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Adiabatic Two-way Isomerization of an Arylethene: an Observation of Extremely High
Energy Barrier for Excited State Z-E Isomerization

Tatsuo Arai* and Osamu Takahashi

Department of Chemistry, University of Tsukuba, Tsukuba, Ibaraki 305, Japan

A perylenylethene 1 undergoes two-way isomerization through an adiabatic process in the triplet state on direct

irradiation as well as on Michler’s ketone sensitization.

The photoisomerization of arylethenes in the excited triplet state
have been extensively investigated.1-5 Stilbene undergoes two-
way isomerization between Z and E isomers as a diabatic
process decaying at the perpendicular triplet state (3p*).1:2
However, 2-anthrylethenes exhibit one-way Z — E isomeriza-
tion by an adiabatic process through a direct conversion from
the Z triplet (3Z*) to the E triplet states (3E*).5

We now report that the adiabatic photoisomerization does not
necessarily bring about only one-way isomerization but two-
way isomerization can take place as an adiabatic process in the
excited triplet state. Thus, 3-(prop-1-enyl)perylene 1 underwent
two-way isomerization in the triplet state on direct as well as
Michler’s ketone sensitization.

A mixture of Z- and E-1 was prepared from the Wittig
reaction of ethyltriphenylphosphonium bromide with 3-pery-
lenecarbaldehyde. The Z- and E-1 were separated by column
chromatography and were purified by recrystallization with
hexane and hexane-benzene, respectively.t

Irradiation of pure Z- or E-1 in benzene in the presence of
Michler’s ketone as a sensitizer under degassed conditions with
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Fig. 1 T-T absorption spectra of Z- (a) and E-1 () in benzene under an
argon atmosphere

366 nm light from a 400 W high-pressure mercury lamp
afforded a photostationary mixture of Z- and E-1 in a ratio of
19:81. On direct irradiation 1 gave a photostationary mixture of
Z and E isomers in a ratio of 15.5:84.5 at 436 nm light
irradiation. Therefore, 1 underwent two-way isomerization on
direct irradiation as well as on triplet sensitization.

The quantum yields of Z — E isomerization (®z_, ) on
direct irradiation at 436 nm were determined as low as 2.5 X
10—3 at 34.7 °C and increased with temperature up to 2.3 X
10-2 at 63.7 °C. The quantum yields of £ — Z isomerization
(®x _, z) are even lower, increasing from 6.7 X 10—4to 1.8 X
103 upon increasing the temperature from 49 to 64.8 °C. The
low quantum yields for both Z — E and E — Z isomerization
indicate that the activation barrier of the isomerization is
considerable and therefore, deactivation to the ground state
precedes the isomerization at room temperature.

Fig. 1 shows T-T absorption spectra of Z- and E-1 in benzene
under an argon atmosphere in the presence of Michler’s ketone
at room temperature. Similar 7-T absorption spectra were
observed on direct irradiation using a 425 nm laser. Z- and E-1
exhibited different T-T absorption spectra with Ay, at 520 and
540 nm, respectively, and decayed without changing the
spectral profile, indicating that the conversion between 3Z* and
3E* is inefficient even in the 10 ps time range. These results are
in accordance with the observed very low values of @z _, ¢ and
®g _, z. The quantum yields of intersystem crossing from the
singlet excited state to the triplet state of Z- (®y2) and E-1
(®;sF) were determined as 0.23 and 0.28, respectively, using
Zn(tpp) (tpp = 5,10,15,20-tetraphenylporphyrinate) (®;.s =
0.83)6 as a standard. The triplet lifetimes of Z- and E-1 were
determined as ca. 50 ps under degassed conditions.

The observation of the T-T absorption spectra on direct
irradiation indicates that even on direct irradiation the Z-E
isomerization would take place in the excited triplet state. To
confirm this proposition, we have examined the effect of
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Fig. 2 Arrhenius plots of the temperature dependence of kz _, g and kg _, 7
values



1838

oxygen on the quantum yield of isomerization; if the isomeri-
zation takes place in the excited triplet state the quantum yields
of isomerization should be appreciably reduced. We thus
determined the @z _, ¢ and P _, 7 values in air, and practically
no isomerization took place: ®; _,g < 105 and @z —» Z <
10-5, Thus, the experimental findings clearly show that 1
undergoes mutual photoisomerization between Z and E isomers
exclusively in the triplet state on direct irradiation as well as on
triplet sensitization.}

The Z-E isomerization on direct irradiation can be ration-
alized by Scheme 1. In the present system, k42, k€, kz _, g and
kg _, z are almost two orders of magnitude smaller than k?{Z]
and k4£[Z] and therefore, kz _, £ and kz _, 7 can be described by
eqns. (1) and (2) and were calculated from the measured
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Fig. 3 Potential energy surfaces of Z-F isomerization of 1
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®;_ .5 and ®g_,; values at varying temperatures. The
Arrhenius plots of the kz _, g and kg _, 7 values vs. 1/T (Fig. 2)
gave the activation energies and the frequency factors of Z — E
and E — Z isomerization in the triplet state as 13.4 and 15.7
kcal mol—! (1 cal = 4.184 J) and 9.1 X 10! and 2.8 X 1012
s—1, respectively.

Usually the two-way Z—E isomerization takes place with the
potential energy surface descending toward 3p* as proposed for
stilbene. However, 1 undergoes two-way photoisomerization
having to overcome a activation barrier of more than 13
kcal mol—1. Activation barriers for isomerization in the triplet
state have only been successfully determined for a few
compounds; and is in the range of 6-7 kcal mol—! for
2-(3,3-dimethylbut-1-enyl)anthracene> and 3-styrylperylene.?

The triplet energy of Z- and E-1 should be similar to or
slightly lower than the parent hydrocarbon perylene (Et = 35.1
kcal mol—1!), since normally, the triplet energies of Z and E
isomers of polycyclic arylethenes are similar to the parent
hydrocarbon as observed for anthracene (Etr = 42.5 kcal
mol—1)8 and (3,3-dimethylbut-1-enyl)anthracene (Er = 42.5
kcal mol—1).5 Thus, we assume the Et values for Z- and E-1 as
ca. 35 kcal mol—1. The difference of activation energy for Z —
E and E — Z isomerization in the triplet state corresponds to the
energy difference between 3Z* and 3E* and also !Z and lE.
Therefore, the potential energy surface of Z-F isomerization of
1 can be depicted as shown in Fig. 3.

To the best of our knowledge, the present energy barrier for
isomerization is the highest observed for Z-E isomerization in
the excited state. Furthermore, the present findings clearly show
that two-way isomerization takes place through adiabatic
conversion in the excited state in both directions.
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Footnotes

t Selected spectroscopic data: Z-1: TH NMR (270 MHz, CDCls) & 1.81 (dd,
J2.0,6.9Hz, 3 H, methyl H), 6.05 (qd, 6.9 11.5 Hz, 1 H, CH=CH), 6.84 (qd,
J 2.0, 11.5 Hz, 1 H, CH=CH), 7.35-8.25 (m, 11 H, perylene H). E-1: 'H
NMR (270 MHz, CDCl3) 6 2.02 (dd,J 1.7, 6.6 Hz, 3 H, methyl H), 6.30 (qd,
6.6, 15.8 Hz, 1 H, CH=CH), 7.06 (qd, J 1.7, 15.8 Hz, 1 H, CH=CH),

7.40-8.25 (m, 11 H, perylene H).

t The singlet lifetimes of Z- and E-1 were measured as 3.5 and 2.9 ns,
respectively in benzene. Taking into account the lifetimes of the excited
states and the quenching rate constants by oxygen, in air only 10% of the S;
state would be quenched by oxygen, while more than 99% of the T, state
would be quenched by oxygen. Thus, if the isomerization takes place
exclusively in the triplet excited state, the efficiency of isomerization should
be considerably reduced in the presence of air, while if the isomerization
takes place partially or totally in the excited singlet state, oxygen may only
partly or scarcely reduce the efficiency of isomerization.
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