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A ONE-POT REDUCTIVE ACETYLATION OF ALDEHYDES AND KETONES 

B.R. Rao and H.E.N. Nambudiryf 
H i n d u s t a n  L e v e r  R e s e a r c h  C e n t r e ,  

C h a k a l a ,  A n d h e r i  (Eas t ) ,  
Bombay 400 099, I n d i a .  

Abstract: Sodium b o r o h y d r i d e  r e d u c t i o n  o f  s a t u r a t e d  a l i p h a t i c  
and  a r o m a t i c  a l d e h y d e s  and  k e t o n e s  i n  e t h y l  acetate  a t  r e f l u x  i s  
a f a c i l e  r o u t e  f o r  o n e - p o t  p r e p a r a t i o n  o f  a c e t a t e s  from s u c h  
c a r b o n y l  p r e c u r s o r s .  

G e n e r a l l y ,  a l d e h y d e s  a n d  k e t o n e s  a r e  c o n v e r t e d  t o  a c e t a t e s  v i a  

r e d u c t i o n  f o l l o w e d  by a c e t y l a t i o n .  Very few o f  d i rec t  

r e d u c t i v e  a c e t y l a t i o n s  o f  s u c h  c o m p o u n d s  a r e  r e p o r t e d ;  t h e s e  

i n v o l v e  u s e  o f  z i n c - a c e t  i c  a n h y d r i d e ’ ,  z i n c - a c e t i c  a n h y d r i d e -  

p y r i d i n e 2 ,  z i n c - a c e t i c  a n h y d r i d e - s o d i u m  a c e t a t e 3 ,  a n d  a c e t y l  

c h l o r i d e - t r i - n - b u t y l t i n  h y d r i d e 5 .  

D u r i n g  t h e  c o u r s e  o f  a s t u d y  o n  a s y m m e t r i c  r e d u c t i o n  o f  

a c e t o p h e n o n e  u s i n g  Sod ium b o r o h y d r i d e  (NaBH4) i n  t h e  p r e s e n c e  o f  

c h i r a l  a u x i l i a r i e s ,  we had  o c c a s i o n s  t o  e v a l u a t e  i t s  r e d u c t i o n  i n  

d i f f e r e n t  s o l v e n t s .  When a c e t o p h e n o n e  was r e f l u x e d  i n  e t h y l  

acetate  w i t h  NaBH4,  i t s  r e d u c t i o n  was a c c o m p a n i e d  by c o n c o m i t a n t  

* To whom c o r r e s p o n d e n c e  s h o u l d  be  addressed .  
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ACETYLATION OF ALDEHYDES AND KETONES 1723 

a l c o h o l y s i s  o f  e t h y l  a c e t a t e  a n d  t h e  m a j o r  p r o d u c t  was 

4 - p h e n y l e t h y l  a c e t a t e .  We h a v e  o p t i m i s e d  t h e  p r o c e d u r e  a n d  

e v a l l i a t e d  i t s  g e n e r a l i t y  a n d  t h e  r e s u l t s  are  g i v e n  i n  t h e  Tab le .  

T h i s  m e t h o d  o f f e r s  a f a c i l e  one -po t  c o n v e r s i o n  o f  s a t u r a t e d  

a l i p h a t i c  a n d  aromatic a l d e h y d e s  a n d  k e t o n e s  t o  t h e  acetates of 

t h e  r e s p e c t i v e  r e d u c t i o n  p r o d u c t s  - c a r b i n o l s  - i n  good  y i e l d s .  

I t s  e x t e n s i o n  t o  o t h e r  r e d u c t i v e  a c y l a t i o n s  was u n s u c c e s s f u l .  

F o r  e x a m p l e ,  when a c e t o p h e n o n e  was h e a t e d  a t  .u80°C w i t h  NaBH4 i n  

b e n z y l  p r o p i o n a t e ,  t races  o f  A - p h e n y l e t h y l  a l c o h o l  was t h e  s o l e  

p r o d u c t ;  a d d i t i o n  o f  a p h a s e  t r a n s f e r  c a t a l y s t  - t e t r a - n -  

b u t y l a m m o n i u m  b i s u l f a t e  - d i d  n o t  f a c i l i t a t e  r e d u c t i o n  o r  

r e d u c t i v e  a c e t y l a t i o n .  

S i m i l a r  a l c o h o l y s i s  o f  e t h y l  a c e t a t e  ( E t  OAc) was n o t i c e d  

e a r l i e r 6  w h e n  i t  was u s e d  f o r  d e s t r o y i n g  u n r e a c t e d  l i t h i u m  

a l u m i n i u m  h y d r i d e  ( L i A l H 4 )  a f t e r  c a r b o x y l i c  a c i d s  were r e d u c e d  

w i t h  e x c e s s  o f  t h i s  h y d r i d e ;  s i m i l a r l y  N - e t h y l a t i o n  p r e s u m a b l y  

v i a  N - a c e t y l a t i o n  was n o t i c e d  when  e t h y l  a c e t a t e  was u s e d  f o r  

q u e n c h i n g  a n  N-aryl  a m i d e  - Li.A1H4 r e a c t i o n  m i x t u r e 7 .  However ,  

a t t e m p t e d  r e d u c t i v e  a c e t y l a t i o n  of 5-nonanone u s i n g  t h e  L i A 1 H 4 -  

E t O A c  r o u t e  was u n s u c c e s s f u l  . When e s t e r s  a r e  r e d u c e d  w i t h  

N a R H 4  i n  m e t h a n o l ,  i n  cases  w h e r e  r e d u c t i o n s  a r e  n o t  f a c i l e ,  

m e t h a n o l y s i s  o f  t h e  e s t e r s  a r e  r e p o r t e d  t o  p r o g r e s s  w e l l 8 ;  

a l c o h o l y s i s  o f  t h e  l a c t o n e  g r o u p  d u r i n g  N a B H 4  r e d u c t i o n  o f  an 

i s o x a z o l o n e  i n  a l c o h o l s 3  was r e p o r t e d  r e c e n t l y .  E x a m i n a t i o n  o f  

6 
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1724 RAO AND NAMBUDIRY 

t h e  r e d u e t i o n  p r o d u e t s  o f  c i n n a m i c  a l d e h y d e  u n d e r  t h e  

e x p e r i m e n t a l  c o n d i t i o n s  r e p o r t e d  h e r e i n  s h o w e d  t h e  p r e s e n c e  o f  

c i n n a m y l  a l c o h o l ,  3 -pheny lp ropy  1 a l c o h o l ,  c i n n a m y l  ace ta te  and  3- 

p h e n y l p r o p y l  acetate  i n  t h e  r a t i o  1 : 3 1 : 5 : 6 3  r e s p e c t i v e l y  ( b y  g c  

a n a l y s i s )  i n d i c a t i n g  no 1 , 2 - s e l e c t i v i t y  c o m p a r a b l e  w i t h  t h a t  o f  

t h e  NaBf14-HOAc c o m b i n a t i o n  r e p o r t e d  by others' '. We h a v e  y e t  t o  

a s c e r t a i n  w h e t h e r  N a R H 4 - E t O A c  wou ld  b e h a v e  similar t o  L i  BH4-EtOAc 

i n  t h e  h y d r o b o r a t i o n s  of a l k e n e s  a n d  a l k y n e s  s t u d i e d  earlier''. 

M e c h a n i s t i c a l l y ,  t h e  p r e s e n t  r e a c t i o n  seems t o  i n v o l v e  f o r m a t i o n  

of t h e  e x p e c t e d  b o r o n  c o m p l e x  by t h e  i n t e r a c t i o n  o f  t h e  s u b s t r a t e  

a n d  N a B H 4  w h i c h  i n  t u r n  e x c h a n g e  t h e  a l k o x y  g r o u p  w i t h  e t h y l  

ace ta te  g e n e r a t i n g  t h e  d e s i r e d  acetates a t  e l e v a t e d  t e m p e r a t u r e s  

i n  a r e v e r s i b l e  s t e p .  A t  a m b i e n t  t e m p e r a t u r e  ( - 2 5 O C ) ,  t h e  

a c e t o p h e n o n e  r e a c t i o n  g a v e  a b o u t  35% d - p h e n y l e t h y l  a l c o h o l  i n  2 

h r s  a n d  o n l y  a r o u n d  1% o f  t h e  a c e t a t e  was f o r m e d .  A d d i t i o n  o f  

t h e  p h a s e  t r a n s f e r  c a t a l y s t  g i v e n  a b o v e ,  t h o u g h  e n h a n c e d  t h e  rate 

o f  f o r m a t i o n  of  t h e  a l c o h o l  - 6 5 %  i n  2 h r s  a t  - 25OC - n o  

d e t e c t a b l e  r e d u c t i v e  a c e t y l a t i o n  was e v i d e n t .  No s e l e c t i v i t y  was 

n o t i c e a b l e  when e q u i m o l a r  q u a n t i t i e s  o f  a c a r b i n o l  a n d  a k e t o n e  

were s u b j e c t e d  t o  t h e  p r e s e n t  r e a c t i o n .  

Experimental: 

A l l  t h e  s u b s t r a t e s  and  NaBH4 u s e d  were commercial s a m p l e s  o f  >98% 

p u r i t y .  E t h y l a c e t a t e  was d i s t i l l e d  o v e r  NaEi14 a n d  was d e v o i d  of 
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A C E T Y L A T I O N  OF ALDEHYDES AND K E T O N E S  1 7 2 5  

any  HOAc C o n t a m i n a t i o n .  GC a n a l y s e s  were done  u s i n g  a Chemi to -  

3 8 0 0  m o d e l  T o s h n i v a l  i n s t r u m e n t  u s i n g  a 10% 1 0  f t  D E G A  c o l u m n  

u n d e r  i s o t h e r m a l  c o n d i t i o n s  a t  t e m p e r a t u r e s  c h o s e n  i n  t h e  90- 

170°C r e g i o n  d e p e n d i n g  on t h e  r e t e n t i o n  times a n d  e f f i c i e n c y  o f  

s e p a r a t i o n s  of t h e  c o m p o n e n t s .  I R  s p e c t r a  were r e c o r d e d  f o r  n e a t  

s a m p l e s  on a Nico le t  2 0  FXB FTIR a n d  ' H N M R  u s i n g  a Varian-VXR 

300 MH, i n s t r u m e n t  u s i n g  C D C 1 3  s o l v e n t .  

R e d u c t i v e  A c e t y l a t i o n  : General P r o c e d u r e  

To a s o l u t i o n  of t h e  s u b s t r a t e  ( a c e t o p h e n o n e ,  9.6 g ,  80 m mol) i n  

e t h y l  acetate  ( 4 8  g ,  5 times t h e  w e i g h t  of t h e  s u b s t r a t e ) ,  s o d i u m  

b o r o h y d r i d e  (3 .04  g ,  80 m m o l )  was a d d e d  a n d  h e a t e d  o n  an o i l  

b a t h  a t  r e f l u x  u n d e r  a n h y d r o u s  c o n d i t i o n s  ( p o t  t e m p e r a t u r e  

8 3 O C )  t i l l  gc a n a l y s i s  i n d i c a t e d  c o m p l e t e  d i s a p p e a r a n c e  o f  t h e  

s u b s t r a t e  (7  h r s  i n  t h e  case of a c e t o p h e n o n e ;  gc a n a l y s i s  on 10% 

DEGA c o l u m n  of 10 f t  l e n g t h  a t  1 5 O O C ) .  The r e a c t i o n  m i x t u r e  was 

washed  w i t h  b r i n e  s o l u t i o n  ( 3  x 50 m l )  a n d  t h e  s e p a r a t e d  o r g a n i c  

p h a s e  was d r i e d  ( a n h y d r o u s  N a 2 S 0 4 )  a n d  s o l v e n t  s t r i p p e d  (14 g 

c r u d e  p r o d u c t  f o r  t h e  a c e t o p h e n o n e  case) .  T h i s  m a t e r i a l  was 

mixed w i t h  s i l i c a  ge l  ( 1 4  g )  and q u a n t i t a t i v e l y  t r a n s f e r r e d  o n t o  

a s i l i c ? a  g e l  c o l u m n  ( 5 0  g ;  23 x 3 cm) p r e p a r e d  u s i n g  p e t r o l e u m -  

e t h e r  (40-6O0C). I n i t i a l  e l u t i o n  u s i n g  p e t r o l e u m  e t h e r  (3 .2  

l i t r e s  f o r  a c e t o p h e n o n e  case) g a v e  t h e  p u r e  e s t e r  [ d - p h e n y l e t h y l  

a c e t a t e  (10.5 g ) ,  s i n g l e  p e a k  i n  g c ,  s a t i s f a c t o r y  I R  a n d  ' H N M R ] .  

S u b s e q u e n t  e l u t i o n  w i t h  p e t r o l e u m  e t h e r - d i e t h y l  e t h e r  (1:l) g a v e  
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a f t e r  a b r i e f  m i x e d  f r a c t i o n ,  t h e  p u r e  c a r b i n o l  1 7 5 0  m l  e l u a t e  

f o r  a c e t o p h e n o n e  c a s e ;  d - p h e n y l e t h y l  a l c o h o l  (1.8 g ) ,  s i n g l e  

peak i n  g c ,  s a t i s f a c t o r y  I R  and  ' H N M R ] .  

Excep t  f o r  t h e  d u r a t i o n  of  r e f l u x  and v a r i a t i o n s  i n  t h e  vo lume  of 

s o l v e n t s  f o r  e l u t i o n  d u r i n g  t h e  c h r o m a t o g r a p h y  ( f r a c t i o n  

m o n i t o r i n g  by  g c )  t h e  a b o v e  p r o c e d u r e  r e m a i n e d  e s s e n t i a l l y  t h e  

same f o r  a l l  t h e  s u b s t r a t e s  g i v e n  i n  t h e  T a b l e .  B o t h  t h e  

a c e t a t e s  a n d  t h e  c a r b i n o l s  h a d  i d e n t i c a l  g c  r e t e n t i o n  t i m e s  a s  

t h o s e  o f  t h e  r e s p e c t i v e  a u t h e n t i c  s a m p l e s .  
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