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Foreword

The International Symposium on Metal Complexes (ISMEC2014), to be held in Pavia, Italy from
8" to 12" June 2014, is also the XXV Italian-Spanish Congress on Thermodynamics of Metal
Complexes. The latter’s internationalisation is the result of the ever-increasing proportion of
contributions from other nations throughout the globe. With contributions from 27 countries
belonging to 5 continents ISMEC2014 confirms this trend, which will facilitate the creation of many
joint projects and will lead ISMEC into new cutting-edge areas, namely those relating to the most
recent advances in metal complex applications in a wide range of diverse fields such as ecology
and biomedicine.

In particular, the following topics, which focus on the chemistry and applications of metal
complexes, will be presented and discussed in this year’s congress:

e Solution equilibria and coordination chemistry

e Metal complexes of environmental interest

e Supramolecular chemistry

e Metal complex interactions with biomolecules

e Nanostructured metal complexes

e Metals in diseases: transport, homeostasis and toxicity

e Metal-based drugs: therapy and diagnosis

e Analytical methods and sensors based on metal complexes
e Computational modelling

ISMEC2014 has been organised by the University of Pavia’s Chemistry Department. The organising
team includes Prof. Raffaela Biesuz (Chairperson), Prof. Maria Pesavento and Dr. Giancarla Alberti.

Since 2011, immediately after each symposium, the publication “Acta of ISMEC Symposia” has and
will continue to provide a comprehensive compendium of the most recent advances made by
scientific research in the field of the thermodynamics of metal complexes. Each edition is edited
by the relative Scientific Committee (President and Members) and by the President of the ISMEC
Group.

In future additional publications relating to other events may be produced with the same aim of
providing readily accessible, accurate information on basic aspects and/or new findings in the
same field.

R. Biesuz

and

E. Garcia-Espafa
June 2014
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CONFERENCE PROGRAMME
Sunday, 8th
Registration and Welcome Reception (Broletto Palace)
Monday, 9th
Opening Ceremony
Chairman: Luigi FABBRIZZI
OC-1 Anion Recognition by Triethylbenzene-Capped Polyamine
Macrobicyclic Receptors: Tuning Selectivity through Small Structural

Changes.
Pedro MATEUS, Rita DELGADO

0OC-2 Metallacrowns: controlling the assembly toward supramolecular
constructs

Matteo TEGONI, Corrado ATZERI, Davide CAPUCCI, Maurizio REMELLI,
Nicola MARCHETTI, Vincent L. PECORARO

OC-3 Copper(ll) complexes of cyclams containing nitrophenyl
substituents: push-pull behaviour and scorpionate coordination of the
nitro group
Massimo BOIOCCHI, Carlo CIARROCCHI, Luigi FABBRIZZI, Carlo
MANGANO

OC-4 The Importance of Metal lon Complexation in a Biphasic Solvent
Extraction System
Travis S. GRIMES, Leigh R. MARTIN

Coffee break
Chairman: Enrique GARCIA-ESPANA

PL-1 Supramolecular Analytical Chemistry
Eric V. ANSLYN

OC-5 New Kinetically Inert Cu(ll)-Bispidine Complex for Nuclear
Medicine and Diagnosis

Jérémy BRANDEL, Véronique Hubscher-Bruder, Amandine Roux, Aline
Nonat, and Loic Charbonniere

0OC-6 The role of side chains in the fine tuning of metal binding ability of
peptides.
Katalin VARNAGY, Gizella CSIRE, Sarolta TIMARI
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OC-7 Insights on the coordination mode of phenolic compounds with
Al(lll) ion from a combined experimental and theoretical study.
Emilia FURIA, Tiziana MARINO, Antonio TAGARELLI, Nino RUSSO

Lunch break

Chairman: Manuel VALIENTE

Honoring Prof. Roberto Portanova (Marilena TOLAZZI)

KN-1 Actinide carboxylate complexes in solution: a long travel among

experiments and theory
Andrea MELCHIOR, Plinio DI BERNARDO, Marilena TOLAZZ|

Honoring Prof. Vincenzo Romano (Roberto ZINGALES)

KN-2 Generation of novel Au,,Se, clusters via laser ablation synthesis.
Laser desorption ionisation time-of-flight mass spectrometry

Lubomir PROKES, Eladia Maria PENA-MENDEZ, Filippo AMATO, Milan
ALBERTI, Pavel KUBACEK, Josef HAVEL

Coffee break
Chairman: Tarita BIVER
0OC-8 Some Research Results Accounting Professor Vincenzo Romano

Teachings
Manuel VALIENTE

0C-9 Weak complexes of sodium cation with negatively charged ligands
Silvia BERTO, Enrico CHIAVAZZA, Pier Giuseppe DANIELE, Gabriele
LANDO, Enrico PRENESTI, Silvio SAMMARTANO

OC-10 The Interaction of Scorpiand-type Polyazacylophanes with Single
and Double-Stranded Polynucleotides Reveals Sequence Selectivity
Enrique GARCIA-ESPANA, Mario INCLAN, M2. Teresa ALBELDA

Poster Session 1 (from P1 to P30)

Live band music & dance entertainment
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Tuesday, 10th
Chairman: M. Amelia SANTOS

PL-2 Iron chelators — novel therapeutic agents.
Robert HIDER

0OC-11 Alarming use of chelation therapy
Guido CRISPONI, Valeria M. NURCHI, Joanna I. LACHOWICZ, Miriam
CRESPO-ALONSO, M. Antonietta ZORODDU, Massimiliano PEANA

0C-12 *®Ga-labelled curcuminoids complexes: potential radiotracers for
imaging of cancer and Alzheimer’s disease

Erika FERRARI, Mattia ASTI, Stefania CROCI, Giulia ATTI, Sara
RUBAGOTTI, Monica SALADINI

0C-13 Kinetic study of copper(ll) complexes of TETA-like macrocyclic
ligands

Premysl LUBAL, Romana SEVCIKOVA, Jakub VANEK, Petr HERMANN, Luis
M.P. LIMA, Rita DELGADO

Coffee break
Chairman: Isabel VILLAESCUSA

KN-3 Structural, thermodynamic, and kinetic chelation studies of f-
elements by hydroxamic siderophores
Michel MEYER

0OC-14 Strategies for the Development of Novel Pt Anticancer
Compounds: Shifting the Paradigms from Pt(ll) to Pt(IV) Complexes
Mauro RAVERA, Elisabetta GABANO, llaria ZANELLATO, llaria
BONARRIGO, Domenico OSELLA

OC-15 Synthesis and asymmetric oxidations by chiral dinuclear copper
complexes

Maria Lucia PERRONE, Eliana LO PRESTI, Luca PASOTTI, Enrico MONZANI,
Laura SANTAGOSTINI, Luigi CASELLA

0OC-16 Reactivity of copper-a-synuclein peptide complexes relevant to
Parkinson’s disease

Simone DELL’ACQUA, Cecilia ANZANI, Valentina PIROTA, Michela M.
ROCCO, Daniela VALENSIN, Enrico MONZANI, Luigi CASELLA

Lunch break
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Chairman: Juan Niclés GUTIERREZ

0OC-17 The effect of the metal ions on the active centre of colicin E7
nuclease

Eszter NEMETH, Gabriella SCHILLI, Csilla KONCZ, Aniké CZENE, Milan
KOZISEK, Hans E.M. CHRISTENSEN, Kyosuke NAGATA, Béla GYURCSIK

0OC-18 Interaction of Silver Salts, Nanoparticles and Complexes with
Bacterial and Yeast Cell Components
Iryna GONCHAROVA, Oleksiy LYUTAKOV, Marie URBANOVA

0C-19 Surfaces modified with gold nanostars for a Near-IR switchable
photothermal antibacterial action
Piersandro PALLAVICINI

0C-20 The Peculiar Metal lon-Coordinating Properties in Solution of the
Antiviral and Cytostatic Nucleotide Analogue 9-[2-(Phosphonomethoxy)
ethyl]-2-amino-6-dimethylaminopurine (PME2A6DMAP)

Astrid SIGEL, Helmut SIGEL

0C-21 Synthesis, spectral characterization, anticancer activity and
theoretical studies on some Schiff bases

Tiziana PIVETTA, Claudia FATTUONI, Federica TRUDU, Elisa VALLETTA,
Elisa CARTA, Roberta MELIS, Alessandra PANI

Coffee break
Chairman: Plinio DE BERNARDO
0C-22  CN-chelated Organotin(IV)

Characterization and Reactivity Studies
Petr SVEC, Zderika PADELKOVA, Ales RUZICKA

Pseudohalides:  Synthesis,

0OC-23 Structural Differences of Lithium Complexes Containing Hybrid
Amino/Guanidinate Ligands
Jana NEVORALOVA, Zdenka PADELKOVA, Ales RUZICKA

0C-24 Monomer or aggregate? Solution chemistry applications to
today's problems

Tarita BIVER

Poster Session 2 (from P31 to P65)

GTC Meeting
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Wednesday, 11th
Chairman: Antonio BIANCHI

PL-3 Stability Constants: Determination and Uses
Peter GANS

0C-25 5-hydroxy-2-(hydroxymethyl)pyridin-4(1H)-one molecule as an
intriguing tool in coordination and enzymatic studies

Joanna I. LACHOWICZ, Valeria M. NURCHI, Guadalupe J. PELAEZ, Leo-
nardo TOSO, Miriam CRESPO-ALONSO, Peter GANS, M. Amelia SANTOS

0C-26 Comprehensive modelling capability for aqueous solution
thermodynamics: progress
Darren ROWLAND, Peter MAY

0C-27 Naphthalenediimmides as Selective "Naked eye" Chemosensor
for Copper(ll) in Aqueous Solution
Filippo DORIA, Valeria AMENDOLA, Vincenzo GRANDE, Greta
BERGAMASCHI, Mauro FRECCERO

Coffee break
Chairman: Guido CRISPONI

KN-4 Is chemometric easy? | think so. For sure it is cheap
Riccardo LEARDI

0C-28 Analysis of Phosphorus and Sulfur by QQQ-ICP-MS
Glenn WOODS, Peter PLANITZ, Sebastian SANNAC

0C-29 Copper(ll) Binding to (Tacrine-S-allyl)- and (Tacrine-S-propargyl)-
cysteine as Potential Anti-Neurodegenerative Hybrid Drugs

Catarina QUINTANOVA, Rangappa S. KERI, Silvia CHAVES, M. Amélia
SANTOS

0OC-30 Cr(VI) removal by using exhausted coffee waste: from synthetic
solutions to industrial effluents

Chang LIU, Ndria FIOL, Marc BARTROLI, Jordi POCH, Isabel VILLAESCUSA
Lunch break

Excursion

Social Dinner
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Thursday, 12"
Chairman: Matteo TEGONI

PL-4 Metal lons and Neuronal Peptides: Binding and Redox Reactivity
Luigi CASELLA

Pulidori Award — M. Remelli

OC-31 (Pulidori Award)
Slawomir POTOCKI

Bertero Awards — R. Biesuz

PP1 (Bertero Award) Phytate in aqueous solution: unveiling its
microprotonation equilibria and coordination ability under physiological
conditions

Nicolds VEIGA, Julia TORRES, Israel MACHO, Kerman GOMEZ, Gabriel
GONZALEZ, Carlos KREMER

PP2 (Bertero Award) Binding studies of a dicopper(ll) cryptate with
dicarboxylate anions
Catarina V. ESTEVES, Pedro MATEUS, Rita DELGADO

PP3 (Bertero Award) Biomonitoring of toxic element exposure by ICP-
AES and ICP-MS analysis

Miriam CRESPO-ALONSO, Valeria M. NURCHI, Joanna I. LACHOWICZ,
M. Guadalupe JARAQUEMADA-PELAEZ, Gavino SANNA

Coffee break
Chairman: Maria PESAVENTO

KN-5 Hydroxamates as useful tools for the construction of artificial
siderophores and metallacrowns

Agnieszka SZEBESCZYK, Jenny BESSERGLICK, Evgenia OLSHVANG,
Abraham SHANZER, Malgorzata OLEDZKA, Irina Golenya, Igor O.
FRITSKY, and Elzbieta GUMIENNA-KONTECKA

Closing remarks & presentation of ISMEC 2015

11
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Supramolecular Analytical Chemistry

Eric V. ANSLYN

Department of Chemistry, The University of Texas at Austin, Anslyn@austin.utexas.edu

The use of synthetic and designed receptors for the analysis of complex analytes in real-
life settings will be presented. Analytes in beverages, chiral mixtures, and blood/saliva have
been targeted by mimicking the mammalian senses of taste and smell. The receptors derive
from a combination of rational chemical design and modeling, with combinatorial synthesis
techniques. Optical signaling derives either from indicator-displacement, or indicator-uptake,
assays. It will be shown that a union of designed receptors targeted to a class of analytes,
with combinatorial methods, gives fingerprints that differentiate between the individual
members of the class. The strategy is to use a core-binding element that imparts a bias to each
and every member of the library, ensuring affinity of the library members for the class of
analytes being targeted. The design of this core derives from standard molecular recognition
principles: preorganization, complementary, pair-wise interactions between receptor and
analyte, and desolvation. Combinatorial techniques impart the differential behavior and cross-
reactivity desired in an array sensing application. The fingerprints of the solutions are created
using artificial neural networks, principle component analysis, and/or linear discriminate
analysis. The technique represents a marriage of supramolecular chemistry and pattern
recognition protocols.

PL-1 13



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

Iron chelators — novel therapeutic agents

Robert HIDER

Institute of Pharmaceutical Science, King s College London, UK

robert.hider@kcl.ac.uk

Over the past 30 years iron chelators have been utilised for the selective removal of iron
in patients that become iron overloaded due to regular blood transfusion. They are essential
for the long term treatment of thalassaemia major and some forms of sickle cell anaemia. An
important objective has been to identify orally active, non-toxic chelators. This presentation
will discuss the underlying chemistry which has led to the identification of such compounds.

More recently the progression of various forms of neurodegeneration has been linked
with elevated levels of brain iron. Currently there are ongoing clinical trials which are based
on the use of iron chelators for the treatment of Parkinson’s disease and Friedreich’s ataxia.
Again the presentation will discuss some of the chemical problems that need to be addressed
for the successful treatment of these two neurodegenerative diseases.

PL-2 14
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Stability Constants: Determination and Uses

Peter GANS

Protonic Software, Leeds. U.K.
peter.gans@hyperquad.co.uk

Hyperquad, the current computer program for treating potentiometric data is the
culmination of a long series of developments starting with mainframe programs written in
FORTRAN and distributed as source code [1-3] and ending with Windows applications
(Http://www.hyperquad.co.uk), distributed on the web. Programs for treating
spectrophotometric [4], NMR[5] and calorimetric [6] data have also been developed.

The evolution of these programs for the determination of stability constants from
experimental data has involved solving problems of both chemical and mathematical
complexity. Within the structure of a non-linear least-squares refinement procedure the
following questions have been addressed.

« How to obtain initial estimates of the stability constants of a chemical model
« Which parameters to refine
« How to set up the least-squares system
« Why arefinement may diverge
. How to protect refinements against divergence
« Why refinements can fail to converge
« How to select a chemical model
The presence of systematic errors in the data must be considered separately.

Other topics that will be discussed include: the concept of binding capacity of ligands,

micro- and macro- constants, medium and ionic strength effects.

References:

[1] Sabatini, A; Vacca, A: Gans, P., MINIQUAD - a general computer program for the
computation of formation constants from potentiometric data”, Talanta, 1974, 21,
53-77.

[2] Gans, P.; Sabatini, A; Vacca., A, SUPERQUAD - a new computer program for
determination of stability constants of complexes by potentiometric titration, Inorg.
Chim. Acta, 1983, 79, 219.

[3] Gans, P.; Sabatini, A; Vacca, A., "Investigation of Equilibria in Solution. "Determination
of Equilibrium Constants with the HYPERQUAD Suite of Programs,

Talanta, 1996, 43, 1739-1753.

[4] Gans, P.; Sabatini, A; Vacca, A., Determination of Equilibrium Constants from
Spectrophotometric Data Obtained from Solutions of Known pH: the Program pHAB,
Annali di Chimica, 1999, 89, 45-49.

[5] Frassineti, C.; Alderighi, L.; Gans, P.; Sabatini, A.; Vacca, A.; Ghelli, S., Determination
of protonation constants of some fluorinated polyamines by means of *C NMR data
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[6]

processed by the new computer program hypnmr2000. Protonation sequence in
polyamines”, Anal. Bioanal. Chem., 2003, 376, 1041-1052.
Gans, P.; Sabatini, A; Vacca, A., J., Simultaneous calculation of equilibrium constants
and standard formation enthalpies from calorimetric data for systems with multiple
equilibria in solution, J. Solution Chem., 2008, 37, 467-474.
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Metal lons and Neuronal Peptides: Binding and Redox Reactivity

Luigi CASELLA

Dipartimento di Chimica, Universita di Pavia, Pavia, Italy
luigi.casella@unipv.it

The interplay between metal ions, oxidative stress and neurodegeneration is well
established and documented for important pathologies such as Alzheimer's and Parkinson's
diseases.[1] This finding motivated our main research interest in the last years, which focused
on the consequences of the interaction between redox active metal ions and several neuronal
peptides. Given our previous experience on copper and heme proteins involved in oxidative
processes, a straightforward extension was to consider the significance of the same type of
reactivity by the complexes of these metals with neuronal peptides. We have thus undertaken
a systematic investigation of copper(ll) and ferric heme (hemin) complexes with amyloid-f3
(AP) peptides, the R1 fragment of tau protein (R17), and a-synuclein (aS).

Free heme is highly toxic, because of its potential oxidizing properties and in particular
for its ability to induce oxidative stress.[2] For these reasons, multiple control mechanisms
maintain free heme concentration tightly controlled at low levels. Toxic heme effects are
normally associated to pathological states resulting from severe hemolysis and vascular
disorders, but several findings indicate that heme toxicity may have relevance also for
neurodegenerative diseases.[3] Hemin has been recently described as a potential target for Ap
peptides,[4] and the resulting complexes appear to be more reactive towards hydrogen
peroxide than free hemin.[5] The binding and reactivity of complexes of hemin with AP have
been the subject of several other studies,[6] but the main features and especially the biological
significance of this interaction remained poorly defined. We have recently demonstrated that
hemin coordinates two AB16 peptides to form [hemin(AB16),], in which iron(I11) is low-spin
and six-coordinated, and this is in equilibrium with a five-coordinated high-spin
[hemin(AB16)] species, the relative amount of which depends on the peptide concentration
and on temperature.[7] As expected, hemin-AB complexes activate hydrogen peroxide, but
we have found that the peroxidase activity towards exogenous substrates is extremely low and
devoid of any biological significance. However, the reactivity towards the endogenous
peptide is important, as upon reaction with H,O, the hemin-AB16 complex produces
dimerization of AP through the formation of a dityrosine cross-link at Tyr10. In addition, in
the presence of nitrite, the same residue undergoes nitration.[7] Both modifications strongly
enhance AP aggregation and plaque formation,[8] showing that heme binding to AP can
indeed be a factor contributing to neuroinflammation and AP aggregation. Similar studies are
in progress with the octadecapeptide R1t and the 1-15 N-terminal fragment of aS, for which
heme binding has never been investigated. Unlike AP, hemin only forms complexes in 1:1
ratio with both these peptides, and the resulting complexes exhibit weak peroxidase-like
activity.

The association between copper and neuronal peptides has been extensively studied,
starting from the observation of its relevance in prion-related diseases.[1,9] It is often
assumed that binding of copper(ll) ions by the peptides induces oxidative damage and
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toxicity, and in the case of AP, even pseudoenzymatic monooxygenase and oxidase
activities.[10] These ideas contrast other evidences showing that Cu-Af complexes are
nontoxic and actually prevent aggregation. We have definitively shown that Cu-Ap complexes
bear neither monooxygenase nor superoxide dismutase activities, and that earlier claims were
affected by experimental artefacts.[11] The same lack of significant oxidative activity
characterizes copper complexes with R11 and membrane-bound aS peptides.
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The chemistry of the early actinide elements is of great importance from both
fundamental and practical points of view[1]. Practical considerations arise from the use of
actinides in nuclear energy and nuclear materials, where important issues as long-term storage
of nuclear waste, environmental care, and actinide separation/recovery need to be addressed.
Experimental and theoretical studies aimed at defining the stability, speciation and structure of
actinide complexes in solution are fundamental, both to develop recovery systems and predict
their behavior in the environment.

In the past century, pioneering investigations on the thermodynamics of complex
formation between actinides and organic ligands have been carried out by several scientists as
Ahrland [2] and Portanova [3-5]. In particular, Roberto spent a significant part of his career to
study actinide hydrolysis and complex formation with mono- and polycarboxylic acids and
neutral ligands (see for example refs. [3-6]).

Among the early actinide elements, uranium is certainly the most studied from a
chemical point of view. Normally, U mobility in the environment is redox-controlled, with
U(VI) species being highly soluble and mobile while U(IV) tends to form insoluble phases.
U(VI), which is normally present in solution as uranyl cation (UO,**), shows a marked
tendency to form strong complexes with oxygen donor ligands, inorganic (e.g., carbonate,
sulfate, phosphate) and organic (e.g., acetate, oxalate and phenols), commonly present in soil,
especially in organic-rich deposits or in nuclear waste streams.

Among the carboxylate anions acetate received a special attention, since it can be
considered a simplified general model for complex formation with organic matter and also
because experimental studies demonstrated that acetate complexation may enhance the
mobility of a wide range of metals in aqueous fluids.

The interaction of U(VI) with acetate in solution has been intensively investigated using
both experimental [1-8] (and refs. therein) and theoretical [9-11] tools. It is generally accepted
that in water U(VI) forms with acetate three successive mononuclear complexes which are
mostly entropically-stabilized and enthalpically unfavored [7]. The complexation of uranyl
ion with acetate has been predominantly studied in water, but also the complex formation in
non-aqueous solvents has been investigated [6,8]. A recent work on UO,**-acetate complexes
in dimethylsulfoxide (DMSO) clearly showed the effect of the medium both on the
thermodynamic parameters and structure of the species formed[8]. The main structural feature
influenced by the medium is the binding mode of acetate, which can be either bi- or mono-
dentate. A combination of DFT calculations and vibrational spectroscopy showed that in
DMSO acetate behaves always as bidentate [8], differently from what previously found in
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water by EXAFS spectroscopy [7] where the 1:3 complex was showing both types of
coordination. Also, several theoretical and experimental studies in gas phase (absence of
solvational effects) demonstrated that both types of acetate coordination in the 1:3 complex
can exist, because of their small gap in energy [9-11]. On the other hand, the speciation and
structure of uranyl-acetate complexes in water has been revised [12] on the basis of EXAFS
and IR experiments and it has been concluded that the ligand is bidentate in all species. To get
a clearer, and possibly definitive picture of the complex structure in water, Car Parrinello
molecular dynamics simulations have been recently employed for the first time to study the
solvated [UO,(CH3COO)3]” complex.

References:

[1] Morss, L. R.; Edelstein, N. M.; Fuger, J. The Chemistry of the Actinide and
Transactinide Elements; Springer Netherlands: 2011

[2] Ahrland, S. , On the Complex Chemistry of the Uranyl lon. IV. The Complexity of
Uranyl Acetate. Acta Chem. Scand. 1951, 5, 199-219

[3] Cassol, A; Magon, L.; Tomat, G.; Portanova, R., Relative stabilities of complexes of
MO,** (M = U, Np, and Pu) with monocarboxylate anions Inorg. Chim. Acta. 1969, 3,
639-643

[4] Cassol, A.; Di Bernardo, P.; Portanova, R.; Magon, L. Interaction of MO,?* (M = U,
Np, and Pu ) with Dicarboxylate Ligands Containing Other Donor Atoms Inorg. Chim.
Acta, 1973, 7, 353-358

[5] Portanova, R.; Di Bernardo, P.; Cassol, A.; Tondello, E.; Magon, L. Thermodynamic
Properties of Actinide Complexes. Part 1. Uranyl(VI) Monocarboxylate Complexes.
Inorg. Chim. Acta 1974, 8, 233-240

[6] Cassol, A.; Di Bernardo, P.; Portanova, R.;Tolazzi, M.;Tomat, G.; Zanonato, P.L.
Complex Formation Reactions of Uranyl(VI) with Neutral N-Donors in Dimethyl-
Sulfoxide - Influence of Small Amounts of Water Inorg. Chem. 1990, 29(5), 1079-1084

[7] Jiang, J.; Rao, L. F.; Di Bernardo, P.; Zanonato, P.; Bismondo, A., Complexation of
Uranium(VI) with acetate at variable temperatures. J. Chem. Soc. Dalton Trans. 2002,
(8), 1832-1838

[8] Di Bernardo, P.; Zanonato, P. L.; Benetollo, F.; Melchior, A.; Tolazzi, M.; Rao, L. F.
Energetics and Structure of Uranium(V1)-Acetate Complexes in Dimethyl Sulfoxide.
Inorg. Chem. 2012, 51 (16), 9045-9055

[9] Groenewold, G. S.; de Jong, W. A.; Oomens, J.; Van Stipdonk, M. J., Variable Denticity
in Carboxylate Binding to the Uranyl Coordination Complexes. J. Am. Soc. Mass.
Spectr. 2010, 21 (5), 719-727

[10] Vazquez, J.; Bo, C.; Poblet, J. M.; de Pablo, J.; Bruno, J., DFT studies of uranyl acetate,
carbonate, and malonate, complexes in solution. Inorg. Chem., 2003, 42 (19), 6136-
6141.

[11] DeJong, W. A.; Apra, E.; Windus, T. L.; Nichols, J. A.; Harrison, R. J.; Gutowski, K. E.;

Dixon, D. A., Complexation of the carbonate, nitrate, and acetate anions with the uranyl
dication: Density functional studies with relativistic effective core potentials., J. Phys.
Chem. A, 2005, 109 (50), 11568-11577

KN-1 21



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (ltaly)

[12] Lucks, C.; Rossberg, A.; Tsushima, S.; Foerstendorf, H.; Scheinost, A. C.; Bernhard, G,
Aqueous Uranium(VI1) Complexes with Acetic and Succinic Acid: Speciation and
Structure Revisited. Inorg. Chem. 2012, 51 (22), 12288-12300

KN-1 22



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)
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desorption ionisation time-of-flight mass spectrometry
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Several gold selenium complexes are known (.., [Aux(Se;)(Ses)]*, [Aux(Se,)(Ses)]* and
[Au,Se,(Ses),]*). Minerals such as fischesserite (AgsAuSe,), kurilite ((Au,Ag).(Te,Se,S),) and
petrovskite ((AuAQ)(S,Se)) are found in nature.

Laser desorption ionisation time-of-flight mass spectrometry (LDI TOF MS) is
powerful technique to generate and study clusters formed during laser ablation of various
materials leading to metal chalcogenides [1] or gold carbides [2], for example.

The aim of this work is to study the generation of AunSe, clusters via laser ablation
synthesis (LAS) using mixtures of GNPs (or auric acid) with selenium in various molar ratios
as precursors.

We have found that GNPs are chemisorbed on selenium surface leading to the formation
of a kind of nano-composite as confirmed by scanning electron microscope (SEM) analysis.
The LAS from various precursors and nano-composites leads to the generation of several
series of AunSe, clusters which stoichiometry was determined. Example of mass spectra
showing some of the detected AunSe, clusters is given in Fig. 1. Over 30 new gold selenide
clusters were identified: AuSe,’, AuSes, AuSes, AuSes, AuSes, AuSe;, AuSeg, AuSeqg,
AuSejy, AuxSe’, AuySe;, AupSes, AusSes, AuSes AuSes AupSe;, AusSes, AusSe’,
AusSe;, AusSes AusSes, AusSes, AusSe’, AusSe;’, AusSes’, etc. Understanding the nature
and chemistry of such clusters can inspire the development of novel routes for the synthesis of
new compounds. Example of possible stabilization strategy has been reported for the
[NaAuy,Seg]® complex [3].

Computed structures of selected gold selenides generated in this work via LAS are
given in Fig. 2.

Concluding, (i) LAS is advantageous technique to generate novel un-usual gold
selenides and (ii) the stoichiometry of AuySe, clusters generated might inspire synthesis of
new Au-Se materials with unique properties.
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Fig. 2: Examples of anionic clusters (AuSe’, AuSe,’, AuSes’, AuSe,, AuSe;) as computed via
DFT optimization using ADF® molecular modeling suite (symmetry, bonding energy, bond
lengths and angles are given).
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Siderophores are ubiquitous, high-affinity iron(l11) chelators excreted by virtually all
bacteria and yeasts under iron-stress conditions. Their primary biological role is to supply the
microorganisms with iron, an essential nutrient and growth factor. As a mean to circumvent
the extremely low bioavailability of this element at physiological pH, siderophores react with
ferric (oxo)hydroxides and form thereby water-soluble complexes which are transported
across the cell membranes according to an energy-driven mechanism involving specific outer-
membrane uptake receptors.

Besides catecholates and (hydroxy)carboxylates, hydroxamates are common bidentate
chelating groups found in many siderophores, some emblematic examples being
desferrioxamines, desferrichromes, desferricoprogens, rhodotorulic acid... As all of these
binders incorporate negatively-charged oxygen donor atoms, it is nowadays well established
that their binding affinity correlates well with the Lewis acidity of the metal cation (see the
figure below). Hence, they are expected to form even stronger complexes with tetravalent
actinides than with iron(lll). While desferrioxamines B and E are indeed able to dissolve
Pu(OH), [1], both ligands are moreover also able to efficiently mediate plutonium(1V) uptake
by several bacterial strains [2].
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As the concentration of desferrioxamines in soils is typically in the pg/kg range, it
becomes obvious that they might significantly increase the solubility, migration rate, and
bioavailability of highly-toxic actinides in case of environmental contamination [3]. It is
therefore of outmost importance to gain a deeper understanding of their f-element
coordination chemistry, in relation to the management and remediation of contaminated fields,
or disposal of nuclear wastes in geological repositories. However, predicting and modeling the
metal speciation in waters and soils requires an accurate knowledge of the thermodynamic
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and Kinetic parameters related to their complex formation and dissociation equilibria. Because
such data are scarce and often unreliable in the case of the transuranium cations [4],
considerable research efforts are still required.

By combining classical potentiometric and UV-vis spectrophotometric titration
techniques with capillary zone electrophoresis, the speciation of desferrioxamine B in the
presence of trivalent americium and lanthanides, taken as cold surrogates, and of hexavalent
uranium (UO,?") could be successfully unraveled. Relying on X-ray absorption and RAMAN
spectroscopic data, structures for the various uranium complexes prevailing in solution will be
presented. Finally, the proton-assisted step-by-step dissociation mechanism of the
[UO,(DFB)H,]" complex, as established by stopped-flow spectrophotometry, will be
discussed.
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Is chemometrics easy? | think so. For sure it is cheap
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At present the analytical techniques allow to obtain a huge amount of data per sample in
a relatively short time. It is therefore clear that, while since a few decades ago the main focus
of the activity of the analytical chemist was in getting the experimental data, nowadays the
main challenge is to correctly interpret them and to extract the maximum amount of
information. This should have changed the attitude of the analytical chemist in what concerns
the data analysis, with a greater emphasis on the use of multivariate data analysis tools.

Unfortunately, for the great majority of the researchers the univariate analysis is still by
far the most used (not to say the only) approach. By looking at the data one variable at a time
it is not possible to have a global overview of the data and to take into account the
relationships among the variables.

So, why is chemometrics not as widespread as it should be?

In my opinion, the two major obstacles are the common idea that chemometrics is too
difficult to be used by a non specialist and the need of a specific software.

About the first point, it is true that some methods are based on non trivial algorithms,
but it has to be clear that in order to properly use them only a general, intuitive knowledge of
what these algorithms do is required, in exactly the same way you do not need to know all the
engineering details of a mobile phone to use it! What people must put their major effort into is
instead a change of attitude, understanding and accepting the added value of a multivariate
analysis compared with the standard univariate analyis.

About the second point, it is true that some commercial chemometric software is quite
expensive, but nowadays also some free and open source tools can be used. During the
present talk an R-based chemometric software developed by the Group of Chemometrics of
the Division of Analytical Chemistry of the Italian Chemometric Society will be shown. This
software is totally free and can be downloaded from the site gruppochemiometria.it. Though
developed under R, it is menu-driven and does not require any knowledge of R. It will be
shown how fast and easy performing a Principal Component Analysis is (it will be applied on
environmental data).

The advantages of the multivariate analysis compared with the standard univariate
approach will be evident, after which there will be no excuses not to apply chemometrics!
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Hydroxamic acids are multi donor ligands which biological activity stems from
complexing capacity towards various metal ions. Diversity of coordination modes of these
functions with metals makes them very promising ligands in coordination and bioinorganic
chemistry.

Main directions in hydroxamic acids research undertaken by us in recent years
include:

* studies of biomimetic analogues of siderophores as structural probes for microbial iron
uptake processes - the research especially important at the time of increasing number of
severe and often lethal infections caused by multiresistant bacterial and fungal strains [1];

* use of hydroxamate ligands for preparation of high nuclearity discrete coordination
compounds, coordination polymers and metallacrowns as promising objects for molecular
magnetism, functional fluorescent materials and probes, and metal complex catalysis [2-3].

The key information obtained in our recent studies will be presented in the view of
their applications for various biological and inorganic purposes.
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Polyamine macrobicyclic compounds have been used since the beginning of the
Supramolecular Chemistry field and are among the most successful anion receptors in
aqueous medium.[1-3] The macrobicyclic architecture and the properties of the amine
functionality greatly contributes to the success of this family of compounds. Macrobicycles
have well preorganized tridimensional cavities which are relatively easy to modify while
amine groups can be protonated to provide the necessary positive charge to interact with
anions, they can act both as hydrogen bond donors and acceptors and also help imparting
water solubility.

Aiming to contribute to the field of anion recognition, we have explored
triethylbenzene-capped polyamine macrobicyclic architectures as receptors for inorganic
anions.[4-6]

In the present work we describe how small structural changes affect the selectivity
pattern of these receptors.
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Metallacrowns (MC) are the inorganic analogues of crown ethers. These supramolecular
aggregates have the capacity to self-assemble in a predictable way, giving rise to
metallamacrocycles in which a large number of metal ions are confined into a small molecular
scaffold [1]. Moreover, their planar arrangement forces the metal ions of the framework to
possess unsaturated coordination positions which can be occupied by ancillary ligands. For
these reasons metallacrowns have been explored in the field of single-molecule magnets and
for the molecular recognition of anions and biomolecules. Recently, metallacrowns of Zn®*
and lanthanides have been reported as bright fluorescent NIR-emitters, and promising for the
development of new dyes for fluorescence imaging in vivo [2].
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Scheme 1: Representation of a 12-MC-4 of - and a-aminohydroxamates (left and center), and
of a 15-MC-5 of a-aminohydroxamates (right). M = Cu®*, Ni**, Zn?*; M’ = Ca®*, Ln*, UO,*".

The theory of the metallacrowns formation is based on the metallacrowns structural
paradigm: B-aminohydroxamate ligands are favoured to form 12-MC-4 complexes, while a-
aminohydroxamates preferentially form the 15-MC-5 species (Scheme 1). However, we have
demonstrated that stable 12-metallacrown-4 scaffolds are formed also in systems containing
Cu®*" and a-aminohydroxamates, in disagreement with the structural paradigm (Scheme 1,
center). For Cu?*, the 15-MC-5 complexes with a-aminohydroxamates form only in the
presence of a large cation which occupies the cavity, while Ni?* showed an unexpected
versatility allowing the assembly of metallacrowns of different nuclearities in solution.

In this communication we will present our most recent results in the study of the
metallacrown assembly with Ni?* as the peripheral cation, with the aim to rationalize the
thermodynamics of the process of self-assembly of the 12-MC-4 and 15-MC-5 complexes in
solution. In particular, we will discuss the simultaneous presence in solution of both
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metallacrowns, and the role of the ionic medium. The study of the formation of metallacrowns
with picolinehydroxamate and Cu?*, Ni**, or Zn** in aqueous solution will be also presented.
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Figure 1: Left: Distribution diagram of the system Ni**/a-Alaha (Ni**/L = 1:1.5, Cyi = 2.0 mM, 1 = 0.1
M (KCI)). Right: Calculated DFT structure of the Ni-containing 15-MC-5 of a-Alaha.

Our recent work in the context of the Marie Curie IRSES “Metallacrowns” project will
be discussed, mainly the aspects related to the possibility to fine tune the formation of large
2D or 3D assemblies of metallacrown units by designing connecting units to promote their
self-association of metallacrowns.
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Figure 2: Schematic drawing of 3D assemblies using metallacrowns as building blocks. Orange and
green ellipses indicate the connecting moieties needed to generate 2D layers and 3D assemblies.

The research leading to these results has received funding from the European Union's
Seventh Framework Programme (FP7/2007-2013) under grant agreement n° 611488.
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The design of molecular systems capable of selective interactions with anions plays an
important role in supramolecular chemistry.[1, 2] In particular, coordinatively unsaturated
metal complexes can bind anions at vacant coordination sites.[3] In multidentate ligands
containing a push-pull chromophore huge shifts of the absorption band are observed upon
coordination of a metal cation due to a change of the intensity of the dipole of the push pull-
system.[4] A similar, but opposed shift may be induced by coordination of an anion to the
complex, thus generating an easily detectable signal. In order to verify this hypothesis, three
Cu(cyclam)®* derivatives bearing N-conjugated nitrophenyl moieties have been synthesized:

B 2+ o+ [ 1 2+
/©/N02 NO,
HN N HN. N Hm
[ e | No, [ >Cﬁ”j [ \/\Cﬂ”j NO,
HN™ O NH HN. ONH HN. NH
[Cu(1)]* [Cu(2)]** [Cu(3)1**

Scheme 1: the three investigated compounds: [Cu(1)](CIO,),, [Cu(2)](ClO,),[4] and [Cu(3)](CIOy),.

The behaviour of the three receptors was investigated through UV-vis spectroscopy
titrations by monitoring the variations induced by anions in both the push-pull chromophore
and Cu(ll) d-d absorption bands.

Crystal structures evidenced in complexes [Cu(1)](ClO4), and [Cu(3)](ClO,),: (i) the
presence of both trans-1 and trans-111 conformations of the cyclam skeleton; (ii) a scorpionate
coordination of the closest nitro group of the phenyl substituent. A slow conformational
change from trans-1 to trans-I1l is observed in solution. The rate of the isomerisation is
strongly influenced by the nature and concentration of added anions.

References:

Gale, P. A.; Sessler, J. L.; Cho, W.-S., Anion Receptor Chemistry. The Royal Society of
Chemistry: Cambridge, 2006.

[1]

0C-3 33


mailto:carlo.ciarrocchi01@universitadipavia.it

Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (ltaly)

[2] Amendola, V.; Bonizzoni, M.; Esteban-Gémez, D.; Fabbrizzi, L.; Licchelli, M.;
Sancenon F; Taglietti A., Some guidelines for the design of anion receptors. Coord.
Chem. Rev. 2006, 250, 1451-1470.

[3] Fabbrizzi, L.; Poggi, A., Anion recognition by coordinative interactions: metal-amine
complexes as receptors. Chem. Soc. Rev 2013, 42, 1681-1699.

[4] Boiocchi, M.; Fabbrizzi, L.; Licchelli, M.; Sacchi, D.; Vazquez, M.; Zampa, C., A two-
channel molecular dosimeter for the optical detection of copper(ll). Chem. Comm. 2003,
15, 1812-1813.

0C-3 34



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

The Importance of Metal lon Complexation in a Biphasic Solvent
Extraction System

Travis S. GRIMES, ® Leigh R. MARTIN ?

% Agueous Separations and Radiochemistry Department, Idaho National Laboratory, P.O.
Box 1625, Idaho Falls, ID 83415-6150, U.S.A.; Travis.Grimes@inl.gov

A key step in the development of a sustainable closed nuclear fuel cycle is
transmutation of the long-lived minor actinides (Am** and Cm®"). Transmutation of these
elements is only achievable after they are separated from the fission product trivalent
lanthanides (also found in used nuclear fuel). This separation is crucial, since the lanthanides
(in particular Nd**, Sm**, Eu**, Gd*") have large thermal neutron capture cross sections that
compete with the minor actinides for neutrons. In the U.S., TALSPEAK [1] (an acronym for
Trivalent Actinide-Lanthanide Separations by Phosphorus reagent Extraction from Aqueous
Komplexes) has received the most attention for accomplishing the aforementioned separation.
Typically, TALSPEAK utilizes an aqueous medium with a high concentration of lactic acid
(HL) buffer, typically ranging from 1.0-2.0 M (pH 3.0-4.0), containing diethylenetriamine-
N,N,N’,N”’,N”-pentaacetic acid (DTPA) as an aqueous “holdback” reagent for the actinides.
The aqueous phase is contacted with an immiscible organic phase containing the monoacidic
dialkyl bis(2-ethylhexyl)phosphoric acid extractant (HDEHP). During extraction DTPA
selectively coordinates the actinides holding them in the aqueous phase as charged AnDTPAZ
complexes, and HDEHP extracts the trivalent lanthanides to the organic phase. TALSPEAK
balances the selective complexation of the actinides by DTPA against the electrostatic
attraction of the lanthanides by the HDEHP extractant to achieve the desired trivalent
lanthanide/actinide group separation. Although TALSPEAK has been proven successful at
pilot plant scale, fundamental studies [2-4] have highlighted complex chemical interactions
occurring in the aqueous and organic phases during the extraction process. Previous work [5]
has attempted to model the traditional TALSPEAK system has shown thermodynamic models
do not accurately predict the observed extraction trends in the p[H*] range 2.5-4.8.

Recent work [§] has 5 5 -
demonstrated by substituting )k‘/ )S/\/\ JI§
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concentrations exceed 0.020 | Figure 1. Amino acid buffers used in place of the lactic acid buffer in
M [3,6]) with a variety of traditional TALPSEAK: a) L-alanine, b) L-arginine, ¢) L-histidine, d)
: L-methionine

amino acids (shown in
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figure 1), TALSPEAK was operated successfully at pH 2. It was proposed, operating
TALSPEAK in a lower pH range and substituting the aromatic 1,4-diisopropylbenzene
(DIPB) diluent with the aliphatic n-dodecane would create a more “ideal” solvent extraction
system (one with limited solute partitioning and phase mixing) that could be modeled using
thermodynamic data. A review of the literature has shown a limited number of stability
constants available for Ln**/An®*"/amino acid complexes in acidic media. The thermodynamic
data that is available varies greatly between different methods used for collection.

In this study, multiple analytical techniques have been used to determine the stability
constants for Ln**/An** complexes with L-alanine, L-arginine, L-histidine, and L-methionine.
The new stability constants will be used in a thermodynamic model to describe the extraction
behavior in the aqueous-modified TALSPEAK separations process.
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Positron emission tomography (PET) is a powerful imaging technique that became, in
recent years, one of the most important diagnostic tools in oncology. Among the possible
radioisotopes, ®*Cu appears an ideal candidate for PET imaging and radiotherapy due to its
very convenient half-time of 12.7 h compared to the presently used *®F probes (109.8 min)
and to its decay properties (B*, 0.653 MeV, 17.8%; B°, 0.579 MeV, 38.4%). The challenge of
chemists lies in the design of Cu(ll) chelators fulfilling all the requirements for in vivo
imaging agents, i.e. fast complexation, high stability and inertia of the complexes, good
selectivity of the ligand for Cu(ll) against other biologically relevant cations, a reduction
potential below the threshold for in vivo reduction and the availability of functionalities for
the coupling to targeting vectors or molecular fragments for other imaging techniques. In
depth knowledge of the solution behavior of potential ligands are thus crucial [1].

In this context we present a detailed physicochemical study of a new ligand, part of a
bispidine series [2], showing promising qualities towards Cu(ll) complexation in terms of
thermodynamics, kinetics and electrochemistry.
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It is well known that peptides have high metal binding affinity, but both the
thermodynamic stability and the coordination geometry of peptide complexes are very much
influenced by the amino acid sequence of the ligands. One field of our present research work
is the synthesis and investigation of polypeptides containing various side chain donor groups,
in which the coordination of side chain donor atoms comes to the front and their sequences
serve as the models of different metalloproteins. These molecules include peptide fragments
of Cu,Zn-superoxide dismutase enzyme, prion protein and B-amyloid peptide playing role in
the neurodegenerative diseases. [1-3].

We synthesized such series of multihistidine peptides in which the systematic change of
the amino acid sequence is carried out and the equilibrium, structural and electrochemical
parameters of their complexes are determined. These molecules include oligopeptides built up
from 4 to 12 amino acid residues containing 2 to 4 histidines among them. The
thermodynamic, structural and electrochemical properties of these peptides are primarily
determined by the number and location of histidyl residues. The presence of positively or
negatively charged and polar or bulky side chains of other amino acids in the neighbourhood
of the metal binding sites can, however, significantly contribute to the above mentioned
parameters of these complexes. To understand the specific effects of these side chains aspartic
acid, serine or phenylalanine are inserted into the sequence of the multihistidine peptides (Ac-
(HisXaa)n-His, Xaa = Ala, Phe, Asp, Ser etc.) and copper(ll), nickel(Il) and zinc(Il)
complexes of these oligopeptides were studied by means of pH-potentiometry and
spectroscopic techniques.

In this work we demonstrate through the studies of the above mentioned peptides those
tendencies which finely regulate the equilibrium, structural and electrochemical parameters of
metal complexes.

Acknowledgement: The research was supported by the EU and co-financed by the European
Social Fund under the project ENVIKUT (TAMOP-4.2.2.A-11/1/KONV-2012-0043)
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A variety of phenolic compounds are found in most vegetables. Second only to
carbohydrates, they are the most abundant type of compounds in plants. The interest in these
phenolic compounds lies in their known health benefits due to their antioxidant activity and
ability as free-radical scavengers. These properties give them great potential as active
principles in the pharmaceutical industry and as antioxidants in the food industry [1]. These
compounds include one or more hydroxyl groups (polar part) attached directly to an aromatic
ring (non-polar part) and are often found in plants as esters or glycosides, rather than as free
molecules [2]. Phenolic compounds as antioxidants act as reducing agents, hydrogen donators
and singlet oxygen quenchers. They are very important compounds due to their likely role in
the prevention of several human diseases [3]. In this work, we have studied the complexation
of vanillic acid and quercetin (Scheme 1) with AI(I1I) ion in solution by using a combination
of experimental and computational tools in order to attain structural and electronic properties
of the resulting complexes.
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Scheme 1: Chemical structure of vanillic acid (a) and quercetin (b)

Aluminium cation is the third most abundant element in the Earth’s crust and often
enters in the biotic cycle in many different ways [4]. The human exposure to aluminium is not
fully explained but it is well known that it does not serve any essential function in human
biochemistry. By contrary, Al(1l1) cation can enter in the brain where it persists for long time
and a small increase seems sufficient to produce neurotoxicity [5]. For this reason, the
presence of aluminium in the human brain has been associated to the Alzheimer’s and other
neurodegenerative diseases [6]. Chelation therapy with some ligands has been demonstrated
to reduce some causes of aluminium toxicity. In this context, it is interesting to explore the
ability of natural products to coordinate the Al(I11) ion.
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Professor Vincenzo Romano became a reference both scientifically and as a personal
friend from our meetings at the Royal Institute of Technology, KTH, in Stockholm (Sweden)
and later on in our ISMEC yearly meetings. He contributed to my learning of the importance
of the basic science.

In this concern, the scientific methodology was one of the most appreciated teachings
he provided to the international postgraduated students we were at the Inorganic Chemistry
Department of KTH. This included relevant examples of how the purity of the ionic media
could play a role on the stability of some non-stable chemical species, e.g, Ag2+ in
perchlorate, or how to avoid salt bridge in potentiometric measurements.

Such teachings made some fruitful results when later on I tried to apply them to our
research studies. In this communication, | will present some of these results that will include
redox systems, i.e, TI(I)/TI(I), Se(1V)/Se(VI) and some other that have a critical importance
in some systems of current development of industrial products and of environmental concern.
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The coordination chemistry in solution of alkali metal ions was relatively little
investigated [1], in particular if compared with the great number of results reported in the
literature for complexes of transition metal ions. Nevertheless, with the aim of correctly
solving analytical problems, in building chemical speciation models for interpretation of
natural chemical system behavior, the formation of alkali metal complexes cannot be
neglected. According to the NEA authors [2], the existence of complexes with alkali metal
ions “should not be considered as completely proven” by measurements carried out at
different ionic strengths, because the results depend on the model used for activity
coefficients. In this work the alkali metal complex formation with acetate, benzoate,
malonate, phthalate, citrate, nitrilotriacetate, ethylenediaminetetraacetate [3], mellitate and
1,2,4-benzenetricarboxylate, has been investigated employing ISE-Na® potentiometry and
working at strictly constant ionic strength (variation during the experiment < 5%). In these
conditions the effects of the variation of activity coefficients on the potentials recorded is
negligible and the formation of alkali metal complexes in solution has been evidenced
unequivocally comparing the experimental values of free Na* ions with those of total sodium
added for each point of titration curve. The electrode calibration procedure was performed in
triplicate during each measuring day in order to avoid that the instability of the electrode
response can affect the results. Moreover, in order to support the experimental evidence of the
complex formation the pNa combined uncertainty was estimated. There are no doubts about
the formation of alkali metal complexes in solution.

After detection, the formation constants were determined by the elaboration of
potentiometric data taking into account the intrinsic content of Na® in the reagents used. The
constant values obtained show a good agreement with those evaluated by pH-metric technique
or by ISE-Na" potentiometry at variable ionic strengths, suggesting that also potentiometric
techniques at variable ionic strengths can be used in the study of this topic with a good
accuracy. Moreover, our results confirm the low stability of alkali metal complexes in
aqueous solution, which is founded on coulomb interactions. In general, the values of stability
constants depend not only on the number of charged oxygen donor groups, but also on the
presence of amino donor(s) and hydroxyl groups.
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The studies performed a few years ago on the interaction of scorpiand-type polyamines [1]
with calf thymus DNA provided evidence on the interesting possiblility of these ligands to
modulate their interaction through pH or metal-driven molecular reorganizations, and how this
modulation of the interaction could serve to increase or decrease the biological activity of these
compounds [2]. These interesting results prompted us to continue with the research, in an effort to
understand the mechanisms of the interaction, and to asses possible sequence selectivity. In a first
approach, the recognition of individual mononucleotides by these ligands was studied. These
work revealed selectivity between puric and pyrimidinic nucleobases; the ability of these ligands
to efficiently discriminate, through different fluorescent outputs, between ATP and GTP; and the
binding patterns of the interaction [3].

Taking another step forward in this investigation, here we present the most recent findings
on the interaction of theses scorpiand-like ligands with single and double-stranded models of
DNA and RNA. The results show again different ways of interaction and binding affinities
depending on the base sequence and the secondary structure of the polynucleotides. The
experimental data was obtained by means of UV-Vis and fluorescence titrations, CD and thermal
denaturation measurements.
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Chelation therapy is a consolidated medical procedure used primarily to hinder the
effects of toxic metal ions on human tissues [1]. Its application spans a broad spectrum of
disorders, ranging from acute metal intoxication to genetic metal-overload. The use of
chelating agents is compromised by a number of serious side effects, mainly attributable to
perturbed equilibrium of essential metal ion homeostasis and dislocation of complexed metal
ions to dangerous body sites. For this reason, chelation therapy has been limited to specific
critical and otherwise untreatable conditions and needs to be monitored within an appropriate
clinical context [2-3]. An alarming issue today is that fraudsters use the term “chelation
therapy” to take advantage of and make profit from people with tragic health problems. We
believe that scientists working in this field have the corollary obligation to deter these frauds
and to inform the scientific community of the possible side effects and complications of
chelation therapy. This duty is all the more important if we consider the detrimental and even
life threatening consequences that can occur in subjects with no clear clinical and laboratory
evidence of metal intoxication. The aim of this communication is to present how this “false
chelation therapy” developed and in which diseases it is currently applied [4].
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Curcumin is a phyto-compound and dietary spice extracted from the rhizome of the herb
Curcuma longa L., commonly known as turmeric. It is used in traditional medicines of eastern
world countries thanks to its properties such as antioxidant, anti-inflammatory, antimicrobial,
and anticancer activities. In recent years, curcumin and curcuminoids complexes with metals,
have been subjected to a large number of studies due to their interesting potential as
therapeutics in varying diseases. Iron complexes of curcumin seem to have high potential in
the treatment of cancer [1], while gallium complexes have remarkable antiviral effects on
HSV-1 in cell culture [2]. Curcumin structure includes a heptadiene with two 3-methoxy, 4-
hydroxy phenyl groups, and an a,B-diketone which is subjected to a keto-enol tautomerism,
pH and solvent dependent, that also influences its metal-chelation capability [3]. The keto-
enolic moiety of curcumin have also been exploited in the complexation of radioactive metals
for synthesizing "™ Tc-labelled radiopharmaceuticals where curcumin acts as OO bidentate
ligand on a %*™Tc-tricarbonyl core with the aim of projecting a target specific probes for
potential diagnosis of Alzheimer’s disease (AD) or cancer [4].

The aim of the present study is to

0 OH
investigate the feasibility of the
AN = labelling of  curcuminoids  with
gallium-68 in order to obtain potential
R; R R, diagnostic  tools for cancer and
Alzheimer’s disease.

Ry Ry For this purpose, different classes
Compound | R R, R, of curcuminoids (Figure 1) were
Curcumin | H OCH; | OH selected and a complete
DAC H OCH. | OAc characterization of the equivalent
bDHC H OCH, | H "Ga-complexes  structures  and
K2A21 CH,COOH OCH, | OH properties was performed by means of
K2A23 CH,COOH OCH, | H experimental and theoretical approach.
K2T21 CH,COOC(CHs); | OCH;3 | OH Stoichiometry and formation of the
K2T23 CH,COOC(CHs); | OCHs3 | H curcuminoids complexes were

Figure 1 investigated by MALDI-TOF-MS,

NMR, UV-Vis, and Fluorescence
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spectroscopy on the "*Ga-Curcuminoids complexes and their structure was computed by
theoretical DFT calculations. The corresponding °®Ga-labelled complexes with the most
promising curcuminoids were then synthesized and characterized. The radiotracers were
prepared by reacting ®®Ga®" obtained from a ®®Ge/*®Ga generator with curcuminoids solutions.
Reaction parameters (precursor amount, reaction temperature, and pH) were optimized in
order to obtain high and reproducible radiochemical yield and purity. The complexes showed
high stability in saline, human serum or when challenged with DTPA or with Fe**, Zn**, and
Cu** for transchelation or
CUR Ga(CUR), transmetallation studies,
respectively. In order to test
the possibility to use ®Ga-
curcuminoids complexes as
radiotracers for AD, a first
evaluation of their affinity
for  AP(1-40) amyloid
_ synthetic fibrils was here
Figure 2 investigated in vitro. Finally
study in vitro on lung cancer
cells showed quite high level of cellular uptake of "'Ga-complexes (Figure 2), confirmed by
ICP-MS spectrometry.

The obtained results are encouraging and shed new light on the potential use of
curcuminoids as radiotracers for PET (positron emission tomography), in addition the
intrinsic fluorescent emission of the Ga-curcuminoids complexes paves the way to the
possibility of synthesizing a mixed radioactive/fluorescent pharmacophore that could be
exploited as a dual-mode imaging tool.

References:

[1] Kovacevic, Z.; Kalinowski, S.D.; Lovejoy, B.D.; Yu, Y; Rahmanto, S.Y.; Sharpe, C.P,;
Bernhardt, V. P.; Richardson, R. Curr. Top. Med. Chem. 2011, 11, 483-499.

[2] Zandi, K.; Ramedani, E.; Mohammadi, K.; Tajbakhsh, S. ; Deilami, I.; Rastian, Z.;
Fouladvand, M.; Yousefi, F.; Farshadpour, F. Nat. Prod. Commun. 2010, 5, 1935-1938.

[3] Ferrari, E.; Asti, M.; Benassi, R.; Pignedoli, F.; Saladini, M. Dalton Trans. 2013, 42,
5304-5313.

[4] Sagnou, M.; Benaki, D.; Triantis, C.; Tsotakos, T. ; Psycharis, V.; Raptopoulou, C.P.;
Pirmettis, I.; Papadopoulos, M.; Pelecanou. M. Inorg. Chem. 2011, 50, 1295-1303.

0C-12 47



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

Kinetic study of copper(ll) complexes of TETA-like macrocyclic ligands

Piemysl LUBAL,*” Romana SEVCIKOVA,? Jakub VANEK,2)

Petr HERMANN,® Luis M.P. LIMA,?Y Rita DELGADQY

a) Department of Chemistry, Masaryk University, Kotlarska 2, CZ-611 37 Brno, Czech
Republic,e-mail:lubal@chemi.muni.cz

b) Central European Institute of Technology (CEITEC), Masaryk University, Kamenice 5,
CZ-625 00 Brno, Czech Republic

c) Department of Inorganic Chemistry, Charles University, Hlavova 2030., CZ-128 40
Prague, Czech Republic

d) Instituto de Tecnologia Quimica e Bioldgica (ITQB), Avenida da Republica, P-2780-
157 Qeiras, Portugal

Copper(I11) complexes of tetraazamacrocyclic ligands exhibit both high thermodynamic
stability as well as considerable kinetic inertness and, therefore, they are utilized in diagnosis
(positron emission tomography - PET, ®Cu with half-life 12.8 h) or in radio-immunotherapy
(®’Cu with half-life 62 h). Ligands for copper(ll) complexation are commonly used as
bifunctional chelates (BFC’s) having another reactive functional group used for covalent
attachment of the ligand to a targeting vector (e.g. oligopeptides, antibodies, etc.) mostly via a
linker while properties of BFC’s and their complexes should be the same or better than those
of the parent ligands [1, 2].

HOQCANqAR1 R!=R?=R%*=COOH Hgteta
Rﬁ\,Uvnz R! = R? = COOH, R® = P(0)(OH); Hste3ap
R! = R?= R®=P(O)(OH); H-tea3p

Here, thermodynamic and kinetic properties of Cu(ll) complexes with macrocyclic
cyclam-based ligands where acetate pendant arm(s) were replaced by phosphonate arm(s)
(Hateta, Hste3ap, Hstea3p — see Fig. 1) [3, 4] are presented. In addition, the influence of
substitution of one (Hateta vs. Hste3ap) and/or three acetate/phosphonate (Hateta vs. H;tea3p)
pendant arms on Kkinetic inertness of Cu(ll) complexes was studied. The impact of substitution
of pendant arms attached to cyclam skeleton is less significant than on cyclen-like ligands
[5,6]. The results will be compared with analogous cyclam derivatives containing one
(Hotelp) or two phosphonate pendant arms (Hate2p) [7-9] as well as with corresponding
cyclen derivatives [8, 9]. Results of this study will help in design of new bifunctional
chelators for possible in vivo applications.
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Since the discovery of the antitumor activity of cisplatin, cis-[PtCl,(NHs),], the search
for platinum complexes as antiproliferative agents has been the most active area of research in
bioinorganic chemistry. Platinum(lV) compounds represent an alternative class of potential
prodrugs that are of considerable interest. They are believed to be reduced in vivo to their
active Pt(I1) metabolite in the hypoxic, reducing and acidic tumor milieu, leading to lower

systemic toxicity and unwanted side reactions and can be administered per os[1].
0

A.. VX +2¢ A, X
P o P *2 L
A 6 X R +2H A X HO R
o)
prodrug active metabolite

In general, Pt(IVV) complexes show a striking cytotoxic effect (in the sub-micromolar
range) on various human carcinoma cell lines. A judicious choice of the six ligands around Pt
centre is necessary in order to optimize the physicochemical properties of complexes (in
particular lipophilicity and reduction potential) and, hence, their biological activity
(bioavailability, cellular uptake, activation, and cytotoxicity).

In this framework, i) the cytotoxicity of Pt(IV) complexes will be related to their
structure (quantitative structure-activity relationship, QSAR) [2], ii) the selectivity between
cancer and healthy cells and the activity on cancer cell lines intrinsically resistant or made
resistant to the traditional Pt(11) drugs [3] will be discussed.

References:

[1] Hall, M. D.; Mellor, H. R.; Callaghan, R.; Hambley, T. W., Basis for design and
development of Platinum(lV) anticancer complexes. J. Med. Chem. 2007, 50 (15),
3403-3411.

[2] Ermondi, G,; Caron, G.; Ravera, M.; Gabano, E.; Bianco, S.; Platts, J. A.; Osella, D.,
Molecular interaction fields vs. quantum-mechanical-based descriptors in the modelling
of lipophilicity of platinum(lV) complexes. Dalton Trans. 2013, 42 (10), 3482-3489 and
references therein.

[3] Zanellato, I.; Bonarrigo, I.; Gabano, E.; Ravera, M.; Margiotta, N.; Betta, P. G.; Osella,
D., Metallo-drugs in the treatment of malignant pleural mesothelioma. Inorg. Chim.
Acta 2012, 393, 64-74.

OC-14 50



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

Synthesis and asymmetric oxidations by chiral dinuclear copper complexes

Maria Lucia PERRONE, ? Eliana LO PRESTI, ® Luca PASOTTI, ®» Enrico
MONZANI, ? Laura SANTAGOSTINI, @ Luigi CASELLA @

% Dipartimento di Chimica, Universita di Pavia, viale Taramelli 12, 27100 Pavia, Italy;
®) Noxamet Srl, Sede operativa di Pavia, Via Taramelli 12, 27100 Pavia, Italy; © Dipartimento
C.I.M.A. Lamberto Malatesta, Universita di Milano, via Venezian 21, 20133Milano, Italy;
perrone.marialucia@gmail.com

The dicopper enzyme tyrosinase continues to be an important source of inspiration for
biomimetic chemists interested in developing effective catalysts for oxygenation reactions.[1-
3] Indeed, recent reports described the first examples of catalytic phenol hydroxylation,[4,5]
and sulfoxidation[6] by dinuclear copper complexes in the presence of dioxygen.
Spectroscopic and structural studies have shown that three types of copper-dioxygen
intermediates are competent to perform oxygen transfer reactions to the substrates:[1-3] the p-
n?m?peroxodicopper(Il), bis(u-oxo)dicopper(111) or trans-p-n*:n'-peroxodicopper(l1) species.
An important development for synthetic applications of biomimetic tyrosinase models would
be the possibility to perform catalytic stereoselective oxidations, through the design of chiral
complexes, capable of reproducing the nature of active site and the nuclearity of the original
model.

o,
HN Lo+
2+ / Cu
“\ ,’ A\ CUSNTNT IS S
\ Trt Trt- / S \J/\/I \
A , N’ N do N = NN
N u+N N—Cu ‘N
\/ K/N\ é

Scheme 1: chiral copper complexes synthesized. 1: enHI 2: mXHI

We have synthesized two chiral dinuclear copper complexes including polydentate
nitrogen ligands and typically containing a set of six donor nitrogens, with synthetic
accessible chiral centres, provided by L-histidine. The ligand environment of the pair of
copper ions is provided by tridentate amino-bis(imidazole) residues, while the spacer has been
varied in order to optimize the performance of the resulting dicopper complexes in terms of
catalytic efficiency and recognition ability. For complex 1 we have used an ethylendiammide
bridge, replaced by a m-xylenic portion in complex 2.

The catecholase activity was studied for a set of chiral catechol pairs,[7,8] so as to test
the enantiodifferentiating capacity and to provide mechanistic insight into the substrate
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binding mode. For a similar purpose the monophenolase activity was investigated towards a
set of phenol pairs.[9]
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Parkinson’s (PD) disease is a neurodegenerative disorder characterized by the presence
of abnormal a-synuclein (aSyn) deposits in the brain. [1]. At the same time, alterations in
metal ion homeostasis and metal-induced oxidative stress and the related formation of
reactive oxygen species (ROS) may play a crucial role in the progression of aSyn amyloid
assembly and pathogenesis of PD.

ROS formation is indeed accelerated in the presence of redox-active metals such as
copper and iron, and there is much evidence that abnormal metal homeostasis has a
significant impact on the development of age-related neurodegenerative diseases. Therefore, it
is essential to clarify binding of metals in different oxidation states to these proteins and the
reactivity related to the metal-bound complexes.

Here, we present the oxidase reactivity of Cu(ll) complexes with aSyn1-15 and aSynl-
6 peptides towards phenolic and catecholic substrates. As for Cu-Ap, the activity is promoted
by the reducing agent MBTH [2]. The oxidation proceeds with a biphasic behavior, with a fast
initial step followed by a slower turnover rate compared to free Cu(ll) ion. This behavior is
likely due to a structural rearrangement in the coordination sphere of Cu(ll) and Cu(l). We
have recently shown by NMR and CD spectroscopy that aSyn is bound to Cu(l) and the
isoelectronic Ag(l) in a linear two-coordinate mode with two Met residues [3] (Figure 1).

Figure 1 — Superimposition of the first 10 structures obtained for the a.S;.15-Ag(l) complex. The
structures are fitted on the 1-5 backbone residues (MDVFM). The model structures were obtained by
integrating NMR signals with Cara program and converted with CALIBA of the program

package DYANA. The sulfur donor atoms of Met 1 and Met 5 are shown as yellow spheres. The
silver ion is shown as a magenta sphere.
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Moreover, reactivity studies have been also performed in sodium dodecyl sulfate (SDS)

micelles as a membrane-mimetic environment. In this case, different reactivity is due the
structural rearrangement of the unstructured 1-15 peptide to an o-helix conformation. In
particular, the oxidation of catecholic substrates is quenched in the presence of the micelles
due to the formation of stable Cu(l)-peptide complex. Structural characterization of this
complex and potential implications in the pathogenesis of PD will be discussed.
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Colicin E7 is a bacterial toxin released by Escherichia coli. Its nuclease domain
(NColE7) enters the foreign bacterial cell and digests its nucleic acids nonspecifically. The
host cell is protected by the Im7 immunity protein, blocking the binding site of the substrate.
The catalytic centre of the nuclease consists of a Zn®*-binding HNH motif at the C-terminus.
The metal ion is coordinated by three His residues, H544, H569 and H573 and it is required
for the catalytic activity [1]. However, it was found, that the enzyme is active in the presence
of other transition metal ions, as well [2]. Also, for other HNH motif containing nucleases
different metal ions were suggested to build up the active centre. In order to learn more about
the role of the transition metal ions in the active centre of nucleases we have expressed and
purified the NColE7 protein, N-terminally truncated mutants with 4 or 25 amino acids deleted
[3] and one flexible point mutant exerting T454A/K458A/W464A amino acid changes (Figure
1).

Figure 1. The crystal structure of Zn**-bound NColE7 (PDB 1d:1M08) with the HNH motif in
gold, and the mutated amino acids in red.

With these proteins we have performed metal ion binding studies by means of various
techniques, such as circular dichroism spectroscopy, mass spectrometry and isothermal
calorimetric titrations to check the stability and the structural effect of the metal ions on the
active centre and the whole protein. The shorter truncated protein and the point mutant
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showed impaired zinc(ll)-binding and the structure of these proteins significantly differed
from the native NCoIE7 enzyme. The results may allow us to conclude structure-activity
relationships for NColE7 and in general for the HNH nucleases in the context of the metal ion
exchange in the active centre. The recent results of this project will be presented.
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The origin of the bioactivity of Ag(l) compounds is currently unknown. The fact that
silver compounds do not destroy mammalian cells makes them prospective agents in drug
design.

The antibacterial effects and mechanism of action of silver were investigated for
Escherichia coli and Saccharomyces cerevisiae by analysing the morphology and
ultrastructure of the cells that were grown on PMMA matrix contained various silver
compounds (Ag(l) complexes of amino- and hydroxyacids, Ag(l) salts and Ag nanoparticles).
Release of the Ag” ions and Ag(0) nanoparticles and their interactions with the cells and their
components were studied by combination of circular dichroism, absorption and fluorescence
spectroscopies. Transmission electron microscopy showed considerable changes in both the
cell membranes and intracellular structures and two ways of the antimicrobial activity of the
studied Ag compounds were tested.

In the first case, interactions with the bacterial cell wall components (peptidoglycans,
polysaccharides and proteins) were studied. In the second case, a systematic chiroptical study
on Ag(l) complexes interactions with nucleotides, RNA, and DNA was made. In the case of
DNA, strong coordination of Ag(l) to G-C pair was observed. It was also found, that even in
the case of nucleotides, the formation of the Ag(l)-mediated base pairs and their self-
assembles were observed in wide pH range. Based on the obtained data, in the first time, the
formation of the Ag(l)-mediated self-assembled species of cytidine and its derivatives with a
structure similar to the i-motif structure in DNA was proposed.
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Coating of surfaces with monolayers of gold nanostars (GNS) produces materials with
microgram/cm® quantities of Au. These are capable of efficient local heating by photothermal
conversion of laser radiation at wavelengths matching the GNS plasmon resonances (LSPR). When
LSPRs are placed in the Near-IR window in which blood and tissues are semitransparent, GNS
monolayers may be used on protheses as biolfilm eradicators in non invasive laser treatments.[1]

We recently described a new type of GNS with a regular five-branched shape, featuring three
LSPRs,[2] two of which are positioned at will in two NIR ranges, 650-900nm (LSPR;) and 1000-1600
nm (LSPR,). We have now found that these five-branched GNS form monolayers on glass slides, pre-
coated with a grafted PEl-silane layer. Adhesion takes place by immersion in the GNS colloidal
solutions and the density of the GNS monolayer is kinetically regulated by dipping time. Gold surface
concentrations in the 2.25-6.32 ug/cm? are obtained (calculated by aqua regia etching + ICP OES
analysis). Partially coated slides can be prepared (SEM image, Figure A, absorption spectrum Figure
B). The photothermal properties of the coated slides are remarkable: laser irradiation on LSPR; or
LSPR; produces AT proportional to GNS surface density and to the laser power (eg AT, = +4 and AT,
- +6 °C for dilute coating, laser power 30 mW, A; 633 nm, A, 1064 nm, thermograms in Figure C).
Simultaneous irradiation of LSPR; and LSPR; yields a total T increase equal to AT, + AT, introducing
the interesting case of a surface where the spot hit by the laser beams can be switched among three
levels of temperature. Moreover, free surface areas can be filled with Ag nanoparticles, yielding mixed
surfaces displaying both the intrinsic antibacterial effect of Ag NP and the photothermal antibiofilm
action of GNS. Finally, metal complexes with further antibacterial action can be grafted on the upper,
free surface of the metal nanoparticles, adding a synergic activity.
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The metal ion-binding properties of the acyclic nucleotide analogue PME2A6DMAP
have been studied and it was shown [1] that the (C2)NH;, and (C6)N(CHzs), substituents
suppress any metal ion interaction of the purine residue with a phosphonate-coordinated
divalent metal ion (M?*). This is different for the previously studied [2, 3] and also antivirally
active [3, 4] 9-[2-(phosphonomethoxy)ethyl]adenine (PMEA), where the (C6)NH, group
screens N1 and to some extent N7, but allows a metal ion interaction with N3 via the ether
oxygen of the "aliphatic” chain [5]. On the other hand, the PMEA isomer 9-[2-(phosphono-
methoxy)ethyl]-2-aminopurine (PME2AP), which lacks biological activity (apparently due to
the absence of a C6 substituent [6, 7]) but has a (C2)NH, unit, which screens N3 (and N1),

but not N7, allows the phosphonate-coordinated M?* to form a macrochelate with N7 [8, 9].

HsC. _CH,
3 \N/ NH2

7
(S N1
/ / /
OJ/P\/O\) 0//"\/0\) O//P\/o\)
©  pME2A6DMAP?- © PMEA2- -© PME2AP2-
All the indicated isomers are summarized in the equilibrium scheme (1). The various isomers
are: M(PE)op = M?* coordinated at the phosphonate group only; M(PE).n; = macrochelate of

the PO3™ -coordinated M** with N7; M(PE)cyo = 5-membered chelate (see Eq 2); M(PE)eoms
= next to the 5-membered chelate also a 7-membered one is formed involving N3.

NH,

M(PE)cyn7
2+ 2
o Ko/ K ey, = MPEXl (M IPE D) (10)
M2+ 4 PEZ oD M(PE)
X Kin = IMPE)ain7) [M(PE)og] (1b)
/0
PE2-= PME2A6DMAPZ-,

PMEAZ-, or M(FElevo Kijo = [IM(PE)col/[M(PE)op] (1c)

PME2AP2- KI/O/NS
Koz = [M(PE)comnsl/[M(PE)ci0] (1d)

M(PE).yo/ns

The two isomers given in the equilibrium scheme in RED are the important ones for the
M(PME2A6DMAP) complexes. This conclusion is based on the stability constants of the
M(H;PME2AB6DMAP)* and M(PME2A6DMAP) complexes (M** = Mg?*, Ca**, Sr**, Ba*",
Mn®*, Co*, Ni%*, Cu**, Zn?* or Cd**), which were determined by potentiometric pH titrations
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in aqueous solution (25°C; 1 = 0.1 M, NaNQOg) [1]. The application of previously determined
straight-line plots of log K:AA(R-PQ Versus pK|:| ] for simple phosph(on)ate ligands,
R-PO2", where R represents a resﬁ)ue that does not atfect metal ion binding [2, 10], proves
that all the M(PME2AG6DMAP) complexes have larger stabilities than is expected for a sole
phosphonate coordination of M**. Comparison with previous results obtained for M(PME-R)
complexes [11, 12], where R is a non-coordinating residue at the (phosphonomethoxy)ethane
chain, R-CH,~CH,-O-CH,—PO?%", allows the conclusion [1] that the increased stability of

H o all the M(PME2A6DMAP) complexes is due

R—o—8 % _ . HeR” 2 © the formation of 5-membered chelates
H (\)_ R—oO, e (Eq 2) involving the ether-oxygen atom:

s Mz The  formation  degrees of  these

M(PME2AG6DMAP)0 chelates [1], which
occur in intramolecular equilibria (Eq 2) for the mentioned metal ions, vary between about
20% (Sr**, Ba**) and 50% (Zn?*, Cd*), going up to 67% (Cu®*) in the maximum.

Furthermore, the "unique"™ non-coordinating properties of the 2-amino-6-
dimethylaminopurine residue [in contrast to the 2-amino- (PME2AP?) and 6-aminopurine
residue  (PMEA?)] allow the formation of monoprotonated M(H;PME2A6DMAP)*
complexes in which the proton and the metal ion are located at the phosphonate group [1].
This is a further very important result because it reflects the metal ion-binding properties of a
single-negatively charged phosphoryl diester bridge in a nucleic acid.
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The Schiff bases and their metal complexes exhibit wide applications in biological
systems and are of great interest in the fields of coordination chemistry and material sciences
[1-3]. In the last years, these molecules have received a particular attention for their
pharmacological properties, soft-hard donor character and coordination ability.

Although the solution equilibria of the Schiff bases are widely studied in literature [4-5],
a direct comparison of the reported data and then of their chemical and physicochemical
properties, is difficult because different experimental conditions (solvent, temperature, ionic
strength) have been used. Moreover, the possible presence of tautomeric equilibria makes
problematic the study of the protonation constants (macro and micro).

In this work, the use of IR-ATR spectroscopy, together with NMR, Uv-Vis and
potentiometry measurements, was investigated on some Schiff bases with the aim to collect
useful information on the species actually formed. Theoretical studies were also performed.
As preliminary data, results of the solution studies of the compounds reported in Table 1 and
their cytotoxic activity on some human cancer-derived cell lines, are presented. In Figure 1
some Uv-Vis spectra recorded during the potentiometric titration of 3 are reported.

O OH [e] OH [e] OH
OH OH OH
@/\ j\i @/\ i( @A\ i/S“
N N N
1 2 3

L-Salicylidealanine L-Salicylidenevaline L-Salicylidenecysteine
) OH o) OH on O OH N
[ j\i/ [ I/\/H U>
N OH N N NH, N
N N T N T
©/\ ©/\ I !
4 5 6

L-Salicylideneserine L-Salicylidenearginine L-Salicylidenehistidine

Table 1. Formulas, names and acronyms of the compounds studied in this work.
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Figure 1. UV-Vis spectra recorded during the potentiometric titration of 3 (8.0-10 mol/L,

25 °C, 0.1 M NaCl, | = 1cm).
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Organotin(lV) species bearing the 2-(N,N-dimethylaminomethyl)phenyl- moiety as a
C,N-chelating ligand (LCN) are studied since seventieth of the last century.[1] Significant
intramolecular contact between tin and nitrogen atoms is the typical phenomenon for this
class of compounds. Both structure and reactivity of C,N-chelated organotin(ll and V)
species has been studied thoroughly at our department, too.[2]

Recently, we have prepared and structurally characterized some organotin(lV) azides
bearing either C,N-chelating or bulky bis(trimethylsilyl)amido ligands.[3] These compounds
were prepared by the oxidative addition of trimethysilylazide towards the corresponding
stannylenes.

Now we report on the synthesis of some novel C,N-chelated organotin(IV)
pseudohalides (e.g. azides, cyanates, isothiocyanates, cyanides, and selenocyanates). These
species can be prepared simply by the reaction of starting C,N-chelated organotin(IV) halide
with excess of corresponding metal pseudohalide in a biphasic system (Scheme 1).

NMe, NMe,

¢ N Et,0/H,0 ¢ N

sn. + MX o Sn. + MCl
| TR or CHCI,/H,0 | R

Cl T x

Scheme 1: Synthesis of some C,N-chelated organotin(IV) pseudohalides (M = K or Na; R =
n-Bu or Ph; X = SCN, OCN, CN or SeCN)

Preparation, structural characterization and some reactivity studies of these novel
species will be discussed in detail.
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Complexes of metals, from nearly whole the Periodic Table, containing
amidinate/guanidinate ligands, or its variations, are frequently tested as catalysts of various
organic chemistry transformations in the present time.[* ?] Moreover the application of these
complexes as precursors of new materials [3] together with stabilization of unusual[4],
generally lower, oxidation states of metals in its complexes opened new areas of chemistry.
The essential step of synthesis of metal guanidinates is the preparation of lithium guanidinate

NM62 /Q
“‘ MezN
iPr\NJ\L ... ))\ /IPF

iPr /Pr L'
THF

“THF

precursors, which in contrary to the target compounds are rarely described in the literature.[5].
Figure 1 — Schematic view of some compounds studied.

Synthesis, structure and applications in catalysis of various hybrid guanidinate lithium,
dilithium and tin (as a model of oxidisable and reducible metal center with ambiphilic Lewis
character) complexes with an extra donating amino group(s) will be presented (Fig. 1) along
with the reactivity of these compounds with different metal halides and amides.
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Solution chemistry and reliable equilibria analysis can non-negligibly contribute to
recent challenges, even using relatively simple experiments and approaches.

Studies aimed to analyse if a molecule is present in the form of a monomer or undergoes
auto-aggregation processes, depending on different surroundings conditions, can deserve
interest and find practical applications. For instance, analysis of the micelle formation process
of amphiphilic block copolymers, dependent on external parameters such as temperature or
pH, deserves high interest in connection to the applications in diverse areas as for instance
enhanced oil recovery. [1]

We will present some aspects of the analysis of small molecules aggregation that we are
dealing with in our group.

Thioflavin-T (4-(3,6-dimethyl-1,3-benzothiazol-3-ium-2-yl)-N,N-dimethylaniline, TFT)
is a fluorescent emicyanine dye (Figure 1) which acts as a molecular rotor.[2]

Figure 1. Molecular structure of Thioflavin-T (TFT).

The interest on TFT molecule stays on its peculiar photophysical properties, which can
find application in biochemistry and medicine. TFT has been used as common marker in
biomedical research over the last 50 years but, more recently, TFT has become a major tool to
recognise amyloid fibrils, both in vivo and in vitro.[2,3] The ability to selectively bind to the
fibrils, in particular at the level of B-sheet and at hydrophobic amino acid residues, is also
correlated to the tendency to auto-aggregate. Therefore, we have analysed, by a
thermodynamic and kinetic approach, the mechanistic details of TFT auto-aggregation
process and TFT binding to natural DNA.

Carbon nanotubes (CNTs) are well known allotropes of carbon that are nowadays
widely studied as their unique (thermal, electrical) properties can find application in materials
science and frontier technologies.[4] However, both single walled nanotubes (SWNTSs) and
multi-walled nanotubes (MWNTs) being hydrophobic, these tend to agglomerate, deeply
limiting their performances.[5,6] It is therefore important to stabilise the CNTs dispersions
either by chemical modification of their surface or by interaction with species that are bound
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to the surface by van der Waals forces (n—m= stacking interactions). In the frame of the study of
the optical, metal ion binding, and dispersing properties of different types of perylene dye
derivatives,[7] we have analysed if the Pery-Mel dye (Figure 2) could efficiently disperse
MWNT solutions.

/~ \oMe
N N,
__/ Me

Figure 2. Perylene dye (Pery-Mel, above) used for MWNTSs (below) stabilisation.

References:

[1]

[2]

[3]

[4]
[5]
[6]

[7]

Raffa, P.; Brandenburg, P.; Wever, D. A. Z.; Broekhuis, A. A.; Picchioni, F.,
Polystyrene—Poly(sodium methacrylate) Amphiphilic Block Copolymers by ATRP:
Effect of Structure, pH, and lonic Strength on Rheology of Aqueous Solutions.
Macromolecules, 2013, 46, 7106—7111.

N. Amdursky, N.; Erez, Y.; Huppert, D., Molecular rotors: what lies behind the high
sensitivity of the thioflavin-T fluorescent marker. Accounts of Chemical Research, 2012,
45, 1548-1557.

Ban, T.; Hamada, D.; Hasegawa, K.; Naiki, H., Goto, Y., Direct observation of amyloid
fibril growth monitored by thioflavin T fluorescence. Journal of Biological Chemistry,
2003, 278, 16462-16465.

Park, H. G; Jung, Y., Carbon nanofluidics of rapid water transport for energy
applications. Chemical Society Reviews, 2014, 43(2), 565-576.

Zhu, S.-E.; Li, F,; Wang, G.-W., Mechanochemistry of fullerenes and related materials.
Chemical Society Reviews, 2013, 42(18), 7535-7570.

Adeli, M.; Soleyman, R.; Beiranvand, Z.; Madani, F., Carbon nanotubes in cancer
therapy: a more precise look at the role of carbon nanotube-polymer interactions.
Chemical Society Reviews, 2013, 42(12), 5231-5256.

Donati, F.; Pucci, A.; Ruggeri, G., Physical Chemistry Chemical Physics, 2009, 11, 6276-6282.

0C-24 68



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

5-hydroxy-2-(hydroxymethyl)pyridin-4(1H)-one molecule as an intriguing
tool in coordination and enzymatic studies.
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Chelation therapy is practiced to remove excess iron from the body in patients suffering
from iron overload or iron toxicity. Since the seventies of last century the drug desferal
(desferrioxamine) was used very successfully for this purpose, despite its limitations: it is
expensive, has a short half-life inside the body and cannot be administered orally. Deferiprone
(1,2- dimethyl-3-hydroxy-4-pyridinone), introduced in 2000, is both cheaper and can be
administered orally, even if it cannot totally replace desferal [1]. The dose required with
deferiprone is rather high compared to desferal and this chelator may have adverse side
effects in patients [2]. A major reason for the limited efficacy of deferiprone is that it is quite
quickly metabolized in the liver [3].

In previous studies we reported the complex formation equilibria of Fe(l1l) and Cu(ll)
with deferiprone [1] and of Fe(lll) and AI(II) with kojic acid [4]. In the framework of our
research, we have now synthesized a new ligand, 5-hydroxy-2-(hydroxymethyl)pyridin-
4(1H)-one, which combines properties of both kojic acid and deferiprone.

Complex formation of this ligand with Fe(lll), Al(Ill), Zn(ll) and Cu(ll) has been
studied by means of potentiometry, spectrophotometry and NMR. Equilibrium data have been
processed with the use of the latest versions of HypNMR, Hyperquad2013 and HypSpec2014
[5]. The speciation was confirmed by electrospray ionization-mass spectrometry (ESI-MS),
and quantum chemical calculations. We obtained intriguing results that give new regard on
complex formation of pyridinone complexes.

(@] 0] O
OH OH OH
HO | + | = HO |
(@] N N

Scheme showing the relation of 5-hydroxy-2-(hydroxymethyl)pyridin-4(1H)-one with kojic acid and
deferiprone.

Both kojic acid and deferiprone have been studied as tyrosinase inhibitors [6,7]. It has
been suggested that their inhibitory activity is connected with the formation of copper-
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containing coordination complexes [6]. 5-hydroxy-2-(hydroxymethyl)pyridin-4(1H)-one has
been found to be a useful tool for the study of the mechanism of tyrosinase inhibition.
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Comprehensive modelling capability for aqueous
solution thermodynamics: progress
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At the present state-of-the-art, the modelling of equilibria occurring in concentrated
reactive electrolyte mixtures remains problematic: the theoretical deficiencies related to
calculating the activity of species in multicomponent solutions seem unlikely to be overcome
soon. However, thermodynamic data for reactive systems, e.g. solubility values, are
widespread in the chemical literature and need to be better utilised.

A key challenge for storing this information is expressing the complete chemistry of a
large number of potentially complicated solutions — such as phosphate and borate buffers — in
a compact, and ultimately machine-processable, form. The approach taken to date (e.g. [1])
records only the analytical concentrations of well-defined components. We are seeking to
build the data repository which will be required in future to parameterise theoretical solution
chemistry frameworks estimated to involve at least five million experimental data values.

A major issue is that existing databases do not store information relating to the chemical
behaviour of the solution components that is needed for processing experimental data. We
find that defining all solution species and the set of allowed reactions is necessary and
sufficient for describing the chemistry of the solution.

A database system implementing this design is in development building upon our
existing chemical reaction [2] and physicochemical property [3] databases. Accordingly, the
new database can store a vast range of properties including solubility, pH, density, mean
activity coefficients and equilibrium constants. Methods to harmonise these data, which is a
preliminary step prior to extracting reliable thermodynamic parameters for modelling, are
described.
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Naphthalenediimmides as Selective **Naked eye' Chemosensor for
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Recently, we have studied the synthesis and the reactivity of a large family of
engineered naphthalene diimide (NDI) exhibiting interesting photophysical properties [1, 4].
The present study reports synthesis and characterization of two novel colorimetric
chemosensor based on naphthalene diimide (NDI) core, for a selective detection of copper
ions in 100% aqueous solution. Receptors 1 and 2 are able to detect Cu®* ions by a remarkable
colour change with a fast response time. Moreover, we were able to determine a certain range
of pH simply by observing the color change of receptors in the presence of Cu®* ions. In
addition, the NDI 2 is one of the few example of multisite-coordinating colorimetric sensor. In
a physiological pH range it is possible to discriminate with naked eye, free ligand, the mono-
and the di-nuclear complexes.
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Analysis of Phosphorus and Sulfur by QQQ-ICP-MS
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Phosphorous and Sulphur are not easily accessible by ICP-MS. A number of prominent
interferences from solvent elements will compromise the achievable detection limits. This
presentation will describe the merits of a commercially available ICP-Ms/Ms instrumentation
for the analysis of these and a number of other elements.

Collision/Reaction Cell (CRC) technology is essential for modern ICP-MS to resolve
spectroscopic interferences and to achieve sufficiently low Detection Limits (DL) or
Background Equivalent Concentrations (BEC). While collision mode, using helium, offers
ease of use and versatility, reaction mode can achieve superior DL/BEC in some applications.
However application of reaction mode has been severely limited since chemical reactions in
the cell of conventional single quadrupole ICP-QMS are so complex and unreliable that the
analytical performance is often poor.

The  Agilent 8800  Triple
Quadrupole ICP-MS (ICP-QQQ) with
MS/MS mode resolves these problems
and permits reaction chemistry to be
applied to the most complex and
challenging interference problems 1).
MS/MS mode, which is unique to ICP-QQQ, controls which ions enter the reaction cell,
offering ideal reaction cell conditions 2).The reaction of S and P with O, is exothermic as
shown below hence both elements can be measured using the reaction product ions: SO* and
PO".

S*+0,—>SO"+0 AH;=-0.34eV

P*+0,—>PO"+0 AH,=-3.17eV

In addition the now available correct isotopic information for Sulphur allows the
observation of isotopic spiked species as well as their transformation in chemical or biological
reactions.
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Alzheimer’s disease (AD) is a progressive neurodegenerative age-linked disease

associated to dementia, cognitive deficit and memory loss, which can lead to incapacitation
and dead. The AD brain shows several typical pathological features, such as accumulation of
misfolded amyloid-g (Af), metal ion (Cu, Zn, Fe) dyshomeostasis and elevated oxidative
stress. Moreover, metal ions, such as Cu and Zn, bind to ApS peptides enabling their
aggregation, as well as dysregulated redox active metal ions, Cu(l/11) and Fe(ll/111), promote
overproduction of reactive oxygen species (ROS) with consequent disruption of biological
molecules such as proteins, DNA and lipids. Due to the multifactorial nature of AD and to the
potential interconnection of various factors in its pathogenesis, there is still absence of a drug
for AD cure. Tacrine (TAC) was the first drug approved for AD that demonstrated
improvement on the cholinergic system and on memory loss due to inhibition of acetylcholine
esterase (AChE) [1], even though some limitations associated to its therapeutic use abolished
this drug from clinical application.
To overcome TAC drawbacks, this compound has been used as an inspiration for the
development of multi-target analogues in conjugation with moieties such as melatonin,
hydroxyquinoline or thioflavine, in order to combine the AChE inhibition with antioxidant
properties, metal-binding capacity and/or inhibition of AP aggregation.

Continuing our research on the development of multifunctional heterocyclic compounds
with potential application in AD [2-4], and taking also in account the recent interest on the
neuro-protective role of some natural products, two hybrid compounds containing TAC and
also S-allyl-cysteine (SAC, garlic constituent) or S-propargyl-cysteine (SPRC, attenuator of
spatial learning and memory impairment [5]) moieties were designed and studied.
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Based on the hypothesis that AD brains suffer from metallostasis, it has been world
widely accepted that metal chelators can interfere in metal-induced Af aggregation and
neurotoxicity, and so, beyond the assessment of several biological properties of TAC-SAC
and TAC-SPRC, these compounds were also studied in terms of their acid-base behavior as
well as chelating capacity towards Cu(ll). We report herein the results of those studies, which
involved various techniques such as UV/Vis spectrophotometry, *H NMR and potentiometry.
Both compounds showed a moderate chelating power towards Cu(ll), analogous to that of
cysteine (pCu = 6.3), and also that, at the physiological pH and micromolar metal
concentration (C_ = 10 x Cyy), CuL is the predominant complex species. The reasonable effect
of compounds on the inhibition of Cu-induced Ap aggregation seems slightly more relevant
for the allylic derivative (TAC-SAC) which might be rationalized by some apparent
differences on the coordination modes. The anti-oxidant and biological activities (AChE
inhibition, neuroprotection) of both compounds were also assessed and reported herein,
providing an insight on their potential mechanism as anti-neurodegenerative drug candidates.
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During the last decade our research group has been investigating the potential
application of vegetable wastes for water treatment. Sorption performance of several materials
such as olive stones, cork, grape stalks, yohimbe bark [1] and exhausted coffee [2] has been
evaluated. Exhausted coffee waste (EC) generated in soluble coffee production resulted to be
effective for the removal of Cr(V1) in the presence of divalent metal ions [3]. The objective
was to develop a sustainable technology based on EC as sorbent for the treatment of
wastewater with a special emphasis in those contaminated with hexavalent chromium. In this
work, we present the results and goals achieved in the treatment of synthetic solutions first
and the application of the technology to industrial effluents.

In order to evaluate the efficiency of the sorbent to remove Cr(V1) in binary mixtures, 4
synthetic solutions with different mixtures of Cr(VI) and Cu(ll) (0.6 mM Cr(VI)-0.4 mM
Cu(ll), 0.4 mM Cr(V1)-0.6 mM Cu(ll), 6 mM Cr(VI)-2 mM Cu(ll) and 6 mM Cr(VI)-4 mM
Cu(Il)) were prepared. All the sorption studies were performed in a 5 L stirred batch reactor
under continuous agitation (350 rpm) at 20+2°C using 27 g of EC (0.5-1.0 mm) until
equilibrium was reached. Sampling was performed at interval times to determine Cr(VI),
Cr(l1) and Cu(ll) concentrations in order to obtain the corresponding kinetics profile.
Afterwards the filtered solution was discharged to another reactor to proceed with metal ions
precipitation by the addition of flocculating agents to eliminate the remaining metal ions in
solution. Two different flocculating agents FeCls; and Al,(SO4)3-18H,0 were used. Once the
overall process conditions were established the technology was applied to the treatment of
industrial effluents from an electroplating industry which contain metal ions and other
compounds.

The results proved the efficiency of the proposed technology based on exhausted coffee
for the treatment of industrial wastewater containing Cr(V1), other metal ions and other
compounds. Higher than 99% of Cr(V1) can be removed by EC sorption/reduction step from
both synthetic solutions and industrial effluents. In the precipitation step, the formed Cr(l11)
accounting for 15%-30% of the initial Cr(\V1) at equilibrium together with other metal ions
can be almost totally eliminated by using FeCls which resulted to be the most efficient
flocculating agent. After the overall water treatment process, metal ions concentrations were
far below the regulated discharge limits.
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The proposed technology based on exhausted coffee waste biosorption appears to be
sustainable and promising for the detoxification of industrial effluents containing hexavalent
chromium.
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ZIP proteins are transmembrane metal transporters. They are built of 6 - 8
transmembrane domains (TMDs) and intra/extracellular loops. Their function is to increase
divalent metal ions concentration, e.g. Zn**, Fe?*, Mn** and even Cu®*" within the cell
cytoplasm [1,2]. Not much is known about the mechanism of their action till now. Moreover,
they are evolutionarily related and have structural similarities to a prion proteins [1], what
make them extremely interesting to study.

The metal complexes of different ZIP proteins domains have been thoroughly
investigated. Among studied unstructured domains we may list: (i) multi-cysteine N- terminus
of ZIP13 [3] (Fig.1), (ii) metal selectivity loop of IRT1 protein (between Il and Il TD) [4]
and (iif) metal binding multi-histidine loop (between Ill and IV TD) of TjZNT1 ZIP family
transporter [5]. Metal complexes with these protein fragments revealed very interesting
behavior, sometimes even surprising. The stability of the ZIP13 complexes formed in solution
changes in the series Bi** >> Cd** > zZn®* > Ni?*, the strongest being for bismuth and the
weakest for nickel. An interesting coordination mode has been proposed for the IRT1-Zn**
complex, in which imidazoles from two histidines (His-96 and His-116), a cysteine thiolate
(Cys-109) and one of a glutamic acid carboxyl group are involved. The stability of multi-
histidine loop of TjZNT1 complexes increase in the series Ni** < Zn** << Cu®"; for Zn?* ions
high specificity toward studied sequence have been observed.

Fig. 1. ZIP13 N-terminus complexes with Ni**, Zn?*, Cd** and Bi*".
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In 2013, the Marie Curie project “METALLACROWNS” has been funded by the
Research Executive Agency — EU as an International Research Staff Exchange Scheme
(IRSES).[1,2] The objective is to support the mobility of the researchers which are involved
in the design of innovative functional magnetic or fluorescent materials and probes based on
metallacrown complexes.

The project involves six research groups from five countries (Italy-Coordinator, Poland,
France, Ukraine and USA) with complementary expertises and the common aim to devise
new metallacrown complexes with novel magnetic, photophysical and structural properties be
used as tools in bio- or nanotechnological devices. In particular, the development of a
common platform to promote and strengthen our joint activities will be promoted through the
support of the temporary mobility of the staff members, both permanent and non-permanent
(post-docs and graduate students). Through this network, we will carry out collaborative
research, and we will train young researchers at the early stage of their career.

Figure 1: The IRSES Metallacrowns logo, a representation of a 12-metallacrown-4 (left), and the map
of the partner countries (right).

Training aspects will be considered in the project activities: graduate students and early

career scientists will significantly improve their skills and expertise through their
secondments to other laboratories, while the hosting institutions will benefit from visits of
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senior scientists and collaborators. Regular workshops and seminars delivered at the hosting
institutions by the seconded researchers will also increase the visibility of the project: the next
meeting is scheduled for 2015 and will be held at the University of Wroclaw (PL).

The duration of the Metallacrowns project is 4 years, and is organized into six work
packages: design and synthesis of metallacrowns; physical methods for MC characterization;
X ray structures and large MC assemblies; metallacrowns as hosts, and cytotoxicity;
Luminescent probes and surfaces; magnetic MC-based materials.

This IRSES project eventually aims to establish and support multilateral transfer of
knowledge and expertise among the involved EU and Extra-EU research teams. On one hand
this will stimulate the aggregation of scientists into an EU to worldwide network on the
research on functional materials and molecular devices, increasing in turn the competitiveness
of ERA and its attractiveness to foreign researchers. On the other hand, this network will
promote the set-up of new future research projects and new long-term collaborations between
the partners.
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[1] Metallacrowns project website: https://sites.google.com/site/metallacrowns/project.
[2] http://first.aster.it/_aster /viewNews?I1D=29746.

P1 82



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

Evidences for the biomedical applicability of supramolecular nano-capsules
— structure and anticancer activity
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The design and synthesis of anthracene based coordination capsules 1 have recently
been reported [1,2]. The capsules have an M,L4 composition and provide large, hydrophobic
cavity with an average volume of ~580 A® (Fig. 1). Among the seven isostructural capsules,
the Pd(II) and Pt(II) ones have been proved as ideal hosts for encapsulating a variety of
organic molecules [3,4]. Guest encapsulation takes place in mixed organic-aqueous solutions
and is governed by hydrophobic and aromatic interactions. The formed host-guest complexes
are easily characterized by NMR and MS measurements.
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Figure 1. Structure of the coordination capsules 1 where (M = Pd(ll) or Pt(Il), and R = CH,CH,OCH3)
and some of the tested guest molecules

The synergistic effect of caffeine (our best guest molecule) to the cis-DDP activity is
reported in the literature. Accordingly, we set up our cytotoxicity experiments on three types
of cancer cell lines (HL-60, SKW and t-24) so that the potential application of the Pt-capsule
for drug delivery can be estimated. In our experimental conditions the caffeine itself does not
affect the cis-DDP activity. However, the Pt-capsule, empty or loaded with caffeine, does
increase the anticancer activity of cis-DDP by almost twice (Fig. 2). The results on the
anticancer activity of the empty Pt-capsule alone shows that it has activity comparable to that
of cis-DDP. Analysis of the results suggests that the effect of the Pt-capsule on the cis-DDP
anticancer activity is not a simple additive increase but some synergism is also operative. A

P2 83



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

possible explanation could be a capsule-facilitated transport of the drug through the cancer
cells membrane.

Our recent results on the anticancer activity against cis-platin resistant cell lines
indicated additional positive effect of the Pt-capsule. While cis-DDP shows no activity when
treated alone or with caffeine, a very good cytotoxicity was obtained when treated together
with the Pt-capsule. These results show that the Pt-capsule not only increases the cis-DDP
activity (against the non-resistant cancer cells) but it also helps the drug to overcome the
aquired cis-DDP-resistance retaining its cytotoxicity. The obtained data are very promising for
removing the shortcomings in the cis-DDP-based chemotherapy (e.g. high general toxicity
and side effects) that imply strict dose limitations, and therefore will be further elaborated.
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Figure 2. Concentration dependent cytotoxicity against human cancer cell lines HL-60 and SKW of
the platinum drug cis-DDP in presence of equivalent amounts of caffeine, Pt-capsule (AA34) and Pt-
capsule loaded with caffeine (AA34+caff).
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Metal complexes form the base of the most common receptor systems, finding multiple
applications due to their intriguing properties. In this view, metallo-receptors are normally
used to interact with anions or neutral species, exploiting the coordination properties of the
metal center, although positively charged guests can also be hosted. In this case, the metal ion
mainly serves to pre-organize the hosting area and is usually not directly involved in the
interaction with the guest.

Recently, we developed a class of molecules based on two 3-hydroxy-2-methyl-4-
pyrone units (Maltol) linked to a polyamine scaffold that exhibits anti-neoplastic activity in
vitro and in vivo [1].

Some compounds of this class also show coordination properties towards M?* transition
metal ions which are stabilized by the polyamine functions and by the deprotonated hydroxyl
oxygen atom of each maltol function [2]. The involvement of both maltol units in the
coordination of the transition M?* ion brings them to converge the four oxygen atoms forming
an electron-rich area that allows the transition metal complexes to bind hard metal ions.
Among these, the alkaline earth series (AE) is significant and, from a biological point of view,
calcium and magnesium are the most important as they are cofactors in many enzymes and
cover a wide spectrum of functions. On the other hand, their discrimination and recognition in

solution is quite difficult, due to their
O OH

chemical similarity. As a consequence, o) \ 0
the selective detection and recognition OH NN (|:H3 8 N
in the series, in particular magnesium vs ] \_0 CHs N

calcium, is a challenging and important O ©Hs Ho
target of research. Maltol Malten
Here, we extended the binding

studies of the complex formed with Cu?* by Malten compound and its capacity to behave as
metallo-receptor for the series of alkaline earth metal ions. Malten forms the highly stable
[CuH_,L] species in water which was used as a metallo-receptor for the alkaline earth series
(AE) in aqueous solution at physiological 7.4 pH. This species is able to bind all of the main
metal ions of the series (Ca**, Sr** and Ba®"), with the exception of Mg?*, exhibiting the
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important property to selectively discriminate Ca** versus Mg** in water. The binding of the
AE ion is visible to the naked eye.

The stability constant values of the tri-nuclear {AE[Cu(H-,L)].}** species formed reach
the maximum for Ca?*.

Ca®* also forms a tetra-nuclear {Ca[Cu(H.,L)]}.*" species at high Ca** concentration.
Tri- and tetra-nuclear calcium complexes show blue and pink colored crystals, respectively.

The tetra-nuclear complex was further investigated as a chemosensor for anions.

Finally, we also reported the biological potential of all of the up to now characterized
metal complexes of Malten in terms of the ability to induce DNA structural alterations. The
latter are compatible with the hydrolytic cleavages of the DNA.
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Anion Complexes with Tetrazine-based Ligands
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Anion coordination chemistry, that is the binding of anionic species by natural and
synthetic receptors, is a maturing aspect of supramolecular chemistry. Electrostatic attractions,
hydrogen bonding and anion-dipole interactions, are the main non-covalent forces involved in
anion binding. Very recently, it has been recognized that also the interactions between
electron-deficient aromatic systems and anions, the so called “anion-m interactions” may play
important roles in such association processes [1-3].

We report here some preliminary results of a solution, solid state and computational
study on the interaction between two new symmetric tetrazine-based ligands, L1 and L2,
containing two morpholine moieties, and a group of anions of different geometry such as F’,

NO3", SO,*, ClO, and PFs.
N(/)n_</ _ Nanxls n=1,1L1
Q NN n=2,12

@)

The synthesis of L1 and L2 was performed following a classical Pinner-type scheme in
which a carbonitrile carrying the N-alkyl substituted morpholine moiety is reacted with
hydrazine hydrate in the presence of N-acetyl-cysteine (catalyst), at room temperature under
argon atmosphere, to afford a 3,5-disubstituted dihydro-1,2,4,5-tetrazine intermediate that is
readily oxidized by atmospheric oxygen to yield the corresponding fully aromatic tetrazine.

The determination of thermodynamic parameters (logK, AH°, TAS®), performed by
means of potentiometric titration and isothermal titration calorimetric (ITC) experiments in
aqueous 0.1M NMe,Cl solution, at 298.1 K, showed that protonated forms a the ligands, and
in several cases even the neutral ligands, give rise to fairly stable anion complexes. The
stability of these complexes is mainly determined by favourable entropic contributions.

The crystal structures of the [H,L(CIO4)]" and [H,L(PFe)]”™ (L = L1, L2) complexes
showed that, in the solid state, the interacting partners form strong anion-z interactions in
addition to CH:::anion and, in the case of L2, salt-bridge contacts (Figure 1).
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Density functional theory calculations (DFT, M06-2X/DGTZVP level of theory with the
inclusion of solvent effects), performed starting from the experimental structures, indicate that
besides the strong coulombic interaction that is operative in these complexes, anion binding is
achieved through CH:::anion and anion-m interactions. Furthermore, the conformational
properties of the free ligand, which can adopt a boat-like or chair-like conformation, also play
a role in the anion binding process.

Figure 1
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Bicyclams and their metal complexes are promising systems in a variety of fields, from
pharmacology to anion recognition.!! The careful choice of a spacer
able to arrange the two macrocyclic moieties face-to-face can define a
cavity to stabilize host-guest complex formation with anionic species;
the best option in this sense seems to be o-xylylene moiety.!
The dinickel(1) complex 1 has been synthesized and its ability to act [NZ:;NJENHN;NJ
as an anion receptor has been studied through spectrophotometric and “NHHN” “NH HN
electrochemical titration experiments in solution and diffractometric
measurements in the solid state. Absorption spectra taken in various
solvents point out the co-presence in solution of both diamagnetic and paramagnetic nickel,
though no temperature dependent equilibrium is
observed. Unlike previously reported structures with
halides,”™ in the pseudohalide complexes (e.g
[Ni">(1)(n-NCO)(NCO),]", see Figure) both nickel(ll)
ions present a high-spin configuration; this is probably
due to the different shapes of these anions: rod-like
pseudohalides fit the cavity better than spheric halogens
and act as a real brigding ligand.
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Selective recognition of anions by artificial receptors has proved to be difficult to
achieve, nevertheless the potential biomedical and environmental applications that might arise
continues to interest many researchers in this field.[1] Metal complexes as receptors exhibit
several advantages when compared to exclusively organic ones. The metal-anion interactions
are strong enough to compensate anion dehydration energy, allowing recognition studies in
water, and transition metal ions of different electronic configurations exhibit diverse
geometries, introducing a further element of selectivity.[2] Macrobicycles or cryptands
derived from tren (tris(2-aminoethyl)amine) subunits act as ligands for coordination of two
copper(1l) centers, each one with a position directed to the three-dimensional cavity, occupied
in general, by the solvent. These positions can then be taken by a desired anion, given that the
intermetallic distance and the shape of the formed pocket are appropriate for the formation of
a cascade complex, as depicted in Figure 1.[1]

In the present work the stability constants of the dicopper(ll) complex with the tren
derived cryptand (t;pNsg), shown in Figure 1, and the association constants of the dicopper(1)
cryptate with dicarboxylate substrates were determined by potentiometry in aqueous solution
at 298.2 K and ionic strength 0.10 M in KNOs;. The results showed that the receptor
(Cuat,pNg) displays a larger affinity for oxalate (oxa”).

(NH : HN~> 2‘ (NH : HN~> . (—NH : HN~>

HN-7 o

H
/ \ 4 \ 4 \
Figure 1: Representation of the cascade complex formation for a dicopper(ll) cryptate in
presence of oxa’ .
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In recent years a promising field of work is defined by the interest in studying intra- and
inter-molecular interactions involving F-rich groups [1,2] In this connection, our research
group has designed a research program to study 1RT-metal(ll) chelates of o-, m- and p-
(trifluoromethyl-benzyl)iminodiacetate(2-) chelators. This work deals with the synthesis of
the p-(FsC-benzyl)iminodiacetic acid (H.p3F) and its copper(ll) derivatives {[Cu(p3F)(H.0)]
:3H20} (1), [Cu(p3F)(Him)(H20)] (2), [Cu(p3F)(2apyr)(H20)] (3) and [Cu(pz-p3F)(2,2’-
bpy)]2-2[Cu(p3F)(2,2’-bpy)(H20)]-8H,0 (4), where Him, 2apy and 2,2’-bpy are the N-
heterocyclic co-ligands imidazole, 2-aminopyridine and 2,2’-bipyridine, respectively. The
Cu(ll) compounds have been studied by single crystal XRD, FT-IR and electronic
spectroscopies as well as coupled thermogravimetry + time-spaced FT-IR spectroscopy (in
order to identify the evolved gases).

Compound 1 is an hydrated polymer where the Cu(ll) centre exhibits square-based
pyramidal coordination, type 4+1. The chelator p3F adopts a fac-NO+O(apical) conformation.
The aqua ligand is in cis-coordination respect to the Cu-N(p3F)bond, whereas the
corresponding trans-position is occupied by the O’-carboxylate donor form an adjacent
complex unit. The polymer is built by an anti,syn-carboxylate bridging group of each p3F, as
zig-zag chains extending parallel to the b axis of the crystal. Aqua ligands, water solvent and
O-carboxylate (p3F) acceptors build an H-bonded 3D-network.

Compound 2 is molecular and the Cu(ll) exhibits an elongated square-based pyramidal
coordination (with the Addison-Reedijk parameter t as low as 0.006). As expected, p3F is in
mer-NO, conformation and the Him ligand is linked to the metal in trans- to the Cu-N(p3F)
bond giving the shortest bond distance (1.951(2) A). Hence the aqua ligand is in the
apical/distal site (Cu-OW 2.344(2) A). In the crystal, (Him)N-H---O(p3F) interactions build
H-bonded chains along the b axis. Additional (aqua)O-H---O(p3F) interactions connect these
chains in 2D frameworks parallel to the ab plane, in such a way that the p-(F3C-benzyl)- arms
of p3F ligands result oriented to both external faces. These layers interact via Van der Walls
forces.
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Compound 3 is also molecular and builds crystals closely related to those of compound
2 (both in orthorhombic system, space group Pbca). Compound 3 also takes part of a broad
program to discern the rare formation of the Cu-N1(adenine) bond in copper(ll) complexes.
Note that 2-aminopyridine is the six-membered ring moiety of 3-deaza-adenine. In this case
the Cu-N22(2apyr) bond cooperates with the intra-molecular interligand interaction
(2apyr)N21-H:--O4(p3F) 2.807(3), 153.3°).
Compound 4 (triclinic system, P1 space group) is an unintended hydrated co-crystal of a
dinuclear unit [Cu(u2-p3F)(2,2°-bpy)]. and mononuclear units [Cu(p3F)(2,2’-bpy)(H,0)] (see
figure) and non-coordinated solvent molecules. This compound also differs to complexes 2
and 3 in the conformation of the p3F chelating group. In 4, p3F adopts a fac-O,+N(apical)
conformation in both the mononuclear and the dinuclear complex molecules (see Figure). The
driving interactions of this framework are under discussion. Interestingly, dinuclear molecules
build sheets parallel to the ab plane, stabilized by symmetry related pairs of (C-H)ppy-F
interactions and weak intermolecular 7,n-stacking between bpy ligands. Such interactions are
missing between mononuclear molecules.
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Figure. Mononuclear and dinuclear complex molecules in the co-crystal 4.
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In past decades a great effort has been carried out to better understand the metal binding
patterns of nucleobases or closely related N-heterocyclic ligands in mixed-ligand metal
complexes [1, 2]. Attention is paid to the cooperation between coordination bonds and weak
intramolecular interligand interactions, among which H-bonds play a relevant role. These
studies have revealed that the Cu(cyclen) complex is able to bind an N-heterocyclic donor of
some purine ligands in their anionic form (adenine, hypoxanthine, xanthine or theophylline)
to the apical/distal coordination site of the copper(ll) center, provided that this metal ion is
chelated out of the plane of cyclen since imposes a 4+1 coordination in such complexes.

In a series of experiments concerning the ternary systems Cu(ll):polyamine:acyclovir,
we have used the Ny-tetradentate macrocyles cyclen and cyclam which have result in crystals
without acyclovir. That offers us the opportunity to report for the first time the molecular and/
or crystal structure of the compounds trans-[Cu(cyclam)(ClO4)2] (1), {[Cu(cyclam)(p-
NO3]NOs}, (2) and {[Cu(cyclam)(p2-SO4]}n (3). A comparison between their structures
reveals different patterns of anion-cation interactions.

NH HN m
cyclen cyclam [NH HN]
yC
[NH HNj NH HN
) L

The crystal of compound 1 (triclinic system, space group P1) consists of centro-symmetric
molecules where Cu(ll) is in the plane defined by four N-cyclam donors (Fig.1-A).
Perchlorate anions give the trans-apical Cul-O11 bonds (2.547(1) A). Each of these bonds
cooperates with two weak intramolecular H-bonds (N1-H1.-013 (2.209(2) A, 146.5°) and
N4-H4.--014 (2.236(2) A, 142.6°). The framework is built by van der Waals forces.
Compound 2 is a salt with 1D-polymeric cations and nitrate counter-anions. The
polymer extend parallel to the b axis and is built by p,-O11,012-nitrate ligands bridging
between Cu(cyclam) macrochelates. The Cul-O11 (2.510(2) A) and Cul-012 (2.603(2) A)
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bonds formed by the bridging nitrate ligands cooperates with intra-chain H-bonds (N1-
H1.--013 (2.968(3) A, 149.8°) and N8-H8---013 (2.887(3) A, 162.7°) respectively) (Fig 1-B)

Fig. 1-A Fig. 1-B

Compound 3 (monoclinic, P2;/c) is a methanol-solvated 1-D polymer,
{[Cu(cyclam)(p,-0,0’-SO4)]MeOH},, with chains extending parallel to the a axis. There are
two non-equivalent Cu(ll) centers alternating with two non-equivalent bridging sulfate
ligands in the chain, having 4+1+1 (Cul) or ~ 4+2 (Cu2) coordination. Both sulfate ligands
play a similar bridging role, consisting in two Cu-O coordination bonds, each of them
cooperating with two (cyclam)N-H:--O(sulfate) interactions. That is, each non-coordinated O-
sulfate atom acts twice as H-acceptor for two adjacent Cu(cyclam) units (Fig. 2):

Fig. 2.

Financial support from the Research Group FQM-283 (Junta de Andalucia) and
MICINN-Spain (Project MAT2010-15594) is acknowledged. The project ‘Factoria de
Cristalizacion, CONSOLIDER INGENIO-2010" provided X-ray structural facilities. ERDF
Funds and Junta de Andalucia support to acquire the FT-IR spectrophotometer Jasco 6300 is
acknowledged. ADM thanks Ramoén Areces Foundation for a Post-doctoral grant.

References:

[1] Aoki, K.; Fujisawa, l.; Murayama, K.; Hu, N.-H., Stereospecific intra-molecular
interligand interactions affecting base-specific metal bonding to purine nucleobases in
solid state. Coord. Chem. Rev. 2013, 257 (19-20), 2798-2813.

[2] Dominguez-Martin, A.; Brandi-Blanco, M.P.; Matilla-Hernandez, A.; El Bakkali, H.;
Nurchi, V.M.; Gonzéalez-Pérez, J.M.; Castifieiras; A.; Niclos-Gutiérrez, J. Unraveling
the versatile metal binding modes of adenine: Looking at the molecular recognition
patterns of deaza- and aza-adenines in mixed-ligand metal complexes. Coord. Chem.
Rev. 2013, 257 (19-20), 2814-2838.

[2] Rahman, Md.S.; Yuan, H.Q.; Kikuchi,; T. Fujisawa, I.; Aoki, K. J. Mol. Struct. 2010,
966 (1-3) 92-101.

P8 94



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

ITM

The interaction of Mozobil ™ with dicarboxylates
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Mozobil™  (1,1'-[1,4-phenylenebis(methylene)]bis[1,4,8,11-tetraazacyclotetradecane],
1) is an immuno-stimulant used to mobilize hematopoietic stem cells in cancer patients.[1]
Recent studies have consolidated the role of Mozobil in mobilizing hematopoietic stem cells
and hematopoietic progenitor cells from the bone marrow into the blood circulation, a practice
which eliminates any invasive surgical intervention.

)

H HN

)
SO0
.

L

Quite interestingly, Mozobil was first synthesised in our laboratory in 1987 to carry out
basic studies on the redox chemistry of dimetallic coordination compounds [2]. Then, it was
serendipitously discovered by De Clercq that such a molecule could have a potential use in
the treatment of HIV [3]. Activity of Mozobil seems related to its ability, in its protonated
form, to establish hydrogen bond interactions with two aspartate fragments of the co-receptor
CXCRA4 [3]. These considerations prompted us to investigate the interaction of Mozobil with
carboxylate groups in an aqueous solution buffered at pH 7, namely linear dicarboxylates of
rigid nature and varying length were considered, in order to assess the existence of a structural
relationship between the Mozobil polyammonium ion and the dicarboxylate. This could
provide useful information on the position of the two aspartate fragments of CXCR4 involved
in the hydrogen bonding interaction. Investigations were carried out by pH-metric titrations of
an acidic solution of Mozobil in 0.1 M NaNOj; at 25°C with standard NaOH, with and without
dicarboxylates.

=

(

=
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Preliminary experiments have shown that diphenyl-4,4’-dilcarboxylate forms an
especially stable 1:1 hydrogen bond complex, as can be seen by comparing Figure la
(concentration profiles over the pH interval 2-13 in the absence of diphenyl-4,4’-
dicarboxylate) and Figure 2a (concentration of the species over the same pH range in the
presence of 1 equiv. of diphenyl-4,4’-dilcarboxylate (A%")) where the formation of the stable
H-bond complex [LHs>"-AZT*, involving the pentaprotonated form of Mozobil it is
observed. Further studies involving a variety of anions, including polyphosphates, are being
currently carried out in our laboratory.
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The chemistry of Rhenium(l) has assumed recently an important role for the synthesis
of '®18Re radiopharmaceuticals. Furthermore, the spectral properties of Rhenium(l)
tricarbonyl complexes have been demonstrated to have applications as fluorochromes in
fluorescence microscopy. The organometallic complex fac-[Re(H20)3(CO)s]" is taken into
account due to its simple synthesis and its complexing properties towards biological
molecules. Although numerous studies have been carried out on complexes with organic
ligands in the solid state, there is little information on the speciation of Rhenium(l) in aqueous
solution. By the presence of histidine residues in many biological systems, this work concerns
the complexation of the Re(CO)3" core with histidine in solutions 0.1 M NaClQy,, at 25°C by
potentiometric measurements by a glass electrode in the range of pH 2-10. Order to do this is
necessary to establish hydrolytic equilibria of tricabonyl Rhenium(l). Data processing
suggests the formation of the two hydrolytic species: Re(OH)(CO); and Re(OH),(CO)s.

100

0'0 .
’ [Re(CQO)zH.1His]

50 A

For pH values above 10, equilibria are very slow. The complexing properties of
Re(CO);" toward the histidine (His) can be explained assuming the specie [Re(CO)sH.1His] as
is evident in the distribution diagram obtained for a total concentration of rhenium(l) of
2x107* M and a concentration of histidine 2x107> M.
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In order to obtain information about the binding sites of histidine, similar studies have
been performed with the imidazole (Im). Potentiometric and fluorimetric measurements have
shown the formation of 1:1 complexes of the type [Re(CO)3H.1Im].
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Cyclopeptides are the special group of peptides having the cyclic motif in their
structure. This characteristic feature of the structure leads to a more restricted mobility of the
peptide chain what influences metal ion binding [1]. The efficiency and the coordination
manner strongly depends on the structural modification e.g. the optical izomeration of the
histidyl moiety, size of peptide cycle or acid/base properties of side chains (Table 1) [2-4].

The interesting group of cyclopeptides are ligands with two Pro amino acid residues in
their sequence. The consequence of the insertion of these two residues in the peptide cycle is
creation of two potential metal binding sites.

The studies performed for the system with two equivalents of Cu(ll) ions and
c¢(HKHPHKHP) have shown that in acidic conditions it prefers formation of the mononuclear
species with the {4N,} binding mode. The formation of binuclear complexes was observed
above pH 6.5. The final species was the Cu(ll)-complex with two different binding manners:

{2N|m, 2N-amide} and {N|m, 3N-amide} (Fig.l) [5] .
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Figure 1. The scheme of coordination abilities c((HKHPHKHP) toward Cu(ll) ions in
the system with the molar ratio ncyqpy:n =2:1 [5].

In presented work we focused on the formation of heteronuclear complexes
Cu(ID/ligand/Zn(11) and Cu(ll)/ligand/Ni(ll) by c(HKHPHKHP). The analysis of results
obtained from the theoretical calculations allow to detailed analysis of the structural abilities
of formed complexes. We analyzed the influence of Zn(I1) or Ni(Il) ions on the Cu(ll) binding
by investigated peptide and the structural properties of formed complex.
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Amylin is a 37-residue peptide hormone cosecreted with insulin by pancreatic -cells. It
is the principal constituent of the amyloid deposits that form in the islets of Lagerhans in
patients with type-2 diabetes mellitus. However rat amylin does not form amyloid-like fibrils.
The main difference is in the two sequences that histidine is not present in rat amylin. Despite
the lack of any common strongly coordinating donor functions this peptide is able to bind

metal ions. According to our earlier results the hexapeptide - 7
domain —~VRSSNN- can be the main metal binding | o T
sequence!™. 3 @g/\CH/C\\NQ/CH
For getting more information about metal binding of HOH\ZC/C< C . c2 >:o
rat amylin, this fragment and its mutants (NH,-VRSSNN- } ” u %
NHz, NH2-VRAANN-NHz, NHrVRSSAA-NHp) have | =N\~ 5 o [ T
been synthesized and their metal complexes studied by pH- [ ° \/7\CH/ g
potentiometric, UV-Vis, CD and EPR spectroscopic | .~ ° \ )
methods. These peptides can be effective metal binding \/ wd en
ligands even in the absence of the common anchoring | | _
groups (Cys, His), if more polar side chains (mainly wl

asparagine) are present in a specific sequence. Furthermore, the presence of dimeric
complexes with contribution of amide nitrogens in side chains is established by MS and EPR
(Figure L.).
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Within all the eukaryotic cells there is an important group of biomolecules that has been
potentially related to signalling functions: the myo-inositol phosphates (InsPs) [1]. The
research of their cellular roles has been held back so far, mainly because of the enormous
number of intertwined chemical processes that they undergo. In nature, the most abundant
InsP is InsPs (phytate, L'#, Figure 1), for which our group has strived in the past to elucidate
its intricate chemical behaviour [2]. In this work we expand on our earlier findings, shedding
light on the inframolecular details of its protonation and complexation processes, in a non-
interacting medium and under simulated physiological conditions (0.15 M NMe,Cl, 37.0 °C).

a b
OPO;%

OPO5*

OPO3*
Figure 1. Structure of InsPs for both conformations: (a) 1 axial-5 equatorial (1a5e) and (b) 5 axial-1
equatorial (5ale).

For the metal-free system, the P NMR results indicate that the predominant species at
physiological pH are HsL® and HsL”, being HiL®(1234/1236), H4L¥(1346), HsL”™
(12345/12356) and HsL"(12346) the predominant microspecies. Under acidic conditions
found in some vesicular compartments the most abundant microspecies are HgL®, HsL”
(12345/12356) and HsL'(12346). Experimental and computational data support a pH-
dependant conformational change operative for InsPs, being triggered by the process
involving HL™ and H,L'% species.

In the presence of physiological concentrations of Na* or K, the adjustment of the
NMR spectra as a function of pH allowed us to detect polynuclear complexes of general
formula [Mi(H;L)]**™ with i:j = (3:4), (4:3), (5:2) and (6:0). Among them, those
predominant under conditions close to the cytosol and nucleus are [Nas(HsL)]> and
[Nas(HsL)]> for Na* and [Ks(H,L)]> for K*. Besides, in the presence of Mg?* or Ca®* species
of general stoichiometry [M(H,L)]**", with x = 1-6 for Mg and x = 0-6 for Ca were
detected. Through the information provided by the *'P NMR spectra and some molecular
modelling tools, we have characterised these metal complexes from a structural and energetic
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point of view, unravelling the metal complexation sequence and its influence on the phytate
conformational change.

Specifically under the cytosolic-nuclear environment, the InsPg is predicted to be
completely in the form of the [MgsH.L] complex, a polymetallic species that coexists at a
cellular level with the protein-bound phytate and the solid magnesium phytate [3]. So as to
have a better view of the soluble forms of cellular InsPg, B3LYP/6-31+G* geometries for both
conformers of this neutral complex were calculated (Figure 2). All the magnesium cations are
strongly anchored to more than one phosphate group, in a bidentate way, as though they were
negatively charged clamps. This protonation and complexation scheme strongly stabilizes the
structure, by setting up a metal-proton-phosphate bond network with a small distortion of the
inositol ring.

All the obtained data are essential in the process of gaining reliable knowledge about
the stability and structure of the most important InsPs species in the in vitro and in vivo
experiments, and how these features modulate their probable biological functions.

[Mgs(H2L)(H20)20] (1a5e) [Mgs(H2L)(H20)2] (5a1e)
Figure 2. RB3LYP/6-31+G* geometries for both conformations of the InsPg species predominant
under intracellular conditions. Color code: C (grey), H (white), O (red), P (orange), Mg (yellow).
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The vanilin approach for complexation of compounds, modelling lignin fragments, as a
cheap agent, used by Buschkova et al. [1] has been suggested by us for removing of nickel
ions from aqueous methanol solution. The vaniline-nickel complexes are known for almost
forty years [2-3], the IR spectra were used for these first trials of the structure description
showing distorted octahedral geometry. The same geometry of Ni(ll) and several phenolates
including vanilin has been validated by the electronic spectra and magnetic moments
measurements [4].

The title complex ({Ni[2-OMe-4-(C(H)=0)CsH30](CH30)(CH30H)},) is formed from
the vanilin and nickel(1l) chloride in aqueous methanol solution with the presence of NaOH.
The structure of the complex is tetranuclear cubane-like with nickel atoms in alternative
positions of the cubane core. The remaining corners of distorted cube are occupied by OMe
ligands. Three OMe, the chelating vanilinate and coordinated methanol are present in the
coordination sphere of each nickel atom with distorted octahedron geometry. The complex
reveals high thermal stability of up to 210°C when the vanilin is liberated and nickel
methoxide formed.

References:

[1] Bushkova, E. S.; Yusman, T. A.; Dorokhova, N. I.; Zaletov, V. G.; Kuznetsova, S. A.;
Kuznetsov, B. N.; Garnovskii, A. D. Koordinatsionnaya Khimiya 1994, 20(8-9), 630-2.

[2] Biedermann, H. G.; Schwarzhans, K. E. Zeitschrift fuer Naturforschung, Teil B 1971,
26(6), 531-4. b)

[3] Bullock, J. I.; Jones, S. L. J.Chem. Soc. A 1970, (15), 2472-5.

[4] Bullock, J. I.; Hobson, R. J. Inorg. Chim. Acta 1976, 19(1), 79-85.

P14 104



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

Synthesis, characterization, electrochemical studies and DFT calculations
of amino acids ternary complexes of copper(ll) with
isonitrosoacetophenone. Biological activities.
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Three mixed complexes having formula [Cu(INAP)L(H,0),] where INAP= deprotonated
isonitrosoacetophenone and L= deprotonated amino acid such as Phenylalanine, Tryptophane and
Histidine have been synthesized.

They have been characterized using elemental analyses, molar conductance, UV-Vis, IR and
ESR spectra. The spectral studies support the binding of the ligands with two N and two O donor sites
to the copper(ll) ion, giving a pseudo-octahedral arrangement with two coordinated water molecules.
The geometry optimization was carried out by the density functional theory (DFT) and shows that the
trans-form is the most stable (see figure) .

The optimized structure of [Cu(INAP)(Hist)(H,0),]

The ESR data indicates that the covalent character of the metal-ligand bonding in the copper(ll)
complexes increases on going from histidine to phenylalanine to tryptophan.

The electrochemical behavior of the copper(ll) complexes was determined by cyclic
voltammetry which shows that the chelate structure and electron donating effects of the ligands
substituents are among the factors influencing the redox potentials of the complexes.

The antimicrobial activities of the complexes were evaluated against several pathogenic
microorganisms to assess their antimicrobial potentials. The copper complexes were found to be more
active against Gram-positive than Gram-negative bacteria.
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Pt(I11) complexes of oxime-containing acetylcholinesterase reactivators
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Organophosphorous compounds (OPC) are used in the agriculture as insecticides
(Chlorpyrifos, Methyl parathion, Dimethoate, Azinphos-methyl etc.) and can present serious
health risks in case of improper handling or production/transportation accidents. Chemical
warfare nerve agents (sarin, soman, tabun, VX etc.), also belonging to OPC, are classified as
weapons of mass destruction according to UN Resolution 687. Both groups are irreversible
inhibitors of acetylcholinesterase (AChE), responsible for the breakdown of acetylcholine in
the synapse.

The chemical antidotes used for treatment of OPC intoxications are known as
cholinesterase reactivators (ChR). The most effective ChR represent mono- or bis-quaternary
pyridinium aldoximes containing variety of substituents in the pyridinium rings and/or
different bridges (as type/length) between rings. There are some difficulties in application of
ChR due to their fast elimination and to the non-complete recovery of enzymatic activity. On
the other hand, the antidotal activity of reactivators is different against various OPC and
universal antidotes are still not developed.

From chemical point of view the oxime-containing compounds represent potential
ligands able to bind metal ions. Their coordination could be used as a strategy to increase the
efficacy (or bioavailability) of active oxime species in the organism since many metal
complexes improve the biological properties of starting ligands.

In the present study we report the results on ability of BT-07, BT-08 and BT-07-4M
(H2LBry) to bind platinum(ll) ions. The complexation was followed spectrophotometrically in
aqueous solutions (Britton-Robinson buffer, pH 7.4) at metal-to-ligand molar ratio from 1:10
to 10:1 and was monitored within one week after mixing the reagents.

The main problem in the investigated systems (Fig. 1) is that the equilibrium is never
shifted to the pure complex. For this reason its individual absorption spectrum is
experimentally unknown and the quantitative analysis by means of UV-Vis spectroscopy is
impossible using classical methods for data processing. One possibility is to apply the FINAI
procedure, which is based on resolution of overlapping bands technique, specially developed
for quantitative analysis of such systems [1, 2]. By using this approach we were able to obtain
the molar parts of unreacted and complexed oxime species in each solution taking into
account the initial pH-dependent conversion of oxime to oximate, and further - to calculate
conditional stability constants (") of complex species observed.

The experimental data revealed that addition of platinum(Il) ions leads to formation of
oximate species but the spectral changes differ from those observed in the presence of
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inorganic base Na,COs. The data obtained suggest that deprotonated oximes are engaged in
coordination with platinum(ll) ions. It was also found that complexation reaction is time-
dependent and the equilibrium is affected by secondary reaction which occurs in the presence
of metal(ll) ions excess (data are not shown).
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v HO. = X .OH
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Figure 1. Representative spectra of Pt(1l) — BT-07-4M system (pH 7.4, 24 h)

From the results obtained it can be concluded that complex species of composition
[PtL]?* appear up to 24™ h after mixing the reagents. The conditional stability constants
determined are as follows: Pt-BT-07 — Igp’ = 5.91; Pt-BT-07-4M — Igp’ = 6.30; Pt-BT-08 — Igp’
= 6.61. Due to the high solubility of complex species observed we were not able up to now to
isolate new compounds in solid state for their precise structure characterization. Further
studies in this respect are in progress.
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Pralidoxime (N-methyl-pyridinium-2-aldoxime iodide, 2-PAM) belongs to oxime
family that binds organophosphate-inactivated acetylcholinesterase. It is a chemical antidote
applied in therapy of organophosphorous poisoning occuring in case of terrorist attack
(chemical warfare agents) or in agriculture accidents (insecticides). It is known that the
presence of some metal ions as Mn(Il), Mg(l1), Co(ll), Zn(lI), Ni(Il) potentiate reactivation
ability of 2-PAM [1] although until now no detailed study on possible complex formation was
performed. Later coordination with pentacyanoferrate(ll) and Pd(Il) ions was monitored with
respect to drug determination in dosage forms and biological materials [2, 3].

Recently we evaluated the ability of some oxime-containing compounds to bind Pd(ll)
or Pt(1l) ions and found that the equilibrium never shifts to the pure complex. Obviously, the
individual spectrum of the complex species formed is experimentally unknown and the
classical methods for data processing cannot be used for quantitative purposes. We applied the
FiINAI procedure, which is based on resolution of overlapping bands technique, specially
developed for quantitative analysis of such systems [4].

In the present study we demonstrate this approach studying Pt(11)- and Pd(Il)-
Pralidoxime systems. The complexation reactions were evaluated spectrophotometrically
(220-500 nm) for a week at metal-to-ligand molar ratio from 1:10 to 10:1 at pH 7.4 (Britton-
Robinson buffer). Using FINAI we obtained the molar parts of unreacted and complexed
ligand species taking into account the initial pH-dependent conversion of oxime to oximate
ions. Next, we calculated conditional stability constants (8') of complex species observed.

The experimental results showed that at pH 7.4 c.a. 20% 2-PAM exist in the form of
corresponding oximate and the ratio oxime/oximate does not change within 48 h after mixing
the reagents. The addition of metal(ll) ions undergoes formation of oximate species
immediately (Pd(l1)) or slower (24 h) in case of Pt(ll) ions. In both reaction mixtures the
metal(ll) ions excess leads to time-dependent side reactions which limited calculations of
molar parts and stability constants, respectively, using spectra recorded at metal-to-ligand
molar ratio from 1:10 to 1:1 (Fig. 1, Pt(ll), 24 h).

The molar parts were derived from the total concentration of the free ligand according
to ngl_h = CH2L2+ +C:C" = C. JrC(x,mp,(_}X (Eq. 1); 1= Xy 1+ x*; X = XL + Xcomplex (Eq.
2)

(ngw is the total concentration of obidoxime,CH2L2+ ,CL, and Ceompiex are the equilibrium

concentrations of the free unreacted ligand, initially formed oximate and the complex,
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respectively, at given experimental conditions). The molar part of the complex was calculated
from the total molar part of oximate anions ( X" ): Xcomplex = X — x, (Eq. 3).
Next, the conditional stability constants (8") of complexes formed were calculated based

; ; 2+ 2+ . Ccomplex :
on complexation reaction n Pd*" + H,L"™" — complex (' =—————). Using Eqg. 3 and
Igd2+ .CH L2+
under logarithmic conditions the number of coordinated Pd(ll) ions (n) and the stability
Xcomplex
constant (5’) are calculated from the plot lg—————vs. IgC

Pd?*
XH 2L2+
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Figure 1. Spectral changes in system Pt(I1)-2-PAM, 24 h

The coordination of Pralidoxime to Pd(ll) or Pt(ll) ions undergoes formation of 1:1
complex species at pH 7.4 (Britton-Robinson buffer). Using FINAI procedure we were able to
determine the conditional stability constants as follows: Pd(I1)-2-PAM — Igp; = 5.61; Pt(Il)-2-
PAM —Igp; = 6.12.
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Benzothiazole derivatives showed a number of uses in medicinal and pharmaceutical
areas[1] with special focus to anticandidous activity[2], Parkinson's disease and antihistaminic
and antiflammatory activity,[3] while some of them have been screened for antitumor
activity[4].

The Schiff base palladium complexes of the same core structure, reported by the same
authors during the ISMEC 2013, revealed the square planar geometries and are currently
under vigorous investigation as homogenous C-C coupling catalysts.

New complexes based on the reduced Schiff base ones, depicted in Fig. 1, with various
platinum metals were prepared and its properties as structure, catalytic activity and interaction
with living organisms will be discussed during the ISMEC 2014.

2
R
X
\ /
M
N’\ “NH
1
F S R

Figure 1: Structure of the compounds studied; M=Ni, Pd, Pt; R'=iPr, Bz, iBu;
X=halide; R>=OMe, NMe;, F
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Amyloid-f is a 40-43 residue peptide responsible for the development of Alzheimer’s
disease. The N-terminus of the peptide is reach in histidyl residues and contains some other
polar side chains which enhance the metal binding ability of the peptide. Speciation and
characterization of the copper(ll), nickel(ll) and zinc(ll) complexes of the N-terminal
hexadecapeptide fragment, AB(1-16)-PEG, have already been reported in our previous
publications [1] but the elucidation of the metal binding sites requires further studies. In this
work we report the synthesis of two nonapeptide domains of the native peptide: Ap(1-9) and
AP(8-16) and their mutants. The sequences of the six peptides studied are
NH,-DAEFRHDSG-NH;, NH;-DAAAAHAAA-NH, and NH,-DAAAAAHAA-NH, for
AB(1-9) and Ac-SGAEGHHQK-NH,, Ac-SGAEGHAQK-NH; and Ac-SGAEGAHQK-NH;
for AB(8-16). The results obtained from combined potentiometric and spectroscopic (UV-Vis,
CD, ESR, NMR and ESI-MS) studies will be presented here. Both thermodynamic and
structural data support the primary role of the amino termini of peptides in copper(ll) and
nickel(Il) binding. Moreover, it can be unambiguously stated that the amino acid sequence of
the N-terminal domains of amyloid peptides
is especially well suited for the
complexation with copper(ll) ions as it is
represented by the Figure showing the
distribution of copper ions among the native
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60% - Cu?+-AB(1-9)

and two mutant peptides. The enhanced
stability of the copper(ll) complexes was
attributed to the secondary interactions of
the polar side chains of Asp, Glu, Ser and
Arg residues present in the native peptides.
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(2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-yl)biphenyl-4-yllmethyl }-1H-imidazol-5-yl)
methanol (Fig. 1) commercially known as Losartan is a drug mainly used in the treatment of
high blood pressure. It was the first angiotensin Il antagonist drug to be marketed. Losartan
may delay progression of diabetic nephropathy and in this regard is associated with a positive
clinical outcome. It is a suitable pharmacological agent for the reduction of renal disease
progression in patients with type 2 diabetes, hypertension and microalbuminuria (>30 mg/24
hours) or proteinuria (>900 mg/24 hours) [1].

-H20

Losartan

Figure 1: Hypothesis of losartan derivative (D1) formation induced by the presence of metal ions.

Losartan's bioavailability is about 32%. It is well absorbed following oral
administration and undergoes significant first-pass metabolism to produce 5-carboxylic acid
metabolite (EXP3174). About 14% of an oral dosage is converted to EXP3174, which is a
long-acting (6 to 8 hr) non-competitive antagonist at the AT1 receptor. EXP3174 is 10-40
times more potent in blocking AT1 receptors than Losartan. Peak plasma concentrations of
losartan and E-3174 occur about one hour and three to four hours, respectively, after oral
administration. Both Losartan and E-3174 are more than 98% bound to plasma proteins.
Losartan is excreted in the urine, and in the feces via bile, as unchanged drug and metabolites.
About 4% of an oral dose is excreted unchanged in urine, and about 6% is excreted in urine as
the active metabolite. The terminal elimination half lives of Losartan and E-3174 are about
1.5to0 2.5 hours and 3 to 9 hours, respectively [2].
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We present here a study of Cu(ll) and Zn(ll) coordination by Losartan carried out by
potentiometric,c, NMR and ESI-MS techniques. Losartan-Cu(ll) and Losartan-Zn(Il)
complexes have been thoroughly characterized. It has been furthermore revealed that the
presence of these two metal ions induces the formation of the derivative D1 shown in Figure
1.
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The straightforward linear correlation of the number of methyl substituents on the
arene ring (n) with 'H and B NMR chemical shifts of the dicarbollide cage atoms was
revealed in the contiguous series of the [1-(n°-Me,CeHs.n Fe) (n°-2,3-C,BgHi1)] arene-
dicarbollide complexes (where n = 1 - 6). This is in line with additive character of electron
donation by the arene methyl substituents and its transfer onto the second sandwiching ring
via the Fe' center.['] Similar linear relationships were also observed in the *H and **C NMR
spectra of the cyclohexadienyl and cyclopentadienyl ring atoms in the contiguous series of the
isoelectronic cations [(n°-CsH7)Fe(n®-Me CsHen)]* and [(n°-CsHs)Fe(n®-MenCsHesn)]*.[2]
Surprisingly, the trend of this interesting interligand NMR effect was found rather different
for *3C nuclei. It has become also obvious that the sensitivities to this effect differ, which
might be taken as a quantitative measure for electron donating/withdrawing efficiency of
various substituents attached to the arene ring.

Moreover, structures of some these compounds were determined by XRD techniques.

8(1 H)/ppm for the second sandwiching ligand
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Figure 1 — Linear correlation between the number of arene methyls (n) and 6(1H) chemical
shifts.
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Over the past decades, synthesis of metal complexes with chromone derivatives has
attracted great attention due to their various biological activities and development of new
materials based on metal-organic coordination compounds. The aim of this study is to
conduct a comprehensive fluorescent characterization of two compounds: 7-aminoflavone and
7-amino-2-methylchromone and their complexes with  copper(ll), zinc(ll) and
organoruthenium(ll) ions. Both compounds are bifunctional molecules because they contain
both electron donor group —NH, and electron withdrawing group C=0O. These compounds
may act as monodentate N-donor or O-donor ligands, thus two different coordination mode
with metal ions can be obtained.

et o‘ “s Fig. 1 Ligands, 7-aminoflavone L1
‘ (left) and 7-amino-2-methylchromone

L2 (right)

These ligands act as monodentate neutral O donor and coordinates Zn(ll) ion through O-
atom of carbonyl group [1], whereas organorutenium(ll) is coordinated through N-atom of
amino group [2].

Fig. 2 View of the molecular structure of Cu(L1)2(ClO4)2(H20), an dinuclear unit of
[Cu(L).Cl], (right). Hydrogen bonds are shown as dashed lines. Displacement ellipsoids are
drawn at the 50% probability level. [Symmetry codes: i = 1—x, 1—y, 1-z]

P22 117



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

In case of Cu(ll) two different complexes were obtained. The first molecular structure
show, that the copper is coordinate by two ClO4 groups and two O-bonded 7-amino-2-
methylchromone ligands (Fig. 2), in the second complex the ligand L2 acts once as
monodendate neutral O-donor and once as monodentade neutral N-donor.

The fluorescent properties of ligands and their complexes were examined in series of
solvents: nonpolar (chloroform), polar aprotic ( acetonitrile, DMSO, DMF) and polar protic
(ethanol, methanol and water). Both ligands are well soluble in common polar organic
solvents as well as in water and slightly soluble in nonpolar solvents. Coordination of various
metal ions cause differences of solubility of the obtained complexes. The fluorescence
excitation-emission matrix spectra (EEM) demonstrate significant solvent dependent shifts in
emission maxima. The position of the peaks are related to nature of the metal and ligand as
well as polarity of solvent. For some complexes excitation-wavelength dependent emission
was observed. To describe the effect of polarity of solvents the Lippert-Mataga plot (Stokes’
shift vs. polarizability of the solvent) was used. Moreover the fluorescence quantum yield was
measured.
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The thiazole units are found in many naturally occurring compounds. Thiazole ring is
also a part of vitamin B,, penicillin and coenzymes. Thiazole derivatives are used in inorganic
chemistry for building polydentate ligands [1]. Benzothiazole are bicyclic ring system with
multiple applications. it is an aromatic heterocyclic compound with the chemical formula
C7HsNS. Benzothiazoles consist of a 5-membered 1,3-thiazole ring fused to a benzene ring.
The nine atoms of the bicycle and the attached substituents are coplanar. Benzothiazoles
constitute an important class of compounds with profound interest to medicinal/industrial
chemists as compounds bearing the benzothiazolyl moiety. They exhibit diverse biological
properties such as antitumour, antimicrobial, antiglutamate/antiparkinson, broad spectrum
Ca’®* channel antagonist, inhibition of enzymes such as aldose reductase , monoamine oxidase,
lipoxygenase, cyclooxygenase, acetylcholine esterase, thrombine, proteases, H'—K" ATpase,
carbonic anhydrase, HCV helicase, plant growth regulation and have industrial applications
such as antioxidants [2]. In addition they have been studied because of their fluorescent and
luminescent properties and the possibility to give rise to supramolecular arrangements [3].

In this work the benzothiazole-based ligand, HL, (Scheme 1) and its Cu(ll), Ni(ll) and
Co(Il) transition metal complexes were synthesized, characterized and their fluorescence
features were determined in different solvents. The compounds were characterized by
elemental analysis, FT-IR, *H and **C NMR techniques. In addition, the structure of the ligand
has been determined by X-ray crystallographic analysis.

Ethanol
24h

Scheme 1. Synthesis protocol of the ligand

P23 119



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

References:

[1]

[2]

[3]

Karmaka, T.; Kuang, Y.; Neamati, N.; Baruah, J.B., Cadmium complexes and cocrystals
of indium complexes of benzothiazole derivatives and anticancer activities of the
cadmium complexes. Polyhedron 2013, 54, 285-293.

Arjunana, V.; Sakiladevib, S.; Ranic, T.; Mythilid, C.V.; Mohane, S., FTIR, FT-Raman,
FT-NMR, UV-visible and quantum chemical investigations of 2-amino-4-
methylbenzothiazole. Spectrochimica Acta Part A 2012, 88, 220— 231.

Freinbichlera, W.; Solimanb, A.; Jamesonc, R.F.; Jamesond, G.N.L.; Linerta, W., Kinetic
study of the complex reaction between copper(ll) and 2-(2-hydroxy-3-
methoxyphenyl)benzothiazole. Spectrochimica Acta Part A 2009, 74, 30-35.

P23 120



Acta of the International Symposia on Metal Complexes — ISMEC Acta,
Volume 4 - ISMEC 2014, June 8" — 12" 2014 — Pavia (Italy)

Fluorogenic detection of HS™ in water by MCM41-based hybrid material
functionalized with macrocyclic complex subunits

Sameh EL SAYED,® Michele MILANI,® Maurizio LICCHELLI® Ramén Martinez-
Mariez,? and Félix Sancenon?

% Universidad Politecnica de Valencia ® Universita di Pavia; michele.milani@unipv.it

Organic-inorganic hybrid materials based on functionalised mesoporous silica
nanoparticles (e.g. MCM-41) have been recently applied in the optical detection of different
substrates. [1] These materials are obtained by combining the inorganic nanometric scaffold
with organic fragments that are properly anchored on its surface. The new sensing strategy is
based on a gate-like behaviour of the hybrid materials, which are able to modulate the mass
transport at the nanometric level depending on the presence of certain chemical species.

In this work MCM41 was loaded with [Ru(Bipy)s]*" dye and the external surface
functionalised by the macrocyclic copper(Il) complex 1.

/N ’

<:NH\~\ ))'I:iN—\ INTH\/\/SKOCI—bh
o N
NH \HNJ ©
__/ 1

Complex 1 was obtained by a 3-step synthesis involving a template reaction (synthesis
of the macrocyclic framework) and a further functionalization.

The resulting hybrid material allows a free release of the entrapped dye from the pores
to the solution (“open gate” behaviour), as showed by the increasing of fluorescence intensity
with time when it is suspended in water. Copper(l1l1) macrocyclic subunits efficiently interact
with multiply charged anionic species (e.g ATP at neutral pH ), which, as a consequence block
the pores and inhibit the dye release (“‘closed gate” behaviour).

Material obtained by combination of loaded functionalised MCM41 and ATP was
studied in the presence of different anionic species. In particular, it was suspended in neutral
water and dye release was monitored by measuring the emission intensity of [Ru(Bipy)s]*
(608 nm) at different time intervals. The relative fluorescence intensity values determined
after 5 h in the presence of various anionic species are reported in Figurel.

250- o
200
150

1004

50

Fluorescence intensity at 608 nm after 5 H

Figure 1. Dye release in the presence of different anion species
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Figure 2. Kinetic of dye release in the presence of hydrogensulfide (20 mg of solid in 35 ml
of H,0, pH 7.5, 30 mM HEPES, 1mM of Na,S). Release curve obtained for hybrid material
(closed gate) is reported for comparison

The studied system allow a fast dye release only in the presence of sulphide (HS™ at the
experimental pH value, see Figure 2) and is not responsive towards other common anions,
aminoacids and bio-thiols that may interfere in the detection of sulfide (e.g. GSH, Cys,
Homo-cys). This highly selective response can be ascribed to the interaction of sulphide with
copper ion which is removed from the macrocyclic complex owing to the formation of
strongly insoluble CuS. [2] As a consequence, ATP is no longer held close to the pores and
dye release is allowed again.

Further investigations will assess the sensing ability of the hybrid material in living
cells.
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Introduction

There is a great interest in the development of good sensors for detection of heavy metal
ions because, although some have vital and beneficial effects, the toxicity of others is of
particular concern. Specifically Hg** is considered as one of the most hazardous
environmental contaminants. It is widely distributed in air, water, and soil through different
processes such as volcanic emissions, mining, solid waste incineration, and combustion of
fossil fuels, and the ability of some anaerobic organisms to transform the elemental and
inorganic forms of mercury into methylmercury, in the food chain through bioaccumulation in
edible animals [1]. Usually, rhodamine system based sensors are formed by the rhodamine
fluorophore linked to a mercury receptor with different structures in the sensor. In the absence
of the analyte, the sensor fluorophore has the spirolactamic structure (nonfluorescent), with a
carbon atom with sp® hybridization that prevents planarity and electronic delocalization
between aromatic rings. After Hg?* complexation, a strong structural change in the receptor is
produced, which implies C-N spiranic bond rupture and formation of dideoxidiaminofluorone
rings of rhodamine.(fluorescent) [1-2]
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Scheme 1. Synthesis of ¢, reference compounds and formation complex c-Hg?*.
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Materials and methods

The procedure for the synthesis of the precursor compounds needed for the sensor
flourophore are based on the previous work of Culzoni [1], and it will be synthesized in two
steps: the first step involves the reaction between the rhodamine and hydrazine (scheme 1a)
under conditions of scheme 1a. The second step implicate the reaction of the compound la
and other that must have sulfur or oxygen atoms or formile group in order to facilitate the
complexation with mercury ion (scheme 1c-Hg?"). The reaction between the fluorophore (1c)
and mercury ion is intented to get a complex (scheme 1) that emits fluorescence, in order to,
standardize and validate an analytical method, which may be applicable to environmental
analysis of water with more sensitivity and selectivity than others. The fluorimetrics measures
will be carried out with a JASCO FP-8500 spectrofluorimeter. It will be evaluated factors that
may affect the complexation between the fluorophore with Hg*™?, such as pH, temperature,
solvents, etc. The obtaining of the fluorophore will be optimized with a experimental design
of answer surface statistical technique. The polarity of the solvent must be taken into account
due to the binding to the rhodamine derivatives depends on the type and spatial distribution of
the donors attached and are frequently influenced by the nature of solvents used.

Results and Discussion

A rhodamine-hydrazide derivative (scheme 1a) is obtained in the first step by a
modification of the procedure of Guo et al [2]. The rhodamine derivative is obtained with an
excess of hydrated hydrazine in methanol at 0° C for 23 hours. This compound has been
characterized by RMN-'H and RMN-C spectroscopy which matches with the desired
compound cited in the literature [ ]. In the second step, it has been tested vainillin (aldehyde
compound) as a reactant, in which a Schiff base (imine derivative) was obtained; nevertheless,
this compound not exhibited fluorescence in the presence with mercury ion.

Based on this methodology, it will be evaluated others compounds that reacts with 1a to
get the desired sensor, taking into account the chemical characteristics of these kind of
chemosensors and that are reported in the literature, especially for Hg*?[1].

Importance

Our goal is to propose an analytical methodology that achieves detection limits and
selectivity as good as other analytical techniques, which can be more economic and may have
analytical procedures easier to apply, especially for the governmental entities of the
environment. This work also contributes to the application of the organometallic chemistry to
the chemosensor development useful in modern analytical chemistry.
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The design of chemosensors able to selectively recognize and sense specific analytes
has attracted considerable interests due to their importance in biological and environmental
scenarios and stimulated the development of chromoionophores sensors for the detection of
metal cations.[1,2] Chromoionophores and fluoroionophores are chemical species based on
the principle that a selective complexation of a cation by means of a crown ether compound
can be rendered detectable by a colour effect initiated within the same molecule. This requires
a chromophore attached close to the ligand moiety and an electronic coupling between the
two parts of the molecule.

As far as fluorogenic units are concerned, considerable attention has been recently
devoted in literature to perylene based dyes,[3] due to the effective combination of properties
ranging from electro-optical and redox characteristics to thermal and migration stability
which allow applications as fluorescence standards, thin film transistors, liquid crystals, light
emitting diodes, and devices for photovoltaics.[4-7]

Intrigued by these preliminary considerations, we have carried out detailed studies
aimed at exploring the cation fluorescence sensing properties of crown ethers covalently
linked to a perylene chromophore (Pery-Crown5, Figure 1).

\\/OJ Pery-Crown5

Figure 1. Fluoroionophore compound used in this study

For this purpose Pery-Crown5 was prepared and the sensing properties for various
metal cations were investigated by means of absorption and emission spectroscopies.
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Iron(I11) concentration in biological and environmental systems is of crucial relevance;
new methods for iron analysis are widely required, in particular for in situ applications. A
simple, small size, and low cost sensor based on a Deferoxamine Self Assembled Monolayer
(DFO-SAM) and Surface Plasmon Resonance (SPR) transduction, in connection with a
Plastic Optical Fiber (POF), has been developed for the selective detection of Fe(lll).

Although a DFO-SAM sensor based on appropriate electrochemical techniques has
been already presented in the scientific literature [1], this is the first effort to develop a DFO-
SAM sensors based on SPR in an optical fiber. This experimental set-up offers several
advantages over the classical Kretschmann configuration, due to the characteristics of the plastic
optical fiber, including excellent flexibility, easy manipulation, large diameter, and the fact that
plastic is able to withstand smaller bend radii than glass.

The SPR sensing platform was realized by removing the cladding of a plastic optical
fiber along half the circumference, spin coating (using an original, low-cost technique) a
buffer of Microposit S1813 photoresist on the exposed core, and finally sputtering a thin gold
film. The hydroxamate siderophore deferoxamine (DFO) is then immobilized as a self-
assembled monolayer on the gold layer, following a previously developed procedure [2].
DFO is one of the most employed drugs used in chelation therapy to remove excess iron from
blood due to its high affinity for Fe(ll1). For this reason it is here selected as the receptor in
the sensor.

The results showed that the DFO-SAM-POF sensor was able to detect Fe(lll) in the
range of concentrations between 1 um and 50 um with a linearity range from 0 to 30 um.

The interaction of iron(l11) with the immobilized DFO was investigated by the SPR
technique, assuming that the instrumental response, i.e. the shift of the resonance wavelength
due to variation of the refraction index after combination of Fe(lll) with DFO, is directly
proportional to the concentration of Fe(lll) in the monolayer.

The value of the conditional stability constant in the solid phase, K¢, seems to be similar
and just slightly higher than that in aqueous solution, assuming the 1:1 complex formation in
both phases.

The selectivity of the sensor towards ions that are likely to be found in real life samples
(e.g. natural water) as Na* and Ca®" was also proved by interference tests; the effects of pH
variation on the sensor’s behavior have been similarly investigated.
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A class of O,0 donor ligands, hydroxypyridinones, known for high affinity for
trivalent metal ions, are particularly interesting since their complexes are stable at
physiological pH and have low toxicity [1]. For iron this kind of ligands is already exploited:
deferiprone is one of the most used drugs [2] for chelation therapy. For lanthanum this ligands
were recently explored as possible carriers in orally active therapy for hyperohosphatemia and
bone disorder diseases [3,4].

We present the prosecution of a former study in which we used as 0
a solid-phase, mesoporous silica MCM-41, functionalized with a
hydroxypyridinone, N(3’-aminopropyl)-3-hydroxy-2-methyl-4-
pyridinone (AHP) (figure 1), for sensing those two trivalent metals. I I

The kinetics of Fe(lll) and La(lll) sorption have been more N

accurately verified

La(III) AHP speciation in several

conditions,  being
similar to that found
for  other silica
based solid materials [5]. It is rapid: in
—o—flal two hours the metals are completely
0.0 —o—flal2  sorbed, it means that this material is not so
200 400 600 800 1000 1200 _g g3  different from commercially available

pH synthetic resins [6].
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Figure 1: AHP structure
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There is a large variety of complexes that can be formed in solution between the metal
ion and AHP, of different stoichiometry and different degree of protonation, MH,L, with p=0,
1, 2, 3 and n=1, 2, 3. For iron(l1) the speciation was already known in literature [8] while for
lanthanum(l11) suitable experiments had to be performed (figure 2). Our interest was to
determine whether the stoichiometry in solution was retained in the solid phase since no
complex with metal/ligand stoichiometry ratio of 1:3 has ever been reported in literature
before.
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Physical measurements (solid state NMR, EPR) proved to be unsuccessful for various
reasons for this determination. For what concerns iron(l11) the complexes formed are colored
both in solution and in the solid phase. We took advantage of this particular property and
determined the stoichiometry of the complexes via solid vis-spectrophotometry.
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Figure 3: a) UV spectra of iron(I11)-deferiprone complexes in solution at various pHs. b) UV spectra of differently loaded solid phases.

We observed a good match between the colorations in solution [9] (figure 3a) and those
in solid phase (figure 3b): a further evidence that the complex stoichiometries are retained in
solid phase, producing an orange complex with metal/ligand ratio of 1:3, as previously
detected from sorption equilibria of iron(I11) on the silica-base material in function of pH.
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We present a novel polymeric material for [
iron(I11) sensing that features kojic acid as receptor

moiety.

The membrane copolymer is composed by N-

vinyl-2-pyrrolidinone and 2-hydroxyethylacrylate

with ethylene glycol dimethacrylate as a crosslinker.

In order to include kojic acid, this ligand was

previously functionalized with a polymerizable

moiety.

The whole preparation of the material was
performed by Prof. Garcia and collaborators with a

procedure already reported in literature [1].

Figure 1: sensory membrane appearance

The final material (figure 1) is transparent with good mechanical properties and is being
characterized with various experiments. In Garcia’s laboratory chromatic properties of the
support are now being studied via spectrophotometric measurements. In our laboratory we

have undertaken the characterization of the
material performing kinetics, isotherms and
sorption profiles in function of the pH.
Kinetics profiles showed that the
iron(111) uptake requires about one hour and
a half (figure 2), the behaviour makes this
material not so different from other silica
based solids for iron(lll) sorption [2].
Preliminary sorption isotherms confirmed
the  expected amount of ligand
copolymerized in the membrane. The
sorption profiles in function of pH, also in
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Figure 2: Kinetics profile for iron (111) sorption
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presence of different competitors have been produced. The sorption exchange coefficient of
iron(111) seems, so long, in pretty good agreement with the ones reported in literature for the
complex in solution. [3,4]

Further investigations are in progress, but we are confident that such material could be

employed for several feasible purposes.
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Development of selective, sensible, low cost, rapid tracking Cu?* sensors have attracted
considerable attention since the widespread presence of Cu®* as pollutant and its key role in
many mononuclear copper-active monooxygenases.[1]

Furthermore, in recent works, we and other have shown that naphthalene diimides
(NDIs) may act as a potent G-quadruplex (G4) DNA and RNA ligand. Moreover, the
interesting photophysical and photochemical behaviour of these NDIs, suggest multimodal
theragnostic ~ applications

optoelectronic properties of
NDIs with Cu* sensing
and its catalytic activity we 5 AN
have  synthesized and
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and 4H, (Scheme 1).

Unexpectedly, only 1H and
2H,  form  detectable
complexes exhibiting a considerable blue-shift of the CT band, so that Cu®" sensing is
possible with the naked-eye (Figure 1). Interestingly, the binding is highly specific for Cu®*
ion with respect to other interfering metal ions such as Fe**, Co**, Ni** and Zn**.

The complexation was fully investigated with UV-Vis and fluorescence titrations at
different pH conditions. Moreover, 2H, revealed the formation of two different coordinated
species with a pH dependant behaviour: beside the mononuclear complex [2HCu]®, the
formation of the binuclear complex [2Cu,]** was confirmed by mass analysis.

A complete computational study was performed to rationalize the different behaviour of
ligand 1H and 3H toward the complexation. Firstly, the energy minimum geometries for
increasing number of water molecules were optimized both in gas phase and in water as a
solvent revealing square planar and pyramidal square as possible coordination geometries.
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Scheme 1. Cu?* complexation reaction scheme with NDIs 1H, 2H,, 3H and 4H,.
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Subsequently, a direct comparison of the series of 1H
and 3H Cu?*-complexes was made from an energetic
and geometric point of view. In all cases the terminal
dimethylamino moiety tethered to the imide was
involved in a strong H-bonding with a water molecule. 4 _— 1 !
Such interaction, together with solvation effects Figure3. Chang]g in Colourm;t asolution of A) 1H
theoretically rationalise the computed differences in the ;&dj)aﬁg' zf‘ﬁ?tir°geu§"+”2d?}it?o,?;f§Hj;ﬂd'“"” «
binding properties between 1H and 3H Cu®* complexes

in favour of the former. The addition of a second water molecule results in Cu®* complexation
only in the case of [1Cu(H»0),]", which is fully consistent with the EPR spectrum. A similar

trend is maintained for 2H, and 4H, Cu®*-complexes.

[:I-CU(HZO)n]+ [BCU(HZO)n]+

n=0

n=1

n=2

Figure 4. Geometry optimizations of the series of 1H and 3H Cu®*-complexes by computational studies at
B3LYP level of theory, in water as a solvent.
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It is a common wisdom that macrocyclic ligands have the ability to selectively bind the
metal ions [1] which has proved to be very useful in ion transporting phenomena,
chemosensing, metaloenzyme mimics, catalysis, and nuclear waste treatments [2]. Among a
large variety of macrocycles synthesized to serve as scavengers of metal ions, calixarenes
play a notable role.

This presentation reports on the results of the complexation of Li*, Na* and Be*" metal
cations with several derivatives of the parent N-(phenyl)-substituted azacalix[3](2,6)pyridine
(Figure 1), both in gas phase and in acetonitrile solution. The gas phase molecular structures

@/ @ @/ SO
H@:\Nb@H L “JRl

e

H R,

la (Rl:H, R2=Me)
1 1b (R,=R,=NMe,)
1c (R1=R,=[N=C(NMe,),])

Figure 1 N-(phenyl)-substituted azacalix[3](2,6)pyridine scafold 1 and its derivatives 1a, 1b
and 1c serving as scavengers of cations X = Li*, Na" and Be?".

and complexation energies were calculated by the B3LYP/6-311+G(3df,2p)//B3LYP/6-
31G(d) method including basis set superposition error (BSSE) calculated by counterpoise
(CP) correction scheme at the same level of theory. The solvent effects were assessed using
the polarized continuum method (PCM).

The results have shown that supramolecular structures 1a, 1b and 1c offer useful ligands
capable of efficient and selective sequestration of Li*, Na* and Be*" cations, being the most
suitable for the Be** cation. The binding affinity for Be*" is extremely high, both in the gas
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phase and in the acetonitrile [3], which might be very useful in prevention of berylliosis
desease.
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Previously, we examined the mechanism of activation of C - H bonds in light alkanes in
an interesting process of the selective oxidation of methane and its homologues in biomimetic
Au-bioflavonoid system under mild conditions [1] by quantum chemistry methods [2,3]. To
find the proposed catalytically active Au complex, *H and *C NMR spectroscopy was used
for investigation of the interaction of quercetin and HAuUCI, in the d°-IMCO-D,0 (4:1) mixture,
which allows achieving high concentrations of the reactants. In addition to the stoichiometric
oxidation of quercetin to a cyclic semiketal A with simultaneous reduction of Au(lll) to Au(l)
it was discovered the presence of HD exchange with the solvent in the 2' position, which
occurs only in the presence of gold complexes [4].

Furthermore, in these conditions in the absence 5 oH
of air it was observed over time the formation of a =
known complex Me,SAuUCI, indicating the oxidation ‘
function of DMSO. The presence of hydrolysis
products C-F by data of NMR spectroscopy pointed
out that the product B is formed as a result of A
oxidation by DMSO

OH

To study the mechanism of these processes quantum-chemical calculations of the energy
profiles of possible reactions were carried out. PBE density functional method was applied
using an extended basis set for SBK pseudopotential.

It was found that the obvious mechanism of H-D exchange via keto-enol tautomerism
can be realized only in the positions 6 and 8, and for the 2' position it requires significant
activation energy. Activation of aromatic C-H bond in the position 2' in the presence of an
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Au(l) complex occurs by a mechanism of electrophilic substitution accompanied by the
proton transfer to an O atom of a ligand. The same mechanism was found for activation of
aliphatic C-H bonds [2-3]. The only difference is that the n-complex with the C-C bond of the
substrate is intermediately formed instead of o sigma-complex with a C-H bond.

Strictly the same value of H-D exchange in the
primary oxidation product A at the 6 and 8 positions [4]
indicates a fast equilibrium between the semiketal A and
its isomer with an opened five-membered ring (Aiz). Our
calculations show that for this particular form of A the
smallest activation barrier is realized for the insertion of
the O atom in the C- C bond (see Fig.)

Aizo + MEZSOAUC| = MeZSAUCI + Bizo

The oxidation of A to B by means of the
Me,SOAuUCI complex is very favorable reaction with an

energy release of 42.3 kcal/mol. Fig. The structure of the transition
state for the O atom insertion into
the C- C bond.

The presence of conjugated n-electron system in quercetin greatly increase energy costs
for the distortion of its structure in the transition state for the O atom insertion into the C(2)-
C(1’) bond from DMSO and therefore this reaction is unlikely.

For the calculations, the facilities of the Joint Supercomputer Center of the Russian
Academy of Sciences were used.
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The interest in research on iron chelators in medicine has become continuously
increasing in the last two decades. In the framework of our research on kojic acid derivatives
as chelating agents for iron and aluminum [1-2], we have designed, synthesized and
characterized a new ligand 6,6'-(((2-(diethylamino)ethyl)azanediyl)bis(methylene))bis(5-
hydroxy-2-(hydroxymethyl)-4H-pyran-4-one), L9. In particular the structure of the ligand and
of the related metal complexes has been thoroughly studied. L9 exists in the lattice as a
zwitterion, crystallized in the dihydrate form (Figure 1).

09

015

Figure 1: Asymmetric unit in the crystal of L9+2H,0 ligand. Intramolecular H-bonding
interaction in the zwitterion L9 and the stabilizing role of the O2-water

molecule are plotted in dashed lines.
In this communication we will present the X-ray structures of ligand L9 and that of the

corresponding 1:1 complex with Zn". In this last complex, with stoichiometry
[ZnL(H,0)]-2.6H,0, the Zn" atom exhibits a trigonal bipyramidal coordination where the
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equatorial plane is defined by two O-phenolate (kojic) and the tail/terminal-N20
(ethylenediamine) atoms from dianionic form of the L9 ligand.

In the absence of crystal structure of the iron complex with L9, we present here the structure
of the corresponding complex with L4 as its surrogate, which gives useful insights on the
coordination geometry of this kind of tetradentate chelator. In fact L4 differs from L9 just for
a methyl group, instead of the diethylaminoethyl moiety, on the linker nitrogen atom. Fe,L4;
crystallizes as an hydrated complex salt according to a formula [Fe,(2-HL)3]Cl3-nH,0. In the
crystal structure only four water molecules have been localized, meanwhile the remaining
highly disordered solvent molecules have been removed during the structure refinement
(Figure 2). [3]

Figure 2: Asymmetric unit in the crystal of [Fe,(u,-HL)3s]Cls:nH,0 complex of iron withL4 ligand.

The stabilization of the complex conformation by H-bonding interactions is plotted.
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Many enzymatic systems have been developed by natural organisms that perform their
activities exploiting the peculiar characteristics of mono- or multi-nuclear metal centers,
especially for redox reactions. Enzyme catalyzed oxidation reactions, in particular, often
occur with considerable specificity and stereo-selectivity, in mild conditions, and exploiting
molecular oxygen as oxidizing agent.

For these reasons, the challenge of mimicking enzymatic processes with biomimetic
catalysts, building up low molecular weight compounds with similar structures as those
present in the enzyme active sites, is worthwhile.

This project is based on building up synthetic biomimetic systems, taking advantage of
nature's design of the active site of peculiar enzymes, like those of copper oxidases, to
catalyze stereoselective oxidations. The main aim is to transfer enzymatic efficiency typical of
natural systems to low molecular weight compounds, which are more easily manageable.

It is basically founded on synthesis, characterization, and reactivity of metal complexes
with multidentate chiral ligands, able to host two or more metal ions, to generate oxygen-
activating systems capable to promote asymmetric oxidations in mild conditions. It is
important to emphasize that ligands will be selected trying to duplicate the features of
enzymatic active sites, in terms of donor atoms and coordination environment. All studies are
on the possibility of using these systems as catalysts in many types of oxidative reactions,
both using natural substrates of the enzymes and substrates of synthetic interest.

The interest is focused on develop a structurally simpler dinuclear copper complex with
a chiral hexadentate nitrogen ligand, changing the structure of a previously studied tyrosinase
biomimetic model, labelled as L55 [1-3]. This ligand is built by the connection of two amino-
bis-benzimidazolic units with a meta-xylyl bridge. In order to make this ligand intrinsically
chiral, the N-methyl groups, originally present on the four benzimidazole rings of L55, are
substituted by 2-methyl-butane chains (Figure 1).

AN N

N N

/ L
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Figure 1- a) L55-ligand, b) L55(MeBu,)*, obtained by a) modification.
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The catecholase activity, promoted by the dinuclear copper complex of L55(MeBuj)*,
has been investigated on a set of chiral cathecols, in order to evaluate its enantio-
differentiating capability.
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We report on a series of metal complexes characterized by the property of controlled
NO release, in which the chemical structure and composition are based on N-
aminoethylpiperazine-N-diazeniumdiolate residue and are termed "metal-nonoates™.[1]

)
N
— H
TN‘/ Yo H,0 (N o1
N" \'NHZ N NH2

2 NO

Simple metal-nonoate complexes have already demonstrated their potential in
pharmacology as powerful vasodilators even at very low doses.[1] Here we report on the
preparation and spectroscopic characterization of second-generation metal-nonoates, in which
the primary amino group of N-aminoethylpiperazine-N-diazeniumdiolate is conjugated with
an amino acid, a short peptide or other residues. We will also show how the introduction of
new chelating groups can modulate the NO release by the resulting complexes. An important
objective of the extended ligand modification is the thermodynamic and Kkinetic stabilization
of the metal-nonoates, through the increase of denticity of the polydentate ligands. The metal
ion itself has an important role in the control of the kinetics of NO release, as it has been
shown in our previous studies.[1] In the present context, we will consider metal-nonoates
containing Ni(Il), Cu(ll) and Zn(Il).

Another motivation for introducing peptide residues into the "nonoate™ ligand of these
complexes is linked to different reasons: (i) using peptides as biomimetic portions, (ii) taking
advantage of receptors for penetration through biological membranes, (iii) having useful
building-blocks to synthesize molecules with different chemical and physical characteristics,
and (iv) introducing new metal controlled redox reactivity into the cell through the released
NO.
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Alzheimer’s disease (AD) is a fatal neurodegenerative disorder with still unknown
cause and no cure, characterized by two abnormal protein deposits in the brain: senile plaques
and neurofibrillary tangles (NFTs) [1,2]. The senile plaques are made by insoluble aggregates
of amyloid-B (AP) peptide and NFTs are mainly composed by aggregates of microtubule-
associated protein Tau441; their distribution in the AD patient brains is closely correlated with
cognitive deficits [3]. Furthermore, several observations suggest a link between heme and AD
[4]. In order to assess the possible oxidative damage associated with the neuronal peptides,
here was study their binding and reactivity properties toward ferric heme.

In particular, we studied the interaction of R1 R2 R3 R4 a1
hemin with Tau peptide R1 (R17), the first of four e : H_ghEC]:. ; ;Dg ‘ &
. . . . — A onserve: =] mens—[
highly conserved 18-amino acid repeats (residues ™, rapveuroL KnRSKIGSTENTRNERBEAE,
256-273: **°VKSKIGSTENLKHQPGGG*") [5]
R . L. 3+ } 2 VQI INKKLDLSNVQSKCGSKDNIKHVPGGGS
that presents a binding affinity for Fe” -hemin 306 536
. . . . 3 VQIVYKPVDLSKVTSKCGSLGNIHHKPGGGQ
similar to that of AP16 peptide [6], with a %07 368

4 VEVKSEKLDFKDRVQSKIGSLDNITHVPGGGN

histidine as axial ligand for the iron.
In a previous study, [6] our group found that  Figure 1 - Tuusss protein’s four highly conserved
hemin can coordinate two AP16 fragments to 18-amino acid repeats

form the low-spin, six-coordinated complex

[hemin(AB16),]. In contrast, R1t is able to coordinate the Fe** center of hemin only in 1:1
ratio, giving rise to the complex [hemin-R1z], with a K; binding constant two times larger

than that of complex
NH,
(CRU [hemin(AB16)].
To gain an

appreciation of the catalytic
potential of the hemin-R1zt
complex, we performed a
detailed comparative study
of its pseudo-peroxidase
activity towards ABTS
[2,2’-azino-bis(3-

Figure 2 — Binding of Rlt fragment with Fe**-hemin ethylbenzothiazoline-6-

sulfonic acid)]. The kinetic

parameters confirmed that the peroxidase activity of hemin-R1t is comparable with those of
hemin derivatives containing a L-histidine methyl ester (hemin-H) or a glycyl-L-histidine
methyl ester (hemin-GH) residue connected to one of the propionate side chains of
protoporphyrin IX (Scheme 1). However, as for [hemin(AB16)], [6] this activity is much
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lower than that of peroxidases, indicating that the association between heme and neuronal
peptides does not, per se, involve a gain of any significant, potentially toxic, pseudo-
enzymatic activity.

a) b) =
m \
o :
HN HN Nb\ HO o)
N\ _NH
MeOOC
o HN

COOMe

Scheme 1 —a) Hemin L-histidine methyl ester, b) Hemin glycyl-L-histidine methyl ester
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Hemopressin is a peptidic cannabinoid receptor ligand that is able to block cannabinoid
CB1 receptor activity, in vitro and in vivo. It derives from the alpha(1)-chain of hemoglobin
and was originally isolated from rat brain homogenates, under acidic conditions; it consists of
a nonapetide with the sequence PVNFKFLSH [1].

Hemopressin proved to exert an antinociceptive action [2] and it was reported to cause
dose-dependent hypotension in rats, rabbits, and mice [3]; in addition, hemopressin was
shown to inhibit food intake in normal and obese animal models without causing obvious
adverse side effects [4].

With a deep inspection of available HPLC-MS data of mouse brain extracts, Gomes and
coworkers identified some N-terminally extended peptides containing 11- or 12-aa residues,
i.e. VD-PVNFKLLSH and RVD-PVNFKLLSH, respectively [5]. Interestingly, while
hemopressin acts as a CB1 cannabinoid receptor antagonist, both VD-PVNFKLLSH and
RVD-PVNFKLLSH work as agonists [5].

In addition to RVD-PVNFKLLSH, other N-terminally extended peptides were
identified in rodent brain extracts and human and mouse plasma, by immunoaffinity MS
experiments [6]. This new peptides were designated Pepcans (peptide endocannabinoids);
Pepcan-12 (RVD-PVNFKLLSH), -14, -15, -17, and -20 were found to be the most relevant
endogenous Pepcans occurring in mouse brain and mouse/human plasma samples. The study
showed that Pepcans act as negative allosteric modulators at CB1 receptors and this effect
occurs at nanomolar concentrations, in agreement with the concentrations detected in mouse
brain and human plasma samples.

A recent NMR investigation on rat hemopressin reported a random coil conformation in
water and a series of turn-like structures in mixed micelles [7]. Transmission electron
microscopy (TEM) of hemopressin in solution revealed that the peptide self-assembles into
fibrils at physiological pH, while the sequence-related peptide RVD-PVNFKFLSH did not
exhibit any evidence of self-assembly or fibril formation [8].

The presence of a His residue at the C-terminus of hemopressin sequence (in addition to
the terminal amino-group) makes this peptide able to bind endogenous transition metal ions,
like Cu** and Zn®*. The possible role of these metals on both the biological or
pharmacological activity of hemopressin and other sequence-related peptides has never been
investigated. In the present paper, a preliminary study is presented, concerning the complex-
formation equilibria, in aqueous solution, of hemopressin and related peptides with Cu®*, Zn*
and, for the sake of comparison, Ni** ions. The investigated peptides, synthesized using solid-
phase Fmoc chemistry, are the following: rat hemopressin (rHpa, PVNFKFLSH); human and
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mouse hemopressin (hHpo, PVNFKLLSH); N-terminally extended human and mouse
hemopressin (RVD-hHpa, RVD-PVNFKLLSH). The study has been carried out in aqueous
solution and in a wide pH range, at | = 0.1 M and T = 25 °C. Protonation and complex-
formation constants were potentiometrically determined and species stoichiometries were

NH,
NH, N=\
0 < NH
H $ H % H $ g ¢
v N A AN I AN I AN L A on
H : H :H : H : H
o) o) 0 0 3 o)
e S 3

Hemopressin

checked by ESI-MS; structural hypotheses on the main complex species are suggested, on the
basis of UV-Vis absorption, CD and EPR spectra.
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High-valent ruthenium complexes have not been well studied so far. It is noticed that
are only connections to oxygen atom in types of ruthenium—oxo or —dioxo complexes are
well-known [1-2]. High-valent ruthenium complexes as it is excepted are very reactive
towards living forms due to their strong oxidizing properties. It is known that the oxidation
state of ruthenium determines its applications. Thus ruthenium complexes (1), (I11) have the
ability to binding to DNA wherefore could be use in medicine [4-5].

Our aim was to study how the ruthenium complexes inhibit Pseudomonas aeruginosa
PAO1Lbiofilm formation. Moreover, Ru(IV) and Ru(VI) complexes interacts with DNA were
also determined. We also studied an influence of coordination environment on DNA binding
possibility. Therefore, we focused our studies on correlation between structure of ruthenium
compounds in higher oxidation states and their biological properties.

Herein, we report the synthesis as well as spectroscopic, electrochemical and structural
studies of two novel ruthenium complexes in +IV and +V|1 oxidation states. Type of oxidation
states is caused by the fact that they strongly depends on synthesis conditions, such as: ligands
type, solvents type, molar and volumetric ratios, temperature, and time of reaction. We
received complexes by reaction of a mother solution of RuCl; with 2-
hydroxymethylbenzimidazole (2-CH,OHBIm, L'): (HLY4[Ru"Clg]-2CI-4H,0 (1) [5] and
(HLY),[Ru"'Clg]-2CI-2C,HsOH-2H,0 (2). We used 2-CH,OHBIm as ligand because it contain
two potential donor sites, viz. to pyridine nitrogen and hydroxymethyl oxygen atoms. This
ligand has also biological activity: antibacterial, antifungal, and antiviral activities.

Tetravalent and hexavalent ruthenium is coordinated by six chloride anions. In both the
spaces we observe the existence of protonated ligands 2-CH,OHBIm, chloride ions, water
molecules. In addition complex 2 contains two molecules of ethanol. These compounds have
a very interesting coordination networks and a remarkable supramolecular architectures
generated by hydrogen bonds of O-H:--O, N-H---O, N-H:--Cl, C-H:--Cl and C—H---x types
and intermolecular 7t---t, Cl"---7 interactions.

The obtained complexes have been characterized also using biological assays.
Compounds 1 and 2 revealed anti-biofilm properties against Pseudomonas aeruginosa PAO1
(Figure 1). The study of microorganisms growing as a biofilm is justified because the bacteria
prefer this form of growth both in the environment as well as in during tissue infections. In
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concentration from 200 pg/ml 1 decreased total amount of Pseudomonas aeruginosa PAO1
biofilm by 54% whereas 2 decreased by 23%. Concentration 500 pg/ml revealed fully
eradication of biofilm. PCR reaction proved that ruthenium complexes binds to DNA, where
specify of reaction is altered in concentration 1-2 pg/ml. Concentration 5.5 pg/ml of tested
complexes stopped reaction, while influence of free ligand on reaction was not observed.

0,3 LA
= - J_ T
1A
} LT \ T

138
0,15 1

' ¥\ ——F13
0,1
\ 4

]

o
[
9]

595 nm

o
3]

Absorbance A

0,05 T T T T
0 0,2 0,4 0,6 0,8
Concentration [mg/ml]

Fig. 1. Pseudomonas aeruginosa biofilm eradication by ruthenium complexes assay.
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Superoxide anion(O,") and hydroxyl radical(OH’) generated in normal metabolic
processes can result in various diseases such as cancer development, drug-induced toxicity,
inflammation, atherogenesis and aging in aerobic organisms [1]. Pyridine and its derivatives
are widely distributed in nature and are well known to exhibit broad spectrum of biological
activities such as antimicrobial, anti-HIV, anti-inflammatory, analgesic and anticonvulsant [2].
In addition, these compounds are an important class of organic complexes in medicinal
chemistry due to their great potential for antibacterial and chemotherapeutic application [3].
Pyrimidine and pyrazole derived metal ions complexes are also being extensively investigated
in current years due to the their important antioxidant activity [4]. Herein, we’ve described the
synthesis, characterization carried out by using *H NMR, *C NMR, Elemental analysis, FT-
IR, UV-Vis spectroscopy and X-ray crystallographic methods and antioxidant properties of
titled compound and its four metal complexes against some reactive oxidative species such as
DPPH, Hydroxyl and rhodamine tempo. Consequently, there were observed that all
synthesized compounds have the antioxidant potential. Thus, copper complex has more
antioxidant activity than others.

EtOH, 75 °C

XN
HCI

4-benzoyl-5-phenyl-2-(pyridin-2-yl)-3,3a-
dihydropyrazolo[1,5-c]pyrimidin-7(6H)-one

M= Cu(ll), Mn(ll)
Ni(lt), Co(lly

X= Cl, CH3COO

Scheme 1. Representation of the synthesis of titled compound and its four metal complexes
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The integrase (IN) is one of the three viral enzymes involved in HIV replication. Based
on a mechanism with two subsequent steps, 3’-processing and stand transfer (ST), it is
responsible for the insertion of proviral DNA into the host cell genome. Essential for the
process are two divalent Mg?* cofactors present in the catalytic core domain of IN, that is why
ions chelation has emerged as successful strategy in the drug design of integrase repressors.
[1]

Considering this, a,l3-diketoacids are a class of compounds that emerged as potent
inhibitors (DKAs): consisting of an aromatic unit, a beta diketo moiety and a carboxylic
function, they are able to coordinate the two ions, blocking the interaction of the enzyme with
the substrate.

This communication aims at introducing three different indole derivatives of DKAs that
exhibited a good IN inhibition activity and low toxicity. [2]

H,L! H,12 H,L3

Fig. 1. Stucture of three different indole derivatives of DKAs (reference D. Rogoloino et al.,
European Journal of Medicinal Chemistry 2014, 78, 425-430).

Both ligands and the related metal complexes were isolated in order to study their
chemical structure and biological activity. Ligands were synthesized according to a literature
procedure: once isolated, they are reacted with magnesium hydroxide to obtain the relative
complexes.
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10BJ:
Fig. 2. Structure of metal complex Mg,L¢, (reference D. Rogoloino et al.,
European Journal of Medicinal Chemistry 2014, 78, 425-430).

All products were characterized with typical spectrometric and spectroscopic analysis.
The chemical studies made on the final structure of these compounds have demonstrated that
a,R-diketoacids are able to chelate divalent metals in two different ways: the hydroxy-
carboxylate or the acetyl-acetonate coordination mode; when these two modes are adopted in
a conjoined way, dimer Mg,L, is obtained, and this means that the ligands are completely
deprotonated.

Biological studies in vitro performed on these compounds have demonstrated that both
ligands and complexes showed inhibition power in low nanomolar/micromolar concentration
for ST process, even if the metal compounds are less selective for stand transfer. Moreover
they both can inhibit the IN interaction with LEDGF/p75, an integrase cofactor involved in
the viral integration, at low UM ratio: in this case, the activity is directly dependent on the
position of fluorine atom in the aromatic ring.

The proved ability of these compounds to block both ST and IN-LEDGF interactions
shows that they have an encouraging antiviral activity due to a dual inhibition mechanism,
and this is confirmed by tests made on infected cells: both ligands and metal complexes have
good value of ECs even if metal complexes are more cytotoxic than the relative ligands.
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Palladium(ll) complexes are interesting alternative candidates for metal antitumor drugs
due to their structural similarities to Pt(I1) complexes[1]. It has been demonstrated that Pd(II)
complexes with N,S-chelating ligands posses good antitumor activity[2,3]. Besides that, the
presence of phosphine ligands is supposed to provide better cytotoxicity by enhancing
lipophilicity — and consequently permeability through the cell membrane. Motivated by the
potential uses of these complexes as anticancer agents, we present the synthesis and
cytotoxicity of two cationic complexes of the type [PdX(MeT)(PPh3)]X {X = Br (1); I' (2);
MeT = 4-methyl-3-thiosemicarbazide; PPh; = triphenylphosphine} and their ability to
interact with DNA, topoisomerases | and 11 and cathepsin B.

The precursor complex [PACI(MeT)(PPh3)]CI was obtained from reaction of PPh; and
thiosemicarbazide with [PdCl,(CH3CN),. In a second step, the Cl atoms were replaced by Br
and | ions by the addition of two equivalents of the appropriate potassium salt to afford 1 (Br)
and 2 (1).

Spectroscopic data strongly support the formation of the N,S-chelated products. IR
spectra show an important variation of 30 cm™ for the vC=S after coordination. Variation of ~
4 ppm downfield of the chemical shift (“H NMR) was observed for the two N2 protons after
complexation. Ultimately, the structure was proved by X-ray diffraction of a crystal of
complex 2 (ORTEP view in figure 1).

The new complexes and cisplatin were assayed against two murine cell lines, LM3
(mammary adenocarcinoma) and LP0O7 (lung adenocarcinoma). Compounds 1 and 2 revealed
to be more cytotoxic than cisplatin towards LM3. Guanosine was used as a model system to
study the ability of complexes to interact with a purine base. The coordination of guanosine
occurred through N7 and was highlighted by *H NMR and mass spectrometry. *"H NMR
spectra exhibit a 0.4 ppm downfield shift for the guanosine’s HS8, typical of the transition
metal coordination through N7. Mass spectrometry shows a molecular peak corresponding to
a monocharged adduct. The influence of the complexes on the structure of a supercoils DNA
was determined by a gel electrophoresis assay. It demonstrated that 1 and 2 unwind the DNA
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plasmid only at high concentrations, suggesting that the cytotoxicity mechanisms of 1-2 may
not necessarily involve interaction with DNA.

Therefore, the capacity of the complexes to inhibit topoisomerases enzymes was
evaluated by electrophoresis, and the data showed that the compounds inhibit the
topoismerase lla enzyme at a concentration rage of 5-25 UM, but they fail to inhibit the action
of topoisomerase I. Moreover, the compound [(PdI(4-MeT)(PPh3)]I (2), had its ability to
inhibit cathepsin b investigated, with a 1Csy value of 5.83 puM. These system showed high
potentiality in obtaining topo Il and cathepsin B inhibitors with antitumor activity.

Figure 1. ORTEP view of [PdI(PPh3)(4-MeT)]l (2) structure
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Recent years have witnessed a surge of interest in the application of organometallic
compounds to treat various type of cancer and other disease[1]. Indeed, the unique properties
of organometallic compounds, intermediate between those of classical inorganic and organic
materials provide new opportunities in medicinal chemistry. Additionally, organometallic
chemistry offers a potentially rich fields for development of new medicinal agents with novel
mechanism of actions.

On the other hand, ruthenium-based compounds are now a proven effective alternative
to Pt-based complexes in cancer therapy, affording different mechanisms of action, a different
spectrum of activity and the potential to overcome platinum-resistance, as well as lower
toxicity. Therefore organoruthenium(Il) mononuclear “piano-stool” complexes are the subject
of interest in the design of metal-based complexes as anticancer agents [2]. Following this
research line, we decided to study the ruthenium(l1)-arene complexes of general formulae [n°-
p-cymene)Ru(L)Cl;], where L- 5,7-dimethyl-1,2,4-triazolo[1,5-a]pyrimidine  (dmtp),
5,7-diphenyl-1,2,4-triazolo[1,5-a]pyrimidine (dptp), 5,7-ditertbutyl-1,2,4-triazolo
[1,5-a]pyrimidine  (dbtp),  7-isobutyl-5methyl-1,2,4-triazolo[1,5-a]pyrimidine  (ibmtp)
(Figure 1). All novel ruthenium(ll) complexes have been obtained in direct reaction between
the dinuclear complex [n°-p-cymene),Ru(p-Cl,)Cl,] and different triazolopyrimidine (L)

in molar ratio 1:2.
-
A
..-——--N /Ru ey
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\ >:N \
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!
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R

Figure 1. Chemical structure of [n°-p-cymene)Ru(L)Cl.].
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We decided to involve different types of triazolopyrimidine, because our previous studies
on platinum(Il) [3] and ruthenium(lIl) [4] compounds with triazolopyrimidine demonstrated
that the cytotoxicity in vitro of both types of coordination compounds depend on the nature
of the alkyl group substituent in heterocyclic ligands and the composition of coordination
sphere influence directly on cytotoxicity.

Al the ruthenium(l1) complexes have been fully characterized by IR, NMR (*H, **C, ©*N).

The successful complexation of triazolopyrimidine ligand to Ru(ll) can be followed using
NMR studies. The coordination of N-donor ligand to the Ru(ll) ion results in the deshielding
of both H(2) and H(6) signals. However, the largest coordination shift was observed for H(2)
(Acoord. ~ 0.40 ppm). However, those changes do not indicate clear which of the heterocyclic
nitrogen atoms is engaged in formation of the platinum-nitrogen bond. This problem was
solved by means of N-'H HMBC spectra analysis. The biggest coordination shift
(Acoorda = ~63 ppm) was calculated only for the N(3) signal. Such a significant shielding of
N(3) resonances signal clearly indicates the monodentate coordination to Ru(ll) in solution,
what is very important for in vitro test and their application as antitumor prodrugs.
Furthermore, the octahedral structure of our complexes has been confirmed by X-ray study
for [n°-p-cymene)Ru(dmtp)Cly].
The antiproliferative activity in vitro of four ruthenium(ll) complexes have been tested against
the cisplatin—resistant human ductal breast epithelial tumour (T47D) cell line and the human
lung adenocarcinoma epithelial cell line (A549). The results indicate a moderate
antiproliferative activity and direct influence of the type of stable N-donor ligand on creation
the in vitro cytotoxicity of our ruthenium(l1) complexes.
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Under laser excitation close to the proper near-infrared Localized Surface Plasmon
Resonance (LSPR) absorption wavelength, gold nanostars (AuNS) display an intense photo-
thermal response, causing a sensible temperature increase, as a function of irradiance, in their
surroundings. When AuNS are grafted on glass slides preventively coated with a Self-
assembled monolayer (SAM) of a given alcoxysilane, the photo-thermal effect can be
exploited in principle to exert antibacterial actions on the surface, [1] in order to fight biofilm
formation killing bacteria and obtaining the biofilm eradication which is growing on it.

These materials, anyway, may suffer of a possible drawback, as prolonged contact with
water and physiological environment may lead to objects detachment or degradation,
affecting the surface long term usability.

We here describe an easy method to prepare a SAM with (3-
aminopropyl)triethoxysilane (APTES), with subsequent grafting of a controlled amount of
AUNS, followed by the deposition of a thin layer of silica, obtaining a material which is
inherently protected, but, as we demonstrate, with unchanged photo-thermal response.
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Moreover, a further SAM of APTES can be deposed on the silica layer, allowing the
grafting of a further monolayer of silver nanoparticles (AgNP), to exploit their well-known
antibacterial and antibiofilm properties, based on silver ion release, when grafted on glass.
[2,3] Once again, photo-thermal properties are not affected by this new coating process. A
step by step characterization with several techniques has been performed. Preliminary results
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of antibacterial and antibiofilm actions produced by the presence of the two kind of noble
metal nano-objects brought on glass surfaces will be presented, with special attention to
possible synergic behaviour.
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The objective of this work is the synthesis and coating of iron oxides nanoparticles
(FeOx NP) in order to make them stable and capable of adhering to other nano-objects, in
particular with gold nanostars and branched nanoparticles[1] .

Iron oxides are compounds that widely occur in nature, and the most common forms are
hematite, magnetite and maghemite. In nanometric form these oxides gain magnetic

properties different from bulk material: they show the phenomenon of
superparamagnetism, that is a magnetization of the material when exposed to an external
magnetic field [2] . Another peculiar property of iron oxides nanoparticles is the so-called
magneto-thermal effect, that consists on the emission of heat due to magnetic hysteresis loss
when an external magnetic field is applied. Thanks to these special properties, iron oxides
nanoparticles can have many biological applications, such as cellular labeling, magnetic
resonance imaging, hyperthermia, for example in treatment of tumors, and drug delivery[3,4].

A simple, green and reproducible method to prepare such particles has been developed
by us, modifying published procedures,[5] obtaining small FeOx NP (d=5-10nm, see Figure
1, left). We have then developed methods for coating the iron oxide nanoparticles, in order to
make them capable of further interactions with surfaces and gold nanostars. First, through a
silanization with MPTS (i.e. a molecule with a terminal —SH group), regulating the number of
free —SH on each particle between 5 and 60, depending on the reaction conditions. Second,
exploiting the positive Z potential of the iron oxide NP to coat them electrostatically with the
negatively charged polymer PSS (Polystyrene sulfonate). In both cases stabilization of the
FeOx NP is obtained, and possibility of further growth of the coating layers is demonstrated
(eg by reacting —SH groups with maleimide-terminated functions)

Finally, interactions between coated FeOx NP, bearing external free —SH groups, and
gold Nanostars or silver nanoparticles have been studied by UV-Visible spectrophotometry
and TEM imaging, finding out how to advantageously prepare eg gold-FeOx nanohybrids (see
Figure 1, right).
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Figure 1: TEM images of iron nanoparticle and their interaction with gold nanostar
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In this work we have prepared antibacterial glass samples based on a coordination
compound, [1] using a silane-derivatized dioxotetramino-Cu®* complex covalently bound to
glass or quartz surfaces, and capable to release the cation in the surface proximity when
immersed in water solution.

The ligand used for this purpose is the N N*bis(2-aminoethyl)-2-(3-
(triethoxysilyl)propyl)malonamide, (TEP-dioxo-2,3,2-tet, see scheme), which possess a
dioxo-2,3,2-tet fragment ready to bind Cu(ll), and which can give condensation reactions
between the alkoxysilane moiety and the hydroxyl groups of the activated glass or quartz
surfaces and/or with the alkoxysilane moieties of adjacent ligand molecules. Copper can bind
inside the dioxo-2,3,2-tet cavities in a square planar geometry, after the deprotonation of the
amido groups. It has been demonstrated [2] that in aqueous solution this process is complete
at a pH value of 7. At lower pH, in the range between 5 and 7, Cu(ll) is coordinated to the
terminal amino groups, while under pH 4 the binding moiety is unable to bind the cation.

NH,

o NH
N
/
o NH

SRR

NH,

TEP-dioxo-2,3,2-tet

Two synthetic strategies were adopted to prepare the surfaces: i) using the free ligand;
i) using the copper complex (which was prepared in three different concentrations). In both
cases ethanolic solution were used, and binding to the glass surfaces was performed by simple
immersion of activated glass slides in the solutions.

Spectrophotometric characterizations have been carried on to study the behaviour of the
complex in solution (acid-base titrations in ethanol) or the behavior of an analogous ligand in
aqueous solution. The surfaces were examined with Uv-visible spectroscopy, contact angle
measurements, Atomic Force Microscopy and ICP measurements of copper released after
immersion in water in different conditions.

It has been found that the first synthetic strategy apparently does not work, with a small
quantity of ligand found on the glass surface, as seen by the poorly reproducible contact angle
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values measured, and by a specific colorimetric assay with fluorescein isothiocyanate which
quantifies the free amino groups present on the surface.
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With the second strategy, a
good correlation was found
between the complex concentration
used in the surface coating and the
quantity of copper brought on the
surface, which ranges between 0.3
and 1.5 nanomoles of Cu®* ion per
cm?. Finally, the microbicidal effect
(ME) of functionalized surfaces
was calculated for Gram positive
(Staphylococcus aureus) and Gram
negative  bacteria  (Escherichia
coli), demonstrating that such a low

surface concentration of copper ions is able to exert a sensible antibacterial action, and finding
a preliminary correlation between the quantity of complex brought on the surface used and the

ME obtained.
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Anisotropic gold nanoparticles have received a lot of attention in the last years, because
of their optical and photothermal properties. They are characterized by intense LSPR
(Localized Surface Plasmon Resonance) bands in the region of the near infrared, where
tissues, blood and water are transparent to the electromagnetic radiation. It has been
demonstrated that, when irradiated on their LSPR, these objects are able to return the
absorbed light into heat® which can be used to destroy for example tumor cells. Moreover,
gold nanostars can be tracked in vitro and in vivo taking advantage of their Two Photon
Luminescence (TPL) properties®. Previously, we have established a synthetic protocol to
produce photothermally active gold nanostars®. These nanoparticles can be obtained by using
a seed growth method in which the zwitterionic surfactant LSB (N-Dodecyl-N,N-dimethyl-3-
ammonio-1-propanesulfonate) is used to direct the anisotropic growth of the nanostars. In
particular, a seed is firstly prepared reducing tetrachloroauric acid with sodium borohydride in
the precence of the stabilizing agent LSB. Then, a growth solution is prepared: it contains all
the reactants necessary to the asymmetric growth of gold nanostars, (LSB, silver nitrate,
tetrachloroauric acid, ascorbic acid). When a specific amount of the seed is added to the
growth solution (12pL), the solution changes from colourless to pink, violet and finally blue,
corresponding to the formation of gold nanostars. The process is complete in about one hour.
The threshold of 30-50 nm is often indicated as that allowing the penetration of nanoparticles
in the cell nucleus, a process that would enormously increase the efficiency of their
photothermal effect in antitumoral therapies, or their ability to act as vectors of antitumoral
drugs. As in our published procedures we obtain gold nanostars in the 60nm dimensional
range, we have now concentrated on their dimensions, modifying the seed growth procedure
to produce smaller nanoparticles of the same morphology.

We made use of two strategies:

I) stopping the growth by the addition of a thiol at controlled times from the addition of
the seed. The thiol can be of a different type (we used the biocompatible polyethylene glycols,
PEG000-SH, PEGsg99-SH, HS-PEG3009-COOH, HS-PEG3000-NH2). The thiol reacts with the
gold surface of the growing nanoparticles preventing the deposition of more amount of gold
from the solution and thus stopping the growth of the nanostars.

i) adding a larger volume of the seed to the growth solution (keeping constant the total
amount of tetrachloroauric acid in the growth solution). In this way, more nucleation sites are
at disposition, but the total gold is the same, so the dimensions of the nanoparticles remains
little.

Both strategies were successful in controlling the dimensions of gold nanostars,
allowing to obtain nanostars with overall dimensions < 50 nm.
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The origin of the bioactivity of Ag(l) compounds is currently unknown. The fact that
silver compounds do not destroy mammalian cells makes them prospective agents in drug
design.

The antibacterial effects and mechanism of action of silver were investigated for
Escherichia coli and Saccharomyces cerevisiae by analysing the morphology and
ultrastructure of the cells that were grown on PMMA matrix contained various silver
compounds (Ag(l) complexes of amino- and hydroxyacids, Ag(l) salts and Ag nanoparticles).
Release of the Ag” ions and Ag(0) nanoparticles and their interactions with the cells and their
components were studied by combination of circular dichroism, absorption and fluorescence
spectroscopies. Transmission electron microscopy showed considerable changes in both the
cell membranes and intracellular structures and two ways of the antimicrobial activity of the
studied Ag compounds were tested.

In the first case, interactions with the bacterial cell wall components (peptidoglycans,
polysaccharides and proteins) were studied. In the second case, a systematic chiroptical study
on Ag(l) complexes interactions with nucleotides, RNA, and DNA was made. In the case of
DNA, strong coordination of Ag(l) to G-C pair was observed. It was also found, that even in
the case of nucleotides, the formation of the Ag(l)-mediated base pairs and their self-
assembles were observed in wide pH range. Based on the obtained data, in the first time, the
formation of the Ag(l)-mediated self-assembled species of cytidine and its derivatives with a
structure similar to the i-motif structure in DNA was proposed.
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Gallium, a metallic element of group 13 (I11a) of the periodic table, has shown efficacy
in the treatment of several apparently different disorders [1]. In particular, it acts as an
antineoplastic both in vitro and in vivo. Gallium is particularly effective against some
lymphatic and urothelial cancers, due to its ability to reach high concentration in these sites
[1]. Moreover, it can inhibit DNA synthesis through substitution of Ga®* for Fe** in the M,
subunit of ribonucleotide reductase, thus blocking its action; furthermore, it seems to interfere
with iron absorption and metabolism of proliferating cells. Indium as well was studied for its
in vitro antitumor activity, but its properties and these of its complexes are so far unexplored
[2].

In recent years, gallium maltolate has gained same popularity as antineoplastic for the
treatment of scarcely responding tumors (e.g. hepatocellular carcinoma and lymphomas) [3].
Starting from these consideration and from the chemical properties of group Illa elements, we
have decided to synthesize the analogous compound of indium, that is to say In(I1l) maltolate,
and tested its in vitro ability of killing cancerous cell.

First results seems very promising, as these two compound showed similar cell grow
inhibition properties against the neoplastic cell line MDA-231.

From apoptosis tests (annexin V), it seem that a cytostatic rather than a cytotoxic effect
characterize these two molecules.

The synergic effect of these two metal complexes and of a well-known cytotoxic
compound (mitoxantrone, MTO) were tested as well; it appears that the co-administration of
the two drugs causes a deeper cell death with respect to each compound alone.

The effect of the substances on the non-neoplastic murine cell line NIH3T3 was tested
as well.
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Figure 1: The effect of MTO (200 ng/ml, black bar), different concentration of gallium maltolate (red
bar) and indium maltolate (yellow bar), gallium plus MTO 200 ng/ml (green bar) and indium maltolate
plus MTO 200 ng/ml (blue bar) on MDA-231 viability at 72 h incubation time.
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Chemotherapy, besides radiotherapy and surgery is still an important method of cancer
treatment, and is often a complementary therapy after surgery. For many years one of the
most important chemotherapeutic agents was cisplatin, discovered by Rosenberg in 1969 [1],
and its analogues [2]. However, its serious side effects, such as neuro-, nephro- or ototoxicity,
stimulated intensive research into new compounds with greater selectivity of action, fewer
toxic side-effects and lack of resistance against primary and secondary tumours. The most
promising non-platinum-based compounds with potential anticancer properties are those
containing ruthenium. A basic advantage of ruthenium complexes is their ability to mimic the
properties linking iron with biomolecules such as transferrin, which enable their transport
throughout the body; they are less toxic than cisplatin with respect to healthy cells. The
reductive microenvironment of hypoxic tumours favours interaction between ruthenium ions
and biomolecules such as glutathione, which can activate an inert prodrug to become a highly
reactive and cytotoxic compound. The activation induced by the reduction of the metal centre
is of great interest to researchers and is used by Pt(IV) and Ru(Ill) compounds. The ions of
these metals are reduced to an active form of M(I1). The octahedral environment of the Ru(ll)
ion, as opposed to the square planar geometry of Pt(Il) compounds, suggests a different
mechanism of reactivity, which offers new opportunities for anticancer therapy [3].

In our works we have focused on study of fac and mer isomers of RuClz(PPhs)L, where
L = benzothiazole derivatives. It is known that the biological activity of every potential metal-
based pharmaceutical is a function of the oxidation state of the metal centre and the properties
of the coordinated ligands. Also we have determined physicochemical properties and tried
found correlation between the structure, biological and chemical activity. Redox properties of
isomers have been identified by cyclic voltammetry. However biological activity have
characterized by interactions with DNA and the cytotoxicity using a standard MTT assay
against human cell lines, in order to test their capacity for antitumor applications.
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The properties of charge-transfer (CT) complexes formed in the reaction of electron
acceptors with donors containing nitrogen, sulphur or oxygen, have growing importance in
recent years. In particular they can play a role in the quantitative estimations of drugs [1-6].
The CT complexes formed between the drugs and the acceptors absorb radiations in the
visible range and the absorbance values at the maxima absorption wavelengths are used for
the quantification of the drugs. The linear range of the response and the sensitivity of the
detection system are linked to the stoichiometry and to the stability of complexes formed. The
acceptors more used with this aim are the 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ),
tetracyanoethylene (TCNE), 2,3,5,6-tetrabromo-1,4-benzoquinone (bromanil), 2,3,5,6-
tetrachloro-1,4-benzoquinone (chloranil).

The interaction of the electron acceptor DDQ with molecules containing nitrogen atoms
was studied in acetonitrile and ethanol by molecular absorption spectrophotometry and NMR
spectroscopy. We evaluated that the DDQ preferentially interact with alkyl amine, therefore
the attention was focused on the study of the interaction of DDQ with two molecules
containing this functional group: a p-adrenergic blocking drug, the atenolol, and a synthetic
local anaesthetic drug, procaine. In order to obtain stable and coherent results we evaluated
preliminarily the stability of DDQ in the two polar solvents and the time necessary to obtain a
stable and high response with the drugs. The stability of DDQ is not excellent and the
deteriorated solution absorb in the same range of CT complexes. Under inert atmosphere the
absorbance at 460 nm increase of 0.001 unit per minute. In order to avoid an excessive
degradation of free DDQ, but to allow the complex formation, all signals were recorded after
15 minutes from the solutions preparation. All the experiments were conducted at 25 + 0.1°C.
For both the systems, the stoichiometry of the complexes were defined with Job’s plot method
and the stability constants were calculated from spectrophotometric batch titration data using
the software Hyspec [7]. The NMR spectra recorded at room and at low temperature allowed
us to define the portion of the donor molecule involved in the complex formation and to
confirm the values of formation constants.

In accordance with the cited works the CT complexes formed show spectra with 6-7
bands in the range 350-600 nm and the stoichiometry of the complexes are in all cases 1:1.
The absorbance values at the Anax increase with the concentration of the drugs in solution and
the linearity range is linked to the stoichiometry of the complexes, the signals increase
linearly with the concentration of the drugs until the concentration of DDQ is in excess.
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Curcumin is a phyto-compound and dietary spice extracted from the rhizome of the herb
Curcuma longa L., commonly known as turmeric. It is used in traditional medicines of eastern
world countries thanks to its properties such as antioxidant, anti-inflammatory, antimicrobial,
and anticancer activities. In recent years, curcumin and curcuminoids complexes with metals,
have been subjected to a large number of studies due to their interesting potential as
therapeutics in varying diseases. Iron complexes of curcumin seem to have high potential in
the treatment of cancer [1], while gallium complexes have remarkable antiviral effects on
HSV-1 in cell culture [2]. Curcumin structure includes a heptadiene with two 3-methoxy, 4-
hydroxy phenyl groups, and an a,B-diketone which is subjected to a keto-enol tautomerism,
pH and solvent dependent, that also influences its metal-chelation capability [3]. The keto-
enolic moiety of curcumin have also been exploited in the complexation of radioactive metals
for synthesizing "™ Tc-labelled radiopharmaceuticals where curcumin acts as OO bidentate
ligand on a %*™Tc-tricarbonyl core with the aim of projecting a target specific probes for
potential diagnosis of Alzheimer’s disease (AD) or cancer [4].
0 OH The aim of the present study is to
investigate the feasibility of the
AN = labelling of  curcuminoids  with
gallium-68 in order to obtain potential
R; R, diagnostic  tools for cancer and
Alzheimer’s disease.

Ry Ry For this purpose, different classes of
Compound | R R, R, curcuminoids (Figure 1) were selected
Curcumin | H OCH; | OH and a complete characterization of the
DAC H OCH; | OAC equivalent "*Ga-complexes structures
bDHC H OCH, | H and properties was performed by
K2A21 CH,COOH OCH, | OH means of experimental and theoretical
K2A23 CH,COOH OCH, | H approach. Stoichiometry and formation
K2T21 CH,COOC(CHs); | OCH;3 | OH of the curcuminoids complexes were
K2T23 CH,COOC(CH3); | OCH; | H investigated by MALDI-TOF-MS,

. NMR, UV-Vis, and Fluorescence
Figure 1

spectroscopy ~ on the "Ga-
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Curcuminoids complexes and their structure was computed by theoretical DFT calculations.
The corresponding ®®Ga-labelled complexes with the most promising curcuminoids were then
synthesized and characterized. The radiotracers were prepared by reacting *®Ga®* obtained
from a %®Ge/®®Ga generator with curcuminoids solutions. Reaction parameters (precursor
amount, reaction temperature, and pH) were optimized in order to obtain high and
reproducible radiochemical yield and purity. The complexes showed high stability in saline,
human serum or when challenged with DTPA or with Fe**, Zn?*, and Cu?* for transchelation
or transmetallation studies,
CUR Ga(CUR), respectively. In order to test
the possibility to use ®Ga-
curcuminoids complexes as
radiotracers for AD, a first
evaluation of their affinity
for  AP(1-40) amyloid
synthetic fibrils was here
investigated in vitro. Finally
study in vitro on lung cancer
cells showed quite high level
of cellular uptake of "Ga-complexes (Figure 2), confirmed by ICP-MS spectrometry.

Figure 2

The obtained results are encouraging and shed new light on the potential use of curcuminoids
as radiotracers for PET (positron emission tomography), in addition the intrinsic fluorescent
emission of the Ga-curcuminoids complexes paves the way to the possibility of synthesizing a
mixed radioactive/fluorescent pharmacophore that could be exploited as a dual-mode imaging
tool.
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In the recent years octahedral Pt(IVV) complexes have emerged as an alternative to the
traditional square planar cisplatin-like Pt(Il) compounds as anticancer drugs. The presence of
two additional ligands in axial position can be used to tune the lipophilicity, the reactivity and
then the overall pharmacokinetic profile of the Pt(1\VV) complexes.

Axial carboxylato ligands having long hydrocarbon chains are known to offer the best
results in terms of potency of the resulting Pt(IV) complexes in vitro [1]. Moreover, Pt(1V)
compounds bearing aromatic carboxylato ligands have proved to enormously improve their
uptake with resulting high potency in vitro [2].

The aim of this work was the synthesis, characterization and the evaluation of the
antiproliferative activity of two small series of Pt(IV) complexes having the “[Pt(Am),Cl,]”
(Am = 2xNHg; series 1, or cyclohexane-1,2-diamine, dach, series 2, Figure 1) moiety as
equatorial arrangement and bearing axial aromatic carboxylato ligands with different length of
the -(CH>),- spacer between the phenyl and the carboxylic groups.

L
H3N\F!t _c C[N\F!t _c .
H3N/|\CI N/|\CI b= >CH2©
L L
1 2
0
c= >CH2—CH2—©
0

Figure 1 Sketch of the Pt(IVV) complexes under investigation

To investigate the pharmacokinetic behavior of these Pt(I\V) complexes, their propensity
to form Intramolecular Hydrogen Bonding (IMHB) was also examined. The presence of
IMHB has been shown to significantly alter molecular properties due to the formation of
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various conformers that in turn influences the solubility, permeability, pharmacodynamic
process and protein binding of the complexes [3].

The formation of IMHB was experimentally proven for 1la, 1b and 2a through X-ray
crystallography. To evaluate if the same pattern is maintained in the remaining structures, a
mixed approach obtained with the combination of conformational analysis and lipophilicity
data was applied.
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This comunication reports a physicochemical study (thermodynamic and kinetic data)
describing the ability of Rubus ulmifolius biomass (dead leaves) for metal uptake. Aluminium,
which toxicity is a major problem for crops in acid soils, has been the selected metal [1]. The
obtained results indicate that dead R. ulmifolius leaves, uptake up to 10000 mg/kg on its
surface in less than 60 minutes. This suggests that aluminium can be an excellent component
with adsorbent properties for amendments to be used in acid soils in order to control
aluminium levels, thus its toxicity. Results have been critically analysed and compared with
previous work on aluminium bioaccumulation. Kinetic equations, not previously used in
toxicity studies, are discussed.
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Cadmium plays an unusual role as a significant toxic species because of its obvious
accumulation in the human body, which can lead to serious cadmium intoxication [1, 2]. It
causes cancer of the lungs, kidney and prostate, and possibly female breast and endometrial
cancer. Resent publications [3, 4] point out the molecular mechanisms of carcinogenicity.
Metal is not directly mutagenic but it is a strong co-mutagen. Persistent DNA damage is due
to indirect processes, such as increased ROS formation. Additionally, ROS signaling may also
induce proliferation and/or redox-sensitive transcription factors that promote carcinogenicity.
Therefore, we try to find effective, chelating agents for treating cadmium intoxication. So, in
this work we have demonstrated a simple process that involves one-pot reaction leading to
efficient preparation of new cadmium complexes with N4-donating ligands [CdX,L'] (X = I
(1), Br (2, SCN (4, L' = tris(1-(3,5-dimethylpyrazolyl)methyl)amine),
[Cda(L?)2(SCN)4(MeOH),], (X = SCN"(3), L? = 3, 3, 5, 7 — tetraazadamantane) (Fig. 1).
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Figure 1. The diversity of cadmium(ll)
complexes obtained in situ.
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The most prominent feature of the
synthesis is in situ formation of new
organic tripodal ligands (L*) or urotropine
(L% in condensation reaction between a
starting ligand  (1hydroxymethyl-3,5-
dimethylpyrazole) and ammonia. A single-
crystal X-ray analysis confirmed that the
complexes obtained are monomers (1, 2,
4) or polymer (3) with octahedral
geometry of cadmium centres. IR, *H and
BC NMR, as well as simultaneous
TG/DTG were carried out to characterise
the products. Moreover, biological studies
demonstrated that Cd(Il) complexes with
N-scorpionate ligand (1, 2, 4) have similar
cytotoxicity, which points
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to a structure-cytotoxicity relationship. Thus, all the complexes (except 3) exhibited a lower
cytotoxic activity compared to a cadmium ion in salts (Fig. 2). This may be a pointer to a
good chelating ability of the scorpionate ligand (L1).
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Figure 2. Assessment of cadmium-induced inhibition of cells growth.
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The spread of toxic elements in the environment is a consequence of global pollution.
Toxic elements can be absorbed through air, water and food, becoming so available for
bioaccumulation in food chain. Estimated exposure to metals was assessed with respect to
safe/tolerable exposure levels, and described by various national and public health
organizations.[1] In order to develop risk assessment, accurate determination of toxic
elements is needed.

Due to their morphology, high accumulation rate, intensive annual growth and wide
availability of historical samples, cervid antlers are suited for detecting accumulation of
metals. In particular this accumulation acts in a more persistent way in antlers than in soft
tissues and can thus be used as long term or life-span biomonitors of exposure. [2-3]

Thank to the collaboration with the local WWF, we have been able to collect deer
antlers in the Monte Arcosu Park, located in south west Sardinia, where more than one
thousand deers are living. This forest is largely extended (3600 h), without any human
settlements except some folds, and completely wild. Nevertheless it can enter in contact,
mainly through winds, with the pollutants deriving from a refinery on the south coast, and
from minerary plants and metallurgical industries on the west border.
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Therefore the study area should be exposed to high ambient level of pollutants due to its
closeness to industrial areas. The chemical analysis of toxic elements such as As, Cd, Co, Cr,
Hg, Ni, Pb and Se, has been carried out by inductively coupled plasma atomic emission
spectroscopy (ICP-AES) and by inductively coupled plasma-mass spectrometry (ICP-MS)
that are the most sensitive techniques for trace elements in solution. In this communication
the analytical techniques will be discussed and some preliminary results will be presented.
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During the last two decades our research group has been investigating the potential
application of grape stalks wastes for water treatment to remove metals and organic
compounds from aqueous solutions [1-4]. Results of these studies demonstrated that grape
stalk is a good sorbent for the elimination of hexavalent chromium and divalent metal ions in
aqueous solutions. In view to use this sorbent for wastewater metal treatment, sorption studies
by using industrial wastewater were needed to confirm the effectiveness of this material for
wastewater metal decontamination.

In this work, results of chromium plating industry wastewater treated by using a
technology based on grape stalk sorption are presented. To do this, a wastewater sample from
a chromium plating industry were collected, characterized and used as influent on sorption
experiments.

Wastewater treatment experiments were carried out in a pilot plant operating in batch
mode. In a first step, grape stalks were put into contact with the wastewater in a stirred batch
reactor where metal elimination and hexavalent chromium reduction took place. After that,
the residual water was introduced into a clarifier to eliminate the remaining metal ions in
solution by coagulation-floculation reaction.

For metal sorption process and Cr(VI) reduction, 6.6 g of grape stalks per litre of
contaminated water were put into a 10L stirred batch reactor. Two operational conditions were
tested: experiments at not controlled pH and experiments at fixed pH 3.0, controlled
automatically using a programmable logic control (PLC). After reach the equilibrium, the
solution was filtered and introduced to a 10L clarifier.

For coagulation-floculation process, the solution was adjusted at pH 9 by adding a 0.1M
NaOH solution. Three different coagulant-floculant reagents were tested: FeCls, Al (SOy)3
and a commercial aluminium polyelectrolyte (PAC) to determine the most appropriated. As
coagulant-floculant dose is critical to ensure effective separation process, the optimum
coagulant-flocculant dose was determined by jart-testing.

Results demonstrate that the most efficient conditions for water treatment was the
sorption-reduction process at controlled pH 3, followed by the clarification process by using
Aly(SO4); as coagulant-floculant reagent. After this complete water treatment process, metal
ions concentrations were below the regulated discharge limits.
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Exhausted coffee (EC) proved to be an efficient sorbent for Cr(VI) removal from
aqueous solution from both single metal solution [1] and binary mixtures with Cu(ll) and
Ni(11) [2] at acidic pH values. In these conditions copper and nickel are fairly sorbed onto EC.
In order to enhance sorption efficiency and sorbent consistency, exhausted coffee has been
encapsulated in calcium alginate (CA) beads. Calcium alginate beads have the ability to
remove divalent metal via ion exchange between metal and calcium ions [3 - 5]. Therefore,
exhausted coffee encapsulated in calcium alginate beads is expected to be efficient for the
removal of Cr(VI) and other divalent metal cations from aqueous solutions.

Firstly, the beads were synthetized by adding 2% of EC to 1% sodium alginate and
dropping the mixture into a 0.1 M CaCl, solution. After 24 hours curing in this solution,
calcium alginate beads (EC-CA) were formed. Before their use for sorption purposes the
beads were characterized by analysing different parameters (water content, diameter, density,
porosity, morphology). Once characterized the beads were used for Cr(VI) removal from
binary mixtures of these two metal ions.

A preliminary work was carried out to study the effect of pH on metals sorption. pH 3
was found to be the most favourable for both chromium and copper removal.

Kinetics studies were performed at pH 3 in stoppered glass tubes containing 40 EC-CA
beads and 15 mL of single metal or binary mixtures in different concentration ranging from
0.2 mM and 0.8 mM . The tubes were removed from the stirrer at different intervals of time;
the pH of the filtered solution was measured, metals concentration was analysed by Flame
Atomic Absorption Spectroscopy and calcium released from the beads by Flame Emission
Spectroscopy.

Results showed that EC encapsulated in CA is an efficient reducing material for Cr(V1)
and a good sorbent for copper. Absence of Cr(Ill) in the filtered solution and pH increase
indicate that when Cr (V1) enters the beads and gets into contact with coffee, reduction takes
place and Cr(lll) is retained in the bead via cation exchange with calcium. lon exchange is
also the main mechanism responsible for Cu removal. The presence of Cu(ll) has a
synergistic effect on Cr (V1) sorption, as it increases the percentage of chromium uptake; Cu
(11) removal was found not to be influenced by Cr (V1) concentration.
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Vanadium is a trace metal widely distributed in the environment. It may exist in different
oxidation states, the most common being V(IV) and V(V). This last is the most stable and
toxic form of the element [1]. Although vanadium is generally present at low concentrations
in foods, they represent the primary route of exposure to vanadium for the general population
[2, 3]. Vanadium can be found in different drinks at concentration levels ranging from 1-5 pg
Kg ™' and up to 90 ug L' in wines [4]. Its determination/monitoring in beverages appears,
therefore, essential. A pre-concentration step is generally required, due to both the low analyte
concentration and the need to remove the matrix interferences.

In this study, V(V) determination in untreated drinks was performed by solid-phase extraction
(SPE) on nanosized titanium dioxide immobilized on silica gel, followed by inductively
coupled plasma optical emission spectroscopy (ICP-OES) analysis. Three different sorbents
were prepared by sol-gel method and characterized by X-ray powder diffraction (XRPD),
scanning electron microscopy (SEM) and BET analysis. V(V) was selectively sorbed in the
pH range 2.3-7.0 and quantitatively eluted by 0.1 M HCI. The effectiveness of the procedure
was first assessed on tap water enriched with 1 pg L™ of V(V) with satisfactory recoveries
(92% n=4). The pre-concentration step was subsequently optimized for more complex
matrices such as tea infusions, red and white wines after spike. Quantitative recoveries (82-
95%, n=4) were obtained with no any further pre-treatment. The developed method was
finally applied to the determination of V(V) in commercial tea infusions and wines samples.
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The coordination chemistry of manganese complexes with N,O-donor ligands has
attracted great interest because of their structural diversity and the importance as mimetics of
Mn-dependent biomolecules [1, 2]. Hence, our efforts have been focused on the preparation
and characterisation of low-molecular inorganic analogues that would mimic physicochemical
properties and catalytic activity of manganese-containing enzymes.

Herein, we report the structural characterisation of three new structurally different
manganese(ll) complexes with two homologous pyridine alcohols: 2-hydroxymethylpyridine
(2-CH,OHpy) and 2-hydroxyethylpyridine (2-(CH;),OHpy), elucidated by spectroscopic (IR,
Raman, EPR), X-ray crystallographic methods and magnetic studies.

In all isolated complexes the N,O-donor heteroaromatic ligands are bound to Mn(ll)
centres in a bidentate fashion. Obtained complex [Mn(2-CH,OHpy)(SO,)(H20)]. (1) has a
polymeric structure (Fig. 1) with the asymmetric unit consisting of two bivalent manganese
metal centres, two water moieties, two chelating molecules of 2-CH,OHpy and two
sulphate(VI) anions bridging Mn(Il) ions. The Mn(1) cation is six-coordinated and the
coordination sphere (a chromophore of {MnOsN} type) is distorted octahedral with basal
plane formed by N(2), O(8), O(11) and O(12) atoms [3]. In dinuclear complex [Mn,(2-Cl)(2-
CH,0OHpy)4]Cl»-2H,0 (2), each Mn(ll) ion (CN=6) assumes distorted octahedral geometry in
which it is surrounded by two N,O-chelating 2-CH,OHpy ligands and two bridging chloride
anions forming a {MnN,O,Cl,} chromophore (Fig. 1). Two Mn(ll) ions are doubly-bridged
by two chloride anions, with a Mn---Mn distance of 3.65 A and Mn-CI-Mn bridging angle of
92.81°. Molecular structure of symmetric monomeric complex (3) is best represented by the
formula [Mn(2-(CH,),OHpy).(NCS),] and the Mn centre is surrounded by two nitrogen from
the SCN™ anions and two nitrogen and two oxygen from the chelating 2-(CH,),OHpy ligands
(a chromophore of {MnO,;N,} type) that form an almost perfect octahedron with angular
deviations smaller than 5° (Fig. 1).

Isolated Mn(Il) complexes were found to be stable (HR-XAS) and show promising
catalase-like properties. RIXS measurements revealed that the manganese redox chemistry is
a key for the process, and the complexes are not stoichiometric catalysts but truly catalytic
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system. Additionally, the reported complexes are active in neutral aqueous conditions
(physiological conditions), uncommon for catalase-mimics, making these low-molecular
systems a promising class of materials.

1) ) @)
Fig. 1. Molecular structures of obtained Mn(1l) complexes.
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Beachrocks are sedimentary structures formed in the intertidal zone as a consequence of
a relatively rapid cementation of beach grains by the precipitation of mainly calcium
carbonates [1]. The beachrocks object of this study, in contrast to the most documented ones
[1], are located in a temperate latitude, more exactly around the Nerbioi-lbaizabal estuary
(North of Spain, Bay of Biscay). From the geochemical point of view, it is necessary that
waters reach saturation in calcium carbonate at sometime previous to the formation of the
beachrock. As those saturation conditions can hardly be reached in the typical conditions of
sea water at these latitudes, in the endeavor to elucidate the mechanism of beachrock
formation in our coasts, the influence of the estuary as well as waste waters spills in the
vicinity of the beaches should be taken into account. In this particular case, it is also necessary
to consider other inputs such as the slag spilled from iron and steel companies in the past as
well as other anthropic materials probably coming from the river. Moreover, recent evidences
raise awareness about the possibility of biological mechanisms being involved in the early
stages of the cementation, followed by abiotic processes.

Concretely in Azkorri beach, the amalgamated outcrops are characterised by marked
stratigraphic sequences composed of coarse and fine-grained sand layers [2]. These layers
display wide porous spaces where early diagenesis could afford less resistant cementation if
the cements are not completely covering the entire pore spaces [3]. Samples were taken from
a 1.8 m high stratigraphic column (including cemented sand and partially cemented sand at
the top of the selected column) with the aim of understanding the phenomena involved in its
formation and analysing the composition of the materials trapped into the outcrops during the
cementation process. For that purpose, apart from total carbonate quantification, ICP-MS
guantitative analyses were reinforced with chemometric analyses which allowed estimating
the provenance of the elements.

Indeed, the high metallic concentrations found in the sedimentary sequences revealed
that the area of study presents a clear anthropogenic influence since many of the metals found
are characteristic of mining industrial activities and suggest that there has been a clear
affection from the materials derived from the slag submarine disposal zone and the Nerbioi-
Ibaizabal estuary plume. In fact, most of the quantitative analyses performed over the metallic
compounds, such as the vertical distribution of the metal contents in the different stratigraphic
sequences supported by the correlation analysis or the principal component analysis indicated
a common origin of the majority of the heavy metals (as for example Fe, Ni, Zn, Cu, Sn, As,
Mo, Cr, Mn, V, Ba, Pb and Co) which corroborates the influence of the two sources of
pollution, but does not prevent to rule out other possible sources of contamination. What is
more, the organic material coming from the different anthropogenic influences present in the
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area, apart from augmenting the volume of the cemented structures, could have stimulated a
microbial growth probably favoring the initial cementation. In fact, the organic matter could
act as a ligand fixing the metallic elements and their further enclosing within the beachrock
outcrops, through precipitation processes.

Finally, according to the quantitative results, except for the layer on the top, no
significant differences were found between the different strata in terms of the concentration of
total carbonates, nor as to the metal concentration. On one side, the layer showing the lower
concentration of carbonates and of elements related to the cement forms such as Ca and Mg
(the top layer), is the only one presenting non-cemented sand. On the other side, the high
metallic concentration found in top layer suggests that those values are derived from the
percolation of water rich in metal concentration after the disintegration of upper stratigraphic
layers possibly eroded by diverse weathering processes and resulting on the accumulation of
the trace metal compounds in that top layer. Consequently, it could be mentioned that the
phenomenon might be in a regression process and that the magnitude of the beachrock
sedimentary units was probably greater in the past.
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The interest of coordination chemistry of Pb(Il) is motivated by the toxicity of lead and
its widespread occurrence in the environment due to its numerous industrial applications [1-
3]. The coordination properties of lead over other essential metal ions is crucial to understand
the toxicological properties of this metal, the design of selective chelation therapy agents, and
the development of efficient chelating agents for the remediation of polluted water and soil.
Lead(ll) has a particular fascination for coordination chemists as it can adopt many different
geometries in its complex. The literature data mainly pointed on:

(i) the effect of so-called “inert electron-pair”, which means the size and extent of
the lone-pair in the coordination sphere,

(if)  the broad range of coordination numbers from 2 to 12,

(iii) the kind of donating ligands and their flexibility.

To counteract the effects of lead poisoning it is necessary to establish the preferred
ligands of Pb(I1) and their stereochemistry. Ours interest has emerged in synthesis and study
of the properties of Pb(Il) model complexes with N,O- chelating ligands (5-methylimidazole-
4-carbaldehyde, pyrazine-2-carboxylic acid) to express the effect of a stereochemically active
lone pair in Pb(11) on the stereochemistry and properties of lead(I11) complexes.

A dinuclear [Pby(4-CHO-5-Melm)g(NO3)2](NOs), (1) and a polynuclear [Pb(2-
pzc)2(H20)]x (2) complexes (where 5(4)-carbaldehyde-4(5)-methylimidazole (5(4)-CHO-4(5)-
Melm) and pyrazine-2-carboxylic acid (2-pzcH)) have been synthesized and characterized by
elemental analysis, IR spectroscopy and X-ray crystallography. Structural determination for
complex 1 reveals a cationic species [Pb(4-CHO-5-Melm)s]** connected through bridging
nitrate(V) ions (Fig. 1a). There are also an uncoordinated nitrate ions as counterions.
Complex 2 is a three-dimensional architecture consisting of PbgO;, building units. The
pyrazine-2-carboxylato ligand behaves as a chelating agent and a bi-connective bridge (Fig.
1b). The coordination polyhedra around lead(ll) ion could be described as a distorted
docecahedron (1) or monocapped trigonal prism (2).
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a b
Figure 1. Molecular structures of [Pb(4-CHO-5-Melm)3(NO;),](NOs), (a) and asymmetric unit of
polymeric complex [Pb(2-pzc).(H.0)]. (b).

The luminescent properties of 1 and 2 investigated in the solid state at room temperature
indicate structure-dependent photoluminescent properties. Additionally, a possible
stereochemical activity of the lone pair in the complexes obtained has been discussed by us
based on the molecular structure of the complexes provided by DFT calculations. According
to the literature data, holo- and hemidirected geometry are two general structural types of
lead(11) complexes [4, 5]. The DFT calculations and the X-ray structural data point on rather
hemidirected type of coordination around Pb(Il) ions of 1 and 2.
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Fluoride contamination in groundwater has been recognized as one of the serious
problems for water quality worldwide, and it is classified as one of the contaminants of water
for human consumption by the World Health Organization (WHO). Besides the natural
geological sources of fluoride enrichment in groundwater, fluoride-containing minerals are
used in several industries which contribute to fluoride pollution. The effluents of these
industries have fluoride concentrations extending from ten to thousands of mg-L™ [1,2].

The WHO has established that acceptable F~ concentration in water should be < 1.5 mg-L™.
Depending on the concentration and the consumption lasted of water with fluoride excess the effects
can be very harmful for health [1].

Nowadays many methods exist to remove fluoride from wastewater, such as adsorption
[3-5], precipitation [6], electrocuagulation [7] or ion-exchange [8]. Adsorption shows
considerable potential for fluoride removal from contaminated water [1-5], offering strategic
advantages when compared to other techniques. Improvement of well-designed adsorbents is
therefore of a great importance to the effective application of adsorption in water remediation.
A wide variety of materials has been developed and used for fluoride removal from
wastewater. However, the lowest limit achieved for fluoride removal with most adsorbents is
greater than 2 mg-L™.

Nanomaterials can offer several advantages in waste water treatments over traditional
methods, such as high surface area and a short diffusion route. The high surface in relation to
their volume offers the opportunity to treat contaminated water using nanoparticles instead of
using large scale solid: therefore nanomaterials are expected to give better results than
traditional sorbents (higher loading, lower residual concentration) with the advantage of cost
and materials savings. Preliminary studies have shown that alumina has high affinity for
fluoride [1,9] and that mesoporous alumina has high adsorption efficiency [3].

The scope of this work is to perform a thermodynamic study to characterize fluoride
adsorption process on nano-alumina and screen the synthesized materials to obtain an optimal
candidate for applications. We synthesized and characterized mesoporous alumina
nanoparticles by transmission electron microscopy (TEM) and scanning electron microscopy
(SEM) and then carried out adsorption studies. Fluoride adsorption has been investigated
using a combined experimental approach which includes potentiometry (using a F~ selective
electrode) and, for the first time in this field, isothermal titration calorimetry (Fig.1).

In our method, potentiometric data have been fitted with a Langmuir isotherm to obtain
the value of K,gs. Then, the Kygs has been used to calculate the free F* concentration for each
titrant addition in the calorimetric titrations in order to fit the experimental heat and ultimately
obtain the AHaqs value for the fluoride adsorption.
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Fig.1. A representative Isothermal titration calorimetry measurement of fluoride adsorption into mesoporous
alumina adsorbent at pH 5.5. Each peak represents an injection of 17,5ul of 80mM fluoride solution to 0.7mL of
0.5g-L™* alumina nanoparticles suspension.
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Ruthenium-based molecules have been studied as promising compounds from both
chemical and biological perspectives. Further, an oxidation state of ruthenium is often
essential for applicability of these complexes. Thus, Ru(ll) and Ru(lll) compounds can be
used as alternatives to platinum because they are predicted to show antitumor activity and
clinical toxicity [1-4]. Ruthenium complexes posses different geometry in comparison to
platinum compounds, different oxidation states and can bind to DNA or biological target other
than DNA [5]. These biochemical features combine to design improved antitumor drugs with
increased potency and reduce side effects.

It should be noticed that less attention have been paid to Ru(IV) complexes and their potential
application in medicine [6]. Our studies aim to present the synthesis and characterisation of
ruthenium(IV) complexes of pyridine derivatives in order to explore its biological activities
such as DNA-binding assay and anti-biofilm activity. We used 2,3-pydcH as ligand because
of its versatility as well as its potential antimicrobial and antiviral activity. The complex was
formed by reacting mother solution of ruthenium(Il) chloride with N,O-donor ligand in
experimental conditions. Ruthenium(IV) complex crystallizes in the triclinic space group P 1.
Tetravalent ruthenium is surrounded by two molecules of monodeprotonated ligand acting as
bidentate. The ruthenium ion also coordinates with two chloride anions in cis position to give
RuN,0,Cl, chromophore. Coordination sphere is distorted octahedral and the form of
distortion in the complex involves not only bond-lengths but also apparent bond-angles
distortion. The neutral complexes are held together by donor and acceptor bifurcated H-bonds
of O-H---O and C-H---Cl type. There are also some mm contacts which complete the
supramolecular architecture. The free ligand and its Ru(IV) complex were screened in vitro
for their anti-biofilm activity against Pseudomonas aeruginosa PAO1. The study of
microorganisms growing as a biofilm is justified because the bacteria prefer this form of
growth both in the environment as well as during tissue infections. The obtained results
indicate that complex is more toxic than 2,3-pydcH, under identical experimental conditions.
Pseudomonas aeruginosa PAO1 biofilm formation assay revealed inhibition of biofilm
formation in concentrations above 100 pg/ml (Figure 1). Fully eradication of biofilm was
observed in concentration 400 pg/ml. Hypothesis that explains its anti-biofilm activity is that
ruthenium complex oxidizes pyocyanin, which was observed by alterations in pyocyanin
spectrum after incubation with Ru(lV) complex. Interactions with siderophores of
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Pseudomonas aeruginosa PAO1 could be also considered as potential mechanisms anti-
bacterial activity via iron starvation process. Ruthenium complex revealed DNA binding
properties and in high concentrations it acts as DNase. DNA binding assay showed that examined
complex binds to DNA. Migration through agarose gel proved that complex do not intercalate double
strand DNA where ethidium bromide used as positive control slowed migration of supercoiled and
open circle forms of pDsRed2 plasmid.

Fig. 1. Representative views
of Pseudomonas aeruginosa
PAO1 biofilm. A) negative
control, B) biofilm treated
with  Ru(lV) complex in
concentration 100 pg/ml.
Biofilms stained with
Live/Dead staining  with
FilmTracer kit (Invitrogen).
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Amidinate complexes, of general formula shown in Scheme 1, are due to their catalytic
activity and importance in material science frequently studied compounds. [1][2] Almost all
metal complexes of amidinates are prepared from their lithium precursors, therefore study and
preparation of lithium amidinates is crucial in this field of chemistry. [3]

Most amidinate complexes are prepared by the reaction shown in Scheme 1A, but due
to the lack of bis(carbodiimides), we decided to prepare suggested amidinates by an addition
reaction of N,N’-disubstitued lithium amide to highly polarized C-N triple bond of
carbonitrile moiety with subsequent migration of substituents among the nitrogen atoms.[4]

So far there is no report on prepared dissymetric bis-amidinates connected by amidinate
carbon atom via ring or chain. Main idea was to prepare series of amidinates formed by

reaction N-trimethylsilyl amide with carbodinitriles shown in Scheme 2.
R
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1H-pyrazole in its neutral form can behave both as a hydrogen bond acceptor and donor,
while in its pyrazolate anionic form it can accept two hydrogen bonds from donor groups.
When pyrazole coordinates with metals, neutral 1H-pyrazole typically acts as a monodentate
ligand while as a pyrazolate anion it behaves typically as a bridging bis(monodentate) or
exobidentate ligand [1-3].

Herein, we present a series of crystal structures of metallocomplexes obtained
depending on the nature of the polyamine ligand, the pH value and the M(II):L molar ratio.
Potentiometric titration, EPR measurements and HR-ESI mass spectroscopy support the
formation of the same complexes in aqueous solution.
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