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Under acidic conditions, a fluorescence-quenching process of 1 induced by selective binding of alkali metal ions was discovered. The mechanism
of this new process involves alkali metal ion-induced deprotonation of the ammonium ion to trigger resumption of a fluorescence-quenching
PET process.

The PET (photoinduced electron transfer) signal process hassynthesized a new fluorescent chemosersarhich has a
been proven to be one of the most important methods for classical anthracene—methylene—amine-type fluorophore,
fluorescent indication in supramolecular chemistry due to but assembled in an unique way. Its fluorescence can be
its unique advantages, “all or none” switchability, guest- selectively quenched by complexation of potassium or
induced “off-on” and “on—off” fluorescence, etclts rubidium ion under acidic conditions. The quenching mech-
application in the recognition of alkali metal ions has been anism involves alkali metal ion-induced deprotonation of
well-developed. One representative type of these sensors haammonium ion to trigger resumption of the PET process.
a general unit of azacrowrspacer—fluorophore, in which  And to the best of our knowledge, this phenomenon had
a nitrogen atom acts as both the receptor in the complexationnever been reported before.

process and the electron donor in the PET proteksvever, The synthesis of hodtis illustrated in Scheme 1. Selective
under acidic conditions, the signal function is invalidated nitration of1,3-alternate25,27-diethoxy-calix[4]crowd (2),

due to the protonation of the amino grotimspired by the an excellent K ionphore? with HNOs/HOAC gave mono-
phenomenon of alkali metal-induced proton ejecfiome

(3) (a) Ji, H.-F.; Dabestani, R.; Brown, G. M. Am. Chem. So000,
(1) de Silva, A. P.; Gunaratne, H. Q. N.; Gunnlaugsson, T.; Huxley, A. 122, 9306—9307. (b) He, H.; Mortellaro, M. A.; Leiner, M. J. P.; Fraatz,
J. M.; McCoy, C. P.; Rademacher, J. T.; Rice, Them. Rey1997,97, R. J.; Tusa, J. KJ. Am. Chem. So003,125, 1468—1469.

1515—-1566. (4) (a) McKervey, A.; Mulholland, LJ. Chem. Soc., Chem. Commun
(2) (a) de Silva, A. P.; de Silva, S. A. Chem. Soc., Chem. Commun. 1977, 438—439. (b) Cram, D. J.; Carmack, R. A.; Helgeson, Rl. @m.
1986, 1709—1710. (b) Akkaya, E. U.; Huston, M. E.; Czarnik, A. 3. Chem. Soc1988, 110, 571-577. (c) van Gent, J.; Sudhdélter, E. J. R,;
Am. Chem. S0d.990,112, 3596-3593. (c) Xu, X.; Xu, H.; Ji, H.-FChem. Lambeck, P. V.; Popma, T. J. A.; Gerritsma, G. J.; Reinhoudt, DJ.N.

Commun2001, 2092—2093. Chem. Soc., Chem. Commur988, 893—895.

10.1021/0l0487985 CCC: $27.50  © 2004 American Chemical Society
Published on Web 08/24/2004



Scheme 1. Synthesis ofl.
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5 o] Figure 1. Fluorescence spectra dfH" upon addition of K ([1-
k > H*] = 2.5 x 1073 mol L™, in MeCN/H,0 = 99/1 (v/v) with 1.0
x 1072 mol L™ HCI, Aex = 369 nm).

It is well-known that the two ethoxy-containing benzene
nitro-calix[4]crown-5 @) in 49% vyield. The two sets of  rings facing the crown ether of tHg3-alternatecalixcrown
proton NMR signals of the methyl groups at 0.79 and 0.65 can participate in complexing metal ions through catian
ppm indicated that the nitro group was incorporated at the interactions. From the X-ray structure of (Figure 2)8 it
para position relative to one of the ethoxy groupswas
reduced with SnGi2H,0 in ethanol and then reacted with
9-anthraldehyde to give a Schiff base. The final product
was obtained by NaBHmediated reduction of the Schiff
base.

Under both neutral and basic conditions, the fluorescence
spectra ofl were almost identical, and the fluorescence
intensity was very weak due to the fluorescence-quenching
PET process between the anthracene and the nitrogen atom.
Unlike the azacrownspacer—fluorophore-type fluoroion-
phore? the addition of alkali metal ions had hardly any effect
on the fluorescence df under basic conditions, even after
the concentration of alkali metal ions reached 100 equiv.
The reason might be that the nonbonded lone pair electrons
of the nitrogen atom could not participate in complexing the
metal ion as in the azacrown.

In contrast, the fluorescence intensity bfvas found to
be much higher under acidic conditions, since the protonation
of the nitrogen atom of amino group prevented the fluores-
cence-quenching PET process. It was remarkable that the
fluorescence ofl-H* could be quenched significantly by
addition of K" under these conditions. When the concentra-
tion of K™ reached 100 equiv, the fluorescence intensity was

only 1/7 of the initial value (Figure 1). can be seen that the atomic distances between “the ethoxy
Apart from K*, 100 equiv of Rb could also quench the  penzene ring and the crown ether ring” as well as “the crown
fluorescence intensity to 1/7 that afH*. However, there  ether ring and the nitrogen atom” are similar. In addition,
was no obvious spectral change upon addition of same
amount Li*, Na", or Cs" under the same conditions. These  (6) Ghidini, E.; Ugozzoli, F.; Ungaro, R.; Harkema, S.; El-Fadl, A. A;
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Mo Ka radiation at 293 K; 7960 independent reflections were measured
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Figure 2. X-ray structure ofl.

3302 Org. Lett., Vol. 6, No. 19, 2004



the half thickness of the benzeneelectron cloud (1.70 &) And the equilibrium constant( could be obtained by an
is also similar to the radius of the ammonium ion. In this alternate form of the Stern—Volmer function (2).
regard, under acidic conditions, the complexed metal ion and

the protonated amino group would become very close to each Fo [M']
other. To lessen the unfavorable electronic repulsion between =S ‘K+1 (2
the two positive charges, either cation decomplexation H]

ammonium ion deprotonation would occur. Thus, the relative
values of the logK,, of the metal ion with the calixcrown
as well as the I§, of the amino group would determine the
occurrence of either cation decomplexation or ammonium
ion deprotonation. In this case, th&gof the amino group

is about 5.1 (estimated from the fluorescence change of
after addition of a different concentration of HGHand the
typical value of log K& of a 1,3-alternate-calix[4]crown-5
with K* or Rb" is much larger than 5% therefore ammonium

ion deprotonation occurred and led to fluorescence quench-

ing. However, the lod<,, values of other alkali metal ions
are smaller than 5. Thus, cation decomplexation occurred
and hence no fluorescence quenching was observed.

To validate the above hypothesis, thé NMR spectral
changes ofl were monitored by addition of DCIAD and
then KCIQ/D-,O (Figure 3). Most of the proton signals bf

Figure 3. IH NMR spectra of (all (5 x 10~* mol L™, (b) 1 (5
x 1074 mol L=1) with 0.1 mol L=t DCI, and (c) b with 0.05 mol
L-1 KCIO4 in DMSO-ds. ((*) NH—CH,—; (#) ortho-ArH to
nitrogen atom; (O) anthracerd; (O0) —NH-).

shifted downfield after addition of DCIAD (acidic condi-
tions), especially for the methylene and the ortho aromatic
proton adjacent to the ammonium group. However, after K
was added, the proton signals almost shifted back to their
original positions, indicating the deprotonation of the am-
monium group.

From the experiments, we could deduce that there was an

equilibrium (eq 1) in the solution.

[LHT+M =s[1-MT]+H"
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Then, the association constantlofvith alkali metal ions
could be calculated from eq'3,

log Ky, = log K + pK, 3)

and the values were 4.98, 5.12, 6.72, 6.55, and 5.10 for Li
Na', K*, Rb*, and Cg, respectively.

The fluorescence quantum yields fbH" (®; = 0.086)
complexed with different ions were calculated relative to that
of 9,10-diphenylanthracene in cyclohexane; (& 1.0)13
After adding 100 equiv of K or Rb" to 1-H", the
fluorescence quantum vyields reduce to 0.011 and 0.012,
respectively, a little higher than that df (®; = 0.002).
Addition of the same amount of other alkali metal ions?,Li
Na", or Cs, have very little effect on the fluorescent
quantum vyields ofL-H", and the values were found to be
0.086, 0.085, and 0.096, respectively.

It is envisioned thatl could act as a logic gate with logic

formulaF = H*-K™. It is an INH-type logic gaté4 and the
output signal can be inhibited by*'K

In conclusion, the fluorescence bH* could be quenched
selectively by potassium and rubidium ion under acidic
conditions through the “alkali metal ion induced” deproto-
nation of ammonium and the consequent resumption of the
PET process. In addition, it may provide a new method for
the design of fluoroionphore and molecular logic gate.

Acknowledgment. We thank the National Natural Sci-
ence Foundation of China, the Major State Basic Research
Development Program of China (Grant No. G2000078100),
MOST 2002CCA03100, and the Chinese Academy of
Sciences for financial support.

Supporting Information Available: Deduction of eq 2,
experimental procedures and characterization for compounds
1 and3, and crystallographic data in CIF format fbr This
material is available free of charge via the Internet at
http://pubs.acs.org.

0OL0487985

(9) Ikeda, A.; Tsuzuki, H.; Shinkai, Setrahedron Lett1994,35, 8417
8420.

(10) Lodeiro, C.; Parola, A. J.; Pina, F.; Bazzicalupi, C.; Bencini, A;;
Bianchi, A.; Giorgi, C.; Masotti, A.; Valtancoli, Bnorg. Chem2001,40,
2968—2975.

(11) Bissell, R. A.; Calle, E.; de Silva, A. P.; de Silva, S. A.; Gunaratne,
H. Q. N.; Habib-Jiwan, J.-L.; Peiris, S. L. A.; Rupasinghe, R. A. D. D;
Samarasinghe, T. K. S. D.; Sandanayake, K. R. A. S.; Soumillion, J.-P.
Chem. Soc., Perkin Trans.1892, 1559—1564.

(12)K = [1-MT[H/[1-HH][M 1] = Kg,Ka

(13) Maciejewski, A.; Steer, R. B. Photochem1986,35, 59-69.

(14) (a) de Silva, A. P.; Dixon, I. M.; Gunaratne, H. Q. N.; Gunnlaugsson,

T.; Maxwell, P. R. S.; Rice, T. EJ. Am. Chem. S0d.999,121, 1393—

1394. (b) Gunnlaugsson, T.; MacDonail, D. A.; Parkerdbem. Commun.
2000, 93-94.

3303



