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The previous ly  s ta r ted  [1, 2] oxidation of shielded phenols, containing t r imethyls i ly l  (TMS) groups in 
different  posit ions,  was studied in the presen t  paper .  For  the study we selected:  2 -TMS-4 ,6 -d i - t e r t -bu ty l -  
phenol (I), 2 ,6 -b i s -TMS-4- te r t -bu ty lphenol  (II), 2 ,4 -b is -TMS-6- te r t -bu ty lphenol  (III), 4 -TMS-2 ,6 -d i - t e r t -  
butylphenol (IV), and 2 ,4 ,6- t r i s -TMS-phenol  (V). The oxidative sys tem was the c o p p e r - p y r i d i n e  complex 
(CPC) in an 02 a tmosphere .  The oxidation resu l t s  for  phenols (I)-(V) a re  given in Table  1. When the s t e r i -  
cal ly h indered 2,4, 6- t r i subst i tu ted phenols a re  oxidized with 02 in the p resence  of CPC the formed phenoxyl 
radica l  e i ther  undergoes C - C  dimerizat ion,  or  oxidation with cleavage of the p-alkyl(alkoxy) substituent, 
or  else it is oxidized to d imer ic  quinolide compounds [3, 4]. 

Two competing reac t ions  take place when the si l icon-containing shielded phenols a re  oxidized. One 
of them consis ts  in the migra t ion of the TMS group f rom the o-posi t ion of the formed phenoxyl to the oxygen 
and the format ion  of the substi tuted si loxybiphenyls (VII), (IX) and (X) (Table 1). The other  reac t ion  con- 
s i s t s  in the oxidation of the obtained phenoxyl radical  to the si l icon-containing 1,4-benzoqninones (VI), (VIII) 
and (XI). Consequently, the specif ic i ty  of the action of the CPC, which is cha rac t e r i zed  by the cleavage 
of the substi tuent f rom the p-posit ion,  is also re ta ined for  the si l icon-containing phenols.  

With inc rease  in the number  of TMS groups in the benzene ring the react ion for the format ion  of the 
1,4-benzoquinone suppresses  the r ea r r angemen t ,  the end product  of which is the siloxybiphenyl.  Thus, the 
oxidation of (I) gives 2 -TMS-6- te r t -bu ty l - l ,4 -benzoqu inone  (VI) in 51% yield, and siloxybiphenyl (VII) in 
30% yield.  The r e a r r a n g e m e n t  of 2 ,4-b is -TMS-6- te r t -buty lphenoxyl ,  obtained by the oxidation of phenol 
(III), is suppressed  by the competing format ion  of the 1,4-benzoquinone (VI), and the siloxybiphenyl (X) was 
isola ted in low yield (0.4%). The r e a r r a n g e m e n t  was not observed  when (V) was oxidized under analogous 
conditions, and only the 2, 6-bis-TMS-1,4-benzoquinone (VII) was obtained in quantitative yield (see Table  1). 
If the TMS group is found in the p-posi t ion of the shielded phenol (IV), the oxidation proceeds  with cleavage 
of this group. The obtained unstable radica l  is d imer ized  to 3 ,3 ' ,5 ,5 ' - te t ra - te r t -buty ld iphenoquinone  (XII), 
s ince the 2 ,6 -d i - t e r t -bu ty l - l ,4 -benzoquinone  (XI) was detected in t r aces .  

The mentioned pecul ia r i t i es  in the oxidation of phenols (I)-(V) are  associa ted  with the action of O 2 in 
the p resence  of the CPC. A study was also made of the effect  of 02 on the oxidation of s i l icon-containing 
phenols when they were  t rea ted  with one -e lec t ron  oxidizing agents of the K3Fe(CN)6 type. P rev ious ly  it 
was shown that when phenol (I), having one TMS substi tuent in the o-posit ion,  is t rea ted  with K3Fe(CN)6 
the oxidation goes in two di rec t ions  [1]. One of them is the r e a r r an g em en t  of the formed stable phenoxyls  
to the substi tuted siloxybiphenyl (VII), while the other  is the oxidation of these radica ls  to bis(1-TMS-3,5-  
d i - t e r t -bu ty l -2 ,5 -cye lohexad ien-4-one)  peroxide (XIII). 

In the presen t  paper  we oxidized phenols (II)-(V) with K3Fe(CN)6 in an O 2 a tmosphere ;  the resu l t s  ob- 
tained a re  given in Table  2. 
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T A B L E  1. O x i d a t i o n  of S i l i c o n - C o n t a i n i n g  Sh ie lded  P h e n o l s  wi th  
Oxygen  in the  P r e s e n c e  of C o p p e r - P y r i d i n e  C o m p l e x  X = C(CH3) 3 
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Competing reactions are observed when phenols (If) and (V) are oxidized. The predominant reaction 
is rearrangement of the TMS group from the o-position and the formation of siloxybiphenyls (XIV) and (IX), 
while the other isolated product is 2,6-bis-TMS-benzoquinone (VIII). It is possible to assume that a 4,4'- 
bis-eyclohexadienone peroxide of the (XIII) type is obtained as an oxidation result of the silicon-containing 
phenoxyl, which is unstable and decomposes under the oxidation conditions with the formation of (VIII). 

The oxidation of the 2,4-bis-TMS-substituted phenol (llI) proceeds practically in one direction, the 
rearrangement of the phenoxyls is suppressed, while the oxidation rate of the phenol is lower than that of 
the other phenols [(I), (II), (IV), (V)]. Phenol (Ill) is oxidized to the extent of 30% in 6 h, whereas the oxi- 
dation of (1), (II), (IV) and (V) is completely ended in this length of time. A study of the oxidation products 
of (III) by TLC disclosed that a cyclohexadienone peroxide is present in the mixture, which is responsible 
for the formation of benzoquinone (VI). The oxidation of phenol (IV), having a TMS substituent in the p- 
position, under the same conditions gives diphenoquinone (XII) in quantitative yield. As a result, the eom-~ 
petition between the oxidation and the rearrangement of the formed silicon-containing phenoxyls in the pres- 
ence of 02 depends on the position of the TMS substituents in the benzene ring (Table 2). 

EXPERIMENTAL METHOD 

The  s i l i c o n - c o n t a i n i n g  pheno l s  (II)-(V) w e r e  s y n t h e s i z e d  as  d e s c r i b e d  in [5]. The  ox ida t ion  of the  
p h e n o l s  was  r u n  at  20-21~ and a t m o s p h e r i c  p r e s s u r e  u s i n g  K3Fe(CN)G so lu t ion ,  o r  in  the  p r e s e n c e  of the  
CPC [4] (the r a t i o  of the phenol  to the  c a t a l y s t  was  10 : 1 when b a s e d  on CuC1). A l l  of the  e x p e r i m e n t s  w e r e  
run  in  an 02 a t m o s p h e r e .  The  r e a c t i o n  p r o d u c t s  w e r e  i d e n t i f i e d  by GLC and by IR and UV s p e c t r o s c o p y ,  
and a l s o  by c o u n t e r  s y n t h e s i s .  The  GLC a n a l y s i s  was  r u n  on a T s w e t t - 4  c h r o m a t o g r a p h ,  equ ipped  with  a 
d e t e c t o r  b a s e d  on the h e a t  c o n d u c t i v i t y .  The  100 x 0.3 and 50 x 0.3 cm s t a i n l e s s  s t e e l  c o l u m n s  w e r e  
f i l l e d  wi th  A p i e z o n  L (10~) d e p o s i t e d  on C h r o m o s o r b  W (80-100 m m ) ,  o r  wi th  T h e r m o l  Q d e p o s i t e d  on Sh i -  
m a l i t e  A.  The  t e m p e r a t u r e  was  200-230 ~ and the v e l o c i t y  of the c a r r i e r  g a s  (he l ium)  was  30 m l / m i n .  
T h e  c o n s t a n t s  of the c o m p o u n d s  ob t a ined  a r e  g iven  in T a b l e  3. 
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TABLE 2. Oxidation of Silicon-Containing Shielded Phenols with 
Po tass ium Fer r icyanide  in Alkaline Medium in the P re sence  of Oxy- 
gen 

Starting phenol 

OH 
X I Si(CH,)s 

I 
X 

OH 
X I Si(CI-I,h 

\ ( ~ /  (III) 

% /  

Products obtained (yield,%) 

0Si(CH~)30Si(Ct~)s 
X X X X I I X 

\ / / \ H " .  / / " . /  

i (CHa)~ X : ( CII~)s I [ 
(VII) X X 

(x IH)  

o OH OSi(CH3)30Si C 
x I[ si(cH,)~ x t Si(CH,), x 1 t x ')' 

CH 

]I t I I 
(VI) O (III) Si(CH3)s (X) S!(CH3)s Si(CH3)s 

(30) (70) ( t r a c e s )  

(70) (24) ( t r a c e s )  

(91) (8) (traces) 
O OSi(CHa)s OSi(CH3)~ 

(CHDaSI l] S:(CHDa (CHa)~Si [ [ Si (CH~)3 

i 
O Si(CHa)a Si(Cils), 

(VIII)  (127 (XIV) (76) 

0 
CH3)aSi II Si(CHs)3 

Y 
0 

(VIII) (3) (IX) 

X X \ / 
o= . / ~ . = . / ~ = o  
X X 

(XII) (~100) 

I 
Si(CI-I,)s 

OH 
(CH3)aSi I Si(CH,)3 

\ H ~ /  (V) 

-U 
I 
Si(CI-I~)8 

OH 
(CH3)~Si I Si(Ctts)* 

I 
X 

OH 
X I X 

"y  
Si(CHa)~ 

* F r o m [ i ] .  

OSi(CHth O$i(CH,)t 
(CII*)3Si J t Si(CI~)~ -()--N 

(88) 

Oxidation of Phenol (III) in the P r e s e n c e  of C o p p e r - P y r i d i n e  Complex. To a s t i r red  solution of the 
CPC was added in drops a solution of 0.5 g of phenol (III) in benzene; after  6 h the pyridine was vacuum- 
distilled, the residue was extracted with ether, and the insoluble part  was fi l tered.  The fi l t rate was evap- 
orated under reduced p ressure ,  and the residual  product was chromatographed on AI203. We isolated (VI) 
in 94% yield and (X) in 0.4% yield. 

Oxidation of Phenol (IV) or iV) in the P resence  of C o p p e r - P y r i d i n e  Complex. A solution of 0.15 g 
of phenol (IV) in pyridine was added to a solution of the CPC, after  which the react ion mixture was worked 
up as descr ibed above, in which connection diphenoquinone (XII) was isolated and t r aces  of (XI) were de- 
tected. The oxidation of 0.6 g of phenol iV) gave quinone iVIII) in quantitative yield. 

Oxidation of Phenol (III) with K3FeiCN) 6. With s t i r r ing,  to 5 g of K3Fe(CN)6 in 40 ml of 2 N KOH solu- 
tion was added in drops a solution of phenol (III) in 20 ml of benzene. The organic layer  was separated 
f rom the aqueous layer,  washed until neutral,  dr ied over  MgSO4, evaporated in vacuo, and the residue was 
chromatographed on an A1203 column (using hexane as the eluant). Analysis  of the react ion mixture by GLC 
disclosed that (VI) and iX) are  present  in ra t ios  that depend on the react ion t ime (see Tables  2 and 3). 

Oxidation of Phenols (II), (IV) and (V) with K3Fe(CN) 6. The oxidation of 1 g of (II), followed by GLC 
analysis  of the obtained mixture,  disclosed the presence  of (VIII) and (IX), the oxidation of 0.15 g of (IV) 
i30-60 rain) gave (XII) in quantitative yield, while the oxidation of (V) gave (VIII) and (XIV). 
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TABLE 3. Oxidation Products of Silicon-Containing Shielded Phenols 

in the Presence of Oxygen 
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C O N C L U S I O N S  

1. When s i l i c o n - c o n t a i n i n g  s h i e l d e d  phe no l s  a r e  o x i d i z e d  with oxygen  in the  p r e s e n c e  of the c o p p e r  
- p y r i d i n e  c a t a l y s t  the d i r e c t i o n  of the r e a c t i o n  tha t  p r e d o m i n a t e s  with i n c r e a s e  in the n u m b e r  of t r i m e t h y l -  
s i l y l  g r o u p s  i s  ox ida t ion  to s i l i c o n - c o n t a i n i n g  b e n z o q u i n o n e s ;  both r e a r r a n g e m e n t  and d i m e r i z a t i o n  of the 
p h e n o x y i s  a r e  p r a c t i c a l l y  s u p p r e s s e d .  

2. In the  p r e s e n c e  of 0 2 the s t a b l e  s i l i c o n - c o n t a i n i n g  p h e n o x y l s  that  a r e  f o r m e d  by the ac t i on  of one -  
e l e c t r o n  ox id i z ing  agen t s  a r e  then t r a n s f o r m e d  a long  two r o u t e s :  t hey  a r e  o x i d i z e d  to c y c l o h e x a d i e n o n e  d e -  
r i v a t i v e s  o r  e l s e  they  a r e  r e a r r a n g e d  to s i l o x y b i p h e n y l s .  

1, 

2. 

3. 

4. 

5. 
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