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The oxidative ammonolys i s  of quinoline h a s  been  studied.  The main  products  a re  p y -  
r id ine ,  benzene ,  benzon i t r i l e ,  and nicot inoni t r t le .  F r e e  nicotinic and benzoic  acids and 
the i r  amides  a re  f o rm ed  in sma l l  amounts .  The gaseous  products  of the r eac t i on  a r e  
hydrogen cyanide and oxides of carbon.  The mos t  significant  f ac to r s  de te rmin ing  the di -  
r ec t i on  of the p r o c e s s  a r e  the content  of tin oxides in the ca t a lys t s ,  the concentra t ion  of 
ammonia  in the feed  ga s e s ,  and the t e m p e r a t u r e  of the r eac t ion .  

As is known [1-9], the oxidative ammono lys i s  of a lkylpyr id ines  is used in the synthes is  of n i t ry ls  of 
pyr id inecarboxyl ic  acids .  In this work ,  an a t tempt  has  been made to de te rmine  the poss ib i l i ty  of applying 
the oxidative ammono lys i s  r eac t i on  to he te rocyc l i c  condensed s y s t e m s ,  espec ia l ly  quinoline. 

The expe r imen t s  w e r e  c a r r i e d  out in a continuous appara tus  with a fused  mixed ca ta lys t  of oxides 
of vanadium with tin.  I t  was found that the ma in  products  of the oxidative t r an s fo rma t ions  of pure  quinoline 
in the p r e s e n c e  of am m on i a  and s t eam over  a wide r ange  of conditions a r e  pyr id ine ,  benzene ,  benzoni t r i l e ,  
and nicot inoni t r i le .  F r e e  nicotinic and benzoic  acids and the i r  amides  a re  f o r m e d  in smal l  amounts .  G a s e -  
ous reac t ion  p roduc t s  cons i s t  of hydrogen cyanide and oxides of carbon.  

The s imul taneous  p r e s ence  in the ca ta lyza te  of der iva t ives  of benzene and of pyr id ine  shows that the 
r e ac t i on  t akes  place  in two main  d i rec t ions ,  one of which begins  with the c leavage of the he te rocyc le  and 
the o the r  with that  of the a rom a t i c  r ing of the initial compound. The r e l a t i ve  weight of each  of these  d i r e c -  
t ions depends on the condit ions.  The mos t  s ignif icant  in this r e s p e c t  were  the influence of the amount  of 
tin oxides in the ca ta lys t ,  the concentra t ion  of ammonia  in the feed g a s e s ,  and the t e m p e r a t u r e .  The r e -  
sul ts  of s e v e r a l  expe r imen t s  cha rac t e r i z ing  the influence of the f a c to r s  ment ioned a r e  given in Figs .  1 
and 2. The expe r imen t s  showed that  vanadium ca ta lys t s  consis t ing of fused vanadium pentoxide in the 
pure  s ta te  or  with sma l l  additions of t in dioxide p o s s e s s e d  ve ry  sl ight  se lec t iv i ty  f r o m  the point of view 
of the fo rma t ion  of ca rbon i t r i l e s  and favored  the fo rma t ion  of main ly  combust ion products .  At the s ame  
t i m e ,  on these  ca ta lys t s  the yield of a r o m a t i c  compounds was ,  on the whole,  higher  than the yield of sub-  
s t ances  containing a he te rocyc le .  With an i nc rea se  in the content of t in dioxide in ca ta lys t ,  the propor t ion  
of p r o c e s s e s  of incomple te  oxidation r o s e .  Simultaneously with th i s ,  the main  d i rec t ion  of the oxidative 
ammono lys i s  of quinoline changed in the d i rec t ion  of the predominant  fo rmat ion  of n tcot inotr i le .  As can 
be seen  f r o m  Figs .  1 and 2, the l a r g e s t  amount of benzoni t r i le  was obtained on a ca ta lys t  with the c o m p o s i -  
t ion (V2Os:SnO 2 = 1:0.75), and the l a r g e s t  amount of n icot inotr i le  on a ca ta lys t  with a ra t io  of vanadium 
pentoxide to t in dioxide of 1:1.5. The cause of the phenomenon cons ide red  mus t  apparen t ly  be  a change in 
the absorp t ion  p r o p e r t i e s  of the ca ta lys t  with r e s p e c t  to the individual r ings  of the quinoline molecule :  an 
i nc r ea se  in the amount  of tin dioxide in the ca ta lys t  d e c r e a s e s  i ts  acidi ty and its capac i ty  fo r  absorbing  the 
pyr idine r ing .  

As follows f r o m  Fig.  1, the products  of the incomplete  oxidation of qninoline a r e  f o r m e d  with m a x i -  
m u m  yields  with a ninefold exces s  of ammonia .  At 450~ on the V2Os:SnO 2 = 1:1.5 ca ta lys t  the yield of 
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Fig.  1. Dependence of the yield of the products  of oxidative am-  
monolys is  on the amount of ammonia  at: 1, 1') 380~ 2, 2') 420~ 
3, 3') 450~ on, r e s pec t i ve ly ,  K-1 (V2Os:SnO 2 = 1:0.75) and K-2 
(V2Os:SnO 2 = 1:1.5). A) Nicot inonitr i le ;  B) benzoni t r i le ;  C) pyridine;  
D) benzene.  
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Fig.  2. Dependence of the field of products  of the oxida- 
t ive  ammonolys i s  of quinoline on the t e m p e r a t u r e :  A) 
NH 3 32.1 g, H20 182 g, ~- = 0.171-0.202 sec ;  B) NH 3 
64.5 g, H20 365 g,  T = 0.161-0.191 sec ;  1) nicot ino-  
nit-rile; 2) benzoni t r i le ;  3) pyridine;  4) benzene;  5) CO; 
6) CO2; 7) H2; 8) unchanged quinoline. 

nicot inoni t r i le  amounted to 72.1%. With a fu r the r  i nc rea se  in the feed of ammonia ,  the yield of mono-  
cycl ic  products  fel l .  The g r e a t e s t  yield of benzoni t r i le  was 66.5%, obtained at  380~ with a 4.5-fold excess  
of ammonia .  

F r o m  the dependence of the yield of r eac t i on  products  on the amount  of ammonia ,  it m a y  be a s su med  
that  the absorbed  ammonia  d e c r e a s e s  the acidi ty  of the ca ta lys t  and the reby  the probabi l i ty  of the a b s o r p -  
tion of the pyridine r ing.  

It can be seen  f r o m  Fig.  2 that with a r i se  in the t e m p e r a t u r e  the yield of nicotononitr i le  r i s e s  f r o m  
18-20 to 60-70% and s imul taneous ly  the yield of benzoni t r i le  fal ls  to ze ro .  The yields of benzene and py-  
r id ine  fa l l  with a r i s e  in the t e m p e r a t u r e .  

A quanti tat ive analys is  of the gaseous  products  of the reac t ion  showed that with a r i s e  in the t e m -  
p e r a t u r e  the yields  of ca rbon  dioxide and hydrogen cyanide r i s e  and the yield of carbon monoxide fa l l s .  
The yield of gaseous products  depends on the amount of ammonia  and the t e m p e r a t u r e .  As was to be  ex-  
pected ,  with a r i s e  in the t e m p e r a t u r e  the amount  of p roducts  of f a r - r e a c h i n g  oxidation i n c r e a s e s .  However ,  
the addition of ammonia  s u p p r e s s e s  combust ion  p r o c e s s e s .  Oxides of ca rbon  a re  fo rmed ,  as a ru le ,  in the 
l a r g e s t  amounts in exper imen t s  with long contact  t imes .  This ~ shows that ,  as in oxidation in the absence  of 
ammonia ,  they a re  f o rm ed  by  the oxidative degradat ion  of the carbon skeleton of quinoline. 

Under the conditions of oxidative a m m o n o l y s i s ,  the des t ruc t ion  of the a romat i c  r ing of quinoline 
could be  expected  to lead  to the fo rma t ion  of n i t rogen-conta in ing  de r iva t ives  not only of nicotinic but also 
of picolinic and c inchomeronic  acids .  In actual  fac t ,  we detected only pyridine der iva t ives  with subst i tuents  
in the fl posi t ion in the ca ta lyza te .  The r e a s o n  fo r  this must  be connected with the ins tabi l i ty  of the c o r r e -  
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sponding in te rmedia te  r eac t i on  p roduc t s ,  apparent ly  main ly  carbonyl  compounds and acids which,  under 
the given condit ions,  lose  side groups  in the  a posi t ion with r e s p e c t  to the he t e roa tom of the r ing.  Groups 
in the fi posi t ion are r e l a t i ve ly  m o r e  s tab le ,  even in this case  decarbonyla t ion  and decarboxyla t ion  p r o c e s s e s  
do take place as is  shown by the p r e s e n c e  of sma l l  amounts  of pyr idine in the reac t ion  products .  S imi lar  
side reac t ions  a r e  accompaa ied  b y  the fo rma t ion  of benzoni t r i le  - benzene was found in the ca ta lyza tes  
f r o m  the overwhelming m a j o r i t y  of the expe r imen t s .  

Since expe r imen t s  with pure  quinoline have shown that  it is conver ted  into nicot inonitrf ie  in high 
yie ld ,  it was  in te res t ing  to  de t e rmine  the behav io r  of technical  quinoline containing 27% of isoquinol[ne as 
impur i ty  under s i m i l a r  condit ions.  With the pa s sage  of 5.4 g of qulnoline, 3950 l i t e r s  of a i r ,  364.5 g of NH3, 
and 365 g of s t e a m  over  a V205 : SnO 2 = 1 : 1.5 ca ta lys t  at  T = 0.191 sec ,  this m a t e r i a l  gave nicot inoni t r[ le  
with a yield of 23.3 wt.%. Isonicot[noni t r i le  was also found among the reac t ion  produc ts ,  i ts  fo rma t ion  being 
the r e su l t  of oxidative t r an s fo rm a t i ons  of isoquinoline.  Calculated on the isoquinoline fed the yield of i so -  
nicot inoni t r i le  was 8.7% of that  t h e o r e t i c ~ ! y  poss ib le .  The content of benzoni t r i le  in the ca ta lyza te  did 
not exceed  1.5 wt.70. 

Since the saponif icat ion of n[cot inonitr i le  gives a good yield of nicotinic acid or  its am[de [10, 11], 
the r e su l t s  p r e s e n t e d  above p e r m i t  the oxidative ammonolys i s  of quinoline to be r e c o m m e n d e d  as a method 
fo r  the i r  p r epa ra t ion .  

EXPERIMENTAL 

I. A mixture of 12.0 g of qu[noline (bp 237.7-238.2~ 103.30 g of 15% ammonia, and 948.0 liters of 
air was passed through the catalyst (V205 : SnO 2 = 1 : 1.5) at 450~ The contact time was 0.177 sec. The 
trapping system was washed with 75.0 ml of water heated to 60~ and the wash waters were combined 
and cooled to 20~ 1.09 g (8.4%) of unchanged quinoline was separated. The nicot[nonitrfle was extracted 
with ether (4 • 50 ml), the extract was dried with calcium chloride and evaporated, and the residue was 
distilled. Yield 5.89 g (60.91%; 72.3% on the qulnoline that hadreacted), bp 240-241.5~ (690 ram). rnp 
48.5-50.0~ Xma x 265 nm, El% 213.0. Found, 70: C 69.18; H 3.80; N 25.99. C~H4N 2. Calculated, 70: 

i cm 
C 69.23; H 3.84; N 26.92. 

II_:. At 420~ 12.0 g of quinoline (bp 237.7-238.2~ 103.30 g of 15% ammonia, and 948.0 liters of air 
werepassedthroughthe catalyst (V205 :SnO 2 = 1:1.5) for 2 h. The amount of unchanged quinol[ne recovered 
was 1.23 g (10.3%). The reaction products were extracted with ether (5 • 50 ml), and the combined ex- 
tracts were dried with calcium chloride and the ether was evaporated off. The residue was fractionated: 
first fraction -benzonitrile 1.55 g (16.0%), or 19.19% on the quinoline that had reacted, bp 191.5-198~ 
per 690 ram; d~ ~ 1.0097; n~ 1.5306. Found, %: C 81.49; H 4.88; N 13.57. MR D 30.77. C~HsN. Calculated, 
%: C 81.55; H 4.85; N 13.59. MR D 30.75. 

Second fraction- nicotinonitrile, 4.19 g (48.5% on the quinoline that had reacted), bp 240-242~ per 
690 mm. 

TIT. A mix tu re  of 12.0 g of technical  qulnoline (67% of quinoline and 25% of isoquinoline,  bp 237- 
239.0~ 103.30 g of 1570 ammonia ,  and 948.0 l i t e r s  of a i r  was p a s s e d  through the ca ta lys t  (V205 : SnO 2 = 
1:1.5)  at 450~ The reac t ion  products  w e r e  t r apped  in 100.0 ml  of wa te r .  The unchanged quinoline (1.44g; 
12.0%) was s e p a r a t e d  off, the products  w e r e  ex t r ac t ed  with e ther  (5 • 50 re_l), and the ex t r ac t  was  dr ied  with 
ca lc ium chlor ide  and evapora ted .  The res idue  was dis t i l led.  F i r s t  f rac t ion  - n iconinoni t r i le .  Yield 1.84 g 
(21.7%). bp 240.5-242.0~ m m .  mp 48-49.5~ Mixed mel t ing  point 49-50~ Second f rac t ion  - i so -  
nicot inoni t r i le .  Yield 1.47 g (17 .3~ .  bp 246-248~ m m .  mp  79-80.5~ Xmax 278 nm,  E 1% 215.0. 

l c m  
A mix tu re  of the isonicot inoni t r i le  i so la ted  (rap 79-80.5~ and that  obtained by the oxidative ammono lys i s  
of 7 picol[ne (mp 79.5-81,2~ had mp 79.3-80.8~ Found, %: C 69.18; H 3.81; N 26.89. C6H4N 2. Cal- 
cula ted,  70: C 69.23; H 3.84; N 26.92. 
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