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Ammonia up-take has been correlated directly, for the first time, with the selective formation of nicotinamide on 
Moo3 and CuO; nicotinonitrile on V205; C02 and H20 on Bi203 catalysts, with a possible mechanism during 
ammoxidation of @-picoline. 

The vapour phase ammoxidation or oxidative ammonolysis of 
fl-picoline in the presence of a suitable vanadium based 
catalyst yields nicotinonitrile as the main reaction product. 1 4  
However, the mechanism involved in the formation of 
nicotinonitrile is not clearly understood. Nicotinonitrile is an 
important intermediate which can be easily hydrolysed to 
nicotinamide or nicotinic acid both of which are essential for 
the nutrition of humans and animals.5 This two-step process is 
used extensively to produce high yields of nicotinamide or 
nicotinic acid. In this communication, we report a single step 
synthesis of nicotinamide observed for the first time, by 
ammoxidation or oxidative ammonolysis of P-picoline on 
Moo3 and CuO catalysts. Possible mechanisms are proposed 
for the selective formation of nicotinonitrile on V205 and 
nicotinamide on M o o 3  or CuO catalysts based on NH3 uptake 
data and by using intermediate products as reactants. 

The single oxides employed in this study were V205, Moo3, 
CuO, and Bi203. Ammonia chemisorption was determined on 
a standard all-glass volumetric high-vacuum system. Samples 
were evacuated (10-6 torr vacuum) for several hours before 
the chemisorption measurements were taken. Ammonia 
chemisorption at 25 "C was determined by a double isotherm 
method developed for a low temperature oxygen chemisorp- 
tion study.6 A fixed-bed flow micro-reactor operating under 
atmospheric pressure was used to determine the activity of the 
catalysts at 375°C and products were analysed by gas 
chromatography. The main reaction products observed were 
nicotinonitrile, nicotinamide, carbon dioxide, water and 
traces of pyridine , 3-picolylamine, and 3-pyridinecarb- 
aldehyde. 

The ammonia uptake values and ammoxidation or oxidative 
ammonolysis mode of 6-picoline product distribution of the 
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Table 1. Ammonia chernisorption and P-picoline arnrnoxidation product distribution (selectivity YO) on various catalysts. 

Ammonia Amrnoxidationa Oxidative ammonolysisb 
uptake I F 

mole g- * Nicotino- 3-Picolyl- 3-Pyridine- Nicotin- Nicotino- 3-Picolyl- 3-Pyridine- 
Catalyst cat. Nicotinarnide nitrile arnine carbaldehyde amide nitrile amine carbaldehyde 
v2os 27.6 2.5 32.0 Trace - 2.0 24.0 Trace - 
MOO, 8.8 56.0 0.1 - Trace 45.0 0.0 - Trace 
CUO 11.2 58.0 0.1 - Trace 52.0 0.1 - Trace 
Bi203 0.1 - - - - - - - - 

a Contains gas phase oxygen in the feed. Contains no gas phase oxygen in the feed. 

Table 2. Product distribution (selectivity Yo) of arnrnoxidation of 3-picolylamine and 3-pyridinecarbaldehyde. 

3-Picol ylarnine 3-Pyridinecarbalde h yde 

Arnmoxidation Oxidative arnrnonolysis Arnmoxidation Oxidative ammonolysis 

Catalyst Nicotinarnide Nicotinonitrile Nicotinamide Nicotinonitrile Nicotinarnide Nicotinonitrile Nicotinamide Nicotinonitrile 
v20, 0.4 61 .O 0.2 34.3 52.8 0.0 47.8 0.0 
MOO, 0.7 47.0 0.8 33.7 46.5 0.1 23.5 0.1 
CUO 0.9 58.0 0.9 24.8 48.0 0.1 40.7 0.1 
Bi203 - - - - - - - - 

catalysts are presented in Table 1. The product distribution 
varies interestingly with the nature of metal oxide tested. The 
product nicotinonitrile was formed over V205, and total 
combustion products, C 0 2  and H 2 0 ,  with Bi203. Interest- 
ingly, nicotinamide is the major product over Moo3 and CuO 
catalysts. Baiker and Zollinger3 have also observed selective 
formation of nicotinonitrile over a V205 catalyst. Bismuth 
oxide is quickly reduced to the metallic state indicating an 
analogous total oxidation mechanism as observed with 
propan-2-01.’ The product distribution obtained on V205, 
Moo3,  and CuO catalysts clearly demonstrates that the 
reaction proceeds through at least two different distinct 
routes. The possible mechanisms are presented in Schemes 1 
and 2 respectively. 

As reported by Suvorov,8 in both conventional ammoxida- 
tion or oxidative ammonolysis, nitriles can be formed via both 
amines (Scheme 1) and a1,dehydes (Scheme 2) as inter- 
mediates. All the reactions in Scheme 1 and 2 proceed as a 
chain reaction without the necessity of intermediate desorp- 
tion or adsorption processes before the final end product is 
obtained. However, from our results it appears that the V205 
catalyst produces nicotinonitrile as the major end product as in 
Scheme 1. The formation of nicotinamide on Moo3 and CuO 
catalysts suggests that the reaction definitely follows the steps 
in Scheme 2, but desorption occurs at the intermediate amide 
formation step itself. 

To substantiate the proposed schemes, the intermediate 
products 3-picolylamine and 3-pyridinecarbaldehyde were fed 
individually over the oxides under identical conditions of 
P-picoline ammoxidation. The product distribution is shown 
in Table 2. As can be seen, 3-picolylamine selectively 
produces nicotinonitrile whereas, 3-pyridinecarbaldehyde 
gives nicotinamide irrespective of the oxides used. These 
results emphasize the fact that the formation of nicotinonitrile 
is only through 3-picolylamine, and nicotinamide is via 
3-pyridinecarbaldehyde. In addition to this, the trace amounts 
of 3-picolylamine on V2O5 and 3-pyridinecarbaldehyde over 
Moo3 and CuO clearly indicates that nicotinonitrile is formed 
selectively over V2O5 only via 3-picolylamine and nicotinam- 
ide on Mool  and CuO definitely through 3-pyridinecarb- 
aldehyde as per the steps in Schemes 1 and 2 respectively. The 
higher NH3 uptake values (Table 1) on V2O5 catalyst also 

PyCH3 + NH3 + (0) -+ PyCH2NH2 + H20 
PyCH2NH2 + (0) + PyCHNH + H20 
PyCHNH + (0) + PyCN + H20 

Scheme 1 

PyCH3 + 2 (0) -+ PyCHO+HZO 
PyCHO + NH3 + (0) + 
PyCONH2 + PyCN+HZO 

PyCONH2 + H20 

Scheme 2 

clearly show that a substantial amount of nicotinonitrile is 
formed according to the mechanism proposed in Scheme 1,  
since the important ammonia incorporation is involved in the 
first step of the mechanism. The lower uptake values of NH3 
on Moo3 and CuO are also in accordance with its participation 
only in the second step of the overall reaction mechanism as in 
Scheme 2. On the other hand, it is interesting that the absence 
of uptake of NH3 on Bi2O3 results with no end product that 
contains any nitrogen. 

Thus, Moo3 and CuO oxides have the beneficial effect of 
avoiding the nicotinonitrile hydrolysis step in the large scale 
production of nicotinamide if other conditions like deactiva- 
tion, conversion and selectivities are being controlled. 
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