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The oxidation of 8-picoline with air on fused tin and titanium 
vanadates gives as the main reaction products nicotinaldehyde and nic- 
otinic acid, the yield of which amounts to 46-60% of theory calcu- 
lated on the alkylpipidine taken and 76-80% calculated on that which 
has reacted. 

A cons iderab le  number  of papers  [2-7] have been 
devoted to  the Catalytic oxidation of 3-picol ine  (I). The 
ma jo r i ty  of inves t iga tors  have repor ted  that over a 
wide range of condit ions the ma in  d i rec t ion  of the r e -  
act ion is the des t ruc t ive  oxidation of (I) to oxides of 
carbon.  Products  of incomplete  oxidation, n icot inaIde-  
hyde (II) and nicot inic  acid (III) a re  usual ly  formed 
with a yield not g rea t e r  than 30 -35%.  

The a im of the p r e sen t  work was to study the vapor -  
phase oxidation of I on fused tin and t i tan ium vanadate 
c a t a l y s t s ,  which exhibit  a high act ivi ty in the oxidative 
ammonolys i s  of a lkylpyr id ines  [8,9]. The r e su l t s  of 
the exper imen t s  showed that when these ca ta lys t s  are  
used the products  of the oxidation of (I) contain (II), 
III, and oxides of carbon,  and also pyr id ine  (IV), n i c -  
o t inoni t r i le  (V), and hydrogen cyanide (VI). The yield 
of each of these compounds depends to a cons iderab le  
extent on the condit ions of pe r fo rming  the reac t ion .  

Among the fac tors  exer t ing  a great  influence on the 
p rocess  studied is the p resence  of s team in the r e a c -  
t ion gases .  One of us, with others ,  has prev ious ly  
es tab l i shed  that in the vapor -phase  oxidation of a lky l -  
benzenes  and pyr id ine  der iva t ives  the addition of 
s t eam favors  the fo rmat ion  of a romat ic  and py r i d i ne -  
carboxyl ic  acids [10-12]. This is also shown by the 
r e su l t s  of other workers  [4] who, by adding s team,  
succeeded in r a i s ing  the yield of isonicot inic  acid 
f rom 4-picol ine  considerably .  Our exper imen t s  on the 
oxidation of I on t i tan ium and t in vanadates  have shown 
that when nonhumidified a i r  is used the ma in  reac t ions  
�9 taking place are  des t ruc t ive  ones. The addi t ion  of 
water  to the ini t ia l  r eac t ion  mix ture  pe rmi t s  the p r o -  
cess  to be d i rec ted  to the predominant  format ion  of II 
and III. The highest  yield of oxygen-conta in ing  products  
with an unchanged carbon skeleton was found with the 
addition of f rom 50 to 70 moles  of Water per  mole of 

3-picol ine .  
The reac t ion  t empera tu re  and the amount  of a i r  fed 

to the ca ta lys t  zone proved to have a no less  subs t an -  

*Par t  LXIV of the s e r i e s  "Oxidation of organic  com-  
pounds":  for par t  LXIII, see [1]. 

t tal  influence on the oxidation of I. As can be seen 
f rom the f igure,  the nature  of the change in the yield 
of oxidation products  as a function of the I : 02 rat io is 

the same with both the ca ta lys ts  studied: in the range 
of t empe ra tu r e s  studied, with an inc rease  in the feed 
of a i r  the amount  of II r i s e s  and the convers ion  of I 
and the yield of III pass  through a maximum.  On tin 
vanadate,  the highest  content of III in the cata lysate  is 
obtained in  exper iments  a t  a t empera tu re  of 410-420 ~ 
C, and on t i tanium vanadate at 345-360 ~ C. 

However, there  are  also fundamental  d i f ferences  in 
the catalytic act ion Of tin and t i tan ium vanadates .  Thus, 
on thin vanadate the max imum yield of III under  the 
opt imum conditions is only 35%, and the total amount 
of II and III exceeds 45% of the theoret ica l  value ca l -  
culated on the I taken. Ti tanium vanadate shows a 
cons iderab ly  higher se lect iv i ty  for reac t ions  of in -  
complete oxidation. Although on this  ca ta lys t  II is ob-  
tained in somewhat s m a l l e r  amounts,  the yield of III 
r eaches  50%. Since under  these condit ions about 30% 
of the I fed to the r eac to r  Passes  through the cata lyst  
unchanged, it  mus t  be cons idered  that the se lec t iv i ty  
of the ma in  d i rec t ion  of the oxidative t r ans fo rma t ions  
of I connected with the format ion of II and III is 75-77% 
in this case.  Moreover ,  not more  than 2-3% of the 
substance reac t ing  is consumed in f a r - r e a c h i n g  oxida- 
t ion reac t ions .  

The p resence  of IV in the products  of the oxidation 
of I is apparent ly  the r e s u l t  of the des t ruc t ive  t r a n s -  
format ions  of II and III and the in te rmedia te  labi le  
compounds of the type Pc--CO and R-- CO-O c o r r e -  
sponding to them. Judging f rom the yield of IV, such 
reac t ions  are  less  cha rac t e r i s t i c  for t i tan ium vana-  
date than for t in  vanadate.  

I n  the ca ta lysa tes  f rom h igh- t empera tu re  expe r i -  
ments  ca r r i ed  out with a re la t ive ly  long contact t ime,  
V is genera l ly  presen t .  Its yield r a r e l y  exceeds 3-5%. 
The format ion  of n i t r i l e s  of pyr id inecarboxyl ic  acids 
in the vapor -phase  oxidation of pyr idine der iva t ives  
have been observed by other workers :  V was obtained 
in the oxidation of nicot ine [13], and i sonico t inoni t r i le  
has been observed in the product  of the catalyt ic  oxi -  
dation of a f l-picoline f rac t ion [14]. It must  be a s -  
sumed that the n i t r i l e  group of the cyanohydrins  is 
formed in these cases  by the reac t ion  of in te rmedia te  
products  of the type of R---CO, R--CHO, or R--COOH 
with n i t rogen-con ta in ing  complexes formed on the 
surface of the ca ta lys t  f rom the n i t rogen a toms of the 
decomposing pyr idine r ings .  
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V a p o r - p h a s e  ox ida t ion  of I with a i r  on tin and t i t a n i u m  
v a n a d a t e s :  A) y ie ld ,  %; B) oxygen  in m o l e s  p e r  m o l e  
of I. R a t e  of  f e e d  of  I 68.1 g, and of  w a t e r  928 g p e r  
l i t e r  of  c a t a l y s t  p e r  hour ;  1) 400 ~ C; 2) 410 ~ C; 3) 
420 ~ C; 4 ) 4 3 0  ~ C; 5 ) 4 4 0  ~ C; 6) 330 ~ C; 7) 345 ~ C; 
8) 360 ~ C; 9) 375 ~ C; 10) 390 ~ C; I) unchanged  3 -  
p i c o l i n e ;  l'I) n i c t o i n a l d e h y d e ;  III) n i co t in i c  ac id;  

IV) p y r i d i n e .  


