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Welcome Message

The Inorganic and Bioinorganic Chemistry Division of the Portuguese Society of Chemistry
(SPQ) has the pleasure to present its 11" Inorganic Chemistry Conference, taking place in
Sintra on 7-8 October 2016. It is also the 1% Meeting of the Inorganic and Bioinorganic
Chemistry Division of the Portuguese Society of Chemistry, to mark the new designation and

scope of the Division.

The aim of this biennial Conference of SPQ is to provide a forum to discuss all inorganic and
bioinorganic chemistry topics, particularly those on the frontier with other scientific areas. The
importance of inorganic chemistry in catalysis, energy, materials, nanotechnology, biology and
medicine is immense and current research challenges require active discussions in the

inorganic chemistry community.

The scientific programme includes plenary and keynote lectures, as well as oral
communications and poster presentations. Young researchers are particularly in evidence by

participating and communicating their work.

e The third edition of the Alberto Roméo Dias Prize, introduced by SPQ in 2009, is
presented during the Conference and there is a plenary lecture by the prize recipient
Anténio Pires de Matos (IST-UL and FCT-UNL).

e The Conference has the special presence, as plenary lecturer, of Luis Oro (Universidad
de Zaragoza), recipient of the Prémio Luso-Espanhol de Quimica 2015 (Conferéncia
Lourenco-Madinaveitia), a prize jointly instituted by the SPQ and the Real Sociedad

Espafiola de Quimica.

e Luigi Casella (Universita degli studi di Pavia) is presenting the ChemPubSoc Europe
plenary lecture, highlighting the generous support of the ChemPubSoc Europe

consortium to the Conference.

On behalf of the Scientific and Organizing Committees of the 11" Inorganic Chemistry
Conference and 1%t Meeting of the Inorganic and Bioinorganic Chemistry Division of SPQ,

welcome.

Joaquim Marcalo
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11" Inorganic Chemistry Conference
15t Meeting of the Inorganic and Bioinorganic Chemistry Division of SPQ

Sintra, 7-8 October 2016
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Plenary Lectures Prémio Luso-Espanhol de Quimica 2015 PL1

MECHANISTIC STUDIES ON RHODIUM-N-HETEROCYCLIC
CARBENE CATALYSTS

Luis A. Oro

Department of Inorganic Chemistry, University of Zaragoza,
Pedro Cerbuna 12, 50009-Zaragoza, Spain
oro@unizar.es

The catalytic activity of a set of rhodium complexes with N-heterocyclic carbene (NHC)
ligands [1] in three specific homogeneous reactions, vinyl selective H/D exchange,
alkyne hydrothiolation and alkyne hydrophosphination, has been studied. The high
steric hindrance and powerful electron-donor capacity of the bulky NHC’s used, along
with ancillary N-donor ligands, seems to be determinant to get selective
transformations and to facilitate valuable information about the mechanism of the
mentioned reactions.

Rhodium(l11)-NHC complexes containing quinolinato or acetonitrile ligands are active
and selective catalysts for the H/D exchange of aromatic a-olefins, using CD3OD as
deuterium source. Most of these complexes resulted to be selective in the vinylic-H/D
exchange of styrene without the concomitant deuteration of the aromatic region, being
able to deuterate the vinylic B-positions with very high selectivity. The proposed
mechanism implies an initial H/D exchange, a 1,2 or 2,1 insertion of the coordinated
olefin on the Rh-D bond, to give linear or branched alkyl products, followed by rotation
and B-elimination. Interestingly, the steric constraints exerted by the bulky IPr NHC
ligand (IPr = 1,3-bis(2,6-diisopropyl-phenyl)imidazol-2-carbene) control the rotation of
the alkyl intermediate, which in turn determines the selectivity towards H/D exchange
at the B-position of aromatic a-olefins.

Rhodium(l) compounds of formula [Rh(u-X)(IPr)(n-olefin)]2 (X = CI, OH),
RhCI(IPr)(py)(n?-olefin) and Rh(oq)(IPr)(n?-olefin) (py = pyridine, og = quinolinolate)
are very active catalysts for alkyne hydrothiolation under mild conditions, presenting
high selectivity towards a-vinyl sulphides. Several intermediates relevant for the
catalytic process have been detected. Most of the studied rhodium carbene catalysts
have in common a mechanism that proceed via oxidative addition of the S-H bond to
rhodium(l) intermediates and successive alkyne insertion into the Rh-S, or Rh-H, bond
followed by reductive elimination steps.

The [Rh(u-Cl)(IPr)(n?-cyclooctene)]2 complex has resulted to be an efficient catalyst
precursor for the addition of diphenylphosphine to terminal alkynes. Interestingly, this
complex is able to catalyze the regioselective double hydrophosphination of a wide
range of terminal aromatic or aliphatic alkynes. The distinctive stereoelectronic
properties of the NHC ligand prevent the catalyst poisoning by diphosphine
coordination thereby allowing for the closing of a productive catalytic cycle. The
process is initiated by ligand exchange between diphenylphosphine and cyclooctene
and cleavage of the chlorido bridges to give a mononuclear phosphine complex,
followed by oxidative addition of the P-H bond to generate a terminal phosphido Rh(lll)
hydride species.

[1] Oro, L.A. et al.; Chem. Comm., 2016, 52, 5554; Chem. Eur. J., 2014, 20, 8391; ACS

Catalysis 2013, 3, 2910; Angew. Chem. Int. Ed., 2013, 52, 211; J. Am. Chem. Soc., 2012, 134,
8171; Angew. Chem. Int. Ed., 2011, 50, 3938.
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Plenary Lectures ChemPubSoc Europe Lecture PL2

WHAT DO WE KNOW ABOUT THE REDOX REACTIVITY OF METAL
IONS BOUND TO NEURONAL PEPTIDES

Luigi Casella

Dipartimento di Chimica, Universita di Pavia, Via Taramelli 12, Italy
luigi.casella@unipv.it

Growing evidence supports the view that disruption of metal homeostasis in the brain
is linked to neurodegenerative diseases such as Alzheimer and Parkinson's diseases
[1]. Toxic effects of metal ions such as iron and copper may be directly associated with
the possibility to promote and stabilize oligomers of neuronal peptides, but in most
cases depend on their redox properties and production of reactive oxygen species
(ROS). In particular, it can be anticipated that the interaction of these ions with the
peptides will influence: (i) the metal redox potential and hence their reactivity towards
dioxygen or hydrogen peroxide, which leads to ROS, (ii) the ability to promote metal-
mediated oxidation of external substrates present in the environment, and (iii) the post-
translational modifications in the endogenous peptides. It is therefore of extreme
importance to clarify to which extent the interaction of metal ions with neuronal peptides
has pro-oxidant effects.

We are involved in a systematic investigation of the binding and reactivity of copper(ll)
and ferric heme with peptide fragments of -amyloid (AB), a-synuclein (aS), tau protein
(Rnt), and prion protein (PrP), containing the residues which act as binding sites for
the metal ions. The first important exogenous target of the oxidative reactivity of metal-
peptide complexes are the catecholamine neurotransmitters, such as dopamine,
because of their reactivity and diffusion in the brain. In the case of copper(ll), these
studies showed that the reactivity markedly depends on the peptide, as AB and PrP
strongly promote, Rit slightly enhances, and oS depresses the oxidative capacity of
the ion [see e.g. 2,3]. However, also the environment affects the reactivity, as the
interaction of copper-peptides with membranes changes the redox properties of the
ion.

Neuronal toxicity of the heme is particularly relevant under conditions of heavy heme
release occurring, e.g. on traumatic brain injury, or when the reactivity is prolonged for
long times, e.g. by oxidative stress resulting from neuroinflammation. Indeed, the
pseudo-enzymatic activity of heme-peptide complexes is modest under normal
conditions [see e.g. 4,5], although binding of the heme can promote the aggregation
propensity of the peptide.

Acknowledgements: The Italian MIUR is gratefully acknowledged for funding through a PRIN project
(2015T778JW).

[1] Barnham, K. J.; Bush, A. I. Chem. Soc. Rev. 2014, 43, 6727-6749.

[2] Dell’Acqua et al., Inorg. Chem. 2016, 55, 6100-6106.

[3] Pirota, V. et al., Chem. Eur. J. 2016, in the press.

[4] Thiabaud, G. et al., Angew. Chem. Int. Ed., 2013, 52, 8041-8044.

[5] Pirota, V.; Monzani, E.; Del’Acqua, S.; Casella, L., Dalton Trans., 2016, 45, 14343-14351.
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Plenary Lectures PL3

WATER PURIFICATION USING NANOMATERIALS,
MAGNETISM AND LIGHT

Tito Trindade

Departamento de Quimica-CICECO, Universidade de Aveiro,
Aveiro, Portugal
tito@ua.pt

Water is the most precious resource to life. The shortage of drinking water in some
parts of the world has put on the global agenda the need for renewed efforts to find
technological solutions that ensure sustainable water supply for all populations.
Nanotechnology has here an important role by providing more efficient processes for
the management and use of water resources. An important example concerns the use
of nanomaterials for water decontamination processes, whether in natural deposits or
in treatment stations in industrial and laboratory units.

This lecture will give an integrated view concerning the application of hanomaterials
for water purification. In the past years, several types of nanomaterials have been
investigated in our research group and illustrative cases will be briefly discussed.
Among these systems, a more detailed discussion will follow for nanomaterials that
can be employed in nanotechnologies for water purification assisted by magnetism or
light. In particular, two main issues will be addressed: i) the removal of water pollutants
such as inorganic mercury by using surface modified magnetic nanopatrticles; ii) the
photodegradation of organic pollutants using metal sulfide decorated carbon
nanostructures, such as graphene oxide. Future developments on the use of
functionalized nanomaterials for water remediation will be put on perspective, including
the implementation of coadjutant monitoring processes, by emphasizing the
challenges ahead concerning the chemistry of inorganic surfaces.

Acknowledgements: Research funded trough the project FCT UTAP-ICDT/CTMNAN/0025/2014 and by
the project CICECO-Aveiro Institute of Materials, POCI-01-0145-FEDER- 007679 (FCT Ref. UID /CTM
/50011/2013), with national funding (FCT/MEC) and also co-funded by FEDER (PT2020 program).
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Plenary Lectures Prémio Alberto Romao Dias 2016 PL4

HOW AMUSING IT IS TO WORK IN INORGANIC CHEMISTRY

Antonio Pires de Matos

Grupo de Quimica dos Elementos-f, Centro de Ciéncias e Tecnologias Nucleares,
Instituto Superior Técnico, Universidade de Lisboa, 2695-066 Bobadela LRS, Portugal

Centro de Investigacdo “Vidro e Cerdmica para as Artes”, VICARTE, Faculdade de Ciéncias
e Tecnologia, Universidade NOVA de Lisboa e Faculdade de Belas Artes,
Universidade de Lisboa, 2829-516 Caparica, Portugal
apmatos@fct.unl.pt

| am very honoured and grateful to receive from the Portuguese Chemical Society the
Prize Alberto Romao Dias, which is obviously extended to my colleagues from the ex-
Instituto Tecnoldgico e Nuclear now part of the Instituto Superior Técnico, and also to
my colleagues from the Research Unit “Glass and Ceramic for the Arts”, whose
laboratories are in the campus de Caparica of the Universidade NOVA de Lisboa. Allow
me to stress that Alberto Roméao Dias was a very good friend; his humour and kindness
will always be present in my memory.

In this communication the work made with the f elements, namely with all the
lanthanides except promethium and with the actinides thorium, protactinium, uranium,
neptunium, plutonium, americium and curium will be reported. A special attention will
be given to “Fourier Transform lon Cyclotron Resonance Mass Spectrometry” in the
study of ion molecule reactions of f elements.

Another field that will be presented is the research in glass including provenance
studies of Portuguese glass, optical properties of glass doped with lanthanides and a
new process of making ruby glass using gamma radiation.
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Keynote Lectures KL1

TRACKING ANTITUMOR METALLODRUGS WITH
RUTHENIUM CANDIDATES

Ana Isabel Tomaz

Centro de Quimica Estrutural — Faculdade de Ciéncias, ULisboa,
Campo Grande, 1749-016 Lisboa, Portugal
isabel.tomaz@fc.ul.pt

Cancer is the second largest cause of death in developed countries. Cancer mortality
is projected to rise to over 13,1 million people by 2030 as a consequence of world
population growth and of a longevity increase. Ruthenium complexes exhibiting a wider
spectrum of action and lower toxicity, emerged as effective alternatives to the noxious
platinum-based chemotherapeutics approved for clinical use worldwide. In this context,
the development of new ruthenium-organic complexes that combine stability, adequate
solubility in aqueous media and a spectrum of activity against several types of cancer
models is a hot topic in metallodrug research. We are currently screening our new
ruthenium-based families exhibiting either piano-stool [1,2,3] or octahedral structures
[4] for their chemotherapeutic potential.

—I PF, @ - |cFso,
@\ \\\.\Ru— N/\
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Figure 1: Some examples of new highly active ruthenium complexes with the piano-stool
{Ru(I)(n>-Cp)} scaffold (left and center) or Ru(lll)-octahedral structure (on the right).

These compounds exhibit in vitro moderate to high cytotoxicity, largely surpassing that
of cisplatin in most cases, and are active against cisplatin resistant cell lines. Different
aspects of the mode of action of these prospective metallodrugs are addressed,
namely the possibility of distribution by the blood due to serum protein binding (human
albumin) and how that binding influences the activity of the compounds. The major
type of cell death involved, the cellular uptake/sub-cellular distribution of the
compounds and ultrastructural alterations brought upon the cell are used to conclude
on their possible cellular targets. Differences in their sub-cellular distribution in
comparison to cisplatin suggest that the major targets for these ruthenium complexes
are possibly located at the membrane and cytosol rather than the nucleus, but their
mode of action can differ when the structural differences on the ligands are subtle.

Acknowledgments: This work was financed through the Portuguese Foundation for Science and
Technology (FCT -Fundacéo para a Ciéncia e Tecnologia) in the scope of project UID/QUI/00100/2013
and project IF/01179/2013 within the Investigator IF2013 Initiative (POPH, Human Potential Operational
Program; FSE, European Social Fund).

[1] T. S. Morais, A. Valente, A. Isabel Tomaz, F. Marques, M. H. Garcia, Future Med. Chem.
2016, 8(5), 527-544.

[2] A. I. Tomaz et al., J. Inorg. Biochem. 2012,117, 261-269.

[3] M. H. Garcia, A. Valente et al., International Patent Application PCT/IB2015/002312, 2015.
[4] C. P. Matos, A. Valente, F. Marques, P. Addo, M. P. Robalo, R. F. M. de Almeida, J. C.
Pessoa, I. Santos, M. Helena Garcia, A. |. Tomaz, Inorg. Chim. Acta 2013, 394, 616-626.
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THEORETICAL AND COMPUTATIONAL STUDIES DEVOTED TO
Mo DEPENDENT ENZYMES

Nuno M. F. Sousa A. Cergueira

UCIBO-REQUIMTE, Departamento de Quimica e Bioquimica, Faculdade de Ciéncias,
Universidade do Porto, 4169-007 Porto, Portugal
nscerque@fc.up.pt

It is remarkable how nature has been able to construct enzymes that, despite sharing
many similarities, have simple but key differences that tune them for completely
different functions in living cells. Periplasmic nitrate reductase (Nap) and formate
dehydrogenase (Fdh) from the DMSOr family are representative examples of this. Both
enzymes share almost identical three-dimensional protein foldings and active sites, in
terms of coordination number, geometry and nature of the ligands. The substrates of
both enzymes (nitrate and formate) are polyatomic anions that also share similar
charge and stereochemistry. In terms of the catalytic mechanism, both enzymes have
a common activation mechanism (the sulfur-shift mechanism) that ensures a constant
coordination number around the metal ion during the catalytic cycle. In spite of these
similarities, they catalyze very different reactions: Nap abstracts an oxygen atom from
nitrate releasing nitrite, whereas FdH catalyzes a hydrogen atom transfer from formate
and releases carbon dioxide [1].

In this communication, a critical analysis of structure, function, and -catalytic
mechanism of the molybdenum enzymes periplasmic nitrate reductase (Nap) and
formate dehydrogenase (Fdh) is presented. Special attention will be given to the
computational results that obtained and were able to predict the sulfur shift
mechanisms and other aspects of the catalytic mechanism of these enzymes that later
on were validated by experimental means [1, 2, 3, 4].

[1] Nuno M. F. S. A. Cerqueira, Pablo J. Gonzalez, Pedro. A. Fernandes, José J. G. Moura
and Maria J. Ramos, Accounts of Chemical Research, 2015, 48 (11), pp 2875-2884.

[2] Nuno M. F. S. A. Cerqueira, Pedro A. Fernandes, Pablo J. Gonzalez, José J. G. Moura and
Maria J. Ramos, Inorganic Chemistry, 2013, 52 (19), pp 10766-10772.

[3] C. S. Mota, M. G. Rivas, C. D. Brondino, I. Moura, J. J. Moura, P. J. Gonzélez and N. M. F.
S. A. Cerqueira, Journal of Biological Inorganic Chemistry, 2011, 16 (8), pp 1255-1268.

[4] N. M. Cerqueira, P. J. Gonzalez, C. D. Brondino, M. J. Romé&o, C. C. Romé&o, |. Moura and
J. J. Moura, Journal of Computational Chemistry, 2009, 30 (15), pp 2466-2484.
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SILICA NANOPARTICLES: A WINDOW OF OPPORTUNITIES,
NOT JUST LIGHT SAND

Carlos Baleizdo

CQFM - Centro de Quimica-Fisica Molecular and IN — Institute of Nanoscience and
Nanotechnology, Instituto Superior Técnico, Universidade de Lisboa, Portugal
carlos.baleizao@tecnico.ulisboa.pt

Silica nanoparticles (SiNP) have been extensively used as supports/carriers in
catalysis, nanomedicine and imaging, or as fillers in coating applications. Their unique
properties such as low toxicity, biocompatibility, versatile surface chemistry, high
mechanical strength, tunable morphology/porosity, and large surface area, have
leverage the applicability of SiNP in fields with high societal impact.

The characteristics of SINP can be tuned during the synthesis to obtain a wide range
of particle diameters (from a few tens to several hundreds of nm), different porosities
(from compact Stober particles to porous particles) and even different morphologies
(spheres or rods). Additionally, it’s possible to incorporate molecules such as catalysts,
drugs, or fluorophores by physical entrapment inside the core or covalent attachment
to the silica network.

In particular, Mesoporous Silica Nanoparticles (MSNs) have emerged in the last years
has exceptional supports/nanocontainers for molecules and polymers, due to the well-
defined and controllable particle porous structure, opening a new range of
applicability’s not achieved by compact Stober SiNPs. The most common processes
to synthesize MSNs leads to diameters that are usually larger than 100 nm. However,
for applications in sensing and/or delivery, especially in organelles inside cells or to
pass the blood brain barrier, particle diameters of a few tens of nm are desirable. In
the literature, very few works describe MSNs below 100 nm diameter, essentially with
a low degree of control over the properties of the obtained MSNSs.

The preparation of hybrid MSNs requires the presence of an organic molecule (with
terminal trialkoxysilanes in the moiety) during the synthesis, which becomes aligned
with the pores, thus impervious to aggregation and self-quenching effects.

In this communication, | will cover the different synthetic aspects involved in the
preparation of hybrid SiNPs, with special emphasis on the control of the diameter,
morphology and porosity of MSNSs. | will also highlight the recent efforts of my group in
the development of functional hybrid SINPs and MSNSs, for applications in delivery,
imaging, and energy.

Acknowledgements: The author acknowledge the students and young researchers of his group at
CQFM/IN, for their dedication and hard work. Financial support from Fundacdo para a Ciéncia e a
Tecnologia (FCT-Portugal) and COMPETE (FEDER), within projects PTDC/CTM/101627/2008,
PTDC/CTM-NAN/2354/2012, RECI/CTM-POL/0342/2012, and UID/NAN/50024/2013.
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ACTINIDE INORGANIC CHEMISTRY FROM A
GAS-PHASE PERSPECTIVE

John K. Gibson

Lawrence Berkeley National Laboratory, Berkeley, California, USA
jkgibson@lbl.gov

Gas-phase transition metal ion chemistry has been an active area of study for several
decades. Attributes of this approach include intrinsic chemistry absent condensed-
phase perturbations, elucidation of the inherent stability and reactivity of bonding
motifs, and close interaction with computational chemistry to both understand
observations and evaluate theory.

Gas-phase ion chemistry of the 5f actinide elements is particularly valuable because
of the ability to study scarce and highly radioactive isotopes at the far reaches of the
periodic table. The following recent and current pursuits in this field reveal key
attributes, including the crucial interplay between experiment and theory.
(1) Evaluation of fundamental redox behavior by synthesis and reactivity of complexes
having actinides in extreme high or low oxidation states, such as Np(VII) and Cf(ll).
(2) Synthesis and characterization of uranium, neptunium and plutonium complexes
with discrete actinide-carbon bonds.

(3) Association reactions of actinide oxides with water to assess bond covalency, a
central aspect of contemporary actinide science.

A new research direction is gas-phase ion chemistry of late 5f actinide elements (No,
Lr) and 6d transactinide elements (Rf, Db, Sg, etc.). This collaboration between
chemical and nuclear sciences will enable the first direct studies of chemical reactivity
of these heavy elements. The goal is to expand understanding of the periodic table,
including relativistic chemical effects for unexplored 6d transition elements.

Acknowledgement: Research supported by the U.S. Department of Energy, Office of Basic Energy
Sciences, Heavy Element Chemistry Program under Contract DE-AC02-05CH11231.
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ACYCLIC DIAMINOCARBENES AS POWERFUL ANCILLARY
LIGANDS FOR EMERGING CATALYTIC APPLICATIONS

Konstantin V. Luzyanin

Department of Chemistry, University of Liverpool, Crown Street,
Liverpool L69 7ZD, United Kingdom
Saint Petersburg State University, 7/9 Universitetskaya Nab.,
Saint Petersburg 199034, Russian Federation
konstantin.luzyanin@liverpool.ac.uk

Acyclic diaminocarbenes (ADCs) are contemporary ancillary ligands of great
significance in catalysis [1,2]. ADCs possess comparable electronic properties to
related N-heterocyclic carbenes (NHCs) combined with excellent donating abilities.
Wider N-C-N bond angles in ADCs, when compared to NHCs, improve the stability of
corresponding metal complexes, while rotational freedom of the ADC ligands ensures
catalyst core adaptation throughout the catalytic cycle. Metal-ADC complexes can be
prepared via several approaches, including nucleophilic addition to metal-isocyanides
recognized as the most versatile one. In pursuit of our studies, we assembled a wide
range of novel types of metal-ADCs starting from isocyanide precursors (Figure 1)
[3,4]. Prepared metal-ADC complexes were evaluated as catalysts for various
transition metal-catalysed reactions demonstrating outstanding efficiencies [3,4].
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Figure 1: Representative metal-ADCs prepared from isocyanide precursors.

In this report, we systematize recent data on generation and properties of metal-ADC
species and draw attention to the advantages that application of ADCs gives to
synthetic organometallic chemistry and catalysis.

Acknowledgements: This work was supported by the Fundacdo para a Ciéncia e a Tecnologia
(Portugal), Russian Fund of Basic Research (grants 14-03-01005 and 15-33-20536), Saint Petersburg
State University (Russia), and University of Liverpool (UK).

[1] Boyarskiy, V. P.; Bokach, N. A.; Luzyanin, K. V.; Kukushkin, V. Yu. Chem. Rev. 2015, 115,
2698-2779.

[2] Boyarskiy, V. P.; Luzyanin, K. V.; Kukushkin, V. Yu. Coord. Chem. Rev. 2012, 256, 2029—
2056.

[3] Rocha, B. G. M.; Valishina, E. A.; Chay, R. S.; Guedes da Silva, M. F. C.; Buslaeva, T. M;
Pombeiro, A. J. L.; Kukushkin, V. Yu.; Luzyanin, K. V. J. Catal. 2014, 309, 79-86.

[4] Kinzhalov, M. A.; Timofeeva, S. A.; Luzyanin, K. V.; Boyarskiy, V. P.; Yakimanskiy, A. A.;
Haukka, M.; Kukushkin, V. Yu. Organometallics 2016, 35, 218-228.
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SYNTHESIS OF [Ni(n®-CsHs)(a-DIIMINE)]PFs COMPLEXES
AND THEIR REACTIVITY TOWARDS DEAC.
APPLICATIONS IN ETHYLENE POLYMERISATION

Clara S. B. Gomes?, Alejandro F. G. Ribeiro!, M. Teresa Duarte!, Pedro T. Gomes?,
Artur Bento!, M. Rosario Ribeiro!, Anabela C. Fernandes! and Sofia |. Pascu?

! Centro de Quimica Estrutural, Departamento de Engenharia Quimica, Instituto Superior
Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1049-001 Lisboa, Portugal;
2 Chemistry Department, University of Bath, Claverton Down, Bath, UK
clara.gomes@tecnico.ulisboa.pt

The search for new nickel and palladium based catalysts for the preparation of high
molecular weight polyethylenes with controlled branching has been a subject of
interest both in academia and industry [1]. In this field the work of Brookhart et al.,
reporting Ni(ll) and Pd(ll) catalyst systems bearing bulky a-diimine ligands, was
seminal [1a].

We have been interested in complexes of nickel containing either aryl-BIAN or
cyclopentadienyl (n-CsHs) ligands. Herein, we report the synthesis of the first cationic
nickel(ll) complexes bearing simultaneously a cyclopentadienyl ring and an a-diimine
ligand [2a]. Their reactivity towards diethyl aluminium chloride (DEAC) was
investigated leading to the formation of new diamagnetic cationic Ni(ll) complexes
containing the same cation and an AIEtCls™ anion (Figure 1a). When the reaction was
performed with complex [Ni(n>-CsHs)(Mes-BIAN)|PFs, a paramagnetic cationic
trinuclear a-diimine Ni cluster, containing five bridging Cl ligands and an AICls anion
was also obtained (Figure 1b) [2b]. All complexes catalysed efficiently the
polymerisation of ethylene, when a supplementary number of equivalents of the
cocatalyst DEAC was employed.

7:%

c28
? cr

(a) (b)

Figure 1: Molecular structures of (a) diamagnetic and (b) paramagnetic Ni complexes
containing Al counterions.

Acknowledgements: We thank the Fundacdo para a Ciéncia e a Tecnologia, Portugal, for financial
support  (Projects PTDC/EQU-EQU/110313/2009, UID/QUI/00100/2013 and RECI/QEQ-
QIN70189/2012) and for a fellowship to C.S.B.G. (SFRH/BPD/107834/2015).

[1] (a) Ittel, S. D.; et al. Chem. Rev. 2000, 100, 1169; (b) Gao, R.; et al. Catal. Sci. Technol.
2013, 3, 1172.

[2] (a) Figueira, C. A.; et al. J. Braz. Chem. Soc. 2014, 25, 2295; (b) Gomes, C. S. B.; et al.
Catal. Sci. Technol. 2016, submitted.
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REACTIVITY AND DFT STUDIES ON DIAMINE BIS(PHENOLATE)
VANADIUM(III) AND —(V) COMPLEXES

Sonia Barroso?, Pedro Adao?, Maria José Calhorda? and Ana M. Martins?

! Centro de Quimica Estrutural, Instituto Superior Técnico, Universidade de Lisboa,
Av. Rovisco Pais, 1049-001 Lisboa, Portugal
2 Departamento de Quimica e Bioquimica, Faculdade de Ciéncias, Universidade de Lisboa,
Campo Grande, Ed. C8, 1749-016 Lisboa, Portugal
soniabarroso@tecnico.ulisboa.pt

The coordination chemistry of vanadium has received considerable attention in the last
decades due to its role in biological and pharmacological processes and its ability to
catalyze oxidation and oxo transfer reactions [1]. We have previously reported chiral
and achiral vanadium(lll) and -(V) complexes supported by tripodal diamine
bis(phenolate) ligands and their reactivity in sulfoxidation catalysis with excellent
conversions, although no enantioselectivity was achieved [2].

In this work we report new chiral vanadium complexes that revealed interesting
reactivity. The oxidation of V(llII) complex 1 with air, both in solution and solid state,
gives the expected terminal oxido V(V) complex 3 [2] while the exposure of 2 to air
gives a mixture of the V(V) complex 4 and decomposition products. Pure 4 could only
be obtained by very slow diffusion of air over a solid sample of 2. The rare non-oxido
n?-peroxovanadium species 5 was obtained by slow diffusion of air into a crystal of 2.
Oxovanadium complexes 3 and 4 are also obtained from the reactions of 1 and 2 with
the nitroxyl radical TEMPO. Remarkably, TEMPO-CH2Ph is also obtained as a by-
product in the later reactions due to the radical activation of toluene, used as the
reaction solvent. The experimental results were complemented with DFT studies.
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Acknowledgements: The authors thank the FCT for funding (SFRH/BPD/7394/2010,
SFRH/BPD/79778/2011 and UID/QUI/00100/2013).

[1] Recent Advances in Vanadium Chemistry Special Issue, D. Rehder (Ed.), Inorg. Chim. Acta
2014, 420, 1-186.

[2] S. Barroso, P. Adao, F. Madeira, M. T. Duarte, J. C. Pessoa, A. M. Matrtins, Inorg. Chem.
2010, 49, 7452-7463.
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A NEW FAMILY OF POLY(ALKYLIDENAMINE)S
METALLODENDRIMERS RUTHENIUM BASED: SYNTHESIS,
CHARACTERIZATION AND CYTOTOXICITY STUDIES

Dina Maciel®, M2 de los Angeles Mufioz-Fernandez?,
Helena Tomas! and Jodo Rodrigues?

1 CQM-Centro de Quimica da Madeira, MMRG, Universidade da Madeira,
Campus Universitario da Penteada, 9020-105 Funchal, Portugal
2 Laboratorio de Inmunobiologia Molecular, Hospital General Gregorio Marafion,
Madrid, Spain
dmaciel@uma.pt

Advances in nanotechnology have provided new compounds and drugs in diagnosis
and the therapy of cancer and infectious diseases [1]. Dendrimers offer excellent
properties and are extensively explored for biomedical applications. They are highly
branched and well-defined nanostructures, with good physiological stability and
excellent biocompatibility [2,3].

Metallodendrimers combine the advantages of dendrimers (e.g., improved solubility)
with the therapeutic properties of metals and metal complexes. The use of metal
compounds such as those based on ruthenium presents some advantages when
compared with the traditional metallodrugs (e.g. cisplatin) [4]. This is attributable to
their diverse mode of action, as well as their ability to mimic the behavior of iron, by
binding proteins in the plasma [4].

In this study we present the synthesis and characterization by NMR, MS and IR of
poly(alkylidenamine)-based dendrimers. Based on our previous experience on the field
[5] we prepared dendrimers (generation O and 1) with different terminal groups
including nitrile, amine, sulfonated and carboxylated terminations. In our approach the
nitrile terminal group on the surface of the dendrimers served to grow the dendrimer
generation and acted as a bridging group for the complexation of metallodrugs such
as Ru(n®-CsHs)(PPhs)2Cl and [RuCl(n8-p-cymene)] derivatives. In the near future, the
inhibitory capacity of these metallodendrimers against HIV infection, as well as their
anticancer activity will then be evaluated.

Acknowledgments: This research was supported by Fundacdo para a Ciéncia e a Tecnologia (FCT)
with Portuguese Government funds through the CQM Strategic Project UID/QUI/00674/2013, the NMR
Network — (PTNMR-2015) and the Ph. D. Grant SFRH/BD/102123/2014 (D.M). The support of the
international network CYTED 214RT0482 in the domain of the HIV infection is highly appreciated.

[1] Sanchez-Rodriguez, J.; Vacas-Cordoba, E.; Gémez, R.; De La Mata, F. J.; Mlnoz-
Fernandez, M. A. Antiviral Res. 2015, 113, 33.

[2] Mignani, S.; Majoral, J. P. New J. Chem., 2013, 37, 3337.

[3] Vifias, C.; Teixidor, F.; NUfiez, R. Inorg. Chim. Acta. 2014, 409, 12.

[4] Smith, G. S.; Therrien, B. Dalton Trans. 2011, 40, 10793.

[5] @) Jardim, M. G.; Rissanen, K.; Rodrigues, J. Eur. J. Inorg. Chem. 2010, 1729; b) Rodrigues,
J.; Jardim, M. G.; Figueira, J.; Gouveia, M.; Tomas, H.; Rissanen, K. New J. Chem. 2011, 35,
1938.
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BIOMOLECULES OF CARBOSILANE METALLODENDRIMERS
FUNCTIONALIZED WITH N-DONOR MONODENTATE OR WITH N,N-
CHELATING RUTHENIUM (Il) ARENE COMPLEXES
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3 Dept. of Chemistry, Brooklyn College and The Graduate Center, CUNY,
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“ Biology PhD Program, The Graduate Center, CUNY,
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Cisplatin remains to be the most metallic complex using in clinical for cancer
treatment.[1] However, a number of drawbacks including its limited spectrum activity,
acquired resistance and severe side effects. For that it would be desirable to develop
carrier platforms that could improve the efficacy and reduce toxicity of cancer treatment
by specific delivery of the therapeutic agents to the tumor sites. In this sense, the
antitumoral properties of some metallodendrimers based on DAB or PPI scaffolds have
been described, including n®-p-cymene-ruthenium (1) systems.[2-4].

A series of new ruthenium (Il) arene organometallic carbosilane dendrimers (first and
second generation) and their corresponding non-dendritic mononuclear derivatives
were prepared. We have demonstrated the potential of new carbosilane-based
ruthenium dendrimers as anticancer agents. These metallodendrimers are active
against a number of cisplatin resistant cell lines in the low micromolar range while
showing a dendritic effect (enhancement of the activity when compared to their
mononuclear counterparts). The interaction of selected metallodendrimers described
here with DNA is weak. These facts point to a mode of action of these ruthenium
derivatives different from that of cisplatin. First generation dendrimers show relevant
inhibitory properties on Cathepsin-B (a protease that has been proposed as possible
therapeutic target for the control of tumor progression) with having an ICso in the range
of the antimetastatic agents RAPTA-C and RAPTA-T.

Acknowledgements: CTQ2014-54004-P (MINECO) and Consortium NANODENDMED ref. S2011/
BMD-2351 (CM) to the UAH. Brooklyn College (CUNY) authors thank the National Cancer Institute (NCI)
for grant 1SC1CA182844 (to M.C.). CIBER-BBN is an initiative funded by the VI National R&D&i Plan
2008-2011, Iniciativa Ingenio 2010, Consolider Program, and CIBER Actions and financed by the
Instituto de Salud Carlos 11l with assistance from the European Regional Development Fund.
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Therrien and G. S. Smith, J. Organomet. Chem., 2009, 694, 3470-3476.

[3] P. Govender, A. K. Renfrew, C. M. Clavel, P. J. Dyson, B. Therrien and G. S. Smith, Dalton
Trans., 2011, 40, 1158-1167.

[4] P. Govender, L. C. Sudding, C. M. Clavel, P. J. Dyson, B. Therrien and G. S. Smith, Dalton
Trans., 2013, 42, 1267-1277.
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MOLYBDENUM-DEPENDENT NITRIC OXIDE-FORMING
NITRITE REDUCTASES

Luisa Maia and José J. G. Moura
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Universidade Nova de Lisboa, 2829-516 Caparica, Portugal
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Nitric oxide radical (NO) is a signalling molecule involved in several physiological
processes, in both prokaryotes and eukaryotes, and nitrite is being recognised as a
NO source particularly relevant to cell signalling and survival under challenging
conditions. The "non-respiratory” nitrite reduction to NO is carried out by
"non-dedicated" nitrite reductases, making use of metalloproteins present in cells to
carry out other functions, such as several molybdenum-containing enzymes - a new
class of molybdenum-dependent NO-forming nitrite reductases [1,2].

The molybdoenzymes xanthine oxidase/dehydrogenase (XO/XD) and aldehyde
oxidase (AO) are two of the most promising mammalian nitrite reductases and in this
work we undertook a comprehensive kinetic characterisation of their NO synthase
activity [3,4]. A unified molecular mechanism of this surprising reaction is proposed to
explain the simultaneous oxygen atom insertion and abstraction by the enzymes
molybdenum centre [5].

NO,  °NO

Acknowledgements: This work was supported by the Unidade de Ciéncias Biomoleculares Aplicadas-
UCIBIO which is financed by national funds from FCT/MEC (UID/Multi/04378/2013) and co-financed by
the ERDF under the PT2020 Partnership Agreement (POCI-01-0145-FEDER-007728). LBM thanks
Fundacéo para a Ciéncia e a Tecnologia, MEC, for a fellowship grant (SFRH/BPD/111404/2015, which
is financed by national funds and co-financed by FSE).
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[2] Maia, L. ; Moura, J. J. G. J. Biol. Inorg. Chem. 2015, 20, 403.
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[4] Maia, L.; Moura, J. J. G. Biochemistry 2015, 54, 685.

[5] Maia, L.; Moura, I.; Moura, J. J. G. "Molybdenum and Tungsten-Containing Enzymes: An
Overview", In "Molybdenum and Tungsten Enzymes: Biochemistry”, RSC Metallobiology
Series No. 5.; Hille, R, Schulzke, C.,Kirk, M., Eds.; The Royal Society of Chemistry, 2016.
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DETAILED CHARACTERIZATION OF MULTICENTRE REDOX
ENZYMES INVOLVED IN METAL RESPIRATION PATHWAYS

Catarina M. Paquete, Ivo H. Saraiva and Ricardo O. Louro

ITQB-NOVA, Av da Republica (EAN), 2780-157 Oeiras, Portugal
louro@itgb.unl.pt

Multiheme cytochromes are recognized key players in numerous anaerobic metabolic
processes, some of which can be traced to very ancient activities such as
photoferrotrophism and dissimilatory metal or sulfate reduction. Some of these
metabolic capabilities are nowadays being co-opted for the development of microbial
electrochemical technologies that rely on the role of multiheme cytochromes for
connecting the microbial metabolism to solid conducting surfaces.

The structure of cytochromes with up to 16 hemes per polypeptide chain has been
reported and decaheme cytochromes appear to be very common [1,2]. The detailed
functional characterization of such complex proteins is compounded by the fact that
most spectroscopic techniques do not provide sufficient discrimination of the individual
hemes.

NMR spectroscopy is a very powerful tool to study these proteins since it can provide
the necessary discrimination of the individual hemes even while the protein is poised
at different degrees of oxidation. This allows for the detailed characterization of their
microscopic redox properties [3-5] and for characterizing protein-protein or protein-
ligand interactions that are usually transient and weak [fonseca 2013, Paquete 2014b].

The elucidation of the organization of electron transfer networks of metal metabolizing
bacteria and the characterization of the molecular mechanisms performed by
multiheme cytochromes using NMR spectroscopy will be presented. together with
insights into novel strategies for extending the capabilities of NMR spectroscopy to
more complex cytochromes.

Acknowledgements: This work was financially supported by Project LISBOA-01-0145-FEDER-007660
(Microbiologia Molecular, Estrutural e Celular) funded by FEDER funds through COMPETE2020 —
POCI, and by Fundacdo para a Ciéncia e Tecnologia (FCT) Portugal (project PTDC/BBB-
BQB/4178/2014). CMP is the recipient of a post-doctoral grant (SFRH/BPD/96952/2013). The NMR
spectrometers are part of the National NMR Facility also supported by FCT (RECI/BBB-
BQB/0230/2012). The work was developed in the frame of the COST action ECOSTBIO,COST CM1305.
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FROM GEOBACTER SULFURREDUCENS PROVIDE INSIGHTS ON
THE FUNCTIONAL ROLE OF THE NANOWIRE DODECAHEME
CYTOCHROME GSU1996
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Geobacter bacteria usually prevail among other microorganisms in soils and sediments
where Fe(lll) reduction has a central role [1]. This reduction is achieved by extracellular
electron transfer, where the electrons are exported from the interior of the cell to the
surrounding environment. This ability makes these organisms a potential target for
bioelectrochemical systems applied to bioremediation of contaminated environments,
energy generation and many other potential applications [1].

The electron transfer chain of Geobacter sulfurreducens (Gs) comprises several c-type
cytochromes, although the exact redox partners are still unknown. Redox protein
complexes show weak affinity and short lifetime, which makes them difficult to identify.
Nuclear Magnetic Resonance (NMR) spectroscopy methodologies have been useful
to probe such partners and allow the identification of interacting partners and
determination of its associated parameters, but can also be used to locate the specific
docking sites and structural modifications upon formation of such transient complexes.
In the present work, a combination of NMR techniques allowed the identification of an
interaction between GSU1996 and PpcA, two periplasmic c-type cytochromes that
were proposed to be involved in extracellular electron transfer in Gs [2—4]. This work
also allowed the location of the docking site between these putative redox partners.
Identification of interacting partners represents a crucial step not only to understand
the extracellular electron transfer pathways in Gs, but also to improve the practical
implementation of bioelectrochemical devices using this organism.

Acknowledgements: This work was supported by grants SFRH/BD/86439/2012 (to APF),
SFRH/BPD/96952/2013 (to CMP), PTDC/BBB-BQB/3554/2014 (to CAS) and UID/Multi/04378/2013 (to
UCIBIO-REQUIMTE) from Fundagédo para a Ciéncia e a Tecnologia, Portugal. The NMR spectrometers
are part of the National NMR Facility, supported by Fundacéo para a Ciéncia e a Tecnologia (RECI/BBB-
BQB/0230/2012).
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Alkylation of DNA nucleobases to form DNA adducts, resulting from endogenous or
exogenous sources is a crucial modification of the genome involved in regulating many
cellular processes, from epigenetics to the formation of carcinogenic mutations.* Once
formed, DNA adducts derived from methylation are formally N-heterocyclic carbene
precursors and readily undergo exchange with deuterium?.

DNA adducts can easily form stable carbenes upon proton loss, an in fact NHCs are
proposed as intermediates in a variety of processes leading to mutagenic lesions. 3
Their role is nevertheless poorly understood.
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Figure 1. Nucleoside based NHC derived from guanine

Our group has developed methodologies for the formation of NHCs derived from
nucleobases and nucleosides, by means of oxidative addition from the corresponding
halogenated precursors. These complexes were evaluated for they behavior in
physiological media and will be discussed in this communication.

[1] Lewandowska, J.; Bartoszek, A. Mutagenesis 2011, 26 (4), 475.

[2] Tomasz, M. Biochim. Biophys. Acta 1970, 199 (1), 18.
[3] Gates, K. S. Chem. Res. Toxicol. 2009, 22 (11), 1747.
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COPPER(Il) COMPLEXES DERIVED FROM N-PICOLYL, N-
CARBOXYMETHYL AND N-CARBOXYETHYL AMINO ACIDS AS
CATALYSTS IN ASYMMETRIC OXIDATIVE COUPLING
OF 2-NAPHTHOL

Pedro Adao, Sonia Barroso, Carlos M. Teixeira, M. Fernanda N. N. Carvalho,
Maxim L. Kuznetsov and Jodo Costa Pessoa

Centro de Quimica Estrutural, Instituto Superior Técnico, Universidade de Lisboa,
Av. Rovisco Pais, 1049-001 Lisboa, Portugal
pedro.m.adao@tecnico.ulisboa.pt

The catalytic oxidative coupling of phenols is a direct method for the synthesis valuable
biaryls such as nigerone and other perylenequinones.[1] We recently reported several
water-soluble Cu'-[N-picolyl(amino acid)] complexes capable of catalysing the
oxidative coupling of 2-naphthol to BINOL (1,1'-Bi-2-naftol) under mild conditions,
using Oz as oxidant.[2] Despite the promising results, the system requires the presence
of a mild base and of an inorganic additive such a Kl for optimal performance.
Nevertheless, quinone formation was still prevalent. To address these issues, we
prepared simpler Cu' complexes derived from N-carboxymethyl and N-carboxyethyl
amino acids, which have shown to be more active, selective and enantioselective than
the previous system. While no basic additive is required, KI appears to be a necessary
additive for activity of the catalytic system. We are confident that these simple amino
acid derived Cu'" catalysts are a valuable addition to the development of mild and
effective synthetic procedures for biphenols such as BINOL.
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— H\ .......... (
N O
0 _Cu
o) L

OH
OH O, OH

. O ——
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Figure 1: Aerobic oxidative coupling of 2-naphthol catalysed by
Cu"-[N-carboxymethyl(amino acid)] complexes
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CHEMOSENSORS WITH DUAL FLUORESCENCE AND
PARAMAGNETIC RESPONSE
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Two catechol-based rosamines — Ros2,3-OH and Ros3,4-OH, containing a catechol
ligand that is part of the 1r-system of the fluorophore, were synthesized and
characterized. Such type of ligands have found interesting applications in medicinal
chemistry as iron(lll) probes in biological samples, exhibiting high affinity and
selectivity provided by the catechol unit! and also as pH sensors, in combination with
other pH-responsive groups.? Our results show that the behavior of rosamines is
environment-dependent. In  particular, the rosamine carrying the 3,4-
dihydroxybenzene ligand showed unique characteristics towards specific analytes,
including primary amines, metal ions and pH, changing the fluorescence intensity
and/or the emission wavelength. In addition, by interacting with primary amines,
changes in the EPR signal are observed, thus validating the response of the
chemosensor.
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Figure 1: Catechol-based rosamines — Ros2,3-OH and Ros3,4-OH.
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DECOMPOSE INTO DIFFERENT OLIGOMERS:
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The decaniobate ion, (Nb1o=[Nb10028]%") being isoelectronic and isostructural with the
decavanadate ion (V10=[V10028]%), has been useful in advancing the understanding of
V1o toxicology and pharmacological activities. In the present study, the solution
chemistry of Nbio and Vio between pH 4 and 12 is studied by Raman spectroscopy
(Fig. 1). Solutions of Vio and Nbio are both kinetically stable at basic pH conditions for
at least two weeks, at moderate temperatures. Whereas the Raman spectra of Vio
shows that this vanadate species remains detectable until pH 8.59, the Nbio species is
detected in solution up to pH 10.80. It is suggested that, under alkaline conditions, V1o
dissociates into smaller tetrahedral vanadate oligomers such as V2 and Vi, whereas
Nbio dissociates into Nbe [1]. These findings have relevant biochemical consequences
and the toxicology activities and pharmacological applications of vanadate and niobate
polyoxometalates are discussed.

Figure 1: Decavanadate (995 and 967 cm-1) decomposes into V4 oligomers (947 cm1)
at neutral and alkaline pH.
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NANO-OBJECTS
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In the last decades chemists, trying to mimic the biologically inspired processes, have
developed synthetic design strategies that are based upon the concepts of self-
assembly. Polyoxometalate chemistry provides different means of exploiting the
advantages of self-assembly to synthesize a variety of nano-sized entities, which are
based on the linking of transferable building blocks under “one-pot” reaction
conditions.[1] Aqueous solutions of molybdates — in particular in acidic medium and
under reducing conditions — offer a unique library where an enormous variety of
species showing different extent of connectivity can be formed by linking together
metal-oxide building blocks. Examples include: the {Moss} and {Mos7Ms} type clusters,
the big-spheres of the type {Mo132} and {Mo72Mso}, the big-wheel of the type {Mo1s4}
and the largest structurally well characterized cluster {Mozss} with the shape of a
lemon.[1-3] These nano-objects allow specific reactions at well-defined positions and
show reversible interactions with their environment, while keeping their overall basic
shape/structural skeleton intact.

Figure 1: Structure of the nanosized Moiss-type wheel
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Zeolites offer a unique template in which small atom clusters may be confined, giving
rise to unique and enhanced luminescence properties.[1] This communication
incorporates sulphur clusters in sodalite type zeolites with very stable luminescence.
An extensive characterization of the synthesis and photoluminescence properties of
sulphide cluster-based zeolitic materials with the general formula Nas[SiAlO4]6SxCl2-2x
is here presented. The employed experimental conditions yielded highly luminescent
S-zeolites composed of a mixture of sodalite and nepheline crystalline phases in
variable proportions. An emission band at 650 nm for low sulphur concentration is
observed, fully consistent with S2™ clusters as light emitting centres. For higher sulphur
concentrations a conversion to other light emitting centres at 780 nm is observed,
attributed to polysulfide clusters (tentatively S4?> species). Rather large
photoluminescence external quantum efficiencies (EQE’s) are observed for x=0.2
(53%), but with increasing sulphur a quenching is observed. Time-resolved
experiments allow the el