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There has been a great deal of interest in recent years in
exploiting fluorescence changes in luminescent molecular systems
to signal the presence of particular substances in solution and at
interfaces. Rapid growth in the development of supramolecular

assemblies has provided a large feedstock of molecular ensembles
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having a fluorescent component and a receptor capable ofFigure 1. Drawing of sensor molecul& and analogue compour®i

selectively binding substraté$Such systems often make excellent

sensors because of the sensitivity of fluorescence detection and
the selectivity of particular substrate receptors associated with

the supramolecule. A substrate of particular interest s iK
biological systems it is often difficult to detect because of
competition with Na& which is generally present in much larger
concentrations (i.e., N&K* ~ 30 in human serun¥).Among
molecular systems available to distinguish alkali ions, crown

ethers have proven effective. Recently, a few systems have been

prepared that exhibit good selectivity forfkover Na in ion
transport across membrarfeéSuch systems have two crown ethers
attached to a flexible hydrocarbon;*Kcomplexation involves
formation of a sandwich complex with the crowns. We wish to

report here the fluorescence behavior of a distyryl benzene

derivative,1 (Figure 1), having two 15-crown-5 groups attached.
The bis-crown-distyryl benzene system forms intermolecular
sandwich complexes with K (but not N&) that result in a

dramatic increase in the fluorescence intensity of the chromophore

and provide excellent selectivity for 'Kover Na'. Evidence

suggests the selective enhancement of the fluorescence of the bis-

crown derivative in the presence of Ks the result of formation
of a complex that inhibit¥—E isomerization of excited.

The ligandl is isolated as a pale yellow crystalline solid, and
IH NMR analysis indicates that it is exclusively tde-Z (trans-
trans) isomeP.Irradiation of solutions oZ,Z-1 with either room
light or >400 nm light from arc lamps results in a change in the
absorption consistent with formation of tée-E (trans-cis) isomer
(blue shift in the maximum and decrease in molar absorptivity).
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typically around 40%'H NMR (CDCl,, 6 ppm) 3.77 (16 H, d), 3.94 (8 H, 1),
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Figure 2. Emission spectra df in the presence of varying amounts of
K* in methanolic acetonitrile solutions following 325-nm excitation. Inset:
integrated intensity of emission as a function of Eoncentration.

These changes are accompanied by changes itHhEMR
spectrum that indicatg to E isomerization in the liganglLigand

Z,Z-1 is weakly luminescent. The emission maximum inCHN
solution, 476 nm, does not change upon irradiation, and the
excitation spectrum indicates that emission arises fronZthg
isomer. In fact, measurements by Sandros and co-workers indicate
that, for a related distyrylbenzene derivative, taeE (trans-
trans) isomer emission quantum yield is 9 times greater than the
Z—E (cis—trans) and 200 times greater than theZ (cis-cis)’

The luminescence intensity of dilute solutions bf(either
preirradiated or unirradiated) in acetonitrile increases by a factor
of nearly 20 upon addition of a 10-fold molar excess of
potassiunf. Figure 2 shows emission spectra obtained for pre-
irradiated solutions ot with varying amounts of added ™K the
inset shows the integrated intensity as a function of th& Katio.

A small redshift of the emission maximum relative to the free
ligand is observed. When solutions containihgand K" are
irradiated, no change in the emission maximum of tHealdduct
is observed. The excitation spectrumloin the absence of K
has a maximum at 375 nm; following addition of excesstKe

(6) The 325-nm isobestic point in the absorption spectrum was used for
excitation to avoid changes in the luminescence intensity due to changes in
absorption of the solution.

(7) (a) Sandros, K.; Sundahl, M.; Wennerstrom, O.; NorinderJ.LAm.
Chem. Soc199Q 112 3082. (b) Bush, T. E.; Scott, G. W. Phys. Chem.
1981 85, 144-146.
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maximum shifts to 362 nm, consistent with emission from a Scheme 1

complex of1 with K*. Addition of Na" to acetonitrile solutions .

of 1 results in a very slight increase in the fluorescence intensity K1 QK_CKD andior 7 <

and virtually no change in the emission spectral band shape. Othero_o E— O—O O_.o O_O
1

alkali ions induce only very slight changes in luminescence
intensity and absorption spectra. It is clear that the fluorescenceelectron-transfer quenching of the coumarin excited state by the
response ofl to K* is unique. cryptand alkylamino functionality.

The emission quantum yield of solutions bfirradiated to In the system reported here, the large fluorescence enhancement

steady state at an excitation wavelength of 340 nm (the isobesticiS consistent with formation of a complex in which—E
point) in the absence of Kis 0.001 and increases to 0.019 when iSomerization of theZ—Z excited state is inhibited. The lumi-
solutions contair-2 equiv of K* per 1. The emission quantum  néscence dat_a obtalned fm_rand the K _adduct suggests that
yield of the distyryl benzene derivative in the absence bfi& only the Z—Z isomer is luminescent. It is well-known that 15-
much lower than the near unity yields measured by Sandros andcrown-S forms §andW|ch_compIex¢s in which s coordinated
co-workers for thez—Z isomer of the related tetri@rt-butyl- to two crowns>® A large increase in the fluorescence quantum

distyrylbenzene derivative and other distyrylbenzene derivatives, ]Yield coulg_oc_cur(ijn a double sa?dgigif iso_m%rizationbpathways
including a di-alkoxy derivativé.The luminescence lifetimes of Ior ncf)nra '%tl'gf Feactlv_atlonfoKFt g excr:]lte stalte ecome
both1 and the K complex are less than or equal to the resolution less favorablés Formation of K' sandwich complexes must
of the apparatus used (approximately 1.5 ns): thus, nonradiativeNvoIve at least two molecules dfsince intramolecular formation

S ; 2 : of K* sandwiches is only possible for tke-E isomer. As shown
irr?tlg)r(:gt(i)grg roe}p(le(ig?g;g;n? ;‘i‘g'“de the possibility of bimolecular in Scheme 1 above, the adduct could either be a 2:2 complex of

. . K* and1 (a discrete complex) or a complex in which each crown
How can these observed fluorescence intensity changes beyt one molecule ofl forms K+ sandwich complexes with crowns

rationalized? Other fluorescence sensors for Blad K* that use from two other moles ofl. (which could lead to K sandwich
15-crown-5 as the receptor for the alkali ion exhibit increases in prigged oligomers in solution). Recently, the crystal structure of
fluorescence associated with inhibition of quenching of the a closely related bis-15-crown-5 compound was reported as a 2:2
fluorophore emission by reductive electron transfer. Coordination 5qquct with K, indicating such adducts can fohWhile the

of the alkali ion to the oxygens of the crown raises the assignment of the structure of the EKdduct in the system reported
one-electron oxidation potential of the dialkoxy benzene of the nere is not definitive, it is consistent with the data and serves to
crown, effectively shutting down photoinduced electron transfer expjain the remarkable difference in the fluorescence behavior
to the excited fluorophore (which is, for example, cyano- petween adducts with Kand those with other ions. Complexes
anthracene)In these systems, the ion that fits best into the crown of 1 with Na* do not produce bridged sandwickésnd very

ring, Na", provides the greatest fluorescence enhancement. Otherjittle change in the fluorescence behavior is observed.

systems responsive to alkali ions exhibit luminescence changes To examine the importance of having two crowns per chro-
linked to conformational changes in the fluoroph&&: All of mophore, we prepared compouBd which has only a single
these systems exhibit a much greater selectivity for.Marecent  crown, and examined its luminescence behavior in the presence
report of a system having a [2.2.2] cryptand ionophore and a and absence of alkali ions. This crown exhibits no change in
coumarin flourophore shows selectivity for'KHowever, the luminescence intensity upon addition of both*Nand K. Thus,
increase in fluorescence intensity upon complexation of the alkali this related chromophore having only a single crown exhibits
ion is modest. The change in fluorescence intensity in the entirely different luminescence behavior and is independent of
cryptand system also involves inhibition of reductive photoinduced the presence of alkali ions. Without the possibility of forming a
conformationally constrained complex with"Kthe luminescence

(8) Lifetimes were measured by time-correlated single-photon counting; of the K™ complex does not differ from that of the other alkali
the limit of resolution of the system is approximately 1.5 ns.

(9) See for example Bissell, R. A.; de Silva, P.; Gunaratne, H. Q.; Lynch, 1ons. . i
P. L.; Maguire, G. E.; McCoy, C. P.; Sandanayake, KT8p. Curr. Chem We are presently attempting to better characterize th& K
1993 168, 223, and references therein. adducts and more thoroughly define the photophysical behavior

(19 S s e D08, SO 04 54 of aoh geometic somer Ao, we are prepating ot

(12) It could be argued that the increase in luminescence is due to formation Systems that are likely to exhibit large changes in luminescence
gf %n ex%mer. Howeveh, smé:et hthel_chacrj\ge_tlrrll the_eTISSIor\l\é‘nam%T upon intensity when intramolecular photoreaction paths are inhibited
inding is very small and the ligand with a single crowg, exhibits ; ; Cori ; ;
emission at the same wavelength as the bis-crown ligand, independent of theby either intra- or intermolecular ion complexation.
presence of K, excimer emission is unlikely. For stilbene, there is nearly a .
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