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It has been established that the main products of the oxidative am- 
monolysis of tris(hydroxymethyl)-4-picoline are isonieotinic acid and 
its amide and nitrile. At a molar ratio of the starting material to oxy- 
gen (in the form of air) to ammonia m water to 1 : 80-90 : 12-30 : 125- 
150 and with a contact time of 0.12-0.20 see, these compounds canbe 
obtained with yields of, respectively, 25-30, 8-10, and 45-50%of 
those theoretically possible on the basis of the raw material fed. 

It i s  known  t h a t  i s o n i e o t i n i c  a c i d  n i t r i l e  (I) i s  f o r m e d  
in t he  o x i d a t i v e  a m m o n o l y s i s  of 4 - p i e o l i n e  [ 9 - 4 ] .  In 

t h i s  w o r k  w e  h a v e  s t u d i e d  the  o x i d a t i v e  a m m o n o l y s i s  

of the  t r i s ( h y d r o x y m e t h y l )  d e r i v a t i v e  of 4 - p i c o l i n e  (II) 
w h i c h ,  a f t e r  t h e  w o r k  of K o e n i g s  and  Happe  [5] and  of 
H i l l e r  e t  al .  [6], h a s  b e c o m e  an  a v a i l a b l e  t e c h n i c a l  
p r o d u c t .  

The  e x p e r i m e n t s  w e r e  c a r r i e d  out  on an  a p p a r a t u s  

of t he  f low type .  F u s e d  t i n  v a n a d a t e  w a s  u s e d  as  t h e  
c a t a l y s t .  As  c a n  be  s e e n  f r o m  F ig .  1, a t  3 7 5 - 4 1 5  ~ C 
w i t h  a f e e d  of 106.5 g (0.58 m o l e )  of II, 8000 l i t e r s  
(75 m o l e  of 02) of a i r ,  130.5  g (7 .68 m o l e )  of a m m o n i a ,  
and  1425 g (79 m o l e )  of s t e a m  p e r  l i t e r  of c a t a l y s t p e r  

h o u r  and  a c o n t a c t  t i m e  of 0.16 s e c ,  t h e  m a i n  r e a c -  
t i o n  p r o d u c t s  a r e  i s o n i c o t i n i c  ac id  (HI), i t s  a m i d e  (IV), 
and  I. S i m u l t a n e o u s l y ,  o x i d e s  of c a r b o n  and  a m m o -  
n i u m  c y a n i d e  a r e  o b t a i n e d .  T he  m a x i m u m  y i e l d  of I, 
a b o u t  50% c a l c u l a t e d  on the  H, w a s  o b t a i n e d  a t  405 ~ C. 

U n d e r  t h e s e  c o n d i t i o n s  t h e  y i e l d s  of III and  IV w e r e  18 

a n d  10%, r e s p e c t i v e l y .  T he  c a t a l y z a t e s  of l o w - t e m -  
p e r a t u r e  e x p e r i m e n t s  c o n t a i n e d  a c o n s i d e r a b l e  a m o u n t  
of r e s i n o u s  s u b s t a n c e s  of u n d e t e r m i n e d  c o m p o s i t i o n .  
In the  h i g h - t e m p e r a t u r e  r e g i o n ,  a l a r g e  a m o u n t  of 

o x i d e s  of c a r b o n  a nd  a m m o n i u m  c y a n i d e  w a s  o b t a i n e d .  
The  a m o u n t  of a i r  f e d  to t he  r e a c t i o n  z o n e  and  the  

t i m e  of c o n t a c t  of the  r e a c t i o n  g a s e s  p r o v e d  to h a v e  a 
s u b s t a n t i a l  i n f l u e n c e  on  t h e  c o u r s e  of the  p r o c e s s .  The  
e x p e r i m e n t a l  r e s u l t s  (F ig .  2) show t h a t  I, III, and  IV 
c a n  b e  o b t a i n e d  in  t he  h i g h e s t  y i e l d  at  a f e e d  of 6 0 -  
150 m o l e s  of oxygen  ( in  t he  f o r m  of a i r )  p e r  m o l e  of 
H w i t h  a c o n t a c t  t i m e  of 0 . 1 6 - 0 . 2 6  s ec .  

An i m p o r t a n t  r o l e  in  t h e  o x i d a t i v e  a m m o n o l y s i s  of 
II i s  p l a y e d  by s t e a m .  It c a n  be  s e e n  f r o m  F ig .  3 t h a t  

an  i n c r e a s e  in  t he  c o n c e n t r a t i o n  of s t e a m  in  the  c a t a -  
l y s t  z o n e  f a v o r s  the  f o r m a t i o n  of I and  III to  the  g r e a t -  
e s t  e x t e n t .  At  t e m p e r a t u r e s  h i g h e r  t h a n  380 ~ C, w i t h  
an  i n c r e a s e  in the  f e e d  of s t e a m  f r o m  50 to 150 m o l e s  
p e r  m o l e  of II the  y i e l d  of the  p r o d u c t s  m e n t i o n e d  r o s e  
1 . 5 -  to  2 - f o l d ,  r e a c h i n g  45% and  25%, r e s p e c t i v e l y .  It 
w a s  p o s s i b l e  to  o b t a i n  the  s a m e  r e s u l t s  a t  a l o w e r  

*For part LIII, see [i]. 

t e m p e r a t u r e ,  bu t  t h i s  w a s  a c h i e v e d  a t  t h e  e x p e n s e  of 
a f u r t h e r  i n c r e a s e  in  t he  a m o u n t  of s t e a m  in the  i n i t i a l  

r e a c t i o n  m i x t u r e .  
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Fig~ 1o Y ie ld  of the products 
of the  o x i d a t i v e  a m m o n o l y s i s  
of II  a s  a f u n c t i o n  of t he  r e -  
a c t i o n  t e m p e r a t u r e :  A) y i e l d s  

of I, III, and  IV, %; B) y i e l d s  
of CO2 and  NHr m o l e s  p e r  
m o l e  of II; C) r e a c t i o n  t e m -  

p e r a t u r e ,  ~ 1) III; 2) IV; 
3) I; 4) s u m  of I, II, and  IV; 

5) NH4CN; 6) CO2. 

In the  l a s t  two s e r i e s  of e x p e r i m e n t s  d e s c r i b e d ,  

2 4 - 2 5  m o l e s  of a m m o n i a  w a s  f ed  p e r  m o l e  of II. T a k -  
ing  the  o t h e r  r e a c t i o n  c o n d i t i o n s  in to  a c c o u n t ,  t he  op-  
t i m u m  r a t i o  of II to NH 3 w a s  g e n e r a l l y  in  t he  r a n g e  
1 : 1 2 - 3 0 .  A d e c r e a s e  o r  an  i n c r e a s e  in the  f e e d  of 
a m m o n i a  o u t s i d e  t h e s e  l i m i t s  led  to  a s u b s t a n t i a l  f a l l  
in  the  y i e ld  of a l l  t h e  p r o d u c t s  of i n c o m p l e t e  ox ida t ion ,  

p a r t i c u l a r l y  I. 
The  r e s u l t s  o b t a i n e d  show t h a t  t h e  o x i d a t i v e  a m -  

m o n o l y s i s  of II m a k e s  i t  p o s s i b l e  to  o b t a i n  I w i t h  a 
y i e l d  of up  to 50%~ C o m p o u n d s  III a n d  IV a r e  o b t a i n e d  
s i m u l t a n e o u s l y  w i t h  a t o t a l  y i e l d  of a b o u t  30%. S ince  I 

a n d  IV a r e  r e a d i l y  h y d r o l y z e d  by  a n  a q u e o u s  s o l u t i o n  
of a m m o n i a  [7], the  r e a c t i o n  d e s c r i b e d  c a n  be u s e d  
f o r  t h e  s y n t h e s i s  of HI. 

EXPERIMENTAL 

The procedure for the purification of II and its physicochemical 
characteristics have been described previously [8], and so has the de- 

sign of the apparatus for oxidative ammonolysis and the scrubber sys- 

tem for trapping the reaction products with a spray of water [9]. 
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Fig. 1. Yield of the products of the 
oxidative ammonolys i s  of II as a 
function of the reac t ion  t empera tu re :  
A) yields of I, III, and IV, %; B) yields 
of CO 2 and NH4CN , moles per  mole of 
II; C) reac t ion  t empera tu re ,  ~ 1) III; 
2) IV; 3) I; 4) sum o f I ,  II, andIV;  5) 

NH4CN; 6) CO2~ 
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Fig. 2. Yield of the products of the oxi-  
dative ammonolys i s  of II as a function of 
the amount  of a i r  and the t ime of contact:  
A) yield,  ~; B) oxygen, mole per  mole of 
II; C) t ime of contact,  sec.  Rate of feed 
of II 106.5 g, of ammonia  260 g, and of 
s t eam 1425 g/~ of cata lyst  per  hour; a) 
III, b) IV, c) I, d) dum of I, III, and IV; 
1) 375 ~ 2) 385 ~ 3) 405 ~ 4)415~ 
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The products of the oxidative ammonolysis of II were analyzed 

polarographically. All the determinations were carried out on a type 

PO-5122 oscillographic polarograph. The cell was thermostatted at 

25 _+ 0.2 ~ C. The dropping electrode at h = 22.5 cm and on open cir- 

cuit had the characteristics m = 2.4 mg/sec, t = 5.5 sec, mZ/Stl/s = 

= 2.04 mg z/3 sec I/6. The comparison electrode was an external sam- 
rated calomel half-cell. In the determination of I, the oxygen was 

eliminated from the solution by purging the cell with pure argon. 

For the determination of I, i0 ml of the reaction liquid was ex- 

tracted with benzene (5 x 2 mt).  The resulting extract was diluted 
with benzene to 15 ml.  A sample with a volume of 2 -3  ml was placed 
in a 25-ml measuring flask, 21 ml  of a 0.1 N ethanolic solution of 
hydrochloric acid was added, and the solution was made up to the 
mark with ethanol. The concentration of I was calculated from the 
measured strength of the limiting current (In) with Epeak = --0,806 V, 
using a calibration graph. 

After the I had been eliminated,  III and IV were determined in the 
reaction liquid. To determine I I Ia  sample with a volume of 2 -5  ml 
was diluted with 0,1 N li thium hydroxide to 25 ml.  The concentration 
of III was determined from the strength of the l imiting current with 
gpeak = --1.92 V. Another sample (2-5  ml) was treated with 2 ml of 
Izmailov and Pivneva's veronal buffer solution with pH = 12, and the 
total volume of the sample was brought to 25 l with water. The con- 
centration of the IV was calculated from the strength of the limiting 
current with Epeak = --1.52 V. 

The presence of ammonia and II did not interfere with the deter- 
ruination of the products mentioned above. 

In a number of experiments, the reaction products were isolated in 
the pure state and characterized. The method of identification has 
been given previously [4]. 
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