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Summary. Photolysis of 3-phenylpropiophenones 1a—d in the presence of 2,4,6-triphenylpyrylium
tetrafluoroborate (TPT) yields the corresponding a,B-unsaturated ketones 2a—¢ and 1d (from 1¢),
together with acetophenone (3), benzophenone (4), benzoic acid (5) and benzaldehyde (6), presumably
by fragmentations of the radical cation 17, generated via a single electron transfer process from 1
to the excited TPT.
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Photofragmentierung von 3-Phenylpropiophenonen via Elektroneniibertragung

Zusammenfassung. Photolyse der 3-Phenylpropiophenone 1a-d in Gegenwart von 2,4,6-Triphenyl-
pyrylium-tetrafluoroborat (TPT) ergeben die entsprechenden o,B-ungesittigten Ketone 2a—¢ und 1d
(aus 1¢), neben Acetophenon (3), Benzophenon (4), Benzoesdure (5) und Benzaldehyd (6), vermutlich
durch Fragmentierung des Radikal-Kations 1%, das mittels Ubertragung eines Elektrons von 1 zu
TPT im angeregten Zustand erzeugt wird.

Introduction

Photosensitized electron transfer constitutes a well established methodology for the
generation of radical cations in solution [ 1], which we have recently applied to the
dehydrogenation of flavanones to flavones [2]. As an extension of this work, we
were interested in the electron transfer photochemistry of 3-phenylpropiophenones
of the type 1, whose structures have in common with flavanones the two aryl rings
linked by the 1-propanone bridge, although they lack the heterocyclic moiety.

Results and Discussion

Irradiations were carried out at room temperature in the presence of catalytic
amounts of the electron transfer photosensitizer 2,4,6-triphenylpyrylium tetrafluo-
roborate (TPT) [3] in aerated solutions of dichloromethane containing 0.1% water.
The resulting products and their yields, expressed in percentages of the compound
in the final crude mixture of photolysis, are given in Table 1.
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These results indicate that the radical cations 17, formed by single electron
transfer (SET) from the electron rich phenyl ring of 1 to excited TPT, undergo
C—H or C—C bond cleavage to give intermediates I or II, as illustrated in Scheme
1. Further oxidation of the benzylic radicals I under the reaction conditions, affords
the corresponding cations IL. The feasibility of these processes is strongly supported
by the well established behaviour of alkylaromatics following electron transfer
oxidation [1, 4]. Formation of o,B-unsaturated ketones 2 from the intermediates
I or II through disproportionation or deprotonation, respectively, or also via trap-
ping of the benzylic cations II by water and subsequent dehydration of the resulting
hydroxyketones is thus easily explained. (It must be emphasized that in fact 1d is
a photoproduct of 1¢.)
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Electron transfer photofragmentation of hydroxyketones such as 1d must be
the origin of the isolated benzaldehyde (6) (starting form 1a) acetophenone (3)
(from 1b, ¢, d) and benzophenone (4) (from 1¢ or 1d). This process is formally a
retro-aldol reaction, and its correlation with the McLafferty rearrangement of
analogous radical cations in the gas phase (electron impact mass spectrometry) is
evident. Furthermore, the fact that the reaction mixtures of 1¢ and 1d contain
equimolar amounts of acetophenone and benzophenone constitutes a further sup-
port in favour of the hypothesis that both compounds are formed as a consequence
of the same cleavage process.

Finally, benzoic acid is presumably the product of nucleophilic attack by water
to the benzoyl cation (V), generated after breaking of the carbonyl-methylene bond
(process ii). This fragmentation is similar to that undergone by the radical cations
of the 3-phenylpropiophenones 1 in the gas phase (electron impact mass spectrom-
etry), where the benzoyl cation (m/z 105 amu) constitutes the base peak.
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The fact that only catalytic amounts of TPT are required to accomplish these
transformations indicates that oxygen must be acting as the electron sink. In this
context, it is interesting that during electron transfer photooxygenations sensitized
by 9,10-dicyanoanthracene (DCA), the radical anion of this compound reduces
ground state oxygen to superoxide, regenerating in this way the photosensitizer
[5]. The reduction potential of TPT does not allow the analogous process directly
[6], but it is possible that electron transfer is assisted by oxygen [7].

Experimental
Preparation of 2,4,6-Triphenylpyrylium Tetrafluoroborate (TPT)

An equimolar mixture of chalcone (21.0 g, 100 mmol), acetophenone (12.0 g, 100 mmol), and tetra-
fluoroboric acid (8.7 g, 100 mmol) were heated at 60°C under magnetic stirring for 3h. After this
time, ethyl ether (11) was added and the resulting suspension was filtered. Additional amounts of
TPT could be collected from the mother liquor by standing overnight in the refrigerator. The total
yield was 64%. TPT samples employed as photosensitizer were recrystallized from dichloromethane
before their use.

Irradiation Procedure

A solution of the corresponding 3-phenylpropiophenone 1 (250 g) and 7PT (50 mg) in dichloromethane
(300ml, water constant 0.1%) were irradiated under continuous magnetic stirring in an open vessel
through a potassium chromate filter (100 mg/1), using a 125 W medium pressure mercury lamp. The
time of photolysis was in all cases 6h. The irradiation mixture was kept at 10°C by a circulating
cooling bath. Control experiments showed that no products were formed if the solutions were kept
in the dark for 24h or if the irradiations were carried out in the absence of TPT. The reaction
mixtures were analyzed by GC/MS (HP 5988 A), GC coupled with a FT-IR detector (HP 5965 A)
and 'H-NMR (Varian 360 EM).

Physical and spectroscopic properties of compounds 1a—d and 2a—¢ were in good agreement
with the values reported in the literature [8-12].
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