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A WAVELENGTH DEPENDENT PHOTOLYSIS AND A LIGHT INDUCED THE~!AL 

REDUCTION RESULTING IN DEOXYGENATION OF Cl., Cl ,N-TRIPHENYLNITRONE 

Janet S •. Splitter and Helvin Calvin 

Department of Chemistry and Laboratory of Chemical Biodynamics 
University of "California, Berkeley, C~lifornia 94720 

Irradiation of nitrones generally results in cyclization t; oxaziridines. 1 HOlllever, we have 

found that trlphenylnitrone (1) undergoes approximately 30% deoxygenation when irradiated at 2537 
o 

II in ethanol in the abscnce of oxygen, 1I1hereas this nitrone forms an oxaziridine in almost quanti-

o 2 
tative yield when irradiated at 3500 A with or without oxygen present. Although this is one of 

the few reports of photodeoxygeriation of a nitrone 3 , heteroaromatic amine N-oxides have been shown 

to undergo deoxygenation in addition to other photoreactions.
l 

In some cases, oxygen insertion 
. 4 

into C-H bondsaI}d addition to double bonds have been demonstrated. Since oxaziridines have not 

been characterized in the heteroaromatic amine N-oxide series, I it is not known whether the. oxygen 

is transferred from'the N-oxide or an oxaziridine intermediate • 
.. 

When 2, 3, 3-triphenyloxaziridine was irradiated at 2537 A under the same conditions as I, 

very little deoxygenation occurred. The major reaction was fragmentation to benzophenone and 

phenylnitrene
5a 

with the quantum efficiency of oxaziridine disappearance close to 1.
5b 

1y, it is the nitrone and not the oxaziridine that undergoes the photocieo:q&C'nation. 
o 

.~ Cs..oo ,\. :> 
Phl=NPh------ ·0 
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Phi,.o '-.~Ph 

phl...o':o.Nl>h + 

Apparent-

In order to obtain 1.!lformation about the nature of the excited state involved, the quantum 

!fficiencies of the nitrone photoreaction under a variety of conditions were inv.estigated. The 

~esults indicate that the photode,pxygenation occurs from a triplet state of the nitrone 

6 :here was appreciable quenching by oxygen, 2,4-hexadien-I-ol (E
T 

.:: 60 ) and cyclohexene 

(Table I). 

7 
(E

T
=80 ). 

tern-Volmer plots with the latter two quenchers leveled off at approximately 80% quenching, sug-

'.. 8 
.estive of SOllie sinclet state deoxygenation. il.t\low qucncher concentrations, Kqt(slope) 
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Table I 

Quantum Yields of Tripheny1nitrone Disappearance nnd l'ripheny1imine and Tripheny10xaziridine 

Appearance Under Varying Conditions of Irradiation at 2537 A a 

Added 
Substance 

oxygen 

cyclohexene, 360 mg. 

2,4-hexaaien'-1-01, 4.5 t:lg. 
e m-Gethoxyacctophenonc. 400 mg. 

bel1zeae, 14 rd. (ethanol, I011.)e 

_ acetophenone, 400 me.e 
e benzophenone, 200 mg. 

~ 
Nitrone 

b 
Disappearance 

0;42 

0,36 

0,37 

0,37 

0,012 

0.091 

0.079 

0.099 

~ " Imine Oxaziridine 
d 

Appearance c 
Appearance 

0,12 0,30 

0.06 0,30 

0,07 0,30 

Q ,07 0,30 

0.003 0.009 

0.033 0.058 

0.069 0,010 

0.089 0.010 
-4 a) Nitrone was 6 x 10 M in ethanol, total volume 15 mI.; under helium except where oxygen is 

noted'. Irradiations were conducted at 2537 A in a Rayonet RPR-208 photoreactor with KI3 solution 

filter. Ferrioxa1ate actinometry was used. Irradiation times were 30 sec. in the first four 

experiments, 5·mins. in the fifth and 2 mins. in the last three experiments; conversions to 8-25i.. 
o 

b) Remaining nitrone was determined spectrophotometrically at 3100-3400 A on a diluted aliquot 

before and after irradiating at 3500 A under oxygen. Maximum error + 1%. 

c) Imine was determined spectrophotometrically at 3400 A and by glpc after irradiating remaining 

nitrone to oxaziridine at 3500 A under oxygen. Maximum error i 5%. Imine was stable to these 

conditions of irradiation. Photoreduction of nitrone by the benzophenone formed from oxaziridine 

fragmentation was found to be less than 3% of -the total imine. 

d) Oxaziridine was determined by glpcand active oxygen determination. There was no evidence of 

a product ,other than the thermal anI! photocherr,ica1 produc:s of ox;)ziridine. N,1xiraufl\ error -I- 57.. 

There was partial photolysis of the oxaziridine in the first four and the sixth experiments. 

e) Added compound t"as calculated to absorb 99.5% of the light. 

-1 -1 was 3 M for cyclohexene ~~d 250 M for 2,4-hexadien-I-01. ASSUming that the latt~r quenching 

was diffusion controlled, the lifetime of the triplet state was calculated to be approximately 
• 9 

50 nanoseconds. 

Triplet sensitization of the photoaeoxygenation reaction was inefficient with m-rr.ethoxy-
10 . 11 

acetophenone (E
T

=73 ) and benzene (ET=84 ). However, the quantum yield of intersystem cross-
12 11 

in8 for ben?ene is 0.45 compared to 1 for the ketones. If there is singlet qucnchine of benzcn-
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the efficiency can be as low as 0.2.
13 

With ~\sc = 0.2 as a correction: "factor, the quantu8 yield 

of imine formation from benzene triplet sensitization is similar to that from direct irradiation. 

In summary; the nitrone triplet state that results in deoxygenation appears to have a relatively 

high energy ("'75-80 kcal /mol) and short lifetime. 

14 15 
"Oxaziridine formation has been shown to be a 11 ,11'* singlet s tate reaction.' The cne rgy 

16 
of the lowestsin:glet state of I is est~mated to be approximately 75 kcal/mol. With a typical 

" 17 18 
ilr,'{* singlet-triplet energy difference, the Im,,'est "11'" 'Ii'" triplet may be about 40-50 kcal/mol. 

Sensitization of cis-trilns isor.-.erization of ::.-cyano,Cl, N-diphen)'lnitrone has been shown to occur 

with a triplet sensitizer of E
T

=46 kcal/r::ol. 19 The ::,r.* and n, Ol* states of nitrones would be 

expected from molecular orbital theory to have si~ilar energy levels.
20 

Evidence so far indicates 

that tjl7 n,1I'iIc singlet state of nitrones has an energy similar to or higher than the it,n* singlet 

state.
2l 

Since n,lI* singlet-triplet energy differences are usually less than 10 kcal/mol
l7 

the 

lowest n,rr* triplet of I may reasonably be expected to be above 73 kcal/mol. 

Although reactions from higher triplets are rare,22 we tentatively suggest that the photo

deoxygenation of I occurs ~redominantly from the n,r.* triplet with possibly so~e contribution 

from the n,lI* singlet. 

Acetophenone and benzophenone can act as hydrogen atom transfer agents via the ketyl radical. 

23 These k 1 d d h h I h' h d d etones e to more eoxygenation t an m-mct oxyacctoplcnone w ~c oes not un ergo 

hydroc:;cn ahstr<lcti(ln rcactio:'ls.24 Since benzophenone irradiated in alcoholic solvcnts has been 

shown to bc a redud.ng agent, 25 benzophenone was irradiated \'nder r.imilar conditions as above, 

with the nit rone solu tion in a foil covcred side arm and tube and not exposed to light during the 

irradiation. ImmediatctY after irradiation, the two solutions ,.~re mixed without, opening to air. 

A high yi.eld "fdeoxygenation (707.) to imine occurred after standing in the dark for one day. N

(Diphenylmethyl)-N-phenylhydroxylamine
26 

under similar conditions was partially reduced to the 

amine, indicating that the hydroxylamine was not an intermediate. This evidence indicates that 

there is another mechanism for nitrone deoxygenation, that of the rcal!ti.on of ground state 

27 nitrone with an activc hydrogen atom donor. 

Thcre is analogy to ketone chemistry in that ground state benzop!;cnonc is considered to 

i 
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react \.!ith the reactive intermediate (In) in the irradiated benzophenone solution to form two 

25b 
ketyl racicals which combine to form benzopinacol. 

H~ R 
QH~'/ Ph CcO ___ h:.:.v,:.-_____ --> Phe= ~H 

2 - }1e
2

CHOH or ETOH 

r \'" ~o ~ c!. Ph ] r Me R 

-----~~C=OH'OH •••• O:<Ph --- ;>Ph,Ph + Y + Ph 2C=0 + In 

r9H _- M~/OH •••• ~ _ Ph QH 

---;> PhG=C~R Y=< --->PhCPh 
. ==.f'H _ Pti Ph 

0 
'i' . 

Ph2C"~Ph + In 

Me 

+ ;=0 + 

Full details of this study will be submitted for publication. 
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such contractor, to the extent that such e.mployee or contractor of the 
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