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Abstract: The photochemical behavior of trans-4-(N-arylamino)stilbene (1, aryl = 4-substituted phenyl) in
solvents more polar than THF is strongly dependent on the substituent in the N-aryl group. This is attributed
to the formation of a twisted intramolecular charge transfer (TICT) state for those with a methoxy (1OM),
methoxycarbonyl (1CO), or cyano (1CN) substituent but not for those with a methyl (1Me), hydrogen (1H),
chloro (1Cl), or trifluoromethyl (1CF) substituent. On the basis of the ring-bridged model compounds 3—6,
the TICT states for 1CN and 1CO result from the twisting of the anilino-benzonitrilo C—N bond, but for
10M it is from the twisting of the stilbenyl-anilino C—N bond, both of which are distinct from the TICT
states previously proposed for N,N-dimethylaminostilbenes.

Introduction of the dimethylamino (donor, BD)benzonitrilo (acceptor, A)
|,single bond that results in a nearly perpendicularAyeometry
(twisted intramolecular charge transfer, TICT}? an in-plane
bending of the cyano group (rehybridization by intramolecular
charge transfer, RICTY}, and a pyramidalization (wagged

The electronic excited states of arylamines possess more o
less the character of intramolecular charge transfer (ICT) from
the amino nitrogen to the arene, and those having the ICT
configuration as the main component are often referred to as
ICT states. While many ICT-based arylamines have been (7) (a) Rotkiewicz, K.; Grellmann, K. H.; Grabowski, Z. Rhem. Phys. Lett.

investigated as nonlinear optical materfats;o-photon-absorb- }37§01v8ie3y}553}%;?,“(2230&;@@?- ﬁ-gﬁﬁﬁk‘fg;‘ggﬁ@i’g“fffg)“kv
ing chromophore3 glectrooptical switcheschemical sensors, \Ffve_tt'i\% W-A'}Angleg- them-,t_lnt- lE/g- Elng_198f6 |v2|5| 97|l*9_88-E(d)t Rdegitg,t
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(e.g., electronic nature and molecular geometry) is far from Grabowski, Z. R.; Rotkiewicz, KChem. Re. 2003 103 3899-4031.
(8) (a) Rettig, W.; Bliss, B.; Dirnberger, KChem. Phys. Letl.999 305 8—14.

straightforward, even for a simple molecule such asNAN (b) Rettig. W.: Zietz, BChem. Phys. Letp00Q 317, 187—196. (c) Rettig,

imethvlamin nzonitril DMABN). Sin he fir rva- W.; Lutze, S.Chem. Phys. LetR001, 341, 263-271. (d) Dobkowski, J.;

C.i et ya.' O)be 2 trile ( ) Since the first observa Wojcik, J.; Kozminski, W.; Kolos, R.; Waluk, J.; Michl, J. Am. Chem.
tion by Lippert et al’ the phenomenon of dual fluorescence Soc.2002 124, 2406-2407. (e) Rotkiewicz, K.; Rettig, W.; Detzer, N.;

i i Rothe, A.Phys. Chem. Chem. PhyZ003 5, 998-1002. (f) Dobkowski,

for QMABN has led to numerous theoretical and experimental 5 Michl, 2. Waluk. JPhys. Chem. Chem. Phy2003 5, 10271031 (o)
studies to account for the origin of the ICT fluoresceficé. Kwok, W. M.; Ma, C.; George, M. W.; Grills, D. C.; Matousek, P.; Parker,

Several distinct models have been proposed, including a twisting Qoé’g'gpi‘gi‘ﬁl%’éo?ﬂf%%ulé Towtie, MP EV?N%ﬁ?murghfﬂmF;hmys'

Chem. A2003 107, 3759-3763.
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N. Chem. Mater.1998 10, 1863-1874. (d) Lee, W.-H.; Lee, H.; Kim, 119-127.

J.-A.; Choi, J.-H.; Cho, M.; Jeon, S.-J.; Cho, B.RAM. Chem. So2001, (12) Schuddeboom, W.; Jonker, S. A.; Warman, J. M.; Leinhos, Uhnite)
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intramolecular charge transfer, WIGT)or a planarization
(planar intramolecular charge transfer, PICT) of the amino
group?® Among them, the TICT model has gained widespread
acceptance and appears to be the conclusion of the numerou
debates over the past decades.

Despite the well-documented photochemistry and photo-
physics oftrans-stilbene and its derivativéd,the nature of the
ICT state of aminostilbenes is still under active discus&toff:
When compared with DMABN, the participation of the double-
bond torsion (transcis isomerization) in the excited-state
manifold and the lack of steady-state dual fluorescence for
aminostilbenes in both nonpolar and polar solvents often
complicate the data analysis. On the basis of theoretical
predictions and experimental comparisons with ring-bridged
model compound¥1° an emissive TICT state resulting from
the twisting of the anilino-styrenyl €C single bond has been
proposed foN,N-dimethylaminostilbene (DS) and its cyano-
and nitro-substituted derivatives in polar solvents. However,

stilbenes 1) and the related model compouris6, which have
provided a unique opportunity for gaining insights into the ICT
states of aminostilbenes. When compared withNii¢-dialkyl
dlerivatives (e.g., DS), thN-aryl-substituted 4-aminostilbenes
have inherently greater fluorescence quantum yields and longer
fluorescence lifetimes due to the prominent “amino conjugation
effect” 2526 Thus, a breakdown of such aaryl conjugation
effect by twisting either a €N or a C-C single bond should
result in a state with distinct fluorescence properties. Provided
that structural relaxations dftoward a TICT state are present
and become more efficient in more polar solvents, as proposed
for the case of DS° a dramatic change of the ICT fluorescence
of 1 on going from nonpolar to polar solvents should be
observed. Another advantage offered Nyaryl vs N-alkyl
systems is that the donor strength could be tuned to a large
extent by changing thi-aryl substituents, without significantly
changing the size of molecules. It has been shown that the donor
strength plays an important role in observing the TICT

controversies were soon raised regarding the nature of thefluorescence for DMABN and its analogu¥sviore importantly,

emissive state as a planar or a twisted configuration and the
necessity of a TICT state in interpreting the photochemical
properties of aminostilbené%:24 For example, a spectral
evolution of transient fluorescence could be attributed to a
relaxation of the solvent cage instead of the conformational
relaxation of the excited molecutéln addition, a pronounced
ring-bridging effect on the fluorescence quantum yield could
result from a particular substituent effect on the reaction
hypersurface from the planatt®) to the double-bond twisted
(*p*) states (the two-state model) rather than the participation
of an additional TICT state (the three-state modtBvidently,
further studies are required to reach a satisfactory conclusion
on these issues for aminostilbenes.

CHj;

“°'©‘N:CH3 O Wal

DMABN

CHs

N

CH,

DS

We report herein the results of our systematic studies on the
excited-state properties df-aryl-substitutedtrans-4-amino-

(14) (a) Saltiel, J.; Charlton, J. L. IRearrangements in Ground and Excited
States de Mayo, P., Ed.; Academic Press: New York, 1980; Vol. 3, pp
25-89. (b) Saltiel, J.; Sun, Y.-P. IRhotochromism, Molecules and Systems
Durr, H., Bouas-Laurent, H., Eds.; Elsevier: Amsterdam, 1990; pp 64
164. (c) Waldeck, D. HChem. Re. 1991 91, 415-436. (d) Gaoner, H.;
Kuhn, H. J.Adv. Photochem1995 19, 1-117.

(15) Leard, J.-F.; Lapouyade, R.; Rettig \i.Am. Chem. So0€993 115 2441~
2447.

(16) (a) Rettig, W.; Majenz, WChem. Phys. Lett1989 154, 335-341. (b)
Lapouyade, R.; Czeschka, K.; Majenz, W.; Rettig, W.; Gilabert, E.; Rellie
C. J. Phys. Chem1992 96, 9643-9650. (c) Abraham, E.; Obérld.;
Jonusauskas, G.; Lapouyade, R.; RudlieC.J. Photochem. Photobiol. A:
Chem.1997, 105 101-107. (d) Papper, V.; Pines, D.; Likhtenshtein, G.;
Pines, E.J. Photochem. Photobiol. A: Cheri997 111, 87—96. (e)
Abraham, E.; Obeflel.; Jonusauskas, G.; Lapouyade, R.; Rd|i€.Chem.
Phys.1997 214, 409-423. (f) Pines, D.; Pines, E.; Rettig, W. Phys.
Chem. A2003 107, 236-242.

(17) (a) Amatatsu, YTheor. Chem. Ac200Q 103 445-450. (b) Amatatsu,
Y. Chem. Phys2001, 274, 87—98.

(18) (a) Gruen, H.; Gmer, H.J. Phys. Chem1989 93, 7144-7152. (b)
Lapouyade, R.; Kuhn, A,; ltard, J.-F.; Rettig, WChem. Phys. Letil993
208 48-58.

(19) Leard, J.-F.; Lapouyade, R.; Rettig, \@hem. Phys. Letil994 222 209-
216.

(20) Seydack, M.; Bendig, J. Phys. Chem. 2001, 105 5731-5733.

(21) (a) Ilichev, Y. V.; Kthnle, W.; Zachariasse, K. AChem. Phys1996
211, 441-453. (b) Kovalenko, S. A.; Schanz, R.; Senyushkina, T. A.;
Ernsting, N. PPhys. Chem. Chem. Phy2002 4, 703-707.

(22) Eilers-Kanig, N.; Kuhne, T.; Schwarzer, D.; Whoinger, P.; Schroeder, J.
Chem. Phys. Lett1996 253 69-76.

(23) Rechthaler, K.; Kbler, G.Chem. Phys. Lett1996 250, 152—158.
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our results turn out to have a direct linkage to the TICT
paradigm of DMABN?~10 The severN-aryl derivatives inl
could be divided into three distinct categories in terms of their
solvent-dependent fluorescence properties. While the one con-
sisting of 1CN and 1CO displays a DMABN-like TICT
fluorescence, the other two categori#d®M vs 1Me, 1H, 1Cl,
and1CF) lack dual fluorescence but offer an analogy with and
a difference from the first one in other excited-state properties,
respectively. In conjunction with the-methyl @) and the ring-
bridged model compound8+6), the substituent-dependent ICT
states forl will be elucidated and discussed.
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Results

Synthesis and Molecular Structure. The synthesis of
aminostilbenesl is straightforward, based on palladium-
catalyzed amination reacticiidetweertrans-4-bromostilbene
and the corresponding commercially available 4-substituted

(24) (a) Lewis, F. D.; Kalgutkar, R. S.; Yang, J.-5.Am. Chem. Sod.999
121, 12045-12053. (b) Lewis, F. D.; Weigel, Wl. Phys. Chem. 2000
104, 8146-8153. (c) Lewis, F. D.; Weigel, W.; Zuo, X.. Phys. Chem. A
2001, 105, 4691-4696.

(25) Yang, J.-S.; Chiou, S.-Y.; Liau, K.-J. Am. Chem. So2002 124, 2518~
2527.

(26) Yang, J.-S.; Wang, C.-M.; Hwang, C.-Y.; Liau, K.-L.; Chiou, S.-Y.
Photochem. Photobiol. S2003 2, 1225-1231.

(27) (a) Wolfe, J. P.; Wagaw, S.; Marcoux, J.-F.; Buchwald, SA¢c. Chem.
Res.1998 31, 805-818. (b) Hartwig, J. FAngew. Chem., Int. EA.998
37, 2046-2067.
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Scheme 1
NaO'Bu, (R,S)-BINAP E]
Pda(dba)s, toluene
64-84%
R =H, OCHj, CHg,
Cl, CF3, CO,CHj,
orCN
Scheme 2

MgBr
1. ether,0°C, 3 h
2. reflux, 20 min

(@]
-
Br

3. NH4Cl, r.t.
2, O
.O Br CO Br
9 10

anilines (Scheme 1). Typical procedures have been previously

reported for the synthesis 4H.25

Model compound®—6 possessing a methoxy (e.gOM)
or a cyano (e.g.2CN) substituent also have been prepared.
Compounds2 were prepared biN-methylatior® of the corre-
sponding compoundk Except for the cases df the synthetic
methodology for the bridged derivatives is similar to thatXpr
namely, via a Pd-catalyzed coupling of bromostilbenes and

anilines with the desired bridged structures in either substrates.

The 5-methoxyindoline @) for the synthesis of30OM was
prepared from the reduction of 5-methoxyindole by sodium
cyanoborohydridé? The corresponding precursor for compound
3CN is 5-bromoindoline §), and the amination reaction was
followed by a cyanization reacti8hthat converts the bromo
group to a cyano group. The bromostilbeéhfor the formation

of 50M and 5CN could, in principle, be prepared by a
nucleophilic addition of benzylmagnesium bromide to 5-bromo-
1-indanone, followed by acid-catalyzed dehydration (Scheme
2), a method analogous to the synthesis of 1-benzalin#ane.
However, the separation 8ffrom its isomerl0is not feasible.
Whereas a pure sample of the final prod6@M is not yet
available32 compoundbCN could be readily purified by column
chromatography. The synthesis of compohtl has recently
been reported® and the same intermediatd was employed
for the formation of6OM and 6CN.

H H
&, &, g
OCH, Br
7

8 1

As shown in Scheme 3, the syntheses46iM and 4CN
started with theN-arylation of indoline, followed by a formyl-
atior?® at the 5-position of indoline. A conventional Horrer
Wadsworth-Emmons reactiott then led to the desired ami-
nostilbenest.

(28) Borch, R. F.; Hassid, A. U. Org. Chem1972 37, 1673-1674.
(29) Gangjee, A.; Vasudevan, A.; Queener, S1.iMed. Chem1997, 40, 479—
485.

(30) lkan, R.; Rapaport, ETetrahedron1967, 23, 3823-3827.
(31) Plentl, A. A.; Bogert, M. TJ. Am. Chem. S0d.941, 63, 989-995.

1C0O

Figure 1. X-ray crystal structures of (a)CN, (b) 2CN, and (c)1CO
(double bond disordered).

Scheme 3
y NH, NaO'Bu, DPPF
N Pdy(dba)s POCl3
toluene N W
R 57-95% 50-75%
R= OCHz or CN R
H_O
BnPO(OEt),
NaH
N DMF
30-61%
R

The X-ray crystal structures dfCO, 1CN, and2CN have
been determined (Figure 1). The stilbene moiety is essentially
planar in all three cases. Whereas thphenyl and the terminal
styrenyl groups i2CN are located on the same side (the syn
conformation) with respect to the long molecular axis, they are
on the opposite side (the anti conformation)Li@N, and there
is a syn—anti disorder in the case 4iCO. These observations
are in accord with our previous conformational analysis for
aminostilbeneslH, 2H, and 6H, where the syn and the anti
conformers were calculated to be of similar energies, with a
difference less than 0.3 kcal/m@#26 Our previous results also
suggested a shallow minimum for their ground-state potential
energy surfaces, and in solutions there should exist a large
distribution of conformers with varied rirgring torsional and
amino wagging angle®.This is more likely a common feature
for all aminostilbened—6.

Electronic Spectra. All the aminostilbened—6 in hexane
and acetonitrile display a single intense long-wavelength absorp-
tion band. The corresponding absorption maximaJ are
reported in Table 1, and typical spectra are presented in Figure
2 for 10OM and1CN. For comparison, the data of DS are also
included. In general, an electron-donating (ED) or electron-
withdrawing (EW) substituent at the para position of the
N-phenyl group shifts the absorption maximum to the red (e.g.,
10M vs 1H) and to the blue (e.g1CN vs 1H), respectively.

In addition, the spectra in acetonitrile are bathochromic,
hypochromic, and broadened when compared with those in
hexane. However, the solvatochromic shift is rather small, which

J. AM. CHEM. SOC. = VOL. 126, NO. 39, 2004 12327
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Izlab/e 1 Maxigla ngU\I/f C\;J_gohrltzion (ﬁa%s)oaTnd FI{JQreS(ien)Ce (lé), wavelength band can be attributed to electronic transitions
uorescence ban alf-widt vi2), O, ransition (4o,0), an : . _
Stokes Shifts (Avs) of Aminostilbenes 1—-6 and DS in Hexane delocalized throughout t_he whole molecule_ W|th_ a charge
(Hex) and Acetonitrile (MeCN)? transfer character of mainly the HOMO (amino nitrogef)
T /h Avin o Ave LUMO (stilbene) transitior#>26 On the basis of the results of
compd solvent (nm) (nm) ey (mp cmYe semiempirical INDO/S-SCF-CI (ZINDO) calculatioftdor the
T 86 . !
1H Hex 346 381 (399) 2056 370 2655 AM1 opt_|m|zed3 structures ofLlOM and1CN, the introduction
MeCN 351 442 3547 393 5785 of substituents at th&l-phenyl group has only a small effect
1Me Hex 349  385(402) 2808 374 2679 on the contribution of the HOMG~ LUMO configuration to
- meCN gii gg; (39) 32%61% 3;%% 22272 the description of the lowest excited singlet statg (Se., ~85—
ex 0, . 0
MeCN 351 437 3582 390 5607 86% for LOM and1CN as compared WIﬂ.’PSQ./o for 1H).
1CFE Hex 340 376 (395) 2775 366 2816 The fluorescence spectra of all aminostilberles6 are
MeCN 347 421 3428 383 5065 structured in hexane but become less structured in toluene and
10M aeé . ggg ggg (409) 6227185 ggg gf;‘g completely structureless in more polar solvents. In addition,
1CO st 348 384(403) 2526 373 2694 unlike the absorption spectra, the fluorescence spectra shift
MeCN 358  425[530] 8687 388 4292 significantly to the red with increasing solvent polarity, indicat-
1CN Hex 341  381(399) 2712 370 3079 ing a strong ICT character for the fluorescent stafey of
MeCN 352  425[517] 8086 387 4880 these aminostilbenes. The fluorescence maxitia the half-
20M Hex 350 406(425) 2946 386 3941 pangwidth Avy), the 0,0 transitionslg ), and the Stokes shift
MeCN 356 577 9658 382 10759 . N .
2CN  Hex 335 397 (412) 2851 379 4662 (Avs) of 1—6 in hexane and acetonitrile are reported in Table
MeCN 342  [53% 5052 397 10859 1
30M u@é \ 3773 440 3856 403 4011 For the compound seriel the size of the solvatochromic
e . .
3CN Hex 357 391(412) 2147 383 2436 shifts and the shape of the fluqrescence spectralln pplar solvents
MeCN 369 438 3564 400 4269 strongly depend on the substituent. As shown in Figure 3, the
40M  Hex 367  408(430) 2362 398 2738 structureless fluorescence spectra are in a normal Gaussian shape
MeCN 373 483 3429 423 6106 for 1H, 1Me, 1Cl, and1CF, but they are significantly broadened
4CN - Hex 366 407(420) 2759 393 2752 for 1OM and become dual fluorescent fd€O and 1CN in
MeCN 379  [567} 593F 408 8749 vent lar than THE. It should b ted that
5CN  Hex 345  392(406) 3141 376 3475  SOlvents more polar than - It should be noted that an
MeCN 359 [535% 6019 392 9164 emission longer than 650 nm would be less accurate due to the
60M  Hex 345  385(405) 3117 375 3669 limitation of our instrument. When the short emission bands
SN meCN gf’é g;i (405) 633;1229 33% 733;%’ for 1CO and 1CN were taken into account, the magnitude of
ex . . L .
MeCN 354 5303 5808 388 9381 the shift on going from hexane to acetonitrile is in t.he prder
DS Hex 347 379 3425 2433 10M > 1Me > 1H > 1CI > 1CF > 1CN ~ 1CO, which is
MeCN 351 440 3306 5763 roughly parallel with the relative electron-donating ability of

. dat . o SoebiThL 4 vibron the substituents. It is interesting to note that the energies of the
band iusogj?\?gﬁr}ﬁepa?eitﬁ[eese?n;nc(? rtLeé: I%ngs—r\;\?avelsngfhczrr]nis\giorr? nt;gmd isfluor(:"scen_Ce maxima df Correlate better with the Hammett
given in brackets¢ The value oftowas obtained from the intersection of 0" than with theo constants (Figure 4). In hexane, a nice
nr?m:alizedlabsg]rption and fluolzjesu:r;)ce Speﬁ‘,tgst = Vaps — v? eThe y linear relationship could be observed figrexcept forlCO and
10 be reliably determined.Values are estimated due to the incomplete TCN: The lower-than-predicted fluorescence peak energies for
spectrah Data from ref 15. the latter two species could be attributed to the conjugation effect
of ther-substituents. While the linear correlation amdride,

1H, 1Cl, and1CF is retained in dichloromethane and acetoni-
trile, the data points fodOM become off the line, which is
more severe in acetonitrile than in dichloromethane. It should
also be noted that both the fluorescence excitation and emission
spectra ofl in hexane and acetonitrile are essentially indepen-
dent of the emission and excitation wavelengths, respectively,
and the former closely follow the absorption speétvidently,

the conformers irl should have similar electronic properties,
as previously observed fdH,?5 and the dual emitters ihCN

and 1CO should result from the same FC state.

The dipole moment) of the fluorescent state can be

(=2
.

(3]
2 1

molar absorptivity (104) I molem™
w
1

250 300 350 400 450 estimated from the slopery) of the plot of the energies of the
Wavelength (nm) (32) CompoundOM is weakly fluorescent and very sensitive to the room light,
Figure 2. UV —vis absorption spectra dfOM (curves a and b) antiCN (33) %n? mé)fdthg OHEhPhOTg;%dSCtZQEa’fstgen detected by HPLC.
i itri utz, p. Org. Chem , .
g;urves ¢ and d) in hexane (curves a and c) and acetonitrile (curves b and(34) Wadsworth, W. S Jr. Org. React1977 25, 73-253.

(35) Zerner, M. C.; Leow, G. H.; Kirchner, R. F.; Mueller-Westerhoff, UJT.
Am. Chem. Sod.98Q 102, 589-599.
o . X (36) Dewar, M. J. S.; Zoebisch, E. G.; Healy, E. F.; Stewart, J. J. Am.
indicates a small difference between the dipole moments of the Chem. Soc1985 107, 3902-3909.
B 37) Lowry, T. H.; Richardson, K. SMechanism and Theory in Organic
Franck-Condon (FC) excited state and the ground state. @7 AR e Tl S 9
According to our previous studies dil, 2H, and6H, the long- (38) See Supporting Information for details.
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a b cd ef

10M

cde 'f

alb

1Me

1H

a b cdef 1l

a b cdef 1CF

Fluorescence Intensity

1CO

1CN

Wavelength (nm

Figure 3. Normalized fluorescence spectra of aminostilbeheis (a)
hexane, (b) toluene, (c) THF, (d) dichloromethane, (e) acetone, and (f)
acetonitrile.

T T T
450 500 550

fluorescence maxima against the solvent paranadtaccording
to eq 1153839

V= —[(1/4neo)(2/hca?‘)] [uelue — ug)] Af + constant (1)
where

Af=(e — 1)/(2c +1)— 050 — 1)/(2*+ 1) (2)

and

a= (3M/4Nzd)*? (3)

wherevs is the fluorescence maximumy is the ground-state
dipole momenta is the solvent cavity (Onsager) radius, which

28000
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@ CHyClp
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Figure 4. Correlation diagram of the energies of the fluorescence maxima
against the Hammett™ constants forl in hexane, dichloromethane, and
acetonitrile. The short-wavelength emission maxima are adoptetiCinr

and1CO.

Table 2. Ground- and Excited-State Dipole Moments for 1, 3CN,
40M, and DS

compd

a (A

m; (cm~L)?

ug (D)

ue (D)

10M
1Me
1H
1CI
1CF
1C0oe
1CNe
3CN
40M
DS

4.93
4.84
4.76
4.66
4.96
5.07
4.90
5.04
5.06
4.53

14351
11493
9973
9851
8346
7880 (17132)
8672 (17106)
7329
10467
12335

0.98
0.94
0.84
1.70
4.37
2.88
4.25
4.21
0.18
241

13.6

11.8

10.8
9%
99
91416.4)

9116.4)
8d7

11.7
11.8

a2 Onsager radius calculated by eq 3 with= 1.0 for 1OM, 1Me, 1H,
1CO, 1CN, 3CN, and 40M, 1.1 for 1CF, and 1.2 g/cr for 1Cl.
b Calculated on the basis of eqCalculated by AM19 Calculated with
—0.5u4. © The values for the long-wavelength emission state are given in
parenthesed.Data from ref 15.

could be derived from the Avogadro numbe)( molecular
weight (M), and densityd), ande, o, andn are the solvent
dielectric, vacuum permittivity, and the solvent refractive index,
respectively. The value ¢fy was calculated using the MOPAC-
AMZ1 algorithm. The calculated ground-state dipole moment is
1CF > 1CN > 1CO > 1Cl > 10M > 1Me > 1H, and the
dipole moment is essentially oriented toward thestilbenyl
and theN-aryl group for the ED- and the EW-substituted species,
respectively. Assuming that the angle between the ground- and
the excited-state dipoles of the EW-substituted derivatives is
ca. 120, the calculated ground-state dipole would have a
component vector of O:f (i.e., cos(120)ug) in a direction
opposite to that of the N— stilbene excited-state dipole.
Accordingly, a negative value 6f0.5u4 was adopted for eq 1
in calculating theu. for 1Cl and1CF and the short-wavelength
bands of 1CO and 1CN. In contrast, the long-wavelength
emitting states 0£CO and1CN are more likely to have a dipole
in the same direction as that for the ground-state dipoles (vide
infra). These results, along with the corresponding data for DS,
are summarized in Table 2.

The dependence of the fluorescence spectidfl and1CN
in hexane and acetonitrile on temperature has been investigated
(Figure 5). In hexane, the fluorescence intensityl@M is
significantly reduced upon heating from40 to 50°C, but it is
insensitive to the change in temperature I&N. The results

(39) (a) Liptay, W. Z.Z. Naturforsch.1965 20a 1441. (b) Lippert, EZ.
Elecktrochem1957 61, 962-975. (c) Mataga, N.; Kaifu, Y.; Koizumi,
M. Bull. Chem. Soc. Jprl956 29, 465-470.
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a bcdef
> 3CN
2 >
@ =
< 2
8 8
5 =
2 3 : : : : :
S % a b cdef 40M
E 2
T T » T T T 9
350 400 450 500 400 450 500 550 600 O
Wavelength (nm) =
L.
> (c)
g T T T T
& 350 400 450 500 550 600 650 700
C
g Wavelength (nm)
5 Figure 6. Normalized fluorescence spectra of aminostilbeB€N and
] 40M in (a) hexane, (b) toluene, (c) THF, (d) dichloromethane, (e) acetone,
o and (f) acetonitrile.
3
[T

4&":0 500 4(‘)0 4&"'0 5(‘)0 550 600
Wavelength (nm)

T
350 400

Figure 5. Temperature dependence of the fluorescence spectt®bf

in (a) hexane and (b) acetonitrile and ®€N in (c) hexane and (d)
acetonitrile recorded at intervals of 2C between—40 and 50°C. The
arrows indicate the direction of fluorescence response upon raising the
temperature.

are different in acetonitrile, where the fluorescence is enhanced
and blue-shifted for botttOM and 1CN upon raising the
temperature. Previous studies di have shown that its
fluorescence intensity undergoes a monotonic decrease with
increasing temperature in both hexane and acetorifrile.
Evidently, the excited-state behavior of aminostilbedes
significantly affected by thé-aryl substituent.

When compared withOM and1CN, the additionaN-methyl
or methylene bridging group @6 affects the electronic spectra
more or less, depending on the nature of Maryl group and
the position of the methylene group (Table 1). For instance,
the introduction of arN-methyl group shifts the absorption
maxima of1CN to the blue (i.e.2CN), but it has only a small
effect on that ofLlOM (i.e.,20M). In addition, the ring-bridged
species have longer wavelendthsand/s than the correspond-
ing nonbridged compoundssand?2, but compound®OM is an
exception. The most intriguing observation is probably the
narrower fluorescence shape €N and4OM in comparison
to the other analogues in polar solvents (Figure 6). In other
words, the broad and largely Stokes-shifted fluorescence spectr
for 10M and 1CN are also observed fa2OM—60M and
2CN—6CN in dichloromethane (Figure 7) and acetonitrile, but
the solvatofluorochromic shifts and the excited-state dipole
moments for3BCN and4OM are more like those fotCF and
1Me (Table 2), respectively.

Quantum Yields and Lifetimes. The fluorescence quantum
yields (@y) for aminostilbened&—6 in a variety of solvents have

Fluorescence Intensity

4;0 5(;0 Séﬂ 6;)0
Wavelength (nm)
Figure 7. Normalized fluorescence spectra of M, 30M, and60OM

and (b) 2CN and 4CN—6CN in dichloromethane. For comparison, the
spectra of60M in acetonitrile (the segmented curve in (a)) are included.

350

follows an essentially linear correlation (Figure 8a), it is a

sigmodial curve for the group dfOM, 1CO, and1CN (Figure

8b). It is interesting to note that all the substituted derivatives,

regardless of ED or EW substituents at tRephenyl group,

have a larger value ab; than doeslH in nonpolar solvents.
Quantum yields for trans> cis photoisomerizationdg;c) for

the compound seriesin THF and dichloromethane are reported

in Table 3. Assuming that the decay of the double bond twisted

Jperpendicular excited state (p*) yields a 1:1 ratio of trans and

cis isomers? the sum of the fluorescence and double bond
torsion quantum yields®; + 2®,) for 1H, 1Me, 1Cl, and1CF

in both solvents is within the experimental error of 1.0, but it
is relatively lower than 1.0 folOM, 1CO, and1CN in THF

and even lower in dichloromethane. Evidently, fluorescence and
photoisomerization could account for the excited decay of the
former cases, but other channels of nonradiative decay should

been determined, and some of these data are reported in Tabl@€ t@ken into account for the latter three compounds in polar

3. For the compound serieg all derivatives are strongly
fluorescent in hexane and toluene, but the valuaBsafecrease
in more polar solvents. The plots @ against the microscopic
solvent polarity parameteEr(30)*° are shown in Figure 8.
Whereas the group consisting @H, 1Me, 1Cl, and 1CF

(40) Marcus, Y.Chem. Soc. Re 1993 409-416.
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solvents.

The fluorescence lifetimesy) of the aminostilbened in
different solvents are provided in Table 3. All decays can be
well fit by single-exponential functions, although more than one
conformer is expected fot in solutions, and there is dual
fluorescence folCN and1CO in polar solvents. Nonetheless,
as demonstrated in dichloromethane, the values fir 1CO
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Table 3. Quantum Yields for Fluorescence (®r) and 0.9 0.9
Photoisomerization (), Fluorescence Decay Times (), Rate 1@ = 1H 10 —s— 10M
Constants for Fluorescence Decay (kj), and Nonradiative Decay o 0.8 $ 1Me 087, —e— 1CO
(knr) for 1—6 and DS in Solutions 2 o7 . Y :g:: 07*® —4— 1CN
@ k i Soel, 7 0.6
compd solvent [oX D (ns)? (108574 (108574 § 0 5_— N $ ? 0 5_—
1H Hex 051 024 089 5.7 55 < 8]
THF 042 024 0.87 438 6.7 8 0.4+ . 0.4
CHCl, 038 034 0.70 5.4 8.9 8 0.3 " 0.3
MeCN 0.34 0.96 3.5 6.9 a2 1 v 1
1Me Hex 0.53 0.96 5.1 4.9 o 0.2 0.2
THF 055  0.28 1.31 4.2 3.4 £ o4 0.1 ]
CHCl, 0.49 0.28 1.15 4.3 4.4 o T AL
MeCN 0.41 1.75 2.3 3.4 0.0 4 0.0 1 —‘]
1ClI Hex 0.58 1.00 5.8 4.2 L LA B N BN B B B LA L L L L L e |
THE 0.53 0.27 0.96 55 4.9 30 32 34 36 38 40 42 44 46 30 32 34 36 38 40 42 44 46
CHCl, 0.48 0.29 0.75 6.4 6.9 EA30)
MeCN 0.43 0.96 4.5 59 . . .
1CF Hex 0.68 1.07 6.4 3.0 Figure 8. Plots of the fluorescence quantum yiefBf against the solvent
THE 0.49 0.18 0.84 58 6.1 parameteEr(30) for the compound serids The solventsEr(30)] are (from
CH,Cl, 0'43 0'22 0.67 6.4 8.5 left to right) hexane [31.0], toluene [33.9], THF [37.4], dichloromethane
MeCN 0.25 ' 0.67 3.7 11.2 [40.7], and acetonitrile [45.6] for both plots (a) and (b), and three more
10M  Hex 0.60 0.16 1.20 5.0 33 solvents, 1,4-dioxane [36.0], chloroform [39.1], and DMF [43.8], are added
THF 0.36  0.05 2.44 15 2.6 for plot (b).
CH.Cl, 0.24 0.09 2.40 1.0 3.2 F
MeCN 0.007 0.32 0.22 31.0 —rC
1CO Hex 0.72 1.22 5.9 2.3 E 1p"
THF 038 011 2.19 1.7 2.8 kg S\ ey |
CH.Cl, 0.03 0.04 0.94 0.32 10.3 TICT* ky IEa' —
MeCN 0.004 0.41 0.10 24.3 — =Y ;
1CN Hex 0.75 0.16 1.30 5.8 1.9
THF 0.46 0.16 2.70 1.7 2.0
CH.Cl, 0.11 0.14 2.99 0.38 3.1
MeCN 0.015 0.84 0.18 11.7 k¢ ke
20M Hex 0.65 2.54 2.6 1.4
MeCN 0.005 0.56 0.18 17.7
2CN Hex 0.68 2.52 2.6 1.4
MeCN 0.02 0.98 0.20 10.0
30M Hex 0.81 3.00 2.7 0.63 T
Cse-N or Ca-N >\ -
MeCN  <0.001 bond twisted —— cis
3CN  Hex 0.81 1.43 5.7 1.3 conformers
ﬁgécl\lf %%11 0.02 i ?f i’? i f Figure 9. Simplified scheme for the formation and decay of the fluorescent
40M Hex 0'75 1'54 4'0 2'5 ICT state oftrans-4-(N-arylamino)stilbene&. The Gs—N and Gy—N bonds
CH,Cl, 0.66 0.25 1'91 3'5 1.8 denote the stilbenyl-anilino and the aryl-aniline-8 bonds, respectively.
MeCN 0.68 2.36 2.4 1.8
4CN Hex 0.78 1.56 5.0 1.4 . X X i .
MeCN 0.014 0.38 037 259 conversion is unimportant in accounting for the decayl idf
5CN  Hex 0.056 0.12 4.7 78.7 1Me, 1Cl, and1CF.
60M mng 8'325 <01'1200 >Oé53 >99'§’3 The values of®s, 15, ki, and k,; for 2—6 in hexane and
MeCN 0.031 0.87 0.36 111 acetonitrile are also reported in Table 3. In accord with the
6CN  Hex 0.87 1.50 5.8 0.87 observations based on fluorescence spectra, the large values of
. mgf’\‘ 8'8% 8-;1 300-64 930-3 ®@; andk: in acetonitrile for3CN and40OM differentiate them
MeCN 0.037 ol 37 %6 from the other cyano- and methoxy-substituted derivatives. For

comparison, the values @b for 3CN and 40M in dichlo-
romethane were also determined. It should be noted that the
restriction of the &C double bond torsion does not prevent
6CN and60OM from having a low®; value in acetonitrile. In
addition, the fluorescence quantum yield is low 52N even

in hexane. Nonetheless, the solvent effect ondisis still
significant.

2The value ofrs was determined with excitation and emission around
the spectral maxima, unless otherwise notedontaining 10% of THF by
reason of solubility¢ Containing 12% of THF by reason of solubilityAn
averaged value is adoptetData from ref 15! Data determined in diethyl
ether and ethanol are both 0.1 ns.

(0.63-1.11 ns) andL.CN (2.31—3.50 ns) are dependent on the
emission wavelength and are larger at longer wavelength Di .

.. . N ISCUSSsIon
emissions, a phenomenon not observed for the other derivatives
of 1. In addition, the fluorescence rate constakts< s 7~ 1) A generalized scheme for the photochemical behavior of
are comparable for all seven compoundslah hexane, but aminostilbened is shown in Figure 9. The substituents play
they are more than 1 order of magnitude smalledfoM, 1CO, an important role in determining the relative energy levels of
and1CN than the others in acetonitrile. The overall nonradiative the excited states and thus the resulting decay pathways. The
deactivation K, = 1/t — kf) was also calculated (Table 3). seven derivatives could be divided into three different groups
The absence of specific correlation between thekipand the (I=11), based on their excited-state behavior, which are
emission energy (figure not shown) indicates that internal discussed in the following.

J. AM. CHEM. SOC. = VOL. 126, NO. 39, 2004 12331



ARTICLES Yang et al.

EW group the 1p* state of1H (eq 5). As a result, a further enhancement
_substitution of its contribution to'p* by ED R substituents should be rather

limited; however, a slight weakening of its contribution due to
the presence of an EW substituent could significantly raise the
energy of thelp* state.

EW group

ED
substitution group

substitution

ED group
substitution t

Figure 10. Qualitative representation of the substituent effect on the barrier
of 1t* — 1p* double bond torsion in the singlet excited state.

Excited-State Behavior of 1H, 1Me, 1Cl, and 1CF (Group
I). The photochemical behavior ofH has recently been
reportec?>26ike the parentrans-4-aminostilbené&? the decay
of excited1H is mainly via fluorescence and the double bond
torsion reaction (i.e Ps + 2® ~ 1.0). However1H displays
much higher fluorescence quantum yields and lower trans
cis isomerization quantum yields as a consequence of a larger
torsional barrier ) in the singlet excited state. An analysis of ’5\@ H” ~N-
the vibrational structures observed in hexane and the correlations
between fluorescence maxima and solvent polarity further A 1p* B )
suggested that the molecule becomes more planar in the excited
state, and such a plan&r (ICT) state is responsible for the
observed fluorescence in both nonpolar and polar solénts.
Values ofk; decrease with increasing solvent polarity, but the
corresponding value df,, is slightly larger in acetonitrile vs
hexane (Table 3). These changes account for the decrease in
@; with increasing solvent polarity.

The photochemical behavior @Me, 1Cl, and1CF is similar
to that of 1H: namely, other decay channels except for
fluorescence and the double bond torsion are unimportant. It is
interesting to note that both ED and EW substituents at the para
position of the N-phenyl group enhance the fluorescence

quantum yield (Table 3). Since the valueskofre comparable D).** Indeed, as is demonstrated by the bridged model compound

for all four compounds in the same solvent, the origin of
fluorescence enhancement could be attributed to an increase |n3CN restriction of the rotation of the anilino-benzonitril
ingle bond removes the long-wavelength emission band and

the torsional barrier that decreases the rate of isomerization an
hus the dual fluorescence property. MoreoB&N is strongly

hus the val nd®.. Accordin h ransition . .
thus the values dty and ®;c. According to the 60 ransitio fluorescent in both polar and nonpolar solvents, in analogy to

. N . -
energies (Table 1), thé* state Of.l.H 's stabilized by ED the behavior of the group | species. On the other hand, the long-
substituents (e.g1Me) but destabilized by EW substituents . - .

wavelength emission band is retained and even enhanced for

(e.g.,1CF). To resultin a larger torsional barrier for both cases, ACN—6CN (Figure 7), indicating that the rotation of the other

the 1p* state should be less stabilized in the former and more
single bonds plays a negligible role in accounting for the TICT
destabilized in the latter cases, as depicted in Figure 10. In other
words, the substituent effect on thg* vs thet* state of 1H state Evidently, the formation of a DMABN-like TICT state is
: responsible for the low quantum yields of fluorescencelfoN

should be different. This is indeed in accord with the model of in polar solvents, The weak emission property observed for the
resonance structures that was previously employed for the Co : ;
P y pioy TICT state is consistent with the forbidden nature of the

rationalization of the amino conjugation effectiiapheny- vs fluorescence. In addition, a broad TICT emission is in accord

N-alkyl- i 4-ami il For the 1t* h : . o . ;
alkyl-substituted 4-aminostilbenés For the 't* state, the with the picture of a broad distribution of conformers with varied

amino lone pair electrons could delocalize to either the stilbene
P twisted angles around the-@\ single bond. Since the photo-
(resonance structure A) or the phenyl ring (resonance structure,
isomerization quantum yield is also low faCN in dichlo-

B) (eq 4). In principle, the importance of structure A would be

enhanced by ED substituents but diminished by EW substituents,ror.nethane’ the decay process of TIST'p* or %p* should be .

and the opposite would be true for structure B. Since structure unimportant, and the nonradiative decay of the TICT state might
: be mainly via internal conversion, as proposed for the other

A corresponds to the HOMO= LUMO transition, such & systemg?42 The similarity in photochemical behavior

substituent effect agrees with the red vs blue shifts of the .
absorption spectra (Table 1) and the larger vs smaller values ofb etweenlCO and 1CN also agrees with the common feature

#e for 1Me and 1CF vs 1H, respectively. In contrast, the 1) "via | 1. chen, z-B.: Jiang, Y.-BChem. Phys. LetR003 372 104-
corresponding resonance structure A should be predominantin® ~ 113.

4)

Excited-State Behavior of 1CN and 1CO (Group Il).The
phenomenon of dual fluorescence observedLfoN and1CO
in dichloromethane and more polar solvents differentiates them
.from the other derivatives ol. The location of the long-
wavelength emission band(= 517 nm in acetonitrile) and
the corresponding value gf (16.4 D) for1CN are reminiscent
of the TICT fluorescence of DMABN 4 = 485 nm in
acetonitrile andue = 17 D)812 Further, it has recently been
reported that the TICT state of ethyl BHphenylamino)-
benzoate, an analogue €0, dominates the fluorescence in
polar solvents (e.g4: = 486 nm in acetonitrile ande = 17.7
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of dual fluorescence in both methyl #,{N-dimethylamino)-
benzoate (DMABME) and DMABN:0
The presence of a TICT state €N also accounts for the

Excited-State Behavior of 10M (Group Ill). Despite the
absence of well-resolved dual fluorescence in the steady-state
spectra, the great similarity in the solvent- and temperature-

temperature-dependent fluorescence spectra (Figure 5). Fodependent fluorescence behavior betw&@M and the group

stilbenes such as the group | molecules that conform to the two-

state mechanisnitt and 1p*), the fluorescence intensity would

[l compounds indicates the presence of a TICT statel @M
in polar solvents. For example, the valuesiyffor LOM also

be either decreased or nearly unchanged upon increasing thexhibit a sigmodial relationship witkr(30). In addition, the
temperature, corresponding to the activated and unactivatedsum of®; + 2® is also much less than 1.0 in dichloromethane
processes of the double bond torsion in the singlet and the tripletbut not in hexane. Furthermore, the fluorescence in acetonitrile

excited state, respectivelyWhen there is an equilibrium TICT
= 1t* the activated process TICF 1t* could compensate for
the depopulation oft* in the activated procesk&* — 1p* as
long as the latter has a larger barrier (i|,,> E4, Figure 9).

In fact, the double bond torsion iICN is more likely via the
unactivated triplet mechanism, presumably due to a l&ge
value (vide infra). As a result, the model of fluorescence kinetics
previously derived for DMABN13could also apply to the case

is also enhanced upon heating. Therefore, the observed fluo-
rescence could result from an overlap of the emission of the
1t* and the TICT state, for two reasons: (1) the fluorescence
band becomes much narrower when the TICT state formation
is blocked (i.e.40M, vide infra), and (2) the correlation of the
fluorescence peak energies and the Hamm@ttconstants
predicts a less red-shifted maximum for th& fluorescence

on going from hexane to dichloromethane and acetonitrile

of 1CN. Assuming that the change in fluorescence peak intensity (Figure 4). Accordingly, the two states are both highly polar

is proportional to that irby, the values of botld¢('t*) and ®;-
(TICT) are increased but the ratix(TICT)/®¢(t*) is decreased
upon increasing the temperature IgEN in acetonitrile (Figure

5). This is indeed consistent with an equilibrium between the
two states in the temperature range-af0 to 50°C (i.e., kg >

ki'). A quantitative treatment of the spectra in Figure 5d was
not performed due to the poorly resolved and incomplete
fluorescence spectra.

and theu. value reported in Table 2 folOM should be
considered as an average of their dipole moments. It should
also be noted that, unlike the caseldEN, the photoisomer-
ization of LOM is more likely involved with the singlet-state
pathway, because the fluorescence decreases monotonically in
hexane with increasing temperature (Figure 5a).

A comparison of the fluorescence behaviorl@®M—40M
and60M has offered a clue to the single bond that is responsible

Several pieces of evidence have suggested that the procesgy, the TICT state formation iflOM. A common feature

of the C—N bond twisting toward the DMABN-like TICT state
is negligible for 1ICN and 1CO in the nonpolar solvent

observed forlOM—30M and 60M is the dramatic decrease
in ®; on going from hexane to acetonitrile (Table 3). In

hexane: (a) The spectra show vibrational structures and no dualparticular, the confinement of the centra=C bond in the fused

fluorescence. (b) The fluorescence quantum yields are high and

the sum of®; + 2P is close to unity. (c) The values &f are

ring does not prever@OM from having a low value ofbs in
acetonitrile. The solvent effect abs for 40M is different from

large and comparable to those of the group | compounds, inhose for the other methoxy derivatives but similar to that for

contrast to the lovk: values for the TICT fluorescence in polar

the group | aminostilbenes, as is the cas8©N amonglCN—

solvents. (d) No fluorescence enhancement was observed forg-~ Although a pure sample &OM is not available, which

1CN in hexane upon heating from40 to 50°C. Instead, the

precludes a direct examination of the role of the styrenyl-anilino

fluorescence is only slightly perturbed, as previously observed ~_ ond in the TICT state formation aDM, the experience

for transN,N-diphenylaminostilbene (DPhASj,indicating a

triplet-state mechanism of photoisomerization. Since the cyano

group is a strong EW group, the energy of the state for

1CN would be largely raised according to the substituent effect

shown in Figure 10. On the other hand, the correspontting

state is not destabilized (Table 1), presumably due to the

gained from the corresponding studies DEN—6CN has
allowed us to conclude that the TICT statel@iM is associated
with the twisting of the stilbenyl-anilino €N bond. Indeed, if
the rotation of the styrenyl-anilino -©C bond played an
important role in the excited-state behaviorl@M, it would
affect 4OM as well, but this is not the case. Such a unique

conjugation effect of the cyano group that compensates for its TICT state formation observed f&OM could be attributed to

induction effect. As a result, the torsional barrier in the singlet
excited state might be too high to be overcome at room

temperature. This could account not only for the large value of

@ in hexane but also for the triplet-state mechanism of
photoisomerization ®isc = 2®yc, kise = Piscts ~1). The non-
radiative decay rate constant in hexane could thus be attribute
to the rate constant for intersystem crossing (kg.~ kisc ~

2.1 x 1¢® s 1), a value nearly the same as that for DPhAS (

~ 2.0 x 1% s71).25 (e) The sigmodial curves in the plots &
against Er(30) (Figure 8) are analogous to the aclihse
titration curves, which indicates that the “equivalent point” of
the population of molecules in the TICT V& state is not
achieved until the solvent is more polar than THF.

(42) (a) Maliakal, A.; Lem, G.; Turro, N. J.; Ravichandran, R.; Suhadolnik, J.
C.; DeBellis, A. D.; Wood, M. G.; Lau, 1. Phys. Chem. 2002 106,
7680-7689. (b) Nad, S.; Kumbhakar, M.; Pal, Bl. Phys. Chem. 2003
107, 4808-4816.

the strong electron-donating methoxy substituent that results in

a stronger amino donor than that in the other derivativek of
N-Alkyl- vs N-Aryl-Substituted Aminostilbenes. The ICT

states of severdl,N-dimethylamino-substituted stilbenes, in-

dcluding the parent molecule D'S,the donor-acceptor-type

4-(N,N-dimethylamino)-4cyanostilbene (DC$y1”and 4-{,N-
dimethylamino)-4nitrostilbene (DNSJ€ and the donordonor-

type 4,4-tetramethyldiaminostilbene (DD$)° have been
discussed by several research groups in favor of the TICT state
formation in polar solvents, although their steady-state spectra
lack dual fluorescence. In addition, despite the different nature
of these aminostilbenes, all of their TICT states have been
suggested to result from the twisting of the anilino-styrenyl
single bond and to be responsible for the observed fluorescence,
even when the value @b; is high for some cases. The emissive
nature of the TICT state was then attributed to either a large
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vibronic mixing with the other allowed states or an incomplete possess a DS-like TICT state. However, regarding the distinct
twisting of the single bond (i.e., twisted angie 90°).

CH;
oS avas

DCsB

,CHs

ON O / 0 N‘cH3

DNS

fluorescence properties observed for the group | vs groups Il
and lll aminostilbenes, it would be difficult to understand why
the consequence of the-C bond twisting is so different from
that of the C-N bond twisting inl.

Experimental Section

Methods. Electronic spectra were recorded at room temperature.
UV spectra were measured on a Jasco V-530 double-beam spectro-
photometer. Fluorescence spectra were recorded on a PTI QuantaMaster
C-60 spectrofluorometer. The optical density of all solutions was about

0.1 at the wavelength of excitation. It should be noted that, unlike the

However, the arguments for such a three-stéte {p*, and uncorrected spectra previously reported in refs 25 and 26, the
TICT) model for theséN,N-dimethylaminostilbenes have been fluorescence spectra reported herein have been corrected for the
challenged?~23 First, a large solvatofluorochromism does not response of the detector. The fluorescence spectra at other temperature

necessarily correspond to a fluorescent TICT state, because thavere measured in an Oxford OptistatDN cryostat with an ITC502

1t* state could be also highly polar, as shown by femtosecond temperature controller. AMbubbled solution of anthracene(= 0.27
dynamics for the case of DC%23In addition, the implication in hexane)® was used as a standard for the fluorescence quantum yield

of it* — TICT based on the precursesuccessor relationship determlnatlons_ 01_—6 in acetonlt_rlle under h&bubbloed_cond_ltlons with
observed in time-resolved fluorescence spectra could also besolvent refractive index correction. An error £:10% is estimated for
P the fluorescence quantum yields. Fluorescence decays were measured

explained ?gzthe longitudinal diele_ctric rel_axgtion of _SOlvent at room temperature by means of a PTI Timemaster apparatus with a
_molecule.s?.v Further, the observation of lifetime maxima at  gated hydrogen arc lamp using a scatter solution to profile the
intermediate temperature could be associated with the phasénstrument response function. The goodness of nonlinear least-squares
(e.g., melting or glass) transition of the solvent molecules insteadfit was judged by the reduceg? value (<1.2 in all cases), the

of the presence of a fluorescent TICT st&téoreover, the randomness of the residuals, and the autocorrelation function. Quantum
pronounced ring-bridging effect on the fluorescence quantum yields of photoisomerization were measured on optically dense degassed
yield and the nonradiative decay rate for DCSB vs DCS and solutions ¢-10°* M) at 313 nm using a 75-W Xe arc lamp and
for DSB vs DS have been interpreted as results of the restrictionMonochromatortrans Stilbene was used as a reference standad (

of the C—C single bond rotation, in favor of the TICT model. — 0-30 in hexane): The extent of photoisomerization={0%) was
However. the same phenomen(;n is also preserttdos-1,1- determined using HPLC analysis (Waters 600 controller and 996
biindanyli’dene (SB) véransstilbene, a system that con,forms photodiode array detector, Thermo APS-2 Hypersil, heptane and ethyl

. Tx ) o acetate mixed solvent). The reproducibility error wa$0% of the
to the two-state'(* and 'p*) model. Thus, the ring-bridging  5yerage. MOPAC-AML and INDO/S-CIS-SCF (ZINDO) calculations

effect could be simply due to the methylene substituent effect were performed on a personal computer using the algorithms supplied
that modifies the reaction hypersurface for the double bond with the package of Quantum CAChe Release 3.2, a product of Fujitsu
torsion and/or induces new reactiofdslndeed, it has been  Ltd. The X-ray diffraction measurements were performed on Bruker
shown that the torsional barrier for SB is intrinsically lower Smart-CCD diffractometersi(= 0.71073 A) at room temperature.
than that fortrans-stilbene?®3 Intensity data were collected in 1315 frames with increasin@.3’

A comparison of the fluorescence behavior betwéemnd per frame) and corrected for Lp and absorption effects using the
DS has led to a new challenge to the TICT model for®6n SADABS program. The structures were solved by direct methods.

! ) .
the basis of (1) the shape of the fluorescence spectra, (2) theStructuraI parameters were refined on the basis?oAll calculations

. rfi i HELXTL LAl -h
relative values oAv1, andAvg, and (3) the response dfs to were performed by using S programs. All non-hydrogen atoms

h | lari he fl behavi f ' were refined anisotropically. Hydrogen atoms were assigned idealized
the solvent polarity, the fluorescence behavior of DS is more locations and given isotropic thermal parametersx1tBe thermal

like that of the group | rather than the groups Il and Il species parameter of the carbon atoms (but.fr the hydrogens in methyl

of 1. In particular, the excited-state dipole moment for DS is groups) to which they were attached.

nearly the same as that fbiMe and much lower than those for Materials. Solvents for organic synthesis were reagent grade or
the TICT state ofLlOM, 1CN, and1CO. The observations of = HPLC grade, but all were HPLC grade for spectra and quantum yield
(@) a much lowerd; value for 5CN vs the other cyano measurements. All other compounds were purchased from commercial
derivatives in hexane and (b) a similar ratio of fluorescence sources and were used as received. The characterizations of compounds
quantum yields for@¢(5CN)/®¢(DSB) (28) and®;(1CN)/ ®s- 1-6 are provided in the Supporting Information.

(DS) (25) in hexane also support a special methylene bridging Concluding Remarks

effect that enhances the nonradiative decay. Despite such a . . .
special substituent effecsCN still displays a large decrease The substituent-dependent excited-state behavior of the seven

in ®; on going from hexane to acetonitrile due to the I¢ N-aryl-substituted 4-aminostilbene derivativds has been
bond twisting. Therefore, it should be that either the TICT state €lucidated and divided into three categories. The group | consists

proposed for DS is unimportant or the group | aminostilbenes of 1H, 1Me, 1Cl, and1CF, and their excited decay conforms
to the two-state model. Aminostilben&€N and 1CO belong

to group 11, the members of which display dual fluorescence in
polar solvents. The short- and the long-wavelength emission
bands have been attributed to the emission from the planar and

(43) (a) Saltiel, J.; D’Agostino, J. T. Am. Chem. S0d.972 94, 6445-6456.

(b) Rothenberger, G.; Negus, D. K.; Hochstrasser, RIMChem. Phys.
1983 79, 5360-5367.

(44) In view of the inherent difference in electronic structures among donor-
only, donor-acceptor-type, and donedonor-type aminostilbenes, any
comparison to be made betwegrand theN-alkyl derivatives should be
more appropriately restricted to the same type of aminostilbenes, viz., the (45) Dawson, W. R.; Windsor, M. WJ. Phys. Chem1968 72, 3251-3260.
donor-only DS. (46) Malkin, S.; Fischer, EJ. Phys. Chem1964 68, 1153-1163.
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twisted ICT states, respectively. The group Il compound is
10M, whose photochemical properties closely resemble the

group Il molecules and could also be described by the three-

state model with an overlapped emission from tieand the
TICT states. The TICT state formation1®©M, 1CN, and1CO

is only favorable in solvents more polar than THF. The
corresponding studies on model compoud$ have allowed
us to deduce the TICT structures for the groups Il and Il
compounds. Whereas the TICT state &N is DMABN-like,
resulting from the twisting of the benzonitrilo-anilino—@
single bond, it is the stilbenyl-anilino-€N bond that twists in
the case oflOM. Despite the difference in the bond that twists
and in the direction of the ICT transition, the TICT states for
10M and1CN have the common features of broad fluorescence

effect is a sensitive probe for the “degree of conjugation”
between the D and A groups of aminostilbenes in the excited
states. By the same token, the similarity in solvent-dependent
fluorescence properties for DS and the group | species suggests
that there is no need to invoke a fluorescent TICT state fotDS.
Further dynamic and theoretical studies on these and the related
systems would complement the current results and provide more
insights into the ICT states of aminostilbenes.
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spectra and low fluorescence yields. These features are appParyniversity for resolving the crystal structures dEN, 2CN,

ently different from the TICT states previously proposed for
N,N-dialkylaminostilbenes such as DCS and DS. It is important

and1CO.

to note that the basis of our TICT arguments relies on the close  sypporting Information Available: Detailed characterization

linkage of the steady-state fluorescence behaviof X and

the TICT paradigm DMABN. A similar spectroscopic correla-
tion betweerlOM and1CN in turn leads to the conclusion of
the presence of a TICT state f@OM. In this case, the group

I molecules have functioned as the “TICT-free controlled
compounds”, complementary to the bridged model molecules
3—6. These important correlations would not be possible without
the sensitive response of the fluorescence propertigésmthe
solvent polarity. In other words, thé-aryl amino conjugation

data for aminostilbenes—6; crystal refinement data fatCN,
1CO, and 2CN; solvatofluorochromic plots fof, 3CN, and
40M; and fluorescence and excitation spectral afi hexane
and acetonitrile recorded by changing the excitation and
emission wavelengths (PDF). X-ray experimental details (CIF).
This material is available free of charge via the Internet at
http://pubs.acs.org.

JA047604D
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