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Foreword 
 
 
The 2013 edition of the International Symposium on Metal Complexes (ISMEC) proudly 
continues the tradition of the XXIII Italian-Spanish Congress on Thermodynamics of Metal 
Complexes, since its origins held alternatively either in Italy or in Spain.  
 
This year, the meeting follows the practice adopted in the former edition of broadening the 
scope of the Synposium by extending the areas of interest as well as the home countries of 
potential participant researchers, thus having experienced a notable increase in the overall 
number of contributions and to internationalize the meeting as well with researches coming 
from 17 different countries.  
 
The conference venue of the ISMEC 2013 edition is the “Aula de Romeros” in the “Hospital 
del Rey”, the main building of the University of Burgos. Starting from 1195, it was erected by 
the King Alfonso VIII, and the full construction took several decades. Over the centuries, it 
was devoted mainly to host the Pilgrims Way to Santiago de Compostela, and in the early XX 
century it was abandoned. Later, it was reconstructed and in 1991 it was devoted again to 
public service, to be used as the Faculty of Law and Rectorship of the University of Burgos.  
  
The program developed by the Organizing Committee has sought to provide the participants 
with a balanced combination of both scientific and social programs, embodying the 
enthusiastic support and warm welcome of the city with the reception to all participants by the 
Lord Mayor. 
  
As an innovative proposal, the ISMEC 2013 also offers a Brokerage session, a special time 
devised as an opportunity for those who wish to offer/receive collaboration to/from other 
researchers, thus giving way to new joint research programs and new emerging groups in the 
near future.    
 
It is our strongest desire to convert the ISMEC symposium at Burgos into a memorable 
gathering with plenty of fond memories, one to be remembered for years.   
 

 
 

Burgos, June 16-20, 2013 
 

Begoña Garcia 
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Scientific Committee 
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Departamento de Química 
Facultad de Ciencias 
Universidad de Burgos 
Plaza de Missael Bañuelos s/n 
09001 Burgos (Spain) 
Tel: +34 947258819 
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CONFERENCE PROGRAMME 
 
 

Sunday, June 16th 

 
19:00-21:00 Registration and Welcome Reception (NH Hotel Palacio de la Merced) 
 

Monday, June 17th 
 
8:15 Registration (Hospital del Rey) 

9:00-9:15 Opening Ceremony 

Chairman: José M. Leal 

9:15-10:15 PL-1: The Making of Homogeneous Catalysis: Coordination Chemistry at 
Work. 

 Pablo Espinet 

10:15-10:30 OC-1: Polymeric Forms of the Ternary Copper(II) Complexes with the 
Dinucleating p-Xylylenediamino-N,N,N’,N’-tetraacetate(4-) Chelator (p-
XDTA) and imidazole (Him) or pyrazole (Hpz) N-coligands. 

 Esther Vílchez-Rodríguez, Hanan El Bakkali, Alicia Domínguez-Martín, 
Aurora Gema Sicilia-Zafra, Alfonso Castiñeiras, Josefa María González-Pérez, 
Juan Niclós-Gutiérrez 

10:30-10:45 OC-2: Hemilabile amino-amides as N,N-chelating systems for main group 
metals. 

 Hana Kampova, Emilie Riemlova, Jitka Klikarova, Zdenka Padelkova, Ales 
Ruzicka  

10:45-11:15 Coffee break 

Chairman: Antonio Bianchi 

11:15-11:45 KN-1:  Arene-linked dinuclear RAPTA analogues. 
 Benjamin S. Murray, Rosario Scopelliti, Paul J. Dyson  

11:45-12:00 OC-3: Fine-tuning of the cytotoxic activity in new Ru(II) arene complexes 
bearing benzimidazole ligand. 

 Marta Martínez, Gustavo Espino, Begoña García, Natalia Busto, José M. Leal, 
Félix A. Jalón, Blanca R. Manzano, Ana María Rodríguez 

12:00-12:15 OC-4: Kinetic Study of Metal Complexes with Tetraazamacrocyclic Ligands 
with Phosphorus Acid Pendant Arms. 

 Radek Ševčík, Přemysl Lubal, Jakub Vaněk, Petr Hermann, Zuzana Kotková, 
Jan Kotek 

12:15-12:30 OC-5: Copper(II) complexes of peptide derivatives containing imidazole side 
chains, as models of Cu,Zn-SOD enzyme. 

 Katalin Várnagy, Gizella Csire, Sarolta Timári  
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12:30-12:45 OC-6: A new hydroxypyrone powerful chelator. From synthesis to AlIII , FeIII , 
CuII and ZnII complex formation equilibria, and structural characterization. 

 Leonardo Toso, Guido Crisponi, Maria Amelia Santos, Sergio M. Marques, 
Valeria M. Nurchi, Joanna I. Lachowicz, Miriam Crespo-Alonso, Delara 
Mansoori, Alicia Dominguez-Martin, Juan Niclos-Gutierrez, Duane 
Choquesillo-Lazarte, Maria Antonietta Zoroddu, Massimiliano Peana  

12:45-13:00 OC-7: Bismuth coordination chemistry:  The snapshot before it precipitates. 
 Caren Billing, Ignacy Cukrowski  

13:00 Lunch break 

Chairman: Guido Crisponi 

15:00-16:00 PL-2: Fundamental Bioorganometallic Technetium and Rhenium Chemistry in 
Targeted Molecular Imaging and Therapy. 

 Roger Alberto, Daniel Can, Samer Sulieman, Sebastian Imstepf, Matthias 
Bauwens 

16:00-16:15 OC-8: Platinum complexes with 1,10-phenanthroline derivatives: synthesis, 
kinetics and in vitro cytotoxicity. 

 Federica Trudu, Elisa Valletta, Tiziana Pivetta, Francesco Isaia, Sarah 
Vascellari, Elisa Carta, Alessandra Pani 

16:15-16:30 OC-9: A Bifunctional Tripodal Hydroxypyrimidinone-Based Iron Chelator. 
 M. Amélia Santos, Anabela Capelo, Laurinda Areias, Sérgio M. Marques, 

Lurdes Gano, Sílvia Chaves, M. Alexandra Esteves 

16:30-16:45 OC-10: A Topological Triptych Made to Order. 
 Ali Trabolsi, Thirumurgan Prakasam, Mourad Elhabiri, Loic Charbonniere 

16:45-17:00 OC-11: Synchrotron Applications on the Characterization of Selenium 
Enriched Plants. 

 Beatriz Guerrero, Merce Llugany, Manuel Valiente  

17:00-17:30 Coffee break 

17:30-19:00 Poster and Brokerage sessions. 

20:30 Reception and cocktail by the Lord Mayor of the City Council (Teatro 
Principal, Salón Rojo). 

 
Tuesday, June 18th 

  
Chairman: Fernando Secco 

9:00-10:00 PL-3: Small Molecules with Great Opportunities: Coordination Chemistry of 
Cis- and Transplatin with Nucleobases. 

 Bernhard Lippert 
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10:00-10:15 OC-12: Comparison of the π-Stacking Properties of Pyrimidine versus Purine 
Residues in Mixed Ligand Metal Ion Complexes. 

 Helmut Sigel, Astrid Sigel 

10:15-10:30 OC-13: The influence of the amide linkage in the metal-binding properties of 
catechol modified rhodamine derivatives. 

 M. G. M. Couto, C. Queirós, A. Leite, T. Moniz, A. M. G. Silva, P. Gameiro, M. 
Rangel 

10:30-10:45 OC-14: Acid-Base Properties of a Hexa-2’-deoxynucleoside Pentaphosphate, 
d(ApGpGpCpCpT): Neighboring Effects, Tautomeric Equilibria, and 
Acidification by Metal Ions. 

 Alicia Domínguez Martín 

10:45-11:15 Coffee break 

Chairwoman: Isabel Villaescusa 

11:15-11:45 KN-2:  Topology of Metallacalix[n]arenes: Isomerism Established by 
Connectivity, and Rotamer State. 

 Pablo J. Sanz Miguel, Bernhard Lippert 

11:45-12:10 OC-15 (Pulidori award): 99TcO4
-: selective recognition and trapping in 

aqueous solution. 
 Valeria Amendola, Greta Bergamaschi, Roger Alberto, Henrik Braband, 

Thomas Fox 

12:10-12:25 OC-16: Transmembrane anion transporters inspired by natural alkaloids: 
insights into design and in vitro antitumor activity. 

 Elsa Hernando, Vanessa Soto-Cerrato, Ricardo Pérez Tomás, Roberto Quesada 

12:25-12:40 OC-17: Reactions between the ‘Acid’ Chelate [Cu(H2EDTA)(H2O)]  with  
Adenine  and  Deaza-adenines: The Outer-sphere Complex 
(H27deaA)[Cu(HEDTA)(H2O)]•3H2O. 

 Delara Mansoori, Alicia Domínguez-Martín, Duane Choquesillo-Lazarte, 
Valeria Nurchi, Guido Crisponi, Josefa María González-Pérez, Juan Niclós-
Gutiérrez 

12:40-12:55 OC-18: Ternary copper(II) chelates with the N-furfuryl-iminodiacetate chelator 
and benzimidazole or 3-methyladenine as coligands. 

 Inmaculada Pérez-Toro, Alicia Domínguez-Martín, Antonio Matilla-
Hernández, Elena Bugella-Altamirano, Alfonso Castiñeiras, Josefa María 
González-Pérez, Juan Niclós-Gutiérrez 

13:00 Lunch break 

Chairman: Helmut Sigel 

15:00-16:00 PL-4: Synthesis and Surface Chemistry of Organometallic Nanoparticles. 
 Bruno Chaudret 
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16:00-16:15 OC-19: Water soluble thiolate gold and platinum complexes as new ceramics 
pigments and its anticancer activity. 

 Mariano Laguna, Elena Cerrada, Aránzazu Mendia, Asuncion Luquin 

16:15-16:45 KN-3:  Micelles and nanoparticles as tools to control the occurrence of 
chemical reactions. 

 Tarita Biver, Fernando Secco, Marcella Venturini, Begoña Garcia, José M. 
Leal 

16:45-17:00 OC-20: Gold-diamond nanocomposite as a precursor for laser ablation 
synthesis of gold carbides. 

 Josef Havel, Eladia Maria Peña-Méndez, Filippo Amato, Nagender Reddy 
Panyala, Vilma Buršíková 

17:00-17:30 Coffee break 

Chairman: Juan Niclós Gutiérrez 

17:30-17:45 OC-21: Synthesis, solution equilibria and cytotoxic activity of new copper(II) 
complexes with 1,10-phenanthroline derivatives. 

 Tiziana Pivetta, Federica Trudu, Elisa Valletta, Francesco Isaia, Daniela 
Perra, Elisabetta Pinna, Alessandra Pani, Carlo Castellano, Francesco 
Demartin 

17:45- 18:00 OC-22: Characterization of the solubility of metal rich PMs in human lungs 
Health risk assessment based on the solubility of metal rich PMs in human 
lungs. 

 Naiara Goienaga, Alfredo Sarmiento, Leire Kortazar, Ainhoa Tirapu, Luis 
Ángel Fernández, Juan Manuel Madariaga 

18:00- 19:00 GTC Meeting 

19:30 Medieval Concert by Mediaevum Interpretation Group in San Juan Monastery 
(cocktail). 

 
Wednesday, June 19th 

 
Chairman: Mariano Laguna 

9:00-10:00 PL-5: Metal Ion Interactions in Nucleic Acid Folding, Structure and Function. 
 Nicholas V. Hud 

10:00-10:15 OC-23: New fluorogenic OFF-ON probes for the quantification and 
discrimination of Hg(II) and MeHg(II) in aqueous solution. 

 Tomás Torroba, Borja Díaz de Greñu, Patricia Calvo, José García, Sebastian 
Pons, Blanca Torroba 

10:15-10:30 OC-24: A fluorescent sensor for 99TcO4
- in water. 

 Valeria Amendola, Greta Bergamaschi, Roger Alberto, Henrik Braband 
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10:30-10:45 OC-25: Study of Some Complexation Reactions in the Design and Synthesis 
of New Hybrid Polymeric Materials. 

 M. Asunción Muñoz, Saturnino Ibeas, Saúl Vallejos, Miriam Trigo-López, Jesús 
L. Pablos, Arantza Mendía, Félix C. García And José M. García 

10:45-11:15 Coffee break 

Chairman: Enrique García España 

11:15-12:15 PL-6: Metal ions in the context of nano- and microparticles - toxicity and 
detection. 

 W. J. Parak 

12:15-12:30 OC-26: Interaction of Ag3 nanoclusters with DNA and its potential as novel 
synthetic antibiotics. 

 Natalia Busto, Begoña García, José M. Leal, M. Arturo López-Quintela, David 
Buceta, Fernando Dominguez, José Neissa, Giampaolo Barone 

12:30-13:00 KN-4:  Transition metal complex–DNA binding: in silico and wet lab 
approaches. 

 Giampaolo Barone 

13:00 Lunch break 

15:00-18:30 Excursion: Guided tour to Miraflores chartreuse and Cathedral. 

21:00 Social Dinner (NH Hotel Palacio de la Merced) 
 

Thursday, June 20th 

  
Chairwoman: M. Amelia Santos 

9:30-10:30 PL-7: How strong is "strong"? Compliance constants as unique bond strength 
descriptors. 

 Jörg Grunenberg 

10:30-10:45 OC-27: Complexation of Cs-137 by Molecular Cavitands. 
 Fabio Pichierri 

10:45-11:15 KN-5:  Complexes of Palladium with chelating N-donor ligands. Reactivity on 
the ligands. 

 José V. Cuevas 

11:15-12:00 Closing Remarks & Presentation of ISMEC2014 

12:00 Spanish “Tapas”. 

 



Acta of the International Symposia on Metal Complexes – ISMEC Acta, Volume 3 
ISMEC 2013, June 16th – 20th 2013 – Burgos (Spain) 

  12 

LIST OF COMMUNICATIONS 
 
 

Plenary Lectures 
 

PL-1: The Making of Homogeneous Catalysis: Coordination Chemistry at Work. 
 Pablo Espinet 

PL-2: Fundamental Bioorganometallic Technetium and Rhenium Chemistry in Targeted 
Molecular Imaging and Therapy. 

 Roger Alberto, Daniel Can, Samer Sulieman, Sebastian Imstepf, Matthias Bauwens 

PL-3: Small Molecules with Great Opportunities: Coordination Chemistry of Cis- and 
Transplatin with Nucleobases. 

 Bernhard Lippert 

PL-4: Synthesis and Surface Chemistry of Organometallic Nanoparticles. 
 Bruno Chaudret 

PL-5: Metal Ion Interactions in Nucleic Acid Folding, Structure and Function. 
 Nicholas V. Hud 

PL-6: Metal ions in the context of nano- and microparticles - toxicity and detection. 
 W. J. Parak 

PL-7: How strong is "strong"? Compliance constants as unique bond strength descriptors. 
 Jörg Grunenberg 

 

Keynote Lectures 
 
KN-1: Arene-linked dinuclear RAPTA analogues. 
 Benjamin S. Murray, Rosario Scopelliti, Paul J. Dyson 

KN-2:  Topology of Metallacalix[n]arenes: Isomerism Established by Connectivity, and 
Rotamer State. 

 Pablo J. Sanz Miguel, Bernhard Lippert 

KN-3:  Micelles and nanoparticles as tools to control the occurrence of chemical reactions. 
 Tarita Biver, Fernando Secco, Marcella Venturini, Begoña Garcia, José M. Leal 

KN-4:  Transition metal complex–DNA binding: in silico and wet lab approaches. 
 Giampaolo Barone 

KN-5:  Complexes of Palladium with chelating N-donor ligands. Reactivity on the ligands. 
 José V. Cuevas 
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Oral Communications 
 

OC-1: Polymeric Forms of the Ternary Copper(II) Complexes with the Dinucleating p-
Xylylenediamino-N,N,N’,N’-tetraacetate(4-) Chelator (p-XDTA) and imidazole 
(Him) or pyrazole (Hpz) N-coligands. 

 Esther Vílchez-Rodríguez, Hanan El Bakkali, Alicia Domínguez-Martín, Aurora 
Gema Sicilia-Zafra, Alfonso Castiñeiras, Josefa María González-Pérez, Juan Niclós-
Gutiérrez 

OC-2: Hemilabile amino-amides as N,N-chelating systems for main group metals. 
 Hana Kampova, Emilie Riemlova, Jitka Klikarova, Zdenka Padelkova, Ales Ruzicka  

OC-3: Fine-tuning of the cytotoxic activity in new Ru(II) arene complexes bearing 
benzimidazole ligand. 

 Marta Martínez, Gustavo Espino, Begoña García, Natalia Busto, José M. Leal, Félix 
A. Jalón, Blanca R. Manzano, Ana María Rodríguez 

OC-4: Kinetic Study of Metal Complexes with Tetraazamacrocyclic Ligands with 
Phosphorus Acid Pendant Arms. 

 Radek Ševčík, Přemysl Lubal, Jakub Vaněk, Petr Hermann, Zuzana Kotková, Jan 
Kotek 

OC-5: Copper(II) complexes of peptide derivatives containing imidazole side chains, as 
models of Cu,Zn-SOD enzyme. 

 Katalin Várnagy, Gizella Csire, Sarolta Timári  

OC-6: A new hydroxypyrone powerful chelator. From synthesis to AlIII , FeIII , CuII and ZnII 
complex formation equilibria, and structural characterization. 

 Leonardo Toso, Guido Crisponi, Maria Amelia Santos, Sergio M. Marques, Valeria 
M. Nurchi, Joanna I. Lachowicz, Miriam Crespo-Alonso, Delara Mansoori, Alicia 
Dominguez-Martin, Juan Niclos-Gutierrez, Duane Choquesillo-Lazarte, Maria 
Antonietta Zoroddu, Massimiliano Peana  

OC-7: Bismuth coordination chemistry:  The snapshot before it precipitates. 
 Caren Billing, Ignacy Cukrowski  

OC-8: Platinum complexes with 1,10-phenanthroline derivatives: synthesis, kinetics and in 
vitro cytotoxicity. 

 Federica Trudu, Elisa Valletta, Tiziana Pivetta, Francesco Isaia, Sarah Vascellari, 
Elisa Carta, Alessandra Pani 

OC-9: A Bifunctional Tripodal Hydroxypyrimidinone-Based Iron Chelator. 
 M. Amélia Santos, Anabela Capelo, Laurinda Areias, Sérgio M. Marques, Lurdes 

Gano, Sílvia Chaves, M. Alexandra Esteves 

OC-10: A Topological Triptych Made to Order. 
 Ali Trabolsi, Thirumurgan Prakasam, Mourad Elhabiri, Loic Charbonniere 

 



Acta of the International Symposia on Metal Complexes – ISMEC Acta, Volume 3 
ISMEC 2013, June 16th – 20th 2013 – Burgos (Spain) 

  14 

OC-11: Synchrotron Applications on the Characterization of Selenium Enriched Plants. 
 Beatriz Guerrero, Merce Llugany, Manuel Valiente  

OC-12: Comparison of the π-Stacking Properties of Pyrimidine versus Purine Residues in 
Mixed Ligand Metal Ion Complexes. 

 Helmut Sigel, Astrid Sigel 

OC-13: The influence of the amide linkage in the metal-binding properties of catechol 
modified rhodamine derivatives. 

 M. G. M. Couto, C. Queirós, A. Leite, T. Moniz, A. M. G. Silva, P. Gameiro, M. 
Rangel 

OC-14: Acid-Base Properties of a Hexa-2’-deoxynucleoside Pentaphosphate, 
d(ApGpGpCpCpT): Neighboring Effects, Tautomeric Equilibria, and Acidification 
by Metal Ions. 

 Alicia Domínguez Martín 

OC-15: 99TcO4
-: selective recognition and trapping in aqueous solution. 

 Valeria Amendola, Greta Bergamaschi, Roger Alberto, Henrik Braband, Thomas Fox 

OC-16: Transmembrane anion transporters inspired by natural alkaloids: insights into design 
and in vitro antitumor activity. 

 Elsa Hernando, Vanessa Soto-Cerrato, Ricardo Pérez Tomás, Roberto Quesada 

OC-17: Reactions between the ‘Acid’ Chelate [Cu(H2EDTA)(H2O)]  with  Adenine  and  
Deaza-adenines: The Outer-sphere Complex (H27deaA)[Cu(HEDTA)(H2O)]•3H2O. 

 Delara Mansoori, Alicia Domínguez-Martín, Duane Choquesillo-Lazarte, Valeria 
Nurchi, Guido Crisponi, Josefa María González-Pérez, Juan Niclós-Gutiérrez 

OC-18: Ternary copper(II) chelates with the N-furfuryl-iminodiacetate chelator and 
benzimidazole or 3-methyladenine as coligands. 

 Inmaculada Pérez-Toro, Alicia Domínguez-Martín, Antonio Matilla-Hernández, 
Elena Bugella-Altamirano, Alfonso Castiñeiras, Josefa María González-Pérez, Juan 
Niclós-Gutiérrez 

OC-19: Water soluble thiolate gold and platinum complexes as new ceramics pigments and 
its anticancer activity. 

 Mariano Laguna, Elena Cerrada, Aránzazu Mendia, Asuncion Luquin 

OC-20: Gold-diamond nanocomposite as a precursor for laser ablation synthesis of gold 
carbides. 

 Josef Havel, Eladia Maria Peña-Méndez, Filippo Amato, Nagender Reddy Panyala, 
Vilma Buršíková 

OC-21: Synthesis, solution equilibria and cytotoxic activity of new copper(II) complexes 
with 1,10-phenanthroline derivatives. 

 Tiziana Pivetta, Federica Trudu, Elisa Valletta, Francesco Isaia, Daniela Perra, 
Elisabetta Pinna, Alessandra Pani, Carlo Castellano, Francesco Demartin 
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OC-22: Characterization of the solubility of metal rich PMs in human lungs Health risk 
assessment based on the solubility of metal rich PMs in human lungs. 

 Naiara Goienaga, Alfredo Sarmiento, Leire Kortazar, Ainhoa Tirapu, Luis Ángel 
Fernández, Juan Manuel Madariaga 

OC-23: New fluorogenic OFF-ON probes for the quantification and discrimination of Hg(II) 
and MeHg(II) in aqueous solution. 

 Tomás Torroba, Borja Díaz de Greñu, Patricia Calvo, José García, Sebastian Pons, 
Blanca Torroba 

OC-24: A fluorescent sensor for 99TcO4
- in water. 

 Valeria Amendola, Greta Bergamaschi, Roger Alberto, Henrik Braband 

OC-25: Study of Some Complexation Reactions in the Design and Synthesis of New Hybrid 
Polymeric Materials. 

 M. Asunción Muñoz, Saturnino Ibeas, Saúl Vallejos, Miriam Trigo-López, Jesús L. 
Pablos, Arantza Mendía, Félix C. García And José M. García 

OC-26: Interaction of Ag3 nanoclusters with DNA and its potential as novel synthetic 
antibiotics. 

 Natalia Busto, Begoña García, José M. Leal, M. Arturo López-Quintela, David 
Buceta, Fernando Dominguez, José Neissa, Giampaolo Barone 

OC-27: Complexation of Cs-137 by Molecular Cavitands. 
 Fabio Pichierri 

 

Poster Communications 
 
P-1: Bidentate N-Heterocyclic Chelating Agents for Hard Metal Ions. 

Sílvia Chaves, Anabela Capelo, Laurinda Areias, M. Alexandra Esteves, M. Amélia 
Santos. 

P-2: Comparison of selectivity of a family of chelating agents for trivalent (Al3+, Fe3+) 
and bivalent (Cu2+, Zn2+) metal ions. 
Leonardo Toso, Guido Crisponi, Maria Amelia Santos, Sergio M. Marques, Valeria 
M. Nurchi, Joanna I. Lachowicz, Miriam Crespo-Alonso, Maria Antonietta Zoroddu, 
Massimiliano Peana  

P-3: Do anti-diabetic drugs act as copper ligands? 
Valeria M. Nurchi, Guido Crisponi, Maria de Guadalupe Jaraquemada Pelaez, 
Joanna I. Lachowicz, Miriam Crespo-Alonso, Alicia Dominguez-Martin, Josefa 
María González-Pérez, Juan Niclós-Gutiérrez, Garth J.S. Cooper 

P-4: Biomass against emerging pollution in wastewater. 
Valeria M. Nurchi, Miriam Crespo-Alonso, Delara Mansoori, Raffaela Biesuz, 
Giancarla Alberti 
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P-5: Coordination ability of oxime-containing acetylcholinesterase reactivators 
Obidoxime, BT-07, BT-07-4M and BT-08. 
Ivayla Pantcheva, Silviya Stoykova, Ahmed Nedzhib. 

P-6: In vitro antiproliferative activity of thionate platinum(II) and palladium (II) 
complexes with PTA and DAPTA. 
Aránzazu Mendía, Elena Guerrero, Susana Miranda, Sebastian Lüttenberg, Nils 
Fröhlich, Jan-Moritz Koenen, Fabian Mohr, Elena Cerrada, Mariano Laguna. 

P-7: A new family of Ru(II) arene complexes with hydroxiphenylbenzoazole ligands: 
structures, synthesis and cytotoxic activity 
Marta Martínez-Alonso, Gustavo Espino, Aránzazu Carbayo, Ana M. Rodríguez, 
Félix A. Jalón, Blanca R. Manzano. 

P-8: In vitro and in vivo antiproliferative activity of water-soluble gold(I) complexes with 
PTA derivatives. 
Elena Cerrada, Elena García-Moreno, Elena Atrian, Sonia Gascón, Eduardo 
Romanos, Mª Jesús Rodríguez-Yoldi, Mariano Laguna. 

P-9: Synthesis and Characterization of New Tridentate Oxime-Amide-
Amine/Thiol/Thioether Ligands and Their Platinum(II) Complexes 
Elizabeth Salala Afonso Diu, Igor Vasyl Nikolayenko 

P-10: Metal binding ability of a poly-His and poly-Gly peptide isolated from the venom of 
Atheris squamigera.  
Maurizio Remelli, Fabio Pontecchiani, Sławomir Potocki, Magdalena Rowińska-
Żyrek, Henryk Kozłowski 

P-11: Rhenium(I) and technetium(I) complexes based on a tridentate N,N,O-type ligand 
containing an arylpiperazine pharmacophore: synthesis, characterization and 
biological evaluation. 
Seridi Achour, Coulais Yvon, Picard Claude, Kadri Mekki ,Benoist Erica 

P-12: New Ruthenium (III) complexes with antitumor activity: design, synthesis and 
characterization. 
Elisa Valletta, Federica Trudu, Francesco Isaia, Rossana Tuveri, Roberta Melis, 
Alessandra Pani, Tiziana Pivetta. 

P-13: Interaction of the antitumor drug doxorubicin with nucleic acids. 
Cristina Pérez-Arnaiz, Begoña García, Jose María Leal, Natalia Busto, Héctor 
Lozano. 

P-14: Studies on self-Aggregation and Isomerization of the DNA Groove Binder Hoechst-
33258. 
Tarita Biver, Natalia Busto, Beatriz Cano, Begoña García, José M. Leal, Fernando 
Secco, Rocío Tejido, Marcella Venturini 
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P-15: Hoechst 33258 induces changes from duplex RNA to triplex RNA at different 
temperatures and concentrations. 
Beatriz Cano, Rocío Tejido, Natalia Busto, Begoña García, José M. Leal, Tarita 
Biver, Fernando Secco, Marcella Venturini. 

P-16: DNA binding properties and in vitro cytotoxicity of a new ruthenium complex with 
the 1,10-phenanthrolin-5-amine ligand. 
Jesús Valladolid, Begoña García, Gustavo A. Espino, Natalia Busto, José M. Leal. 

P-17: Tripex helix formation in poly(rA)·poly(rU) induced by Ethanol. 
Francisco J. Hoyuelos, Begoña García, Rebeca Ruiz, Natalia Busto, José M. Leal, 
Ana M. Navarro, Indalecio A. Peñacoba, and Fernando Secco. 

P-18: The binding mechanism of the molecular rotor Thioflavine-T to DNA  
Tarita Biver, Azzurra Burgalassi, Marco Mattonai, Fernando Secco, Marcella 
Venturini  

P-19: Structure effects on the reactivity of two new cyanine/DNA systems  
Tarita Biver, Elena Pulidori, Fernando Secco, Marcella Venturini 

P-20: Preliminary thermodynamic and kinetic tests on Al3+ ion interaction with single and 
double stranded poly(A). 
Tarita Biver, Matteo Lari, Fernando Secco, Marcella Venturini, Héctor J. Lozano, 
Natalia Busto, Begoña Garcia, José M. Leal. 

P-21: Kinetic and equilibrium study for Pd(II) removal from aqueous solution by sorption 
onto calcium alginate gel beads. 
Salvatore Cataldo, Antonio Gianguzza, Alberto Pettignano  

P-22: Laboratory study of Malachite pigment´s degradation generated by the action of 
environmental stressors using spectroscopic techniques. 
Olivia Gómez-Laserna, Julene Aramendia, Iker Arrizabalaga, Yasmina Prada, 
Marian Olazabal. 

P-23: Role of chemical compounds of vegetable wastes in Cr(VI), Cu (II) and Ni(II) 
sorption. 
Chang Liu, David Pujol, M. Àngels Olivella, Florencio de la Torre, Núria Fiol, Jordi 
Poch, Isabel Villaescusa. 

P-24: Metal and Anion Coordination Chemistry of Tripodal Polyamine Receptor 
Containing Indazole Moieties.  
Elena Salvador, M. Teresa Albelda, Mª Paz Clares, Enrique García-España. 

P-25: A dinuclear copper(II) cryptate for the recognition of dicarboxylates and amino 
acids. 
Pedro Mateus, Rita Delgado. 
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P-26: Energetic of ferrocene conjugates binding to Plasmodium falciparum glutathione S-
transferase by displacement isothermal titration calorimetry. 
Indalecio Quesada-Soriano, Carmen Barón, Manuel C. Martos-Maldonado, J.M. 
Casas-Solvas, Ramiro Téllez-Sanz, Antonio Vargas-Berenguel, Luís García-Fuentes 

P-27: Coating of anisotropic gold nanoparticles with Cu(II) complexes of tetra-aza 
macrocyclic ligands as theranostic tools. 
Claire Bernhard, Franck Denat, Alice Dona, Piersandro Pallavicini. 

P-28: Pd(0) Nanoparticles Dispersed in Nanocrystalline Hydroxyapatite Framework: 
Fabrication, Characterization and Catalytic Application in the Hydrolysis of 
Ammonia-Borane for the Chemical Hydrogen Storage. 
Yasar Karatas, Mehmet Gulcan, Mehmet Zahmakiran. 

P-29: The µ3-bridging role of the tripodal-tetradentate tren ligand. Structure of 
[{Cu(tren)}3(µ3-tren)]2(NO3)12•3H2O. 
Antonio Matilla-Hernández, Inmaculada Pérez-Toro, Alicia Domínguez-Martín, 
Alfonso Castiñeiras, María Teresa Fernández-Martínez, Josefa María González-
Pérez, Juan Niclós-Gutiérrez. 

P-30: A ternary copper(II) complex with the binucleating chetator trans-1,4-
cyclohexanediaminotetraacetate(4-) and pyrazole: [Cu2(trans-1,4-
CDTA)(Hpz)2(H2O)2]•2H2O. 
Esther Vílchez-Rodríguez, Hanan El Bakkali, Alicia Domínguez-Martín, Duane 
Choquesillo-Lazarte, Alfonso Castiñeiras, Josefa María González-Pérez, Juan 
Niclós-Gutiérrez. 

P-31: Cooperative anion recognition in divalent first-row transition-metal complexes with a 
ditopic tripodal ligand containing a urea group. 
Israel Carreira-Barral, Teresa Rodríguez-Blas, Carlos Platas-Iglesias, Andrés de 
Blas, David Esteban-Gómez. 

P-32: Influence of anion shape in urea N-coordination type. 
David Esteban-Gómez, Israel Carreira-Barral, Teresa Rodríguez-Blas, Carlos 
Platas-Iglesias, Andrés de Blas. 

P-33: Tetrafluoro-4-pyridyl substituted cyclopentadienyl molybdenum compounds.  
Jan Honzíček, Milan Erben, Jaromír Vinklárek. 

P-34: Potentiometric studies, synthesis and single-crystal X-rays structure of a Copper(II) 
complex with a new pyrazolone derivative ligand. 
Selma Akcha, Lamouri Hammal, Smail Triki, Bellara Kolli, Ouassini Benali Baitich. 

P-35: Molybdenum and tungsten complexes with coordinated poly(azolyl)methane ligands. 
Iva Klepalová, Jan Honzíček, Jaromír Vinklárek. 

P-36: Platinum Metal Complexes Containing Various Chiral Benzothiazole Ligands. 
Vladimir Pejchal, Zdenka Padelkova, Ales Ruzicka. 
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P-37: Reactivity of (organo)magnesium species towards selected carbodiimides. 
Tomas Weidlich, Tomáš Chlupaty, Aleš Ruzicka. 

P-38: Reactivity of a C,N-chelated stannylene towards organotin(IV) halides. 
Petr Švec, Martina Líbalová, Zdeňka Padělková, Aleš Růžička. 

P-39: Metal Complexes of Ferratricarbaboranes as Ligands. 
Jan Turek, Josef Holub, Zdeňka Padělková, Aleš Růžička. 

P-40: Presence or absence of intramolecular π,π stacking interactions in ternary copper(II) 
complexes with 2-benzylmalonate(2-) and aryl N,N’ chelators: Complexes with 2,2’-
bypyrimidine. 
Hanan el Bakkali, Alicia Domínguez-Martín, Duane Choquesillo-Lazarte, Alfonso 
Castiñeiras, Josefa María González-Pérez, Juan Niclós-Gutiérrez. 

P-41: Synthesis Characterization and Aggregation behavior of Metallo phthalocyanines 
Substituted  with (2-((2-hydroxyethyl)(p-tolyl)amino)ethoxy)) groups. 
Mehmet Salih Ağirtaş, Metin Çelebi 

P-42: Experimental and DFT studies of O-Nucleophilic attacks with gold catalysts. 
Jesús Cordón, Gonzalo Jiménez-Osés, José M. López de Luzuriaga, Miguel Monge, 
M. Elena Olmos. 

P-43: Quantum chemical modeling of structure and reactivity of Au-complexes – the 
catalysts of selective methane oxidation to methanol. 
Alexander F. Shestakov 

P-44: The effect of a close environment of li+ ions on their mobility in polymer 
electrolytes. 
Olga Yarmolenko, Alexander Shestakov, Vitaly Volkov  

P-45: X-ray characterization of a new phthalonitrile and its phthalocyanines bearing 
diamagnetic metals. 
Levin Özdemir, Yusuf Yilmaz, Mehmet Akkurt, Muhammad Nawaz Tahir, Mehmet 
Sönmez. 

P-46: Synchrotron Radiation Circular Dichroism (SRCD) as a useful tool studying 
complexation of polyether ionophores. 
Ivayla Pantcheva, Mariana Mitewa, Bela Gyurcsik. 

P-47: New aspects to the reactivity of Al: Formation of Al3+/NaCaC complex. 
Héctor Lozano, Begoña García, Jesús Valladolid, Natalia Busto, José María Leal, 
Saturnino Ibeas, Cristina Pérez-Arnaiz, Fernando Secco, Tarita Biver, Matteo Lari. 

P-48: Dual emission of 4-(dimethylamino)piridine (DMAP) and the related 
[Au(C6F5)DMAP] organometallic complex. 
José M. López-de-Luzuriaga, Elena Manso, Miguel Monge, M. Elena Olmos, Diego 
Sampedro. 
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P-49: Cooperative Gold(I)-Mercury(II) interaction. An amalgam at the molecular level. 
Tania Lasanta, José María López de Luzuriaga, Miguel Monge, María Elena Olmos, 
David Pascual. 

P-50: Intermolecular Binding Modes in a Novel [1+1] Condensation 1H-Pyrazole 
Azamacrocycle. A Solution and Solid State Study. 
Raquel Belda, Javier Pitarch-Jarque, Conxa Soriano, José M. Llinares, Salvador 
Blasco, Jesús Ferrando-Soria, Enrique García-España. 

P-51: Copper(II) binding modes of 1H-Pyrazole Macrocycles. 
Javier Pitarch Jarque, Raquel Belda, Jesús Ferrando-Soria, Pilar Navarro, Enrique 
García-España.  

P-52: Fluorescence enhancement of functionalized polyamine complexes using metal ion 
Zn (II) 
Aida Nebot, Mª Paz Clares, Enrique García-España, Conxa Soriano, Rafael 
Ballesteros-Garrido, Belén Abarca. 

P-53: A novel OFF-ON selective fluorogenic probe for Hg(II) in aqueous media  
Borja Díaz de Greñu, Patricia Calvo, José Vicente Cuevas, José García, Tomás 
Torroba. 

P-54: A New Selective Chromogenic and Turn-on Fluorogenic Probe for Copper(II)  
Patricia Calvo, Borja Díaz De Greñu, José García, Josefa Rojo, Teresa Gómez, 
Teresa Rodríguez, Tomás Torroba. 

P-55: Fluorogenic materials for the environmental detection of neurotoxic compounds 
José García Calvo, Borja Díaz de Greñu, Patricia Calvo Gredilla, José M. García, 
Saúl Vallejos, Félix C. García, Miriam Trigo, Tomás Torroba. 

P-56: Behind the development of a chloride sensor. Functionalization of mesoporous silica 
by a cage-type anion receptor (L-MS) 
Roberta Colleoni, Giancarla Alberti, Valeria Amendola, Greta Bergamaschi, 
Raffaela Biesuz. 

P-57: A Topological Triptych: A [2]Catenane, A Trefoil Knot and A Solomon Knot 
Thirumurugan Prakasam, Matteo Lusi, Loïc J. Charbonnière, Ali Trabolsi. 

P-58: Gold(I) and thallium(I) heterometallic compounds with S-donor polidentate ligands.  
Rocío Donamaría, Vito Lippolis, José M. López-De-Luzuriaga, Miguel Monge, M. 
Elena Olmos. 

P-59: Heterometallic AuI/AgI complexes with crown thioethers.  
M. Concepción Gimeno, Rocío Donamaría, Tania Lasanta, Vito Lippolis, José M. 
López-De-Luzuriaga, Miguel Monge, M. Elena Olmos. 
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The Making of Homogeneous Catalysis: Coordination Chemistry at Work 
 

Pablo ESPINET  

 
IU CINQUIMA/Química Inorgánica, Facultad de Ciencias, Universidad de Valladolid, 

Valladolid, Spain. espinet@qi.uva.es 
 

The use of transition and post-transition metals as catalysts for organic synthesis has 

grown exponentially in the last decades. This is only the second metal revolution due to the 

introduction of metals in organic synthesis [1], after the first revolution that took place when 

organometallic compounds of main group metals were developed providing, at the turn of the 

XIXth to the XXth century, unprecedented reagents bearing nucleophilic carbon atoms [2]. 

Due to the usual separation of chemistry, at the educational level, in two areas (Inorganic and 

Organic Chemistry), it is not rare that transition metal catalysts are used by synthetic organic 

chemists with neglect of the potential mechanistic complexity of transition metals as 

compared to the main group elements. Thus, trial and error or imitation approaches have 

dominated the synthetic practice, except for the best research groups.  

At this point it should be worth reminding the importance of taking into account the 

classic concepts of Inorganic and Coordination Chemistry [3] for a better understanding of the 

use of metals as catalysts in synthesis. Looking at the reactions with inorganic eyes, our group 

has been studying the mechanisms of Heck, Stille, Negishi, Noyori, Sonogashira or 

bimetallic-catalyzed reactions, trying to better understand what is behind  the transformations 

that we eventually observe in a catalytic process, how the molecules do it. With chosen 

examples of these mechanistic studies, the presentation will illustrate the different degree of 

complexity of the metal participation, depending on the metal catalyzed process and the metal 

catalyst used. 

 

References:  
 

[1] Nobel prize in chemistry awarded to E. O. Fischer, and G. Wilkinson 1973. Nobel prize 
in chemistry awarded to W. S. Knowles, R. Noyori, and K. B. Sharpless 2001. Nobel 
prize in chemistry awarded to Y. Chauvin, R. H. Grubbs, and R. R. Schrock 2005. Nobel 
prize in chemistry awarded to R. F. Heck, E. Negishi, A. Suzuki 2010. 

[2] Several Nobel awardees for these developments: V. Grignard 1912, K. Ziegler and G. 
Natta 1963, H. C. Brown 1979. 

[3] Nobel prize in chemistry awarded to A. Werner 1913. 
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Fundamental Bioorganometallic Technetium and Rhenium Chemistry in 
Targeted Molecular Imaging and Therapy  

 

Roger ALBERTO ,a) Daniel CAN  a) Samer SULIEMAN a) Sebastian IMSTEPF a) 
Matthias BAUWENS b) 

 
a) Institute of Inorganic Chemistry, University of Zürich, Winterthurerstrasse 190, CH-8057 

Zürich, Switzerland, 
b) Nuclear Medicine, NUTRIM, Maastricht University, P. Debeyelaan 25, 6229 HX Maastricht, 

The Netherlands, ariel@aci.uzh.ch 
 

Among different imaging modalities such as Magnetic Resonance Imaging (MRI), 
Optical Imaging, Positron Emission Tomography (PET) or Single Photon Emission Computed 
Tomography (SPECT), 99mTc plays a major role in routine nuclear medicine diagnosis.[1,2] 
Positron emitters such as 68Ga are complementing available PET nuclides and are gaining 
importance in targeted molecular imaging.[3,4] In contrast to technetium, the coordination 
chemistry of e.g. gallium is limited since it exists in essentially one oxidation state. The 
possibility of exploiting the chemistry of different oxidation states in d-elements introduces 
the opportunity of better adapting the physico-chemical properties of the complexes to the 
ones of the biological targeting molecule. In particular, it becomes possible to explore the full 
range of organometallic chemistry for application in life sciences, so-called bioorganometallic 
chemistry. An understanding of the fundamental chemistry is however basic in order to obtain 
new organometallic motives for imaging and therapy. 

 

 

We have introduced many years ago the building block complex [99mTcI(OH2)3(CO)3]
+ 

(1). Numerous groups are currently exploring its coordination chemistry for the labeling of 
biomolecules. The presentation will briefly review major, recent achievements.[5] In our own 
group, we focused our attention on the classical organometallic cyclopentadienyl (Cp) ligand 
due to its small size, the possibility of derivatizations at the Cp-ring and the stability of its 
complexes. Reaction of the (C5H5COOH)2 with 1 or [99mTcO4]

- leads to [(Cp-
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COOH)99mTc(CO)3]
+ in close to quantitative yields.[6] This reaction pathway can be extended 

to Cp-compounds comprising a wide variety of biological functions directly attached to the 
Cp-ring. In this respect, we studied the syntheses, labeling and biological behaviour of 
carbonic anhydrase (CA) and histone deacetylase inhibitors.[7] The corresponding 99mTc 
complexes are imaging agents whereas the rhenium homologues are therapeutically active, 
enabling both compounds to be applied in a kind of theranostic concept.  

 
The approach of using cyclopentadienyl ligands as carriers for targeting functions has 

been extended to various other functionalities and functions. Coupling of α-amino groups 
leads to artificial amino acids whereas a methylene or ethylene spacer extends the distance 

between biologically active functions 
and pendent metal complexes. The 
derivatization of cyclopentadiene with 
more than one functional group allows 
to decorate [C5H3R2)

99mTc(CO)3] type 
complexes with more than one bio-
motive and to further mimic phenyl 
rings in organic lead structures.  

Cyclopentadienyl was, thus, 
introduced as a versatile ligand in radiopharmaceutical chemistry despite the fact that all 
syntheses have to be performed in water at high dilution. The homologues with rhenium, a 
rare element in bioorganometallic chemistry, mimic organic structures with the potential of 
displaying better selectivity than their purely organic leads.[8] Along with fundamental and 
applied Cp chemistry, a new 99mTc building block will be presented to underline that 99mTc(I) 
is not the only oxidation state to be explored for molecular imaging. 
 
References:  
 
[1]  Achilefu, S. Chem. Rev. 2010, 110, 2575-2578. 
[2] Louie, A. Chem. Rev. 2010, 110, 3146-3195. 
[3] Bartholoma, M. D.; Louie, A. S.; Valliant, J. F.; Zubieta, J. Chem. Rev. 2010, 110, 

2903-2920. 
[4] Bhattacharyya, S.; Dixit, M. Dalton T. 2011, 40, 6112-6128. 
[5] Morais, G. R.; Paulo, A.; Santos, I. Organometallics 2012, 31, 5693-5714. 
[6] Liu, Y.; Spingler, B.; Schmutz, P.; Alberto, R. J. Am. Chem. Soc. 2008, 130, 1554-

1556. 
[7] Can, D.; Spingler, B.; Schmutz, P.; Mendes, F.; Raposinho, P.; Fernandes, C.; Carta, F.; 

Innocenti, A.; Santos, I.; Supuran, C. T.; Alberto, R. Angew. Chem. Int. Edit. 2012, 51, 
3354-3357. 

[8] Meggers, E. Angew. Chem. Int. Edit. 2011, 50, 2442-2448. 
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Small Molecules with Great Opportunities: Coordination Chemistry  
of Cis- and Transplatin with Nucleobases 

 
Bernhard LIPPERT  

 
Fakultät Chemie, Technische Universität Dortmund, 44221 Dortmund, Germany 

bernhard.lippert@tu-dortmund.de 
 

cis-PtCl2(NH3)2 (cis-Diamminedichloridoplatin(II), Cisplatin) is a small molecule 
comprised of 11 atoms only, yet it represents one of the most potent anticancer drugs ever 
clinically applied. Together with two closely related analogues, Carboplatin and Oxaliplatin, 
these “platinums” are today first line therapeutics in at least a dozen different cancers, and 
almost three quarters of all cancer patients undergoing a combination chemotherapy receive a 
Pt drug. The trans isomer of Cisplatin is considerably less active, but the long standing 
paradigm that a cis geometry is required for antitumor activity has recently been dropped. 
 

Today it is widely assumed that the interaction of Pt drugs with DNA of tumor cells is 
the key step for activity, leading to structural changes and triggering a series of events which 
eventually causes apoptosis and cell death. Although the major DNA adduct of Cisplatin, the 
intrastrand cross-link between two adjacent guanines, and likewise the preferred interstrand 
cross-link of Transplatin with a guanine-cytosine base pair, have received a great deal of 
attention, there are still many more possibilities of adduct formation and/or reactions with 
nucleobases that might be biologically relevant. Work in our own group has centered on 
fundamental questions regarding the coordination chemistry of Cisplatin and Transplatin, 
ranging from hydrolytic activation of the chloride ligands and the role of the ammine ligands,  
to structural models of DNA adducts, as well as more subtle consequences of Pt binding to 
nucleobases on hydrogen bonding properties, tautomerism, or acid-base chemistry, among 
others. [1, 2] In a broader sense, these findings may be of significance to metal-nucleic acid 
interactions in general. 
 

The lecture will provide an overview on our present understanding of the coordination 
chemistry of Cis- and Transplatin with model nucleobases and will discuss the potential 
relevance for cellular processes. At the same time it will be demonstrated how Pt-nucleobase 
chemistry crosses over to supramolecular chemistry [3] and how some of these constructs 
may be of interest at their own as reactants for nucleic acids. 
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Organometallic nanoparticles are prepared by decomposition in mild conditions of 
organometallic precursors in solution. The decomposition is preferably achieved under 
dihydrogen which results in the formation of a clean surface, covered with hydrides and able 
at performing further chemistry or growth processes. Addition of various ligands may modify 
both the physical and the chemical properties of the particles as well as the growth process 
allowing the formation of particles of defined sizes and shapes. In this respect, nanospheres, 
nanorods, nanocubes, nanowires of iron and cobalt or nano-arrows, nanocubes and dendritic 
particles of platinum can be obtained. Some of these nano-objects organize into super-lattices.  
The surface characterization may be achieved by standard techniques of material science 
(XPS, WAXS, HRTEM) as well as by the use of NMR (solid state, solution and gas phase). In 
particular, static solid state 2D NMR and MAS 13C NMR are particularly efficient to locate 
and study the dynamics of surface ligands as well as to study the reactivity of the particles, in 
particular towards H/D exchange in complex organic molecules, hydrogenation and oxidation 
reactions.  
 

The lecture will first present the synthesis and characterization of ruthenium 
nanoparticles stabilized by phosphines, phosphites and N-heterocyclic carbene ligands, the 
characterization of these particles, their surface reactivity towards CO and alkenes and the 
influence of the ligands on styrene hydrogenation, CO oxidation and CO hydrogenation. In 
addition, the lecture will present the synthesis, surface reactivity and catalytic activity of new 
iron and iron carbide nanoparticles and the coupling between physical and chemical 
properties.  
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The polyanionic nature of DNA and RNA requires that metal ions associate with these 
polymers for proper folding and function, in vivo and in vitro. Our laboratory continues to 
explore the role that metal ion coordination plays in nucleic acid structure and function, from 
the level of base pair geometry to the folding of ribosome. In the case of duplex DNA, the 
major and minor grooves have been characterized as flexible ionophores; metal ions are 
localized within either groove in a structure- and sequence-specific manner [1]. The 
ionophore model of DNA is partially based on x-ray crystal 
structures that revealed a correlation between groove width 
and metal ion placement. We have now observed, in a 
recently determined high-resolution structure, that even the 
geometry of the Watson-Crick base pairs can be altered by 
the polymorphism of divalent cation positions within the 
major groove of a DNA duplex (Figure 1), suggesting that 
base pair structure heterogeneity could also be associated 
with cation coordination [2]. In the solution state, we are 
exploring the interplay between metal ions and water in 
governing duplex DNA and G-quadruplex DNA structures 
by moving these secondary structures into non-aqueous 
solvents, including the deep eutectic solvent composed of 
one part choline and two parts urea [3]. The altered 
sequence-dependent and structure-dependent stability of 
DNA in this non-aqueous solvent is providing fresh insights into the kinetics and 
thermodynamics of metal ion interaction with DNA in water. For example, choline is able to 
substitute for divalent cation binding sites in duplex DNA for certain sequences, but not in 
others. With respect to G-quadruplex structures, the well-document preference of G-tetrads to 
coordinate Na+ over K+ [4], which is largely due to the relative energetics of cation hydration, 
is apparently enhanced upon transfer of a G-quadruplex into the non-aqueous choline Cl-urea 
solvent [3]. 

 
The coordination of Mg2+ is indispensible for the folding and function many non-coding 

RNA molecules [5]. In collaboration with the Williams laboratory, we are exploring the role 
that divalent cations play in folding large sections, or domains, of the ribosome. Chemical 
probing studies have revealed that an isolated domain of the ribosome folds in a Mg2+-
dependent manner and that, while this domain can fold without being in contact with other 
domains of the ribosome, Mg2+ is necessary and sufficient for adoption of the native fold [6]. 
Finally, motivated by the hypothesis that early life on Earth might have used Fe2+ in place of 
Mg2+, before the rise of O2 in the atmosphere, we are now exploring the potential for Fe2+ to 

 
 
Figure 1. Three hexahydrated 
Mg2+ with overlapping sites in a 
high resolution structure of 
duplex DNA. From Ref. 2. 
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substitute for Mg2+ in RNA folding and function. Initial results reveal that RNA is indeed able 
to fold and catalyze reactions with Fe2+ in anaerobic conditions.  

 
The studies of metal ion interactions with nucleic acids mentioned here, and numerous 

studies reported by other laboratories, have provided a view of metal ion coordination by 
DNA and RNA that ranges from loosely-bound cations that have only one first-shell ligand 
provided by the nucleic acid, to the multidentate coordination of Mg2+ by highly-structured 
RNA backbone and the complete donation of first-shell ligands to monovalent cations within 
a G-quadruplex (Figure 2). In each case, the structure and function of these metal ion-nucleic 
acid complexes is inseparable. 

Figure 2. Examples of metal ion coordination by nucleic acids. (A) A pentahydrate Mg2+ with one first 
shell ligand provided by a base of RNA. (B) The coordination of two Mg2+ by a highly-structured 
RNA backbone (only backbone atoms shown). (C) A completely dehydrated monovalent cation 
coordinated by eight O6 atoms of two stacked G-tetrads within a DNA G-quadruplex (only base atoms 
shown). Adapted from Ref. 5.  

References:  
[1] Hud, N.V.; Engelhart, A.E., Sequence-Specific DNA-Metal Ion Interactions, In Nucleic 

Acid-Metal Ion Interactions, N. V. Hud, Ed., Royal Society of Chemistry: London, 
2009, pp 75–117. 

[2] Maehigashi, T.; Hsiao, C.; Woods, K.K.; Moulaei, T.; Hud, N.V.; Williams, L.D., B-
DNA structure is intrinsically polymorphic: even at the level of base pair positions. 
Nucleic Acids Res. 2012, 40, 3714-3722. 

[3] Mamajanov, I.; Engelhart, A.E.; Bean, H.D.; Hud, N.V., DNA and RNA in Anhydrous 
Media: Evidence for Duplex, Triplex and G-quadruplex Secondary Structures in a Deep 
Eutectic Solvent and a Room-Temperature Ionic Liquid, Angew. Chem. Int. Ed. Eng. 
2010, 49, 6310–6314. 

[4] Engelhart, A.E.; Plavec, J.; Persil, Ö.; Hud, N.V., Metal Ion Interactions with G-
Quadruplex Structures, In Nucleic Acid-Metal Ion Interactions, N. V. Hud, Ed., Royal 
Society of Chemistry, London, 2009, pp 118–153. 

[5] Bowan, J.C.; Lenz, T.D; Hud, N.V.; Williams, L.D., Cations in Charge: Magnesium Ions 
in RNA Folding and Catalysis, Curr. Opin. Struc. Biol. 2012, 22, 262–272. 

[6] Athavale, S.S., et al., Domain III of the T. Thermophilus 23S rRNA Folds Independently 
to a near-Native State, RNA 2012, 18, 752-758. 

[7] Athavale, S.S., et al., RNA Folding and Catalysis Mediated by Iron (II), PLoS ONE 
2012, 7, e38024.doi: 10.1371/pone.0038024 



Acta of the International Symposia on Metal Complexes – ISMEC Acta, Volume 3 
ISMEC 2013, June 16th – 20th 2013 – Burgos (Spain) 

 PL-6 29 

Metal ions in the context of nano- and microparticles - toxicity and 
detection 

W. J. PARAK  

 
Fachbereich Physik, Philipps Universität Marburg, 35037 Marburg, Germany. 

wolfgang.parak@physik.uni-marburg.de 
 

 
Metal ions in the context of nano- and microparticles are relevant for cells because of 

two reasons. First, in particular inorganic nanoparticles can contain metal ions which upon 
corrosion of the particles can be released and cause cytotoxicity, such as in the case of CdSe 
and Ag nanoparticles.[1,2] Second, nano- and microparticles can be used for the detection of 
metal ions inside cells.[3,4,5] Following a general introduction about nanoparticles in the 
context of in vitro experiments both lines will be discussed.[6] 
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The determination of bond strength is a nontrivial task with often controversial results. 
In this talk, the author makes a case for the utilization of generalized compliance constants as 
valid bond-strength descriptors for the comparison of next-neighbor interactions. 

Just as the potential energy can be written as a quadratic form in internal coordinates, 
so it can also be expanded in terms of generalized forces. The resulting coefficients are termed 
compliance constants. The mathematical basis for understanding, and therefore interpreting, 
compliance constants is still not well developed. In the first part of the talk, the theoretical 
foundations are therefore summarised. Further, advantages and disadvantages of several 
descriptors of both non-covalent and covalent interactions are discussed. In a second part, the 
suitability of compliance constants as unique bond strength descriptors is demonstrated for a 
series of examples ranging from organometallic chemistry to soft matter research.  
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Arene-linked dinuclear RAPTA analogues 
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Organometallic "piano-stool" Ruthenium arene complexes are a family of promising 
drug compounds which exhibit antitumoural and antimetastatic properties [1, 2].  One series 
of these, developed in the Dyson laboratory, are the RAPTA compounds [Ru(η6-
arene)Cl2(pta)] which exhibit high anti-metastatic activity combined with excellent clearance 
rates and low general toxicity. 

 
       Generic RAPTA structure: 
       [Ru(η6-arene)Cl2(pta)] 

 
 
One attractive feature of the RAPTA structure is the manner in which each ligand 

(arene, PTA, chlorides) may be modulated and elaborated upon in order to confer greater 
biological activity on the resultant complex and several recent reports have highlighted the 
impact on biological activity of further functionalization through the arene ligand.  Examples 
include RAPTA molecules with the arene ligand tethered to enantiomerically pure chiral 
ligands [3], napthalimide and anthracene ligands for DNA intercalation and imaging of the 
complex [4, 5], acetal groups for bioconjugation [6] and the incorporation of ethacrynic acid 
to yield an organometallic glutathione transferase inhibitor [7].  A further potential route 
toward more active RAPTA compounds is the linking together of two or more metal centers to 
yield multinuclear compounds of increased potency – a concept well established in platinum 
chemistry that has emerged as a successful route toward the development of compounds with 
high activity in cisplatin-resistant cancer cells [8]. In contrast, this approach has only been 
applied to ruthenium chemistry relatively recently [9, 10].  By linking together two 
ruthenium-arene moieties, dinuclear complexes of increased anticancer activity and modified 
reactivity were obtained.  
 

In this work we present the first examples of RAPTA compounds linked via organic 
tethers, through the arene ligand, to yield complexes of significantly enhanced activity 
relative to mononuclear analogues.  A series of stereoisomeric dinuclear RAPTA compounds 
will be introduced and the impact of the stereochemistry of the linker on the biological 
activity of the dinuclear RAPTA complexes will be discussed. 
 

 
 
 
 
 

Ru
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adopt different conformations (e.g. cone, and partial cone, in the case of n = 3; cone, partial 
cone, 1,3-alternate, and 1,2-alternate for n = 4). Low-symmetry pym ligands (Cs) can produce 
a higher number of linkage isomers (e.g. 2 in the case of n = 3; or 4 with n = 4) and a large 
number of different conformers. Figure 1 shows the possible Metallacalix[4]arene isomers 
attending their connectivity and rotamer state. 

The topology and assembly of metallacalix[n]arenes will be overviewed, focusing on 
nucleobases as ditopic N-heterocycles. In addition, several related constructs with possible 
bio-inspired applications will be presented. 
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Surfactants are known to form, above a given critical concentration, micellar 
aggregates. Far from constituting just the base of deterging foams, micelles can be used as 
nano-reactors, which are able to favour reactions that would not occur, or would occur only to 
a limited extent in aqueous phase or, oppositely, selectively repress some of them. Metal 
complexation on the micelle surface, enhanced by the presence of a suited hydrophobic 
ligand, can be the basis of the extraction of metals from water solutions. Moreover, micellar 
systems can be used as a crude approximation of cellular membranes, to test the biological 
properties of compounds. Nanoparticles stabilised with non-covalently bound coating agents 
are dynamic systems, where the stabilising molecule distributes trough an equilibrium 
between the bound and free-bulk form. Their behaviour bear a physico-chemical resemblance 
to that of micelles.  

In recent years we have analysed several metal/ligand systems in micelle/water 
medium [1-5] and metal-nanoparticle systems, alone or in the presence of nucleic acids [6-8].  
The surface potential of the micelle is a very critical point. Charged surfactants will give rise 
to charged micelles that can attract or repulse ions. Hydrogen ions are also subject to this 
phenomenon, so that the local pH on the micelle differs from the one measured in the bulk. 
This difference will influence the species distribution of reacting species that can be present in 
diverse charged forms, thus affecting the extent and also the type of chemical reaction 
occurring in the micellar phase. The surfactant concentration will also play a role, and this 
additional parameter should be taken into account when using such systems. The charge and 
distribution of reactive species between the two phases is also a key factor. Figure 1 
represents the case of metal complexation of an highly charged porphyrin ring (H2TMpyP4+) 
with a metal ion in a SDS negatively charged micellar medium: in this case metal 
complexation is totally repressed. The kinetic features and the charge of the systems can be 
used to selectively extract a selected metal from a system containing many metals. 

 
Figure 1 Inhibition of metal complexation in SDS/water 

medium: the very high affinity of H2TMpyP4+ for the 

micelle surface will repress metal ion binding by the 

ligand. Moreover, no binding will occur on the micelle, as 

the surface potential will change so dramatically upon 

H2TMpyP4+ absorption that no more interaction with Mn+ 

is possible.   
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Also, nanoparticles can be used as tools to induce reactions that will not take place for 
the free coating agent. For instance studies on the dimethylaminopyridine (DMAP)/DNA 
system show that DMAP alone does not interact with DNA, whereas DMAP-coated gold-
nanoparticles do.  
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There is nowadays increasingly growing interest toward the synthesis of first row 

transition metal compounds, in particular of nickel(II), copper(II) and zinc(II) [1], as effective 
DNA binders with interesting biological properties. 

In this context, we have used a 
combined in silico-wet lab 
approach in order to rationally 
design novel first row cationic 
transition metal complexes and 
to study their DNA binding 
properties (see e.g. [2,3]). The 
wet lab procedure essentially 
consists of spectroscopic 
titrations by circular dichroism, 
absorption and fluorescence 
spectroscopy of DNA-metal 
complex aqueous solutions at 

physiological pH. Atomic level details of the metal complex-DNA interaction are obtained 
through the in silico procedure, in particular through the combination of MD simulations and 
DFT/MM calculations. Recent results, advantages and limits of the approach will be 
presented and discussed. 
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Figure 1. Metal complexes binding to B-DNA and to G4-DNA 
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The initial interest of our group was the study of amido complexes of late transition 

metals.  In these complexes the lone pair of electrons is expected to be localized on the 
nitrogen atom in contrast to early transition metals in which this lone pair can be involved in 
π-interactions to empty d-orbitals of the metal centre.  The mismatch between a hard Lewis 
base (the amido ligand) and a soft Lewis acid (the late transition metal) can be seen as an 
opportunity of handle reactive species that can display a rich reactivity.[1] 

 
There are several strategies to synthetize amido complexes.  Initially, we have chosen 

the deprotonation of palladium coordinated amines that form part of a chelating ring.  These 
coordinated amines display an interesting dynamic behaviour in solution that can be studied 
by the modification of the signals of the diastereotopic protons of the methylene group. 

 
The deprotonation of the coordinated amines initially yields amido complexes.  

Nevertheless, this compounds quickly evolves depending on the steric nature of the ligand.  
This evolution drives to stereospecific dimerization yielding bimetallic complexes with 
bridging amido ligands.  Other possibility is the evolution through a process of formation of 
imines through β-elimination or oxidation.  In this regard, we wonder by the possibility to 
develop the opposite reaction reducing the coordinated amine through nucleophilic attack 
with borohydride (as free imines are efficiently reduced by borohydride).  This process could 
be very interesting in the context of the storage of hydrogen in form of borohydride that can 
be released with appropriate catalysts. 

 
Depending on the conditions of the reaction it is possible to produce the reduction of the 

double bond of the imine coordinated to the metal.  Nevertheless, the reduction of the metal to 
yield black palladium is an unwanted product. 

 
In order to a better understanding of the process of nucleophilic attack on the 

coordinated imine, nucleophiles without reducing character were explored.  It has been 
observed the addition of acetone to the C=N bond of the imine.  The product of this reaction is 
a coordinated amine with a new C-C bond.  The reaction of nitromethane with palladium 
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coordinated imines affords the methylated imine (in this case the double C=N bond is 
regenerated after the nucleophilic attack).  In this reaction, the nucleofile is the nitronate.  
Acetylacetone in the presence of alcoxides as bases is deprotonated to acetylacetonate which 
is a nucleophile that reacts with the coordinated imine generating a new amine (with a new C-
C bond).  A similar reaction is observed with dimethyl malonate in the presence of piperidine 
as base.  The dimethyl malonate is desprotonated in the methylene group of the molecule and 
reacts as a nucleophile with the coordinated imine.  All these reactions will be discussed in the 
meeting. 
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The design of metal complexes with dinucleating ligands having different spacers is a 

matter of interest mainly focused on the synthesis of model compounds with bioinorganic 
interest. In this context, the compounds [Cu2(m-XDTA)(Him) 2(H2O)2]·4H2O (1) and [Cu2(p-
XDTA)(Him) 2(H2O)2]·2H2O (2) (m- or p-XDTA = m- or p-xylylenediamino-N,N,N’,N’-
tetraacetate(4-) ligand and Him = imidazole) were investigated for the selective oxygenation 
processes with H2O2 [1]. Compound 1 reacts with H2O2 to give a phenol derivative whereas 2 
do not undergo a similar oxygenation process. 1 and 2 are hydrated crystals of mixed-ligand 
dinuclear complex molecules, where: (a) the Cu(II)  atoms exhibit a 4+1 coordination, (b) the 
IDA moieties of the XDTA chelators adopt a mer-NO2 conformation, (c) the Him supplies one 
among the four closest donor sites and (d) the aqua ligand is located at the apical/distal site. 
The presence of the apical aqua ligand in these complex molecules strongly suggests two 
ideas: 1) the possibility to prepare polymers using the ability of carboxylate groups to play 
bridging roles and/or 2) the viability to replace Him by other N-heterocyclic ligands.  In 2011, 
our group reported the structure [Cu2(p-XDTA)(Hhyp)2(H2O)2]·2H2O (3) [2]. This molecular 
compound is closely related to compound 2 but with hypoxanthine instead of Him. 

 
The aim of this work is to inform about the synthesis and structure of the novel 

polymeric compounds [Cu2(p-XDTA)(Him) 2]n (4) and {[Cu2(p-XDTA)(Hpz)2]·6H2O}n (5) 
(Hpz = pyrazole). Compound 4 consists of 2D-polymeric sheets built by the bridging µ2-
anti,anti-carboxylate group of each half of p-XDTA ligand. The stability of this sheet is 
reinforced by symmetry related inter-molecular (Him)N-H···O(carboxylate) H-bonds 
[2.730(4) Å, 168.4º] involving non-coordinated O-atoms of monodentate carboxylate groups 
(see Figure). As noted for compounds 1-3, the Cu(II) atom in 4 adopts a rather typical 4+1 
coordination, with a slight distortion of the square-basal surrounding (Addison parameter τ = 
0.09, Cu-O(apical) 2.268(3) Å). Compound 5 also consists of 2D-polymeric frameworks 
(parallel to the bc plane) built by the bridging µ2-anti,anti-carboxylate group of each half of  
p-XDTA ligand. In this case, adjacent sheets are connected by an H-bonded network where 
(Hpz)N-H···O(water) [2.663(3) Å, 159.5º], (water)O-H···O(water)  and (water)O-
H···O(carboxylate) interactions coexists. Again, the Cu(II) atom of 5 adopts a 4+1 
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coordination, with a slight distortion of the square-basal surrounding (Addison parameter τ = 
0.08, Cu-O(apical) 2.398(2) Å).  

Figure. Fragment of the 2D-polymeric frameworks in compound 4 showing the (Him)N-

H···O(carboxylate) interactions. 

 
In conclusion, the use of Him and Hpz N-coligands allows building closely related 2D- 

coordination polymers, which essentially differ in the H-bonding system used to build the 3D-
crystals. The (Him)N-H···O(carboxylate) or (Hpz)N-H···O(water) interactions seems to play 
a key role in the crystals packing of the novel compounds 4 and 5. 
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Metal amides (inorganic ones of formula R2NM) are among the most studied and used 

compounds in catalysis and new materials preparation.[1] Even though one of the first work 
on low valent Group 14 metal amides was reported by Lappert in 1974 [2] and many 
compounds were prepared and structurally characterized, amides containing both group 14 
metals and an adjacent amino functionality remain rather uncommon.[3] Such compounds are 
nearly restricted to pyridine derivatives with the intramolecular donor interaction from the 
amino nitrogen atom to the metal. The successful stabilization of low-valent group 14 metals 
and the special chemical behavior of compounds containing a [2-(dimethylamino)methyl] 
phenyl- ligand (Figure 1, LCN ligand) prompted us to explore the chemistry of lower valent 
complexes of heavier group 14 metals with [2-(dimethylamino)methyl]aniline as a ligand 
(Figure 1, LNN1 and LNN2 ligands).[4]  

 
Thus, this ligand contains both the amido functionality, prone to strong nitrogen to 

metal covalent bonds, and the pendant amino group for the formation of a weaker 
intramolecular donor-acceptor interaction, which together give rise to a six-membered 
diazametalla ring, similar to related β-diketiminato ligand-substituted tetrylenes.[5] The steric 
protection at the amido functionality is expected to be very variable and, together with the 
hemilabile coordination of the amino group, would give rise to structure fine-tuning. 
We reported on the structure and reactivity of group 14 metal complexes containing LNN1 and 
LNN2 ligands recently.[4] Now we would like to expand our investigation to the field 
complexes containing an organic group or H-substituted ligands (LNN, LNNC) and other metals 
like Mg, Zn, Al etc. Structures of products and its reactivity together with a comparison to 
other chelated complexes will be presented. 

Figure 1: Structure of the compounds studied 
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Chemotherapy is one of the most prevalent approaches in the clinical treatment of cancer 

diseases. Indeed, modern medicine has a huge battery of different anticancer drugs available, 
such as cisplatin and its congeners, to deal with many types of cancerous conditions. However, 
new anticancer prescriptions are needed in order to widen the number of malignant tumours that 
can be successfully treated, but also to improve the selectivity over tumour tissues [1]. In this 
regard, targeted therapy is based on the use of cytotoxic compounds that specifically target 
proteins which are both essential for the growth of cancer cells and are over-expressed in them, 
so limiting damage to health tissues. 
 

Herein, we present the synthesis of a new family of Ru(II) arene complexes with three 
different aryl-benzimidazole ligands, 2-pyridylbenzimidazole (HL1), phenylbenzimidazole 
(HL2) and 2-pyridyl-N-methylbenzimidazole (HL3). In particular, the new derivatives belong to 
any of five different classes: (i) monocationic complexes [(η6-arene)RuCl(κ2-N,N-HL)]X (X = 
Cl or BF4; arene = p-cymene, benzene or 2-phenoxyethanol; HL = HL1 or HL3); (ii)  dicationic 
aqua-complexes [(η6-arene)Ru(OH2)(κ

2-N,N-HL1)](BF4)2 (arene = p-cymene, benzene, 2-
phenoxyethanol); (iii)  a nucleobase derivative [(η6-arene)Ru(9-MeG)(κ2-N,N-HL1)](PF6)2; (iv) 
neutral complexes [(η6-arene)RuCl(κ2-N,N-L1)] (arene = p-cymene or benzene); and (v) a 
cyclometallated complex [(η6-p-cymene)RuCl(κ2-N,C-L2)] (see structures in Scheme 1). All the 
new compounds have been characterized by NMR and IR spectroscopy, mass spectrometry and 
molar conductivity, and in some cases by X-ray diffraction as well. The crystal structure of 
complex [3a](PF6)2 shows two intramolecular H-bonding contacts where the O atom of 9-MeG 
acts as the acceptor: C(21)-H(21)---O(1) (p-cymene) and C(18)-H(18)---O(1) (pyridyl group). 
These interactions reinforce the link between the nucleobase and the [(p-cym)Ru(HL1)]2+ 
fragment and make the bonding selective to guanine respective to adenine, for instance (see 
Figure 1). 
 

In addition, the cytotoxic activity of this small library of compounds has been evaluated 
by cell proliferation assays in two different human malignant cell lines, MCF-7 (breast 
cancer) and A2780 (ovarian cancer) and some Structure-Activity Relationships (SAR) have 
been established. The IC50 values indicate that the complexes are more active in the latter and 
that coordination of the aryl-substituted benzimidazole molecules to the [(arene)RuX]+ 
fragment has a positive effect on the anticancer activity. Moreover, the activity on the A2780 
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cell line depends on the arene and the leaving group, so that the aqua-complex [2a](BF4)2 
exhibits the highest cytotoxic potency with an IC50 value of 5.61 µM (IC50 = 0.54 µM for 
cisplatin). 
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Scheme 1. Structures and numbering of the new Ru(II) arene compounds with aryl-substituted 

benzoazoles. 

 

 
Figure 1. ORTEP diagram for compound [3a](PF6)2·H2O. Counterions have been omitted in for 

space reasons. Thermal ellipsoids are shown at the 50% probability. 
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Kinetic Study of Metal Complexes with Tetraazamacrocyclic Ligands with 
Phosphorus Acid Pendant Arms  
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Metal complexes (e.g. Ln(III), Cu(II)) of macrocyclic ligands are utilized in medicine 
and preclinical research as magnetic resonance, optical or nuclear probes for diagnostics 
and/or for cancer treatment. For biomedical applications, such complexes should exhibit a 
high thermodynamic stability as well as kinetic inertness under physiological conditions. 
Thus, knowledge of their thermodynamic/kinetic properties (e.g. decomplexation rate 
constants for an estimation of kinetic inertness) is important to evaluate their applicability in 
these utilizations.  
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Here, thermodynamic and kinetic properties of Cu(II) and Ln(III) (Ln = Ce, Eu) 
complexes with macrocyclic cyclen-based ligands with phosphonic (H8dotp, H4dotpOEt ) and 
phosphinic (H4dotpH, H4dotpPh) acid pendant  arms [1–5] are presented. In addition, the 
influence of substituents on phosphorus atoms  (formally H8dotp derivatives) was studied 
from both kinetic and thermodynamic points of view. These results show that kinetic inertness 
of the metal complexes is influenced by type of phosphorus atom subsituent and, therefore, 
this fact should be taken into account in design of new probes and in possible in vivo 
applications of the ligands/complexes. 
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Figure 1. Imidazole coordinated 
copper(II) complexes 

CuL (L = HisXaaHisZaaHis) (a), 
CuL2 (L = bis(imidazol-2-yl) 

derivatives) (b), Cu3L2H–4 (L = 
His-BIMA) (c) 
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Copper(II) complexes of peptide derivatives containing imidazole side 
chains, as models of Cu,Zn-SOD enzyme  
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It is well known that essential metal ions play important roles in the biosynthesis and 
transport of biomolecules or the catalysis of acid-base and redox processes of biological 
systems. It is also obvious that among the organic compounds the proteins, through their side 
chain donor atoms, play the most important role in the metal ion binding. The N(1)/N(3) 
donor atoms of histidine are especially preferred binding sites of metalloproteins and 
metalloenzymes. One example for this type of metal ion-protein interaction is the Cu,Zn 
superoxide dismutase enzyme. To mimic the active site of this enzyme various peptides and 
peptide derivatives containing two or more imidazole side chain groups were synthesized and 
their coordination ability was investigated.  

The equilibrium studies of the copper(II) complexes of these ligands showed that the 
presence of several imidazole rings in the molecules provides a high possibility for the 
formation of complexes via the binding of imidazole-N donor atoms (Fig. 1).  
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So the copper(II) complexes of terminally protected multihistidine peptides [1,2] and 
ligands containing bis(imidazol-2-yl) group [3] – which bind the metal ion via N(3) and/or 
N(1) donor atoms of imidazole rings – may serve as structural and functional models of 
Cu,Zn superoxide dismutase enzyme.  

 
To support this view we studied the redox properties and the SOD activity of those 

complexes of some bis(imidazol-2-yl) derivatives [4] and numerous three and four histidine 
containing peptides [5], in which the metal ion is bound through imidazole nitrogen atoms. 
The redox potential values were determined by cyclic voltammetry and the SOD activity by 
spectrophotometry. It can be concluded from the results of these studies that the copper(II) 
complexes of the four histidine containing peptide and the histidine derivative of 
bis(imidazol-2-yl) group have higher SOD activity than the other complexes. As a 
consequence these ligands give a good starting point for planning model complexes with 
really high SOD activity. 
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A new hydroxypyrone powerful chelator. 
From synthesis to AlIII , FeIII , CuII  and ZnII  complex formation equilibria, 

and structural characterization. 
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In the frame of our research interest on kojic acid derivatives as powerful chelators for 

the trivalent iron and aluminium cations [1-4], we have designed, synthesized, and 
characterized the new ligand 6,6'-(((2-(diethylamino)ethyl)azanediyl)bis(methylene))bis(5-
hydroxy-2-(hydroxymethyl)-4H-pyran-4-one), L9.  

 
In this communication will be present the study on protonation constants and on the 

complex formation equilibria with iron and aluminium and with the bivalent essential metal 
ions, zinc and copper.  
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Bismuth coordination chemistry:  The snapshot before it precipitates 
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The use of bismuth in medicinal applications has been limited despite the many 
promising indications of its effectiveness in treatments for a large number of ailments [1,2].  
This is predominantly due to the lack of understanding of bismuth chemistry, including 
thermodynamic and kinetic aspects, thus hindering the design of improved drugs.  This, in 
turn, is due to the difficulty in studying the coordination chemistry of this element. 
 

Bismuth(III) undergoes hydrolysis from below pH 1 and forms precipitates in the 
presence of supporting electrolytes around pH 2 already [3].  Coordination studies thus have 
to commence from low pH where bismuth(III) compounds are still soluble.  This rules out the 
use of glass electrode potentiometry for determining stability constants, thus complex 
formation was studied using voltammetry.  The benefits of employing this technique here are 
that low bismuth concentrations can be used to postpone precipitation and it can be used 
across the pH range. 
 

On the other hand, the diffusion junction potential does become significant below pH 
2 and varies with pH.  Since the junction potential cannot be directly measured, it was 
monitored by introducing a witness metal ion, which does not undergo complexation with the 
ligand, into the solution.  The reduction potential of uncomplexed bismuth(III) is a critical 
parameter in refining stability constants, but it cannot be measured directly either since 
bismuth(III) is either hydrolysed or complexed by the background electrolyte anion (nitrate in 
this work).  Procedures to calculate this value were thus developed. 
 

Complex formation studies of bismuth(III) with various pyridinecarboxylic acids and 
amino acids will be discussed. 
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Platinum complexes with 1,10-phenanthroline derivatives: synthesis, 
kinetics and in vitro cytotoxicity  

 

Federica TRUDU , a) Elisa VALLETTA,  a) Tiziana PIVETTA, a) Francesco ISAIA, a) 
Sarah VASCELLARI,  b) Elisa CARTA,  b) Alessandra PANI  b) 

a)Dipartimento di Scienze Chimiche e Geologiche  
 b ) Dipartimento di Scienze Biomediche, 

Università degli Studi di Cagliari, Cittadella Universitaria - 09042 Monserrato - Cagliari 
Italy;  f.trudu@unica.it 

 
Cancer is a widespread group of malignancy characterized by unregulated cell growth. 

Several classes of chemical compounds have been used for anticancer treatment as DNA-
alkylating agents, antimetabolites, alkaloids, etc. The use of platinum complexes in anticancer 
therapy started after the successful introduction of cisplatin (cis-diamino-dichloro-
platinum(II)) in clinical therapy. In fact, cisplatin binds to DNA, causing a distortion of the 
helix recognised by specific proteins that leads to cell death by apoptosis [1]. 

Macrocycles with delocalized electrons react with DNA intercalating between base 
pairs by aromatic π stacking. In particular 1,10-phenanthroline (phen) shows anticancer 
activity against several cancer cell lines [2, 3]. The antiproliferative activity can increase by 
metal binding as reported for copper-phen complexes that are known to possess a DNA-
cleavage activity [4, 5]. Also phenanthroline-5,6-dione (phendione) shows anticancer activity, 
both alone and metal-bound [6]. 

We synthesized mixed platinum(II) complexes with phen, phendione and 5,6-
dihydroxy-phenanthroline (phendiol) and with imidazolidine-2-thione ligands (Fig. 1). 
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Figure 1: Structures, IUPAC names and acronyms of the studied ligands. 
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In this work we present the preliminary results on the complexes formation kinetics 

studied by spectrophotometric measurements in NaCl 0.1 M ionic strength. 
The antiproliferative activity of ligands and platinum complexes has been tested against 

a panel of human tumour cell lines. The cytotoxicity data have been correlated to structures in 
terms of lipophilicity/hydrophilicity of the compounds obtained by quantum mechanics 
methods. 

Selected compounds will be tested in combination with cisplatin or copper-phen 
complexes, according to the method recently developed in our research group [7]. 
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Excess of hard metal ions, such as iron (essential element) or aluminum (non-essential), 

is associated to several pathological processes. In fact, in addition to haemoglobinopathic 
diseases (e.g. haemochromatosis, thalassemia), there are other situations (cancer, 
neurodegenerative disorders) related with misplaced iron in cells and tissues. On the other 
hand, Al intoxication is also linked to different illnesses, namely in the brain, in the skeleton 
or in the hematopoietic system, besides being connected to bladder cancer (aluminum 
workers) and breast cancer (aluminum-based cosmetics). 

 
The use of chelating agents has been largely considered as one of the best therapeutic 

strategies to control metal overload toxicity. Nevertheless, one must bear in mind that the 
implementation of chelation therapy requires knowledge of the stability of the complexes 
formed, ligand specificity and distribution in biological system (competition with bio- 
ligands/metals) as well as ligand/complex pharmacokinetics.  

 
As part of our efforts to discover new metal decorporating agents, several 

hydroxypyridinone- and hydroxypyrimidinone-based chelators with different denticities (bi-, 
tetra- and hexa-dentate) have been developed and studied [1,2]. The hexadentate compounds 
seem to be the most adequate to scavenge trivalent metal ions since they form 1:1 (M3+-L) 
complexes, therefore reducing the dose of chelating drug administered relatively to a 
bidentate compound, as well as improving parameters such as kinetic inertness and 
thermodynamics. In particular, the introduction of three hydroxypyrimidinone (HPM) unities 
in the ligand scaffold can be a favorable feature when compared with analogous 3-hydroxy-4-
pyridinone (3,4-HP) derivatives since those chelating unities have also high chelating capacity 
towards hard metal ions [3,4] but are a little more hydrophilic and acidic due to the presence 
of an extra N-atom in the ring. 

 
Herein, we present a new tripodal tris-hydroxypyrimidinone compound, 

TRIS(PrHPM)3, which has been designed and developed by attachment of three HPM units to 
a tricarboxilic skeleton derived from tris(hydroxymethyl)aminomethane (TRIS) bearing an 
additional apical primary amine group for potential further extrafunctionalization. Besides the 
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modelling and synthetic approaches, this work is focused on the solution equilibrium studies 
to assess its complexation ability towards trivalent hard metal ions (Fe, Ga) (see Fig 1) as 
well as on the results of the in vivo assays to evaluate its capacity to remove hard metal ions 
from an animal model overloaded with 67Ga.  

 
Both solution and in vivo sequestering properties are analyzed in comparison with 

results previously obtained for other tris-(3,4-HP) [5] and tris-HPM [4] compounds. These 
results reveal that TRIS(PrHPM)3 is also a potent chelator for hard metal ions, with higher 
chelating capacity than that of the clinically used drug DFP, although slightly lower than the 
hexadentate tris-(3,4-HP) ligands. The major challenging features associated with this ligand 
and corresponding metal complexes can be anticipated due to their easily extra-
functionalization in view of specific biotargeting or immobilization purposes.  
 
 

 
 
 
 
 
 
 
 

Fig. 1. DFT model of the [Fe(III)-TRIS(PrHPM)3] complex 
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Programing molecular building blocks for the controlled formation of organized 

supramolecular entities had always been and remains a challenge for synthetic chemist. 
Although, Complex molecular knots and links are being synthesized1,2 with increasing 
frequency, the power of “all-in-one”3 self-assembly methods have yet to be fully exploited for 
this purpose. Here we describe a new ligand system comprised of a diaminobipyridine and a 
diformylpyridine, which, when combined with Zn(II) ions, forms a trefoil knot (TK ) in 56% 
chemical yield. Alongside the formation of the TK , a [2]catenane was also isolated in 22% 
yield. Both structures were confirmed by 1H NMR spectroscopy, mass spectrometry and X-
ray crystallography. These results highlight the synthetic efficiency of combining metal-
templation and dynamic covalent imine bond formation for the construction of topologically 
demanding molecular architectures.  

 
Figure 1. Graphical representation of three molecular links that can be obtained in an all-in-one 
synthesis strategy. 
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Selenium enriched plants is a growing sector since the knowledge on the beneficial 

effects of “organic” Selenium in both human and plant health is currently increasing at both 
medical and plant physiology areas. As noticed, plants are the needed factory for “organic” 
Selenium. In this concern, one of the main problems associated to the development of this 
sector is the correct knowledge of the role of Selenium chemistry, in particular the chemical 
species containing Selenium that are responsible for the observed beneficial effects. 
Conventionally, analytical tools to characterize such chemical species include sample 
treatment with individual determination of selenium chemical species after appropriate 
extraction from plant samples. This process, known by indirect chemical speciation, has main 
drawback on the possible modification of chemical species and the lack to identify their 
distribution in such heterogeneous plant materials.  In this concern, Synchrotron techniques 
offer a good tool to overcome such drawbacks, since direct sample observation can be made 
to determine related chemical species. The study we will present details the applications of 
Synchrotron technique XANES for a direct determination of the selenium enriched wheat 
plants obtained under different enrichment conditions. Thus, “organic” selenium content has 
been identified to form part of Selenomethionin and Selenocystein aminoacids distributed in a 
specific manner along the plant. Results in this communication will include the beneficial 
effects of Selenium enriched plants against toxic environments.  
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Noncovalent interactions play important roles in modern chemical research 
encompassing also bio-systems. Among these interactions aromatic-ring stacking is especially 
pronounced, next to hydrogen bonding, hydrophobic and ionic interactions [1, 2]. Such π-π 
stacks are crucial for the three-dimensional structure of RNA [3] and DNA [4]. To probe the 
stacking affinities of aromatic residues, including nucleobase moieties, 2,2'-bipyridine (Bpy) 
and 1,10-phenanthroline (Phen) have proven very helpful over the years [5]. Of course, 
compounds like nucleosides or nucleotides (= N) with their aromatic groups undergo self-
association [6] and this also holds for Bpy and Phen (= Arm) [7]. It is therefore compulsory to 
work under conditions where self-association is negligible [5]. That the extent of stack 
formation depends on the size of the aromatic residues involved, is no surprise and follows 
also from the results in the Table (D2O; 25°C; I = 0.1 M, NaNO3) [5], defined according to 
Eq. (1): 

Arm + N  (Arm)(N)       K(Arm)(N)
(N)  = [(Arm)(N)]/([Arm][N])    (1) 

 

 

 

 

 

 

It needs to be emphasized that the stability of these binary stacks is independent of the 
charge of the nucleobase substituent, i.e., the stability is the same for (Phen)(Ado)0 and 
(Phen)(ATP)4–. The N derivatives of the Table are  for A = adenosine (Ado) and adenosine 5'-
triphosphate (ATP4–) and for C = cytidine and cytidine 5'-triphos-phate. Such stacking 
interactions can be significantly promoted by linking the two aromatic moieties together via a 
"bridge" [2]. As metal ion linkers especially Pt2+ and Cu2+ have been used [2]. We employ 
here Cu(Arm)2+ complexes which are able to form ternary or mixed ligand Cu(Arm)(L) 
species, where L = cytidine 5'-monophosphate (CMP2–), 1-[2-(phosphonometh-
oxy)ethyl]cytosine (PMEC2–), 9-[2-(phosphonomethoxy)-ethyl]adenine (PMEA2–) or 
phosphonomethoxy)ethane (PME2– = (ethoxymethyl)phosphonate) (Figure 1).  

 

 

 

Table 

(Arm)(N)            K(Arm)(N)
(N)  (M–1) 

(Phen)(A)0/4–       44.4 ± 3.8 

(Bpy)(A)0/4–        18    ± 8 

(Bpy)(C)0/4–        ~2.5 
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In these ternary complexes intramolecular stacks can form, e.g., as indicated for 
Cu(Phen)(PMEC) in Figure 2. Since the antivirally active acyclic nucleotide analogues 
PMEC2– and PMEA2– [8] can also interact with the ether oxygen of the aliphatic chain, the 
equilibria summarized in Eq. (2) need to be considered. 

 

 

 

 

 

 

 

From Figure 3 it is evident that all three isomers seen in Eq. (2) are of relevance: It 
needs to be recalled that the primary binding site of all the ligands of Figure 1 is the 
phosph(on)ate group and the straight reference line (log K vs pKa) seen in Figure 3 is therefore 
defined by simple ligands like methylphosphonate, D-ribose 5-monophosphate, etc., and their 
complexes [9, 10]. Any additional interaction, be it with the ether O or through stacking, must 
give rise to an enhanced complex stability. This is nicely seen for Cu(Bpy)(PME) with its O 
binding; furthermore, an additional stability enhancement is observed for Cu(Bpy)(PMEC) 
and Cu(Bpy)(PMEA) which must be attributed to stack formation. These stability 
enhancements are defined by the vertical broken lines (= log ∆) and from these data the 
isomeric distributions can be calculated [9, 10]. For example, for Cu(Bpy)(PMEC)op, 
Cu(Bpy)(PMEC)cl/O, and Cu(Bpy)(PMEC)st the formation degrees are 10 ± 2%, 28 ± 9%, and 
62 ± 9%, respectively [10]. Interestingly, in Cu(Bpy)(CMP) stack formation is less 
pronounced than in Cu(Bpy)(PMEC) (KI/CMP = 1.04 ± 0.38 versus KI/PMEC = 6.58 ± 2.32) [10], 
the reason being most likely the greater flexibility of PMEC2– compared with that of CMP2– 
which contains the rather rigid ribose ring. These differences are expected to be reflected in 
substrate binding in the active-site cavity of nucleic acid polymerases [8].  
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Metal ions are vital for life, participating in several metabolic processes. Therefore, 
non-regulation of its concentration can cause serious disorders and diseases. 

In order to monitor the levels of metal ions in biological and environmental systems, 
significant efforts have been directed toward the development of methods for qualitative and 
quantitative determination of metal ions in clinical, medical and environmental samples. 

Among the various analytical techniques employed for metal ion detection, the method 
based on the use of fluorescent sensors has received considerable interest due to its ability to 
provide online monitoring of very low concentrations of analyte, without any pre-treatment of 
the sample, together with the advantages of spatial and temporal resolution.[1-3] 

Typically, a fluorescent sensor contains a receptor (chelating unit) linked to a 
fluorophore (fluorescent molecule), which translates the recognition event into the 
fluorescence signal. This signal is helpful for both qualitative and quantitative estimation of 
the target metal ion for which the chelate is designed. Once the analyte is recognized by the 
receptor, the fluorescence signals can be observed in the form of quenching, enhancement or 
shift in the fluorescence intensity maxima due to either electron, charge or energy transfer 
processes.[4] 

Recently we have synthesised a novel Fe(III) selective fluorescein-based dye containing 
a catechol chelating unit, which quenched the fluorescence of ligand at 518 nm (λex= 493 nm) 
in MOPs buffer (pH= 7.4).[5] 

Now we are presenting 
the synthesis, characteriza-
tion and studies of inte-
raction of metal ions of a 
new family of fluorescent 
ligands – RosCat1 and 
RosCat2, containing a 
catechol chelating unit 
connected through an amide 
linkage to a fluorescent 
rhodamine platform (Figure 
1). Classical and microwave-
assisted synthetic methods 
were employed in order to 

Figure 1: Catechol modified rhodamine derivatives RosCat1and RosCat2.
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improve the outcome of the reactions.  
 

Both fluorescent ligands were characterized by NMR, UV-Vis and fluorescence 
spectroscopy and mass spectrometry. The behaviour of ligands in the presence of metal ions 
of biological importance (Fe3+ and Cu2+) was monitored by optical spectroscopy (at 
physiological pH and 25ºC). EPR spectroscopy has been utilized to characterize the 
synthesized Cu(II) complexes and also to monitor and characterize the species formed upon 
addition of Cu(II) to solutions of ligands. 
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Shift evaluations reveal that intramolecular stacks between the nucleobases A1 and G2 
and most likely also between G2/G3 form [4]. Interesting is also the occurrence of three pKa 
"clusters" for HNPP: (i) The pKa values of 2.44, 2.97, and 3.71 for G2(N7)H+, G3(N7)H+, and 
A1(N1)H+ show that the buffer regions overlap. (ii) A further cluster occurs with pKa's 3.71, 
4.31, and 4.32 for A1(N1)H+, C4(N3)H+, and C5(N3)H+, respectively, and a final one (iii) for 
G3(N1)H, T6(N3)H, and G2(N1)H with the pKa's of 9.88, 10.05, and 10.07, respectively [4]. 
The tautomer populations were estimated, giving, e.g., for cluster (i) for the release of a single 
proton from 5-fold protonated H5(HNPP)± (see Structure), the tautomers (G2)N7, (G3)N7, 
and A1(N1) with formation degrees of about 74, 22, and 4%, respectively. The "clusters" 
reveal pathways for fast H+-donating and -accepting reactions at low cost of energy. 

Interesting is also a comparison of the eight indicated pKa values for H5(HNPP)± with 
data for the corresponding nucleosides and nucleotides, revealing that the nucleoside residues 
are in part affected very differently by their neighbors (stacking, charge repulsion, etc.). 
Overall, intrinsic pKa shifts between 0 and 0.8 pK units of the eight N sites in the single-
stranded DNA derivative are observed [4]. Considering in this context results from Caradonna 
and Lippard [5] who studied the intrastrand adduct of cis-(NH3)2Pt2+, in which Pt2+ is 
coordinated to G2(N7) and G3(N7) of HNPP5–, one obtains overall and on average an 
acidification for the G(N1)H sites of ∆pKa = 2.2 ± 0.4 [4]. Into this picture fit also the data 
obtained for the dinucleoside monophosphates d(GpG)– and (GpG)–, where complex 
formation with Ni2+ or Cd2+ leads to acidifications of about 1.8 pK units [6]; with Zn2+ a 
similar value is expected [4,6]. In other words, the acidification is so strong that the 
deprotonation of G(N1)H sites occurs in the physiological pH range.  

All the above results are of relevance for understanding the reactivity of nucleic acids. 
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Facilitated transmembrane anion transport is an emerging topic in supramolecular 
chemistry.[1] Small molecule anion transporters are able to disturb the normal ionic balance 
across cell membranes inducing cell death (either apoptosis or complete cell-lytic processes), 
and this approach can be useful for killing cells with an abnormal growth, like tumour cells, 
or to eliminate harmful microorganisms.[2] Prodiginines and tambjamines are two class of 
natural products with anion  transport properties.[3] This ionophoric activity has been linked to 
the biological activity of these compounds.[4] We have explored the ionophoric activity of 
these natural alkaloids and related synthetic analogs in detail, moreover we have delineated 
the structure-activity relationships between anion transport and the invitro antitumor activity 
of these compounds.[5] Our latest results in this area will be presented. 
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The molecular and crystal structure of the ‘acid’ chelate [Cu(H2EDTA)(H2O)] is well-
known. Here, the H2EDTA2- ligand shows a pentadentate role (with a free acetic arm) and the 
aqua ligand is tightly bound to one of the four shortest copper(II) coordination sites. In this 
compound, one N-amino atom and one O-carboxylic atom of the H2EDTA2- chelator lye at the 
trans-apical positions of the 4+2 Cu(II) coordination polyhedron. The acidity of the 
coordinated carboxylic group is stronger than that of the free acetic arm and the compound 
reacts with adenine (Hade, see Scheme) to yield the outer-sphere complex 
(H2ade)[Cu(HEDTA)(H2O)]·2H2O (1) [1], where the additional proton is located on N1, 
according the basicity order (proton affinity) assumed for Hade (N9>N1>N7>N3>>N6). In 
the crystal exist ‘ion-pairs’ formed by two H-bonds (N1-H···O and N6-H···O, where O-
acceptors belong to the same coordinated carboxylate group of the HEDTA3- chelator. Pairs of 
‘ion-pairs’ stack the six-membered rings of two symmetry related adeninium(1+) cations,  
oriented in an anti-parallel manner (inter-planar distance dππ 3.39 Å, dihedral angle of the 
staked rings α = 0º and slipping angles β =  γ = 10.1º). Additional H-bonds build the 3D 
crystal. In contrast, when the binary acid chelate reacts with 4-azabenzimidazole (H4abim, 
N1,N6-dideazaadenine) yields the ternary compound  [Cu(H2EDTA)(H4abim)]·0.5H2O (2) 
[2]. In this case the proton transfer process referred for compound 1 does not occur.  

 
 
 
 
 

 
 

    Hade                         H7deaA    H4abim  
Scheme: Adenine and related deaza-adenines with conventional notation of purines. 
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The aim of this work is to deepen on the structural requirements that enables the proton 
transfer from [Cu(H2EDTA)(H2O)] to different deaza-adenines. Therefore, we used 7-
deazaadenine (H7deaA) instead of Hade to obtain the outer-sphere complex 
(H27deaA)[Cu(HEDTA)(H2O)]·3H2O (3). In 3: (i) the copper(II) atom exhibits a 4+2 
elongated coordination, (ii) the chelator HEDTA3- acts as pentadentate, with a free acetic arm, 
and (iii) the aqua ligand is located among the four closest donor atoms around the metal. The 
7-deazaadeninium(1+) ion exist as the most stable tautomer H2(N1,N9)7deaA. The crystal has 
H-bonded ‘ion-pairs’ that build pairs of ‘ion-pairs’ which stack anti-parallel symmetry-related 
H27deaA+ cations (dππ 3.31 Å, α = 0º and β =  γ = 11.5º - see Figure). The crystal structure of 
3 resembles that described for 2. The main difference concerns the H-bonded network where 
the ‘ion-pair’ involves the N1-H···O interaction [2.741(2) Å, 163.0º] together a water 
mediated interaction: N6-H···O(water) [2.793(2) Å, 160.1º] + O(water)-H···O [2.673(2) Å, 
162.7º], instead of two O-coordinated carboxylate atoms from the same group as H-acceptors. 
 

Detail of anti-parallel stacking between two H27deaA+ cations within adjacent pairs of ‘ion-pairs’ in 

the crystal of compound 3. 
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Ternary copper(II) chelates with the N-furfuryl-imi nodiacetate chelator 
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In a recent paper on the molecular recognition patterns between [CuII(N-(aryl-methyl)-
iminodiacetates)] and N6-substituted adenines, the molecular and/or crystal structure of the 
compounds [Cu(FurIDA)(HCy6ade)(H2O)]·H2O (1) and [Cu(FurIDA)(HBAP)]n (2) (FurIDA 
= N-furfuryl-iminodiacetate(2-) ligand, HCy6ade = N6-cyclohexyl-adenine, HBAP = N6-
benzyl-adenine) have been reported [1]. Although HBAP has a recognized cytokinin activity, 
these and other related ternary complexes did not proved to have similar biological properties. 
In compounds 1 and 2, the recognition between the Cu(FurIDA) chelate and the purine-like 
ligands involve the Cu-N3 bond and the intra-molecular N9-H···O(coord. carboxylate) 
interaction, thus making impossible the interaction with the cytokinin receptor [1]. The aim of 
this work is to synthesize and study novel ternary copper(II) complexes with FurIDA and 
benzimidazole (Hbim) or 3-methyladenine (3Meade), related to the N-rich ligand adenine 
(Hade):  

 
 

 
 
 
 
 

   FurIDA         Hbim   Hade            3Meade 
 

Structure of novel compounds. 

 
Hbim can be looked as a N1,N3,N6-trideaza-adenine that retain its two N-donors 

within the five-membered imidazolic ring. The dissociable H-atom of Hbim cannot be 
involved in tautomerism phenomena. With this N-ligand, the compound 
[Cu(FurIDA)(Hbim)(H2O)]·H2O (3) was isolated – see Figure 1, left. The asymmetric unit 
has two non equivalent but similar complex molecules where the Cu(II) atoms exhibit a 4+1 
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coordination, with an Addison parameter  τ= 0.09 (Cu1) or 0.08 (Cu2), and one aqua ligand at 
the apical site. 

In the compound of 3Meade, no H-tautomerism should be expected. Moreover, the N3 
coordination is blocked due to methylation. 3Meade and the Cu(FurIDA) chelate reacts to 
yield the compound [Cu(FurIDA)(3Meade)(H2O)]·H2O (4) – see Figure 1, right. Again, the 
Cu(II) centre exhibits a 4+1 coordination, with an Addison parameter  τ= 0.04 and the aqua 
ligand at the apical site. In this case, the steric hindrance caused by the 3-methyl group 
reduces the possibilities of metal-binding via N9. Indeed, the metal-chelate/3Meade 
recognition implies the Cu-N7 coordination bond (1.978(3) Å) and the intra-molecular N6-
H(6B)···O21(coord. carboxylate) H-bond (2.753 Å, 169.2º).  

 
As expected, the novel compounds exhibit a recognition pattern different from that 

described for compounds 1 and 2 [1], what raises new questions about their possible cytokinin 
activity.  

 

 
Figure 1. Molecular structures of compounds 3 (left) and 4 (right). 
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Recently the technologies for decoration for ceramics and tiles have change 
spectacularly. Nowadays the old serigraphy techniques have been replaced by industrial 
plotters and now should be possible to decorate “a la carte” individual ceramics. 

For these purpose the composition of the pigments should change and, in addition, its 
solubility requirements. Therefore late transition metals complexes soluble in water are 
demanded, and in this communication we report our progress developing water-soluble gold 
and platinum complexes and its use as new pigments. 

Gold complexes are the starting point to develop magenta red as one of the four 
essential colours to develop the complete palette required to reproduce any object in the 
ceramic. The complexes should present characteristic as good stability, solubility in the 
ambient benign solvent used, mainly water, compatibility with the electric field applied in the 
plotter used, and high yield in their preparation (> 99,5%). If that it is not enough, our actual 
target is to afford this goal, the same properties, at much lower temperatures in order to 
prepare commercial ceramic at lower temperatures [1]. 

In addition these gold and platinum complexes present a balance between hydrophilic 
and lipophilic properties. They are enough water soluble to be soluble in plasma and, at the 
same time, be able to pass through the phospholipid cell membrane [2], which are a good 
prerequisite to be good antiproliferative drugs against different types of cancer 

In these communications we present complexes of the type [Au(S-N)P] and trans- 
[M(S-N)2P2] M = Pt and Pd; S-N = 2-thionatepyridine and related derivatives; and P water-
soluble phosphanes PTA (1,3,5-triaza-7-phosphaadamantane), DAPTA (3,7-diacetyl-1,3,7-
triaza-5-phosphabicyclo[3.3.1] nonane) and TPPTS (sodium triphenylphosphane trisulfonate). 
Both types of complexes are new ceramic pigments for magenta or metallic gold or white 
films and present in some cases a great anticancer activity 
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The chemistry of gold nanoparticles (GNPs) represents fascinating interdisciplinary 
field of research with applications in physics, chemistry, nanotechnology, and medicine, 
especially. GNPs are also used for the synthesis of novel nano-structured materials such as 
nanocomposites with graphene, carbon nano-tubes and/or fullerenes. 

 
Nanodiamonds (NDs) show unique mechanical, thermal and electrical properties which 

make them promising molecular building blocks in nanotechnology. Because of their 
biocompatibility and non-toxicity [1], NDs are used as drug carriers and building blocks e.g., 
for the fabrication of tissue scaffolds and surgical implants, etc. 

 
Metal carbides are extensively applied in industry. For a long time it was believed that 

gold is not forming carbides. Matthew in 1900 reported for the first time gold carbide (Au2C2) 
[2]. The formation of gold carbides via laser ablation synthesis was preliminarily indicated in 
our laboratory [3, 4]. Nowadays, it is known that i) gold forms not only carbides but also 
aurides and ii ) gold-carbon interaction is important for development of electronic devices. 

 
The aim of this work is to study the formation of gold carbides via laser ablation 

synthesis (LAS) using as a precursor a kind of nanocomposite of GNPs with NDs. The GNPs-
NDs nanocomposite (Fig. 1 a) was prepared and characterized by atomic force and 
transmission electron microscopy, energy dispersive X-ray spectroscopy and mass 
spectrometry. Laser ablation synthesis of gold carbides (Fig. 2) was carried out by laser 
desorption ionisation time-of-flight mass spectrometry (LDI-TOF-MS). Example of mass 
spectrum indicating the formation of singly charged AumCn

+ clusters is given in Fig. 1 b. Gold 
carbides AuCn

+ (n = 1-11), Au2Cn
+ (n = 1-16) and Au3Cn

+ (n = 1-10) and also some gold 
aurides were observed. The structure of observed AumCn clusters most probably corresponds 
to gold carbides, but also endohedral supramolecular complex formation, e.g., Au@C10 is not 
excluded (Fig. 3) [5]. Such possibility was supported by modelling via semi-empirical 
approach using the HYPERCHEMTM program (release 5.1, 1998) from Hyper-cube Inc. 
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(Gainesville, FL, USA). The confirmation of diamond doped structure with gold atom would 
mean the first experimental evidence of gold-doped NDs. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: a) Scheme of GNPs-NDs nanocomposite formation from GNPs and NDs. b) Example of mass 

spectrum demonstrating the formation of gold carbides and/or gold aurides clusters. 
 

 

 

 

 
 
 
 

Fig. 2: Scheme of laser ablation synthesis of gold carbides and gold aurides. 

 

 

 

 
 
 
 

Fig. 3: Proposed structures for a) AuC10 gold carbide and b) endohedral supramolecular Au@C10 

complex (structure computed using Hyperchem program). 

 

 

Concluding, laser ablation of GNPs-NDs nanocomposite leads to synthesis of Au-C 
clusters. Stoichiometry of altogether 37 gold carbides was established while also some gold 
aurides were formed probably from partially hydrogenated NDs. It is suggested that some 
“gold carbides” might be gold-modified diamonds or gold-diamond endohedral complexes. 
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Results concerning the synthesis via laser ablation might initiate development of new Au-C 
materials with specific properties. 
 
 
References: 

 
[1] Puzyr A.P., Baron A.V., Purtov K.V., Bortnikov E.V., Skobelev N.N., Mogilnaya O.A., 

Bondar V.S. Diamond Relat. Mater. 2007, 16(12), 2124-2128. 
[2] Mathews J.A., Watters L.L. J. Am. Chem. Soc. 1900, 22(2), 108-111. 
[3] Peña-Méndez E.M., Hernández-Fernaud J.R., Panyala N.R., Houška J., Havel J. Chem. 

Listy. 2008, 102, 1394–1398. 
[4] Marsusi F., Mirabbaszadeh K. J. Phys.: Condens. Matter. 2009, 21, 215303-215312. 
[5] Houška J., Panyala N.R., Peña-Méndez E.M., Havel J. Rapid Commun. Mass Spectrom. 

2009, 23(8), 1125–1131. 
 
 



Acta of the International Symposia on Metal Complexes – ISMEC Acta, Volume 3 
ISMEC 2013, June 16th – 20th 2013 – Burgos (Spain) 

OC-21 79 

Synthesis, solution equilibria and cytotoxic activity of new copper(II) 
complexes with 1,10-phenanthroline derivatives  

 

Tiziana PIVETTA , a) Federica TRUDU  a), Elisa VALLETTA,  a), Francesco ISAIA,  

a),Daniela PERRA,  b) , Elisabetta PINNA, b) , Alessandra PANI, b), Carlo 
CASTELLANO,  c) Francesco DEMARTIN, c) 

 
a) Dipartimento di Scienze Chimiche e Geologiche, 

b )Dipartimento di Scienze Biomediche, Università degli Studi di Cagliari, 09042 Monserrato 
(CA)-Italy, 

c) Dipartimento di Chimica Strutturale e Stereochimica Inorganica, Università degli Studi di 
Milano, 20133 Milano-Italy; tpivetta@unica.it 

 
Copper is an ubiquitous essential metal ion and it is involved in several biological 

pathways, as energy metabolism, respiration and DNA synthesis. Copper can catalyse the 
production of reactive oxygen species, displace other metal ions and cleave DNA and RNA 
[1]. Being the copper an essential element, its complexes might be less toxic than those of 
non-essential metal ions. As a consequence, in the last years many copper complexes have 
been prepared and tested as potential antitumor agents. Complexes of copper(II) with 1,10-
phenantroline (P) possess antiproliferative activities towards several tumour cell lines [2]. In 
particular [Cu(P)2(OH2)](ClO4)2 (K2) has been effectively tested towards murine 
neuroblastoma and both hematologic than solid human tumour cell lines [3-5]. The free Cu(II) 
metal ion is reduced to Cu(I) by glutathione (GSH). But GSH is not able to reduce Cu(II) to 
Cu(I) in the K2 complex, due to the stabilization effect of the P ligand towards the bivalent 
form of the metal ion [3]. 

In this work the preliminary results of the solution study between Copper(II) and 1,10-
phenanthroline derivatives (Fig. 1) and the reactivity of the copper complexes with GSH are 
presented. The solution equilibria between Copper(II) and 1,10-ortho-phenanthroline (P), 
1,10-ortho-phenanthroline-5,6-dione (D) and 1,10-ortho-phenanthroline-5,6-diol (I ) were 
studied in 0.1 M NaCl as ionic strength at 25 and 37 °C by potentiometric titrations (Fig. 1). 

The reactivity between the Cu(II) complexes with GSH was investigated in 0.1 M 
phosphate buffer solution at pH 7.2 by spectrophotometric titrations. The antiproliferative 
activity of complexes and ligands was tested in normal (skin fibroblasts, CRL-7065) and 
cancer derived (prostate carcinoma, DU-145; hepatocellular carcinoma, HEP-G2; squamous 
cell lung carcinoma, SK-MES-1; acute T-lymphoblastic leukaemia, CCRF-CEM; acute B-
lymphoblastic leukaemia, CCRF-SB) human cells. 
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The synthesis of selective molecular receptors and sensors for hazardous and 

radioactive materials is of great interest. Among potential pollutants, the radioactive anion 
99TcO4

− from nuclear waste is especially noteworthy.[1] Its large size and low charge density 
make selective recognition in aqueous solution a great challenge.[2] Recently, our group 
reported on the binding tendencies of poly-ammonium cages towards 99TcO4

− and its non-
radioactive structural analogue, ReO4

−.[3] In particular, unprecedented affinity and specificity 
for 99TcO4

− in aqueous solution was shown by the p-xylyl azacryptand in the hexa-protonated 
form.[4] The crystal structure of the inclusion complex reveals that the anion fits within the 
cavity of the cage. The adduct is stabilized by multiple H-bond interactions with the 
protonated amino groups. We have now modified the receptor by substituting one of the p-
xylyl spacers with an anthracenyl fragment. The new receptor in the hexa-protonated form 
shows the typical fluorescent emission of anthracene. Preliminary spectrofluorimetric studies 
with ReO4

− and several other anions (e.g. Cl−, Br−, I−, NO3
−) showed that only ReO4

− 

effectively quenches the anthracenyl emission. Quenching follows the formation of a stable 
1:1 adduct, corresponding to the inclusion of the anion in the receptor’s cavity. Quite 
surprisingly the affinity of the new azacryptand for ReO4

− is higher than that determined for 
the p-xylyl analogue. This may be attributed to the higher rigidity and hydrophobicity of the 
cavity determined by the anthracenyl unit. The formation of an inclusion complex with ReO4

− 
has been confirmed by the crystal structure of the adduct. These preliminary results open new 
perspectives for the application of the new receptor as a sensor for 99TcO4

− in aqueous 
solution. 
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When we are thinking how to design materials with new properties it is commonly 

important to fix quite different characteristics at the same time. Usually, there is not enough 
bibliography about all of them. In the Polymers’ Group of the University of Burgos we try to 
anticipate as many properties for the new material as possible, but sometimes this is not 
feasible.[1] 

In the present work we show a sensor molecule for Fe(III) that changes in color from 
yellow (absence of Fe(III)) to dark green (appreciable for 2-3 ppm of Fe(III)).  This sensor is 
based on 8-hydroxyquinoline, which is known as a good ligand in the colorimetric 
determination for Iron(III).[2] We have been able to determine Fe(III) in blood serum and in 
wines. 

 

Figure 1: (up) Photograph for solutions of 

one of the linear co-polymers in water at 

pH=2 (buffered), and the effect of the adition 

of ammounts of Fe(III), from 0 to 5 ppm. 

(down) the same but from 5 to 560 ppm. 

Figure 2: Graphic of the UV-Vis study of a solution 

with one of the linear co-polymers at pH=2 

(buffered): effect of the adition of differents 

ammounts of Fe(III) (from Fe(NO3)3·9H2O). From 0 

to 50 ppm of Fe(III); corresponding to the region for 

the formation of 3Ligand:1Fe(III)  and  

2Ligand:1Fe(III)  complexes. 
 

Our group intends to prepare tractable materials with good physical properties as well. 
This is the reason why we first studied the behaviour of the monomer sensor; then, we 
prepared and studied some linear co-polymers (with appropiated co-comomers); and, at the 
end, solid membranes were also made and studied. 
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 We are also interested in a wide variety of problems, such us the detection of Cr(VI) in 
aqueous media,[3] or the synthesis of “new tunable luminescent and solvatochromic sensing 
hybrid inorganic-organic materials”, [4] to cite two different examples. 
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The antibacterial activity of silver has been known since ancient times. Currently, the 
notable decrease observed in the efficiency of many drugs caused by the bacterial resistance 
to antibiotics poses a serious problem in the treatment of infectious diseases [1]. Issues 
dealing with bacterial resistance have led to an emerging research field focused on the 
development of new drugs such as silver nanoparticles and other complex species with ionic 
(Ag+) and metallic (Ag0) silver. Their antimicrobial activity has been verified, even though the 
particular underlying mechanism so far is not fully understood. 

 
In this work, we report on small silver clusters formed by only 3 atoms (Ag3), able to 

interact with DNA and inhibit different topoisomerases (Topo IV and gyrase) from various 
microorganisms.  The Ag3 clusters have been provided by Nanogap-Spain (www.nanogap.es) 
and their interaction with DNA has been addressed by a combination of techniques, covering 
from thermodynamic and kinetics approaches to quantum mechanics/molecular mechanics 
calculations, all they converging in intercalation as the mode of binding.  

 
Biological studies have shown that Ag3 inhibits Topo IV at nanomolar concentrations. 

At larger concentrations, they could also inhibit gyrases from E.coli, P. aeruginosa and M. 
tubercolosis. These findings, together with the observed increase in the bacterial ROS level 
detected after addition of the clusters, bear out the Ag3 antibiotic potential. This antimicrobial 
activity sets the basis for a new pathway in the research of novel antibiotics and their 
application in a large range of materials to cope with the society requirements.  
 
Acknowledgements 
The financial support by Obra Social la Caixa, Spain, is gratefully acknowledged. 
 
References: 
[1] Taubes, G. The bacteria fight back. Science 2008, 321, 356-361. 



Acta of the International Symposia on Metal Complexes – ISMEC Acta, Volume 3 
ISMEC 2013, June 16th – 20th 2013 – Burgos (Spain) 

OC-27 89 

Complexation of Cs-137 by Molecular Cavitands 
 

Fabio PICHIERRI  

 
Department of Applied Chemistry, Graduate School of Engineering, Tohoku University, 

Sendai 980-8579, Japan; fabio@che.tohoku.ac.jp 
 

The release of radioactive nuclides, such as Cs-137 and Sr-90, in the environment as a 
result of accidents at nuclear power plants represents a challenging technological problem [1]. 
One possibility for removing the radionuclides from the environment (decontamination) is by 
complexation with artificial receptors such as calixarenes, as proposed some time ago by 
Ungaro and co-workers [2]. Computational methods based on density functional theory (DFT) 
are useful to test in silico the ability of artificial receptors to coordinate the metal ions of 
radionuclides. In this regard, we have recently investigated the complexation of Cs+ by 
cucurbituril macrocycles and suggested that special attention should be paid to the processes 
of aquaion dehydration [3]. 

Here we investigate the complexes that arise from the interaction of Cs+ with octaanisyl 
cavitands (OA). The starting point of our study is represented by the crystal structure of the 
[ClO4

−]:OA:Cs+ complex [4] shown in Figure 1. As seen from this structure, the Cs+ ion 
(depicted as a yellow ball at the centre of the cavity) interacts with the eight methoxy groups 
at distances of ~3.2 Å. The Cs+ ion also interacts with one oxygen atom of a perchlorate anion 
which is located just above the symmetric cavity of the complex. Thus, complexation of Cs+ 
by OA proceeds through the full dehydration of the corresponding aquaion. Besides the 
analysis of the oxygen-Cs+ bonding, our DFT study also explores the competition for binding 
exerted by the other alkali metal ions (Li+ through Rb+) along with the effect of the counterion 
(e.g. perchlorate and halide anions) on the binding energy (Be). 

 
Figure 1. Molecular crystal structure of the [ClO4

−]:OA:Cs+ complex [4]. 
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These DFT-based computational modelling studies are expected to shed light on the 
recognition of Cesium-137 by artificial receptors and to pave the way toward the development 
of selective and chemically-stable macrocycles for environmental chemistry applications. 
This work was supported by the Japan Society for the Promotion of Science (JSPS) “Grants-
in-Aid for Scientific Research” (Kakenhi-C) Nr. 24550172. 
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The chemical speciation of a metal ion, either essential (e.g. Fe) or toxic (e.g. Al) [1], is 

of extreme importance since it determines its absorption and transport properties, therefore 
defining its biological and physiological activity. A healthy organism is able to keep low 
concentrations of free metal ions through homeostatic mechanisms and buffers, hence 
circumventing abnormal de-compartmentalization and release or trafficking of metal ions. 
Nevertheless, situations of iron overload can occur, such as in transfusional hemosiderosis 
(treatment of β-thalassemia major) or in hematochromatosis, accompanied by a higher level 
of non-bound-iron, its deposition in cells/organs and corresponding organ failure unless 
treatment is applied to remove iron excess. Also an unusual high Al load (environmental 
exposure) and/or diminished renal function can result in an excess of Al3+ absorbed and 
transported to several target organs where its accumulation can lead to different diseases 
(osteomalacia in bones, microcytic anemia in red blood cells, neurodegenerative diseases). 

For a variety of pathological situations associated to metal imbalance, chelation therapy 
can reduce dysfunctional effects by passivation, redistribution or decorporation of the 
misplaced/atypical metal ion or even correct the irregular metal metabolism. The recognized 
need for orally active and non-toxic hard chelators lead to the development of several ligands, 
such as polyaminocarboxylic acids, cathecols and hydroxamates, although several problems 
arose (low oral bioavailability, lack of chelating selectivity, zinc depletion). After the 
discovery of deferiprone (DFP) for iron overload, numerous bidentate hydroxypiridinones 
(HPs) have been proposed as drug candidates. Bidentate ligands form generally more labile 
complexes than hexadentate ones, but the high pM values displayed by HPs at the 
physiological pH (quite stable 1:3 M-L chelate) assure that complex dissociation does not 
occur during the therapeutic procedure. 

Following the systematic study performed by our group on 3-hydroxy-4-pyridinone 
(3,4-HP) based ligands [2], which are neutral compounds at the physiological pH with higher 
affinity for hard than for soft metal ions (e.g. Zn2+), other hard bidentate ligands have also 
been studied, such as hydroxypyrimidinones (HPMs), namely 1-hydroxy-2-pyrimidinones 
(1,2-HOPY), with higher acidity and higher water solubility than the 3,4-HPs. HPMs have 
also proved to have high chelating affinity towards hard metal ions, both in solution or 
attached to solid matrices [3-5].  

We have recently developed a new 4,5-di-hydroxypyrimidine, which quinoid form 
corresponds to a 5-hydroxy-4-pyrimidinone (5,4-HOPY). The present work is focused on the 
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solution equilibrium studies of this 5,4-HOPY derivative (R = -(CH)3NH2), namely its 
chelating properties towards Fe3+, Al3+ and Zn2+, as well as on a comparative analysis with 
other N-heterocyclic chelators (3,4-HP and 1,2-HOPY) bearing the same R substituent group. 
For each ligand, a metal speciation modeling is also analyzed in the presence of several bio-
ligands to simulate plasma conditions in order to evaluate competition processes. 
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Chelation therapy is used for the treatment of metal intoxication in humans [1]. 
Selectivity towards the target metal ion is one important characteristic of the chelating agent. 
In the frame of our research of chelating agents for iron and aluminium, we synthesized five 
new ligands (Figure 1), and studied their behavior toward the trivalent metal ions. L4, L5, L6 
and L8 were found to be excellent ligands for the coordination of Fe3+ and Al3+ [2-3]. 
 
 

 
 
 

 
 

 
 

 
 

 
Fig.1 Hydroxypirone ligands L4, L5, L6, L7, L8. 

L5 L4 

L6 

L7 L8 
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We are presenting here a study on the same ligands with the two essential bivalent 
metal ions, Zn2+ and Cu2+. The results of spectrophotometric, potentiometric, and NMR 
measurements performed to determine the equilibrium formation constants will be presented. 
The speciation of the complexes with the trivalent metal ions in presence of endogenous zinc 
and copper will be discussed. 
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Triethylenetetramine (TETA) dihydrochloride is a therapeutic molecule mainly used in 

the treatment of Wilson’s disease, a human disorder characterized by copper accumulation in 
certain organs including the liver, brain and eye [1-2]. In 1985 U.S. Food and Drug 
Administration approved TETA as an orphan drug for penicillamine-intolerant patients with 
Wilson’s disease.  

 
Recently this drug has been proposed in the therapy of some cardiac complication of 

diabetes. Its administration was found to ameliorate the cardiac structure in patients affected 
by diabetic cardiomyopathy.  

 
An increasing interest is nowadays devoted to the synthesis and characterization of new 

drugs for metabolic diseases, acting trough copper coordination.  
 
In particular some of the anti-diabetic drugs nowadays in use are supposed to act by 

interacting with copper ion circulating in the body [3].  
 
In this respect the preliminary results of a research project on the interaction of the 

following anti-diabetic drugs, characterized by different coordinating groups, with copper will 
be presented 
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Pharmaceuticals of both human and veterinary origin have been widely detected in 

various environmental matrices including surface water, groundwater, soils, and sediments [1-
2]. Antibiotics have attracted a great deal of research interest because of their potential risks to 
human health and ecological systems. The majority of antibiotics, or their metabolites, 
excreted by humans after administration, reaches the municipal sewage. The massive use of 
veterinary antibiotics in intense animal feeding operations (to prevent and treat diseases, 
promote growth, and improve productivity) constitutes a growing concern as a significant 
source of contamination. Little is known about their biodegradability in aquatic environments. 
Long-term exposure to low dose of antibiotics could induce antibiotic-resistant genes inside 
living organisms or in the open environment [3].  

 
Ofloxacin (Fig. 1), a synthetic chemotherapeutic antibiotic of the fluoroquinolone 

family (FQ) structurally related to nalidixic acid, is considered a second-generation FQ. 
Ofloxacin is a racemic mixture of 50% levoxacin (the biologically active component) and 
50% dextrofloxacin. It is used to treat urinary, alimentary and respiratory infections in humans 
and animals [4]. 
 

 
 
 
 
 

 
 

Figure 1. Chemical structure of Ofloxacin 

 
Among the various techniques to remove pollutants from wastewater (chemical 

coagulation, electrokinetic coagulation, oxidation and ozonation) sorption by biomass both of 
metal ions and of organic molecules has been found to be an effective method, thank to its 
efficiency, simplicity, and easy application. Cork, characterized by different chelating groups 
on its surface, behaves as a strong sorbent towards most of the polluting metal ions and it 
presents good perspectives for organic compounds [5-8].  
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Batch sorption studies are based on the changes of adsorbate concentration in test 
solutions caused by sorption at the solid–liquid interface. In our experiments, a series of 
Falcon™ tubes containing 40 mL of solution at different adsorbate concentration were 
prepared at fixed pH values. Proper amounts (0.5 g) of cork of two different particle sizes (20-
40 and <20 mesh) were added to each tube. These mixtures were stirred for 24 hours on a 
mechanical shaker operating at a constant speed, then filtered on Whatman filter paper, and 
the adsorbate concentration was determined on the filtrate.  

 
To this aim we developed a spectrophotometric method to determine ofloxacin 

concentration by measuring the absorbance of its ironIII complex.  
 
The adsorption capacity at 25 °C, obtained from Langmuir equations for both the two 

different sizes of cork and at different pH values, will be discussed, and a spectrophotometric 
study of the protonation properties of ofloxacin will be presented. 
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Acetylcholinesterase (acetylhydrolase, AChE) is a serine protease that hydrolyzes the 
neurotransmitter acetylcholine (ACh). During neurotransmission, ACh is released from the 
terminal of the nerve cell (synapse) and binds to ACh receptors, relaying the signal from the 
nerve to the muscle. AChE terminates the signal transmission by hydrolyzing ACh. For a 
cholinergic neuron to receive another impulse, ACh must be released from the ACh receptor. 
This occurs only when the concentration of ACh in the synaptic cleft is very low. Inhibition of 
AChE leads to accumulation of ACh in the synaptic cleft and results in impeded 
neurotransmission.  

Organophosphorus compounds (OPC) are a class of irreversible AChE inhibitors, and 
their cleavage by AChE leads to formation of strong bond between phosphoryl group and the 
esteratic site of the enzyme. Irreversible inhibition of AChE leads to muscular paralysis, 
convulsions, bronchial constriction, and death by asphyxiation. 

The pharmacological drugs used for the treatment of OPC intoxications are known as 
cholinesterase reactivators (ChR). Generally, they represent bis-quaternary pyridinium 
aldoxime-containing compounds (Scheme 1) with substituents on various positions in 
pyridinium rings and different bridge type and length between rings. Recently there are some 
difficulties in their application due to fast ChR elimination from the organism and to the non 
completely enzyme recovery. On the other hand, the antidotal activity of reactivators is 
different against various OPC and compounds effective against all OPC are still not 
developed.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme 1. Chemical structures of some cholinesterase reactivators 
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The complexation of cholinesterase reactivators could be used as a sufficient way to 
increase their efficacy (or bioavailability) in the organism. For that reason we evaluated 
coordination ability of some ChR (Obidoxime, BT-07, BT-07-4M and BT-08). The 
coordination of Pd(II) ions ((NH4)2PdCl4, in water or in Britton-Robinson buffer, pH 6.3 / 7.4) 
was followed spectrophotometrically (220-470 nm). The results had shown that the presence 
of metal(II) ions affords the formation of oximate anions. The conversion of initial 
reactivators to corresponding oximates was estimated by software RES2002 [1, 2]. The 
modified oximes were tested for their ability to restore the function of paraoxon-inhibited rat 
brain AChE. 
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Some studies have been focused on the preparation of water-soluble gold, platinum and 

palladium complexes with satisfactory cytotoxicity results. We have previously reported 
water-soluble gold(I) and platinum(II) complexes containing heterocyclic thionates 
[Au(SN)(P)] and trans-[Pt(SN)2(P)2] [SN = C5H4NS (pyridine-2-thionate), C4H3N2S 
(pyrimidine-2-thionate); P = PTA, PTA], which showed interesting in vitro antitumor 
properties in a series of tested cancer cell lines [1]. Therefore, we have been interested in 
synthesizing new water-soluble thionate palladium(II) and platinum(II) derivatives with PTA 
(1,3,5-triaza-7-phosphaadamantane) and DAPTA (3,7-diacetyl-1,3,7-triaza-5-phosphabicyclo- 
[3.3.1] nonane).  

Here we present the preparation and characterization of a series of slightly water-soluble 
mononuclear thionate Pd(II) and Pt(II) complexes of the type trans-[M(SN)2(P)2] as 
evidenced by the X-ray structures of six of them. Only [Pd2Cl2(S-2-mercaptopyrimidin-4-
one)2(PTA)2] shows a dinuclear structure. The antiproliferative properties of some of these 
complexes have been tested, and they show in vitro activities (IC50) against a human ovarian 
cancer cell line A2780 that are comparable to cisplatin, although they are much more efficient 
against A2780cisR (cisplatin resistant). 
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The Ru(II) arene complexes are a promising alternative to the classical Pt-based 
antitumor drugs, due to the lower general toxicity of the Ru derivatives and to the divergent 
mechanism of action between these and the platinoids, which provides a complementary 
spectrum of activity to the former [1]. On the other hand, aryl substituted bezimidazoles are 
very attractive as ligands because of their remarkable ability to stabilize metal ions, and also 
due to their versatile biological properties [2]. 

As a result of our previous studies about antitumor activity of Ru(II) complexes with 2-
pyridylbenzimidazole ligands and with the aim of establishing new structure-activity 
relationships, herein we present a number of new Ru(II) arene complexes with 
hydroxyphenylbenzoazole ligands. These compounds have been synthesized, and 
subsequently characterized with techniques such as nuclear magnetic resonance and infrared 
spectroscopy, mass spectrometry and elemental analysis, among others. Likewise, the 
antitumor activity of some of these complexes has been evaluated by cytotoxic tests. 

 

 

Fig. 1 Family of the new Ru(II) arene complexes. 
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In addition, the crystal structure of some of the complexes has been resolved by X-Ray 
diffraction, allowing us to establish the corresponding structure-activity relationships (see 
Figure 2). 

 

 

Fig. 2 ORTEP diagram of a structure (2a). 
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Cisplatin is one of the most employed metallic complexes for cancer treatment. 

However, its effectiveness is hindered by toxic side effects and the occurrence of tumor 
resistance. Trying to overcome these drawbacks, a considerable interest in searching new 
metallic complexes to be used in the treatment of cancer has emerged. Among the new non-
platinum as potential anticancer drugs, gold derivatives have gained increasing attention due 
to their generally strong tumor cell growth inhibiting effects and the observation that many of 
the compounds inhibit the enzyme thioredoxin reductase (TrxR) [1]. 
 

In the design of a drug, a balance between hydrophilicity and lipophilicity is required to 
be water soluble and at the same time be able to pass through the phospholipid cell membrane 
[2]. Accordingly, water solubility of the drugs could provide such balanced relationship. The 
use of water-soluble phosphanes can lead to the synthesis of water soluble or partially soluble 
complexes.  

 
Within this frame, here we include the synthesis of new water-soluble thiolate gold(I) 

derivatives with different phosphanes derived from PTA (1,3,5-triaza-7-phosphaadamantane) 
(figure 1). Some of these complexes have been screened for their antitumor activity against 
human colon cancer cell lines, as well as their apoptic activity evaluation and their 
implication in the cell cycle progression.  
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Figure 1. Thiolate gold(I) complexes with phosphanes derived from PTA  
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In recent years we have been interested in the ligands with oxime-and-amide chelate 

moieties and their coordination of late 3d-transition metals. One of the authors (IN) has 
reported some of the results at five of the previous six ISMEC meetings. 

 
The aim of current project was to prepare a series of new tridentate ligands shown 

below, synthesise their mono- and di-nuclear Pt(II) chloride complexes, and investigate their 
coordination chemistry and possible antitumor activity against four lines of human cancer 
cells. The logic behind was to make square-planar complexes where Pt(II)-centres are 
engaged by the ligand in bidentate or tridentate manner, and the remaining coordination sites 
are occupied by labile monodentate ligands such as chloride, dimethylsulfoxide, or water. 

 
In this presentation we shall describe the synthesis, characterisation, and protonation 

studies of the seven tridentate oxime-amide-amine/thiol/thioether ligands shown in Scheme 1, 
as well as the synthesis, characterisation, and the results of biological testing of their Pt(II) 
complexes. 

Scheme1. The ligands discussed in this work and their abbreviations. 
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Ligand L1 was first synthesized in [1], and its acid constants determined by 
potentiometric titrations in [2]. To the best of our knowledge, no metallation studies of this 
ligand were reported. The remaining six ligands (L2-L7) are prepared by us for the first time. 

Synthesis of the ligands involved the condensation of ethyl-2-(hydroxyimino) 
propanoate, prepared as in [3], with diamines, cysteamine, or aminothioethers, Scheme 2. 

N
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CH3

N

OH

CH3

N
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()n

H
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Scheme2. Synthesis of the ligands. 

The products were isolated and characterized by the measurement of melting points, 
microanalysis, FTIR, NMR (1H, 13C, and correlation spectra), MS/ToF, single crystal XRD, 
and UV-Vis spectrophotometry. Acid constants and enthalpies of protonation were determined 
in 0.1 M NMe4Cl aqueous ionic medium by glass-electrode potentiometric, spectroscopic, and 
calorimetric titrations. 

Metallation of the ligands with Pt(II) was achieved using [Pt(dmso)2Cl2] complex as a 
precursor. Synthesized complexes were isolated and characterized by MPs, microanalysis, 
FTIR, NMR (1H, 13C, and 195Pt), UV-Vis, and XRD. 

Formation of the platinum complexes with ligands that contained sulfur donor centres 
(L5-L7) was rapid, while with ligands L1-L4 it proceeded at a slow pace. 

Pt(II) coordination to N(oxime), N(amide), and N(amine)/S(thiol/thioether) donor 
centres in the complexes prepared was confirmed. Dinuclear Pt-complexes of L1 and L3 in 
dmso solution exhibit two peaks in the 195Pt nmr spectrum, indicating the presence of two 
kinds of Pt centres in non-equivalent coordination environment. XRD analysis of the Pt-L1 
complex confirmed dinuclear nature of this complex, with one platinum atom chelated by the 
oxime-and-amide moiety, and the other coordinated to the terminal amino group of the same 
ligand. The remaining coordination sites on platinum ions are occupied by the chloride and 
dmso ligands. 

Spectroscopic and structural data for the complexes will be presented along the results 
of cytotoxicity testing (IC50s) on four human cancer cell lines. 
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Viper venom has a very interesting characteristic: despite being one of the most 
powerful mix of proteases found in nature, it is conserved inside the venom glands of the 
snake, without damaging them. This happens thanks to a complicated and highly efficient 
mechanism of inhibition [1]. In general, the animal venoms constitute a wide and a nearly 
untouched resource of biologically active molecules with a wide range of functions, including 
modulation of ion channels and regulation of enzyme activity. For this reason, they can play a 
key role in the discovery and design of new drugs [2]. 

About 30% of all proteins present in the viper venom is constituted by SVMPs (Snake 
Venom Metallo-Proteases), which are responsible for hemorrhagic activity, apoptosis and pro-
inflammatory activity of the venom. It has been shown that at least three synergistic 
mechanisms are responsible for complete inhibition of the peptidasic activity of the venom at 
the conditions under which it is stored inside the venom glands: chelation of calcium ions by 
citrate, acid pH and competitive metal-binding by specific peptides. Such inhibition 
completely vanishes when the poison is injected into the victim, where pH becomes neutral 
and, in addition, citrate and complexing peptides are diluted [3]. 

The composition of the venom of snakes of the genus Atheris has been recently 
investigated using mass spectrometry [4]: an interesting class of peptides containing clusters 
of histidines and glycines (thus called pHpG: poly-histidine and poly-glycine) was identified. 
In addition, it was proved that the pHpG peptides can inhibit SVMPs to some extent [1]. The 
mechanism of this activity is not completely clear, but one hypothesis is that the poly-His 
sequences, well-known excellent metal-binding sites [5], are able to extract the metal ion 
from SVMPs, making them inactive. 

In order to shed light on the behaviour of pHpG peptides towards metal ions, it was 
decided to study the complex-formation equilibria of one of the constituents of the venom of 
Atheris squamigera, the peptide EDDHHHHHHHHHGVGGGGGGGGGG-Am (1), protected 
to its carboxylic terminus. The study has been carried out in aqueous solution and in a wide 
pH range, at I = 0.1 M and T = 298.2 K.  Species stoichiometry, protonation and complex-
formation constants with Cu2+, Zn2+ and Ni2+ have been determined potentiometrically and 
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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The preliminary results of this study have shown that all three metals are capable of 
forming stable complexes with the peptide 1, whose stoichiometry and structure depend on 
pH (see Fig 1). The histidines are certainly involved in the coordination, while no interaction 
either with the side carboxyl groups of Asp and Glu, or with the terminal amino group has 
been evidenced. The affinity of the ligand 1 towards the different metal ions is in the order: 
copper >> nickel > zinc. The lower affinity for zinc most likely depends on the fact that this 
metal, unlike the other two, is not able to bind the nitrogens after displacing of a proton. The 
formation of these complexes reinforces the above suggestion on the mechanism of inhibition 
of metallo-proteases. 

 

 

Fig.1  Representative distribution diagram for the system Cu(II) / 

pHpG at metal/ligand ratio 1:1. [Cu2+]tot  = 0.4 mM. 
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Rhenium(I) and technetium(I) complexes based on a tridentate N,N,O-type 
ligand containing an arylpiperazine pharmacophore: synthesis, 

characterization and biological evaluation. 
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Recently, we reported the preparation of two M(CO)3 complexes (M = Re and 99mTc) 
from a novel pyridyltriazole-based ligand bearing the bioactive (2-methoxyphenyl)piperazine 
derivative, this pharmacophore being found in numerous selective 5-HT1A imaging agents.[1] 
As a continuation of our research, in the present study, we described a convenient synthesis of 
a novel tridentate N,N,O-type ligand functionalized by an arylpiperazine moiety, The organic 
scaffold has been synthesized using a convenient click chemistry strategy (via a copper-
catalyzed alkyne-azide cycloaddition reation).[2] The chelating site is formed by a triazolyl 
unit and a phenol group, as outlined in scheme 1. The corresponding tricarbonylrhenium 
complex was prepared and fully characterized by means of NMR, IR and mass spectrometry. 
99mTc-radiolabelling and preliminary in vitro studies showed that the 99mTc(CO)3-complex (i) 
was obtained in high yield and exhibited an excellent radiochemical purity, (ii) was neutral 
and isostructural to the rhenium complex, (iii) presented a good stability and a suitable 
lipophilic character for its use as a CNS imaging agent. 

 
All these data will be reported in this communication and the potential of this 

organometallic probe as potential CNS imaging agent will be discussed. 
 

  
Scheme 1. Studied metallic complexes  

 
References:  
 
[1]  Seridi, A.; Wolff, M.; Boulay, A.; Saffon, N., Coulais, Y.; Picard, C.; Machura, B.; 

Benoist, E., Inorg. Chem. Commun., 2011, 14, 238-242. 
[2]  Kolb, H.C.; Finn, M. G.; Sharpless, K.B., Angew. Chem. Int. Ed. Engl., 2001, 40, 2004-

2021. 
 



Acta of the International Symposia on Metal Complexes – ISMEC Acta, Volume 3 
ISMEC 2013, June 16th – 20th 2013 – Burgos (Spain) 

P-12 112 

New Ruthenium (III) complexes with antitumor activity: design, synthesis 
and characterization 
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Cisplatin was introduced in 1978 in clinical practice for the cancer treatment. In spite of 

the highly successful use of this drug, it shows several side effects and drug resistance. To 
overcome these limits, many other platinum-containing drugs have been synthesised [1]. 
However, recently, the research of metal-based anticancer drugs has focused on other 
transition metal ions, as copper, ruthenium and gold. 

Some ruthenium compounds cause less side effects with respect to the platinum drug 
and are selective for cancer cells [2], on this basis, ruthenium complexes might replace the 
cisplatin as anticancer drug. 

With the purpose to design and prepare new ruthenium (III) compounds with cytotoxic 
activities, we prepared new complexes containing 1,10-phenanthroline derivatives and 
N,N’-substituted-imidazolidine-2-thione as auxiliary ligands (Fig.1). The nitrogen and thionic 
ligands were chosen because analogous complexes with Cu(II) show a high cytotoxic activity 
against mouse neuroblastoma and human tumor cell lines [3, 4, 5].  
 

  

1,10-ortho-phenanthroline 1,10-ortho-phenanthroline-5,6-dione 

P D 

 

 
 

1,10-ortho-phenanthroline-5,6-diol N,N’-imidazolidine-2-thione 

I Dit (R=R’=H), DitMe (R=Me, R’=H), DiditMe 
(R=R’=Me), DitEt (R=Et, R’=H), DiditEt (R=R’=Et) 

 
Figure 1. Structures, IUPAC names and acronyms of the studied ligands. 

 
The complex formation constants of the synthesised Ru(III) complexes were determined 

by spectrophotometric and potentiometric titrations in water solution at 25 °C and 37 °C in 
0.1 M NaCl as ionic strength. The antiproliferative activity of complexes and ligands was 
tested in normal (skin fibroblasts, CRL-7065) and cancer derived (prostate carcinoma, 
DU-145; hepatocellular carcinoma, HEP-G2; squamous cell lung carcinoma, SK-MES-1; 
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acute T-lymphoblastic leukaemia, CCRF-CEM; acute B-lymphoblastic leukaemia, CCRF-SB) 

human cells. 
In this work the preliminary results about synthesis, solution equilibria and cytotoxic 

activities are presented.  
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Interaction of the antitumor drug doxorubicin with nucleic acids. 
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Doxorubicin (DOX) is an important anthracycline currently in use for the treatment of 
different cancers [1]. As its antitumour action has been discussed both in terms of its 
interaction into DNA (P) and its topoisomerase inhibition [2], doxorubicin has been 
extensively studied in order clarify the properties of its binding to nucleic acids.  

 
Three functional moieties can be distinguished in its structure: (1) the intercalator (rings 

B-D), (2) the anchoring function associated with ring A, and (3) the amino sugar moiety 
(figure 1). The mode of interaction of DOX with double stranded DNA is determined by the 
action of each component.  

 

 
The thermodynamics of the interaction of DOX with CT-DNA have been studied by 

different methodologies such as spectrophotometry, fluorescence, circular dichroism, 
viscometry and isothermal titration calorimetry (ITC). The kinetic curves have shown single 
T-jump relaxation times, whose concentration dependence gives rise to a two-step 
mechanism. Such different kinetic effects are ascribed to the dual action of the intercalant 
region of the drug and the groove-binding properties of the amino sugar moiety. Hence, a 
mixed mode of binding is proposed here that accounts for the apparently large binding 
constant. This mode, which primarily involves intercalation and minor-groove binding, can be 
achieved thanks to the location of the amino sugar extended into the minor groove when the 
aromatic core is intercalated. The ITC studies, in agreement with these observations, confirm 

Figure 1. Structure of doxorubicin and functional components. 
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two different modes of binding at low drug concentrations (CDOX/CP < 0.3) and a third one at 
higher ratios. 
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Bis-benzimidazole family molecules are potential anticancer drugs. The dye Hoechst-

33258 (Figure 1) is a bis-benzimidazole 
derivative with an N-methylpiperazine 
and a phenyl group at the end, and it has 
been widely used as a fluorescent 
cytological stain for DNA [1]. It is a 
long, flexible molecule with a positively 
charged end and a number of proton 
donor and acceptor groups suitable for 
possible hydrogen bonds formation.  
Hoechst-33258 has been found to self-aggregate because of its planar aromatic hydrophobic 
structure, that also makes it able to bind in the minor groove of DNA [2].  
 

We have performed a thermodynamic (spectrofluorimetric titrations and quenching 
measurements) and kinetic (T-jump technique) analysis of Hoechst-33258 self-aggregation 
(Figure 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The obtained results show that a dimerization process is coupled with an isomerization 
reaction (Scheme (1)-(2)). 
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Figure 1: Hoechst-33258 monocationic 
form at pH 7 

 

Figure 2: A kinetic curve showing that a chemical 
process occurs in a solution containing Hoechst-33258 
alone. I= 0.5 M pH 7.0, T= 25ºC. 
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The values of the equilibrium constants obtained from the fluorimetric titrations, 
quenching measurements and the T-jump kinetic curves are very similar, thus indicating that 
the three techniques have measured the same processes. 
 

The accessible fraction of Hoechst-33258 molecules that we have calculated from 
quenching measurements reveals that almost 50% of dye’s surface is inaccessible to the 
quencher (NaI) and this is consistent with the presence of a considerable amount of dimer. 
The nature of the dye molecule and the results that we have obtained, enable us to 
hypothesize that isomerization may consist in the slow rotation of the central bond, which 
exhibits partial characteristic of double bond. One of the two isomers can be stabilized by 
hydrogen bonds formed through the intermediacy of a water molecule. 
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Hoechst 33258, a synthetic dye containing a bisbenzimidazole moiety, has attracted a 

great deal of attention due to its selective groove binding interaction with AT-rich DNA 
sequences. Also, it shows a partially intercalative binding mode with poly(dG-dC)2 and with 
GC-rich sequences of other types of DNA. The pronounced binding interaction in the AT-rich 
minor groove of DNA can affect transcription, blocking topoisomerase I and helicases activity 
[1]. 
 

Despite the many studies carried out so far, the behaviour of Hoechst 33258-DNA 
towards RNA is still not well understood. The dsRNA structure exerts profound regulatory 
effects on the cell, thereby playing the RNA molecules a crucial role in many key biological 
processes [2].  
 

Kinetic and thermodynamic measurements contribute to explain the 
Hoechst33258/RNA interaction. The homopolymer Poly(rA)·Poly(rU) has been used as 
synthetic RNA. The techniques employed for kinetic experiments, T-jump and conventional 
spectrophotometer, and for thermodynamic experiments, ITC, DSC, thermal denaturation, CD 
spectrophotometry and absorbance and fluorescence titrations at different ionic strengths 
indicate that Hoechst 33258 interacts with Poly(rA)·Poly(rU) by two binding modes, 
depending on the CD/CP  ratio.  
 

Thermal denaturation measurements at 25ºC (Figure 1) show that triple helix prevails at 
low CD/CP, whereas the double helix prevails at higher CD/CP values. Kinetic experiments 
performed at different temperatures and DSC and CD measurements confirm such behaviour.   
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For CD/CP < 0.2, the binding constant has been determined by ITC measurements. The 
apparent constant Kapp = 105 M-1 corresponds to an intercalation process responsible for the 
formation of the triple helix, in agreement with the reaction:  
 

2[Poly(rA)·Poly(rU) /Hoechst]             Poly(rA)·2Poly(rU)/Hoechst  + Poly(rA)/Hoechst 
 

Spectrophotometric titrations yielded a binding constant above 107 at high dye content, 
therefore the binding occurs in the minor groove of the duplex and stabilizes the double strand 
of RNA, shifting the formation of the triple towards higher temperatures.  
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Phenanthrolines are polyheterocyclic organic compounds with interesting biological 
properties such as anticancer activity, and also antiviral, antibacterial and antifungal potential. Their 
mode of action has not to do with that of cisplatin. They behave essentially as intercalating agents 
between DNA nucleobases, so that they may produce severe structural distortions leading to 
lengthening, stiffening and unwinding of the double helix. Moreover, phenanthrolines can form 
very stable complexes with metal ions [1].  

 
Transition-metal complexes containing bipyridine or phenanthroline ligands have been 

shown to interact as groove binders or possible partial intercalators [2]. Recent studies have 
confirmed that also ruthenium(II) complexes containing phenanthroline and its derivatives exhibit 
high antitumor activity [3], the latter giving way to noncovalent interaction between the complex 
and the DNA by intercalation through π–π and electrostatic interaction [4].  

 
In this work, we have prepared a new ruthenium arene complex (Ruaphen, Figure 1) with the 

1,10-phenanthrolin-5-amine ligand and have studied the stability, the interaction with calf thymus 
DNA, 9-MeG and 5´dGMP. Cytotoxicity studies were performed in two cell lines. The complex has 
been characterized by NMR spectroscopy, Mass Spectrometry, Elemental Analysis and IR 
spectroscopy. 

 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 1. [Ru(p-cymene)(1,10-phenanthrolin-5-amine)Cl]Cl, referred to as Ruaphen. 
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The stability study of Ruaphen has been carried out and the pKa value has been calculated. 
This compound undergoes hydrolyses in water, which decreased as long as the sodium chloride 
content is increased. These processes were observed by UV-VIS and NMR.  

 
Studies with biomolecules have been performed with numerous techniques, namely UV–Vis 

spectrophotometry, Circular Dichroism (CD), Differential Scanning Calorimetry (DSC), T-jump 
relaxation, Nuclear Magnetic Resonance (NMR) and Viscosity. Studies were performed at constant 
ionic strength I = 2.5 mM and pH = 6, except the T-jump experiments (I = 0.1 M). The NMR 
experiments performed with 9-MeG and 5´dGMP have shown that Ruaphen binds to the N7 
guanine site by covalent binding, forming a bifunctional covalent-intercalated complex with DNA. 
As for the DNA interaction, the Ru complex stabilizes slightly the DNA structure up to CD/CP = 0.3, 
since the melting temperature increases; this feature would explain the partial intercalation assumed 
until the covalent binding predominates. Then, a process is observed that entails destabilization of 
the double helix, related to formation of the intrastrand covalent binding Ru(II)-N7.   

 
Also, the in vitro cytotoxicity of this drug has been assessed in the human ovarian cancer cell 

line A2780 and the human breast cancer cell line MCF-7  by the MTT cell proliferation assay with 
96 exposure time. A high positive response was observed for both cancer cell lines, being 7.70 µM 
the IC50 value in the A2780 cell line (0.83 for cisplatin) and 9.96 µM in the MCF-7 cell line (12 for 
cisplatin).  
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An equimolar mixture of poly(rU) and poly(rA) strands at ambient temperature usually 

forms the double helix poly(rA)·poly(rU). At moderately high sodium concentration (>0.2 M) 
this complex is rearranged at elevated temperatures into poly(rA)·2poly(rU), releasing half  
the poly(rA) strands.[1] In 1957, Felsenfeld et al.[2] were the first to cope with  the formation 
of the triplex poly(rA)·2poly(rU) in the presence of divalent cations, whose structure 
resembles that of a native DNA. 

Ethanol is quite a simple dehydration agent that have served to explore the behavior of 
DNA/RNA under mixed solvent conditions. In this work, the effect of ethanol on the 
conformational properties of the poly(rA)·poly(rU) and poly(rA)·2poly(rU) is studied in 
ethanol-water solvents up to 60% (v/v). In the melting experiments followed by UV-Vis 
spectroscopy, poly(rA)·poly(rU) rose its melting temperature up to 40% (v/v) ethanol. Above  
45%, instead of the classical sigmoid curve, a curve appeared  showing two transitions 
(Figure 1), a first transition at the lower temperature, Tm1, corresponding to triplex formation 
and the second at Tm2, corresponding to denaturation.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Absorption melting profiles vs T of poly(rA)·poly(rU) in ethanol-water solutions: ── 5, ── 
20,── 30, ── 40, ── 45, ── 50, ── 55, and ── 60 % (v/v). λ = 260 nm. CP = 4×10−5 MBP, I = 0.1 
M (NaCl), pH = 7.0.    
 

To elucidate the observed processes with poly(rA)·poly(rU), solutions of 
poly(rA)·2poly(rU) were prepared at different alcohol contents, and the melting process was 
recorded by UV-Vis spectrophotometry, DSC and CD measurements. 

20 30 40 50 60 70 80 90
0,0

0,3

0,6

0,9

1,2

 

 

A
26

0 
nm

T, ºC



Acta of the International Symposia on Metal Complexes – ISMEC Acta, Volume 3 
ISMEC 2013, June 16th – 20th 2013 – Burgos (Spain) 

P-17 123

Figure 2 shows the alcohol effect on the Tm2 values for both the duplex and the triplex, 
for triplex being higher up to 40% v/v, and then converging above this value. 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: The effect of ethanol concentration on the melting temperature monitored by UV-Vis 
absorbance of poly(rA)·poly(rU), CP = 4×10−5 MBP (�) and poly(rA)·2poly(rU), CP = 1.6×10−5 MBP, 
(�). λ = 260 nm. I = 0.1 M (NaCl), pH = 7.0. 
 

As to the DSC experiments, the heating curves of poly(rA)·poly(rU) showed a single 
transition up to 40% (v/v) and a large shift of Tm at 50% (v/v) EtOH, thus bearing out the UV-
Vis melting results.  

The CD measurements for poly(rA)·poly(rU) were carried out at 25 ºC in several 
solutions from 0 to 60 % EtOH, maintaining constant the polynucleotide concentration; the 
positive CD readings for long-wavelength band increased from 0 to 50% (v/v) and decreased 
with a shift in the 258 nm crossover to longer wavelengths for 60 and 70% (v/v). 

Also, UV-Vis stopped-flow kinetic experiments were carried-out at different 
temperatures and concentrations for the poly(rA)·poly(rU) and poly(rA)·2poly(rU) systems. 

The set of experiments gathered permitted us to conclude that ethanol at concentrations 
above 40% promote the disproportionation of the poly(A)·poly(U) duplex into the 
poly(A)·2poly(U) triplex and a poly(A) single-strand.  
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Thioflavin T, 3,6-dimethyl-2-(4-dimethylaminophenyl)-benzothiazolium cation (TFT) 
(Fig. 1), is a benzothiazolium fluorescent dye used for staining amyloid and para-amyloid 
tissues [1].  

 
 
 
 
 
 

 

Figure 1 Molecular structure of the Thioflavin-T dye (TFT, left) and picture showing the bond rotation 

(right) of this molecular rotor. 
 
Moreover, TFT is a molecular rotor, a class of molecules that have found a wide range 

of applications as fluorescent sensors of micro-viscosity and solvent free volume. Application 
examples include bulk viscosity measurement, probing dynamics of polymer formation, 
protein sensing and probing of protein aggregation, and micro-viscosity probing in living cells 
[2]. 

Some data on the interaction of TFT with DNA have been reported [3], but the 
mechanistic details of the binding process are still unknown.  

We have undertaken a mechanistic analysis of TFT interaction with natural DNA. The 
results obtained all concur in indicating that the behaviour is not simple. Spectrophotometric 
and spectrofluorometric titrations yield different results that differently depend upon salt 
content and temperature. It can be inferred that two diverse binding modes are present, that, 
depending on the experimental conditions needed, differently contribute to the overall 
apparent constant measured by the two techniques. The thermodynamic parameters evaluated 
suggest that the two binding modes observed can be intercalation and groove binding.  

The kinetic analysis (T-jump technique) confirms such a model. Under conditions of 
polymer excess (DNA/TFT >> 1) two relaxation times are observed; under condition of dye 
excess (DNA/TFT < 1) biphasic relaxation curves are also found to be present, but the 
relevant time constant differ from those recorded for DNA/TFT >> 1. On the whole, the 
kinetic data, in agreement with equilibria, enable to propose the mechanistic reaction scheme 
shown below (Scheme 1), where D2 is a Thioflavine-T dimer, PD is the intercalated complex 
and PD3 is an intercalated form containing also a groove-bound dimer and PD3* is its final, 
conformationally rearranged form. 
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Scheme 1 Proposed reaction mechanism for the TFT/DNA system. Under conditions of low dye and 

polymer excess, the D2 dimer is negligible and PD only is formed, where TFT is intercalated in DNA. 

On the contrary, for high dye content, D2 is significantly present and the PD3 form, with the dimer 

additionally groove bound to the intercalated form, can exist in non-negligible amounts.  
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Cyanines are a class of fluorescent molecules that play an important role in the 

biochemical field. Due to the high affinity towards double strands of nucleic acids, they are 
used to selectively stain these bio-substrates and can play a role in DNA fragments 
sequencing, and in conformational studies of biomolecules based on FRET [1].  

New cyanines are tested with the aim to optimise their properties, both in terms of 
selectivity and in photo-physical behaviour. 

Two different cyanine/DNA systems have been analysed by spectrophotometric and 
spectrofluorometric titrations under different (salt content and temperature) conditions. The 
molecular structure of the two cyanines used, Cy-Ph and Cy-dPh, are shown in Figure 1. They 
differ for the presence, in Cy-dPh, of an additional phenyl ring that enhances the possible 
aromatic extension of the system. 

 
 

       Cy-Ph    Cy-dPh   
  

Figure 1 Molecular structure of the cyanine dyes used: [2-(1,2-dimethyl-6-phenyl-1H-pyridin-4-

ylidenmethyl)-3-ethyl-benzothiazole] (Cy-Ph) and [3-ethyl-2-(1-methyl-2,6-diphenyl-1H-pyridin-4-

ylidenmethyl)-benzothiazole] (Cy-dPh). 

 

 

The results obtained show that both dyes bind DNA with high affinity, intercalating 
between the polynucleotide base-pairs. For both systems the binding features strongly depend 
on the salt content of the medium, enlightening the importance of dye/DNA electrostatic 
attraction in the binding process. The higher aromatic extension of Cy-dPh plays an important 
role. The binding constant are significantly higher for the Cy-dPh/DNA system with respect to 
the Cy-Ph/DNA system. The thermodynamic parameters of binding (∆H and ∆S) are also 
higher for the Cy-dPh/DNA system. Interestingly, when these values are reported in a Chaires 
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plot [2], the values for the latter system approach to the higher-energy cluster of bis-
intercalators (Figure 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Chaires plot correlating the values of ∆H and –T∆S for different small molecule/DNA 

systems. Open circles relate to groove binding molecules, full circles to intercalators; at the lower right 

corner two bis-intercalating systems are plotted. The two Cy-Ph/DNA and Cy-dPh/DNA systems are 

also shown. 

 

 

The possible ability of Cy-dPh to bis-intercalate into DNA would agree with some 
deviations occurring in the binding isotherms under high DNA loading conditions. This 
aspects will be further analysed by means of mechanistic studies based on fast reaction 
techniques.  
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aluminium(III) and poly(rA) nucleic acid, both in the form of single or double strand. At the 
pH range needed for these experiments (pH = 5 - 7) the stability of aluminium(III) in solution 
is guaranteed by the cacodylate buffer that also complexes Al3+.  

The spectrophotometric titrations show that the binding occurs indeed, with features 
that differ much on passing from poly(rA) to poly(rA)poly(rA). In the case of poly(rA) 
cooperative aggregation of the single strands is favoured by the presence of the aluminium 
ion. On the other hand, quantitative binding of the ion to poly(rA)poly(rA) occurs.  

A rather complex kinetic behaviour, strongly dependent on pH, has been observed. The 
slowness of the kinetic effects indicates that Al(III) induces deep conformation changes in 
poly(rA). The kinetic tests done confirm the occurrence of a slow cooperative process for the 
single strand. The further analysis of the kinetics of the binding, using fast reaction 
techniques, will give information of the mechanistic aspects of the process. 
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The more and more increasing use of catalytic converters to reduce the dangerous 

NOx and CO emission in the atmosphere by vehicle traffic produces a corresponding increase 
of  palladium in the environment [1]. Among the so-called “platinum group Elements” (PGE), 
elemental palladium seems to be the most hazardous one because it can be easily and quickly 
oxidized to palladium(II) when put in contact with soil. The presence of palladium oxidized 
form is of great concern owing to its recognized toxicity towards plants, animals and humans. 
Therefore, as for the classical “heavy metals”, a removal of this element from the 
environment is needed and a subsequent recovery for its potential re-use is welcome [1]. 

  
Among the different techniques proposed for the removal and recovery of metal ions 

from aqueous solutions, the sorption by materials derived from biomass is one of the most 
promising [2]. The biomaterials for metal ions removal are available in large quantities, 
inexpensive and biodegradable and usually have high yields in terms of metal ion uptake [3]. 
The biosorption of palladium(II) and other precious metals on different kind of raw 
biomaterials has been extensively studied [4], but the direct use of the polyelectrolytes 
contained therein, which are the main responsible for their sorption capacity [5-6], was few 
investigated.  
 

We report here results of a kinetic and thermodynamic study for palladium(II) removal 
from aqueous solutions by calcium alginate gel beads as sorbent biomaterial. The 
investigations were carried out in the pH range 2 to 5 at I = 0.01 mol L-1 (NaNO3 / NaCl) at 
different chloride concentration and at T = 25 °C. These experimental conditions were 
established on the basis of a speciation study on the Pd2+ - alginate system in aqueous 
solution, carried out to evaluate the strength of interaction between the metal ion and the 
alginate as sequestering agent.  
 

A parallel study on the kinetics of calcium(II) release by gel beads was also carried out 
in order to have more information on the sorption mechanism.  
 

Important similarities were found between the trends for the dependence on pH and 
chloride concentration of binding and sequestering ability (% PdAA species, pL0.5) and 
sorption (qe, qmax) parameters. In Figure is reported, as an example, the dependence of pL0.5 
and qmax on CCl

- at pH = 2 and at T = 25°C. 
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These similar trends show a close relation between the behaviour of alginate as 

sequestering agent in aqueous solution and calcium alginate gel beads as sorption material 
towards Pd2+ ion.  
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The atmospheric pollution is one of the main sources of decaying process in wall 
paintings [1]. The CO2 and SOx coming from the atmosphere are dissolved in the moisture 
present in the mortar forming their corresponding acids (H2CO3 and H2SO4 mainly). These 
acids attack to the constituent materials giving rise to their respective salts. The precipitation 
of these salts has different consequences over the wall paintings such as the physical stress 
due to the volume change produced by wet/dry cycles [2], and the deposition of them over the 
paintings creating white efflorescences, resulting on aesthetical problems.   
 

In this study, several samples of malachite (Cu2CO3(OH)2) were prepared by tail 
tempera technique on different nature substrates: one based on calcium oxide and the other 
one on gypsum. Subsequently, the test samples were subjected to accelerated aging processes 
in climate chambers of CO2 and SOx to simulate the environmental exposure to acid gases. 
The aim of this work consists on diagnosing and establishing the chemical processes of 
degradation produced over the different supports as well as over the pigment, before and after 
exposure to the acid gases. For that purpose, an analytical methodology combining non-
destructive spectroscopic techniques as Raman and Infrared (in diffuse reflectance mode, 
DRIFT) was used.  
 

On the one hand, as a result, the main degradation process suffered by the carbonated 
support after CO2 exposition was the recarbonation (see equations 1). This phenomenon 
produced a superficial white patina over the pigment, leading to aesthetical damage and a 
material loss process and giving rise to a more porous and fragile material. In addition, after 
SO2 exposition, the sulphatation effects were more severe (see equation 2). In this way, a thin 
gypsum layer over the pigment was identified by Raman spectroscopy which is more reactive 
than the previous one, making the material more vulnerable. The mentioned layers could also 
produce physical alterations due to the precipitation of soluble salts into pores and cracks 
which could cause the detachment of the pictorial layer.  
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On the other hand, the consequences over the gypsum support resulted more harmful 
as the damage reached deeper after the exposure in both climate chambers. This fact was 
checked by the presence of gypsum in the inner layer, which is originally composed only of 
calcium carbonate and sand. The degradation process suffered by this layer reduces the 
subjection function exerted by it producing the disaggregation of the painting layer. 
 

Finally, regarding to the painting layer the effect of CO2 was only seen as a whitish 
crust deposited over the pigment and a reduction of the binder, identified by an intensity 
decrease of DRIFT bands. However, the SO2 effects were more evident because of the 
arenization experienced in the pigment. Besides, in the latter experiment, the copper present 
in the malachite was liberated and re-precipitated as tenorite (CuO), as detected by Raman 
(see equations 3). Nevertheless, the harshest damage was caused by the action of the 
ammonium nitrate, which is present in the medium, probably due to the decomposition of 
organic matter inherent in rabbits tail, producing the formation of the tetraamin-cupric salt 
(Cu(NH3)4(NO3)2) (see equations 4). 
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In conclusion, the tempera pictorial technique over carbonated support turned out 

more stable against the acid attack than the gypsum support. This fact could be one of the 
reasons for a greater preservation of XVI century wall paintings in the area of the Kingdom of 
Aragon, in comparison with those present in the Basque Country, since in the latter the use of 
gypsum was favored by the Nordic influence. 
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Numerous vegetable wastes have been used as sorbent for metal ions removal from 

contaminated waters [1]. The optimum conditions for metal removal are usually well 
established but the compounds involved in metal sorption are not well known. Vegetable 
wastes contain mainly lignin, cellulose, hemicellulose, lipids and polyphenolic compounds. 
The knowledge of the role of these components in metal sorption may be crucial to establish 
sorption mechanism and useful for the selection of the most appropriate sorbent for metal ions 
removal from aqueous effluents. 

 
The aim of this work is to evaluate the role of chemical components of two vegetable 

sorbents: exhausted coffee and grape stalks wastes, which have proven to be efficient in 
removing Cr(VI) and divalent metals [2,3]. For this purpose, the wastes were sequentially 
submitted to extraction with solvents of different polarity and 1% NaOH. Finally, four 
different fractions from each material were obtained: (1) material free of aliphatic extractives 
(2) material after ethanol extraction (3) material after water extraction (4) material free of 
extractives.  Sorption studies were conducted by contacting Cr(VI), Cu(II) and Ni(II) 
solutions with raw material and the obtained extracts until equilibrium was reached. After this 
time, the concentration of the metal ions in the remaining solution was determined and the pH 
recorded. Elemental analysis and FTIR spectra before and after metal ions loading were 
carried out to investigate the functional groups involved in metal uptake.  

 
Results indicate that the elimination of aliphatic and phenolic groups from exhausted 

coffee enhances Cr(VI) while the alkaline hydrolysis of this material gave the best sorption 
results in the case of Cu(II) and Ni(II).  In the case of grape stalks the best performance as a 
sorbent was found in the resulting fraction after removal of aliphatic compounds and less 
polar polyphenolic groups. The Cu(II) and Ni(II) binding affinities were significantly and 
positively correlated (R2> 0.8, p<0.05) with the polarity index of the sorbents (i.e. (O+N)/C) 
and their fractions. This suggests that the oxygen functional groups (i.e. COOH, OH) plays an 
important role in binding Cu(II) and Ni(II). However, no relationship was found between 
binding affinity values for chromium and the polarity index (R2=0.015, p=0.75). 
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The polyamine N,N-bis(2-aminoethyl)ethane-1,2-diamine usually named with the non-
systematic name tris(2-aminoethyl)amine and abbreviated as tren, constitutes one of the 
ligands most widely employed within the fields of Coordination and Supramolecular 
Chemistry. This interest stems from its tripodal disposition which frequently favors rhombic 
geometries and from the facility of its derivatization that permits to obtain related ligands for 
a variety of purposes. Tren or tren-like fragments have also been used as building blocks of 
more or less sophisticated supramolecular receptors either of acyclic or cyclic topology 
endowed with interesting coordinative or/and photochemical properties[1].  

 
Here we report the synthesis, metal coordination and interaction with anionic species of 

a new extended tripodal receptor containing indazole chromophoric groups, in which the 
polyamine tren[2] has been enlarged with three aminopropyl functionalities (TAL), and 
further functionalised with 6-indazole fragments (TAL6iz). The results are compared with 
those obtained for the parent tripodal polyamine TAL[2]. 

Figure: Enlarged tripodal polyamine receptors: TAL and TAL6iz. 
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Selective recognition of anions in water by artificial receptors is a very challenging goal 
to achieve. One of the most successful approaches to bind anions in aqueous solution is the 
formation of cascade species by the selective coordination of an anionic guest between the 
metal centres of a dinuclear complex of a ditopic macrocycle or cryptand.[1] This strategy has 
the advantage of having less interference from water, which being a relatively poor Lewis 
base is weakly coordinated.  

 
Back in the infancy of the field of anion recognition, Lehn described a polyamine 

cryptand with large biphenylmethane spacers (L, Figure 1) capable of encapsulating a 
terephtalate dianion, as evidenced by a rather beautiful crystal structure.[2, 3] The inclusion of 
substrates of appropriate size between the metal centres of the dinuclear complex of that 
cryptand was also envisaged by the authors, however such study was never performed. 

In this work, the recognition of dicarboxylate and amino acid substrates by the dinuclear 
copper(II) complex of L is studied.  

 
 
 
 
 
 

Figure 1. Cryptand L. 
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Medicinal application of ferrocene is an active research area and many reports have 
shown that ferrocene derivatives have a highly promising activity in vitro against several 
diseases [1, 2]. To the best of human knowledge the malarial parasite Plasmodium falciparum 
possesses only one GST isoenzyme (PfGST), which is highly abundant in this organism and 
represents a novel and peculiar GST isoenzyme class [3, 4], because the available data 
indicate that homodimeric PfGST cannot be assigned to any of the previously known GSTs 
classes. This isoenzyme is present in solution both as a tetramer and as a dimer with only the 
dimeric form being enzymatically active. The tetramer-dimer conversion is induced by GSH 
and is a reversible process [4, 5]. Thus, in the absence of GSH, the enzyme is found mainly as 
a tetramer. PfGST exerts a protective role in the organism and is thus considered an 
interesting target for antimalarial drug development. Its characteristic tetramer-dimer 
conversion prevents a calorimetric titration from being conducted by monitoring the direct 
binding of ligands to this protein’s G-site. Thermodynamic characterization can be an optimal 
strategy for antimalarial drug development, and isothermal titration calorimetry (ITC) is the 
only technique that allows the separation of the binding energy into both enthalpic and 
entropic contributions. This information would facilitate the understanding of which changes 
in the drugs’ substituents improve the affinity and specificity.  

 
In this study, we have employed the calorimetric displacement method to assess the 

thermodynamic binding of a ferrocene conjugate (a strong GST-inhibitor) to dimeric PfGST, 
in the presence of GSH (a weak ligand), at different temperatures. This inhibitor went through 
a three-step synthesis process and is composed of ferrocene and glutathione linked together 
by four methylene groups as a spacer arm (Fc(CH2)4SG). The Friedel-Crafts acylation of 
ferrocene with 4-bromobutanoyl chloride, followed by the reduction of the carbonyl group 
through treatment with ZnCl2 and (nBu)4NBH4, yielded 4-bromobutylferrocene. This 
compound was later conjugated with glutathione by the nucleophilic substitution of the 
bromide with the sulphur peptide.  

 
Our calorimetric and docking studies indicate that this inhibitor might bind 

simultaneously to the G-site (GSH moiety) and to the H-site (ferrocene moiety) of PfGST. 
The displacement method is based on the fact that the binding properties of a ligand are 
altered when another competing ligand is present. With this procedure, the association 
constant of a high-affinity ligand can be measured indirectly by premixing the protein with a 
weaker competitive ligand. Nevertheless, it is very important to emphasize that the 
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displacement method can be applied here for Fc(CH2)4SG because we have previously 
characterized GSH as a weaker binder to PfGST[6]. The general application of this 
displacement approach to calorimetrically study the binding of other strong binders to the 
PfGST G-site is only possible when the binding thermodynamic parameters of GSH have 
previously been obtained. 

 
This study indicates that the ITC displacement is a valid method to obtain the 

thermodynamic parameters for the binding to PfGST of other competitive ligands with higher 
affinities than glutathione. Our results show that ferrocene conjugate studied is a strong 
competitive inhibitor of this enzyme with an enhanced binding affinity relative to the natural 
substrate glutathione. Thus, the affinity of Fc(CH2)4SG to dimeric PfGST is approximately 
two order of magnitude higher than that of its natural substrate GSH at all studied 
temperatures. The higher affinity of this inhibitor is a consequence of a more favourable 
enthalpy change compared to that for GSH binding. Furthermore, thermodynamic results do 
not indicate profound conformational changes upon Fc(CH2)4SG binding, and no evidence for 
ligand binding cooperativity was observed. 
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Anisotropic gold nanoparticles are characterized by intense Localized Surface 

Plasmon Resonance (LSPR) bands in the near infrared region where tissues, blood and water 
display high transmission of electromagnetic radiation. For this reason, asymmetric gold 
nanoparticles have been proposed as ideal candidates for therapeutic and diagnostic 
biomedical applications. It has been demonstrated that when irradiated on their NIR plasmon, 
these objects exhibits an excellent transduction of absorbed light into heat, which can be 
potentially used to destroy tumor cells [1]. Moreover, the NIR LSPR of these nanoparticles 
creates a nonlinear field enhancement resulting in an intense two-photon photoluminescence 
(TPL), allowing their in-vitro and in-vivo realtime tracking [2]. We have developed a seed-
growth procedure to prepare gold nanostars with NIR-tunable LSPR bands [3] and a synthetic 
route for the preparation of tetra-aza macrocylic ligands (and their Cu(II) complexes) bearing 
binding group for the surface of nano-objects. The aim of the work is to obtain a multi-
functional device: gold nanostars could reach tumor cells by passive (or active if specific 
antibodies are introduced on the surface) targeting, release heat upon excitation with nearIR 
radiation  to damage cancer cell, be traced with TPL and be the vehicle for the coordination of 
radionuclides (64Cu) allowing positron emission tomography imaging. 
 

 
Fig.1: a) TEM image of a typical sample of gold nanostars; b) UV-Vis spectra showing how it is 
possible to control the position of LSPR bands in the near infrared region (changing synthetic 
parameters); c) the two tetra-aza  macrocycles prepared for the coating of gold nanostars. 
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Gold nanostars are first coated with PEG-SH to improve their stability and 

biocompatibility, then a ligand exchange step is performed to introduce the Cu(II) complex of 
tetra-aza macrocyclic ligands (12aneN4-SH or 12aneN4-SS) on the surface. The 
functionalization procedure can be followed by UV-Vis spectrophotometry and Z-Potential 
measurements. ICP-OES measurements allow to established the amount of Cu(II) effectively 
present on the surface of the particles at the end of functionalization protocol (and the 
percentage of PEG-SH replaced by the complexes).  

 
Fig.2: Scheme of the procedure chosen for the coating of gold nanostars with copper complexes of 
tetra-aza macrocycles. 
 

The same procedure can be applied to the coating of the nanoparticles with the empty 
ligand and to introduce in a second time the cation Cu(II). As confirmed by Z-Potential and 
ICP-OES measurement the complexation can be carried out quickly and directly on the 
nanoparticles. This aspect is particularly important because it is potentially possible 
generating the isotope 64Cu and then proceeding in situ with the complexation on 
nanoparticles just before the use of the system.  
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Today, hydrogen is a globally accepted clean energy carrier, which would facilitate the 
transition from fossil fuels to the renewable energy sources [1,2]. For this reason there has 
been a rapidly growing interest for the development of suitable hydrogen storage materials in 
the last few decades as the efficient storage and production of hydrogen are still key problems 
in the “Hydrogen-Economy” [3]. Among the new hydrogen storage materials [4], ammonia–
borane (NH3BH3) appears to be the most promising material for this purpose [5] because of 
its’ low molecular weight (30.9 g/mol) and the high hydrogen density (19.6 wt.%), which is 
greater than the 2015 target of U.S. Department of Energy (9 wt.% H2) [6]. Of particular 
importance are the results of recent studies [5,7] showing that hydrogen gas can be generated 
from the hydrolytic dehydrogenation of ammonia–borane in the presence of a suitable catalyst 
under mild conditions (at RT under air). Up to now, many homogenous and heterogeneous 
catalysts have been tested in the catalytic hydrolysis of ammonia–borane [5,7,8]. Although, 
the notable activities were observed by using homogeneous catalyst, the current research has 
focused on the development of supported metal nanoparticle catalysts because of their 
advantages such as simple product isolation, catalyst recovery and reusability.  

 

 
In this context, this study has been focused on the fabrication, characterization and the 

catalytic use of palladium(0) nanoparticles dispersed in nanohydroxyapatite (HAp; 
Ca5(OH)(PO4)3) framework, referred to as Pd(0)@n-HAp,  and their employment as catalyst 
in the hydrolysis of ammonia-borane [9]. Pd(0)@n-HAp were prepared by a procedure 
comprising of ion-exchange of Pd(II) with the framework Ca(II) cations of HAp, followed by 
their in-situ reduction during the hydrolysis of ammonia-borane. These new Pd(0)@n-HAp 
were characterized by ICP-OES, P-XRD, XPS, TEM, HRTEM, STEM, STEM/EDX and 
HAADF/STEM spectroscopies and N2-adsorption–desorption technique. The catalytic 
performance of Pd(0)@n-HAp in terms of activity, reusability and lifetime was investigated in 
the catatlytic hydrolysis of ammonia-borane. 
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Tris(2-aminoethyl)amine (tren) is a well-known tripodal tetradentate chelating ligand. In 
many chelates ‘tren’ does not satisfy the coordination requirements of the metal ion and 
consequently the formation of mixed-ligand metal complexes is favoured. Alternatively, ‘tren’ 
is also able to play various bridging roles. Thus, the most relevant bridging modes described 
for this ligand are the µ3, via its three terminal amino groups, or a combined tridentate 
chelating + µ2 mode. 

 
As a part of our program on copper(II) complexes with tripodal tetradentate ligands, we 

have obtained single crystals of the compound [{Cu(tren)}3(µ3-tren)]2(NO3)12·3H2O (1) [100 
K, trigonal system, space group R3, final R1 0.055). The asymmetric unit has two independent 
[{Cu(tren)}3(tren)]6+ cations (see Figure below) which mainly differs in the copper(II) 
environments. While one cation has three equivalent Cu1 centers and Cu···Cu inter-metallic 
distances of 7.233(1) Å, the other cation contains three slightly non-equivalent metal centres 
(Cu2, Cu3, Cu4) and has three 
unequal Cu···Cu distances in 
the range of 7.196-7233(1) Å. 
However, in both cases, each 
Cu(II) atom is chelated by a 
tripodal-tetradentate tren ligand 
and accomplishes its N-donor 
set with one N-amino primary 
group of a µ3-tren ligand. 
Consequently, each Cu(II) 
center exhibit a CuN5 
coordination surrounding. 
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The Cu-N bond distances in the novel compound fall in the narrow range of 1.980-
2.092 Å. The four shortest Cu-N bond distances define two unequal trans-(N-Cu-N) angles (θ 
> φ), being the θ N-Cu-N angle between 176.9-178.1º. The closest N-Cu-N angles fall in the 
range of 129.3-121.7º. These angle values yield Addison parameters very close to 1 (τ = [(θ - 
φ)/60]º: τ1 0.81, τ2 0.95, τ3 0.84 and τ4 0.84 for Cu1, Cu2, Cu3 and Cu4, respectively), what 
defines an almost regular trigonal bipyramidal coordination. Hence, the copper(II) 
coordination in the studied compound is best described as a slightly distorted trigonal 
bipyramidal. The crystal of compound 1 is built as a 3D H-bonded framework stabilized by 
N-H···O(nitrate or water) and probably O-H···O interactions. 

 
The trinuclear cation of compound 1 has been previously reported for the salts 

[{Cu(tren)}3((µ3-tren)][Pt(CN)4]3·2H2O [1], [{Cu(tren)}3((µ3-tren)](ClO4)2 [2], 
[{Cu(tren)}3((µ3-tren)][Cr(µ2-CN)6·{Cu(tren)}6](ClO4)21 [2] and [{Cu(tren)}3((µ3-
tren)][BF4]6 [3]. In all these compounds the metal centers of such trinuclear cation exhibits a 
similar distorted trigonal bipyramidal coordination. 
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A ternary copper(II) complex with the binucleating chetator 
 trans-1,4-cyclohexanediaminotetraacetate(4-) and pyrazole: 

 [Cu2(trans-1,4-CDTA)(Hpz)2(H2O)2]·2H2O 
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The pyrazole (Hpz) takes part of a large variety of pharmaceuticals, such as analgesic, 
anti-arrhythmic, psycho-analeptic and other synthetic drugs. For this and other reasons, Hpz 
itself and its derivatives are also investigated as ligands for biological metal ions. As a part of 
our works on the binucleating chelator trans-1,4-CDTA, we have synthesized the entitled 
compound [Cu2(trans-CDTA)(Hpz)2(H2O)2]·2H2O (1) [100 K, monoclinic, I2/a, final R1 = 
0.030] by stoichiometric reaction of Cu2CO3(OH)2, the trans-1,4-H4CDTA acid [1] and Hpz in 
water (mole ratio 1:1:2).  

 
In the novel molecular complex (Figure right) the copper(II) atom exhibits a square-

planar pyramidal coordination, type 4+1, with the aqua ligand as apical/distal donor (Cu-O1 
2.778(2) Å). The four shortest 
coordination bond distances (Å) are: 
Cu1-N2(Hpz) 1.952(2), Cu1-
O21(carboxylate) 1.949(2), Cu1-
O11(carboxylate) 1.968(2) and Cu1-
N10(amino) 2.011(2). The square 
basal coordination surrounding is 
nearly planar (Addison parameter τ 
= (θ-φ)/60 = 0.011!, where θ = 
170.39(7)º and φ = 169.80(6) are the 
trans-angles N2-Cu1-N10 and O11-
Cu1-O21 respectively). The plane of 
Hpz and the mean basal coordination 
plane define a dihedral angle of 
41.6º.  

The tridentate trans-1,4-iminodiacetate moieties exhibit a mer-NO2 conformation, as is 
also found in the corresponding binary compound {[Cu2(trans-1,4-CDTA)(H2O)2]·4.33H2O}n 

Figure 1. Structure of the centro-symmetric complex 
molecule in 1 (non-coordinated water omitted). 
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(2) and in the closely related ternary compound {[Cu2(p-XDTA)(Hpz)2]·6H2O}n (3) (p-
XDTA= p-xylylene-diamino-N,N,N’,N’-tetraacetate(4-) ligand). However, this is in contrast 
to the fac-NO+O(apical) conformation described for the iminodiacetate groups in the 
compounds [Cu2(trans-CDTA)(Him)4(H2O)2]·4H2O (4) and [Cu2(trans-
CDTA)(H5im)4]·7H2O (5). In the crystal of 1, each half-molecule is connected to an adjacent 
one by four symmetry related H-bonding interactions [two N1-H1···O11 (2.912(3) Å, 167.6º) 
plus two O1-H1B···O12 (2.704(3) Å, 176.4º)], involving the Hpz and the aqua ligands of a 
Cu(II) centre as H-donors and the two O-atoms of the same carboxylate group (from an 
adjacent trans-1,4-CDTA ligand) as acceptors (see Figure 2). These H-bonds build chains of 
complex molecules extending parallel to the b axis. Additional H-bonds (involving the aqua 
ligand and the non-coordinated water molecule as H-donors and O-carboxylate acceptors) 
build a 3D framework. 

 
 

 
 
 
 
 
 
Figure 2. Detail of the four H-bonding interactions that connect adjacent the complex molecules and 

build chains in the crystal of compound 1. 

 
Concluding remarks. The mer-NO2 conformation of the iminodiacetate groups in the 

binary complex 2 enables the incoming of a monodentate N-heterocyclic ligand in one among 
the four closest sites of the copper(II) center without conformational disturbances (as in 1 and 
3), whereas the linkage of two of such N-ligands per Cu(II) atom (as in 4 and 5) induces the 
fac-NO+O(apical) conformation to the iminodiacetate groups of the chelator. 
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Charged species play a critical role in chemical, biological and industrial processes. In 

the last decades the design of receptors able to bind either a cation or an anion has been an 
area of remarkable development, but the preparation of heteroditopic receptors for ion pair 
recognition has received less attention, despite their important applications, such as transport 
through membranes and salt extraction.[1] 

Herein we report the synthesis of a ditopic 
tripodal ligand containing a urea group (L) and a 
study of its interaction with different Cu(II) and 
Zn(II) salts. The binding of [Cu(L)]2+ with   
different oxoanions such as NO3

-, NO2
-, H2PO4

-, 
HSO4

-, Ac- and Bz- was followed by means of 
spectrophotometric titrations in DMSO. The 
analysis of these titrations allowed us to calculate 
the corresponding association constants and to 
establish the following order: Ac- ∼ Bz- > NO2

- > 
H2PO4

- > HSO4
- > NO3

-. X-Ray diffraction studies 
have been very helpful to understand this order and 
the different titration profiles. Besides, some of the 
crystal structures show an extraordinary fact about 
the Cu(II) coordination environment, also supported by DFT calculations: the interaction of 
the urea group with the metal ion via the nitrogen atom (Figure 1). 

1H and 13C NMR studies with Zn(II) salts also point in this direction. Addition of  
Zn(ClO4)2 to a L solution provokes an important shielding of the NH resonances, particularly 
of that bonded to N(3), which experiences an upshift of ca. 2 ppm, and of the signal due to the 
carbon nucleus of the urea group (∼ 4 ppm). These unprecedented upfield shifts can only be 
explained by the coordination of the urea group to the Zn(II) ion. As in the case of Cu(II), 
these results are supported by DFT calculations. 
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Influence of anion shape in urea N-coordination type 
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Anion recognition is an area of growing interest in chemistry research. These species 
can interact either with positively charged or neutral receptors. For the first ones, metal ions 
are a possible source of the positive charge, whereas in the case of non-charged ligands urea 
group is the most classical example, given its behavior as an H-bond donor. Anion shape is a 
critical factor to design not only monotopic receptors, but also ditopic, which permit ion-pair 
recognition and, sometimes, cooperative binding.[1,2] 

Herein we report a study of the influence of anion shape in urea N-coordination type 
with L, a ditopic tripodal ligand (Figure 1). X-Ray diffraction studies show that, for Cu(II) 
benzoate and sulfate complexes, the receptor gives an “open wing butterfly” conformation, 
whereas for Co(II) and Zn(II) chloride 
complexes adopts a “bent propeller” 
conformation. In the first cases, the urea group 
interacts with the metal ion via one of the 
nitrogen atoms, resulting in an octahedral 
coordination with a tetragonal elongation due to 
a strong Jahn-Teller distortion. On the other 
hand, for Co(II) and Zn(II) derivatives the 
metal coordination environments can be 
described as distorted trigonal bipyramidal, a 
geometry imposed by the complex 
conformation, and no coordination of the urea 
group is observed. At the light of the 
spectrophotometric titrations we can assume 
that, for [Cu(L)Cl2], the geometry around the 
metal ion is also bipyramidal trigonal, a fact 
that is confirmed by 1H NMR spectra of the 
[Zn(L)]2+ complex recorded in the presence of 10 equivalents of Cl-. The downfield shifts of 
the signals due to NH protons upon Cl- addition is in line with the decoordination of the urea 
group and the establishment of a hydrogen-bonding interaction between urea and the 
coordinated Cl- anions. 
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Tetrafluoro-4-pyridyl substituted cyclopentadienyl molybdenum 
compounds.  

 

Jan HONZÍČEK, a) Milan ERBEN,  b) Jaromír VINKLÁREK b) 

 
a) Institute of Chemistry and Technology of Macromolecular Materials, Faculty of Chemical 

Technology, University of Pardubice, Studentská 573, 532 10 Pardubice, Czech Republic 
 b) Department of General and Inorganic Chemistry, Faculty of Chemical Technology, 

University of Pardubice, Studentská 573, 532 10 Pardubice, Czech Republic;    
jan.honzicek@upce.cz 

 
Molybdenum compounds [(η5-Cp)Mo(CO)2L2][BF4], where Cp is cyclopentadienyl and 

L2 is N,N-, P,P- or S,S-chelating ligand, are currently under comprehensive scrutiny due to 
their biological properties [1,2]. The compounds with the two weakly coordinated ligands, 
such as [(η5-Cp)Mo(CO)2(NCMe)2][BF4], are the key compounds for their synthesis. This 
precursor and various ring-substituted congeners are readily available through protonation of 
[(η3-C3H5)(η

5-Cp’)Mo(CO)2] followed with ligand exchange (Scheme 1). However, our 
recent study has shown that this synthetic method has some limitations [3]. Hence, 
substitution with strong electron-withdrawing function groups could lead to formation of 
trivial [(η3-C3H5)Mo(CO)2(NCMe)3][BF4] instead the desired cyclopentadienyl compound, 
see Scheme 1. The aim of this study is to find out which of the pathways proceeds for 
tetrafluoro-4-pyridyl substituted compound. 

+

MoMeCN
MeCN CO

CO

Rx

CO
CO

Rx

Mo

+

CO

CO

MeCN

MeCN

 HBF4

MeCN
 HBF4

MeCNMo

MeCN
 

Scheme 1: Reactivity of allyl cyclopentadienyl molybdenum(II) compounds. 

 

[(η3-C3H5)(η
5-C5H4C5F4N)Mo(CO)2] (1) was prepared according to standard protocol 

starting from Na(C5H4C5F4N) and [(η3-C3H5)Mo(CO)2(NCMe)2Cl]. The product was 
characterized by spectroscopic methods and X-ray crystallography. The reaction of compound 
1 with HBF4 in presence of acetonitrile gives cationic cyclopentadienyl complex [(η5- 
C5H4C5F4N)Mo(CO)2(NCMe)2][BF4] (2), see Scheme 2. It proves that substitution with one 
tetrafluoro-4-pyridyl group does not switch the reaction pathway to cationic allyl compound.  
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Scheme 2: Reactivity of [(η3-C3H5)(η

5-C5H4C5F4N)Mo(CO)2] (1). 
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The ability of the compound 2 to exchange nitrile ligands was proven on few examples. 
Compounds bearing 1,10-phenanthroline (3), 4,7-diphenyl-1,10-phenanthroline (4) and 2,2’-
biquinoline (5) were prepared by ligand-exchange reactions in high yield and characterized by 
spectroscopic methods, see Scheme 3. X-ray structure of compound 3 was determined by X-
ray diffraction analysis. Currently, the in vitro cytotoxicity studies on leukaemia cell tissues 
are ongoing. 
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Scheme 3: Prepared complexes bearing tetrafluoro-4-pyridyl substituent in the cyclopentadienyl ring. 
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A novel synthetic route to the biological active family of pyrazolones has been 
conducted, and a new N- substituted pyrazolone bearing a carbothioamide group has been 
prepared (Fig.1).  

 

 

 

 

Fig.1. Pyrazolone derivative 

This new ligand has been characterized by MS, 1H and 13C NMR spectroscopic 
methods, and studied by potentiometric titration in (90:10 v/v) water/ethanol, against NaOH 
(0.1M) at 298K in 0.2M ionic strength medium. The potentiometric data processed by Sirko 
program, allowed the determination of the thiol group dissociation constant (pKa = 6.8). The 
potentiometric study, also conducted on the ligand with the copper(II) metal cation revealed 
the formation of two species ML+ and ML2, which have high stability constants indicating an 
important ability of the ligand to coordinate. 

A copper(II) complex is then synthetized and characterized by spectroscopic methods, 
magnetic measurement and single-crystal X-ray diffraction studies.  The molecular structure 
of the complex with [CuL2.H2O].2H2O formula, is resolved and shows that the central metal 
is pentacoordinated in trigonal bipyramidal geometry. The pyrazolone derivative which acts 
as a NS bidentate ligand, coordinates to the central metal through the thiolato sulfur of the 
thioamide group, in its thiol tautomeric form, and the imine nitrogen of the pyrazolone ring.  
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Poly(azolyl)methane ligands are neutral analogues of the anionic poly(azolyl)borates 

[1]. They are formally derived from borate ligands by replacing of the central “BHn
–“ moiety 

with isoelectronic “CHn” group. The first transition metal compounds with coordinated 
poly(azolyl)methane ligands were described only few years after borate analogues [2,3]. 
Nevertheless, the coordination chemistry of the poly(azolyl)methanes is much less developed 
owing to limited set of synthetic approaches giving these ligands often in very low yields. 
This work describes the reactions of five poly(azolyl)methane ligands with molybdenum and 
tungsten precursors. 

 
Molybdenum and tungsten complexes with bidentate coordinated bis(pyrazolyl)methane 

(bpm), bis(3,5-dimethylpyrazolyl)methane (bdmpm), bis(triazolyl)methane (btm), 
tris(pyrazolyl)methane (tpm) and tris(3,5-dimethylpyrazolyl)methane (tdmpm) [(η3-
C3H5)M(CO)2(κ

2-L)Cl] (M = Mo, W; L = chelating ligand) were prepared by reaction of [(η3-
C3H5)M(CO)2(NCMe)2Cl] with appropriate poly(azolyl)methane ligand (Scheme 1). These 
compounds were characterized by spectroscopic method (NMR, IR). In case of [(η3-
C3H5)Mo(CO)2(κ

2-bpm)Cl] and [(η3-C3H5)W(CO)2(κ
2-bdmpm)Cl] the structures were 

confirmed by X-ray diffraction analysis. 
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Scheme 1.: Syntheses of κ2-poly(azolyl)methane complexes. 

 
Molybdenum and tungsten compounds with κ2-coordinated ligandes [(η3-

C3H5)M(CO)2(κ
2-L)Cl] (L = tpm, tdmpm) could be easily transferred to cationic complexes 
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with κ3-coordinated tpm [(η3-C3H5)M(CO)2(κ
3-L)][BF4] through reaction with HBF4 (Scheme 

2). The change of the coordination mode of the tpm ligand was followed by infrared and 
MNR spectroscopy. 
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Scheme 2.: Syntheses of κ3-tris(azolyl)methane complexes. 
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Thiazole 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].  

Schiff bases derived from an amine and aldehyde are an important class of ligands that 
coordinate to metal ions via azomethine nitrogen and have been studied extensively[5,6]. 
These complexes play an important role in the development of coordination chemistry [7]. 

The main aim of this work is to prepare new transition metal complexes of Schiff 
bases derived from optically pure substituted benzothiazoles (Figure 1).  

 
 
 
 

 
 
 
 

 
 

Figure 1: Structure of the compounds studied; M=Ni, Pd, Pt; X=halide 
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Nowadays, the main interest in the chemistry of both guanidinates and amidinates is 

focused on the complexation and stabilization of unusual, generally lower, oxidation states of 
metals. The current topic in this chemistry, in the class of the main group metal compounds, is 
the synthesis, structural studies and reactivity with pointing towards preparation of reduced 
silicon, germanium and tin species. This particular topic is mainly followed by Roesky, Jones 
and others [1]. 

Our contribution to this area of chemistry concerns the plausible synthesis and 
characterization of novel lithium n-butyl amidinates [2]. This work was followed by other 
paper which describes the addition of Lappert's stannylenes to carbodiimides providing a new 
class of tin(II) guanidinates [3]. 

Our recent work is focused to the feasible addition of magnesium species (e.g. Grignard 
reagents and others as well) to the very backbone of selected carbodiimides as shown in 
Scheme 1. 

 

Scheme 1: Reactivity of magnesium species towards carbodiimides 

 
Further reactivity studies of various (organo)magnesium reagents towards selected 

carbodiimides will be presented. Structural characterization of prepared compounds will be 
discussed in detail, too. 
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Organotin species containing the 2-(N,N-dimethylaminomethyl)phenyl- moiety as a 
C,N-chelating ligand (LCN) are studied since seventieth of the last century. Significant 
intramolecular contact between tin and nitrogen atoms is the typical phenomenon of this class 
of compounds [1]. Organotin(II) compounds (stannylenes) can undergo an oxidative addition 
reactions as first demonstrated by Lappert, Power and co-workers in 1976 [2]. 

Our recent progress in the field of chemistry of doubly C,N-chelated stannylene 
(LCN)2Sn (1), first prepared by Angermund [3], involves its reactivity towards various E-Cl 
(where E = C, Si, Ge and Sn) bond containing species [4]. We have found that these reactions 
yielded the desired products of oxidative addition that can be subsequently oxidized by 
dioxygen. Thus, for example, a versatile and facile synthetic procedure leading to the 
formation of some novel distannanes has been explored (Scheme 1). 

 

 

Scheme 1: Formation of a distannane from 1 and (n-Bu)3SnCl and its oxidation by dioxygen 

 
 Further reactivity studies of 1 towards various organotin(IV) halides (BuSnCl3, 
Bu2SnCl2, LCN(n-Bu)2SnX and others) will be presented. Structural characterization of 
prepared compounds will be discussed in detail, too. 
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The iron(II) substituted tricarbollides of formula 2-(η5-C5H5)-9-Z-closo-2,1,7,9-
FeC3B8H10 were synthesized (Figure 1) by refluxing zwitterionic amine tricarbollides 7-ZH-
nido-7,8,9-C3B8H10 with bisferracarbonyl [(η5-C5H5)Fe(CO)2]2 in xylene[1]. 

The aim of the present work is to use described iron(II) carborane substituted 
compounds with amine functions in the para position to the metal center as bulky stabilizing 
and a spectator like ligands. The first step should be the deprotonation of the NH2 group, then 
the substitution by a protecting function followed by the second deprotonation and subsequent 
complexation of a metal centre. The structure of all products formed by this protocol as well 
as a reactivity will be presented.  

 
 

 

 

 

 

 

 

 
Figure 1: Synthesis of ferratricarbaboranes ligands. 
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In the mononuclear CuII complexes [Cu(bmal)(2,2’-bpy)(H2O)]·2H2O (1) and 
[Cu(bmal)(1,10-phen)(H2O)]·3H2O (2) (bmal = 2-benzylmalonate), in which the metal is 
chelated by both bmal and an aromatic diimine, the presence of intramolecular π,π stacking 
interactions between the bmal aryl group and the CuI I -diimine chelate rings (Fig. 1) has 
been seen as structural evidence of metalloaromaticity in the latter [1]. This kind of 
stacking interaction is also seen in the dinuclear complex [Cu(µ2-bmal)(4,4’-bpy)]2·8H2O, in 
which bmal acts as a chelating and bridging ligand. By contrast, no such interaction is 
present in [Cu(µ2-bmal)(4,7-DMphen)]2·2H2O, in which bmal plays only a µ2-O,O’-bridging 
role; instead, there are intermolecular phen-phen and bmal-phen π,π interactions. 
 

 

 

 

 
 
 
 
 

Figure 1. Molecular structures of complexes 1 (left) and 2 (right). 

 

We have now explored this phenomenon further using 2,2’-bipyrimidine (2,2’-bprmd) 
as the diimine ligand. Specifically, we have synthesized [Cu(bmal)(2,2’- bprmd)(H2O)]·3H2O 
(3; monoclinic, P21/c, final R1 = 0.030), in which CuII exhibits 4+1 coordination with an 
axial aqua ligand, and {[Cu2(bmal)2(H2O)2(µ2-2,2’-bprmd)]·4H2O}n (4; triclinic, P1, final 
R1  = 0.043), in which the coordination is of type 4+1+1 (Figs. 2 and 3). In the mononuclear 
complex 3, the bmal benzyl is involved in π,π stacking interactions both intramolecularly, 
with the five-membered chelate ring, and intermolecularly, with a 2,2’-bprmd ring, this 



Acta of the International Symposia on Metal Complexes – ISMEC Acta, Volume 3 
ISMEC 2013, June 16th – 20th 2013 – Burgos (Spain) 

P-40 
 

163

latter  interaction creating a stack running  parallel  to  the  a  axis (Fig. 2). Complex 4, which 
consists of infinite one-dimensional chains, lacks π,π stacking interactions (Fig. 3).  
 

Figure 2. Molecular structure (left) and intra- and intermolecular π,π stacking 
interactions (right) of complex 3. 

 

 

Figure 3. Asymmetric unit (left) and polynuclear structure of 4. 
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Phthalocyanines are highly stable and versatile aromatic macrocyclic compounds, 

capable of including more than 70 metallic and non-metallic ions in the ring cavity. The 
optical and electronic properties of the phthalocyanine macrocycle make it suitable for a wide 
range of applications. Some technological applications of these macrocycles such as 
photosensitizers for PDT, gas sensors, electrophotography, solar and fuel cells, semiconductor 
devices, molecular electronics, electrochromic display devices, low-dimensional conductors 
and synthetic metals, liquid crystals, electrocatalytic agents, non-linear optics and optical 
disks  have been intensively investigated [1,2]. 
 

Aggregation is a very common phenomenon in this family of compounds due to their 
large π-conjugated systems. It dramatically decreases their fluorescence quantum yields, 
shortens their triplet state life time and reduces their ability to be used as photosensitizers [3]. 
Recently, our efforts have been focused on the preparation of non-aggregated Pc-derivatives 
with new functionalities and solubility. 
 

In this work, we have investigated the synthesis and aggregation behavior of 
metallophthalocyanine with four (2-((2-hydroxyethyl)(p-tolyl)amino)ethoxy)) groups in 
peripheral positions. The structure of the synthesized complexes was characterized by 1H-
NMR, UV-Vis and FT-IR spectroscopic tehcniques. 
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The use of transition metals as catalysts for organic reactions is a continuous area of 

interest, although it is not until recent years when gold has become part of the group of 
potential effective catalysts [1, 2]. 

 
Many catalytic studies are focused on the development of new organic molecules or the 

improvement of their synthetic routes. The importance that is given to the gold catalyst is, in 
many studies, low, even when its role is essential to know the key steps of a catalytic process 
and to improve the catalyst effectiveness through modifications in its structure. 

 
In order to study the role that the gold catalyst has in the reaction, the use of theoretical 

calculations is a very useful tool [3]. In particular, the use of DFT calculations (Density 
Functional Theory) serve to study the possible intermediates and transition states of each 
particular process and, therefore, to understand the overall reaction mechanism and how the 
catalyst works. 

 
In this communication we will show experimental and DFT studies of Au(I) and Au(III) 

homogeneous catalysts in O-nucleophilic attacks on phenylacetylene. 
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It is believed [1] that gold-containing catalysts will help to solve the problem of 
selective oxidation of hydrocarbons using cheap and clean oxygen from of the air. At present 
there are a limited number of examples of aliphatic C-H bond activation at moderate 
temperature. Among them, only in the biomimetic system Au/bioflavonoid/air methane's 
hydroxylation occur in water at room temperature [2,3]. Rutin and quercetin can support 
methane oxidizing function and [K3Fe(CN)6] can be used as oxidizer [4] instead of O2.  

Quantum chemical modeling of structure and reactivity of Au-bioflavonoid 
(Rutin=RutH and quercetin=QcH) complexes was carried out to elucidate a nature of the 
active cites and to understand the mechanism of light alkanes’ oxidation. For that purpose 
density functional method РВЕ was applied using extended basis set for SBK pseudo-
potential. Geometry optimization was performed by PRIRODA program and PCM approach 
implemented in the Gaussian 03 program was used for the calculation of solvatation energies.  

 
  (a)       (b) 
Fig. Structure of the tetranuclear Au-quercetin complex (a) and the intermediate methane 
complex [Au2Rut2(H2O)2(CH4)] (b) in rutin system. The bond lengths are in Å. 

 
It was found that the formation of binuclear [Au2Qc2(H2O)2] and [Au2Rut2(H2O)2] 

complexes from corresponding mononuclear complexes is very favorable due to the 
aurophilic interaction between the gold atoms of binuclear fragments and the formation of 
additional intramolecular hydrogen bonds (see Fig.). Futher association of these complexes 
also gives an energy release. The estimated constant of the tetranuclear complex formation (a) 
is about 104 [5]. These results imply formation of long chains or rings in the system 
Au/bioflavonoid. This conclusion is in qualitative agreement with the observed zero [Au] 
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order of reaction if one assumes that exactly the terminal gold atoms in the polynuclear 
chains, open for substrates, are the catalytically active sites. 

The key step is the formation of Au-methyl complex, see the structure (b) of 
[Au2Rut2(H2O)2(CH4)] complex. It requires modest energy expenses ~ 15 kcal/mol. Then 
water ligand assists in proton transfer to bioflavonoid ligand, and the reaction of Au-CH3 
complex formation is close to the thermoneutral one and has negligible activation barrier of 
several kcal/mole. Alternative mechanism of methane oxidative addition to Au(I) centre is 
unfavorable as it requires noticeably higher activation energy and gives less stable pruducts. 
Further study of the mechanism of alcohol formation in following reaction with O2 shows 
smooth energy profile for subsequent transformations of initial methyl complex.   

Obviously, methanol is easily oxidized with respect to methane. That it why it was 
interesting to investigate the reason of selective methanol formation in the system studied. 
Comparison of interaction of methane and methanol molecules with the active center showed 
that methanol substitutes water ligand with formation of a stable O-coordinated alcohol 
complex.  Its transformation into C-H bond coordinated analog of methane complex requires 
rather high activation barrier ~ 25 kcal/mol.  

This observation allows making a general conclusion about the reasons of selective 
hydroxylation of light alkanes, namely, the ability of alcohols to form complexes with metals 
via OH groups can serve as their protection from further oxidation. 

For the calculations, the facilities of the Joint Supercomputer Center of the Russian 
Academy of Sciences were used. 
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At present, high expectations put on the use of polymer electrolytes to create safe 
lithium power sources. Their conductivity on Li+ ions is not sufficient enough, and 
fundamental researches on the state of Li+ ions in such systems is needed, as well as of their 
transport mechanisms. We found that polymer electrolytes based on polyester diacrylate 
(PEDA) acquire highly ionic conduction under addition of ethylene carbonate (EC) while 
maintaining good mechanical properties and thermal stability at temperatures range from 
20оС to 100оС [1]. To examine the status and mobility of Li+ ions high-resolution NMR 
techniques, IR spectroscopy and quantum-chemical modeling were used. 

 
Fig. 1. Structure of the mixed complex 

Li+(EC)2PEDA 

          Fig. 1 shows the structure of the mixed 
complex Li+(EC)2PEDA found by PBE density 
functional method. An increase of EC contents 
induces instability of the complex with respect 
to moving of the Li+ ion in the solvate 
environment consisting only of EC molecules. 
This causes a step change in the IR spectra, 
which at the concentration >45 wt.% EC have 
characteristics of the spectra of the LiClO4 - EC 
solution [2].  
          Self-diffusion coefficients (D) of Li+ ions 
were measured using NMR pulse-gradient of the 
magnetic field at nuclei 7Li (Bruker Avance III 
device). Addition of ethylene carbonate into the 
polymer is accompanied by the appearance of 
two 7Li NMR lines, their width and chemical 

shifts are dependent on the EC content. [2]. The narrow line corresponds to the more mobile 
Li+ ions coordinated by low molecular solvent, while the wide component can be attributed to 
the lithium ions coordinated by polymer matrix. This conclusion is supported by the results of 
quantum-chemical modeling.  

The ionic conductivity found from the Li+ self-diffusion coefficients using the Nernst-
Einstein equation is compared with the experimental data in Fig. 2 [3]. Their difference at low 
EC content reaches 1-2 orders of magnitude, and they are leveled out with an EC 
concentration increase. The difference observed indicates a low degree of LiClO4 molecules 
dissociation in a polymer electrolyte. This result is of fundamental importance.  

To increase the conductivity of solid electrolytes, the method of addition of dielectric 
phase in a dispersed state is used. Therefore the effect of TiO2 nanoparticles (anatase, 60 nm) 
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Fig. 2. The dependence of conductivity on EC 

content in PEDA-LiClO4 polymer electrolyte at 

30 º C:  *- experiment; ○- calculation.  

admixture on the self-diffusion coefficients of 
lithium ions in the PEDA-LiClO4-EC 
polymer electrolyte  was studied. 
        The presence of two types of Li+ ions 
with D1=1.2·10-11 m2/s (phase occupation is 
0.9) and D2=1.7·10-12 m2/s (phase occupation 
is 0.1) was detected. It can be assumed that 
the area of the polymer electrolyte with high 
D1 is close to the surface of nanoparticles of 
titanium dioxide. Area with low values of D2 
is inside the volume of the polymer 
electrolyte. This conclusion agrees with the 
theoretical results presented in [4], which 
follow from the investigation of Li+ and BF4

− 
interaction with TiO2 clusters by quantum 
chemical methods. 
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Phthalocyanines were first synthesized by chance in 1907 during a study of the 
properties of 1,2-cyanobenzamide [1]. Linstead synthesized a vast range of phthalocyanines 
in the 1930s [2], and the X-ray analysis was later conducted by Robertson [3–5]. 
Metallophthalocyanine (MPc) complexes, in particular CuPc, are produced in industry on a 
large scale (~50,000 t per year). These complexes have long been used as blue–gren dyes and 
pigments. In recent years, the applications of MPc complexes have expanded to areas such as 
photosensitizers in photodynamic therapy, photoconducting agents in photocopying machines 
and electrocatalysts. Monograms on general properties of MPc complexes are available [6]. 

 
In this study, a new phthalonitrile derivative (1) was synthesized and characterized by 

FT-IR, 1H and 13C-NMR, mass spectra, elemental analysis and X-ray. This phthalonitrile have 
good solubility in common organic solvents such as DMSO, DMF, toluene, CHCl3 and THF. 
Its complexes (MPcs) was synthesized with metals such as Zn, Mg and Al. The novel 
compounds have been characterized by using UV-Vis, FT-IR, 1H NMR and MS spectroscopic 
data. Photophysical properties (singlet and triplet state parameters) of these zinc, magnesium 
and aluminum phthalocyanines will be reported for the first time. 

                   
X-ray structure of the new phtalonitrile (1) 
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Circular Dichroism (CD) is a popular technique determining the changes upon 

coordination of small molecules and proteins in solutions. Since the absorption of solvents 
increases sharply below wavelengths of c.a. 200 nm, the flux of conventional CD instruments 
decreases significantly over the same wavelength range thus limiting the lower bound of the 
wavelength to which data can be collected. However, the flux from a synchrotron light source 
remains high to much lower wavelengths permitting the measurement of additional electronic 
transitions [1, 2]. 

The present research shows the benefits of Synchrotron Radiation Circular Dichroism 
(SRCD) to evaluate coordination ability of polyether ionophores - natural antibiotics used in 
veterinary medicine. Among this chemical class Lasalocid was studied by CD spectroscopy 
for its complexation with various metal cations [3-5]. To the best of our knowledge no 
information regarding CD studies of other ionophores was performed till nowadays.  

SRCD spectroscopy (ASTRID 1, Aarhus University, Denmark) was applied to follow 
the conformational changes due to the complexation of Monensin (Scheme 1) with some 
metal ions in methanolic solutions. The experimental results revealed that significant changes 
are observed between SRCD spectra of Monensic acid (MonH) and its sodium complex 
(MonNa) (Fig. 1). The difference in absorption spectra of both Monensin forms is a promising 
starting point to perform further studies using SRCD. First, we recorded SRCD spectra of 
complexes of Co(II) and Mn(II) with MonH and MonNa isolated in solid state [6, 7], next we 
prepared the same species in situ in order to compare the experimental data.  

The results showed that spectra of isolated and prepared in situ metal(II)-containing 
Monensins are identical, and the spectral data can be used studying coordination of the 
polyether ionophore with various metal ions in solution. It was found that spectral changes 
observed upon complexation vary significantly depending on the metal ion studied. Thus, it is 
known that Co(II) (1) and Mn(II) (2) complexes of MonH are isostructural in solid state [6], 

but their behaviour (or conformational 
changes occurring with ligand anion) are 
significantly different in solution (Fig. 1). 
On the other hand, Co(II) and Mn(II) form 
also isostructural solid species with 
MonNa [7], while SRCD data are 
inconsistent with their behaviour in 
solution environment.  

The SRCD spectroscopy applied to 
follow conformational changes of Monensins with divalent metal ions revealed that 
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Scheme1. Structureof Monensin
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Fig. 1. SRCD spectra of sodium Monensin, Monensic acid 
and its complexes with Co(II) (1) and Mn(II) (2) ions
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complexation of the ionophore in solution leads to different secondary structure of complexes 
(particularly - of Monensin) and 
for that reason non-equivocally 
conclusions should be made using 
crystallographic and spectral 
studies performed in solid state.   
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In 1961 [1] Lippert described the solvent
the first time, in the study of 4
displays only one emission band when it is dissolved in low polar solvents (locally excited 
emission, LE), but a low energy emis
observed when the polarity of the solvent increases (see Figure 1)

Figure 1

Since this first discovery a large number of molecules bearing a 
been studied from an experimental and a theoretical viewpoint and a large debate 

still exists about the mechanism re
state. Among them the most invoked ones are: i) TICT “Twisted in
transfer” [2]; ii) PICT “Planar intramolecular charge transfer” [3] or iii) WICT “Wagged 
intramolecular charge transfer” [4].

One interesting aspect of these kind
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The synthesis of a novel cyclophane (L1) consisting of a 1H-pyrazole moiety linked 
through methylene groups to a 1,5,9,13-tetraazadecane chain is described. As far as we know, 
this is one of the first reported synthesis of a [1+1] condensation 1H-pyrazole azamacrocyclic 
ligand.  

 
Sheme 1. Ligands L1 and L2 

 
The crystal structure of the complex [Cu2(H(H-1L1))(H-1L1)](ClO4)3•4H2O shows that 

Cu2+ coordination leads to formation of 2:2 Cu2+:L dinuclear dimeric complexes in which the 
1H-pyrazole units loss a proton behaving as bis(monodentate) bridging ligands. At difference 
with previously reported complexes of [2+2] pyrazole azamacrocycles, [1-4] the pyrazolate 
units in L1 are oriented outwards from the macrocyclic cavity to bind the Cu2+ ions. Inner 
coordination with formation of 1:1 Cu2+:L complexes is also observed in [1+1] pyridine 
azamacrocycles (L2) [5] as shown by the crystal structure here presented of the complex 
[CuL2](ClO4)2. 
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Pyrazole is a heterocyclic unit that offers different coordination possibilities. In its 

neutral form can behave as a monodentate ligand towards metal ions and on the other hand, it 
can donate or accept hydrogen bonds. In its anionic pyrazolate form, it can behave as a 
bis(monodentate) or exo(bidentate) ligand towards metal ions while it can behave as a double 
hydrogen bond acceptor. [1] 

In this work we present two macrocycles. A cryptand (L1) [2] formed by two tris-
(aminoethyl)amine units and three pyrazole units and a macrocycle (L2) [3] formed by two 
cadaverine amines and two pyrazole units. 

Cryptand L1 has the capability to form bis(µ-pyrazolato)-bridged dinuclear complexes 
with Cu(II) ions. However, when the L1:Cu(II) molar ratio is 1:3, it forms hexanuclear copper 
complexes [Cu6H-6L12]

6+ involving three pyrazole units of two different cryptand molecules. 
In this case, the complex has three bis(µ-pyrazolato)-bridged with two Cu(II) ions. 

Figure 1: Molecular structures of [Cu2H-2L1]2+ and [Cu6H-6L12]
6+. 

 
The macrocycle L2 can form dinuclear copper complexes [Cu2H-2L2]2+ involving two 

pyrazole units when the molar ratio L2: Cu(II) is 1:2 and the concentration is low. 
Also, when the molar ratio L2:Cu(II) is 1:2, it forms at high concentration tetranuclear 

copper complexes [Cu4H-4L12]
4+. This cage complex has two bis(µ-pyrazolato)-bridged with 

two Cu(II) ions involving two pyrazole units of two different L2 molecules. 
Finally, working at low pH and the molar ratio L2: Cu(II) is 1:2, it forms [Cu6H-6L23]

6+. 
In this case, the complex is formed by three ligands and six copper(II) ions. The coppers are 
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disposed forming two [Cu3(HO)2]
4+ clusters in the sides of the metallo-organic cage. Inside 

the cage there are some water molecules.  
The magnetic studies shows that the observed J values lie in the upper range of the 

magnetic interactions found for related bis(µ-pyrazolato)-bridged dinuclear complexes. 
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The Zn2+ coordination chemistry and fluorescent behavior of complexes of scorpiand-
like azamacrocycles [1] functionalised with quinoline derivatives has been followed by 
potentiometric, spectrophotometric and X-ray diffraction studies [2]. The fluorescence studies 
at varying pH shows a fluorescence window in the 4-6 pH range in water. The formation of 
the ZnL2+ complexes produces an enhancement of the fluorescence emission and a 
broadening of the emission pH window from 4-6 to 4-9. These systems are proposed for the 
fluorescent chemosensing of Zn (II) in water and biological media.  
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Mercury(II) and their derivatives are highly poisonous for human health [1], 
consequently a quick and in-situ determination of mercury(II) derivatives is of crucial 
importance. From all the methods used for this purpose, numerous fluorescent probes have 
been developed. All of them are based on reversible methods through metal complexation, or 
irreversible ones when a reaction is taking place, often oxymercuration. Although, in general, 
the second class gives rise to better detection limits, normally they require long reaction times 
and higher reaction temperature [2]. 

The present communication describes a novel fluorogenic probe selective for Hg(II) ion. 
From a complexation equilibrium, the probe achieves selectively determination of this species 
in comparison to other thiophylic cations such as Ag(I) and Au(III), by triggering an OFF-ON 
response. In addition, the solvent used for this purpose is predominantly aqueous, which may 
be useful for incorporation of the probe to live cells. 

 
 

 

 

 

 

Figure 1. (left) Structure of the synthesized probe. (right) Fluorescence of the probe (C = 10-4 M in 
MeOH:H2O (20:80)) in the presence of 4 equiv. of Ag(I), Hg(II) and Au(III) (λexcitation = 366 nm).  
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The environmental pollution by mercury (II) derivatives has great importance because 
of the huge quantity of mercury that is emitted to the environment by the human action. From 
the mercury (II) species, which can be found in the environment, the most important is the 
methylmercury(II) cation, a lipophilic cation that has certain tendency to be accumulated in 
living things, like fishes. By this way, mercury was introduced in the food chain, creating a 
risk because of its neurological toxicity, particularly to the fetus in pregnant women.  

 
Time ago we developed a new regenerable dosimeter to detect mercury (II) species by 

colorimetric response in presence of mercury(II) or methylmercury(II)[1]. Due to the 
inexistence of a selective detector of mercury(II) and methylmercury(II), in presence of 
mercury(II), through speciation with molecular probes. We have designed fluorogenic probes 
in which the interaction goes through metal – organic coordination with selective fluorescent 
signal emission. The developed fluorogenic probes have been anchored to polymers and silica 
nanoparticles obtaining new fluorogenic materials been able to detect neurotoxic compounds 
in water or biological environments.  
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Measurements of chloride concentration are important in a range of applications, i.e. the 

detection of chloride infiltration into reinforced concrete and the monitoring of active chlorine 
concentrations in natural and drinking water [1]. Therefore there is an interest in methods for 
cheap and sensitive monitoring the anion concentration. As well, in many biological fields, 
chloride-sensors are still largely  demanded,  since chloride ions are involved  in a number of 
cellular processes such as control of cell volume and pH [2] and new methods are 
continuously proposed. 

It is recognized that the dicopper(II) complex of the bistren (tren = tris(2-
aminoethyl)amine) cage L  shows the unique property to include one chloride ion, in a slightly 
acidic solution, to give the stable ternary complex [CuII

2(L)Cl]3+, displaying a bright and 
intense yellow colour [3] (Fig. 1).  

 
 
 
 
 
 
 
 

 

   
                 Fig. 1 The bistren cage (L ) and the ternary complex  
 
On the basis of these evidences, we decided to anchor the bistren cage L  to the 

mesoporous silica MCM-41, with the aim of developing a colorimetric sensor for chloride 
ions. Recently, we adopted this strategy [4, 5] and two sensors, respectively for anionic 
radionuclides (ReO4

- and TcO4
-) and for Fe(III), were successfully developed. In particular, 

the former was obtained by fixing, to the mesoporous silica (MS), a bistren-type cage in 
which two tripodal tetra-amine subunits were covalently linked by a p-xylyl spacer. In the 
second case, a deferoxamine (DFO) self assembled monolayer on MS (DFO SAMMS) was 
obtained.  
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In the present work, the synthetic pathway, applied to functionalize the silica matrix 
with the cage-type chloride receptor L (L-MS), is analogous to the scheme previously adopted 
for the developing of the anion radionuclides sensor [4]. The synthesis is optimized, according 
to experimental design strategy.  

The knowledge of the sorption equilibria of an analyte on the solid phase is necessary to 
apply the polymer as an extractant and as a sensor; so a wide study on the sorbing properties 
of the developed solid phases is undertaken.  

Finally, the application of the L-MS as colorimetric sensor for Cl- determination is 
proposed. The procedure consists in the sorption of Cl- on the solid phase and in the direct 
absorbance measurement of the product, as already done for other analytes by using different 
solid phases [6] 
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Knotted molecules have been targeted in the past decades, essentially because they 
consist of very curious and fascinating molecular architectures and because their synthesis 
remains a real challenge for chemists. The importance of topology in naturally occurring 
biological systems has played a significant role in the expanding field of designing and 
synthesizing mechanically interlocked compounds in a laboratory setting. With the advent of 
synthetic methodologies advancing under the umbrella of template-directed synthesis, 
chemists began to gain access to topologically interesting molecular structures, including the 
trefoil knot, the Hopf link (also known as a catenane), King Solomon Knot  and Borromean 
ring.  

 
In this work, we present an adapted methodology that couples metal templation and 

dynamic covalent chemistry (DCC) for the synthesis of a topological triptych. In particular, 
we have used a pair of structurally encoded chelating ligands (Scheme 1), which, when 
combined with zinc, produce an unprecedented dynamic library comprised of the three links. 
All three structures were detected by mass spectrometry. The [2]catenane and trefoil knot 
were isolated and characterized by NMR spectroscopy, and X-ray crystallography. 

 

Scheme 1. One pot synthesis of the topological triptych: the [2]catenane ([2]C), the trefoil knot (TK ), 
and the Solomon link (SL).  
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