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The reactivity of 2-, 8-, and 4-methylpyridines in vapor-phase
catalytic oxidation was studied over a vanadium—molybdenum—phos-
phorus catalyst, deposited on fine-pored corundum (in nongradient
conditions), The rate of total conversion of the methylpyridines de-
creases in the following series: 4-methylpyridine > 2-methylpyridine >
> 8-methylpyridine, It is suggested that scission of the C—H bond in
the methyl group of the oxidized compound is the first step in the
process,

In previous papers [1,2] devoted to the choice of
selective catalysts and optimum conditions of oxida-
tion of 2-, 3-, and 4-methylpyridines to pyridine alde-
hydes it was shown that the degree of conversion and
the quantitative ratios of the products vary in depen-
dence on the position of the methyl group in relation
to the heteroatom, provided that the reactions are
carried out in comparable conditions.

The present work describes the results of studying
the comparative reactivity of 2-, 3-, and 4-methyl-
pyridines.

In the experimental conditions selected, the reac-
tion proved highly nonselective. Products of complete
oxidation were formed in significant yield together
with products of the mild oxidative degradation of the
picolines.

By analogy with other vapor-phase catalytic proces-
ses for hydrocarbon oxidation [10-~13], it may be as-
sumed that the reaction products mentionedareformed
by a parallel-consecutive mechanism according to the
scheme:
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However, no kinetic data for this scheme are given.
The rate of total conversion of methylpyridines
(Wiot) decreases in the following sequence (Table 1):
4-methylpyridine > 2-methylpyridine > 3-methylpyri-
dine.
The value of Wit for the oxidation of 2-methylpyri-

dine is somewhat lower than that for 4-methylpyridine, -

while that for 3~methylpyridine is four times lower.
Direction of the reaction also varies according to
the nature of the component undergoing oxidation.
While oxidation of 2-methylpyridine affords the pyri-
dinealdehyde as the main product of partial oxidation,
the reaction of 4-methylpyridine goes in the direction
of the formation of a product of the further oxidation

of the methyl group—4-pyridinecarboxylic acid (the
maximum selectivity of formation of 4-pyridinecar-
boxylic acid is 25%) (Table 2).

With a large excess of oxygen in the reaection mix-
ture and slight dilution with steam, the rate of ac-
cumulation of 4-pyridinealdehyde is an order of mag-
nitude below that of 2-pyridinealdehyde. In these con-
ditions, this may be explained by the high rate of the
succeeding conversion reaction of 4-pyridinealdehyde.

The important role of the processes leading to the
further oxidation of the primary partial-oxidation
products of 2- and 4-methylpyridines is shown by data
on the dependence of the selectivity of the process on
the linear velocity of the reaction mixture. Anincrease
in the space velocity from 7300 to 24000 hr™! causes
a twofold increase in the selectivity of the formation
of 2~ and 4-pyridinealdehydes. Meanwhile a simulta-
neous lowering of the WCO+002/Wtot ratio occurs.

The latter supports the hypothesis that, under the ex-
perimental conditions selected, the further oxidation
of the pyridinealdehydes and, apparently, of the pyri-
dinecarboxylic acids and pyridine has a substantial
influence on the course of the process,

A considerable quantity of pyridine is formed in
the oxidation of the methylpyridines. Rate of formation
of pyridine falls symbatically with the lowering of the
rate of formation of pyridinecarboxylic acids. Maxi-
mum selectivities of pyridine formation in the oxida-
tion of 2- and 4-methylpyridines are 36 and 20%, re—~
spectively.

Condensation products are formed in considerable
amounts in the oxidation of 4-methylpyridine (rate—
21 X 1075—63 x 1075 mole/m? - hr, selectivity 3—11%),
while the oxidation of 2-methylpyridine under the
specified conditions affords only traces of 2,2'-pyri-
doin in the catalyzates (the selectivity does not exceed
2%).

As in the case of the total conversion reaction of
the methylpyridines and that of the formation of pyri-
dine, the rate of formation of carbon monoxide and
carbon dioxide falls in the sequence (Table 1) 4-meth-
ylpyridine > 2-methylpyridine > 3-methylpyridine.

The rate of formation of carbon monoxide and car-
bon dioxide (Wco+Co,) for the oxidation of 2~methyl~
pyridine is somewhat lower than the corresponding
value for the oxidation of 4-methylpyridine. In vapor-
phase catalytic oxidation of 3-methylpyridine, this
value falls by a factor of 2—3.

The selectivity of formation of the total products of
partial oxidation and of oxidative dealkylation is highest
in the oxidation of 4-methylpyridine, and lowest in the
oxidation of 3-methylpyridine. (The value of the ratio
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‘Table 1

Influence of Structure of the Picoline Oxidized on the Rate of Total Conversion
and of the Formation of Ald_ehydes, Acids, Pyridine, and Condensation and
Highly Oxidized Products at 430" C*

]

v

Compo- i . 10“,i
nentox- | €100 1y pea tot 2
idizea | mole/! mole/m*= -
- hr
2-Methyl-{ 42.20 23900 567.0
pyridine 32.00 14300 4420 |
24.72 9900 324.5 1
3-Methyl-| 64.8 23900 1610
pyridine 59.4 10000 : 1170
48.3 6540 @ 106.3
4-Methyl-| 48.4 23900 705.0
pyridine 41.11 14350 646.0
25.12 9890 489.0

W, - 10, i W, - 107,
mole/m? .| mole/m?2

- hr - hr |
i _,Aki,v_ﬁ__,_»
136.10 | 33.30 l
10230 | 2850 |
56.23 | 2089 |
1622 | 968
14.86 9.61
13.09 | 9.36
1349 | 1714
1175 | 169.8
7.08 | 1288

|
|

|

f Wp - 105 | Wy 10, ‘;W’colg_)cog
; mole/m? .| mole/m?2 " mole/m?2 .
ST - hr

14600 7.3 { 221.7
10960 600 i 2150
7413 | 532 . 1816
L9735 — 86.6
914 . - — | 816
8.36 — 763
1285 628 | 3116
[19.9 537 | 2383
| 1000 205 | 2216

*Wa, We, Wp, W4, Weo+CO,» and Wigg—rates of formation of aldehyde, pyridinecarboxylic acid,

pyridine, condensation products, products of complete oxidation and complete conversion, respectively.

Table 2

"Variation of the Selectivity of the Oxidation of 2-, 3-, and 4-Methylpyridines
with Space Velocity

| I v 4 U w 7
Compo- {Temp.,| V, hrl  ——2 \’ ! 100“T-wﬂp - - 100, —4.L -1 '_CS)j_CS 100
nent ox- | ’  Weot | Yto tWig i Wtot Wiot .
idized | °C ]‘ % Ly % LG L
H [ i
! | o 3 ] | o
2Methyl-| 400 | 7280 | 127 50 1 185 0 150 | 610
pyridine | 400 | 23900 33.3 64 | 355 143 | 232
| 430 | 9900 17.4 64 | 998 160 | 560
| 430 | 23900 24.0 59 | 258 . 130 | 390
3-Methyl. 400 | 6420 & 138 46 86 | 012 740
pyridine 400 | 23800 |  11.l 86 | 58 | 010 | 620
430 . 6340 12.3 8.8 7.8 10 | 720
© 430 | 23900 10.1 6.0 6.1 110+ 538
4-Methyl-: 400 | 7280 . 12 ;9220 15.8 42 . 570
pyridine | 400 | 23900 | 25 | 250 16.9 109 | 445
430 | 7310 | 094 230 | 198 . 34 525
430 | 23900 19 | 243 182 | 89 | 44l
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WCO+CO0,/Wtot in the oxidation of 3-methylpyridine
is 0.54—0.7 and in the oxidation of 4-methylpyridine it
does not exceed 0.57).
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Apparatus with continuous circulation: 1) column
of carbon, 2)caleium chloride, 3)sodalime, 4) As-
carite, 5)flow meters, 6)manometers, 7)thermo-
stated surface carburetor, 8) steam generator,
9) metering pump, 10) gas inlet, 11) superheater,
12) electromagnetic coil, 13) chamber with strips
of transformer iron, 14) switch, 15) rheostats,
16) laboratory autotransformers, 17) inner reac-
tor chamber, 18) outer reactor chamber, 19) wire
of the heating element, 20) catalyst chamber,
21)glass cylinder, 22)absorbers, 23)drum-type
gas meter, 24) outlet for reactor gases, 25)ther-
mocouple, 26) K-59 potentiometer, 27) thermo-
stat, 28) glass piston.

The apparent activation energies for the oxidation
of 2-, 3-, and 4-methylpyridines (Table 3) were found
from the variations with temperature of the over-all
rates of conversion of the methylpyridines. The ap-
parent activation energy values found also agree with
the sequence of reactivities given above and with
basicities of the methylpyridines {14].

It is important to note that the highest reactivity is
found with 4-methylpyridine, and the lowest with
3-methylpyridine, also in such conversion reactions
as deutero-exchange [15], conversion dealkylation
[16], and condensation [17].

It is possible to assume that there may be common
stages in reactions connected with the conversion of
methyl groups in various hydrocarbons and in pyridine
derivatives. In the production of pyridinealdehydes by
the vapor-phase catalytic oxidation of methylpyridines,
the first, and perhaps in some cases the limiting,
stage is C—H bond scission in the methyl group.

This mechanism has been proposed for the demeth-
ylation reaction on nickel catalysts, the pyrolysis of
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methylpyridines and toluene [ 18], and the contact vapor-
phase oxidation of hydrocarbons on copper catalysts [19].
On the other hand, we have found frequency shifts
of 43 cm™! for the wagging vibrations of the CHy group
in the IR spectrum of 2-methylpyridine, adsorbed on
a vanadium catalyst which can obviously be explained
by the chemisorption of the methylpyridine at the
methyl group. In this case, it is possible that some
weakening of the C—H bond occurs [20].

EXPERIMENTAL

The experiments were conducted in a nongradient reactor designed
by G. P. Korneichuk {3). (The general plan of the apparats is shown
in Fig. 1). The initial concentration of methylpyridine in the steam-
air mixture was 54— 61 x 10”° mole/I and the temperature was 370~
430° C. The dilution of the reaction mixture with air and steam cor-
responded to an oxygen-water-methylpyridine molar ratio of 12-13:
10:1.

In order to decrease the influence of macrokinetic factors on the
velocity of the process, the active components—oxides of vanadium,
molybdenum, phosphorus, sodium, and nickel (1% of the weight of
the catalyst)~were deposited on low-porosity corundum having prac-
tically zero internal surface area (Sspec =0.003 mZ/g, porosity
3-7%). The specific surface was determined by the BET method using
the low-temperature absorption of krypton. The porosity of the carrier
was determined by the mercury penetration method. The vanadium-—
molybdenum —phosphorus catayst had a specific surface of 0.34
mz/g and a bulk density of 2.0 g/cm® [41.

The oxidation reaction of the methylpyridines afforded the cor-
responding pyridinealdehydes and pyridinecarboxylic acids, pyridine,
products of far-reaching conversion, and condensation products of
pyridinealdehydes—2, 2'-pyridoin (from the oxidation of 2-methyl-
pyridine) and 1, 2-di(4" -pyridyl)-1, 2-ethanediol (from the oxidation
of 4-methylpyridine).

A polarographic method [5-7] was used for the quantitative deter-
mination of the pyridinealdehydes, the 2, 2'-pyridoin, and the pyri-
dinecarboxylic 4cids, The catalyzates were analyzed in acetate buffer
at pH 5.5 on a TsPE-812 electronic recarding polarograph.

In parallel, the pyridinecamboxylic acids were titrated with 0,01 N
alkali to phenolphthalein. 1,2-Di(4'-pyridyl}-1, 2-ethanediol was
determined by iodometric titration[6].

purity of the initial methylpyridines and of the pyridine formed
and of the unchanged methylpyridines was determined on a Khrom-1

Table 3

Comparision of Apparent Activation
Energies for Over-all Conversion
and Basicities of the Methylpyridines.

s E,
Compound oxidized pK, M kealjmole
~ i
4-Methylpyridine 6.025 | 10.0
2-Methylpyridine 5.943 13.0
3-Methylpyridine 5.657 \ 18.0

gas-liquid chromatograph (stationary phase— Apiezon M, 20-25% on
Chromosord W). Carbon monoxide and dioxide were determined by
a published method [9].
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