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Studies on the Nitrogen-Compounds in Coal Tar (I11)

(Formation of a-Pyridoin as a By-product of
Catalytic Air Oxidation of a-Picoline)

Mitsuomi Ito

Abstract

In the course of production of pyridine by the catalytic air oxidation of e-picoline in vapor phase
with vanadium pentoxide as catalyst, an orange yellow crystal could not be avoided to form as a
by- product, arid undesirable conversions of ¢-picoline came up to 20-25% in addition to the perfect
mudatxon to CO.. :

Therefore, in order to increase the yield of pyridine or make the mechanisms of the reactions
clear, it may be necessary to analyse the by-products and to know these formation conditions.

The above-mentioned crystal occupied the largest portion of percentages of detected by-products,
and as the results of analysis of this compound it’'s molecular formula was decided to be C;H;q0O:N,,
and. it's physical and chemical properties were similar to those of a-pyridoin (a-pyridoyl pyridylcarbinol)
which was synthesied by condensation of ajp)frid5rl-a1de}1_\rde in our laboratory. So this compound was
decided to be a-pyridoin.

For this synthesis, the a-pyridylaldehyde was prepared from c-picoline by chlorination and
hydrolysis, but the direct chlorination of ¢-picoline could hardly introduce less than three halogen
atoms in the side chain of «-picoline, so thus formed w-trichloro-g-picoline must be reduced to
dichloro-compound and then hydrolysed.

As the results of the above experiments, it might be concluded that in this process by the side
chain oxidation the methyl group of a-picoline was converted not only to carboxyl group, but also to
aldehyde group. But this aldehyde might be converted as soon as it formed, so a-pyridyl aldehyde
was scarcely found in products.

The formation conditions of ¢-pyridoin were very close to the optimum conditions for the
formation of pyridine, as followed:

Reaction ‘temperature -+ ceeeenns 440-450°C
Space velocity «rerveerereeiniiniens 0.07-0.08 ¢ of sample/cc of cata./hr.
Air 1atio ceeeeeseeeieee “oese 6~T times of theoretical volume of air.

And the addition of molybdenum trioxide to vanadium pentoxide as the catalyst, to prevent the
perfect oxidation of a-picoline to carbon dioxide, promoted the formation of the a-pyridoin, so the
use of it more than 1/ of total quantity of catalyst to may not be recommendable to get the better
yield of pyridine. '
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Hords ko, AR ME FHEE L 2,

/{Jm‘,l/l! NO 11 i‘j‘éﬁ}l{}f& NO 13

¥ (f47) H~OBmesh . 22 ¢ etk (g41)  5~6 mesh 22 ¢

V05 b.hg V05 () 6 ¢
gl No. 12 MoOs (W) (1/5) 12¢

VK (l€47)  5~06 mesh 22 ¢

V.05 (32) 5 g

MoO; () (1/2) 2b¢g

1} 88 No. 11 ZHULBS
® 1 = LM 440 ~ 450°C

Ex. glec/hr X Theor. g % % % %
171 0.06 4.5 12 (20.0) (negl.) 30.0 1.67
173 0.08 6.02 14 (50.0) (3.9) 18.7 3.44
174 0.06 12.0 . 12 (30.6) (16.5) 37.5 1.67
175 0.07 4.0 14 (21.0) (negl.) 57.4 3.93
176 0.04 7.0 12.5 (17.9) (negl.) 30.1 0.84
177 0.09 7.0 18 (52.5) (6.2) 22.1 2.78

it No. 11 J 3 DI MoOs ZHEmaE £ % Lo c, ALK & LTk Hlnid i LW 247 L
CTE: %, 45 VRICH B % B RO HIA IR e T b, R a2 ¥ > Ieit b
W HCOE EOIE R R LTSS, [T oo ) F 1 > OUcd Lo e e LTS hic 47 {
4% LLFEBSPLER L TR S, 3o ERIC TE M EE R &
e, FOWURIZEFILBEOPENRS 2 7n { TIEEORBERIA T Wz ENHEI a5,

Ts%rLJ.T‘»{%‘é & B IERNO BN 2 R 2GS L WEFeIT R ilo B0 |ilitd 2T, zh
BOEERCTHSICER S Y 7 v LSRRI Y 2 ¥ v Oseg i B E Dt fc b, D e bic 2
ZICDEIDTDHD ‘

£ 0.07~0.08 DY oMk ¥

2) B No. 13 £HUBES
= 2 = BLIEISNE 440 ~450°C

o C Ze il 2843 MeAs I % SR SEAWAEE |a-e v g oy
TR 8.V) aRr) | REE Ly sy | RO e

Ex. g/ce/hr « Theor. g % % % %

178 0.08 6.02 16 (46.5) (5.0) 13.4 5.0

179 - 0.075 9.7 15 (30.0) (10.0) 12.2 6.67

180 0.07 40 14 — —_ 28.5 717

181 0.04 7.0 12 (50.0) (negl) 30.3 3.

182 0.095 6.7 19 (20.0) (16.8) 21.0 6.4
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il No. 13 X Bhidlt & L€ MyOs % VaOs o L 15 BEERIM L TH 2 OT,  EMEHHIEf &
BDEY T oW R SRR v Y o ER S HiETnT S i SE A e n I~ B L B
WS ZDH, F2RCH L2 2L a- €V F A > od Mgl No 11 & I O7els X b 45 LT 2
SMBEALE HHEHE 0.07 ~0.08 BRIE 4585\~ ez & 5% LT it 2 i et L s 2

3. BBIE No. 12 2EUD -84

N % 3 = IR I 440~450"C
sy | P | FEME | SHUGR g MR | R ) SRS e E A
°C g/ec/hr X Theor. z 2 % % 2%
123 450 0.206 6.6 72 (18.0) | (33.0) 29.1 6.8
194 Y 0.23 9.6 69 — — 17.5 5.92
196 v 0.045 109 18 (30.6) (16.5) 22.0 7.92
128 Y 0.075 6.55 3 (46.5) (5.2) 923.3 10.3
185 y 0.063 4.9 22 (21.0) | (negl) 53.5 7.23
149 y 0.15 40 30 — — 34.3 7.33
143 y 0.21 384 21 — — 29.0 8.57
145 » 0.035 48 17 (20.6) (16.5) 42.0 2.35
147 v 0.045 6.17 18 (39.0) (4.0) 35.0 5.56
151 v 0.15 6.9 23 (24.4) (30.0) 10.0 6.75
152 » 0.08 11.3 2 (36.8) (6.8) 18.0 8.34
153 v 0.10 7.8 24 (27.00 | (2849 15.0 8.07
14 | v 0.15 9.9 23 — — — 6.1
157 y 0.09 40 18 (13.9) — 16.6 7.98
159 ” 010 | 90 21 — — 12.6 6.67
164 420 0.06 8.1 15 (25.0) (26.5) 20.0 6.16
160 480 0.06 $0 18 (240) | (negl) 47.5 3.33
B8 4 =
svo AR 45 -1
0.04~0.05 Ex. 145 2.35% Ex. 147 5.56% . Ex. 126 7.92%
0.07~0.08 Ex. 1355 7.23% Ex. 198 10.30% Ex. 152 $.34%
0.09~0.1 Ex. 167 5.56% Ex. 153 8.07% Ex.159 6.6725
0.15 Ex. 142 7.73% Ex. 151 6.75% Ex. 154" 6.1%
0.2 Ex. 143 $.57% Ex.123 6.30% Ex. 124 5.9

~
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