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In our continuing studies on the photolysis of aromatic amine N-oxides, we
have found that irradiation of these N-oxides in dichloromethane in presence of
triphenylphosphine (1.2-5.0 mol equivalent to an N-oxide) under nitrogen atmos-
phere resulted in the formation of the deoxygenated products in high yields and
the formation of the photo-rearrangement products depressed from none to a small
amount.2

In a typical experiment, 2.5 mmol (550 mg) of 6~cyanophenanthridine 5-oxide
(Ia) in 450 ml of dichloromethane containing 3.0 mmol (786 mg) of triphenylphos-
phine was irradiated by 400 W high-pressure mercury lamp (Toshiba-400P) with a
Pyrex filter for 30 min under nitrogen atmosphere. Evaporation of the solvent
followed by column chromatography over silica gel afforded 6-~cyanophenanthridine
(I'a: 485 mg; 94.8%). The other products isolated were triphenylphosphine oxide
(657 mg} approximately 1 mol equivalent to the deoxygenated product) and a small
amount of the recovered phosphine. Whereas the use of the phosphine in a larger
amount gave the same result except for an increasement of recovery of the phos-
phine, use of the phosphine in a lesser amount (0.6 mol equivalent to la) re-
duced the yield of I'a to 61% with a complete conversion of the phosphine to its
oxide and increased the yields of the photo-rearrangement products (total yield:
31%; the ratio of Va to VIa was ca. 12:1). As reported previously,l the photo-
lysis of Ta in absence of the phosphine resulted in the formation of two rear-

rangement products: 6-cyanodibenz(d,f][1l,3]-oxazepine (Va; 78%) and 5-cyano-
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phenanthridin-6 (5H) -one (VIa; 13%) together with 3% of the deoxygenated product
(I'a).

This new deoxygenation method of the N-oxides with triphenylphosphine under
irradiation (> 300 nm) was applied with success to several bicyclic and tricyc-
lic amine N-oxides and the results are shown in Table I.

As well known, the photo-isomerization occurs through the lowest singlet
state (Sl) of the N-oxide, whereas the deoxygenation occurs from the lowest tri-
plet state (Tl),6 and the irradiation of these N-oxides in the absence of a re-
ducing reagent gave the former in predominance (80-90%) and the latter in a few
% yield. Though an enhancement of the intersystem crossing from the S1 state to
the Tl state seems to be attractive to the present case, such a mechanism may be
ruled out, because the amounts of the phosphine necessary to prevent the forma-
tion of the photo-rearrangement products differed in each N-oxide.

Though at present a possibility of a direct abstraction of oxygen atom from
the excited N-oxide (sl) is not regally excluded, the most reasonable mechanism
is the direct abstraction of oxygen atom from an oxaziridine species (this spe-
cies is believed to be formed as a primary photo-product from the excited N-
oxide (Sl) and assumed as the precursor of the photo-rearrangement p.roducts).6
In accordance with this mechanism, an oxaziridine derived from a nitrone exhib-
its a strong oxidizing ability7 and can be reduced to the parent imine with the
phosphine quite readily.8 Furthermore, the amounts of the amines formed in the

present reductions seem to be in parallel with the estimated life time of each
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Table I. Photochemical Deoxygenation of N-Oxides in Dichloro-
methane in Presence of Triphenylphcsphinea)
d) triphenylphosphine yield of product (%)
N-oxide mol equiv. to N-oxide deoxygenation rearrangement
1.2 95 0
Ia 3.0 95 0
0.6 61 31
IIa 1.2 88 t'.re-.u.:eby
b)
1.2 43 30
LA 3.0 78 5
v 1.2 42 325)
a 5.0 63 7
Ib 1.2 88 tracec)
Ivb 1.2 22 59S)
IIc 3.0 29 66>

a) The solution of 2.5 mmol of the N-oxide in 450 ml of the solvent containing
the phosphine was irradiated until the N-oxide was consumed (irrespective
of the amounts of the phosphine, 20-30 min-irradiation was required). Tri-
phenylphosphine oxide was formed in the amount of ca. 1 mol equivalent to
the amine formed in each photolysis.

b) Mostly the oxazepine.

c) A mixture of the oxazepine and the o -oxc compound (e.g., carbostyrils).

d) Irradiation of these N-oxides in the absence of phosphine in an aprotic
solvent has already heen reported: see refs 1 (for Ia), 3 (for Ib), 4 (for
IIa, IIc, and IIIa) and 5 (for IVa).
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oxaziridine species (e.g., the longer the life time of the oxaziridine, the lar-
ger the amount of the deoxygenated product).9

Though triphenylphosphine was reported to reduce aromatic amine N-oxides
under a forced condition (heating over 230°),10 it was assured that none of the
N-oxides nor their photo-rearrangement products (e.g., the oxazepine) reacted
with the phosphine in a dark even in a refluxed dichloromethane.
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