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In the p r e s e n t  paper ,  which is a cont inuat ion of  our  s tudies  begun p rev ious ly  on the r e a c t i o n s  of 
shie lded s i l i con-con ta in ing  phenols with pe rox ides  [1], we studied the r e a c t i o n  of the 2 - t r i m e t h y l s i l y l -  
4 , 6 - d i - t e r t - b u t y l -  (I) and 2 , 6 - b i s ( t r i m e t h y l s i l y l ) - 4 - t e r t - b u t y l -  (II) phenols  with benzoy l  pe rox ide  (BP). The 
r e a c t i o n s  of va r i ous  m o n o - ,  d i - ,  and t r i - subs t i t u t ed  phenols with B P  w e r e  inves t iga ted  p r ev ious ly  [2-7],  
in  which connec t ion  fo r  the t r i - subs t i t u t e d  a lky lphenols ,  which a r e  c a r b o n  ana logs  of (i) and (II), the f o r -  
ma t ion  of quinol benzoa tes  was  obse rved  [3, 6]. 

The r e a c t i o n  of phenols  (I) and (II) with BP  was  run  in benzene  at  80 ~ and a m o l a r  r a t io  of phenol : BP 
= 2 : 1.6. The r e a c t i o n  fa i l s  to go at a lower  t e m p e r a t u r e  (20 and 50~ The a p p e a r a n c e  of an  in tense  blue 
co lo r ,  which is c h a r a c t e r i s t i c  fo r  phenoxyls ,  ind ica tes  the r ad i ca l  m e c h a n i s m  of the p r o c e s s .  The ma in  
t r a n s f o r m a t i o n  p roduc t s  of the phenol a r e  the d i m e r s :  (Ill) and (IV), and (V) and (VI); the 2 - t r i m e t h y l -  
s i l oxy -3 ,5 -d i subs t i t u t ed  phenyl  benzoa tes  (VII) and (VIII), and the 2 -pheny l -4 ,6 -d i subs t i t u t ed  phenoxy t r i -  
m e t h y l s i l a n e s  (IX) and (X), a r e  found in sma l l  amoun t s  (Table 1). 
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Quinol  benzoa te s ,  d e s c r i b e d  f o r  the c a r b o n  ana logs ,  a r e  not f o r m e d  he re  (absorpt ion  bands a t  1640-  
1670 c m  -1 a r e  absen t  in the IR s p e c t r u m ,  and at 230-250 nm in the UV spec t rum) .  The d is i loxybiphenyls  
(II1) and (IV) a r e  obtained via  the  d i m e r i z a t i o n  of the phenoxyl  r a d i c a l s  by the usua l  s c h e m e  [8]; the f o r m a -  
t ion of d i m e r s  (V) and (VI) p r o c e e d s  v ia  s e c o n d a r y  p r o c e s s e s .  

* Based  on r eac t ed  phenol. 
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The  i o r m a t i o n  of d i m e r s  (V) and (VI) can  be a s s u m e d  to p r o c e e d  v i a  the  s c h e m e  of c l e a v i n g  the O 
- S i  bond in (III). H o w e v e r ,  our  a t t e m p t s  to c l e a v e  th i s  bond by  t r e a t m e n t  even  wi th  a l a r g e  e x c e s s  of 
b e n z o i c  a c i d  p r o v e d  u n s u c c e s s f u l  (benzene  u sed  a s  so lven t ,  and a t e m p e r a t u r e  of 80~ The r e a c t i o n s  tha t  
a r e  i n d i c a t e d  by  S c h e m e  (2) p r o c e e d  e a s i l y ,  a s  was  shown by us  in  s p e c i a l  e x p e r i m e n t s .  Thus ,  be n zo i c  
a c i d ,  s i m i l a r  to m a n y  i n o r g a n i c  a c i d s ,  d e s t r o y s  the  C A r - S i  bond in s i l i c o n - c o n t a i n i n g  phenols ;  d i s u b s t i t u t e d  
pheno l s  are; f o r m e d  h e r e .  In the  c a s e  of phenol  (II) in  b e n z e n e ,  a t  80 ~ and a phe no l :  C6HsCOOH m o l a r  r a t i o  
= 1 : 1, the  r e a c t i o n  goes  to the  ex ten t  of 40~c in  20 h. As  c o n f i r m a t i o n  tha t  the  l a s t  s t e p  in  the  s e q u e n c e  of 
t r a n s f o r m a t i o n s  d e p i c t e d  by  S c h e m e  (2) can  t ake  p l a c e  i s  the  f o r m a t i o n  of d i m e r  (V) when a benzene  s o l u -  
t i on  of two pheno l s ,  n a m e l y  the  t r i s u b s t i t u t e d  (I) and the d i s u b s t i t u t e d  2 , 4 - d i - t e r t - b u t y l p h e n o l  (XI) ( taken 
in  a 1 : 1 r a t i o ) ,  i s  s u b j e c t e d  to ox ida t i on  wi th  p o t a s s i u m  f e r r i c y a n i d e .  B e s i d e s  d i m e r  (V), the u s u a l  p r o d -  
uc t s  of the  o n e - e l e c t r o n  ox ida t i on  of pheno ls  (I) and (XI), n a m e l y  d i m e r s  (III) and (XIII), a r e  f o r m e d  in th is  
reaction: 
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The  r e a c t i o n  of pheno l s  (I) and (H) wi th  B P  gave  on ly  t r a c e s  of the d i s i l o x y b i p h e n y l s  (XIII) [cf. wi th  
36~c in r e a c t i o n  (3)]. Th is  i s  exp l a ined  by the  f ac t  tha t  due to the low c o n c e n t r a t i o n  of the  d i s u b s t i t u t e d  
phenoxy l s ,  c o r r e s p o n d i n g  to pheno ls  (XI) and (XII) [ see  the  c o r r e s p o n d i n g  r e a c t i o n s  in  S c h e m e  (2)], t h e i r  
r e c o m b i n a t i o n  wi th  the  phenoxy l s  f r o m  (I) and (II), the c o n c e n t r a t i o n  of which  i s  s u b s t a n t i a l l y  g r e a t e r ,  p r e -  
d o m i n a t e s  e v e r  the  d i m e r i z a t i o n  of the  phenoxy l s  f r o m  (XI) and (X/I). 

The  f o r m a t i o n  of p r o d u c t s  (VII) and (VIII), and of (IX) and (X), in  r e a c t i o n  (1) i s  a s s o c i a t e d  wi th  the 
c h a r a c t e r i s t i c  a b i l i t y  of the  o-(CH3)sSi g r o u p s  of phenoxy l s  to m i g r a t e  to the oxygen  a t o m ,  a s  a c o n s e q u e n c e  
of which  the: a d d i t i o n  of the  p e r o x i d e  m o i e t i e s  (C6H5COO and C6H5) goes  in the o - p o s i t i o n  of the r ing .  C o m -  
pounds  (IX) and (X) a r e  a l s o  ob ta ined  due to r e a c t i o n  wi th  an  a r o m a t i c  so lve n t  [1], which  i s  c o n f i r m e d  by 
runn ing  the r e a c t i o n  in c h l o r o b e n z e n e :  

OH OR 2 OR 2 OR~ 
RI I R2 R1 I OCOCeH5 R 1 I CeH4CI R 1 l C6H~ 

O0tt,Cl. 90" (Ill) and (V) 
I 64% I I I 
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R z = C(CHa)a; R~ = Si(CH3)3 

When  phenols  (I) and (II) a r e  r e a c t e d  with  PB in b e n z e n e  the amoun t  of benzo ic  a c i d  tha t  i s  f o r m e d  
i s  equ iva l en t  to the  a m o u n t  of r e a c t e d  phenol ,  i . e . ,  th i s  r e a c t i o n  i s  the m a i n  r e a c t i o n  fo r  the d e h y d r o g e n a -  
t ion  of the  pheno l s .  The phenyl  r a d i c a l s  d e h y d r o g e n a t e  the  phenol  to a v e r y  s l i gh t  d e g r e e ;  a s  was  shown 
by a d e t e r m i n a t i o n  of  the  b e n z e n e  when  the  r e a c t i o n  was  r u n  in C~HsC1 , 0.80 M of C6HsCOOH and 0.04 M of 
C6H 6 a r e  f o r m e d  pe r  m o l e  of BP.  When  phenols  (I) and (H) a r e  r e a c t e d  wi th  BP  the to ta l  amoun t  of b e n z o a t e  
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TABLE 1. React ion Products  of /R3 with Benzoyl Peroxide (BP) 
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radicals  corresponds  to the total amount of BP: 1 / 2  [CO2] + 1 / 2  [C6HsCOOH + CsHsCOOSi(CH3)3] + 1 /2  [(VII), 
(VIII)] ~ [starting peroxide*]. 

E X P E R I M E N T A  L 

Phenols (I) and (II} were obtained and purified as described in [1]. The BP was reprecipi tated f rom 
CHC13 solution with methanol. 

Reaction of Phenols (I} and (II} with Benzoyl Peroxide. In a typical experiment,  a mixture of 0.004 
mole of phenol (I) and 0.003 mole of BP in 15 ml of benzene was heated at 80 ~ for 23 h in an argon s t ream.  The 
evolved CO 2 was absorbed by alkali and was determined by the weight increase.  The react ion was ended 
when iodometric  t i trat ion disclosed the absence of peroxide. The benzoic acid was extracted with NaHCO 3 
solution and determined grav imet r ica l ly  af ter  acidification and partial  evaporation of the solution (0.003 M). 
Trimethyls i lyl  benzoate, C6HsCOOSi(CH3}3, is easily hydrolyzed, for which reason this method gives the 
total amount of benzoic acid. We used GLC [1] for the separate  determination of these components. The 
conditions for the determination of the C6H~COOH and CsHsCOOSi(CH3) 3 were:  0.5 m x 3 mm column filled 
with 10% Thermol 3 deposited on Shimalite B, 150 ~ He flow rate  30 m l / m i n ,  and internal standard = CsH 5 
�9 NO 2. After removal  of the C6HsCOOH , theamounts  of the other components in the react ion mixture,  namely 
unreacted phenols (I) and (II), biphenyl, d imers  (HI), (IV) and (V), (VI), and products (VII), (VIII) and 
(IX), (X), were determined by GLC (see [1] for the analysis  conditions). In order  to identify the products 
we synthesized a number of the compounds. 

C~HsCOOSi(CH3) 3. F r o m  12.4 g of benzoic acid and 15 ml of (CH3)3SiC1 in tr iethylamine was obtained 
12.2 g (61%) of C6H5COOSi(CH3)3, bp 110 ~ (0.5 ram); n~ 1.4860. Found: C 62.41; H 7.25; Si 13.92%. Cl0Hl4 
�9 O2Si. Calculated: C 61.81; H 7.25; Si 14.45%. 

2 -Hydroxy-2 ' - t r imethy l s i loxy-3 ,3 ' ,5 ,5 ' - t e t ra - t e r t -bu ty lb ipheny l  (V). To 0.82 g of 2 ,2 ' -d ihydroxy-  
3 ,3 ' ,5 ,5 ' - te t ra - te r t -buty lb iphenyl  (XIII) in 10 ml of benzene were added 0.5 ml of (C2Hs)3N and  0,4 ml of 
(CH3)3SiC1. The course  of the react ion was followed by taking samples and analyzing them by GLC. The 
start ing (XIII) was not detected in the react ion mixture af ter  0.5 h at ~20 ~ and heating at 80 ~ for 15 min. 
The mixture was fil tered f rom the precipitate,  the solvent was removed,  and the residue was recrys ta l l i zed  

*~The react ion was run until all of the BF was decomposed. 
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f r o m  ethan)l .  We obtained 0.60 g (60~c) of (V) as a white c rys ta l l ine  compound, mp 155-157 ~ Found C 
77.13; H 10.37; Si 5.42%. C3iH5002Si. Calculated: C 77.12; H 10.44; Si 5.82~c. 

2 - T m m e t h y l s i l o x y - 3 , 5 - d i - t e r t - b u t y l p h e n y l  Benzoate (VII). a) P r epa ra t i on  of 2 - H y d r o x y - 3 , 5 - d i - t e r t - -  
butylphenyl Benzoate  (XIV). To 2.22 g of 2 ,4 -d i - t e r t -bu ty lca techo l ,  obtained as descr ibed  in [9], in py r i -  
dine, at  ~20 ~ was added 0.70 g of benzoyl chloride.  The product  was isolated in the usual  manner  and 
was dissolved in ethanol. The initial  p rec ip i ta te  was 0.30 g of the difficultly soluble 2 , 4 - d i - t e r t - b u t y l -  
pyroca techol  dibenzoate,  mp 186 ~ Found: C 78.33; H 6.96%. C28H3004. Calculated: C 78.11; H 7.02~c. The 
mothe r  l iquor on cooling deposited 1.90 g (55%) of (XIV), mp 156 ~ Found: C 77.38; H 8.04%. C2iH2GO a. 
Calculated: C 77.27; H 8.03%. 

b) P r e p a r a t i o n  of (VII). F r o m  0.49 g of (XIV), by reac t ion  with 0.3 ml  of (CH3)3SiCI and 0,3 ml  of 
(C2Hj)3N in 10 ml  of toluene, was  obtained 0.45 g (75%) of (VII) as  a white c rys ta l l ine  compound, mp 135- 
140 ~ (from methanol).  Found: C 72.35; H 8.46; Si 6.70%. C24H3403Si. Calculated: C 72.31; H 8.59; Si 7.05~. 
The pur i ty  of the obtained compounds was ver i f ied  by GLC. 

CONCLUSIONS 

1. The reaction of shielded silicon-containing phenols (2-trimethylsilyl-4,6-di-tert-butylphenol 
and 2,6-bis (trimethylsilyl)-4-tert-butylphenol) with benzoyl peroxide in benzene at 80 ~ leads to a dehydro- 
genation of the phenols with the formation of benzoic acid and phenoxyl radicals. The latter dimerize to 
give the eo-~responding disiloxybiphenyls. 

2. The indicated phenols under the influence of benzoic acid form 2,4-disubstituted phenols, which 
react with a new molecule of the starting phenol to give the combined oxidation products, namely 2-hydroxy- 
2 '-trimethylsiloxy-3,3',5,5'-tetrasubstituted biphenyls. 
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