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The vapor-phase catalytic oxidation with atmospheric oxidation of a 
~-pieoline fraction consisting of a mixture of 3- and 4-methylpyri- 
dines and 2, 6-1utidine containing small amounts of 2-methylpyridine 
and pyridine has been studied. On a vanadium oxide catalyst at 440 ~ C 
with a contact time of 1.2 sec and a molar ratio of oxygen to steam to 
methylpyridine of 7 : 54 : 1, a high degree of conversion of the 4- 
methylpyridine and the 2, 6-1utidine into pyridine-4-aldehyde and 6- 
methylpyridine-2-aldehyde, respectively, has been achieved. The 
main component of the aqueous solution of the catalyzate (after the 
isolationof thepyridine aldehydes in the form of oximes) is 3-methyl- 
pyridine. 

In a p reced ing  paper  [1] we gave the r e su l t s  of a 
study of the vapo r -phase  oxidation of the individual 
methylpyr id ines  and showed that under the conditions 
that a r e  opt imum for  the oxidation of 2- and 4 - m e t h y l -  
pyr id ines  to pyr id ine  aldehydes the convers ion  of 3- 
methylpyr id ine  is  e x t r e m e l y  low. It appeared  of in-  
t e r e s t  to c a r r y  out the oxidation of a /3-picol ine  f rac t ion  
under conditions ensur ing the max imum convers ion  
of the 4 -methy lpyr id ine  into the cor responding  aldehyde 
and the s imul taneous  enr ichment  of the mix tu re  of p y r -  
idine bases  with 3-methylpyr id ine .  Some t ime ago, 
the vapor -phase  oxidation of a f i -picol ine f rac t ion  in 
o rde r  to enr ich  it  in 3-p ico l ine  was c a r r i e d  out by I. 
M. Polyakova [2]. She se lec ted  conditions under which 
the methylpyr id ines  accompanyingthe  3-methylpyr id ine  
in the /3 - f rac t ion  underwent comple te  combustion.  

Other  authors have also deal t  with the oxidation of 
a p -p ico l ine  f rac t ion  [3-5].  But they pursued the a im 
of the s e l ec t i ve  oxidation of the 4 -methy lpyr id ine  con- 
tained in this f rac t ion  to i sonicot in ic  acid and were  not 
in t e re s t ed  in the r eac t i ons  of the other  components.  

Under the conditions of the vapor -phase  oxidation 
of the f3-picoline f rac t ion  in the p r e s e n c e  of s team,  
the format ion  of cons iderable  amounts  ofpyr id ine  a lde -  
hydes (up to 44% calcula ted on t h e w h o l e f r a c t i o n ) t a k e s  
p lace ,  the yield of enr iched f rac t ion  amounting to 25-66% 
accord ing  to the exces s  of oxygen and the t ime  of con-  
tact  (Table 1). Pyr id ineca rboxy l i e  acids and products  
of comple te  combust ion a re  fo rmed  in compara t ive ly  
sma l l  amounts .  When the excess  of oxygen in the mix-  

Table  

ture  is inc reased  to a mola r  ra t io  of oxygen to picol ine 
of 16, with a t ime of contact  of 1 see or  more ,  the 
amount of comple te  oxidation i n c r e a s e s  considerably .  
With a contact  t ime of 1.2 sec and a mohu- ra t io  of 
oxygen to p icol ine  of 7, it is poss ib le  to r a i s e  the con- 
tent of 3 -methy lpyr id ine  in the picol ine f rac t ion  to 73% 
with no change whatever  in i ts  absolute  amount (Table 
2). Simultaneously the amounts of 2-methylpyr id ine  

and pyridine in the ca ta lysa te  i nc rea se .  But,  on pas -  
sing to more  s e v e r e  conditions (the last  two expe r i -  
ments) ,  the amount of 2-methylpyr id ine  begins to fall.  
The most  s table compound under these  conditions is 
pyr id ine ,  the amount of which r i s e s  by a fac tor  of more  
than 3. Under these conditions the 4 -methy lpyr id ine  
is conver ted  into the pyr id ine  aldehyde. 

As follows f r o m  Table  3, the yields of p y r i d i n e - 4 -  
aldehyde a re  a lmos t  the same as in the oxidation of 
pure  4 -methy lpyr id ine  under the optimum conditions.  

It follows f r o m  a compar i son  of the convers ions  of 
4-picol ine  and 2, 6-1utidine (Table 3) that the i r  r e a e t i v -  
i t i es  a r e  fa i r ly  s imi l a r .  The main product  of the ox ida-  
tion of 2, 6-1utidine is 2, 6 -methy lpyr id ine -2 -a ldehyde ,  
the yield of which amounts to 91.0%. 2, 6-Lutidine is also 
conver ted  into 2-methylpyr id ine  and fur ther ,  obviously, 
into pyridine.  The high yield of 6 -me thy lpyr id ine -2 -  
aldehyde can be explained by the high s tabi l i ty  of this 
compound under the reac t ion  conditions.  

Thus,  the vapor -phase  ca ta ly t ic  oxidation of the 
/3-picoline f rac t ion on vanadium ca ta lys t s  at 440 ~ C 
with a low concentra t ion  of oxygen in a r eac t ion  m i x -  
ture  diluted with s team leads to an enr ichment  of the 
f rac t ion  with 3 -methy lpyr id ine  and s imul taneous ly  
p e r m i t s  diff icult ly acces s ib l e  pyr idine aldehydes to be 
obtained. 

The enr iched f l -picol ine f rac t ion  can be used with- 
out additional pur i f ica t ion for  the product ion of nicotinic 
acid. 

EXPERIMENTAL 

The experiments were carried out with a ~-picoline fraction hav- 
ing bp 143-146 ~ C, n~ 1.5048, d z~ 0.89223, containing 24.6% of 2, 6- 

1 

Composi t ion of the React ion Products  as Funct ions of the T i m e  of 

con tac t  and the Amount of Oxygen (Tempera tu re  440* C; m o l a r  
ra t io  of a i r  to picoline = 54) 

T i m e  of con- Molar ratio of  Yield o f  en-  Total yield of al- Yield of Products of c o m -  
r i c h e d  frac- plate combus- 

tact, sec 3 x y g e n  to pieoline tion, % dehydes, % acid, % tion, % 

0.36 
0.50 
0-58 
1.|0 
1.20 
1.15 

8.0 
8.3 

10.4 
5.7 
7.0 

16.4 

66.2 
61.0 
47.8 
56.7 
44.5 
25.4 

19.5 
22.5 
32.7 
31.5 
44.5 
34.0 

2,4 
2.7 
3.1 
1.7 
2.2 
4,6 

5.8 
8.3 
9.4 
7,2 

10.9 
21.3 
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Table 2 

Change  in the C o m p o s i t i o n  of t he  P i c o l i n e  F r a c t i o n  a s  a 

R e s u l t  o f  the  C a t a l y t i c  R e a c t i o n  

Picoline fraction 
recovered, % 

100 

66.2 

61.0 

47.8 

56.7 

44.5 

25.4 

] Pyridine bases, % 

3-picoline 4-picoline 

I* 31.5 

45.7 
96.0 

46.6 
90.0 

48.9 
94.4 

63.7 
111.4 

73.3 
103.0 

76.3 
60.5 

34.5 

15.2 
29.0 

16.3 
28.7 

16.5 
22.8 

10.7 
17.5 

4.4 
5.6 

3.8 
2.8 

2,6-1uti- 
dine 

24.6 

17.4 
46.7 

12.8 
31.7 

8.9 
17.4 

6.4 
12.4 

4.2 
7.5 

1.4 
1.5 

2-picoline 

5.7 

15.5 
178.0 

16.7 
177.0 

17.7 
147.0 

10.1 
100.0 

5.7 
44.0 

5.7 
25.3 

pyridine 

1.2 

6.2 
341.0 

7.7 
391.0 

8.0 
316.0 

I0.1 
475.0 

12.4 
457.0 

12.8 
270.0 

unidentified 
bases 

2.5 

*I-content  of pyridine bases in the catalysate; II-change in the absolute amount of pyridine 
bases in relation to the initial fraction in %. 

T a b l e  3 

Conversion of the Individual Components of the Fraction* 

4-Pieoline 2,6-Lutidine 

conversion into total conversion into conversion into total 
aldehyde, % conversion aldehyde, % 2-picoline, % conversion 

% % 

42.0 
43.0 
48.0 
37.0 
56.0 
22.0 

71.0 
71.3 
77.2 
82.5 
94.4 
97.2 

10.6 
23.8 
52.0 
60.0 
81.0 
91.0 

21.0 
20.5 
12.6 

53.3 
68.3 
82.6 
87.6 
92.5 
98.5 

* For experimental conditions, see Table 1. 
** It is impossible to determine the degree of conversion of the 2,6-1utidine into 2-picolinr under 

the given conditions because of the further reactions of the 2-picoline. 
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F i g .  1. C h r o m a t o g r a m  of  t h e  

/ 3 - p i e o l i n e  f r a c t i o n :  (1) 2 , 6 -  

d i m e t h y l p y r i d i n e ;  (2) 2 - m e t h -  

y l p y r i d i n e ;  ( 3 ) p y r i d i n e ;  (4) 
u n i d e n t i f i e d  b a s e s ;  (5) 3 -  

m e t h y l p y r i d i n e ;  (6) 4 - m e t h y l -  
p y r i d i n e .  

lutidine, 31.5% of 3-methylpyridine, 34.5% of 4-methylpyridine, 5.7% 
of 2-methylpyridine, 1.2% of pyridine, and 2.5~ of unidentified bases, 

Oxidation was carried out in a laboratory-type continuous appa- 
ratus. The catalyst, which consisted of oxides of vanadium, molybde- 
num, titanium, and phosphorus deposited on metallic aluminum, has 
been described previously [6]. 

The compositions of the initial fraction and the catalyzate (Figs. 
1 and 2) were determined by gas-liquid chromatography on a Khrom-1 
chromatograph with a flame ionization detector. The chromatographic 
columns, 3 m long, were filled with Celite 545 impregnated with 30% 
of glycerol, and were thermostated at 120" C. 

The quantitative determination of the pyridine aldehydes was car- 
rried out polarographically in thepresence of an acetate buffer (pH 5.5). 
The sum of the pyridine-2- and -4-aldehydes was calculated from the 
polarographic wave with El/2 0.7 V, and the amount of 6-methylpyr- 
idine-2-aldehyde from the wave with Er/z 0.95 V. 

For identification, the aldehydes were precipitated from the cata- 
lyzate in the form of a mixture of oximes. 

The oximes of the individual aldehydes were separated by frac- 
tional crystallization from 25% ethanol: pyridine-4- aldehyde oxime-- 
crystalline substance with mp 129-130 ~ C (130-132" C [7]). Found, 
%: C 59.60; H 4.91; N 22.64. Calculated for (C~H6N~O), %: C 59.02; 
H 4. 92; N 22.95; 6-methylpyridine-2- aldehyde oxime-- white crystalline 
substance with mp 168-170" C (170-171 ~ C [7]). Found, %: C 61.68; 
H 6.47; N 19.84. Calculated for (CTHgN20), %: C 61.31; H 6.57; N 
20.44. 

Pyridine-2-aldehyde is formed in very small amounts, and the 
corresponding oxime could not be isolated from the eatalysate. 

Gu 
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F i g .  2. C h r o m a t o g r a m  of  t h e  

p i c o l i n e  f r a c t i o n  of  t h e  e a t a l -  
y s a t e :  (1) e t h a n o l ;  (2) 2 ,  6 -  

d i m e t h y l p y r i d i n e ;  (3) 2 - m e t h -  
y l p y r i d i n e ;  (4) p y r i d i n e ;  (5) 3 -  

m e t h y l p y r i d i n e ;  (6) 4 - m e t h y l -  

p y r i d i n e .  

The total  content  of pyridinecarboxylic acids in the cata lysate  

was determined by a lka l imetr ie  ti tration. 

The gaseous products of comple te  combustion were analyzed on a 

VTI-2  gas analyzer.  
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