Tetrahedron Letters No.55, pp. 4863-4866, 1969. Pergamon Press. Printed in Great Britain.

5~-PHENYLTETRAZOLIDE ANION AS A PHOTOSENSITIZER
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A previous reportl described the photodecamposition of 5-phenyltetra-

zolide anion (1) to phenylcarbene.
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It was noted that photolysis (N2 evolution) was inhibited by dissolved oxygen.
Further investigation has revealed the origin of this phenomenon and has shown
that 1 can function as a "self-indicating" photosensitizer.
Conjugated dienes effectively quenched nitrogen evolution. In deoxygenated
ethanol solutions, tetrabutylammonium 5-phenyltetrazolide (l, 0.026 M) failed

to photolyze when irradiated2

in the presence of 1,3-pentadiene, 2,4-hexadiene
or 1, 3-cyclohexadiene (each ca. 0.20 M). Since these compounds, as well as
oxygen, are efficient acceptors of triplet energy,3 it appeared probable that
photolysis of 1 occurs from a relatively long-lived (quenchable) triplet state.
Triplet energy transfer from 1 to 1,3-cyclohexadiene (BT = 54 Kcal/mole) was
confirmed by isolating the characteristic dimers derived. from the triplet state
of the diene.4 The dimers were identical to those obtained by benzophenone
photosengitization.

In cyclohexane, photolysis of 1 gives benzylcyclohexane by phenylcarbene
CH insertion.l} Quenching of the formation of this product by cis-2-trans-4-
hexadiene followed a Stern-Volmer kinetic relationship (Fig. 1). That PFig. 1
represents quenching of an excited state, and not chemical interception of the
phenylcarbene intermediate, is indicated by the lack of effect observed with

1-hexene.
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Fig. 1. Quenching of Product Formation. Photolysis
of 1 in Cyclohexane.

Two examples of photosensitization by phenyltetrazolide anion were
examined. Under conditions where 1 absorbed 93% of the incident radiation,

trans-stilbene quenched N2 evolution. 1In the process, however, stilbene underwent

photosensitized isomerization. cis-Stilbene behaved in a similar manner. The
photostationary state attained with tetrazolide anion (Fig. 2) lies close to
that reported for other high energy sensitizers (ET > 65 Kcal/mole) .3’5

Irradiation of the stilbenes in the absence of 1 produced a different isomer
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mixtu:e.s Similarly, the conversion of norbornadiene to cm::zdricyclene6 was
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pPhotosensitized by 5-phenyltetrazolide.

Attempts to transfer triplet energy to 1 from benzophenone (BT = 69 Kcal/
mole) and propiophenone (75 Kcal/mole) were unsuccessful, i.e., no nitrogen
evolution. Thus the first triplet state of 1 appeared to possess a triplet
energy greater than 75 Kcal/mole. The emission spectrum (Pig. 3) confirmed
this supposition. As with benzophenone, all emission occurred from the triplet

state (phosphorescence).
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Fig. 3.

The onset of emission (360 mu) corresponds to a triplet energy of 79.4 Kcal/mole.

The triplet counting method7 was employed to evaluate the intersystem
crossing yield (the quantum yield for the production of triplets). The value
was found to be 0.41.8

The foregoing results indicate that photoexcitation of S-phenyltetrazolide
(1) leads to a long-lived triplet state (ET = 79 Kcal/mole) capable of donating
its energy to suitable acceptors. A notable feature of the reagent is its
indicating property. When 1 functions as photosensitizer, nitrogen evolution is
quenched; with no energy transfer, photolysis occurs and nitrogen evolution is
observed. This unique property of 1 might prove useful in exploratory work

in energy transfer, and in assigning triplet energies to various substrates.
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