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Rotational isomerism between s-cis and s-trans rotamers of (E)-1-(2-anthryl)-2-phenylethene (E-2APE) and (E)-
1-(2-anthryl)-3,3-dimethyl-1-butene (E-2ADB) were investigated by comparing the absorption, emission and transient
absorption spectra with those of the model compounds. The s-trans isomer is more stable than the s-cis rotamer in the
ground state; however, the s-cis isomer is more stable than the s-frans rotamer in the excited state (the lowest singlet and
triplet excited state). In the triplet excited state, s-frans— s-cis one-way rotational isomerization is observed with activation
energies of 30 and 18 kImol™' for E-2APE and E-2ADB, respectively. Explanations of why the s-cis rotamer is more
stable than the s-trans rotamer in the excited state and less stable in the ground state are proposed using the HOMO and
LUMO coefficients estimated by a MOPAC93 (PM3) calculation.
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The (E)-(2-anthryl)ethenes have two rotational isomers
around a single bond which connects an anthryl group to
the olefinic double bond. The s-frans- and s-cis-rotamers
align their double bonds along the long and short axes of
the anthryl nuclei, respectively. The rotational isomerization
between these rotamers in the ground states and in the excited
states is a subject of current interest in the photochemistry
of arylethenes;' ™! however, only a few reports have been
made on the distinct conformations and their spectra, and
on the dynamics of interconversion in the excited state in
particular.> !

(E)-(2-Anthryl)ethenes are a very convenient model for
studying rotational isomerization, since they do not un-
dergo geometrical isomerization around the double bond!?—4
and since their fluorescence is highly dependent on the
excitation wavelength, due to the presence of the two
rotamers. 10 —2E.2APE also have two rotamers, and they
do not interconvert during their lifetimes in the lowest sin-
glet excited state (S;) and decay independently'—>10-16—20
according to the NEER (non-equilibration of excited ro-
tamers) rule.'?” However, as reported previously, in the
lowest triplet state (T;) the NEER rule does not hold, and the
s-trans rotamer isomerizes to the s-cis rotamer with an acti-
vation energy of 30 kJ mol~'.> This value agrees very well
with 27 kJ mol~! calculated by the CS-INDO SCI method."”
In addition, E-2ADB, a conformer converts to another in S
during its lifetime,® and the activation energy of the rota-
tional isomerization is determined to be 18 kJmol~'. This
is in contrast to the non-conversion of E-2APE (Scheme 1).
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Scheme 1.

In this report, we characterize the conformation of E-
2APE, E-2ADB, and their model compounds, and provide
new results on the behavior of E-2ADB in the triplet state.
The latter subject is particularly difficult to study, because the
one-way s-trans—s-cis rotational isomerization takes place
efficiently in the S;, and its T-T absorption at longer wave-
lengths (around 550 nm) is very weak and poorly defined.!*?
In this region, the characteristic spectral change reflected on
the rotational isomerization should be observed. To over-
come this inconvenience, we use a diode-array-type detector
and kinetics simulated by alow-temperature experiment. The
T-T absorption of E-2ADB is known to change with decreas-
ing temperature, which suggests that the two rotamers show
different T-T absorptions, and that the s-trans—s-cis rota-
tional isomerization on Ty is caused by lowering the temper-
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ature and thereby prohibiting the isomerization on S.>'"920
The spectral change indicates that the activation energy in T,
islower than that of S;. In order to clarify the conformation of
the rotamers of E-2ADB and examine the possibility of their
interconversion in the T, we prepared model compounds
for s-trans and s-cis rotamers with restricted conformations
controlled by methyl groups, (E)-1-methyl-(2-anthryl)-3,3-
dimethyl-1-butene (E-1Me2ADB) and (E)-3-methyl-(2-an-
thryl)-3,3-dimethyl- 1-butene (E-3Me2ADB), respectively,
and investigated their behaviors in the ground (Sp), S; and
T;; the potential energy surfaces between the two rotamers
at the Sp, S;, and T states were also investigated based on
their fluorescence and T—T absorption behaviors, as similarly
using model compounds to clarify naphthylethenes.??

Furthermore, by comparing of E-2APE and E-2ADB, it
is clarified that the s-trans isomer is more stable than the
s-cis isomer in the ground state; however, the reverse is
also true: the s-cis isomer is more stable than the s-trans
isomer in the excited state. This finding agrees well with
the reported behaviors of the rotational isomers of butadiene
(BD).”** 1t is also very important in terms of materials based
on the isomerization to consider the reasons why the s-cis
rotamer of anthrylethenes is more stable than the s-trans
in the excited state and less stable in the ground state; for
this purpose we applied semiempirical calculations using the
MOPAC 93 (PM3) method.?** The HOMO-LUMO orbital
coefficients of B-olefinic carbon and 1- or 3-carbon of the
anthryl group (1,4-interaction) explain the relative stability
for each rotamer. There are many experimental results for
the rotational isomerizations of arylethenes; however, no
clear-cut rational explanation has been given for the relative
stability of each rotamer. These theoretical considerations
might be very useful for considering stable conformers and
their interconversion for studies of the polyenes and pigments
of vision.*

Finally, the synthesis of model compounds is an important
part of this paper which might be of interest to other chemists
in this field.

Results and Discussion

Absorption and Emission Spectra. Figure 1 shows the
absorption spectra of E-2APE and E-2ADB, and their model
compounds E-1Me2APE, E-3Me2APE, E-1Me2ADB, and
E-3Me2ADB in benzene for a comparison. In both cases,
3-methyl substituted isomers have broad structureless bands
with tail ends at longer wavelengths than those of 1-methyl
derivatives. The resolved fluorescence excitation spectra of
E-2APE rotamers by the PCA-SM method in Refs. 3 and
19 are controversial concerning their assignment (see detail
in Ref. 3). The spectra of the methyl derivatives in Fig. 1
are consistent with the assignment in Ref. 3, where the s-cis
rotamer has an absorption edge at a longer wavelength.

Figure 2 shows fluorescence spectra of E-2APE, E-
1Me2APE, E-3Me2APE, E-2ADB, E-1Me2ADB, and E-
3Me2ADB in argon purged benzene. The excitation wave-
length strongly affects the fluorescence spectra of E-2APE
and E-2ADB. For E-2APE, when the spectrum was mea-
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Fig. 1. Absorption spectra of E-2APE, E-2ADB, and their

methyl-substituted derivatives measured in benzene at am-
bient temperature.

sured by excitation at 415 nm (the longest edge of the ab-
sorption), the fluorescence maxima (4.,,) were observed at
423 and 450 nm; however, A1, were at 412 and 436 nm
with a less-defined band structure when the excitation was
performed at wavelengths below 400 nm (Fig. 2a). Sim-
ilarly, for E-2ADB, when the spectrum was measured by
excitation at 400 nm (the longest edge of the absorption),
the Af,, were observed at 405 and 433 nm; however, A[,,
were at 402 and 421 nm with a less-defined band structure
when excitation was performed at wavelengths below 390
nm (Fig. 2c). These absorption and fluorescence spectra
also changed drastically upon reducing the temperature. In
methylcyclohexane (MeCHex), excitations of E-2ADB at
361 nm, fluorescence Am.x Were observed at 391, 399, 414,
and 423 nm in almost equal intensities at 290 K. However,
lowering the temperature to 260, 230, and 200 K, resulted in
Jmax (at 391 and 414 nm at room temperature) substantially
greater intensity accompanying a couple of nm red shift.
On the other hand, the excitation wavelength had almost
no effect on the fluorescence spectra, quantum yields or life-
times of E-1Me2APE, E-3Me2APE, E-1Me2ADB or E-
3Me2ADB. The spectra of these compounds were slightly
shifted upon lowering the temperature. E-1Me2APE shows
a fluorescence spectrum (solid line in Fig. 2b) with [, at
422 and 447 nm, resulting from the excitation at both 388
and 415 nm, which is similar to the excitation of a rotamer
of E-2APE with shorter 4, (solid line in Fig. 2a). The
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Fig. 2. Fluorescence spectra of a: E-2APE excitation at 308 nm (solid line) and 415 nm (dashed line), b: E-1Me2APE (solid line)
and E-3Me2APE (dashed line) excitation at 388 and 378 nm, respectively, c: E-2ADB excitation at 370 nm (solid line) and 400
nm (dashed line), d: E-1Me2ADB (solid line) and E-3Me2ADB (dashed line) excitation at 370 and 368 nm, respectively, in argon
purged benzene at ambient temperature. Spikes with asterisks are scattered incident light.

fluorescence of E-3Me2APE (dashed line in Fig. 2b) with
Af.. at 433 and 462 nm, resulting from excitation at both
378 and 415 nm, is similar to that of another rotamer of E-
2APE with a longer Af,, (dashed line in Fig. 2a). In ad-
dition, E-1Me2ADB shows a fluorescence spectrum (solid
line in Fig. 2d) with [, at 399 and 423 nm, resulting from
excitation at both 372 and 400 nm, and which is similar to
that of a rotamer of E-2ADB with shorter A{, (solid line
in Fig. 2¢). The fluorescence of E-3Me2ADB (dashed line
in Fig. 2d) with Af,, at 408 and 433 nm, resulting from
excitation at both 370 and 400 nm, is similar to that of an-
other rotamer of E-2ADB with a longer A[,, (dashed line in
Fig. 2¢). These facts strongly suggest that the rotamers of E-
2APE and E-2ADB with shorter and longer 4[,, correspond
to the s-trans and s-cis rotamers, respectively, and that the
equilibrium shifted to a more s-trans populated state due to
a reduction in the temperature.>—>1%%

The fluorescence lifetimes (7;) of E-2APE were de-
termined to have 8.2 and 28.4 ns by a two-components
decay analysis with 1.15 chi square (y2), as reported
previously.>!®!¢-203! These results are in good agreement
with the known no rotational isomerization between s-trans
and s-cis on the S; energy surface (NEER-rule). The z; of
E-1Me2APE and E-3Me2APE were determined to be 14.8
and 14.7 ns, respectively, by single-component analyses with
1.66 and 1.62 2 values, respectively. On the other hand, the
fluorescence lifetimes of E-2ADB were analyzed as three-
components with a 4.4 ns rise up and 4.8 and 29.0 ns de-
cays with a 1.52 x2, as reported previously.®’ This agrees
very well with the s-trans to s-cis adiabatic one-way rota-

tional isomerization on the S; energy surface. The 7 of
E-1Me2ADB and E-3Me2ADB were determined to be 7.9
and 10.5 ns, respectively, by single-component analyses with
0.99 and 1.32 2 values, respectively.

The equilibrium populations of the s-cis and s-trans ro-
tamers of E-2ADB in Sy were estimated based on the tem-
perature dependence of the fluorescence intensities of each
isomer, as reported previously.!*'®? Careful analyses are
necessary here, since rotational isomerization takes places

even in S;. However, the van’t Hoff plot of the fluores-
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Fig. 3. van’t Hoff plot for E-2ADB fluorescence lifetime
contribution factors of each isomer. Ag-srans and Ag_cjs indi-
cate pre-exponential factors of fitted dual exponential func-
tion to fluorescence lifetime of s-frans and s-cis isomers,
respectively, measured in degassed MeCHex by Aex = 361
nm and using L-40 filter for emission.
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cence lifetime contribution A factors of each isomer between
200—230 K indicated that the s-trans isomer is at least < 2.5
kJ mol~! more stable than the s-cis rotamer (Fig. 3). In this
temperature range, no isomerization on S; is expected from
the activation energy of the rotational isomerization. This
value is similar to the stability of E-2APE. This value may
be a higher limit of AH of E-2ADB because of the result that
the fluorescence spectrum at ambient temperature (Fig. 2c,
solid line) seems to represent a nearly equal mixing of the
spectra of each isomer (also see the discussion concerning
the potential energy surface).

T-T Absorption. Regarding the triplet state of E-2APE,
Krongauz et al. suggested the presence of two species based
on their conventional microseconds flash-photolysis find-
ings that the T-T absorption spectra in MeCHex at 153 K
were different from those at 213 K, with the former having
the longest T-T absorption maxima (4,.F) at 670 and the
latter at 620 nm, and with the absorption being time-depen-
dent throughout this temperature range.>'' Subsequently, we
preliminary reported that upon laser-flash photolysis of E-
2APE in 2-methyltetrahydrofuran (MeTHF), the absorption
with 4,.F.T at 660 nm observed at 150 K was converted to that
with A LT at 625 and 580 nm with a time constant of around
1 ps at 200 K, which was attributed to conversions between
rotational isomers in the triplet state.> A comparison of the
T-T absorption spectra of E-2APE with its methyl substi-
tuted model compounds clarified that the conversion can be
assigned to the s-trans to s-cis rotational isomerization on
the T energy surface.

Figures 4a and 4b illustrate the T-T absorption spectra
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of E-2APE, E-1Me2APE, and E-3Me2APE in benzene
at ambient temperature. Figures 4c and 4d illustrate the
T-T absorption spectra of E-2ADB, E-1Me2ADB, and E-
3Me2ADB in benzene at ambient temperature.

In MeTHEF, the absorption of both E-1Me2APE and E-
3Me2APE were unaffected by the temperature; however, the
absorption of E-2APE was greatly shifted to a longer wave-
length upon lowering the temperature to 120 K, as shown in
Fig. 5a. Figure 5b shows that at 220 K in MeTHF the initially
observed absorption (500 ns after the excitation) at around
660 nm was decreased in intensity and disappeared after 200
ns; concurrently, the absorption increases at around 580 and
620 nm were increased in intensity. At shorter wavelengths,
T-T absorption was observed at around 460 nm, and no dis-
tinct shift of Ay, was observed from 300 ns after the laser
pulses. Strong fluorescence disturbed observations at time
shorter than 300 ns. The T-T absorption of E-1Me2APE
with T;T at 465, 610, and 660 nm (lifetime, 7r: 14 ps in
benzene under argon) was similar to that of E-2APE ob-
served immediately after excitation at low temperature. On
the other hand, the T-T absorption of E-3Me2APE with

T;T at 460, 580, and 625 nm (zr: 14 ps in benzene under
argon) was similar to that of E-2APE observed at a later pe-
riod after the excitation at low temperature, and also to that
of E-2APE observed at ambient temperature.

In MeCHex, the absorption of both E-1Me2ADB and E-
3Me2ADB were unaffected by the temperature; however,
the absorption of E-2ADB was greatly shifted to a longer
wavelength by a temperature reduction to 120 K, as shown
in Fig. 6a. Figure 6b shows that at 220 K in MeCHex the
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Fig. 4. T-T absorption spectra of a: E-2APE, b: E-1Me2APE (dashed line) and E-3Me2APE (solid line), c: E-2ADB, d: E-
1Me2ADB (dashed line) and E-3Me2ADB (solid line) at 1 ps after laser excitation in argon purged benzene at ambient temperature.
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T-T absorption spectra of E-2APE in deaerated MeTHF, a: 1 us after laser excitation at 293 K (dashed line) and 123 K

(solid line), b: 500 ns and 5 ps after laser excitation (solid line and dashed line, respectively) at 223 K, ¢ and d: typical time profiles
of the absorption monitored at 665 and 620 nm, respectively, at 203 K.
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Fig. 6. T-T absorption spectra of E-2ADB in deaerated methylcyclohexane, a: 1 us after laser excitation at 293 K (dashed line) and
123 K (solid line), b: 20, 60, and 200 ns after laser excitation (solid, dotted, and dashed line, respectively) at 200 K, ¢ and d: typical
time profiles of the absorption monitored at 608 and 587 nm, respectively, at 200 K. The simulation curves of time dependence of
relative concentration of the excited states at 200 and 290 K (e and f, respectively).

initially observed absorption (20 ns after the excitation) at
around 608 nm was decreased in intensity and disappeared
after 200 ns; concurrently, absorptions at around 587 and 542
nm were increased in intensity. At shorter wavelengths, T-T
absorption was observed at 416 and 442 nm and no shift of
Amax Was observed from 300 ns after the laser pulses. Strong
fluorescence disturbed observations of less than 300 ns. The
T-T absorption of E-1Me2ADB with A LT at 451, 565, and

614 nm (lifetime, 7r: 14 ps in benzene under argon) was sim-
ilar to that of E-2ADB observed immediately after excitation
at low temperature. On the other hand, the T-T absorption
of E-3Me2ADB with 47T at 449, 555, and 600 nm (7y: 18
us in benzene under argon) was similar to that of E-2ADB
observed at a later period after excitation at low temperature
and also to that of E-2ADB observed at ambient temperature.
The above findings indicate that the time-dependent change
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of the T-T absorption of E-2ADB corresponds to the internal
rotation of the s-trans to s-cis rotamers at the triplet state,
in sharp contrast to the (E)-2-styrylnaphthalenes, which do
not undergo rotational isomerization between the rotamers
during their short triplet lifetimes.***

The activation energies of the isomerization were esti-
mated from the temperature dependence of the isomeriza-
tion rate constants. For E-2APE, the Arrhenius plot of the
observed rate constants between 203—243 K in MeTHF af-
fords an activation energy (E,) and frequency factor (A) of
30 kJmol~! and 2.2x10'? s~! (logA = 12.4), respectively
(Fig. 7). E, agrees with the results of calculations.’>* An
increase in the temperature reduced the absorption at 660 nm
for the s-trans rotamer and caused absorption at 620 nm for
s-cis to appear immediately after excitation. This finding cor-
responds to an increase in the population of the s-cis rotamer
relative to that of s-frans in the ground state with increasing
temperature.

For E-2ADB, E, and A were determined to be 16 kJ mol !
and 1.9x 10! s~ (logA = 11.3), respectively, from the Ar-
rhenius plot of the observed rate constants between 180—220
K in MeCHex (Fig. 7). At least for temperatures below 220
K, the rotational isomerization of s-trans to s-cis through the
singlet manifold is suppressed, and the isomerization takes
place on the triplet energy surface after an intersystem cross-
ing. The increase in temperature reduces the absorption at
608 nm for the s-trans rotamers, and causes the absorption
at 587 and 542 nm for s-cis to appear immediately after the
excitation. This finding corresponds to an increase in the
population of the s-cis rotamer relative to that of s-trans in
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Fig. 7. Arrhenius plot of the s-frans—s-cis rotational iso-
merization rate constant (k) of E-2APE in MeTHF and E-
2ADB in MeCHex.
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Fig. 8. Experimentally estimated potential energy surfaces of rotational isomerization of E-2APE and E-2ADB.
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Fig. 9. Phosphorescence and phosphorescence excitation
spectra of E-2APE (solid line), E-1Me2APE (dashed line),
and E-3Me2APE (dotted line) in EPA at 77 K. The emission
spectra were measured by excitation at 368, 372, and 374
nm, and the excitation spectra were measured at 691, 690,
and 736 nm for E-2APE, E-1Me2APE, and E-3Me2APE,
respectively, with spectral resolution 20 nm.
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Ps-cis™] =1+ (11)

The rate constants k; to ks indicate that k; = k> +k¢ +Kigc,
ko = ke+kige, k3 = krT, ky= kf, and k5 = k;r-f-kisc. Here, ks and
kis. are assumed to take the same value (5.0x107 s~!) for
each rotamer (Egs. 2, 4, 5, and 6, and to be temperature
independent. Then, k> and k! are expected to use the exper-
imentally obtained E, and A, k¥ =9.8x107 s~! and 3.4x 10°
s~! at 290 and 200 K, respectively, and k! =2.1x 108 s~!
and 9.5x10% s~! at 290 and 200 K, respectively.

The simulation curves (Figs. 6e and 6f) of the time-depen-
dent relative concentration of the excited states are obtained
by using Egs. 8, 9, 10, and 11 and the above parameters. The
concentration change initiates from 100% 's-trans®. The
curves of 3s-trans™ and 3s-cis™ in Fig. 6¢ fit reasonably well
with the time-profiles of the T-T absorption observed at 587
and 608 nm (for example Figs. 6¢ and 6d, respectively, at
200 K). The results indicate that !s-trans™ mainly isomerizes
to !s-cis™ on the excited singlet energy surface without any
intersystem crossing at 290 K (Fig. 6f); however, 's-trans™
mainly performs an intersystem cross to 3s-trans™ and then
isomerizes to *s-cis™ on the excited triplet surface at 200
K (Fig. 6e). Conversely, the above temperature-dependent
T-T absorption experiment around 200 K actually reflects
rotational isomerization on T;.

Potential Energy Surfaces.  The potential energy sur-
faces of the rotational isomerization of E-2APE, and simi-
larly for E-2ADB, are estimated as depicted in Fig. 8 by the
experimental results.

In the phosphorescence spectra in EPA at 77 K, E-2APE
and E-1Me2APE showed very similar spectra with their 0,
0 bands in very close wavelengths (691 and 690 nm, respec-
tively, corresponding to triplet energy: Er = 172kJmol ™! for
E-2APE’ and E-1Me2APE) that were higher in energy than
the 0,0 band of E-3Me2APE (736 nm, Er = 163 kJ mol~!)
(Fig. 9). Accordingly, the phosphorescence of E-2APE is
assigned to its s-trans rotamer, which is much more popu-
lated than the s-cis rotamer in the ground state at 77 K, and
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its internal rotation to s-cis was frozen at 77 K. The above
assignment agrees well with those made based on the flu-
orescence at 77 K and T-T absorption at low temperature.
Phosphorescence of the s-cis rotamer of E-2APE could not
be observed due to its extremely low population at 77 K;
however, it is assumed to be nearly the same as that of E-
3Me2APE.

On S, the NEER rule holds; however, in T the rotational
isomerization proceeds as s-frans—s-cis in a one-way mode
with an activation energy of 30 kImol~!. The Er of the
s-trans rotamer is 8.4 kJ mol~! higher than that of the s-cis
rotamer, although in Sy the s-frans is more stable than the
s-cis rotamer. These results may indicate that the energy
difference in Sy is smaller than or nearly the same as that
in T}, a finding that is supported by the reported AH < 1.7
kI mol~! energy difference of the two isomers in S.!%!*%
This value corresponds to > 33% of that for the s-cis iso-
mer in equilibrium at 300 K estimated from the Boltzmann
distribution. Concerning the AH value, there are arguments.
First Ghiggino et al. determined it to be ca. 4.2 kJmol~!
by a van’t Hoff plot of pre-exponential factors of a sin-
gle-photon counting measurement of the dual exponential
fluorescence.'® Then, Spalletti et al. corrected the value to
be < 1.7 kImol~1."% However there are still arguments
about this value concerning the accuracy of the experiment
(see detail in Ref. 3). We prefer to use a smaller AH value,
since a smaller energy difference between s-trans and s-cis
isomers on Sy gives a higher population of s-cis than s-trans
on Ty (consistent with the result that one-way from s-trans
to s-cis on Ty). However, the temperature effect on the fluo-
rescence indicates that AH of E-2ADB seems to be smaller
than that of E-2APE. Because the spectra at 77 K of both
olefins originated almost from the s-trans isomer only and
the spectrum of E-2APE is also mainly due to the s-trans at
ambient temperature, E-2ADB is almost an equal mixture of
each rotamer at ambient temperature.

Relation to the Geometrical Isomerization. At the
early stages of our research into the one-way (Z)—(E) iso-
merization of E-2APE and E-2ADB, the rate constant of the
characteristic quantum chain process (Eq. 17) seems to be
slightly smaller than the isothermic energy transfer process
expected by the phosphorescence spectra at 77 K of their (Z)
and (F) isomers:

@ 2% '@, (12)
@ = Ry (13)
@ ey, (14)
@ =y (15)
B E (16)
E) +(@) (B YD), an
M (E)s-cis)® +(Z) B (Bys-cis+2(2)". 18)

Thus, at early stages of our research, we proposed ' (2)*
isomerizes through T; (Eqgs. 13 and 14), which is actually
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still true for E-2ADB; however, recent studies in this field
have demonstrated that the isomerization of E-2APE is initi-
ated on S; (Egs. 15 and 16).3'*5% The above results indicate
that at ambient temperature the (E) isomer of E-2APE fi-
nally takes the >s-cis™ conformation, which might have an
Er of roughly 8.4 kI mol ™! smaller than that of the s-trans
isomer. Therefore, the quantum chain process is actually 8.4
kJmol~! endothermic (the process proposed in Eq. 17 and
clarified as Eq. 18).

MOPAC Calculation.  As a simple model, butadiene
(BD) is considered. Based on previous results, the s-trans
isomer has a 12 kJ mol~! lower enthalpy than s-cis has.”’ In
addition, it is expected that the s-cis isomer would have a
lower Er than that of the s-trans isomer.?*?’” Much as for the
anthrylethenes, the two isomers of tBD are in rapid equilib-
rium at the ground state. Triplet sensitization of tBD gave
two isomers of the [2+2]-adducts (zrans- and cis-1,2-divi-
nylcyclobutane) and the [4+2]-adduct (4-vinylcyclohexene).
The former was derived from a reaction between the s-trans-
isomers, and the latter from a reaction between the s-cis and
s-trans isomers. The ratio of [2+2]/[4+2] reflects the pop-
ulation and efficiency of the excitation of the s-cis and s-
trans rotamers. Using various triplet sensitizers, the Et of
the s-trans and s-cis isomers were estimated to be 251 and
218 kJ mol !, respectively (Scheme 2). By means of a cal-
culation, the structure could not be optimized to the planar
structure on the excited state, as reported.® Therefore, an
optimization was performed by fixing the dihedral angle to
that of the optimized planar structure for Sy.

The experimental results can be explained in terms of the
molecular-orbital coefficient of BD. For LUMO, the #1 and
#4 carbon atoms have the same phase, and the 1,4-through
space interaction of the s-cis conformation must stabilize
the excited state. The lobes on the #1 and #4 carbon atoms
are larger than those of the anthrylethenes. This may corre-
spond to the high energy barrier for the rotational isomeriza-
tion and the large energy differences between the s-cis and
s-trans isomers in the excited state. The energy barriers (from
s-trans side) and energy differences [(AH-;rans) — (AH - ¢is)]
were calculated to be 14 and 55, 6.3 and 2.9 kJ mol~! for S;
and Sy (C.I. = 0), respectively, and to be 65 and 6.3J mo]~!
for T; (C.I. =2), respectively.

As for BD, the molecular-orbital coefficients of HOMO
and LUMO must be very important factors to determine more
stable conformations of anthrylethenes in the ground and ex-
cited states, respectively (Fig. 10). In the HOMO of S, the

strans \s-cis
Er= 251 kJ mort X7 X~ (\ 218 kJ mol™
3Sens* ’ 33ens*
— |
RS
Scheme 2.

Rotational Isomerizm of (2-Anthryl)ethenes

E w

Fig. 10. Calculated HOMO and LUMO molecular orbital
coefficient of BD and anthrylethenes.

signs of #3 and #12 are the same; however those of #1 and
#12 are opposed (the atom numbering is shown in Figs. 11a
and 12a). In contrast, the signs of #1 and #12 of LUMO
calculated for their S; are the same; however those of #3 and
#12 are opposed. Therefore, the s-trans isomer is more stable
than the s-cis isomer on the Sy and less stable in the excited
state. The stability and population of each isomer in the So
and excited states may be reflected by the larger coefficient of
#1 relative to that of #3. At a 90°-twisted conformation, the
LUMO molecular orbital coefficients in the phenyl group are
nearly zero. The m-conjugation is interrupted by twisting,
and the excitation energy must be localized on a wider -
conjugated chromophore, as indicated for the o-conjugation
of polysilane.* This HOMO-LUMO relation also holds in
the case of 2-styrylnaphthalene. The phenomenon was con-
sidered in greater detail using an energy-partitioning method,
as will be described.

Optimized structures of s-trans and s-cis E-2ADB in Sg
and S; are shown in Fig. 11. These structures are essentially
planar (180 < +1°) and have bonding angles of nearly 120
degrees. The bond lengths (BL) of the anthracene nucleus are
similar for E-2APE and E-2ADB. The BL of #11-#2 and of
#2—#3 in the excited state became shorter and those #1112
and #1-#2 became longer than those in the ground state.
The small, but evident, bond alternation of the #11-—#2 single
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(a

(b)

M_--.],amu .454)
<%0 === 1.337(1.340)
e’ - 1.506

-1 .398(1 406) 1 368(1 .408)

1.397(1.408) 1 4311 40 1}

bond angle 1.422(1.434)

12-13-14: 109.262(109.269)
12-13-15: 109.921(109.951)
12-13-16: 109.949(109.918)
11-12-13: 124.180(124.156)
2-11-12: 122 645(122.768)
1-2-11: 120.299(119.253)
3-2-11: 119.904(121.388)

dihedral angle

11-12-13-14: -180.000(-180.000)
11-12-13-15: -60.552(-60.267)
11-12-13-16: 60.357(60.639)
12-11-2-3: 15.002(0.000)

1 397(1 415) 1.433(1.408

@ 1.433(1.400),  1.396(1 400)- 1.359(1.390)

s 1397(1 4oq‘)
1.397(1.408
(1.408), 1.430(1. 400)-

bond angle 1 422(1 .435)
12-13-14: 109.262(109.276)
12-13-15: 109.935(109.940)
12-13-16: 109.926(109.933)
11-12-13: 124.212(124.095)
2-11-12: 122.596(122.874)
1-2-11: 121.785(120.874)
3-2-11: 118.496(119.855)
Fig. 11. Numbering of carbon atoms for E-2ADB (a), and
optimized structures for its s-frans and s-cis isomers (b and
¢, respectively). Bond lengths and angles are indicated for
So and S; (parenthesis). Bond lengths as underlined indicate
bond in S; is shortened against Sp. Dihedral angle, for ex-
ample 1-2-3-4 means angle between two intersecting planes

which contain atoms 1-2-3 and atoms 2-3-4, respectively.

dihedral angle

11-12-13-14: -180.000(-180.000)
11-12-13-15: -60.413(-60.434)
11-12-13-16: 60.492(60.469)
12-11-2-3: -180.00(-180.000)

bond and the #11-#12 olefinic bond must have been the origin
of the high energy barrier of the rotational isomerization, and
was caused by the same sign of the atomic orbital coefficient
of LUMO of #11 and #2 (Fig. 10). Bond alternation is
also seen, which is also seen in anthracene nuclei, and in
the case of anthracene, itself. These natures are similar to
those reported for other anthrylethenes.?*** For a 90°-twisted
structure around the #1142 bond of E-2APE and E-2ADB,
excitation affects the BL of the anthryl moiety, but not that of
the other groups, i.e., the 2-phenylethenyl or 3,3-dimethyl-
1-butenyl moieties. The latter groups keep the ground-state
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BL even in the excited state.

Through-space 1,4-interactions?®*’ were estimated by an
energy partition command (ENPART) by a MOPAC 93 cal-
culation using the PM3 method.

Figure 12 shows an evaluation of two center terms
in terms of J (Resonance energy), K (Exchange en-
ergy), E—E (Electron—electron repulsion), E—N (Electron—nu-
clear repulsion), N-N (Nuclear—nuclear repulsion), C
[Coulombic interaction = (E—E)+(E-N)+(N-N)], and EEn
(Total of electronic and nuclear energies) of two selected
carbon atoms in the s-cis or s-trans shape series of car-
bon atoms for E-2APE. The atom numbering is shown in
Fig. 12a. No exact interaction was observed as EEn (which

150 ——

"E 100 | ® ‘ .
5 50 - O M .
g --A--EE
> 0+ o—C S=+ —
E —g--
s 50 - B--K i
5100 - XY -
e _O"EEH -
8150  —.e--EN .- 7
=] » *
2 200 F ° -
-250 1 L8 1 i 1 1
#1 #2  #11 #12 #13 #14
Atom number
150 T T T T T
"g 100 | © -
s 50 F NN -
$ --a--EE
; 0 — o C - b
g 50 F--m--K .
& -100 %Y JURL Rk S
S — - EEn P
8150 - o gy . 4
2 w200 F . -
250 L [ S| 1 { 1

#3  #2 #11  #12 #13  #14
Atom number

Fig. 12. Numbering of carbon atoms for E-2APE (a). Calcu-
lated two center terms between 1 or 3 position carbon atoms
of anthryl moiety and a selected carbon atom in the s-trans
and s-cis shape carbon atoms sequence (3-2-11-12-13-14 or
1-2-11-12-13-14, respectively) in S; of s-cis rotamer (b and
c, respectively) of E-2APE. Points with asterisks in (a) are
not on the exponential relation (details see in text).
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is useful to evaluate the bonding interaction between 2 cen-
ters; if two atoms have a bonding interaction, EEn takes a
negative value) between the 1 or 3 position of anthracene
(#1 and #3, respectively) and £ -olefinic carbon (#12). How-
ever, the E-E, E-N, and N—N interactions of carbon atoms
are quite characteristic for these positions. If the distance
(i.e., numbers of carbon atoms between the two) increases,
the EF—-E and N-N interactions decrease almost exponen-
tially and E—N increases logarithmically, as in the case of
the s-trans shape (#1-—-##2—#11-#12-413 in s-trans isomer, or
#3—#2—#11—#12-4#13 in s-cis isomer as shown in Fig. 12¢c).
However, the E-E, E-N, and N-N interactions are stronger
than expected in the case of the interaction of the first and
the fourth carbons (asterisk marks in Fig. 12b) when they
take the s-cis shape (#3—#2—#11-#12-#13 in the s-trans iso-
mer, or #1-#2—#11-#12-4#13 in the s-cis isomer as shown in
Fig. 12b). This must be explained by the 1,4-through space
interaction. A similar result was observed for both E-2APE
and E-2ADB.

Figure 13 shows the calculated ground-state potential en-
ergy surfaces of E-1Me2APE and E-3Me2APE. The poten-
tial-energy surfaces have minima at O degree (s-trans) and
180 degrees (s-cis) for E-1Me2APE and E-3Me2APE, re-
spectively. Therefore, the conformation must be restricted
by methyl substitution, and is also confirmed by the spectro-
scopic observation described above.

The calculated potential-energy surfaces are shown in
Fig. 14. These calculations essentially did not reproduce the
experimental results. Although a C.I. calculation is essential
for the excited state, the energy-partition method could not
be applied to the C.I calculation. First, when no C.I. cal-
culation is performed, both the Sy and S; state have energy
maxima at the 90°-twisted geometry. The following two
points agree with the experiments: 1) the energy barrier of
S is larger than that of the Sy for both E-2APE and E-2ADB;
2) the barrier of E-2APE is larger than that of E-2ADB. The
s-cis and s-trans isomers have the same stability on Sg, and
the s-cis isomer is slightly more stable than the s-trans iso-
mer on S;. The energy barriers are slightly smaller than
those experimentally obtained, and the energy differences

420 T T T T
410 —o—E-IMe2APE g i
- —o— E-3Me2APE 0 397
g 400 |~ 396 b
2 300 |- .
= o
<
380 - -
384 382
a7 | .
360 J.. A 1 1
o 50 100 150 200
Degree
Fig. 13. Calculated ground state potential energy surfaces of

E-1Me2APE and E-3Me2APE (calculated by C.I. =0).
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Fig. 14. Calculated potential energy surfaces of rotational

isomerization of E-2APE (a and ¢) and E-2ADB (b). a and
b: Sp and S; calculated by C.I. =0, ¢: S; and T; calculated
by C.I. =4. The abscissa 0 and 180 degree correspond to
s-trans and s-cis rotamers, respectively.

between each isomer are negligibly small. For the C.I. =4
calculation, there are shallow energy minima at the 90°-
twisted geometry, and the energy barriers and differences fit
to the experimental results better in the case of E-2APE. For
the C.I. =4 calculation, the contributions of HOMO to the
LUMO singly excited state configuration are around 88 and
91% for Sy and Ty, respectively, for E-2APE, and 95 and
96% for Sy and T, respectively, for E-2ADB. Therefore, 1,
4-interaction of LUMO must be important. A more detailed
study based on MO-calculations will be reported elsewhere.

There have been pioneering calculation studies using the
CS INDO S-CI method, which has proved conformational
and geometrical isomerization in the ground and lowest ex-
cited states of arylethenes. Limiting to E-2APE, comparing
the results in this work with the calculation, both calculations
(MOPAC and CS-INDO S-CI) have insufficient reliability to
estimate such delicate matters as the energy differences be-
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tween the s-cis and s-trans rotamers. This may be caused by
a small or no estimation of the 1,4-orbital interaction. How-
ever, a CS-INDO S-CI calculation is better than a MOPAC
calculation to reproduce the activation energies of the exper-
imental results at this moment.

In conclusion, we have clarified the following by an in-
vestigation of E-2ADB and a comparison of the resulting
spectra with those of the model compounds. The s-trans iso-
mer is more stable than the s-cis isomer on the Sy. The s-cis
isomer is more stable than the s-frans isomer on the T;, and
s-trans—s-cis one-way rotational isomerization takes place
with an activation energy (£,) of 16 kImol~! much as for
the previously reported singlet excited state. Combining the
experimental results obtained for E-2ADB and E-2APE, it
has been clarified that the s-cis isomer is more stable than the
s-trans in the excited state (S; and Ty), which is the reverse
of the relation in the ground state. The E, is smaller for the
triplet state than for the singlet excited state, and is smaller
for monoarylethene (E-2ADB) than for 1,2-diarylethene (E-
2APE). Theoretical explanations of why the s-cis rotamer is
more stable than the s-trans isomer in the excited state and
less stable in the ground state are given using the HOMO
and LUMO coefficients and the through-space 1,4-orbital
interaction.

Experimental
Olefins and Other Chemicals. 2APE and 2ADB. 2APE
and 2ADB were prepared as reported previously.'*
Synthesis of 2-Bromomethyl-3-methylanthracene:  2,3-Di-

methylanthraquinone was prepared as reported previously.*! 1,4-
Naphthoquinone (25.0 g) was allowed to react with 2,3-dimethyl-
1,3-butadiene (20.0 g) to give 2,3-dimethyl-1,4,4a,9a-tetrahydro-
anthracene-9,10-dione, then dehydrogenated by air in 5% ethanolic
KOH solution under refluxing to give 2,3-dimethylanthraquinone
(yield 36.7 g).

The oxidation of 2,3-dimethylanthraquinone gave 9,10-dihy-
dro-3-methyl-9,10-dioxo-2-anthracenecarboxylic acid. A solution
of chromium(IV) dichloride dioxide (15 ml, 0.186 mol) in CCly
(30 ml) was added in a dropwise manner to a solution of 2,3-di-
methylanthraquinone (13.6 g, 57.6 mmol) in 30 ml CCls. After
35 min stirring, the solution was refluxed for 50 h to give 9,10-
dihydro-3-methyl-9,10-dioxo-2-anthracenecarboxylic acid (yield
5.42 g, 38.6%, mp 250.5—255.5 °C, "HNMR (CDCl;+DMSO-ds)
6 =2.81 (s, 3H, -CH3), 7.82-8.70 (m, 6H, ArH), a signal of the
acid proton was not clear). Although this was intended to form the
aldehyde, no aldehyde was extracted by benzene. After continuous
stirring, the acid was precipitated in a flask. After a couple of these
syntheses, the 9,10-dihydro-3-methyl-9,10-dioxo-2-anthracenecar-
boxylic acid (7.91 g, 29.7 mmol) was reduced by zinc dust (10.0
g, 0.154 mol) in concentrated ammonia water (27%, 20 ml) to give
3-methylanthracene-2-carboxylic acid (yield 3.55 g, 50.5%, mp
223.2—225.4 °C, "THNMR (CDCl;+DMSO-ds) 8 =2.77 (s, 3H,
—CH3), 7.32—8.69 (m, 8H, ArH)). 3-methylanthracene-2-carboxyl-
ic acid (3.55 g, 15.0 mmol) was esterified by methanol through the
acid chloride made by thionyl chloride in benzene to give methyl 3-
methylanthracene-2-carboxylate (yield 2.77 g, 78.1%, mp 136.0—
143.7 °C, "HNMR (CDCl3) 8 =2.78 (s, 3H, —CH3), 3.99 (s, 3H,
~0OCH3), 7.25—8.67 (m, 8H, ArH)). 3-Methylanthracene-2-meth-
anol was prepared by the reduction of methyl 3-methylanthracene-
2-carboxylate (2.77 g, 11.1 mmol) by LAH (0.5 g, 13.2 mmol)
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in dry ether (yield 1.86 g, 75.6%, mp 184.0—186.0 °C, 'HNMR
(CDCl3) 6 =1.55 (s, 1H, “OH), 3.57 (s, 3H, -CH3), 4.93 (s, 2H,
—CH,0), 7.38—8.40 (m, 8H, ArH)). Then, the alcohol (1.86 g, 8.38
mmol) was brominated by tribromophosphine (0.7 ml, 3.7 mmol)
in dry chloroform (30 ml) in the presence of pyridine at 0 °C (yield
2.13 g, 89.1%, mp 155.5—159.0 °C, 'THNMR (CDCl3) 6 =2.64
(s, 3H, —CH3), 4.73 (s, 2H, -CH,Br), 7.25—8.35 (m, 8H, ArH)).

Synthesis of 2-Bromomethyl-1-methylanthracene: 1,2-
Dimethylanthraquinone was prepared in a manner similar to that
used for 2,3—dimethylanthraquin0ne.4' 1,4-Naphthoquinone (20.0
g) was allowed to react with 3-methyl-1,3-pentadiene (20.0 g)
in ethanol to give 1,2-dimethyl-1,4,4a,9a-tetrahydroanthracene-9,
10-dione (yield 22.3 g, 74.3%, '"HNMR (CDCls) & = 1.20 (3H,
s, f-Me), 1.85 (3H, s, a-Me), 3.10—4.30 (5H, m, ~CH>— and
—CH-), 445—5.65 (1H, m, -C=CH-), 7.26—S8.17 (4H, m, Ar-
H)). This reaction was done twice. 1,2-Dimethyl-1,4,4a,9a-tetra-
hydroanthracene-9,10-dione (20.8 g) was dehydrogenated by air
in 5% ethanolic KOH solution to give 1,2-dimethylanthraquinone
(vield 16.2 g, 85.8%, mp 150.1—152.3 °C, '"HNMR (CDCl);
6 =247 (3H, s, f-Me), 2.77 (3H, s, a-Me), 7.47—8.31 (6H,
m, Ar-H)). The oxidation of 1,2-dimethylanthraquinone (10.0 g) by
chromium(IV) dichloride dioxide gives an approximately 4 : 1 yield
of isomeric 9,10-dihydro-2-methyl-9,10-dioxo-1-anthracenecarbox-
ylic acid to 9,10-dihydro-1-methyl-9,10-dioxo-2-anthracenecarbox-
ylic acid (determined by integral of the NMR signal at § =2.54 and
3.45) (yield 7.65 g, 71.9%, '"HNMR (CDCl;+DMSO-ds) & =2.54
(4H, s, B-Me), 3.45 (1H, s, a-Me), 7.69—8.30 (10H, m, Ar-H);
a signal of acid proton could not be identified). The mixture was
reacted until conversion to methyl esters, which are easily separable
by column chromatography. The isomeric mixture (9.39 g) and zinc
dust (30.0 g) in concentrated ammonia water were gradually heated
to induce reflux to give isomeric 1-methyl-2-anthracenecarboxyl-
ic acid and 2-methyl-1-anthracenecarboxylic acid (yield 7.50 g,
90.0%, '"HNMR (CDCl3+DMSO-ds) 6 = 2.55 (4H, s, 5-Me), 3.05
(1H, s, a-Me), 7.69—8.30 (13.3H, m, Ar-H)). The isomeric 1-meth-
yl-2-anthracenecarboxylic acid and 2-methyl-1-anthracenecarbox-
ylic acid (7.00 g) were esterified through the acid chloride to give an
isomeric mixture of methyl 1-methyl-2-anthracenecarboxylate and
methyl 2-methyl-1-anthracenecarboxylate (yield 4.20 g, 67.5%).
The mixture was separated by column chromatography with silica
gel eluted by hexane : ethylacetate =11 : 1. Several separations gave
0.7 g of pure methyl 1-methyl-2-anthracenecarboxylate (mp 85.0—
89.0 °C, "THNMR (CDCl3) 8 =3.10 (3H, s, -Me), 4.01 (3H, s,
COxMe), 7.44—38.30 (13H, m, Ar-H)) and 2.9 g of methyl 2-meth-
yl-1-anthracenecarboxylate (‘HNMR (CDCl3+DMSO-ds) 6 =2.55
(1H, s, ~Me), 4.11 (4H, s, CO;Me), 7.21—8.38 (13H, m, Ar-H)).

1-Methylanthracene-2-methanol was obtained by reduction of
methyl 1-methyl-2-anthracenecarboxylate (0.45 g) by LAH in dry
ether (yield 0.46 g, mp 98.2—102.0 °C, "HNMR (CDCl3) 6 = 1.63
(1H, s, OH), 2.80 (3H, s, ~-Me), 4.93 (2H, s, CH,), 7.16—8.59 (8H,
m, Ar-H)). 1-Methylanthracene-2-methanol (0.46 g, 2.0 mmol) was
reacted with tribromophosphine (0.25 ml, 1.4 mmol) to give 2-bro-
momethyl-1-methylanthracene (yield 0.52 g, 89.7%, mp 101.0—
105.5 °C, '"HNMR (CDCl3) & =2.85 (3H, s, -Me), 4.79 (2H, s,
CH»), 7.16—8.62 (8H, m, Ar-H)).

Synthesis of (E)-1-(1-Methyl-2-anthryl)-2-phenylethene or
(E)-1-(3-Methyl-2-anthryl)-2-phenylethene (E-1Me2APE or E-
3Me2APE), and (E)-1-(1-Methyl--2-anthryl)-3,3-dimethyl-1-
butene or (E)-1-(3-Methyl-2-anthryl)-3,3-dimethyl-1-butene
(E-1Me2ADB or E-3Me2ADB): (Methyl substituted 2-an-
thryl)ethenes were synthesized in essentially the same manner as
2APE and 2ADB."* 2-Bromomethyl-1-methylanthracene or 2-bro-
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momethyl-3-methylanthracene was refluxed in dry benzene in the
presence of triphenylphosphine to give 1-methylanthryl-2-methyl-
phosphonium bromide or 3-methylanthryl-2-methylphosphonium
bromide. To a suspension of 1-methylanthryl-2-methylphospho-
nium bromide or 3-methylanthryl-2-methylphosphonium bromide
in absolute ether was added a hexane solution of butyllithium and
then benzaldehyde under dry nitrogen. The (Z) and (E) mixture was
chromatographed over silica gel eluted with hexane or hexane : ben-
zene = 6: 1 and purified by crystallization from hexane to separate
the (Z) and the (E) isomers (33—52% in total). The characteristics
of these isomers are as follows.

E-3Me2APE:  Mp 211—212 °C, '"HNMR (CDCl3) 6 =2.63
(s, 3H, -CHj3), 7.19—7.99 (m, 13H, CH=CH and ArH), 8.21 (s, 1H,
ArH), 8.30 (s, 1H, ArH), 8.41 (s, 1H, ArH).

Z-3Me2APE: Mp 181—182 °C, '"HNMR (CDCl3) & = 2.49
(s, 3H, -CH3), 6.73 (d, J = 12 Hz, 1H, C=CH), 6.81 (d, J =12 Hz,
1H, C=CH), 7.11—7.97 (m, 11H, ArH), 8.19 (s, 1H, ArH), 8.31 (s,
1H, ArH).

E-IMe2APE:  Mp 188—191 °C, '"HNMR (CDCl;) 6 =2.90
(s, 3H, Me), 7.14—8.05 (m, 13H, CH=CH and ArH), 8.37 (s, 1H,
ArH), 8.63 (s, 1H, ArH).

Z-1Me2APE: Mp 183—185 °C, 'HNMR (CDCl;) 6§ =2.75
(s, 3H, Me), 6.77 (d, /=11 Hz, 1H, C=CH), 6.88 (d, /=11 Hz, 1H,
C=CH), 7.12—8.14 (m, 11H, ArH), 8.34 (s, 1H, ArH), 8.56 (s, 1H,
ArH).

E-3Me2ADB: Mp 155—157 °C, '"HNMR (CDCl3) § = 1.21
(s, 9H, —C(CHs)3), 2.52 (s, 3H, Me), 6.37 (d, H, J = 15 Hz, C=CH),
6.62 (d, H, J =15 Hz, C=CH), 7.06—7.53 (m, 3H, ArH), 7.72—
8.03 (m, 3H, ArH), 8.27 (s, 1H, ArH), 8.32 (s, 1H, ArH).

Z-3Me2ADB: Mp 154—155 °C, 'HNMR (CDCl;) 6 =0.99
(s, 9H, —C(CHs)3), 2.46 (s, 3H, -CH3), 5.78 (d, H, J =12 Hz,

C=CH), 6.45 (d, H, J = 12 Hz, C=CH), 7.26—7.56 (m, 2H, ArH),
7.75—8.06 (m, 4H, ArH), 8.31 (s, 2H, ArH).

E-1Me2ADB: Mp 122—125 °C, "HNMR (CDCl;) 6 = 1.22
(s, 9H, —C(CH3)3), 2.81 (s, 3H, Me), 6.35 (d, H, J = 16 Hz, C=CH),
6.90 (d, H, J =16 Hz, C=CH), 7.38—S8.15 (m, 6H, ArH), 8.36 (s,
1H, ArH), 8.60 (s, 1H, ArH).

Z-1Me2ADB: Mp 114—115 °C, '"HNMR (CDCl3) § =0.96
(s, 9H, —C(CHs)3), 2.76 (s, 3H, Me), 5.76 (d, H, J = 12 Hz, C=CH),
6.53 (d, 1H, J = 12 Hz, C=CH), 7.27—38.15 (m, 6H, ArH), 8.39 (s,
1H, ArH), 8.56 (s, 1H, ArH).

Other Chemicals.  Spectrograde benzene and methyicyclo-
hexane (: MeCHex, Dotite) were used for various measurements
without further purification. Guarantee-grade 2-methyltetrahydro-
furan (: MeTHF, Wako Chemicals) was purified by distillation over
lithium aluminum hydride.

Spectroscopy.  Absorption and emission spectra were mea-
sured by a Hitachi U-3000 and an F4010 spectrometer, respectively.
Fluorescence lifetimes were measured by a Horiba NAES-550 sin-
gle photon counting spectrometer. The incident light was set at 360
nm and emission was collected through L-40 or L-42 glass filters.
T-T absorption spectra were measured on excitation at 355 nm
(Continuum SL I-10, 6 ns fwhm, 20 mJ per pulse at 5 Hz repetition)
with a detection system (Tokyo instruments) composed of a multi-
channel diode array (Princeton IRY-512G: 18 ns gate width) with
a SPEX 270M monochrometer (resolution: 0.3 nm/channel). De-
cay profiles measured by a photomultiplier (Hamamatsu photonix
SR928) were analyzed by the Marquardt non-linear least-squares
fitting method. Low-temperature experiments were performed with
an Oxford DN1704 cryostat.

Rotational Isomerizm of (2-Anthryl)ethenes

Calculation

The semiempirical calculation was performed using the
MOPAC 93 (PM3)*® method on a Cray CS 6400 at the In-
formation Processing Center at Chiba University or on a
Macintosh 7300/180 (Fujitsu CS-MOPAC). For a CI calcu-
lation, 2 or 4 CI (4 or 36 microstate involved in the calcu-
lation, respectively) was applied for the excited state, con-
sidering the results and calculation time. No CI calculation
was also performed to examine ENPART (Energy Partition)
command.”

The authors thank Professor Makoto Hayashi (Professor
Emeritus, Chiba University) and Hiroki Itoh (Yamagata Uni-
versity) for their valuable discussions about spectroscopy
and calculation, respectively.
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