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The enhanced photochemical reactivity of meta- vs para-
substituted benzenoid compounds was first described by Hav-
ingal The “meta effect” was rationalized by Zimmernian
resulting from selective transmission of electron donation or
withdrawal on the basis of simple“idkel theory. We report
here a new example of the meta effect: namely, the marked
difference in excited state behavior of the trans isomensrof
vs p-aminostilbened—3 (Chart 1)3 In comparison to the para
derivatives, the singlet states of the meta derivatives have greate
charge transfer character, significantly longer lifetimes, and
higher fluorescence quantum yields. Moreover, the meta but

not the para isomers are subject to quenching by methanol, and

in one case, regioselective addition of methanol to a singlet
stilbene is observed.

The spectroscopy and photochemistry of deracceptor-
substituted stilbenes such as 4-(dimethylamirieyénostilbene
(DCS) have been extensively investigate#l. The pronounced
solvent dependence of the fluorescence behavior of such
molecules has been attributed to rapid relaxation of the initially
formed Franck-Condon excited state to a charge-transfer (CT)
state. Trans— cis isomerization also originates from the CT
state via twisting about the central double bond to form the
perpendicular excited species which decays to a mixture of cis
and trans isome®! The singlet state behavior of 4-amin6-4
(methoxycarbonyl)stilbenelp) is similar to that of DCS. The
absorption spectrum dfp (Figure 1) is red-shifted with respect
to that of stilbeneAmax= 295 nm). Increasing solvent polarity
results in a small red shift in the absorption maximum but a
substantial red shift in the fluorescence maximum (Table 1) and
a loss of the vibrational structure observed in nonpolar solents.
A dipole moment of 14.4 D can be estimated for the CT state
of 1p using the Lipper-Mataga equatichand a solvent cavity
radius of 5 A. As for DCS, the singlet lifetime of the CT state
of 1p is short in nonpolar solvents and increases modestly in

more polar solvents, as do the fluorescence and photoisomer-

ization quantum vyields (Table 1).

The behavior of the meta isomém differs from that oflp
in several respects: (a) The lowest energy absorption maximum
of Imis at shorter wavelength and has a lower oscillator strength
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Figure 1. The absorption spectra of aminostilbergs (--+-), 1m
(-x-), 2p (***), 2m (- - =), 3p (—+—), and3m (—) in cyclohexane solution.
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Table 1. Fluorescence Emission Data and Quantum Yields for
Trans— Cis Photoisomerizationd{e z) for Aminostilbenesl—3 in
Nonpolar and Polar Solvents

sol-
vent 1m 1p 2m 2p 3m 3p
Amaxflu cHex 407 412 394 390 393 392
(nm) MeCN 521 501 467 446 459 451
Ue (D)P 149 144 132 121 124 11.8
£° cHex 0.61 0.024 0.76 0.023 0.78 0.084
MeCN 0.12  0.062 0.29 0.027 0.43 0.051
7 (nS) cHex 6.15 0.22 551(31) 0.22 4.09(46) 0.20
(preexp 8.58 (69) 5.49 (54)
%) MeCN 6.20 0.32 7.33(17) 0.18 9.86(21) 0.23
11.7 (83) 12.5(79)
MeOH a 041 101(99) 0.27 8.16(57) 0.28
5.89 (1) 11.3 (43)
P PhH 0.036 0.19 0.078 0.31  0.055 0.17
MeCN 0.036 0.23  0.19 0.38 0.12

2 Fluorescence almost completely quenche@alculated according
to vy = —2ullhcd{ (e — 1)/(2 + 1) — (n? — 1)/(4n? + 2)} + constant
with the assumption of solvent cavity af= 5 A. ¢ Phenanthrened{r
= 0.14) as the actinometer for all compounds excited at 294'nm.
dLight source is 313 nm.

(Figure 1)° (b) The fluorescence maxima &fm are compa-
rable to those oflp in nonpolar solvents and display larger
solvent-induced shifts. Thus, the calculated excited state dipole
moment of 1m is larger than that oflp (Table 1). No
vibrational structure is observed for the fluorescencemiven

in cyclohexane solution or low-temperature glasses. (c) Both
the singlet lifetime and fluorescence quantum yield far in
cyclohexane solution are 30-fold larger than the valued for
The fluorescence lifetime dfm is somewhat longer in benzene
or diethyl ether than in cyclohexane or acetonitrile solution. The

(10) (a) Semiempirical INDO/S-SCF-CI (ZINDO) calculatiéffor 2m
and2p indicate that both isomers have lowest energy HOMQ UMO,
ot — qt* transitions with similar energies (334 and 340 nm 2on and2p,
respectively). However, this transition is calculated to have more extensive
configuration interaction and a lower oscillator strengthZor vs those of
2p. (b) Bacon, A. D.; Zerner, M. CTheor. Chim. Actal97Q 53, 21.
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fluorescence quantum yield decreases with increasing solventformation of the adduds (eq 2). Their result is consistent with

polarity, and no fluorescence is detected in methanol solution.

(d) The photoisomerization quantum yield fém is much

smaller than that fotp in both benzene and acetonitrile solution.
Similar differences in photochemical behavior are observed

for the meta vs para isomersmf{aminostyryl)pyridine 2) and

2-(aminostyryl)naphthalen8), The absorption maxima @m

and 3m are at shorter wavelength than those of their para

isomers (Figure 1); however, their fluorescence maxima are at

longer wavelength and display larger solvent-induced shifts in
polar solvents. Compared to their para isomers, and 3m
have significantly longer decay times, larger fluorescence
guantum yields, and smaller photoisomerization quantum yields.
The dual exponential decay observed m and 3m is
attributed to the decay of two conformers which may differ in
either aryl vinyl or anilino vinyl conformation. The absence

of excitation wavelength dependence of the emission spectra

indicates that the two conformer have similar spectra. Emission
from a single conformer or two conformers with similar decay
times could account for the observation of single exponential
decay fromlm. Dual exponential fluorescence decay might
also be expected f&p and 3p; however, a decay component
comparable to or shorter than those reported in Table 1 would
not be resolved by our lifetime apparatus. The fluorescence
decay times of2m and 3m are shorter in methanol than in
acetonitrile, but their fluorescence is not completely quenched
as itis fordlm. Upon irradiation in methanol (or methandj)
solution,3m is regioselectively converted to the solvent adduct
4 in >80% vyield (eq 1! The assignment of structudis
based upon mass spectral ahtiNMR data. Methanol adduct
formation is not observed fo2m, 3m, or any of the para

isomers.
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The behavior of the para isomersbf3 is similar to that of
DCS. The smaller dipole moment &p (and of2p or 3p) vs
DCS (21 D) is consistent with its weaker donor (NMs NMe)
and acceptor (C&Me vs CN) substituents. The lifetimes of
all three para isomers are short.4 ns), their fluorescence
quantum yields are small<(.08), and their isomerization
quantum yields are moderate to larged(17) both in nonpolar
and polar solvents. The parent stilbene and styrylpyridine also
have short lifetimes, whereas the parent 2-styrylnaphthalene ha
a longer lifetime (5.2 and 27.6 ns for the two conformérs
Thus, the behavior @p resembles that of the doneacceptor
stilbenes rather than that of its parent.

A clue to the possible origin of the unusual behavior of the
meta isomers ofl—3 is provided by the regioselectivity of
methanol addition t8m (eq 1). Woning et al2 observed that
irradiation of p-methoxystilbene5 in methanol results in

(11) The formation of compound was confirmed by!H NMR and
MS: *H NMR (CDCl) 6 7.78-7.84 (m, 3H), 7.66 (s, 1H), 7.427.49 (m,
3H), 7.36 (s, 1H), 7.01 (J = 7.5 Hz, 1H), 6.49-6.56 (m, 2H), 4.48 (dd,
J=5.8and 7.6 Hz), 3.21 (s, 3H), 3.60 (bs, 2H), 3.11 @e; 7.6 and 13.9
Hz, 1H), 2.89 (dd,J = 5.7 and 13.8 Hz, 1H); MSn{e) 277 (M', 5), 171
(MT — CgHa(NH2)(CHy), 100). The correspondingd NMR and MS data
for the compound formed from irradiation 8m in CD3OD conform to
the structure of deuteratedd
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nucleophilic addition of methanol to a polarized or zwitterionic
singlet state in which the positive charge is stabilized by the
p-methoxy substituent. The formation dffrom 3m can be
rationalized by attack of methanol on a CT state in which the
positive charge is localized on the aniline ring and the negative
charge on the vinyl naphthalene (eq 1). Methanol addition to
styrene anion radicals is known to occur via protonation of the
B carbon followed by nucleophilic capture of the resulting
benzylic cationt* The efficient quenching otm and 2m in
methanol and the absence of adduct formation may result from
protonation of the ester carbonyl or pyridyl lone pair, both of
which should be highly basic in the CT excited sttte.

A model which might explain the pronounced difference in
behavior between the meta and para isomefs- is that the
CT states of the meta isomers are twisted and those of the para
isomers are plandf. Twisting about the anilinestyrene bond
would result in localization of the positive charge on aniline
and the negative charge on styrene, in accord with the observed
regiochemistry of methanol addition 8m. More extensive
twisting for the meta vs para isomers could account for the larger
singet state dipole moments meta isomers and the observation
methanol quenching of the meta but not the para isomers. It
could also result in a larger barrier for twisting about the central
bond which in turn could account for the significantly longer
singlet lifetimes, higher fluorescence quantum yields, and lower
isomerization quantum yields for the meta isomers. Further
studies designed to test this model are in progress.

The p-dimethylamino substituent has been widely used as
the electron-donor in donefacceptor-substituted-conjugated
systems which are of interest due to their applications as
nonlinear optical materials,laser dyed8 fluorescence probés,
and fluorescence brightenéfs.Our results suggest that long
fluorescence lifetimes and high fluorescence quantum yields may
be a general characteristic afamino-substitutedrans-1,2-
diarylolefins. Preliminary results indicate thatreamino effect
is also observed faris-1,2-diarylolefins. As such, the-amino
effect may prove of value in the design of new fluorescent
materials.
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