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CARBOXYLIC ACIDS I N T O  NITRILES 

A .  D .  Dunn*, M. J .  M i l l s  and W.  Henry 

Dundee C o l l e g e  of  Technology 
B e l l  S t r e e t  
Dundee, D D 1  1 H G  
SCOTLAND 

Although s e v e r a l  r o u t e s  have been r e p ~ r t e d l - ~  f o r  t h e  d i -  

rec t  c o n v e r s i o n  o f  c a r b o x y l i c  a c i d s  i n t o  n i t r i l e s ,  t h e r e  are 

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

R e l a t i v e l y  e x p e n s i v e  chlorosulphonylisocyanate (CSI) i s  one  

r e a g e n t  c a p a b l e  of  c o n v e r t i n g  -C02H t o  - C E N .  4-6 

are  i n  some cases' n o t  a p p l i c a b l e  t o  c a r b o x y l i c  a c i d s  w i t h  

Othe r  methods 

s e n s i t i v e  f u n c t i o n a l  g roups  ( e . g .  e s t e r s ) ,  o r  f a i l  t o  g i v e  

c o n s i s t e n t l y  h i g h  y i e l d s  w i t h  a r a n g e  o f  c a r b o x y l i c  a c i d s  of  

v a r i o u s  s t r u c t u r a l  t y p e s . 8  

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

y i e l d s :  t h i s  method is  n o t ,  however,  a p p l i c a b l e  t o  a c i d s  con- 

t a i n i n g  - N H 2 ,  - N H R ,  -OH o r  -SH g r o u p s .  

W e  now r e p o r t  a g e n e r a l  method f o r  

The c a r b o x y l i c  a c i d  i s  i n i t i a l l y  c o n v e r t e d  i n t o  i t s  mixed 

s u l p h o n i c  a n h y d r i d e  w i t h  one  e q u i v a l e n t  o f  me thanesu lphony l  

c h l o r i d e  (MSC) i n  d r y  p y r i d i n e  a t  OO.' 

a n h y d r i d e  w i t h  ammonia g a s  a t  0 f o l l o w e d  by removal  of t h e  

1 0  e x c e s s  ammonia ( r o t a r y  e v a p o r a t o r )  y i e l d s  an i n t e r m e d i a t e  

which on r e c o o l i n g  t o  Oo c a n  be d e h y d r a t e d  by t h e  a d d i t i o n  o f  

T rea tmen t  of t h e  mixed 
0 
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f u r t h e r  MSC.  The p r o d u c t s  are  i s o l a t e d  a f t e r  2 4  h r s  by e i -  

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

e x t r a c t i o n  w i t h  e t h J y l a c e t a t e  o r  i n  t h e  case o f  s u b s t r a t e s  6 and 

7 (see T a b l e )  , by removinq t h e  s o l v e n t  i n  vc(cuu t o  g i v e  a r e s i d u e  

which w a s  p a r t i t i o n e d  between s a t u r a t e d  NaHCO and e t h y l  ace- 

t a t e .  F o r  example,  4-methoxybenzoic a c i d  ( 2 . 5 5  g )  and d r y  py- 

r i d i n e  ( 8 5  m l )  w e r e  s t i r r e d  a t  Oo and MSC (1.92 g )  added d rop-  

w i s e .  A f t e r  1 h r .  d r y  ammonia g a s  w a s  p a s s e d  i n t o  t h e  reac- 

t i o n  m i x t u r e  f o r  two minu tes  and t h e  e x c e s s  ammonia removed by 

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

minu tes .  The m i x t u r e  w a s  r e c o o l e d  t o  0 , MSC (16  g )  added and 

t h e  m i x t u r e  s t i r r e d  a t  20  f o r  2 4  h r s .  The m i x t u r e  w a s  poured 

i n t o  d i l u t e  a c i d ,  t h e  pH a d j u s t e d  t o  7 ,  and t h e  m i x t u r e  ex- 

t r a c t e d  w i t h  e t h y l  acetate  ( 2  x 1 0 0  m l ) .  C o n c e n t r a t i o n  of  

t h e  combined d r i e d  e x t r a c t s  gave 2 . 1 6  g .  o f  c r u d e  4-methoxy- 

b e n z o n i t r i l e .  R e c r y s t a l l i z a t i o n  from l i g h t  p e t r o l e u m  gave 1.83 

g ( 8 2 % )  of pure n i t r i l e ,  mp. 58-59O. I n  s e v e r a l  i n s t a n c e s  a 

c o l o u r a t i o n  i s  produced i n  t h e  i n i t i a l  r e a c t i o n ,  e.g. r e d  i n  

t h e  case of s u b s t r a t e  6 (see T a b l e )  and p u r p l e  i n  t h e  case o f  

s u b s t r a t e  7. T h i s  f o r t u i t o u s  c o l o u r a t i o n  g r e a t l y  s i m p l i f i e s  

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

d e s i r e d )  w i t h  t h e  ammonia g a s  ( end  p o i n t  = y e l l o w / o r a n g e ) .  

The r e s u l t s  from a r ange  o f  s u b s t r a t e s  are  shown i n  t h e  T a b l e .  

I n  c o n c l u s i o n  w e  have d e s c r i b e d  a g e n e r a l  method f o r  t h e  

3 

0 

0 

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

which s h o u l d  be of g r e a t  s y n t h e t i c  u s e .  F u r t h e r  s t u d i e s  on 

t h e  u s e  of mixed s u l p h o n i c - c a r b o x y l i c  a n h y d r i d e s  are c o n t i n -  

u ing  i n  t h i s  l a b o r a t o r y .  
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TABLE. Nitriles from Carboxylic Acids 1 .  

Yield ( % )  mp. (bp.) 
Acid Nitrile (isolated) (OC) 

2 1. 3-nitrobenzoic 3-nitrobenzonitrile 70 118-119 
2 

2. 4-methoxybenzoic 4-methoxybenzonitrile 82 58-59 
2 

3. 4-chlorobenzoic 4-chlorobenzonitrile 72 93-94 

4. cinnamic cinnamonitrile 70 (249) 

5. stearic stearonitrile 78 392e 
3 

6. 2-carbomethoxy 2-carbomethoxynico- 73 150-152 
nicotinic tinonitrile 

4 7. 4-carbomethoxy 4-carbomethoxynico- 63 84.5-85.5 
nicotinic tinon itr i le 

1. 

2. 

3 .  

4 .  

1. 

2. 

3 .  

4 .  

5. 

All mp's and bp's are uncorrected and all compounds had 
satisfactory analyses (C,H,N) and IR and pmr spectra are 
consistent with the proposed structure. 
Dictionary of Organic Compounds, Fourth Edition, Eyre and 
Spottiswoode (London) (19651, a) 117-118O, b) 61-62O, c) 
94-96O, d) 255-256O). e )  42.5-43.5O. 
s. Faliab and M. Erienmeyer, Helv. Chim. Acta., 34, 488, 
(19511, mp. 150-151O. 
E. Wenkert, E. B. Spitzner and R. L. Webb, Aust. J. Chem., 
- 25, 433 (19721, mp. 82.5-83.5O. 
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AN EFFICIENT SYNTHESIS OF N'-(0-ALK0XYPHENYL)- - 
PYRIDINECARBOXAMIDINE DERIVATIVES 

Submitted --_- by Takuzo Hisano*, Masanobu Tasaki, Toshikazu Matsu- 
(2/25/82) oka and Masataka Ichikawa 

Faculty of Pharmaceutical Sciences 
Kumamoto University 
5-1 Oe-honmachi, Kumamoto 862 
JAPAN 

N'-Aryl-pyridinecarboxamidines (111) are of current inter- 

est because of their useful biological properties ,' and because 

they can serve as precursors of the corresponding benzimida- 

zoles. While the aluminum chloride-catalyzed condensation of 

Ia-c I1 IIIa-c to VIIa-c 

R = CHs, CaHs a) 2-pyridyl; b) 3-pyridyl; c) 4-pyridyl 
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