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A method was developed for the preparat ion of pyridine and methylpyridines by ammonolys is  
of acetylene in the presence  of cadmium phosphate. The rat io of the final products  depends 
pr imar i ly  on the reaction temperature .  The formation of pyridine and methylpyridines p ro -  
ceeds through a number of intermediate steps. 

An ext remely  promis ing method for the prepara t ion  of pyridine and methylpyridines is their synthesis  
f rom acetylene and ammonia in the presence  of cata lys ts  [1--4]. However, the effect of a number of factors  
- the composit ion and proper t ies  of the catalyst ,  the synthetic tempera ture ,  the volume ratio of acetylene 
and ammonia,  and their overal l  space velocity - has not been investigated. Of the available papers ,  the p ro -  
blem of the reaction mechanism is touched upon in only a few, but the opinions of the authors on this p ro -  
b lem are contradic tory  and in some cases  absolutely inexplicable. 

In the present  r e sea rch  we studied the reaction of acetylene with ammonia in order  to obtain pyridine 
and picolines in the presence of heterogeneous catalysts .  In choosing the cata lyst  we proceeded f rom as -  
sumptions that the catalyst  should be capable of activation not only of acetylene but also of the molecule 
added to it [5], in this case ammonia.  A compar ison of the catalytic proper t ies  of oxides, phosphates, and 
salts  of group II metals ,  which have the capacity to complex with acetylene and ammonia, showed that the 
indicated requi rements  are met by cadmium phosphate, which can be used in the form of granules o r  on a 
support with a neutral surface.  It is known that cadmium phosphate is used as a catalyst ,  for example, in 
the preparat ion of acetaldehyde, the hydration of acetylene [6], and the ammonolysis  of the la t ter  in o rder  
to obtain pyridine bases [7]. 

The experimental  studies showed that the ratio of the react ion products  depends p r imar i ly  on the r e -  
action temperature .  The optimum tempera ture  for the synthesis  of 2- and 4-methylpyr id ines  ranges from 
420 to 440 ~ C (Fig. 1). The optimum space velocity with respec t  to acetylene is 100 l i t e r s / l i t e r ,  ca ta lys t -  h, 
and the optimum NH 3 : C2H 2 m o l a r  ratio is 2 : 1 (Figs. 2 and 3). Under the optimum conditions, the yield of 
2-methylpyridine is 56.3 wt. '~, the yield of 4-methylpyridine is 31.4 wt. % with respec t  to the catalyzate,  
and the acetylene conversion is 65-80 %. 

In o rder  to obtain pyridine and 3-methylpyridine,  methanol was fed into the zone of contact between 
acetylene and ammonia. The optimum tempera ture  for the synthesis of pyridine and methylpyridine is 420 ~ 
(Table 1). The ratio of the react ion products  depends on the relative amount of methanol in the react ion 
mixture fed into the contact zone (Table 2). An increase  in the amount of methanol in the mixture ra i ses  
the yield of 3-methylpyridine.  

The resul ts  make it possible to make some assumptions regarding the mechanism of the formation 
of pyridine and its monomethyl homologs. It is known that, despite Chichibabin's  assumption [1], the p r e s -  
ence of water  [8] is not compulsory  for the formation of pyridine bases f rom acetylene and ammonia.  We 
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F ig .  1. E f f e c t  of  the  t e m p e r a t u r e  on the y i e l d s  of o~- and "v -p ico l ines  
(C2H~ = 100 l i t e r s / l i t e r  �9 c a t a l y s t -  h, NH3/CzR~ = 2): 1) a - p i c o l i n e ;  2) 
7 - p i c o l i n e ;  3) a c e t o n i t r i l e .  

F ig .  2. E f fec t  of  the s p a c e  v e l o c i t y  on the y i e l d s  of  c~- and ? - p i c o  
l i n e s  (420 ~ C, N H J C z H  z = 2): 1) o~-picoline;  2) T - p i c o l i n e ;  3) a c e t o -  
n i t r i l e .  
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Fig .  3. E f f ec t  of the v o l u m e  r a t i o  
of a c e t y l e n e  and a m m o n i a  on the 
y i e l d s  of a -  and and T - p i c o l i n e s  
(420 ~ C, WC2H2 = 100 l i t e r s / l i t e r -  
c a t a l y s t -  h: 1) c~-picol ine;  2) ? -  
p i c o l i n e ;  3) a c e t o n i t r i l e .  

have  e s t a b l i s h e d  tha t  in the p r e s e n c e  of w a t e r  v a p o r  the a m m o -  
n o l y s i s  of a c e t y l e n e  i s  d i r e c t e d  to f a v o r  the f o r m a t i o n  of a c e t o n i -  
t r i l e  wi th  a r e d u c t i o n  in the y i e l d  of the p y r i d i n e  b a s e s .  The f o r -  
m a r i o n  of p y r i d i n e  b a s e s  th rough  a s t ep  invo lv ing  a c e t o n i t r i l e  [4] 
a l s o  s e e m s  un l ike ly .  We p r o p o s e  a s c h e m e  fo r  the f o r m a t i o n  of 
p y r i d i n e  b a s e s  f r o m  a c e t y l e n e  and a m m o n i a  in which  the l a t t e r  
a r e  a d s o r b e d  on the c a t a l y s t  s u r f a c e  and i n t e r a c t  to f o r m  v i n y l -  
a m i n e  o r  e r h y l e n e d i a m i n e ,  which  r e a c t  f u r t h e r  with a new m o l e -  
cu le  or  a c e t y l e n e  re g ive  d i ( v i n y l ) a m i n e .  The f o r m a t i o n  of a 
d i ( v i n y l ) a m i n e  is  c o n f i r m e d  by the fac t  that  d i e t h y l a m i n e  - the 
p r o d u c t  of h y d r o g e n a t i o n  of  d i ( v i n y l ) a m i n e  [9] - i s  d e t e c t e d  in the 
r e a c t i o n  p r o d u c t s  when c a d m i u m ,  z inc ,  o r  i r o n  s a l t s  a r e  p r e s e n t .  
The  c a s e  of  m o n o e t h a n o l a m i n e ,  which  g i v e s  the s a m e  p y r i d i n e  
b a s e s  when it  i s  p a s s e d  with  a c e t y l e n e  th rough  a c a t a l y s t  u n d e r  
the c o n d i t i o n s  of the i n d i c a t e d  r e a c t i o n ,  m a y  s e r v e  a s  a n o t h e r  
p r o o f  in f a v o r  of the f o r m a t i o n  of d i ( v i n y l ) a m i n e .  D i ( v i n y l ) a m i n e ,  

by r e a c t i n g  with a n o t h e r  m o l e c u l e  of  a c e t y l e n e  and u n d e r g o i n g  r e a r r a n g e m e n t ,  i s  c o n v e r t e d  to 2 -  and 4 -  
m e t h y l p y r i d i n e s .  

]C H 2 */C21t2(a0~) cH3 I -~ (ads) r 
A 

[q~'~/'~ . (CH2=CH)2NH CH3--CH::N C,]-I~ n ~ - ~  H2 -4- 

_ "x. N.r C ~;3 

In r e g a r d s  to the f o r m a t i o n  of p y r i d i n e  and f l - p i e o l i n e  in the p r e s e n c e  of m e t h a n o l ,  on the b a s i s  of  the 
e s t a b l i s h e d  d e p e n d e n c e  of  the y i e l d s  of  t h e s e  c o m p o u n d s  on the amoun t  of m e t h a n o l  i t  m i g h t  be a s s u m e d  that  
they  w e r e  f o r m e d  a s  a r e s u l t  of the r e a c t i o n  of d i ( v i n y l ) a m i n e  with  m e t h a n o l  r a t h e r  than with  a c e t y l e n e .  In 
t h i s  e a s e ,  the i n t e r m e d i a t e  n e c e s s a r y  fo r  the f o r m a t i o n  of  p y r i d i n e  i s  o b t a i n e d  when the r e a g e n t  r a t i o  i s  
e q u i m o l e c u l a r ,  w h e r e a s  2 m o l e s  of m e t h a n o l  p e r  mo le  of d i ( v i n y l ) a m i n e  a r e  n e c e s s a r y  for  the p roduc t i on  
of f l - p i c o l i n e .  No d a t a  w h a t s o e v e r  on the m e c h a n i s m  of the f o r m a t i o n  of p y r i d i n e  and f i - p i co l i ne  f r o m  the 
a b o v e - i n d i c a t e d  p r o d u c t s  a r e  a v a i l a b l e  in the l i t e r a t u r e .  

E X P E R I M E N T A L  

The c a t a l y s t  w a s  p r e p a r e d  by  c o p r e c i p i t a t i o n  f r o m  t r i s u b s t i t u m d  a m m o n i u m  phospha t e ,  c a d m i u m  n i -  
t r a t e ,  and ben ton i t e  (the s u p p o r t ) .  The  a p p r o p r i a t e  a m o u n t s  of  the a b o v e - i n d i c a t e d  c m o p o u n d s  b a s e d  on 
20 wt. '~c c a d m i u m  p h o s p h a t e  w e r e  m i x e d  in bulk and s t i r r e d  [o r  30 rain.  A f t e r  th is ,  the  r e s u l t i n g  p r e c i p i -  
t a te  w a s  r e m o v e d  by f i l t r a t i o n ,  w a s h e d ,  and d r i e d  at  105-120 ~ for  3 h. P e l l e t s  (4 • 2 ram} w e r e  p r e p a r e d  
f r o m  the r e s u l t i n g  m a s s  and c a l c i n e d  t h o r o u g h l y  at  450-500 ~ fo r  3 h. The r e s u l t i n g  c a t a l y s t  had a s p e c i f i c  
a r e a  (Ssp) of  132 m2/g .  
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T A B L E  1. Dependence  of the Yields of  Py r id ine  
and P ico l ines  on the T e m p e r a t u r e  (Wc2Ho = 
100 l i t e r s / l i t e r -  c a t a l y s t ,  h, C2H 2 - N H  3 - ~ H 3 O H  
=i:i:i) 

Temp.. "C Pyridtne. ~ a-Picoline. %1: $-Picoline, % 

380 I 15,0 14.5 0,0 
400 ~ 18,3 21,6 ' Traces 
420 27,0 22,0 9,0 
440 17,6 15,2 8,0 

T A B L E  2. Dependence  of  the Yield of  Pyr id ine  and P ico l ines  on the 
Re la t ive  Amount  of  Methanol  (420 ~ C, Wto t = 200 l i t e r s / l i t e r -  
c a t a l y s t ,  h, C2H 2 : NH 3 = 1 : 1) 

Amount of methanol 
in the mixture, mole 

0,0 
0,5 
1,0 
1,5 
2,0 

pyridine 

0,0 
14,5 
27,0 
10,2 
6,2 

Percentages of the bases, ~ 
a -picoline B -picoline 

56,3 0,0 
23,2 7,1 
22,0 9, l 
7,9 12,3 

Traces 14,5 

~, -picoline 

31,4 
Traces 

0,0 
0,0 
0,0 

The ca ta ly t ic  condensa t ion  of ace ty lene  with a m m o n i a  was  c a r r i e d  out in a flow appara tus .  The t e m -  
p e r a t u r e ,  space  ve loc i t i e s ,  ra t io  of ace ty lene  to a m m o n i a ,  and the pa r t i a l  p r e s s u r e s  of  the s t a r t ing  c o m -  
ponen ts  (by di lut ion with n i t rogen  and w a t e r  vapors )  w e r e  va r i ed .  In all  c a s e s ,  the e x p e r i m e n t  was  begun 
a f t e r  e s t a b l i s h m e n t  of  s t e a d y - s t a t e  condi t ions ,  and this  was  ver i f i ed  by ana lys i s  of  the p roduc t s  at  the ou t -  
let  f r o m  the r e a c t o r  with t ime.  

The ace ty lene  and a m m o n i a  w e r e  subjec ted  to p r e l i m i n a r y  pur i f i ca t ion  and dry ing  with c a l c i u m  c h l o -  
r ide  and d ry  p o t a s s i u m  hydroxide  by the method in [10]. The r eac t i on  p r o d u c t s  w e r e  ana lyzed  by g a s - l i q u i d  
c h r o m a t o g r a p h y  (GLC) with an LKhM-7A c h r o m a t o g r a p h ;  the s t a t i ona ry  phase  was  17-20 % polyethylene  
g lyco l  adipate  on Cel l i t e -545 ,  the co lumn l e n ~ h  w a s  2 m and i ts  d i a m e t e r  was  4 mm,  the co lumn t e m p e r a -  
tu re  was  140 ~ and the he l ium flow ra te  wa s  50 m l / m i n .  The re ten t ion  t ime of  2 -me thy lpy r id ine  was  114 sec ,  
a s  c o m p a r e d  with 145 sec for  4 - m e t h y l p y r i d i n e .  The exhaus t  g a s e s  cons i s t ed  p r i m a r i l y  of  hydrogen  and 
unchanged  ace ty lene .  The individual  r eac t ion  p r o d u c t s  w e r e  i so la ted  by f rac t iona t ion  of the ca t a lyza t e  in a 
co lumn  with 30 t he o re t i c a l  p la tes .  The pyr id ine  base s  w e r e  identif ied f r o m  the i r  LR s p e c t r a  and the p r o p e r -  
t ies  of  t he i r  p i c r a t e s .  

We thank P r o f e s s o r  I. L. K o t l y a r e v s k i i  (Insti tute of  Chemica l  Kine t ics  and Combus ion ,  Siber ian  Branch  
A c a d e m y  of Sc iences  of  the USSR) for  his  valuable  advice  and h i s  pa r t i c ipa t ion  in the d i s c u s s i o n  of the r e -  
ac t ion  m e c h a n i s m .  
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