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Fluorimetric methods have been proven useful in the 5
detection of metal ion in solutidrensitivity and selectivity
of fluorescence make the assay of trace metal ions possibl
Anthracene derivatives containing either crown or polyamine
ligands have been extensively studied as photoinduced ele
tron transfer (PET) sensors for metal foramd also for >
neutral organic compoundsUnlike most PET sensors in %
which ligands are linkedria the methylene spacer, 1,8- £
anthracenedicarboxylic acid and 1,8-anthracenediformamid
contain two carboxylic acid or amide groups which are
directly attached at the 1,8 position of anthracene. Our stug 501
of the fluorescence of 1,8-anthracenedicarboxylic acid an /
1,8-anthracenediformamide includes pH-fluorescence titra o ‘ , :
tion and fluorescence titration with metal ions and organic 400 450 500 550 600
guests. Wavelength (nm)

Hydrolysis of 1,8-anthracenedicarboxylic acid dimethyl Figure 1. Fluorescent emission spectralaf6 M) in solutions &
ester3 with potassium hydroxide in water at @D produced different pHs.
1,8-anthracenedicarboxylic acidin a 92% yield (Scheme
1). After refluxing in thionyl chloride followed by treatment  1-Anthroic acid is knowhto display structureless absorp-
with ammonium hydroxide, 1,8-anthracenediformamide tion and fluorescence emission. When 1-anthroic acid is
was obtained in a 60% yiefd. compared to 9-anthroic acid, there is a lessening of the steric

It is reported that 9-anthroic acid displays a typical hindrance. This allows a resonance overlap to occur between
emission spectrum with a vibrational structure. This result ishe carboxyl group and anthracene, which affects the
attributed to steric hindrance between the 9-carboxylic acifluorescence of the anthracene moiety. Resonance forms
group andperi-hydrogen atoms in the 1- and 8-positions of such as |, are less important for the ground state of 1-
the anthracene ring, which minimizes the resonance inteanthroate anion than forms like Il for 1-anthroic acid. The
action between the carboxyl group and the ring. carboxylate anion, already possessing a negative charge, will

In our study, 1,8-anthracenedicarboxylic adidshows not readily accept the second negative charge necessary for
structureless absorption spectra at acidic pH (pH 2-3). At pHesonance interaction (Figure 2). This explanation can be
4, the absorption spectrum starts to show the characteristapplied to our observation in which the absorption spectrum
vibronic pattern of anthracene, and at pH 5, this changef 1 at pH 5 retains the characteristic vibronic pattern of
becomes quite clear. A fluorescence emissiod of the  anthracene. Furthermore, a blue shift (15 nm) bétween
aqueous solution is even more diffuse than its absorptiopH 5 and pH 2 was consistent with that of 1-anthroicacid
spectrum (Figure 1). As pH of the solution increased, théAmax= 373 nm for 1-anthroic acid in ethanol, angdx = 364
fluorescence intensities dfalso increased with a red-shift nm for sodium 1-anthroate in ethanol).
(16 nm) due to the first deprotonation. However, the second In the excited state of 1-anthroate anion, the carboxylate
deprotonation caused a blue-shift (38 nm) in the fluoro-anion interaction with the aromatic nucleus is known to be

rescence emission of sufficient to make the fluorescence spectrum more diffuse
CO,CH; CO,CHs CO,H  COpH CONH, CONH,
NaOH/H,0 (i) SOCI,, reflux
OOO reﬂux (ii) NH4OH, CH4CN
60% 2

Scheme 1Syntheses of compouddand?2.



930 Bull. Korean Chem. Sa2001, Vol. 22, No. 8 Notes

o. .0 HO. O~ binds tightly to the ligand, then intracomplex quenching
| ¢ takes place.
From the titration oflL with Cu(ll), dissociation constant
OO‘ O“ (Kg) was calculated as 3iM with overall emission change
¥ ¥ of 40-fold. On the other hand, among the metal ions
I I examined, compound displays a fluorescence quenching
Figure 2. Proposed resonance forms of 1-anthroic acid. effect only with Hg(ll). However, the binding was not strong
and the dissociation constant was roughly in the millimolar
range.

than the absorption spectrum. However, the extent of the Fluorescence titration in ethanol is rather complicated.
interaction is not sufficient to produce the large Stokes shiftPiacid 1 also displays a structureless fluorescence emission
observed in 1-anthroic acid. The blue shift (38 nm) observeith ethanol. Upon the addition of the metal ions (200
in 1 at pH 5 or 6 may be due to this same reason. The reasequivalents), there were huge changes in the emission
for the relatively small red shift offi upon the first spectra ofl. The selected spectra are shown in Figure 4.
deprotonation is not clear at this moment. Unlike 1-anthroidJpon the addition of Co(ll), Cu(ll), Ni(ll), and Pb(ll) ions,
acid, the carboxylate anion df in the excited state can fluorescence quenching effects were observed with a blue-
readily share a hydrogen in the next carboxylic acid groupshift (~30 nm). Furthermore, diacitl displays a typical
This characteristic should make a difference in the emissioanthracene-emission spectrum with a vibrational structure.
change between the deprotonation of 1-anthroic acid and thenhe Binding ofl with these metal ions probably perturbs the
first deprotonation of. resonance between the carbonyl group and anthracene
9-Anthramide is also known to have electronic absorptiormoiety, which results in a blue-shift due to the energy
and fluorescence spectra in water which are similar to thosiacrease between,&nd $ states and a typical emission
of anthracené.On the other hand, 1,8-anthracenediform-spectra with a vibrational structure. Compouhdshows
amide2 shows a structureless fluorescence emission, and tHeiorescence enhancement effects with Ca(ll), Cd(ll) and
fluorescence intensities @fcontinually increased as the pH Mg(ll) in ethanol with a small red-shift. The addition of 1,3-
of the solution was increased (up to pH 4). These obsediaminopropane (10 eq.) to diaddcaused a blue-shift (60
vations closely compare to the reported results. nm). This is similar to the pH-titration shown in Figure 1.
Ca(ll), Cd(l), Co(ll), Cs(l), Cu(ll), K, Li(, Hg(ll),  Obviously, amino group acts as a base to cause the
Mg(ll), Mn(Il), Na(l), Ni(ll), Rb(l), Sr(ll), and Zn(ll) ions  deprotonation of the carboxylic acid.
were used to evaluate metal ion binding. All titration studies Attempts to observe any change in the fluorescence
were conducted at pH 7 (0.1 M HEPES) using aMé intensity of2 upon the addition of linear diamides, such as
concentration of compourland2. Using 200 equivalents malonamide, succinamide and adipamide, failed in water,
of these metal ions, compourddisplayed a large fluore- ethanol, or acetonitrile. Even thougktan potentially form
scence quenching effect only with Cu(ll), even though therdour hydrogen-bonds with linear diamides based on CPK
was a relatively small fluorescence quenching effect withmodel study, we could not observe any significant change in
Hg(ll) ion (Figure 3). Cu(ll) and Hg(ll) ions are known as fluorescence intensity upon the addition of aliphatic amides
effective quenching metal®.¢ open-shell, paramagnetic, (up to 300 eq.).
large or easily reducible catf)nIf a quenching metal ion In conclusion, 1,8-anthracenedicarboxylic acid showed
the characteristic emission changes upon the pH change. In
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(6 uM) upon the addition of 200 eq. of Cu(ll) and Hg(ll) at pH 7 Figure 4. Fluorescence emission spectra of compolrié pM)
(0.1 M HEPES). upon the addition of metal ions and 1,3-diaminopropane in ethanol.
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addition, compoundl displayed a selective fluorescence doubly distilled demineralized water or ethanol. Stock
guenching effect only with Cu(ll) in 200% aqueous solution. solutions ofl and 2 were prepared either in ethanol (0.06
mM) or doubly distilled demineralized water (0.6 mM). The
Experimental Section solutions were used on the day of preparation. Test solutions
were prepared by placing 40 or 40D of the probe stock
'H NMR spectra were recorded with a Varian Inova Nuity solution into a test tube, adding an appropriate aliquot of
spectrometer at 500 MHz. Chemical shifts were given ineach metal stock, and diluting the solution to 4 mL with pH
ppm using TMS as internal standard. Melting points were7 0.1 M HEPES buffer or ethanol.
determined in open capillaries and are uncorrected. Flash For all measurements, excitation was at 367 nm; Both
chromatography was carried out with Merck silica gel 60excitation and emission slit widths were 5 nm.
(230-400 mesh). Thin layer chromatography was carried out Acknowledgment Financial support from Silla University
with Merck 60 k54 plates with 0.25 mm thickness. CHCI  (2000) is gratefully acknowledged.
CHCl,, and MeOH were distilled from CajHand THF was
distilled from sodium-benzophenone ketyl. 1,8-anthracene-
dicarboxylic acid dimethyl est&was purchased from TClI,
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