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ABSTRACT

A quinoline-indene derivative is described as a new highly selective and sensitive chromogenic and turn-on fluorogenic probe for the naked-

eye detection of copper(ll) cation in water—acetonitrile 1:1 mixture.

Copper is a vital trace element, the third most abundant in
humans, and is present at low levels in a variety of cells
and tissues with the highest concentrations in the liver. Its
concentration in the neuronal cytoplasm may contribute to
the etiology of Alzheimer’s? or Parkinson’s disease.® Cu?*
is implicated in several physiological responses. Proteins
containing copper ions at their active site are usually involved
as redox catalysts in biological processes such as electron
transfer or oxidation of various organic substrates.* Research
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advances concerning the active-site chemistry of dioxygen
activating copper enzymes have shown that single copper
center O,-derived reactive Cu-oxygen species are implicated
in the action of biological oxygenases.® However, oxidative
damage has been linked to chronic Cu overload or exposure
to excess Cu caused by accidents, occupational hazards, and
environmental contamination.® Therefore fast detection of
Cu?* in water or physiological samples is of toxicological
and environmental concern.” Despite the fact that selective
colorimetric probes for naked-eye Cu?* detection are im-
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portant,® research efforts have been oriented to the generation
of selective fluorescent probes® for Cu?*, which is known
as a fluorescence quencher because of its paramagnetic
nature.® Therefore several ON—OFF fluorescent probes for
Cu?" have been reported.** Although the displacement
approach may serve to reverse the quenching effect,*? an
increasing number of true OFF—ON fluorescent probes for
Cu?* have been reported.*® Interference with related metal
ions and limited efficacy in the presence of water are
common drawbacks of several chemical probes, and therefore
the preparation of new selective fluorescent probes for Cu?*
is necessary for achieving selectivity. In this paper we report
a new selective chromogenic and OFF—ON fluorogenic
probe for Cu?" in water—acetonitrile 1:1 solution. We
designed and synthesized a dicyanomethylene indene equipped
with quinoline and 2,2'-dipicolylamine moieties in which
coordination of the metal ion would impact the conjugation
of the potentially fluorescent push—pull chromophore (Scheme
1). Suzuki reaction** of 5-bromoindanone 1 and quinolin-

Scheme 1. Synthesis of Chemical Probe 5
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8-ylboronic acid gave ketone 2 in near quantitative yield.
Knoevenagel condensation'* of 2 with malononitrile and
diazabicyclo[2.2.2]octane (DABCO) in benzene gave indene
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3 (66%), which was subjected to reaction with N-chloro-
succinimide (NCS) and DABCO in dichloromethane (DCM)
to give dichloroindene 4 (70%), which reacted with 2,2'-
dipicolylamine in DCM to give the molecular probe 5 in
81% yield. Compounds 2—5 were characterized by the usual
spectroscopic and analytical techniques.

A 10™* M solution of compound 5 in MeCN displays a strong
purple color (Ana = 545 nm, ¢ = 5893 M~ cm™ and Amax =
393 nm, & = 12700 M~ cm™%). Addition of 2 equiv of Cu?*
to 10™* M solutions of 5 in water—acetonitrile 1:1 resulted in
a dramatic change of color from purple to orange. This response
was selective for Cu?* under these conditions and addition of
2 equiv of the other cations Ag™, Ni?*, Sn?*, Cd?*, Zn?*, Pb?",
Fe3t, Sc*, AP, and Hg?* as their perchlorate or triflate salts
resulted in no appreciable changes (Figure 1).

5 Ag' Ni** Sn* Cd* Zn® Pb® Cu® Fe* Sc* AI* Hg”

Figure 1. Color changes of a 10™* M solution of 5 in MeCN/H,0
1:1 in the presence of 2 equiv of every cation.

A slight visual discoloration was observed after addition
of 5 or more equiv of Fe*" or, to a lesser extent, of Hg?",
added as perchlorate salts, to 10~* M solutions of 5in MeCN/
H,O 1:1 without emission of fluorescence under UV light.
Therefore large amounts of these cations may interfere with
Cu?* sensing under visible light, but they cannot interfere
by fluorescence. Quantitative UV —vis titration of a 1074 M
solution of 5 in MeCN/H,O 1:1 and Cu?', added as
perchlorate salt, showed that the original absorption maxi-
mum centered at 550 nm diminished as Cu?" was added
(Figure 2), generating one isosbestic point at 490 nm. The
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Figure 2. UV—vis titration curves and titration profile of a 107*
M solution of 5 in MeCN/H,O 1:1 with Cu?™.
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titration profile fitted nicely a 1:1 binding model, and the
association constant was calculated: log K = 4.23 £ 0.04.

Job plot analysis of the UV—uvis titrations carried out in
MeCN/H,0 1:1 revealed a maximum at a 50% mole fraction,
in accord with the proposed 1:1 binding stoichiometry
(Figure 3). The detection limit of a 10~* M solution of 5 in
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Figure 3. Job plot analysis of a 107* M solution of 5 in MeCN/
H,0 1:1 with Cu?*.

MeCN/H,0 1:1, calculated by the blank variability method,*®
was 4.17 x 1077 M. Analogously, titration of a 107* M
solution of 5in MeCN/H,0 7:3 and Cu?" fitted a 1:1 binding
model; the association constant was calculated: log K = 4.73
+ 0.04. The sensing action of 5 and Cu?* was equally
effective in MeCN/Tris-HCI (pH 7.2) 9:1 and in a mixture
of a 107* M solution of 5 and 1 equiv of every cation Ag™",
Ni%*, Sn?*, Cd?*, Zn?*, Pb?*, Fe®*, Sc3t, and AP in MeCN/
H,0 1:1, although the presence of an additional 1 equiv of
Hg?" caused slight decoloration without losing sensitivity
to Cu?* (see Supporting Information). UV titrations permitted
calculation of the binding constants for the 1:1 models of
complexation of 5 and Fe*™ or Hg?" in MeCN/H,0 1:1,
which were log Keetz = 3.44 £ 0.04 and logKpg+t2 = 3.17 &
0.01. Additional experiments (see Supporting Information)
showed that the UV titration of 5 and Cu?* in the presence
of several or all of these cations was performed with no or
very little interaction.
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Under the common TLC-UV light, 1 = 366 nm, a distinct
orange fluorescent emission was observed after addition of
2 equiv of Cu?* to a 10™* M solution of 5 in H,O/MeCN
1:1 (Figure 4, right). The fluorescence was much more

(MeCN/H,0 1:1)

Figure 4. Fluorescence changes of 10~* M solutions of 5in MeCN
and MeCN/H,0O 1:1 in the presence of 2 equiv of Cu?" under a
366 nm UV light.

intense when the same experiment was conducted in aceto-
nitrile (Figure 4, left). Fluorescence of solutions of 5 under
the 366 nm light was negligible.
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Figure 5. (A) Fluorescence titration curves and titration profile of
a 10™* M solution of 5 in MeCN/H,O 1:1 with Cu?*. (B)
Fluorescence titration curves and titration profile of a 107 M
solution of 5 in MeCN with Cu?.
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Quantitative fluorescence titration of a 10™* M solution
of 5in MeCN/H,0 1:1 and Cu?* (dexe = 495 nm) showed a
5-fold increase in the intensity of emission centered at 650
nm as Cu?* was added (Figure 5A). The titration profile fitted
nicely a 1:1 binding model, and the association constant was
calculated: log K = 6.48 + 0.48. The detection limit of a
10™* M solution of 5 in MeCN/H,O 1:1, calculated in
fluorescence emission by the blank variability method,* was
4.08 x 1078 M. A large emission at 580 nm, seen in Figure
5A, did not appear by fluorescence titration of 5 (107 M,
MeCN) and Cu?" (Aexc = 490 nm) in the absence of water,
which showed a high increase in the intensity of emission
at 650 nm (Figure 5B). Quantum yield of the complex in
MeCN, measured at Aexe = 392 nm, using DPA as standard,
was Ps.cyqiy = 0.034. The titration profile fitted a 1:1 binding
model, and the calculated association constant was log K =
5.48 £+ 0.15.

We carried out *H NMR titration experiments on a 1072
M solution of 5 in CDsCN/D,0O 9:1 with Cu®* (Figure 6).

Figure 6. 'H NMR titration of a 1072 M solution of 5 in CD;CN/
D,0 9:1 with Cu?*.

By addition of increasing amounts of Cu?t in CD3sCN/D,0
9:1, the methylene signal at ¢ 5.2 splits into two signals at
0 5.1 and 5.3, corresponding to two different proton
environments, one of them much more affected by the
presence of Cu?* probably by closer proximity. The effect
is more pronounced by performing the titration in CD;CN
(see Supporting Information).

NMR titration indicated that the complexation is effected
by the N,N-bis(pyridin-2-ylmethyl)amine group and that it
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is affected by the presence of water, being compatible with
the results from UV and fluorescence titrations. Probably, a
1:1 complex (Figure 7) is formed in which Cu?* disrupts

,Ssolvent

“solvent

solvent = water or acetonitrile

Figure 7. Proposed model for the sensing action of 5 and Cu?*.

conjugation of amine and cyano groups, causing a ipsoch-
romic shift of the main absorption band and, at the same
time, inhibiting quenching of the fluorescence by the amino
group, giving rise to the appearance of fluorescence from
the uncomplexed moiety of the molecule. In fact, compound
3 is a yellow fluorescent solid under the 366 nm UV light.
Several 1:1 Cu?"-bis(pyridinylmethyl)amine complexes are
known.'®

In summary, we have described a new chromogenic and
OFF—ON fluorogenic probe for the naked-eye detection of
copper(ll) cation in mixtures of water—acetonitrile, in
conditions of complete selectivity and nanomolar sensitivity.
It should be useful for fast copper(ll) cation detection from
environmental samples in the range of trace amounts (ug
L™1), required by organisms, by UV and fluorescence
spectroscopy.
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