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Temperature Dependence of Photoisomerization. IV. 
Evidence for the Involvement of Triplet States in the 
Direct Photoisomerization of Stilbenes 

Sir: 

Contrary to the opinion expressed recently,1'2 we wish 
to suggest that the direct photoisomerization of stil­
benes proceeds following intersystem crossing from the 
first excited singlet level Si into an isoenergetic or quasi-
isoenergetic triplet level T. We base this conclusion 
on several different lines of experimental evidence. 

1. External Enhancement of the trans-to-cis Photo­
isomerization Quantum Yield in Stilbene at Low Tem­
peratures by a Heavy-Atom Solvent. The above quan­
tum yield cj>t in fluid hydrocarbon solutions, with light 
at 313 ni/u, decreases from 0.50 at room temperature to 
0.006 at —183°. 3'4 This decrease is equivalent to an 
activation energy of about 1.2 kcal/mole, assumed to be 
equal to the energy gap between the vibrationally relaxed 
first excited singlet level (Si) and a quasi-isoenergetic 
triplet level (T) into which crossing takes place.5a In an 
outgassed fluid methylcyclohexane-isohexane (MCH/ 
IH) solution of stilbene (3 X 10^ M) at - 105°, <ft is4 

0.12. The fluorescence quantum yield, </>F, of trans-
stilbene under the same conditions is'b 0.54 ± 0.08. 
In fluid solutions in /!-butyl bromide, serving as a heavy 
atom solvent (dried over Al2O3 in vacuo), under the 
same conditions, <j>t is 0.49 ± 0.05 and </>r, is 0.30 ± 
0.05. Thus in a heavy-atom solvent at —105° 0 t re­
tains its value at room temperature, while 4>F is smaller 
than in MCH/IH. We explain these results by assum­
ing an enhanced yield of intersystem crossing 0 I S C by 
the heavy atom, an effect well known from other 
cases'-"7 and ascribed to mixing between the singlet and 
triplet states of the solute. In the present case an in­
creased mixing would result either in a depression of the 
level T or in an increased probability of intersystem 
crossing to a different triplet level T', of energy lower 
than T. 

2. In tenia! Enhancement of<pt Values at Low Temper­
atures by Substituents {either a heavy atom or groups with 
a low energy localized n-ir* triplet transition):''"1 We 
have found that in sterically nonhindered stilbenes, in 
fluid media, the temperature dependence of 4>t is deter­
mined by the nature of the substituent on the aromatic 
ring. Stilbene proper and its derivatives substituted 
with a group showing only a weak effect on intersystem-
crossing yields, such as 4-chloro-, 4-methoxy-, or A-
dimethylaminostilbene, require an activation energy 
(from 1 to 10 kcal/mole) for the intersystem-crossing 
steps. In these compounds the 0 t values (0.3-0.6 at 
room temperature) decrease to almost zero at low tem­
peratures. Stilbenes substituted with groups that en­
hance intersystem crossing8 have </>t values independent 
on temperature. This behavior was observed in A-
bromostilbene3 4 and 4-nitro-, 4-aceto-, and 4-benzoyl-
stilbene/'11 We propose that the reason for this effect 
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and for the external enhancement is similar, namely, an 
enhanced yield 4>isc-

3. Uncoupling of the Fluorescence from the trans-to-
cis Photoisomerization by Using High-Viscosity Media. 
The <j>t values of stilbene and many of its sterically 
unhindered derivatives are strongly lowered in media 
of very high viscosity,013 while the <j>F values are prac­
tically unaffected. Thus for stilbene in glycerol at 
- 8 0 ° </>t = 0.001 and</>F = 0.46, while in MCH/IHr'a-9 

<f>t = 0.22 and c/>F = 0-35. For 4-bromostilbene in 
glycerol at —80° the respective values are <j>t = 0.009 
and 0 F = 0.11, while in MCH/IH at the same tempera­
ture4 0 t = 0.35 and 4>v 0.11. We have ascribed'11 this 
effect to the fact that ra-stilbene occupies a larger 
volume than //-aws-stilbene in solution, and that the 
increase in volume during trans-* cis transformation can­
not be accommodated in a highly viscous solvent. 
Under such conditions isomerization stops while its pre­
cursor, intersystem crossing, continues and remains the 
major pathway competing with fluorescence in the de­
activation of the first excited singlet of /ra/M-stilbene. 

A genuine quenching of the Si level of stilbenes would 
not detract in any way from the validity of the present 
conclusions about the triplet mechanism. However, 
the interpretation of the quenching experiment of ex­
cited stilbene molecules by azulene1 is somewhat con­
troversial. Azulene was reported as a very efficient 
quencher of triplets,10 while tris(dibenzoylmethanato)-
iron(III), which is known as an efficient quencher of 
singlet excited molecules, does not affect the unsensi-
tized photoisomerization.11'12 

The lack of any effect of perdeuteration on the rate of 
direct photoisomerization, and on the photostationary 
composition of the system stilbene + sensitizer, at 
room temperature, was suggested2 as evidence against 
the triplet mechanism of direct photoisomerization. 

We have confirmed these results with stilbene per-
deuterated in the rings and obtained similar ones in a 
wide temperature range, down to —180°, both for 
</>t and c7JF. However, we believe that this absence of an 
isotope effect is definitely compatible with a triplet 
mechanism. In stilbenes, the Ti -*• S0 decay (during 
or following which the final geometry is determined) 
takes place by a mechanism different from that of the 
radiationless transition T1 -*• S0 in rigid polycylic 
aromatic molecules, as described by Robinson and 
Frosch.13 Thus in stilbenes a crossover, without tun­
neling, from a common Tx state (configuration proper 
to zero-point energy) to a twisted S0 state is energetically 
feasible.3'11 Moreover, results of photosensitization 
experiments11 and the absence of phosphorescence in 
stilbenes14'13 indicate that this Ti -»• S0 radiationless 
transition has a very high rate constant which, con­
trary to the stituation with rigid aromatic molecules, 
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does not depend on the overlap factor between the 
vibrational wave functions of the Ti state and the 
isoenergetic, C-H vibrationally excited S0 level. It is 
the latter which is strongly affected by deuteration. 
The magnitude of the energy gap T1 -*• S0, which other­
wise determines the overlap factor,13 may therefore be 
expected to be without any effect on the high rate of the 
radiationless Ti-»• S0 process. 

We conclude that positive evidence in favor of triplet 
intermediates is available, whereas evidence against 
them is either disputable or not relevant. 
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Conformational Flexibility of Thianthrene 
and Its Oxides1 

Sir: 

Thianthrene, the cis- and trans-S, 10-dioxides, and the 
5,5,10,10-tetroxide have folded structures in the crystal 
state,2 with dihedral angles in the neighborhood of 
130°. While dipole moment evidence3'4 indicates that 
folding about the line joining the sulfur atoms is main­
tained in solution, it is recognized that the molecule of 
thianthrene and its derivatives oscillates rapidly through 
a planar position, as deduced from theoretical esti­
mates5-7 (3-7 kcal/mole) of the activation energy barrier 
which separates the folded molecule of thianthrene 
from its inverted form, from failure to separate the 
stereoisomers which result from folding,5,8 and from 
dipole moment4 and nmr9 studies. Similar conclusions 
have been arrived at from studies of analogous hetero­
cyclic systems.6,8,10'11 

In light of the overwhelming evidence attesting to con­
formational flexibility in thianthrene and its derivatives, 
a recent report by Janczewski and Charmas12 assumes 
particular importance. The finding by these authors 
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that oxidation of the optically active forms13 of cis- and 
rrais-2-thianthrenecarboxylic acid 5,10-dioxide (1) af­
fords optically active 2-thianthrenecarboxylic acid 
5,5,10,10-tetroxide (2) is of far-reaching significance, for 
the following reasons. Isolation of optically active di-
sulfone 2 demonstrates unequivocally that the tricyclic 
structure is rigidly folded; the resistance of 2 to 
racemization under the drastic conditions of preparati on 
(oxidation of 1 with 30% hydrogen peroxide in glacial 
acetic acid at 105-115° for 5 hr) and purification (re-
crystallization from boiling glacial acetic acid) shows 
that a surprisingly high energy barrier (i.e., of the order 
of 25 kcal/mole or greater14) separates the enantiomeric 
conformers of 2; and the observation12 that (+)-c/s-l 
and (+)-trans-l both give (+)-2 with O]20D +18.18° 
while (—)-m-l and (-)-trans-l both give (—)-2 with 
[a]20D —18.18° can only mean that both cis- and trans-
sulfoxides 1 contain the two possible diastereomeric con­
formers in identical'ratios. The last point is illustrated in 
Chart I, with arbitrarily chosen configurations and con-
Chart I 

HOOC 

formations: only the same ratio of m-lA:c/s-lB and of 
tra?is-1 A:trans-IB can result in the same ratio of (+ ) -
2:( —)-2, i.e., in the same optical rotation of 2. Altern­
atively, the conformers of cis- and trans-l must exist 
predominantly in one of the two possible forms (e.g., 
A), exhibiting a thermodynamic preference which is 
particularly unexpected for trans-l. 

We now report that the claims12 of Janczewski and 
Charmas cannot be substantiated. The preparation 
and resolution of cis- and trans-l were repeated, giving 
results in essential agreement with those reported.13 

When racemic cis-1 was heated for 5 hr with 30% hydro­
gen peroxide in glacial acetic acid at 105-115°, the prod­
uct (±)-2 had mp 306-308° (lit.12 312-314°, lit.13 

300-301°, lit.15 302-303°) and an infrared spectrum 
identical with that reported.12 Anal. Calcd for 
C13H8O6S2: C, 48.14; H, 2.49; S, 19.77. Found: C, 
48.32, H, 2.44; S, 19.86; M+, mje 324. Oxidation of 
( — )-cis-l (mp 278-280° with resolidification and re-
melting at 296-298 °16, [a]25D - 1 3 4 ° ( 1 % aqueous 
sodium hydroxide); lit.13 mp 285-287°, [a]20D - 126.57° 
(1 % aqueous sodium hydroxide)) under the same condi-
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