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Isomerization Behavior of Halostilbene Radical Cations in the Excited States.
Two-Color Photochemistry of Stilbene Derivatives
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Two-color laser excitation of (Z)-4,4’-dichlorostilbene and (Z)-4,4’-difluorostil-
bene with 425- and 500-nm laser pulses in acetonitrile containing 9,10-dicyanoanthra-
cene and biphenyl exhibited a spectral change indicating a rapid conversion of the Z-
radical cations in the excited state to the corresponding E-radical cations in a one-way
fashion. The efficiencies of isomerization were determined and the isomerization ener-

gy surfaces were discussed.

Isomerization of olefin radical cations has attracted current interest.1—4) (Z)-Stilbene isomerizes through
radical cations under steady irradiation in the presence of electron-accepting sensitizers; however, direct obser-
vation of the isomerization by transient spectroscopy is achieved only in the presence of salts which retard back
electron transfer to the radical cations.3b) Isomerization of stilbene radical cations in the excited state has been
reported to proceed in a Z—E one-way fashion,) and the potential energy surfaces for isomerization have been
discussed on the basis of MO calculations.5¢:6) In order to determine experimentally the energy surfaces for
isomerization in the excited state we employed two-color laser excitation?) of stilbene derivatives in double-
sensitized electron transfer systems.3)

9,10-Dicyanoanthracene (DCA, 5x10-5 mol dm—3) was excited with 425-nm laser®) in the presence of
biphenyl (BP, 0.1 mol dm-3) as a primary electron donor®) and a Z- or E-isomer of olefins (1x10-3 mol dm-3)
in acetonitrile at 23 °C under air. As reported for (Z)-stilbene ((Z)-St) and (E)-stilbene ((E)-St),10,32) (2)-4,4°-
dichlorostilbene ((Z)-Cl,St) and (E)-4,4’-dichlorostilbene ((E)-ClySt) gave the transient absorption spectra (Fig.
1; Amax 530 and 505 nm for the Z- and E-isomers, respectively) due to the corresponding radical cations with a
configuration of the starting isomer, and no clear spectral changes indicating Z—E conversion of the radical
cations were observed in the time range of the experiment (100 us), during which the spectra decayed with sec-
ond-order kinetics through a probable recombination with Oy~. (Z)-4,4’-difluorostilbene ((Z)-F,St) and (E)-
4,4’ -difluorostilbene ((E)-F,St) exhibited similar behavior under the similar conditions (Amax 510 and 480 nm
for the Z- and E-isomers, respectively). Thus, the spectroscopic behavior of these halostilbenes is very similar
to that of stilbene itself, but contrasted with that of 4,4’-dibromostilbene (BraSt); the Z-isomer radical cations of
the latter isomerize in the range of microseconds.3a)

In spite of this behavior, steady irradiation of acetonitrile solutions of the Z-isomers of the halostilbenes in
the presence of DCA and BP afforded the corresponding E-isomers. The quantum yields for Z—E isomeriza-
tion through radical cations were determined at ambient temperature with 366-nm light to be 0.09 for F2St and
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Fig. 1. Transient absorption spectra observed on
Scheme 1. 425-nm laser excitation of DCA in the presence

of biphenyl and (E)- or (Z)-Cl;St in acetonitrile.
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Fig. 2. Transient absorption spectra observed on Fig. 3. Time profiles of the transient absorption
425-nm laser excitation of the DCA/BP/(Z)- monitored at 510 and 530 nm on 425-nm laser
Cl;St system in acetonitrile followed by a 500- excitation of the DCA/BP/(Z)-Cl;,St system in
nm laser pulse at 1.5 us after the first laser pulse. acetonitrile followed by a 500-nm laser pulse at

1 us after the first laser pulse.

0.50 for Cl,St in comparison with 0.12 for St10) and 0.72 for BrgSt.lO) The effect of substituent can be under
stood in terms of acceleration of the Z—E conversion of the radical cations by reduction of the electron density
on the unsaturated linkage.32)

Two-color laser excitation of the DCA/BP/(Z)-Cl;St system was made with a 425-nm laser pulse fol-
lowed by a 500-nm laser pulse with 1-2 us delay.1 1) The 500-nm laser excites (Z)-ClaSt+ to the upper excited
state, as seen in Fig. 1. The observed transient absorption spectra and time profiles monitored around the
absorption maxima of the radical cations of both isomers are shown in Figs. 2 and 3, respectively. Figure 2
shows that immediately after the second laser pulse the spectrum profile changes markedly, and this can be
ascribed to a rapid conversion of (Z)-ClaSt* to (E)-ClpSt* on excitation. Since (Z)-Cl,Stt have a lower and a
higher molar extinction coefficient than those of (E)-ClpSt*- at 510 and 530, respectively, the gain and loss in
absorbance at these wavelengths, as seen in Fig. 3, correspond to the quantities of isomerization. These figures
indicate that the conversion is completed within some hundreds of nanoseconds.
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Fig. 4. Energy Surfaces for Isomerization from the Upper Excited State.

On two-color laser excitation under the similar conditions, (Z)-F2St and (Z)-St showed spectral changes
and time profiles very similar to those of (Z)-Cl,St. The efficiencies for Z—E conversion of the radical cations
were evaluated to be 0.41, 0.37, and 0.37 for (2)-St*-, (Z)-F,St*-, and (Z)-Cl,St+-, respectively. The value for
(Z)-St* is in agreement with that from pulse radiolysis-laser photolysis experiments.Sd) The present results
indicate that the isomerization efficiency is not influenced by the halogen substituents in this series. On the
contrary, the E-isomers of St, F2St, and Cl,St exhibited no clear spectral change on the second laser pulse in the
two-color laser excitation. Thus, the isomerization of the present stilbene radical cations proceeds in the Z—E
one-way fashion, as reported previously for stilbene itself.)

Two-color laser excitation of (Z)-Cl,St was attempted in various temperatures under otherwise similar
conditions. However, the quantum efficiency of isomerization of (Z)-Cl,St+- was almost constant in the range
of 10-53 °C, indicating that the Z—FE conversion process of the excited radical cations has no activation barrier
in contrast with the corresponding process in the ground state.3)

Use of a 740-nm laser pulse, which excites (Z)-Cl,St*- to the first excited state, as the second excitation
light in the two-color laser photolysis exhibited no clear gain in absorbance at 510 nm (quantum efficiency of
isomerization < 0.05) at ambient temperature.11) Consequently, the lowest excited state of (Z)-Cl,St*- is not
effective in collapse to (E)-ClSt*, as reported for stilbene.5d)

The efficient Z—E conversion from the upper excited state is consistent with the results of MO calcula-
tions;0d) the upper excited state (mainly of the SOMO—-LUMO excited conﬁguration)6d) of the Z form crosses
avoidedly with the lowest excited state which leads to the ground-state E form through an allowed crossing.
The route involves no activation barriers (Fig. 4). In the lowest excited state, however, the twisting involving
some activation barrier could not compete with a rapid decay to the ground state.
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