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The Cu(I)-catalyzed azide-alkyne cycloaddition reaction (CuAAC) has been used to synthesize an anthra-
cene-based fluorescent compound that undergoes strong fluorescence quenching in the presence of
Cu(II). Fluorescence studies indicate that the compound forms a 1:1 complex and can be used to quanti-
tatively determine micromolar concentrations of Cu(II) in aqueous solution.

� 2008 Elsevier Ltd. All rights reserved.
Many metal ions have essential implications in human health
and regulate many biological processes, and their detection is an
important research area in environmental chemistry1–4 and biol-
ogy.5–9 Anthracence, a highly fluorescent fluorophore, has been
incorporated into a number of applications for sensing pH,10 metal
ions,11–16 simple inorganic anions,17,18 and small organic mole-
cules,17 as well as for cell-surface labeling19 and medical diagno-
sis.20 Recently, the Cu(I)-catalyzed azide-alkyne cycloaddition
(CuAAC) reaction,21–23 a prototype reaction of ‘click chemistry’,24

has been employed in the synthesis of novel fluorescent com-
pounds.25–28 The high reaction efficiency of the CuAAC reaction,21

the bioorthogonality of the alkyne and azide groups,22 and the un-
ique binding properties of the triazole rings29 have lead to many
practical applications of the resulting fluorescent compounds in
sensing,13,14 biomacromolecule labeling,26,27,30,31 and nanomateri-
als synthesis.32–34 In this work, we have synthesized a novel fluo-
rescent water-soluble sensor incorporating 1,2,3-triazole linkages
and an anthracene fluorophore via the CuAAC reaction and evalu-
ated its selectivity and sensitivity for metal-ion detection.

The synthesis of fluorescent sensor 9 is outlined in Scheme 1.
Alkyne precursor 3 was prepared via easy transformation from
2,20-azanediyldiacetic acid 1. Starting from anthracene-9,10-dione
4, aldehyde 6 was synthesized following the reported protocol.35

Reduction with NaBH4, followed by mesylation and treatment with
a large excess of NaN3 afforded the diazidomethylanthracene 8.
CuAAC reaction of 8 and 3 catalyzed with CuSO4 and sodium ascor-
bate followed by saponification with NaOH and subsequent acidi-
fication gave the fluorescent sensor 9 in 72% yield. Compound 9
contains a central anthracene core and two triazole ring spacers
connecting two iminodiacetate groups. The four carboxylate
ll rights reserved.
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groups impart high water solubility and metal-ion binding sites.
This compound is structurally similar to a cadmium sensor de-
scribed by Gunnlaugsson et al.11 which contains phenyl spacers
and exhibits different photophysical properties.

Figure 1 shows a series of fluorescence emission spectra for the
spectrophotometric titration of a 2.0 lM aqueous unbuffered solu-
tion of sensor with 20 lM CuSO4, added in 25 lL aliquots. Using
374 nm incident radiation, the spectrum features are characteristic
of anthracene, with emission bands at 400, 420, and 450 nm. The
fluorescent intensity of 9 maintains a constant level in the pH
range 2–7, and decreases dramatically at pH values above 8 (data
not shown). Significant fluorescence quenching begins with the
addition of the first aliquot, which corresponds to 0.25 lM CuSO4,
and the intensity steadily decreases until the fluorescence is essen-
tially shut off when the concentration of CuSO4 reaches 2.63 lM.
As CuSO4 was added into the solution, the pH of the solution of 9
only decreased slightly from 5.28 to 5.12. Therefore, the pH change
was eliminated as a possible factor contributing to the observed
fluorescent intensity changes.

The strong signal modulation observed can serve as the basis for
the quantitative detection of Cu(II) ion. Figure 2 shows the results
of the spectrophotometric titration of 2.00 mL of a solution con-
taining 10 lM 9 and 10 lM CuSO4 with 0.10 mM EDTA. Initially,
the solution exhibits no fluorescence, but as EDTA is added the
fluorescence of 9 is restored. The break in the curve occurs when
1 equiv of EDTA has been added, and corresponds to the equiva-
lence point of the titration, where 2.0 � 10�8 mol of EDTA has been
added to completely remove the Cu(II) bound to the sensor and
fully restore the fluorescence of the sensor. Importantly, this indi-
cates that the compound binds the Cu(II) ion with 1:1 stoichiome-
try, since only one equivalent of EDTA was added to completely
titrate the complex. The results also suggest that the fluorescence
quenching at these low metal ion concentrations is probably a re-
sult of static quenching, by the formation of a sensor-metal com-
plex that can participate in photoinduced metal-sensor electron
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Scheme 1. Synthesis of fluorescent sensor 9.

Figure 1. Fluorescence emission spectra of a 2.0 lM aqueous solution of 9, as a
function of increasing CuSO4 concentration, from 0.25 lM to 2.63 lM
(kex = 374 nm).
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Figure 2. Spectrophotometric titration of an aqueous solution containing 10 lM 9
and 10 lM CuSO4 with 0.10 mM EDTA.
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transfer.36,37 The addition of EDTA complexes the ion, which liber-
ates the sensor and restores fluorescence.

Additional support for the 1:1 stoichiometry of the sensor-
Cu(II) complex was provided by a mole-ratio plot, shown in Figure
3. The fluorescence of a solution containing 3.1 � 10�9 moles of 9
was monitored as a solution of 20 lM CuSO4 was added in 10 lL
increments. As expected, the increase in Cu(II) concentration
quenches the fluorescence of 9, with no significant additional de-
crease after the mole ratio of sensor to metal reaches a value of
approximately one, and is indicated by the intersection of the
two linear portions of the data.

The binding selectivity of the sensor was examined using other
metal ions that included main group metals and transition metals.
Figure 4 shows the relative fluorescence ratio Fo/F (in the absence
(Fo) and presence (F) of 10 lM concentrations of 9 and metal ions)
for each of the metal ions. The sensor shows the highest selectivity
toward Cu2+, with a relative fluorescence five times greater than
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Figure 3. Plot of sensor 9–Cu(II) complex fluorescence at 400 nm as a function of 9/
Cu(II) molar ratio.
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Figure 4. Relative fluorescence ratios (F0/F) for different metal ions. Each solution
contains 10 lM of 9 and an individual metal ion.
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that for any other metal ion. Besides the weak binding toward Cd2+

and Al3+, 9 does not respond significantly to any of the other ions.
The lack of sensitivity toward Mg2+, Zn2+, and Ca2+ makes the sen-
sor promising for use in biological solutions which contain large
quantities of these ions. Figure 5 shows a series of solutions of 9
in the presence of equimolar concentrations of the metal ions, im-
aged under UV illumination. Fluorescence quenching is easily seen
for the vials containing copper (E) and cadmium (H).

The binding strength between 9 and copper(II) ion was deter-
mined by preparing a binding curve from fluorescence titration
data (Fig. 6). A plot of the relative fluorescence (F0/F) versus pM
(negative logarithm of metal ion concentration) shows a sigmoidal
shape that is consistent with 1:1 binding.38 The binding constant
can be taken as the break in the curve, and a value of �105.5 was
obtained, indicating fairly strong binding between 9 and Cu(II).
The formation constant for copper(II)–EDTA is �1019, and the lar-
ger value is consistent with the ability of EDTA to release copper
ions from the dye.39
Figure 5. Photograph of solutions under UV illumination containing 10 lM 9 with
10 lM of (A) Pb(NO3)2, (B) CaCl2, (C) ZnSO4, (D) nothing, (E) CuSO4, (F) Al(NO3)3, (G)
MnSO4, (H) CdSO4, (I) MgSO4, and (J) K2SO4.
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Figure 6. Binding curve plot of relative fluorescence (Fo/F) as a p-function of
copper(II) ion concentration.
To conclude, we have synthesized a novel, fluorescent aqueous
metal-ion sensing dye containing two 1,2,3-triazole spacers that
responds to micromolar concentrations of Cu(II) by undergoing
strong fluorescence quenching. Binding curve studies and spectro-
photometric titration support the 1:1 stoichiometry of the sensor-
metal complex and the strong affinity of the sensor for Cu(II). The
EDTA titration also demonstrates the application of the sensor for
quantitative analysis. At this point, the role of the triazole ring in
metal-ion coordination is not clear. In a recent report of a Zn(II)-
sensing fluorescent probe,13 X-ray studies show that the nitrogen
atoms in the triazole ring coordinate the zinc in a distorted trigonal
bipyramidal geometry. Our current efforts are focused on obtaining
crystals for X-ray analysis to determine the role of the 1,2,3-tria-
zole ring in metal ion binding and evaluate the selectivity of the
sensor with other metal ions such as Cu(I), which is the dominant
form of copper in biological systems.40
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