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SYNTHETIC COMMUNICATIONS, 22(5), 767-772 (1992) 

A NEW AND CONVENIENT METHOD FOR THE PFIEYARATION OF 
ALDEHYDES BY OXIDATION OF PRIMARY ALCOHOLS 

WITH CHROMIUM TRIOXIDE I N  DIMETHYL SULFOXIDE 

Wen-Xing Lou 

Department of  Chemistry, Hangzhou T.V. Un ive r s i ty  
Hangzhou , Zhe j iang 31 0009 China 

and 

* 
Ji-Dong Lou 

Medicine, Hangzhou, Zhejiang 31 001 3 (  China 
I n s t i t u t e  of Materia Medica, Zhejiang Academy o f  

ABSTRACT: A new and convenient method is descr ibed t o  
oxidize primary a l coho l s  i n t o  t h e  corresponding 
aldehydes u t i l i z i n g  chromium trioxide-dimethyl 
sulfoxide system. 

The oxidat ion of primary a l coho l s  t o  t h e  corres-  

ponding aldehydes i s  an important r eac t ion  i n  

syn the t i c  organic  chemistry. For t h i s  t ransformation,  

* To whom correspondence should be addressed. 
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7 68 LOU AND LOU 

1 a number of  procedures  wi th  chromium t r i o x i d e  ( C r O  ) as 

oxidant  have been r e v i e ~ e d ~ - ~  i n  t h e  p a s t .  Over t h e  p a s t  

t e n  y e a r s ,  cons ide rab le  r e s e a r c h  h a s  been r e p o r t e d  on 

methods o f  ox ida t ion  u t i l i z i n g  chromium t r i o x i d e ,  such 

as chromium t r i o x i d e  on anion exchange r e s i n , 6  chromium 

3 

t r i o x i d e  on divinylbenzene-styrene-vinylpyridine , 7 

chromium t r i o x i d e - h a l ~ s i l a n e s , ~ ’  chromium t r i o x i d e -  

crown ether , ’  chromium t r iox ide -qua te rna ry  ammonium 

s p e c i e s , ’  ’ chromium t r iox ide -qua te rna ry  ammonium s p e c i e s  

on pyr id in ium o r  on qua te rna ry  ammonium r e s i n ,  

chromium t r i o x i d e  on s i l i ca  ge1,12 chromium t r i o x i d e  on 

aluminium s i l i c a t e ,  ’ aqueous chromium t r i o x i d e - d i e t h y l  

e t h e r ,  chromium t r i o x i d e  on k i e se lguhr ’  and chromium 

t r i o x i d e - h a l o s i l a n e s  on alumina’ etc.  

11 

Apart f rom t h e s e ,  two p o l a r  a p r o t i c  s o l v e n t s ,  N,N- 

dimethyl  formamide (DMF)’ and hexamethylphosphorous 

t r i a m i d e  (HMFT), 18,19 have r e s p e c t i v e l y  been used t o  

r e p l a c e  t h e  t r a d i t i o n a l  a c i d i c  media i n  t h e  o x i d a t i o n  

o f  a l c o h o l s  i n t o  a ldehydes  by chromium t r i o x i d e  w i t h  

t h e  advantages  of  m i l d  r e a c t i o n  c o n d i t i o n  and convenient  

i s o l a t i o n  of  t h e  oxid ized  product .  

I n  connec t ion  w i t h  work on t h e  o x i d a t i o n  o f  

a l c o h o l s  by chromium t r i o x i d e  i n  p o l a r  a p r o t i c  media 

w e  r e p o r t  here t h a t  chromium t r iox ide -d ime thy l  

s u l f o x i d e  (DMSO) i s  a new system which o f f e r s  a s imple  

and e f f i c i e n t  o x i d a t i o n  method f o r  t h e  p r e p a r a t i o n  o f  
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OXIDATION OF PRIMARY ALCOHOLS 769 

aldehydes 2 from t h e  corresponding primary a l c o h o l s  1 .  

The present oxidat ion method has  t h e  advantage of 

C r 0 3 ,  DMSO, R.T. 
RCH20H > RCHO 

1 2 

s h o r t e r  r eac t ion  time and h ighe r  y i e l d  than tha t  of 

chromium t r i o x i d e  in o t h e r  p o l a r  a p r o t i c  media 

described above. I t  compares favorably w i t h  both 

chromium trioxide-DMF and chromium trioxide-tIMPT 

systems. I n  add i t ion ,  commercial DMSO may be used 

without f u r t h e r  p u r i f i c a t i o n .  

To determine t h e  r o l e  t h a t  DMSO plays i n  t h e  

present  oxidat ion method, we observe t h a t  oxidat ion of 

benzyl alcohol is not caused by DMSO alone at 3OoC 

although i t  does occur at r e f lux .  *Op2'  Furthermore, 

we f i n d  t h a t  by a d d i t i o n  of a s o l u t i o n  of chromium 

t r i o x i d e  i n  DMSO t o  a s o l u t i o n  of  benzyl a l coho l  in 

DMSO at 3OoC oxidat ion i n t o  t h e  corresponding 

aldehyde t akes  place.  Therefore,  we conclude t h a t  

DMSO a c t s  as an e x c e l l e n t  solvent  i n  t h i s  method. 

The present ox ida t ion  method is  very simple. 

The chromium t r i o x i d e  i n  DMSO is  s t i r r ed  w i t h  primary 

alcohols  i n  DMSO at room temperature and t h e  corres- 

ponding aldehydes a r e  obtained i n  h igh  y i e l d  by 

extract ion.  Our r e s u l t s  are summarized i n  t h e  Table. 
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770 LOU AND LOU 

Table.  Oxida t ion  o f  pr imary a l c o h o l s  t o  a ldehydes  

Alcohol  Aldehydea Yie ldb  (%) 

Me ( CH2) 40H Me ( CH2 ) p H O  68 

CH2=CHCH20H CH2=CHCH0 81 

MeC(C1)=CHCH20H MeC( Cl)=CHCHO 79 

P hCH=CHCH20H PhCH=CHCHO goc 

p-MeOC 6H4CH20H p-MeOC6H4CH0 82c 

PhCH20H PhCHO 87 

a. A l l  t h e  a ldehydes  have been desc r ibed  p r e v i o u s l y  i n  
t h e  l i t e r a t u r e  and were i d e n t i f i e d  by t h e i r  i n f r a r e d  
s p e c t r a  o r  t h e  i n f r a r e d  s p e c t r a  of  t h e i r  2 .4-d in i t ro-  
p hen y l h  ydraeon 8s. 

b. D i s t i l l e d  product .  

C. I s o l a t e d  as t h e  2,4-dinitrophenylhydrazone. 

EXPERIMENTAL SECTION 

Oxida t ion  of  benzyl  a l c o h o l  t o  benzaldehyde; 

Typ ica l  procedure:  Benzyl a l c o h o l  (5.4 g, 0.05 mol) 

and DMSO (10 ml) are p laced  i n  a f l a s k  f i t t e d  wi th  a 

condenser .  The mixture  i s  s t i r r e d  wi th  a magnet ic  

stirrer and a s o l u t i o n  o f  chromium t r i o x i d e  (9.9 g, 

0.1 mol)  i n  DMSO (100 m l )  i s  added dropwise ove r  
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OXIDATION OF PRIMARY ALCOHOLS 771 

30 min. Care is  taken t o  maintain temperature of the 

r eac t ion  mixture at 30°C o r  so .  After 4 h at room 

temperature, cold water (500 ml) is  added t o  t h e  

r eac t ion  mixture, and t h e  product is ex t r ac t ed  w i t h  

d i e t h y l  e t h e r  ( 5  x 20 ml). The combined e x t r a c t s  a r e  

washed with sa tu ra t ed  sodium bicarbonate ( 3 0  m l )  then 

water ( 3  x 20 ml),  and d r i e d  over  anhydrous magnesium 

s u l f a t e  and then d i s t i l l e d  through a s h o r t  Vigreux 

column t o  give benzaldehyde; Yield: 4.6 g (87 %). 
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