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A WAVELENGTH DEPENDENT PHOTOLYSIS AND A LIGHT INDUCED THERMAL

REDUCTION RESULTING IN DEOXYGENATION OF o ,a ,N-TRIPHENYLNITRONE
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Department of Chemistry and Laboratory of Chemical Biodynamics
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| Irradiation of nitrones generally results in cyclization to oxaziridines.” However, we have

found that triphenylnitrone (1) undergoes approximately 30% deoxygenation when irradiated at 2537 \
; in ethanol in the abscnce of oxygen, whereas this nitrone forms an oxaziridine in almost quanti-
tative yield when irradiated at 3500 Z with or without oxygenvpresent.2 Although this is.one of

the few reports of photodeoxygeriation of a nitroue3, hecerparoﬁatic aming N-oxides have been shown

to undergo deoxygenation in addition to other pho;qreactions.l In some cases, oxygen insertion

into C-H bonds qu'addition to double bonds have beeﬁ demonstrated.a Since oxaziridines have not
. been characteriied in the heterocaromatic amine N—o*idg series,l it is not known whether the oxygen
is transfer%ed from the N-oxide or an §xaziridine intérmediate; 

Whgan, 3, 3-triphenyloxaziridine was irradiated at 2537 Z under the same conditions as I,

very little deoxjgenation occurred, The major reaction was fragmehtation to benzophenone and
phenylnitrenesa with the quantum efficien;y of oxaziridine disappearance close to I.Sb Apparent-
ly, it is the nitrone and not the oxaziridine that undergoes the photodeoxysenation.
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In order to obtain ipformation about the mature of the excited state involved,'ché quantum
:fficiencies of the nitrone photoreaction under a variety of conditions were investigated. The

cesults indicate that the photodésxygenation occurs from a triplet state of the nitrone (Table I).

Y —

" ‘here was appreciable quenching by oxygen, 2,4-hexadien-1-¢1 (ET = 606).and cyclchexene (ET=807)‘

tern~Volmer plots with the latter two quenchers leveled off at approximately 80% quenching, éug—
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estive of some singlet state deoxygenation. At low quencher concentrations, th(slopc)



Table I

Quantum Ylelds of 1r1phenylnitrone quappcarance and lrlphen/llmine and Trlphenyloxazirldlne

- Appearance Under Varying Conditions of Irradiation at 2537 Al

Added ' : R | Nitgone . Im?ne Oxazgridine
Substance : Disappearance Appear‘anceC Appearance
- B o2, 0.2 . 0.30 -
oxygen = . v 0.36 0.06 . 0.30
cyclohexene, 360 mg. o L 0.37 0.07 0.30
2,4-hexadien-1-o0l, 4.5 mg. . .0.37 G.07 . .0.30
m~mcthoxyaéetpphenone, 400,mg.e v ‘ 0.012 0.003 0.009
_benzene, 14 ml. (ethanol, 1 ml.)® 0.091 0.033 ~ 0.058
‘acetophénone,_éoo mg.e‘ ‘ _ 1 0.079 " 0.069 0.010
benzophenone, 200 mg.° _ 0,099 . 0.089 0.010

a) Nitrone was 6 x 10_4 M in ethanol, total volume 15 ml.; under helium except.where oxygen is
noted, Irradiations were cdndudted at 2537 % in a Rayonet RPR-208 pﬁotofeactor with KI3.solutidn
filter, ?errioxaléte actinometry Qas used, Irradiation times were 30 sec. iﬁ the first four
experiments, S;mins. in the fifth and 2 mins. in the last three experiments; conversions to 8-25%.
b) Remaining nitrone was determined spectrophotometrically at 3100 3400 A on a diluted aliquot
before and after irradiating at 13500 A under oxygen. Maximum error + 1%.

¢) Imine was determined spectrophotometrlcally at 3400 & andvby 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 :he total imine.

d) Oxaziridine was determined by glpc and -active oxygen determination. There was no evidence of
a product.oﬁhcr,ﬂhan the thermal and photochemical products of oxaziridine. Maximum error + 5Z.
There was partiél photolysis of the oxaziridine in the first four and the sixth experiments.

e) Added compound was. calculated to absorb 99.5% of the light.

was 3 M.1 for cyclohekene and 250 M-l for 2,4-hexadien-1- ol Assumlng that the latter quenching

was diffusion controlled, the llfetime of the triplet state was calculated to be approximately
50 nanoseconds.9

Triplet sensitization of the photodeoxygenation feaction was ineff1c1ent with m-methoxy-

acetophenone (E_=73 10) and benzene (F =84 11)

T . However, the quantum yield of intersystem cross-

i

ing for ben7enc is 0, 45 compared to l for the ketones.ll,If there is singlet quenching of benzen. '
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the efficiency can be as low as 0.2.'3.With ¢isc = 0.2 as a correction factor, the quantun 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 (v75-80 kcal /mol) and short lifetime.

14,15

.Oxaziridine formation has been shown to be a w,m* singlet state reaction. The energy

-of the lowest singlet state of I is estimated to be approximately 75 kcal/mol.16 "With a typical

ww,y* singlet~triplet energy difference,17_che lowest v, w* triplet may be about 40-50 kcal/mol.18

Sensitization of cis-trans isomerization of u-cyano,u, N-diphenylnitrone has becen shown to occur

‘with a triplet sensitizer of ET=46 kcal/mol.19 The =,5* and n, a* states of nitrones would be

expectea from molecular orbital theory to have similar energy levels.20 Evidence so far indicates
that the n, .r* singlet state of nitrones has.an encrgy similar to or higher than the y,7* singlet
statE.Z1 Since n,n* singlet-triélet energy differcnces.are usually less than 10 kcal/hOll_ the
lowest n,y* triplet of I may reasonably be expected fo bé above 73 k&al/mol.

Although reactions from higher triplets are rarc,22 we tentatively suggest that the photq—
deoxygenation of I occurs predominantly from the nln* triplet with possibly some contribution
&mxmenm*sﬁ@ﬁy.

Acetophenone and benzophenone can act as hydrogcn atom tfanéfer agents via the ketyl radical.
23 These ketones led to more deoxygenation than m—mgthoxyacétophcnone wﬁich does not undergo
hydrogen abstraction rcactions.za Since benzophenone irradiatcd in alcoholic solvents has been
shown to be a redﬁcing agcnc,25 benzophenone waé irradiated vnder similar conditions as abovg,
with the nitrone'solqtion in a foll covered side arm and tube a§Q‘not exposed to light during the
irradiation. Immediately afccf irradiation, the two solutioﬁs were mixed yithout,opening to air.
A high yield of ‘deoxygenation (70%) to imine occufred’af;er stahding'in the dark for one day. N-
(Diphenylmethyl)-N%phenylhydroxylamine26 under similar_cbnditions'was partially reduced to the
aﬁine, indicating that the hydroxylamine was not an intermédiate. This evidence indicates that
there is anothér.mechanism for nitrone deoxygenacioﬁ, that of tHe rcaetion‘of ground state
nitrone with aﬁ active hydrogen atom donﬁr.

There 1s analogy to ketone chemistry in that ground state benzophenone is considered to
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react with the reactive intermediate (In) in the irradiated benzophenone solution to form two

ketyl ralicals which combine to form bénzopinacol.25b

*K/

hv \OH
0. PhC=
Ph,C=0 Ne,CHOH or ETOH > Q(H

- ?u Mf ' . o Me R Zh
- ' -{ Y Nou....o= —> PhiPh + + HOG.
Ph,C=0 + In —————> PhC=( X, NO0H....0 q:Ph-" _ > PhCPh + :
_ ’ — o Ph
2\ . - . iﬂ . M}(o ..-.?\ - pyl 2 Me

Ph,C=NPh + Ini——> |PhC= R N=¢{ >?hlPh + Ng=0 + HO- + PhN=CPh,
2 ' ' 7 N\ i
v - e’ “ph _ , |

Full details of this study will be submitted for publication.
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