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Molecular architectures composed of macropolycyclic struc-
tures of complementary function provide the underpinning of
supramolecular chemistty When the supramolecular structure
juxtaposes light-absorbing and -emitting centers, a variety of
processes may take place that are modulated by the organizatio
of the photoactive subunits® We have been interested in
designing supramolecules that feature a binding site for substrat
and a photoactive center capable of emitting visible IfigBy.
manipulating the fundamental parameters governing energy flow
within the supramolecule, we can trigger bright luminescence
from the photoactive center upon the molecular recognition of
substrate at the binding site. In our efforts to design supramo-
lecular assemblies capable of optically detecting aromatics and
polycyclic aromatics, we have synthesized a cyclodextrin (CD)
derivatized with a europium aza crown (1,4,10,13-tetraoxa-7,-
16-diazacyclooctadecane) at the primary side of the CD c#ity.
Red emission from the Bt center occurs when an absorption-
energy transferemission (AETE) process is established by
inclusion of a light-harvesting substrate in the CD cup. Tethered
at only one nitrogen, the aza crown prefers to assume a
conformation that is swung away from the hydrophobic cup,
and therefore the triggered luminescence response is weak owin
to the long distance for energy transtér.Because a shorter
distance is imposed when the lanthanide ion binding site is
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Itihe charge of the lanthanide ion in a cradle geometry. The

supramolecular active site detects mono- and bicyclic aromatics
with a visible luminescence response at high sensitivity, thereby
providing a powerful new approach in the design of BTEX
(benzene, toluene, ethylbenzene, xylene) and PAH (polycyclic
aromatic hydrocarbon) chemosensing schemes.

The lanthanide ion binding site was attached to the A,D-
positiond*15of the primary side of thg-CD cup according to
Scheme 1. The synthetic procedure was centered on the reaction
of A,D-diaminof3-cyclodextrin with DTPA dianhydride and
excess triethylamine (TEA) in DMSO. The A,D-diamife-
cyclodextrin was prepared by modifying Tabushi's me#§od
using biphenyl-4,4disulfonyl-A,D-cappeg3-cyclodextriri” to
direct the A,D-regiochemistry. The product was purified by
reversed phase liquid chromatography and characterizéd by
NMR, 13C NMR, and elemental analysi&. Aqueous solutions
of the 1-Tbh complex were prepared situ from the reaction

g?f 1 and ThC4-5H,0.

Very weak emission is observed from agueous solutions of
1-Tb when the metal ion is directly excited owing to the low

cradled under the CD, we suspected that the aza crown tethered@psorbance of theD; emitting state manifold® The lumines-

to the CD cup via its two nitrogens would show a significantly
larger triggered luminescent responide.Surprisingly, the
triggered luminescence from this supramolecular architecture
is actually very weak as compared to the swing &

cence spectrum is characteristic of transitions between the lowest
energy®D, excited state to théF; spin-orbit manifold of the
Tb3" ion. The lifetime ofl—Thb in H,O is 1.7 ms as compared

to 2.7 ms for BO solutions of the complex. The difference

Although the intrinsic energy transfer process is more efficient arises from the presence of water in the primary coordination
in the cradle CD, the overall optical response is limited by the SPhere of the lanthanide ion. Indeed, the nonradiative decay
association of the benzene to the CD cup. Apparently the 3 rate of lanthanide ions correlates directly to the number of

charge of the appended europium cradle at the bottom of thecoordinated G-H oscillators?® a comparison of the 40 and

cup makes the interior of the CD less hydrophobic and hence D20 lifetime data reveals a single water molecule bound to the
the synthesis of a CD supramolecule appended with a diethyl- ©f 1—Tb, where eight of the nine lanthanide coordination sites

enetriaminepentaacetic acid (DTPA) binding site that neutralizes are filled by the DTPA, leaving one site available for coordina-
tion to a water molecule.

The emission froml—Tb is markedly enhanced in the
presence of aromatic and bicyclic aromatic hydrocarbons. The
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Figure 1. Relative emission intensity from an aqueous solution of
1-Th (2.5 x 107* M) as a function of naphthalen®) and 1,2,4,5- ol S
tetramethylbenzenéd] concentrations. The luminescence of théTh 240 260 280 300 320
ion was detected at 544 nm with excitation wavelengths of 275 and A/ m

Figure 2. Excitation spectradex = 275 nm,Aget = 544 nm) for a 2.5
x 107 M aqueous solution of—Tb with increasing concentrations
emission intensities of théD, — 7F; transitions increase  Of naphthalene (0, 10, 20, 30, 40, and8@).
monotonically with increasing aromatic hydrocarbon concentra- spectrum of the DTPA complex of ¥b when titrated with
tion to an asymptotic limit, which differs for each of the substrate. The congruence between the excitation and aromatic
substrates. The energy and lifetime of*Thuminescence is  absorption profiles and the enhancement of thé Emission
invariant with sensitizer concentration, as has been Observedintensity with substrate cannot be ascribed to intermolecular
for other DTPA-Tb3* —sensitizer complexed. Figure 1 shows  energy transfer. Instead these results are consistent with the
the titration profile of the luminescence intensity of i — indirect excitation of the’F; excited state manifold of the
’Fs transition at 544 nm as a function of the concentration of |anthanide ion by a unimolecular AETE proc&sgom the
substrate. The differences in the limiting luminescence intensity aromatic residing in the CD cup to the 3tbion cradled within
between the two titrations reflect dissimilar molar absorptivity the appended DTPA binding site at the bottom of the CD cup.
coefficients of the substrates,fs = 5530 Mt cm™ for The results reported here present a novel method for detecting
naphthalene aneb7s = 692 M~cm™* for durene), which is a  aromatic substrates by triggering a visible light response against
result of the AETE process (vide infra), and different association a dark background. To date most optical detection methods of
constants of substrate to the CD cifadoc= 18 000 and 4 000  aromatics and polyaromatics rely on measuring the blue
M~ for naphthalene and durefrespectively). The associa-  fluorescence produced upon direct excitation of the subsifate.
tion constant of naphthalene 1o-Tb is ~25-fold greater than  Ppractically, laser-induced fluorescence approaches are prob-
its binding t0-CD (Kassoc= 760 M™1), which is consistent  |ematic because the blue fluorescence of the aromatic or
with the enhanced binding of hydrophobic guests to CDs polycyclic aromatic substrates must be deconvoluted from the
spanned by flexible and rigid caf?>% Although we are  plue fluorescence of other organic interferents. Recently, a
not aware of any reports in which binding constants for triggered luminescence response has been observed when PAHs
substrates bound to a cyclodextrin capped with a neutral metaldisplace fluorophores from DN But the low affinity of smalll
complex have been measured, the increased affinity of aromaticcyclic aromatics for DNA has prevented their detection by this
substrates td—Tb is typical (up to 18) for capped3-CDs. method. The success bfTh in producing bright luminescence
The increase in emission intensity with added substrate is ypon the molecular recognition of aromatic substrates in the
accompanied by the appearance of bands in the excitationCD cup arises as a result of the supramolecule’s design. First,
spectra that are energetically coincident with the absorption the short distance needed for efficient energy transfer in the
maxima of the aromatics. As shown in Figure 2 for the AETE process is imposed by attaching the DTPA at the A,D-
naphthalene titration, a profile that is identical to the absorption glucose sites of A-cyclodextrin. Second, the three carboxylates
profile of naphthalene is obtained when the intensity of th& Tb  of the DTPA cradle neutralize terbium'’s positive charge, which
emission at 544 nm is recorded as the excitation wavelength isotherwise interferes with the association of a neutral, apolar
scanned from 240 to 320 nm. When durene is the titrant, the guest into the hydrophobic CD cavity. Finally, the dimension
excitation profile precisely matches the absorption spectra of of the 8-CD cup is commensurate with that of mono- and
durene. The naphthalene and duréne* excited states are bicyclic aromatics. Larger aromatics may in principle be
too short lived to participate in a bimolecular energy transfer detected by strapping the DTPA ligandteCD. Conversely,
reaction with the aromatic substrate. Consistent with this applications desiring the exclusive detection of monocyclic
contention is the insensitivity of Py luminescence intensity  aromatics can be realized with a DTPA-modifieeCD.
and the absence of the aromdtier* transitions in the excitation

278 nm for naphthalene and 1,2,4,5-tetramethylbenzene, respectively.
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