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Synthesis of 3- Picoline and 3-Ethylpyridine 
By J. D. BUTLER, J. H. DODSWORTH, and A. T. GROOM 

(Department of Chemistry, College of Advanced Technology, Birmingham)  

ONE of the most successful syntheses of pyridine is 
from tetrahydrofurfuryl alcohol and ammonia in 
the vapour phase over alumina-supported catalysts 
at 500°.192 I t  is shown here that it is possible to 
modify this reaction so that besides pyridine, 
either 3-picoline or 3-ethylpyridine may be 
produced. 

The Table compares the yields of pyridines 
obtained using an A1,0,-Mo03 catalyst containing 
8.6% MOO, by weight, when ethylamine, ethanol, 
or methanol, respectively, are included in the 
tetrahydrofurfuryl alcohol fed to the reactor. 

530" causes a decrease in conversion into pyridine 
(IV) and n-valeronitrile (VI) with an accompanying 
increase in gaseous products. At  these tempkra- 
tures the rate of degradation of the intermediate 
(111) becomes faster than the rate of cyclization. 

The comparatively high yields of pyridinic 
products obtainable from this reaction5 stem from 
the flexibility of the saturated 5-carbon chain of 
the intermediate which enables cyclization to 
occur. This steric consideration is emphasized by 
the fact that reaction between furfuryl alcohol and 
ammonia does not give pyridine6 In this case, 

TABLE 

Mole percent of pyridinicproduct; mole yatio THFA: NH, - 1 : 4;  temperature 475"; catalyst volume 44 c.c., duration of  
yun 3 hr., contact time - 1.3 sec. 

MeOH Compound added None EtNH, EtNH, EtNH, EtOH 
Mole ratio THFA : additive 1 :o 1 :O-4 1 : 0.75 1 : 1.5 1 : l  1 : l  
Pyridine 20.0 7.9 7.6 8.8 7.5 13-0 
3-Picoline 5.6 3.3 3-5 4.2 3-8 17.7 
3-Ethylpyridine 3.6 18.9 21.5 24.1 19.8 1-8 

The principal by-products of the reaction, 
analyzed by gas-liquid chromatography and 
infrared spectroscopy, were n-valeronitrile and 
acetonitrile. Smaller amounts of unidentified 
products were also present. 

Available evidence3 indicates that tetrahydro- 
furfuryl alcohol (I) and ammonia react initially to 
form 2-aminomethyltetrahydrofuran (11). Rupture 
of the tetrahydrofuran ring at  the ether linkage4 
will give the free-radical intermediate (111) which 
subsequently cyclizes to pyridine. Degradation of 
(111) will also occur producing methyl and to a 
smaller extent ethyl radicals which attack the 
ruptured bond of the intermediate either before or 
during cyclization so that alkylation of the pyridine 
ring takes place selectively at  the 3-position (V). 
The inclusion of methyl or ethyl compounds in the 
feed to the reactor merely increases the availability 
of methyl or ethyl radicals which can react with the 
intermediate postulated, so that 3-alkylpyridines 
result (V). It is evident, from the relative amounts 
of 3-picoline and 3-ethylpyridine compared with 
pyridine (IV) found in the products from tetra- 
hydrofurfuryl alcohol and ammonia (Table) that 
the rate of cyclization at  475" is faster than the rate 
of degradation. Raising the temperature above 
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resinous products are formed because once the 
ether linkage of the furan ring is broken, the 
resulting unsaturated carbon chain is more rigid 
and polymerization predominates. 
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NUMBER 2, 1966 55 

G. Natta, G. Mattei, and E. Bartoletti, Chimica e Industria, 1942, 24, 81. 
G. Mattei, Ricerca sci., 1942, 13, 783. 
F. Brody and P. R. Ruby in “Pyridine and its Derivatives” Pt. 1, ed. Klingsberg, Interscience, New York, 1960, 

W. J. Gensler, and G. L. McLeod, J .  Org. Chem., 1963, 28, 3194. 
L. J.  Spillane and R. C. Tallman, U.S.P. 2,543,424 (Chenz. Abs., 1951, 45, 7153). 
C. H. Kline and J. Turkevich, J .  Amer.  Chem. Soc., 1944, 66, 1710. 

p. 156. 




