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4-Nitropyridine N-oxides are photochemically re-
duced to afford 4-hydroxylaminopyridine N-oxides in
ethanol under nitrogen atmosphere.) From the
measurements of the quantum vyields and the flash-
spectrophotometric experiments, such a photochemical
reduction has been considered to proceed through an
intermediate species originating from the excited singlet
state of 4-nitropyridine N-oxide.?3 However, the
photochemical reduction of aromatic nitro compounds
are generally thought to proceed through the lowest
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n,w* triplet state; detailed investigations have been
performed on the nitrobenzene,? l-nitronaphthalene,$
and 4-nitropyridine.” Therefore, it seems to be of
importance, in elucidating the reaction mechanism, to
clarify whether or not the reduction of 4-nitropyridine
N-oxide can occur from the lowest triplet state. In
the present investigation, the biacetyl-sensitized reac-
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Fig. 1. The phosphorescence spectra of 4-nitropyridine N-
oxide ( ), 3-methyl-4-nitropyridine N-oxide (----) and
3,5-dimethyl-4-nitropyridine N-oxide (------ ) in 2-propanol
at 77°K.
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Fig. 2. Quenching of the biacetyl phosphorescence by an
addition of 4-nitropyridine N-oxide in deaerated 2-propanol
at room temperature.

(1) Dbiacetyl alone (5x10~2m)
(2) biacetyl (5% 10-2m) and 4-nitropyridine N-oxide
(1% 10-3m)

tions of 4-nitropyridine N-oxide (I), 3-methyl-4-nitro-
pyridine N-oxide (IT), and 3,5-dimethyl-4-nitropyridine
N-oxide (I1I) were carried out in deaerated 2-propanol
or ethanol.

The lowest triplet state of 4-nitropyridine N-oxide
has been studied by Kubota et al.® by means of both
its phosphorescence and S-T absorption spectroscopy.
As a result, the lowest triplet state of 4-nitropyridine
N-oxide has been concluded to be a m,n* state with an
excitation energy of about 52 kcal-mol-'. Figure 1
shows the phosphorescence spectra of (I), (II), and
(III) in 2-propanol glass at 77°K. Consequently, the
biacetyl (Er==>56.3 kcal-mol-!) is expected to be usable
as a triplet sensitizer for these N-oxides, (I), (II), and
(III). As is shown in Fig. 2, the biacetyl phosphores-
cence in deaerated 2-propanol (5% 10—%M) at room
temperature was observed to be completely quenched
by the addition of the 4-nitropyridine N-oxide (1 X

8) M. Yamakawa, Y. Mizuno, and T. Kubota, Annual meeting
of the Chemical Society of Japan, Tokyo, April, 1970, M. Yama-
kawa, T. Kubota, and Y. Mizuno, Symposium on the Molecular
Structures, Kyoto, October, 1971.
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10-3m). Similar results were also obtained when (II)
or (III) was used as a triplet quencher instead of (I).
In addition, Fig. 3 shows the progressive spectral
change in 4-nitropyridine N-oxide in deaerated 2-
propanol containing biacetyl when the solution was
irradiated with the visible light longer than 400 nm
which is absorbed by biacetyl alone; there, it was
observed that the absorption spectrum of 4-nitropyri-
dine N-oxide decreased progressively in intensity and
a new absorption band with its maximum at about
290 nm appeared.
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Fig. 3. The progressive spectral change of 4-nitropyridine N-
oxide (5Xx105M) in deaerated 2-propanol containing 5 X
10-3M biacetyl on visible light irradiation (>>400 nm).
Numbers refer to the irradiation time.

Next, the separation and identification of the photo-
products formed in the photosensitized reactions of (I),
(IT), and (III) were carried out; the procedures will
be described below.

An 2-propanol or ethanol solution containing 100 mg
of (I) and 200 mg of biacetyl in a quartz cylindrical
reaction vessel (5.0 cm in length and 4.5 cm in diameter)
was irradiated with a high-pressure mercury lamp
(Toshiba H-400 P) equipped with a Hoya L-42 filter
for 14 hr while nitrogen was bubbled in. After the
removal of the solvent under reduced pressure in an
atmosphere of nitrogen, benzene was added to the
residue. Then, the undissolved product was collected
and washed with a mixture of ethanol and diethyl
ether (1:1). The mp of the photoproduct (Ia) thus
obtained was 213—215°C (decomp.), and that of its
hydrochlorate, 157—159°C (decomp.). In the same
way, the photoproduct (IIa) was also isolated from
the irradiated solution of (II): mp 210—213°C (de-
comp.), and its hydrochlorate, 175—176°C (decomp.).
The UV and IR spectra of the two photoproducts,
(Ia) and (IIa), were superimposable upon those of
4-hydroxylaminopyridine N-oxide or 3-methyl-4-hy-
droxylaminopyridine N-oxide.?

In the case of 3,5-dimethyl 4-nitropyridine N-oxide
(IIT), white crystals (IIIa) were isolated by the same
procedures as those used for (I) and (II): recrystallized
from ethanol in a nitrogen atmosphere, mp 151°C
(decomp.), yield 35%, UV 12 296 nm (log ¢ 4.24),
NMR (CF;COOH, TMS) 6 2.45 ppm (s, 6H, (CHj,),),
7.94 ppm (s, 2H, aromatic), molecular weight (meas-

9) E. Ochiai and H. Mitarashi, Ann. Rept. ITSUU. Lab., 14,
17 (1965).
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ured by freezing-point depression of benzoic acid) 160,
Found: G, 54.00; H, 6.48; N, 18.08%,. Calcd for
C;H,,N,O,: C, 54.56; H, 6.49; N, 18.189%,. On the
basis of these analytical data, the photoproduct (IIIa)
was assumed to be a 3,5-dimethyl-4-hydroxylamino-
pyridine N-oxide. Further confirmation of the struc-
ture (IIIa) was provided by its conversion into 4,4'-
azoxy or 4-nitroso derivative in the following way.
The treatment of 100 mg of (I11Ia) with 5m! of 109,
aqueous ammonia resulted in a red coloration, which
then gradually faded to yellow. After the solution has
been allowed to stand for 20 min, extraction with
chloroform gave ca. 40 mg of yellow crystals (IIIb).
The (IIIb) thus obtained was purified by recrystalliza-
tion from ethanol: mp 265°C (decomp.), UV AiEH
275 nm (log ¢ 4.21), NMR (CDCl;, TMS) 6 2.22 ppm
(s, 6H, (CHjy),), 2.40 ppm (s, 6H, (CH,),), 8.08 ppm
(s, 4H, aromatic), Mass (M*)=288, Found: C, 58.20;
H, 5.66; N, 19.25%,. Calcd for C,,H,,N,O,: C, 58.33;
H, 5.56; N, 19.44%,. Thus, the product (IIIb) was
identified as 4,4"-azoxy-3 5-lutidine  1,1’-dioxide.
Similarly, a 100-mg portion of (IIla) was treated with
5m! of a 109 FeCl; solution, then, extraction with
chloroform gave 70 mg of greenish-yellow crystals
(IIIc): mp 203—205°C (decomp.), UV AR 253 nm
(log € 3.80), 363 nm (log ¢ 4.10), NMR (CDCl;, TMS)
6 2.63 ppm (s, 6H, (CHj),), 8.05 ppm (s, 2H, aromatic),
Mass (M*) =152, Found: C, 54.54; H, 5.21; N, 17.78%,.
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Calcd for C,HgN,O,: C, 55.26; H, 5.26; N, 18.429,.
These analytical data indicate that the product (IIIc)
is 3,5-dimethyl-4-nitrosopyridine N-oxide

NO, NHOH
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It was revealed by the present experiments that the
4-nitropyridine N-oxide and its methyl-substituted
derivatives were reduced by a biacetyl sensitization to
the corresponding 4-hydroxylamino derivatives; this
suggests that the hydrogen abstraction from a solvent
molecule can occur from the lowest z,z* triplet state
of 4-nitropyridine N-oxide. This is of particular
interest because Rosenberg and Servé’s mechanism of
the hydrogen abstraction by a z,z* triplet molecule!®
appears to be operative in the photosensitized reduc-
tion of 4-nitropyridine N-oxide. For this reason, further
studies are necessary in order to elucidate the nature
of the lowest lying triplet state of 4-nitropyridine
N-oxide.

10) H. M. Rosenberg and P. Servé, J. Amer. Chem. Soc., 92,
4746 (1970).






