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Reaction Mechanism of a Pyrylium Salt-sensitised Photocycloreversion

of a Cage Molecule

Keiji Okada, Kunio Hisamitsu, Tsutomu Miyashi, and Toshio Mukai*
Photochemical Research Laboratory, Faculty of Science, Tohoku University, Aramaki, Senadi 980, Japan

The pyrylium salt-sensitised photocycloreversion of a cage molecule (1) was studied in terms of the effects of
the concentration of (1), of light intensity, and of a quencher (tetramethoxybenzene), to confirm the
mechanism as an electron transfer radical ion chain process.

Recently, we reported the pyrylium salt-sensitised photo-
cycloreversion of a cage molecule (1).! The reaction was
unusually highly efficient having a quantum yield of ca. 80.
A radical ion chain mechanism was proposed (Scheme 1).
Photoinduced radical ion chain processes are known in, for

instance, the Syy! reaction? which occurs via an aromatic
radical anion. Relatively little has been reported on radical
cation chain processes.> Mechanistic investigation of the
highly efficient photocycloreversion of (1) should afford a
suitable model for the general reaction pathway by the uni-
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Figure 1. The dependence of quantum yield on concentrationjof
(1). [sens.] = 2.52 x 10~* M in acetonitrile.
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Figure 2. The effect of light intensity (/) on the quantum yield.
[(1)] = 2.75 x 10-3 m; [sens.] = 2.52 x 10-* M in acetonitrile.

molecular radical cation chain process. We now report the
effects on the reaction caused by changes in concentration of
(1) and in light intensity, and a study of the quenching of the
reaction using 1,2,4,5-tetramethoxybenzene.

Figure 1 shows the quantum yield as a function of the
concentration of (1). In the region 0—1 x 1072 M the quantum
yield increases linearly with concentration. However, at
higher concentrations, the quantum yield approaches a
plateau in the region @ = ca. 80. These results seem to be best
explained by the simple reaction scheme given by equations
(1) to (7). Assuming the applicability of the steady state
approximation?* for both the excited state and radical ions,
and recognising that the solution remains electronically
neutral [equation (8)], the quantum yield expression is shown
in equation (9). A qualitative explanation for the plateau is
the following. When the concentration of (1) increases, the
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Figure 3. Stern—Volmer plot for the quenching by 1,
methoxybenzene. A: [(1)] = 5.35 x 103 M; @: [(1)]
10-3 M; [sens.] = 2.52 x 10~* M in acetonitrile.

2,4,5-tetra-
= 2.75 %

steady state concentration of (1)** increases via equations (3)—
(5). As a result, however, the rate of the electron return
process [equation (6)] will also increase.

The above expression suggests that the quantum yield
should increase when irradiated with low intensity light. This
proved to be the case. Figure 2 shows the log-log plot of
quantum yield against light intensity. The experimental slope
(—0.45) is in good agreement with that (—0.5) predicted from
equation (9).
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Stern—Volmer quenching of the sensitised reaction by
tetramethoxybenzene provided another insight into the
mechanism. The plot obtained (Figure 3) is not a straight line.
The quantum yield sharply dropped in the concentration
region 0—1 x 107% m and then approached a constant value
{0.3 for [(1)] = 2.75 x 10~*mand 0.6 for [(1)] = 5.35 x 1073
M }. In the concentration region used, however, tetramethoxy-
benzene hardly quenched the fluorescence of the sensitiser
(kq =157 dm® mol™?). The sharp drop in the quantum yield
is due to [the curtailment of the propagation cycle. The fact
that the quantum yield was 0.3 for [(1)] = 2.75 x 10~* M or
0.6 for [(1)] = 5.35 x 10~®* M at high concentration of
quencher, suggests that the cycloreversion of (1)t to (2)-*
[equation (4)], is very rapid and cannot be impeded by exother-
mic diffusional quenching.
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Thus, the scheme presented sketches a rough picture of the
reaction mechanism. Nevertheless, the true mechanism must
be more complicated than indicated in the scheme. Under
degassed conditions, the quantum yield is much lower
{® = 8.5 aerated, 3.7 degassed at [(1)] = 2.78 x 10~3M}than
under aerated conditions.f Decolourisation of the sensitiser
did not occur and no oxidation product was detected under
the experimental conditions. Apparently oxygen has a
catalytic function. One possibility is that molecular oxygen
assists the charge separation in the initially formed radical ion
pair [S-—(1)*] in the solvent cage making available a new and
competive channel to the free radical cation (1)* [equation
(10)]. A series of similar observations are observed in the
iodine-sensitised photocycloreversion of (1).5

+ A similar oxygen effect has been observed in ref. 3. A ground
state complex of (1) with oxygen was not detected spectrophoto-
metrically. All experiments were done under aerated conditions.
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