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PHOTOSENSITIZED OXIDATION OF ACETYLENES!

N. Berenjian, P. de Mayo*, F.H. Phoenix and A.C. Weedon
Photochemistry Unit, Department of Chemistry
University of Western Ontario, London, Ontario, N6A 5B7, Canada

Abstract: The sensitized {electron transfer) photo-oxidation of acetylenes to yield benzils is
described and the mechanism is discussed.

We have recently reported?:® the results of our investigations into the valence tautomerism
between a-dithiones, la, and 1,2-dithietes, IIa, and between a-ketothiones, Ib, and 1,2-oxathietes
Ilb, and the existence of these systems Ted us to consider the possibility of observing the cor-
responding valence isomers of a-diketones, Ic, i.e. 1,2-dioxetes, IIc.
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Apart from early reports*, not confirmed®, no evidence had been presented for the existence
of 1,2-dioxetes, IIc, until Turro reported the oxidation of a strained acetylene both with ground
state and singlet oxygen, the results of which could be rationalized with the intermediacy of a
dioxete®. However, oxygen does not normally add to acetylenes, though Foote has demonstrated
that singlet .oxygen will add to electron rich triple bonds’. We have confirmed that simple acety-
lenes do not react with singlet oxygen generated by methylene blue or rose bengal sensitization
in methanol.®

Foote has reported® the photosensitized (electron transfer) addition of oxygen to olefins
and this suggested to us that acetylenes might also react under these conditions. This was found
to be so, and the results are given in the Table.!? Typical conditions used were as follows: the
acetylene and sensitizer, dissolved in air saturated acetonitrile or propionitrile were irradi-
ated with a high or medium pressure mercury arc through a filter (see Table) so that only the
sensitizer absorbed light; the reactions were followed to completion by t.l.c. In all cases
where any reaction of the acetylene occurred, a major product was the corresponding benzil; in
the case of tolane the only other major product was benzoic acid. This was shown to be a second-
ary photoproduct arising from the photo-oxidation of benzil (direct irradiation of benzil in aceto
nitrile under identical reaction conditions, except that no sensitizer was present, gave benzoic
acid). Other than with tolane, the benzoic acids arising from secondary photo-reactions were not
isolated owing to the difficulty of their separation from the sensitizer photo-oxidation
products. ! In the case of ortho-methyltolane, 2-hydroxy-2-phenylindanone'?
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and is presumably a secondary photo-product arising from intramolecular hydrogen abstraction by
the photo-excited, first-formed ortho-methylbenzil.??

By analogy with the mechanism suggested by Foote for the photosensitized (electron transfer)
oxidation of olefins®, we propose the sequence shown in the Scheme. The excited sensitizer and
the acetylene undergo electron transfer to give the sensitizer radical anion and the acetylene
radical cation; the former undergoes further electron transfer with oxygen, regenerating sensi-
tizer and superoxide, which recombines with the radical cation of the acetylene to yield, after
further reorganization, the benzil product.
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In agreement with this mechanism, in the absence of sensitizer no reaction occurred and in
solvents of low dielectric constant (e.g. benzene or acetone or methylene chloride), where charge
separation becomes less favourable, the reaction became slower or more complex. Furthermore, the
reactivity of the acetylenes examined is consistent with that predicted by the Weller equation,
which relates the free energy of the electron transfer process between an excited acceptor and a
donor to the oxidation potential of the donor, the reduction potential of the acceptor and the
singlet (or triplet) energy of the excited acceptor.’® As can be seen from the Table all acety-
lenes which were reactive are predicted to undergo electron transfer spontaneously, whilst the
unreactive acetylenes all possess more positive free energy changes for the process. Also, it
would appear that the singlet state of the sensitizer is the acceptor species rather than the
triplet excited state, since the free energies of electron transfer to the triplet excited sensi-
tizer are all positive.

The species formed following the recombination of the postulated intermediates, superoxide
and the acetylene radical cation, could not be detected. Several intermediates can be written,
including a 1,2-dioxete, the latter of which could open to give the observed benzils in an excite«
state.® Photo-oxidation of tolane using our conditions, but at -30°C or -78°C failed to yield
a detectable intermediate and no chemiluminescence (benzil derived emission) was observed when
the reaction mixture was warmed to room temperature.
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