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Anions play an important role in awide range of chemical
and biological processes, and considerable attention has been
focused on the design of host molecules that can recognize
and sense anion species selectively through the naked eye,
electrochemical, and optical responses.* Among the range
of biologicaly important anions, fluoride is of particular
interest owing to its established role in preventing dental
caries® The fluoride anion has aso been examined extensively
as a treatment for osteoporosis.* However, excess fluoride
can lead to fluorosis,® which is atype of fluoride toxicity that
generaly manifestsitself clinically in terms of increasing the
bone density. This diversity of its function, both beneficial
and otherwise, makes the detection of fluoride anion impor-
tant. Even though some receptor compounds for fluoride
ions have reported,® there is a paucity of reports on a selec-
tive naked eye chemosensor for fluoride ions.”

Color changes, as signaling an event detected by naked
eye, are widely used owing to the inexpensive equipment
required or no equipment at al. The color variation can be
related to either structural or conformational changes in the
receptor structure when a complex is formed or to the
formation of a charge transfer complex.&%

Anthragquinones play an important role in the various
photochemical and colorimetric sensor systems.'2*® Recent-
ly Sessler and coworker* reported the important colorimetric
anion sensorswith 1,2- and 1,8-diaminoanthragquinone. They
observed dramatic spectra changes with anions, particularly
in the case of 1,2-diaminoanthraquinone, solutions initialy
yellow in color (Amax = 478 nm) became dark purple (Amax =
555 nm), red (Amax = 519 nm), reddish orange (Amax = 513
nm), orange (Amax = 499 nm), purple (Amax = 548 nm), and
orange (Amax = 493 nm) when exposed to fluoride, chloride,
bromide, iodide, phosphate, and sulfate ions, respectively.

The ureamoiety is powerful hydrogen bond donor and the
anthraquinone group has proven to be the most versatile,
redox-active chromophoric group. In pursuit of redox
switchable chromogenic receptors, neutra tetra-urea receptor
based on the anthraquinone moiety have been prepared and
investigated its anion binding properties. The binding study
was conducted with UV-Vis and color change experiment
with the various anion. This novel neutral anion receptor 1
and 2 bind anions through hydrogen bonding and show a
high selectivity with fluoride.

The anthraguinone urea ligand 2 was obtained by the
reaction of 1,4,5,8-tetraaminoanthraquinone 1 and phenyl-
isocyanatein THF/DMF (2 : 1 ratio). *H NMR spectrum of 2

showstwo singlets at §12.44 and 9.81 for the four ureaN-H
protons and a singlet at 6 7.22 for the four aromatic protons
of anthraquinone and at & 7.78, 7.30 and 6.99 for the
aromatic proton of phenyl group.
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The UV-vis experiments were carried out in a DMSO
solution. A receptor solution (3 x 10° M) was treated with
the representative anions such as tetrabutylammonium (TBA)
fluoride, chloride, bromide, iodide, dihydrogen phosphate,
hydrogen sulfate, benzoate and acetate. When compound 1
forms a complex with F~, the absorption peak at 611nm and
655 nm disappears and a new peak appears a 755 nm with a
red-shifted by a Admax Of 100 nm as shown in Figure 1.
However, any bathochromic shift of other ions was not
observed at al. Figure 2 shows the absorption spectra of
compound 2 in the presence of the anions. The absorption
peaks at 591nm and 637 nm were shifted to 686 Nm (AAmax
49 nm) when fluoride was added to compound 2 in the
DM SO solution. On the other hand, any bathochromic shift
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Figure 1. Absorption spectra of compound 1 (3 x 107> M) upon
addition of tetrabutylammonium fluoride, chloride, bromide, iodide,
dihydrogen phosphate, hydrogen sulfate, benzoate and acetate (1.5
x 10%M) in DMSO.
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Figure 2. Absorption spectra of compound 2 (3 x 1075 M) upon
addition of tetrabutylammonium fluoride, chloride, bromide, iodide,
dihydrogen phosphate, hydrogen sulfate, benzoate and acetate (1.5
x 102M) in DMSO.

Figure 3. Color changes of ligand 1 (2.5 x 10™*M) in DMSO with
the addition of tetrabutylammonium anions (2.5 x 1071 M). (a) =
free receptor, (b) = Fluoride, (c) = Chloride, (d) = Bromide, (€) =
Dihydrogen Phosphate, (f) = Hydrogen Sulfate, (g) = Acetate
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Figure 4. Color changes of ligand 2 (2.5 x 10 M) in DMSO with
the addition of tetrabutylammonium anions (6.25 x 10X M). (a) =
free receptor, (b) = Fluoride, (¢) = Chloride, (d) = Bromide, (€) =
Dihydrogen Phosphate, (f) = Hydrogen Sulfate, (g) = Acetate

of other ions was not observed at all. A color change could
be observed easily by mixing the ligand and anion as shown
in Figure 3. A receptor solution was simply treated with
various anions such as F~, Cl7, Br, 17, H,POs", HSO4,
CH3COO™ and CgHsCOO™. Noticeable color changes were
observed when ligand 1 was treated with fluoride ions. It
was remarkable that a blue ligand solution became black-
green when fluoride ions were added to compound 1 in
DM SO, but no color changes were observed when the other
anions were added. A similar green color was observed
when the urealigand 2 was treated with fluoride ions.
Fluoride ion binding properties were investigated from *H
NMR titration. When fluoride ions were added, a broad
singlet at 7.62 ppm for -NH- resonance for ligand 1 dowly
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shifted to downfield with more than two equivaents of
fluorideions. Also, anew singlet at 6.42 ppm was appeared,
indicating that ligand anion was formed.

In conclusion, chromogenic anthraguinones which have
tetra urea moieties as a anion binding site were prepared by
the sdlective reaction of amino groups with phenyliso-
cyanate. But ureaderivative 2 showed asmilar UV-Vis spectrd
change with 1, suggesting that fluoride binding occurred at
the amino site as well as urea moiety. Anthraquinone group
might increase the acidity of amine, which can afford to bind
with fluoride ions. An electrochemical investigation should
be carried out to reveal the redox properties of ligand 2.
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