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A' C O N V E N I E N T  METHODOLOGY FOR T H E  S E L E C T I V E  

R E D U C T I O N  OF C A R B O X Y L I C  A C I D S  W I T H  B E N Z Y L T R I E T H Y L -  

AMMONIUM B O R O H Y D R I D E  - C H L O R O T R I M E T H Y L S I L A N E  

J .Das  a n d  S . C h a n d r a s e k a r a n *  
D e p a r t m e n t  o f  O r g a n i c  C h e m i s t r y ,  I n d i a n  I n s t i t u t e  

o f  S c i e n c e ,  B a n g a l o r e  560 012, I n d i a  

A c o m b i n a t i o n  o f  b e n z y l t r i e t h y l a m m o n i u m  
b o r o h y d r i d e  a n d  c h l o r o t r i m e t h y l s i l a n e  ( 1 : l )  i n  
d i c h l o r o m e t h a n e  ( 0 - 2 5 O C )  h a s  b e e n  f o u n d  t o  b e  a 
c o n v e n i e n t  r e a g e n t  s y s t e m  f o r  t h e  s e l e c t i v e  r e d u c t i o n  
o f  c a r b o x y l i c  a c i d s  t o  a l c o h o l s .  

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

i n  o r g a n i c  c h e m i s t r y '  a n d  r e d u c i n g  a g e n t s  f o r m e d  b y  a 

c o m b i n a t i o n  o f  t r a n s i t i o n  m e t a l  h a l i d e  a n d  NaBH4 h a v e  

b e e n  u s e d  f o r  t h e  r e d u c t i o n  o f  v a r i o u s  f u n c t i o n a l  

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

a t t e n t i o n  i n  o r g a n i c  s y n t h e s i s .  2 

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

d i r e c t  c o n v e r s i o n  o f  a l k e n e s  t o  a l c o h o l s  w i t h  a n e w  

r e a g e n t  s y s t e m  c o n s i s t i n g  o f  b e n z y l t r i e t h y l a m m o n i u m  

b o r o h y d r  i d e - c h  1 o r o t r i  m e t  h y l  s i  1 a n e ?  e x p  1 o r  i n g  

f u r t h e r  t h e  s y n t h e t i c  u t i l i t y  o f  t h i s  r e a g e n t  s y s t e m  we 

I n  

* To whom c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d  
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908 DAS AND CHANDRASEKARAN 

find that carboxyl ic acids are reduced selectively in 

dichloromethane under very mild reaction conditions to 

the corresponding alcohols. The results of this facile 

reduction of a wide variety of aliphatic and aromatic 

carboxylic acids are summarised in the Table. As it is 

evident from the table the reagent system tolerates a 

number of other functional groups like nitro, chloro, 

thiol and carbomethoxy (entries 3,5,9 and 12) in the 

molecule. The usefulness of this methodology lies i n  

t h e  f a c t  t h a t  t h e  r e a c t i o n s  a r e  d o n e  a t  r o o m  

t e m p e r a t u r e  in a s h o r t  period o f  t i m e ,  a l c o h o l s  a r e  

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

d i c h l o r o m e t h a n e  a s  a s o l v e n t  o f f e r s  d i s t i n c t  

advantage as the reaction medium. 

The mechanism of this reaction and active species 

responsible for the reduction remain unclear. We have 

e a r l i e r  s h o w n  t h a t  t h i s  r e a g e n t  s y s t e m  b e h a v e s  

differently from borane? A d d i t i o n a l l y ,  f r e e  borane 

generated in situ in dichloromethane by the reaction of 

q u a t e r n a r y  ammoni u m  borohydri de-methyl iodi de4 very 

readily reduces p-nitro methyl benzoate in 80% yield 

whereas with our reagent system even after prolonged 

reaction time (8h) at 28OC more than 70% of starting 

material could b e  r e c o v e r e d  unchanged ( e n t r y  1 3 ) .  

Unlike borane t h i s  r e a g e n t  s y s t e m  r e d u c e s  benzoyl 

c h l o r i d e  t o  t h e  a l c o h o l  a t  O ° C  ( e n t r y  14). 6 - 
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REDUCTION OF CARBOXYLIC ACIDS TO ALCOHOLS 909 

TABLE 

E n t r y  S u b s t r a t e  T i m e ( h )  P r o d u c t a  y i e l d b  

9 

10 

11 

1 2  

1 3  

1 4  

1 5  

1 6  

CH20H 7 8  
CH20H 

HSCH2COOH 6 HSCH2CHzOH 9 6  

H3C(CH,),6 C O O H  4 H3C (CH2)  16CH20H 9 7  

H3C(CH2)3COOH 4 H3C(CH2)3  CH20H 8 5  

H3COOC(CH2)7COOH 2.5 H3COOC(CH2)7CH20H 9 2  

P-NO2-CgHq-COOCH3 8 p-N02-C6HqCH20H 2 5  

P h -  C O C l  3 Ph-CH20H 9 5  

6 - V a l e r o I a c t o n e c  5 NO REACTION - -  

Ph-COOC2H5C 6 NO REACTION - -  

a )  T h e  p r o d u c t s  e x h i b i t e d  e x p e c t e d  s p e c t r a l  d a t a  a n d  

b )  Y i e l d  r e f e r s  t o  p u r e  i s o l a t e d  p r o d u c t s .  

c )  The  r e a c t i o n  was p e r f o r m e d  a t  O ° C .  

w e r e  c o m p a r e d  w i t h  a u t h e n t i c  s a m p l e s .  
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910 DAS AND CHAHDRASEKARAN 

Valerolactone (entry 15) and ethyl benzoate (entry 16) 

remain largely unaffected by this reagent system. 

While this work was in progress a report appeared 

in the literature o n  the use of sodium borohydride-chlo- 

rotrimethylsilane in THF for the reduction of a number 

o f  o r g a n i c  substrates? O u r  m e t h o d o l o g y  using benzy 

triethylammonium b o r o h y d r i d e - c h l o r o t r i m e t h y l s i l a n e  in 

dichloromethane appears to be milder and more selective. 

Experiment a 1  

General P r o c e a u r e  f o r  t h e  reduction of car b o x y l i c  

ac i ds 

T o  a stirred solution of benzyltriethylammonium 

borohydride (4 mmol) i n  dichloromethane (6 mL) cooled 

to O°C was added chlorotrimethylsilane (4 mmol) i n  

dichloromethane (2 mL). After stirring for 0.15h, a 

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

d i c h l o r o m e t h a n e  (4 m t )  w a s  added. 

a1 lowed to come to room temperature 

d ( 2  m m o l )  i n  

T h e  r e a c t i o n  w a s  

25OC) and stirred 

for 3-6h. A solution of 10% sodium bicarbonate (15 mL) 

was added and the reaction mixture was extracted with 

e t h e r  ( 3 x 2 5  mL). T h e  c o m b i n e d  o r g a n i c  e x t r a c t  w a s  

w a s h e d  with s a t u r a t e d  s o d i u m  b i c a r b o n a t e  s o l u t i o n ,  

water and brine. After drying over anhydrous Na2S04 the 

solvent was evaporated and the residue was purified by 

flash chromatography t o  reveal the product. 
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A c k n o w l e d g e m e n t :  The  a u t h o r s  t h a n k  t h e  D e p a r t m e n t  o f  

S c i e n c e  a n d  T e c h . n o l o g y ,  N e w  D e l h i ,  f o r  f i n a n c i a l  

a s s i s t a n c e .  
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