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O X I D A T I O N  O F  D I S U B S T I T U T E D  S I L I C O N - C O N T A I N I N G  P H E N O L S  

L .  V .  G o r b u n o v a ,  O.  N. M a m y s h e v a ,  UDC542.943:547.1'128 
A .  S.  D a v y d o v ,  a n d  Y u .  A .  K u r s k i i  

Despi te  the subs tant ia l  num be r  of paper s  devoted to the oxidation of phenols,  the r eac t iv i ty  of d i subs t i -  
tuted phenols with organos i l ieon  subst i tuents  in the a r o m a t i c  r ing and the products  fo rmed  by the i r  oxidation 
have rece ived  l i t t le  study. Only some  informat ion  exis ts  on the reac t iv i ty  of disubst i tuted s i l icon-conta ining 
phenols when reac ted  with o r g a n o m e r c u r y  compounds [1]. 

The oxidation of disubst i tuted s i l icon-conta in ing phenols (I), which a r e  analogs of the 2 , 4 -  and 2 , 6 - d i -  
t e r t -bu ty lphenols ,  by alkal ine po ta s s ium fe r r i eyan ide  was studied in the p re sen t  paper .  The effect  of 02 on 
this p roce s s  was a lso  studied. 

OH 
R I I R 3 \ / ) /  

I 
R ~ 

( I a - - c )  

R'=Si(CH3)3, R~=C(CH3)~, R 3=H (a); RI=R~=Si(CH3)3, R~=H(b); RI=R~=Si(CHs)3, 
1t~=tt (c). 

Phenoxyl r ad ica l s ,  genera ted  by the one -e l ec t ron  oxidation of dialkylphenols with f ree  o-  o r  p -pos i t ions ,  
usual ly  d i m e r i z e  with the fo rmat ion  of C - C  o r  C - O  bonds.  Thus,  f r o m  2 ,4-d ia lkylphenols  a r e  formed d i -  
m e r s  with a C - C  bond between the o-C a toms  of the phenoxyls [2], while f r o m  2 ,6-d ia lkylphenols  a r e  fo rmed  
d i m e r s  with a C - C  bond between the p-C a toms .  Here  coupling at the C - C  bonds leads to substi tuted dipheno-  
quinones,  while coupling at the C - O  bonds leads to polyphenyl e thers  [3-5]. 

When phenol (Ia) is oxidized in an iner t  a t m o s p h e r e ,  the f i r s t  to be formed is dihydroxydiphenyl (IIa), 
which is then conver ted  to two products .  These  products  co r respond  to the dihydroxydiphenyl d i m e r s ,  con-  
tain organos i l ieon  f r agmen t s ,  and the i r  IR s p e c t r a  have a band that  is c h a r a c t e r i s t i c  fo r  the OH group (3550 
cm-1).  As a whole,  t he i r  s t r u c t u r e  could not be a sce r t a ined .  The oxidation of (Ia) in the p re sence  of 02 leads 
to sp i roke ta l s  (IIIa) and (IVa), and a l so  to a sma l l  amount  of the oxidation products  of dihydroxydiphenyl (IIa). 
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OH- . . . . . .  (.!Ia) 
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TABLE 1. PMR Spect ra  of Star t ing Compounds 

Compound 

( I a )  
(Ib) 
gc) 

3-H 

7,29 
7;40 
7,3t 

~-H 

6~9 

6, ppm 

5-H 6-It R I 

7,t4 6,51 : 0,24 
7,28 6,56 0,21 
7,3i - 0,29 

R2 

t,20 - 
0A4_ 7~0 

SSCC,Hz 

2.5 8.5 
L7 8,0 

(Ia) K3Fe(CN), 

OH- 

a ~ i f (  
(IIIa) (IVa) 

_}_ O x i d a t i o n  products (IIa)  

The s t r u c t u r e  of the p r e p a r a t i v e l y  isolated (IIIa) and (IVa) was conf i rmed by the e lementa l  ana lys i s  data ,  
mo lecu la r  weight,  IR and PMR s p e c t r a ,  and reduct ion by LiA1H4. Spiroketa ls  a r e  fo rmed  by  the reac t ion  of 
the phenoxyl rad ica l s  that  a r e  obtained f r o m  the s t a r t ing  phenol and in te rmedia te  dihydroxydiphenyl [6]. A 
s i m i l a r  m e c h a n i s m  is p robably  rea l i zed  in the fo rmat ion  of sp i roke ta l s  (IIIa) and (IVa). 

(~ R t a~ 

R~ 
t l t  

(Va) 

Spiroketal  (IIIa) is isolated in h igher  yield (N 75%) when a mix tu re  of (Ia) and (IIa} is oxidized, which conf i rms  
the m e c h a n i s m  of its fo rmat ion  by the above given scheme .  

Spiroketal  (IVa) is obtained the s a m e  as (IIIa), but a c h a r a c t e r i s t i c  t r a i t  of o rganos i ly l - subs t i tu ted  phe-  
nols appea r s  in the given case ,  which cons i s t s  in the d imer iza t ion  of the fo rmed phenoxyls with s imul taneous  
migra t ion  of the t r io rganos i ly l  group f r o m  the o-pos i t ions  of the a roma t i c  r ing to the oxygen of the phenoxyl 
[7]. The formed disi loxydiphenyl is hydrolyzed under  the reac t ion  conditions to alkyldihydroxydiphenyl  (Via). 
The subsequent  oxidation of (Via) in the p r e s ence  of (Va) leads to sp i roke ta l  (IVa). 

2(Va) 

RIO OR x HO OH 

i)  0 +"a' 
1 I I I 

R 2 R ~ R ~ R ~ 

(Via) 

As a resu l t ,  in the p r e s ence  of 02, bes ides  the oxidation products  of dihydroxydiphenyl (ibm.), the s i l i con-  
containing sp i roke ta l s ,  the products  of the s imul taneous  coupling of the formed phenoxyls at the C - C  and C - O  
bonds,  we re  isolated.  

The inser t ion  of a second (CH3)3Si group in the p-pos i t ion  has a noticeable effect  on the d i rec t ion  of the 
oxidation. Employing liquid adsorp t ion  Chromatography (LAC), we were  ab!e to isola te  two types  of compounds 
in the oxidation of phenol (Ib). On the bas i s  of the e lementa l  ana lys i s  data ,  mo lecu l a r  weight,  and the IR and 
PMR s p e c t r a ,  we proposed the s t r u c t u r e s  of phenylene oxides for  compounds (V!Ib) and (VIIIb), and the s t r u c -  
ture  of a sp i roke ta l  fo r  compound (IVb). 

Small  amounts  of compounds with a lower  Si content were  a l so  found, whose IR s p e c t r a  r e s e m b l e d  those 
of (VIIb) and (VIIIb). These  compounds a r e  p robab ly  a lso  phenylene oxides ,  which a r e  fo rmed  by the oxidation 
of phenol (Ib) and 4- t r imethyls i ly lphenol .  The l a t t e r  is obtained f r o m  (Ib) by the migra t ion  of its o-(CH~)3Si 
group to the oxygen of the phenoxyl and subsequent  hydro lys i s  of the phenoxysi lane.  The compounds with a low 
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]~ (IVb) 

(Ib)__[  R1 OH 0R1N R2 

[ I~ 1 l 
0 + 0 

R 1 I I 
" ( )  H 0 - - ~ _ ~ / - - O  / ~ X  0 ~ B. ~ - ~ j - -  - ~ x ~ _ _ ~ - -  

1 R I/ R I/ R I/ 
R2 

(VIIb) (VIIIb) 

Si content  a r e  pos s ibly a l so  fo rmed by the common oxidation of phenol (Ib) and 4 ,4 '  - b i s t r ime thy l s i l y ld ihydroxy-  
diphenyl,  which is obtained f r o m  (Ib) in the s a m e  manner  as (Via). O 2 has p rac t i ca l ly  no effect  on the p ro ce s s  
fo r  the oxidation of (Ib). 

Phenol (Ic) is an analog of 2 ,6 -d i - t e r t -bu ty lpheno l .  Dif ferences  in t he i r  oxidation products  can be due 
to a d is t inct ive  t r a i t  of the S i - C  chemica l  bond, which is de te rmined  by  th ree  factors :  The lower  e l e c t r o -  
negat ivi ty  of s i l icon,  its inabil i ty to f o r m  a double bond, and the p r e sence  of unfilled d orb i ta l s  on Si. 

The resu l t s  of oxidizing phenol (Ic) show that two compet ing  reac t ions  a lso  proceed in this c a se ,  which 
lead to the C - C  and C - O  coupling products  of the phenoxyls fo rmed  in the reac t ion .  

R1 R~ 

\ / Mixture of (Ic) K~Fe(CN). 0 _ / - ~  / ~ . _  0 ~. �9 OH ~ - - N ~ / - - ~ X ~ / - -  L Si-containing 
/ \ o ligomers 

R S R S 
(tXc) 

The oxidation of (Ic) in an iner t  a tmosphe re  gave the Si-containing diphenoquinone (IXc) in ~45% yield,  and 
a lso  a d a r k  brown re s in ,  which r e p r e s e n t s  a mix ture  of o l igomers  of the phenylene oxide type.  However ,  a 
low Si content  in all  of the p r e p a r a t i v e l y  isolated f rac t ions  indicates  that  the abi l i ty  of the (CH3)sSi group to 
m ig ra t e  f r o m  the o-pos i t ion  of the a r o m a t i c  r ing to the phenoxyl oxygen is a l so  re ta ined in the oxidation of 
phenol (Ic). Subsequent hydro lys i s  of the phenoxysi lane fo rmed in the reac t ion  leads to 2 - t r imethy ls i ly lphenol  
with the loss  of one (CH3)sSi group.  This is p robably  followed by the common oxidation of phenol (Ic) and 2-  
t r imethyls i ly lphenol .  When (Ic) is oxidized in the p r e sence  of 02, the equi l ibr ium of the reac t ion  is shifted 
toward the fo rmat ion  of diphenoquinone (IXc) (N 92% yield). 

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

Phenols (/a-c) were  synthes ized by a modif icat ion of the methods given in [8-10]. The oxidation of the 
phenols was run at  20~ in an a rgon  a t m o s p h e r e ,  in the p r e s e n c e  of 02, using alkaline K3Fe(CN)d ~ solution. The 
reac t ion  products  were  isolated and purif ied employing LAC. The compounds were  identified via IR and PMR 
spec t ro scopy ,  m o l e c u l a r  weight de te rmina t ion  (c ryoscopica l ly  in benzene) ,  and e lementa l  composi t ion.  The 
IR s p e c t r a  we re  obtained on a UR-20 spec t ropho tome te r ,  and the PMR spec t r a  were  obtained on a Tes l a  BS- 
487C s p e c t r o m e t e r  (80 MHz), us ing e i the r  CH2C12 (5, 5.20ppm) o r  (CH3)2CO (5 2.08 ppm) as the internal  s t an -  
dard  and solvent  (Table 1). 

Oxidation of Phenols ( /a-c) .  With v igorous  s t i r r i ng ,  to 5 g of K3Fe(CN) 6 in 40 ml  of 2 N KOH solution 
was added in 0.5 h a solut ion of 1 g of the phenol in 10 ml  of benzene.  The reac t ion  was run until the co lor  of 
the reac t ion  mix tu re  ceased  to change (5-6 h), a f t e r  which the organic  l aye r  was sepa ra ted  f r o m  the aqueous 
layer .  The l a t t e r  was ex t rac ted  with benzene,  the ex t rac t  was combined with the organic  l aye r ,  the whole was 
dr ied  o v e r  MgSO4, and the solvent  was removed  under  reduced p r e s s u r e .  The res idue  was sepa ra t ed  into the 
components  by LAC, using A1203 as the adsorben t  and a se t  of s u c c e s s i v e  eluants (hexane, benzene ,  methanol).  
The isolated products  (Table 2) w e r e  purif ied by repea ted  ch romatography .  

2,2 t - B i s t r i m e t h y l s i l y l - 4 ,  4 ' -d i - t e r t -bu ty ld ihydroxyd ipheny l  (I/a) was obtained as desc r ibed  in [11]; PMR 
s p e c t r u m  (5, ppm in CH2Cl2): 0.20 s (18H, (CI-Is)sSi), 1.18 s (18H, (CH3)sC), 7.12 d and 7.33 d (2H, CH, J=  2.6 Hz). 
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Reduction of (IIIa) with LiA1H 4. With s t i r r i ng ,  to 0.5 g of (IIIa) in 60 ml  of abs.  e ther  was added an 
e the r  solution of LiA1H4 (50 ml) and the mix tu re  was left  standing fo r  a day. Then the mix ture  was poured 
into wa te r ,  acidified with HC1 solution,  and ex t rac ted  with e ther .  The ex t rac t  was dr ied  over  MgSO4, the 
e the r  was dis t i l led off, and the res idue  was analyzed by  GLC on a Tswet t -4  ch romatograph ,  equipped with a 
k a t h a r o m e t e r  and a 100 x 0.3 cm s ta in less  s tee l  column packed with Silicone XE-60 deposited on Chezasorb  
AW, at  t e m p e r a t u r e s  of 180 and 220 ~ and using he l ium as the c a r r i e r  gas .  The reduct ion products  were  
identified by compar ing  the re tent ion t imes  of the postulated components  in the analyzed mix tu re  and the pure  
compounds.  In the reduct ion product  we re  detected phenol (Ia) and dihydroxydiphenyl  (Ha), which were  p r e p a -  
r a t ive ly  isolated by LAC (using A1203 as the adsorben t  and hexane and benzene as  the eluants) .  

C O N C L U S I O N S  

1. When disubsti~uted Si-containing phenols a r e  oxidized in an iner t  a t m o s p h e r e ,  the main  d i rec t ions  of 
the t r an s fo rma t ions  of the phenoxyls formed in the reac t ion ,  which a r e  c h a r a c t e r i s t i c  for  the i r  alkyl analogs,  
a r e  re ta ined.  An inc rea se  in the number  of t r ime thy l s i ly l  groups and the p re sence  of a Me3Si group in the p-  
posit ion of the a r o m a t i c  r ing enhances the tendency of the a roxyls  formed in the oxidation to undergo C -  O 
coupling with the fo rmat ion  of Si-containing phenylene oxides.  

2. Phenoxyls ,  obtained by the oxidation of 2 ,4 -d i subs t i tu ted  Si-containing phenols in the p resence  of 02, 
exhibit the abi l i ty  to undergo s imul taneous  coupling at the C - C  and C - O  bonds with the fo rmat ion  of S i -eon-  
taining sp i roke ta l s .  In the oxidation of 2~ 6-b i s t r imethy ls i ly lphenol  the equi l ibr ium of the reac t ion  is shifted 
toward the fo rmat ion  of the Si-containing diphenoquinone. 

3. Phenoxyls ,  obtained by  the oxidation of disubst i tuted Si-containing phenols ,  re ta in  the abi l i ty  to d i -  
m e r i z e  with s imul taneous  migra t ion  of the Me3Si group f r o m  the o-pos i t ion  of the a r o m a t i c  ring to the oxygen 
a tom with the fo rmat ion  of t e t rasubs t i tu ted  dis i loxydiphenyls .  
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