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ORGANIC PREPARATIONS AND PROCEDURES 2 (3 ) ,  207-210 (1970) 

THE SELECTIVE OXIDATION OF ETHYLBENZENES 

Francis A.  Daniher 
George M. Moffett Technical Center 

CPC Internat ional  Inc. 
Argo, I l l i n o i s  60501 

The s i l v e r  ion/persulfate  couple has been used as an oxidizing agent 

f o r  alcohols,' amines,2 and ~&-g lyco l s .~  We report  t he  use of t h i s  

reagent t o  oxidize se l ec t ive ly  ethylbenzene derivatives t o  the  corre- 

sponding acetophenones i n  aqueous media. This method o f fe r s  the advan- 

tage of using water as a solvent and only ti ca ta ly t i c  amount of s i l v e r  

The oxidations were conducted by s t i r r i n g  an aqueous s lu r ry  of the 

hydrocarbon and s i l v e r  ion/persulfate couple at 65-7OOC.  The reactions 

were usually complete i n  2-3 h r s ;  pmethoxyethylbenzene w a s  oxidized i n  

3 hrs  at room temperature. 

The use of co-solvents such as acetone, a c e t o n i t r i l e ,  dimethylform- 

While they offered the  advantage of amide and dioxane w a s  investigated.  

a homogeneous reaction mixture, they s ign i f i can t ly  decreased the  selec- 

t i v i t y  of the oxidation. In  these solvent systems, complex mixtures of 

oxidation products were formed. 

A 2 : l  molar r a t i o  of persulfate  t o  hydrocarbon w a s  optimum. The 

s i l v e r  n i t r a t e  catalyst  w a s  used a t  a concentration of 1.25 t o  2.5 mole 

per cent based on hydrocarbon. 
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FRANCIS A. DANIHER 

The e f f e c t  of s u b s t i t u e n t s  on t h e  aromatic  r i n g  was examined (Table I ) .  

The d a t a  i n d i c a t e  t h a t  t h e  r e a c t i o n  i s  f a c i l i t a t e d  by e l e c t r o n  donat ing 

s u b s t i t u e n t s .  Evidence of o x i d a t i o n  of t h e  n i t r o  compounds w a s  i n d i c a t e d  

by a s m a l l  amount of carbonyl  absorp t ion  i n  t h e  crude r e a c t i o n  mixture ,  

however, no acetophenone d e r i v a t i v e s  w e r e  i s o l a t e d .  

The conversion of hydrocarbon t o  ketone appears  t o  be a c l e a n  r e a c t i o n  

on t h e  b a s i s  of  g l c  da ta .  I n  t h e  case of e thylbenzene,  a s m a l l  amount 

(% 3%) of s t y r e n e  was de tec ted .  This  material w a s  n o t  i s o l a t e d  and i t  i s  

p o s s i b l e  t h a t  i t  could have polymerized dur ing  the r e a c t i o n .  S tyrene  

d e r i v a t i v e s  were n o t  d e t e c t e d  i n  t h e  o t h e r  examples. 

TABLE I 

OXIDATION OF ETHYLBENZENE DERIVATIVES 

X-C6H4CH2CH3 > X-C6H4COCH3 

% % 
X CONVERSION YIELD 

H 90 73a) 

p-OCH3 > 95 80b) 

- p-Br 35 5 5 4  

- p-02CCH 53 62d) 

p-NO 

3 

< 5  0 2 

0-NO - 2  < 5  0 

a )  bp 86-8°C (15 mm);  b )  141-142OC (16 m) ,  mp 37-9'C; 

c)  mp 49-51°C; d )  mp 52-4°C. 
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SELECTIVE OXIDATION OF ETHYLBENZENES 

EXPERIMENTAL 

The fol lowing procedures  a r e  r e p r e s e n t a t i v e  of t h e  o x i d a t i o n  method. 

P r e p a r a t i o n  of Acetophenone 

A mixture  of 21.2 g.(O.2 mole) of e thylbenzene and 89.0 g.(O.4 mole) of 

ammonium p e r s u l f a t e  i n  400 m l  of water w a s  hea ted  w i t h  s t i r r i n g  i n  an o i l  

b a t h  a t  50-55°C. A s o l u t i o n  of 0.8 g (0.005 mole) of s i l v e r  n i t r a t e  i n  

2 m l  of water w a s  added. 

i n  0.75 h r s ,  and w a s  maintained between 65-70" f o r  2 h r s .  The r e a c t i o n  

mixture  was cooled t o  room temperature  and e x t r a c t e d  w i t h  e t h e r .  The 

e t h e r  e x t r a c t  w a s  d r i e d  (Na SO ), f i l t e r e d ,  and evaporated.  The 

r e s i d u a l  o i l  w a s  d i s t i l l e d  t o  g i v e  2.1 g. (0.02 mole) of e thylbenzene 

bp 44-9" (15 mm) and 15.8 g (0.132 mole) of acetophenone bp 86-8' 

(15 mm). The y i e l d  w a s  73% based on recovered s t a r t i n g  material. G l c  

a n a l y s i s  i n d i c a t e d  t h e  presence of % 3% a f  s t y r e n e  ( i d e n t i f i e d  by in- 

j e c t i n g  an a u t h e n t i c  sample of s t y r e n e ) .  

The i n t e r n a l  temperature  s lowly r o s e  t o  70°C 

2 4  

P r e p a r a t i o n  of p-Methoxyacetophenone 

A mixture  of 13.7 g. (0 .1  mole) of p-methoxyethylbenzene, 46.0 g. (0.2 

mole) of ammonium p e r s u l f a t e  and 0.4 g (0.0024 mole) of s i l v e r  n i t r a t e  

i n  200 m l  of water w a s  s t i r r e d  a t  room temperature .  

r e a c t i o n  occurred and t h e  i n t e r n a l  temperature  r o s e  t o  50'C. 

w a s  then  allowed t o  cool  t o  room temperature .  T h e  t o t a l  r e a c t i o n  time 

w a s  3.5 h r s .  The product  w a s  e x t r a c t e d  i n t o  chloroform. The extract was 

d r i e d  ( N a  SO ) and evaporated t o  g i v e  a dark  oil. T h e  o i l  w a s  d i s t i l l e d  

t o  g i v e  11.9 g (0.079 mole), 79%, of product  bp 141-2' (16 m]. The 

material s o l i d i f i e d  on s t a n d i n g  mp 37-39'. 

An exothermic 

The mixture  

2 4  
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