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Copper is an important micronutrient, and it is present in some protein structures, as well as
participate in several important biological processes. Due to its importance, some ligands are used
and studied like carriers of copper in the biological systems. This work has investigated the affinity
of Cu" by three ligands of biological interest: N,N,N,N’-tetrakis (2-pyridilmethyl) ethylenediamine
(TPEN), triethylenetetramine (TRIEN), and diethyldithiocarbamate (Et,DTC), used for this
purpose. The studies were performed by evaluating the Cu" d-d band when complexed with these
three ligands. The Cu" d-d band in aqueous solution appears around 800 nm; when in the presence
of TRIEN, this band displaces to 576 nm. TRIEN ligand is substituted by TPEN ligand (d-d band
at 689 nm), and finally, in the presence of the Et,DTC ligand, the d-d band displaces to 665 nm.
Theoretical calculations were used to obtain the binding energy and the values obtained were
—481.85 kcal mol™! for the Cu-TPEN, —417.80 kcal mol! for Cu-TRIEN and —726.72 kcal mol!
for Cu"-Et,DTC. Electrochemical studies showed an oxidation peak at 0.008 V to Cu"-TRIEN
complex, —0.135 V to Cu-TPEN and 0.150 V to Cu"-Et,DTC. These results showed that Cu" has
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a higher affinity by the Et,DTC ligand compared to the other ligands studied.
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Introduction

Organic molecules have been widely employed as metal
ions transporters in biological systems. These ligands are
preferentially polydentate and give rise to compounds with
different properties, which allow a better choice for their
use.! Its functions comprise the acquisition, distribution,
and availability of ions at the cellular level.?

Specifically, the copper ion is a micronutrient essential
to living organisms due to its role as a cofactor in enzymes
and as a redox catalyst in several metabolic pathways.?
This is favored by its different oxidation states of copper:
oxidized Cu" and reduced Cu'.* On the other hand, the
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high concentrations of copper interfere in several cellular
processes including enzymatic activity, protein and pigment
biosynthesis, photosynthesis, energy production, and
cellular division.?

The copper ion’s intrinsic reactivity also contributes
to its toxicity. Free copper is practically inexistent in the
cells at standard conditions. However, the accumulation of
free copper at high cellular levels leads to the formation
of hydroxyl radicals, which cause cell damage and
mutagenicity by reacting with proteins, lipids, and nucleic
acids.*’ In this sense, the maintenance of copper levels
aiming at the balance between nutritional deficiency and
toxicity is fundamental. This need has generated studies
about specific metal chelation to achieve this clinical
condition in living organisms.*® An ideal chelating agent
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Figure 1. Molecular structure of the ligands: (a) TRIEN; (b) TPEN and (c) Et,DTC.

with clinical applications must consider several aspects like
metal affinity and selectivity, kinetic stability of the formed
complex and, also, bioavailability and toxicity.® Besides,
chelators could be employed as molecular probes of ion
availability at the cellular level.”

In this context, some copper ligands as triethylene-
tetramine (TRIEN), N,N,N,N’-tetrakis (2-pyridilmethyl)
ethylenediamine (TPEN), and diethyldithiocarbamate
(Et,DTC) have been studied (Figure 1).

TRIEN was introduced in clinical practices for the
treatment of patients intolerant to penicillamine,’ as a
hydrophilic ligand able to bind copper and to promote
its urinary excretion. Its use to treat Wilson’s disease (a
genetic disease related to copper accumulation) showed
a decrease in a healthy neurological system due to the
temporary increase of protein unbound copper ion.'"!> The
TPEN chelating agent shows a high affinity for Cu™ and Zn"
metal ions since the zinc chelation leads to an unbalance
of reactive oxygen species (ROS) and, consequently, cell
death. This fact motivated the study of TPEN use against
prostate cancer.'*!* Finally, Et,DTC is a Cu! chelating
agent with Cu/Zn superoxide dismutase inhibition activity
in animal and erythrocyte models. Some studies®'* have
indicated that both pharmacological and toxic effects are
related to Cu" complexation with the ligand.

Therefore, understanding the behavior of Cu" when in
the presence of these ligands, can provide insights to new
applications, as a carrier in biological or other environments.
So, the main goal of this study was to evaluate the affinity of
TRIEN, TPEN and Et,DTC for Cu" metal ion, employing
experimental and computational techniques.

Experimental
Chemical
Analytical grade reagents were purchased from Sigma-

Aldrich (Sdo Paulo, Brazil), Vetec (Sao Paulo, Brazil) or
Fluka (Sao Paulo, Brazil).

Spectrophotometric studies

The UV-Vis absorption spectra of the studied
complexes were obtained using a Shimadzu-1800 UV-Vis
spectrophotometer. Stock solutions of copper in water and
the ligands in ethanol were prepared, both in a concentration
of 1.0 x 102 mol L. The remaining solutions were
prepared from these ones.

To assess the affinity of the Cu" by the ligands, the
UV-Vis spectra were carried out in ethanolic solutions,
following the protocol: first, it was placed a copper aqueous
solution in a UV-Vis cell and added a solution of TRIEN.
Afterward, to the solution of Cu-TRIEN complex was
added a solution of TPEN, and finally, an Et, DTC solution
was added to the system. With this, it was possible to assess
the behavior of the metal ion in the presence of the three
ligands.

Electrochemical studies

The voltammetric measurements were carried out with
an electrochemical analyzer Autolab® PGSTAT 128N (Eco
Chemie, Netherlands) with GPES software. A conventional
cell system with three electrodes was used, consisting
of: a glassy carbon electrode as a working electrode, an
electrode of Ag/AgCl (3.0 mol L' KCI) as a reference
electrode, and a platinum wire as an auxiliary electrode.
The measurements was performed at room temperature
in 10.0 mL of support electrolyte (0.1 mol L' KNO,)
containing 5.0 x 10~° mol L' of Cu" solution, and ligands
solution, separately, with a final stoichiometry of 1:1 (to
standardize the experiments). Before the voltammetric
measurements, nitrogen gas was purged to create an inert
atmosphere to avoid the oxygen influence in the analyses.

Computational details

Quantum chemistry calculations were performed for
TPEN, TRIEN, and its Cu" complexes. We performed
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calculations employing density functional theory (DFT)
to optimize the structures of the ligand. The minimum
energy structure was confirmed from frequencies analyses.
The methodology employed to perform the geometry
optimization involved Minnesota 06 (M06)'® functional
and DGauss double-zeta valence polarization (DGDZVP)
basis set,'"!® according to the previous study.'® All DFT
calculations were performed with Gaussian 09%° package.
The properties of Et,DTC and its complex with Cu" were
reported in our previous study,'® motivating us to study new
ligands. Those results'® were employed to compare to the
experimental data obtained in this work. After the geometry
determinations we performed the simulation of UV-Vis
spectra employing time-dependent density functional
theory (TD-DFT) methodology with B3LYP (Becke,
3-parameter, Lee-Yang-Parr) functional*'*> and DGDZVP
basis set in vacuum and water (aiming to simulate the
biological solvation) environments using integral equation
formalism-polarizable continuum model (IEF-PCM) as
implicit solvation method**?% according to our previous
work.!” Twenty excitation states were calculated in each
TD-DFT simulations.

Results and Discussion

Initially, spectroscopic profiles of the ligands in the
presence of Cu" were taken at the UV-Vis region after the
complex formation. Figure 2 shows the UV-Vis spectra
for TRIEN, TPEN, and its complexes with copper (II).
Different metal complexes with dithiocarbamates,
TPEN, and TRIEN, are well known in the literature.®?¢3°
The TPEN ligand (Figure 2a) shows a band on the UV
region that increases in intensity after the complexation,
and a new d-d band at 689 nm is observed, after the
complexation. For the TRIEN ligand (Figure 2b), the d-d
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band is observed at 576 nm. The Et,DTC spectroscopic
profile is reported in the literature and shows two bands at
the UV region and, after the complexation with Cu", two
bands at the visible region: the first at 450 nm, referent
to the ligand-metal charge transfer,**? and a d-d band at
665 nm."” All complexes showed a displacement to the
blue region when compared with copper salt in aqueous
solution. This finding is related to a displacement to
high energy regions, consistent with strong field ligands
compared to water, a weak field ligand.*

Copper complexes frequently give rise to poorly resolved
d-d bands in the visible region of the spectrum, usually
from 600 to 900 nm.* In aqueous solution, Cu" ion shows a
characteristic d-d band at 800 nm.* The analysis of this band
can provide useful insights into the complex formed. The d-d
band was monitored to assess Cu" affinity by the ligands.

Figure 3 shows the Cu™-TRIEN spectra with successive
additions of aliquots of TPEN solution. It is possible to
observe the gradual displacement of d-d bands to larger
wavelengths until the total complexation of copper with
TPEN, in a 1:1 ratio. TPEN is a hexadentate ligand that
can form a trigonal bipyramidal®* or distorted octahedral®’
geometry complexes. Shifts to larger wavelengths are
related to more easiness electronic transitions. When
compared with Cu"™-TRIEN complex, square planar,®*
these results suggest that TPEN forms a more stable
complex. Literature data show stability constants for the
Cu"-TPEN* and Cu"-TRIEN*' complexes of the same
magnitude, with log K around 20. This can be explained by
thermodynamics data: complexes with a higher number of
coordination, such as TPEN, are favored by enthalpy and
entropy, while the substitution by a ligand with a lower
number of coordination, such as TRIEN, are favored only
by entropy.* The data observed in this work corroborate
with those found in the literature data.***!
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Figure 2. UV-Vis spectra for the complex formed between Cu" metal ion and (a) TPEN and (b) TRIEN, in ethanol.
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Figure 3. UV-Vis spectra of the Cu"-TRIEN solution with additions of

TPEN, in ethanol.

For comparison, the spectrum of Cu™-TPEN in aqueous
solution was added to Figure 3 (yellow spectrum). The
exchange of TRIEN for TPEN occurs seconds after the
addition of TPEN to Cu"-TRIEN solution.

Et,DTC ligand was included in this study to compare
different ligands of biological interest. Although they do
not present comparable structures, they are studied for
similar purposes. Figure 4 shows the spectra obtained by
adding Et,DTC to a solution of Cu"-TPEN complex. In the
presence of Et,DTC, the TPEN is quickly replaced, forming
the Cu"™-Et,DTC complex.
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Figure 4. UV-Vis spectra of the Cu-TPEN solution with additions of
Et,DTC solution, in ethanol.

The formed complex shows a d-d band at 665 nm and
a ligand to metal charge transfer (LMCT) band. Although
the d-d band displacement occurs to smaller wavelengths
(related to higher energy regions), it was observed that
the formation of the Cu"™-Et,DTC complex is favorable.
Dithiocarbamates form very stable complexes with most
transition metals, as already described in the literature.***°
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The higher affinity of Et,DTC, when compared to
nitrogenous ligands, may be associated with the negative
charge on the ET,DTC ligand, acting as a nucleophile.** As
proposed by Kaur et al.,*” the Cu"-TPEN complex may be
in equilibrium between octahedral and trigonal bipyramidal
geometries. The Cu-TPEN pentacoordinate structure
can suffer a nucleophilic attack by the Et,DTC, and
force the TPEN withdrawal, originating the Cu"-Et,DTC
tetracoordinate complex, according to Scheme 1.

Scheme 1. Proposed mechanism of the substitution of TPEN by Et,DTC
(adapted from Kaur ef al.).”’

To ensure these results obtained here, the study was
performed in a reverse way, with the addition of TRIEN
in Cu-TPEN solution, and addition of TPEN and TRIEN
in Cu-Et,DTC solution. As shown in Figure 3, the reverse
process is not observed. According to our spectroscopic
experiments, the affinity of the copper ion by the ligands
presents the following order: Et,DTC > TPEN > TRIEN.

Electrochemical experiments were performed to obtain
more information about the studied systems. Figure 6 shows
the cyclic voltammograms for the three complexes. Free
copper presented an oxidation peak of 0.035 V under the
studied conditions. In the presence of the TRIEN ligand,
its oxidation peak appears at 0.008 V, a displacement of
30 mV to less positive region. The Cu™-TPEN complex
did not present a proper resolution on the glassy carbon
electrode. Thus, its voltammogram was increased and
inserted in the figure. Despite the low resolution, it is
possible to observe a redox pair of the complex, with the
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Figure 5. UV-Vis spectra of (a) Cu"-TPEN solution with additions of TRIEN solutions; (b) Cu"-Et,DTC solution with additions of TPEN and TRIEN solutions.

oxidation peak at —0.135 V, a displacement of 100 mV
with concerning the free copper. Cu"™-Et,DTC presented
an anode peak at 0.150 V, that is, 115 mV from the free
copper oxidation potential. The greater the distance
between the peaks (free metal and complexed metal), the
greater interaction between the species. The metal ion
showed different behavior in the presence of the ligands:
the complexes with TPEN and TRIEN have their anodic
peak shifted to the negative potential, while the Et,DTC
shifts to the positive potential.
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Figure 6. Cyclic voltammograms of a 5.0 x 10~ mol L-' Cu"-TRIEN,
Cu-TPEN, and Cu" -Et,DTC; v = 100 mV s7'; 0.1 mol L' KNO;.

We also used quantum mechanical calculations aiming
to study the geometry of the complexes formed and their
interaction energies. Table 1 displays the optimized
geometries of the complexes and their N—Cu distances
and angles.

As described in the literature,**® Et,DTC forms a
2:1 ligand:metal complex in a square planar geometry.
According to our results, the TRIEN complex has a

Table 1. Calculated structure of the Cu-TPEN and Cu"-TRIEN complexes
in vacuum

Cu-N,/A 2.1
Cu-N,/A 2.1
Cu-N,/A 2.1
Cu-N,/A 2.1
Cu-N,/A 2.4
Cu-N,/A 2.4
N,—Cu-N, / degree  90.4
N,—Cu-N, / degree  90.4
N,—Cu-N, / degree 147.6
Epinging TPEN-Cu" = —481.95 kcal mol™"  N,—Cu-N,/degree 175.5
Cu-N,/A 2.0
Cu-N,/A 2.0
Cu-N,/A 2.0
Cu-N,/A 2.0
N,—Cu-N, / degree  84.9
N;—Cu-N, / degree  84.9
N,—Cu-N, / degree 151.1
Eyinging TRIEN-Cu" = —417.80 kcal mol™"  N,~Cu-N, / degree 151.1

Epindging = Ecompiex = (Ecurt + Ejigana); the figures were generated with Pymol*
0.99c. TPEN: N,N,N,N’-tetrakis (2-pyridilmethyl) ethylenediamine;
TRIEN: triethylenetetramine.

tetracoordinate structure with square planar geometry,
while the TPEN complex has an octahedral geometry,
corroborating the literature.’**” From the obtained results
(Table 1), for the TPEN hexacoordinated complex with
Cu" ion, the distances between N and N, with Cu® atom
are 0.3 A furthermost than N, , atoms and Cu" atom. The
different distances of N, ,—Cu"" and N ~Cu" could be
related to the difference of hybridization state of N, c atoms
(sp?) in comparison to N, in which the non-ligand electron
pair was located at an sp? orbital. These data corroborate



Vol. 32, No. 4, 2021 Valle et al. 737

(@ 20— S G————— X (®) 15 e —— 0.12
E=Cu-Tpen 1x1 04 mol L1 E=Cu-Trien 5x1 0% mol L1
1 mm Cu-Tpen (vacuum) r mm Cu-Trien (vacuum) 010
mm Cu-Tpen (with water) 1.2 mm Cu-Trien (with water) )
1.54 0.09 =
) 0.085
8 5 |5
e g 8094 c
8 » c e
K] -
5 1.04 -0.06 8 -0.06
0 - - A
o K o o
¢ = € 0.6 ©
T 9 b L 0.04=
8 < 8 .5
L a
054 0.03 8
0.3 - 0.02
- 0.00 I I - 0.00
0.0+ _ll'l"l'll T J N S S 0.0 g T T L T v T v T T
200 300 400 500 600 700 800 900 200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

Figure 7. Experimental and calculated UV-Vis spectra for: (a) Cu-TPEN and (b) Cu"-TRIEN.
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Figure 8. Plots of the molecular orbitals (MO) involved in the most intense transitions of TPEN + Cu'’. The occupied molecular orbital is presented before
the arrow and, after, the virtual molecular orbital for which the electron is excited in the wavelength placed over the arrow. For the complex TPEN + Cu',
HOMO and LUMO correspond to the molecular orbitals 126 beta (B) and 127B, respectively.
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other structural information presented in the literature.""”
The N-Cu" distances are smaller than the S—Cu" distances
because the atomic orbital involved in the complexation
mechanism is different: the N atoms contribute with an
sp® or sp* hybrid orbital and the S atom with an electronic
lone pair at the 3p orbital.

The calculated values of the binding energy between
Cu"" and Et,DTC, TPEN, and TRIEN were equal to
—726.72," —481.85 and —417.80 kcal mol!, respectively.
These results indicate a higher affinity of the copper ion
for the Et,DTC ligand, followed by the TPEN and, finally,
the TRIEN, corroborating with the experimental results.

Figure 7 shows the theoretical spectra calculated for
the Cu"-TRIEN and Cu"-TPEN complexes. From there,
it is possible to note the similarity between theoretical
and experimental spectra. A slightly difference between

J. Braz. Chem. Soc.

theoretical and experimental UV-Vis spectra can be attributed
to the different environments used in the measurement.
Just Cu"-TPEN complex calculated spectra in vacuum and
water environments are shifted to red. We selected the major
wavelengths to plot molecular orbitals involved in electronic
transitions, aiming to interpret the results.

Finally, the calculated molecular orbitals for both
TPEN and TRIEN in complex with Cu" in vacuum and
water (Figures 8 and 9) indicate that the two most intense
electronic transitions are related to charge transfer from
ligands to copper ion.

Conclusions

From the experimental results of UV-Vis
spectrophotometry, we observed the d-d bands for the
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Figure 9. Plots of the molecular orbitals (MO) involved in the most intense transitions of TRIEN + Cu'". The occupied molecular orbital is presented before
the arrow and, after, the virtual molecular orbital for which the electron is excited in the wavelength placed over the arrow. For the complex TRIEN + Cu,
HOMO and LUMO correspond to the molecular orbitals 54 beta (B) and 55B, respectively.
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Cu""-complexes with TPEN, TRIEN, and Et,DTC were 689,
576, and 665 nm, respectively. Our experiments suggested
that Cu" has more affinity by the Et,DTC ligand, followed
by TPEN and TRIEN. Electrochemical studies indicate
that the interaction between Cu" is stronger with Et,DTC
ligand than with the nitrogenous ligands, due to the bigger
potential displacement between the free metal and complexed
metal. The same conclusion was found from theoretical
calculations, with a binding energy of —417.80 kcal mol™' for
the Cu"-TRIEN complex, —481.85 kcal mol~ for the Cu"-
TPEN complex and —726.72 kcal mol~! for the Cu™Et,DTC
complex. These values indicated that the affinity of the
copper ion by the ligands presents the following order:
Et,DTC > TPEN > TRIEN.

Acknowledgments

The authors acknowledge CNPq, CAPES finance code
001, and FAPESP for financial support.

References

1. Leite, A.; Silva, A. M. G.; Nunes, A.; Andrade, M.; Sousa, C.;
Silva, L. C.; Gameiro, P.; de Castro, B.; Rangel, M.; Tetrahedron
2011, 67, 4009.

2. Ding, X.; Xie, H.; Kang, J.; J. Nutr. Biochem. 2011, 22, 301.

3. Deveza, A.; Gomez, E.; Gilbin, R.; Elbaz-Poulicheta, F.; Persin,
F.; Andriex, P.; Casellas, C.; Sci. Total Environ. 2005, 348, 82.

4. Bertinato, J.; L’Abbe, M. R.; J. Nutr. Biochem. 2004, 15, 316.

5. Halliwell, B.; Gutteridge, J. M. C.; Biochem. J. 1984, 219, 1.

6. Matias, A. C.; Manieri, T. M.; Cipriano, S. S.; Carioni, V. M.
O.; Nomura, C. S.; Machado, C. M. L.; Cerchiaro, G.; Toxicol.
In Vitro 2013, 27, 349.

7. Liu, Z. D.; Hider, R. C.; Coord. Chem. Rev. 2002, 232, 151.

8. Matsunami, M.; Kirishi, S.; Okui, T.; Kawabata, A.;
Neuroscience 2011, 181, 257.

9. Bertuchi, F.; Papai, R.; Ujevic, M.; Gaubeur, I.; Cerchiaro, G.;
Anal. Methods 2014, 21, 8488.

10. Walshe, J. M.; Lancet 1982, 319, 643.

11. Brewer, G. J.; Terry, C. A.; Aisen, A. M.; Hill, G. M.; Arch.
Neurol. 1987, 44, 490.

12. Tegoni, M.; Valensin, D.; Toso, L.; Remelli, M.; Curr. Med.
Chem. 2014, 21, 3785.

13. Matias, A. C.; Manieri, T. M.; Cerchiaro, G.; Oxid. Med. Cell.
Longevity 2016, DOI 10.1155/2016/6724585.

14. Stuart, C. H.; Singh, R.; Smith, T. L.; D’Agostino Jr., R.;
Caudell, D.; Balaji, K. C.; Gmeiner, W. H.; Nanomedicine 2016,
11,1207.

15. Daniel, K. G.; Chen, D.; Orlu, S.; Cui, Q. C.; Miller, F. R.; Dou,
Q. P.; Breast Cancer Res. 2005, 7, 897.

16. Zhao, Y.; Truhlar, D. G.; Theor. Chem. Acc. 2008, 120, 215.

Valle et al.

17.

18.

19.

20.

21.

22.
23.

24.

25.
26.

217.

28.

29.

30.

31.

32.

33.

739

Sosa, C.; Andzelm, J.; Elkin, B. C.; Wimmer, E.; Dobbs, K. D.;
Dixon, D. A.; J. Phys. Chem. 1992, 96, 6630.

Godbout, N.; Salahub, D. R.; Andzelm, J.; Wimmer, E.; Can.
J. Chem. 1992, 70, 560.

Valle, E. M. A.; Maltarollo, V. G.; Almeida, M. O.; Honorio,
K. M.; dos Santos, M. C.; Cerchiaro, G.; J. Mol. Struct. 2018,
1157, 463.

Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;
Robb, M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.;
Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.;
Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.;
Sonnenberg, J. L.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda,
R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao,
0O.; Nakai, H.; Vreven, T.; Montgomery Jr., J. A.; Peralta, J. E.;
Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers, E.; Kudin, K.
N.; Staroverov, V. N.; Kobayashi, R.; Normand, J.; Morokuma,
K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; Tomasi, J.;
Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.; Knox, J. E.;
Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts,
R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.;
Pomelli, C.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.;
Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J.
J.; Dapprich, S.; Daniels, A. D.; Farkas, O.; Foresman, J. B.;
Ortiz, J. V.; Cioslowski, J.; Fox, D. I.; Gaussian 09, Revision
A.02; Gaussian, Inc., Wallingford, CT, USA, 2016.

Lee, C. T.; Yang, W. T.; Parr, R. G.; Phys. Rev. B: Condens.
Matter Mater. Phys. 1988, 37, 785.

Becke, A. D.; J. Chem. Phys. 1993, 98, 1372.

Cances, E.; Mennucci, B.; Tomasi, J.; J. Chem. Phys. 1997,
107, 3032.

Cances, E.; Mennucci, B.; Tomasi, J.; J. Chem. Phys. 1997,
101, 10506.

Cances, E.; Mennucci, B.; J. Math. Chem. 1998, 23, 309.
Dingman Junior, J. F.; Gloss, K.; Milano, E. A.; Siggia, S.; Anal.
Chem. 1974, 46, 774.

Handing, D. J.; Phonsri, W.; Harding, P.; Sirirak, J.;
Tangtirungrotechai, Y.; Websterc, R. D.; Adams, H.; New J.
Chem. 2015, 39, 1498.

Dakternieks, D.; Zhu, H.; Mais, D.; Mealli, C.; Inorg. Chim.
Acta 1993, 211, 155.

Arslan, P.; Di Virgilio, F.; Beltrame, M.; J. Biol. Chem. 1985,
260, 2719.

Comuzzi, C.; Melchior, A.; Polese, P.; Portanova, R.; Tolazzi,
M.; Inorg. Chim. Acta 2003, 355, 57.

Yordanov, N. D.; Dimitrova, A.; Roussanova, D.; Spectrochim.
Acta, Part A 2002, 58, 1155.

Yordanov, N. D.; Dimitrova, A.; Z. Anorg. Allg. Chem. 2005,
631, 956.

Hubheey, J. E.; Keiter, E. A.; Keiter, R. L.; Inorganic Chemistry:
Principles of Structure and Reactivity, 4" ed.; Harper Collins
College Publishers: New York, 1993.



740

34

35.

36.

37.

38.

39.

40.

41.

Study of the Cu" Affinity by Three Chelating Agents of Biological Interest

. Nakata, D. H.; Ribeiro, M. A.; Corbi, P. P.; Machado, D;
Lancelloti, M.; Lustri, W. R.; Ferreira, A. M. C.; Formiga, A.
L. B.; Inorg. Chim. Acta 2017, 458, 224.

Arruda, E. G. R.; Farias, M. A.; Jannuzzi, S. A. V.; Gonsales,
S. A.; Timm, R. A.; Sharma, S.; Zoppellaro, G.; Kubota, L. T.;
Knobel, M.; Formiga, A. L. B.; Inorg. Chim. Acta 2017, 466,
456.

Blindauer, C. A.; Razi, M. T.; Parsons, S.; Sadler, P. J.;
Polyhedron 2006, 25, 513.

Kaur, A.; Gorse, E. E.; Ribelli, T. G.; Jerman, C. C.; Pintauer,
T.; Polymer 2015, 72, 246.

Meier, L. P;; Kahr, G.; Clays Clay Miner. 1999, 47, 386.

Hall, E. A.; Amma, E. L.; J. Am. Chem. Soc. 1969, 91, 6540.
Anderegg, G.; Hubmann, E.; Podder, N. G.; Wenk, F.; Helv.
Chim. Acta 1977, 60, 123.

Anderegg, G.; Blauenstein, P.; Helv. Chim. Acta 1982, 65,913.

42.
43.

44.
45,
46.

47.

48.

J. Braz. Chem. Soc.

Anderegg, G.; Gramlich, V.; Helv. Chim. Acta 1994, 77, 698.
Labuda, J.; Skatulokova, M.; Németh, M.; Gergely, S.; Chem.
Zvesti 1984, 38, 597.

Saclzinidis, J.; Grant, M. W.; Aust. J. Chem. 1981, 34, 2195.
Hogarth, G.; Mini-Rev. Med. Chem. 2012, 12, 1202.

The PyMOL Molecular Graphics System, v.c. 2006; DeLano
Scientific LLC, South San Francisco, USA, 2007.

Soto, C. A. T.; Costa Jr., A. C.; Ramos, J. M.; Vieira, L. S.;
Rost, N. C. V.; Versiane, O.; Rangel, J. L.; Mondragén, M. A.;
Raniero, L.; Martins, A. A.; Spectrochim. Acta, Part A 2013,
116, 546.

Georgieva, L.; Trendafilova, N.; J. Phys. Chem. A 2007, 111,
13075.

Submitted: September 7, 2020
Published online: November 11, 2020

This is an open-access article distributed under the terms of the Creative Commons Attribution License.
BY



	_Hlk15396806
	_Hlk55490032
	_Ref514080926
	_Ref514080524
	_Ref297721554
	_Ref297733334
	_Ref298839399
	_Hlk506889153
	_Ref516484537
	_Ref514080657
	_Ref517361338
	_Ref15367315
	_Ref511906951
	_Ref516518716
	_Ref514081556
	_Ref515877581
	_Ref514081560
	_Ref476918994
	_Hlk55503812
	_Hlk48205509
	_Hlk48205722
	_Hlk48205772
	_Hlk48205811
	_Hlk48205917
	_Hlk48206034
	_Hlk48206096
	_Hlk48206436
	_Hlk515923299
	_Hlk48206695
	_Hlk48206740
	_Hlk48206916
	_Hlk48206967
	_Hlk48206993
	_Hlk48207137
	_Hlk48207174
	_Hlk48207209
	_Hlk48207237
	_Hlk48207272
	_Hlk48207319
	_Hlk48207412
	_Hlk48207444
	_Hlk48207477
	_Hlk48207553
	_Hlk48207595
	_Hlk48207662
	_Hlk48207616
	_Hlk48207724
	_Hlk48207842
	_Hlk48207865
	_Hlk48207951
	_Hlk48208007

