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INTRODUCTION 

 

“ORGANOMETALLIC CHEMISTRY: FROM THEORY TO 

APPLICATIONS” 

The ISOC series is the most important school on organometallic chemistry at the European level, organized by Camerino University 

under the auspices of EuCheMS (the European Association for Chemical and Molecular Sciences) and the Interdivisional Group of 

Organometallic chemistry of the Italian Chemical Society. The aim is to encourage the presence of young researchers and Ph.D students 

both from University and Industry, including those not directly involved in organometallic research projects, in order to bring together 

young researchers and distinguished European scientists as a contribution to the important goal of increasing the transfer of knowledge 

at a high level between different European countries and different generation of scientists.  

The 11th edition of ISOC will deal with fundamental principles to their use in novel applications, with a specific focus on the role of 

organometallic chemistry in finding solutions to many of the major societal challenges in the 21st century: from the development of 

sustainable energy solutions to the mitigation of climate change, from the synthesis of effective therapeutics to the production of new 

materials ranging from novel polymers to nanomaterials, from the generation of industrial feedstocks to the remediation of the 

environment. The scientific community is increasingly being stimulated to tackle problems of practical interest and the society will 

undoubtedly rely on advances made in the field of organometallic chemistry. 
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TIMETABLE 
 

 

 

 

 

 

 

 

2nd sept 3rd sept 4th sept 5th sept 6th sept 
 
 
9.00-15.00 
Registration 

 
 
9.00-10.30 
Peter Fristrup 
Development of the 
Molybdenum-Catalysed 

Deoxydehydration of 

Diols - an example of 

synergistic use of both 

experimental and 

theoretical tools 

 
10.30-11.00 
Coffee break 
 
11.00-12.30 
Andreas Pfaltz 
Asymmetric 

Hydrogenation with 

Chiral Iridium Catalysts 

 
 
 
 
 
 
 
 
12.30-14.30 
Lunch 

 
 
9.00-10.30 
Ruben Martin 
Ni-Catalyzed Reductive 
Carboxylation 

Techniques 

 
 
 

 
10.30-11.00 
Coffee break 
 
11.00-12.30 
Clark R. Landis 
High Pressure Operando 

Kinetic Studies of 

Homogeneous Catalysts 

 
 
 
 
 
 
 
 
12.30-14.30 
Lunch 

8.30-10.00 
Luigi Cavallo  
Understanding and 
Controlling Gold 

Catalysis the Hard Way 

 
 
10.00-10.15 
Coffee break 
 
10.15-11.45 
Elisabetta Rossi 
Catalytic Carbophilic 

Activation in Synthetic 

Organic Chemistry: 

Catalysis by Gold π 

Acids 

 
11.45-13.15 
Giovanni Poli 
Theoretical 

organometallic 

chemistry: new concepts 

and design principles 

C-H Activation: 
Fundamentals and 

Recent Developments 

 
 
 
 
13.15-15.15 
Lunch 

 
 
9.00-10.30 
Julio Loret-Fillol 

Artificial Photosynthesis 
from Solar Fuels To 
Solar Chemicals 
 
 
 
10.30-10.45 
Coffee break 
 
10.45-12.15 
Alberto Credi 

Molecular Devices: 
Machines and Motors 
 
 
 
 
 
12:15-13:15 
Flash Presentation 
Closing Ceremony 
 
 

 

13.15-15.15 
Lunch 

 

 
 
15.30-16.00 
Opening Ceremony 
  

 
16.00-17.30 
David Cole-
Hamilton 
Greener chemistry 

through homogeneous 

organometallic catalysis 

 
 
17.30-19.00 
Hansjörg 
Grützmacher  
Metal Ligand 

Cooperation in catalyzed 

dehydrogenations  

 
 
19.00-20.30 
Welcome Cocktail 

14.30-16.00  

Syuzanna 
Harutyunyan  
Copper Catalysis for 
Synthesis of Functional 

Molecules 

 
16.00-16.30 
Coffee Break 
 
 
 
16:30-18:00 
Flash Presentation 
 
 
 
 
18:00-19:00  
Poster Session 
 
 
 
 
20.30 
Welcome Dinner 

14.30-16.00  

 
Mariola Tortosa    
Nucleophilic Boron: New 
Opportunities for 

Carbon-Carbon Bond 

Formation 

 
16:00-17:30 
Wolfgang Kaim 
Organometallic 

Chemistry Involving 

Radical-Forming 

Noninnocent Ligands 

 
 
17:30-18:00 
Coffee Break 
 
18:00-19:00 
Flash Presentation 
 

 
19:00-20:00 
Poster Session 
 

 

 

15:15-20:30 
Social Tour 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
20.30 
Social dinner 
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SPEAKERS 

    

Prof. David J. Cole-Hamilton   University of St Andrews (United Kingdom)  

Greener chemistry through homogeneous organometallic catalysis 

 

                               

Prof. Hansjörg  Grützmacher   ETH Zurich (Switzerland) 

Metal Ligand Cooperation in catalyzed dehydrogenations  

 

                          

Prof. Peter  Fristrup    Thechnical University of Denmark (Denmark) 

Development of the Molybdenum-Catalysed Deoxydehydration of Diols - an example of synergistic use of both 

experimental and theoretical tools 

 

                           

Prof. Andreas Pfaltz   Basel University (Switzerland) 

Asymmetric Hydrogenation with Chiral Iridium Catalysts 

 

                           

Prof. Syuzanna R. Harutyunyan   Groningen University (Netherlands) 

Copper Catalysis for Synthesis of Functional Molecule 

 

                                  

Prof. Ruben Martin     ICIQ, Institute of Chemical Research of Catalonia (Spain) 

Ni-Catalyzed Reductive Carboxylation Techniques 
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SPEAKERS 

                               

Prof. Clark R. Landis    University of Wisconsin-Madison (USA) 

High Pressure Operando Kinetic Studies of Homogeneous Catalysts 

 

                              

Prof. Mariola Tortosa    Universidad Autónoma de Madrid UAM (Spain) 

Nucleophilic Boron: New Opportunities for Carbon-Carbon Bond Formation 

 

                             

Prof. Wolfgang Kaim    Stuttgart University (Germany)  

Organometallic Chemistry Involving Radical-Forming Noninnocent Ligands 

 

                                     

Prof. Luigi Cavallo   King Abdullah University of Science and Technology (Saudi Arabia)  

Understanding and Controlling Gold Catalysis the Hard Way 

 

                          

Prof. Elisabetta Rossi    University of Milan (Italy) 

Catalytic Carbophilic Activation in Synthetic Organic Chemistry: Catalysis by Gold π Acids 

                                         

                                                             

Prof. F. Giovanni Poli    University of Paris VI (France) 

C-H Activation: Fundamentals and Recent Developments 
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SPEAKERS 

 

Prof. Julio Loret-Fillol   Institute of Chemical Research of Catalonia, ICIQ (Spain) 

Artificial Photosynthesis from Solar Fuels To Solar Chemicals 

                            

 

                          

Prof. Alberto Credi    University of Bologna (Italy) 

Molecular Devices: Machines and Motors 
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Lecture of 2 September h 16.00-17.30 

 

Organometallic compounds in homogeneous catalysis 

 

David J. Cole-Hamilton* 

 

EaStChem, School of Chemistry, University of St. Andrews, St. Andrews, KY16 9LU, Fife, Scotland, UK. 

djc@st-and.ac.uk 

 

Homogeneous catalysis is distinguished from heterogeneous catalysis because the catalyst is typically a metal complex 

dissolved in a solvent rather than an insoluble metal or metal oxide. The metal complex usually contains ligands whose 

nature can be used to tune the properties of the catalyst to give exquisite chemo, regio and enantioselectivity. A further 

advantage is that techniques such as in situ NMR and infra-red spectroscopies can be used to gain detailed insight into 

intermediates in the catalytic cycle and to unravel mechanisms themselves.1,2 

In this presentation, we shall discuss the advantages and disadvantages of the different types of catalysis and then show 

how simple organometallic steps can be used in sequence to build up catalytic cycles using the 16/18 electron rule. A 

selection of reactions such as hydrogenation, hydroformylation, carbonylation, C-C bond forming reactions and alkene 

metathesis will be discussed with particular emphasis on the importance of the ligands and mechanism to determining the 

outcome of the reactions. Commercialised processes will especially be in focus. 

The major problem of homogeneous catalysis is the separation of the products from the catalyst and any solvent. New 

ways of doing this will be described using supercritical fluids, ionic liquids and flow chemistry. 

Mention will be made of the use of homogeneous catalysts for the upgrading of bio-derived resources. 

 

 

Figure 1 Monsanto process for the production of acetic acid bythe carbonylation of methanol. 

 

References 

[1] Catalysis: Understanding the Art, P. W. N. M van Leeuwen, Kluwer Dordrecht, 2004. 

[2] Applied Homogeneous Catalysis with Organometallic Compounds, Eds. B. Cornils and W. A. Herrmann, Wiley, VCH, Weinheim, 2002 

 

Lecture of 2 September h 17.30-19.00 

 

Metal ligand cooperation in catalyzed dehydrogenations 

 

Hansjörg Grützmacher,* Monica Trincado  

 

ETH Zürich, Department of Chemistry and Applied Biosciences, HCI H 131, 8093 Zürich, Switzerland. 

hgruetzmacher@ethz.ch 

 

Dehydrogenations are the most atom efficient way in order to generate element-element bonds in a condensation reaction. 

Metal complexes with cooperating ligands proved to be especially effective in these reactions. This lecture will focus on the 

recent development of these special metal complexes which benefit from electronic and steric effects of ligands with 

additional reactive sites which facilitate these reactions in homogeneous solution.  

 

 

Figure 1 

 

Specifically, amido complexes of type A with various metals including those from the 4th row like Ni or Fe and L = 

phosphines or carbenes show promising properties and catalyze alcohol dehydrogenations] and dehydrogenations of amino 

boranes and silanes. Likewise, metal diazadiene complexes of type B show remarkable catalytic efficiencies and convert 

methanol/water mixtures cleanly into hydrogen and carbondioxide.2 Some insight into the mechanism of these reactions will 

be presented. 

 

References 

[1] Trincado, M.; Banerjee, D.; Grützmacher, H. Energy Environ. Sci. 2014, 7, 2464-2503. 

[2] Rodríguez-Lugo, R. E.; Trincado, M.; Vogt, M.; Tewes, F.; Santiso-Quinones, G.; Grützmacher, H. Nature Chemistry 2013, 5, 342-347. 
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Lecture of 3 September h 9.00-10.30 

 

Development of the Molybdenum-catalysed deoxydehydration of diols – synergistic use of 

both experimental and theoretical tools 

 

Peter Fristrup a,b* 

 

a Technical University of Denmark, Department of Chemistry, DK-2800 Lyngby, Denmark 

b Dong Energy A/S, Denmark. petfr@dongenergy.com 

 

The transformation of biomass-derived compounds into platform chemicals is one of the possible contributions from 

chemistry to the realisation of an economy completely independent of fossil reserves. In order for oxygenrich biomass-

derived compounds such as glycerol and sugar alcohols to substitute petroleum, reactions capable of reducing their oxygen 

content are in demand, and in particular the deoxydehydration (DODH) of vicinal diols into alkenes in the presence of a 

reductant (“red”) and a catalyst (e.g. a rhenium complex) has received attention (figure 1).1 

 

Figure 1 Rhenium-catalyzed deoxydehydration of a vicinal diol into an alkene. 

 

The transformation represents a model system for the various hydroxyl groups present in biomass (e.g., in carbohydrates), 

but is also relevant in itself as a potentially useful transformation of glycerol. Considering the huge amounts of glycerol and 

sugar alcohols that would have to be processed for the utilization of biomass to make a substantial impact, the development 

of alternative catalysts, based on elements with higher terrestrial abundance than rhenium, is clearly desirable. In this talk our 

results from both experimental2 and theoretical investigations into new DODH catalysts be presented.3 The potential for 

application of DODH in an industrial setting for conversion of waste glycerol from bio-diesel production is discuseed. Bio-

diesel is produced by a trans-esterification of a tri-glyceride feedstock with methanol yielding 10% (by weight) glycerol as 

byproduct. We have shown that our technology can be used to convert glycerol to allyl alcohol,4 which may then be further 

converted to plastic monomers such as acrylic acid, 1,4-butane diol or propylene (figure 2).  

 

Figure 2 Potential industrial uses of allyl alcohol produced from waste glycerol. 

 

References 

[1] a) J. R. Dethlefsen, P. Fristrup ChemSusChem 2015, 8, 767. b) S. Raju, M.-E. Moret, R. J. M Klein Gebbink ACS Catal. 2015, 5, 281.  

[2] J. R. Dethlefsen, D. Lupp, B.-C. Oh, P. Fristrup ChemSusChem 2014, 7, 425.  

[3] J. R. Dethlefsen, D. Lupp, A. Teshome, L. B. Nielsen, P. Fristrup, ACS Catalysis 2015, 5, 3638.  

[4] Dethlefsen, J. R.; Fristrup, P. WO 2015/028028 A1. 

Lecture of 3 September h 11.00-12.30 

 

Asymmetric hydrogenation with chiral Iridium catalysts 

 

Andreas Pfaltz* 

 

Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4056 Basel, Switzerland. 

Andreas.Pfaltz@unibas.ch 

 

Iridium complexes with chiral P,N ligands have considerably enhanced the scope of asymmetric hydrogenation.1 The 

catalysts are readily prepared, air-stable and easy to handle. In contrast to rhodium and ruthenium diphosphine complexes, 

they do not require a coordinating group near the C=C bond and, therefore, allow highly enantioselective hydrogenations of a 

wide range of unfunctionalized tri- and even tetrasubstituted alkenes. In addition, they have also been successfully used for 

the hydrogenation of various functionalized olefins, heterocycles such as furans and indoles, and imines. In this lecture 

practical and mechanistic aspects, the scope, and new applications of this catalyst class will be discussed.  

 

 

 

References 

[1] Reviews: S. J. Roseblade, A. Pfaltz, Acc. Chem. Res. 2007, 40, 1402. D. H. Woodmansee, A. Pfaltz, in Topics in Organometallic Chemistry, 

Vol. 34, Ed. P. G. Andersson, Springer, Berlin Heidelberg, 2011, pp. 31-76. D. H. Woodmansee, A. Pfaltz, Chem. Commun. 2011, 47, 7912. J. J. 

Verendel, O. Pàmies, M. Diéguez, P. G. Andersson, Chem. Rev. 2013, 114, 213. C. Margarita, P. G. Andersson, j. A. Chem. Soc. 2017, 139, 134. 
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Lecture of 3 September h 14.30-16.00 

 

Copper catalysis for synthesis of functional molecules 

 

Syuzanna R. Harutyunyan* 

 

Stratingh Institute, University of Groningen, Netherlands,Nijenborgh 4, 9747 AG, Groningen, Netherlands. 

s.harutyunyan@rug.nl 

 

Our research program1-5 is aimed at the development of novel catalysis concepts for the asymmetric synthesis of chiral 

functional molecules. In 2011 we introduced an entirely new role for Cu(I)-based catalysts, facilitating highly 

enantioselective carbon-carbon bond forming reactions between organometallics and enolisable carbonyl as well as imine 

compounds. Following this initial discovery, we established Cu(I)-catalysis, in combination with Lewis acids/Grignard 

reagent, as a powerful tool to tackle the reactivity of inherently unreactive substrates for carbon-carbon bond forming 

reactions. In this lecture I will focus on how we can use these concepts to access highly demanded and valuable chiral 

heteroarenes and amides, as well as tertiary alcohols and amines, in catalytic and enantioselective fashion and mechanistic 

studies.  

 
 

References 

[1] P. Ortiz, J. F. Collados, R. P. Jumde, E. Otten, S. R. Harutyunyan, Angew. Chem. Int. Ed., 56, 3041, 2017 

[2] J. Rong, J. F. Collados, P. Ortiz, R. P. Jumde, E. Otten, S. R. Harutyunyan, Nature Communications, 7, 13780, 2016. 

[3] R. P. Jumde, F. Lanza, M. Veenstra, S. R. Harutyunyan, Science, 352, 433, 2016. 

[4] J. Rong, T. Pellegrini, S. R. Harutyunyan, Chem. Eur. J., 11, 3558, 2016. 

[5] J. Rong, R. Oost, A. Desmarchelier, A. J. Minnaard, S. R. Harutyunyan, Angew. Chem. Int. Ed., 54, 3038, 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lecture of 4 September h 9.00-10.30 

 

Ni-catalyzed reductive carboxylation techniques 

 

Ruben Martin* 

 

Institute of Chemical Research of Catalonia (ICIQ), Av. Països Catalans, 16, 43007 Tarragona, Spain. 

rmartinromo@iciq.es 

 

An increased utilization of feedstock materials in catalytic endeavours holds great promise to revolutionize approaches in 

organic synthesis for preparing added-value building blocks. In this regard, catalytic protocols for incorporating carbon 

dioxide (CO2) into organic matter has recently attracted considerable attention in carbon-carbon bond-forming reactions.1 

Among the different alternatives, the ability to design catalytic CO2 fixation en route to carboxylic acids would be 

particularly appreciated, as these motifs are important structural elements in a myriad of pharmaceuticals and agrochemicals, 

among others.2,3 In recent years, our research group has reported some progress directed towards the catalytic reductive 

carboxylation of organic matter with CO2 (Scheme 1).4 These methods are characterized by their simplicity, wide substrate 

scope, including challenging substrate combinations with particularly sensitive functional groups and a diverse set of 

substitution patterns. 

 

 

Figure 1 

 

References 

[1] Selected reviews: (a) Liu, Q.; Wu, L.; Jackstell, R.; Beller, M. Nat. Commun. 2015, 6, 5593. (b) Huang, K.; Sun, C. L.; Shi, Z. Chem. Soc. 

Rev. 2011, 40, 2435. (c) Sakakura, T.; Choi, J. C.; Yasuda, H. Chem. Rev. 2007, 107, 2365. (d) Tsuji, Y.; Fujihara, T. Chem. Commun. 2012, 48, 

9956. 

[2] Maag, H. Prodrugs of carboxylic acids ; Springer : New York, 2007  

[3] Börjesson, M.; Moragas, T.; Gallego, D.; Martin, R. ACS Catal. 2016, 6, 6739. 

[4] Selected references: (a) Juliá-Hernández, F.; Moragas, T.; Cornella, J.; Martin, R. Nature 2017, 545, 84. (b) Börjesson, M.; Moragas, T.; 

Martin, R. J. Am. Chem. Soc. 2016, 138, 7504. (c) Wang, X.; Nakajima, M.; Martin, R. J. Am. Chem. Soc. 2015, 137, 8924. (d) Moragas, T.; 

Cornella, J.; Martin, R. J. Am. Chem. Soc. 2014, 136, 17702.  
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Lecture of 4 September h 11.00-12.30 

 

High pressure, operando kinetic studies of homogeneous catalysts 

 

Anna C. Brezny, Katie E. Ziebarth, Spring M. Knapp, and Clark R. Landis* 

 

Department of Chemistry,1101 University Avenue, University of Wisconsin-Madison, Madison, WI 53706 USA. 

landis@chem.wisc.edu 

 

More than 20 million metric tons of product are made each year by transformation of gases (CO, H2, ethene, propene) in 

the presence of homogeneous organotransition metal catalysts. Because most of these catalysts are diamagnetic, NMR is an 

ideal, information rich method for exploring these reactions. This presentation will briefly review different operando methods 

for studying homogeneous catalysts.  The application of operando stopped-flow and high pressure NMR to detailed kinetic 

analysis of enantioselective hydroformylation, hydroacylation, ethene metathesis, alkene polymerization, and allylic 

oxidation will be presented.  

 

Figure 1 

 
References 

[1] Nicholas J. Beach, Spring Melody M. Knapp, and Clark R. Landis Rev. Sci. Instrum. 2015, 86, 104101. 

[2] Anna C. Brezny and Clark R. Landis J. Am. Chem. Soc. 2017, 139, 2778-2785. 

[3] Matthew D. Christianson, Emily H. P. Tan, Clark R. Landis. J. Am. Chem. Soc. 2010, 132, 11461-11463. 

 

 

 

 

Lecture 4 of September h 14.30-16.00 

 

Nucleophilic Boron: new opportunities for carbon-boron bond formation 

 

Mariola Tortosa* 

 

Departamento de Química Orgánica, Universidad Autónoma de Madrid, Cantoblanco, 28049 Madrid, Spain. 

mariola.tortosa@uam.es 

 

Boronic esters are versatile synthetic intermediates for the preparation of a wide range of organic molecules.1 The 

development of new methods to create C-B bonds in an efficient, inexpensive, and environmentally friendly way is therefore 

an important challenge in organic chemistry. Traditionally, the methods to form C-B bonds have mostly been based on the 

electrophilic nature of boron. While this classical approach works well for reactions with nucleophilic partners, it naturally 

limits the types of boron compounds that can be prepared. Recently, copper-catalyzed borylations have emerged as a new 

source of nucleophilic boron. The lower price and toxicity of copper versus other transition metals and the unique reactivity 

of the boryl-copper intermediates make these processes particularly attractive. Inspired by unsolved problems found in the 

total synthesis of complex molecules, we have used boryl-copper species to synthesize useful synthetic intermediates such as 

1,4-diols,2 trisubstituted alkenes,3 dibenzylic derivatives4 and functionalized small rings.5 Some of these results will be 

presented in this talk.  

 

 
 

Acknowledgments We thank the European Research Council (ERC-337776) and MINECO (CTQ2012-35957) for financial support.  

 

References 

[1] Hall, D. In Boronic Acids: Preparation and Applications in Organic Synthesis and Medicine; Hall, D.; Wiley-VCH: Weinheim, Germany, 

2005. 

[2]Tortosa M. Angew. Chem. Int. Ed. 2011, 50, 3950. 

[3] Alfaro, R.; Parra, A.; Alemán, J.; García Ruano, J. L.; Tortosa, M. J. Am. Chem. Soc. 2012, 134, 15165. 

[4]Jarava-Barrera, C.; Parra, A.; López, A.; Cruz-Acosta, F.; Collado-Sanz, D.; Cárdenas, D. J.; Tortosa M. ACS Cat. 2016, 6, 442. 

[5] (a) Parra, A.; Amenós, L.; Guisan-Ceinos M.; López, A.; Garcia-Ruano, J. L.; Tortosa, M J. Am. Chem. Soc.  2014, 136, 15833. (b) Guisan-

Ceinos, M.; Parra, A.; Martin-Heras V.; Tortosa M. Angew. Chem. Int. Ed. 2016, 55, 6969.  
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Lecture of 4 September h 16.00-17.30 

 

Organometallic chemistry involving radical-forming noninnocent ligands 

 

Wolfgang Kaim* 

 

Institut für Anorganische Chemie, Universität Stuttgart, Pfaffenwaldring 55, D-70550 Stuttgart, Germany. 

 kaim@iac.uni-stuttgart.de 

 

The potential of organometallics for single electron transfer and for radical reactivity1,2 is documented for compounds 

containing redox-active ligands. The diversity of organometallic redox systems with noninnocent ligands3,4 will be presented 

in a brief survey, covering reaction mechanisms, the DFT supported experimental identification of stable intermediates, and 

an outline of some synthetic applications. The value of voltammetric5 and spectroelectrochemical techniques (esp. IR, UV-

Vis-NIR, EPR6) will be pointed out. 

 

References 

[1] Kaim, W. Top. Curr. Chem. 1994, 169, 231-251. 

[2] Astruc, D. Electron Transfer and Radical Processes in Transition-Metal Chemistry; VCH: New York, 1995. 

[3] Kaim, W. Inorg. Chem. 2011, 50, 9752-9765. 

[4] Kaim, W. Eur. J. Inorg. Chem. 2012, 343-348. 

[5] Bubrin, M.; Schweinfurth, D.; Ehret, F.; Kvapilová, H.; Záliš, S.; Fiedler, J.; Zeng, Q.; Hartl, F.; Kaim, W. Organometallics 2014, 33, 4973-

4985. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lecture of 5 September h 8.30-10.00 

 

Understanding and controlling Gold catalysis the hard way 

 

Luigi Cavallo* 

 

KAUST Catalysis Center, King Abdullah University of Science and Technology.  

Luigi.Cavallo@kaust.edu.sa 

 

Methane Acquiring expertise in a new field is like adventuring in an uncanny world. In this lecture we will present our 

computational work in the field of Gold catalyzed organic transformations. The starting difficult years, within a synergic 

interaction with an experimental group, will be presented from the backstage.1 This will give an opportunity to understand 

the dialectic of a fruitful experimental/theoretical collaboration, and how computational chemistry can contribute during the 

development of new catalysis.2,3,4 In the second part of the presentation it will be shown how the expertise acquired during 

the initial years is then used to rationalize and characterize Gold catalysts, from the single atom complex to nanoparticles.5  

 

References 

[1] Correa, A.; Marion, N.; Fensterbank, L.; Malacria, M.; Nolan, S. P.; Cavallo, L. Angew. Chem. Int. Ed. 2008, 47, 718-722. 

[2] Fortman, G.C.; Poater, A.; Levell, J.W.; Gaillard, S.; Slawin, A.M.Z.; Samuel, I.D. W.; Cavallo, L.; Nolan, S.P. Dalton Trans. 2010, 39, 10382-

10390. 

[3] Stephen, A.; Hashmi, K.; Schuster, A.M.; Gaillard, S.; Cavallo, L.; Poater, A.; Nolan, S.P. Organometallics 2011, 30, 6328–6337 
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Gold(I) and gold(III) salts and complexes are among the most active catalysts for the electrophilic activation of alkenes, 

alkynes and allenes under homogeneous conditions. In gold-catal -systems normally undergo 

addition of a nucleophile. Nucleophiles can be simple hetero- or carbo-nucleophiles for the synthesis of addition compounds 

across the unsaturated bond. Moreover, more sophisticated reaction pathways comprise, after the addition of a generic hetero- 

or carbo-nucleophile, evolution toward the formation of more challenging compounds via enyne cycloisomerization, C-H 

functionalization, cycloaddition, rearrangement, cascade and multicomponent reactions (Figure 1). 

 

 

Figure 1 

 

The first part of this lecture will focus on a brief introduction on the general pathways of gold catalyzed reactions with 

some hints on differences, analogies and complementarities with other historically used transition metal catalysts. The second 

part will discuss the applications of gold catalysis in synthetic organic chemistry. 
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C-H activation: fundamentals and recent developments 
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In The direct and selective functionalization of a non acidic C-H bond - the “unfunctional” group by definition - enables the 

direct use of the cheapest and most abundant feedstock for the construction of more complex organic molecules, thus adding 

the C-H bond to the catalog of the classical functional groups such as halides, alcohols, carbonyls, etc. This research field, 

considered for its difficulty and importance the “Holy Grail” of chemistry, is becoming increasingly powerful and attracts the 

interest of theoreticians, organic chemists, as well as experts in organometallic catalysis.1 Concepts, definitions, historical 

breakthroughs, as well as mechanistic details of this chemistry will be first introduced. The second part of the talk will 

describe two projects recently tackled in our laboratory: the use of Pd(0) nanoparticles embedded in core-shell nanogels as 

catalysts for the Mizoroki-Heck reaction (Figure 1, left),2 and the Murai reaction on furfural derivatives (Figure 1, right).3 

 
 

 

 

Figure 1 
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Artificial photosynthesis from solar fuels to solar chemicals 
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One of the most appealing research areas is the mechanistic understanding of multi-electron multi-proton processes, 

being central in small molecule activation such as the water oxidation to O2 (WO) or reduction to H2 (WR),1 solar fuels 

production but also can guide to new chemical transformations. I will present here the basis to understand those processes as 

well as few selected examples of homogeneous and well-defined catalysts based on 1st-row transition metals, which allows for 

mechanistic studies. In this regard, we have discovered that well-defined iron coordination complexes based on aminopyridine 

ligands are highly efficient homogeneous water oxidation catalysts which help us to understand the mechanism.2-7 On the 

other hand, we developed cobalt complexes based on the same family of ligands that are active catalysts on a variety of 

reductive chemistry. I will present our last results on the electro- and photo-reduction of water to H2, CO2 and how we can 

also to carry out the photo-reduction of ketones, aldehydes and olefins. 8-9 Finally, I will introduce the extension of this 

reactivity to the activation of inert Csp3-Cl bonds to perform cyclization reactions.  
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The bottom-up design, preparation and characterization of chemical systems that span from molecular scale devices and 

machines to nanostructured materials is a stimulating challenge of nanoscience.1 The interest on this kind of systems arises 

from their ability to perform a (useful) function in response to chemical and/or physical signals. In this context, the use of 

light stimulation has several advantages, primarily because photons can be used to supply energy to the system (i.e., write) as 

well as to gain information about its state (i.e., read).2,3,4 

Here we will present the strategies at the basis of the design, construction and investigation of nanoscale devices and 

machines that comprise organic and inorganic building blocks, and discuss related challenges and opportunities. Selected 

examples taken from our research work, such as autonomous molecular shuttles powered by sunlight (see Figure 1),5 

molecular transporters6 and quantum dots with engineered luminescence properties7 will be illustrated.  

 

Figure 1 

 

References 

[1] Balzani, V.; Credi, A.; Venturi, M. Molecular Devices and Machines, Wiley-VCH: Weinheim, 2008. 

[2] Ceroni, P.; Credi, A.; Venturi, M. Chem. Soc. Rev. 2014, 43, 4068. 

[3] Ragazzon, G.; Baroncini, M.; Silvi, S.; Venturi, M.; Credi, A. Nat. Nanotechnol. 2015, 10, 70. 

[4] Baroncini, M. et al., Nat. Chem. 2015, 7, 634. 

[5] Balzani, V.; Clemente-Leon, M.; Credi, A.; Ferrer, B.; Venturi, M.; Flood, A. H.; Stoddart, J. F. Proc. Natl. Acad. Sci. U. S. A. 2006, 103, 

1178. 

[6] Schäfer, C.; Ragazzon, G.; Colasson, B.; La Rosa, M.; Silvi, S.; Credi, A. ChemistryOpen 2016, 5, 120. 

[7] Avellini, T. et al., Chem. Commun. 2014, 50, 1102..  



 18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstracts of Posters 
 

 

 

 

 

 

 

 

 

 

 

 

 



 19 
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Aerobic intramolecular oxidation of carbon-hydrogen bonds with a Copper (I) complex 

 

María Álvarez, Manuel R. Fructos, Pedro J. Pérez* 
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Química, Campus de El Carmen s/n, Universidad de Huelva, 21007-Huelva, e-mail: maria.alvarez@dqcm.uhu.es 

 

The oxidation of C-H bonds catalyzed by transition metal complexes continues being relevant due to the added value of 

the oxygenated products.1 The use of molecular oxygen as oxidant is the most challenging target, for which there are very few 

examples. Several copper(I) complexes are known to react with molecular oxygen, and detection and/or isolation of reaction 

intermediates such as dicopper-superoxides, peroxides, and oxides, have been reported.2 In this contribution, we present the 

reactivity of a copper(I) complex TpMsCu(THF) with molecular oxygen, that leads to the formation of a novel trinuclear 

copper complex, in which the intramolecular oxidation of a C-H bond of the ligand takes place (Figure 1).  

 

 

Figure 1 
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Coordination properties of the zwitterionic ligand EtNHC(S)Ph2P=NPPh2C(S)NEt towards 
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The nucleophilic addition of aminophosphanes to alkyl- and aryl- isothiocyanate leads to the formation of zwitterionic 

thioamidyl-phosphonium (P+C(S)N−R) functional group. Within this family of compounds, EtNHC(S)Ph2P NPPh2C(S)NEt 

(HEtSNS) can be prepared by reacting Ph2PNHPPh2 (dppa) in EtNCS as the reaction medium.1 HEtSNS is a versatile and 

conformationally flexible mono-, bi- and tri- dentate ligand for a wide range of metal cations.2,3,4 In this work, we present a 

comparison between Pd(II) and Co(II) complexes (Figure 1), as these two family of compounds show how the ligand may 

switch from bi- to tri- dentate, and how the atom donors may vary from S-N-S to N-N-N with a conformational adjustment, 

depending on the metal requirements. Pd2+ (d8) is bound to HEtSNS through S-N-S coordination, forming [(HEtSNS)PdCl]Cl. 

A chloride completes the square planar geometry, the second chloride forming an hydrogen bond with the NH group of the 

ligand. HCl may be salified with NEt3, thus obtaining the neutral complex [(EtSNS)PdCl] (Figure 1-a). In the presence of 

NEt3, with a 2:1 ligand-to-metal ratio, complex [(EtSNS)2Pd] (Figure 1-b) is formed, showing a square-planar geometry, the 

two EtSNS- chelating the Pd ion in an S-S bidentate fashion. Co2+ (d7), in the presence of NEt3, reacts with HEtSNS forming 

two pentacoordinate complexes. The neutral complex “(EtSNS)CoCl”, analogous to [(EtSNS)PdCl], form the dimer 

[(EtSNS)CoCl]2 (Figure 1-c), where the two Co2+ are bridged by two chlorides and the square pyramidal geometry is 

completed by EtSNS, chelating in an N-N-N coordination fashion. If [EtSNSCoCl]2 is crystallized in the presence of 

HNEt3Cl, the ionic compound [EtSNSCoCl2]
- HNEt3

+ is formed (Figure 1-d), displaying a trigonal bipyramidal geometry. 

 

Figure 1 a) EtSNSPdCl, b) (EtSNS)2Pd, c) (Figure 1-c), d) [EtSNSCoCl2]
- 
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Glyoxal-bridged cyclam based ligands (Figure 1, a) gained a lot of interest in the last decades due to their ability of 

coordinating mid-late transition metals, forming kinetically inert complexes.1-3 The macrocycles can be easily N-

functionalized with various groups, which allows the preparation of a wide range of ligands suitable for important applications 

such as catalysis,4 the development of metal-based imaging and as therapeutic agents in medicine. Manganese and iron 

complexes, above all, were targeted as potential oxidation catalysts, in which the all-tertiary nature of the nitrogen atoms 

minimizes the possibility of ligand oxidation and catalyst destruction. In particular, manganese(II) complexes of formula 

Mn(L-R,R’)Cl2 (Figure 1, b) show well proven peroxide-based bleaching activity in alkaline solution, which has been the 

object of extensive studies documented in patent literature. 

 

Figure 1  

Because the rigid cross-bridged ligand strongly binds manganese ion, precipitation in the form of MnO2 is prevented; 

moreover the presence of the alkyl groups R and R’ preclude dimerization and consequent deactivation of the catalyst.  Here 

is extended the knowledge of the cross-bridged cyclam’s family through the synthesis of a wide class of symmetrical and 

unsymmetrical Mn(II) complexes and the assessment of their bleaching activity at various pH in order to evaluate how steric 

and electronic effects influence catalytic ability. 
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While α-diimines (1,4-diaza-1,3-dienes, DADs) have been widely employed in coordination chemistry as redox non-

innocent, finely tunable chelating ligands,1 activation reactions of these compounds are very rare, and usually limited to CC 

and CCl coupling additions at the imine skeleton.2In the framework of the interest of our group in the unusual activation 

pathways supplied by high valent transition metal halides to organic substrates,3 the full potential of a high valent metal 

chloride as both chlorinating and oxidative agent has been explored by allowing WCl6 to react with DADs, in CH2Cl2 at room 

temperature. Two N-aryl substituted DADs underwent unprecedented conversion to quinoxalinium cations via intramolecular 

CN coupling (Figure 1). A plausible reaction mechanism has been outlined with the assistance of DFT calculations. 

 

Figure 1 
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The synthesis of the (E)-3,3’-bifuranylidene-2,2’-dione heterocyclic system has been first published in 1882 by Von 

Pechmann.1 Recently promising optical and electronic properties2 have been demonstrated in some Pechman derivatives and 

this fact has stimulated further studies concerning the preparation of such scaffold and its incorporation into longer 

conjugated systems, which might have a potential interest for organic electronics.3 In this work, the preparation and 

spectroscopic characterization of some symmetrical small molecules containing the so-called Pechmann lactone and 

featuring an extended conjugation, are reported. The absorption and emission spectra of the new molecules obtained have 

been recorded in solution and clearly show how the photophisical properties can be modulated by a proper choice of the 

(hetero)aromatic terminal groups. All the compounds prepared in this study have interesting optical properties and could find 

application as semiconductors in organic electronics or photovoltaics. 
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Dye-sensitized solar cells (DSSC) have been the subject of constant attention in recent years thanks to the enhancement 

in their efficiency and stability1. Metal-free D-π-A dyes are especially interesting since their particular architecture allows a 

fine adjustment of their photo- and electrochemical properties2 and among the anchoring moiety, the alkoxysilane group was 

recently recognized as one of the most stable and high-performing anchoring units for DSSC3. Our work focused on 

developing an alternative anchoring group to the siloxane, capable of showing the same interesting properties. Our choice has 

fallen upon the silatrane group. First, we studied an easy and versatile way to introduce the anchoring moiety and we 

successfully insert the group on three different molecular scaffolds by a simple amide coupling, in comparison for the 

corresponding trialkoxysilane compounds three different reactions were needed4. 

 

Figure 1 

 

Then, the spectroscopic properties and anchoring mode on nanocrystalline TiO2 of the silatrane-dyes were analyzed for a 

possible application in Dye Sensitized Solar Cells and these results were compared with those already obtained for the 

corresponding trialkoxysilane compounds.  
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Dye-sensitizer solar cells (DSSC) are currently considered one of the most promising alternatives to traditional silicon solar 

cells [1]. The research activity in this field is mostly focused on the design and synthesis of new organic dyes with potential 

application in this kind of devices. The compounds developed in this work are based on a structure well known design where 

a donor group (D) and an acceptor group (A) are joined by a conjugate bridge (π)[2]. In particular, we focused our efforts on 

the modification of the acceptor group due to his double function: anchoring the dye on the semiconductor (TiO2) and 

withdrawing electrons in the excited state of the molecule. We focused on the change of the carboxylic function into the 

thiocarboxylic and in the dithiocarboxylic ones. The presence of a sulfur atom in the anchoring group shown innovative 

features such as red-shift of λmax and more generally, a broadening of the absorption spectrum, as predicted by TD-DFT 

analysis previously carried out. Such improvements against the benchmark (DF15[3]) have been confirmed by UV-Vis and 

fluorescence analysis on the obtained compounds. 

 

 

Figure 1 
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The effects of global warming caused by burning fossil fuels demand for a sustainable and efficient alternative and the 

sun is the only source of energy that can meet the current and future energy demand. As a consequence harvesting sun light 

efficiently is an important quest in science and Dye Sensitized Solar Cells (DSSC’s) proved to be promising candidates.1 

However, existing systems suffer from rapid electron-hole recombination, hampering high efficiencies. It is believed that this 

is caused by a lack of directionality in electron transfer. To address this problem, redox mediators have been proposed to 

incorporate directionality of electron transfer. For example, viologen based mediators have already proven to increase 

photocurrents by Meyer and Willner.2,3 Therefore, we propose the rotaxane depicted in figure 1 that contains a ruthenium dye 

and a viologen based ring as photosensitizer, to show higher photocurrents than the corresponding ruthenium only based 

DSSC. The question to be addressed is if this rotaxane can be used as redox mediator in future DSSC. 

 

Figure 1 
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The reaction of carbon dioxide with amines affords N,N-dialkylcarbamates, i.e. monoanionic oxygen donors of formula 

(O2CNR2)
–. These species, the in presence of metal halides, allows the straightforward access to a variety of compounds of 

general formula M(O2CNR2)n (M = non-transition or transition, d or f, element), see Eq. 1.1 

MCln  + n(NH2R2)(O2CNR2) → M(O2CNR2)n + nNH2R2Cl (1) 

The resulting metal carbamates exhibit interesting properties, and in particular group 4 and group 5 compounds show a good 

capability to catalyse olefins polymerization.2 Also mixed metal halide-carbamates are able to act as catalysts. In some cases, 

these compounds display better activities, compared to the corresponding homoleptic carbamates. Convenient synthetic 

procedures to prepare the former have been recently proposed.3 Herein, we describe new synthetic strategies for the 

preparation of a variety of mixed halide-carbamates of high valent metals. The performances of metal carbamates as catalytic 

precursors for the CO2-propylene oxide coupling reaction will be discussed. 

 

Figure 1 
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Disperse dyes are the most commonly used dyes in tinctorial processes. These dyes possess a very low solubility in 

water, therefore the use of surfactants is necessary to ensure a good dispersion in aqueous medium. These additives determine 

a substantial increase in tinctorial costs and their removal from dyeing wastewaters represents a challenge. To enhance the 

water solubility of disperse dyes, Bianchini and al.1 developed the naturalization process, consisting in the conjugation of the 

chromophore to a 6’-piperazinyl-lactose unit through an amide bond. In this work, the previously synthesized 1-amino-2-

bromo-4-hydroxy—anthracen-9,10-dione carboxylic acid derivative (C.I. Disperse Violet 17 carboxylic acid derivative 1) was 

used as substrate in Pd-catalyzed cross coupling reactions (Figure 1).  

 

Figure 1 

Different aryl derivatives were used to explore the reactivity in Suzuki, Heck and Sonogashira reactions, to extend the 

conjugation of the antraquinone unit and to evaluate the changes in the absorption spectrum. The naturalization process was 

tested on one derivative for each of the three reactions. Only for Suzuki derivative the desired water soluble compound was 

obtained. The desired Heck derivative was completely insoluble, while for the Sonogashira process the deprotection step gave 

a mixture of water soluble compound. 
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The oxidative C-C bond cleavage of vicinal diols to carbonyl compounds is an important and frequently used 

transformation in organic chemistry with a wide range of applications.1 Nowadays this reaction is performed by using 

stoichiometric amount of dangerous inorganic oxidants (NaIO4, Pb(OAc)4, MnO2).2 Catalytic procedures have been also 

reported, but they require stoichiometric amounts of sacrificial oxidants (tBuOOH, NaClO, H2O2)
2 and rather harsh reaction 

conditions. More importantly, these oxidants must be used in large excess, with the subsequent production of large quantities 

of waste. For these reasons, the development of new efficient catalytic aerobic oxidation processes is appealing in order to 

achieve more environmentally benign and sustainable synthetic procedures.2 In our research group, we successfully 

synthesized V(V) aminotriphenolate complexes (1a-e), that have been effectively employed as catalysts in oxygen transfer 

reactions and for the CO2 fixation.3 Recently we also discovered that they are able to act as catalysts for the aerobic oxidative 

C-C cleavage of vicinal diols.  

 

In this communication, we will report on the catalytic activity of 1a in the 

aerobic C-C cleavage of vicinal diols (Scheme 1), which allows to obtain the relative carbonyl compounds in high yields and 

selectivity (TON up to 71,000 and TOFs up to 9400 h-1). The optimization of the catalytic reaction and the scope of the 

substrate scope will be reported as well.  

 

Scheme 1 1a catalyzed aerobic oxidative C-C cleavage of 1,2-diols.  
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Free-radical generation from organohalides is among  the most useful 

means to access an open-shell reactive intermediate that has found numerous 

applications in chemical synthesis.1The development of new strategies of 

free-radical generation avoids the use of highly toxic, environmentally 

hazardous or explosive reagents such as alkyl-stannanes or boranes.2,3 A good 

alternative to the use of these reagents is the visible-light photocatalysis 

utilizing photoactive transition-metal complexes.4-6 In contrast to classical cross-coupling reactions, which rely on two-

electron elementary steps, photoredox and metal dual catalysis takes advantage of the ability of first-row transition metals 

(TMs) to participate in single-electron transfer reactions. In this regard, nickel is at the forefront of photoredox metal dual 

catalysis, while the rest of the first row TMs pass unnoticed in this field. Thus, we used a family of photogenerated cobalt(I) 

complexes based on pentacoordinated polyaminopyridyl ligands that enable radical cyclizations as well as intermolecular C-C 

bond forming reactions. The use of copper photoredox catalyst, instead of typical Ru and Ir polypyridyl complexes, makes the 

developed process appealing for green radical cyclizations. The discovery of highly robust and selective catalytic systems is 

speeded up by using a parallel photoredox screening platform for high-throughput experimentation.  
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Since their first reports in the 1960s redox-active ligands have attracted much attention thanks to their ability to access 

unusual chemical properties by coupling the redox activity of the ligand to the coordination chemistry of a metal.1 In contrast 

to the nitrogen-containing heterocycles found in dipyrrins and porphyrinoids,2 studies on the redox activity of sulfur- and 

oxygen-containing heterocycles are more limited.3 Following results on uranyl complexes of a donor-expanded dipyrrin,4 the 

synthesis and reactivity of thiophene- and furan-derived diarylmethenes are presented (Scheme 1). Deprotonation of the 

methine bridge in the precursor HL leads to the highly reactive conjugated anion KL which upon reaction with a range of 

transition-metal halides does not undergo salt-metathesis, instead forming the stable, neutral radical L●. Alternatively, reaction 

between the thiophene-derived KL and CuI forms the dicopper complex Cu2I2(L
S●) provided with a ligand-centered radical, 

as confirmed by experimental and computational analysis.5  

 

Scheme 1 Synthesis and redox-activity of the anionic diarylmethene KL. 
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Dialkylgallium alkoxides with N-heterocyclic carbenes (NHCs) are a new and interesting class of compounds, found to 

be effective catalysts in the polymerization of rac-lactide.1,2 Although the presence of NHC in Me2Ga(OR)NHC complexes 

enhanced their activity in the polymerization of rac-lactide, they are essentially inactive in the polymerization of lactones.2 

The lack of activity towards lactones may be a result of low Lewis acidity of gallium center. Therefore – to increase the Lewis 

acidity of the metal center – we decided to synthesize cationic alkylgallium alkoxide/aryloxide complexes with NHC. In my 

poster, I will present the synthesis, structure and properties of the first cationic alkylgallium aryloxide complex, and how 

difficult a simple idea can be when it meets the reality. 
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The efficient copolymerization of terminal alkenes with polar vinyl monomers represents a goal nowadays in polymer 

chemistry.1 The active catalytic systems for this reaction are based on palladium(II) complexes with α-diimine or phosphino-

sulphonate ligands,2 however they do not reach values of productivity high enough for any industrial application. This means 

that a catalyst with better performances is strongly needed. In literature, there aren’t many examples on modification of the 

skeleton of α-diimine ligands,3 so we decided to explore this field by studying a family of ligands with a phenanthrene-based 

backbone, the so-called Ar-BIP ligands,4 and their related Pd(II) complexes (Scheme 1).  

 

Scheme 1 

The studied Ar-BIP ligands are symmetrical and have either a simple aryl ring or an aryl ring with electron donating ortho 

substituent (methyl, isopropyl). The related neutral, [Pd(CH3)Cl(Ar-BIP)], 

and monocationic, [Pd(CH3)(CH3CN)(Ar-BIP)][PF6] palladium(II) 

complexes have been synthesized and fully characterized in solution and, 

when suitable crystals were obtained, in solid state (Figure 1). The 

monocationic derivatives generated active catalysts for the ethylene/methyl 

acrylate copolymerization leading to the expected copolymer. The detailed 

investigation of their catalytic behaviour, carried out under mild conditions 

of temperature and pressure, will be presented. 

                              Figure 1 
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Glycoporphyrins are usually described as efficient photosensitizers to be used in photodynamic therapy (PDT)1,2 

however, the conjugation between metal porphyrin complexes and glycoside moieties is an attractive approach for developing 

new efficient, enantioselective and eco-friendly catalysts for organic synthesis. The introduction of saccharide units onto the 

porphyrin skeleton modulates the catalyst solubility in water or organic solvents and may confer it chiral recognition 

properties. Among the few reported catalytic uses of metal glycoporphyrins,3,4 we have recently shown the catalytic efficiency 

of ruthenium (II) and iron (III) glycoporphyrins in promoting C-H amination reactions.4 

In order to improve the water solubility of these catalysts, porphyrin 1 (Figure 1) was synthesized with a disaccharide unit 

directly conjugated onto para position of each fluorinated 

aryl moiety of the porphyrin ring and the [RuII(1)CO] 

complex was tested in the catalytic model reaction between 

3,5-bis(trifluoromethyl)phenyl azide and ethylbenzene 

forming the corresponding benzylic amine either in organic 

solvent or biphasic system. Unfortunately, saccharide units 

in para position are too far away from the metal center to 

confer enantioselective properties to the catalyst. Thus, the 

ligand 2 (Figure 1) with triazole spacer placed in orto 

position between the carbohydrates and porphyrin was 

synthesized. The cyclopropanation of -methyl styrene, 

performed in presence of [FeIII(2)(OMe)] occurred in good 

yields but without enantiocontrol due to the high mobility of 

carbohydrate units. For this reason the more rigid 

glycoporphyrin 3 (Figure 1), with bridging sugar moieties, 

was synthesized and tested in cyclopropanation reactions. 

      Figure 1 Glycoporphyrins synthesized. 
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The organometallic [Pt(O,O′-acac)(γ-acac)(DMS)], 1, complex is a recently synthesized compound1 containing two 

acetylacetonates [one O,O’-chelate and the other -bonded to platinum(II)] and one dimetylsulphide (DMS) ligand in the 

metal coordination sphere. Previous studies showed that complex 1 is very interesting for its biological activity in several 

culture cells lines, resulting in peculiar interactions with non genomic targets, producing a cytotoxicity about ten times higher 

than that of cisplatin.2 In this work, we evaluated the metabolic variations induced in Skov3 (Epithelial Ovarian Carcinoma 

cells resistant to cisplatin) cell lines, by complex 1 treatment. At this regard, we analysed by NMR the culture media and the 

cell fractions aqueous and lipidic extracts. We adopted a 1H NMR metabolomic approach giving us the possibility to evidence 

quali/quantitative variations in the metabolic profile of cells treated and untreated with complex 1. In particular, our attention 

was addressed to the study of the metabolites excreted into the cell culture media, together with the water soluble and 

lipophilic metabolites extracted from cells. This was made at different times from cell treatment with complex 1, at the IC50 

lethal dose, evidencing the variations of cellular metabolic profiles upon complex 1 exposure, with respect to cells treated with 

cisplatin or untreated, see Figure. Interestingly, in Skov3 cells treated with the [Pt(O,O′-acac)(γ-acac)(DMS)] organometallic 

complex  interferences with the Krebs cycle, strongly modulating compound 1 cytotoxicity, have been evidenced. These 

results acquired in the cisplatin resistant Skov3 cell line, fully confirm the existence of a different mechanism of action 

between complex 1 and cisplatin, characterized by peculiar metabolic markers. 

[Pt(O,O′-acac)(γ-acac)(DMS)] Skov3 cells

Metabolites extraction
(aqueous and lipidic) and 
culture media recovery

NMR and MVA studies

Controls
PtacacDMS
Cisplatin

 

Figure 1 
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One of the most important application of coordination chemistry is the design of metal complexes with biological 

activity.1,2 The knowledge of organometallic chemistry allows to tune their properties using metals in different oxidation 

states, coordination geometries, binding preferences and ligand-exchange rates, thus leading to different mechanisms of 

action. Most of the anticancer drugs are coordination compounds containing metals like gold, platinum and ruthenium. Since 

these compounds exhibit several toxicity effect and narrow applicability to few tumor types, because of drug resistance, 

research efforts are nowadays addressed to find less toxic drugs and with a wider spectrum of applicability.3 While the 

biological activity of classical four-coordinate platinum(II) complexes has been and continues to be investigated, the activity 

of five-coordinate complexes of this metal is still poorly known. This work proposes a rational and systematic study that 

concerns the synthesis, the structural and physical-chemical characterization and the mechanisms of action of novel cationic 

five-coordinate platinum(II) complexes whose structures are reported in scheme 1. 

 

Scheme 1 Platinum(II) five-coordinate complexes 

The complexes, which exhibit a glucose motif whose properties can be modulated changing the nature of the R substituents, 

could play a key rule among metal-drugs based on Pt, because they combine the oxidation state +2 with the stability of the 

coordinatively saturated environment. Details on their synthesis and preliminary results concerning their activity will be 

given in the poster. 
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The indole core nucleus is one of the most intensively studied structural motifs, and a crucial building block for the 

synthesis of biologically active compounds and natural products. Different approaches have been adopted for the synthesis of 

substituted indoles and intramolecular hydroamination reaction is one of the most powerful and frequently employed synthetic 

approaches. The process cannot be spontaneously performed due to lack of reactivity complementarity in the acyclic 

precursors, therefore, an electrophilic activation becomes mandatory. In this regard, soft metal catalysis has gained important 

credits over the past few years, triggering efficient activation of the C-C triple bond towards the regioselective inter- as well as 

intramolecular condensation with heteroatom-based nucleophiles. Electrophilic metal species based on Pd, In, Au, Pt, Ag… 

have found efficient applications in catalytic variants showing good chemical performances and substrate scope. However, the 

use of noble metals leads to important issues in terms of methodology sustainability, and the replacement of coinage metals 

with cheaper metal-free catalytic agents is still highly desirable. In this direction, the employment of strong Brønsted acids as 

well as bases such as pTsOH, TfOH, KOH and Cs2CO3 was found competent in the functionalization of alkynes with hetero-

nucleophiles even if the protocols suffered from the requirements of harsh reaction conditions and large and even super-

stoichiometric amounts of additives. Alternatively, soft quaternary ammonium salts are known to act as synthetic equivalents 

of late-transition metal species in activating unsaturated hydrocarbons towards nucleophilic attack. The subsequent 

replacement of the ammonium fragment by a proton made catalytic variants potentially amenable. 

 

The site selective synthesis of functionalized indoles is presented under environmentally convenient tetrabutylammonium 

fluoride catalysis. The metal-free approach exploits the combined catalytic efficiency of Bu4N
+ and F- ions in performing a 

cascade sequence involving intramolecular hydroamination of the C-C triple bond, cleavage of silyl-protecting groups and 

site-selective sigmatropic aza-Cope-type [3,3]-rearrangement. A range of C(3)-allenyl indoles (2) is obtained in efficient 

manner (yield up to 93%) providing a valuable synthetic alternative to noble-metal based protocols. Moreover, the synthetic 

utility of compounds 2 is proven in the direct synthesis of the densely functionalized 1,2,3,4-tetrahydrocarbazole 6aa (yield = 

55%) via gold catalyzed cascade allene-alkoxylation/Diels-Alder sequence. 
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Artificial photosynthesis enables the possibility of generating clean and sustainable energy resources through water 

splitting.1 This task requires the interfacing of several fundamental but challenging steps such as: light-harvesting, charge 

separation, electron transfer, water oxidation and proton reduction. Although numerous strategies have been reported, a 

major drawback to efficient solar water splitting is still represented by the development of robust and long-lasting water 

oxidation catalysts.2 We have synthesised new dinuclear ruthenium complexes by linking two different metal moieties with 

variable N-chelating ligands (Figure 1). The selected ligands possess an aromatic and rigid structure that may provide, in 

principle, an electronic connection between the two metal centres; the latter are expected to play, respectively, a 

photosensitive and a catalytic role. The prepared compounds have been characterized by analytical methods, and UV-Vis, IR 

and NMR spectroscopy. 

 

Figure 1 
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It has already been shown that vanadium amino triphenolate complexes efficiently target the carbon-carbon cleavage of 

vicinal diols (Figure 1) [1-2]. When considering the transfer to aqueous media of these reactions, micellar media came up as 

an interesting approach with several advantages. We have successfully executed this transfer and optimization of the 

conditions allowed to select the chlorinated catalyst V1 incorporated in dodecylphosphocholine (DPC) micelles. The micellar 

core enables the solubilisation of the hydrophobic catalyst [3] and an additional mechanism of selectivity was introduced by 

means of the exchange between the micelles and the surrounding aqueous solution.  

 

 

Figure 1 Vanadium(V) triphenolate amine catalyst structure (V1) and general reaction 

 

In this work, we will focus on the substrate scope of the reaction in water and compare the results to those obtained in organic 

solvents. A noticeable result and property of the micellar media was the introduction of a diverse selectivity trend when 

compared with the reactions in organic phase. Additionally, benzylic vicinal diols were found to be the most reactive.  A 

possible explanation of the phenomenon based on substrate/product/catalyst and oxidant partitioning among the micelles and 

the surrounding water will be presented, on the basis of kinetic and 2D NMR experiments.  
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Carbenes are found widely throughout organic and inorganic chemistry as fleeting intermediates either in C-H activation 

reactions1 or as commercially important precatalysts, such as the Grubbs catalyst2. These reactive carbon species are generated 

via high-energy starting materials, most notably diazo compounds. While proven successful, diazo compounds are notoriously 

explosive and potentially highly toxic as well3. Alternative routes either generate the diazo species in situ or circumvent it 

altogether, but in all cases, considerable stoichiometric waste is generated4. Furthermore, the synthesis of these starting 

materials is not trivial either. We therefore are investigating the use of sulfur ylides as catalytic carbene transfer reagent5s, 

starting from primary and secondary alkyl triflates, onto cobalt(II) square planar complexes to generate radical cobalt(III) 

carbene species6. These radical species can then be used in cyclopropanation reactions to demonstrate proof-of-concept 

(Scheme 1) 7. 

 

 

Scheme 1. Synthesis of functionalized cyclopropanes via carbene transfer through catalytic sulfur ylide and radical cobalt(III) 

intermediates. 
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Catalysis based on metal-ligand cooperation has proven to be a powerful synthetic tool, which has led to several 

environmentally benign reactions.1 Here, the ligands not only modulate the stereoelectronic properties of the metals but also 

participate directly in the catalytic process. Hydrogenation and dehydrogenation reactions catalyzed by Mn pincer complexes 

became a hot area of research, following our initial report on Mn pyridine-based PNP* (the asterisk denotes the dearomatized 

ligand) pincer ligand (1) catalyzed acceptorless dehydrogenative coupling of alcohols and amines to form imines (I).2 We 

have recently reported the synthesis and reactivity of the Mn amido complex 2 bearing a pyridine-based PNN pincer ligand.3 

Complex 2 shows high catalytic activity for a broad-scope hydrogenation of non-activated esters under mild conditions (II). 

Lately we have observed also the manganese catalyzed synthesis of cyclic imides from diols and amines (III). These base-

metal-catalyzed hydrogenation and dehydrogenative coupling processes yield compounds of high industrial value through 

atom-economical, sustainable and environmentally benign synthetic routes.  

 

 

Figure 1 
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Reducing the impact of chemical manufacture is an important topic in academical and industrial research.1 The selection 

of the solvent is of crucial importance because the traditional VOCs are source of concern and main cause of pollution, due to 

their volatility, toxicity and flammability. The processing of renewable biomass has made available a wide range of alternative 

solvents, whose evaluation is the subject of important discussion and intensive research.2 Among them, solketal (scheme 1) 

attracts increasing interest, especially due to the valorization of glycerol, the by-product of biodiesel manufacture,3 and its 

applicability as fuel additive. 

 

Scheme 1 Solketal synthesis from glycerol 

 

Here we report extremely efficient homogeneous iron(III) catalysts (scheme 2) for the synthesis of solketal from glycerol and 

acetone. The activities are the highest ever reported so far for this type of reaction, with TOFs up to 105 h-1 at negligible 

catalyst loading. 

 

 Scheme 2 Iron(III) complexes 
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Water oxidation (WO) is considered the bottleneck for the development of an artificial photosynthetic apparatus, aimed 

at the conversion of solar energy into chemical energy, through the production of renewable fuels.1 Over the last few years, 

many molecular,2 heterogeneous3 and heterogenized4 catalysts have been reported. Furthermore, we demonstrated that a 

ternary system constituted by an Ir(III)-doped ZnAl hydrotalcite-like compound (HTlc) is an efficient and recyclable 

heterogeneous WO catalyst.5 Particularly, we showed that [Zn0.667Al0.306Ir0.027(OH)2]Cl0.333•0.4H2O is able of catalyzing WO 

with top performance both in terms of TOF (up to 113 min-1) and TON 

(> 11900), in the presence of NaIO4 as the sacrificial oxidant.5 Herein, 

we show that both Ir(III) and Ru(III)-doped HTlcs are efficient and 

robust heterogeneous catalysts for water oxidation also in 

electrocatalytic experiments. The HTlc reported herein were 

synthesized by an isomorphic replacement of Al(III) ions with Ir(III) 

and one with Ru(III). Their chemical formulas, determined by ICP-OES 

analysis, are: [Zn0.647Al0.349Ir0.004(OH)2](Cl)0.353•xH2O (1), 

[Mg0.647Al0.349Ir0.004(OH)2](CO3)0.177•xH2O (2), 

[Zn0.650Al0.330Ru0.020(OH)2](Cl)0.350•xH2O (3).                                                                                     Figure 1 

The brucitic structure was retained after the incorporation of the noble metal, which was homogeneously distributed 

throughout the sample, as confirmed by X-ray diffranction patterns and SEM-EDX images. The performances of the HTlcs 

toward electrocatalytic water oxidation were evaluated in a standard three electrode-apparatus (KOH 1M), immobilizing the 

catalysts in carbon paste electrodes. Interestingly, 1 and 3 show a lower overpotential (352mV vs 388mV at 10mA/cm2) and 

twice as high current density with respect to IrO2 (2.1 vs 1.2 mA/cm2 at 280mV), used as benchmark (Fig.1). Instead, 2 

shows a current density comparable to that of IrO2. In addition, long-term stability tests, such as chronoamperometry and 

chronopotentiometry, show that the performances of 1-3 catalysts even increase over time.  
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The transformation of readily available and inexpensive small molecules into energy-dense compounds is seen as one of 

the alternatives in order to solve the wold’s energy crisis. One approach consists in the reduction of H2O to H2 and CO2 to CO 

or carbon fuels following an artificial photosynthetic scheme. However, to be efficient it needs to be coupled to an anodic 

process that provides the e- required for the reductive transformation. In the last years, some pyridine-based cobalt complexes 

have emerged as active catalysts in both the H2O/H+ and CO2-to-CO reduction processes under photo- and electrochemical 

conditions.1 However, very few investigations have been devoted to understand the reaction mechanisms under 

electrocatalytic conditions.2 We have studied the CO2 electrocatalytic performance of a series of water reduction catalysts 

based in the tetradentate PyMe2tacn ligand.3 The combination of computational and experimental tools has allowed the 

identification of a highly stable CoI-CO species as the inactive resting state in the CO2 reduction process at low overpotentials 

(Figure 1). The mechanistic understanding of the system will be crucial for the design of new strategies to obtain more 

efficient catalysts for both the CO2 and H2O/H+ reduction processes. 

 

Figure 1 Mechanistic proposal based on DFT calculations, spectroscopy and electrochemical data. 
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The formation of C-N bonds for the preparation of amines compounds is a reaction of high relevance for the synthesis of 

bulk and fine chemicals.1 The preparation of several drug molecules involving N-substitution transformations are usually 

performed by reaction of amines with alkylating agents or via reductive amination. In this context, the catalytic N-alkylation 

of amines using environmentally friendly alcohols as alkylating reagents and affording water as only byproduct, is an 

attractive atom-economic way for the C-N bond formation.2,3  

We report here the straightforward synthesis of the carboxylate ruthenium complexes of formula 

Ru(OAc)2(diphosphane)(CO)n (n = 0, 1). These compounds are efficient catalysts for the N-alkylation of amines using 

primary alcohols as both reactant and solvent, with an alcohol / amine molar ratio of 10-100, under mild reaction conditions. 

Evidence has been provided that in catalysis a monohydride species is formed through an equilibrium reaction. 

 

 

 

Figure 1 
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In literature, there are very few examples of gold homogeneous catalysis that works without silver additives, low 

catalyst loading, mild reaction conditions, simple work-up with the possibility of recovery the catalytic system, and using 

green solvents or even in neat condition.1 In this contribution, we obtained a greener pathways through the homogeneous 

gold catalysis, testing the activity of NHC-Au-X [NHC = (1,3-bis(2,6-di-isopropylphenyl)-imidazol-2-ylidene, X‒ = BF4
‒, 

SbF6
‒, OTf‒,NTf2

‒, ClO4
‒, OTs‒, TFA‒)] as catalysts for the reactions of hydration, alkoxylation and cycloisomerization of 

alkynes and propargylamides. In our previous works, we notice that the anion2 plays an important role in the mechanism3,4 

and in order to obtain a reusable catalytic system, with a low catalyst loading (down to 0,01%), high values of TOF and 

TON, low Efactor and high EMY, the anion must be choose wisely in neat hydration of alkynes.5 Once optimized the 

catalytic system, we extend the study to green solvents, instead of traditional volatile organic solvents (VOS). Utilization of 

green solvents led us to obtain similar or better results respect to VOS in several reactions mediated by homogenous gold 

catalysts 
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Intramolecular amination reactions of unactivated alkenes constitute an attractive process for the formation of nitrogen-

containing heterocycles with 100% atom-economical result.1 In addition the possibility of the concomitant functionalization 

of the heterocycle represents the major challenge of the synthetic pathway.2 Due to the attractiveness of this field, various 

efforts have been made in the development of efficient transition metal-catalyzed aminohalogenations.3 On the other hand, 

also some examples of metal-free aminoiodination reactions have been studied.4 Thus, the aim to find more eco-sustainable 

conditions and to work in step-economical encourage us to investigate metal-free aminohalogenation conditions. In this study 

we reported the use of hydrogen peroxide and potassium iodide to promote aminoiodination domino process in the synthesis 

of functionalized heterocycles. The simple use of these reagents allows us to exploit also greener solvents than the ones 

traditionally-used. 
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Transition metal-catalyzed carbene transfer reactions from diazo compounds constitute nowadays a powerful tool in 

organic synthesis.1 It is assumed that, previously to the formation of the metallocarbene species, the interaction of the diazo 

molecule with the metal centre takes place in different manners, depending on the coordination mode of the diazo compound 

to the metal.1 At the time we initiated this work, these type of adducts had been detected and/or isolated2 for all metals in 

Groups 8 to 10 with the exception of palladium, that has been widely employed as catalyst in these transformations, 

especially in olefin cyclopropanation reactions. In this contribution, we present the first example3 of a diazo palladium(0) 

complex isolated and fully characterized, with the diazo compound coordinated in a dihapto-η2 fashion. In addition, several 

kinetic and mechanistic experiments have allowed us to propose a catalytic cycle for the palladium-catalyzed olefin 

cyclopropanation, in which such adduct behaves as a “dead-end” of the catalyst.  

 

 

Figure 1 
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Considered for long time as an important challenge in organic synthesis, the C-H activation/functionalization reactions 

have emerged in recent years as powerful tools for the preparation of elaborated molecules from readily available raw 

materials.1 In this regard, the use of ruthenium(II) catalysts in the activation of unreactive C(sp2)-H bonds for a variety of C-

C coupling reactions has contributed decisively to the advancement of the field.2 The concept of carboxylate-assistance, 

through metal-ligand cooperation via a six-membered transition state, has been particularly exploited in these Ru-catalyzed 

C-H activation processes.2 In parallel, Ackermann and co-workers have also observed a considerable rate acceleration of the 

reactions when secondary phosphine oxides (R2P(=O)H) are employed as pre-ligands, due to the in situ generation of the 

corresponding ruthenium-phosphinous acid complexes, i.e. [Ru]-PR2OH, which act as bifunctional catalysts by metal-ligand 

cooperation.3 With all these precedents in mind, and continuing with our interest in the application of ruthenium-

phosphinous acid complexes in aqueous catalysis,4 we present herein the preparation of new Ru(II) representatives able to 

catalyze the activation of C-H bonds in pure water. 
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N-heterocyclic carbene (NHC) based Au(I) complexes containing acetylide and chromophore groups represent an 

interesting class of luminescent materials.1 Moreover, acetylide-Au(I) complexes are able to form supramolecular 

architectures based on their tendency to afford linear geometries and self-assembly structures through aurophilic interactions. 

Keen to further explore the photophysical properties and recognition capabilities of these NHC-based Au(I) complexes, two 

Au(I) complexes bearing polyaromatic NHCs have been prepared,2-4 and subsequently coordinated to the two-fold ethynyl-

substituted chromophore 1,3,6,8-tetraethynylpyrene.5 The two tetra-Au(I) complexes show fluorescent properties, with 

emission in the range of 450-600 nm, and quantum yields of 0.38 and 0.87. The self-assembly capability of the complexes has 

been studied by variable-concentration 1H NMR experiments. 

 

 

 

 

Figure 1 (Left) Scheme of the new family of Au(I)-NHC complexes containing acetylide ligands supported by pyrene. (Right) 

Luminescent nature of the new complexes. 
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Passerini adducts formed from α,β-unsaturated aldehydes undergo a cyclisation with formal CO2 insertion when reacted 

with allylmethylcarbonate in the presence of palladium and an appropriate phosphine. Depending on the reaction conditions, 

the more expected allylation product may also be formed. Thanks to NMR and electrochemical study1,2, reactivity of both 

allyl moieties has been compared. The synthesis of putative intermediates, along with a screening of the reaction conditions, 

leads us to propose a mechanistic pathway for the transformation. The extension of the reaction to chiral phosphines has also 

been studied. 
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Cyclic peptides are abundant in nature and display important biological activities. Advantages of cyclic peptides over 

linear peptides are increased selectivity, biological stability and membrane permeability.1  Current synthetic methodologies do 

not give general access to small ( < 15 amino acids) and strained cyclic peptides.2,3 We use M12L24-type spheres as enzyme 

active-site mimics to facilitate head-to-tail cyclization of small peptides and avoid unwanted intermolecular reactions (Figure 

1). The interior of the spheres can be easily modified to allow the design of well-defined cavities that favor difficult 

cyclization reactions.4,5 

Figure 1 Schematic depiction of cyclization inside a M12L24 assembly. 
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Within the concept of circular economy, recycling methods for noble metals (NMs) that are selective and easy to operate 

have been extensively investigated mainly by using pyrometallurgy or hydrometallurgical methodologies.1,2 In our research 

work metals (Au0, Ag0 and Cu0) are oxidized in organic solutions of heterocyclic thiol ligands in mild conditions (Figure 

1).3,4 The most reactive ligands for the dissolution have thiol-thione tautomerism in their structure. We were able to dissolve 

copper in high yields and the mechanism is investigated in more depth.5 Differences in dissolution rates are observed when 

changing the reaction media, by varying the ligand concentration and/or by using an accelerator. Interesting mechanistic 

results were obtained and further details of the dissolution of copper will be presented based on the degradation products and 

pathways of thiol ligand in different solvents through spectroscopic techniques (1H NMR, ESI-TOF+MS). 

 

 

Figure 1 Dissolution of Cu with thiol ligands in mild conditions. Oxidation products are crystallographically characterized. 
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 Herein we present our findings concerning the mechanism of metal-free borylation of terminal alkynes by 

pentamethylpiperidine and different BF3 sources published by us earlier (Figure 1).1  

Figure 1 C–H borylation of terminal acetylenes with the pentamethylpiperidine BF3 adduct. Formation of trialkynylboranes 1 

and tetraalkynylborates 2. 

 

Mechanism of formation of trialkynylboranes 1 was studied by low temperature NMR. Conditions of further conversion of 1 

to tetraalkynylborates 2 were elucidated. Corresponding intermediates were also located computationally. The same 

mechanism was found to be operative when carrying out the BF3-assisted activation of potassium alkynyltrifluoroborates and 

their tetraethylammonium analogues 3. The same rearrangement was also observed with catalytic amount of BF3·OEt2 (Figure 

2).2  

 

 

Figure 2 BF3-catalysed rearrangement of alkynyltrifluoroborates 3 to trialkynylboranes 1 and tetraalkynylborates 4. 

 

In conclusion, we have studied the mechanism of terminal alkynes borylation by pentamethylpiperidine with various BF3 

sources. Analogous reactivity of alkynyltrifluoroborates was found. The mechanism of rearrangement was proven by NMR 

studies and supported computationally. 
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Aniline and its derivatives are widely applied in industry, medicine, food control, and agriculture.  They are not only 

key intermediates in the industrial organic synthesis and markers of specific diseases such as lung cancer but are also the 

recognized environmental pollutants, being carcinogenic via oral or dermal exposure. Unfortunately, until now there is still 

lack of efficient, simple, and fast detection systems for amine pollutants in both liquid and vapor phase.1 Thus, an increasing 

effort has been paid in recent years to design new luminescent “turn-on” sensors based on metal-organic frameworks (MOFs) 

or coordination polymers (CPs). Such materials can offer advantages of rapid response, simplicity, cheapness, portability, and 

high sensitivity in various sensing applications. In particular, Cu-based MOFs and CPs represent a remarkable class of 

materials. Fascinating structural variations, low toxicity, as well as intense luminescence of various [CumImL] aggregates 

combined with specific features of water-soluble 1,3,5-triaaza-7-phosphaadamantane-7-oxide (PTA=O) building block may 

trigger important implications on the physicochemical behavior and also lead to creation of new stimuli-responsive and 

sensing materials based on coordination polymers. Hence, we report herein the facile self-assembly synthesis, full 

characterization, structural features, and stimuli 

responsive luminescence properties of a novel 2D 

copper(I) iodide coordination polymer [Cu6(µ3-

I)6(µ3-PTA=O)]n (1) and a derived 1 paper material. 

These reveal remarkable capability to detect aniline 

vapors at a trace level (Figure 1), thus allowing 

their application as a highly sensitive amine sensor 

for early stage medical diagnosis and environmental 

protection. 

Figure 1 Schematic representation of aniline sensing properties of 1. 
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The development of photochemical molecular devices is inspired by nature, where the efficient conversion of light into 

an exploitable reactive species (e.g., charge-separated or excited state) requires a precise spatial (position of the components) 

and energy (excited state levels and redox potentials) organization that permit given life-time values of the excited states (rates 

of competing processes) and protection/recycling of the photoreactive species. Due to the complexity of the photocatalytic 

system, such an organization can be likely achieved in an artificial architecture by choosing proper molecular modules that 

spontaneously undergo self-assembly into a suitable structure via non-covalent bonding interactions. In most cases, the 

artificial systems used to produce light induced functions consist of covalently linked components. This forms photosynthetic 

architectures in which antenna molecules can fuel donor (D) and acceptor (A) electron mediators via non-covalent recognition 

sites (Figure 1). Hence, sensitized D* and A* might react independently with the chosen catalysts for the given 

transformation, depending on the tailored product. In this study we want to focus on designing a self-assembling catalytic 

system, that can use several sensitizers and catalysts to photocatalytic reactions (e.g. water splitting processes). Further 

investigations on the photophysical and electrochemical properties of the molecules allow an understanding of the basic 

phenomena and improve efficiency of the catalytic system. 

 

Figure 1 General scheme of the self-assembling catalytic system. (PS*) photosensitizer, (S) substrate, (C) catalyst, (ET) 

electron transfer. 
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In this work1 a new Cu(I)-complex was synthesised and studied for catalytic oxidation of primary alcohols to their 

corresponding aldehydes. The catalyst is based on CuBr or CuOTf and a Schiff base ligand, which is synthesised out of 

furfural and 4-fluroaniline.2 The resulted complex consists of two ligands coordinating to the Cu(I)-centre. When combined 

with TEMPO and NMI the complex shows high catalytic activity for the oxidation of 1-octanol or benzyl alcohol and the 

results are comparable to the already known highly active systems based on bipy as a ligand.3,4 The catalytic reaction was 

monitored with the help of in situ UV-vis-, in situ ATR-IR-spectroscopy and GC during the reaction and further details of the 

catalytic system will be presented.  

 

 

Figure 1 in situ ART-IR spectra for the complexation of CuBr with the Ligand (left) and the oxidation of benzyl alcohol with 

the catalyst (right). 
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Supramolecular coordination complexes (SSCs)1 are recently finding a great number of applications in catalysis,2 

molecular recognition, stabilization of reactive species and as a drug delivery/release vectors.3 In 2008, Hahn and co-workers 

described a protocol for preparing a series of Ni(II)-based molecular rectangles based on a well-known Janus-type benzo-bis-

imidazolylidene ligand.4 Based on this seminal work, we recently described the preparation of two molecular rectangles 

bearing a pyrene-di-imidazolylidene (Figure 1, complexes [3](X)4, [4](X)4) which showed extraordinary binding affinities to 

polyaromatic hydrocarbons, and high selectivity for binding pyrene and triphenylene.5 The interest in developing receptors 

for smaller PAHs resides in the high toxicity and carcinogenic properties of this aromatic molecules. Encouraged by our 

preliminary results, we now describe the preparation of nickel-cornered boxes (Figure 1, complex [5](X)6), by combination 

of a pyrene-di-imidazolylidene with different shapes and sizes. The affinity properties of these supramolecules are studied 

against small PAHs.  

 

 

 

Figure 1 Multi-Ni(II) supramolecular coordination complexes [3](X)4, [4](X)4 and [5](X)6 studied. 
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Martin’s spirosilane first synthetized in 1979,1 has attracted some interest2-4 due to its high Lewis acidity, steric 

hindrance and the intrinsic ability of the silicon atom to become hypervalent.5 In our study we were particularly interested in 

the interactions between this spirosilane and different NHCs, known as stable species, with a tunable Lewis basicity and 

steric hindrance.6-8 We started studying the interactions between the two partners that allowed us to obtain different adducts: 

the normal one with small carbenes (IMe, IMes), and the abnormal9 one in presence of hindered carbenes (ItBu, IPr). This 

last result can be a hint of a Frustrated Lewis Pair behaviour for the activation of small molecules like H2,
10 CO2.

11 We also 

investigated their potential use as ligands for metal catalysis.12  

 

 

References 

[1] Perozzi, E. F.; Martin, J. C. J. Am. Chem. Soc. 1979, 101, 1591–1593. 

[2] Stevenson, W. H.; Martin, J. C. J. Am. Chem. Soc. 1985, 107, 6352–6358. 

[3] Murakami, M.; Ikai, S.; Yano, T. Polym. Bull. 1997, 39, 573–579. 

[4] Lenormand, H.; Goddard, J.-P.; Fensterbank, L. Org. Lett. 2013, 15, 748–751. 

[5] Corriu, R. J. P. J. Organomet. Chem. 1990, 400, 81–106. 

[6] Díez-González, S.; Nolan, S. P. Coord. Chem. Rev. 2007, 251, 874–883. 

[7] Enders, D.; Niemeier, O.; Henseler, A. Chem. Rev. 2007, 107, 5606–5655. 

[8] Herrmann, W. A. Angew. Chem. Int. Ed. 2002, 41, 1290–1309. 

[9] Arnold, P. L.; Pearson, S. Coord. Chem. Rev. 2007, 251, 596–609. 

[10] Stephan, D. W.; Erker, G. Angew. Chem. Int. Ed. 2010, 49, 46–76. 

[11] Mömming, C. M.; Otten, E.; Kehr, G., Fröhlich, R.; Grimme, S.; Stephan, D. W.; Erker, G. Angew. Chem. Int. Ed. 2009, 48, 6643–6646. 

[12] Nasr, A.; Winkler, A.; Tamm, M. Coord. Chem. Rev. 2016, 316, 68–124. 

 

Poster 42 

Oxidative cleavage of oleic acid with Mo(VI) homogeneous catalysts 

 

Vincenzo Benessere,a,b Massimo Melchiorre,a,b* Fiorella Nugnes,a* Roberto Esposito,a,b  

Maria Elena Cucciolito,a,b Francesco Ruffoa,b 

 

aDipartimento di Scienze Chimiche, Università degli Studi di Napoli Federico II, Complesso Universitario di Monte S. Angelo, via Cintia 21, 

80126 Napoli, Italy, *ma.melchiorre@studenti.unina.it; *fio.nugnes@studenti.unina.it  bConsorzio Interuniversitario di Reattività Chimica e 

Catalisi (CIRCC), via Celso Ulpiani 27, 70126 Bari, Italy 

 

Unsaturated acids derived from vegetable oils are of interest, especially because their oxidation leads to diacids, used to 

produce polyamides, polyesters, lubricants, and also cosmetics and pharmaceuticals. Among these, azelaic acid1 is a 

commodity with an annual output of 1,000 tons. Industrially, the oxidative cleavage of the double bond is carried out by 

ozonolysis.2 Recently, we reported an alternative and more sustainable oxidative cleavage system based on the use of tungsten 

catalyst and hydrogen peroxide.3 Despite this system is quite efficient, we started to explore the usability of different 

molecular catalysts based on strong Lewis acid. Here we report preliminary results of the oxidative cleavage carried out using 

molybdenum based catalysts (scheme 1). 

 

 

Scheme 1 Oxidative cleavage of oleic acid. 
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Formic Acid (FA) has received significant attention as a promising hydrogen energy carrier due to its high volumetric 

capacity (53 g H2/L), low toxicity and flammability under ambient conditions.1 Particularly, in the last decade, significant 

advancements have been achieved in the catalyst development for selective hydrogen generation from formic acid.2 We show 

herein that the iridium complex [Cp*Ir(pica)Cl] (1, pica = picolinamidate = κ2-pyridine-2-carboxamide), already successfully 

exploited as catalyst for water oxidation and NAD+/NADH transformations,3 is an exceptional catalyst for formic acid 

dehydrogenation. Non-optimized turnover frequency (TOF) of 32 000 h-1 at 60 °C and turnover number (TON) of 12 000 

(only limited by the amount of formic acid used) were measured, which well compare with the values reported for the best 

catalysts.2 Activity seems to be critical affected by the presence of the NH-functionality, as indicated by its drop of about one 

order of magnitude when complex [Cp*Ir(pic)Cl]4 (2, pic = picolinate = κ2-pyridine-2-carboxylate) is used as catalyst in place 

of 1. Furthermore, an in-depth mechanistic investigation reveals that the formation of [Ir-H] intermediate is the rate-

determining step in the catalytic cycle. 

 

Figure 1 
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The group of Prof. Dr. Julio Lloret-Fillol is developing projects aimed to merge concepts at the edge of the fields of 

solar fuels production and catalytic transformation facilitated by coordination complexes to perform new light-driven 

catalytic transformations of organic substrates.1,2 In particular the goal of my PhD project is to find a new approach to control 

the reactivity and induce the enantioselectivity in light-driven H+-E umpolung catalytic reactions. The control of 

enantioselctivity could be achieved by the creation and subordination of the second coordination sphere of the catalyst. The 

construction of chiral pockets or artificial enzyme application are two possible methods that can be applied for this purpose. 

Another goal is to fix the obtained catalyst on the graphite surface to be able to perform flow-like transformations by 

introducing a prochiral substrate and isolating a chiral product. For this purpose the ligand should possess polyaromatic 

moiety for be able to attach the catalyst by - stacking. We propose a ligand design that consists of the 3 main parts: the 1st 

part is a pyrene derivative that will be responsible for  - stacking, the 2nd part – a spacer and the final 3rd part is 

bispyridinediamine fragment that will be used to trap the metal ion, in particular Co(II) ion. The progress on the synthesis 

will be present on the poster. 

 

 

Figure 1 The modelled Co(II) complex with the designed ligand attached the C60. 
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Metallophilic interactions between gold(I) and other closedshell metals such as Pb(II) displaying unsupported 

interactions have been an important matter of study during the few last years.1,2 In this contribution, we design a gold(I) 

organometallic molecular system that is able to encapsulate other heterometals. The trinuclear gold(I) complex behaves as an 

empty “basket”. Addition of a lead(II) precursor leads to a heterometallic compound in which appear an Au(I)···Pb(II) 

metallophilic interaction. Additionally, a B-H···Pb strong interaction also appears. The X-ray structure simulates a gold(I) 

basket accommodating a lead(II) cation (Figure 1). Computational studies allow to know the nature and strength of the 

interactions present in the complex. 

 

 

Figure 1 

 

Aknowledgements S.M. thanks the Ministry of Education, Culture and Sport for research project CTQ 2016-75816-C2-2-P. 

 

References 

[1] Echeverría, R.; Lopez-de-Luzuriaga, J.M.; Monge, M.; Olmos, M.E. Chem. Sci. 2015, 6, 2022. 

[2] Echeverría, R.; Lopez-de-Luzuriaga, J.M.; Monge, M.; Moreno, S.; Olmos, M.E. Inorg. Chem. 2016, 55, 10523-10534. 

 

 

 

 

 

 

 

 

Poster 46 

NO2-tagged pyrazolate-based MOFs: efficient CO2 sorbents at ambient conditions 

 

Nello Mosca,a* Rebecca Vismara,b Alessia Tombesi,a Giulia Tuci,c Giuliano Giambastiani,c 

Andrea Rossin,c Claudio Pettinari,a Simona Gallib 

 

a School of Pharmacy, via S. Agostino 1, 62032 Camerino, Italy, *nello.mosca@unicam.it b Dipartimento di Scienza e Alta Tecnologia, Università 

dell’Insubria, via Valleggio 11, 22100 Como, Italy. c Consiglio Nazionale delle Ricerche (CNR), Istituto di Chimica dei Composti 

Organometallici (ICCOM), via Madonna del Piano 10, 50019, Sesto Fiorentino (Firenze), Italy. 

 
 

Organic linkers modification in MOFs is a valuable approach to prepare materials with targeted functionalities. 

Following this concept and given our past experience with pyrazolate-based MOFs,1-4 we have prepared, by solvothermal 

routes, the three novel MOFs [M(BPZNO2)] (M = Co, Cu and Zn; BPZNO2 = 3-nitro-4,4’-bis(pyrazolate)). Their crystal 

structures have been solved from powder X-ray diffraction (PXRD). They show 3D (4,4)-connected networks with 1D 

squared (Co, Zn; Figure 1) or rhombic (Cu) channels decorated by (BPZNO2)2- ligands and accounting for an empty volume in 

the range 14-35%. They are isotypical to the analogues [M(BPZ)], [M(BPZMe2)] and [M(BPZMe4)] (M = Co, Zn) 

containing the 4,4’-bis(pyrazolate),2 3,3’-dimethyl-4,4’-bis(pyrazolate)3 and 3,3’,5,5’-tetramethyl-4,4’-bis(pyrazolate)4 

spacers, respectively. The thermal stability of the [M(BPZNO2)] MOFs (Tdec ~ 470, 

370 and 310 °C for M = Zn, Co and Cu, respectively) was evaluated by combining 

thermogravimetric analyses and variable-temperature PXRD. Their textural 

properties (BET specific surface area, pore size distribution) and their ability as 

CO2 adsorbents were investigated through N2 and CO2 adsorption. After thermal 

activation, [Zn(BPZNO2)] adsorbs 22 wt % CO2 at the mild conditions of 298 K 

and 1.2 bar, hence ranking among the best performing MOFs in this context to 

date.5 Moreover, at 298 K [Zn(BPZNO2)] shows the remarkable CO2/N2 selectivity 

of 25 and a [H(ads)]CO2 of 20.3 kJ/mol. 

            Figure 1 
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The introduction of a second coordination sphere around a metal catalyst adds an additional handle towards new 

selectivity and activity in transition metal catalysis.1 However, feautures such as compatibility and stability of a 

supramolecular system can lead to several limitation in certain catalytic applications. For example, solubility often narrows 

the use of metal-coordination cages as catalytic systems. To expand catalytic applications of the encapsulated catalyst, a 

neutral host system could be used, which is possibly soluble in a wider range and less coordinating solvents. The aim of this 

work is to encapsulate cobalt porpyrin catalyst in a neutrally charged covalent cage, designed by the group of Kim (Figure 1).2 

This encapsulated porphyrin catalyst can be used in catalytic applications such as radical type transformations.3  

 

Figure 1 
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Following our interest in the chemistry of lactam and lactone derived triflates and phosphates as key intermediates in the 

synthesis of natural compounds, we have previously demonstrated that the gold(I)-catalysed reaction N-Boc protected 6-

alkynyl-3,4-dihydro-2H-pyridines affords synthetically useful vinylogous amides (Figure 1).1 On the other hand, when the N-

protecting group is a p-toluensulfonyl (Ts), this intramolecular path is prevented. An intermolecular reaction with an external 

oxidant can then be featured: in the presence of Au(I) as a catalyst and a pyridine N-oxide derivative as an oxidant,2 the 

synthetic transformation provides access to divinyl ketones in which one of the double bonds is embedded in a heterocycle. 

These structures are widely represented in natural products and additionally they can be easily converted into polycyclic 

compounds under feasible electrocyclic Nazarov reaction (Figure 1). 

 

 

Figure 1 
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Chirally modified boron complexes have been object of significant interest in recent years due to their ability to induce 

enantioselectivity in reduction reactions. Asymmetric borane reduction (BH3·SMe2) is one of the most efficient ways for 

generating enantiomerically pure secondary alcohols. Remarkable success in this reaction has been achieved using chiral 

oxazaborolidines either formed in situ or prepared separately from natural compound-derived aminoalcohols such as amino 

acids, terpenoids etc.1 Interesting results have been reported recently in which squaric acid is used as a backbone to bind 

chiral aminoalcohol fragments. These structures can be used as chiral catalysts in asymmetric borane reduction.2 

Squaramides are able to form up to four bonds generating chelate complexes with transition metals3 and particularly 

boranes.1 The rigid squaramide skeleton system in combination with chiral aminoalcohol fragments has been used to provide 

a structurally well-defined chiral environment for asymmetric induction. We have prepared a series of compounds through 

combination of squaric acid and chiral amines or aminoalcohols, respectively. Within the current comparative study we aim 

to investigate the contribution of the squaric acid core (bearing different chiral aminoalcohol moieties) on the degree of 

enantioselectivity achieved by the reduction of ketones. 

 

All of the new compounds were isolated in very high yields and excellent purity. A series of 1D (1H, 13C, 11B) and 2D NMR 

(1Н-15N HMBC, 1Н DOSY) experiments were performed in order to investigate the reactivity and stability of the in situ-

formed borane complexes. 
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The combination of soluble metal and ligand precursors spontaneously form metal-ligand bonds that generate the 

thermodynamically favored products in a process that is often referred to as coordination-driven self-assembly. For this 

reason, metallosupramolecules are often referred to as supramolecular assemblies. Well-defined cavities are often pursued in 

this kind of complexes. In this context, we have prepared and characterized a series of platinum complexes with cis-oriented 

polyaromatic N-heterocyclic carbene ligands.1 The relative disposition of the polyaromatic ligands about the metal make these 

compounds to behave as a metallofolders, with a hydrophobic pocket defined by the void space between the two polyaromatic 

functionalities. As shown by their molecular structures (Figure 1), these molecules tend to not leave empty the void space 

formed by the folder. 

a)  b)  

Figure 1 a) Platinum complex used in the molecular recognition; b) X-ray structure of host-guest system between a) complex 

and 1,2,4,5-Tetracyanobenzene (TCNB). 

 

The molecules were tested in the recognition of aromatic substrates, where they showed a selective affinity to bind electron-

deficient molecules. This work demonstrates how the presence of the mutually cis polyaromatic ligands may constitute a very 

useful tool for the preparation of metal-based receptors. 
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Oxidative carbonylations1 are useful reactions in synthetic organic chemistry and in the pharmaceutical industry,2 for 

their ability to convert unsaturated low cost molecules in highly valuable carbonylated compounds. Although many examples 

of alkoxycarbonylation reactions of alkenes and alkynes have been reported in the literature,1 at the best of our knowledge 

only very few examples regarding the bis-alkoxycarbonylation of internal olefins are known.3 On the basis of the acquired 

knowledge on this type of reaction with terminal olefins,4 we have developed a very efficient catalytic process for the bis-

alkoxycarbonylation of internal alkenes. 

 

Figure 1  

 

The bis-alkoxycarbonylation of aromatic, cyclic and aliphatic 1,2-disubstituted olefins, carried out using Pd(TFA)2 as 

palladium source, the easily affordable nitrogen ligand 1a and benzoquinone (BQ) as the oxidant, has allowed to obtain esters 

of succinic acids with complete diastereoselectivity. The geometry of the carbonylated products comes from a syn overall 

addition of the carboxyl moieties to the olefin.5 Moderate to excellent yields have been obtained by using methanol, isopropyl 

alcohol and benzyl alcohol as nucleophiles (Figure 1). These reactions occur under mild reaction conditions: low pressure of 

CO (4 bar) and room temperature (20°C). 
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Catalytic hydrogenation of amides using molecular hydrogen is of high interest as it offers an atom-economic and waste-

free methodology to obtain valuable amines,1 which constitute an important category of compounds, with a key role in 

industry as well as in basic research.2 Prompted by our interest in this sustainable redox transformations catalysed by 

organometallic complexes,3 we have synthesized and characterized a novel series of phosphinoaminoimidazolyl pincer 

catalysts, based on earth-abundant Manganese. Pincer ligands are of high interest in organometallic chemistry, and in the 

specific the choice of this class of ligands blends three different requirements: i) easy preparation via one pot two steps 

procedure,4 ii) improvement of the thermal stability of the formed complexes, iii) presence of hemilabile imidazole moiety, 

which might offer a free coordination position during the catalysis. Furthermore, the aliphatic –NH moiety may play a central 

role in the establishment of a cooperative catalysis,5 promoting reactive pathways, such as oxidative addition, insertion and 

reductive elimination, which are generally allowed to noble metals.6 The catalytic activity of the novel Mn-complex has been 

tested in the direct hydrogenation of amides to amines and alcohols7 (Figure 1). In this work, a wide range of amides have 

been hydrogenated at relatively mild conditions affording high yields of the corresponding amines and alcohols. 

 

Figure 1 Mn-catalyzed general hydrogenation of amides to amines and alcohols developed in this work. 
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Palladium catalyzed cross coupling involving sulfonylhydrazones represents today a well-established protocol for the 

synthesis of polysubstitued alkenes and dienes with almost universal generality with respect to the coupling partners.1 

Recently, their ability to undergo nucleophilic addition with in situ formed allyl palladium complexes has been exploited for 

the construction of 1,4-dienes starting from allyl halides or allenes.2  

In this context, we envisioned that the employment of alkoxyallenes could in turn give access to 1-alkoxydienes,3 whose 

synthetic potential has been largely investigated by our group.4 Surprisingly, we found out that no aryl halide is required for 

this coupling and that a reactive allyl palladium species directly comes from an initial hydropalladation of the allene. 

Tosylhydrazones both coming from diaryl and aryl-alkyl ketones smoothly react affording the corresponding dienes in good 

yields. Moreover, a wide range of functional groups are tolerated on the phenyl ring, including halides, thus opening to the 

possibility of carrying out multicomponent and cascade processes.  

Interestingly, with enolizable tosylhydrazones, a differing chemoselctivity arises in the final β-hydride elimination, which 

produces skipped 1,4-dienes through a C(sp2)-C(sp3) coupling. 

 

 

 

Figure 1 
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The research of new transition-metal complexes for anticancer purposes has grown rapidly after the success of Cisplatin 

(cis-Pt(NH3)2Cl2). In this context, Ruthenium has proved to be one of the most promising elements[1]. In particular, Ru(II) 

half-sandwich complexes are really interesting since they usually show lower in-vivo toxicity and higher selectivity toward 

cancerous cells if compared with other Ruthenium or Platinum derivatives[2]. Following this line of research, Sadler and co-

workers designed some Ru(II) half-sandwich complexes able to selectively photo-dissociate one of the ligands when excited 

with UV-A or white light[3]. This kind of compounds were designed as photosensitizers suitable for the Photo Dynamic 

Therapy (PDT), a less invasive and not surgical therapy which is yielding excellent results in the treatment of many different 

diseases[4]. In this work, the synthesis and the photochemical behaviour of a new Ru(II) arene complex are described. This 

complex acts as a photosensitizer since it has the ability to selectively release its 1,8-Naphthalimide monodentate ligand after 

irradiation with blue light, a biologically suitable light source [Figure 1]. 

 

Figure 1  
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Supramolecular chemistry makes use of non-covalent intermolecular interactions, such as hydrogen bonding, metal-

ligand interactions and π-π stacking, to form “cages” from simple building blocks. These cages can function as a second 

coordination sphere, similar to enzymes.[1] However, in most reports the supramolecular assembly solely acts as a static 

capsule, rather than an stimulus-responsive or active participant in a (catalytic) reaction.  

 

 

Figure 1 Schematic representation of a redox-switchable, cubic assembly. 

 

In this research we aim to develop redox-active 3-dimensional (cubic) assemblies from a linear coordinating bispyridine 

building block (see Figure 1). This ligand contains a perylene bisimide (PBI) core, which is well-known for its redox- and 

photochemical properties.[2] We envision that these properties allow modulation of the electronics of interior of the cage and, 

by doing so, perturb any guest inside. 
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Organotin derivatives have been intensively investigated in the last decades due to their possible applications in 

catalysis and synthesis of new organometallic compounds with controlled properties. The stability of the Sn-C bond depends 

highly on the nature of the organic substituent and can be enhanced by using groups having both electronic and steric effects. 

We describe here a series of new stable functionalized bis(fluorenyl)stannane derivatives, symmetrical and unsymmetrical, 

with the general formula presented in Scheme 1.  

 

 

Scheme 1 General structure of functionalized bis(fluorenyl)stannane derivatives. 

 

The synthetic pathways used for the preparation of the derivatives are discussed and the structural characterization through 

the usual spectroscopic methods (NMR, HRMS, etc.). Emphasis is put on the structural differences observed in the solid state 

and the conformations adopted were interpreted in terms of C… interactions, that have previously been identified for similar 

derivatives.1,2,3 
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In the last few years, the use of gold in homogeneous catalysis has experienced increasing attention and progress. 

Although typically regarded as superior Lewis acids for the activation of multiple C–C bonds towards nucleophiles,1 

transformations involving AuI/AuIII species have recently emerged: catalytic cycles involving a change in the oxidation state 

of gold could be devised, which have broadened the scope of gold catalysis, particularly in the context of oxidative cross-

coupling reactions.2 In spite of the growing number of examples in this field, the access to key Au(III) intermediates has been 

limited to harsh sacrificial oxidants, such as I3+ derivatives or F+ sources,3 as well as using highly electrophilic aryldiazonium 

salts under photoredox conditions or via light-driven radical chain reactions.4 We have recently demonstrated that hemi-labile 

(P,N) bidentate ligands can provide a suitable balance between reactivity and stability of the key Au(III) species: 1–P 

coordination to the soft Au(I) center provides a reactive [LAu]+ complex, and upon oxidative addition, the pendant amine 

group coordinates the resulting hard Au(III) center and tempers its reactivity.5 The derived cationic Au(I) complex readily 

promotes oxidative addition of a large scope of aryl iodides and bromides. The potential of (P,N) Au(I) complexes in 

Au(I)/Au(III) catalysis has also been demonstrated by the development of the first gold-catalyzed C-C and C-N cross-

coupling from aryl halides. 

 

Figure 1 Ligand design envisioned to trigger oxidative addition of aryl iodides to gold(I) complexes. 
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Since the first industrial revolution the atmospheric concentration of CO2 has grown from 200 ppm to 410 ppm. As it is 

well known, CO2 is a key greenhouse gas and its excessive atmospheric accumulation cannot be balanced by the earth’s 

natural carbon cycle, resulting in an uncontrolled global temperature rise and inducing significant non-physiological changes 

in the planet’s climate. The sustainability and encouraging performance displayed by the electrochemical conversion of 

carbon dioxide into value-added chemicals, (e.g. CO, HCOOH and CH3OH), which is mediated by transition metal 

complexes, has attracted growing interest in recent years for the possible positive impact on global economy and 

environment.1,2 The electrochemical reduction of CO2 to fuels and/or fuel precursors still requires low-cost, efficient and 

selective catalysts for a sustainable energy economy. Most electrocatalytic studies in this field focus primarily on the 

catalyst/substrate interaction in homogeneous solution even if the heterogeneous electrochemical catalysis could represent an 

alternative in terms of the large number of potential advantages such as easier recovery of products and catalysts, small 

amounts of catalyst necessary for efficient electrolysis, deactivation pathways often hindered or suppressed and elimination 

of solubility problems.3 In this context, homogeneous electrocatalysis is a suitable method to achieve the goal.  

The pioneering paper published by Saveant et al.4 has reported the capability of 

Fe(0) porphyrins containing pendant phenolic acids of enhancing the selectivity 

andthe activity of this catalysts in the reduction of CO2 to CO. For this reason, 

two novel polypyridyl Mn(I) and Re(I) derivatives containing two acidic OH 

groups in proximity of the metal center (Mn-OH orto and Re-OH orto) were 

synthesized, characterized, and investigated as redox catalysts for CO2 

reduction in order to deeply investigate the role of a local proton source effect 

on their catalytic activity. The electroreduction of CO2 of both complexes occurs even in absence of Brønsted acids and this 

unique behavior has been ascribed to the structure of dhbpy ligand (dhbpy= 4-phenyl-6-(2,6-dihydroxy-phenyl)-2,2'-

bipyridine), in which the pendant phenolic groups near the metal center act as intramolecular proton sources.5,6 The results 

are compared with other Mn and Re complexes in order to demonstrate that little modification in the position of the bpy-

localized phenolic groups is able to produce substantial differences in the reductive mechanism under Ar, even inducing a 

different reactivity towards CO2. 
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The chemistry of homo-1 and hetero-metallic rhodium carbonyl clusters has been widely investigated in the last decades. 

Nevertheless, there are not so many examples of Rh clusters which interstitially host heavier elements than carbon2 and 

nitrogen3 and, among these, no one presents an inner germanium atom. Therefore, we have focalised our interest on the 

reactivity of the [Rh7(CO)16][NEt4]3
4 cluster precursor with Ge2+ and Ge4+ salts, in order to obtain new Rh-Ge carbonyl 

clusters, with Ge interstitially hosted. By reacting an acetonitrile solution of [Rh7(CO)16][NEt4]3 with a solution of GeCl4 in 

the same solvent, under N2 atmosphere and at room temperature, it is possible to obtain [Rh14Ge2(CO)30]
2−.  Instead, by 

reacting the same cluster precursor with GeBr2, [Rh13Ge(CO)25]
3− could be synthesized. Moreover, this last compound in 

solution under CO atmosphere undergoes a reduction process, forming the icosahedral species [Rh12Ge(CO)27]
4−. These three 

new Rh carbonyl clusters have been characterised by IR spectroscopy and ESI-MS spectrometry and their molecular 

structures determined by X-ray diffraction studies. 

 

 

Cytotoxicity tests of the two new compounds obtained under nitrogen atmosphere are ongoing. 
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The hydrogenation of organic compounds is a reaction of great importance in many fields like fine chemistry and 

pharmaceutics. Transfer hydrogenation is an important alternative to catalytic reduction with H2, involving the formal 

transfer of H2 from a donor molecule to a substrate. The new complex [(η6-p-cym)RuCl(κ2-N,N-dmbpy)](BF4)
1 is water-

soluble and active in the catalytic transfer hydrogenation (TH) of different ketones and imines using aqueous 

HCOONa/HCOOH as the hydrogen source at pH 4.4. In this communication, we describe the TH of several imines using a 

mixture of water/toluene as a solvent in a biphasic medium. The system allows an easy separation of the organic products. 

 

In order to obtain a detailed microscopic description for all the steps of the catalytic TH cycle, NMR studies have been 

carried out. In addition, calculations at this level also support the participation of the stated aqua, formato, and hydrido 

intermediates in the catalytic reaction and provide a detailed microscopic description of the full catalytic cycle on the basis of 

DFT calculations. 
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A new class of catalysts has recently brought the attention of researchers, which is generated by pyrolyzing first 

transition row metal complexes with nitrogen ligands adsorbed on an inert support, such as carbon, silica. The catalysts have 

a metal/metal oxide core, surrounded by a few nitrogen-enriched graphene layers (NGr). These materials, which only contain 

cheap and abundant metals such as iron and cobalt, catalyze reactions for which noble metals are usually required; thus 

representing a cheaper and more sustainable alternative of the costly noble metals. Until now, such catalysts have been 

employed mainly in the context of hydrogenation reactions. The objective of this work is to expand the field of applicability 

of this new class of catalysts. We have used Fe2O3/NGr@C to catalyze olefin cyclopropanation, a reaction for which the use 

of these catalysts has not previously been investigated. The activity of Fe2O3/NGr@C has been studied by using ethyl 

diazoacetate and α-methylstyrene as substrates. Various parameters such as solvents, temperature and time were changed. 

Fe2O3/NGr@C-catalysts showed best activity in dimethoxyethane at 60 oC, affording high yields of the desired 

cyclopropanes (mixture of cis and trans isomers) and only 1-2 % of ethyl maleate and fumarate. 

 

 

Figure 1 Nanoscaled Fe2O3 particles surrounded by nitrogen-doped graphene layers.  
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Ir(III) metallogels were prepared starting from the luminescent hydrogelator Ir(III) complex 

[(ppy)2Ir(bpy)](CH3CH2OCH2CO2).
1 The gel phases and the corresponding xerogel phases were examined through POM, 

PXRD and TEM. TEM micrographs show a network of entangled fibers, characteristic of many gel phases. Furthermore, 

POM analysis of the gel phases reveals an intense and homogeneous birefringent texture, which is retained in the xerogel 

phases, suggesting the presence of an ordered anisotropic arrangements of molecules. PXRD studies allowed to elucidate the 

supramolecular architecture: the gel phase consists of tetragonal columnar strands of self-assembled Ir(III) cations, 

surrounded by counterions. These strands are, in turn, organized in a columnar oblique system. The gel phases at different 

concentrations were deposited onto quartz substrates through spin-coating and after several days xerogels thin films were 

obtained. The calcinations of the xerogels led to the formation of highly crystalline IrO2 thin films. Moreover, SEM 

micrographs of the obtained IrO2 films showed an interesting inner nanostructuration made up of ordered vertical IrO2 arrays, 

a reminiscence of the ordered self-assembled columnar features of the starting xerogels. The procedure here described could 

be the starting point for the development of a new method to prepare ordered IrO2 thin films and, in a more general 

perspective, other inorganic nanostructures taking advantage of a well-organized organometallic gel precursor. 
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The organometallic palladacyclopentadiene fragment Pd(CCOOR)4 is an important synthetic intermediate that is involved in 

Pd(0) catalyzed [2+2+2] alkyne cyclotrimerization and cocyclotrimerizations.1 Palladium complexes bearing the 

cyclopentadiene fragment easily undergo attack by halogen, interhalogen or organic halides usually yielding a ZZ substituted 

butadiene fragment coordinated to the metal as a consequence of oxidative addition and subsequent reductive elimination.2 

We have recently studied the reactivity of palladacyclopentadienyl complexes stabilized by different spectator ligands 2,3 and 

the information we have gathered can be summarized as follows: i) the nature of the spectator ligands markedly influences the 

reactivity of their palladacyclopentadienyl derivatives, ii) sometime the spectators may change their obvious role and become 

actor ligands.2b In this abstract we report probably the most interesting reaction that is the addition of iodine to palladium 

Nheterocycliccarbenepyridine palladacyclopentadiene complexes (Scheme 1).4 

 

 

Scheme 1 

The unexpected final products are characterized by a ten term coordinative ring. We have proposed a plausible mechanism 

on the basis of a dedicated computational approach.  
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The solution structure of AlMe2F and its reactivity with a prototypical ansa-metallocene (ETH)ZrMe2 [ETH = rac-

(ethylene-bis-4,5,6,7-tetrahydro-1-indenyl)] have been investigated by advanced high resolution 1D, 2D and PGSE (Pulsed 

Gradient Spin Echo) NMR techniques, with the aim to indirectly shed some light on the "structure and working principles" of 

methylalumoxane (MAO) mixtures, a key component in homogeneous Ziegler-Natta catalysis.[1] It is found that AlMe2F 

generates in solutions an equilibrium mixture of oligomeric species differing in the number and arrangement of AlMe2F 

constituting units. In particular, hexamers, pentamers and two distinct tetrameric species, one of which having an 

unprecedented heterocubane (Me2Al)4F4 structure (Figure 1, top), are mainly present in solution. Furthermore, the reaction 

between (ETH)ZrMe2 and an excess of AlMe2F produces a complex mixture of species in chemical equilibrium. Detailed 

low-temperature NMR experiments indicate the formation of [(ETH)ZrMeδ+(μ-F)(AlMe2F)nAlMe3
δ-] (n = 0, 1, 2, 3) inner 

sphere ion pairs which equilibrate via successive insertions/deinsertions of AlMe2F units into the Zr···(-F) bond (Figure 1, 

bottom). Polymerization tests confirm that, similarly to metallocene/MAO systems, mixtures of (ETH)ZrMe2 and AlMe2F 

are capable of polymerizing propene to prevailingly isotactic polypropylene without the addition of other ionizing agents. 

 

Figure 1 Equilibria involving AlMe2F (up) and species derived from the reaction of AlMe2F with (ETH)ZrMe2 (bottom). 
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Copper(II) coordination chemistry with various carboxylates has been investigated for a long time. Such relationships 

attract much attention due to the variety of types of coordination adopted by carboxylate ligands.1a Dimeric carboxylates 

attract the attention of many researchers not only in interactions between adjacent metallic centers,1b but also because of their 

bioactive and biocatalytic functions.1c An important feature of the biologically active compounds is their solubility in water. 

One of the most common ways of obtaining water-soluble metal complexes is use of hydrophilic ligands such as 1,3,5-triaza-

7-phosphatadamantane (PTA) and its derivatives, e. g. PTA = O.2a  Water solubility is also one of the most important 

properties that allow the use of coordination compounds in medical chemistry2b as anticancer agents (Cu, Ag, Au, Ru), 

catalysts (Ru, Rh, Pd) or luminescent materials (Au, Cu, Ag)2c. Moreover, in nature, such metalloproteins (the active center is 

copper(II)) are very efficient catalysts for the oxidation of o-diphenols to the corresponding o-diquinones by the electron 

reduction of molecular oxygen to water.2d, 2e Therefore, studies on the model compounds that can be active as bioinspired 

catalysts with catecholase activity are promising for the evolution of new catalytic systems.2f In this contribution we report 

three new coordination complexes namely a 0D dicopper(II) complex [Cu2(µ-acetate)4(MeOH)2](PTA=O)2 (1), a 3D metal-

organic framework (MOF) [Cu3(µ-acetate)6(μ3-PTA=O)]n·3.5nMeCN (2) and a mixed-valence copper(I/II) 1D wave-like 

metal-organic chain [Cu3(µ-acetate)4(acetate)(µ2-PTA)2(PTA)]n (3). We report crystal structure, spectroscopic 

characterization, magnetic properties for 1-3, and additionally for complex (1) and (2) catecholase activity study.   
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Nowadays, the efficient synthesis of organic targets suitable for applications in organometallic chemistry, has become a 

major research area. Furthermore, processes for the synthesis of fine chemicals based on “Green chemical principles” [1] are 

becoming a drive line for most of the organic reactions. Inspired by the efficiency showed by PyOxs in asymmetric catalysis 

and by our experience in the synthesis of triazole containing ligands[2-3], we report in this frame the synthesis of a novel type 

of chiral N,N-bidentate ligand containing a triazole ring joined to a chiral oxazoline ring (see Figure 1). The ligand has been 

synthesized employing reactions having high atom efficiency, no hazardous starting materials, safe solvents, simple and 

minimum purifications. As a matter of fact, the key synthetic step is a CuAAC click reaction leading to the 1,2,3-triazol 

moiety 1,4-disubstituted. Coordination of the ligand to Pd2+, Y3+ and lanthanides (Eu3+, Tb3+, Dy3+) provides stable complexes 

in which the ligand acts as a chelating N,N-bidentate ligand as demonstrated by in silico structural studies. Trivalent europium 

and terbium derivatives resulted appreciably photoluminescent upon excitation with UV light, showing the typical 5D0  7FJ 

and 5D4  7FJ emissions, respectively. These species were successfully used for the preparation of luminescent-doped 

polymeric materials. 

 

 

Figure 1 
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Transition-metal hydride complexes are almost ubiquitous in organometallic catalysis and energy conversion and storage 

paradigms.1 In particular, those of iridium promote or mediate catalytic transformations of actual or potential industrial 

importance.2,3 Behind this singular reactivity are factors such as the exceptional mobility of metal-bonded hydrogen atoms,4 

and their strong σ-donor character and trans influence as ligands which become less decisive when other strong σ-donor 

ligands are present, for example silyl-donor (PSiP)5 or boryl-donor (PBP) pincers.6 These strong σ-donor pincers have been 

observed to expedite migratory insertions into M−H bonds, thus being particularly suitable for challenging catalytic 

transformations such as those involving carbon dioxide.7 This work describes synthetic routes from the known precursor 

[IrClH{κP,P,Si-Si(Me)(C6H4-2-PiPr2)2}] (Scheme 1) to new hydride and polyhydride derivatives. The range of possible 

reactions enabled can be extended by replacing the chloride ligand. It leads to obtain a variety the hydrides complex with 

different charge and different number of hydride ligands.  

          

Scheme 1 Synthetic routes from [IrClH{κP,P,Si-Si(Me)(C6H4-2-PiPr2)2}]. 

 

The structures and the NMR spectrums obtained confirm the importance the trans influence of the sylil group to define the 

coordination environments and the ability of this pincer in the mer coordination mode. 
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Palladium-catalyzed C-C coupling reactions with allylic alcohols as substrates is one of the methods of synthesis 

saturated1 and unsaturated aldehydes.2 These compounds can be useful intermediates for the preparation of medicinal 

products or used in another organic syntheses. Reactions with cinnamyl alcohol and linalool as substrates are not widely 

described in literature. In the reactions with cinnamyl alcohol we obtained five products-diarylated compunds (a-d). The 

main product – b was obtained in 57% yield.  
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Figure 1 Studied Heck arylations of allylic alcohols catalyzed by palladium catalyst. 

 

Pd-compounds such as Pd(OAc)2, PdCl2COD or Pd(acac)2 were used as catalysts. The reaction was studied with variation of 

parameters such as different temperature (50oC – 120oC) and time (3 h – 24 h). In this reaction we used weak bases - 

NaHCO3, NaOAc, K2CO3 and Et3N and the best results were obtained with NaOAc. When Et3N was used as the base 

products a and b were formed. The highest conversions of PhI, 56-93%, were obtained in the mixed solvent, DMF and water 

in ratio 1:1. The linalool is widely used in cosmetics but it can also provide interesting material for the synthesis of arylated 

unsaturated alcohols (A and B). Initial experiments showed that we can obtain 68% of product A after 5 h in 120 oC with 

NaOAc as a base.  We have also obtained good results with another allylic compounds likes as eugenole or estragol. Using 

mild conditions, such as heating in 100oC for 3h, let us to obtain 100% conversion of PhI and 84-92% of derivatives of 1,3-

diphenylpropenes. 
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Among the various nanomaterials, certainly arouse great interest the metallic nanoparticles and specifically the MNPs 

obtained from noble metals which, thanks to their properties, have potential applications in different fields. Their use is very 

important especially in nanomedicine in the loading and release of drugs (drug delivery) [1]; or they are used as diagnostic 

imaging tracers [2]. Other applications are in catalysis [3] and sensors [4]. Fundamentally, in order to obtain reduced size and 

monodispersion, are the synthetic route and type of binder chosen for stabilization and functionalization.  The synthesis used 

for these nanoparticles of gold and silver, is a single phase synthesis in water where a metallic precursor is reduced from a 

strong reducent in presence of a hydrophilic ligand (example in figure 1). The nanoparticles obtained through the proposed 

synthesis show highly stable, mono-dispersed and small systems below 10 nm. The MNPs have been characterized with 

different techniques: UV-vis, PL, DLS, potenziale Z, NMR, XPS, NEXAS, EXAFS, TEM, FE-SEM, AFM. The MNPs 

synthetized have been applicated in different field, for example the nanoparticles stabilized with cystamine have been used to 

extract the polyphenolic compound in the EVOO matrix. 

 

Figure 1 
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The vast field of metal-organic frameworks (MOFs)1 and coordination polymers (CPs)2 have been incessantly 

developing due to their potentiality in a wide range of key functional applications, e.g. gas storage and separation, drug 

delivery, biochemistry, luminescence, catalysis, just to mention only a few. A CP is an inorganic or organometallic polymer 

structure containing metal cation centers linked by organic ligands with repeating coordination entities extending in 1, 2, or 3 

dimensions. MOFs occupy a special place amongst porous materials owing to their extra ordinary surface areas (routinely > 

2500 m2/g) topological diversity and high functional tenability. The properties of MOFs can be changed via the 

functionalization of the ligand. Poly(pyrazolate)-based spacers have gained increasing attention3 as an alternative to 

poly(carboxylate)-based ones in the design and preparation of thermally stable, functional CPs and MOFs. In this work, we 

have reported, by conventional and solvothermal route, the synthesis, characterization and some applications of novel porous 

and non-porous coordination polymers based on different bis(pyrazolyl)-tagged ligands [M(BPZNH2)] (M = Zn, Cu, Ni; 

BPZNH2 = [4,4'-bipyrazolate]-3-amine), [M(BPZ(NH2)2] (M = Zn, Co, Ni; BPZ(NH2)2 = [4,4'-bipyrazolate]-3,5-diamine), and 

[Ag(BPZMe2)] (BPZMe2 = 3,3'-dimethyl-4,4'-bipyrazolate), Figure 1. Their crystal structures have been solved from powder X-

ray diffraction (PXRD). They are isotypical to the analogues 

M(BPZNO2) and [M(BPZMe2)]4 (M = Co, Zn, Cu). The thermal stability 

was evaluated by combining thermogravimetric analyses and variable-

temperature PXRD. Their textural properties (BET specific surface 

area, pore size distribution) and their ability as CO2 adsorbents were 

investigated through N2 and CO2 adsorption. Moreover, at 298 K 

[Zn(BPZNH2)] shows the remarkable CO2/N2 selectivity of 26 and a 

[H(ads)]CO2 of 35.6 kJ/mol. 

 

Figure 1 Crystal structure of [AgH2BPZMe2]PF6. 
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The introduction of a pyridine moiety into the skeleton of a polyazamacrocyclic ligand affects both thermodynamic 

properties and coordination kinetics of the resulting metal complexes.1 These features have engendered a great interest of the 

scientific community in recent years. The applications of pyridine-containing macrocyclic ligands ranges from biology to 

supramolecular chemistry, encompassing MRI, molecular recognitions, materials and catalysis. Much of the efforts in the use 

of macrocyclic pyridine containing ligands have been devoted to the study of catalytic oxidation reactions. We report here the 

synthesis and characterization of [Fe(III)PcL’s)] complexes (PcL = Pyiridine-containing Ligand) and their catalytic 

applications in alkene epoxidation or cis-dihydroxylation reactions using H2O2 as the terminal oxidant under mild conditions 

(Figure 1). Depending on the anion employed for the synthesis of the iron(III) metal complex, we observed a completely 

reversed selectivity. When X = OTf, a selective cis-dihydroxylation reaction was observed. On the other hand, employing X = 

Cl, we obtained the epoxide as the major product (traces of aldehyde were observed at very high conversions). It should be 

pointed out that under otherwise identical reaction conditions, using FeCl3·6H2O as catalyst in the absence of the ligand, no 

reaction was observed.  

 

Figure 1 
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The production of solar fuels has been proposed as a feasible part of the solution to the global energy problem.1-3 The 

bottleneck in this development is water oxidation, so much effort is devoted to synthesize an efficient water oxidation catalyst 

(WOC).4 Iridium(III) catalysts with coordinated pentamethylcyclodienyl (Cp*) and pyridinecarboxylate (picolinate = pic) 

ligands have proven to be highly efficient, reaching all time high turnover frequencies (TOFs) and numbers (TONs) for water 

oxidation driven by ceric ammonium nitrate (CAN)5 and NaIO4.
6 In this project a correlation is sought between the TOF and 

the electron withdrawing or donating properties of substituted pic ligands, in NaIO4 driven WO experiments. This is done by 

varying the position and nature of substituents on the pic ligand (Figure 1). Catalytic performance is quantified and qualified 

by kinetic measurements with differential manometry and Clark electrode, respectively. 

 

 

 Figure 1 
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The formation of carbon-nitrogen bonds is an important step in the synthesis of pharmaceuticals and natural products.1 

The generation of nitrene or imidyl intermediates in the coordination sphere of transition metal complexes has been 

recognized as an efficient approach for the formation of new C-N bonds from C-H bonds.2 The goal of this research is the 

development of new cobalt complexes which are suitable for the formation of cobalt-nitrene or -imidyl intermediates. The 

metal centre in these complexes is supported by new tetradentate nitrogen-based ligands, with either an electron donating or 

withdrawing character.  By this virtue we hope to achieve two goals; (a) a more electron-donating cobalt-catalyst which 

facilitates azide activation and subsequent radical-type C-H amination and (b) generation of the same nitrene/imidyl 

intermediates through oxidative PCET-type activation of the N-H bonds in primary amines.   
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By utilizing simple first row transition metal complexes as catalysts, sophisticated structures can be synthesized in a 

sustainable way. Carbon centered radicals, stabilized by close metal centers, can counterintuitively undergo highly selective 

reaction pathways. Here a cobalt tetraazaanulene complex is used to transfer its unpaired electron to the coordinating substrate 

creating a carbon centered radical, leading to interesting reactivity.1 This strategy can be used to make biologically interesting 

cyclic amines.2  

 

 

Figure 1 
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Ruthenium phosphides have proved to be effective catalysts for hydrodesulfurization,1 hydrodeoxygenation2 and recently 

they have also been tested as electrocatalyst for oxygen reduction in acidic medium.3 We report here a new synthetic route to 

ruthenium phosphide nanoparticles starting from Ru(0) nanoparticles4 and white phosphorus as a cheap and convenient ‘P’-

source, instead of common methods based on metal salt precursors and alkyl phosphine, P(SiMe3)3 or NaH2PO2 as phosphorus 

donors. The nanoparticles Ru2P prepared by this route, exhibit a narrow size distribution with average diameter of 2.2 nm. 

Applications of these nanoparticles in the catalytic hydrogenation of nitroarenes has been investigated and they resulted 

efficient and selective catalysts (Figure 1). 

 

Figure 1 
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Although it was initially considered as inert, gold has proved his potential in catalysis as nanoparticles, clusters or 

molecular complexes.1,2 While homogeneous catalysts are usually more active and selective, its poor stability and difficult 

recyclability make them useless for industrial applications. Moreover, catalyst separation from the reaction media is an issue 

that must be tackled, especially in the pharmaceutical industry, where even small amounts of metal in the final product are not 

acceptable. In the last years, our group has been focused in the immobilization of homogeneous catalysts onto graphene by 

means of non covalent interactions (Figure 1).3 The results show that the immobilized catalysts are recyclable and improve the 

catalytic properties of the molecular entities.4 Here we show that the immobilization of gold complexes onto the surface of 

reduced graphene oxide lead to an outstanding increase of the catalyst activity. The interaction between the complex and the 

surface is strong enough to allow the catalyst to be recycled in consecutive catalytic reactions without loss of activity. 

Furthermore, analysis of the new hybrid material before and after the catalysis shows the absence of metal nanoparticles, 

which indicates that the active species on the surface of the material is molecular. 

 

Figure 1 
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In recent years lignocellulosic biomass materials are receiving increased attention as a renewable, economical, and 

abundant alternative to fossil resources for the production of chemical building blocks. The latter products can be further 

transformed into high added-value products. For these reasons our group is implementing an overall strategy to access to a 

variety of drug-like, biobased heterocycles with control of stereochemistry, starting from biomass derivatives.  To this purpose 

the project involves the coupling of three techniques: 

 Biocatalysis affords chiral precursors, bearing a variety of alternative appendages, which are used to direct the 

stereochemical outcome of the multicomponent reaction. 

 Diastereoselective Passerini reaction represents a very powerful tool in diversity-oriented synthesis, allowing the 

introduction of several diversity inputs in a single step. It can afford interesting polyfunctionalized intermediates that 

could be manipulated to give a variety of heterocycles. 

 Post condensation cyclizations allow to broaden the scaffold diversity through the obtainment of heterocyclic systems. 

As biomass derived starting material we chose erythritol, a meso natural polyalcohol that can be found in fruit and fermented 

food. It is well known as non-caloric sweetener and it is biotechnologically produced from common sugars using various 

microorganisms. 

 

Figure 1 

 

This communication will focus on the synthetic elaboration of the chiral molecules obtained through biocatalysis to give 

enantiomerically pure building blocks to be used in the Passerini reaction. The preliminary results of the diastereoselective 

multicomponent reaction and the following cyclizations will be discussed as well. 
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The effective capture and immobilization of radioactive forms of iodine, namely 129I and 131I, formed as side products in 

nuclear power plants is a growing priority for treatment of nuclear waste forms.1 Various groups of porous materials have 

been regarded as promising materials for applications in capture and safe storage of toxic chemicals, including radioiodine. 

Solid sorbents currently or recently deployed in plants include Ag-loaded zeolites (e.g mordenite or faujasite), however low 

porosities of these materials result in low iodine loading capacities. Among porous materials iconic zeolitic imidazolate 

framework-8 (ZIF-8),2 MIL family,3 and very recently a new class of COFs (SIOC-COF-7) have been studied for capture and 

storage of radioiodine.4 According to the type of bonds between their basic building units we can distinguish materials with 

strong covalent or coordination bonds like metal-organic frameworks (MOFs) and covalent organic frameworks (COFs). Less 

common, although very promising materials, are non-covalent porous materials (NPM), where weak interactions between 

building units are responsible for their porosity and stability. This contribution is dedicated to the study of iodine sorption in 

noncovalent porous materials as an alternative to zeolites and other porous materials with strong covalent or coordination 

bonds. We designed and synthesized new NPM materials based on heteronuclear clusters with specific diamond crystal 

structure. We will demonstrate our approach to the synthesis of these new NPM materials and we will demonstrate the 

sorption properties for iodine vapors and other gases (N2, Ar, CO2, H2).                
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Synthesis of arylated unsaturated ketones is a very important area of interest in synthetic chemistry for many years. 

Due to their properties, these compounds are used in food industries as a flavoring agents or as intermediates in the synthesis 

of pharmaceuticals .1,2 Currently known organic methods of synthesis of unsaturated ketones are connected with formation of 

environmentally unfriendly wastes.3 It motivates to search of new synthesis ways, one of which is a palladium catalyzed 

tandem Heck arylation of unsaturated ketones (Rys.1): 
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+ ArI
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Scheme 1 Tandem Heck arylation of 3-buten-2-one. 

 

We performed experiments with unsaturated ketone, 3-buten-2-one and PhI as a model system; using Pd(OAc)2 catalyst. The 

reaction was carried out in the presence of NaHCO3 as a base and DMF/H2O as a solvent in 160oC and 1h under microwave 

conditions. After this time we obtained 95% yield  of product A. In the second step another aryl iodide (4-iodoanisole) was 

added to the same catalytic system and the reaction was continued using microwave heating for 2h at 120oC. As a result,  

70% of product B was obtained. Product B can be next transformed to saturated diarylated ketone (C), according to two 

possible pathways, namely hydrogenation or reductive Heck reaction. We optimized reaction condition for reductive Heck 

reaction by testing various reductive agents. Tripropylamine  has turned out to be the best reducing agent for this synthesis 

and saturated disubstituted ketone (C) was obtained in 67% yield. 
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Annulation reactions are one-pot two-component transformations that generate cyclic structures via two sequential and 

mechanistically unrelated bond forming steps between the two components. Although many annulation processes have been 

reported and some of them are widely used in synthesis, [3 + 2] C-C/N-C bond forming annulation generating saturated 

pyrrolidine motifs are still missing in the toolkit of the organic chemist.1 In this context, we have recently discovered that 

under Pd(0)-catalysis, γ-acyloxy α,β-unsaturated carbonyl compounds 1 react with secondary malonamides 2 to afford 4,5-

fused pyrrolidin-2-one derivatives 3. This transformation, that entails an intermolecular carbon acid allylation / 

intramolecular N-1,4-addition sequence constitutes a [3 + 2] C-C/N-C bond forming annulation. Discovery, optimization, 

scope and limitations of this method will be presented (Figure 1).   

 

 

Figure 1 
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Dialkyl alkoxides and aryloxides of the group 13 metals stabilized with N-heterocyclic carbenes (NHC) are a new 

and still poorly developed group of compounds. In recent years, our group have reported several gallium and indium 

R2MOR’(NHC) complexes of interesting catalytic properties in the polymerization of cyclic esters.1,2 It has been also 

explained how their synthesis, structure and catalytic properties depend on the metal centre. In my presentation I am going to 

show and discuss first dialkylaluminum alkoxides and aryloxides stabilized with NHC (A), and compare them to gallium (B) 

and indium (C) analogues. I will focus on the strength and type of M–CNHC bonds, which were studied with 13C NMR, X-Ray 

diffraction analysis and real-space bonding indicators (RSBIs). 
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The synthesis of the first NHC gold(I) complexes has been completed by Burini et al. in 1989.1 The first studies on the 

catalytic activities of these complexes were performed more than 10 years later by Herrmann and Nolan.2 Despite the 

importance of NHC gold(I) complexes, there are only few structure-based catalytical studies of this class of complexes in the 

literature.3 To further develop our research on the synthesis of unsymmetrically substituted NHC gold species,  we herein 

present detailed study concerning the catalytic activities of NHC gold(I) complexes available by the isonitrile route (Figure 1). 

 

Scheme 1 Gold-catalyzed phenol synthesis, converting furan-yne to phenol as a test reaction. 

 

 

Figure 1 The conversion rates of applied pre-catalysts. 
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Frustrated Lewis pairs (FLPs) is a powerful yet simple concept to activate various chemical bonds through their 

heterolytic splitting. In order to achieve “frustration”, i.e. prevent formation of classical Lewis adducts, Lewis acid and the 

Lewis base with sterically bulky substituents are selected. Various parameters such as acid and base strengths, steric hindrance 

of the reactive centres can be varied to affect reactivity, catalytic activity, selectivity of FLPs1. Therefore, FLP chemistry 

emerged as a powerful tool for activation of a broad range of small molecules, including the molecular hydrogen (H2)
1-3. 

However, sensitivity of FLPs to moisture is considered as one of the serious limiting factors in the widespread application of 

FLPs as hydrogenation catalysts4. The majority of FLP-based catalysts contain highly Lewis acidic organoboron compounds. 

In light of this, development of water tolerant FLPs for catalysis and other applications remains a big challenge. 

Herein we report a new water-stable intramolecular frustrated Lewis pair (FLP) - ansa-phosphinoborane 2. The 

compound was characterized by 1H, 13C, 11B and 31P NMR and its structure was determined by single crystal X-ray diffraction 

analysis. The ansa-phosphinoborane does not react with molecular hydrogen or water at room or elevated temperature. 

According to performed DFT studies, addition of water or hydrogen to the phosphinoborane are both endergonic but close in 

thermodynamics. In polar solvents, methanol and acetonitrile, the hydrogen addition is energetically more favourable than the 

water addition. 

 

 

 

Figure 1 

 

References 

[1] Frustrated Lewis Pairs I; Stephan, D. W., Erker, G., Eds.; Springer Press: New York, 2013; Vol. 332. 

[2] Stephan, D. W.; Erker, G., Frustrated Lewis Pair Chemistry: Development and Perspectives. Angew. Chem., Int. Ed. 2015, 54 (22), 6400-6441. 

[3] Stephan, D. W., Frustrated Lewis Pairs. J. Am. Chem. Soc. 2015, 137 (32), 10018-10032. 

[4] Thomson, J. W.; Hatnean, J. A.; Hastie, J. J.; Pasternak, A.; Stephan, D. W.; Chase, P. A., Improving the Industrial Feasibility of Metal-Free 

Hydrogenation Catalysts Using Chemical Scavengers. Org. Process Res. Dev. 2013, 17 (10), 1287-1292. 

 

Poster 84 

Rhodium-catalyzed carbene polymerization 

 

Marianne Lankelma,* Bas de Bruin 

 

University of Amsterdam, Homogeneous, Supramolecular and Bio-Inspired Catalysis group, Science Park 904, 1098XH Amsterdam,                 The 

Netherlands, *m.i.lankelma@uva.nl 

 

The preparation of well-defined, stereoregular polymers bearing a functional  group on each backbone carbon is 

extremely difficult to achieve through classical alkene (C2) polymerization. New avenues to polymers with functional side 

chains have been opened by coupling of carbene (R1R2C:) (C1) monomers derived from e.g. diazo precursors. In C1 

polymerization, stereospecificity is still a major challenge and the only catalysts known to catalyze the formation of 

stereoregular polycarbenes insofar are the cationic RhIII species 1 (Figure 1).1 With 1, polycarbenes such as poly(ethyl 2-

ylideneacetate) could be obtained in a fully syndiotactic fashion in yields up to 85% and Mw up to 770 kDa. As a result of the 

functionalization of every carbon of the backbone and the stereoregularity (i.e. not a single error in stereospecificity), the 

tertiary structure of the polymer and therefore its appearance and physical properties are strongly impacted. Whereas atactic 

poly(ethyl fumarate) is a sticky red oil, its stereoregular carbene-based 

analogue (poly(ethyl 2-ylideneacetate)) folds into triple helices held by Van 

der Waals interactions2 and the polymer appears an elastic white film 

(Figure 2).3 In pursuit of similar stereoregular polymeric materials, we are 

currently investigating the polymerization of alkyl-substituted diazo 

compounds derived from N-tosyl hydrazones.  

Figure 1 RhIII-catalyzed polymerization of ethyl diazoacetate.     

 

Figure 2 An illustration of the influence of the secondary polymer structure on its appearance and physical properties.  
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Sulfadiazine (4-amino-N-pyrimidin- 2-yl-benzenesulfonamide) is one of the most effective and safe medicines needed in 

a health system. It is in the sulfonamide class of medications and it is available as a generic medication used for 

toxoplasmosis, chancroid, chlamydia and many inflammatory disease.1 Sulfonamides are still among the most widely used 

and studied antibacterial agent in the world. Interest in the silver complexes is due to its many possibilities of coordinating, 

active binding sites are the pyrimidine N atoms, the sufonamido N and one sulfonic O, it is giving rise to a polymeric 

arrangement moreover, the various forms of the complex obtained may be dependent on dielectric constant solvents. Another 

strong antimicrobial agent is silver ions, which already have an effect at low concentrations. Silver ion preferentially binds to 

cell surface receptors of bacteria, yeast and fungi and it appears to be critical to antimicrobial action.2 By combining these two 

agents and creating their derivatives with PTA (1,3,5-Triaza-7-phosphaadamantane), we try to obtain new complexes with 

desirable physicochemical properties such as water-soluble and persistent to solar radiation. The use of PTA is dictated by its 

coordinating capabilities and the ability of us to impart the desired attributes to our complexes. PTA and its derivatives have 

increasing number of interest coordination compounds related to its hydrophilic thereby biological active complexes. Herein 

the obtained coordinating polymers will be characterized in terms of structure, physicochemical properties and electron 

analysis. In the further part of the study, it is intend to investigate antibacterial properties. 

 

 

 

Figure 1 Sulfadiazine. 
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Optimizing the water oxidation reaction is of paramount importance for the development of sustainable 

fuel production.1 We show that mechanism for water oxidation has an intrinsic influence on the theoretically 

achievable minimal overpotential, based on scaling relationships.2 The water nucleophilic attack (WNA) 

mechanism results in catalysts with a fundamental minimal overpotential of ~0.3 eV.3,4 While catalysts 

operating via a radical oxo coupling (ORC) mechanism do not suffer from this limitation and therefore, design 

strategies for efficient water oxidation catalysts should focus on the later mechanism.2 

 

Figure 1 Two possible mechanisms for water oxidation. 
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Gold(I) complexes are known to form stable linear compounds with aryl-acetylides, and this has been extensively used for 

the synthesis of oligomeric and polymeric materials with attractive photophysical properties.1 In addition, alkynyl-gold(I) 

fragments are able to form supramolecular architectures based on their tendency to afford linear geometries and self-

assembly structures through aurophilic interactions.2 Based on these precedents, we envisaged that the parallel syn orientation 

of the alkynyl fragments in 1,8-diethynyl-anthracene, in combination with a N-heterocyclic carbene ligand fused with a 

pyrene fragment (Scheme 1), should allow the formation of a di-gold(I) tweezer with unprecedented recognition properties. 

The presence of the two arms containing the pyrene moieties, together with the anthracene linker provides two sites with the 

potential to bind aromatic guests through stacking. In addition, the presence of the two gold(I) centers, provides an 

additional binding motif through aurophilic and metallophilic interactions, thus introducing a new dimension in the 

recognizing abilities of the tweezer, which may also be sensitive to the presence of metal ions. Indeed, we have demonstrated 

that the self-assembly of the di-gold(I) tweezer proceeds in the presence of M+ cations such as Ag+, Tl+ and Cu+, giving rise 

to duplex complexes 3, 4 and 5, respectively.3  
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Scheme 1 
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In recent years, cyclopentadienone iron complexes have drawn attention due to their air-water stability, availability from 

cheap starting materials, and unique catalytic features arising from the presence of a non-innocent ligand.1 Herein, we report 

on the synthesis, reactivity and applications of new carbonyl iron complexes combining different ligands, such as 

cyclopentadienones and N-heterocyclic carbenes (NHC).2 
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Figure 1: Neutral (1) and cationic (1a[HCF3SO3]) iron cyclopentadienone-NHC complexes. 

 
Removal of CO is a key step in order to exploit the features of these complexes and it can be achieved by oxidation of the 

iron centre or UV irradiation. Furthermore, the easy tunability of NHC ligand enables to enhance CO removal and allows to 

modify solubility. 
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