h e x a n e  we obtained 10 g (61%) of the product. 

Vinylbenzylmethylhydroxysilane.  Vinylbenzylmethylacetoxysilane (5 g) was introduced into a mixture 
of 15 g of a 30% solution of Na2SO4, 15 ml of conc. NH 3, and 20 ml of ether,  cooled with ice (2-5~ ". The 
ether  layer  was removed,  washed with distilled water  to a neutral  pH according to bromothymol  blue, and 
dried over  Na2SO 4. Then the ether  was distilled off under vacuum. We obtained 2.78 g (73%) of the prod- 
uct. 

Vinylbenzylmethylacetoxysilane.  A mixture of 29 g anhydrous CH3CO2K, 70 ml toluene, and 45 g 
vinylbenzylmethylchlorosi lane was heated with mixing for 6 h at 100 ~ in a flask with a reflux condenser ,  
After cooling and filtration, the solvent was distilled off f rom the fi l ter,  and the still residue was f rac-  
tionated under vacuum. We obtained 29 g (52%) of vinylbenzylmethylacetoxysilane.  

1 - -Ace toxy- l -methy l -3 ,4 -benzo- l - s i l acyc lohexane .  Produced according to the procedure  descr ibed 
f rom 92 g 1 - c h l o r o - l - m e t h y l - 3 , 4 - b e n z o - l - s i l a c y c l o h e x a n e  and 56 g potassium acetate in 100 ml of toluene; 
yield 53 g (51%). 

3 , 4 - B e n z o - l - m e t h y l - l - h y d r o x y - l - s i l a c y c l o h e x a n e .  Produced f rom 45 g of a 30% solution of Na2SO 3, 
25 ml of ether,  15 ml of NH~, and 12 g 3 , 4 - b e n z o - l - m e t h y l - l - a c e t o x y - l - s i l a c y c l o h e x a n e  in a yield of 5.52 
g (51%). 

C O N C L U S I O N S  

3,4-B enzo-1-  chloro-  1- methyl- 1- s ilacyclohexane was synthesized by in t ramolecular  cyclizarAon of 
vinylbenzylmethylchlorosi lane;  its s t ructure  was demonstra ted,  and the proper t ies  of some of its der iva-  
tives were investigated. 
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