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A study is made of the dehydrogenation of 4-ethylpyridine over a 
mixed oxide catalyst, at atmospheric pressure, using dilution with 
steam, carbon dioxide, and nitrogen. Maximum yields of 4-vinyI- 
pyridine are obtained when the dehydrogenation is carried out at 
620 ~ C, feed rate 500 ml/l catalysr/hr, and CO2 dilution of the 
4-ethylpyridine at a mass ratio of 1:2-1:8. 

B e c a u s e  of  t h e  h i g h  r e a c t i v i t y  a n d  e x t r e m e  e a s e  
of  p o l y m e r i z a t i o n  of  v i n y l p y r i d i n e s ,  t h e y  a r e  f i n d i n g  
e v e r  g r e a t e r  a p p l i c a t i o n  in  o r g a n i c  s y n t h e s i s ,  and  in  

p r e p a r a t i o n  of  p o l y m e r i c  m a t e r i a l s .  T h u s  o v e r  500 

c o m p o u n d s  w i t h  a b r o a d  s p e c t r u m  of  p h y s i o l o g i c a l  
a c t i v i t y  h a v e  b e e n  p r e p a r e d  b y  p y r i d y l e t h y l a t i o n  of  

v a r i o u s  o r g a n i c  c o m p o u n d s  [1] .  

A l a r g e  n u m b e r  of  p o l y m e r i c  m a t e r i a l s  h a v e  b e e n  

o b t a i n e d  t h r o u g h  r e s e a r c h  on  the  s y n t h e s i s  of  p o l y -  

m e r s  b a s e d  o n  v i n y l p y r i d i n e  [2] .  A t  p r e s e n t  the  m a i n  

m e t h o d  of p r e p a r i n g  4 - v i n y l p y r i d i n e  i s  c o n d e n s a t i o n  
of y - p i c o l i n e  w i t h  f o r m a l d e h y d e ,  f o l l o w e d  b y  d e -  

h y d r a t i o n  of  the  r e s u l t a n t  7 - p y r i d y l e t h a n o i .  

A s y n t h e s i s  of  4 - v i n y l p y r i d i n e  b y  c a t a l y t i c  d e -  

h y d r o g e n a t i o n  of  4 - e t h y l p y r i d i n e  i s  of  i n t e r e s t ,  s i n c e  

t he  l a t t e r  i s  o b t a i n a b l e  d i r e c t l y  f r o m  p y r i d i n e  [3], 
a n d  the  l a t t e r ,  u n l i k e  y - p i c o l i n e ,  i s  n o t  f u l l y  u t i l i z e d .  

In t he  p r e s e n t  r e s e a r c h  i t  i s  e s t a b l i s h e d  t h a t  
4 - e t h y l p y r i d i n e  i s  r e a d i l y  d e h y d r o g e n a t e d  o v e r  a m i x e d  

o x i d e  c a t a l y s t  [4], a t  a t m o s p h e r i c  p r e s s u r e ,  a n d  w h e n  

d i l u t e d  w i t h  c a r b o n  d i o x i d e ,  s t e a m ,  o r  n i t r o g e n .  

D e h y d r o g e n a t i o n  of 4 - e t h y l p y r i d i n e  g i v e s ,  in  a d -  

d i t i o n  to t h e  m a i n  r e a c t i o n  p r o d u c t ,  a c e r t a i n  q u a n -  

t i t y  of  4 - e t h y l p y r i d i n e  d e a l k y l a t i o n  p r o d u c t s ,  p y r i d i n e  

a n d  y - p i c o l i n e ,  s h o w n  b y  G L C .  In  a d d i t i o n ,  a m m o n i a  

w a s  q u a l i t a t i v e l y  d e t e c t e d  in  t he  r e a c t i o n  p r o d u c t s ,  i t  

being formed by complete decomposition of the pyr i -  
dine ring. However, these side reactions are incon- 
siderable, as the data of the figure and of Table 1 
show. 
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Chromatogram of cat- 
alytic conversion product 
in the dehydrogenation of 
4-ethylpyridine. i) Water; 
2) pyridine ; 3) y-picoline; 
4) 4-ethylpyridine; 5) 4- 

vinylpyridine. 

Run 

temp- 

Table i 

Catalytic Dehydrogenation of 4-Ethylpyridine over a Mixed Oxide Catalyst 

Yield of 4-vinyl- Chromatographic analysis 

erature, space velocity 
~ C 1/Z eatalyst/bx 

560 0,5 
580 0.5 
580 1.0 
,600 0.5 
B̀OO 1.0 
PoO0 1.5 
,B20 0.33 
620 0.5 
,620 0.5 
620 0.5 
,B20 0.5 
620 0.5 
t320 1.0 
620 1.0 
620 1.0 
640 0.5 
640 1.0 

4- E~hylpy- 
ridine feed 

Diluent 

H20 
H20 
H20 
H~O 
H~O 
H~O 
H~O 
H~O 
COs 
COx 
CO2 
N2 

H20 
H20 
H20 
H20 
H20 

Weight ratio 
4-ethylpyri- 
dine -diluent 

1:2 
1:2 
1:2 
1:2 
1:2 
1:2 
1:2 
1:2 
l : l  
1:2 
1:4 
1:4 
1:1 
1:2 
1:3 
1:2 
1:2 

Yield of 
total 

products, 

93.4 
87.8 
95.1 
88.7 
92.7 
93.6 
84,4 
84.6 
81.6 
82.0 
77.1 
80.8 
86.5 
90.2 
88,5 
816 
87.6 

pyridine based on 
4-ethylpyridine 

On the On the 
amount amount 
passed reacted 

15.4 60.4 
24.2 58.4 
19.0 67.0 
32.6 66.l 
28.2 70.1 
22.7 72.0 
28.8 53.8 
40.3 65,3 
45.6 64,3 
52.7 73.4 
48 6 66.7 
47 I 68,0 
30,7 62 1 
38.8 72,0 
41.7 71.0 
29.8 49.2 
36.3 62.7 

of total dehydrogenation 
products (weight %) 

4-vinyl- 4-ethyl- 
pyridine pyridine 

16.26 
27.13 66.51 
19.61 75.33 
36.08 57.03 
29.85 64.61 
23,86 73.10 
33.52 54,99 
46.85 44,86 
54.95 35,21 
63,13 34.07 
61.89 34.82 
57.32 37.89 
34,87 58.20 
42.33 50,97 
46.37 46,44 
35.88 48.94 
40.76 47,89 

~ -pico- 
ine 

4.57 
3.27 
5.30 
2.37 
1.41 
7.94 
6.55 
4,60 
1.60 
1,07 
2.63 
4.81 
5.02 
5.32 
9.21 
7.21 

pyri- 
dine 

2.08 
1,79 
1,79 
1.59 
3.17 
1,60 
3.55 
1.71 
524 
1.20 
2,22 
2,16 
2,12 
1.68 
1.87 
5.97 
4,t4 
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y- Picoline 
Pyridine 
4- Ethylpyridine 
4-vinylpyridine 

Table 2 

Chromatographic Analysis of Synthetic Mixtures of 
Pyridine Bases in the Total Products of Dehydro- 

genation of 4-Ethylpyridine, Weight % 

c o m p o n e n t  T a k e n  Found T a k e n  Found Taken  Found 

2.89 2.84 1,08 0.83 2.39 I 2,97 
6.38 5.82 2.38 1.50 6.70 I 5.71 

59.40 61.70 65.65 67.48 47,00 46.94 
31.33 29.64 30,89 30.19 43.9 44.38 

Temperature and space velocity are important in 
the dehydrogenation of 4-ethylpyridine. The maximum 

yield of 4-vinylpyridine is found at 620 ~ C, and a feed 
rate of 500 ml/l catalyst/hr. 

Use of various diluents in dehydrogenation of 4- 
ethylpyridine showed that the best results are ob- 

tained with CO2, nitrogen giving somewhat inferior 
results. Steam is the least effective diluent. 

The degree of dilution has a considerable effect 
on the dehydrogenation of 4-ethylpyridine. A weight 
ratio 4-ethylpyridine-diluent of 1:2-1:3 is best. 

Thus satisfactory yields of 4-vinylpyridine are 
obtained by dehydrogenating 4-ethylpyridine over a 

mixed oxide catalyst, at atmospheric pressure, and 

diluted with CO2, N2, or  H20. The 4-vinylpyridine is 
isolated from the total products of dehydrogenation 
by means of its cuprous chloride complex [5]. 

EXPERIMENTAL 

The start ing 4-ethylpyridine was synthesized as 
previously described [3], and had the following con- 
stants: 165~ ~ C, nD 2~ 1.5022; d~ 0.9427. The l i t -  
erature [6] gives bp 166 ~ C, d~ ~ 0.9417. 

Procedure ,  4-Ethylpyridine was dehydrogenated 
in a flow system, catalyst  charge 10 ml. During all 
runs catalyst  activity remained constant, and was 
checked by dehydrogenating 4-ethylpyridine under 
standard conditions. For  complete recovery  of 
reaction products, after each run the reac to r  was 
washed out with 10 ml water.  In the cases where the 
reaction products contained water, the liquid reaction 
products were removed by saturating with K2CO3, 
and the water  content was found by the carbide method 
[7], and expressed in relationship to the total weight 
of products obtained by saturating with K2CO 3. GLC 
was used to determine the composition of the organic 
par t  of the total reaction products.  

A KhL chromatograph was used, with a thermal 
detector.  The stat ionary liquid phase was polyethyl- 
eneglycol (molecular weight 1500), supported on NaC1 
crys ta ls  (grain diameter  0.25-0.5 mm), proport ion 
0.4%. Previously  1% KOH was introduced onto the 
NaC1 [8]. Column length 2 m. Separation was effected 

at 90 ~ C. Car r i e r  gas helium, passed at a rate of 
35 ml/min.  

An artificial  mixture consisting of the components 
of the total reaction product, was used to check the 
accuracy of the quantitative analysis of the total 
products (Table 2). 

Table 2 shows that when synthetic mixtures of the 
components of the total products of dehydrogenation of 
4-ethylpyridine are  chromatographed, within the 
limits of e r r o r  the results  obtained agree with the 
actual amounts of the components in the mixture. 
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