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When the catalytic alkylation of pyridine was carried out with methanol  
and dimethyl ether under high-pressure conditions the main  product 
was 3, 5-1utidine. In the alkylation of 8-picoline with methanol, the 
main  product was 3-isopropylpyridine. 

R e c e n t l y ,  3 , 5 - d i a l k y l p y r i d i n e s ,  e s p e c i a l l y  3 , 5 - d i -  
m e t h y l p y r i d i n e ,  h a v e  found u s e  a s  i n t e r m e d i a t e s  in t he  
p r o d u c t i o n  of  s y n t h e t i c  r e s i n s ,  d y e s ,  and p h a r m a c e u -  
t i c a l  p r e p a r a t i o n s  [1]. 

s2oo] 1 
42001 3/~ 2 

l/A// 
"~176 
7oY , k 

240 260 280 300 h, nm 

UV spectra in 1% sulfuric 
acid: i) 3-methylpyridine; 
2) 3,5-dimethylpyridiae; 
3) 3-isopropylpyridine. 

S y n t h e t i c a l l y ,  3 , 5 - 1 u t i d i n e  is  o b t a i n e d  by  the  c o n -  
d e n s a t i o n  of p r o p i o n a l d e h y d e  wi th  f o r m a l d e h y d e  and 
a m m o n i a  [2], b y  the  c o n d e n s a t i o n  of  ~ - m e t h y l a c r o l e i n  

w i t h  a m m o n i a  [3], and by  the  c a t a l y t i c  r e d u c t i o n  of  the  
c o r r e s p o n d i n g  h a l o g e n  d e r i v a t i v e s  of  p y r i d i n e  [4, 5]. 

T h e  p r e p a r a t i o n  of  a l k y l p y r i d i n e s  d i r e c t l y  f r o m  p y r i -  

d i n e  b y  c a t a l y t i c  a l k y l a t i o n  w i t h  e t h a n o l  i s  l i m i t e d  to  
t h e  w o r k  of  C u l l i n a n e  [6]. R e  o b t a i n e d  a c o m p l e x  m i x -  

t u r e  of  3 -  and 4 - p i c o l i n e s ,  2 , 6 - 1 u t i d i n e ,  and o t h e r  

p y r i d i n e  d e r i v a t i v e s  in l ow y i e l d .  

In c o n t r a s t  to t h i s  w o r k ,  we  h a v e  s t u d i e d  t h e  c a t a -  
l y t i c  a l k y l a t i o n  of  p y r i d i n e  and 3 - p i c o l i n e  wi th  m e t h a -  
no l  and of  p y r i d i n e  wi th  d i m e t h y l  e t h e r  at  h igh  p r e s -  
s u r e s .  T h e  r e a c t i o n s  w e r e  c a r r i e d  out  b o t h  in an a u t o -  
c l a v e  and in a c o n t i n u o u s  s y s t e m .  In t h i s  p r o c e s s  we  

u s e d  i n d u s t r i a l  a c t i v e  a l u m i n a  and n a r r o w - p o r e d  a l u -  

m i n o - s i l i c a t e  a s  c a t a l y s t s .  It w a s  found tha t  the  r e a c -  

t ion  of  p y r i d i n e  w i t h  m e t h a n o l  ( taken  in a m o l a r  r a t i o  
of  1 : 6) in an  a u t o c l a v e  wi th  t he  c a t a l y s t s  m e n t i o n e d  

g a v e  m a i n l y  3 , 5 - 1 u t i d i n e .  T h e  o p t i m u m  y i e l d  of  t he  

l a t t e r  (30.8%) w a s  found w i t h  a t h r e e - h o u r  t i m e  of  c o n -  

t a c t  of  t h e  s t a r t i n g  m a t e r i a l s  w i t h  t h e  a l u m i n o s i l i e a t e  
c a t a l y s t  at  400 ~ C. No a p p r e c i a b l e  d i f f e r e n c e  in t he  e f -  

f e c t i v e n e s s  of  t h e  c a t a l y s t s  w a s  found.  In t h i s  r e a c t i o n  

on ly  a v e r y  s m a l l  a m o u n t  of  3 - p i c o l i n e  was  f o r m e d .  

T h e  u s e  of  d i m e t h y l  e t h e r  as  a l k y l a t i n g  a g e n t  in the  
p r e s e n c e  of  a c t i v e  a l u m i n a  u n d e r  t he  s a m e  c o n d i t i o n s  
l ed  to a s m a l l  i n c r e a s e  in t he  y i e l d  of 3 , 5 - 1 u t i d i n e  
(35.1% c a l c u l a t e d  on the  i n i t i a l  p y r i d i n e ) .  In the  a l k y l a -  
t ion  of  3 - p i c o l i n e  w i t h  m e t h a n o l  o v e r  a l u m i n o s i l i c a t e  
u n d e r  t he  s a m e  c o n d i t i o n s ,  3 - i s o p r o p y l p y r i d i n e  and 
3 , 5 - 1 u t i d i n e  w e r e  f o r m e d  in y i e l d s  of  7.5 and 2.070, 

r e s p e c t i v e l y .  
We h a v e  a l s o  c a r r i e d  out  t he  a l k y l a t i o n  of  p y r i d i n e  

on the  c a t a l y s t s  m e n t i o n e d  wi th  d i m e t h y l  e t h e r  in a 

c o n t i n u o u s  s y s t e m  at  a s p a c e  v e l o c i t y  of  p y r i d i n e  of  
0.078 h r  -1. In t h i s  c a s e ,  t he  y i e l d  of  t he  3, 5 -1u t id ine  

f r a c t i o n  w a s  on ly  6% of t he  i n i t i a l  p y r i d i n e .  T h e  s m a l l  
y i e l d  of  3, 5 -1u t id ine  in t h i s  c a s e  i s  p r o b a b l y  e x p l a i n e d  
by  the  c o n s i d e r a b l y  l o w e r  p r e s s u r e  (10 a t m )  than  in t he  

a u t o c l a v e  r e a c t i o n  ( 3 0 0 - 3 5 0  a tm) .  

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

The alkylation of pyridine with methanol was carried out in an 
autoclave of type AV-1 with a capacity of 1 I. A mixture of 59 g of 
dry freshly-distilled pyridine, 142 g of absolute methanol, and 260 ml 
of calcined catalyst was charged into the autoclave. Then it was heated 
to the predetermined temperature (400* C) over 2 hr, and the time of 
contact of the reactants with the catalysts was calculated from the mo- 
ment when this temperature was reached. The discharged catalyzate 
was dried wkh granulated potassium hydroxide for a day and was then 
subjected to two fractional distillatiom. 

The following fractions were isolated and identified: 1) 140-150 ~ C, 
z0 1.4988 - 31picoline. The UV spectrum of the product re- 0.6g, n D 

generated from the picrate: kma x 262 nm [7] (see figure). Picrate, 
mp 150" C. Found,%: C 44.50; H 3.10; N 17.30, mol.wt. 324. Cal- 
culated for C6HTN .C6HaNaO7., ~ C 44.101 H 3.13; N. 17.39, mol. 
wt, 322. 

2) 165-175" C. 19.8 g, n~ 1.4967 - 3, 5-1utidine. The UV spec- 
trum of the product regenerated from the picrate: kma x 267.5 nm. 
Pierate. mp 237.5 ~ C (from water ). Found, %: C 46.51; H 3.59; 
N 16.66. Calculated for CTHgN.C6HaNaO7 , %: C 46.43; H 3.57; 
N 16.66. 

3) 176-185 ~ C, 4.9 g, n~ 1.4998 -- also identified as 3, 5-1utidine. 
UV spectrum of the product regenerated from the picrate: kma x 26%5 
nm. Picrate, mp 236.6 ~ C. Found, 70: C 46.21; H 3.64; N16.41. 

The alkylation of pyridine with dimethyl ether was carried out in 
the following way: the autoclave was initially charged with 110 g of 
pyridine and 260 ml of catalyst and then, in the cold, 128 g of the 
liquified ether was added. The remainder of the process was carried out 
as described above. Distillation of the product at 730 mm gave two 
fractions: 167-175 ~ C, 117 g, and 175-180 ~ C, 31 g. Both fractions 
were identified as 3, 5-1utidine. UV spectrum of the product regenerated 
from the picrate: kma x 267.5 nm. Ptcrate, mp 237-238* C. Found. 70: 
N 16.43; mol. wt. 335. 

The alkylation of 8-picoline was carried out by the method de- 
scribedabove. The autoclave was charged with 71.0 g of dehydrated 3- 
picoline, 142.0 g of absolute methanol, and 260 ml ofaluminosilicate. 

Two distillations of the alkylate yielded the following fractions: 
1) 48-52* C (5 mm), 1.5 g - 3, 5-1utidine. UV spectrum of the prod- 
uct regenerated from the picrate: kma x 267.5 nm. Plcrate, mp 238 ~ C. 
Found, %: C 46.39; H 3,43; N 16.71. 
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2) 53-58 ~ c (5 mm), 7 g, n~ 1.4918 - 3-isopropylpyridine. UV 
spectrum of the product regenerated from the picrate: kma x 258 nm. 
Picrate, mp 138 ~ C (from water), Found, %: C 48.10; H 3.81; 
N 15.98, mol. wt. 348. Calculated for CsHIIN .C6HaNaO7 , %: 
C 48.02; H 4.03; N 15.99, tool. wt. 350.2. 

The alkylatlon of pyridlne with dlmethyl ether was carried out in 
a continuous flow apparatus [8]. A cylinder with the liquified ether 
was attached to the apparatus, and this created a pressure in the system 
of about 10 arm. The reservoir was charged with 60 g of the initial py- 
ridine. The pyridine was passed over 130 ml of the catalyst heated to 
400 ~ C in a current of compressed dimethyl ether. At the end of the 
process, the alkylate was distilled and two fractions were isolated: 
166-175 ~ C (n~ 1.4997) and 175-180 ~ C (n~ 1.4983) at 715 nm, with 
yields of 3.5 and 1.5 g, respectively. Both fractions were identified as 
3, 5-1utidine. Picrate, mp 235-236 ~ C. Found, %: N 16.71; tool wt. 
334.2. 
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