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SELECTIVE REDUCTION OF N I T R O  COMPOUNDS 
WITH TITANIUM( 11) REAGEhTS 

James G e o r g e  and  S. Chandrasekaran"  

I n d i a n  I n s t i t u t e  o f  T e c h n o l o g y ,  K a n p u r  208016, I n d i a  
D e p a r t m e n t  o f  C h e m i s t r y ,  

The r e d u c t i o n  o f  n i t r o  compounds t o  amines ,  an  

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

b y  means o f  c a t a l y t i c  h y d r o g e n a t i o n , l  m e t a l  a n d  a c i d s ,  

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

b o r o h y d r i d e . 6  A feu,  a t t e m p t s  a t  t h e  r e d u c t i o n  o f  n i t r o  

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

o f  sod ium b o r o h y d r i d e  h a v e  a l s o  b e e n  r e p o r t e d .  

2 93 

4 1 5  

7 

I n  g e n e r a l  m o s t  o f  t h e s e  m e t h o o s  h a v e  o n l y  l i m i t e d  

a p p l i c a b i l i t y  due t o  l a c k  o f  s e l e c t i v i t y  s u b j e c t  t o  

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

u n w a n t e d  side r e a c t i o n s .  2 9 3  Q u i t e  a f e w  o f  t h e s e  r e a c t -  

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

e o u s  c o n d i t i o n s  and i s o l a t i o n  o f  t h e  amines  f r o m  t h e  

r e a c t i o n  m i x t u r e  p o s e s  a s e r i o u s  p r o b l e m .  

* T o  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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I n  o u r  s e a r c h  f o r  a m i l d ,  s e l e c t i v e  a n d  g e n e r a l  

me thod  f o r  t h i s  t r a n s f o r m a t i o n ,  w e  f i n d  t h a t  t h e  T i ( I 1 )  

s p e c i e s  g e n e r a t e d  by t h e  r e d u c t i o n  o f  t i t a n i u m  t e t r a -  

c h l o r i d e  w i t h  a m a l g a m a t e d  magnes ium o f f e r s  a l o t  o f  adv- 

a n t a g e s  o v e r  t h e  e x i s t i n g  m e t h o d s .  T r e a t m e n t  o f  n i t r o  

compounds  w i t h  a m a l g a m a t e d  magnes ium a n d  t i t a n i u m  t e t r a -  

c h l o r i d e  i n  T H F / i - b u t a n o l  a t  0’ f o r  0.5 - 1.0 h r  y i e l d s  

a m i n e s  i n  e x c e l l e n t  y i e l d s .  A w i d e  v a r i e t y  o f  a r o m a t i c  

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

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

g r o u p s ’ ( T a b 1 e ) .  P a r t i c u l a r l y  n o t e w o r t h y  a r e  t h e  e n t r -  

i e s  3 ,  6 a n d  10 i n  t h e  T a b l e ,  c o n t a i n i n g  e a s i l y  r e d u c -  

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

c a r b o x y l a t e ’  u n i t s  r e s p e c t i v e l y  w h i c h  are  n o t  a f f e c t e d  

u n d e r  t h e  r e a c t i o n  c o n d i t i o n s .  

From t h e  d a t a  p r e s e n t e d  a b o v e  i t  i s  e v i d e n t  t h a t  

t h i s  m e t h o d o l o g y  i s  m i l d ,  v e r y  s e l e c t i v e  a n d  works  

e f f i c i e n t l y  u n d e r  n o n - a q u e o u s  c o n d i t i o n s .  

G e n e r a l  P r o c e d u r e :  To a s o l u t i o n  o f  m e r c u r i c  c h l o r i d e  
(0.091 g ,  0.33  m m o l )  i n  4 m l  o f  d r y  THF w a s  a d d e d  36 

mesh magnes ium ( 0 . 1 4 4  g r  6 mmol) a n d  t h e  m i x t u r e  was 
s t i r r e d  a t  room t e m p e r a t u r e  u n d e r  n i t r o g e n  f o r  10 m i n .  

T h e  t u r b i d  s u p e r n a t a n t  l i q u i d  was w i t h d r a w n  by s y r i n g e  
a n d  t h e  r e m a i n i n g  amalgam was w a s h e d  w i t h  t h r e e  p o r t i o n s  
o f  THF. 
cooled to -?Do a n d  t rea ted  w i t h  t i t a n i u m  t e t r a c h l o r i d e  
( 3  mmol) followed by t h e  a d d i t i o n  o f  n i t r o c o m p o u n d  
( 1  mmol) i n  THF (4  ml) and t e r t i a r y  b u t a n o l  ( 2  m l ) ,  

Dry THF (8  m l )  was a d d e d  a n d  t h e  m i x t u r e  was 
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REDUCTION OF NITRO COMPOUNDS 

TABLE 

49 7 

X b  
Y i e l d  N i t r o  compound P r o d u c t a  N o .  

3. 0 2 N 0 C I  

5 E t 0 O C ~ N O 2  

6. N C o N 0 2  

7 .  #NO2 

10. 0 2 N o ! - O C t i 2 C H = C H 2  H2CH= 

92 

9 4  

92 

94 

98  

9 4  

87 

89 

95 

i2 96 

a. P r o d u c t s  were c h a r a c t e r i s e d  b y  compar i son  w i t h  

b .  A 1 1  y i e l d s  r e f e r  t o  i s o l a t e d  p r o d u c t s .  

a u t h e n t i c  samples ( s p e c t r a ,  TLC and m.p.) . 
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498 GEORGE AND CHANDRASEKARAN 

S t i r r i n g  was c o n t i n u e d  a t  0' f o r  0.5 - 1 .O hr and  t h e n  

w a t e r  ( 5  ml) was added  f o l l o w e d  by d i l u t i o n  w i t h  e t h e r  

(50  ml) a n o  f i l t e r e d  t h r o u g h  a s h o r t  pad  o f  c e l i t e  a n d  

s i l i c a - g e l  and washed w i t h  e t h e r  (30 ml). The amine 

was i s o l a t e d  a f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t .  

Acknowl*edgements: We t h a n k  t h e  SEHC o f  t h e  Depar tmen t  

o f  S c i e n c e  and Techno logy ,  New 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 .  One o f  u s  (JG) i s  i n d e b t e d  t o  P r o f e s s o r s  

M.V. George and P.T. Naras imhan f o r  t h e i r  h e l p  and  

co n s t  a n t  encour  ag c::!ent s . 
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