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Cation-radical Transfer: Transfer Efficiency in Photosensitized
Isomerization Reactions

By TeTsuva GoToH, MikIHIKO KATO, MASAHIDE YAMAMOTO,* and YASUNORI NISHIJIMA

(Department of Polymer Chemistry, Kyoto University, Kyoto 606, Japan)

Summary The efficiency of cation-radical transfer was
studied by photosensitized isomerization of cyclobutanes;
the exothermic photosensitized isomerization occurs
efficiently, while the rate of the endothermic isomeriza-
tion decreases drastically with increase in the electron-
transfer barrier.

RECENTLY a cation-radical transfer mechanism has been
reported for the photochemical dimerization of olefins,1—3
and cis—-trans-isomerization* and cleavage reaction® of
cyclobutane derivatives. However, the transfer efficiency
has not yet been studied quantitatively. For charge
separation and its utilization, the development of efficient
electron-transfer systems is required® and, therefore, studies
on electron-transfer processes are fundamentally important.
We have investigated the efficiency of cation-radical
transfer for various combinations of aromatic hydrocarbons
[sensitizer: (S)] and 1,2-diphenylcyclobutanes [reactants:
(R); cis-form (1) and #rams-form (2)] by monitoring the
quantum yields of their photosensitized isomerization
reactions.

Irradiation of the system phenanthrene (6) (20 mm)-sn-
dicyanobenzene (20 mm)—(1) (10 mM) in MeCN and in
MeCN-MeOH (1:1) by a mercury lamp (Toshiba 300H)
through Pyrex glass gave 1-phenyl-1,2,3,4-tetrahydro-
naphthalene (4) (159, after 10 h irradiation) and 1-methoxy-
1,4-diphenylbutane (5) (149,), respectively.t As shown
in the Scheme, these are the characteristic products via
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SCHEME. A = electron acceptor.

the cation-radical intermediate (3) produced by the opening
of the 1-2 bond of (1). In this system, the sensitizer (6)
is selectively photoexcitedt and (1)»* is formed by the

T Alternatively, the reaction could be performed when the charge-transfer band of (1) with 1,2,4,5-tetracyanobenzene was photo-
excited, but considerable addition of the acceptor to (1) occurred in this system.

1 Absorption of (1): A <275 nm.
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cation radical-transfer mechanism, i.e., electron-transfer
from (1) to (6)-+. Use of the frans-form (2) in the above
system led to a similar reaction to that of (1).
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Ficure. Plots of log ® vs. AG for the photosensitized iso-

merizations of (1) and (2) by a cation-radical transfer mechanism.
(@): (1) (10 mm), (O): (2) (10 mm); Phe: phenanthrene (20 mm),
Nap: naphthalene (20 mm), Trip: triphenylene (10 mm).

The relationship between the photoisomerization quantum
yield @ and the free-energy change AG is shown in the
Figure. Quantum yields were measured at 313 nm. AG
values were calculated from the half-peak oxidation
potentials of the sensitizers and reactants shown in the
Table by the use of the equation AG(kcal/mol) = 23-06
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[Epa(R)/(RY) — Ep;5(S)/(ST)].  In the exothermic region,
the photoisomerization occurs efficiently and ® may be
approximated by ®jop, where ®yopn. is the ionization
quantum yield of (S); in the endothermic region the
reaction still occurs but @ decreases and approaches the
value given by ® o¢ ®@yop. exp (—AG/RT). These relation-
ships seem to indicate that the rate-determining step is
electron transfer rather than the subsequent reactions.

TasrLe. Half-peak oxidation potentialsa of (S) and (R).
Eppa(S/54)/V Epp(R/RY)/V
Triphenylene 1-42 (2) 1-39
Naphthalene 1-32 (1) 1-33
Phenanthrene 1-29
Pyrene® 1-06

a Measured vs. Ag/Ag* (0-01 M) in MeCN using E{,N+ClO,~
as supporting electrolyte at 0-1 V s—! scan speed. ® Almost no
reaction was observed.

As a whole, this photoisomerization by a cation radical-
transfer mechanism is similar to the fluorescence quenching
by electron transfer studied extensively by Rehm and
Weller.” Hence, it is considered that the reaction may be
limited by the mutual diffusion rate of (S)-* and (R) in
the exothermic region, and by the cation radical-transfer
(electron-transfer) rate in the endothermic region.

The cation radical-transfer process could be followed
spectroscopically by ruby-laser photolysis (347 nm excita-
tion, 20 ns pulse) of the endothermic system: (6) (20 mm)-
p-dicyanobenzene (80 mm)—(1) (200 mM) in MeCN solvent.
Addition of (1) to the mixture of (6) and p-dicyanobenzene
led to a decrease in the absorptions of (3).* at 400, 430,
and 900 nm, and a new peak appeared at around 460—
480 nm, which can be assigned to a type of cation radical
species of (1); the spectrum is comparable with the cation-
radical spectra of (1) obtained in an isopentane-Bu®Cl
glass matrix by y-irradiation. A slow increase (ca. 120 ns)
in the intensity of the 460—480nm peak and a corre-
sponding decay of the 430 nm peak were observed; this
indicates that the rate of the cation radical transfer in the
endothermic system is rather slow compared to that of the
ordinary diffusion-controlled process.
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