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Abstract-Pyridine N-oxide was pyrolysed under flash vacuum pyrolysis
conditions to afford pyridine, pyrrole, 2-pyridone, 2-cyanomethylpyridine,
and bipyridyls. Phenylpyridine N-oxides gave cyanonaphthalenes and
naphthalene other than the above mentioned products. Pyrolysis of
2,6-disubstituted pyridine N-oxides provided the products which were

supposed to be derived from the intramolecular oxygen migration.

The chemistry of pyridine N-oxides 1 has bean one of the most extensively studied fields in heterocyclic
compounds, and the thorough investigations have been dong for the reactivity of 1 in solution.!  Under the
.photoreaction conditions, it was proposed that 1 transformed to the oxaziridine intermediates, which
resulted in ring expansion and sequential reactions.2 On the olher hand, vapor phase chemistry of
pyridine N-oxides are seldom reporied. We have studied the flash vacuum pyrolysis [FVP)3 of pyridine
N-oxides which have active methylene groups at their a~positions.4 Picolyl radicals were the primary
intermediates in the reaction, therefore the reactivities of pyridine N-oxide moiety itself could not be
clarified. In this paper we wish to report the FVP of pyridine N-oxides and the reaction mechanisms.

in the typical experimem,5 10 mmol of pyridine N-oxide was distilled into a quartz pyrolysis tube {15 cm
X 1 cm) from a flask heated by sumounding it with a Nichrome wire. FVP was carried out at 750-850°C
under 0.01-0.001 mmHg. Products were collected in a cold trap ( liquid N2 ). Collected reaction mixture
was distilled lo seperate into a residual part and a distillable part. The former was chromatographed.
The latter was analyzed and identified with the authentic samples by nmr and gems. Pyridine N-oxide 1a
was pyrolysed to afford pyridine 2, pyrrole 3, 2-pyridone 4, 2-cyanomethylpyridine 5, and bipyridyls
6 (mainly 2,2"-isomer) { Table ). Their formation can be interpreted by a plausible mechanism as shown
in Scheme 1.

| ~ R 750 ~ 850C | products { Table )

0.01 ~ 0.001 mmHg

— 783 —




Table Flash Vacuum Pyrolysls of Pyridine N-Oxides
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Pyridine was obtained from the heterolytic cleavage of the N-O bond. Pyrrole, 2-pyridone, and
bipyridyls were suggested to be formed via the common intermediate oxaziridine 15. Elimination of
hydroxyl radical from 15 caused the formation of pyridy) radical 16, which attacked pyridine to produce
bipyridyls 6. Oxygen insertion 10 «-C-H bond gave 2-hydroxypyridine 17, which isomerized to 2-
pyridone 4., Compound 4 was stable under our FVP conditions although decarbonylation of 4 to pyrrole by
FVP was reportend.10 Ring expansicn of 15 afforded 1,2-oxazepine 18, which was transformed to 2H-
pyrrole-2-carbaldehyde 19 followed by decarbonylation to give pyrrole 3. The formation mechanism of
2-cyanomethylpyridine was remained uncomprehensible, but might be explicable by the existence of CHCN
unit which was derived from the ring fission of pyridine. The differences in the reaction products from

the photoreaction ones were suggested to owe the high temperature of FVP conditions,
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Scheme 1

Next, phenylpyridine N-oxides were pyrolysed under the same conditions. Cyanomethylpyridines were
not obtained in these cases, but instead cyanonaphthalenes 7, 8 and naphthalene 9 were produced (Table ).
The formation mechanisms of naphthalenes were considered as shown in Scheme 2. The pyridyl radical
21 underwent the C-N bond cleavage, and 22 re-closed o cyclobutenyl radical 23, which underwent
phenyl and/or hydrogen shift followed by ring cpening and ring closure to form cyanonaphthalenes (7 and

8). Elimination of CN radical gave phenylcyctobutadiens 24, which isomerized 1o naphthalene 9.
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Scheme 2
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The character of postulaled intermediary oxaziridine was supposed to be greally affected by the a-

substituent on the pyridine ring. Hence 2,6-diphenylpyridine N-oxide was selected as a substrate in order

to investigate the influence of a-substituent. As a result, 2-(2-hydroxyphenyl)-6-phenylpyridine 11

{

R=Ph) was obtained besides 2,8-diphenylpyridine and pyrrcles. Compound 11 was suggested to be

produced via the sequential intramolecular oxygen migration { Scheme 3 ). Similar phenomencn was

observed in the case of 2-cyan'o-6~phenylpyridine N-oxide. The oxygen migration to the phenyl group

f

ormed 2-cyano-8-{2-hydroxyphenyl)pyridine (13 R=CN) and 3.cyano-4-azadibenzoiuran 14. The

oxygen migration to the other side gave 2-isocyanato-6-phenyipyridine 25, which dimerized to 12.

n summary, pyridine N-oxides were activated at their N-O bond by thermal ensrgy. The heterolytic

cleavage of N-O bond gave the deoxygenated pyridines. Formations of the other products were rationally

accounted for by the intermediacy of oxaziridines. The sequential oxygen migration of the a-substituted

pyridine N-oxides also suggested the cxaziridine as an intermediate.
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Scheme 3 .
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