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A selective fluorescent sensor for Cu(ll) ion in ethanol and acetone based on
boradiazaindacene (BODIPY) has been studied. The selectivity towards Cu(Il) ion is good
over Ag(l), Cd(II), Fe(II), Hg(II), Ni(II), Pb(II), and Zn(II) ions, only Fe(III), Hg(II) and Ni(II)
ions showed a slight interference. The solution showed strong fluorescence intensity after
addition of triethanolamine, indicating that the Sensor 1-Cu(Il) complex could be reversed
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1. Introduction

The development of fluorescent molecular sensors for
metal ions, especially for cations with biological interest, has
always been of particular importance and usually involves the
design and synthesis of molecules containing binding sites and
a signaling unit able to display selective changes in fluore-
scence emission intensity upon guest binding [1-6]. More
specifically, sensors directed toward the detection and
measurement of divalent copper has enjoyed the particular
attention.

Copper is the third most abundant essential trace element
in the human body and plays a significant role in many
fundamental physiological processes in organisms [7,8].
However, it is toxic at higher concentration level, for example,
the accumulation of Cu(Il) in the liver and kidney may cause
gastrointestinal disease, Wilson disease, hypoglycemia,
dyslexia and infant liver damage [9,10]. In particular, exposure
to a high level of copper even for a short period of time can
cause gastrointestinal disturbance, and long-term exposure
causes liver or kidney damage [11], as a result of its ability to
displace other metal ions that act as cofactors in enzyme-
catalyzed reactions [12,13]. Thus, copper, on one hand, is

important for life but, on the other hand, is highly toxic to
organisms. For these reasons, the development of fluorescent
sensors has been receiving lots of attention in last decade
because of their simplicity and sensitivity [14]. Therefore, a
number of fluorescent sensors for the Cu(ll) have been
prepared and reported [15-22].

The developed molecular sensors so far are commonly
composed of two structural subunits: a fluorophore (for signal
transduction) and an ionophore (for selective recognition of
metal ion) [23-28]. Most of the reported Cu(ll) fluorescent
sensors, the binding of the metal ion causes a quenching of the
fluorescence emission [29-35], due to its paramagnetic nature
[36-38]. Furthermore, some of them are not good sensors
because of the low sensitivity and high order of interference
by chemically closely related metal ions [29-35].

Boradiazaindacene (BODIPY) fluorescent dyes have been
widely used [39], because they have relatively high fluore-
scence quantum yields, good photo-stabilities, and absorption
coefficients (Scheme 1) [40-42]. Herein, we chose BODIPY as
the fluorophore and benzoyl isothiocyanate as receptor for
selectively sensing Cu(lIl) in the environment.
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Scheme 1. Synthesis of sensor 1.
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Figure 1. Absorption (a) and fluorescence spectra (b) of sensor 1 (10 uM) in ethanol:acetone (15:1, v:v) in the presence of Cu(Il) and other metal ions (10

equivalents, respectively).

2. Experimental
2.1. Instrumentation

NMR experiments were performed with a JEOL AL-300
(300 MHz for 'H NMR and 75 MHz for 13C NMR) and the
chemical shifts were recorded with respect to TMS as an
internal reference. All fluorescence spectra were recorded on
Hitachi FL-4500 spectrofluorimeter. The UV and fluorescence
spectra of the prepared compound in the presence of CuCly,
HgClz, Cd(NOs)2, AgNOs, Fe(NO3)s, Pb(OAc)2:3H20, ZnClz, and
NiCl2-6H20 in ethanol: acetone (15:1, v:v). Stock solutions
(1.00 mM) of metal salts were prepared in ethanol. Stock
solutions of Sensor 1 were prepared in tetrahydrofuran.

Excitations were carried out at 470 nm with all excitation and
emission slit widths of 5 nm. The total volume of all
experiments was fixed at 2.0 mL except the titration.

2.2. Synthesis

Under nitrogen, a solution of 1,3,5,7-tetramethyl-8-(4’-
aminophenyl)-4,4-difluoro-4-bora-3a,  4a-diaza-s-indacence
(0.10 g, 0.3 mmol), benzoyl isothiocyanate (0.05 g, 0.3 mmol)
in CH3CN (10 mL) was stirred overnight, and then 30 mL CHCI3
was added to it. The above solution was filtered, and the
filtration was removed by rotary evaporation to produce a
solid. The crude product was purified by the column
chromatography (silica, CH2Clz: hexane, 1:2, v:v) to give Sensor
1(0.13 g).
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N-((4-(5, 5-Difluoro-1, 3, 7, 9-tetramethyl-5H-4A*, 5A*-dipyr
rolo[1, 2-c:2', 1'-f][1,3,2]diazaborinin-10-yl)phenyl)carbamothio
yl)benzamide: Color: Orange. Yield: 86%. 'H NMR (CDCls, 300
MHz, §, ppm): 1.46 (s, 6H, CHz3), 2.56 (s, 6H, CH3), 5.99 (s, 2H,
pyrrole-H), 7.35 (d, / = 9 Hz, 2H, Ar-H), 7.58 (t, ] = 9 Hz, 2H, Ar-
H), 7.68 (t, ] = 7.5 Hz, 1H, Ar-H), 7.93 (t, ] = 9 Hz, 4H, Ar-H),
9.14 (s, 1H, NH), 12.8 (s, 1H, NH). 13C NMR (CDCls, 75 MHz, §,
ppm): 178.1 (1C, CO), 167.0 (1C, CS), 155.7 (1C, Ar-C), 143.1
(1€, Ar-C), 140.7 (2C, Ar-C), 138.4 (1C, Ar-C), 133.9 (2C, Ar-C),
133.2 (2C, Ar-C), 131.4 (2C, Ar-C), 129.3 (2C, Ar-C), 128.7 (2C,
Ar-C), 127.5 (3C, Ar-C), 124.2 (2C, Ar-C), 121.3 (1C, Ar-C), 14.6
(4C, CH3). HRMS (EI, m/z) calcd. for Cz7H2sBF2N4OS [M*]
502.1810; found 502.1815.

3. Results and discussion

The fluorescent sensor 1 was prepared in one step from
BODIPY and benzoyl isothiocyanate in CH3CN with high yield
(Scheme 1). The sensor 1 showed strong absorption at 500 nm
and strong emission at 510 nm in ethanol:acetone (15:1, v:v),
respectively. The UV and fluorescence changes of sensor 1 in
presence of metal ions including Ag(I), Cd(1I), Cu(Il), Fe(III),
Hg(II), Ni(II), Pb(II), and Zn(II) (10 equivalents) were studied
in ethanol:acetone (15:1, v:v). As shown in Figure 1, there was
little change in UV spectra of sensor 1 with and without metal
ions. In the fluorescent spectra, however, the sensor 1 showed
a strong fluorescence intensity at 510 nm, and could be
quenched dramatically upon addition of Cu(Il) ion (quenched
90%) due to the photo-induced electron transfer (PET) effect.
Other metal ions showed negligible changes in ethanol:acetone
(15:1, vwv). These results indicated that the selectivity of
sensor 1 was good towards Cu(lI) ion over other metal ions.

The competition experiment was also performed in
ethanol: acetone (15:1, v:v) in Figure 2 (M bars: addition of 10
equivalents of Cu(Il), Ag(1), Cd(II), Fe(III), Hg(1I), Ni(II), Pb(II),
and Zn(II) to the solution. Cu+M bars: addition of 10
equivalents of Ag(I)+Cu(ll), Cd(I)+Cu(ll), Fe(1Il)+Cu(lIl),
Hg(II)+Cu(Il), Ni(II)+Cu(II), Pb(II)+Cu(Il), and Zn(II)+Cu(II)
respectively, in ethanol: acetone (15:1, v:v)). All data (F) were
normalized with respect to the emission of the free dye (Fo) at
510 nm. As shown in Figure 2, Fe(I1I), Hg(II) and Ni(II) showed
a little interference and other metal ions showed little change
in the presence of sensor 1 and Cu(ll) ion.
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Figure 2. Fluorescence response of sensor 1 to various metal ions in
ethanol:acetone (15:1, v:v), Bars represent the final integrated fluorescence
response (Fo) over the initial integrated emission (F). M bars: only metal ion.
Cu+M bars: Cu(Il) and metal ion.

The titration and Job’s plot spectra of sensor 1 in
ethanol:acetone (15:1, v:v) with Cu(Il) ion were illustrated in
Figure 3. The fluorescence intensity of sensor 1 at 470 nm
exhibited a gradual decrease with increasing the Cu(Il) ion
concentration from 0 and 4.5 pM. The inset shows the
fluorescence titration profile of sensor 1 at 510 nm upon
addition of Cu(Il). The minimum point appeared at the mole
fraction of 0.50 in a Job’s plot, suggesting that the sensor 1
formed a 1:1 ligand-to-metal complex.
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Figure 3. Fluorescence response of sensor 1 with Cu(Il) concentrations
between 0 and 4.5 equivalents (a) and Job’s plot for sensor 1 with Cu(Il) in
ethanol: acetone (15:1, v:v) (b).

To examine the reversibility of sensor 1, excess of
triethanolamine was added to sensor 1 complex in ethanol:
acetone (15:1, v:v). The solution showed strong fluorescence
intensity after addition of triethanolamine (as shown in Figure
4), indicated that the sensor 1-Cu(ll) complex could be
reversed by triethanolamine.
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Figure 4. The reversibility of sensor 1 + Cu in presence of triethanolamine.
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4. Conclusion

In conclusion, we demonstrated a simple fluorescent
sensor for Cu(Il) ion in ethanol: acetone (15:1, v:v). The
selectivity towards Cu(ll) ion is good over Ag(I), Cd(1I), Fe(III),
Hg(II), Ni(1I), Pb(II), and Zn(II) ions, only Fe(IlI), Hg(Il) and
Ni(II) ions showed a little interference.

Acknowledgements

This work was supported by Scientific and Technological
Research Development Project of Handan City (Project No.
1622201049-2).

Disclosure statement ¢

Conflict of interests: The authors declare that they have no
conflict of interest.

Author contributions: All authors contributed equally to this
work.

Ethical approval: All ethical guidelines have been adhered.
Sample availability: Samples of the compounds are available
from the author.

ORCID

Fengchao Dong
https://orcid.org/0000-0003-4336-3541
Zhenyu Zhang
https://orcid.org/0000-0002-8227-4640
Zhu Ming
https:
Pengfei Li
https://orcid.org/0000-0002-7696-0468
Yongwu He
https://orcid.org/0000-0003-0424-0282
Li Bian
https://orcid.org/0000-0002-0945-4290

orcid.org/0000-0002-5035-497X

References

[1]. Bissel, R. A; De Silva, A. P,; Gunaratne, H. Q. N,; Lynch, P. L. M,;
Maguire, G. E. M.; Sandanayake, K. R. A. S. Chem. Soc. Rev. 1992, 21,
187-195.

[2]. De Silva, A. P.; Gunaratne, H. Q. N.; Gunnlaugsson, T.; Huxley, A. ]. M,;
McCoy, C. P.; Rademacher, ]. T.; Rice, T. E. Chem. Rev. 1997, 97, 1515-
1566.

[3]. Prodi, L.; Bolletta, F.; Montalti, M.; Zaccheroni, N. Coord. Chem. Rev.
2000, 205, 59-83.

[4]. Valeur, B,; Leray, I. Coord. Chem. Rev. 2000, 205, 3-40.

[5]. De Silva, A. P; Fox, D. B;; Huxley A.]. M.; Moody, T. S. Coord. Chem. Rev.
2000, 205, 41-57.

[6]. Li X.L;He, Y. W, Yang, S. I. B. Kor. Chem. Soc. 2011, 32, 338-340.

[7]. Uauy, R; Olivares, M.; Gonzalez, M. Am. J. Clin. Nutr. 1998, 67, 952-959.

[8]. Yu, M. X,; Shi, M,; Chen, Z. G.; Li, F. Y.; Li, X. X;; Gao, Y. H,; Xu, ]; Yang, H,;
Zhou, Z. G.; Yi, T.; Huang, C. H. Chem. Eur. J. 2008, 14, 6892-6900.

[9]-

[10].

[24].
[25].

[26].

[27].

[28].
[29].
[30].
[31].
[32].
[331.
[34].
[35].
[36].

[37].
[38].

[39].
[40].
[41].

[42].

Linder, M. C;; Hazegh-Azam, M. Am. J. Clin. Nutr. 1996, 63, 797-811.
Mei Y. J.; Bentley P. A; Wang W. Tetrahedron Lett. 2006, 47, 2447-
2449,

. Georgopoulos, P. G.; Roy, A.; Yonone-Lioy, M. ].; Opiekun, R. E.; Lioy, P.

J.J. Toxicol. Env. Heal. B 2001, 4, 341-394.

. Harris, Z. L.; Gitlin, J. D. Am. J. Clin. Nutr. 1996, 63, 836-841.
. Scheinberg, I. H,; Sternlieb, 1. Am. J. Clin. Nutr. 1996, 63, 842-845.
. Gaggelli, E.; Kozlowski, H.; Valensin, G. Chem. Rev. 2006, 106, 1995-

2044.

. Torrado, A.; Walkup, G. K.; Imperiali, B. . Am. Chem. Soc. 1998, 120,

609-610.

. Kramer, R. Angew. Chem. Int. Ed. 1998, 37, 772-773.
. Grandini, P.; Mancin, F.; Tecilla, P.; Scrimin, P.; Tonellato, U. Angew.

Chem. Int. Ed. 1999, 38,3061-3064.

. Zheng, Y,; Huo, Q.; Kele, P.; Andreopoulos, F. M.; Pham, S. M.; Leblanc,

R. M. Org. Lett. 2001, 3, 3277-3280.

. Martinez R.; Zapata F.; Caballero A.; Espinosa A.; Tarraga A.; Molina P.

Org. Lett. 2006, 8, 3235-3238.

. Yu M. X;; Shi M,; Chen Z. G; Li F. Y,; Li X. X;; Gao Y. H,; Xu J; Yang H,;

Zhou Z. G.; Yi T.; Huang C. H. Chem. Eur. J. 2008, 14, 6892-6900.

. Kim H. J.; Hong J.; Hong A.; Ham S.; Lee J. H,; Kim ]. S. Org. Lett. 2008,

10,1963-1966.

. Chang F.; Park, S. H.; Kim, H. B. Kor. Chem. Soc. 2008, 29, 1327-1331.
. De Silva, A. P,; Nimal Gunaratne, H. O.; Gunnlaugusson, T.; Huxley, A. J.

M.; McCoy, C. P.; Rademacher, J. T.; Rice, T. E. Chem. Rev. 1997, 97,
1515-1566.

Bargossi, C.; Fiorini, M. C.; Montalti, M.; Prodi, L; Zaccheroni, N.
Coordin. Chem. Rev. 2000, 208, 17-32.

Pina, F.; Bernardo, M. A; Garcia-Espana, E. Eur. J. Inorg. Chem. 2000,
2000(10), 2143-2157.

Fabbrizzi, L.; Licchelli, M.; Pallavicini, P.; Parodi, L.; Taglietti, A. In
Transition Metals in Supramolecular Chemistry, PerspectiVe in
Supramolecular Chemistry, Sauvage, J. P., Ed. , John Wiley & Sons,
1999.

Chemosensors of Ion and Molecule Recognition, Desvergne, J. P. ,
Czarnik, A. W., Eds. , NATO ASI Series, Kluwer Academic Publishers,
1997.

Fabbrizzi, L.; Licchelli, M., Pallavicini, P.; Perotti, A,; Taglietti, A,
Sacchi, D. Chem. Eur. J. 1996, 2, 75-82.

Klein, G.; Kaufmann, D.; Schurch S.; Reymond, J. L. Chem. Commun.
2001, 0,561-562.

Zheng, Y.; Gattas-Asfura, K. M.; Konka V.; Leblanc, R. M. Chem. Commun.
2002, 0, 2350-2351.

Zheng, Y.; Orbulescuy, |.; Ji, X.; Andreopoulos, F. M.; Pham S. M.; Leblanc,
R. M. J. Am. Chem. Soc. 2003, 125, 2680-2686.

Boiocchi, M.; Fabbrizzi, L.; Licchelli, M.; Sacchi, D.; Vazquez, M.; Zampa,
C. Chem. Commun. 2003, 0, 1812-1813.

Roy, B. C; Chandra, B.; Hromas, D.; Mallik, S. Org. Lett. 2003, 5, 11-14.
Kaur, S.; Kumar, S. Tetrahedron Lett. 2004, 45, 5081-5085.

Mei, Y.; Bentley, P. A; Wang, W. Tetrahedron Lett. 2006, 47, 2447-
2449.

Varnes, A. V.; Dodson R. B.; Whery, E. L. J. Am. Chem. Soc. 1972, 94,
946-950

Kemlo J. A;; Shepherd, T. M. Chem. Phys. Lett. 1977, 47, 158-162.
Rurack, K.; Resch, U.; Senoner M.; Daehne, S. J. Fluoresc. 1993, 3, 141-
143.

Haugland, R. P. Handbook of Fluorescent Probes and Research
Products, 9th ed.; Molecular Probes: Eugene, 2002.

Vos de Wael, E.; Pardoen, J. A; van Koeveringe, |. A,; Lugtenburg, J. Rec.
Trav. Chim. Pays. Bas. 1977, 96, 306-309.

Johnson, 1. D.; Kang, H. C.; Haugland, R. P. Anal. Biochem. 1991, 198,
228-237.

Karolin, J.; Johansson, L. B. A; Strandberg, L.; Ny, T. J. Am. Chem. Soc.
1994, 116, 7801-7806.

@. BY _NC Copyright © 2018 by Authors. This work is published and licensed by Atlanta Publishing House LLC, Atlanta, GA, USA. The full terms of this

license are available at http://www.eurjchem.com/index.php/eurjchem/pages/view/terms and incorporate the Creative Commons Attribution-Non

Commercial (CC BY NC) (International, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0). By accessing the work, you hereby accept the Terms.

This is an open access article distributed under the terms and conditions of the CC BY NC License, which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited without any further permission from Atlanta Publishing House LLC (European
Journal of Chemistry). No use, distribution or reproduction is permitted which does not comply with these terms. Permissions for commercial use of this work

beyond the scope of the License (http://www.eurjchem.com/index.php/eurjchem/pages/view/terms) are administered by Atlanta Publishing House LLC

(European Journal of Chemistry).

2018 - European Journal of Chemistry - CC BY NC - DOI: 10.5155/eurjchem.9.1.63-66.1686


https://orcid.org/0000-0003-4336-3541
https://orcid.org/0000-0002-8227-4640
https://orcid.org/0000-0002-5035-497X
https://orcid.org/0000-0002-7696-0468
https://orcid.org/0000-0003-0424-0282
https://orcid.org/0000-0002-0945-4290
http://www.eurjchem.com/index.php/eurjchem/pages/view/terms
http://creativecommons.org/licenses/by-nc/4.0
http://www.eurjchem.com/index.php/eurjchem/pages/view/terms

	PrintField10: 
	PrintField11: 
	PrintField12: 
	PrintField13: 
	PrintField20: 
	PrintField21: 
	PrintField22: 
	PrintField23: 


