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Both cis- and trans-1,2-bis(phenylethynyl)ethenes (1) gave
fluorescence emission with considerably high quantum yield
and intersystem crossing to the triplet state which underwent
cis-trans isomerization. On the basis of the results, a novel
potential energy surface of isomerization of 1 was proposed.

(Phenylethynyl)ethenes have already been prepared and
donor acceptor complexes between (phenylethynyl)ethenes and
electron acceptors have extensively been studied to construct a
new materials with useful optical and electronic properties.’ In
addition, enediynes can produce a highly reactive 1,4-biradical
intermediate either thermally or photochemically which express-
esthe biological activity.” However, the photochemical cis-trans
isomerization of enediynes has scarcely been studied. In this
respect, we have prepared 1,2-bis(phenylethynyl)ethenes (1). We
wish to report here the novel effect of triple bond on the photo-
chemical aswell as photophysical properties of ethenes. In brief,
on direct irradiation both cis- and trans-1 gave fluorescence
emission with considerably high quantum efficiency in addition
to the efficient intersystem crossing to the triplet state undergoing
cis-trans isomerization. Furthermore, not only the planar trans
triplet state (3t") and perpendicular triplet state (3p"), but also the
cistriplet state (3¢”) is equilibrated in the triplet state and one can
induce the deactivation from all of the three conformations by
choosing appropriate experimental conditions.

Both cis- and trans-1 gave the fluorescence emission with
maxima at 364 and 387 nm and at 362 and 382 nm, respectively
in benzene (Figure 1). The quantum yield of fluorescence
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Figure 1. Absorption and fluorescence spactra of trans-1
(solid line) and cis-1 (dotted line) in benzene.

emission was determined to be 0.31 and 0.42 for cis- and trans-
1, respectively. On direct irradiation with 328 nm light, 1
underwent mutual isomerization between cis- and trans-isomers
giving the trans-to-cis isomer ratio at the photostationary state
of ([t]/[c])pss = 44/56 in benzene. The quantum yields of
cis-trans and trans—cis isomerization were determined to be
0.27 and 0.17, respectively. Contrary to the results reported by
Turro for 1,2-bis(phenylethynyl)benzene,” photochemical
Bergman cyclization was not observed in 1.

On 308 nm laser excitation, cis- and trans-1 gave the simi-
lar transient absorption spectrum with the absorption maximum
at 450 nm and the lifetime of 370 ns (Figure 2). The observed
transient was quenched by oxygen with the rate constant of 5.6
x 10° M~ s indicating that the observed transient is assigned
to the triplet state. Furthermore, the transient was quenched by
the triplet quenchers such as azulene with the rate constant of
7.0 x 10° M1 s, These results suggest that 1 undergoes inter-
system crossing to the triplet state where 3", 3p", and 3¢” could
be equilibrated. Since both cis- and trans-isomers of 1 seem to
have no considerable steric effect, they seem to be nearly the
samein energy and in population in the triplet state aswell asin
the ground state. If this is the case, we can depict a novel
potential energy surface of cis-trans isomerization with 3¢”, 3"
and 3p" equilibrated with each other. The equilibration in the
excited triplet state is usually accomplished much faster than
the decay to the ground state.®

In order to shed light on the above possibility, we have
studied the effect of azulene (Az) concentration on the photo-
stationary state isomer ratios on triplet sensitization.8® The

0.15 T : .
(a) o —— 49 ns
——391ns |

0.1

0.05

350 400 450 500 550
Wavelength / nm

Figure 2. T-T absorption spectra of trans-1 (a) and cis-1 (b) in
benzene observed on direct excitation with 308 nm laser pulse.
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Figure 3. The effect of Az concentration on ([t}/[c])pss 0N
camphorquinone sensitization in benzene.

([t)/[c])pss Value observed on camphorquinone (Er = 51.5 kcal
mol~1) sensitization at 435 nm was 53/47 in the absence of Az,
but increased with increasing Az concentration as shown in
Figure 2. At first sight the Az effect seems to indicate the equili-
bration between 3" and 3p". If this is the case, the ([1]/[C])ps
value must linearly increase with increasing Az concentrati on.g'9
However, the ([t]/[c]) s Val ue became almost constant to give the
value of 61/39 at Az concentration of 4.0 x 103 M. Since Az
quenched the triplet state exclusively by energy transfer mecha
nism with k,, as the diffusion controlled rate constant, the above
results indicate that Az interacts not only with 3t*, but also with
3¢ to result in energy transfer to give triplet Az and trans- and
cis-1. Inthiscase, most of the deactivation takes place by energy
transfer from both 3t* and 3¢" to Az to give trans- and cis-1
resulting in the isomer ratio of ([t]/[c]), = 61/39 in the presence
of Az with the concentration higher than 2 x 10-3 M, while the
deactivation takes place exclusively from 3p* to give trans- and
cis-1 with the isomer ratio of ([t]/[c]), 53/47 in the absence of
Az. Thus, we can estimate the equilibrium constant between 3t*
and 3¢ from the above value to be 61/39.

The triplet lifetime of 1 (370 ns) is much longer than that of
stilbene (60 ns), which indicates the existence of equilibration
between the planar triplet states (3¢” and 3t") and 3p". Since the
deactivation rate constant from 3t* to trans-1 is reasonably esti-
mated to be the same with that from 3¢” to cis-1, the equilibrium
constant between the planar triplet state (3" and 3¢”) and the per-
pendicular triplet state (3p") can be estimated by observed triplet
lifetime. Thus, the triplet lifetime (7;) can be expressed by eq 1,
where ky and kg are the rate constants for the decativation from
the planar triplet state (3" and 3¢") and 3p", respectively, and K is
the equilibrium constant between the planar triplet state (3" and
3¢") and 3p". The values ky and k' were previoudy estimated to
be2x 10*stand 2 x 107 s, respectively.®

=1+ KK ka+ k') M

Thus, K = 0.12 ={[3p"]/([3t"]+[3c])} can be obtained. By
using this value, one can roughly estimate the proportion of the
three conformationsto be 3" : 3p" : 3¢" =54 : 11 : 35.

On the basis of these arguments, the potential energy sur-
face of cis—trans isomerization of 1 in the triplet state was
depicted as shown in Figure 4.

The potential energy surfaces of cis-trans isomerization
depended on the substituents on the ethylenic double bond.8° On
triplet sensitization stilbene underwent two-way isomerization.
In the triplet state 3¢” is unstable and undergoes isomerization to
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Figure 4. Potential energy surfaces of cis—trans

isomerization of 1.

give %p*, where 3" and 3p" are equilibrated. The unimolecular
deactivation takes place at 3p", since the decay rate constant from
3p" is much faster than the decay rate constant from the planar 3t"
as already described. On the other hand, introdcution of anthryl
group on the ethylenic carbon resulted in one-way cis-trans iso-
merization, where 3" is much more stable than 3¢ and 3p* and
therefore deactivation takes place exclusively from 3t*.

The present findings open a new type of potential energy
surafces of cis-transisomerization, where three conformers, 3t",
3p*, and 3c” are equilibrated and the deactivation may take place
from these conformations by addition of appropriate quenchers.
Actually, Az quenched 3c" and %" giving exclusively c and 1,
respectively, while unimolecular deactivation took place solely
from 3p" giving c and 't with nearly the same ratio.

In summary, the phenylethynyl group instead of phenyl
group changed the behavior of stilbene in the excited singlet
state to undergo efficient fluorescence emission and intersystem
crossing in addition to the cis—trans isomerization.
Furthermore, three energy minima exist in the triplet state
potential surface of 1, where 3¢” has a considerable population
and equilibrated with 3" and 3p".
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