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INO-PL-01 Mechanisms of action and transport of platinum drugs: an
update

Giovanni Natile

Dipartimento Farmaco-Chimico, University of Bari “A. Moro”, Bari, Italy.
natile@farmchim.uniba.it

When the antitumor activity of cisplatin was discovered no one would have predicted the existence of
specific proteins able to transport platinum across the cell membrane or to specifically recognize DNA
modified by this drug. However such proteins do exist and, furthermore, are specific for the platinum
substrate considered. '

Apart from passive diffusion, a number of carrier-mediated import proteins have been identified, the main
players being organic-cation transporters and the copper influx
transporter CTR1. Moreover ATPases involved in the removal of excess
copper appear to play a role in the excretion/inactivation of platinum Cirl mﬁm/e
drugs. Also the copper chaperone Atox1 has been found to interact with | pt!l s Plasma

platinum drugs at the same site as copper. Moreover, for longer contact -
time with platinum, it forms dimers similar to those formed by copper
and which have been shown to be able to translocate to the nucleus and
act as a transcription factor.

After cisplatin binding to the putative target, double-stranded DNA, a
kinked structure is formed that is recognized by certain proteins. Such an
interaction has direct consequences on cell viability and eventually leads
to cell killing by apoptosis.

In the presentation new insights both in the cellular uptake of the drugs
and in the processing of their adducts with DNA will be highlighted.>’

Nuc\eui

1. F. Arnesano, G. Natile, Coord. Chem. Rev., 2009, 253, 2070-2081. Y. Jung, S.J. Lippard, Chem.
Rev. 2007, 107, 1387-1407

2. F. Arnesano, S. Scintilla, G. Natile, Angew. Chem. Int. Ed. Engl. 2007, 46, 9062-9064.

C. Li, Z. Li, E. Sletten, F. Arnesano, M. Losacco, G. Natile, Y. Liu, Angew. Chem. Int. Ed. 2009,
48, 8497-8500. K. Kubicek, J. Monnet, S. Scintilla, J. Kopecna, F. Arnesano, L. Trantirek, C.
Chopard, G. Natile, J. Kozelka, Chem. Asian J., 2010, 5, 244-247.

3. J. Kasparkova, M. Vojtiskova, G. Natile, V. Brabec, Chemistry, 2008, 14, 1330-1341.
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INO-PL-02 Organometallic  Nanoparticles: Growth and Surface
Chemistry

Bruno Chaudret

Laboratoire de Chimie de Coordination CNRS, 205 route de Narbonne 31077, Toulouse, France
chaudret@insa-toulouse.fr

Organometallic nanoparticles are prepared by decomposition in mild conditions of organometallic
precursors in solution. The decomposition is preferably achieved under dihydrogen which results in
the formation of a clean surface, covered with hydrides and able at performing further chemistry or
growth processes. Addition of various ligands may modify both the physical and the chemical
properties of the particles as well as the growth process, leading to the formation of particles of
defined sizes and shapes, for example nanorods, nanocubes, nanowires of iron and cobalt,
nanoarrows or nanocubes of platinum as well as to extended super-lattices of monodisperse
nanospheres.

The surface characterization may be achieved by standard techniques of material science as well as
by the use of NMR (solid state, solution and gas phase). In this respect, static solid state D NMR
and MAS ""C NMR are particularly efficient to locate and study the dynamics of surface ligands as
well as to study hydrogenation and oxidation reactions. Surface reactivity of these nanoparticles
will be presented both for solid / gas reactions such as CO and ethylene hydrogenation revealing
some unexpected features such as the facile breaking of a C-C bond and for catalysis in solution,
including asymmetric catalysis.

The presentation will detail first the surface reactivity of ruthenium nanoparticles and show in a

second step how this knowledge can allow, in the case of iron, the growth nanoparticles of
controlled size, shape and physical properties as well as that of iron carbide of tunable size.
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INO-PL-03 Low Coordinated Phosphorus Compounds: Fictions, Facts,
and Applications

Hansjorg Griitzmacher

Department of Chemistry and Applied Biosciences, Wolfgang Pauli Strasse 10, CH-8093 Ziirich,
Switzerland
hgruetzmacher@ethz.ch

Rather exactly 50 years ago, H-C=P - the phosphorus analogue of hydrogen cyanide - with a
phosphorus carbon triple bond has been detected as a product in the decomposition of PHj in a
plasma generated by a rotating arc struck between graphite electrodes. Since then, many unsaturated
phosphorus compounds have been prepared by using bulky substituents in order to stabilize these
highly reactive species kinetically. We have developed a straight forward access to unsaturated
organophosphorus anions which is based on the reductive degradation of elemental phosphorus.
Phosphaenolates, R-P=C(OM)R' (M = alkaline metal) play a crucial role as intermediates in the
synthesis of phosphorus based photoinitiators produced on an industrial scale. A new simple
synthesis of Na(O-C=P) will be discussed which allows the synthesis of a wide range of
functionalized organophosphorus derivatives.
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INO-PL-04 Transition Metal Reaction Mechanisms via Density Functional
Theory

Michael B. Hall

Department of Chemistry, Texas A&M University, College Station,
TX USA 77843
mbhall@tamu.edu

A focus on making and breaking of chemical bonds is what distinguishes Chemistry from
other sciences. Thus, detailed knowledge of the mechanism of a chemical reaction provides a key
to the understanding. Transition metals play an important role as catalysts in reactions that span the
range from ethylene polymerization to enzymatic reactions.

This lecture will cover the background of modern computational chemistry especially
density functional theory and illustrate its use with a number of examples, such as carbon-hydrogen
bond activation, ethylene addition to nickel dithiolenes, conversion of azides to metal imidio
complexes, alpha elimination on metal clusters, and protonation of diiron complexes related the
hydrogenases, and C-X bond forming reactions supported by spin-state changes.
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INO-PL-05 Molecular and nanosized catalysts for the conversion of
renewables into energy and chemicals

C. Bianchini

Istituto di Chimica dei Composti Organometallici (ICCOM-CNR) via Madonna del Piano 10,
50019 Sesto Fiorentino, Italy (www.iccom.cnr.it)
claudio.bianchini@iccom.cnr.it

The simultaneous conversion of alcohols and sugars into energy and chemicals is a target of
primary importance for the sustainable development. The realization of such a process provides
renewable energy with no CO, emission and, at the same time, leads to the production of
industrially relevant feedstocks, such as aldehydes, ketones and carboxylic acids. Such a target can
be accomplished for a variety of renewable alcohols and carbohydrates, including ethanol, glycerol,
ethylene glycol and sugars, by means of two electrochemical devices: direct fuel cells and
electrolyzers. In either case, an aqueous solution of the fuel in the anode compartment is oxidized
either on a nanostructured catalyst or on a molecular catalyst that are appropriately designed to
promote selectively the partial oxidation of the anolyte with high stability and fast kinetics. When
the oxidation process is carried out in a direct alcohol fuel cell (DAFC), the solid electrolyte is an
anion-exchange membrane and electrical energy is released, while the alcohol is selectively
converted to the corresponding carboxylic acid, isolated as alkali metal carboxylate (Figure 1) [1].
In an electrolyzer, containing an anode electrocatalyst similar to that employable in a DAFC, the
electrolyte may be either an anion exchange-membrane or a solution of an alkali metal hydroxide
(NaOH or KOH, for example) and the alcohol is converted to the corresponding alkali metal
carboxylate, while hydrogen gas is produced at the cathode upon water reduction (Figure 1) [2].

DAFC
RCH,OH/H,0 ——> RCOOH

Electrolyzer
RCH,0OH/H,0 — RCOOH + H,

Figure 1.

[1] C. Bianchini, C., V. Bambagioni, J. Filippi, A. Marchionni, F. Vizza, P. Bert, A. Tampucci,
Electrochem. Commun. 11,2009, 1077.

[2] V. Bambagioni, M. Bevilacqua, C. Bianchini, J. Filippi, A. Lavacchi, A. Marchionni, F. Vizza,
P.K. Shen, ChemSusChem, 3, 2010, 851.
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INO-PL-06 Photo-activation of TiO,: insights from theory

Cristiana Di Valentin

Dipartimento di Scienza dei Materiali, Universita di Milano-Bicocca, via R. Cozzi 53, Milano, Italy
cristiana.divalentin@mater.unimib.it

The theoretical approach nowadays has become an essential tool to address fundamental issues
regarding inorganic chemistry and material science. Modern computational resources allow the
calculation of very large models, thus removing the size limitation problem which in the past has
prevented the study of realistic systems.

During the last few years we have applied density functional theory to improve the understanding of
titanium dioxide material. TiO, is a versatile semiconductor used in several applications ranging
from photocatalysis to self-cleaning coatings to solar cells, as a consequence of its ability to harvest
solar light and convert it into other forms of energy or chemical reactivity. Most of the
investigations are driven by potential applications, however, understanding of the underlying
mechanisms is crucial for real progress in these fields.

Most of the times TiO; is doped or functionalized in order to lower the threshold energy for band
gap electron-hole excitation in the vis-spectrum or to improve the surface photochemistry.[']

The identification of the species formed and of

their specific role is pivotal for improving the

material performance. For example, doping TiO, DOPING
with metal (such as Cr, Sb, and Nb)[*] or non-
metal atoms (such as B, C, N, and F)[3 ,4,5] on B|C|IN]|OJ|T

one side introduces impurity states in the band
gap reducing the absorption threshold of the |8 I |1 I | |

material, on the other it may also cause the B zp* Cc2pt T ine aar
) . 3t = N 2p5

formation of oxygen vacancies or of Ti ==

species,[6,7] eventually relevant for the electron |vm | | | yi ||

transport (n-type doping) and for the chemical
reactivity at surfaces,[,’] but also potential

=l

i r

recombination centers.

In this lecture we will present an overview on recent findings related to doped, defective and
photoexcited TiO, of special interest in photocatalysis and photochemistry. We will also show how
the correct choice of the method is essential for the accurate description of the various species
formed upon doping, functionalization and photoexcitation.

['] Di Valentin C., Diebold U., Selloni A. Preface by guest editors of the Special Issue: 'Doping and functionalization of
photoactive semiconducting metal oxides.' Chem. Phys. 2007, 339, vii—viii.

[2] Di Valentin C., Pacchioni G., Onishi H., Kudo A. Chem. Phys. Lett. 2009, 469, 166.

[3] Di Valentin C., Pacchioni G., Selloni A. Chem. Mater. 2005, 17, 6656.

[4] Di Valentin C., Pacchioni G., Selloni A. Phys. Rev. B, 2004, 70, 085116. Di Valentin C., Pacchioni G., Selloni A.,
Livraghi, S., Giamello E. J. Phys. Chem. B 2005, 109, 11414. Livraghi S., Paganini M.C., Giamello E., Selloni A., Di
Valentin C., Pacchioni G. J. Am. Chem. Soc. 2006, 128, 15666.

[°] Di Valentin C., Finazzi E., Pacchioni G., Selloni A., Livraghi S., Czoska A. M., Paganini, M. C., Giamello E. Chem.
Mater. 2008, 20, 3706.

[6] Di Valentin C., Pacchioni G., Selloni A. Phys. Rev. Lett. 2006, 97, 166803;

[’] Di Valentin C., Pacchioni G., Selloni A. Feature Article in J. Phys. Chem. C 2009, 113, 20543.

[*] Tilocca A., Di Valentin C., Selloni A. J. Phys. Chem. B 2005, 109, 20963.

[’] Di Valentin C. J. Chem. Phys. 2007, 127, 154705.
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INO-KN-01 Cell uptake and processing of metalated purines: a new
possible path to antitumor and antiviral drugs

Michele Benedetti, Daniela Antonucci, Alessandro Romano, Chiara Carrisi, Paola Lunetti,
Chiara Girelli, Danilo Migoni, Tiziano Verri, Loredana Capobianco and Francesco P.
Fanizzi.

Dipartimento di Scienze e Tecnologie Biologiche ed Ambientali, Universita del Salento, Via Prov.le Lecce-
Monteroni, 73100 Lecce, Italy.
E-mail: michele.benedetti@unisalento.it

Cisplatin, cis-diamminedichloroplatinum(II), is one of the most widely used antitumor drugs
in clinical therapy, as a critical component against a broad range of malignancies. Platinum
anticancer compounds are known to target DNA where they can bind the N7 of a purine base.
Cisplatin, as other bifunctional agents, is also able to bind to adjacent G/A residues, resulting in the
cross-link lesions believed to be responsible for the observed antitumor activity [1].

N7-metalated purines, in some cases,
seem to be characterized by a relevant antitumor
activity [2]. This has led us to hypothesize a
cisplatin parallel mechanism of action: based on
free platinated purines formation, directly in
tissues, after drug administration, see Figure. In
order to evaluate this possible mechanism as a
key path to develop new drugs, we performed a
series of experiments [3] focused on platinated
nucleobases cell uptake and processing. In
particular our researches were focused on the
possible insertion of metalated nucleobases into
nuclear and/or mitochondrial DNA/RNA
synthesis, operated by DNA/RNA polymerases
[4]. Model metalated nucleosides/nucleotides with nitrogen carrier ligands have been synthesized,
isolated and characterized. For the first time cell uptake and mobility mechanism, related to
plasmatic cell and/or mitochondrial membrane crossing, has been studied. The possible
development of new drugs based on this new rational base will be discussed.

E = Nudlectide and/or nuclecside

[1]S. J. Lippard, Chem. Rev., 99, 1999, 2498; Reedijk, Eur. J. Inorg. Chem., 10,2009, 1303.

[2]L. S. Hollis, A. R. Amundsen, E. W. Stern, J. Med. Chem., 32, 1989, 128.

[3](a) P. Cano-Soldado, M. Pastor-Anglada, Medicinal Research Reviews, 2011, 1; (b) D. lacopetta,
C. Carrisi, G. De Filippis, V. M. Calcagnile, A. R. Cappello, A. Chimento, R. Curcio, A.
Santoro, A. Vozza, V. Dolce, F. Palmieri, L. Capobianco. FEBS J., 277, 2010, 1172.

[4](a) M. Benedetti, C. Ducani, D. Migoni, D. Antonucci, V. M. Vecchio, A. Ciccarese, A.
Romano, T. Verri, G. Ciccarella, F. P. Fanizzi, Angew. Chem. Int. Ed., 2008, 47, 507; (b) M.
Benedetti, C. Ducani, D. Migoni, D. Antonucci, V. M. Vecchio, A. Romano, T. Verri, F. P.
Fanizzi, 2009. In: BONETTI A. et al. “Platinum and Other Heavy Metal Compounds in Cancer
Chemotherapy” pp. 125. Humana Press.
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INO-KN-02 Chemistry of Ni’*" in urease: sensing, trafficking and catalysis

Stefano Ciurli

Laboratory of Bioinorganic Chemistry, University of Bologna, Via G. Fanin 40, 40127 Bologna
stefano.ciurli@unibo.it

The biological essentiality of transition metals in enzymatic catalysis, coupled with their
limited environmental availability, has driven organisms to evolve mechanisms for selective metal
ion sensing and utilization. Changes in metal ions concentration are perceived by metal-dependent
transcription factors, proteins that regulate the machineries of competitive metal ion homeostasis
and metallo-enzyme activation. The intrinsic toxicity of the majority of metal ions demands a
regulated intracellular trafficking, performed by specific chaperones. The Ni*“-dependent urease
enzymatic system is a paradigmatic case to study the strategies that cells use to handle an essential
and yet toxic metal ion. Recent years have witnessed impressive achievements in the understanding
of the biological chemistry of Ni*" in the urease system.

The more recent advances in the comprehension of the specific role of Ni*™ in the catalysis

and the interplay between Ni*" and other metal ions such as Zn“" and Fe*" in the metal-dependent
enzyme activity will be described, with special reference to the work carried out in our laboratory,
tightly connected among, and strongly supported by, the partners the framework of CIRMMP
(Consorzio Interuniversitario di Risonanze Magnetiche di Metallo-Proteine).
In particular, the structural features of the enzyme bound to inhibitors, substrate analogues and
transition state or intermediate analogues have shed light on the catalytic mechanism. Structural and
functional information has been correlated to understand the Ni** sensing effected by NikR, a
nickel-dependent transcription factor. The urease activation process, involving insertion of Ni*" into
the urease active site, has been dissected and analyzed through the investigation of the molecular
properties of the accessory proteins UreD, UreF and UreG. The Ni*" intracellular trafficking has
been rationalized through the knowledge of the structural and metal binding properties of the
metallo-chaperone UreE. All the while, key general concepts have been revealed and developed,
such as the overall ancillary role of Zn*" in nickel metabolism, the intrinsically disordered nature of
the GTPase responsible for coupling energy consumption to carbon dioxide requirement for the
urease activation process, as well as the role of the accessory proteins regulating this GTPase
activity. The overall activity of CIRMMP and its role in the development of this research will be
illustrated.
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INO-KN-03 A multidisciplinary research under the aegis of the INSTM
consortium, exploration of the properties of nanostructured magnetic molecules

Matteo Mannini,” Andrea Cornia,” Lidia Armelao,* Agnese Magnani,d Philippe Sainctavit,”
Federico Totti,” Dante Gatteschi,” Roberta Sessoli®
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® INSTM RU Modena, Dip. Chimica, Universita di Modena e Reggio Emilia, Modena, Italy;
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4INSTM RU Siena, Dip. Farmaco Chimico Tecnologico, Universita di Siena, Siena, Italy;
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matteo.mannini(@unifi.it

INSTM is a consortium of 45 Italian Universities and groups about 2.000 researchers, post-
docs and PhD students working in the area of Chemistry, Materials Science and Technology [1]. It
is an original bottom-up aggregation of researchers, with a minimum of bureaucratic structure to
efficiently coordinate activities and promote the joint participation of INSTM members to Italian
and European projects. INSTM is also active in educational work, technology transfer, and
establishing spin-off enterprises.

An example collaborative research coordinated by INSTM is represented by the joint efforts
of the Firenze, Modena, Siena and Padova INSTM Research Units to investigate nano-assembling
of magnetic molecules and its effects on the molecular properties [2-4]. The team also profited of an
external collaboration with a French group through a European Network-of-Excellence project
leaded by INSTM. Combining experimental methods like scanning probe microscopy, surface
sensitive mass spectrometry and X-ray based spectroscopies with theoretical modelling it has been
possible to demonstrate that certain molecules, known to behave as tiny magnets in the bulk phase,
maintain their memory effect at the nanoscale, e.g. when assembled into a monolayer film on a
metal surface [5,6]. These studies open the way to a strongly motivated research activity focused on
the development of single-molecule based devices for spintronics.

[1]  http://www.instm.it/

[2] A. Cornia, et al. Chem. Soc. Rev., 2011, in press. DOI:10.1039/C0CS00187B
[3] F. Pineider, et al. J. Mater. Chem., 20, 2010, 187.

[4] L. Margheriti et al. Adv. Mater. 22,2010, 5435

[5] M. Mannini, et al. Nat. Mater. 8, 2009, 194.

[6] M. Mannini, et al. Nature 468, 2010, 417.
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INO-KN-04 Catalysis: a Powerful Tool for Sustainable Chemistry

Alfonso Grassi

Dipartimento di Chimica e Biologia, Universita di Salerno, Via Ponte don Melillo 84084 Fisciano,
Italy

CIRCC —via Celso Ulpiani 27, 70126 Bari, Italy

agrassi@unisa.it

There is a strong demand for more sustainable and environmentally benign synthetic
methodologies suitable for the synthesis of chemicals and materials which are able to improve or
maintain the current quality of life. Moreover an increasing ecological sensibility asks for
renewable resources, alternative to fossil fuels, to produce synthons for fine chemicals, or polymers
having the potential of biodegradation and/or biocompostation.

The UdRs of CIRCC are mainly active in the following five research lines of interest: i) New
catalytic processes for industry, environment and energy; ii)Biomass for the production of energy
and chemicals; iii) New environmental benign catalyst for the synthesis of polymeric materials from
renewable resources; ivJHomogeneous catalysis and biocatalysis; v)Reactivity and modelling of
organometallics and coordination inorganic compounds.

In this presentation some representative examples related to these toplcs will be provided.

In particular the controlled synthesis of 2 o

gold nanoparticles (AuNPs) of 4-9nm,
incarcerated in a novel semicrystalline
nanoporous polymer matrix will be
described. This  catalyst  was
successfully tested in the oxidation of
primary and secondary alcohols using
dioxygen as oxidant under mild
conditions. The specific constant rates
in the oxidation of (+)-1-phenylethanol 4
to aCGtOphenone and of benZyl alcohol Figura 1. Selective oxidation of benzyl alcohol catalyzed by AuNPs incarcerated in
to benzaldehyde are among the highest ananoporous polymer matrix.

found for polymer incarcerated

AuNPs. Similar values in terms of activity and selectivity were found in the oxidation of primary
alcohols as cinnamyl alcohol and 2-thiophenemethanol, and secondary alcohols as indanol and a-
tetralol. The catalytic properties were attributed to the formation of the nanoporous € crystalline
form of the polymer matrix that assures easy and selective accessibility of the substrates to the gold
catalyst incarcerated in the polymer matrix. A comparison of the catalytic performances between

the as synthesized and annealed AuNPs suggests that multiple twinned defective nanoparticle of
about 9 nm are the active catalyst in these oxidation reactions. Some features of the reaction
mechanism will be also discussed.
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INO-KN-05 Correlations between Structures and Chemical Behaviours

Carlo Mealli.

ICCOM-CNR, Via Madonna del Piano 10, 50019 Sesto Fiorentino, Italy.
carlo.mealli@iccom.cnr.it

X-ray diffraction, to determine geometries and stereochemical features of molecules, is still a

fundamental tool to explore bonding and chemical reactivity. Small geometric differences between
compounds and the variable 3D atomic arrangements provide much information on the chemical
functionality. The structure-property relationships are based on electronic distributions, so that there
are great expectations from the methods based on the electron density topology (QTAIM approach).
However, even when they clearly detect bonding between two or more atoms, the underpinnings of
the latter, the evolution of the associated chemical effects and their governing parameters may still
present obscure points. The topological description of the wavefunctions provides more useful hints
on the wider delocalization of the electrons, while perturbation theory concepts help to frame it
intuitively. The remixing of the atomic orbitals, which follow a chemical substitution and/or a
geometric rearrangement, is in fact rich of chemical information. Accordingly, combined structural
and quantum mechanical strategies are often useful, by offering practical suggestions for even
practical controls of the chemical behaviors.
An X-ray structure, as a snapshot of a molecule, already frames many chemical features and key
aspects. Fortunately, the crystallographers have created, in a half century, a databank such as the
Cambridge one, which contains more than a half million of catalogued structures. This should be
immediately consulted for the classification of any new species. Moreover, the horizontal
comparisons between strictly related molecules, with only minor differences, are a key to understand
chemistry. Since a long time, our research has inspired to these criteria, which from the structural data
address the essence of the bonding and reactivity. Selected cases will be pointed out based on the
combination of crystallographic and QM (DFT and qualitative MO analysis) approaches. Our most
recent work includes the very rare trigonal bipyramidal Pts clusters, with the electronic stability
unexpectedly provided by main group tin atoms [1]. In other cases, the comparative studies have
pointed out questionable crystal structures in the databank, even though the X-ray technique is
considered as most reliable and almost error-free. Sometimes, atoms of wrong nature have been
assigned or the authors have overlooked some essential features [2]. Other examples will be
illustrated of key X-ray structures, which have inspired a broader analysis of chemical reactivity or
fluxional behaviors, In fact, given that DFT calculations properly mimic the observed compounds, it
may be assumed that also the experimentally inaccessible optimized intermediates or transition states
have to be regarded with the same confidence. This opens much wider horizons for the evolution of
structures and their associated chemical relevance.

[1] S. Zacchini, C. Mealli, S. El Afefey, M. Daghetta, A. Ienco, A. Ceriotti, G. Longoni, G. Manca, S.
Zarra, submitted 2011.

[2] Ienco, A.; Caporali, ;M.; Zanobini, F.; Mealli, C. Inorg. Chem. 2009, 48, 3840.

[3] C. Mealli, A. Ienco, G. Manca, M. Mc Glinchey to be submitted 2011.
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INO-KN-06 Gaseous models of fundamental processes: the crucial role of
ionic and neutral intermediates.

Giulia de Petris

Dipartimento di Chimica e Tecnologie del Farmaco, Universita “La Sapienza”, P.le Aldo Moro 5,
00185 Roma, Italy.
giulia.depetris@uniromal..it

According to a recent recommendation by Hoffmann et al., the thermodynamic and kinetic
stability of a species is best described by the extreme concepts of “viable” and “fleeting” molecules
[1]. Viable species have half-lives of a day or longer under ambient conditions, whereas fleeting
molecules are local minima with barriers that prevent escape from their well. Charged and neutral
fleeting species, though very short-lived, are important players in biochemical and atmospheric
processes, as energy reservoirs, carriers of isotopic fractionation or intermediates of processes that
convert complex starting materials (biomass feedstocks) into useful products [2]. As a consequence,
the pivotal question is not "how long a molecule lives" but "the role it plays during its short life, and
how strongly it affects other molecules' lives".

Mass-spectrometric approaches to the synthesis of neutral reactive intermediates have successfully
discovered exotic, elusive species, proving their existence and kinetic persistence as intact, isolated
species in the idealized gaseous phase [3]. These laboratory studies, performed under conditions
similar to those existing in planetary atmospheres or in microenvironments in the absence of
oxygen, pioneer the discover of new molecules in planets and interstellar clouds or help
understanding biochemical processes relevant to cell regulation functions or modifications [2].
Useful models for more complex processes are also the ion-molecule reactions that lead to the
activation and functionalization of hydrocarbons. Here the very nature of the charged intermediate
may determine fast and efficient C-H activation steps, necessary to reach the goal of selective
functionalization. The study of these gas-phase reactions has allowed the elucidation of the
activation step mechanism, unraveling the crucial role played by the radical cationic character
developped in intermediates and/or transition states. A significant contribution has been given by
reactions that use metal-free electrophiles in the absence of catalyzers, like the radical cations SO,
and P4Oyo" [4]. This has been recently suggested as a new possible route to the conversion of
methane to more directly usable compounds [5]. Finally, the synthesis of isotopically specific
intermediates proves to be a unique tool to investigate kinetic isotope effects in isotope-exchange
reactions, suggesting a two-intermediates model for unconventional heavy-atoms kinetic isotope
effects [6].

1. R. Hoffmann, P. v. R. Schleyer, H. F. Schaefer IIl, Angew. Chem. Int. Ed. Engl. 47, 2008, 7164.
2. P. Jr. Wentworth et al. Proc. Natl. Acad. Sci. U.S.A. 100, 2003, 1490; R. A. Periana et al. Science
280, 1998, 560; Y. Q. Gao, R. A. Marcus, Science, 293, 2001, 259.

3. G. de Petris, A. Cartoni, M. Rosi, A. Troiani, J. Phys. Chem. A 112,2008, 8471 and refs. therein.
4. G. de Petris, A, Cartoni, A. Troiani, V. Barone, P. Cimino, G. Angelini, O. Ursini, Chem. Eur. J.
16, 2010, 6234; G. de Petris, A. Troiani, M. Rosi, G. Angelini, O. Ursini, Chem. Eur. J. 15, 2009,
4248; N. Dietl, M. Engeser, H. Schwarz, Angew. Chem. Int. Ed. Engl. 48, 2009, 4861.

5. R. H. Crabtree, Nature Chemistry 1, 2009, 348.

6. G. de Petris, A. Troiani, J. Phys. Chem. A 112, 2008, 2507; G. de Petris, A. Cartoni, M. Rosi, A.
Troiani, G. Angelini, O. Ursini, Chem. Eur. J. 10,2004, 6411.
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INO-KN-07 Metalloprotein models: towards catalytic systems
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The predictive power of protein design methods has dramatically increased over the last years, with
the challenge of preparing artificial models whose properties can mimic, enhance, and perhaps
improve upon many features found in natural metalloenzymes [1].

To this aim, we designed catalytic artificial metalloproteins from a-helical coiled-coils, called DFs
[2] and Mimochromes [3], whose active sites were engineered to reproduce the di-iron-oxo and
heme-proteins functionalities, respectively.

Structural features of DFs and natural di-iron proteins, as well as functional elements of
Mimochromes and natural horseradish peroxidase, were borrowed to obtain a de novo protein class
with five-coordinated heme-complex and peroxidase activity,
named MPs (Mini-Peroxidases). The basic structure of these
models consists in a deuterohemin covalently linked to two helix-
loop-helix peptide chains (Figure 1). The active site presents: (i)
an homo-Cys/His residue in a single chain that acts as axial ligand
to the iron ion,leaving the sixth coordination site able to
accommodate exogenous ligands or substrates; (if) an Arg residue
in the distal site that should be able to activate hydrogen peroxide
to give HRP-like catalytic process. The last analogue MP3 was
successfully synthesized and characterized, and its biocatalytic
efficiency was evaluated. Figure 1

Results on the spectroscopic and structural characterization, together with functional implications,
will be discussed.

[1] Y.Lu, N.Yeung, N.Sieracki, and N.M.Marshall, Nature, 460, 2009, 855.

[2] M.Faiella, C.Andreozzi, R.Torres, V.Pavone, O.Maglio, F.Nastri, W.F.DeGrado, and
A.Lombardi, Nat.Chem.Biol., 5, 2009, 882.

F.Nastri, L.Lista, P.Ringhieri, R.Vitale, M.Faiella, C.Andreozzi, P.Travascio, O.Maglio,
A.Lombardi, and V.Pavone, Chem.Eur.J., 17,2011, 4444.
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Metalloproteins take part in a variety of life-sustaining processes and catalyze difficult
reactions with efficiency and selectivity that few other natural or artificial molecules can achieve
[1]. For this reason, structural and functional studies on metalloproteins have been the focus of
many years of research. These studies require a simultaneous and accurate analysis of both the
polypeptide chain and the metal cofactor herein embedded. In fact, the plethora of interactions that
occur between the metal cofactor and the protein environment mutually affects the properties of
each other, thus enhancing, diversifying or tuning their individual functions [2]. Understanding at a
molecular level the mechanism by which the protein matrix finely tunes the environment of the
metal cofactor is of fundamental importance in both basic and applied science.

Over the years, a large number of low molecular weight chemical catalysts has been
developed as metalloenzyme mimics [1,2]. They have been basic in elucidating structure and
function of metalloproteins and metalloenzymes; however they often fail in reproducing several
features of biocatalysts, such as high turn-over number under mild conditions and high selectivity.
Combining the advantages of chemical and biological catalysts would represent a daunting goal for
chemists.

Tailoring synthetic models requires the development of sophisticated molecular architectures
that distil the quintessential elements responsible for activities. Thus, peptide-based models seem
valuable candidates to mimic both the structural features and reactivity of the natural systems.
Using a structure-based strategy we have reproduced by design metalloprotein active sites. We
centered our attention on iron-containing proteins, and we developed models for heme [3] and
diiron-oxo [4] proteins. Our recent results on their structural and functional characterization will be
presented. Their usefulness in biomedical and environmental applications, as well in biosensor
construction, will be particularly highlighted.

[11  Y.Lu, Angew.Chem.Int.Ed., 45, 2006, 5588.

[2] O.Maglio, F.Nastri, and A.Lombardi, in lonic Interactions in Natural and Synthetic
Macromolecules, Wiley, 2011, in press.

[3] F.Nastri, L.Lista, P.Ringhieri, R.Vitale, M.Faiella, C.Andreozzi, P.Travascio, O.Maglio,
A.Lombardi, and V.Pavone, Chem.Eur.J., 17,2011, 4444.

[4] M.Faiella, C.Andreozzi, R.Torres, V.Pavone, O.Maglio, F.Nastri, W.F.DeGrado, and
A.Lombardi, Nat.Chem.Biol., 5, 2009, 882.
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Since the discovery of the antitumour activity of cis-[PtCl,(NHj3),], cisplatin, the search for
alternative platinum complexes as antiproliferative agents has been an active area of research.
Pt(IV) compounds represent an alternative class of potential prodrugs that are of considerable
interest. These species are more inert to ligand substitution reactions than their Pt(II) counterparts,
leading to lower systemic toxicity from unwanted side reactions and increasing the likelihood of the
drug reaching its cellular target, the DNA. They are believed to be reduced in vivo to the active
Pt(IT) metabolite in the hypoxic, reducing and acidic tumor milieu. A judicious choice of the six
ligands around Pt centre will modify the physicochemical properties of complexes (in particular
lipophilicity and reduction potential) and, hence, their biological activity (bioavailability, cellular
uptake, activation, and cytotoxicity). The ability to predict relevant physicochemical properties of
Pt(IV) complexes directly from their structures would be an important step in rational design of new
drugs, allowing potential candidates to be assessed before lengthy synthesis and testing.

We report the results of the quantitative structure-property relationship analysis of a series of
Pt(IV) complexes. Molecular properties extracted from theoretical calculations [1] were used to
construct models of experimental data such as electrochemical peak potentials (evaluated by cyclic
voltammetry) and the octanol-water partition coefficient (evaluated by a RP-HPLC method).
Statistically accurate models for both properties were found using combinations of surface areas,
orbital energies, dipole moments, and atomic partial charges [2]. Moreover, theoretical and
experimental descriptors were used to predict the antiproliferative activity of Pt(IV) complexes,
directly from calculated data [3].

[1] G. Caron, M. Ravera, and G. Ermondi, Pharm. Res., 28, 2011, 640.

[2] J. A. Platts, G. Ermondi, G. Caron, M. Ravera, E. Gabano, L. Gaviglio, G. Pelosi, and D. Osella,
J. Biol. Inorg. Chem., 16, 2011, 361.

[3] P. Gramatica, E. Papa, M. Luini, E. Monti, M. B. Gariboldi, M. Ravera, E. Gabano, L. Gaviglio,
and D. Osella, J. Biol. Inorg. Chem., 15,2010, 1157.
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The human Arginase I (hArgl, EC 3.5.3.1) [1-2] is an enzyme containing usually two manganese
ions (M, and Mp) that generates a hydroxide to perform the nucleophilic attack on the guanidinium
carbon of L-arginine, following the scheme:

+
+ J'HE H0 + [ﬁ
HaM. o o - HaM. -~ -~ 7 + o
I’ e : NHp Hrgina LA I = NH3 H._'N NH‘)
COs COg
l-ornithine urea

Recently, it has been reported that the incorporation of Co®" in human arginase I (hArgl) shows a
greater activity (ke./Kw) at pH 7.4 (close to the pH of human serum) while the native enzyme works
at about 9.5 and has only fractional activity at physiological pH (~7.4). [3]

This behavior induced to consider the Co®” substituted hArgl a promising new candidate for the
treatment of L-Arg auxotrophic tumors. In fact, the Co-hArgl exhibits high cytotoxicity against
human melanoma and hepatocellular carcinoma cell lines relative to that Mn-hArgl. [3]

With the aim to evaluate the influence of Co ion substitution to the native enzyme, the catalytic
mechanism of the di-cobalt arginase has been investigated by using the density functional theory
(DFT) employing different exchange-correlation potentials. Results are compared with that relative
to the di-manganese native enzyme previously examined [4].

The University of Calabria and MIUR (Grant PRIN 2008F5A3AF 005) are gratefully
acknowledged for financial support.

[1] D. Lee, P.-L. Hung, B. Spingler, S. J. Lippard, Inorg. Chem. 2002, 41,521 — 531.
[2] A. Herzfeld, S. M. Raper, Biochem. J. 1976, 153, 469 — 478.

[3] E. M. Stone et al. , ACS Chemical Biology 2010, 5, 333-342

[4] M. Leopoldini, N. Russo, M. Toscano Chem. Eur. J. 2009, 15, 8026-8036.
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Human angiogenin (hAng) is a single-chain blood plasma protein present in physiological
conditions, but over-expressed in patients affected by different types of cancers. Interestingly, the
binding affinity between Ang and endothelial cells is largely increased in the presence of copper
ions. It is well known that copper(Il) is a strong angiogenic signal in vivo, but the specific molecular
mechanism by which it works and the targets of its activity remain unclear. It has been
demonstrated that extracellular translocation of the cellular copper occurs during angiogenesis
processes, suggesting that the metal coordination by an extracellular protein involved in
angiogenesis, such as angiogenin could be part of a signalling process. In this context, the
characterization of copper(Il) complex species with protein is a valuable aid in a better
understanding of potential mutual biological influences. We report the coordination properties of
peptide fragments encompassing the hAng N-terminal domain towards Cu®" determined by means
of combined potentiometric and spectroscopic techniques. The results obtained show that these
fragments have an unusual copper binding ability. At physiological pH, the prevailing complex
species formed by hAng(4-17) is [CuLH], in which the metal ion is bound to two imidazole and two
deprotonated amide nitrogen atoms disposed in a planar arrangement. These complex species were
used to probe the metal binding mode of the whole hAng protein and, at this aim, the recombinant
hAng protein was expressed and a preliminary characterization of its copper(Il) complexes was
performed by means of EPR, CD and UV-vis measurements. The preliminary data indicate that the
copper(Il) complexes formed by the hAng protein, show a great similarity with those obtained for
the N-terminal peptide fragments, suggesting that this domain may be the preferred copper(Il)
anchoring site in the whole protein. The high affinity for copper ion showed by the protein may give
reasons of possible their interactions in vivo, and then of a potential correlation between copper and
angiogenin.
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Biomolecular structural motifs play a central role in the functioning of biological systems [1],
and considerable effort has been focused recently on supramolecular interactions in the search for
new probes capable of reporting on specific conformations of nucleic acids and proteins [2].

In the present study, poly-glutamate (PGA) has been chosen as model system to induce
chiroptical properties on the aggregating metalloporphyrin trans-bis(N-methylpyridinium-4-
yl)diphenylporphirinato copper(Il) (t-CuPagg), and their interaction has been investigated through
the combined use of UV/vis extinction, circular dichroism (CD), and Resonance Light Scattering
(RLS) techniques.

We have previously examined the dependence of the porphyrin/protein interaction on protein
concentration, ionic strength and pH, with particular focus on the effect exerted by the pH induced
transition between PGA a-helix and random coil conformations [3]. Here, we report on very recent
results[4] obtained on the interaction of preformed fractal aggregates of t-CuPagg with the same
chiral scaffold. These point to an unprecedented mechanism of chirality induction that does not
necessarily require the achiral monomers to self-organize in the presence of a chiral template,
suggesting that a local distortion of the mesoscopic structure upon interaction with the asymmetric
biopolymer might be sufficient to transfer the chiral information.

[1] S. B. Prusiner, Proc. Natl. Acad. Sci. USA, 95, 1998, 13363.

[2] M. Balaz, A. E. Holmes, M. Benedetti, P. C. Rodriguez, N. Berova, K. Nakanishi, and G.
Proni, J. Am. Chem. Soc., 127, 2005, 4172. R. F. Pasternack, Chirality, 15,2003, 329.

[3] G. De Luca, A. Romeo, L. Monsu Scolaro, and R. F. Pasternack, Chem. Commun., 46, 2010,
389.

[4] I. Occhiuto, G. De Luca, V. Villari, A. Romeo, N. Micali, R. F. Pasternack, and L. Monsu

Scolaro, Chem. Commun., 47,2011, 6045.
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The interest in the synthesis of aliphatic polyesters stems mostly from their biodegrability, in
relation to the recent concerns with the environments, and their biocompatibility which make them
suitable materials for medical and pharmaceutical applications.

The ring opening polymerization
(ROP) of cyclic esters via the
coordination- nsertion mechanism enables
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aliphatic ~ polyesters =~ with  narrow

polydispersities and well defined end

groups. Among the wide range of metal M=Y, Sc
compounds explored as catalysts for the

ROP of cyclic esters, group 3 metal and Figure 1
aluminium species have been found well

suited initiatiors.[1,2] While the former usual show a very high polymerization rate, the aluminium
complexes generally lead to a lower activity but a better control over the polymerization process.

In this contribution we discuss the use of yttrium, scandium and aluminium complexes,
bearing monoanionic bidentate phenoxy-thioether ligands, as initiatiors for the ROP of lactones and
lactides. Four ligands with different substituents on the aromatic thioether ring have been
synthesized and their effect on the catalytic behavior of the related complexes (Figure 1) has been
evaluated. Several polymerization experiments, carried out by changing reaction conditions, such as
solvent, temperature, etc., showed that, under certain optimized conditions, the ROP of the explored
cyclic esters takes place in a living manner. Some caprolactone-lactide copolymerization
experiments have been performed as well.

A WN P

[1] A. Arbaoui and C. Redshaw Polym. Chem. 2010, 1, 801.
[2] R. H. Platel, L. M. Hodgson and C. K. Williams Polymer Reviews 2008, 48, 11.
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Stimuli-responsive materials (commonly referred to as smart materials) hold great promises for
social and economic development and are of great relevance in both fundamental research and
technological applications. Their design and realization through innovative processes involve
complementary expertises, with comparable efforts on both synthetic and analytical sides. Within
this work new smart materials based on phospho-silicate bioactive sol-gel glasses are been
developed. To meet the ever-increasing demands for performing bio-materials, the surface features
are been tailored to achieve optimal behaviour in different applications (drug delivery, enzymes
activity, chemo signalling probe,
stimuli-sensitive  agents). In
particular, the introduction onto
the glass surface of metal
nanoparticles (Au and Cu NPs)
are very useful because the NPs
can directly act, for example, as a5
bactericides and imaging agents = %
and can be used to immobilize,

via a covalent linkage, an
enzyme/protein and/or a drug on

the glass surface through the (Bu & Cu)
formation of self-assembled O sol-gel bioactive
monolayers (SAMs), in order to olass

obtain a stable bio-conjugate

systems. The materials prototyped in this way could be useful as a material bio-implantable into the
human body. In this contribution we reported the last results of our works and some prospective in
the field of smart bio-materials. [1-4]
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QQQ\ ZZL stimuli-sensitive
- agents
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[1] G. Lusvardi, G. Malavasi, L. Menabue, V. Aina, L. Bertinetti, G. Cerrato, C. Morterra
“Bioactive glasses containing Au nano-particles: structural, morphological and physico-chemical
characterisation” Langmuir, 26(12), 2010, 10303

[2] V. Aina, T. Marchis, E. Laurenti, E. Diana, G. Lusvardi, G. Malavasi, L. Menabue, G. Cerrato,
C. Morterra “Functionalization of sol gel bioactive glasses carrying Au nanoparticles: selective Au
affinity for amino and thiol ligand groups” Langmuir, 26(24), 2010, 18600

[3] E.Ferrari, G. Lusvardi, V. Aina, G. Malavasi, F. Fantini, C. Morterra, F. Pignedoli, M. Saladini,
L. Menabue “The role of coordination chemistry in the development of innovative Gallium-based
bioceramics: the case of Curcumin” J. Mater. Chem. 21, 2011, 5027

[4] V. Aina, D. Ghigo, T. Marchis, G. Cerrato, E. Laurenti, C. Morterra, G. Malavasi, G. Lusvardi,
L. Menabue, L. Bergandi “Novel bio-conjugate materials: soybean peroxidase immobilized on
bioactive glasses containing Au nanoparticles” accepted J. Mater. Chem. doi: 10.1039/c1jm10442j
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TiO, nanopowders are largely employed as UV-filters both in health care products and in
polymeric composites. They found also applications in waste water remediation or as antibacterial
agents. While in the latter case a good photocatalytic efficiency is needed when TiO, are used as
UV-filters such activity needs to be suppressed since free radical species generated under sunlight
exposure may cause both skin damage [1] and degradation of the organic components of the
cosmetic preparations or composite.

In the last years a big effort has been made to increase the photocatalytic activity by the
insertion of dopant elements in the structure [2] while a lower number of studies have been focussed
on the reduction of the TiO; reactivity.

We have recently proposed a new modification of TiO, with carbon that
reduces the photo-generation of free radical species maintaining unmodified
its UV-filtering efficiency [3]. Here we explore a series of new modifications of
the surface by using alcohols, carboxylic acids or iron salts. The modified
powders have been characterized by TGA, EPR and IR spectroscopy. The

oxidative potential of the powders in generating free radical species and the

capability to cause damage to lipids, ribose or proteins has been evaluated by
means of EPR  spectroscopy/spin-trapping  technique,  UV/Vis
spectrophotometry and SDS-page electrophoresis.

We found that the modifications performed largely reduce the oxidative potential of the TiO,
powders. To investigate whether the observed modifications of photo-activity would affects the
toxicological properties of the different TiO, powders the cytotoxicity and genotoxicity (oxidative
damage) on human keratinocytes have been also evaluated.

[1] N. Serpone, D. Dondi and A. Albini, Inorg. Chim. Acta, 360, 2007, 794—-802.

[2] F. Napoli, M. Chiesa, S. Livraghi, E. Giamello, S. Agnoli, G. Granozzi, C. Di Valentin and G.
Pacchioni, Chem. Phys. Lett., 477, 2009,135—138.

[3] S. Livraghi, I. Corazzari, M.C. Paganini, G. Ceccone, E. Giamello, B. Fubini, I. Fenoglio Chem.
Comm. 46, 2010 8478-8480.
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Small metal particles can be used as functional units in innovative optoelectronic devices
based on their quantum confined electronic properties. The synthesis and characterization of
stabilized gold nanoparticles has been object of extended research studies, due to their enhanced
optical properties [1] and cancer therapy applications [2]. Silver nanoparticles have also emerged in
biomedicine studies [3]. The colloidal synthesis of organic and organometallic th1ols stab1hzed Au
and Ag nanoparticles has been achieved by using a two-phase synthesis. 3 8
Among others, Pd(IT) and Pt(II) containing organometallic thiol complexes
[4] have been tested giving rise to nanostructures with controlled
dimensions. The synthesis of gold nanoparticles (AuNP) stabilized by the
bifunctional organometallic complex containing two Pt(II) centers, i.e.
trans, trans-[(CH3COS)(PBu3),Pt-C=C-CsH4-CcHs-C=C-
Pt(PBu3),(SCOCH3)], lead to the formation of dyads based on 4 nm
nanoparticles. Water dispersible AuNPs and AgNPs capped by 3-mercapto
propane sulfonate have been prepared in well defined and monodispersed Fig. 1: HR- TEM of Pyl
structures with diameters in the range 2-4 nm; the dielectric behaviour of bifgu'nc'ﬁonal organometallic
these materials has been studied to assess the electrical interfacial thiol AuNP nanoparticles
properties of metallic nanoparticles in aqueous solution [5].

Acknowledgements. The authors gratefully acknowledge the financial support by MAE-MIUR
Progetti di Ricerca Scientifica e Tecnologica Bilaterale 2008-2010, CNPq (Brazil), FAPESP
(Brazil) and CNEN (Brazil).
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Organomet. Chem. 693, 2008, 1043
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CuO-TiO,-Au nanocomposites are appealing multi-functional materials for a broad range of
applications, ranging from photocatalysis [1], to H, generation [2], up to solid state gas sensing. In
this work, the above nanosystems were obtained by means of a hybrid vapor phase approach,
consisting in: a) the Chemical Vapor Deposition (CVD) of CuO nanomaterials on Al,Os, starting
from Cu(hfa),TMEDA (hfa = 1,1,1,5,5,5-hexafluoro-2,4-pentanedionate; TMEDA = N,N,N,N~-
tetramethylethylenediamine); b) the CVD over-dispersion of TiO, nanoparticles (NPs) from
Ti(dpm)2(O-Pr), (dpm = 2,2,6,6-tetramethyl-3,5-heptanedionate; O-'Pr = isopropoxide) on the above
matrices; ¢) the functionalization with gold NPs, performed through a mild sputtering process. The
adopted strategy enabled to produce nanocomposites nanocomposites with tailored morphology,
characterized by an intimate contact between TiO,, Au and the hosting CuO matrices. Sensing tests
for the detection of toxic/flammable gases, both reducing (H,, CH;CH,OH) and oxidizing (O3),
evidenced that the simultaneous presence of TiO, and Au appreciably enhanced the overall
performances. This effect highlighted the beneficial synergy arising from the high interfacial area p-
n heterojunction between p-type CuO and n-type TiO,, the Schottky-type barrier character of the
gold-oxide interface, and the catalytic activity of TiO, and Au NPs. The high responses and low
detection limits at moderate working temperatures are extremely promising for technological
applications and evidenced the the importance of engineering oxide nanocomposites in order to design
and master their functional performances.

[1] D.Barreca, G.Carraro, A.Gasparotto, C.Maccato, O.1.Lebedev, A.Parfenova, S.Turner,
E.Tondello, and G.Van Tendeloo, Langmuir, 27, 2011, 6409.

2] D.Barreca, G.Carraro, V.Gombac, A.Gasparotto, C.Maccato, P.Fornasiero, and E.Tondello,
Adv.Funct.Mater. 2011, in press, DOI: 10.1002/adfm.201100242.

[3] D.Barreca, G.Carraro, E.Comini, A.Gasparotto, C.Maccato, C.Sada, G.Sberveglieri, and
E.Tondello, J.Phys.Chem.C, 115,2011, 10510.
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In recent years there has been an extensive research on the development of efficient solid-
state emissive organic materials for organic optoelectronic devices, such as light-emitting diodes,
organic field-effect transistors, solid-state lasers and fluorescent sensors. However, most organic
chromophores are non-luminescent in the solid state, even if they are highly emissive in solution,
owing to the quenching caused by intermolecular interactions such as aggregation caused by n—n
stacking [1]. This is the case of perylene tetracarboxylic acid diimides (PDI), an important class of
industrial pigments, which have been recently investigated for their interesting properties such as
near-unity fluorescence quantum yields in solution, high photochemical stability, and strong
electron-accepting character, that allow PDIs to be used in many electronic and optical applications
[2].

We report on the preparation of PDI derivatives anchored to inorganic scaffolds such as
Polyhedral Oligomeric Silsesquioxanes (POSS) with the aim to suppress the quenching which
occurs in the solid state due to n—m stacking of this kind of emitting chromophores. The new PDI-
POSS compounds here presented show in solution the typical absorption and emission features of
the monomeric perylene unit, with a quantum efficiency close to unity, while in the solid state (both
as spin-coated films and powders) the fluorescence quantum yield is positively affected by the
presence of the POSS cage, with a quantum efficiency about 6 times that of the corresponding
perylene tetracarboxylic bisimide in the solid state.
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[1] M. Shimizu, T. Hiyama, Chem. Asian J. 5, 2010, 1516.
2] C. Huang, S. Barlow, S.R. Marder, J. Org. Chem. 76, 2011, 2386.
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Silica nanoparticles are versatile platforms with many intrinsic features, including a low
toxicity. Proper design and derivatization yield particularly stable colloids displaying multiple
functions. In particular, a suitable choice of dyes and synthetic strategy yields very bright
nanosystems, which can be used for either photoluminescence (PL) or electrochemiluminescence
(ECL) sensing, labelling or imaging applications [1,2]. Silica nanoparticles thus offer unique
potential in the nanotechnology arena, and further improvement and optimization could
substantially increase their applications in fields of high impact, such as medical diagnostics and
therapy, environmental and food analysis, and security.

This contribution describes silica-based multi-component nanosystems, tailored for
optimization of processes such as directional energy- and electron-transfer, which provide those
systems with extremely valuable functions: high light-harvesting capability, signal-to-noise
maximization, multiplex output, signal amplification. A particular emphasis will be given to the
description of a family of silica-core/PEG-shell nanoparticles, (see scheme 1) that we have recently
developed in our laboratories.

Scheme 1: Cartoon of silica-core/PEG-shell nanoparticles as described in refs. 1-3

[1] S. Bonacchi, D. Genovese, R. Juris, M. Montalti, L. Prodi, E. Rampazzo, and N. Zaccheroni,
Angew. Chem. Int. Ed. 50,2011, 4056.
[2] S. Bonacchi, D. Genovese, R. Juris, M. Montalti, L. Prodi, E. Rampazzo, M. Sgarzi, N.
Zaccheroni, Top. Curr. Chem. 300, 2011, 93.
[3] S. Zanarini, E. Rampazzo, S. Bonacchi, R. Juris, M. Marcaccio, M. Montalti, F. Paolucci, L.
Prodi, J. Am. Chem. Soc. 131, 2009, 14208.
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We present evidence of redox processes and structural transformations taking place in a Fe/z’-
TiO/Pt(111) model catalyst in ultra-high-vacuum, studied by advanced surface science tools
(photoemission, scanning tunneling microscopy and thermal programmed desorption) [1].
Competitive solid-state redox processes and chemical/structural transformations of both the Fe and
FeOy nanoparticle (NP) and the oxide ultrathin film take place as a function of temperature (see
Figure below), giving rise to several distinctive phases at different temperatures. At RT the Fe and
FeOx NPs are templated by the ordered array of defects (troughs and picoholes) of the z’-TiOy film,
which is further reduced by Fe, partially forming a PtTiy surface alloy. At higher T (460<T<810
K), the system evolves to an intermediate state formed by a bi-component oxide material, i.e. mixed
oxide FeO/TiO, nanoislands on a new hexagonal h-TiOy ultrathin film, whose formation is
triggered by the interdiffusion of Fe through the oxide into the Pt substrate. Eventually at higher
temperature (>810 K) an almost complete migration of the Fe into the substrate is occurring and the

pristine z’-TiOy film formed again, demonstrating its intrinsic high stability.
RT

Fe + 2’-TIO,IPt{111) FeO_ + Ti (Pt(111) alloyed)

l.sr

FeQ, ITIO, (nanoislands) + A-TIO, ,,/Pt(111)

|ar

Fe dissolved In the Pt substrate + z'-TIO, ,./Pt{111)

[1] L. Artiglia, E. Cavaliere, G. A. Rizzi, L. Gavioli, G. Granozzi, J. Phys. Chem. Lett. 2010, 1,
1660
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Luminescent Metal-Tetrazolate Complexes
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Over the past years, we have deeply explored the coordination chemistry of tetrazolates, [R-CNy]".
In particular, these derivatives proved as an excellent class of ligands for a variety of photo- and
electroluminescent metal complexes such as Ru(Il)-polypyridyls,[1,2], colour tunable Ir(III)-
cyclometalates,[3,4] and, as the latest result, intensely emissive tris-carbonyl Re(I)-based
compounds. [5] All of these complexes displayed a peculiar reactivity toward electrophilic species,
which turns in the chance of performing both permanent and reversible modification of their
structural features and, in particular, photophysical properties.
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In this latter regard, the effects arising from the addition of CH;" and H' to different types of
tetrazolate complexes, will be described.

[1] S. Stagni, A. Palazzi, S. Zacchini, M. Marcaccio, A.J Bard, et al. Inorg. Chem., 45, 2006, 695.
[2] S. Stagni, A. Palazzi, A., S. Zacchini, E. Orselli, L. De Cola, et. al. Inorg. Chem., 46, 2007,
9126.

[3] S. Stagni, S.; A. Palazzi, S. Zacchini, S. Colella, L. De Cola, et. al. Inorg. Chem. 47, 2008,
10509.

[4] M. Cocchi, J. Kalinowski, S. Stagni, S. Muzzioli, Appl. Phys. Lett. 94,2009, 083306.

[5] M. Massi, M. V. Werrett, G. S. Hanan, S. Muzzioli, S. Stagni et al Inorg. Chem., 50, 2011, 1229
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Tubular 1D-MOFs, built of discrete hybrid nanotubes assembled in the crystal packing and held
together by Van der Waals interactions can be obtained by reaction of copper soluble salts with pcp
and two ancillary N- ligands like bipy and bipye [(pcp = P,P' diphenyl-diphosphinate, bipy =
bypiridine, bpye = 1,2-bis(4-pyridyl)ethane)]. The tubes have formula [[Cux(pep).bpye]-2.5H,0]; ,1
and [[Cux(pcp)2bipy]-5H20],, 2. The exfoliation of the tubular MOFs 1 and 2 in organic solvents
aided by ultrasonication allow to obtain elongated nanorods of variable size formed by the assembly
of few single walled tubular shaped. An alternative synthetic route allows the synthesis of nanorods
directly. The tubular 1D-MOFs show good and selective absorption properties towards polar
solvents, like water and small alcohols, and gases such as CO,.While 2 is the only isomer that could
be obtain, an interesting spontaneous phase transformation in water of tube 1 leads to the formation
of pseudo polymorphic ladder type structure of formula [Cuy(pcp).bpye(H20)2]n (1a) . On the
contrary the use of a longer bypridine, namely bipyp 1,2-bis(4-pyridyl)propane), leads to a mixture
of two different closely packed compounds with formula [[Cu,(pcp).bipyp(H.O)]H2O], (3) and
[[Cua(pcp)2bipyp] 2H,0], (4). Some considerations on how supramolecular forces are involved in
the building of the three-dimensional structures in the solid state, will be discuss.

ladder type polymorph

' 4
1D- tubular MOF
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Photovoltaic devices based on related sulfoselenide compounds show interesting properties,
suggesting their possible application in the field of solar cells. In particular the Cu,ZnSnS4 (CZTS,
kesterite) compound is a promising thin film photovoltaic absorber material and the kinetics of film
growth of the Cu-Zn-Sn-S system was investigated by different research groups. Olekseyuk et al.
[1] have found that Cu,ZnSnS4 melts incongruently at 1253K, crystallizing by peritectic reaction
with a composition of the liquid phase far poor in ZnS. As a consequence the crystal growth from
the melt, besides the Cu,ZnSnS,, results in the presence of impurity phases such as Cu,SnS;, ZnS
and SnS [2]. The solidification of a CZTS single-phase from the stoichiometric melt might be
improved by the presence of a suitable seed or the action of a directional cooling, like in the
Czochralski or the Bridgman-Stockbarger techniques [3].

Although many studies have been performed on CZTS thin film, information on the bulk material,
such as formation and stability of intermediate phases, extension of the compositional homogeneity
range and crystal structures can be very important. Indeed, this has been the subject of recent
studies by Muska et al. [4] on monograin powders synthesized via the molten flux technique.
During our research, two methods have been used for the synthesis of the Cu,ZnSnS4. Single
crystals have been produced within sealed quartz ampoules via the Chemical Vapour Transport
technique using I, as the transporting agent; the effects of temperature gradient and I, load on the
crystal habit and composition have been considered. Bulk samples have been produced using a solid
state reaction method starting from mixed and compressed powders of the elements enclosed in a
quartz tube under vacuum for heat treatments. The synthesized samples have been observed using a
Scanning Electron Microscope equipped with an Energy Dispersive X-ray Spectrometer. The
results obtained will be presented and discussed.

[1] L. D. Olekseyuk, I. V. Dudchak, and L. V. Piskach, JALCOM, 368, 2004,135.

[2] Shimada, T. et al., Proc. IEICE Soc. Conf., Fukui, Japan, November 2005.

[3] M. Lachab, A. A. Attia, and C. Llinares, J. Cryst. Growth, 280, 2005, 474.

[4] K. Muska, M. Kauk, M. Grossberg, M. Pilvet, O. Volobujeva and T. Varema, E-MRS Spring
Meeting, 2011.
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A surprising “planetary” exchange mechanism around the tetraphosphorus cage in complexes
[Ru(H)(P—P)z(nl—P4)], (P-P = Ph,PCH,PPh,, dppm, 1; Ph,PC,H4PPh,, dppe, 2) was demonstrated by
solution NMR experiments and DFT calculations. Further activation of Ru(dppm);-coordinated P4
by a Pt(0) carbene-like fragment gave a bimetallic ruthenium/platinum complex showing instead an
intriguing “pendulum-like” fluxional behaviour in solution[1]. The presence of a ligand with larger
bite-angle, dppe, seems to be responsible of a new planetary motion involving the [RuH(dppe),]"
and Pt(PPh;),”" fragments. Finally, a comparison between the dynamic behavior of 1 and 2 and
other nl—P4 derivatives such as [CpM(PPh3)2(111—P4)]+ (M = Ru, Os) will be shown.[2]

Herein we show that 2D *'P EXSY experiments can be used as qualitative tools to unravel the
nature of dynamic processes of transition metal-(n'-P4) complexes and their platinum adducts. Rate
constants were extracted using DNMR Lineshape analysis of 1D Variable-Temperature *'P{'H}
NMR spectra.
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Figura 2. Pendulum motion: 3P EXSY recorded at -25°C, T = 100ms

COST Action CM0802 «PhoSciNet» is kindly acknowledged for support. Thermphos Int. B. V. is
thanked for a generous loan of white phosphorus.

1. V. Mirabello, M. Caporali, V. Gallo, L. Gonsalvi, A. Ienco, M. Latronico, P. Mastrorilli, M.
Peruzzini, , Dalton Trans., submitted.

2. M. Di Vaira, P. Frediani, S. Seniori Costantini, M. Peruzzini, P. Stoppioni Dalton Trans., 2005,
2234 —2236.

698
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7+ 1 Reaction of the bromide complexes
? + ? ? [CpCo(pu-C3B2Mes)MBr2]> (M = Rh,
PG = 1; Ir, 2) with AgBF, in acetonitrile
> / MeNo; T > solution affords the dicationic tris-
Br, /2 (MeNOy); < (acetonitrile)u-diborolyl triple-decker
w M(arene) complexes [CpCo(p-1,3-C3BMes)- M(MeCN);1*" (Rh,
H B Wit 3104
s fiFéfﬁSeG) ™ The labile nitromethane solvates

o nzasvectHy [CpCo(u-1,3-C3B.Mes)M(MeNO,)s]*,
6c  Ir(CgMeg) . . .
generated in a similar way, react with

benzene and its methyl derivatives affording the arene triple-decker complexes [CpCo(u-1,3-
C3B;Mes)M(arene)]*" (M = Rh, 5; Ir, 6; arene = C¢Hg (a), 1,2,4,5-MesCeH, (b), CsMeg (c)). Crystal
structures of Sb(BF,),, 5¢(BF4), and 6b(BF,), have been determined by X-ray diffraction.
In propylene carbonate solution, complexes Sa-c¢ and 6a-c¢ undergo two chemically and
electrochemically reversible reductions, followed by further irreversible processes.
Representatively, Figure 1 shows the cyclic voltammetric response of
5b. Controlled potential coulometry proved that the
first cathodic process involves one electron/molecule.
Methyl substituents play an important role on the
~ location of the redox potentials, in that, as expected, the
increase of their number makes the reduction more and
5 more difficult.
" Details on  structure, electrochemistry  and
spectroelectrochemistry will be discussed.
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THEORETICAL INVESTIGATION
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Carboplatin, cis-diammine(cyclo-butane-1,1-dicarboxylato)-platinum(Il), is a second-generation
cisplatin analogue with reduced toxicity, widely used in the clinical treatment of cancer and most
active against testicular and ovarian tumors.! While the cisplatin aquation kinetics is fast enough to
allow the drug to react with water and biological components under physiological conditions, the
much slower substitution rate of carboplatin likely precludes hydrolysis as a means of activating the
drug in vivo, and several suggestions have been made to account for its activity in vivo, focusing on
potential ligands for the Pt(II) center present in the blood plasma.! Among them, the carbonate ion,
which is present in high concentration in the blood plasma, was suggested to play a potential role in
the activation of platinum-based anticancer complexes.

We carried out a theoretical study on the thermodynamics and the kinetics of the activation of the
anticancer drug carboplatin in carbonate buffer, a process which has been suggested to play an
important role in the uptake, antitumor activity and toxicity of this drug. The initial stages of this
process have been investigated by considering the bicarbonate ion, the most abundant species at
physiological pH, as the attacking species and consist of an initial ring-opening step, involving the
displacement of one arm of the chelating ring by the bicarbonate ion, followed by the
decarboxylation of the ring-opened species to give the corresponding hydroxo product. The
obtained results show that the overall process is essentially thermoneutral with relatively low
activation enthalpies for the two considered steps (122.5 and 91.9 kJ mol™, respectively) suggesting
that the reaction with bicarbonate might represent a viable pathway for the activation of carboplatin
to give active intermediates which, in the biological environment, may easily further react to give
thermodynamically more stable species.

References:

1. D. Wang and S. J. Lippard (2005) Cellular Processing of platinum anticancer drugs Nat. Rev.
Drug Discuss., 2005, 4, 307.

2. A A. J. Di Pasqua, J. Goodisman, D. J. Kerwood, B. B. Toms, R. L. Dubowy and J. C.
Dabrowiak (2007) Role of carbonate in the cytotoxicity of carboplatin Chem. Res. Toxicol., 20, 896.

700



INO-OR-20 PROTONATION OF A PHOSPHINITO BRIDGED
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The phosphinito bridge of the complex [(PHCy,)Pt'(u-PCy,){x°P,0-u-P(0)Cy,}P(PHCy>)] (Pt-
Pp)' (1), differentiates the charge distributions on the two platinum atoms and renders the Pt-O
fragment the reaction core of the molecule in reactions with nucleophiles® electrophiles,’ or small
molecules such as H,.4 This presentation deals with the products and the mechanisms of the
reaction of complex 1 with Bronsted acids having poorly coordinating anions such as HBF4 and
HF.’ A comparison will be made between results obtained with HBF4 and those obtained with HCI
and HI. The unexpeted product obtained with diluted HF is depicted below.
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[1] Gallo, V.; Latronico, M.; Mastrorilli, P.; Nobile, C. F.; Suranna, G. P.; Ciccarella, G.; Englert,
U.; Eur. J. Inorg. Chem., 2005, 4607-4616.

[2] Gallo, V.; Latronico, M.; Mastrorilli, P.; Nobile, C. F.; Polini, F.; Re, N.; Englert, U.; Inorg.
Chem., 2008, 47, 4785-4795.

[3]. Latronico, M.; Polini, F.; Gallo, V.; Mastrorilli, P; Calmuschi-Cula B.; Englert, U.; Re, N.;
Repo T., Raisanen M., Inorg. Chem., 2008, 47, 9979-9796

[4]. Mastrorilli P., Latronico M., Gallo V., Polini F., Re N., Marrone A., Gobetto R., Ellena S.. J.
Am. Chem. Soc. 2010, 132, 4752-4765

[5] M. Latronico, P. Mastrorilli, V. Gallo, M. M. Dell’Anna, F. Creati, N. Re, U. Englert, Inorg.
Chem., 2011, 50, 3539-3558.
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Since the discovery of the so called “platinum carbonyl”, [Pt3n(CO)eu]” (n ~ 10), platinum has
played a key role in the development of molecular cluster chemistry.[1] Nonetheless, the number of
species completely characterised is rather limited. Aiming at extending this chemistry, we have
recently investigated the reactions of platinum Chini clusters, [Pt (CO)sn]* (n = 2-8), with
miscellaneous Cd(II) salts and phosphines.[2] This led to the isolation and crystallographic
characterisation of new species such as [Pt;3(CO);2{Cds(u-Br)sBra(dmf)s}2]*, [Ptio(CO)17{Cds(u-
Br)sBr3(Me,CO),} {Cds(p-Br)sBr(Me,CO)4} -, :
[Pt26(CO)20(CdBr) 12]* (Figure) and
[Pt22(CO)22(PPh3)6]27, which are herein presented.

All these clusters are composed by a Pt-CO core
decorated by various Cd(II) or Pt-PR; based
fragments. These surface decorations may be related
to that of Au-Fe-CO clusters, e.g. [AuiFe;o(CO)s0]>
,[3] as well as to the staple motifs stabilizing gold
thiolates nanoclusters, e.g. Aujp(S-p-benzoic)ss.[4]
An oversimplified and unifying approach to interpret
the electron counts in all these species is suggested,
indicating that molecular metal cluster chemistry may
give fundamental contributions to the understanding
of some facets of nanochemistry and may provide a
reliable guideline to interpret ligand-stabilized metal
nanoparticles.

[1] G. Booth, J. Chatt, P. Chini, J. Chem. Soc., Chem. Commun., 1965, 639; G. Longoni, P. Chini,
J. Am. Chem. Soc., 1976, 98, 7225.

[2] C. Femoni, M. C. Iapalucci, G. Longoni, S. Zacchini, S. Zarra, J. Am. Chem. Soc., 2011, 133,
240.

[3] C. Femoni, M. C. Iapalucci, G. Longoni, C. Tiozzo, S. Zacchini, Angew. Chem., Int. Ed.
Engl., 2008, 47, 6666.

[4] P. D. Jadzinsky, G. Calero, C. J. Ackerson, D. A. Bushnell, R. D. Kornberg, Science 2007,
318, 430.
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In the last years, substituted ferrocenes have been investigated as active redox molecules,
able to tune the response of a functionalized electrode (especially gold and silicon) on which they
are adsorbed, due to their attractive electrochemical characteristics: fast electron-transfer rate, low
oxidation potential, and two stable redox states [1]. Ferrocene derivatives present also the advantage
of a facile tunability of their redox potential via substitution of one or more H atoms of the
cyclopentadyenil (Cp) ring with distinct functional groups. [2,3]

We present the results of an experimental and theoretical investigation on pure ethyl-, vinyl-
and ethynylferrocene in the gas phase by means of NEXAFS at the C K-edge, and XPS of the C 1s
region, and by DFT calculations.[4] Such a combination probes both the state of charge of the C
atoms of the substituent group of the three molecules, and the extent of conjugation of the C-C arm
with the Cp ring. A reliable assignment of the characteristic NEXAFS features associated to double
and triple C-C bond of the lateral substituents of such closely related molecules may offer the
fingerprint of the preservation or loss of the unsaturation in the anchoring arm upon its reaction with
a surface, as well as shed light on the reaction mechanism for the surface anchoring on Si with
different recipes, which is an actively investigated, yet still open, issue.[5]

[1] B.Fabre, Acc. Chem. Res., 43,2010, 1509.

[2] M.Cossi, M.F.lozzi, A.G.Marrani, T.Lavecchia, P.Galloni, R.Zanoni, and F. Decker, J.
Phys. Chem. B, 110, 2006, 22961.

[3] A.G.Marrani, F.Cattaruzza, F.Decker, P.Galloni, and R.Zanoni, Electrochim. Acta, 55, 2010,
5733.

[4] A.Boccia, V.Lanzilotto, A.G.Marrani, S.Stranges, R.Zanoni, M.Alagia, P. Decleva, and
G.Fronzoni, Phys. Chem. Chem. Phys, submitted.

[5] M.Cossi, A.Boccia, A.G.Marrani, and R.Zanoni, submitted.
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One of the major unsolved problems in the field of polymer chemistry is represented by the
synthesis of copolymers of alkenes with polar vinyl monomers [1]. Single-site metal catalyzed
polymerization is potentially the most powerful, environmentally-benign method for the controlled
synthesis of new polymeric materials. For the target reaction, the most promising catalytic systems
are based on late transition metals, in particular palladium. Two major types of catalysts have been
reported: Pd complexes based on a-diimines [2]; Pd-phosphino-sulphonate derivatives [3].
We have now studied two new nonsymmetric o-diimine ligands
(Ar,Ar'-BIAN) featured by one aryl ring substituted in ortho positions &
with electron-donating groups and the other ring with electron- . - \l
LB

withdrawing groups on the meta positions (Figure). The catalytic ,_..:\ I e ’\_j
behavior of the relevant Pd-complexes [Pd(CHs)(Ar,Ar'- " "“'-_r.\.‘___:j -I—.i-/h-.; _3
BIAN)(L)][PF¢] (L = CH3CN, dmso) in the alkene/methyl acrylate -.t.\_'_:i‘_t e

copolymerization has been studied in comparison with that of the

complexes containing the corresponding symmetric a-diimines. The studied alkenes are ethylene
and 1-hexene. Alkene/methyl acrylate oligomers are the products of the catalytic reaction.

It was found that the catalysts containing the Ar,Ar'-BIAN ligands show a higher productivity and a
higher content of the incorporated polar monomer than the active species with the symmetric o-
diimines. The distribution of the polar monomer into the oligomer is also different from that
reported in the literature [2].

[1] A. Nakamura, S. Ito and K. Nozaki, Chem. Rev. 109, 2009, 5215.

[2] a) L. K. Johnson, S. Mecking and M. Brookhart, J. Am. Chem. Soc. 118 1996, 267. b) S.
Mecking, L. K. Johnson, L. Wang, and M. Brookhart, J. Am. Chem. Soc. 120, 1998, 888.

[3] a) E. Drent, R. van Dijk, R. van Ginkel, B. van Oort, and R. 1. Pugh, Chem. Commun. 2002,
744. b) D. Guironnet, P. Roesle, T. I. Riinzi, Géttker-Schnetmann, and S. Mecking, J. Am. Chem.
Soc. 131,2009, 422.
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In the framework of our recent studies on the direct interaction of MXs (M = Nb, Ta; X =F, CI, Br)
with oxygen compounds, we have been aware that M(V) haloanions possess outstanding capability
of stabilizing uncommon organic cations. Reactions involving ketones or polyethers may be
accompanied by C—H bond activation, thus the salts [(MePhCO),(u-H)][TaClg], 1 (Fig. A) [1], and
[diglyme(H)][NbCls], 2 [2], have been isolated in the respective cases. Otherwise the reaction of
NbCls with CMe,(OMe), proceeds with C—O cleavage and leads to selective formation of the
methylated mesityl oxide species [Me,C=CHC(=OMe)Me][NbCls(OMe)], 3 (Fig. B) [3]. A series
of [Nb,F ;] radical cation salts of monocyclic arenes have been prepared according to unexpected
redox reaction including metal reduction [4]. These salts are surprisingly long-lived at room-
temperature or above, due to stabilizing cation-anion interactions; the [C4He¢]  radical has been
identified for the first time by EPR as a non-transient species in solution at room temperature. The
same redox pathway has been exploited for the straightforward synthesis of thermally stable
[M,F ;] salts of protonated 1,3-dimethoxybenzene (Fig. C) [5].

[1] F. Marchetti, G. Pampaloni, S. Zacchini, Dalton Trans., 2007, 4343.

[2] F. Marchetti, G. Pampaloni, S. Zacchini, Dalton Trans., 2008, 7026.

[3] F. Marchetti, G. Pampaloni, S. Zacchini, Dalton Trans., 2009, 8096.

[4] F. Marchetti, G. Pampaloni, C. Pinzino, S. Zacchini, Angew. Chem. Int. Ed. 2010, 49, 5268.
[5] F. Marchetti, G. Pampaloni, C. Pinzino, S. Zacchini, manuscript submitted.
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Dendrimers' are highly branched tree-like macromolecules with well-defined composition and a
high degree of order. They usually consist of a core upon which radially branched layers are
covalently attached. By using suitable synthetic strategies it is possible to prepare dendrimers that
contain selected functional units in predetermined sites of their structure. Such compounds can
often exhibit remarkable chemical, physical and biological properties, with a wide range of
potential applications in different fields such as medicine, biology, chemistry, physics, and
engineering.

In the last few years, we have investigated several ® )

families of dendrimers containing a 1,4,8,11- < ()
tetraazacyclotetradecane (cyclam) core, one of the most

extensively investigated ligands in coordination “\_ Q\_mp

chemistry, to build up metal complexes with dendritic ")
ligands.” Particularly interesting results have been {;{Vb
obtained in the case of dendrimer D (see figure). It is

constituted by two cyclam units linked by a Q ~ /@ﬂ
photoswitchable azobenzene chromophore and 12 é

naphthalene units at the periphery. In this dendrimer, the

N N
distance between the two cyclam units can be modulated Q/ b‘n
by light stimuli thanks to the presence of an azobenzene D
moiety which can be reversibly switched between trans ' * S
and cis isomer by light irradiation. Therefore, the trans

and cis isomers display different coordination ability toward Zn(II) ion in CH3CN:CH,Cl, solution.
Moreover, upon naphthalene excitation photosensitized azobenzene isomerization takes place.

[1] F. Vogtle, G. Richardt, N. Werner, Dendrimer Chemistry, Wiley-VCH, Weinheim 2009.
[2] G. Bergamini, E. Marchi, P. Ceroni, Coord. Chem. Rev., doi:10.1016/j.ccr.2011.01.022.
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In the last decades much effort has been expended to the development of crystalline materials able
of incorporating small molecules into the lattice through weak interactions [1]. These materials
appear appealing in different strategic fields such as catalysis, development of chemical sensors as
well as gas storage devices. Their inclusion propensities strongly depend on the shape and size of
the molecular building blocks chosen for fabricating the crystalline scaffolds. In the last years we
have focussed our attention on the development of organometallic complexes with a wheel-and-axle
(WAA) morphology, which are constituted by two bulky groups (wheels) connected by a central
linear spacer (axle) [2]. In the titled complexes, the wheels are represented by half-sandwich
ruthenium(II) units, while the central axle can belong to two different classes: class I, covalent
axles; class 11, supramolecular axles. For the construction of WAA compounds belonging to class 1
it is necessary to use divergent rigid bidentate ligands, such as 4,4’-bipiridyl, 4-cyanopyridine,
trans-1,2-bis(4-pyridyl)ethylene or 4,4’-bis-(diphenylphosphine)biphenyl, while for WAAs
belonging to class II the employed ligands must contain organic functions able to give rise to
supramolecular linear synthons, such as 4-aminobenzoic acids or the corresponding amides, through
the COOH and C(O)NH; functions.

In this communication an overview of the WAA-metallorganic systems (WAAMO) developed in
our laboratory belonging to classes I and II will be shown, together with some case studies of their
propensity to capture volatile organic molecules through heterogeneous gas-uptake experiments.

[1]J.W. Steed, J.L. Atwood, Supramolecular Chemistry, Wiley, Chichester 2000
[2] A. Bacchi, G. Cantoni, M.R. Chierotti, A. Girlando, R. Gobetto, G. Lapadula, P. Pelagatti, A.
Sironi, M. Zecchini, CrystEngCom DOI:10.139/c0ce00816h
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Luminescent lanthanide complexes have interesting photophysical properties mainly due to the
spectroscopic features of the metal ion. Although Ln(III) ions have weak absorption intensities, due
to the Laporte forbidden nature of the intraconfigurational f-f transitions, this disadvantage can be
overcome by indirect sensitization through the absorption bands of the ligand molecules
coordinated to the Ln(IIl) ion using UV light (antenna effect). Concerning the applications in the
biomedical field, Eu(Ill) complexes exhibit some desirable and unusual characteristics when
compared with conventional organic fluorophores such as long excited-state lifetime (in the ms-
range), large shift between absorbed and emitted wavelength and narrow emission bands both
allowing the separation between Ln(III) luminescence ’/@ (I::\l

and short-lived background fluorescence [1]. Recently, | I

the interest in Ln(III) compounds possessing chiral |::|:_N - MO H — e I::]: o

H W .

properties has started to increase due to new chiral g LN
sensing/recognition applications [2, 3]. In the present D
contribution we studied the relationship between the 1415, 25 811, 29
: . . : 3175, 27 708 29
luminescence properties of Eu(Ill) ion and the solid
state molecular structure of the complexes depicted in
Fig.1. The results of this study and some preliminary (Q (EZI
evidences in solution reveal that this new family of CENH + a0 Q“"-n_é“m%
Eu(Ill) complexes are promising candidates for h ' ]
applications in the sensing field as probes in solution ﬁ i
of the nitrate anion and of chiral molecules.
2{18, 28 61 283
4118, 28) 8118, 2%)
Figure 1

[1]J.-C. G., Biinzli Chem. Rev. 2010, 110, 2729-2755.
[2] G. Muller Dalton Trans., 2009, 9692-9707.
[3] T. Yamada, S. Shinoda, H. Tsukube Chem. Comm. , 2002, 1218-1219.
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REACTIONS
CATALYZED BY CU(I) COMPLEXES OF PYRIDINE CONTAINING MACROCYCLIC CHIRAL

We have reported that copper(I) complexes of the new C;-symmetric pyridine-based 12 membered

tetraaza macrocyclic (Pc-L*) ligands are competent catalysts in the enantioselective cyclopropanation of

olefins employing ethyl diazoacetate (EDA) as carbene precursor in homogeneous phase[l].

Heterogeneous single site catalysts in many cases show superior performances in terms of activity,
selectivity and recyclability coupling together the advantages of heterogeneous and homogeneous

systems [2]. Aim of the present work has been to heterogeneize the chiral
copper(l) complexes on mesoporous silicas and to test them as catalysts
in asymmetric synthesis.

Pc-L* Cu(I) complexes were grafted on mesoporous ordered and non-
ordered silicas (MCM-41, SBA-15 and Davisil) by the SHB method
(Figure).” SHB (Supported by Hydrogen Bond) is a simple, very mild,
rather strong grafting, procedure applicable to a wide range of metal
complexes bearing the SO;” moiety as counterion.

Materials obtained were fully characterized for metal content, textural
properties, hydrogen bonds between Cu(l) complex and surface silanols
by a variety of techniques. Catalysts were tested in enantioselective
cyclopropanation reactions of olefins. The results will be presented in
terms of chemical yields and stereochemical outcome and compared with
those obtained in homogeneous phase. The confinement effects, namely
the pore size influence as well as the issue of catalyst separation and
recyclability were studied and rationalized.

@

Sio,

[1] Caselli, A.; Cesana, F.; Gallo, E.; Casati, N.; Macchi, P.; Sisti, M.; Celentano, G.; Cenini, S.
Dalton Trans. 2008, 4202. [2] C. Bianchini, P. Barbaro, V. Dal Santo, R. Gobetto, A. Meli, W.

Oberhauser, R. Psaro, F. Vizza, Adv. Synth. Catal., 2001, 343, 41-45.
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Transition metal carbene complexes have been mainly considered reactive intermediates in several
catalytic organic transformations, like for example, the reactions involving the decomposition of
diazo compounds (cyclopropanations, C-H insertions, C-C coupling) [1].

However, since the discovery of stable imidazol-2-ylidenes, which were first isolated by Arduengo
et al. in 1991, much interest has been growing in the chemistry of N-heterocyclic carbenes (NHCs)
[2]; in fact, these resulted to be excellent ligands towards transition metal centres both in low and
medium-high oxidation state, allowing the synthesis of robust catalysts with negligible carbene
dissociation, stable in acidic and oxidative environment.

The dual nature of carbenes can be illustrated by selected examples taken from our recent results
involving:

A) reactions of reactive carbene intermediates such as i) insertion of carbenes into C=C, C-H and
O-H bonds catalysed by Pt(II) and Rh(II) complexes; ii) reaction of diazo derivatives in presence of
olefins to give metathesis and cyclopropanation products catalysed by [RuCl(Cp)(COD)] [3];

B) synthesis of novel di- and tricarbene Pd(II), Pt(Il), Cu(I), Ag(I), Au(Ill) complexes and
applications as catalysts in 1) Heck reaction, ii) selective hydroarylation of olefins, iii) Ullmann-type
arylation [4].

The obtained results show the extraordinary flexibility of the carbene mojety and fully justifies the
strong research efforts on this still new and fascinating chemistry.

[1] M. Albrecht, Science, 2009, 326, 532.

[2] (a) F. E. Hahn and M. C. Jahnke, Angew. Chem., Int. Ed., 2008, 47, 3122. (b) N-Heterocyclic
Carbenes in Transition Metal Catalysis, Topics in Organometallic Chemistry, ed. F. Glorius, vol.
21, Springer, Heidelberg, 2007. (c) N-Heterocyclic Carbenes in Synthesis, ed. S. P. Nolan, Wiley-
VCH, Weinheim, 2006.

[3] (a) M. Basato, C. Tubaro, A. Biffis, M. Bonato, G. Buscemi, F. Lighezzolo, P. Lunardi, C.
Vianini, F. Benetollo and A. Del Zotto, Chem. Eur. J., 2009, 15, 1516. (b) M. Verdecchia, C.
Tubaro and A. Biffis, Tetrahedron Lett., 2011, 52, 1136. (¢) A. Biffis, M. Braga, S. Cadamuro, C.
Tubaro and M. Basato, Org. Lett., 2005, 7, 1841.

[4] (a) A. Biffis, C. Tubaro, G. Buscemi and M. Basato, Adv. Synth. Catal., 2008, 350, 189. (b) A.
Biftis, L. Gazzola, C. Tubaro and M. Basato, ChemSusChem, 2010, 3, 834. (c) A. Biffis, C. Tubaro,
E. Scattolin, M. Basato, G. Papini, C. Santini, E. Alvarez and S. Conejero, Dalton Trans., 2009,
7223. (d) C. Tubaro, A. Biffis, C. Gonzato, M. Zecca and M. Basato, J. Mol. Catal. A: Chemical,
2006, 248, 93.
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The re-discovery of homogeneous gold(I) catalysis has recently revolutionized the whole
organic synthesis scenario, opening up access to unprecedented synthetic manipulations of
unfunctionalized unsaturated hydrocarbons under mild and environmental acceptable conditions.[1]
At the same time, new opportunities were also created in the “crowded” area of asymmetric
catalysis, providing reliable solutions to the preparation of enantiomerically enriched
polyfunctionalized molecular architectures in the presence of chiral gold(I) complexes.[2]

In conjunction with our ongoing interests oriented to the catalytic enantioselective
decoration of arenes,[3] we have recently reported on the effective gold-mediated direct
electrophilic activation of allylic alcohols,[4] in the preparation of functionalized heterocyclic
compounds (i.e. morpholines, indolines, carbazoles).[5] This consolidated background, along with
the use of propargylic alcohols in gold-catalyzed cascade cyclization reactions[6] concur to define
new guidelines in organometallic synthesis under noble metal assistance.

References:

[1] A.S.K. Hashmi, G.J. Hutchings, Angew.Chem.Int.Ed. 2006, 45, 7896.

[2] (a) R. A. Widenhoefer, Chem.Eur.J. 2008, 14, 5382. (b) S. Sengupta, X. Shi, Chem.Cat.Chem.
2010, 2, 609. (c) A. Pradal, P. Y. Toullec, V. Michelet, Synthesis 2011, 1501.

[3] a) M. Bandini, A. Eichholzer, Angew.Chem.Int.Ed. 2009, 48, 9608. b) M. Bandini,
Chem.Soc.Rev. 2011, 40, 1358.

[4] M. Bandini, Angew.Chem.Int.Ed. 2011, 50, 994.

[5] For preliminary results see: a) M. Bandini, A. Eichholzer, Angew.Chem.Int.Ed. 2009, 48, 9533.
b) M. Bandini, M. Monari, A. Romaniello, M. Tragni, Chem.Eur.J. 2010, 16, 14272.

[6] G. Cera, P. Crispino, M. Monari, M. Bandini, Chem. Commun. 2011, 47, 7803.
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In the last two decades, the Pd-catalyzed C-C bond formation has emerged as an outstanding
strategy for building more or less complex organic molecules. Of the commonly used reactions, the
Suzuki-Miyaura (SM) coupling has been proven to be the most useful and widely applied [1]. Our
efforts have been mainly devoted to the development of new Pd-based catalysts that can efficiently
promote the SM reaction in mild and green conditions. The focus of interest is: i) use of safe
solvents, i1) room temperature catalysis, ii1) reusability of the catalytic system.

In recent work from our group, the Pd/CeO, system was found to show very good activity for the
SM coupling in water/ethanol mixtures at room temperature [2]. We demonstrated that the
“heterogeneous” Pd-containing precatalyst acts as “releaser” of “homeopathic” amounts of a
catalytically active soluble form of Pd. Furthermore, we succeeded in recycling the Pd/CeO,
precatalyst at least ten times without a marked decrease of catalytic activity.

The present work is an extension of the study to different Pd/Ln,Oy catalyst precursors (Ln = La, Pr,
Sm, Gd, Dy and YDb). Interestingly, all novel catalytic systems showed an activity much higher than
that exhibited by Pd/CeO,. The reusability of all precatalysts is also good, in particular for
Pd/ Sm203.

Current studies are focused on assessing some crucial features of the mechanism of formation of the
“true” catalyst. In particular, the higher catalytic activity of Pd/Ln,O; with respect to Pd/CeO,
seems to be related to the easier release of Pd particles from the surface of the former precatalyst.

[1]  N. Miyaura in Metal-Catalyzed Cross-Coupling Reactions, A. de Meijere, F. Diederich
(eds.), Wiley-WCH, Weinheim, 2nd edition, 2004, Vol. 1, Chap. 2.

[2] F. Amoroso, S. Colussi, A. Del Zotto, J. Llorca, A. Trovarelli, J. Mol. Catal. A Chem., 315,
2010, 197-204.
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Acene-based organic semiconductors, thanks to their outstanding properties and their good
processability, are key molecular materials for the development of organic electronics and
derivatives of tetracene represent those where a good compromise between environmental stability
and charge transport solid state properties is realised. Among tetracene-based systems, rubrene
(5,6,11,12-tetraphenyl-tetracene) showed exceptional high charge carrier mobilities in Organic
Field Effect Transistors (OFET) built on single crystals!') and now represents the state of the art for
molecular organic semiconductors.

It is noteworthy that, despite the peculiar and interesting properties of aryl-substituted-tetracenes,
few synthetic routes are available (mostly tedious multi steps procedures) and relatively limited
examples of molecules belonging to this series are known. This should urge on the organic chemist
community to develop synthetic strategies to access to new organic semiconductors belonging to
this class with improved transport properties, stability and processability. In principle, these
properties (stability against photo-oxidation, solubility and charge carrier mobility) can be
optimized by proper chemical modifications both on the tetracene core and on the aryl-substituents
and transition metal-catalyzed processes are, from this point of view, particularly appealing both to
improve the efficiency and to shorten the synthetic procedures.

Here we present our advances on the synthesis of new diaryl- and tetraaryl tetracenes where Pd-
mediated cross-coupling reactions represent the key tools both to access to these systems and to
prepare strategic precursors. In particular the synthesis of 1,1,3-triaryl-substituted propargyl
alcohols, key intermediate for the synthesis of 5,6,11,12 tetra-aryl-substituted tetracenes (Rubrene-
like systems) by copper-free Sonogashira protocol along with their evolution into rubrenes will be
described.””! A new protocol for the preparation of 5,11-diaryl-substituted tetracenes by Suzuki-
based cross-coupling reaction from 5,11-di bromo- tetracene in liquid ionic will be also presented."’
Some properties of the new tetracenes will be discussed.

5,11-diaryl-tetracenes

5,6,1,11,12-tetraaryl-tetracenes

References

[1] D. A. da Silva Filho, E.-G. Kim, J.-L. Brédas, Adv. Mater. 2005, 17, 1072.

[2] D. Braga, A. Jaafari, L. Miozzo, M. Moret, S. Rizzato, A. Papagni, A. Yassar Eur. J..Org.
Chem. 2011 published online in May

[3] A. Papagni, C. Trombini, M. Lombardo, S. Bergantin, M. Chiarucci, L. Miozzo, M. Parravicini,
Organometallics 2011, in press
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The selective and simultaneous conversion of alcohols and sugars into energy and chemicals is a
target of primary importance for the sustainable development. Two established types of fuel cells
operating in alkaline media can convert the free energy of alcohols (R-CH,-OH) into electrical
energy and the corresponding carboxylate product: the direct alcohol fuel cell (DAFC), based on
feasible metal electrocatalyst for alcohol oxidation [1] and the enzymatic biofuel cell (EBFC) that
utilizes oxidation enzymes such as dehydrogenases in conjunction with an electron transfer
mediator [2]. From a mechanistic viewpoint, the conversion of ethanol into energy and acetate
resembles the process occurring in a biofuel cell where the electrocatalytic system consists of
alcohol- and aldehyde-deydrogenases in combination with a hydrogen/electron transfer mediator.
Recently, we introduced a third type of fuel cell operating in alkaline media where the anode
catalyst is a molecular metal complex. We showed that in this device, named “organometallic fuel
cell (OMFC)” a molecular rhodium complex is capable of evolving through fast chemical equilibria
in the course of the catalytic cycle to form a specific catalyst for alcohol dehydrogenation, a specific
catalyst for aldehyde dehydrogenation and a specific catalyst for the H/electron-transfer [3]. From a
practical perspective, a molecular metal complex, soluble in different solvents and hence easily
dispersible on very small surfaces, but capable of delivering high power densities upon oxidation of
alcohols and sugars, paves the way to the further miniaturization of fuel cells for biological
applications as well as biosensors. The combination of well-defined molecular architecture with a
matching support (high surface area carbon black types) might allow for the selective oxidation of
polyalcohols into valuable chemicals under waste-free conditions which is hardly achievable by
traditional methods.

[1] V. Bambagioni, C. Bianchini, J. Filippi, A. Marchionni, F. Vizza, J. Teddy, P. Sherp, M. Zhiani,
J. Power Sources 190, 2009, 241.

[2] J.A. Cracknell, K.A. Vincent, F.A. Armstrong, Chem. Rev. 108, 2008, 2439.

[3] S. P. Annen, V. Bambagioni, M. Bevilacqua, J. Filippi, A. Marchionni, W. Oberhauser, H.
Shonberg, F. Vizza, C. Bianchini, H. Griitzmacher, Angewandte Chemie International Edition, 49
(2010), 7229-7233. Very Important Paper (VIP).
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Carbonylation is a wideley applied atom economic reaction providing esters, ketons, carboxylic
acids, amides and heterocyclic compounds.' Several procedures for the carbonylation of alkene and
alkyne derivatives with different catalysts have been investigated but only few reports investigate
the use of iron as the catalyst.” Iron carbonyl complexes have been increasingly used in organic
synthesis in recent years and iron catalysis represents a promising area in the homogeneous
catalysis.

Beside our interest on new ecofriendly catalysts for microwave assisted carbonylation reactions
using carbon monoxide as a bening source of C, a microwave-assisted procedure for the iron
catalyzed carbonylation of ynamides and terminal alkynes was developped.”

Starting from ynamides 1 a new class of E-acrylamides has been regioselectively synthesized after
irradiation with microwaves for only 20 minutes at low pressure of CO (1.3 bar) using Fe;(CO) and
TEA as the catalyst precursors (Scheme 1).

R. F TEA, Fes(CO)1,, CO 0
N + H,NT T R\NMN/\/
R THF, MW, 90 °C, 20 min ¥, N
1 (67-90 %)
Scheme 1

The same procedure can be easily applied to terminal alkynes giving regioselectively E-acryl- and
cinnamides. Using alcohols or thiols as nucleophiles E-acrylesters and thioesters are obtained in
good yields as well (Scheme 2).

_ Nu, Fez(CO)45, TEA, CO O
R—— ° . M
THF, MW, 90 °C, 20 min R Nu
(44-78 %)
Scheme 2

The building blocks obtained by this atomeconomic process are key intermediates in the synthesis
of natural products and small bioactive molecules.

[1] X.-F. Wu, P. Anbarasan, H. Neumann, M. Beller Angew. Chem. Int. Ed. 2010, 49, 7316-7319.
[2] K. M. Driller, S. Prateeptongkum, R. Jackstell, M. Beller Angew. Chem. Int. Ed. 2010, 49,
2978-2986.

[3] M.Pizzetti, A. Russo, E. Petricci Chem. Eur J. 2011, 17, 4523-4528.
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Transition-metal nanoparticles (NPs) are attracting a great deal of attention in almost any scientific
and technological field, including catalysis, where nanoscale materials are becoming more prevalent
in a wide range of applications such as fuel conversion, pollution abatement and fine chemical
production.[1]
An increasing interest is also devoted nowadays to properly exploit the high activity and selectivity
of nanocatalysts in order to develop greener and waste-minimized processes. From the Green
Chemistry standpoint, new nanocatalysts must be designed to operate under environmentally
friendly (for instance phosphine-free) conditions or in neoteric green solvents (e.g. ionic liquids,
supercritical fluids, fluorous phases, water and

Hydrodechlorination Ullmann  go on).[2]
allis (ArAT) In this context, during the last decade, we
\ exploited the use of nanostructured metal
& A’X catalysts based on palladium, copper, and gold,

ROZC COR Lo My (A7) to perform a wide range of C-C bond forming
solvents IL or water . . . .
N @ A S,,Bus reactions, like for example Heck, Suzuki, Stille,
cat.=metal-NPs i . . . .
dimerization Stille  gcrylate dimerization, and Ullmann couplings
9 9
AVV\OOZR using tetraalkylammonium ionic liquids and

Ar>_\ oH S B(OH)Z water as green reaction media.[3]
COR | Ax
This communication deals with our recent
Heck . i : :
e 0 Suzuki advances in  controlling the catalyst

AA
& R performances by choosing appropriately the

nature of the ionic liquid or the aqueous medium.

[1] Astruc, D.; Lu, F.; Aranzaes J. R.. Angew. Chem. 2005, 117, 8062; Angew. Chem. Int. Ed.
2005, 44, 7852.

[2] a) Parvulescu, V. 1.; Hardacre, C.; Chem. Rev. 2007, 107, 2615.

[3] a) Calo, V.; Nacci, A.; Monopoli, A.; Cotugno, P. Angew. Chem. Int. Ed. 2009, 48, 6101; b)
Monopoli, A.; Calo, V.; Ciminale,; F.; Cotugno, P.; Angelici, C.; Cioffi, N.; Nacci, A. J. Org.
Chem. 2010, 75, 3908.

716



ORG/OM-IL-02 The Amination of Hydrocarbons Catalysed by
Ruthenium Porphyrin Complexes. A Mechanistic Investigation.

Emma Gallo, Daniela Intrieri, Alessandro Caselli, Fabio Ragaini

Dipartimento di Chimica Inorganica Metallorganica e Analitica “L. Malatesta”, Via Venezian 21,
20133 Milano, Italia
emma.gallo@unimi.it

The direct amination of hydrocarbons is a reaction of great synthetic interest due to the biological
and pharmaceutical importance of aza-derivatives. We have focused our interest on this class of
transformations for ten years using aryl azides as nitrogen sources and metallo porphyrins as
catalysts [1]. More recently, we have investigated the catalytic activity of Ru(TPP)CO in C-H bonds
aminations and we have isolated and characterised the active bis-imido intermediate
Ru(TPP)(NAr), (Ar = 3,5-(CF3),CsH3) (1) [2].

To propose a general mechanism for the reaction we have investigated the reactivity of Ru(TPP)CO
(2) towards several aryl azides, discovering that the nature of the active intermediate strongly
depends on the electronic nature of the employed azide. The replacement of 3,5-(CF3),CsH3N3 with
4-CF;3;C¢HuN3 in the reaction with Ru(TPP)CO allowed the isolation of the mono-imido complex
Ru(TPP)(NAr)CO (Ar = 4-(CF3),C¢H4) (3) that showed a good catalytic activity in hydrocarbon
aminations. On the other hand, the reaction of Ru(TPP)CO with an aryl azide bearing an electron
donating group, 4-BuC¢HsNs, gave a very unstable imido complex (4). Complex 4 has been
detected by NMR and it rapidly decomposed to the mono-amino compound Ru(TPP)(NH,Ar)CO
(Ar = 4-"BuC¢Hy) (5) that was isolated and characterised.

NAr NAr tif NH,Ar
2 ArNs ArNg # Ar = 4-'BuCgH, ¢
NAr co co co
1) (2) (3or4) (5)
Figure 1

A kinetic study has been also performed to better rationalise the dependence of the reaction
mechanism on the nature of the organic azide.

[1] (a) S. Cenini, E. Gallo, A. Caselli, F. Ragaini, S. Fantauzzi and C. Piangiolino, Coord.
Chem. Rev., 2006, 250, 1234, (b) S. Fantauzzi, A. Caselli and E. Gallo, Dalton Trans, 2009, 5434.
[2] S. Fantauzzi, E. Gallo, A. Caselli, F. Ragaini, N. Casati, P. Macchi and S. Cenini, Chem.
Commun., 2009, 3952; (b) D. Intrieri, A. Caselli, F. Ragaini, S. Cenini and E. Gallo, J. Porph.
Phthal., 2010, 14, 732.
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After our first report concerning the complex [PtC1([1%-C,H4)(N-N)T", 1, (N-N = N,N,N',N'-
tetramethylethanediamine, tmeda) [1] many properties of this type of species have been clarified.

The obtainment of 1 (the prototype of stable cationic platinum complexes which can contain
olefins different from ethene) was a clear experimental proof of the [I-donating properties of
olefins, which could give stable complexes also in the absence of relevant []-back-donation from
the metal to the unsaturated ligand.

The coordinated olefin is endowed with a good degree of electrophilicity [2] and, in the case
of olefins higher than ethene, it can also exhibit Bronsted acidity [3]. Deprotonation can eventually
prevail over nucleophilic addition [4].

The dinitrogen ancillary ligand plays an important role in tuning the properties of the
complexes; in particular, when tmeda is replaced by an aromatic diimine, the metal becomes more
electrophilic and it can compete with the olefin in the reaction with soft nucleophiles [5].

In cationic complexes with allyl acetate, [PtCly(1*-CH,=CHCH,OC(O)CH3)(N-N)]*, two
reactive sites are present in the coordinated olefin: the allylic carbon and the C=C double bond.
Nucleophiles first replace the acetato group and then add to the olefinic bond. In the case of
bidentate nucleophiles a heterocycle is built up in the near proximity of the coordination sphere (see
Scheme). When the two donor atoms are different, because of the two consecutive reaction steps,
only one of the possible isomers is formed.

\ i Voo \/

N,

[ \P/Cl \| tmeda R\P/Cl [CH,C(O)],CH, [N\P/

Ay LA L

AN A i /
A

OC(O)CH;

[1] G. Gervasio, S. A. Mason, L. Maresca, and G. Natile Inorg. Chem., 25, 1986, 2207.

[2] L. Maresca, and G. Natile Comments Inorg. Chem., 16,1994, 95.

[3] G. Bandoli, A. Dolmella N. G. Di Masi, F. P. Fanizzi, L. Maresca, and G. Natile
Organometallics, 21, 2002, 4595.

[4] C. R. Barone, S. de Pinto, G. Lorusso, N. G. Di Masi, , L. Maresca, and G. Natile
Organometallics, 29, 2010, 4036.

[5] C. R. Barone, M. Benedetti, V. M. Vecchio, F. P. Fanizzi, L. Maresca, and G. Natile Dalton
Trans., 2008, 5313.
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Polyoxometalates (POMs) have been proposed as the homogeneous models of solid metal oxides.
Their success of as oxidation catalysts is based on their multi-metallic composition, which is pivotal
to access diverse mechanistic pathways and an enhanced stability. The presence of d’ metals, in
particular, can be exploited to activate the non-waste producing oxidant H,O,. We present herein
two promising strategies to design innovative and sustainable oxidative processes with H,O,,
involving the use of transition metal substituted POMs (TMSPs) and hybrid organic-inorganic
POMs.

(1) The molecular structure of TMSPs, featuring well defined catalytic sites, may be very convenient
to study the mechanism and to tune their reactivity. Stable dimeric POM structures containing 4™
group transition metals as Zr'" or Hf'", in particular, form peroxometal-butterflies as active species.
They have been used in water to oxidize L-methionine (70-99% yields in 20-48 h, at r.t.) and benzyl
alcohols (50 min, under MW assisted activation, Ty, x=90°C, TOF= 75 h'l) [1].

2 y y
T on : '
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». N T=28°C H0,
LI . o o octane, 50°C
¥ p 2 Q Q

o |
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z \/CH/ OH ? \/CH/ “oH
3 Y H HG,
5 N + BN / \
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o e, O Nong (i1). [CH=CH(CH,)sSi),0(SiW100s6)* @ PMMA D// \\0

(i) Covalent grafting of organic moieties on POMs may implement affinity towards different
media, as well as immobilization strategies [2]. POMs functionalized with unsaturated alkyl chains
have been used as monomers to prepare methacrylate-based copolymers, by means of radical
polymerization. The heterogeneous catalytic material has been used to model a fuel desulfurization
process: in octane, dibenzothiophene has been quantitatively converted to the corresponding sulfone
in 4h (TOF= 18 h'™").

[1] a) S. S. Mal, N. H. Nsouli, M. Carraro, A. Sartorel, G. Scorrano, H. Oelrich, L. Walder, M.
Bonchio, U. Kortz Inorg. Chem. 49, 2010, 7; b) M. Carraro, N. H. Nsouli, H. Oelrich, A. Sartorel,
A. Soraru, S. S. Mal, G. Scorrano, L. Walder, U. Kortz, M. Bonchio Chem. Eur. J. 2011, in press.
[2] S. Berardi, M. Bonchio, M. Carraro, V. Conte, A. Sartorel, G. Scorrano J. Org. Chem. 2007, 72,
8954.
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The insertion of olefin into the metal-carbon bond is the elemental step of the Ziegler-Natta
catalysis that, in the homogeneous phase, occurs through the initial association of the olefin with the

H Y ¥ metal cation of the catalytic ion pair. Group
I <M Ve IV metallocenium ion pairs polymerize
ﬂ Me ?CFR  olefins with high rates, but the elevat
Me+/j\ = S H olefins w gh rates, but the elevate
% R ‘N reactivity of such systems dramatically
complicates fundamental kinetic

@ AH# Me Ph compiicar ; .
investigations. During our studies on the
X= CSDE'CI MeB(CeFs)s, B self-aggregation of zirconocenium ion pairs
-TAS? [1,2], we synthesized some zirconazidirines

having ([Cp,Zr(1>-CH,-NRR)][X] as general formula that show some remarkable requisites to be
used as good models for investigating the single insertion of olefin into the Zr-C bond. In particular,
they are able to react stoichiometrically with olefins leading to a five-membered azametallacycle, as
represented in figure.

With the aim of obtaining thermodynamic activation parameters of the single insertion and
determining as they depend on nature of counterion and solvent, low-temperature kinetic NMR
studies of the reaction of 2-methyl-1-heptene with [Cp,Zr(C*-CH,-NMePh)][X] [la:X
=MeB(C¢Fs)s; 1b:B(CgFs)4] ion pairs were performed. Results indicate that, in toluene, OHY s
higher for MeB(C¢Fs);” than for B(C¢Fs)s ([ H*=-4.5 kcal mol'l) but the former better
compensates the loss of entropy caused by olefin association (I 1S*=-13 cal mol™" K™). The two
ion pairs 1a-b behave exactly the same in a toluene/chlorobenzene mixture due to the coordination
of a chlorobenzene molecule at the zirconium center that pushes the counterion in the second
coordination sphere. [JH* (ca 11 kcal mol™) is higher than in toluene ([JH*=8.5 kcal mol™ and
[JH*=4.0 kcal mol™ for 1a and 1b, respectively) while [1S* (ca -26 cal mol™ K™) is similar to that of
1a in toluene (11S*=-32 cal mol”" K™).

[1] L. Rocchigiani, C. Zuccaccia, D. Zuccaccia and A. Macchioni Chem .Eur. J. 2008, 14, 6589.

[2] L. Rocchigiani, G. Bellachioma, G. Ciancaleoni, A. Macchioni, D. Zuccaccia and C. Zuccaccia
Organometallics 2011, 30, 100.
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as sensitive materials in photoelectrochemical devices
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5,10,15,20-tetraferrocenylporphyrins have been object of our interest in different application such
as electron transfer reactions [1], mixed-valence states [2], multiredox processes and long-range
electronic internal communication [3]. These properties make them suitable for the construction of
photochemical devices.

New tetraferrocenylporphyrins containing one functionalized ferrocenyl group were synthetized
with the aim to link these molecules on surfaces. A chain with a terminal thioacetate or carboxylic
acid was used to obtain functionalized Au or ITO surfaces.

AuorlITO

R= CO(CH,)sSCOCH; or CO(CH,),CO,H

The obtained monolayers were characterized by Uv-vis and electrochemical techniques and used in
photoelectrochemical cells. Promising results in terms of photocurrent vs applied potential was
obtained and will be discussed in connection with the surface-potential-experimental conditions set.

[1] P. Galloni, B. Floris, L. De Cola, E. Cecchetto, R. M. Williams, J. Phys. Chem. C 2007,
111,1517.

[2] V. N. Nemykin, G. T. Rohde, C. D. Barrett, R. G. Hadt, C. Bizzarri, P. Galloni, B. Floris, L.
Nowik, R. H. Herber, A. G. Marrani, R. Zanoni, N. M. Loim, J. Am. Chem. Soc., 2009, 131, 14969.
[3] V. N. Nemykin, G. T. Rohde, C. D. Barrett, R. G. Hadt, J. R. Sabin, G. Reina, P.Galloni,
B.Floris Inorg. Chem. 2010, 49, 7497.
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INO-PO-01 Structural electronic study via XPS and TEM of sub-
nanometric gold particles protected by calixarenes

A. Boccia,” R. Zanoni," A. Arduini,b F. Ciesa,b L. Pescatori,b A. Secchi”

* Dipartimento di Chimica dell’Universita di Roma “La Sapienza”, P.le Aldo Moro 5, 00185, Roma,
Italy.

® Dipartimento di Chimica Organica e Industriale dell’Universita di Parma, Viale Usberti 17/a,
43124, Parma, Italy.

alice.boccia@uniromal .it

Metal nanoparticles (NPs) arise high scientific interest because they display unique
properties, relevant in many established or emerging fields as optoelectronics, catalysis and sensing.
An attractive property of NPs is their ability to anchor onto the core suitable receptors in a radial 3-
D arrangement for the recognition of species [1]. Gold nanoparticles (AuNPs) are the most stable
metal NPs, and their production as ligand-covered clusters constitutes a class of emerging hybrid
organic-inorganic materials. In particular, thiol-stabilized AuNPs have become a model system in
nanomaterials research due to their stability, easy preparation and chemical versatility [2].

A series of differently sized AuNPs stabilized by monodentate, bidentate, tridentate and
tetradentate thiolate calix[4,6]arene ligands, prepared by the Brust-Schiffrin two-phase synthesis,
were characterized by XPS, in combination with TEM. The experimental data show that the
multidentate structure of calixarenes introduces a control element in the preparation, which is
crucial to obtain very small (< 1 nm) AuNPs [3]. The core size distribution of the clusters was
determined by analyzing TEM images. XPS measurements allow to separate the Au atoms in two
subsets, on the basis of their clearly distinct Au 4f binding energy: Central Atoms, at 82.8-83.5 eV,
and Surface Atoms bound to S, falling at 1.3 eV from central Au. These values suggest that S
ligands attract positive charge on surface leaving a more negative inner atom. The S 2p spectra
present a main component due to thiolate-Au bond, compatible with the structural “Staple Motif”
reported in the literature [4]. Since very small NPs have a larger percentage of surface atoms, the
experimental S/Au and Au-S/AUcentral ratios are an indirect evaluation of the cluster nuclearity,
likely to be assigned to Au;; or Au;s, both compatible with the observed diameters.

[1] A. Arduini, D. Demuru, A. Pochini, and A. Secchi, Chem. Commun. 2005, 645.

[2] M.C. Daniel, and D. Astruc, Chem. Rev., 104, 2004, 293.

[3] L. Pescatori, A. Boccia, F. Ciesa, F. Rossi, V. Grillo, A. Arduini, A. Pochini, and R. Zanoni,
A. Secchi, Chem. Eur. J., 16,2010, 11089.

[4] M.W. Heaven, A. Dass, P.S. White, K.M. Holt, and R.W. Murray, J. Am. Chem. Soc., 130,
2008, 3754.
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The synthesis and the study of oligonuclear transition metal compounds has been a very active field

in the last years, mainly addressed to the comprehension of the spin communication pathways for
their potential application as molecular magnets [1].

) Few years ago our research group started a systematic approach to this

regard using ‘strained’ tetra- and pentadentate Schiff base ligands

(namely the Hjsalben and the Hjsalmp types, respectively) derived

X) from the condensation of two  salicylaldehydes  with
N arylmethandiamines [2]. They possess only one carbon atom between
(j\A /D the two donor iminic nitrogen atoms, favouring the formation of di- or
OH HO oligonuclear complexes.
Hasalmp (X~ OH, Y = H) The reaction between this kind of

H,sal(o-X)ben (X = OMe, CI, NO,, Y = H) . .
stal(p-\z{)ben (X=H,Y ="'Bu, Me, H, F, Cl, CF, NO,) llgands with manganese(HI) and

iron(IIl) yields compounds whose
nuclearity ranges from dinuclear to tetranuclear, depending on the
reaction solvent, the substituent position on the ligand and the
deprotonating base used.
Crystal structures of some derivatives, and the magnetic studies of
the most representative cases will be also reported.

[1] E. Tancini, M.J. Rodriguez-Douton, L. Sorace, A.-L. Barra, R. Sessoli and A. Cornia, Chem.

Eur. J., 16,2010, 10482-10493.

[2] B. Chiari, A. Cinti, O. Crispu, F. Demartin, A. Pasini and O. Piovesana, J. Chem. Soc.,
Dalton Trans., 2002, 4672-4677.
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The xenon-difluoronitrenium cation FaN-Xe', a novel xenon-nitrogen species, is obtained in the gas
phase by the nucleophilic displacement of HF from protonated NF; by Xe. MP2 and CCSD(T)
theoretical calculations reveal that this process is exothermic and exoergic by ca. 3 kcal mol™. The
conceivable alternative formation of the inserted isomer FN-XeF" is instead endothermic by as
much as 40-60 kcal mol”, and is not attainable under the employed ion trap mass spectrometric
(ITMS) conditions. FoN-Xe" is theoretically characterized as a weak electrostatic complex between
NF," and Xe, with a Xe-N bond distance of 2.4-2.5 A, and a dissociation enthalpy and free energy
into its constituting fragments of 15 and 8 kcal mol™, respectively. FoN-Xe" is therefore more
fragile than the xenon-nitrenium ions (FO,S),NXe", FsSN(H)Xe", and FsTeN(H)Xe" observed in
the condensed phase as AsFs™ or Sb3F ¢ salts [1-4]. It is however still stable enough to be observed
in the gas phase. Other otherwise elusive xenon-nitrogen species could be obtained under these

experimental conditions.
2,463 N
Xe
O
F

F
Figure 1. F,N-Xe'. The bond distances (A) are optimized at the MP2/def2-TZVPP level of theory.

[1] D. D. DesMarteau, J. Am. Chem. Soc. 1978, 100, 10, 6270-6271.

[2] R. Faggiani, D. K. Kennepohl, C. J. L. Lock, G. J. Schrobilgen, Inorg. Chem. 1986, 25, 5, 563-

571.

[3] J. F. Sawyer, G. J. Schrobilgen, S. J. Sutherland, Inorg. Chem. 1982, 21, 19, 4064-4072.

[4] B. Fir, J. M. Whalen, H. P. A. Mercier, D. A. Dixon, G. J. Schrobilgen, Inorg. Chem. 2006, 45,
63, 1978-1996.
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Exploiting the “complexes-as-metals/complexes-as-ligands” synthetic strategy [1] a family of
six novel polypyridyl dinuclear species containing two different Ru(tpm)(CL) units [tpm = tris(1-
pyrazolyl)methane, CL = 2,2’-bipyridine, 1,10-phenanthroline, 2,2’-biquinoline] bridged either by
4,4’-bipyridine or pyrazine (see the chart) have been prepared as hexafluorophosphate salts.

These compounds re-present the asymmetric analogues of six dinuclear complexes whose
synthesis and properties have been recently
published [2]. No-tably, owing to the
presen-ce of a tripodal ligand, the metal
centres are not chiral, thus the samples are M
not diastereomeric mixtures, a feature that ‘f
prevents the structural characterization of
oligonuclear trischelate complexes [3].

All novel complexes have been
thoroughly characterized by elemental
analyses and IR spectroscopy, and their 'H
NMR spectra completely assigned on the
basis of COSY and NOESY experiments. "f::)" =44 bpy.ps 4 u*g %= 2,2-bpy, phen, big

The photophysical, electrochemical,
and spectroelectrochemical properties of the new species will be reported and discussed in terms of
their similarities and differences with respect to those observed for their symmetric analogues.

[1] S.Serroni and G.Denti, Inorg. Chem. 1992, 31, 4251.
[2] M.Guelfi, F.Puntoriero, S.Serroni, G.Denti, Eur. J. Inorg. Chem. 2011, 709.

[3] M.Sommovigo, G.Denti, S.Serroni, S.Campagna, C.Mingazzini, C.Mariotti, A.Juris, Inorg.
Chem. 2001, 40, 3318, and references therein.
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Kinetic molecular devices (KMDs) perform a specific work at a molecular level by using the
kinetics of the process in which they are involved. Particularly, variable-parameter Kkinetic
molecular devices (VPa KMDs) are able to change in a controlled way an environmental parameter
(pH, T, I, [Nu], etc.) inside a reaction vessel making it possible to follow automatically parameter-
sensitive processes without using external physical devices.[1] Variable-pH and variable-
temperature KMDs have been used to carry out, respectively, spectrophotometric and NMR
variable-pH kinetic experiments or automatic titrations and variable-temperature kinetic
experiments. In some cases cooperative composite KMDs have been used, formed by two chemical
systems working as a molecular apparatus, able both to change the parameter and to monitor it.[2]

In this contribution a first example of integrated composite KMD is proposed where two
chemical devices operate together in the same environment, interacting with each other, to perform
a work different from those peculiar to the single ones. It is formed by [1.1.1]cryptand,[3] able to
change slowly and irreversibly the pH in a linear way,[1] and [Cuy(bis-tren-ter-2,5-
dimethylfuran)]*", able to capture rapidly and reversibly anions (CI, Br, I', N3).[4] The two
devices, together, act as a variable-anion concentration KMD by releasing slowly and almost
linearly with time anions, in this way making it possible to follow automatically anion-sensitive
processes without using physical devices.
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A mathematical model has been derived to describe the behavior of this complex system and a
computer simulation for various anions in various conditions has been carried out. A
spectrophotometric method to follow the concentrations of the involved species and the pH has been
devised.

An experiment has been carried out in a 1 mm quartz cuvette containing, in water at 25°C,
[1.1.1]cryptand 0.1 M, [Cuy(bis-tren-ter-2,5-dimethylfuran)]** 0.003 M and CI" 0.003 M. The
change in absorbance, processed by the mathematical model, gave, without using external pH and
anion sensors, the increasing values of both pH and chloride concentration.

3+

[1] G. Alibrandi, Angew. Chem., Int. Ed., 2008, 47, 3026-3028; G. Alibrandi, C. Lo Vecchio, G.
Lando, Angew. Chem., Int. Ed., 2009, 121, 6450—6452.

[2] G. Alibrandi, C. Lo Vecchio, A. Villari, 1. Villari, Chem. Eur. J., 2010, 16, 7700-7703.

[3] J. Cheney, J. M. Lehn, J. Chem. Soc. Chem. Commun. 1972, 487-488. P. B. Smith, J. L. Dye, J.
Cheney, J. M. Lehn, J. Am. Chem. Soc. 1981, 103, 6044—6048.

[4] V. Amendola, M. Bonizzoni, D. Esteban-Gomez, L. Fabbrizzi, M. Licchelli, F. Sancenon, A.
Taglietti, Coord. Chem. Rev., 2006, 250, 1451-1470.
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In the field of electrooptic materials, the rational design and synthesis of chromophores
endowed with high transparency together with large second order nonlinear optical (NLO) response
is a field of intense research activity. Many organic and metallorganic second order NLO
chromophores have been designed according to the ‘‘push-pull’’ strategy, where electron-donating
(D) and electron-withdrawing (A) end groups interact through a delocalized m-electron bridge to
generate an intramolecular charge transfer transition [1]. On the other hand, far less attention has
been devoted to low dipole moment chromophores, though in some instance they have been shown
to possess large hyperpolarizability [ [2].

Here we report on the second order NLO properties of (2-pyrene-1-yl-vinyl)pyridine, 1, a
chromophore based on the pyrene moiety which is well studied for its outstanding fluorescence
properties (long lifetime and high quantum yield) while its derivatives have never been investigated
for their NLO response. Preliminary measurements of the second order NLO properties of 1 in
solution by the EFISH technique revealed an unexpectedly high and strongly concentration
dependent up value, comparable to that of benchmark NLO chromophores. At high concentrations
the decrease of the second order NLO response seems to point to the formation of centrosymmetric
aggregates, a feature that is supported also by the emissive behaviour of 1. Interestingly 1 is quite
transparent, a relevant property for potential technological applications. These experimental results
have been supported by theoretical investigation performed at DFT and Time Dependent DFT level,
which has allowed an analysis of the electronic origin of the NLO response.

—N
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[1] T. Verbiest, et al. J. Mater. Chem. 7,1997, 2175.
[2] J. Gradinaru, A. Forni, et al. Inorg. Chem. 46, 2007, 884.

727



INO-PO-07 Dynamic behaviour of Pd and Pt tiourea complexes

Archimede Rotondo”, Enrico Rotondo”, Salvatore Barresi®, Matteo Cusumano”

*Dipartimento CICACF -Universita di Messina- Via D’Alcontres 31, 98166 Messina, Italy. E-mail:
arotondo@unime.it.

Pd" and Pt" thiourea complexes are a crucial topic in inorganic chemistry for the peculiar kinetic
and thermodynamic features and for biological properties related to their anti-cancer activity [1-2].
As a matter of this fact, the strong binding ability of these S-donor nucleophiles is currently
exploited in chemotherapy to reverse unwanted side effects of Pt-based drugs [3-4]. A typical
feature of the S coordinated thiourea is the M-S=C angle (ranging from 106 to 118°) which, in the
case of rigid square planar complexes, pushes the thiourea ligand over the coordination plane along
a roughly perpendicular plane [5,6]. NMR multinuclear (1H, 13C, 15N and 195Pt) analysis at
variable temperature demonstrate that complexes [M(NN)(n-TU)]Cl, (M= Pd" or Pt" ; NN=2,2’-

bipyridil or phenanthroline; n-TU = alkyl substituted thioureas) do show many different
conformations in a temperature tunable exchange according to C=N and M-S hindered rotation or S
inversion. The [M(NAN)(n—butyl—TU)]Clz BC and inverse detected "N at 225°K show the presence
of four conformers. Pulse gradient HMBC-'""N detections [7] took great advantage by a large
unespected B-C-H long-range coupling (*J) with nitrogen. An important NMR feature of these
complexes (also in view of their biological activity) is the proton donor capability leading to a
reversible decrease of the positive charge during the cell membrane-crossing.

[1] G. Marverti, M. Cusumano, A. Ligabue, M. L. Di Pietro, P. A. Vainiglia, A. Ferrari, M.
Bergomi, M. S. Moruzzi, C. Frassineti, J. Inorg. Biochem., 102, 2008, 699.

[2] N. Summa, W. Schiessl, R. Puchta, N. van Eikema Hommes, and R. van Eldik, /norg. Chem.,
45, 2006, 2948.

[3]J. M. Berry, C. Jacobs, B. Sikic, J. Halsey, R. F. Borch, J. Clin. Oncol. 1990, 8, 1585—-1590.

[4] M. Treskes, U. Holwerda, L. G. J. Nijtmans, H. M. Pinedo, W. J. F. Van der Vijgh, Cancer
Chemother. Pharmacol. 1992, 29, 467-470.

[5] W. Schiessl, R. Puchta, Z. D. Bugarcic, F. W. Heinemann, and R. van Eldik, Eur. J. Inorg.
Chem. 2007, 1390-1404.

[6] M. G. Fisher, P. A. Gale, M. E. Light and Roberto Quesada, CrystEngComm, 10, 2008, 1180.

[7] A. Bax, M. F. Summers J. Am. Chem. Soc.,108, 1986, 2093.
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Polymeric materials with nanosized structures and self assembly properties have been
previously achieved by emulsion polymerization and osmosis based methods[1,2].

Synthesis and properties of bioconjugates based on functionalized polymeric nanoparticles
(PNs) and monoclonal anti-Integrin aV CD51 (al) antibody were now investigated. Polymeric and
co-polymeric colloidal nanoparticles with different functionalities, i.e. acid, amine or thiol, namely
poly(methylmethacrylate-co-acrylic  acid) [P(MMA-co-AA)], poly(methylmethacrylate-co-
dimethylpropargylamine) [P(MMA-co-DMPA)], poly(methylmethacrylate-co-allil mercaptane)
[P(MMA-co-AM)], were obtained by tailoring emulsion synthesis and fully characterized by means
of spectroscopic techniques and scanning electron microscopy (SEM). Bioconjugates (PN/al) based
on P(MMA) or P(MMA-co-AA) were obtained by loading the polymeric nanoparticles with the
antibody anti-Integrin with a simple and straightforward immobilization strategy. Qualitative and
quantitative loading analyses of bioconjugates were carried out by means of polyacrylamide gel
electrophoresis 1D-PAGE, MALDI-TOF and LC/ESI-MS/MS investigations. The biological
efficacy of bioconjugates was confirmed by the reduced migration potential of PN/al-treated human
kidney cells (HEK293). The easy immobilization procedure and high immobilization capacity of
polymeric nanoparticles together with tuneable chemical functionalities and dimension of the
polymeric nanoparticles open applicative perspectives for targeted delivery.

[1] I. Venditti I. Fratoddi, C. Palazzesi, P. Prosposito, M. Casalboni, C. Cametti, C. Battocchio, G.
Polzonetti, M. V. Russo, Journal of Colloids and Interface Science 348, 2010, 424
[2] L. Chronopoulou, I. Fratoddi, C. Palocci, I. Venditti, M. V. Russo, Langmuir, 25, 2009, 11940
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Polymetallaynes show peculiar properties that allow their use in electronic and electro-
optical devices sensors and biosensors, electroluminescence and photovoltaic behavior [1]. On the
basis of our previous research [2], we report a new application, i.e. the gamma rays detection
achieved by a Pt containing polymetallayne, Pt-DEBP. This polymer can be used as y rays
dosimeter for doses higher than 15 Gy using the absorption spectra changes. Shifts in the position of
the main peak of the absorption spectrum of the solutions had an approximately linear relationship.
Changes in the fluorescence spectrum suggest that the system can also be used for doses below 1

Gy (Figure 1, a-b).
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a- Optical absorption spectra of Pt-DEBP b- Emission spectra of Pt-DEBP
The spectra have been recorded before and after irradiation with y rays at different radiation doses.

The response of Pt-DEBP to increasing gamma ray exposure has been interpreted as due to
the fragmentation of the polymer backbone, likewise the case of already investigated polymers.
Theoretical studies have supported our preliminary assessments. In fact, we have fully characterized
by TDDFT calculation the absorption spectrum by comparison with a very similar model system.

Acknowledgements. The authors gratefully acknowledge the financial support of this research by
MAE-MIUR Progetti di Ricerca Scientifica e Tecnologica Bilaterale 2008-2010, CNPq (Brazil),
FAPESP (Brazil) and CNEN (Brazil).

[1] C. Eloi, L. Chabanne, G.R. Whittel, I. Manners, Mater. Today, 11, 2008, 28
[2] L. Fratoddi, C. Gohlke, C. Cametti, M. Diociaiuti, M.V. Russo Polymer 49, 2008, 3211
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There is a growing interest in the structural chemistry of selenites and tellurites, due to the
following properties: (1) the ability to produce solid state structures containing channels and
cavities suitable to housing the chalcogen electron lone pair, (2) the ability of the chalcogenite anion
to act as a bridge between two transition metal cations, permitting magnetic exchange between
paramagnetic centres, (3) the possibility of the chalcogen electron lone pair to give rise to
supramolecular interactions.[1] 02 Se  o¥

By reacting Ni(NOs), with Na;SeOs; in presence of L 9 1 1 L
tetramethylethylenediamine (TMEDA) the heteroleptic dinuclear ---'f%\‘f_-'f-_”;”; | Ze_\ NI

complex [Ni(u-SeO3;)(TMEDA)],:8H,0 is obtained. It consists of s ol _l]&‘"«
a dinuclear species in which the two nickel atoms are held 0o | T o O
together by two bridging selenito anions and 6 water molecules K -2

are involved in hydrogen bonds directly with the oxygen atoms of ‘ 3
the selenite anions. The two nickel cations exhibit .
antiferromagnetic coupling with J = -25.7 + 0.1 cm™, in good A & T o

<

agreement with the DFT calculated value of -27 cm™ for the
[Ni(u-SeO3)(TMEDA)],-6H,0 species. The coupling between the )}
two metals occurs primarily via the bridging oxygen atom O(1) j P ,
and also to a minor extent through the O-Se-O bridge, as attested ‘9}
by the spin density distribution. b, @I L
Regarding the simple selenite salt NiSeOs, it has been <
reacted with CO with the aim to produce NiSe: the obtained Figure 1. Crystal structure
materials have been studied by IR, XRD and XPS. and energy levels of the
antiferromagnetic quintet
with hydrogen bonded water
molecules.

0.97 kJ/mol

— MU

[1] M. Delferro, C. Graiff, L. Elviri, G. Predieri, Dalton Trans., 39, 2010, 4479.

731



INO-PO-11 Unexpected Isomerism in "[Pd(2,9-
dimethylphenanthroline)X,'" Complexes: Not Always the Same Compound

Martino Rimoldi,* Fabio Ragaini,”* Piero Macchi,” Nicola Casati°

"Dip. Chimica Inorganica, Metallorganica e Analitica "L. Malatesta", Universita di Milano, e
ISTM-CNR, v. Venezian 21, 20133 Milano. bDepartment fiir Chemie und Biochemie, Universitét
Bern, Freiestrasse 3CH-3012 Berne (CH), “Dip. Chimica Strutturale e Stereochimica Inorganica,
Universita di Milano, v. Venezian 21, 20133 Milano.

E-mail: fabio.ragaini@unimi.it

Complexes bearing the 2,9-dimethylphenanthroline (neocuproine, Neoc) ligand have attracted a
special attention because the steric hindrance caused by the two methyl groups stabilizes unusual
coordination geometries and the formation of otherwise unstable adducts. Such feature is also
essential to allow high catalytic activity in some reactions. Among these, palladium-catalyzed
oxidation reactions are surely worth mentioning. Palladium neocuproine halide complexes have
been known for a long time and are often used as the starting material for the synthesis of more
complex compounds. Different synthetic approaches have been reported for their preparation, but
the products are invariably formulated as Pd(Neoc)X, (X = Cl, Br, I). While investigating the
reactivity of these complexes, we realized that even apparently minor variations in the synthetic
procedure led to products that displayed completely different solubility behaviours despite having
the same elemental analysis, always in excellent agreement with that calculated for the expected
product. We thus engaged in a more in depth investigation of the identity of these apparently trivial
compounds and found that two bonding isomers exist for each of the compounds in the series, one
of which had escaped identification for more than 40 years, despite having previously been obtained
by many researchers.

Pd

Br Br

Figure 2. Ionic isomer:
[Pd(Neoc);Br],[Pd;Brg] (half of
the crystallographic cell shown)

Figure 1. Neutral isomer:
Pd(Neoc)Br;
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The functionalization of metallic nanoparticles (MNPs) surface with organic molecules allows for
tuning the overall properties of particles in order to fit target applications. In this framework, the
development of new strategies for the chemical stabilization of MNPs by means of specific ligands
has been object of recent research. The chemical stabilization of MNPs by suitable organic ligands,
i.e. the so called molecule-capping method, presents several advantages over other preparative
methods such as low preparation costs and better NPs size, monodispersity and shape control.
Among others, Au and Ag NPs can be functionalized with alkanethiol monolayers that afford high
stability to the colloids against aggregation [1,2]. The synthesis and characterization of AgNPs of
different sizes stabilized by allyl mercaptane (AM) is presented. The size-control of the AgNPs was
achieved by direct control of synthesis parameters and the hybrids were characterized, among
others, by means of synchrotron radiation-induced X-ray techniques as X-ray photoelectron
spectroscopy (SR-XPS) and Extended Absorption Fine Structure spectroscopy EXAFS. XPS
measurements were performed at the Cls, S2p and Ag3d core levels; EXAFS measurements were
carried out at the Ag k-edge (25514 eV) and S k-edge (2472 eV). High resolution XPS
measurements allowed to assess the anchoring of the thiols onto silver nanoparticles through a
stable Ag-S bond. EXAFS measurements at the S k-edge provided further information about the
thiols interaction with AgNPs, leading to hypothesize a core-shell system occurrence, with Ag,S-
like and Ag-S-R -like sulphur species, further suggested by SR-XPS S2p data. The EXAFS data
collected at the Ag K-edge also provided information about the NPs dimensions and sizes
dispersion.

References:

[1] R. Giizel, Z. Ustiindag, H. Eksi, S. Keskin, B. Taner, Z. G. Durgun. A. A. isbir Turan, A. O.

Solak, J. Colloid and Interface Science, 351 (2010) 35;
[2] A.C.Templeton, W.P.Wuelfing, R.W.Murray, Acc. Chem. Res. 33(2000) 27
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Dye-sensitized solar cells (DSSCs) represent today an interesting class of photovoltaic
devices because of their excellent light-to-electricity conversion efficiencies. Many dyes have been
investigated and among them the ruthenium sensitizers have shown the best results reaching more
than 11% efficiency [1]. It was recently reported the achievement of an 11% efficiency with a push-
pull meso-substituted Zn"-porphyrin as dye [2].

Here we present the synthesis of a push-pull Zn'-
porphyrin with a N,N-dimethylaniline donor group and a
carboxy acid acceptor group with a new benzo[l,2-b;4,5-
b’]dithiophene spacer.

The orthofused aromatic/thiophene system shows a
rigid  m-conjugated-condensed  framework, free from
configurational disorder, which leads to unique electronic
properties such as conductivity, high field effect mobility and
tunable stacking in the solid state relevant for applications such as in LED, FET and organic solar
cells [3]. It may play a relevant electronic role in favoring electron transfer along the push-pull
system.

Theoretical TD-DFT calculations, electrochemical and photoelectrochemical studies, and a
compared investigation of the light-to-electricity conversion efficiency in a dye-sensitized solar cell
will be presented.

[1] M. Nazeeruddin, F. De Angelis, S. Fantacci, A. Selloni, G. Viscardi, P. Liska, S. Ito, B. Takeru,
M. Gritzel, J. Am. Chem. Soc., 127, 2005, 16835.

[2] T. Bessho, S. M. Zakeeruddin, C.-Y. Yeh, E. W.-G. Diau, M. Gritzel, Angew. Chem. Int. Ed.,
47,2010, 6646.

[3] U. Giovanella, C. Botta, A. Bossi, E. Licandro, S. Maiorana, J. Appl. Phys., 100, 2006,
083107/1.
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The R—X-Mg systems (R=rare earth metal; X=late transition metal or early post-transition
metal) have been intensively studied in the last ten years with respect both to the fundamental and
applicative point of view. Their scientific interest is mainly related to the fact that these systems
show complex phase diagrams in which many ternary compounds exist, often characterized by
peculiar structures, unusual stoichiometries and novel bonding features.

During the investigation of the La—Ge-Mg phase equilibria several ternary phases were
detected and analyzed by our research group. The crystal structures of two of them, determined by
single crystal X-ray diffraction analysis, are presented in this work: LasGesMgs (GdsGesZns str.
type, Cmc21, 0560, a=4.5030(7), b=20.085(3), c=16.207(3) A, Z=4) and La;GesMg; (own structure
type, C2/m, mS34, a=16.878(3), b=4.4702(9), c=12.660(3) A, (=122.25(3)°, Z=4). Electronic
structure calculations were performed applying the COHP formalism [1] within the LMTO method,
in order to obtain information on chemical bonding.

Both phases are characterized by Ge—Mg distances
close to the covalent radii sum (2.62+2.84 A); the bond
strenghts of these contacts, expressed as — iCOHP
values, range from 1.22 to 1.96 eV per bond per cell and
are the strongest in each structure. This makes it
convenient to depict these compounds as formed by a 3D
[Ge-Mg]®  polyanionic  network  balanced by
electropositive La atoms. Such a network is outlined in
the figure for La;GesMgs.

The negatively charged framework of typical polar
intermetallics is formed by late transition metals and/or
early post-transition metal elements close to the Zintl
border. The peculiarities of Mg as an admix in the
polyanionic network enriches the chemistry of polar
intermetallics and allow one to rationalize the
exploration of novel phases with desired properties.

[1] R. Dronskowski, P.E. Blochl, Journal of Physical Chemistry 97 (1993) 8617.
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Numerous metals and alloys can absorb hydrogen by forming metal hydrides, some of which are
currently being studied as H; storage systems in view of an increased use of this energy vector. Mg-
based light hydrides are among the most investigated candidates for competitive hydrogen storage
with sufficiently high reversible hydrogen capacity for mobile applications. Efforts have been
particularly devoted to overcome the main disadvantages of pure Mg, such as the high desorption
temperature and the slow kinetics [1]. To this purpose alloying magnesium with transition metals
was considered and many binary or ternary systems based on magnesium were studied.

In this work the La-Pd-Mg system was
targeted. Some La-Mg phases were already
investigated with respect to hydrogenation [2];
on the other hand Pd itself has a great affinity
for hydrogen and, similarly to other late
transition elements, shows a significant
reactivity with Mg and rare earth metals. The
La,Mg;7 phase was therefore taken as starting
composition, and ternary alloys were
synthesized where Mg is partially substituted
by Pd. Single-phase samples were obtained
retaining an hexagonal crystal structure similar
to the binary phase, as evidenced by X-ray
diffraction  analysis. Their  hydrogen
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absorption/desorption behaviour was studied by a Sievert apparatus under different experimental
conditions — as an example, the figure shows the increase of hydrogen capacity of a 4 at% alloy
during the first 11 cycles — and it will be presented and discussed with respect to hydrogen capacity,
desorption conditions, cyclability and structural changes induced in the material.

[1] L.P. Jain et al., Int. J. Hydrogen Energy 35 (2010) 5133-5144.
[2] D. K. Slattery, Int. J. Hydrogen Energy 20 (1995) 971-973.
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In the last decades, halogen bonding has acquired particular relevance for the building up of
supramolecular patterns.[1] Heavier halides, especially iodines, are particularly sensitive to residual
interactions, which allow formation of compounds of large nuclearities. In fact, anionic I,™ species
with n up 29 and m=-1,-2,-3 have been reported [2], the simplest one being obviously I5~
Calculations of the electron density are available, which highlight the points of its
accumulation/depletion hence the capabilities of subsequent aggregations [3]. From the MO point
of view, it is important to understand the electronic parameters which affect the stereochemistry of
the higher nuclearity assemblies and, in particular, the variable strengths of the I-I interactions. The
variability of the effects are already observed in the simplest linear systems Is~ and L%, of which
there are numerous crystal structures available. The I-I distances significantly vary depending on
the nature of the counterion(s) and the overall packing arrangement. Thus I3” has not always the
expected Do, symmetry but the two distances can become as different as 0.2 A. Also for I,*, which
in principle consists of a central I, molecule residually interacting with two external I anions, it is
evident that the three I-I separations depend on the crystal environment with possible loss of the
highest symmetry. Here, we present a simple model based on experimental and theoretical data,
which highlights how the mixing of the key o orbitals is affected by a different distribution of the
positive charges in various crystals.[4] To determine the latter, the Hirshfeld surface approach has
been applied to some selected experimental structures where the differences are most remarkable
[5]. Systematic DFT calculations (in vacuum and solvent and) confirm that variously localized
positive charges around the polyiodide can significantly affect the geometries of even the smallest
I;” and ;> units. The satisfactory results are interpreted in terms of a simple qualitative MO model,
which monitors the ¢ orbital mixing for different positive charge distributions, hence the variable
strength of the I-I bonding. The reciprocal validation between experiment and calculations and the
predictability of the trends are the interpretational key to predict the variability of the halogen
bonding in the smallest polyiodides and possibly in those of higher nuclearity.

[1] P. Metrangolo, H. Neukirch, T. Pilati, G. Resnati,Acc. Chem. Res,2005, 38, 386

[2] P. H. Svensson, L. Kloo, Chem.Rev.,2003, 103, 1649 et refs. inside

[3]Y. V. Nelyubina, M.Yu. Antipin, D. S. Dunin, V.Yu. Kotov, K. A. Lyssenko, Chem.. Comm.,
2010, 46,5325

[4] G. Manca, C. Mealli, A. Ienco, to be submitted

[5] J. J. McKinnon, M. A. Spackman, D. Jayatilaka, Chem. Comm.,2007, 3814.
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In indoor environments it is possible to detect different dangerous volatile organic compounds
(VOCs). The most common VOCs grow from synthetic or semi-synthetic materials like plastic,
wood composites and preservatives, foams insulation, furniture, flooring, paints and other solvents.
One of the most dangerous and common indoor air pollutant is represented by formaldehyde that
can be emitted from urea, melamine or phenol formaldehyde resins and from additives used for the
wood treatment. The purification from formaldehyde and other VOCs of polluted air with a
complete oxidation strategy is the final target of this project.

We are developing and testing a series of polymeric membranes containing catalytic species such as
transition metal complexes able to promote the oxidation of VOCs using air’s oxygen as oxidant.
Our membranes are obtained as polymer nanofiber webs by electrospinning technique (ES). The
complexes choosen in the early step of the research are Cu and Fe complexes able to promote the
formation of high reactive oxygen’s species [1, 2]. The ES technique allows the dispersion of the
metal complexes in the polymer solution before the ES process avoiding any further treatment of
the membrane.

Ar 1 (2)+

Figure 1. SEM image of a membrane and structure of some dispersed complexes

Aknowledgement. P. S., M. M. and M. R. wish to thank the Universita degli studi di Padova
(Progetto di Ricerca di Ateneo 2008 - CPDA083825) for the financial support.

[1] G. Huang, C. Guo, S. Tang, J. Mol. Cat. 4, 261, 2007, 125.
[2] C. Mukherjee, T. Weyhermuller, E. Bothe, P. Chaudhuri; /norg. Chem., 47, 2008, 11620.
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Ordered TiO; ultrathin films on Pt(111) surface can be prepared by reactive evaporation of Ti in a
high-oxygen background [1]. Two rectangular phases, called rect-TiO, and rect-TiO, can be
obtained for Ti coverage up to 2 monolayer equivalent (ML) (rect), and < 4ML (rect’), while for
coverage > 4ML., TiO, grows forming the rutile TiO,(100) phase. All the phases were
characterized by low energy electron diffraction (LEED), scanning tunneling microscopy (STM)
and photoemission measurements. These TiO, polymorphs form non-wetting layers on the Pt(111)
surface and are characterized by incommensurate unit cells. The rect-TiO, corresponds to self-
standing double layer with lepidocrocite-like structure, the rect-Ti0; has been assigned to TiO,(B),
while when the oxide thickness exceeds 40 A the rutile phase appears to be the most stable one.
We have then studied water chemisorption on these TiO, ultrathin films by Temperature
Programmed Desorption (TPD) measurements (see for example Figure reported below). In order to
verify the efficiency in the water dissociation process we have performed isotopic labeling

. . . .18
experiments: the TiO, ultrathin films were grown using O, and the TPD measurements were

performed by monitoring the peak corresponding to H, O. This method allowed us to distinguish
the water signal coming from the scrambling within the ionization chamber of the quadrupole from
that actually caused by the water dissociation process on the surface, showing that the different
TiO, polymorphs have different efficiencies in the dissociation process.

210K | 327K

mfa=18 signal (a u.)

300 40
Temperature [K]

[1] A. Vittadini, F. Sedona, S. Agnoli, Luca Artiglia, M. Casarin, G. A. Rizzi, M. Sambi and G.
Granozzi, ChemPhysChem 2010, 11, 1550
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The green production of renewable fuels is one of the biggest challenges that scientists are
currently facing. To overcome it, a significant contribution could derive from the efficient
generation of molecular hydrogen through the catalytic splitting of water, driven by the sunlight.
One of the bottlenecks of the entire process is the development of an efficient catalytic system for
water oxidation to molecular oxygen.

Several coordination compounds of the transition metals were found to be competent
catalysts for water oxidation. Furthermore, it has been recently showed that also organometallic
compounds  ([Ir(ppy)2(OH2)2] [1"  ppy=2-phenyl-pyridyne;  [IrCp*L,L,(OH,)],*®,  Cp*=
penthamethyl-cyclopentadieny) can be used as robust and fast catalysts for water oxidation.

All these catalysts, used in harsh acidic and oxidative conditions, undergo decomposition
and it would be extremely important to evaluate which are the possible deactivation pathways and
quantitatively contrast how the decomposition rate depend on the nature of the ancillary ligands.

In this contribution, we report on: (1) the performance of [IrCp*(ppy)CI]|CI,
[[rCp*(bzpy)NOs] (bz=benzoyl-pyridine) and [IrCp*(H,0);](NO;), catalysts in terms of initial
activity, long-term activity and TON (TurnOver Number); (2) in situ NMR studies aimed at
intercepting possible intermediates and decomposition products; (3) DFT calculations on the
mechanism of decomposition.

[1] N. D. McDaniel, F. J. Coughlin, L. L. Tinker and S. Bernhard, J. Am. Chem. Soc., 130, 2008,
210-217.

[2] J. F. Hull, D. Balcells, J. D. Blakemore, C. D. Incarvito, O. Eisenstein, G. W. Brudvig and R. H.
Crabtree, J. Am. Chem. Soc., 131, 2009, 8730-8731.

[3] J. D. Blakemore, N. D. Schley, D. Balcells, J. F. Hull, G. W. Olack, C. D. Incarvito, O.
Eisenstein, G. W. Brudvig and R. H. Crabtree, J. Am. Chem. Soc., 132, 2010, 16017-16029.

[4] A. Savini, G. Bellachioma, G. Ciancaleoni, C. Zuccaccia, D. Zuccaccia and A. Macchioni,
Chem. Commun., 46, 2010, 9218-9219.

[5] R. Lalrempuia, N. D. McDaniel, H. Mueller-Bunz, S. Bernhard and M. Albrecht, Angew. Chem.,
Int. Ed., 2010, 49, 9765-9768.

[6] D. G. H. Hetterscheid and J. N. H. Reek, Chem. Commun., 2011, 47, 2712-2714.
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Linear compounds of gold (I) bearing NHCs as ancillary ligands find increasing application
in chemistry [1]. Nevertheless, there is still some controversy on the basic aspects of the nature of
the gold carbene bond, in particular regarding the relative weight of n-backdonation from the metal
to the ligand and o-donation from the carbene to the metal. Information about the nature of the
carbene-gold bond can be obtained by evaluating the '*C chemical shift of the carbenic carbon [2].

In this contribution we report: 1) the synthesis and NMR characterization of neutral and
cationic NHC-Au-L compounds (scheme, L in black), 2) the theoretical determination of the
chemical shift tensor of the carbenic carbon in a larger set of complexes (scheme, L in black and
blue), and 3) the analysis of the charge displacement (CD) separated in terms of -donation and =-
backdonation [3]. We found: 1) a rather good linear correlation between the chemical shift of the
carbenic carbon and the donation component of CD (figure) and 2) that the m-backdonation
component must be taken into account in order to correctly describe the gold-carbene bond since its
contribution may approach up to 50% of the c-donation. An analysis of CD and of the chemical
shift tensor casts light on these findings.
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[1] D.Zuccaccia, L. Belpassi, L. Rocchigiani, F. Tarantelli, A. Macchioni, Inorg. Chem., 49, 2010,
3080 and references therein.

[2] D. Tapu, D. A. Dixon, C. Roe, Chem. Rev., 109, 2009, 3385.

[3] N. Salvi, L. Belpassi, F. Tarantelli, Chem. Eur. J., 16, 2010, 7231.
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In the last years research in the field of photovoltaic conversion and materials for solar panel is
enormously increased for many fundamental reasons such as reduction of pollution, saving of
energy cost and reduction of oil warehouse.

Solar cells based upon the semiconductor technology are at the present commercially available;
their main disadvantages are the large energy amount required for the production of semiconductors
and the rather high manufacturing cost. The main efforts in this field are therefore devoted to
reduction of the costs and to an improvement of the efficiency of the solar cells.

In this framework, an important class of photovoltaic cells named DSSC (Dye-Sensitized Solar
Cells) is extremely promising because it is made of low-cost materials and it is easy to produce.

The sensitizer is one of the key components, since it is responsible for the light harvest. It must
exhibit excellent light harvesting properties and has to carry anchor groups to guarantee intimate
contact with the semiconductor surface.

The pioneering and still one of the best sensitizer used for DSSCs is cis-dithiocyanatobis(4,4’-
dicarboxylic acid-2,2’-bipyridine)ruthenium(II) (N3).

However, recently cyclometallated Ru(Il) complexes appeared as promising candidates for DSSCs,
in particular due to their long term stability. [1, 2]

We synthesized and characterised novel cyclometallated Ru(Il) and Ir(Ill) complexes which have
been tested in DSSCs.

Details on these studies will be presented.

[1] T.Bessho, E.Yoneda, J.Yum, M.Guglielmi, I.Tavernelli, H.Imai, U.Rothlisberger,

M.K.Nazeeruddin, and M.Greatzel, J.Am.Chem.Soc., 120, 2009, 5930.
[2] P.G.Bomben, B.D. Koivisto, P.C.Berlinguette, Inorg. Chem., 49, 2010, 4960.
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Shvo’s diruthenium complex 1 is an active catalyst in a considerable number of homogeneous
reactions.! Our studies on hydrogenation of bio-oil obtained from pyrolysis of white poplar
demonstrated that 1 maintains its performances in spite of the complex chemical nature of the
substrate leading to an almost quantitative conversion of the polar double bonds and promoting the
hydrolysis of sugar oligomers into monomers.’

Figure 1: Hydrogenation of white poplar bio-oil with Shvo catalyst 1

Recovery of the ruthenium catalyst remains the major problem which could be overcome by
heterogenization. With the aim of immobilizing type 1 catalyst on insoluble support (e.g. silica,
resins, hydrotalcites etc.) we investigated the synthesis of new —OH functionalized type 1 hydroxy-
cyclopentadienyl-ruthenium-hydride {[3,4-(4-R-C¢Hy)2-2,5-Phy(1°-C4CO)].H} Ruy(CO)4(p-H) (R=
Br, -C=CCR’,0H; R’ = H, Me, Ph) under both traditional and microwave assisted synthetic routes.
Studies on iron analogues and their catalytic activity are also under investigation.

References:

[1] B. L. Conley, M. K. Pennington-Boggio, E. Boz and T. J. Williams Chem. Rev., 2010, 110,
2294,

[2] L. Busetto, D. Fabbri, R. Mazzoni, M. Salmi, C. Torri, V. Zanotti, Fuel, 2011, 90, 1197.

743



INO-PO-23 New bis-guanidine Pt(II) complexes: synthesis and biological
activity.

Paolo Sgarbossa,” Roberta Bertani,® Rino A. Michelin,® Valentina Gandin,” Cristina
Marzano”, Sivila Mazzega Sbovata®

*Dipartimento di Processi Chimici dell'Ingegneria, Universita degli Studi di Padova, Via F. Marzolo
9, 35131, Padova

bDipartimento di Scienze Farmaceutiche, Universita degli Studi di Padova, Via F. Marzolo 5,
35131, Padova

paolo.sgarbossa@unipd. it

The reactivity of organocyanamides (R,N-C=N, with R = alkyl) have been much less explored than
that of organonitriles. Recently, the nucleophilic addition of ammonia to Pt(II)-coordinated
organocyanamides has been reported to provide the bisguanidine Pt(II) compounds of the type cis-
and trans-[PtCI,N(H)=C(NH;)NR,},)] (with R = alkyl) [1].

Our group investigated in the past years the addition reactions of primary (R’NH;) and secondary
(R’,NH) amines to the C=N triple bond of coordinated nitriles to afford the amidine complexes of
the type cis- and trans-[PtCl,{N(H)=C(NHR’)R},] and cis- and trans-[PtCl,{N(H)=C(NR’):R},]
[2] (with R = alkyl, aryl; R’ = alkyl, cycloalkyl). Such derivatives demonstrated to possess a
remarkable biological activity (both in vitro and in vivo) thus constituting a new generation of
platinum antitumor drugs [3].

Here we describe the nucleophilic additions of dimethylamine to coordinated dimethylcyanamide to
form new Pt(IT) complexes (Figure 1) containing guanidine ligands Me;NC(NMe,)=NH.

ot o oH
N H N—CHs _—N H H N
HCTING =Ny, ) HCT N =N, N eh;
/T IN=C /N,
CH
CH3 CH3 CH3 ch

Figure 1. Structure of bis-guanidine Pt(Il) complexes.

[1] C.M.P. Ferreira, M.F.C. Guedes da Silva, R.A. Michelin, V.Y. Kukushkin, J.J.R. Frausto da
Silva, A.J.L. Pombeiro, Dalton Trans., 2003, 3751.

[2] R.A. Michelin, P. Sgarbossa, S. Mazzega Sbovata, V. Gandin, C. Marzano, R. Bertani,
ChemMedChem, accepted.

[3] C. Marzano, S. Mazzega Sbovata, V. Gandin, D. Colavito, E. Del Giudice, R. A. Michelin,

A. Venzo, R. Seraglia, F. Benetollo, M. Schiavon, R. Bertani, J. Med. Chem., 53, 2010, 6210.
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Colloidal semiconductor nanocrystals have generated great interest in recent years for both
fundamental science and technical applications [1]. Their main characteristic, which made them so
popular, is the intense, narrow and size-dependent emission. Nevertheless, the achievement of good
spectroscopic properties (high quantum yields, long term photostability) is strictly related to the
quality of the material, particularly as far as surface states are concerned [2]. Indeed surface
chemistry plays an important role in the manipulation of these materials, and is responsible of the
sensitivity of the optical properties of quantum dots to the surrounding environment. In order to use
inorganic semiconductor nanocrystals for sensing and biological applications, their response to
changes in the environment must be known and understood. On one hand, it is necessary that the
material is stable in a range of experimental conditions as wide as possible. On the other hand, the
intrinsic sensitivity of the material to a specific analyte can be exploited for sensing applications,
without the need of further functionalization of the surface [3].

In our study we focussed our investigation on the effect of acid and base on the properties of CdSe
based core and core/shell quantum dots in organic solvent, comparing the same materials
originating from different synthesis, materials with different organic ligands, and with different
shell thicknesses. The surface of quantum dots is always covered by a shell of organic ligands, that
prevent aggregation and passivate the surface of the nanoparticles. The acid competes with the
nanocrystals for the ligands, which are Lewis bases, causing their detachment from the surface. As a
consequence the nanocrystals aggregate and their luminescence is quenched. The process can be
reversed by deprotonation of the ligands with a base.

[1] D.V. Talapin, J.S. Lee, M.V. Kovalenko, E.V. Shevchenko, Chem. Rev., 110, 2010, 389.

[2] J. McBride, J. Treadway, L.C. Feldman, S.J. Pennycook, and S.J. Rosenthal, Nano Lett., 6,
20006, 1496.

[3] P.T. Snee, R.C. Somers, G. Nair, J.P. Zimmer, M.G. Bawendi, and D.G. Nocera, J. Am. Chem.
Soc., 128, 2006, 13320.
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The elusive phosphine oxide has been observed for the first time in 1985 by Hamilton and
Murrells,' who generated it by reacting O, with PH; using a discharge-flow system, and later on it
was also obtained and trapped as a short-living species in solid argon matrices.” Herewith we report
the preparation of the first defined compound bearing phosphorus with (-1) oxidation state, namely
H;P(O), by electrochemical means using as starting material a suspension of white phosphorus in
water and ethanol. The novel species has been generated through a stepwise process, involving first
the reduction of P, to PH; and consequently its oxidation to phosphine oxide. Following
tautomerization to phosphinous acid H,P(OH), H3;P(O) has been trapped in the coordination sphere
of ruthenium(II) moieties forming stable organometallic derivatives as shown in the scheme below.?
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[1] T.P. Murrells et al, J. C.S. Faraday Trans. 2, 81, 1985, 1531.
[2] L. Andrews et al. J. Phys. Chem. 91,1987, 784.
[3] D. Yakhvarov, M. Caporali, M. Peruzzini et al. Angew. Chem. Int. Ed. 50, 2011, 5370.
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The cyclopropyl ring is an important organic function due to the presence of such structure
in a number of interesting natural products derivatives with antileukemic activity in vitro[1] .
Several methods have been discovered in the past for obtaining such ring using copper, rhodium
and osmium complexes as efficient catalysts for the synthesis of cyclopropanes from
diazocompounds[2].

Synthetic iron, rhodium and osmium porphyrins have been also reported as catalysts for the
cyclopropanation reaction of simple olefins by ethyldiazoacetate (EDA)[3]. Comparing with the
simple copper catalysts, like CuCl which preferentially affords the anti isomers, the porphyrin
catalysts give interesting results in reversing the anti/syn ratio of the products depending on the
nature of the metal. The recycling of the catalyst without any tedious column separation, is an
important goal in preparative chemistry because this fact allows to synthesize large amount of the
products using small quantity of expensive metal complexes.

In this communication we will show the possibility to use an immobilized metalloporphyrin
to catalyze the cyclopropanation of standard olefins with good yields and high syn/anti ratios
compared with those obtained with normal metal compounds. The catalyst can be reused several
time without any loss of activity.
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Fig. 1. Synthesis of the catalytic system

1] V. Pogacic V, A. N. Bullock, O. Federov, P. Filippakopoulos, C. Gasser, A. Biondi, S. Meyer-Monard, S.
Knapp S. and J. Schwaller, Cancer Res. 67,2007, 6916.

[2] M. P. Doyle, Chem. Rev. 86, 1986, 919

[3] a) H. J. Callot, C. Piechocki, Tetrahedron Lett. 21, 1980, 3489; b) H. J. Callot, E. Metz, C. Piechocki
Tetrahedron, 38, 1982, 2365; ¢) C. G. Hamaker, G. A. Mirafzal, L. K. Woo, Organometallics, 20, 2001, 5171
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Coordination Polymers (CPs), often obtained by (self)-assembling oligonuclear metal clusters
(the so-called Secondary Building Units or SBUs) are the subjects of a large and increasing number
of studies due to their interesting properties and promising applications in numerous important
fields, as gas storage, molecular recognition, catalysis, etc.[1] An important class of polynucleating
ligands, useful to drive the self-assembly of CPs, is represented by donor units containing two 4-
pyridyl moieties interconnected by various spacers, which can afford different lengths, linear or
non-linear geometries, and conformationally rigid or flexible molecular skeletons.[2]

Recently, we developed a general procedure to obtain trinuclear & 2
triangular copper(Il) complexes, having the [Cus(u3-OH)(u-pz)s]*" core, ! (pz=
pyrazolate) whose charge is balanced by two carboxylate ions.[3] /Cﬁ\OH/\Cg

Continuing our ongoing research on the synthesis of new CPs, we IZN/\N—CIu—N{\‘ |

treated [Cus(u3-OH)(u-pz);(CH3COO)2(Hpz)(H,0)] with 4,4’-bipyridine,
obtaining new CPs, in which the trinuclear core is maintained.
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[1] For recent accounts on CPs see the Special Issue of Chem. Soc. Rev. 2009, 38, 1201-1508.
[2] a) L. Carlucci, G. Ciani, P. Macchi, D. M. Proserpio Chem. Commun. 1998, 1837; b) Y.-B.
Dong, R. C. Layland, N. G. Pschirer, M. D. Smith, U. H. F. Bunz, H. Conrad zur Loye Chem.
Mater. 1999, 11, 1413.

[3] a) M. Casarin, C. Corvaja, C. Di Nicola, D. Falcomer, L. Franco, M. Monari, L. Pandolfo,
C. Pettinari, F. Piccinelli, P. Tagliatesta Inorg. Chem. 2004, 43, 5865; b) M. Casarin, C. Corvaja,
C. Di Nicola, D. Falcomer, L. Franco, M. Monari, L. Pandolfo, C. Pettinari, F. Piccinelli
Inorg. Chem. 2005, 44, 6265; c) C. Di Nicola, E. Yu. Karabach, A. M. Kirillov, M. Monari, L.
Pandolfo, C. Pettinari, A.J. L. Pombeiro  Inorg. Chem. 2007, 46, 221; d) S. Contaldi, C. Di
Nicola, F. Garau, Y. Yu. Karabach, L. M. D. R. S. Martins, M. Monari, L. Pandolfo, C. Pettinari,
A.J. L. Pombeiro Dalton Trans., 2009, 4928; ¢) C. Di Nicola, F. Garau, Y. Y. Karabach, L. M.
D. R. S. Martins, M. Monari, L. Pandolfo, C. Pettinari, A. J. L.  Pombeiro Eur. J. Inorg. Chem.,
2009, 666; ) C. Di Nicola, F. Garau, M. Gazzano, M. Monari, L. Pandolfo, C. Pettinari, R.
Pettinari Cryst. Growth Des., 2010, 10, 3120.
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Cisplatin is one of the most successful drugs in cancer chemotherapy. Despite its success, treatment
with cisplatin is limited by undesirable side effects!".
The use of carrier ligands able to promote the specific accumulation of the drug in target organs or
cells has been exploited as a strategy to overcome the side effects of cisplatin. In particular, geminal
bisphosphonates (BPs), commercial drugs which show affinity for bones and other calcified
tissues?), have been used to promote the specific accumulation of platinum antitumor drugs in the
bone with consequent significant improvement of the biological effect and reduction of the systemic
toxicity. BPs are also aminable for the synthesis of polynuclear platinum complexes. The interest
for the latter type of complexes has greatly increased in recent years thanks to their ability to
overcome cisplatin resistance forming Pt-DNA adducts completely different from those of platinum
drugs currently in clinical use.”’) Particularly, for mononuclear Pt complexes, has also been
exploited their oxidation to Pt(IV) complexes

ﬂ[ >,,,\\ y f“zm. which are much more inert to ligand
w__ >< } so. substitution than their Pt(II) counterparts and
i, . [ —— /\ are believed to undergo reduction to Pt(II)

L . prior to reaction with DNA.
— ] ’/ \></”"’ o ) In th'is' work a 'dinucl.ear Pt(1I) compl@x
N o containing a geminal bisphosphonate (1 in
1 v figure) has been used as a building block for
L™ ‘j\/"></wl o, the preparation of multinuclear (1A) or higher
[::>L<Z/"\\o oxidation state (1B) platinum drugs."” The two
1 | new compounds have been fully characterized
- ' " and their in vitro cytotoxicity has been

evaluated.
References:

[1] E. Wong and Christen M. Giandomenico, Chem. Rev., 1999, 99, 2451-2466. [2] J.M. Sanders et
al. J. Med. Chem. 2005, 48, 2957-2963. [3] P. K. Wu, M. Kharatishvili, Y. Qu, N. Farrell, J. Inorg.
Biochem. 1996, 63, 9-19. [4] S. Piccinonna, N. Margiotta, C. Pacifico, A. Lopalco, N. Denora, G.
Natile. Manuscript in preparation.
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Among all the intermetallic compounds susceptible to high temperature applications, iron
aluminides have been attracting considerable attention for their applications as structural materials,
owing to their high strength-density ratio, low row material cost and also good corrosion resistance,
due to their ability to form a protective oxide layer. Many studies have been carried out on the
oxidation behaviour [1,2] and on the tribological properties [3] of iron aluminides . However, to
date, information concerning the corrosion behaviour in aqueous acid solutions of these compounds
are scarce.

In this communication the influence of Si and Ge alloying addition on the electrochemical
behaviour of Fe;Al intermetallic compound in HSOj4 solution is assessed.

Fe;sAlys, FesoAlysSis and FesgAlsGes compounds were prepared by melting the stoichiometric
amounts of pure elements in an arc furnace under a bit depression of argon. Light optical
microscopy (LOM), scanning electronic microscopy (SEM), electron-probe microanalysis (EPMA)
and X-ray powder diffraction (XRPD) were used to investigate the microstructure of samples. The
electrochemical behaviour was assessed by means of polarization performed in aerated 0.25 M
H,SO4 solution at room temperature (25+0.1 °C). Potentiodynamic polarization curves were
recorded in the potential range —800 + +2000 mV/SCE (Saturated Calomel Electrode) at a scan rate
of 1 mV/s. X-ray photoelectron spectroscopy (XPS) measurements were carried out on the samples
surface after the electrochemical tests in order to gain information about the composition of surface
layers. Preliminary results show a positive influence of silicon and germanium alloying addition on
the passivity of FesAl intermetallic compound.

[1] A. Velon, 1. Olefjord, Oxid. Met., 56,2001, 415 — 424
[2] A. Velon, L. Olefjord, Oxid. Met., 56, 2001, 425 — 452
[3]J. Ma, J. Hao, Q. Bi, L. Fu, J. Yang, W. Liu, Wear, 268, 2010, 264 — 268
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Unconventional hydrogen bonding that involves transition metal complexes has attracted
considerable attention and several efforts have been made to rationalize the many conceivable
interactions. However, dihydrogen bonding interactions where transition metal hydride complexes
serve as both proton acceptor and proton donor in a hydrogen bond have not been described,
although dihydrogen evolution was observed when “hydridic” and “acidic” hydride complexes are
allowed to react. To further investigate this unconventional acid—base interaction, we report on the
reaction of the stable electron-rich nickel(II) pincer hydride [(2,6-CcH3(CH,PtBu,),)Ni(H)] (1) with
the acidic tungsten(I) complex [CpW(H)(CO)s] (2)." Mixing equimolar amounts of 1 and 2 in
carefully degassed THF at 273 K under a nitrogen atmosphere led to a reddish-orange compound,
accompanied by H, evolution. Replacing 1 with [(2,6-C¢H3(CH,PtBu,):)Ni(D)] or 2 with
[CpW(D)(CO)3] led to HD formation. Single crystal X-ray diffraction analysis revealed that the
final product is the bimetallic ion pair [CpW(CO),([1-k,C:k,0-CO)---Ni[(2,6-CcH3(CH,PtBu,),)]
3).
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By monitoring the process by multinuclear VT NMR, relaxation NMR studies and VT IR
spectroscopy in the 190-298 K temperature range, strong experimental evidences have been
obtained for the formation of a 1--+2 adduct in which a NiH---HW unconventional hydrogen bond
precedes the H, elimination that yields 3.

Acknowledgements: The authors thank the projects “Firenze Hydrolab” (ECRF — Firenze),
“PIRODE” (MATTM - Rome), the RFBR, project 11-03-01210 (Moscow), and the CNR-RAS
bilateral agreement for supporting this research.

1) V.A. Levina, A. Rossin, N.V. Belkova, M.R. Chierotti, L.M. Epstein, O.A. Filippov, R.

Gobetto, L. Gonsalvi, A. Lledés, E.S. Shubina, F. Zanobini, and M. Peruzzini Angew. Chem. Int.
Ed. 2011, 50, 1365 —-1370
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Luminescent iridium(II) complexes received increasing attention for outstanding
luminescence properties such as high intensities, lifetimes in the ps time range, and emission
wavelengths that can be tuned to cover a full range of visible colors, from blue to red..

However the synthesis of Ir(IIl) complexes by the preparation of the appropriate organic
ligand followed by its reaction with the metal precursor cannot be performed whenever reactive
units present in the ligand do not tolerate harsh synthetic conditions. In order to search an effective
way of increasing the emission quantum yield at RT we synthesized new phosphorescent
cyclometallated heteroleptic iridium(III) phenylpyridinato complexes [Ir(ppy)2(L)]” (where ppy =
phenylpyridine and L = bipyridine type ligand derived from di-2-pyridylketone) where the usual
synthetic procedure of reacting the iridium dimer [Ir(ppy).Cl], with an appropriate ligand (L) has
been substituted by exploiting the reactivity of the carbonyl group of the [Ir(ppy)2(2,2’-
dipyridylketone)]” (IrL1) complex. The reduction of the carbonyl group with NaBH4 on IrL1
affords [Ir(ppy)a(dipyridin-2-ylmethanol)]” (IrL2), whereas [Ir(ppy)2(2,2'-(hydrazonomethylene)-
dipyridine)]” (IrL3) and [Ir(ppy).(3-hydroxy-3,3-di(pyridine-2-yl)propanenitrile)]” (IrL4) have
been obtained by nucleophilic addition of hydrazine in methanol and potassium hydroxide in
acetonitrile respectively. All the complexes were obtained in reasonable or almost quantitative yield
and fully characterized.

It is worth noting that slight modification of the ketone moiety introduces relatively large
changes in the photophysical behavior of the iridium complexes. TD-DFT studies were undertaken
to rationalize the key role of the ketone group and its modifications to form non-conjugated
cyclometallated ligands on the photophysical properties of these closely related iridium (III)
complexes.
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Selective activation of prodrugs can be achieved in cells using photoactivable metal
complexes [1]. This class of derivatives offers unique possibilities for new applications in cancer
therapy since light activation allows direct control of site, time and dosage of active species in
tissues and organs. For example, light irradiation of metal complexes can trigger formation of
reactive species and promote selective interaction between metal complexes and target
macromolecules (DNA, proteins), which would not take place in the dark.

The study of the ground- and excited-state electronic structure of such derivatives is crucial
for understanding the mechanism of action of these molecules and for the development of new
anticancer agents with improved photophysical and

. . . 'MC
photochemical properties. Hence, we are exploring =
the combined use of DFT and TD-DFT with time-
resolved X-ray to gain insights into the electronic MLCT T o
structure of photoactivable complexes and to capture m— 0 MG " o
the time dependence of their excited-state structural J— @ E ) %
evolution. Q : ‘ MLCT

Here we report a Time-Resolved Wide Angle —— S
X-ray Scattering (TR-WAXS) study on photoactive W

cis-[Ru(bpy)2(py)2]Cl,. Upon excitation of its metal-

to-ligand charge-transfer (‘MLCT) band centred at 460 nm, this model compound efficiently
releases one pyridine ligand and subsequently coordinates a solvent molecule (H,O). TR-WAXS
allows direct observation of pyridine dissociation from cis-[Ru(bpy)2(py)2]Cl, in the 100 ps — 10 ns
time-range. The transient structures captured by TR-WAXS were used to complement
computational results and to validate DFT-optimized structures [2,3].

[1] N.J.Farrer, L.Salassa, and P.J.Sadler, Dalton Trans., 2009, 10690.

[2] L.Salassa, E.Borfecchia, T.Ruiu, C.Garino, D.Gianolio, R.Gobetto, P.J.Sadler, M.Cammarata,
M. Wulff, and C.Lamberti, /norg. Chem.,49, 2010, 11240.

[3] L.Salassa, C.Garino, G.Salassa, R.Gobetto, and C.Nervi, J.Am.Chem.Soc, 130, 2008, 9590.
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Pt(IV) complexes are seen as potential prodrugs able to be activated to the corresponding active
Pt(Il) complexes after reduction and loss of the two axial ligands. Pt(IV) complexes are more
kinetically inert than the Pt(II) ones and hence can be orally administered. Moreover the presence of
two extra ligands in the axial positions allows to tune some very important features such as
solubility, lipophilicity and redox potential. Axial disuccinato complexes have an optimal redox
potential compared to axial dichlorido complexes (too easily reduced) and axial dihydroxido
complexes (too difficult to reduce)[1]. Moreover the presence of two free carboxylic functions
allows their conjugation of active molecules which, after their release following the reduction
process[2, 3], could improve the pharmaceutical effect. Starting from [PtCly(cis-1,4-DACH)]
(DACH= diaminocyclohexane) [4, 5] we performed the synthesis of the axial disuccinato Pt(IV)
derivative following a well known synthetic pathway which involves the preparation of the axial
dihydroxido Pt(IV) complex and the following carboxylation using succinic anhydride. For
cisplatin and other Pt(II) analogs the latter reaction is straightforward if performed in DMF. We
have found that starting from cis, cis, trans-[PtCly(cis-1,4-DACH) (OH);] the carboxylation
reaction in DMF leads to the desired product but I

there is also a side reaction leading to the reduced

mechanism of the reduction reaction and the LN [C/:{
conditions that are crucial for the formation of the 2
reduced species in the absence of specific reducing

agents.

Pt(Il) precursor. This behaviour, that is reduction in ) o [C/k

the absence of a specific reducing agent, is not E\é W‘\

reported in the literature [6]. Performing the reaction E\/ s °

in DMSO we did not observe the formation of the vl s 8

reduced Pt(II) precursor. We have investigated the J\/j‘/
P !

[1] L. T. Ellis, H. M. Er, T. W. Hambley, Aust. J. Chem., 1995, 48, 793-806. [2] K.R. Barnes, A.
Kutikov, S.J. Lippard, Chem. & Bio., 2004, 11, 557-564. [3] M. Reithofer, B. Keppler, Eur. J.
Inorg. Chem., 2006, 2612-2617. [4] R. Ranaldo, N. Margiotta, F.P. Intini, C. Pacifico, G. Natile,
Inorg. Chem, 2008, 47; 2820-2830. [5] J. Kasparkova, T. Suchankova, A. Halamikova, L.
Zerzankova, O. Vrana, N. Margiotta, G. Natile, V. Brabec., Biochem. Pharmacol., 2010, 79, 552-
564. [6] S. Shamsuddin, A. R. Khokhar et al., J. Inorg. Biochem., 1998, 71, 29-35.
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The quantitative and high efficiency detection of several analytes is required in many
different areas. Since the basic concept of enzymatic electrode by Clark and Lyons and after
successful applications of glucose-oxidase based biosensors in blood glucose measurement [1], a
bio-revolution in chemical analysis has been occurring. Recently, interest in organic pollutant
biosensing has been growing [2]. In this regard, Toluene Monooxygenase family (TMOs), a four
components bacterial multi-component monooxygenase, can be of crucial utility as it is able to
hydroxylate a variety of organic compounds, such as halogen alkanes and aromatic derivatives,
consuming equivalents of dioxygen or hydrogen peroxide. A cost/time effective alternative to the
classic microbial biosensor [2,3] is the adoption of synthetic compounds able to mimic TMO
activity, bypassing enzyme purification process and overtaking cell diffusion limits.

Full-organic ligands coordinating two metal centers, which are able to mimic enzyme
reactivity [4], and, small peptides, which are able to fold into four-helix bundle motives [5], have
been developed in the last decades. An interesting strategy is the synthesis of small peptide chains,
with amino acid sequence containing information both for a proper folding and for metal binding. In
the last years, several models of a di-metal self-assembling four-helix bundle motif has been
obtained by means of de novo design, the DF series [5]. Recently, redox activity has been achieved
with the di-iron DF3 model [6]. It is able to bind and successfully oxidize phenolic substrates,
similar to the natural enzyme alternative oxidase. This result assures the suitability of DF-like
scaffolds for engineering new catalytic site through various metals and coordination geometries.
Here, we report the design and a preliminary computational study of new DF variants, mimicking
TMO active site geometries and second shell interactions.

[1] L.C.Clark Jr, and C.Lyons, Ann.N.Y.Acad.Sci., 1962, 102, 29.

[2] Z.Zhong, M.Fritzsche, S.B.Pieper, T.K.Wood, K.L.Lear, D.S.Dandy, and K.F.Reardon,
Biosens.Bioelectron., 2011, 26, 2407.

[3] S.F.D’Souza, Biosens.Bioelectron., 2001, 16, 337.

[4] E.Y.Tshuva, and S.J.Lippard, Chem.Rev., 2004, 104, 987.

[5] O.Maglio, F.Nastri, R.T.M.de Rosales, M.Faiella, V.Pavone, W.F.DeGrado, and
A.Lombardi, C.R.Chim., 2007, 10, 703.

[6] M.Faiella, C.Andreozzi, R.T.M.de Rosales, V.Pavone, O.Maglio, F.Nastri, W. F.DeGrado,
and A.Lombardi, Nat.Chem.Biol., 2009, 5, 882.
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Mimochromes are a class of peptide-based heme-protein models, containing two a-helical
peptide chains covalently linked to deuteroporphyrin IX [1]. They provide a remarkable opportunity
to explore how both catalytic activity and stability of the heme cofactor are regulated by different
and specific interactions with the protein matrix, ranging from coordinate and hydrogen bond, to
hydrophobic and ionic interactions [2].

Here, we describe two new models, engineered on the Mimochrome IV crystal structure [3].
They are made up of two 17 residue peptides. Unlike the other members of the class, the peptide
chains are elongated by 6 residues at the N-termini. This extra peptide segment, modeled in
extended conformation, is intended to ensure further protection to the heme, thus increasing
stability and specificity. To stabilize the desired protein folding, residues were chosen to give a
large number of intra- and inter-chain interactions.

The first model contain two identical peptide chains, with a bis-His heme coordination.
Preliminary CD and Uv-vis analysis confirmed the expected conformation and heme coordination.
The ability of this symmetrical model to act as an electron-transfer protein is presently under
course.

To mimic peroxidase-like activity [4], a second model was developed. The two peptide
chains around the heme have different composition: one peptide chain houses the proximal histidine
in a mainly hydrophobic environment; the second chain provides a cavity for binding small
exogenous compounds and contains key residues for catalysis (Arg and His). The Uv-vis spectra of
the un-symmetric model is typical of mono-His coordinated heme. The preliminary structural and
functional characterization of these models will be presented.

[1]  A.Lombardi, F.Nastri, and V.Pavone, Chem.Rev., 101, 2001, 3165.

[2] O.Maglio, F.Nastri, and A.Lombardi, in lonic Interactions in Natural and Synthetic
Macromolecules, Wiley, 2011, in press.

[3] L.Di Costanzo, S.Geremia, L.Randaccio, F.Nastri, O.Maglio, A.Lombardi, and V. Pavone,
J.Biol.Inorg.Chem., 9, 2004, 1017.

F.Nastri, L.Lista, P.Ringhieri, R.Vitale, M.Faiella, C.Andreozzi, P.Travascio, O.Maglio,

A.Lombardi, and V.Pavone, Chem.Eur.J., 17, 2011, 4444,
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The drug targeting and delivery approach aims at reducing chemotherapy-related systemic
side effects. Passive targeting is based on the use of natural or synthetic macromolecular vectors to
exploit the “enhanced permeability and retention” effect (resulting from the low vascularity and
abnormal morphology of tumor vasculature) in order to selectively deliver cytotoxic agents to
tumor cells.

Previously, we employed positively charged polymethylmetacrylate (PMMA) core-shell
nanospheres as vectors for the anionic [PtCI3(NH3)]” complex. The antitumor effect of the resulting
adduct was assessed in C57BL/6 mice bearing B16 murine melanoma. When used at the
corresponding maximum tolerated doses, the adduct proved to be more effective than cisplatin in
inhibiting B16 tumor growth and its in vivo efficacy correlated with Pt-intratumor accumulation.

The interaction between nanospheres and complexes of
reversed charge is now studied. For this purpose, two cationic
platinum compounds and PMMA core-shell nanoparticles (Fig. 1)
bearing anionic (-SO;) arms are used to determine whether such
particles might serve as drug carriers for positively charged
antiproliferative Pt drugs. As expected, the formation constant of the
adduct with a dication Pt complex is significantly higher than that of
a monocation one. Moreover, the stability of both adducts depends on
the ionic strength and surface charge density of competing cations in
the medium. The stability of the conjugates and the consequent
retention and release of the drug from the nanoparticles will thus
depend on both blood and extracellular fluid composition.

] rel.

[1] E.Monti, M.B.Gariboldi, R.Ravizza, R.Molteni, K.Sparnacci, M.Laus, E.Gabano, M.Ravera
and D.Osella, Inorg.Chim.Acta, 362, 2009, 4099.

[2] M.Gél, J.Hives, M.Laus, K.Sparnacci, M.Ravera, E.Gabano and D.Osella,

Eur.J.Inorg.Chem., in press.
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Nanoscience and nanotechnology are growing fields, which are gaining great impact in different
areas, ranging from electronics and communication technologies to biomedical engineering. The
production of nanomaterials, such as nanoparticles (NPs), is playing a central role. Due to their
small dimension (1-100 nm), NPs exhibit properties that are often not observed in the bulk
materials. For example, gold nanoparticles (AuNPs), the most stable metal nanoparticles, present
unique electronic, magnetic and optical properties, and are experiencing applications in several
fields, such as catalysis and biology [1,2,3]. The AuNP
properties may be tuned, by controlling two key structural
parameters: the size and the chemical nature of stabilizing ligand
shell [2]. Therefore, the integration of nanoparticles with
biomaterials, which display unique recognition, catalytic, and
inhibition properties, may yield novel hybrid nanobiomaterials
with synergic properties and functions [4].

In this contest, we are interested in developing biomolecule—nanoparticle hybrid systems,
made up of AuNPs conjugated to artificial metalloenzymes [5,6]. In particular, artificial heme-
proteins with peroxidase-like activity [7], have been conjugated to AuNPs, with the aim of
exploring their potentials in the development of biosensors and immunosensig assays. The synthesis
and the spectroscopic and functional characterization of the new nanobiomaterials will be
presented.

Gold nanoparticle

Protective
Layer

A.E.Muiiza, C.Parolo, and A.Merkoci, Materials Todays, 13,2010, 24.

]
[2] M.C.Daniel, and D.Astruc, Chem.Rev., 104, 2004, 293.
[3] G.Zaupa, C.Mora, R.Bonomi, L.J.Prins, and P.Scrimin, Chem.Eur.J., 17, 2011, 4879.
[4] E.Katz, and .Willner, Angew.Chem.Int.Ed., 43, 2004, 6042.
[5] A.Lombardi, F.Nastri, and V.Pavone, Chem. Rev., 101, 2001, 3165.
[6] M.Faiella, C.Andreozzi, R.Torres, V.Pavone, O.Maglio, F.Nastri, W.F.DeGrado, and

A.Lombardi, Nat.Chem.Biol, 5, 2009, 882.
[7] F.Nastri, L.Lista, P.Ringhieri, R.Vitale, M.Faiella, C.Andreozzi, P.Travascio, O.Maglio,
A.Lombardi, and V.Pavone, Chem.Eur.J., 17, 2011, 4444,
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Early interest in the chemistry of ruthenium porphyrin systems was related to the use of
metalloporphyrins as models of the cytochrome P450 and peroxidase enzymes, with respect to the
oxidation of organic compounds. The close periodic relationship of iron and ruthenium suggests
that ruthenium could represent a useful candidate for replacing the biologically significant iron, in
iron-centered reactions. Further, ruthenium displays a rich coordination and redox chemistry, which
spans oxidation states from +2 to +7 in the porphyrin ligand environment [1].

Nowadays, studies on ruthenium-porphyrin compounds expand and focus on diverse area of
research that acknowledges not only their role as valuable biomimetic models, but also their
potential for the development of suitable synthons in coordination and organometallic chemistry
[2], building blocks for supra- or super-molecular assemblies [3], materials [4], and sensors [S]. The
use of ruthenium-porphyrins in medicinal chemistry [6], as cancer terapeutics and photosensitizer in
photodynamic therapy, is also receiving great interest.

In this perspective, our laboratory has developed a series of water-soluble ruthenium
porphyrin-peptide conjugates, synthesized through the covalent attachment of peptides to the
Ru(I)-deuteroporphyrin. They were designed to accommodate in their interior small ligands, based
on the stability of ruthenium-small molecules (O,, NO) complexes. Therefore, these new ruthenium
complexes may represent attractive candidates in the construction of environmental and biomedical
Sensors.

Here, we report their synthesis and spectroscopic characterization, together with preliminary
NO binding analysis.

[1] C.Wang, K.V.Shalyaev, M.Bonchio, T.Carofiglio, and J.T.Groves, Inorg.Chem., 2006, 45,
4769.

[2] G.Simonneaux and P.LeMaux, Coord.Chem Rev, 2002, 228, 43.

[3] C.-M. Che, J.-SHuang, and J.-L.Zhang, C. R. Chimie, 2003, 6, 1105.

[4] C.Poriel, Y.Ferrand, S.Juillard, P.LeMaux, and G.Simonneaux, Tetrahedron, 2004, 60, 145.

[5] M.H.Lim, and S.J.Lippard, /norg.Chem., 2004, 43, 6366.

[6] F.Schmitt, P.Govindaswamy, G.Siiss-Fink, W.H.Ang, P.J.Dyson, L.Juillerat-Jeanneret, and
B.Therrien, J. Med. Chem., 2008, 51, 1811.
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A biosensor is an analytical device that relies on a biological recognition element,
communicating with a signal transducer that provides a measurable response related to the
concentration of the analyte. Electrochemical biosensors, which exploit an electron transfer (ET)
event at a solid electrode for signal transduction, are the most promising biosensors, in terms of ease
of construction, costs, versatility and miniaturization [1]. In particular, third generation biosensors
exploit the direct electron transfer occurring between an electrode and a redox-active species
immobilized onto it. The biological interaction is transduced into a current signal, thus resulting in
an amperometric detection of the analyte [2].

Efficient direct ET reactions have been reported only for a restricted number of redox
enzymes [3]; several studies based on heme-proteins adsorbed or immobilized on various electrodes
showed that high-molecular weight enzymes are often not suitable for direct electrical
communication with the electrode [4]. Our strategy to overcome these limitations is the use of
artificial low-molecular weight proteins, designed on rational bases, to own the required activity [5].
We developed a class of covalent heme-peptide conjugate, named Mimochromes, with the aim of
understanding the effects of the peptide chain composition and conformation in modulating the
heme redox potential [6].

An affinity electrochemical immunosensor was developed using Mimochromes as redox tags
for the detection of the binding events. The artificial ET protein, functionalized with a suitable
recognition element, was covalently anchored on a gold electrode through self-assembled
monolayers. The biosensor was characterized with voltammetric techniques and tested for analyte
recognition.

[1]  L.Murphy, Curr.Op.Chem.Biol., 10, 2006, 177.

[2] L Willner, and E.Katz, Angew.Chem.Int.Ed., 39, 2000, 1180.

[3] S.Casalini, G.Battistuzzi, M.Borsari, A.Ranieri, and M.Sola, J.Am.Chem.Soc., 130, 2008,
15099.

[4] W.Zhang, and G.Li, Analytical Sciences, 20, 2004, 603.

[5]  A.Ranieri, S.Monari, M.Sola, M.Borsari, G.Battistuzzi, P.Ringhieri, F.Nastri, V.Pavone, and
A.Lombardi, Langmuir, 26, 2010, 17831.

[6] A.Lombardi, F.Nastri, D.Marasco, O.Maglio, G.De Sanctis, F.Sinibaldi, M.Coletta, and
V.Pavone, Chem.Eur.J., 9, 2003, 5643.
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Enzyme-linked immunosorbent assays (ELISA) are commonly used for the detection of
analytes in biomedicine, food, and environment control. These tests are based on the formation of
immunocomplexes, between an antigen and a specific antibody. The detector system is usually an
enzyme (e.g. horseradish peroxidase, HRP), which is covalently bound to the antibodies.
Immunocomplexes are quantified by measuring a colorimetric signal, deriving from the enzymatic
reaction. The immunological component brings the detection specificity, while the enzyme
component gives the analytical sensitivity [1]. The natural protein high dimensions provide quite
low enzyme\antibody ratio, thus limiting the analytical sensitivity. The use of artificial, small
metalloenzymes would represent an interesting solution, allowing a higher conjugation ratio and a
considerable signal amplification. This approach will be crucial for the development of more
sensitive immunochemical assays for the detection of very small amounts of analytes.

Herein, Fe'-mimochrome VI is proposed as reporter enzyme for the functionalization of
antibodies usable in ELISAs. Fe"'-mimochrome VI is a 3.5 kDa synthetic heme-protein model,
which displays peroxidase-like activity, with a catalytic efficiency comparable to the native HRP
[2,3]. Human polyclonal antibodies (hIgG) have been functionalized with this synthetic enzyme, by
the use of cross-linkers. Conjugates with an enzyme/hIgG ratio up to 13 have been prepared. This
represents a significant result, when compared to commercial immunoglobulins, which are usually
linked to 3 - 4 HRP molecules. The complete characterization of the conjugates is in progress, in
order to determine their immunoreactivity, as well as enzyme activity and structural stability.

[1] K.Ashley, R.E.Biagini, J.P.Smith, D.L.Sammons, B.A.Mac Kenszie, C.A.F.Striley,
S.K.Robertson, and J.E.Snawder, JOEH, 5, 2008, D25.

[2]  A.Lombardi, F.Nastri, and V.Pavone, Chem.Rev., 101, 2001, 3165.

[3] F.Nastri, L.Lista, P.Ringhieri, R.Vitale, M.Faiella, C.Andreozzi, P.Travascio, O.Maglio,
A.Lombardi, and V.Pavone, Chem.Eur.J., 17, 2011, 4444,
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A good understanding of the interaction of platinum anticancer drugs with models of binding
sites present in DNA is of fundamental importance to unravel the mode of action of this class of
compounds.

In this work, the DNA bases platination processes of second- and third-generation Pt(II)
anticancer drugs, have been investigated using Density Functional Theory (DFT) combined with the
conductor-like dielectric continuum model (CPCM) approach, in order to describe their binding
mechanisms and to obtain detailed data on the reaction energy profiles.

Although there is no doubt that a Pt-N7 bond forms during initial attack, the energetic profiles
for the formation of the monofunctional adducts are not known.

Herein, a direct comparison between the rate of
formation of CarboPt, NedaPt and OxaliPt adducts
with Guanine (G) and Adenine (4) DNA bases has
been made in order to spotlight possible common or

different behaviour. 1N
Together with previous works concerning the Aod
hydration mechanisms, [1] the goal of our work is to — I

contribute to the elucidation of the whole mechanism
employed by these compounds to reach the
biological target.

a) MLE. Alberto, M.F. Lucas, M. Pavelka and N. Russo, J. Phys. Chem. B, 112, 2008, 10765; b)
M.E. Alberto, M.F. Lucas, M. Pavelka and N. Russo, J. Phys. Chem. B, 113, 2009,
14473; ¢) M.F. Lucas, M.Pavelka, M.E. Alberto and N. Russo, J. Phys. Chem. B, 113, 2009,
831; d) M. Pavelka, M.F. Lucas and N. Russo, Chem. Eur. J. 13, 2007, 10108; ¢) M.E.
Alberto and N. Russo, Chem. Commun., 2011, 47, 887.
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Thermal analysis (TA) is a well-known technique for materials characterization. The recent
development of high-sensitive thermal balance has further increased the possibility of expanding
thermogravimetric analysis (TGA) to surface features and surface-adsorbed moieties and which
could be very promising in the field of the toxicity of mineral dusts. Furthermore, the possibility to
analyse furnace gas with sensitive analytical techniques envisaged TA as a powerful tool to
investigate complex surface conjugates. The recent in-line coupling of a high-sensitivity TGA with
a FT-IR spectrophotometer equipped with a GC-MS dramatically expanded the application areas of
the technique.

We report here about some non-conventional application of this innovative system devoted

to the unveiling of the complex interactions between the surface of some inorganic nanoparticles
and molecular compounds.
TiO, nanoparticles impregnated with alcohols or carboxylic acids (ethanol, ethylene glycol and
citric acid) were subjected to TA in N, or O,. Coupling thermograms (i.e. the sample weight loss as
a function of temperature) with infrared thermograms (i.e. the integrated IR absorbance as a
function of temperature) allowed us to discriminate between the weight loss due to water desorption
and CO; formation subsequent to C-species oxidation. The temperature of desorption/oxidation of
each molecular species was discussed in terms of conjugate stability.

The analysis of furnace gas was highly informative in two studies on the stability of
pigments obtained by impregnation of sepiolite and palygorskite nanoclays with organic dyes,
indigo blue and methyl red respectively. The interaction of the dye with the nanoclays structure was
investigated by discriminating the dye desorption temperature from the hydroxyls condensation one.
The study [1] indicated the degradation temperature of the pigment within the clay cages and the
subsequent enhancement of the dye stability was demonstrated. Insights to the degradation
molecular pathways of dyes were obtained.

The high specificity and overall versatility of the TGA-FTIR-GC-MS system in the
characterization of complex inorganic conjugates is here showed with some relevant examples.

[1] R. Giustetto, O. Wahyudi, I. Corazzari, F. Turci, 2011 Appl. Clay Sci. 52: 41
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It is known that the reserves of fossil fuels are gradually decreasing and that the CO, emissions
seem to be responsible for global warming [1]. The replacement of fossil fuels by sustainable
energies has become essential for the future. To avoid the negative environmental impact of
greenhouse gases, hydrogen has attracted increasing attention as an alternative secondary energy
resource. However, the production and transportation of hydrogen in a cost effective,
environmentally friendly manner is yet one of the major challenges to the development of the
hydrogen economy.

An attractive alternative that can contribute to reduce CO;

emissions is the use of CO; itself as a hydrogen carrier [2]. e { ) T 1
The combination of CO, reduction by H, in presence of an ;Z/R‘u\\“:“ ;(R‘u\:”
appropriate catalyst and selective decomposition of HCOOH S R

to H, and CO,; under mild conditions afford an b atlyy
environmentally benign system. The formation of H, by the JY """
catalytic decomposition of HCOOH has been the subject of pe

many studies. As shown in a recent work, formic acid L L

e
(HCOOH) decomposes selectively to afford H, and CO, in o )V (T % o
presence of a catalytic amount of a water-soluble, trans- P! wd P, ol o,

2 : : - Mo e SN
[Ru(tppts)2(H20)4]"", ruthenium aqua complex, in a solution of p e
HCOOH/HCOONa 9:1 [3]. A tentative catalytic cycle has S S0,
been proposed by the authors on the basis of NMR T /i
experiments. o oy

We have first investigated, by means of DFT, the p/gTQ\‘”z P’”;FL{”\%
; WO e g e PG
mechanism (Scheme) proposed by the authors of HCOOH 0 x Wﬁu\\\\\w “% =

decomposition, catalyzed by trans-[Ru(PMe;),(H20)4]*". Next, o, st @ PN <o
we have explored other possible pathways that the reaction Schee e
may follow, guided by computational evidences.

[1] a) D.L. Royer, R.A. Berner, J. Park, Nature, 446, 2007, 530; b) N.S. Lewis, D. G. Nocera,
Proc. Natl. Acad. Sci. USA, 103, 2006, 15729.

[2] a)S. Enthaler, ChemSusChem, 1, 2008, 801; b) F. Joo, ChemSusChem, 1, 2008, 805.

[3] C.Fellay, N. Yan, P. J. Dyson, G. Laurenczy Chem. Eur. J., 15,2009, 3752.
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The current search for platinum-based anticancer

compounds aims at developing complexes which H3COYCH3 (|T

do not show cross-resistance with respect to the LI a . /C\CH
currently used platinum drugs or that can be H™ \Plt/ H° 3
taken orally. HyC /O/ | N7
Concerning the latter aspect, several Pt(IV) ~c C')|\
compounds have been proposed as antitumour g HyC OCH;4

drugs and one of them, satraplatin cis-

of

[Ptc12(CH3COO)2(H2N-C6H1 1)(NH3)] , is in trans,trans,trans-|PtCly(CH3COOQO),{E-HN=C(CH3;)OCHj3},]

phase 3 clinical trial.

However, the reactivity of Pt(IV) complexes towards biologically relevant reducing agents, such as
ascorbic acid and gluthatione, is not yet well understood preventing the rational design of new
compounds with better pharmacological properties."! Among the limited number of investigations
so far reported, we whish to mention that of L. I. Elding who studied the ascorbate reduction of
JM216 and of its isomers ! and the investigation of J. D. Ranford who explored the reduction of

cis, trans, cis-[PtCLL,(CH3;COO),(NHs),] by methionine and cysteine.™

We have extended the investigation to trans,trans,trans-[PtCl,(CH3;COO), { E-HN=C(CH3)OCHj3} ]
and studied its mechanism of reduction by ascorbic acid, glutathione, and triphenylphosphine using

NMR spectroscopy, ESI-MS and electrochemical techniques.

References:
[1] K. Lemma, J. Berglund, N. Farrell and L. I. Elding, J. Biol. Inorg. Chem., 2000, 5.

[2] K. Lemma, A. M. Sargeson and L. I. Elding, J. Chem. Soc., Dalton Trans., 2000, 1167-1172

[3] L. Chen, P. F. Lee, J. D. Ranford, J. J. Vittal and S. Y. Wong, J. Chem. Soc., Dalton Trans.,

1999, 1209.
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The studies on Coordination Polymers (CPs) [1] continue to produce a great number of
publications, due not only to the intriguing “beautiful” structures often found in CPs, but also to
their possible applications in different, important fields as catalysis, [2] gas storage, [3] etc.. On the
other hand, it is not easy to predict a priori the results of the reactions of polytopic ligands with
metal ions, to form CPs, avoiding a tedious trial-and-error approach.

In the last years we deeply studied the interaction of Cu" monocarboxylates with pyrazole
(Hpz), generating mainly CPs based on the trinuclear triangular Secondary Building Unit [Cus(us-
OH)(pz)3], [4] (see Scheme).

H,0, MeOH or EtOH
_— -

3 Cu(RCOO), + nHpz + mH,0 [Cus(us-OH)(#-p2z)3(RCOO),L,L"] + 4 RCOOH

‘= 2
L, L' = H,0, MeOH, EtOH, Hpz @ +

N—N

4 \C
u

/ OH/

-1

We are now studying and report here the results obtained in the reactions of Cu'
bicarboxylates with Hpz when different synthetic strategies were employed. Particularly, Cu"
phthalate was reacted with Hpz in different solvents, obtaining different CPs. The crystal structures
of some of them are shown below.

[1] See the Special Issue of Chem. Soc. Rev. 2009, 38, 1201-1508.

[2] (a) Uemura, T.; Yanai, N.; Kitagawa, S. Chem. Soc. Rev. 2009, 38, 1228-1236. (b) Ma, L.;
Abney, C.; Lin, W. Chem. Soc. Rev. 2009, 38, 1248-1256. (c) Lee, Y. Y.; Farha, O. K.; Roberts,
J.; Scheidt, K. A.; Nguyen, SB, T.; Hupp, J. T. Chem. Soc. Rev. 2009, 38, 1450-1459

[3] (a) Murray, L. J.; Dinca, M.; Long, J. R. Chem. Soc. Rev. 2009, 38, 1294-1314. (b) Férey, G.;
Serre, C. Chem. Soc. Rev. 2009, 38, 1380-1399.

[4] Pettinari, C.; Masciocchi, N.; Pandolfo, L.; Pucci, D. Chem. Eur. J. 2010, 16, 1106-1123 and

refs therein.
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High Throughput Experimentation (HTE) technologies have profoundly innovated the
research approach to olefin polymerization catalysts and polymerizations in major chemical
companies (e.g., Dow, ExxonMobil, Borealis). In fact, the high complexity of these systems, in
which subtle changes of catalyst formulation and/or application protocols may result into dramatic
effects in performance, makes them ideal substrates for HTE. The huge potential of HTE for
scientific and industrial purposes has been largely demonstrated, both for catalyst and process
discovery [1,2].

Since 2006 our laboratory operates powerful HTE platforms for catalyst preparation and
screening (FreeSlate Core Module and FreeSlate PPR48, respectively), housed into high
performance glove-boxes and integrated with a large variety of on-line and off-line analytical
techniques (es. NMR, ICP-OES, GC, LC, GPC, DSC).

As an example of practical application of these platforms to industrially relevant systems, in
this poster we report on studies carried out on modern Ziegler-Natta catalyst systems for the
production of isotactic polypropylene. As is well-known, such systems consist of a support
(MgCl,), a transition metal precursor (e.g. TiCls), an activator (e.g. an Al-trialkyl), and one or more
electron donor modifiers (e.g. esters, ethers, alkoxysilanes) [3]. Until now, the extreme complexity
of these formulations prevented a rational approach, and industrial research has been primarily
empirical. In this poster, we demonstrate how a HTE approach can result into a 10x to 100x speed-
up of structure/properties correlation studies, which is decisive for the implementation of models for
mechanistic interpretations.

[1] T.R. Boussie, G.M. Diamond, C. Goh, K.A. Hall, A.M. LaPointe, M.K. Leclerc, V. Murphy,
J.A.W. Shoemaker, H. Turner, R.K. Rosen, J.C. Stevens, F. Alfano, V. Busico, R. Cipullo, G.
Talarico, Angew. Chem. Int Ed., 2006, 45, 3278-3283.

[2] D.J. Arriola, E.IM. Carnahan, P.D. Hustad, R.L. Kuhlman, T.T. Wenzel, Science, 2006, 312,
714-719.

[3] Moore, E. P., Jr. Polypropylene Handbook: Polymerization, Characterization, Properties,
Applications; Hanser Publishers: Munich,Germany, 1996.
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The research activity on the synthesis, characterisation and catalytic applications of N-heterocyclic
carbene (NHC) complexes has been extended since few years to gold centers, as a consequence of
the increasing interest in the chemistry of this metal [1]. Nevertheless, there are very few examples
of gold complexes, bearing in the coordination sphere a dicarbene ligand [2].

In this contribution we report our recent results on the synthesis of novel dinuclear N-heterocyclic
dicarbene gold(I) and gold(IIl) complexes, which are characterised by a dimeric structure with two
dicarbene ligands bridging two metal centers.

— — 2+ — — 2+

N/ \N N/ _ \N 2 PFg K \N N/ - \N 2 PFg
R/ Y \Y/ Y \R R/ Y \Y/ Y \R
Bry/Au 1.2
Au Au —— Br—Au—Br Br—Au—Br
/k y * 12 h, CHsCN * y *
R R R R
SO N N RT SO NN

The stability in solution of the various gold(IIl) complexes towards reductive elimination of Br, as
well as towards structural rearrangement mostly depends on the flexibility of the bridging group
connecting the two carbene units. Single crystals X-ray analysis indeed shows that this synthetic
strategy affords dinuclear and polymeric bis-dicarbene Au(III)-Au(Ill), dinuclear mono-dicarbene
Au(IIT)-Au(Ill), and, most notably, dinuclear bis-dicarbene Au(III)-Au(I) mixed valence complexes

[3].

[1] N. Marion and S. P. Nolan, Chem. Soc. Rev., 2008, 37, 1776.

[2] (a) P. J. Barnard, M. V. Baker, S. J. Berners-Price, B. W. Skelton and A. H. White, Dalton
Trans., 2004, 1038. (b) F. Jean-Baptiste dit Dominique, H. Gornitzka, A. Sournia-Saquet and C.
Hemmert, Dalton Trans., 2009, 340.

[3] M. Baron, C. Tubaro, M. Basato, A. Biffis, M. M. Natile and C. Graiff, Organometallics,
submitted.
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The mechanism of the Pd-catalysed Suzuki-Heck (SuHe) polymerization of 2,7-dibromo-9,9-di(n-

dodecyl)fluorene (1) with potassium vinyltrifluoroborate (PVTB) for the synthesis of

poly(fluorenylene-vinylene)s (PFVs) has been investigated. It was established that, in a first stage, a

palladium catalyzed chain-growth AA/B(C)-type polycondensation

Br 0.0 B+ 2 8K occurs, as evidenced by the linear plot of the molecular weights of the

CHad CpoHys ovTE forming polymer vs conversion. The chain-growth stage takes place

! until consumption of 1 and envisages the alternate addition of PVTB

PAlACOL/Plo-Toll (by a Suzuki step) and 1 (by a Heck step) to the growing chain. Such

’ alternate addition seems to proceeds via a peculiar catalyst transfer

during which the metal is constantly bound to the growing chain and

0.0 J is corroborated by MALDI end group analysis. The second stage

" takes place by prolonging the reaction time after consumption of 1

and leads to the final polymer, that is formed by step-growth

condensation of the fragments generated in the first stage (see Figure 1). With this mechanism

operative, the molecular weights of the final PFVs depend on the PVTB/1 feed ratio. Thus, using a

PVTB/1 molar ratio of 1.1 the final PFV was characterized by a M, of 39600 Da whereas, using a
PVTB/1 molar ratio of 2.0, the final PFV was characterized by a M;, of 13200 Da.
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Figure 1. Consumption of 1 and M, values of the polymer as functions of the reaction time for the

SuHe polymerisation using a PVTB/1 molar ratio of 1.1.
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Phosphazenes are inorgano-organic materials with the general structure formed of -P=N- units,
that may be cyclic or polymeric in nature. These materials showed both high synthetic versatility
and good functionalization possibilities. Substituent groups used to prepare new types of
cyclophosphazenes are mostly aliphatic and aromatic alcohols or amines commercially available in
high quantities and low prices. [1] In our laboratories the synthesis of the 2,2-bis(4-
oxazolinophenoxy)-4,4,6,6-bis[spyro(2°,2”-dioxy-1",1”-biphenyl)]cyclotriphospha-zene (C-2-OXA)
by reacting the corresponding cyclotriphosphazene containing two chlorine atoms, 2,2-dichloro-
4,4,6,6-bis[spyro(2’,2’’-dioxy-1,1"’-biphenyl)]cyclotriphosphazene (C-2-Cl), with 4-
hydroxyphenyl-2-oxazoline has been previously optimized. [2] Here we describe the synthesis of a
new type of cyclotriphosphazene obtained by reaction of C-2-OXA with lipoic acid (Figure 1). The
study will be extended to hexa-substituted cyclo-phopshazene and to polymeric systems. Our
purpose is to achieve not only a new material for metal coordination and abstraction but also new
ligands for stabilization of metal nanoparticles. [3] The use of poly-functionalized ligands offers the
advantage to achieve much stronger attachment to the nanoparticle surface to obtain more rigid
structures susceptible of further modification.
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Figure 1. Synthesis of the lipoic acid derivative.

[1] M. Gleria, R. De Jaeger, Top Curr. Chem., 250, 2005, 165.

[2] M. Gleria, F. Minto, B. Tiso, R. Bertani, E. Tondello, R. Po’, L. Fiocca, E. Lucchelli, G.
Giannotta, N. Cardi, Des. Monomer. Polym., 4, 2001, 219.

[3] M.R. Ivanov, H.R. Bednar, A.J. Heas, ACS Nano, 3, 2009, 386.
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FDA recognized, more than thirty years ago, cis platinum based compounds for the treatment of a
large number of solid tumors; anyway these drugs induce several side effects [1]. Many attempts
have been carried out to reduce their toxicity and to prevent in-vivo inactivation. One of the most
innovative approaches, is based on the encapsulation of the cytotoxic Pt(I[) based drug in
liposomes. A liposomal formulation may overcome platinum resistance by delivering a high dose of
the drug at the tumor site. Stabilized PEGylated “stealth” liposomal formulations of cisplatinum
have been developed in last decade [2]. These preparations exhibited an extended circulation time,
increased anti-tumor efficacy and reduced toxicity compared to the free drug. In last years we
developed peptide containing mixed aggregates able to deliver contrast agents and drugs to tumor
cells overexpressing peptide receptors. The objective of present work is to formulate new
aggregates able to carry new cytotoxic platinum complexes to cancer cells in a selective way. The
new liposomal aggregates are obtained by co-assembling two amphiphilic monomers: a first
monomer containing the octreotide bioactive peptide able to recognize somatostatin overexpressed
receptors (SSTR2 and SSTR 5) and a hydrophobic tail based on two hydrocarbon chains with
eighteen carbon atoms each (figure 1a). The second monomer contains the same lipophilic moiety
and a lysine residue bearing on Na and Ne amino functions an N-ethylglycine platinum complex
and a PEG 1500 chain (figure 1b). The aggregates were characterized by dynamic light scattering
(DLS) and SANS measurements. Both techniques indicate the presence of liposome.
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References

[1] B. Lippert Cisplatin. Chemistry and Biochemistry of a Leading Anticancer Drug, Wiley—VCH,
Weinheim, 1999.

[2] M. S. Newman, G.T. Colbern, P. K. Working, C. Engbers, M. A. Amantea Cancer Chemother.
Pharmacol. 43, 1999, 1.
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Molecular catalysts for olefin polymerization are generally considered to be more easily amenable
to mechanistic studies than heterogeneous ones, due to the well-defined structure of the precursors
and a so-called ‘single-site’ nature [1]. This notwithstanding, discovering or even optimizing a
catalyst by design is still a dream, because the number of physical and chemical variables which
altogether determine catalytic behavior is simply too high. In fact, an initial phase of trial-and-error
is still necessary, particularly in case of complex processes such as copolymerizations. In such a
phase, the use of High Throughput Experimentation (HTE) tools and methods can be decisive for
success [2].

In the present poster, we will explain how the integration of HTE with classical mechanistic
methods can speed up the optimization of a new class of molecular catalysts for the industrial
production of ethylene/propylene/diene (EPDM) terpolymers [3] by means of a high temperature
solution process. Catalysts suited to this application must fulfill an impressive list of requisites,
such as high thermal stability and polymer molecular weight capability, adequate copolymerization
statistics, ability to incorporate the diene, etc.

In our laboratory, we operate since 2006 state-of-the-art HTE platforms for catalyst preparation and
screening (FreeSlate Core Module and FreeSlate PPR48, respectively), housed into high
performance glove-boxes [4]. Herein we will introduce an experimental HTE protocol for the fast
generation of a structure/properties correlation database, that can be used as the starting point for
the molecular kinetic modeling. The first conclusions of the mechanistic study of the
aforementioned catalysts will be discussed as well.

[1] Severn,J., Chadwick,J.C. “Tailor-made Polymers”,Wiley-VCH Verlag GmbH.

[2] T.R. Boussie, G.M. Diamond, C. Goh, K.A. Hall, A.M. LaPointe, M.K. Leclerc, V. Murphy,
J.A.W. Shoemaker, H. Turner, Figure 1.R.K. Rosen, J.C. Stevens, F. Alfano, V. Busico, R. Cipullo,
G. Talarico, Angew. Chem. Int Ed., 2006, 45, 3278-3283.

[3] E. Ijpeij, P.Windmulle, F. Van Der Burgt; G.Van Doremaele,M. Zuideveld, W02005/090418
Al, 2005.

[4] Busico,V., Pellecchia,R., Cutillo,F.,Cipullo,R. Macromol.Rapid Commun. 2009, 30,1697-1708
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It is well known that occupational exposure to some crystalline silica polymorphs causes health
damage. [1] In particular silicosis, the most ancient occupational disease, requires a close attention
because of their invalidating consequences for a large number of workers and for a great number of
benefits paid by the Italian government agency for the insurance against work-related injuries
(INAIL).

In that regard, INAIL (Piedmont division) has funded a Ph. D fellowship in order to evaluate the
number of cases of silicosis and lung cancer in Piedmont Region associated to the exposure to
crystalline silica; to identify the most hazardous production divisions and to evaluate the physico-
chemical properties of the silica dusts involved in the mechanism of pathogenicity. 444 cases of
silicosis distributed in the Piedmont Region have been chosen and analyzed in detail. The analysis
showed that 43% of the cases occurred in metallurgical activities, 26% to mineral processing, 15%
to construction and 10% in other activities. Among all, 24 cases are associated with lung cancer. On
the basis of the results obtained different samples selected from the most hazardous productive
divisions and their physico-chemical properties wereinvestigated by means of different techniques
including crystallinity (XRD), elemental analysis (XRF), micromorphology and particle size
(SEM) were carried out for each sample. All samples were also tested for their potential to generate
free radicals (HO™ and COO™) (EPR/spin trapping) and for their surface charge. All samples contain
quartz mixed to other crystalline phases, probably due to the presence of impurities, as shown by
elemental analysis. All samples have a morphology and particle size typical of ground quartz and
show a remarkable activity in free radical generation. The metallurgic division shows the highest
cases of silicosis and their samples are the most reactive in the generation of free radical conferming
a possible role of particle-free radical generation in the pathogenicity of crystalline silica. Further
cellular studies will be required to support this hypothesis.

[1]  TARC: monographs on the evaluation of carcinogenic risks to humans, = monograph n.68,
1997.

773



INO-PO-53 Properties in solid and solution and cytoxicity of new thioureas
palladium(II) complexes

Salvatore Barresi,” Giuseppe Bruno,” Matteo Cusumano,” Maria Letizia Di Pietro,” Angela Di
Pietro,” Giuseppa Visalli”

*Dipartimento di Chimica Inorganica, Chimica Analitica e Chimica Fisica dell’Universita di
Messina, Via F. Stagno D’Alcontres 31, 98166, Messina, Italy

®Dipartimento di Igiene, Medicina Preventiva e Sanitd Pubblica dell’Universita di Messina,
Policlinico Universitario, 98100, Messina, Italy

E-mail: sbarresi@unime.it

A new series of palladium(Il) complexes of the type [PA(N-N)(tu),]Cl, (N-N = 2,2’-
dipyridyle or 1,10-phenanthroline; tu = thiourea, Et;-tu, n-Buy-tu, p-tolyl-tu, Phy-tu) have been
synthesized and characterized by elemental analysis and 'H and >’C NMR. [Pd(phen)(tu),]Cl, and
[Pd(phen)(Et;-tu),]Cl, have been also characterized in solid by X-ray analysis. This latter has
shown that the coordination geometry of Pd(Il) is perfectly planar and that distances and bond
angles of the cationic fragment are in line with the corresponding structural parameters reported for
analogous compounds. For both complexes, one of the two chlorides forms a strong interaction with
two hydrogen atoms bound to nitrogen of the thioureas and the metal atom [1].

All the complexes are fairly soluble both in aqueous and in poor polar solvents. Their
solutions in water are acidic and pH depends on the nature both of the thiourea and the bidentate
ligand. The substances are very inert in solution. In particular, the electronic spectra of all the
complexes, at fixed pH, do not vary in time for over a week, while they change with pH. Changes
are fast and reversible, unless the pH is raised over about ten. Under these experimental conditions,
a brown substance precipitates which in time turns black and becomes almost insoluble in any
solvent.

The complexes with 2,2’-dipyridyle interact non-covalently with CT DNA, probably by
intercalation [2]. When mixed with DNA, the analogous substrates with 1,10-phenantroline lead
instead to precipitation of biopolimer fibres.

The complexes have been tested for in vitro cytotoxicity using cell line pneumocytes A549.
Most of the complexes behave as cytotoxic agents comparable or stronger than cisplatin.
Complexes with 2-2’-dipyridyle are less active than the analogous substrate with 1,10-
phenantroline.

[1] D. A. Berta, W. A. Spofford III, P. Boldrini, and E. L. Amma, Inorg. Chem., 9, 1970, 136.
2] M. Cusumano, M. L. Di Pietro, A. Giannetto, and P. A. Vainiglia, Eur. J. Inorg. Chem.,
2005, 278.
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Aliphatic polyesters, such as poly(lactide), poly([/-caprolactone) and their copolymers find a wide
range of practical applications, from packaging[1] to more sophisticated biomedical devices.[2] The
most convenient route to obtain polyesters with designed macromolecular architecture and
controlled properties is the ring opening polymerization (ROP) of heterocyclic monomers initiated
by metal complexes. In this context, rare-earth and zinc complexes are catalysts of particular
interest because of their low toxicity, low cost, high reactivity and good control.[3-4]

Recently our group explored the use of tridentate phosphido-

diphosphine ligands [(0-CsH4PR,),PH; R = Ph or iPr] for the synthesis PR,

of new Groups 3 and 10 metal complexes (Figure 1) and their
application as initiators for the ring opening polymerization and
copolymerization of lactide and [I-caprolactone.

The yttrium complexes revealed to be very effective initiators for the

P—MR'(THF),,

ROP of [l-caprolactone and L-lactide under mild polymerization PR;
conditions showing activities among the highest ever reported in

literature.[5] Immortal and living reactions were also feasible in Mt = Sc, Y or Zn
presence of alcohol as chain transfer agent.[6] The zinc complexes S = F?kaill:’?r amide

showed moderate activities towards both monomers but uncommon
abilities to copolymerize them to produce copolymers that were shown
to possess monomer contents which correlated well with their Figure 1
composition in the monomer feed.

[1] Auras, R.; Harte, B.; Selke, S. Macromol. Biosci. 2004, 4, 835.

[2] Drumright, R. E.; Gruber, P. R.; Henton, D. E, Adv. Mater., 2000, 12, 1841.

[3] Platel, R. H.; Hodgson, L. M.; Williams, C. K., Polymer Reviews 2008, 48, 11

[4] Wu, J. Y., T.; Chen, C.; Lin, C., Coord. Chem. Rev. 2006, 250, 602.

[5 IMazzeo, M.; Lamberti, M.; D'Auria, 1.; Milione, S.; Peters, J. C.; Pellecchia C., J. of Poly.
Sci. Part A: Pol. Chem. 2010, 48, 1374.

[6] D'Auria, 1.; Mazzeo, M.; Pappalardo, D.; Lamberti, M.; Pellecchia C., J. of Poly. Sci. Part A:
Pol. Chem. 2011, 49, 403.
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The photochemistry of ruthenium complexes has undergone an impressive growth in the last few
decades.[1] Mostly in the last 15 years, Ru(II) polypyridine complexes have also contributed highly
to the development of supramolecular photochemistry, and in particular to its aspects related to
photoinduced electron and energy transfer processes within
multicomponent (supramolecular) assemblies, including
luminescent polynuclear metal complexes, light-active
dendrimers, artificial light-harvesting antennae,
photoinduced charge-separation devices, luminescent
sensors, and light-powered molecular machines.

The assembly/disassembly of the luminescent dendritic
hosts and the luminescent metal complex Ru(bpy)(CN)4]*
J[2] photophysics of Ru*" complexes containing
terpyridine ligands appended with terthiophene units[3]
and [Ru(bpy)3]*" as a 4-to-2 encoder and 2-to-4 decoder
for molecular logic,[4] are three examples studied in our
lab that demonstrate the versatility of these “old and well
know” complexes in supramolecular chemistry.

[1] S. Campagna, F. Puntoriero, F. Nastasi, G. Bergamini, V. Balzani, Top. Curr. Chem., 2007, 280,
117.

[2] G. Bergamini, C. Saudan, P. Ceroni, M. Maestri, V. Balzani, M. Gorka, S.-K. Lee, J. Van Heyst,
F. Vogtle, 2004, 126, 16466.

[3] P. Manca, M. L. Pilo, G. Sanna, A. Zucca, G. Bergamini, P. Ceroni, Chem. Commun., 2011,47,
3413.

[4] P. Ceroni, G. Bergamini, V. Balzani, Angew. Chem. Int. Ed., 2009, 48, 8516.
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Tetrazolates, [R-CN4],, were reported as excellent ligands for the construction of highly

electrochemiluminescent  Ru(Il)-polypyridyl complexes and intensely emitting Ir(III)-
cyclometalates.[1,2,3,4]
In particular, neutral Ir(Ill)-tetrazolate complexes have been used to fabricate a series of highly
efficient OLED-type light emitting devices which displayed tunable emission colour as the
consequence of slight modifications of the tetrazolate ligand structure.[S]. These promising results
have driven our effort to the preparation of some new neutral Pt(I[)- and Re(I)-tetrazolate
complexes in order to construct new OLED type devices.

The research activity was also extended to the syntheses of eterobimetallic species; Ir(I1I)-
Ru(II) and Ir(IIT)-Re(I), in wich the bridging tetrazolate ligand plays a key role in a energy transfer
process. In addition, this class of ligands is also employed for the preparation of homo- and
heteroleptic Cu(I)-tetrazolate compounds as new luminescent emitters for LEEC type devices.

The synthetic procedure, the photophysical properties together with the opto-electronic
performances of all the new tetrazolate-based complexes will be discussed in detail.

[1] Stagni, S.; Palazzi, A.;Bard, A. J.; et. al. Inorg. Chem. 2006, 45, 695-7009.

[2] Stagni, S.; De Cola, L.; Zacchini, S.; Marcaccio, M.; et. al. Inorg. Chem. 2007, 46, 9126-9138.
[3] Stagni, S.; Marcaccio M.; Palazzi A.; et al Eur. J. Inorg. Chem. 2010, 29,4643-4657

[4] Stagni, S.; De Cola L.; et. al. Inorg. Chem. 2008, 47, 10509-10521.

[5] Cocchi, M.; Kalinowski, J.; Stagni, S.; Muzzioli, S. Appl. Phys. Lett. 2009, 94, 083306.
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Silica Core-Surfactant shell nanoparticles (SCSS NPs) are versatile and effective platforms
for the design of molecular based luminescent materials for energy conversion, imaging and
diagnostics, signal processing and sensors.[1] The integration of a simple ON-OFF pH sensor
(fluorescein) in SCSS NPs allows to achieve a very sophisticated ratiometric nanosensor (NS) based
on dual detection of fluorescence anisotropy. In the NS a silica core, covalently doped with
coumarine, behaves as an antenna system which transfers the excitation energy to the fluorescein
molecules linked to the external surfactant chains. Energy transfer is not complete and the residual
coumarin fluorescence (signal ;) presents very high anisotropy since the rotational mobility of the
molecules in the silica matrix is very low. The anisotropy of the sensitized fluorescence of the
fluorescein, on the contrary, is vey low since the ET process causes depolarization (signal I,).
Protonation changes completely the photophysical properties of the fluorescein which, in the
protonated form, is no more suitable to behave as an acceptor in the ET process; moreover its
quantum vyield is strongly reduced. As a consequence, protonation leads to a decrease of the
fluorescence of fluorescein an to an increase of the signal of coumarin. In this modality the system
hence behaves as a traditional ratiometric fluorescence sensor. As far as fluorescence anisotropy is
concerned, its value in the 450-500 nm region (where emission is due only to coumarin: signal ;) is
independent on the pH. In the 500-600 nm region, on the other, hand fluorescence is the
combination of I; and I, and the anisotropy is pH dependent. Fluorescence anisotropy at 480 nm can
be hence used as a reference signal and the value at 520 nm analysed to determine the pH. Thanks
to the combination of fluorescence anisotropy and multiple detection the NS has several advantages
with respect to traditional chemosensors especially as far as elimination of background fluorescence
is concerned. Finally the synthetic approach is very versatile and almost any kind of molecular
sensor can be integrated in the nanostructure.

|,:High anisotropy l,:Low anisotropy

[1] Zanarini, S.; Rampazzo, E.; Bonacchi, S.; Juris, R.; Marcaccio, M.; Montalti, M.; Paolucci, F.;
Prodi, L., J. Am. Chem. Soc. 2009, 131, 14208-14209.
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The chemistry of [Ir4g(CO);2] and its phosphane substituted products has been widely
investigated with particular attention to the substitution kinetics and ligands distribution about the
metal cluster.[1]

The neutral tetrairidium cluster and its derivatives are studied as they can find applications in
homogeneous or heterogeneous catalysis, particularly in water gas shift and hydrogenation
reactions. [2]

We have recently explored the reactivity of [Ir4(CO);2] and [IrsX(CO);,]” (X=Br, 1) towards
different types of polyphosphanes. This approach allowed us to aggregate several metal carbonyl
clusters in order to get coordination polymers as well
as discrete materials. Moreover we are developing a
“library” of compounds with a potential catalytic
activity.

Syntheses, X-ray structures and
characterization of some dimeric mono- or three-
substituted Irs phosphane derivatives are here
reported (Fig. 1).

In some cases, solvothermal approach has
been fundamental in order to obtain single crystals,
as only microcrystalline powders were available by
traditional methods.

Fig. 1 X-ray structure of [{Ir,(CO)y(n-dppbut)},(dppbut)].
Phenyls on P atoms are omitted for clarity.

[1] a) G.Peli, M. Daghetta, P.Macchi, A.Sironi, L.Garlaschelli, Dalt. Trans., 2010, 39, 1188.
b) L.Chen et al., Coord. Chem. Rev., 1995,143,265.

[2] a) AM.Argo et al., JACS, 2003, 125, 7107.
b) A.M.Argo et al. Nature, 2002, 415, 623
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Malignant pleural mesothelioma (MPM) is a rare and aggressive asbestos-related cancer associated
with poor prognosis. MPM cells are characterized by strong chemoresistance, often linked to the
simultaneous induction of multiple antioxidant enzymes as the family of glutathione-S-transferase
(GST).[1] Therefore, GST inhibition could be a adjuvant therapeutic strategy for MPM treated with
Pt compounds. Ethacrynic acid (EA), a diuretic in clinical use, has been extensively tested and
found to inhibit GST-family.[2]. In the present work, it has been realized the combination of EA
and [Pt(NH;3);] in a single, bi-functional cisplatin like compound, namely cis-
[diamminodiethacrynatoplatinum(Il)], 1. Also its analogue Pt (IV)-based complex i.e. cis-
[diamminodichloridodiethacrynatoplatinum

cl Cl
(I)], 2 has been sinthesized. The cytotoxic o o |
effects of 1 and 2, together with the °> g o o 4
combinations of cisplatin with two d }—/
).d

equivalent of EA have been tested on Hz“)p'ﬁ'%c' M
mesothelioma cell lines (having both Sl = 0}_\
epitelial or sarcomatous phenothype) and on >/—\ ¢ o
a cisplatin-resistant sub-line. The biological = % 5 T
results are reported. o
2 1

[1] Mujoomdar, A.A., Tilleman, T.R., Richards, W.G., Bueno, R., Sugarbaker, D.J.: The Journal of
Thoracic and Cardiovascular Surgery. (2010).
[2] Byun, S., Kim, S.W., Choi, H., Lee, C., Lee, E.: BJU International. 95, 1086-1090 (2005).
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Isostructural, ‘clamshell’-like, neutral dimeric pyrophosphato complexes of general formula
{IM(bipy)]2(u-P,07)} [M=Pd" (1) or Pt" (2)] were synthesized and studied through single-crystal
X-ray diffraction, IR, *'P NMR spectroscopy, and MALDI-Tof mass spectrometry.[1] Both
complexes crystallize in the monoclinic chiral space group Cc as hexahydrates, 1-6H,O (1a, yellow
crystals) and 2-6H,O (2a, orange crystals), and exhibit a zig-zag chain-like supramolecular packing
arrangement with short and long intra-/inter-molecular metal-metal distances. A second crystalline
phase of the Pt species was also isolated, with formula 2-3.5H,O (2b, deep green crystals),
characterized by a dimer-of-dimers (pseudo-tetramer) structural sub-motif. Green crystals of 2b
could be irreversibly converted to the orange form 2a by exposure to air or water, without retention
of crystallinity, while a partial, reversible crystal-to-crystal transformation occurred when 2a was
dried in vacuo (Figure 1). *'P NMR spectra recorded for both 1 and 2 at various pHs revealed the
occurrence of a fluxional protonated/deprotonated system in solution, which was interpreted as
being comprised, in the protonated form, of [HO=PO;]" (P,) and O=PO; (P;) pyrophosphate
subunits. 1 and 2 exhibited two successive one-electron oxidations, mostly irreversible in nature;
however, a dependence upon pH was observed for 1, with oxidation only occurring in strongly
basic conditions. Density functional theory and atoms in molecules analyses showed that a d*-d®
interaction is present in 1 and 2. In both cases, the HOMO is a weakly antibonding do* orbital while
the LUMO is a ligand-centered orbital. These unusual results suggest d*-d® species can fall into two
distinct categories. Category (i) comprises the majority of the known Pt", Rh' and Ir' dimeric
species, in which the LUMO is a weakly metal-metal bonding orbital and the M-M bond order
increases of 1 upon excitation. Category (ii) comprises species as all the known Pd" dimers and
compounds 1 and 2, for which the LUMO is a ligand-centered orbital so that, upon excitation, the
M-M bond order only increases of 0.5. To the best of our knowledge, 2 is the first example of a Pt"
system belonging to category (ii).
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Figure 1.

[1] N. Marino, C. H. Fazen, J. D. Blakemore, C. D. Incarvito, N. Hazari and R. P. Doyle, Inorg.
Chem., 50, 2011, 2507.
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Ruthenium-catalyzed olefin metathesis represents one of the most effective tools for

constructing carbon-carbon double bond [1]. The development and improvement of metathesis
transformations are essentially dependent on modification of catalyst structure.
Recently, we focused on the preparation of ruthenium complexes bearing syn and anti methyl
substituents on the N-heterocyclic carbene (NHC) backbone and o-tolyl groups at the nitrogen
atoms of the NHC ring [2]. These catalysts showed high efficiency in Ring Closing Metathesis
(RCM) reactions and the syn isomers, in particular, revealed among the most active catalysts known
in the RCM of hindered olefins up to now.

Herein we report the performances in RCM reactions of catalysts with a syn substituted
NHC backbone presenting differently encumbered groups both at the ortho- position of the N-aryl
rings (R in Fig. 1) and on the NHC backbone (R’ in Fig. 1). The role of R and R’ substituents on the
catalytic behavior has been rationalized by investigating the RCM of different sterically hindered
olefins with DFT calculations.

R’ R’
N N

Ru=—=
o | >:
\(O
Figure 1.

[1] Selected reviews: a) G.C.Vougioukalakis, and R.H.Grubbs, Chem. Rev., 110, 2010, 1746. b)
C.Samojtowicz, M.Bieniek, and K.Grela, Chem. Rev., 109, 2009, 3708. c) R.H.Grubbs, Handbook
of Metathesis; Wiley-VCH: Weinheim, Germany, 2003.

[2] a) F.Grisi, C.Costabile, E.Gallo, A.Mariconda, C.Tedesco, and P.Longo, Organometallics,
27,2008, 4649. b) F.Grisi, A.Mariconda, C.Costabile, V.Bertolasi, and P.Longo, Organometallics,
28, 2009, 4988. c) C.Costabile, A.Mariconda, L.Cavallo, P.Longo, V.Bertolasi, F.Ragone, F.Grisi
Chem. Eur. J., in press.
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It is known that chiral compounds mixed with nematic liquid crystals (LC), also commercially
available such as TN0623, E7, etc., can generate a chiral liquid crystalline phase, called cholesteric
(Ch) [1]. The phase arrangement is characterized by stacked nematic planes whose director
gradually rotates on passing from one plane to the other, leading to macroscopic helicalization of
the phase. Obviously two possible handednesses are expected, as a consequence of the use of d or /
compounds. When a Ch LC is spread between two parallel surfaces, for example two glass slides,
the helix axis spontaneously arranges perpendicularly to the surface of the so formed cell and the
mixture generally appears uniformly distributed and optically homogeneous. An incident
polychromatic unpolarized radiation can interact with the Ch phase giving rise to interference and
reflection of a wavelength band A1=pAn (p=helical pitch, An=birefringence), so the mixture could
appear colored by using radiation in the visible spectrum. Here we report on the use of copper(Il)
complexes with optically active (d and /) bidentate salicylaldiminate ligands, mixed with
commercially available nematic LC. The main features of these copper(Il) complexes are: the easy
and inexpensive synthesis of both the d and / isomers; the marked thermal, chemical and especially
photochemical stability (i.e., resistence to solar radiation); the very high compatibility with the host
nematic LC (relevant for possible applications); high solubility in the LC phase also at lower
temperatures; strong helicalization properties, that is a low weight percentage of chiral complex can
produce a Ch phase with very short helical pitch. As an example, with about 10 wt% of our chiral
complex a cholesteric phase with 450 nm helical pitch can be obtained, that is red light is reflected
by the layer. The properties and potential applications of these compounds will be presented and
discussed.

[1] C. Binet, M. Mitov and M. Mauzac, J. Appl. Phys., 90, 2001, 1730.
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In the last decade Organic-Inorganic porous composite material -in nano or microscale- have
been extensively studied since they combine advantages of inorganic materials (e.g. rigidity,
thermal stability, inertiness) and the organic-polymeric phase (e.g. ductility and processability).

A defining feature of blended polymer composites, is that the dimension of the silica fillers'
confers a dramatic increase in interfacial area, which may induce intrinsic crosslinking in the bulk.
One of the most efficient procedure is colloidal sol-gel processes in the presence of a preformed
polymer or monomers with tailored morfologies”.

Herein we describe the formation of a new ecocompatible insulating material, adopting an
hybrid procedure by using the lignosulfonate, as it is or subjected to thermal basic treatements
(NaOH or NH3), to provide partial depolymerisation.

The oligomers obtained can be dispersed, upon neutralization, in the silica colloidal mixture
(TEOS aerogel) and furtherly polymerised in situ by adding a controlled amount of opportune
hydrophobising additive (starch-oil biopolymer), pH-moderator and expanding reactants
(NH4HCO3 and H,C,04). Ultimately, kenaf fibres (Hibiscus cannabinus) were minced and finely
dispersed as reinforcing agent.

Globally, the system is a natural rigid foam mainly composed by blended
biopolymer/mesoporous silica. The porous microcomposite material obtained exhibits promising
requirements of low density (0.5-0.2 g/cm’) and low conductivity, adaptable for insulating uses in
building application (bored-brick filler or small insulating panel). Preliminary results indicate the
feasibility for a crosslinking process of lignin oligomeric chains with silanol and/or siloxane
functionalities.

— | Kenaf fiber

—| Ammonium H-carbonate |

hydrolyzed oil
—| Micromulsion I [

pregel starch

Lignosulfonate }

=

References
"H. Zou, S. Wu, J. Shen, Chem. Rev., 2008, 108, 3893 — 3957
* D.L. Kaplan Biopolymer for Renewable Resources Springler Ed. (2010)
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High-nuclearity transition-metal carbonyl clusters have always been regarded as chunks of
metal lattices in a shell of carbonyl ligands. For instance, the homometallic Rh, Ir, Pt and bimetallic
Ni-Pd and Ni-Pt carbonyl clusters systematically display close-packed metal frameworks. ' In
contrast, phosphine-substituted carbonyl clusters of Pd and Ni-Pd, as well as Au thiolate clusters,
have a propensity for condensed, fused or interpenetrating centred icosahedral frameworks. >~

We here report the isolation and structural characterization of the new Rhy(CO)9(CH3CN);;
and [Rhs3(CO)47]> clusters (see Figure 1). The latter raises the maximum nuclearity of Rh clusters,
viz. [RhagN4(CO)4H, . ¥ Moreover, they both possess unprecedented frameworks based on
interpenetrated Rh-centred icosahedral moieties. ©°!

Figure 1. Metal skeleton of [Rh33(CO)47]5 i

[1] C. Femoni, F. Kaswalder, M. C. lapalucci, G. Longoni and S. Zacchini, Coord Chem Rev
20006, 250, 1580.

[2] E.G.Mednikov and L. F. Dahl, Phil. Trans. R. Soc. 2010, 368, 1301.

[3] H. Qian, W. T. Eckenhoff, Y. Zhu, T. Pintauer and R. Jin, J. Am. Chem. Soc. 2010, 132, 8280.

[4] A. Fumagalli, S. Martinengo, G. Bernasconi, G. Ciani, D. M. Proserpio and A. Sironi, J. Am.
Chem. Soc. 1997, 119, 1450.

[5] C. Femoni, M. C. Iapalucci, G. Longoni, C. Tiozzo, D. Dolznikov and S. Zacchini, work in
progress.
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The easy prevision that in the near future the price of the energy derived from fossil fuels
could be significantly increased and the well note limits in the applications of silicon-based
photovoltaic (PV), get to the conclusion that the development of new, efficient and low-cost PV
technologies will be more and more required. Up to day dye sensitized solar cells (DSSCs)
represent one of the more attractive technological alternative to silicon-based PV. In this context,
the best efficiency for the conversion of solar energy has been realized using a large number of
Ru(II) polypyridyl complexes [1], however very good results were also obtained in the presence of
metal-free organic dyes [2]. Recently also Cu(I) complexes have been proposed as effective
sensitizers in DSSCs [3] even if their efficiency is much lower than that obtained with Ru-based
devices, nevertheless copper still remains very interesting in this application because it can offer a
considerable opportunity for reduction in cost.

Here we report the synthesis of suitable substituted 2,2°-dipyridil (Scheme 1) together with
the corresponding bis-dipy Cu(I) complex.

MeOOC COOMe

o O AcOH O O
COOMe +
MeOH reflux

6h

o o
(/\‘ NH,OAc
N\)’\Cl MeOH reflux

1)NaOH 3M
CH;0CH,CH,0H
reflux Sh

2) Trifluoroacetic acid,
H,0 rt

Scheme 1

Several DSSCs devices have been prepared employing Cu(I) complexes with different protonation
degree of the ligand 1, and the results have been discussed as a function of the variation of the
electrolyte.

[1] a) M. K. Nazeeruddin, A. Kay, I. Rodicio, R. Humpry-Baker, E. Mueller, P. Liska, N. Vlachopoulos and M. Gritzel,
J. Am. Chem. Soc., 115, 1993, 6382; b) P. Wang, S. M. Zakeeruddin, I. Exnar and , M. Grétzel, Chem. Commun.,
2003, 1456; c) A. Abbotto, C. Barolo, L. Bellotto, F. De Angelis, M. Gritzel, N. Manfredi, C. Marinzi, S. Fantacci,
J. —H. Yum and M. K. Nazeeruddin, Chem. Commun., 2008, 5318.

[2] A. Mishra, M. K. R. Fisher and P. Béuerle, Angew. Chem. Int. Ed., 48, 2009, 2474.

[3] @) N. Alonse-Vante, J. —F. Nierengarten and J. —P. Sauvage, J. Chem. Soc., Dalton Trans., 1996, 1649; b) S. Sakaki,
T. Kuroki and T. Hamada, J. Chem. Soc., Dalton Trans., 2002, 840; c¢) N. Robertson, ChemSusChem 1, 2008, 977,
d) E. C. Constable, A. Hernadez Redondo, C. E. Housecroft, M. Neuburger and S. Schaffner, Dalton Trans., 2009,
6634.
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The Zeise’s salt, K[PtCl3(n*-C,H,)], is a paradigmatic example of the olefin to metal bond [1]
and still an important starting material for the synthesis of platinum-based organometallic
compounds. The great reactivity of Zeise’s anion, essentially related to the lability of the chlorido
ligand trans to the olefin [2], which can be easily substituted by any ligand having a reasonable
affinity for platinum.

To get further insights in the reaction of nucleophilic substitution upon changing the ligand
trans to the n’-olefin, we tested the reactivity of three monoanionic platinum(Il) substrates (Zeise’s
anion itself, [PtCli(n*-CoHy)], 1, trans-[PtCL(OH)(n*-C,Hs)], 2, and trans-[PtCly(n'-
CHZNOz)(nz—C2H4)]_, 3), towards aromatic imines with different steric requirements (pyridine, 4-
methylpyridine, and 2,6-dimethylpyridine). We also performed a X-ray crystal structure
characterization of the tetraphenylphosphonium salts of 2 (see Figure) and 3. Our data have
highlighted the nature of the Pt-Cl Pt-OH, and Pt-C & bonds. CI is
the only one of the three trans-to-olefin ligands which can have a nt-
acceptor capacity towards the metal. The o-donor capacity of the
ligands can be ranked in the order: CH,NO, >> ClI" > OH. The
carbanion has an unexpectedly high weakening effect on the bond
between platinum and the ¢rans-olefin. As a consequence the olefin
is displaced in preference not only by another olefin but also by -
donors such as pyridines. In the light of the present results, the
series ranking the trans-effect, which were set up in the 1980°s [3],
needs to be reconsidered in view of the importance for synthetic
chemistry of trans-directing ligands.

[1] M.J.S.Dewar, M.J.S.Ford, J. Am. Chem Soc., 101, 1979, 783.

[2] D.M.P.Mingos Advances in Organometallic Chemistry 15, 1977, F.G.A.Stone, R.West,
Eds. Academic Press, New York.

[3] Z. Lin, M. B. Hail Inorg. Chem. 1991, 30, 646.
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Among biomimetic oxidants developed to disclose the mechanistic routes operative in
several metal catalyzed biological and industrial processes, high-valent transition metal-oxo species
have been investigated for their function as putative intermediates in mono-oxygenases
biochemistry. Although endowed with high reactivity and versatility in various oxidation reactions,
manganese(V)—oxo species have eluded detection until recently [1].

Because the nature of these catalysts are strongly affected by several factors, including the pH, the
presence and the nature of a trans axial ligand, and the electron promotion energy of the oxidant,
gas phase studies may represent a powerful tool to elucidate the complex role of environmental
factors as distinct from the intrinsic features of these active species.

We have succeeded in accessing a genuine ligand-free Mn"-oxo porphyrin ion, [(TPFPP)Mn"0]"
(TPFPP = 5,10,15,20-tetrakis(pentafluorophenyl)porphinato dianion), 1, prepared in methanol
solution by controlled treatment of (TPFPP)Mn""'Cl with iodosylbenzene, gently transferred in the
gas phase by electrospray ionization (ESI) and characterized by assay with Fourier transform ion
cyclotron resonance (FT-ICR) mass spectrometry. The oxidation ability of 1 towards a range of
different substrates, including olefins [2], amines, sulfides, phosphites and nitrogen oxides, has been
obtained by the direct determination of reaction patterns and thermal rate constants.

The reaction pathways are initiated by electron transfer and

yield products reflecting delivery of oxygen and hydrogen

atom, besides hydride and electron transfer processes. olefins
Valuable insight into fundamental properties such as the amines,
basicity and electron affinity of the ferryl,(TPFPP)Fe'V O, sulfides,
versus the manganyl, (TPFPP)Mn'" O, unit have been also gl:;mphltes’ o
. . . 1,2
gathered, which can help to elucidate and generalize ' +
reaction mechanisms in bioinorganic oxidations. \ ) @
N
electrophilic
oxidation

[1]N. Jin, J. T. Groves, J. Am. Chem. Soc. 1999, 121, 2923-2924.
[2] M. E. Crestoni, S. Fornarini, F. Lanucara, Chem. Eur. J. 2009,15,7863-7866.
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It is the aim of the present contribution to provide an accurate characterization of [cis-Pt* (NH3),Cl
(G)]” and [cis-[Pt* (NH3),CI(A)]", model of the monofunctional adduct between cisplatin and the
nucleobases of DNA, using IR spectroscopy of ions directly performed in the cell of a mass
spectrometrer. Whereas conventional absorption spectroscopy of gaseous ions is not feasible due to
the typically low number density of the sample species, the IR features of a gaseous ion may be
disclosed in the IR Multiphoton Dissociation (IRMPD) spectrum reporting the resonance enhanced
photofragmentation process following multiple photon absorption in correspondence with the IR
active modes of the sampled species. To this end a spectroscopic methodology is applied, based on
the coupling of the radiation output of an IR free electron laser (FEL) at the CLIO (Centre Laser
Infrarouge d’Orsay) European facility with a Paul-type ion trap mass spectrometer, exploiting the
potential emerging from the combination of mass spectrometry with an IR FEL radiation source.
The ions of interest have been formed in solution, transferred in gas phase by an ESI source, stored
in an ion trap and submitted to IRMPD spectroscopy.

Quantum chemical calculations at B3LYP/6-311G(d,p) level of theory, using the LANL2DZ
pseudo-potential basis set for Pt, yield the optimized geometries and IR spectra for the conceivable
isomers of cis-[Pt*" (NH3),CI'(G)]" and cis-[Pt*" (NH;),CI(A)]", whereby the cisplatin residue is
attached to the N7, N1 and N3 positions of the guanine or adenine base.

Both the computational results and the IR characterization point to a covalent structure for the cis-
[Pt*"(NH;),Cl'(G)]" where Pt is bound to the N7 atom of guanine while in the cis-[Pt*"(NH;),CI
(A)]" complex Pt is bound to the N3 position of adenine.

To complete the study, measurements of CID (collision induced dissociation) breakdown curves for
the selected ions have allowed to determine the apparent binding energy of the Pt complex with the
nucleobases showing that the binding energy between Pt and G is greater than that between Pt and
A.

[Pt*"(NH;),CLI(G)]" [Pt*"(NH;),Cl'(A)]"
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A re-investigation of the reaction of [Nig(CO)12]* with [Pd(MeCN),]*" in THF affords the
new [He.nNizoPds(CO)41]" (n=2-4) and [Ni66Pd10(CO)69]6' clusters, whose metal frames are reported
in Figures 1 and 2. The latter represents the highest-nuclearity homoleptic metal carbonyl anion so
far reported and structurally characterized. The metal frame of the [HNigoPds(CO)41]5 " cluster is
identical to that of the previously reported [Cus.sNizo+(CO)0]” (x = 0,2) [1].

Previously known examples of Ni-Pd homoleptic carbonyl anions were species such as
[Ni6Pd16(CO)40]", [NizgPd2o(CO)ss]” [2] and [NizsPds(CO)as]6- [3] which were obtained by
reaction of [Ni6(CO)12]2' and PdCl, or [PdC14]2'.

The reaction pathway that occurs in solution between Ni and Pd is proved to be rather
complex: by changing even one of the boundary conditions (reagents, solvent, reactant molar ratios,
temperature, reaction time) the nature of the products may be profoundly influenced.

Figure 1 Figure 2
Metal frame of the [HNi30Pd5(CO)41]5' Metal frame of the [Ni66Pdlo(CO)69]6'

[1] P.D. Mlynek, M. Kawano, M. A. Kozee, L. F. Dahl, J. of Cluster Science, 2001, 12, 313.
[2] C.Femoni, M.C.lapalucci, G.Longoni, P.H.Svensson, J.Wolowska, Angew. Chem. Int. Ed.,
2000, 39, 1635

[3] C. Femoni, M. C. lapalucci, G. Longoni, P. H. Svensson, P. Zanello, F. Fabrizi de Biani,
Chemistry -A European Journal, 2004, 10, 2318
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Zinc Ferrite (ZF) is an important oxidic material due to its versatile magnetic and electric
properties, that finds wide applications in the field of gas sensors, contrast agents, magnetic
materials, photocatalist, etc. A synthetic procedure which permits a fine control of purity and
crystallinity of nanoparticles is sol-gel autocombustion method. Many fuels have been explored and
their influence on the structure and properties of the spinel-type material has been studied.

In this communication we report the vibrational results of ZF samples obtained by sol-gel
autocombustion method using the following fuel agents: citric acid, tartaric acid, urea, glycine,
white egg, glucose. Infrared (in the MIR and FIR region) and Raman spectra of samples have been
recorded and a complete assignment has been proposed, with particular attention to the spectral
behaviour of the simultaneous presence of normal and inverse spinel structures. A fine evaluation of
the effect of differing occupation of the A and B sites of the spinel towards vibrational pattern has
been explored by means of a computational modelling in the crystalline state and with a normal
coordinate analysis of the crystal structure. A microstructure and morphology comparative study
was performed by means of SEM analysis.

SEM picture of ZF obtained with citric acid A vibrational mode of octahedral B site of ZF
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The work on the series of tetrakis(thiadiazole)porphyrazines of general formula [TTDPzM]
with M = 2H' (see Figure), Mg"(H,0), Zn", Cu", Cd", AI"X, Ga"X and X = OH, Cl, prepared and
deeply studied by our group in terms of molecular and electronic structure and physicochemical
behaviour, was fairly recently summarized [1]. Moreover, the redox properties of the species
[TTDPzM] (M = 2H', Mg"(H,0), Cu", Zn") indicated that stepwise
reversible or quasi-reversible one-electron reductions lead to the formation
of the corresponding [TTDPzM]™ (n = 1+4) and a detailed DFT/TDDFT
theoretical investigation allowed clarification of the electronic structure of
all the neutral [2a] and singly one-electron reduced species [2b]. The
electrochemical data prove that the all series of compounds behave as /@H\ N=
highly electron-deficient macrocycles when comparison is made with the Té NN 4
behaviour of the related phthalocyanine analogs. = N/4

Porphyrins, as well as their azaanalogs phthalocyanines and
porphyrazines, are presently intensively investigated as photosensitizers for the generation of singlet
oxygen, 'O,, the highly cytotoxic agent in Photodynamic Therapy (PDT). This research field has
become in recent years one of the most actively studied by our group [3]. The present contribution
will report on the photosensiting properties for the generation of 'O, of the above series of
[TTDPzM] compounds in dimethylformamide solution. Data, showing high photoactivity, will be
presented in comparison with similar results for related phthalocyanine and porphyrazine
macrocycles. The experimental work, involving partly innovative aspects, has been extended to test
the possibility of incorporating the very active Zn' complex into liposome vesicles. The aim is to
overcome the insolubility in aqueous media of all these materials with the target of possible clinical
applications.

N

[1] Donzello, M.P.; Ercolani, C.; Stuzhin, P.A. Coord. Chem. Rev. 2006, 250, 1530.

[2] (a) Donzello, M. P. et al. Inorg. Chem., 2007, 46, 4145; (b) Donzello, M.P., et al. Inorg. Chem.,
2009, 48, 9890.

[3] Donzello, M.P.; Vittori D.; Viola E.; Manet I.; Mannina L.; Cellai L.; Monti S.; Ercolani C.
Inorg. Chem., 2011, in press (and refs. therein).
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Work in our group was directed to the synthesis and characterization of novel classes of
porphyrazine compounds; among them, the pyrazinoporphyrazine macrocycles having formula
[PysTPyzPzM] with M = 2H' (Figure 1B) and bivalent first transition series and non transition
series metal ions were deeply investigated. The presence of external electron-withdrawing
dipyridinopyrazine fragments strongly influences the electronic structure of the compounds which
behave as electron-deficient macrocycles.

2
O ﬁ\ X LT
ReRRaN sel

\ ~
A: [PysPzH;] B: [PysTPyzPzH;] C: [PysQuinPzH;]
Figure 1

A parallel investigation has recently been started on two novel classes of octapyridinated
porphyrazines of formulae [PysPzM] (Figure 1A: M = 2H") and [PysQuinPzM] (Figure 1C: M =
2H"). The compounds [PysPzMg(H,0)] and [PysQuinPzM] (M = Mg"(H,0), Zn", Pd") have been
prepared and their properties studied in the solid state and in solution. UV-visible spectra provide
information as to the influence of the different degree of m-electron delocalization in the different
types of macrocycles. Two aspects of interest presently under investigation are: a) the ability of the
new compounds to act as photosensitizers for the generation of singlet oxygen, 'O, the cytotoxic
agent active in photodynamic therapy (PDT); b) the skill of these macrocycles to generate
multimetallic systems by exocyclic metal coordination, already evidenced for the macrocycles of
Figure 1B [3, 5].

[1] M.P.Donzello, Z.Ou, F.Monacelli, G.Ricciardi, C.Rizzoli, C.Ercolani, and K.M.Kadish,
Inorg.Chem., 43, 2004, 8626.

[2] M.P.Donzello, Z.0Ou, D.Dini, M.Meneghetti, C.Ercolani, and K.M.Kadish, /norg.Chem., 43,
2004, 8637.

[3] M.P.Donzello, E.Viola, C.Xiaohui, L.Mannina, C.Rizzoli, G.Ricciardi, C.Ercolani,
K.M.Kadish, and A.Rosa, Inorg. Chem., 47, 2008, 3903.

[4] E.Viola, M.P.Donzello, S.Ciattini, G.Portalone, and C.Ercolani, Eur. J.Inorg.Chem., 2009, 1600.

[5] M.P.Donzello, E.Viola, X.Cai, L.Mannina, C.Ercolani, and K.M. Kadish, /norg.Chem., 49,

2010, 2447.
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The coupling between small unsaturated molecules and bridging organic ligands in dinuclear
complexes provides valuable pathways to the formation of C-C bonds. In particular, the assembling
of alkynes with bridging aminocarbyne diiron complexes leads to the formation of p-vinyliminium
ligands, [1] which can be further functionalized, affording variously functionalized C; organic
frames. [2] Recently we have reported on the possibility of involving the bridging C; ligands in
cycloaddition reactions with alkynes, with the formation of variously functionalized ferrocenes and
cyclohexadienyloxo complexes. [3]

Herein we report on the reactivity of p-vinyliminium complexes towards propargyl alcohol.

R!
d R NMe
Me\ 4 B\ R a 2
N\C/ e/
\J \ co HC=CCH,O0H RYY CH,OCH,~C=CH

> e

% K / V Toluene, reflux

The overall result of the reaction is the one-pot synthesis of a propargyl ether-functionalized
ferrocene, in that one molecule of propargyl alcohol is involved in the [3+2] cycloaddition with the
C; bridging ligand, while another molecule gives rise to the -OCH,C=CH group, with loss of one
molecule of water.

References

[1] Albano, V. G.; Busetto, L.; Marchetti, F.; Monari, M.; Zacchini, S.; Zanotti, V. Organometallics
2003, 22, 1326

[2] Zanotti, V. Pure Appl. Chem. 2010, 82, 1555

[3] a) Busetto, L.; Marchetti, F.; Mazzoni, R.; Salmi, M.; Zacchini, S.; Zanotti, V. Chem. Commun.
2010, 46, 3327; b) Busetto, L.; Marchetti, F.; Mazzoni, R.; Salmi, M.; Zacchini, S.; Zanotti, V.
Organometallics 2009, 28, 3465
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Porphyrins play a major role as active chromophores in artificial systems mimicking the
natural photoinduced processes. The formation of coordination bonds between peripheral donor
sites on the porphyrins and external metal fragments has proved to be an efficient alternative to
covalent synthesis for the construction of multi-porphyrin assemblies, whose complexity and beauty
gradually approach those of the multichromophore systems found in Nature.

In a modular approach, relatively simple metal-
mediated porphyrin adducts, such as the zinc-porphyrin
metallacycle, owing to their thermodynamic and kinetic
stability, can be exploited as building blocks in the
construction of higher order architectures. We reported
that axial ligation of two of these metallacycles by two
trans bispyridyl porphyrins (4'-transDPyP) led to the
formation of molecular box (Figure), both in solution and
in the solid state [1, 2].

With the aim to synthesize molecular boxes with
different dimensions and photophysical properties, the
reactivity of the zinc-porphyrin metallacycle towards a
series of other photoactive ditopic nitrogen ligands (such
as perylenes) was investigated both in solution and in the
solid state [1-3]. The photophysical properties of these
novel assemblies have also been investigated [3, 4], but
will not be discussed here. Examples in which the X-ray structural determination was essential to
establish the real composition and geometry of these multi-chromophore assemblies are highlighted.

[1] E. Iengo, E. Zangrando, S. Geremia, E. Alessio, J. Am. Chem. Soc., 124, 2002, 1003.[2] E.
Iengo, E. Zangrando, E. Alessio, Acc. Chem. Res., 39,2006, 841.

[3] M. T. indelli, C. Chiorboli, F. Scandola, E. Iengo, P. Osswald, F. Wiirthner, J. Phys. Chem. B,
45,2010, 14495.

[4] A. Prodi, C. Chiorboli, F. Scandola, E. Iengo, E. Alessio, Chem. Phys. Chem., 7, 2006, 1514.
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One of the limits for the applications of TiO; in photocatalytic systems for abatment of pollutants or
in performing up-hill reactions such as hydrogen production by water photosplitting, is the wide
band gap (3.2 eV) of this semiconducting oxide which imply the use of UV photons for the
promotion of valence band electrons in the conduction band. The modification of the electronic
structure of the solid in order to allow the use of visible light in its applications has therefore a
paramount importance and two generations of chemically modified titanium dioxide nanomaterials
are now available The first generation is that of TiO, containing transition metal ions and the
second one is that based on doping by non metallic elements. The elements mainly employed in the
doping are N, C, S, B and F. An intense debate has grown in the literature, aiming to identify the
nature of the doping centers and the reason of the photoactivity in the visible of the doped solids.
Some elements of confusion, however, are still present often caused by interpretations based on
unreliable hypotheses or on weak experimental grounds.

Our group has attempted, since 2005, to contribute in understanding the role of non metal centres in
TiO, bulk and at its surface. We have been focused, in particular, on those centers playing some
role in visible light absorption[1-4]. This has been done trying to identify well defined centers and
to distinguish them from byproducts of preparation reactions having often no role in interaction
with light photons.

In this contribution the features of systems based on N doped, F doped, N-F and N-B co-doped
Ti0,, prepared in our lab, will be discussed in the aim of elucidating the nature of the photoactive
species, the chemical pathway for their formation and the electronic structure of the doped
materials. Various experimental tools were employed for this purpose and the most persuasive
results were obtained by coupling EPR spectroscopy with state-of-the-art theoretical calculations
performed by the group of G. Pacchioni (University of Milano Bicocca).

References

[1] Di Valentin, G.; Pacchioni, A.; Selloni, S.; Livraghi, S.; Giamello, E.; J. Phys. Chem. B 2005,
109, 11414- 11419.

[2] Livraghi, S.; Paganini, M.C.; Giamello, E.; Selloni, A.; Di Valentin, C.; Pacchioni, G. J. Am.
Chem. Soc. 2006, 128, 15666-15671.
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Bianchi, C.; J. Phys. Chem. C 2008, 112, 17244-17252.
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Valentin. C.; Chem. Phys. Lett. 2009, 477, 435-438.
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Much current interest in organometallic chemistry is linked to the academic and industrial quest for
novel types of efficient and selective olefin oligomerization and polymerization catalysts. An
improvement of their catalytic performance implies a precise control of the metal coordination
sphere, commonly accomplished by a fine tuning of the steric and electronic properties of the
ancillary ligands. Nitrogen donor ligands (imines, amides) have proven to be versatile components
of bi- and polydentate ligands for the preparation of transition!"! and rare-earth!®! metal complexes in
polymerization catalysis.

A recent work by our group on amino-pyridinate ligands in combination with Group IV
transition metal precursors [M''(NMe,)s and/or M"Y (Bn)s; M = Zr, Hf] has shown a non-innocent
role of the precursor species ultimately unveiling unexpected reactivity paths."!

Selected Zr' -amidopyridinate complexes from the same series have revealed outstanding
polymerization activities in the production of poly(1-henene). An in-depth study on the nature of
the catalytically active species, in combination with the characteristics of the polymers produced
(molecular weights, tacticity and regioerror distribution in the polymer microstructure) have
demonstrated a close dependence of the nature of the active species from the catalyst aging-time.*
In the light of the well established efficiency of the Zr'" and Hf¥ complexes for the production of
specialty polyolefins®, the result presented in this study provide a useful reference to gain further
insight into the wealth chemistry of the nitrogen based early transition metal complexes.

(1 Bianchini, C.; Giambastiani, G.; Luconi, L.; Meli, A. Coord. Chem. Rev. 2010, 254, 431.

21 a) Lyubov, D. M.; Trifonov, A. A.; Luconi, L.; Giambastiani, G. et al. Organometallics 2009,
28,1227-1232. b) Luconi, L.; Lyubov, D. M.; Trifonov, A. A.; Giambastiani, G. et al. Eur. J. Inorg.
Chem. 2010, 608-620

131 Luconi, L.; Giambastiani, G.; Rossin, A.; Lledos, A. ef al. Inorg. Chem. 2010, 49, 6811-6813.

1L uconi, L.; Giambastiani, G.; Tritto, I.; Klosin, J. manuscript in preparation

(51 Giambastiani, G.; Luconi, L.; Kuhlman, R. L.; Hustad, P. D. in Olefin Upgrading Catalysis by
Nitrogen-based Metal Complexes I , vol. 35, Springer Ed., 2011, pp. 197-279. ISBN: 9048138140.
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Coinage metal-NHCs are widely studied for their intriguing structural properties and numerous
applications [1]. Ag(I)-NHCs are the most studied among coinage metal-NHCs due to their easy
preparation via the Ag,O route and because they are sources of other metal-NHCs through
transmetallation. In addition, their different properties in bonding, structure and potential
applications in medicine, nanomaterials, liquid crystals, and organic catalysis also contribute to the
attraction of Ag(I)-NHCs. Recently we have explored the synthesis of pincer scorpionate type
carbene ligands such as the bis(4-benzyl-1,2,4-triazol-4-ium-1-yl)dihydroborate,
{[H,B(BnTzH),]|Br}, and related carbene-silver(I) and gold(I) complexes {Ag,[H,B(BnTz);],} and
{Au,[H,B(BnTz),]»} [2]. We have also studied trimetallic carbene complexes of general formula
{Ag;[HB(RIm);],}Br (R = Bn, Mes and ‘Bu), which were successfully employed in the synthesis of
related gold(I) complexes by transmetallation; the silver complexes also proved to be active
catalysts in the Sonogashira reaction [3]. Analogous trinuclear copper(I) complexes with triscarbene
ligands have been synthesized and proved to be efficient catalysts of Ullmann-type reactions as well
as of the Sonogashira reaction. Moreover we have also reported the synthesis of hydrophilic
bimetallic complexes of general formula {Na,[H,C(Tz"):]»Ag,} and {Na,[H,C(Im"),,Ag} (R =
PrSO; or EtCOO) [4] by treatment, in degassed water solution, of the triazolium or imidazolium
species with Ag,0. As an extension of this research field, we have developed the chemistry of some
new water soluble zwitterionic mono-NHC ligands, where imidazolium rings have two
alkylsulfonate or alkylcarboxylate side arms. Here we present the synthesis and characterization of
these novel hydrophilic carbene ligand precursors {HIm'®**} (R = PrSO; or CH,COOE) and the
related silver(I) carbene complexes of general formula {(Im'*”®)AgCl}. Gold(I) and copper(l)
complexes have been prepared by transmetallation reactions.

[1] J.C.Y. Lin, R.T.W. Huang, C.S. Lee, A. Bhattacharyya, W.S. Hwang, [.J.B. Lin, Chem. Rev.,
109, 2009, 3561.

[2] G. Papini, G. Bandoli, A. Dolmella, G. Gioia Lobbia, M. Pellei, C. Santini, Inorg. Chem.
Commun., 11,2008, 1103.

[3] A. Biffis, G. Gioia Lobbia, G. Papini, M. Pellei, C. Santini, E. Scattolin, C. Tubaro, J.
Organomet. Chem., 693, 2008, 3760.

[4] G. Papini, M. Pellei, G. Gioia Lobbia, A. Burini, C. Santini, Dalton. Trans., 35, 2009, 6985.
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In recent years ruthenium complexes have attracted much attention as promising antitumor
and antimetastatic agents with potential uses as an alternative to cisplatin. To date, two ruthenium-
based drugs, NAMI-A and KP1019, have reached human clinical testing. These complexes show
low systemic toxicity, non cross-resistance and a different mechanism of action compared to
platinum containing compounds.!'*!

During the last decade, our research group has been designing a number of metal—
dithiocarbamato complexes (e.g. Pt(II), Pd(II), Au(I), Au(III), Ru(III), Zn(II), Cu(Il)) that have been
tested, at least preliminarily, for their in vitro cytotoxic activity toward a panel of human tumor cell
lines.”] Among all, gold(IIT) complexes have shown outstanding in vitro and in vivo antitumour
properties and reduced or no systemic and renal toxicity, compared to the reference drug.[*”!

Here we present the syntheses of different Ru(Il) and Ru(IIl) dithiocarbamato complexes:
the diamagnetic neutral monomer [Ru"L,(dmso),], the paramagnetic neutral [Ru''L;] monomer, the
antiferromagnetically coupled ionic OL-[RuIHst]Cl and B-[Rumst]Cl dinuclear species, where L =
dimethyl- (DMDT) and pyrrolidine- (PDT) dithiocarbamate. All the obtained complexes were fully
characterized by elemental analyses, NMR, FT-IR and UV-visible spectroscopies, and in some
cases by X-ray analysis. The preliminary in vitro cytotoxicity assays on human tumor cells (H1975
non-small cell lung cancer (NSCLC) line) have shown significant antitumor activity of both the
monomer and dinuclear Ru(IIl) complexes.

[1] J.M. Rademaker-Lakhai et al., Clin. Cancer Res., 10,2004, 3717.
[2] M.A. Jakupec et al., Int. J. Clin. Pharmacol. Ther., 43, 2005, 595.
[3] L. Ronconi, D. Fregona, Dalton Trans., 2009, 10670.

[4] L. Cattaruzza et al., Int. J. Cancer, 2011, 128, 206.

[5] C. Marzano et al., Int. J. Cancer, 2011, 129, 487.
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Metal nanoparticles in water represent useful catalysts because they can operate in
environmentally benign conditions. Also their catalytic efficiency is often higher since their high
surface to volume ratio [1].

In the present contribution we report both the green synthesis of Pd nanoparticles using a
renewable and abundant feedstock like lignin and their use as catalysts in C — C cross coupling
reactions (Suzuki [2], Heck [3], Stille [4], Negishi [5]).
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Figure 1: TEM immage of lignin stabilised Pd nanoparticles

G-Ph-1 + Ph-B(OH), —* G-Ph-Ph Substrate % Product yields
G=-H 80
G = -OH 100
G = -NH; 80
G = -COOH 70

Experimental conditions: 0.5 mmol of aryl halide, 0.75 mmol of boronic
acid, 1.75 mol of base (K,CO3), 5 mL of H,O, 0.2 mL of nanoparticles
solution (5.6 mM is the initial conc. of Pd"), 12 hours of react. time and 80
°C of temp.

Two commercial lignins are able to reduce Pd" in water solution forming stabilised Pd
nanoparticles of about 19 nm (by TEM analysis) with a a face-centred cubic metal crystal structure
(by XRD analysis). We show the results of Suzuki coupling while we will report in the
communication of the congress the results about the Heck, Negishi and Stille reactions, all carried
out in water under mild condition. No care to exclude air was necessary.

[1] C, Burda, X. Chen, R. Narayanan, M.A. El-Sayed, Chem. Rev. 105, 2005, 1025- 1102.
[2] N. Miyaura, A. Suzuki, Chem. Rev. 95, 1995, 2457-2483

[3] C.M. Cirtiu, A.F. Dunlop-Briere, A. Moores, Green Chem. 13, 2011, 288-291

[4] D. Milstein, J.K. Stille, J. Am. Chem. Soc. 100, 1978, 3636-3638.

[5] M. Qian, E. Negishi,. Org. Proc. Res. Develop. 7, 2003, 412-417.
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