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Hydroxystilbene Isomer-Specific Photoisomerization versus Proton Transfer
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Electronic excitation can result in a marked increase in the acidity Table 1. Ground- and Excited-State pK, Data for the Naphthols

of hydroxyaromatic molecules kg > pK.*).13 For example, 1-  and Hydroxystilbenes in Water

and 2-naphthol (1N and 2N) haveKyg values of 0.4 and 2.8, IN 2N 3SOH 4SOH

respectively, and ground-statijvalues of 9.2 and 9.5, respectively titrametric [Ka 9.2 9.5 10.1 9.3

(Table 1)34 The rate constants for excited-state proton transfer ~SVD-SM X, 9.0 9.4 9.2

(ESPT) from 1N and 2N to water are 2:5 1010 and~108 s14 Farster K" 07-20¢ 2534 0.1 20
kinetic pKa* 0.4° 2.8, 3.0 2.3

sufficiently large for proton transfer to compete effectively with
other singlet-state decay processes. The failure of some hydroxyaro- apata from ref 30 Data from ref 4 Data from SVD-SM analysis of
matic molecules to undergo ESPT may reflect either slow proton fluorescence titration data.

transfer or rapid competing decay processes. We report here the

isomer-specific photochemical behavior of 3- and 4-hydroxystilbene 10 3SOH L
(3SOH and 4SOH). 3SOH behaves as a photoacid in aqueous 08 IR v
solution, whereas 4SOH does not. This isomer-specific behavior 06 | T
is attributed to a difference in the barriers for=C torsion, 4SOH 2 o4l -
having a small barrier and short singlet lifetime and 3SOH having E 02| \ r .
a larger barrier and a relatively long singlet lifetime in polar aprotic Sooob . eeiNeSee T e
solvents. S 10
£ osf
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The gbsorptlon and fluorescence emission spectra of A_lSQH and Wavelength (nm)
3SOH in tetrahydrofuran (THF), water, and water containing 0.1
M KOH are shown in Figure 1. Spectral data for these solvents
and cyclohexane (§l;,) are reported in Table 2. The absorption
spectra of both hydroxystilbenes display only small red shifts with Table 2. Absorption and Fluorescence Data for the

increasing solvent polarity (Bl.,, THF, and water). The fluores-  Hydroxystilbenes

Figure 1. Absorption (solid lines) and fluorescence emission (dotted lines)
of 3SOH and 4SOH in THF (blue), water (black), and 0.1 M KOH (red).

cence spectra of both hydroxystilbenes display larger solvatochro- stilbene  solvent Aabs, NM @ A nm® Dy’ @ T, NS®

mic shifts than do their absorption spectra. This behavior is 3SOH GHi, 206 354 0.32 0.16

analogous to that of the 3- and 4-aminostilbérees is indicative THF 298 365 0.04 0.92 2.0 (2.8)

of an increase in dipole moment upon excitation. A second, long- water 298 386 (522) (0%-8%8 02,13

wavelehgth fluorescence band is observed for 3SOH, but not for agKOH 300,340* 513 010 0003 05,0.7

4SOH in water. o 4SOH GHi» 302, (318) 359 042 0.025
Spectrophotometric determination of the ground-stad¢¢® of THF (308),322 375 0.05 0.03(1.4)

3SOH and 4SOH in aqueous solutions provides values of 10.1 and water 302, (314) 387 0.01

9.3, respectively (Table 1). The greater acidity of 4SOH is consistent aqKOH 342 455 027 0007 005

with more effective resonance delocallzathn of the conjugate base a Absorption maxima, shoulders designated by *, second band in

of a phenol by a 4- versus 3-styryl substituent. In wat¢OH, parentheses. Fluorescence maxima, second band in parenthegasantum

both hydroxystilbenes are completely in the form of their conjugate _ylelg_ of Dh0t|0l50merlZéltl_Of:F %etermlned_ flré)mf fThange in abdsorbancedon

; irradiation at low conversiorf. Quantum yield of fluorescence determine
base_s, 3SOand 450. The absorpthn spgctra of 3S@nd 4SO using triphenylene®; = 0.08 in cyclohexan) as a secondary standard.
are similar to those of 3- and 4-aminostilbéne. e Singlet decay times at room temperature or 77 K (values in parentheses).

Both 4SO and 4-aminostilbene have a single, allowed long- Nanosecond decays were determined as described in ref 5. Picosecond
wavelength transition, whereas 3S@nd 3-aminostilbene have two decays were determined as described in ref 11. Dual exponential decay for

3SOH in KO and in aqueous KOH is ca. 70% and 30% short component,
long-wavelength bands as a consequence of lowered molecularespectively. Determined ai, except as notedValue in parentheses is

symmetry? The fluorescence spectra of both 3Sénd 4SO are @y of 3S0™. 9 Aem = 510 NM." e = 490 or 540 nm.
red-shifted in comparison to their conjugate acids in aqueous
solution, the larger Stokes shift being observed for 3S®larger water with those in waterKOH indicates that on excitation 3SOH

Stokes shift is also observed for 3- versus 4-aminostilbene and isis partially dissociated in water, but that 4SOH is not.
attributed to a larger excited-state dipole moment for the 3-isémer.  Further information about the behavior of the excited states of
Comparison of the fluorescence spectra of 3SOH and 4SOH in 4SOH and 3SOH and their conjugate bases is provided by the
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quantum yields for isomerizatioids,) and fluorescenceds) and

the fluorescence lifetimegd), reported in Table 2. In the organic
solvents GH;, and THF, the parameters for 4SOH are similar to
those for stilbentor 4-aminostilben®® and are indicative of a low
barrier for singlet-state €C torsion. The large increase ig for
4SOH at 77 K in MTHF provides further support for singlet decay
via a thermally activated process at room temperature. In contrast,
the parameters for 3SOH in THF, particularly the large value of
&y and the modest increasedgat 77 K, are indicative of a large
barrier for singlet-state torsion, as previously observed for 3-

3SOH . 4SOH
.:\‘

\ o ®, o
";i'J

E 0.6
]

0.4

o

pH pH

aminostilbené. The larger value ofbq and smaller value ofdis,
for 3SOH in THF versus §H;, may reflect stabilization of the
planar singlet state, but not the twisted singlet state by THF, which

Figure 2. Relative fluorescence quantum yields (dots) and kinetic fits to
data (solid lines) of the acid (red) and base (blue) forms of 3SOH (a) and
4SOH (b) as a function of pH, obtained by SVD-SM. Only the low pH

can serve as a hydrogen bond accep®oth 4SO and 3SO are (PKa") transition is shown for 3SOH.

very weakly fluorescent. The fluorescence decay of 49© however, be attributed to a short singlet lifetime. For example, a
dominated by a short-lived component. Its short lifetime and proton-transfer rate constant of 216~1 would be too slow to
moderately large isomerization quantum yield suggest that it decayscompete with the rapid singlet decay of 4SOH, but would be
predominantly by singlet €C torsion, as is the case for its  comparable to the decay of 3SOH in nonaqueous solution. Thus, it
conjugate acid. The decay of 3S@oth in water and in aqueous s the difference in &C torsional barriers, which determine the
KOH is best fit to a dual exponential, tentatively assigned to two sjnglet lifetimes, that is ultimately responsible for the isomer-specific
conformers which differ in the orientation of the styryl group. The  photoacidity of the stilbenols. The distinctive behavior of 3SOH is
decay times for both components are shorter in water versus aqueoush some respects analogous to that of the 3-aminostilbenes, thus
KOH, plausibly reflecting the occurrence of reprotonation in water. providing another example of the “meta effect” for substituted

The low values ofb; anddis, for 3SO™ in aqueous solution suggest

stilbene$:13.17

the presence of a competing decay pathway. There was no indication

of either C-H/D exchangtor hydration of the &C bond? upon
irradiation in DO with analysis by!H NMR. Donor-acceptor
stilbenes with values ofs > 500 nm decay predominantly via
internal conversion as a consequence of the smatiSgenergy
gapis

An approximate value for the excited-state aciditifs}) can be
obtained from the Fwster equatiot;!4 eq 1

pK* = pK, — (hv, — hw,)/2.3RT Q)
wherehv, andhv, are the zerezero transitions for the acid and

its conjugate base, andpis the ground-state acidity. The Fster
acidities of 3SOH and 4SOH are 04 0.8 and 2.0+ 0.4,
respectively (Table 1). The large uncertainty for 3SOH is a
consequence of its very broad, weak fluorescence. Its weak
fluorescence also frustrated attempts to determinéayalue by
conventional fluorescence titration analysisiowever, the noisy
fluorescence titration data can be analyzed by singular value
decomposition with self-modeling (SVD-SM)to provide the
fluorescence titration curves shown in Figure 2. As a control, this
method was also applied to 2N and found to provide results in
good agreement with literature data (Table 1). In the case of 4SOH
(Figure 2b), the single transition provides a value Kf p= 9.2, in
good agreement with the spectrophotometric value. Two transitions
are observed for 3SOH, one providing K psomewhat smaller
than the spectrophotometric value and the other providing & p
larger (more positive) than the"Bter Ky*.

In conclusion, the photoacidity of the hydroxystilbenes is
dependent upon the location of the hydroxyl substituents. The failure
of singlet 4SOH to behave as a photoacid is consistent with a
previous study of a 4-hydroxystilbene derivative by El-Sayed and
co-workers'® Because the Fster acidity of 4SOH is similar to
that of 2N, it seems unlikely that its failure to undergo ESPT is a
consequence of low inherent photoacidity. This failure can,
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pubs.acs.org.

References

(1) Farster, T.Z. Elektrochem195Q 54, 531-535.

(2) (a) Ireland, J. F.; Wyatt, P. A. HAdv. Phys. Org. Chentl976 12, 131—
221. (b) Arnaut, L. G.; Formosinho, S. J. Photochem. Photobiol., A
Chem.1993 75, 1-20. (c) Tolbert, L. M.; Solntsev, K. MAcc. Chem.
Res.2002 35, 19-27.

(3) Martynov, I. Y.; Demyashkevich, A. B.; Uzhinov, B. M.; Kuz'min, M.
G. Russ. Chem. Re1977, 46, 1-15.

(4) Webb, S. P.; Philips, L. A.; Yeh, S. W.; Tolbert, L. M.; Clark, J. H.
Phys. Chem1986 90, 5154-5164.

(5) Lewis, F. D.; Kalgutkar, R. S.; Yang, J.-&.Am. Chem. S0d.999 121,
12045-12053.

(6) Albert, A.; Serjeant, E. PThe Determination of lonization Constants, A
Laboratory Manual Chapman and Hall: New York, 1984; pp 430,
70-101.

(7) (a) Saltiel, J.; Marinari, A.; Chang, D. W.-L.; Mitchener, J. C.; Megarity,
E. D.J. Am. Chem. So&979 101, 2982-2996. (b) Kim, S. K.; Courtney,
S. H.; Fleming, G. RChem. Phys. Lett1l989 159 543-548.

(8) Gisten, H.; Klasinc, LTetrahedron Lett1968 3097-3101.

(9) Kamlet, M. J.; Abboud, J. L. M.; Abraham, M. H.; Taft, R. W. Org.
Chem.1983 48, 2877-2887.

(10) Berlman, I. BHandbook of Fluorescence Spectra of Aromatic Molegules
2nd ed.; Academic Press: New York, 1971.

(11) Sczepan, M.; Rettig, W.; Tolmachev, A. |.; Kurdyukov, V.Rhys. Chem.
Chem. Phys2001, 3, 3555-3561.

(12) Fischer, M.; Wan, PJ. Am. Chem. S0d.999 121, 4555-4562.

(13) Lewis, F. D.; Weigel, WJ. Phys. Chem. 200Q 104, 8146-8153.

(14) Weller, A.Prog. React. Kinetl1961, 1, 187—214.

(15) Volkov, V. V. Appl. Spectroscl1996 50, 320-326.

(16) Burda, C.; Abdel-Kader, M. H.; Link, S.; EI-Sayed, M. A.Am. Chem.
Soc.200Q 122 6720-6726.

(17) (a) Lewis, F. D.; Kalgutkar, R. S. Phys. Chem. 2001, 105, 285-291.
(b) Lewis, F. D.; Kalgutkar, R. S.; Yang, J.-$. Am. Chem. So001,
123 3878-3884.

JA029873E

J. AM. CHEM. SOC. = VOL. 125, NO. 14, 2003 4045



