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Abstract - Aromatic olefins like anthrylethylenes (la-l1d) undergo one-way
isomerization, which proceeds solely from the cis to trans isomer in very
high quantum yields far exceedin§ unity through adiabatic conversion of
initially produced cis triplet (3¢™) to trans triplet (3% passing through
a perpendicularly twisted conformation., This is in remarkable contrast with
the well accepted behavior of stilbenes and other olefins. The resulting
t™'s have extraordinarily long lifetimes in the order of 104 us, and
therefore can, in competition with their relatiyely slow decay, undergo
energy transfer to the cis isomer to regenerate “c”, thus accomplishing a
quantum chain process. The characteristic feature of the potential energy
surface was clarified with 2-(ethenyl-2-d)anthracene (le-d), in which there
is an energy barrier of 11 kcal/mol between 3c* and 3t*, The mode of
isomerization of aromatic olefins, either one-way or two-way, is revealed
to be governed by the triplet energy of the aromatic group on one ethylenic
carbon as well as by the substituent on the other ethylenic carbon;
decrease of the triplet energy of the aromatic group favors the one-way
mode, and most olefins in the series of ArCH=CHPh prefer the two-way mode
compared to the corresponding olefins in the series of ArCH=CHBu.

INTRODUCTION

It is well-known that cis and trans isomers of olefins are very stable at room temperature
unless exposed to light and might only slowly isomerize on heating at elevated temperatures
This is due to a high energy barrier to be overcome on rotation of the double bond starting
from either isomer, as seen in a potential diagram depicted in Fig. 1, where a perpendicu-
larly twisted conformation (Yp) is maximum in energy (ref. 1l).

However, on irradiation many olefins undergo mutual isomerization between their cis and trans
isomers, although the conversion does not proceed 100% to either isomer but give a photosta-
tionary mixture of both isomers on starting from either isomer (ref. 1-8). The photoiso-~
merization has been employed in research laboratories as well as in industry to produce
useful isomers from their counterparts which are readily available. A practical application
is manufacture of fine chemicals like vitamin A, vitamin D, etc (ref. 9).

The mechanism for isomerization in the triplet and singlet excited states has been extensive-
ly investigated by many workers with stilbene and its derivatives (ref. 1-8,10-12), An
energy diagram well accepted for the isomerization in the triplet manifold is depicted in
Fig. 2 (ref. 1-8), Sensitized excitation of cis and trans isomers of olefins §ives cis trip-
lets (°c”) and trans triplets (“t”), respectively. However, neither t* nor 3¢¥ is stable and
both readily twist around their double bond into the mogt stable triplet, a perpendicularly
twisted triplet (°p”). “p” is very close in energy to Op and undergoes deactivation to Yp
through intersystem crossing. Then, the resulting “Yp collapses to either cis or trans isomer
in the ground state with a certain ratio, Therefore, after irradiation for a sufficient
time, the reaction results in a photostationary state comprising of a certain ratio of both

isomers.
. ©
Qo). T O

The above energy diagram can explain the observations that both of cis-to-trans and trans~to-
cis isomerization quantum yields, ®.4¢ and @+, respectively, are generally between O and 1
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Fig. 1. Calculated potential Fig., 2, Proposed potential
energy surfaces of ethylene. energy surfaces of stilbene

(ref. 2,3a,4b,5b,7a,8). To say simply, the mutual isomerization between the two isomers
arises from the triplet energy surface, on which 3p is the most stable and the deactivation
to the ground state occurs from -2p”. The triplet energy diagram of stilbene is originated
from modifying the results calculated for ethylene, the simplest olefin, by Mulliken (Fig. 1)
(ref. 1), For ethylene, although there is no distinction between cis and trans forms in the
ground as well as excited states, p° is the most stable in the excited state and a sole
deactivation funnel to Vp.

The concept borne out for ethylene and stilbene (ref. 1,2) has been taken to cover all types
of olefins. Nobody has doubted that every olefin would undergo the mutual isomerization
between its cis and trans isomer, until we made a dramatic finding of one-way isomerization.

ONE-WAY ISOMERIZATION OF AROMATIC OLEFINS

During the course of our investigation on isomerization of aromatic olefins (ref, 8,13,14),
we found that the olefins substituted by a 2-anthryl group and another group, like an alkyl,
phenyl, or 2-naphthyl, on one ethylenic carbon and the other, respectively, exert a really
dramatic change in photochemical behavior (ref. 15,16). On direct as well as sensitized
irradiation, these olefins underwent one-way isomerization from their cis to trans isomers,
whereas no reverse isomerization from their trans to cis did not take place even when the
trans isomers were excited.

Another feature of the one-way isomerization is that the quantum yield 9., far exceeds unity
and increases with increasing concentration of the cis isomer to attain a value of ten or
twenty (Fig. 3), indicating clearly that the isomerization takes place through a quantum
chain process (ref. 15-17). How does the one-way isomerization take place? There is no
participation of °p” as an important intermediate, since it would give a mixture of both
isomers. We have proposed a potential energy diagram depicted in Fig. 4 (ref. 15,16). Thus,
3c* resulting from excitation undergoes twisting around the double bond to attain 2t” by
passing through a perpendicular conformation. We do not think that an energy minimum is
situated at the perpendicular conformation. Therefore, the excited state does not stay at
this conformation for a sufficient lifetime to be deactivated to the ground state, and this
conformation is only a simple point_to be quickly passed. In the proposed energy diagram,
£ resulting from the twisting of “c” undergoes either unimolecular deactivation to “t or
bimolecular energy transfer to “c to regenerate c®, which again gives t¥*, thus accom-
plishing the quantum chain process. On twisting from c* to 3t , the triplet state molecule
may overcome an energy barrier in an "across-a-ridge" or "over-a-hump" fashion, depending on
the substituent on the B-ethylenic carbon. To understand the one-way isomerization, one
might suppose that in the triplet state the energy minimum would not be at the exactly
perpendicular position but slightly shifted to trans side (Fig. 5) (ref. 18,19); however,
such a scheme could not explain the observed quantum chain process
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were performed with 313 nm light
and Michler's ketone was used as
sensitizer.

In the 2-anthrylethylenes, the most stable triplet is not 3p')'L but %t*. Transient absorption
spectroscopy provided very clear evidence. The twisted triplet 3p* of these olefins should
exhibit an absorption as long-wavelength as that due to a 2-anthrylmethyl radical chromo-
phore, since the remaining chromophore, an alkyl, benzyl, or 2-naphthylmethyl, shows an
absorption at shorter wavelengths than the 2-anthrylmethyl radical (Fig. 6). However, the
absorption of the planar triplet 3t¥* should depend on the substituent on B-carbon and should
be shifted to longer wavelengths as the substituent becomes well conjugated. Also, p* is
very close to Yp in energy and, therefore, is deactivated facilely to the ground state with a
short lifetime, for example, 60 ns for Bp* of stilbene (ref. 4a), whereas t* is far from Ot
in energy and is expected to be alive for a considerably long lifetime. Figure 7 shows the
transient absorption spectra obtained by laser flash photolysis (LFP) of the olefins
(ref. 16). For every olefin examined, LPF of its cis and trans isomers afforded the same
absorptions. Olefins la and 1d carrying an alkyl group on the B-ethylenic carbon exhibit a
strong absorption around 450 nm and a weak one at 550 nm. Both the absorptions decay with
the same lifetime irrespective of the geometry of the starting isomer. On introduction of a
phenyl group (1b) at the B-ethylenic carbon instead of the alkyl group, the strong absorption
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is slightly shifted to longer wavelengths and the absorption at 530 nm increases in inten-
sity, and another absorption appears at longer wavelengths than 600 nm. Furthermore, intro-
duction of a 2-naphthyl group (lc) instead of the phenyl group increases intensity of the
absorption at 550 nm, shifts slightly the absorption in the >600 nm region to longer wave-
lengths, and increases its intensity to such an extent that this absorption is stronger than
those of la and 1ld at 450 nm. The transient absorptions of all these olefins exhibitextra-
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Fig. 6. Pictorial representation of planar 3t* and perpendicularly twisted
p~ conformations.



992 T. ARAl et a/

AOD PO® 1,:=280 1S 15 0D T,=190 s
A aut r ®
39 and 156 ps 0.10p / Zr(: ﬂnld 90 usl A
er las
o.10p after laser pulse /. er pu 57 \
MR o A
A \ oy e / K y e \
0 V= = e . o e \t.;:ﬁ' ] RN
AOD e _ &t 17280 ks | ool oles
™ ©© f
005 / 39 and 136 1o ‘.\ :fgeinlisii l;illse.
d after laser pulse \
0.10} . A
/E///\- ML A
) = AN NSNS
0 4.'1/ ) k::.::::.l_::;b, ) o N _.,/ < N2y
400 500 600 200 500 o0
A /nam ™

Fig. 7. T-T absorption spectra of 2-anthryletnylenes observed on nitrogen
laser (337 nm) excitation in deaerated benezene.

ordinarily long lifetimes in the order of 102 us, which are more than 103 times longer than
those reported for the twisted triplets of usual olefins like stilbene (ref. 4a).

The above observations that the transient absorptions of olefins la-1d are very much depen-
dent on the structure of olefins and that their lifetimes are extraordinarily longer than
those for 3p* of typical olefins enable us to assign the absorptions to the planar triplets
3¢*, Mo (PPP-SCF-SCI) calculations by Wirz (ref. 20) gave the results which agree satisfac-
torily with our observations (ref. 21).

Transient Raman spectroscopy also supports the above assignment. Excitation of both cis- and
trans-1b by 355-nm laser followed by Raman probing at 612 nm resonated with the T-T absorp-
tion afforded the same transient Raman spectra which are reasonably assigned to 3¢* of 1b
(Fig. 8)(ref. 22),

cis-1b trans-1b
T, Ty
S S
0 o Fig. 8. Raman spectra of lb
and transient resonance Raman
spectra of triplet 1b,
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QUANTUM CHAIN PROCESS IN ONE-WAY ISOMERIZATION

According to the proposed mechanism, the quantum yield for isomerization on triplet sensiti-
zation is expressed by the following equation:

ogsps = 098MS(1 + kqTrlcis])

On direct irradiation, the isomerization of the 2-anthrylethylenes takes place in the triplet
manifold but not in the singlet manifold. This is in remarkable contrast with the case of
stilbene (ref. 15,16). The cis isomers as well as trans isomers of these olefins exhibit
strong fluorescence different in the spectral shape and lifetime (ref. 15,16,21,23). The
singlet excited cis isomers under*go either fluoregcence emission or intersystem crossing to
their triplet states, in which “¢™'s isomerize to 2t™'s. The quantum yields for fluorescence
emission $f and intersystem crossing @jg. are shown in Table 1, and their sum for each isomer
is nearly unity. The quantum yield for isomerization on direct irradiation is shown by the
following equation:

Od5F = 0351 + kqrlcis])
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Table 1. Yields of singlet oxygen ($gg) compared with quantum
yields of intersystem crossing

Olefin $s0 ®isc b da
2-AnCH=CHR cis  trans cis  trans cis  trans cis trans
R=Ph (1b) 0.08 0.10 0.17 0.11 0.59 0.87 0.47 0.91
R=2-Np (lc) 0.10 0.11 0.22 0.12 0.65 0.85 0.45 0.92
R=tBu (la) 0.52 0.38 0.59 0.46 0.41 0.50 0.88 0.76
R=Me (1d) 0.41 0.46 0.46 0.89
R=H (le) 0.36 0.49 0.50 0.73
Anthracene 0.58 0.75 0.25 0.77
Table 2, Kinetic values from concentration effect
on isomerization quantum yield
Olefin Sensitizer Slope Intcpt Slope/Intcpt T kq
/dm3mo1-1 /dm3mo1-1 /us  /dm3mo1-ls-1
cis-la - 550 0.72 760 280 2.7x106
MK 1400 0.88 280 5.0x106
cis-1b - 4200 0.43 9800 190 5.2x107
BA 11000 1.6 190 5.8x107
cis-lc - 3200 0.38 8400 90 9.2x107
BA 16000 1.4 90 1.7x108

Intcpt: Intercept. MK: Michler's ketone.
BA: Biacetyl.

T T T T L
Table 3. Isomerization quantum yields of la 1
on dye sensitized irradiation 10+ 3 gz””
la /6
-1 D D T 9 b —/ 2
Dye Er/kcal mol et oY Ppsy /OPLE M 9r le —
5
Methylene blue 34 0 0.52 0 48 Jd4 1
Thionine 39 0 0.55 0 E‘ ’- /
Rose bengal 39.5-42 3.7 1.0 3.7 50
Eosin Y 43-46 15 0.64 23
Erythrosin 43-45 24 1.0 24 7k 1
Fluorescein 45-48 1.1 0.05 22
Acridine orange 49 0.56 0.10 5.6 L T i ’
Proflavine 51 1.9 0.46 4.1 28 32 36 40 44

Triplet energy (Ey) / keal mot~!

Fig.9.Estimationoftriplet
energies (ET) of la-lcfrom
the relation of ET and
quenching rate constants
(k ) by azulene.
anthracene (the filled circle
was determined in this work);
dibenzo{b,h]pyrene;
S5-methyldibenzo[b,h]pyrene;
5,8~dimethyldibenzo[b,h]pyrene;
dibenzo[b,g]pyrene.
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On direct as well as sensitized irradiation, the quantum yield linearly increases with
increasing cis isomer concentration as depicted in Fig. 3. Dividing the slopes by the inter-
cepts affords quT values, which give the kq values when combined with the determined Tp
values (Table 2). The kq values vary from the order of 106 to 108 dm3mol-ls-1 depending on
the substituents, an alkyl, ghenyl, and 2-naphthyl (ref. 15,16,18). These values mean that
the energy transfer from 2t” to Yc is slightly endothermic. It is not so usual to see
slightly endothermic energy transfer taking place effectively. It should be_emphasized that
this is solely due to the extraordinarily long ~“t" lifetimes, during which °t" can transfer
energy to “c in competition with unimolecular deactivation.

The triplet excitation energies (ET) of the trans forms of olefins, la, lb, and lc can be
estimated from their weak phosphorescence (in EPA at 77K) as 42.5, 41. 0 and 39.8 kcal/mol
respectively., The triplet energies for the cis isomers were estlmated by examining the
effect of triplet dye sensitizers with varying energies as listed in Table 3 (ref. 18).
Table 3 shows that cis-la can be sensitized by sensitizers with triplet energies higher than
42 kcal/mol.
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To estimate the triplet energies of the trans isomers, the rate constants for quenching of
their triplet states by azulene (Ep 39.8 kcal/mol) (ref. 24) were determined since the
triplet states generally are less efficiently quenched by azulene when their energies become
closer to that of azulene. The observed rate constants for °t"'s of la-lc are plotted
against the triplet energies along with the quenching rate constants rgyorted for the well-
known triplet states (Fig. 9)(ref. 25). The results indicate that 3t lies 40, 38, and 37
kcal/mol above Yt for la, 1lb, and lc, respectively (ref, 18), The B-substituent dependence
of the triplet energy is in good agreement with the phosphorescence results

TRIPLET ENERGY SURFACES OF ONE-WAY ISOMERIZING OLEFINS

In the one-way isomerization, 3c* undergoes twisting around the double bond to give 3t*;
however, a problem arises whether the triplet energy surface decreases monotonically in
energy from “c” to Jt" or involve an energy barrier around the perpendicular conformation.
To solve this problem, we investigated photochemical behavior of 2-vinylanthracene (le) and
its deuterated derivative (le-d).

On benzil-sensitized irradiation in benzene at 7 oC, trans-le-d did not efficiently isomerize
into the cis isomer. However, the isomerization was clearly observed above 16 "C (ref. 26).
The observed ¢ _, values are extremely low compared with those for stilbenes and styrenes
(ref. 2, 4b,5b,7a,8), and increase with temperature. However, the lifetime of the triplet
state was essentially independent of temperature. These findings clearly indicate that the
triplet trans-le-d isomerizes to the triplet cis-le-d in an adiabatic way by overcoming an
energy barrier at the perpendicular conformation as the transition state. This novel type of
photochemical isomerization effected by heat can be termed as "across-a-ridge" or "over-a-
hump" isomerization.

The isomerization quantum yield ®,. is expressed by the following equation:
bpse = OgrOpTlky/(katke) J[1-ke/(kg+ky) ]

= 9g10prkrkd/ (katky )2,

where ky and kg are the rate constants for C=C bond rotation leading to the isomerization
between the triplet trans-le-d and cis-le-d, and for their deactivation, respectively. The
ky and kg values must be the same for the two isomers. &gt and ®pp represent the quantum
yields for intersystem crossing of singlet excited sensitizer and for energy transfer from
the triplet sensitizer to trans-le-d, respectively.

An assumption that ? and ¢ are independent of temperature enables us to estimate k_.
Arrhenius plot of kr led to 11 kcal/mol as the activation energy and 5 x1011 as the pre-
exponential factor. (Fig 10). The large activation energy barrier inhibits the twisting of

C=C bond and, therefore, the decay should occur from the planar conformation of the triplet.
The planar triplet is nearly 42 kcal/mol above the ground state as determined by its
phosphorescence and the quenching rate constant by azulene and perylene. These results allow
us to draw potential energy surface of le as shown in Fig. 1ll.
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The luminescence of singlet oxygen, 0O ta produced on quenching of the triplets of
2-anthrylethylenes by oxygen has provided vafiable informations about their triplet states,
not only the most stable but also the profile of the triplet potential energy surfaces.

Generally, t&}plet states are quenched by oxygen (ref. 27). When the triplet takes a confor-
mation of “p”, the quenching may take place through acceleration of intersystem crossing to
p (spin exchange interaction) with a rate constant of (6—9)x109 dm3mol~ls=l in benzene at
room temperature (3/9 of the diffusion-controlled rate constant, kgjf) without producing
singlet oxygen since pf is very close in energy to “p. However, when the olefin triplet has
a large population of 3t* the quenching by oxygen proceeds through energy transfer with a
rate constant of (2-3)x109 dm3mol-ls-1 (kdl€/9) to produce singlet oxygen with a high effi-
ciency since t* lies in energy far above “t (ref. 4a,12,13c). Therefore, the determination
of the efficiency for singlet oxygen production provides the population of the triplet state
at 3t¥ (ref. 28).

The quantum yields for singlet oxygen production determined for the 2-anthrylethylenes are
listed in Table 1 (ref. 23). The observed values are all more than nealy 0.5, and particu-~
larly high for the trans isomers and cis-la, indicating that the triplet states of these
olefins take high populations of °t”, particularly on excitation of their trans isomers. On
excitation of the cis isomers, oxygen was found to reduce &, remarkably for la, If 2¢” is
not located at an energy minimum but at the highest level on a triplet potential energy
surface simply decreasing in energy to “t”, “Zc¢” would not have a lifetime enough to be
quenched by oxygen.

The observation of the across-a-ridge or over-a-hump isomerization in 2-vinylanthracene le
enables us to suppose that the perpendicular conformation of the triplet la is located 10
kcal/mol higher in energy than 3¢ and also several kcal/mol higher than Kot (Fig. 11). 1Imn
cis-la the bulky t-butyl group induces rotation of the anthryl group around the single bond
connecting to the double bond, resulting in a less conjugated triplet similar to an anthra-
cene triplet. Therefore, the observed high value of ¢p for cis-la seems to indicate that 3¢
as well as the resulting °t” is quenched by oxygen to produce singlet oxygen.

The relatively low $p values for cis-1lb and cis-1lc indicate participarion of the spin ex-~
change interaction in the quenching by oxygen. This can be interpreted in terms of some
stabilization of 1l,2-biradicaloid twisted geometries through benzyl-type conjugation with the
phenyl or 2-naphthyl group

FACTORS GOVERNING THE MODES OF ONE-WAY AND TWO-WAY
ISOMERIZATION

As described above, the 2-anthrylethylenes undergo the one-way isomerization. The next
problem is what factors govern the mode of isomerization, either one-way or two-way. For
two-way isomerizing olefins, we have already classified their triplet potential energy sur-~
faces into three types, classes A, B, and C, on the basis of the effects of azulene and
oxygen on the photostationary isomer ratio (Fig. 12)(ref. 13b). Introduction of an aromatic
group with a low triplet energy like a naphthalene moiety stabilizes “t", and increases the
population of 3t*, which is equilibrated with p*, although the deactivation still takes
place solely from 3p . The mechanism for one-way isomerization of the 2-anthrylethylenes is
taken to indicate that introduction of an aromatic group with a very low triplet energy like
an anthracene moiety highly stabilizes the planar triplets 2t" and “c¢c”, particularly, 2t
As a result, a deep energy minimum at the perpendicular conformation tends to disappear

(TycH=CH-R (@) cH=CH{(T) (FO)y-cH=CHR

OQch=crr
©-CH=CH-R OrercH@ R: -Me,-But

R:=Me,-But CO.cci@  OO-cH=cHBU
O0rcH=cHO @8©cv4=CH-Bu‘

Fig. 12.
Classification of triplet energy
27N surfaces of aromatic olefins.
= 12| & P ++ 1 ethylenic triplet U,
g'ﬂ 4..”.g A —--- : aromatic triplet Y.
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t C
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Azutene  ineffective effective etfective
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Table 4. Modes of isomerization and triplet lifetimes of ArCH=CHR

Er of ArH Tr/us (Aggg/nm)
Ar

/kcal mol~l R = tBu R = Ph

Phenyl 84.3 two-way two-way
0.063 (<360)

2-Naphthyl 60.9 two-way two-way

0.13 (420, 570) 0.14 (400, 500)
3-Chrysenyl 56.6 one-way two-way
0.36 (600) 0.14 (<400)

8-Fluoranthenyl 54,2 one-way two-way
25 (440, 580) 0.47 (480, 600)

1-Pyrenyl 48,2 two~way
16 (480, 580)

2-Anthryl 42,0 one-way one-way

280 (450, 340) 190 (460, 620)

Generally, the triplet energy surfaces of the aromatic olefins can be drawn by an "ethylenic"
triplet $ with an energy minimum at the twisted geometry and an "aromatic" triplet U, with
energy minima at the planar §eometries (ref. 6a,13b,29). For stilbene, U, dominates at p*
(ref. 6a,30); however, at 3¢ Ve and Y, interact to result in stabilization of 2t to some
extent. In 2-NpCH=CH'Bu (2a), the naphthyl group much lowers Y, and stabilizes 3t* 1o give
a nearly equimolar equilibrium mixture of °t” and pe. Introduction of a 2-anthryl group on
ethylene as in 2-vinylanthracene extremely stabilizes U, at all the conformations, and no
avoided crossing occurs even at the perpendicular conformation. Therefore, the triplets
mainly populate on the anthracene nucleus and the twisted geometry is a transition state in
the isomerization. The situation is nearly the same when 2-vinylanthracene is substituted by
an alkyl group at the terminal carbon.

An attempt has been done to examine the effects of aromatic substituents with the triplet
energies between those of naphthalene and anthracene, Table 4 briefly summarizes the
results (ref, 31-36). In a series of aromatic olefins carrying an alkyl (t-butyl) group at
the B-ethylenic carbon, those substituted by an aromatic group with the triplet energy lower
than that of the 2-naphthyl group (2a), i.e., the 3-chrysenyl (3a), 8-fluoranthenyl (4a), and
l-anthryl derivative (5a), brought about the cis>trans one-way isomerization involving the
quantum chain process as observed in the quantum yields %'s which increased with increasigg
cis-isomer concentration. The triplet states of these olefins are mostly ascribed to -t¥,
They exhibited transient absorption spectra at longer wavelengths than those of the parent
aromatic hydrocarbons due to their conjugation with the ethylenic linkage. However, in
another series of aromatic olefins, the B-ethylenic carbon of which is substituted by a
phenyl group, all the aromatic groups, including l-pyrenyl, having triplet energies higher
than that of the anthryl group 1led to the two-way isomerization (Table 4), 3-Styrylchrysene
gﬂy exhibited a transient absorption mostly ascribable to 3p* which is equilibrated with
t"; the absorption appeared at shorter wavelengths than its counterpart with a t-butyl group
(3a). However, 8-styrylfluoranthene (4b) and l-styrylpyrene (6b) showed the absorption
mainly due to 3t*. These results indicate that the equilibration between p* and 3t depends
on the triplet energy of the larger aromatic group.

In the series of ArCH=CH'Bu, the aromatic triplet Y5 tends to predominate at the 3t* and
twisted conformations with decreasing triplet energy of the aryl group. On the other hand,
in the ArCH=CHPh series, the phenyl group considerably stabilizes We to make it interact with
Yy at the twisted geometry, even if Uy, is significantly stabilized, leading to the avoided
crossing between them. As a result, the twisted conformation of ArHC-—CHR is more stabi-
lized in the case where R=phenyl than is in the case where R=tBu, Therefore, the presence of
a phenyl group puts an energy minimum at the twisted conformation resulting in equilibrium
between St* and p* in ArCH=CHPh,

The equilibrium constant Kip (=[3p*]/[3t*]) between 3p* and 3t¥ is estimated by several
methods. A method often employed is determination of the rate constant for quenching of the
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triplet state by azulene (Az). Usually, planar triplet states like 3t* ig efficiently
quenched by azulene with a diffusion controlled rate constant, kp,, (7-10)x10% dm3mo1-1s~! in
benzene at room temperature, when they have a_triplet energy sufficiently higher than that of
azulene (39.8 kcal/mol). On the other hand, 3p is not quenched by azulene, since p* does
not have a_ triplet energy enough to excite azulene. Therefore, a triplet state composed of
t 3agd p~ gives a quenching rate constant, k825, between O and kp, depending on the ratio
of 2t",

kRBS = kpa/(1 + Kep).

In the series of ArCH=CHPh, with decreasing triplet energy of the aryl group, 2-naphthyl, 3-
chrysenyl, 8-fluoranthenyl, and l-pyrenyl, the Ky, value was reduced in the same order ag
1,4-2.2 (ref. 12), 1.4, 0.5, and <0.1. These values reflect decreasing stability of 3p*
relative to 3t*.

Among the aromatic olefins examined, l-styrylpyrene (6b) exhibited interesting behavior as a
border between the two-way and one-way modes; the overall mode is two-way, but $.4¢
increases with increasing cis-isomer concentration. These features indicate that the deacti-
vaion of the triplet state occurs from both 3p* and 3t*. The former gives a_mixture of Oc
and Yt and the latter affords solely Yt with concurrent regeneration of “c” by energy
transfer to “c.

The facts that the borderline to distinguish between the two-way and one-way modes is found
between the naphthyl (Ep 61 kcal/mol) and the chrysenyl derivative (ET 537) for the
ArCH=CHtBu series and at the pyrenyl derivative (ET 48) for the ArCH=CHPh series provide
profiles of the triplet potential energy surfaces of these olefins. With decreasing triplet
energy of the aromatic group, °t” may be more stabilized in energy than 3p*; however, in
PyrCH=CHPh (6b) 3p* and St* are still in equilibrium and both are deactivated to the ground
state. As described previously, gquenching of the triplet state of AnthCH=CHNp (lc) by
oxygen afforded a relatively low yield of singlet oxygen. This indicates that even substitu-
tion by an anthryl group may bring about a shallow minimum at the perpendicularly twisted
geometry on the triplet energy surface so that this geometry can interact with oxygen to be
deactivated.

Moreover, behavior of the triplet states was found to be different between l- and 2-anthryl-
ethylenes to some extent, Direct and sensitized irradiation of l-AnthCH=CH'Bu (5a) and 1~
AnthCH=CHPh (5b) resulted in the one-way isomerization. The quantum yields were higher than
unity on sensitized irradiation. However, their quantum chains are shorter than the corres-
ponding 2-anthryl derivatives. The former triplet states exhibit their T-T absorption at
shorter wavelengths than the latter, and their triplet energies (40.7 and 38.8 kcal/mol for
S5a and 5b, respectively at the trans planar geometry) were lower than those for the latter.
The spin densities of triplet anthracene are higher at the l-position than at the 2-position.
Accordingly, the conjugation in the triplet state between the anthryl group and the ethyl-
enic part must be larger in the l-anthryl derivatives than is in the 2-anthryl derivatives.
The more efficient conjugation in the l-anthrylethylenes results in more endothermic energy
transfer from °t” to “Yc than 2-anthrylethylenes.

Finally, it is to be noted that the finding of one-way isomerization which had never been
supposed to take place even by theoreticians has not only developed a novel aspect of the
mechanism for photoisomerization but alsc provided a more general view to cover the conven-
tional two-way isomerization and the new type of isomerization. This finding may also develop
novel aspects of photochemical changes of biomolecules and amplification of effects of
photons (ref. 37). It is very encouraging for chemists to recognize that a concept borne out
by precise works for some seemingly typical compounds, may not completely cover all compounds
of similar type and that even slight variation of molecular structure can bring about an
innovative concept.
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