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ABSTRACT

A rhodamine triazole-based fluorescent chemosensor has been developed for the selective detection of platinum ions in aqueous solutions.
The rhodamine 6G hydroxamate linked with a propargyl group is converted to the corresponding triazole by a “click” reaction. The dual
binding unit composed of a hydroxamate and a triazole shows high selectivity and sensitivity toward Pt2+ over a range of other metal ions
in water. The fluorescent probe is applied to monitor cisplatin in aqueous solutions.

Platinum has many uses such as dental crowns, catalytic
converters, fuel cells, jewelry, and anticancer drugs. Par-
ticularly, platinum complexes, such as cisplatin, carboplatin,
and oxaliplatin, are widely used as anticancer drugs.1

Although platinum-based chemotherapy is crucial for the
treatment of many types of cancer, it is considered as
potentially hazardous to human health.2 Platinum salts can
cause DNA alterations, cancers, autoimmune disorders,
respiratory and hearing problems, and damages to organs,
such as the intestine, kidney, and bone marrow.3

Analytical methods,4 such as atomic absorption spectrom-
etry (AAS) and inductively coupled plasma mass spectrom-
etry (ICP-MS), are often used to detect platinum in biological
and environmental samples. However, these methods often
need serious sample-preparation steps or require expensive

equipment. A fluorescent chemosensor method would be
more desirable because it is less labor-intensive and highly
sensitive. Recently, the Koide group reported fluorescent
methods for the detection of platinum species using the
Tsuji-Trost allylic oxidative insertion mechanism.5 In this
detection system, the ionic platinum species (Pt2+ and Pt4+)
are reduced by phosphine to Pt0. Herein, we report a
fluorescent detection method of Pt2+ directly from aqueous
solutions without reduction to Pt0 by using a rhodamine
hydroxamate-based probe.

Whereas the “click triazole” has been frequently utilized
as an interconnector between two functional entities in the
areas of functional materials, biology, polymer science, drug
discovery, etc.,6 its potential as a metal coordination platform
has been underexplored. Recently, 1,4-disubstituted 1,2,3-
triazoles have been employed as a binding unit for metal
ions, such as K+,7 Ca2+,8 Zn2+,9 Cu2+,10 Hg2+,11 Cd2+,12(1) (a) Reedijk, J. Pure Appl. Chem. 1987, 59, 181–192. (b) Cepeda,

V.; Fuertes, M. A.; Castilla, J.; Alonso, C.; Quevedo, C.; Pérez, J. M.
Anticancer Agents Med. Chem. 2007, 7, 3–18.
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Chem. 2005, 382, 1500–1506. (c) Danford, A. J.; Wang, D.; Wang, Q.;
Tullius, T. D.; Lippard, S. J. Proc. Natl. Acad. Sci. U.S.A. 2005, 102, 12311–
12316. (d) Ahmad, S. Chem. Biol. 2010, 7, 543–566.
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Baan, R. A.; Jacobs-Bergmans, A. J.; Kegel, A.; Van Der Vijgh, W. J. F.;
Braakhuis, B. J. M. Br. J. Cancer 1999, 79, 82–88. (c) Ghezzi, A. R.; Aceto,
M.; Cassino, C.; Gabano, E.; Osella, D. J. Inorg. Biochem. 2004, 98, 73–
78. (d) Klein, A. V.; Hambley, T. W. Chem. ReV. 2009, 109, 4911–4920.
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Pd2+,13 and Al3+,14 in the design of fluorescent chemosensors.
However, rhodamine-triazole conjugates have not been
reported as binding units to trigger the ring opening of the
rhodamine spirolactam.15,16

Thus, we envisioned that introduction of a triazole moiety
into the rhodamine hydroxamate could provide a well-
organized coordination platform for metal ions (see a
proposed complex structure A in Scheme 1). The triazole

could be readily synthesized by “click reaction”17 using an
azide and a terminal alkyne-functionalized rhodamine.
Therefore, the rhodamine triazole 1 has been designed as a
new fluorescent probe as shown in Scheme 1.

Compound 1 was prepared from the known rhodamine
alkyne derivative 218 which is prepared from the known
rhodamine hydroxamic acid 319 (1, propargyl bromide, NaH,
THF; 2, benzyl azide, CuSO4, Na ascorbate, THF-H2O) as
shown in Scheme 1.

Probe 1 shows neither color nor fluorescence in H2O
(DMSO 1% v/v) indicating that it exists in the spirocyclic
form predominantly as expected. On treatment with 5.0 equiv
of Pt2+ ions, probe 1 (5 µM) exerts strong fluorescence at
562 nm in H2O (DMSO 1% v/v). In addition, the solution
changes from colorless to pink-red color. Probe 1 could
monitor Pt2+ ions in the pH 5-9 range (see Supporting
Information).

Fluorescence titration of 1 (5 µM) with Pt2+ was conducted
by using an H2O (DMSO 1% v/v) solution at 25 °C. Upon
each addition of Pt2+, the solution is incubated for 30 min
and then fluorescence intensity is measured. About 2.0 equiv
of Pt2+ is required for the saturation of the fluorescence
intensity under the titration conditions (Figure 1a). The Job’s
plot20 shows that 1 forms a 1:1 complex with Pt2+ (see
Supporting Information). The binding constant (log K ) 5.2
( 0.7) calculated in an H2O (DMSO 1% v/v) solution from
the fluorescence titration experiments based on the 1:1
binding model shows strong binding ability of 1 with Pt2+.
Addition of ethylenediamine to the mixture of 1 and Pt2+

decreases the fluorescence intensity of the solution, which
implies the reversible binding between 1 and Pt2+ (see
Supporting Information), and the fluorescence titration of Pt2+

at 0.5 µM concentration of 1 demonstrates that the detection
of Pt2+ is possible at the 125 nM level. Under these
conditions, the fluorescence intensity of 1 is linearly pro-
portional to the amount of Pt2+ (Figure 1b).

Next, the fluorescence responses of 1 (5 µM) to other
biologically relevant metal ions in H2O (DMSO 1% v/v) were
examined. Upon additions of 5.0 equiv of metal ions (Pt2+,
Fe3+, Fe2+, Hg2+, Zn2+, Pb2+, Ca2+, Co2+, Mn2+, Mg2+, Cu2+,
Cd2+, Al3+, Cr2+, Ag+, Na+, Li+, Pd2+, Ru3+, Rh2+, Ni2+,
K+, Ba2+), only Pt2+ leads to a dramatic enhancement in
fluorescence intensity in aqueous solution. Other metal ions
develop no significant fluorescence intensity changes (Figure
2a). The competitive Pd2+ ions show very little fluorescence
intensity changes, and the fluorescent intensity changes
caused by the addition of Pt2+ are not influenced by the(6) (a) Tornøe, C. W.; Christensen, C.; Meldal, M. J. Org. Chem. 2002,
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(9) (a) Park, S. Y.; Yoon, J. H.; Hong, C. S.; Souane, R.; Kim, J. S.;
Matthews, S. E.; Vicens, J. J. Org. Chem. 2008, 73, 8212–8218. (b) Pathak,
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Scheme 1. Synthesis of the Rhodamine-Triazole Conjugate 1
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presence of other metal ions as shown in Figure 2b. The
fluorescent selectivity between Pt2+ and Pd2+ is especially
promising because it is typically difficult to discriminate these
similar metal ions.5

The fluorescence selectivity of 1 for Pt2+ is well matched
when 1 is employed as a colorimetric detector. While the
binding of 1 (5 µM) with Pt2+ results in clear colorless to
pink-red color changes in aqueous solutions, no significant
color changes are promoted by other metal ions except Pd2+

(Figure 3). Unlike the Pt2+-selective fluorescence response
of 1, both Pt2+ and Pd2+ induce color changes of 1.21 This
implies that, although both Pt2+ and Pd2+ can open the
spirocyclic form of 1 to lead to color changes, Pd2+ quenches
the expressed fluorescence efficiently.22

To demonstrate the potential application of this platinum
ion probe, we conducted experiments to detect cisplatin23

in aqueous solutions. We first compared fluorescence inten-
sity changes of 1 exerted by different platinum complexes
(K2PtCl4, Pt(COD)Cl2, PtCl2, and cisplatin). The platinum
complexes were dissolved in H2O (5 mM) for 1 h at 25 °C
and then added into the solution of probe 1 (5 µM) in H2O
(DMSO 1% v/v). The resulted solutions were incubated for
24 h at 25 °C prior to the fluorescence measurement.24 Although
cisplatin shows relatively smaller fluorescence intensity changes
compared with other platinum complexes, it is possible to detect
cisplatin in aqueous solutions (Figure 4a). Fluorescence moni-

(21) The UV-vis absorption experiments also indicate that both Pt2+

and Pd2+ induce strong absorptions at ∼541 nm (see Supporting Informa-
tion).

(22) (a) Duan, L. P.; Xu, Y. F.; Qian, X. H. Chem. Commun. 2008,
6339–6341. (b) Li, H.; Fan, J.; Du, J.; Guo, K.; Sun, S.; Liu, X.; Peng, X.
Chem. Commun. 2010, 1079–1081.

(23) (a) For the review of the analytical detection method of cisplatin,
see ref 4d. (b) For the detection of cisplatin using a fluorescent probe, see
ref 5a.

(24) It seems that the ligand exchange reactions of the platinum
complexes take place slowly. See: Reedijk, J. Platinum Met. ReV. 2008,
52, 2–11.

Figure 1. Fluorescence intensity changes of 1 upon additions of
Pt2+ in H2O (DMSO 1% v/v). Each spectrum is observed after 30
min of each Pt2+ addition at 25 °C with excitation at 500 nm. (a)
1 (5 µM). Inset: plot of fluorescence intensities at 562 nm depending
on the equivalents of Pt2+. (b) 1 (0.5 µM) upon additions of Pt2+

(by 125 nM). Inset: plot of fluorescence intensities at 553 nm
depending on the concentration of Pt2+.

Figure 2. Fluorescence intensity changes of 1 (5 µM) in H2O
(DMSO 1% v/v) at 562 nm: (a) In the presence of metal ions (5.0
equiv): 1, none; 2, Pt2+; 3, Fe3+; 4, Fe2+; 5, Hg2+; 6, Zn2+; 7, Pb2+;
8, Ca2+; 9, Co2+; 10, Mn2+; 11, Mg2+; 12, Cu2+; 13, Cd2+; 14,
Al3+; 15, Cr2+; 16, Ag+; 17, Na+; 18, Li+; 19, Pd2+; 20, Ru3+; 21,
Rh2+; 22, Ni2+; 23, K+; 24, Ba2+. (b) In the presence of Pt2+ (5.0
equiv) and other metal ions (5.0 equiv): 1, none; 2, Fe3+; 3, Fe2+;
4, Hg2+; 5, Zn2+; 6, Pb2+; 7, Ca2+; 8, Co2+; 9, Mn2+; 10, Mg2+;
11, Cu2+; 12, Cd2+; 13, Al3+; 14, Cr3+; 15, Ag+; 16, Na+; 17, Li+;
18, Pd2+; 19, Ru3+; 20, Rh2+; 21, Ni2+; 22, K+; 23, Ba2+.

Figure 3. Color changes of 1 (5 µM) in the presence of metal ions
(5.0 equiv) in H2O (DMSO 1% v/v): 1, none; 2, Pt2+; 3, Fe3+; 4,
Fe2+; 5, Hg2+; 6, Zn2+; 7, Pb2+; 8, Ca2+; 9, Co2+; 10, Mn2+; 11,
Mg2+; 12, Cu2+; 13, Cd2+; 14, Al3+; 15, Cr3+; 16, Ag+; 17, Na+;
18, Li+; 19, Pd2+; 20, Ru3+; 21, Rh2+; 22, Ni2+; 23, K+; 24, Ba2+.
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toring of cisplatin using probe 1 (5 µM) is possible at
micromolar concentration in aqueous solutions according to the
fluorescence experiment (Figure 4b), and colorimetric detection

of aqueous cisplatin is also possible at micromolar concentration
as shown in Figure 4c.

In conclusion, we have described a highly selective and
sensitive fluorescent chemosensor for the detection of Pt2+

in aqueous solutions. The binding platform of a triazole-
hydroxamate conjugate displays selective complexation with
Pt2+,25 and the fluorescent and colorimetirc detections of
cisplatin in aqueous solutions using probe 1 are also
demonstrated.
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(25) The related hydroxamate binding platforms containing a simple
binding unit, such as a pyridine and an amino group instead of a triazole,
show nonselective binding properties.

Figure 4. (a) Fluorescence intensities of 1 (5 µM) in the presence
of 10.0 equiv of different platinum complexes at 25 °C (at 562
nm). (b) Fluorescence intensity changes of 1 (5 µM) upon addition
of different amounts of cisplatin in H2O (DMSO 1% v/v) (at 562
nm). (c) Color change of 1 (5 µM) upon addition of different
amounts of cisplatin in H2O (DMSO 1% v/v).
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