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Photochemistry of Pyridine N-Oxides.! Chemical Properties of Single and
Triplet Excited States

By Frangots BeLramy, Luis GUiLLERMO Ruiz BARRAGAN, and JACQUES STREITH*

(Laboratoire de Photochimie Ovganique associé au C.N.R.S., Institut des Sciences Exacles et Appliquées du C.U.H.R., Rue des
Fréves Lumiéve, 88-Mulhouse, France)

Summary Sensitization of the pyridine N-oxide triplet
state increases the extent of oxygen transfer reactioss,
whereas quenching with a copper salt in aqueous solution
increases the extent of photorearrangement.

ULTRA-VIOLET irradiation of pyridine N-oxides leads to the
formation of photoisomers and to photolytic oxygen
abstraction,! these processes being competitive. It has
been shown that pyridine N-oxide rearranges photo-
chemically in poor yield to 2-formylpyrrole;* when benzene
is the solvent, oxygen transfer is also observed to give
phenol and pyridine? Buchardt has shown that photo-
lytic oxygen abstraction is the only process when benzo-
phenone is used as a sensitizer, photoisomerization being
totally suppressed.?

We have found that 2-cyanopyridine N-oxide undergoes
photoinduced oxygen transfer, cvanopyridine being formed
in 479% vyield? Triplet sensitization of a 2 x 10-%M-
solution of 2-cyanopyridine N-oxide in methylene chloride
increases the photolytic process (Table 1).

nitrate complex! in H;O was irradiated (Table 2). The
formation of 2-formylpyrrole was monitored by measuring
the optical density of the pyrrole u.v. absorption band
[Amax 202 om (¢ 16-000)].

In practice, a solution of pyridine N-oxide and the
copper salt can be irradiated without prior synthesis of the
complex. The shortest reaction time and best yield of
2-formylpyrrole was obtained with a 2 x 10~!m-solution of
Cu(ClO,);. On a preparative scale, 320 mg of 2-formyl-
pyrrole are formed from 1 g of pyridine N-oxide.

When pyridine N-oxide complexes of Zn?*+, Fe¥*, Ni%¥,
and Co** salts were irradiated under the same experimeantal
conditions, no increase in 2-formylpyrrole formation could
be detected. The effect of Cu™ salts cannot therefore be
rationalized on grounds of a simple triplet quenching
process by transition metal ions.

The mechanism of the effect of copper salts on pyridine
N-oxide photochemistry is being investigated.
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TABLE 1. Yield of 2-cyanopyridine in the presence or absence of sensitizers
Concentration Yield
Lamp Sensitizer of sensitizer (%) Filter
Philips None 47-3 Pyrex
HPK 125
Philips Xanthone Er 74 kcal mol—? 4 X 10%m 57-6 Pyrex
HPK 125 8 X 102m 63-0 Pyrex
1-6 X 10-Im 71-0 Pyrex
Hanau Tetrabutylammonium phenyltetrazolidet 3 X 103m 717 Quartz
NK 6/20 Er 79 kcal mol—?
Philips Oxygen bubbled through the solution 33-0 Pyrex
HPK 125

Experiments were conducted in a merry-go-round u.v.
multitube reactor under nitrogen. Irradiation was con-
tinued until all starting material was consumed. Forma-
tion of 2-cyamopyridine was monitored by g.l.c., using
2,4-dimethylphenol as internal standard.} When oxygen
is bubbled through the solution, the yield of 2-cyanopyridine
drops to 33%,. These results suggest a triplet-state inter-
mediate during the photolytic cleavage.

In view of the preceding results it seemed reasonable to
postulate a singlet excited state to explain the formation of
the photoisomers. Quenching of the triplet state of
pyridine N-oxide should therefore lead to an increased
yield of 2-formylpyrrole. A transition metal complex was
thought to quench the triplet state but in fact formation of
2-formylpyrrole was increased tenfold when a copper
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TaBLE 2. Irradiation of pyridine N-oxide in HyO in the presence
of copper salts (Vycor filter)
Yield Duration
Lamp Reactant (%) (h)
Philips Pyridine N-oxide 2 x 102y 2 100
HPK 125
Philips [PyO],Cu{NO,}, 10-2m 32 100
HPK 123
Philips Pyridine N-oxide 2 X 10—3m 40 6
HPK 125 --Cu[ClO,], 2 X 1071Mm
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