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Organic p e r ac i d s  a re ,  of course ,  e lec t rophi l ic  agents  and the veloci ty of the reac t ion  of an olefin 
with an organic  pe rac id  i n c r e a s e s  marked ly  with heightening of the nucieophilic na ture  of the olefin by 
r e p l a c e m e n t  of  hydrogen a toms (at the double bond) by e lec t ron-donor  subst i tuents  [1]. In the oxidation of 
a pe rac id ,  the at tacking agent  is the e lec t rophi l ic  hydroxyl  group ~" :]+. However ,  it should be noted that  
the reac t ion  with pe r ac i d s  d isplays  s te reospec i f ic i ty .  The postula ted mechan i sm of this react ion  is t r a n s f e r  
of  the [~ : HI + group to the olefin by a complex of the acid (HA) with the perac id ;  i t  may  be r e p r e s e n t e d  as 
follows 
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It  is  known [2-6] that  the r e a c t i o n o f t e t r a - s u b s t i t u t e d  s i l icoolefins with pe rac id s  gives  the c o r r e -  
sponding epoxy compounds.  The p r e s e n c e  of the e lec t ron-donor  a tom of Si, linked with the unsatura ted  
al iphatic  group,  faci l i ta tes  i t s  oxidation by pe rac ids .  In the p r e s e n c e  of a double bond in the organosi lane  
molecule ,  the epoxidation veloci ty of perbenzoic  acid d e c r e a s e s  in the following order :  t r ime thy l - ,  t r i -  
p ropy l - ,  t r i e t hy l - ,  t r i benzy l - ,  and t r iphenyla lkylenes i lane  [2]. 

We have studied the poss ib i l i ty  of epoxidation by perbenzoic  acid of organos i l icon  unsa tura ted  c o m -  
pounds containing the si loxane group,  and the e f f e c t o f  ce r ta in  subst i tuents  on the Si atom on the vinyl 
g roup ' s  reac t iv i ty  (from the change in the amount  of act ive oxygen in the react ion  medium).  

It was  found that the reac t ion  of compounds with the genera l  fo rmula  (CH 2 = CH)RSi .  [OSi(CH3)312, 
where  R = --CH3, --C6H5, --OSi(CH3) 3 with perbenzo ic  acid gives the cor responding  epoxyethylorgano-  
s i loxanes.  

From data on the kinet ics  of oxidation by perbenzoic  acid of the vinyl group in the above-ment ioned  
compounds (see Fig. 1), i t  follows this is a 2nd-order  reac t ion ,  e x p r e s s e d  by the kinet ic  equation 

dx 
-- - -  ~ k [C~HsCO3H]-[silicoolefin] 

dz 

A compar i son  of the veloci ty  constants  of  the reac t ion  (see Fig. 1) conf i rms  that in the case  of  
o rganos i loxanes  we obs e rve  the usual genera l  c h a r a c t e r i s t i c s  of epoxidation, due to the r eac t i on ' s  s t e r e o -  
specif ic i ty  and the po la r i ty  of  the groups  in the olefin. Introduction of e i ther  an e lec t rophi l ic  phenyl r a d i -  
cal  o r  a t r ime thy l s i ly l  rad ica l  into the si lane molecule ,  which causes  s t e r i c  hindrance,  has vi r tual ly  the 
s a m e  effect  (a dec r ea s e  in the reac t iv i ty  of the vinyl group on the si l icon atom),  whereas  the p r e s e n c e  of 
the sma l l  e l ec t ron-donor  methyl  rad ica l  i n c r e a s e s  the epoxidation velocity.  

Figure  2 g ives  the in f ra red  spec t r a  of  the compounds obtained. 

EXPERIMENTAL 

Vinylphenyldi(trimethylsiloxy)silane (1). To a solution of 18gofvinylphenyldiethoxy- 

silane and 178 g of trimethylchlorosilane in 196 ml of toluene was added slowly 16 g of water while the 
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Fig .  1. I n v e r s e  c o n c e n t r a t i o n  1 /C o f  p e r b e n z o i c  
a c i d  v e r s u s  epox ida t i on  t i m e :  1) (CH 2 = C H ) .  
C6HsSi[OSi (CH3)312; k = 2 . 1 . 1 0  -4 l i t e r - M  -1 . s ec -1 ;  
2) CH 2 = C H -  Si[OSi(CH3)3]2; k = 2.1 "10 -4 l i t e r  • 
M - i - s e c - 1 ;  3) (CH2=CH)CH3Si[OSi  (CH3)312; k = 
7 .2 .10  -3 l i t e r - M  - i  . s e c  - i .  

Fig .  2. I n f r a r e d  s p e c t r a  of  the  c o m p o u n d s  o b -  
t a ined :  1) (CH2~CH)CGHsSi[OSi(CH3)3]2; 2) CH 2 = 
CH- -S i  [OSi (C H3) 313; 3) (CH 2 = CH)CH3Si [OSi (CH3) 3 ]2; 
4) (CH2--CH)C6HsSi[OSi(CH3)3]2; 5) C H2--CH--  

No/ No/ 
Si[OSi(CH3)3]3; 6) (CH2--CH)CH3Si[OSi(CH3)3] 2. %/ 

m i x t u r e  w a s  s t i r r e d .  The  c o n t e n t s  of  the  f l a s k  w e r e  h e a t e d  and s t i r r e d  for  1 h a t  40 ~ a n o t h e r  140 m l  o f  
w a t e r  a d d e d  and h e a t e d  fo r  2 h a t  60 ~ and 3 h at  80 ~ The  r e a c t i o n  p r o d u c t  w a s  w a s h e d  wi th  w a t e r  to r e -  
m o v e  HCI. F r a c t i o n a t t o n  gave  15 g o f  {I) w i th  bp 77-78 ~ (1 ram) .  U n d e r  the  s a m e  c o n d i t i o n s  we  o b t a i n e d  
v i n y l t r i i t r i m e t h y l s i l o x a n e )  s i l a n e  (II) and m e t h y l v i n y l d i  ( t r i m e t h y l s i l o x y )  s i l a n e  (III). The  p r o p e r t i e s  o f 
t h e s e  c o m p o u n d s  a r e  g iven  in T a b l e  1. 

E j ) o x y e t h y l p h e n y l d i ( t r i m e t h y l s i l o x y ) s i l a n e  { I V ) .  To 1 3 . 3 5 g o f  (i) w a s  a d d e d  r a p i d l y  
a so lu t ion  o f  5.94 g of  p e r b e n z o i c  a c i d  in 13.35 g o f  to luene  wh i l e  the  m i x t u r e  w a s  s t i r r e d .  The  r e a c t i o n  
m i x ,  r e  w a s  h e a t e d  at  40 ~ and s t i r r e d  for  8 h unt i l  88%of the  p e r b e n z o i c  a c i d  had  d e c o m p o s e d .  The  r e a c -  
t ion p r o d u c t  w a s  w a s h e d  f r e e  f r o m  a c i d ,  f i r s t  w i th  5% a que ous  NaOH and then  wi th  w a t e r .  F r a c t i o n a t i o n  
gave  8 g o f  (IV) wi th  bp 94 ~ (1 ram) .  The  r e a c t i o n  w a s  m o n i t o r e d  by i o d i m e t r i c  t i t r a t i o n  of  the  a c t i v e  
oxygen .  The  r e s u l t s  o f  the  r e a c t i o n  v e l o c i t y  d e t e r m i n a t i o n  a r e  g iven  in Fig .  1. 

U n d e r  s i m i l a r  cond i t i ons  we o b t a i n e d  e p o x y e t h y l t r i ( t r i m e t h y l s i l o x y ) s i l a n e  (V) and m e t h y l e p o x y e t h y l -  
d i ( t r i m e ~ h y l s i l o x y ) s i l a n e  (VI). The  p r o p e r t i e s  o f  t h e s e  c o m p o u n d s  a r e  g iven  in T a b l e  1. 
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Formula 

CH2=CH--Si[O Si(GH,)8], 

~.Hs 
CH.=C II--Si[O Si(CH,).], 
CH,=C H--Si[ 0 Si(CH3),], 

I 
CH, 

CHr-CH--Si[O Si(CH3)3], 
\ \ / /  l 

0 
C H2--CF/--Si[ O Si(G H3)~], 
\ o  / 
CHz--GH--Si[OSi{CH~),], 
NO/  CiH, 

bp, ~ a~ ) MR Found, % Calculated, % 

] (p. mm n2D 0 i~ d i! I 

77--78 (I) t,45300,9224 93,84 9i,91 5~,168.48 27,08} 55,198,38 27,1~ 
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C O N C L U S I O N S  

1. We have synthesized and characterized epoxyethylphenyldi(trimethylsiloxy)silane, epoxyethyltri- 
(trimethylsiloxy)silane, and methylepoxyethyldi(trimethylsiloxy)silane. 

2. Epoxidation of vinylorganosiloxanes by perbenzoic acid is a second-order reaction; the reacfion 
velocity depends on the polarities and volumes of the substituent radicals at the silicon atom. 

1o 
2. 
3. 
4. 
5. 
6. 
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