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a,a>-Dipheny !polyenes, 1, of which stilbene is the first 
member, have attracted a great deal of attention as models of 
the retinyl polyenes that are related to vitamin A and visual 
pigments.1 Until recently studies of the higher members (1, n 

Scheme 1 

> 2) were focused on their spectroscopic properties. We 
initiated our studies2 of the photochemistry of all-trans-1,6-
diphenyl-l,3,5-hexatriene (DPH) primarily because it is the 
shortest family member whose spectroscopy mimics that of the 
longer polyenes by having as the lowest excited singlet state, 
S), the forbidden doubly excited 2'Ag state.lab Single photon 
absorption gives initially the l'Bu state that relaxes rapidly to 
a thermal equilibrium mixture with the 2'Ag state. Since the 
energy gap, A£ba, between the two lowest excited states is small 
and the radiative rate constant, k^,, of the symmetry-allowed 
l'Bu —- I1Ag transition is large, emission from the l'Bu state is 
readily observed at ambient temperatures as a shoulder at the 
onset of DPH fluorescence.3 The bulk of DPH fluorescence is 
assigned to the symmetry-forbidden 2'Ag —* I1Ag transition, 
which is rendered somewhat allowed (radiative rate constant 
fcfa) via vibronic mixing with the nearby l'Bu state.4'5 Named 
after Hudson and Kohler,la,b this model for higher polyene 
fluorescence accounts nicely for the pronounced sensitivity of 
fcfa to solvent changes. An increase in medium polarizability 
[a = (rt2 — l)/(n2 + 2) where n is the solvent's refractive index] 
selectively stabilizes the l'Bu state and diminishes A£ba-'b'3d*4'6 

More effective l'Bu/2
 1Ag mixing ensues and is reflected in the 

enhancement of fcfa (£fa <* A£ba-2)-4'5 Relationships between 
these well-understood photophysical properties of DPH and its 
trans — cis photoisomerization remain obscure. Following usual 
practice7 and by analogy with stilbene,lef Birks proposed that 
deviations of 4>f from unity reflect radiationless decay along 
photoisomerization channels.58 In view of low intersystem 
crossing yields (</>iS < 0.029-11) such processes presumably 
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involve torsional motions in Si to twisted intermediates at the 
terminal, 'ptt*, and central, 'tpt*, double bonds.2b'5'8 Recogniz­
ing that, within the Orlandi and Siebrand model for stilbene 
photoisomerization,12 the 2'Ag state experiences no barriers 
along isomerization coordinates, greater stabilization due to 
stronger 11Bu^1Ag mixing was postulated at the planar DPH 
geometry.8 The relative energy of the I1B11 state has also been 
postulated to be strongly dependent on the degree of nonpla-
narity along the phenyl—vinyl bonds.13 Studies of rigid 
analogues of stilbene14 and of trans,trans-\,4-dipheny 1-1,3-
butadiene15 (DPB) have yielded valuable insights concerning 
the role of specific torsional motions in controlling their 
photochemical and photophysical properties. We report here a 
study of the rigid analogue of DPH, a/Z-frans-diindanylidene-
2-butene (stiff-5-DPE) with frozen phenyl—vinyl torsional 
motions. 

stiff-5-DPB. was prepared in 30% overall yield from 1-in-
danone (Aldrich) in three steps as outlined in Scheme 1: orange 
crystals, mp 203.0-203.7 0C; 1H NMR (300 MHz, CDCl3) <3 
2.93-2.96 (m, 4H), 3.04-3.08 (m, 4H), 6.55-6.60 (m, 2H), 
6.70-6.74 (m, 2H), 7.17-7.29 (comp m, 6H), 7.50-7.54 (m, 
2H).16 Absorption and fluorescence spectra17 of stiff-5-DPH 
in benzene (B), methylcyclohexane (MCH), and perfluorohep-
tane (PFH) are shown in Figure 1. The absorption spectra are 
unexceptional, being consistent with those of the parent DPH. 
Alkyl substitution and the blocking of torsional motions along 
phenyl—vinyl bonds are reflected in better resolved vibronic 
structure and in a 2100 cm-1 lowering of the I1Bu *~ l'Ag 
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Figure 1. Absorption and fluorescence spectra of stiff-5-DPH at room 
temperature in B, MCH, and PFH, panels a, b, and c, respectively. 
Fluorescence spectra have been corrected for nonlinear instrumental 
response. 

transition origin. Similar changes have been observed for the 
spectra of the analogous structural models of stilbene,4b,e and 
of DPB.15 The striking difference between DPH and the other 
two cases is that the lower l'Bu energy in stiff-5-DPH leads to 
a reversal of the order of the two lowest excited singlet states 
in the more polarizable benzene solvent. The 2'Ag and l'Bu 
states of stiff-5-DPH are nearly isoenergetic in MCH. The 
mirror image symmetry between absorption and fluorescence 
spectra shows that, in contrast to DPH, the fluorescence spectra 
of stiff-5-DPH in these two solvents are dominated by the I1B11 
—• I1Ag transition. The 2'Ag — I1Ag transition is seen in the 
fluorescence spectrum of stiff-5-DPH in PFH, where the low 
solvent polarizability sufficiently raises the energy of the l'Bu 
state as to restore the normal state order. The energy levels 
associated with the spectra in Figure 1 are shown in Figure 2. 

On the basis of the Birks mechanism for DPH photoisomer­
ization,5,8 reversal of the 21AgZl1Bu state order should profoundly 
affect radiationless decay dynamics. stiff-5-DPH, having the 
same state order as stilbene,1 might be expected to exhibit 
stilbene-like properties in hydrocarbon solvents. This would 
produce roughly 20-fold and 100-fold attenuations in fluores­
cence quantum yield and lifetime, respectively, relative to the 
parent DPH.1 These expectations are not borne out experimen­
tally. The fluorescence quantum yield of stiff-5-DPH in MCH 
at 25 0C, 0.66, is identical, within experimental uncertainty, to 
that of DPH.7 The near degeneracy of 21Ag and 1 'Bu states of 
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Figure 2. Effect of solvent on the energies of the two lowest excited 
singlet states of DPH and stiff-5-DPH. 

stiff-5-DPH in MCH is reflected in only a modest decrease in 
fluorescence lifetime (5 ns, based on Ksv = 133 M -1 for O2 
quenching of stiff-5-DPH fluorescence, vs 13 ns for DPH7). 
Photoisomerization results for the analogue are similar to those 
reported for the parent.2b The two major primary photoproducts, 
tct- and ctt-stiff-5-DPH, were isolated by preparative HPLC and 
characterized by 1H NMR. Photoisomerization quantum yields 
(Aexc = 366 nm) are generally small and show enhancement 
for the terminal bond in a more polar solvent: </>m—tct = 0.018 
and 0.0064, 0m-ctt = 0.011 and 0.085 at 30 0C in MCH and 
acetonitrile, respectively. As with DPH, it appears that the 
major radiationless decay channel of ttt-stiff-5-DPH is not along 
photoisomerization coordinates. Nor can phenyl—vinyl torsional 
motions contribute in promoting radiationless decay since they 
are effectively eliminated in the rigid analogue. 

Preliminary studies of the temperature dependence of pho­
toisomerization quantum yields of DPH19 and of 5^-5-DPH 
indicate activation energies for torsional motion in the range of 
6—10 kcal/mol, well in excess of A£ba- We conclude that 
neither of these states is stabilized by torsional motion along 
photoisomerization coordinates and that equilibration between 
the two lowest excited singlet states is complete prior to 
photoisomerization. Since the order of the two lowest states 
does not significantly influence the efficiency of trans — cis 
photoisomerization, the energetics of a third state may be 
controlling. For instance, a mechanism analogous to the 
Hohlneicher and Dick modification20 of the Orlandi and 
Siebrand model12 for stilbene photoisomerization may apply to 
DPH. Of course, although the Birks mechanism5,8 for polyene 
photoisomerization must be abandoned, photoisomerization over 
a large torsional barrier from either the 2'Ag or the l'Bu state 
could also account for our results. Our results with DPH2b and 
with stiff-5-DPH differ sharply from observations on trans, 
trans- and as,frans-1,3,5,7-octatetraene, for which adiabatic 
photoisomerization over a very small barrier in the 2'Ag state 
has been reported.21 
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