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In the reac t ion  of 2-picoline with methanol  in the p re sence  of hydrogen chlor ide ,  alkylation 
p roceeds  p r i m a r i l y  at the side methyl  group to fo rm 2-e thy l -  and 2- i sopropylpyr id ines ,  to -  
ge ther  with smal l  amounts  of 3-picol ine and 2,3- and 2,6-1utidines. 

In connection with a study of the alkylation of pyridine on acid ca ta lys t s  [1,2], it s eemed  of in te res t  to 
inves t igate  the react ion  of picolines with methanol  in the p re sence  of hydrogen chlor ide .  2- And 4-picol ines  
a r e  capable  of undergoing alkylat ion in the side chain by means  of organometa l l ic  compounds .  There  is 
only one indication [4] of the alkylation of 2-picoline with methanol  in the p r e sence  of a luminum oxide. In 
this case ,  2-e thylpyr id ine  is fo rmed  in 45% yield along with 2- i sopropylpyr id ine  in 5% yield.  We studied 
the alkylation of 2-picoline with methanol  in the p resence  of hydrogen chlor ide ,  applied on s i l ica  gel,  The 
reac t ion  was c a r r i e d  out in both an autoclave and in a flow s y s t e m .  In the autoclave var iant ,  2-picoline is 
alkylated p r i m a r i l y  in the side chain to f o r m  2-e thy l -  (60%) and 2- i sopropylpyr id ines  (5.77c}. In addition, 
r ing alkylation to f o r m  2,6-  (1 .To/c), 2 ,3-  (2.2%), and 2,5-1utidines (1.8%), i somer iza t ion  of 2-picol ine with 
migra t ion  of a methyl  group to the 3 position (0.9%), and dealkylation of 2-picol ine to pyridine (1.7c/c) occur  
under  the p roces s  condit ions.  

In the flow var ian t ,  the fo rmat ion  of 2-ethylpyridine in 7,4% yield was observed  during alkylat i0n of 
2-picol ine,  and 5.2% of the 2-picoline underwent  dealkylat ion,  while 2% of the 2-picoline was i somcr i zed .  
T r a c e s  of 2,6- ,  2,5- ,  and 2,3-1utidines were  detected in the mixture  of alkylated products .  

Thus i nc rea sed  p r e s s u r e  of the reac t ion  mix tu re  is an impor tan t  fac tor  in alkylat ion.  On the other  
hand, however ,  dealkylation and i somer iza t ion  of 2-picoline proceed  m o r e  v igorous ly  at n o r m a l  p r e s s u r e .  

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

The alkylation of pyridine was c a r r i e d  out in a type AB-1 autoclave at 350~ and 200-210 a tm.  A 
72-g sample  of f r e sh ly  dis t i l led anhydrous 2-picoline and 140 g of absolute methanol ,  together  with the 
ca ta lys t  (0.1 mole) ,  un i formly  applied on s i l i ca  gel,  were  placed in the autoclave.  The contact  t ime  of the 
reac t ion  mix tu re  with the ca ta lys t  was reckoned f r o m  the point at which a fixed t e m p e r a t u r e  was reached .  
The ca ta lyza te  was acidif ied with 20% hydrochlor ic  acid, and the neu t ra l  products  were  r emoved  by s t e a m  
dist i l la t ion.  The res idue  was t r ea t ed  with 30% sodium hydroxide solution tmtil i t  was alkaline, and the 
pyridine bases  were  r emoved  by s t e a m  dist i l la t ion.  The bases  were  sal ted out with po tass ium carbonate ,  
dr ied with po tass ium hydroxide,  and f rac t ional ly  dis t i l led.  The f rac t ions  se lec ted  were  analyzed with an 
LKhM-7A gas- l iquid ch romatograph  with a f lame- ioniza t ion  de tec tor .  A flexible f o u r - m e t e r  column with an 
inner  d i ame te r  of 6 m m  was used  for  the separa t ion ;  2 m of this column was filled with INZ-600 br ick ,  to 
which 20% t r ie thanolamine  + 2% po tass ium hydroxide had been applied; the other  2 m of the column was 
fil led with Cel l i te-545,  to which 20% polyethylene glycol (with a mo lecu la r  weight of 1000) + 3.6% po tass ium 
hydroxide had been applied.  The columns were  the rmos ta t t ed  at 150~ and the argon flow ra te  was 30 m l /  

*See [1] for  communica t ion  I.  
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TABLE 1. Results of Fractionation and Characteris t ics  of the 
Isolated Alkylpyridines 

bp, ~ Agt., 

114--140 23,4 

140--160 48,5 

~ornp.] bp, ~C gmt., Components Components [ % i 

Pyridine 
-Picolinc 

2,6-Lutidine a 
2 - Ethylpyddine ~ 
2,5-Lhtldine 
Pyddine c 
2- Picol.ine 
2,6-Lutidine a 
2- E~ylmrridine 
2, 5-Lufidinr c 
2- Isopropyl- 

pyndinc 
2, 3- Luti dine a 

3,2 t60--180 
41,6 I t 
d:~ 

4,7 
0,6 ' 

24,0 180--200 
2,2 t 

65,0 
0,9 
7,3 

~ace$ [ 

14,8 

8,6 

2- Picoline 
2,6-Lutidinr c 
2- Ethylpyddine 
2- Isopropyl- 

pyndine 
2,3-Lutidine 
3- PicolLne c 
2- Picol ine 
2-Ethylpyridine 
3 - l>icoRne 
2- Isopropyl- 

pyndined 
2,3-Lutidine 

Comp., 

7,! 
1,0 

74,8 
9,6 

7,5 
~aces  

4,3 
60,0 
4,6 

19,1 

12,0 

aIdentif ied by addition of a r e f e r e n c e  substance  to the invest igated 
s am p l e .  
bThe p i c r a t e  had mp 109 ~ Found: N 16.6%. CTHgN �9 CsH3N307. 
Calculated:  N 16.7~c. 
CIdentified f r o m  the re tent ion t ime.  
dThe p ic ra t e  had mp 119 ~ Found: N 16.1%. CsHI~N �9 C6H3N307. 
Calculated:  N 16.0%. 

rain.  The peaks  were  identified by se lec t ion of microquant i t i es  of the individual components  issuing f rom 
the flow m e t e r  with subsequent  invest igat ion of them by UV spec t roscopy  with an SF-4A spec t ropho tome te r ,  
f r o m  the exit  t i m e s  of the peaks ,  and by the addition of a r e f e r e n c e  subs tance  f ract ion to the inves t igated 
s a m p l e .  The r e s u l t s  of the f ract ionat ion and identification of the pyridine bases  a re  p re sen ted  in Table  1. 

The alkylation of pyr idine in the flow var ian t  was accompl i shed  in an appara tus  of the flow s y s t e m  in 
[5] at a 2-picol ine space  veloci ty  of 0.074 h -1, 450 ~ and a tmospher i c  p r e s s u r e  of the vapor s  of the react ing  
subs t ances .  A mix tu re  of 40 g of 2-picol ine  and 70 g of methanol  was pas sed  over  180 cm 3 of heated (to 
400 ~ s i l i ca  gel impregna ted  with 0.1 mole  of hydrogen ch lor ide .  At the end of the p r o c e s s ,  the ca ta lyza te  
was worked up by the method indicated above and f rac t ionated .  The following f rac t ions  were  isolated:  the 
f i r s t  f rac t ion  (33.8 g) with bp 127-135 ~ cons is ted  of 5.2% pyridine,  83.3% 2-picol ine,  9.3% 2-e thylpyr id ine ,  
and 2.2% 3-pieol ine  (the 3-pieol ine  was identified by addition of a s tandard  to the inves t igated sample  fo l -  
lowed by chromatography) ;  the second f rac t ion  (1.4 g) with bp 135-140 ~ ccmsisted of 1.1% pyridine,  68.7~/c 
2-picol ine ,  4.6% 2,6-1utidine, 18.5% 2-e thylpyr id ine ,  2.3% 3-picol ine ,  1.9% 2,5-1utidine, and 2.9% 2,3-1uti-  
dine. The pyr id ine ,  3-picol ine ,  and 2,5- and 2,3-1utidines were  identified by addition of s tandards  to the in-  
ves t iga ted  s a m p l e s  with subsequent  ch rom a tog raphy  of the m i x t u r e s .  
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