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Interest in the electronically excited-state properties of vitamin
A and the visual pigments has given rise to numerous studies of
the a,w-diphenylpolyenes.} The Orlandi and Siebrand proposal’
that the 2! A, state plays a key role in stilbene photoisomerization
is adopted generally as the central feature of most discussions of
a,w-diphenylpolyene trans — cis photoisomerization.3457 all-
trans-1,6-Diphenyl-1,3,5-hexatriene (¢t7t-DPH, 1, R = X = H)
is special because it is the shortest family member that mimics
the spectroscopy of the longer polyenes by having the 2!A, state
as its lowest excited singlet state.!# Vibronic coupling of the

2'A and 1'Bystates bestows transition probability to the forbidden
2'A; — 11A, radiative process.!# Retention of !A; and !B,
designations for the mixed states indicates the major contributor
in each case. Though the bulk of the fluorescence of ztr-DPH
corresponds to the 2!A; — 1!A, transition, the 1!B, excited state
is repopulated thermally and contributes at the onset of the
fluorescence spectrum.? Since tt-DPH fluorescence lifetimes
are on the nanosecond time scale,’ but 11B, = 21A, equilibration
is complete within 30 ps,'%-12 both states are viable candidates for
photoisomerization. The interest in the photochemistry of tt¢-
DPH is heightened by its use as a microenvironment fluorescence
probe in biochemical media*!? and as a molecule exhibiting highly
nonlinear optical properties.!4

We have confirmed Zechmeister’s qualitative findings!s by
isolating and characterizing the primary photoproducts tct- and
ctt-DPH.1¢ HPLC analyses show that cct-DPH is a secondary
photoproduct.'® Changing the solvent from methylcyclohexane,
MCH, to acetonitrile, AN, dramatically increases the ctt-DPH
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Figure 1. Photostationary-state determinations starting from 1.05 X 10-3
M #t-DPH. (a) Degassed in MCH, Aexe = 366 nm, 21.1 °C. (b) N,-
purged in AN, A = 404 nm, 20.3 °C.

content of the photostationary state, Figure 1. The quantum
yield for central bond isomerization, ¢y, — w, iS insensitive to
solvent polarity, whereas terminal bond isomerization, ¢y, — oy,
is enhanced 7-fold on changing the solvent from MCH to AN,
Table 1. The quantum yields are small and, at least for MCH,
insensitive to tt¢-DPH concentration. Much larger values were
expected on the basis of the assumption that deviations of t¢z-
DPH fluorescence quantum yields, ¢, from unity are due entirely
to torsional relaxation along trans — cis photoisomerization
coordinates.>?232> For instance, if, by analogy with stilbene,46:24
nearly equal partitioning from twisted excited intermediates
Iptt* and !tpt* to trans and cis ground-state double bonds is
assumed, then (¢ — wt + b — o) = 0.18 and 0.44 would be
expected from ¢;in MCH and in AN at 30 °C, respectively.? It

follows that twisted intermediates are not formed efficiently due
to competing direct 'ttt* — Ittt radiationless decay and/or that
decay from !ptt* and/or ltpt* overwhelmingly favors the ttt
isomer. In view of preliminary observations?’ indicating lower
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Table 1. Photoisomerization Quantum Yields, 366 nm, 30 °Cs
1. R, X solvent

Dt — ctt Ot —tet  Pot—ut Dot —ut

H, H MCH 0.0110(8) 0.048(4) 0.139(5) 0.221(7)
HH AN 0.075(3) 0.049(2) 0.171(5) 0.138(5)
H,CNe4¢  MCH 0.0063(5) 0.010(1)

H,CN AN 024(2)  0.022(2)

H,OCHs¢ MCH 0042(1)  0.025(1)

H,OCH; AN  023(1)  0.10(2)

CH;,,CN B 0.110(1)

CH3,CN AN 0.108(1)

@ Degassed solutions irradiated in a merry-go-round apparatus as
previously described;!® conversions corrected for back-reaction; acti-
nometry based on the benzophenone-sensitized photoisomerization of
trans-stilbene in benzene;1%-2! numbers in parentheses indicate uncertain-
ties in the last digit shown from duplicate determinations. ® Independent
of [DPH] in range (4.4~13.3) X 10~ M in MCH; [DPH] = 1.10 X 103
M in AN. ¢ Prepared from cinnamaldehyde via aldol condensation with
acetaldehyde followed by a Wittig reaction; details to be presented later.
4 [DPH]) = 1.0 X 10 M. ¢ [DPH] = 3.6 X 10* M. /From ref 22, B is
benzene.

¢r values for ctt- and tct- than for t¢t-DPH, the latter possibility
is unattractive since its corollary that unusually high ctt — ttt
and tct — ttt quantum yields obtain is not borne out, Table 1.
Remarkably, a significant two-bond/photon isomerization path-
way in the tct — ctt direction, ¢y — ¢ = 0.071, is observed in
AN. This pathway is negligible in MCH and is inoperative in
bothsolventsin the reversedirection. Since ¢y — o almost equals
Gt — o in AN, it appears that !ptt* is formed from !ttt* and tct*
with nearly equal efficiencies in the polar solvent.

The nature of possible twisted intermediates on the potential
energy surface of lowest excited singlet states of olefins is a subject
of current interest and debate.346 The differential medium effects
inthe singlet photoisomerizations of ¢t7z-DPH and tct-DPH suggest
that competing torsional relaxations about terminal and central
bonds lead to zwitterionic, !ptt*, and diradicaloid, 'tpt*, twisted
intermediates, respectively. Observations with unsymmetrically
substituted ¢z2-DPH (1, R = H, X = CN or OCH3) are consistent
with the charge distribution shown above for !ptt* of the parent,
Table 1. Photoisomerization of the cyano derivative in AN shows
selective and marked enhancement of 1-cis isomer formation,
while no 5-cisisomer is observed. Though AN similarly enhances
the formation of the 1-cis isomer of the methoxy derivative, the
crucial distinction between the two substituents is that in this
case the 5-cis isomer forms in both solvents and its formation is
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enhanced in AN (the photostationary-state composition for 366-
nm excitation in AN includes 31.1%ttt, 30.2%ctt, 14.8% tct, and
12.1% ttc). Provided that twisted intermediates are indeed
involved in the photoisomerization, formation of the 5-cis isomer
shows that the electron-donating stabilization afforded by the
methoxy substituent fails to suppress the normal pathway leading
to the indicated charge distribution for Iptt*. Interestingly, it
appears that methoxy substitution also opens an alternative
torsional relaxation channel leading to !ptt* with reverse charge
distribution, as reflected in enhanced 1-cis isomer formation in
AN. The resultson 1, R = H, X = CN, appear to be in conflict
with a report of solvent-independent photoisomerization of 1, R
= CH;, X = CN, exclusively at the central bond.22 HPLC
analyses were carried out directly on our irradiated samples, as
solvent removal or replacement occasionally results in loss of
terminal bond cis isomers due to catalyzed cis — trans isomer-
ization.

Low t2¢-DPH photoisomerization quantum yields are reponsible
in large measure for the insensitivity of 7yto 7 changes, especially
in MCH.? Activated photoisomerization channels are minor
contributors to overall 1ttt* decay in nonpolar solvents, contrary
to previous assumptions.®2?%25 The Birks photoisomerization
model, involving photoisomerization via irreversible torsional
motion over a small barrier in the 2! A, state,3 is not valid as that
analysis?4 disregards both the thermal repopulation of the 1!B,
state® and the presence of a significant 1ttt* — !ttt radiationless
decay path. A mechanism that decouples rrand ¢;dependencies
on T involves rapid photoisomerization from the initially formed
1!B, state in competition with relaxation to the lower 2! A  state.*
This mechanism is inconsistent with azulene quenching experi-
ments that give kqrs = 87 £ 5 M-l in MCH when the azulene
effect is determined on either ¢y — ¢t O Gy — o Since triplet
transient absorption was not detected following direct ttz-DPH
excitation, ¢j; < 0.02, triplet states have been eliminated as
significant photoisomerizationintermediates.?-31 This conclusion
is strengthened by the absence of residual azulene-insensitive
photoisomerization pathways.

Activated torsional relaxation of the 2!A; state and/or the
thermally accessible 1!B, state provides viable mechanisms for
ttt-DPH photoisomerization.
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