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Considerable attention has been focused upon the design of 350
supramolecules which have the ability to selectively recognize and 500 | | Z”F'Y(meq)
sense anionic analytes through the naked eye, electrochemical, and | /N, |TC 1+ gl‘_(lgeq)
optical responsesOn account of its simplicity and high sensitivity, = / \F ........ f e
fluorescence is becoming of increasing importance for chemical 2 200
trace detection. The linkage of cation crown ethers with fluorescent é 150 / \
dyeg provides a novel method for monitoring low concentrations - ’y\\ / \
of alkali and alkaline earth metals, and, in this connection, 10 I er \
considerable effort has been devoted to developing fluorescent 50 1 / BY TN AN
chemosensors for cations and neutral guékiswever, it has been o ‘ . ‘\\ : ~ —~
only a few years since fluorescent chemosensors for anions have 350 40 450 500 %0 600

been extensively investigatéd.Fluoride ions are biologically Wavelength(nm)

important anions because of their important role in dentalcare Figure 1. Fluorescent emission changeslaf xM) upon the addition of
and the treatment of ost.eoporoé'm;c. Even though some receptor fé;?gﬁﬁ’ﬁ:ﬁ;ngnﬁggnzgffo\iﬁf’(ggigﬁfﬁ ﬁ;ﬁgieﬁggi‘ds'l%df;)@) n
compounds for fluoride ions have been repofiéitgre is a paucity

of reports regarding a selective fluorescent sensor for fluoridedions.
We synthesized a fluoride selective fluorescent as well as chro-
mogenic chemosensds based on a naphthalene urea derivative,
which shows a unique fluorescent and absorption peak in the
presence of fluoride ions.

of F~ could provide a great advantage for detecting fluoride ions.
Similar behavior was observed in the absorption spectra.

To look into the nature of a new peak in the presence of fluoride,
NMR and ab initio calculations were carried out. THé NMR
spectrum ofl. shows dramatic changes in the presence of¥hen
F~ is added, two amide NH signals disappear rapidly, and
aromatic proton signals shift downfield or upfield. The correlation
He spectrum of 2D COSY (Figure 2) indicates thag &hd H. are
correlated with i, and H; and H are correlated with H H. and

Ht

O=<NH HN>=OH" Hq protons at the ortho position of the urea group show a moderate
NH HN downfield shift A6 = +0.35 and+0.44, respectively) upon
He addition of F-. On the other hand, theHbroton signal shows a
OO significant upfield shift A0 = —0.88), and also slight upfield shifts
Hp are observed from §l He, and H proton signals 46 = —0.45,
1 Ha —0.14, and-0.28, respectively). Obviously, fluoride ions bind with

four urea N-H protons, which could cause the Bind H; protons
to be downfield shifted by the hydrogen bond of urea oxygen. A
significant upfield shift of H and H protons could be the result of
the enhanced resonance of naphthalene as well as phenyl electrons
from the anionic character of urea nitrogen.

The structures oflL and 1F~ were optimized by AM1 using

The synthesis of was carried out by refluxing the solution of
1,8-diaminonaphthalene with phenylisocyanate in THF/DMF (2:1
ratio) for 5 h (80% yield).!H, 13C NMR, elemental analysis, and
mass spectra are consistent with the proposed structuiré ofur

host1 displays a unique new peaknfx = 445 nm) upon the 55 sqjan 98t There are four acidic protons in moleculgtwo at
addition of fluoride ion in its fluorescence study as shown in Figure nitrogen atoms attached to naphthalene (we name these as lower
L on the othe_r hand,_ on_ly c_hanges at 379 nm were observed Wherbrotons) and two at those to benzene (we name these as upper
chloride, bromide, or iodide ions were added. All of the fluorescence protons). We compared the acidity of those protons from the
experiments were done in an acetonitiMSO mixture (9:1, v/v). energies of anions with a lower proton detachg @nd an upper
From the fluorescence titration experiments, the association con-proton detachedl("). The energy ofL- is lower than that oL
stants for F and _cr were calculatgd_ as 14 2(_)0 and 380"Merrors by 5.37 kcal/mol; hence, the lower proton is more acidic. As a
< 10%), respectively® The selectivity for F is almqst 40-fold as result, F interacts with lower protons more favorably than upper
cozn_pared to th"_’lt of Cl Even though the selectlvny'forﬂ:over protons, as is evident from the fact that the energ$fof is lower
CI™ is not that high, the appearance of a new peak in the presenceyan that oft - by 4.78 kcal/mol. When the fluoride anion forms

t Chonnam National University. a complex withl, it attacks more acidic lower protons afand

* Ewha Womans University. breaks the N-H bond to make the +H bond. The binding energy
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Figure 2. 2D COSY oflin the presence of 100 equiv of fluoride ions in
DMSO-ds.
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Figure 3. Absorption spectra of, 1=, and (F~) calculated by CEG?

is very large AE = —126.43 kcal/mol), mainly because of the
charged hydrogen bonding betweentf and the anionic character
of N. The interatomic distances between oxygen and the ortho
protons inl are 2.2076 and 2.5669 A, while thoselif™ are 2.1581,

2.1649, 2.1145, and 2.1116 A. Thus, the hydrogen bonds between

oxygen atoms and protons at the ortho positions of phenyl and
naphthalenyl are stronger itF~ than in1. The absorption peak
appears at about 350 nm fb(Figure 3). Wherl forms a complex

with F~, the absorption peak at 345 nm disappears and appears at

about 408 nm, red-shifted by 63 nm, which is in good agreement
with the experimental absorption change of 53 nm. The F
interaction with 1 results in large anionic character df as
rationalized from the similarity of absorption spectralofand1F.

In conclusion, two phenylurea groups were introduced at the 1,8-

position of naphthalene in our system. The naphthalene moiety acts

selectivity of 1 for fluoride ions is 40 times as high as that for
chloride ions. Furthermorg, displays a unique new peak at 445
nm in the presence of fluoride ion. The NMR and ab initio
calculations are in good agreement with fluorescence changes. Host
1 interacts with the fluoride anion by strong charged hydrogen
bonding. This compound has a potential for practical application,
which is currently being investigated.
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displays selective fluorescent effects with fluoride ions. The binding
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