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Dear ISBOMC participants, dear fellow bioorganometallic chemists,

It is a great honor and pleasure to welcome all of you at the ISBOMC14, the 7" International
Symposium on Bioorganometallic Chemistry in Vienna. We have nearly 120 participants from 21
countries attending the symposium which will cover all aspects of bioorganometallic chemistry,
such as metalloenzymes and organometallic drugs, and in addition coordination compounds with
a close relationship to this research area.

This will be a special occasion as it is the first time since its inception that this scientific event
will take place in Austria. We have scheduled sessions featuring excellent, internationally
renowned plenary and award lecturers, keynote and oral speakers. The exciting lectures will be
complemented by 50 poster presentations.

The financial support of many organizations and companies is gratefully acknowledged. We
would like to specifically thank Elsevier for sponsoring again the Bioorganometallics Award and
we invite you to submit an article to the ISBOMC14 special issue in Journal of Organometallic
Chemistry.

As the chairmen to this conference, we wish you a scientifically exciting and stimulating meeting
and a pleasant stay in Viennal

Sincerely,
S
i ( (A~ L T e s . 4 )
Univ.-Prof. Bernhard Keppler Prof. Christian4dartinger

Dr W gang Kandioller
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Wolfgang Kandioller (co-chair, Vienna, AT)
Walter Berger (Vienna, AT)

Alexey A. Nazarov (Moscow, RU)

Matthias Tacke (Dublin, IE)

Karl A. Kirchner (Vienna, AT)

Christian Kowol (Vienna, AT)

Elfriede Limberger (Vienna, AT)

Edith Engelberger (Vienna, AT)

ISBOMC Advisory Board

Roger Alberto (Zirich, CH)

Paul Dyson (Lausanne, CH)

Richard H. Fish (Berkeley, US)
Roberto Gobetto (Turin, IT)
Toshikazu Hirao (Osaka, JP)

Gerard Jaouen (Paris, FR)

Bernhard K. Keppler (Vienna, AT)
Heinz-Bernhard Kraatz (Toronto, CA)
Nils Metzler-Nolte (Bochum, DE)

Edward Rosenberg (Missoula, US)



Venue and Program

The conference venue is the Institute of Inorganic Chemistry, and the lectures will be held in the Carl
Auer von Welsbach lecture hall (Waehringer St. 38, 1090 Vienna, Austria).
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Tuesday, July 22, 2014

13.00-13.15  Welcome and opening ceremony
Bernhard Keppler

Session 1

Session chair. Bernhard Keppler

13.15-14.15  Paul J. Dyson PL1
14.15-14.35  Gilles Gasser 001
14.35-14.55  Ashoka Samuelson 002
14.55-15.15  Joan Soldevila-Barreda 003

Coffee break

Session 2

Session chair. Christian Hartinger

15.45-16.05  Manuel Kaiser 004
16.05-16.25 Dmitry S. Perekalin 005
16.25-16.45  Magdalena Matczuk 006
16.45-17.05  Hisashi Shimakoshi 007
17.05-17.25  Ulrich Schatzschneider 008

Welcome Reception
Arkadenhof

University of Vienna, main building



Wednesday, July 23, 2014

Session 3
Session chair. Ingo Ott
9.20-10.00 Roger Alberto

Coffee break

10.30-10.50  Péter Buglyo
10.50-11.10  Federico Giannini
11.10-11.30  Carsten A. Vock
11.30-11.50 Lydia Paul
11.50-12.10  Siden Top
12.10-12.30  Michéle Salmain

Lunch

Session 4

Session chair. Bernhard Keppler

13.30-13.45  Award Ceremony

13.45-14.45  Bioorganometallics Award Lecture
14.45-15.25  Gérard Jaouen

Coffee break

Poster Session

KL1
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011
012
013
014

KL2



Thursday, July 24, 2014

Session 5

Session chair. Hans-Glinter Schmalz

9.00-10.00

Coffee break

10.30-11.10

11.10-11.30

11.30-11.50

11.50-12.10

12.10-12.30

Lunch

Session 6

Nils Metzler-Nolte

Edward Rosenberg

Anton Legin
Patrick C. McGowan
Georg Suss-Fink

Marjorie Sonnay

Session chair. Damian Plazuk

13.30-13.50
13.50-14.10
14.10-14.30
14.30-14.50
14.50-15.10

Coffee break

Alexey A. Nazarov
Mario Kubanik
Elena Milaeva
Diego Montagner
Sreedhar K. Vellas

PL2

KL3

015
016
017
018

019
020
021
022
023



Session 7
Session chair. Renzo Cini

16.00-16.20  Chiara Nardon 024
16.20-16.40  Luciano Oehninger 025
16.40-17.00  Federico Cisnetti 026
17.00-17.20  Wolfgang Kaim 027

Conference Dinner at the “Heuriger Ing. Werner Welser”, Probusgasse 12, 1190 Vienna



Friday, July 25, 2014

Session 8

Session chair. Anne Vessiéres

9.40-10.30

11.10-11.30
11.30-11.50
11.50-12.10
12.10-12.30

Lunch

Session 9

Toshikazu Hirao
Timothy P. Curran
Jeannine Hess
James H. R. Tucker
Matthias Tacke

Session chair. Bernhard Keppler

13.30-14.30

14.30

Heinz-Bernhard Kraatz

Closing Ceremony
Bernhard Keppler

10
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029
030
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PL1

RAPTA-C - from molecule mechanism to macroscopic properties

Paul J. DYSON

Institute of Chemical Sciences and Engineering, Swiss Federal Institute of Technology
(EPFL), Lausanne, Switzerland; paul.dyson@epfl.ch

The lecture will focus on the pre-clinical development of the organometallic ruthenium(ll)-
arene complex, RAPTA-C. Two main themes will be explored. The first is concerned with the
molecular mechanism of action of RAPTA-C. The second is focused on pre-clinical studies of
RAPTA-C as a monotherapy and in combination.

o<

1
Ru
CI~ />SRN

Cl L&\/{?
RAPTA-C

While the full mechanism of action of RAPTA-C remains to be elucidated a number of key
findings, demonstrated at various levels, help to provide an understanding on the biological
properties of the compound [1]. In this respect, RAPTA-C displays strong antiangiogenic
affects in vivo that results in an inhibition of the growth of primary tumors and solid
metastatic tumors [2]. Based on extensive in vivo data and applying both rational and
screening approaches several relevant combinations have been found and demonstrated in
pre-clinical models to reduce the growth of primary tumors. These studies, the underlying
mechanisms, and their clinical relevance will be explored during the lecture.

References:

[1] Adhireksan, Z.; Davey, G. E.; Campomanes, P. R.; Groessl, M.; Clavel, C.; Yu, H.; Nazarov,
A. A Yeo, C. H. F.; Ang, W. H.; Droge, P.; Roethlisberger, U.; Dyson, P. J.; Davey, C. A.,
Ligand substitutions between two ruthenium-cymene compounds can control protein versus
DNA targeting and anticancer activity. Nature Commun., 2014, 5, 3462.

[2] Weiss, A.; Berndsen, R. H.; Dubois, M.; Miller, C.; Schibli, R.; Griffioen, A. W.;. Dyson, P.
J.; Nowak-Sliwinska, P., In vivo anti-tumor activity of the organometallic ruthenium(ll)-arene
complex [Ru(n6-p-cymene)Cl2(pta)] (RAPTA-C) in human ovarian and colorectal
carcinomas, submitted for publication.
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PL2

Organometallic Peptide Conjugates

Nils METZLER-NOLTE

Ruhr-Universitat Bochum, Universitatsstrale 150, 44801 Bochum, Germany;
nils.metzler-nolte@rub.de

We are using the unique spectroscopic and chemical properties of organometallic complexes
for the detection and modification of bioactive peptides. The peptides are prepared by solid
phase peptide synthesis (SPPS) techniques either manually or on an automated peptide
synthesizer. Over the years, we have gained significant experience in devising mild,
biocompatible synthesis protocols for covalently binding metal complexes to these peptides.
This contribution will provide an overview of the synthetic toolbox that is available along
with selected applications for the resulting metal-peptide bioconjugates.

Conceptually, there are four positions where a single metal complex may be placed within a
given peptide: N- or C-terminally, as part of the peptide side chain, or as part of the peptide
backbone itself. Our group has provided examples for all four possibilities. While backbone
substitution and conjugation to the N-terminus may be regarded as part of the regular SPPS
process, the C-terminus is much less accessible since this is usually the place of attachment tc
the resin during SPPS. To make the C-terminus amendable to bioconjugation with metals, my
group has recently invented a new silyl-based alkyne linker (so-called SAM linker) that
allows selective, quantitative C-terminal modification in a one-step "cleavage-conjugation
procedure.[1] Side-chain derivatization should also use a bioorthogonal strategy, and we have
employed metal-catalyzed coupling reactions for this purpose, such as the Sonogashira
reaction or the Cu-catalyzed azide-alkyne coupling (“click” chemistry). In a few exquisite
examples the special reactivity of the metal complex itself leads to selective derivatization of
particular peptide side chains.[2, 3] Selected applications from our recent work will highlight
the use of such metal-peptide conjugates.

References:

[1] M. Strack, S. Langklotz, J. E. Bandow, N. Metzler-Nolte, H. B. Albada, Silyl-Based
Alkyne-Modifying Linker for the Preparation of C-Terminal Acetylene-Derivatized
Protected Peptides. J. Org. Chem. (2012) 77, 9954 — 9958

[2] H. B. Albada, F. Wieberneit, I. Dijkgraaf, J. H. Harvey, J. L. Whistler, R. Stoll, N.
Metzler-Nolte, R. H. Fish, The Chemoselective Reactions of Tyrosine-Containing G-
Protein-Coupled Receptor Peptides with [Cp*Rh(H20)3](OTf)2, J. Am. Chem. Soc.
(2012) 134, 10321 - 10324

[3] S. D. Koster, H. Alborzinia, S. Can, I. Kitanovic, S. W6lfl, R. Rubbiani, I. Ott, P.
Riesterer, A. Prokop, K. Merz, N. Metzler-Nolte, A Spontaneous Gold(l)-Azide
Alkyne Cycloaddition Reaction Yields Gold-Peptide Bioconjugates which Overcome
Cisplatin Resistance in a p53-Mutant Cancer Cell Line. Chem. Sci. (2012) 3, 2062 -
2072.
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PL3

Teaching an Old Dog New Tricks: Towards Ferrocene-Peptide
Materials. Structure, Self-Assembly, and Gelator Properties

Heinz-Bernhard KRAATZ

Department of Physical and Environmental Sciences, University of Toronto
Scarborough, Toronto, Ontario, Canada and Department of Chemistry, University of
Toronto, Toronto, Ontario, Canada; bernie.kraatz@utoronto.ca

The design of structurally well-defined peptide motifs has been an active area of
research aimed at generating models of biological systems, or to develop novel
biomaterials. Peptide structural motifs such as a-helices and p-sheets have been
designed de novo using non-proteinogenic amino acids. In this context, disubstituted
ferrocenes are becoming popular scaffolds, which are known to induce turn-like
structures that enable efficient hydrogen bonding interactions between peptide chains.

Work in the Kraatz group focuses on the design of ferrocene-peptide derivatives
for the structural mimicry of -sheets and helices and on molecules that can recognize
ions, small molecules, or even proteins. Here, a summary is presented of the synthesis
and use of some ferrocene-peptide conjugates. Examples are discussed of their
properties as gelators forming organogels that are responsive to external stimuli [1].
For example, ferrocenoyl-Val-Phe-Phe-OMe undergoes a redox and ultrasound
directed self-assembly and displays a redox-controled reorganization between gel
nanofibers and spherical micelles [2].

00mm
Figl. Schematic representation of redox induced morphological transformations of
FcCO-Val-Phe-Phe-OMe.

References
1. . B. Adhikari, R. Afrasiabi, and H.-B. Kraatz, Organometallics 2014, 32, 5899.
2. B. Adhikari and H.-B. Kraatz, Chem. Commun. 2014, 50, 5551.
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KL1

Technetium and Rhenium in the Theranostic Concept

Roger ALBERTO, Michael FELBER, Sebastian IMSTEPF, Samer URSILLO, Henrik
BRABAND, Michael BENZ

Department of Chemistry, University of Zurich, Winterthurerstr. 190, CH-8057 Ziirich,
Switzerland; ariel@chem.uzh.ch

Bioorganometallic complexes of technetium are used for (radio)imaging purposes in Single
Photon Emission Computed Tomography (SPECT). Conjugated to a targeting biomolecule,
the *™Tc tag should be innocent, e.g. not interact with the target or influence pharmacology.
In extension to this approach, the Technetium complex can act as a structural moiety in
pharmaceutically active lead structures. The accessibility of complexes of the type [(Cp-
R)*™Tc(CO),] opened a pathway to the so-called phenyl-Cp analogy." The Cp complex can be
a tag, as will be shown with peptides (A),? but it can also be an integral part of an overall
structure in which it plays an essential role for receptor recognition. Examples with CA and
HDAC inhibitors will be presented.® Replacing Technetium by Rhenium will yield a
homologue with almost identical, pharmacological properties but with therapeutic potential.
Thus, the *™Tc compound is for imaging while the "cold" Rhenium homologue is
therapeutically active; a new strategy in a theranostic concept.

Previously, we used mono-carboxylated Cp derivatives, now, we have extended the approach
to cyclopentadienyl derivatives with two carboxylato groups (B). This will allow the coupling
of two identical or different, bioactive functionalities to one *"Tc or Re complex, thereby
allowing either higher selectivity or affinity for one target. The corresponding chemistry with
[CsH4(COOR),] will be presented. Finally, for replacing a phenyl ring in a pharmaceutical by
a "true" phenyl ring, first insights in arene chemistry will be given.

o COOR
¢-on coor |7 nreo,y 008
—_— Tc.
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o C~N-C-C-N-C-C-N COOR 0oC o
| CHy  CHy - . B
o’ \/CO  HC-CHs CH, i o
coO CH CH _
3 $H2 COOR (9970, ROOC\Q:/COOR
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NH; L . oc
COOR CO
References:

[1] Liu, Y.; Spingler, B.; Alberto, R. et al., J. Am. Chem. Soc., 2008, 130, 1554-1556.
[2] Nadeem, Q.; Can, D.; Alberto, R. et al., Org. & Biomol. Chem., 2014, 12, 1966-1974
[3] Can, D.; Spingler, B.; Alberto, R.; et al., Angew. Chem. Int. Edit., 2012, 51, 3354-3357.
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KL2

Ferrocifen constructs against cancers resistant to apoptotic stimuli. Novel
strategies, new active metabolites and latest nanoengineering data.

Gérard JAOUEN

Chimie ParisTech, 11 rue P. et M. Curie, 75231 Paris Cedex 05, France;
gerard.jaouen@chimie-paristech.fr

The social challenge represented by those cancers that still have alarmingly poor
outcomes- melanomas, triple-negative breast cancers and malignant gliomas, for example-
can only be met by a capacity for medical innovation, drawing from a judicious alliance of
groundbreaking chemistry, novel biology and the latest tools of medical intervention. These
difficult to cure peculiar cancers share the characteristic of intrinsic resistance to pro-
apoptotic stimuli, which limits the effectiveness of the available chemotherapies; hence the
need to discover new therapeutic approaches able to induce cell death by other means. In this
endeavor, a new medicinal chemistry based on the unique behavior of organometallic
complexes of transition metals may provide a turning point.

The mechanisms of action of three different types of ferrocifen constructs against
cancer resistant to standard treatments will be discussed and biological data provided. Due tc
their hydrophobic nature, preclinical evaluation of these organometallic compounds requires
the use of a specialized drug delivery system. A nanocarrier with an oily core, termed lipid
nanocapsules (LNC), using a solvent-free process of phase inversion that is easily scalable for
commercial purposes, could answer this need.

Considering the gulf that currently exists in oncology between available therapies and
the needs of patients, the discovery of a non-apoptotic mechanism of action such as
senescence, based on novel species, and enhanced by a proven method of delivery using
innovative bioengineering could represent for these molecules a decisive turning poini
towards the clinical development of a new therapeutic tool.

[1] G. Jaouen, S. Top, in Advances in Organometallic Chemistry and Catalysis: The Silver/Gold
Jubilee International Conference on Organometallic Chemistry Celebratory Book (Ed.: A. J. L.
Pombeiro), Wiley, 2014,chapt.42 , pp. 563-580.
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KL3
Photophysical Properties of Ru Complexes in Membrane Model Systems

Edward ROSENBERG, Ayesha SHARMIN, J. B. Alexander ROSS, Geoffrey ABBOTT,
Michelle TERWILLIGER

Department of Chemistry and Biochemistry, University of Montana
32 Campus D, Missoula, MT 59812; edward.rosenberg@mso.umt.edu

We have been studying the polarized emission of low-symmetry Ru complexes with the goal of
understanding the dynamics of protein binding to membrane models and the formation of lipid rafts.
Starting with the complexes [Ru(H)(trans-PPh;),(dcbpy)CO][PFs] (1) and [Ru(dppene) (5-amino-
phen)CO(H)][PFs] (2) and [Ru(bpy)(bis-dppa)(CO)H][PFe](3) (dcbpy = 4,4’-dicarboxy bipyridine,
dppene = 1,2-diphenylphosphino ethene, dppa = diphenylphosphino propionic acid 5-amino phen = 5-
amino phenanthroline) we have used standard techniques to covalently conjugate these molecules to
two and one phosphatidyl ethanolamine molecules, respectively via the diimine ring and the phosphine
ligands."* For comparison we also examined the previously reported lipid conjugate of [Ru(bpy).(5-
amino phen)][PF¢](4), a tris-diimine complex.* Complexes 2 and 4 have also been conjugated tc
cholesterol via reaction with cholesterol chloroformate. The cholesterol conjugates both exhibit typical
red-shifted emissions and relatively long life times in lipid vesicles. However, the less symmetrical
complex 2 shows longer temperature dependent lifetimes and higher anisotropy in both liposomes and
in protein belted nano-discs. Complex 2 incorporated in the lipids of the nano-discs shows a longer
lifetime than in the liposomes and the lifetime does not change when the probe is diluted with
unlabeled cholesterol. This suggests that there are essentially no probe-probe interactions and that the
probe will only respond to protein-probe interactions. Studies directed towards labeling the bell
protein of the nano-discs will also be discussed.

The lipid conjugates, with the exception of 4, exhibit unusual photophysical properties both in solution
and in the membrane models. Complexes 1 and 2 show no emissions in solution while complex 2
shows a weak blue-shifted emission with a very short, ns lifetime in the same solvents. In the
liposomes complexes 1 and 2 show intense blue shifted emissions with very short lifetimes and very
high anisotropies. Complex 4, on the other hand exhibits the same emission and excited state lifetime
in liposomes as in solution. Analysis of the anisotropy decay as a function of temperature from the
conjugated probes in vesicles reveals interesting differences in the probe motion and location within
the vesicle.

Complexes used for Conjugation to Cholseterol and Lipids

PPh, HO.C~ppn,
/N,,,jf_R| .CO oc..,
! ,
P | \H H/ N
PPh,

1. Ayesha Sharmin, Reuben C. Darlington 'Kenneth I. Hardcastle, Mauro Ravera, Edward
Rosenberg, J. B. Alexander Ross J. Organometal. Chem. (2009) 694, 988-1000.

2. E.Rosenberg, G. Abbott, J. B. A. Ross, R. Brooks, M. Terwilliger , L. Salassa Inorg Chem
2013 52 10835

3. Lakowicz, J. R. et al Anal. Biochem. 1997, 254, 179
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KL4
Chirality-Organized Bioorganometallic Compounds

Toshikazu HIRAQ

a) Department of Applied Chemistry, Graduate School of Engineering, Osaka University,
Yamada-oka, Suita, Osaka 565-0871, Japan
b) JST, ACT-C, 4-1-8 Honcho, Kawaguchi, Saitama 332-0012, Japan
e-mail: hirao@chem.eng.osaka-u.ac.jp

The field of bioorganometallic chemistry has drawn great attention and undergone rapid
development. Considerable efforts have focused on designing secondary structure mimics
composed of short peptides to gain fundamental insight into the factors affecting the protein
structures and stability, and to facilitate the rational design of pharmacologically useful
compounds. Chirality organization of ferrocene-dipeptide bioconjugates to obtain &
peptidomimetic basis for protein folding and to construct highly-ordered molecular
assemblies will be described [1].

The double helical DNA is created by A-T and G-C base pairs, which are controlled mainly
by hydrogen bonds, n-n interactions, and hydrophobic effects. Utilization of self-assembling
properties of nucleobases in bio-inspired systems offers the flexibility of exploiting four
different binding motifs. On the other hand, square-planar d® or d*° transition metal complexes
possess the intriguing photophysical, photochemical, and catalytic properties. In particular,
luminescent platinum(ll) and gold(l) compounds have been studied because of their
interesting luminescence properties based on metallophilic interactions. Herein, tuning of the
emission properties of the bioorganometallic platinum(Il) and gold(l) compounds composed
of nucleobases will be also described [2].

References:

[1] Moriuchi, T.; Hirao, T. Acc. Chem. Res. 2010, 43, 1040.

[2] (a) Meng, X.; Moriuchi, T.; Kawahata, M.; Yamaguchi, K.; Hirao, T. Chem. Commun.
2011, 47, 4682. (b) Meng, X.; Moriuchi, T.; Tohnai, N.; Miyata, M.; Kawahata, M.;
Yamaguchi, K.; Hirao, T. Org. Biomol. Chem. 2011, 9, 5633. (c) Meng, X.; Moriuchi,
T.; Sakamoto, Y.; Kawahata, M.; Yamaguchi, K.; Hirao, T. RSC Advances 2012, 2,
4359.
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Organometallic Compounds to fight Schistosomiasis

Malay PATRA,? Katrin INGRAM,” Jennifer KEISER,” Gilles GASSER?

a) Department of Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich,
Switzerland; gilles.gasser@chem.uzh.ch
b) Department of Medical Parasitology and Infection Biology, Swiss Tropical and Public Health
Institute, University of Basel, Basel, Switzerland

Despite its importance in tropical regions, where 280,000 deaths are reported annually,
schistosomiasis is still a relatively unknown parasitic disease in the western world. A racemic
mixture of Praziquantel (PZQ, Fig. 1) is currently the frontline chemotherapeutic drug to fight
schistosomiasis. However, despite its success, PZQ presents several important drawbacks,
which include a low metabolic stability and inactivity against juvenile schistosomes. This
inactivity makes it necessary to retreat patients after a few weeks to remove parasites that
have since matured. Potentially more worrying, as millions of people are regularly treated
with this drug, it is likely that PZQ resistant parasites will emerge in the near future. In fact,
reduced susceptibility against S. mansoni to PZQ was recently observed. In order to tackle
this problem, we have embarked upon a program to assess the use of organometallic
compounds as novel antischistosomal drug candidates (Fig. 1). During this talk, our latest in
vitro and in vivo results will be presented.[1-3]

550 GO gh 2

~C
ocC CO

PZQ Cr(C0);-PZQ Fc-PZQ

Fig. 1. Structures of PZQ and of organometallic compounds studied as antischistosomal drug
candidates.

References:

[1] Patra, M.; Ingram, K.; Pierroz, V.; Ferrari, S.; Spingler, B.; Keiser, J.; Gasser, G., J.
Med. Chem. 2012, 55, 8790-8798.

[2] Patra, M.; Ingram, K.; Pierroz, V.; Ferrari, S.; Spingler, B.; Gasser, R.B..; Keiser, J.;
Gasser, G. Chem. Eur. J. 2013, 19, 2232-2235.

[3] Patra, M.; Ingram, K.; Leonidova, A.; Pierroz, V.; Ferrari, S.; Robertson, M.; Todd,
M.H..; Keiser, J.; Gasser, G., J. Med. Chem. 2013, 56, 9192-9298.
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002

A search for structure-activity relationships in anti-cancer active half-
sandwhich complexes of ruthenium(ll)

Raja MITRA, Ashoka SAMUELSON, Sangeetha DAS

Department of Inorganic and Physical Chemistry. Indian Institute of Science,
Bangalore 560 012 India
ashoka@ipc.iisc.ernet.in

Neutral half sandwich organometallic ruthenium(Il) complexes of the type [(h®*
cymene)RuCl,(L)], where L represents a heterocyclic ligand (mercaptobenzothiazole,
mercaptobenzoxazole and mercaptobenzimidazole), have been synthesized and characterized
spectroscopically. Structure-activity relationships were sought by varying the hetero atom of
the heterocyle and the substituents on the aromatic ring juxtaposed to the heterocycle. In vitro
studies show that inhibition of cancer cell growth involves primarily G1 arrest as well as
generation of ROS. Surprisingly, biophysical studies show that cytotoxic complexes differ in
their interaction with DNA, either causing biphasic melting of DNA. Substitution of the
aromatic ring of the heterocyle with a carboxylic acid or ester or changing the O or S to NH
on the heterocycle reduces the cytotoxicity. However, addition of halogens, especially &
fluorine, enhances the activity of the complex in a remarkable fashion. Interestingly,
inhibition of thioredoxin reductase activity by these complexes gives a clue to the fact that
there are multiple pathways by which these complexes trigger anticancer activity

HO,
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References:
[1] Mitra, R.; Das, S.; Shinde S.V. ; Sinha S.,; Somasundaram, K., Anticancer Activity of

Hydrogen-Bond-Stabilized Half-Sandwich RullComplexes with Heterocycles. Chem. Eur. J., 2012,
18 (39), 12278-12291.
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003
Transfer hydrogenation catalysis in cancer cells

Joan SOLDEVILA-BARREDA, Isolda ROMERO-CANEON, Abraha
HABTEMARIAM, Peter J. SADLER

Chemistry Department, Warwick University. Gibbet hill Road CV4 7AL, UK
J.J.Soldevilla@warwick.ac.uk

The coenzyme 1,4-NADH participates in many metabolic reactions, including regulation of
energy metabolism, regulation redox state, DNA repair and transcription, immunological
functions and cell death.! Disruption of NAD* and NADH levels is a potential new
mechanism for the treatment of e.g. Alzheimer’s and Parkinson’s diseases, and cancer.

We have synthesized a series of Ru(ll) and Ir(l111) compounds capable of performing transfer
hydrogenation reactions under physiologically relevant conditions, using NADH as a hydride
donor. In particular, [(Cp*PhPh)Ir(PhPy)py]* can decrease the level of NADH in cells.??
Reduction of NAD" to NADH via transfer hydrogenation can be achieved by Ru(ll) arene
complexes of the type [(n°-arene)Ru(L)CI]PFs; (arene = hexamethylbenzene, p-cymene,
indane; L is ethylenediamine) which catalyze the reduction of NAD" under physiological
conditions, and using formate as the hydride source.*

Here, we present a new series of Ruthenium(ll) complexes, containing Noyori-type ligands,
which catalyze the reduction of NAD* to NADH via transfer hydrogenation with formate.*
We have investigated the antiproliferative activity of six complexes in A2780 ovarian cancer
cells in co-administration with non-toxic doses of sodium formate as a hydride source. We
have also studied the dependence of activity and NAD/NADH ratio on the formate
concentrations. Our results suggest that it is possible to design catalytic antioxidant
organometallic anticancer drugs.
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Platinum-group metals still play a dominant role as catalyst materials for technical hydrogen
production. In natural systems, uptake and release of H, is catalyzed by a highly efficient
class of metalloenzymes (hydrogenases) carrying organometallic reaction centers with low-
valent iron sites as their common functional subunits [1]. Biomimetic hydrogenase models
based on Fe-complexes therefore represent an interesting alternative to replace the role of
precious metals for electro- and photocatalytic H,-production [2,3]. Following the structural
key-features of natural hydrogenases (Fig. 1a), frequently polynuclear iron carbonyl clusters
with bridging thiolate ligands are investigated in this context.
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Figure 1: (a) Active site of the reduced form of [FeFe]H,ase [1] (b) Examples of ligands used for the
synthesis of novel bio-inspired transition metal carbonyl catalysts.

The aim of our current project is to extend this important class of compounds by applying a
series of modified phosphane- and phosphane-sulfide ligands (Fig. 1b). Synthesis,
characterization and reactivity of new polynuclear iron carbonyl complexes are presented. A
special focus is given on the application of functionalized sulfur ligands carrying redox-active
and chromophoric moieties, which could possibly contribute to the development of novel
photocatalytic hydrogenase models.
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We have developed a convenient method for selective labeling of aromatic residues in
biomolecules with a [CpRu]" cation [1]. The method is based on ligand substitution in the
commercially available complex [CpRu(C,,Hs)]* which proceeds in aqueous solution and
tolerates the presence of non-aromatic amino acids, sugars, and nucleotides. The [CpRu]’
label is stable in various biochemical reactions (for example, trypsinolysis); yet it can be
selectively removed by irradiation in the presence of hydroquinone.

We have used the developed method to label the tryptophan residue of melittin — the main
component of bee venom. It was found that the organometallic moiety does not disturb the
secondary structure of melittin, but changes the character of its intermolecular interactions by
converting the hydrophobic tryptophan into the hydrophilic cationic complex. Accordingly,
ruthenium labeling leads to a 10-fold decrease of the hemolytic activity of melittin without
significantly affecting its high anti-cancer activity. ICP-AES detection of ruthenium allowed
us to study biodistribution of the labeled melittin in mice.

hydroquinone

H,O, 1h, in air
2D NMR structure
|C50 =47 HM vs SKOV-3
ICP-AES analysis
[ of biodistribution
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Indazolium trans-[tetrachloridobis(1H-indazole)ruthenate(l11)] is one of the most promising
non-platinum anticancer drug candidates in current clinical trials. With a rationale that drug's
uptake is likely governed by transferrin receptors, the release of low-molecular-mass (and
presumably active) forms of ruthenium(ll) from the holo-transferrin adduct under simulated
intracellular conditions was recently confirmed using tandem ESI-MS [1].

In this contribution, interactions of the released forms with low- and high-molecular-mass
components of human cytosol, resulting in pertinent speciation changes, were investigated by
separation-based techniques, size-exclusion chromatography and capillary electrophoresis
hyphenated with ICP-MS or ESI-MS. With the objective to approach real cancer-cell
situation, the cytosolic fraction isolated from colorectal carcinoma cell lines was used in this
testing. Cytosolic components that interact with the Ru species were identified by employing
capillary HPLC-ESI-MS, aided by constructing a specific ruthenium-bound peptide map as a
result of the implementation of enzymatic digestion at the stage of sample preparation.

This work has been supported by the EU in the framework of Regional Development Fund
(MPD/2010/4).
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B1,-TiO, Hybrid Catalyst for Light-Driven Molecular Transformations
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Naturally-occurring  Biy(cobalamin)-dependent enzymes catalyze various molecular
transformations that are of particular interest from the viewpoint of biological chemistry as
well as synthetic organic chemistry and catalytic chemistry. For example, the B;,-dependent
enzyme catalyzes the rearrangement reactions and the methylation reaction as in the synthesis
of methionine. All of these reactions are mediated by the cobalt alkylated complex which is
generally formed by the reaction of the Co(l) state of the By, with various electrophiles in
vitro. Recently, we have reported the unique catalysis of the By,-titanium oxide (TiO,) hybrid
catalyst in which the B;, complex, cyanoaquacobyrnic acid, is immobilized on the surface of
TiO, and the B, complex is reductively activated to form the Co(l) species by electron
transfer from TiO, under UV-light irradiation. The hybrid catalyst mediated the
dehalogenation of various organic halides and was applied to the radical-mediated organic
reaction via an alkylated complex as a catalytic intermediate. The great advantage of the
catalyst is the facile and efficent formation of Co(l) species by only UV light irradiation. This
property prompted us to investigate further applications of the B1,-TiO; catalyst utilizing the
high reactivity of the Co(l) species of the B1, complex. We now report the new catalysis of
the Bi,-TiO, for H,O reduction to form
hydrogen. Cobalt complexes have been studied
as excellent catalysts for hydrogen production,
and the cobalt hydride complex is thought to be
an intermediate for the reaction which could be
formed by the reaction of Co(l) and a proton.
As the metal hydride complexes are widely used
for the reduction of unsaturated compounds,

COOH

- . CH
such as alkenes, an application of the B1,-TiO, Byp-TiO, Rz R,
. . R
catalyst for the hydrogenation of C-C mutiple ' CHA2
bonds was also investigated. Figure Photo-induced hydrogen evolution and

alkene reduction catalyzed by the B,,-TiO, hybrid.
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In addition to nitric oxide and hydrogen sulfide, carbon monoxide is now also well-established as ar
endogenously produced small signaling molecule in higher organisms, including humans. Its
generation, together with ferrous iron and biliverdin, is due to the enzymatic activity of heme
oxygenases (HO) on heme. In addition to its signaling function, CO production also responds tc
oxidative stress and generally has a tissue-protective function. Increased local concentrations of carbon
monoxide are, however, also implicated in anticancer and antimicrobial chemotherapy [1-2].

In order to safely deliver
well-defined doses of CO to
tissues and cells, transition
metal carbonyl complexes
are currently explored as
CO-releasing molecules
(CORMSs) and have promise
as novel therapeutic agents
in a variety of medical
indications [3-4].

800

Wavelength in nm

In this contribution, we will demonstrate the photo-triggered biological activity of new CORMSs on
bacterial cell cultures, leading to a pronounced growth retardation effect, while the compounds
themselve are completely inactive, even at high micromolar concentrations, when kept in the dark,
thus establishing them as novel light-activatable prodrugs [5]. In addition, the fluorescent switch-on
probe COP-1 was used to demonstrated photoinduced CO release in vitro in human umbilical vein
endothelial cells (HUVECS) for the first time [6-7]. This work will thus highlight the most recent
developments in the use of bioorganometallic carbonyl compounds in antibacterial chemotherpy.
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When administered, half-sandwich type, organometallic platinum metal complexes with
potential antiproliferative activity, may interact with the high and low molecular mass
components of the various body fluids. Many, among these small bioligands are capable of
tridentate coordination occupying all the available coordination sites of the metal moieties.
Depending upon the size and basicity of the donor atoms and the size of the joined chelates
formed with them, these biochelators may bind the above metal ions with rather different
strength. Furthermore, rate of the ligand exchange reactions in the complexes also has a
significant impact on the biological effect of these interactions.

Recently we have studied the interaction between [(n°-arene)M(H,0)s]** (M = Ru, Os) cations
and ligands with [O,0,0] (citrate, tricarballate, malate, tartarate), [O,O,N] (serine, isoserine),
[0,0,5] (tiolactate) and [O,N,S] (cysteine, methionine, S-methyl-cysteine) donor sets.

This contribution summarizes the results of a detailed solution study obtained by the
combined use of pH-potentiometry, 'H NMR and ESI-TOF-MS methods together with the
synthesis and solid state characterization of the complexes.
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We have recently synthesized series of highly cytotoxic thiophenolato-bridged dinuclear p-
cymene ruthenium complexes of the general formula [(n*-p-MeCgH,Pr'),Ru,(SR)s]" (R being
an aliphatic or aromatic substituent), the 1C, values being in the nanomolar range [1].
However, the in vitro selectivity between healthy and cancer cells remains low, which could
be related to their limited solubility in physiological media.

In order to improve the in vitro selectivity towards cancer cells, a new series of ruthenium
complexes was obtained by appending selected peptides to one of the thiol groups. The
synthesis, characterization and their in vitro cytotoxicity towards ovarian cancer cell lines will
be presented. The complexes were obtained by conjugating two different thiolato-bridged p-
cymene Ru-complexes and three selected polypeptides: octaarginine, which is known for its
ability to penetrate cell membranes [2], octalysine, and one cyclo-pentapeptide, cyclo-
[Lys~Arg~Gly~Asp~Phe], which has been reported to selectively target the ayps integrin,
overexpressed in many types of cancer cells [3].
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Besides the well-known Ru(lll) complexes KP1019 and NAMI-A — both of which have
successfully passed phase | clinical trials as anticancer drugs — n°-arene ruthenium(ll)
complexes have attracted considerable interest during the last decade.! Most of the
complexes under investigation contained — and still contain — easily exchangeable (frequently
chloro) ligands, which dissociate in aqueous media to form reactive aqua complexes, in which
water can be replaced by numerous biomolecules like DNA, proteins etc.

In 2006, we started our work on hydrolytically stable n°-arene ruthenium(ll) complexes by
synthesizing dicationic compounds with three N-coordinated imidazole ligands.”! To our
surprise, those substances exhibited more interesting cytotoxic properties than similar easily
hydrolyzable derivatives. We therefore decided to continue the evaluation of hydrolytically
stable ruthenium(11) complexes, their mode of action and potential new applications as a main
part of our investigations.

During the presentation, an overview of our successful work in the field of hydrolytically
stable ruthenium(Il) complexes with highly interesting properties will be presented. Special
emphasis will be given on an entirely new field of application for cytotoxic ruthenium
compounds, i.e. the use as antiparasitic / anthelmintic agents for the treatment of rare
"neglected diseases” occurring in Central Europe, like alveolar echinococcosis® and
toxoplasmosis.™
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Since the 1980s, ruthenium-based drugs have gradually attracted attention, mainly due to their
less severe side effcts compared to platinum-based drugs. [1-3] In recent years, we have
designed different hexacationic hexaruthenium assemblies that can encapsulate planar and
bioavtive molecules, making them a potential new class of drug delivery vectors. [4]

Previous studies conducted within our group have shown that the assemblies 1-3 interact
rapidly with amino acids and rather weakly with deoxyguanosine-5'-monophosphate and
deoxyadenosine-5'-monophosphate. [5-7] In line with these previous investigations, we here
report the interaction between the assemblies shown in Chart 1 and human serum albumin,
transferrin, myoglobin, ubiquitin and Cytochrome C.
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Chart 1: Structure of the hexaruthenium assemblies
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Pursuing the exploration on the anticancer activities of organometallic tamoxifen derivatives, we have
prepared a new family of hybrid compounds based on the combination of key structural motifs of
Ferrocifen (FCTAM) and Vorinostat (SAHA). These compounds were tested against triple negative
MDA-MB-231 breast cancer cells, which are a subtype of aggressive cancer lacking estrogen receptor
(ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2).
Interestingly, FCTAM-SAHA hybrid showed good activity on MDA-MB-231 cells (ICso = 0.70 uM),
better than FcTAM and SAHA (ICs, = 2.62 pM and 3.64 uM, respectively).™

1,1’-disubstitution

FCTAM-SAHA molecule has shown that ' functionalization
hydroxamic acids and primary amides
exhibit better cytotoxic effects than Side chain shor mg

carboxylic acids. Interestingly, the @Fﬁ
dramatic increase in cytotoxicity due to x

A structural modification study of Ferrocene o
Aromatic

the presence of a phenol moiety™ or by o R
the replacement of a ferrocenyl moiety mgan:;;;;ﬁm 1)
with a ferrocenophane motif* as seen in Change of

functional group

ferrocifen was not verified in these

hybrids. In all cases, ferrocenic compounds were also much more efficient than organic analogues. We
propose that the functionalized side chain may play a fundamental role in the intracellular transport ol
cytotoxic organometallic moieties to active target sites. With these hindered structures, the redox motit
[Fc-ene-phenol] is inhibited but the construct is still active.

References

[1] Céazares-Marinero, J.J.; Lapierre, M.; Cavaillés, V.; Saint-Fort, R.; Vessiéres, A.; Top,
S.; Jaouen, G. Dalton Trans 2013, 42, 15489-15501.

[2] Cézares-Marinero, J.J.; Top, S.; Jaouen, G. J Organomet Chem 2014, 751, 610-619.

[3] Céazares-Marinero, J.J.; Top, S.; Vessiéres, A.; Jaouen, G., Dalton Trans 2014, 43,
817-830.

[4] Céazares-Marinero, J.J.; Buriez, O.; Labbé, E.; Top, S.; Amatore, C.; Jaouen, G.
Organometallics 2013, 32, 5926-5934.

30



014

Artificial metalloenzymes derived from bovine beta-lactoglobulin for the
asymmetric transfer hydrogenation of an aryl ketone

Michele SALMAIN, ® Alice CHEVALLEY,? José de Jesus CAZARES-MARINERO,?
Mickael V. CHERRIER,” Juan C. FONTECILLA-CAMPS”

a) Sorbonne Universités, UPMC Univ Paris 06, IPCM, UMR 8232, F-75005 Paris, France;

michele.salmain@chimie-paristech.fr
b) Metalloproteins unit, IBS, UMR 5075, CEA, CNRS, University Grenoble-Alpes, 38027

Grenoble, France

Our current research project aims at the design of artificial metalloenzymes operating in
environmentally friendly conditions. These hybrid species result from the controlled
assembling of synthetic metal cofactors to protein scaffolds. We focused our researches on the
design of artificial transfer hydrogenases for the enantioselective reduction of ketones. Since
the supramolecular anchoring strategies have provided the most efficient catalytic systems to
date, we selected bovine beta-lactoglobulin (bLG) as protein host. bLG displays a 8-stranded,
antiparallel beta-barrel folding, forming a calyx lined with hydrophobic residues and binds
fatty acids with submicromolar dissociation constants and 1:1 stoichiometry.

We designed and synthesized a large series of bidentate ligands derived from fatty acids by
appending a 2,2’-dipyridylamine moiety to their carboxylic acid function. Mononuclear,
monocationic, half-sandwich Ru(ll) and Rh(I1l1) complexes were then obtained in excellent to
quantitative yields from the ligands [1].

o
n
U0
/N\+,N =
M< -
RANCRY
M =Ru, L = bz or p-cym

M =Rh, L = Cp*
n = 8-16; n = 16, trans-A9 or trans-A%12

Effective association of most of the ligands / complexes to bLG was assessed by various
spectroscopic methods and confirmed by protein X-ray crystallography [2]. Eventually, the
catalytic activity of the hybrids was tested on a benchmark hydrogenation reaction and the
enantiomeric excess reached 32% thanks to the chiral environment brought by the protein.

[1] Chevalley, A.; Cherrier, M. V.; Fontecilla-Camps, J. C.; Ghasemi, M.; Salmain, M.
Dalton Trans. 2014, 43, 5482 - 5489.

[2] Cherrier, M. V.; Engilberge, S.; Amara, P.; Chevalley, A.; Salmain, M.; Fontecilla-Car
C. Eur. J. Inorg. Chem. 2013, 3596-3600.
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NanoSIMS combined with fluorescence microscopy as a tool for subcellular
imaging of isotopically labeled platinum-based anticancer drugs

Anton A. LEGIN, *” Arno SCHINTLMEISTER, © Michael A. JAKUPEC, *® Markus
GALANSKI, *” Irene LICHTSCHEIDL, ® Michael WAGNER, “® and
Bernhard K. KEPPLER #?

a) Institute of Inorganic Chemistry, University of Vienna, Waehringer Str. 42, A-1090,
Vienna, Austria, anton.legin@univie.ac.at; b) Research Platform “Translational Cancer
Therapy Research”, University of Vienna, Waehringer Strasse 42, A-1090 Vienna, Austria; c)
Large-Instrument Facility for Advanced Isotope Research, University of Vienna,
Althanstrasse 14, A-1090 Vienna, Austria; d) Department of Microbiology and Ecosystem
Research, Division of Microbial Ecology, University of Vienna, Althanstrasse 14, A-1090
Vienna, Austria; e) Core Facility of Cell Imaging and Ultrastructure Research, University of
Vienna, Althanstrasse 14, A-1090 Vienna, Austria

Multi-elemental, isotope selective nano-scale secondary ion mass spectrometry (NanoSIMS)
proved to be a highly sensitive technique for subcellular imaging of anticancer drugs in cell
culture samples [1-3]. NanoSIMS combined with confocal laser-scanning microscopy was
used to characterise the subcellular distribution of *>N-labeled cisplatin in human colon cancer
cells. These analyses indicated a predominant cisplatin co-localisation with sulfur-rich
structures both in the nucleus and cytoplasm. Furthermore, co-localisation of platinum with
phosphorus-rich chromatin regions was observed, which is consistent with its binding affinity
to DNA as the generally accepted crucial target of the drug. Application of *N-labeled
cisplatin and subsequent measurement of the nitrogen isotopic composition and determination
of the relative intensities of platinum and nitrogen associated secondary ion signals in
different cellular compartments with NanoSIMS suggested partial dissociation of Pt-N bonds
during the accumulation process, in particular within nucleoli at elevated cisplatin
concentrations. Within the cytoplasm, platinum mainly accumulated in acidic organelles as
demonstrated by a direct combination of specific fluorescent staining, confocal laser scanning
microscopy and NanoSIMS. Combination with complementary analytical and imaging
techniques can aid in identifying and characterising subcellular structures highlighted in
elemental distribution patterns measured by NanoSIMS.
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Switching on Anticancer Activity of Transition Metals using modified OO
and NO ligands
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We report the design, synthesis and characterisation of Group 4, 8 and 9 metal complexes.”® We
include the assessment of cytotoxicity under normoxic and hypoxic environments, measurements of
potential DNA damage through a range of Comet assay technigues, assessment of potential DNA
binding through melting curve analysis and finally the interference of these complexes on the cell
cycle, apoptosis and thioredoxin reductase studies. **
We report a library of group 8 and 9 B-ketoiminate complexes to be active against MCF-7 (human
breast carcinoma), HT-29 (human colon carcinomas), A2780 (human ovarian carcinomas) and
A2780cis (cisplatin resistant human ovarian carcinomas) cell lines, with selected complexes over three
times more active than cisplatin against the A2780cis cell line. Complexes have also shown to be
highly active under hypoxic conditions, with most complexes increasing with a decrease in O;
concentration. The enzyme thioredoxin reductase is over expressed in cancer cells and complexes
reported herein have the advantage of inhibiting this enzyme, with 1C50 values measured in the
nanomolar range. The anti-cancer activity of these complexes was further investigated to see whether
activity is due to effects on cellular growth or cell survival. The complexes
were found to induce significant cancer cell death by apoptosis with levels
induced correlating closely with activity in chemosensitivity studies.
We have also investigated the mechanistic and cytotoxic nature of a series of
oA, group 4 B-diketonate coordination complexes and show the ligands are
<8 gﬁ\%m, exchangeable on the metal centre.> When evaluated for the cytotoxicity

Hf
L ¥ g co™™  against human colon adenocarcinoma (HT-29) and human breasi
il C(5)
C(9)

s  adenocarcinoma (MCF-7) cell lines, a general trend of decreasing potency
deer down the group IV metals was observed. This tri B-diketonate hafnium
complex (Figure 1) shows potent in vitro cytotoxic activity.’

Figure 1
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A variety of dinuclear arene ruthenium trithiolato cations of the type [(arene),Ru.(SR)s]" have
been synthesized by reaction of the corresponding arene ruthenium dichloride dimer with
various thiols and isolated as the chloride salts. All compounds [(arene);Ru,(SR)3]CI show
high anticancer activity in vitro, the ICsy values for human ovarian cancer cells being in the
nanomolar range. The most active complex is the p-cymene derivative with p-t-butylphenyl-
thiolato bridges [1].

[(arene)RuCl,], + 3RSH — > [(arene),Ru,(SR)3]" + ClI- + 3 HCI

_‘+ Cl
[(p-MeCgH 4Pr') Ru5(SCgH 4-p-BuY3]Cl
in vitro activity for cancer cells:

ICs0 = 30 NM for A2780 —Ru” Ry

- i NN\ 7

IC59 = 30 NM for A2780cisR s7s
in vivo activity for tumour-bearing mice:

Therapeutic window: 0.4 - 0.6 mg/kg

Survival prolongation by 8.5 days (average)

An in vivo anticancer study with 98 NMRI female mice, inoculated subcutaneously with a so-
lid Ehrlich tumour, showed that doses of 0.4 to 0.6 mg/kg administered twice within 8 days
inhibited the tumour growth and prolonged the survival of the mice considerably.
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The elaborate structure of Vitamin B,, and its derivatives allows important reversible
structural modifications. They can thus act as molecular switches through a reversible
coordination of the backbone to the cobalt center (base-on/base-off). Through this interesting
feature, the physico-chemical properties of By, and By, cofactors can be modified.! B,
dependent enzymes also take advantage of this characteristic by replacing the backbone by a
histidine residue, which coordinates to the cobalt (figure A)."

Our group is interested in synthesizing new B, derivatives (peptide B,,), which bear artificial
peptide backbones with modular redox and coordination properties. Those analogs brought
important insights in various domains, and our recent research advancements will be
presented. Some biomimetic cobalamins are good potential enzymatic inhibitors (figure B) ™
while others allow a better understanding of the cofactor activation in catalytic cycles.
Furthermost, a different peptidic backbone yields an interesting intermolecular coordination,
leading to a dimeric structure (figure C).F!
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Ruthenium and Osmium clusters: anticancer and anti-angiogenic activity.
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The research in metal-based anticancer compounds has traditionally focused on platinum-
based compounds, however, in recent years there has been much of interest in the
development of ruthenium-based anticancer compounds that found to be less cytotoxic
towards cancer cells and operate via distinguish different mechanisms to platinum drugs. Twa
Ru(lll) compound (NAMI-A, KP1019) are presently in clinical trials. The organometallic
ruthenium(11) complexes (RAPTA) showed strong anti-metastatic and anti-angiogenic effects.
In this presentation synthesys of new triruthenium and triosmium -carbonyl clusters
derivatized with glucose-modified bicyclophosphite and evaluation of these compounds as
anticancer and anti-angiogenic agents will be discussed. Biological activity was found depend
on the number of bicyclophosphite ligands, and could be tuned for either anticancer or
specific anti-angiogenic activity. A good inhibition of angiogenesis was observed in the in
vivo chicken chorioallantoic membrane (CAM) model.

The authors are grateful for financial support from Russian Foundation for Basic Research
(project no. 13-03-00513 _a, 14-03-01101-a and 13-03-12460)
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Quinolines are heterocyclic nitrogen containing aromatic double ring structures with a broad
spectrum of pharmacological properties, such as anti-inflammatory,™ antimalarial,’*
anticancer® and antifungal™ activity. The complexation of those bioactive chelators to a
biologically-active metal centre can result in increased solubility, enhanced cellular uptake of
the ligands as well as synergistic effects (“multi-targeted” compounds) and different modes of
action.

We report the synthesis of 8-hydroxyquinoline-based metal complexes (M = Ru(ll), Os(Il),
Ir(111) and Rh(I11)). All compounds were characterized by determination of the melting point,
elemental analysis, NMR, MS and UV/Vis spectroscopy. The biological activity of selected
substances was established on cancer cell lines and the behavior towards small biomolecules
was studied with NMR spectroscopy and capillary electrophoretic methods. Furthermore the
solid state structure of several complexes (Ru(ll), Os(1l) and Ir(111)) were determined by X-
ray diffraction analysis.

MeOH, NaOMe, rt R

A

X):q, 81
(x ) ‘e : p-Cymene, Cp* |
References: K ' () : Ru(1n, Os{1), Ir(it), Rhil) ® J
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TARGET-ORIENTED ORGANOMETALLIC AND COORDINATION
COMPOUNDS WITH PROTECTIVE 2,6-DIALKYLPHENOL GROUP
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A novel approach to the construction of polytopic agents which combine both the biomimetic
of the natural antioxidant a-tocopherol and biogenic Fe, Mn, Cu, Co, Zn or cytotoxic Sn, Sbh,
Au has been proposed for a design of physiologically active substances. This presentation will
focus on a synthesis and on the study in vitro, ex vivo and in vivo activities in the cellular
processes that are suggested as biomolecular targets responsible for the cellular redox and
proliferative status disbalance.

The multifactor antioxidative, antiprolifirative activities and neuroprotective potential assay
of compounds has been performed by using DPPH, CUPRAC-tests, liposome system and
enzymatic methods (xanthine oxidase, lipoxygenase, gluthathione reductase, thioredoxine
reductase, tubulin); the model reactions of fatty acids peroxidation; ex vivo lipid peroxidation
in mitochondria isolated from Wistar rat brain and liver, in vitro lipid peroxidation in rat and
fish liver homogenates. The in vivo study was performed for the hit compounds.

The financial support of Russian Science Foundation (14-13-00483) is gratefully acknowledged.
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Following the discovery of its potent antitumoral activity in 1965, the inorganic drug cisplatin
has become one of the most important anticancer agents used in the clinic.' After this, others
Pt(I1) based complexes are used as anticancer agents (i.e. carboplatin, oxaliplatin). * In this
abstract we present a fluorescent turn-on probe rationally designed for the study of anticancer
Pt complexes within live cells. This probe (Rho-DDTC, figure) was custom-built for the
detection of Pt(Il) drugs such as cisplatin and demonstrate using confocal microscopy the
localization of Pt(IV) prodrugs in cancer cells in vitro after cell entry and intracellular
reduction.®

The probe is compatible with biological conditions and designed to specific towards Pt(Il)
complexes containing the diam(m)ineplatinum(ll) pharmacophore such as cisplatin. The
probe is also able to distinguish between Pt(IV) prodrug complexes and their Pt(Il) products.
We showed for several Pt(IV) prodrugs, including satraplatin, that reduction occurred after
cell entry and the Pt(Il) products accumulate with the cytoplasm. In summary, Rho-DDTC is
a versatile tool to study localization of clinically important Pt(l1l) anticancer drugs and the
activation of their Pt(IV) prodrug congeners within live cells.

flucrescent recognition
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The rapid emergence of drug resistant bacterial strains emphasizes the need to develop new
classes of antimicrobials. Metal complexes offer a different steric and electronic profile when
compared to traditional organic antimicrobials which could be useful for the generation of
new and more effective drugs. The use of ruthenium polypyridyl complexes as antibacterial
agents was first reported by Dwyer® in 1952 and this area has been reinvigorated recently by
Keene.? We have previously exploited the copper catalyzed azide alkyne cycloaddition
(CuAAC) "click" reaction to generate pyridyl-1,2,3-triazole ligand systems, complexed them
to iron(l1) and examined their antifungal activity.® Inspired by Dwyer and Keene's work we
have used our "click" ligands to synthesize a series of mononuclear ruthenium complexes
with varying liphophilicities. Preliminary investigations have revealed that these ruthenium
complexes were bactericidal against different multidrug resistant bacterial strains.
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With more than one hundred different subtypes [1], cancer is the most lethal disease, after
cardiovascular pathologies, with tremendous psychological and economic relapses in our
culture and society. Since the serendipitous discover of the cytotoxic effects of cis-
dichlorodiamine platinum(Il) (named cisplatin) in 1965 [2], an ever-developing era has arose
for anticancer compounds. Starting from the chemical properties of Pt(ll) and the severe
toxicological profile of cisplatin, in the last decade we have designed and biologically studied
a new library of dithiocarbamato complexes with promising antitumor activity and reduced
toxicity compared to the reference drug[3]. Among all the studied potential drugs, the Au(lll)-
based complexes AuL12 and AuD8 proved to be particularly interesting due to a good
chemotherapeutic index [4], in terms of toxicity/activity ratio. Acute toxicity has been
recently evaluated for the peptidomimetic AuD8 in 80 mice by two administration routes (i.v.
and oral) taking into account different doses, much higher than those used in chemotherapy,
recording outstanding results. No death nor alterations or gross anatomical findings in the
main organs and tissues were observed at necropsy. In combination with cell cycle analysis,
global gene expression modifications induced by AuL12 and AuD8 have been thoroughly
investigated in MCF7 and MDA-MB-231 human breast cancer cell lines. The percentage of
differentially expressed genes after AuL12 treatment was higher than that after AuD8
treatment for both MCF7 (9% and 5%, respectively) and MDA cells (9% and 6%,
respectively). Distinct pathway maps significantly enriched in MCF7 and MDA cells were
identified through functional analysis, thus providing a global view of the changes occurring
in the intracellular networks upon metallodrug perturbation.
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The anticancer properties of rhodium-based organometallic complexes have been widely
studied for some decades. A high number of these compounds contain a Cp*Rh(111) fragment,
which has been coordinated to diverse organic fragments with remarkable biological
results.[1] In the last years, an increasing number of reports were published about Rh(l)
derivatives, which showed good activity in vitro against various cancer cell lines.[2]
N-heterocyclic carbene (NHC) moieties are interesting ligands, which could form stable
bioactive Rh(I) complexes. To understand the influence of the ligands on the biological
activity of these derivatives, a large series of rhodium complexes was synthesized varying the
NHC, as well as the halido ligands.[3] Pronounced antiproliferative effects were noted for all
complexes, along with moderate inhibitory activity of thioredoxin reductase and efficient
binding to biomolecules (DNA and albumin). Biodistribution studies confirmed the transport
of rhodium into the nuclei. DNA fragmentation and changes in the mitochondrial membrane
potential were observed, indicating the induction of apoptosis. ELISA microarrays were
performed for selected complexes showing over- and down-regulation for a large number of
proteins. The signaling induced by the rhodium derivatives involved, among others, cytotoxic
stress, growth arrest and cell detachment.

R= Me, Et, 'Pr, Bz
R'= H, NO,, Me, OMe, Cl

X=Cl, |
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In this communication, we demonstrate the interest of efficient and modular synthetic
methods to build libraries of organometallic compounds for bioactivity studies. Quite
surprisingly, azide—alkyne ‘click’ chemistry has seldom been used with metal N-heterocyclic
carbenes complexes. Starting from azide-tagged NHC precursors "post-functionnalisation”
(Huisgen, CUAAC and SPAAC, routes A and C) and "pre-functionalisation" (CUAAC, route
B) were performed to access diversified architectures.™

Two selected applications will be presented. An “auto-click” strategy using a Cu'-NHC as
catalyst and substrate allows a rapid access to sets of Cu' and Au'-NHCs for a specific
biological purpose: e.g. the localization in cancer cells of a fluorescent derivative.™ 2) Water-
soluble prefunctionalised Ag'- and Cu'-NHC complexes bearing cationic pendants have
shown antibacterial properties in classical assays and have been included in a library of
metal-NHC complexes for the high throughput assessment of antibiofilm activity.®
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Organometal Coordination by Purines: Semi-chelate Bonding of Modified
Guanine and Isocaffeine with Bis(diorganylphosphino)ferrocenylcopper
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Stuttgart, Germany; e-mail: kaim@iac.uni-stuttgart.de

The [(dopf)Cu]* complex fragment (dopf = 1,1°-bis(diorganylphosphino)ferrocene) binds to
the bidentate O=C-C=N function provided by the isocaffeine and guanine heterocyclic
systems in a variable “semi-chelate” coordination arrangement. Crystal structures reveal that
the normal strong bond between copper and nitrogen is complemented by a weak, sometimes
barely noticeable interaction of the oxygen atom with Cu'. While the ferrocene oxidation
behaviour is conventional and not much different from that of related complexes of
[(dopf)Cu]™ with lumazines or alloxazines, the structural variability of the purine ligands is
unique and its implications will be discussed.
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A 1,1’-Ferrocenedialkynyldiamide Adopts a van Staveren Conformation
Upon Coordination of Both Alkynes to Tungsten

Timothy P. CURRAN, Allison P. LAWRENCE, Taylor S. MURTAUGH, Woojung JI,
and Niranjana POKHAREL

Department of Chemistry, Trinity College, 300 Summit Street, Hartford, CT 06106 USA;
timothy.curran@trincoll.edu

In solution, peptide derivatives of 1,1’-ferrocenedicarboxylic acid (general structure 1)
generally adopt the Herrick conformation®?, in which two intramolecular hydrogen bonds
form between the amino acid residues closest to the Cp rings. We report here the discovery of
a new solution conformation for amide derivatives of 1,1’-ferrrocenedicarboxylic acid that is
mediated by tungsten-alkyne coordination. Ferrocenedialkynyldiamides having the general
structure 2 have been prepared. Neither of the two NH protons in these species participates in
an intramolecular hydrogen bond. However, when these dialkynyldiamides are reacted with
W(CO);(dmtc), they form cyclic tungsten bis-alkyne complexes having the general structure
3. Unlike other cyclic tungsten bis-alkyne complexes that have been studied in our
laboratory®*, which are conformationally flexible, one of these derivatives adopts a single
solution conformation in which only one of the amide NH protons participates in an
intramolecular hydrogen bond and the other one does not. This is the van Staveren
conformation that was postulated in earlier work.”? Details concerning the preparation and
analysis of these species, along with information about how this finding could be used to
constrain peptide conformation using both the ferrocene and tungsten bis-alkyne features will
be presented.
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Facile Synthesis and Biological Activity of Metallocene Derivatives
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Small pharmacophores can play a crucial role for drug uptake, intracellular localization and
can therefore influence the bioactivity. In recent years, new pharmacologically relevant
metallocenes have been extensively studied as promising drug candidates. Hence the synthetic
modification of metallocenes is a crucial tool for the design of such organometallic
compounds. Three simple and useful synthetic pathways to prepare metallocene derivatives
have been lately reported by our group: (1) a single-step three-component condensation for
the efficient syntheses of various metallocenyl thioamides; (2)!! a novel synthetic procedure
for trifluoromethylthio-substituted metallocenes, which does not require the use of toxic
mercury(l1)-based reagents; (3)** an improved synthesis of aminometallocene, which meets
the basic green chemistry specifications.
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Organometallic Mimics of Nucleic Acids and Nucleosides
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As part of our interest in bioorganometallic nucleic acid
chemistry.[1] we recently reported the synthesis of an organometallic
version of a nucleic acid called ferrocene nucleic acid (FCNA), in
which the 5-membered sugar ring in DNA is replaced with a
cycopentadienyl unit and every other phosphate in the backbone is
replaced with an iron atom.[2] In this presentation, progress in
optimizing the synthesis of FCNA will be described, as well as new
versions and conjugates containing other nucleobases. Preliminary
findings on the electrochemical behavior of these oligomers and their

binding behavior towards other nucleic acids will also be presented.
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We have also recently discovered that versions of the monomeric components of FCNA
present interesting biological activities. These so-called ferronucleosides give submicromolar
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ICs, activities in certain cancer cell
lines and also display promising
antiviral activities.[3] The synthesis of
and biological studies on these chiral
organometallic nucleoside analogues
(with nucleobases T and A) will be
presented, along with various control
compounds. These studies point to &
mode of action in which nucleic acid
synthesis is adversely affected.
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Synthesis and Biological Evaluation of Novel Carbene-Metal Complexes as
Potential Antibiotics and Anticancer Drugs

Matthias TACKE
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Belfield, Dublin 4, Ireland; matthias.tacke@ucd.ie

The synthesis of N-heterocyclic carbene (NHC) silver(l) acetate complexes with varying
lipophilic benzyl-substituents at the 1 and 3 positions of the (benz)imidazole ring was
achieved by reaction of silver(l) acetate with the corresponding (benz)imidazolium halide
salts [1,2]. These NHC-silver(l) acetate derivatives exhibit interesting structural motifs in the
solid state and proof to be soluble and stable in biological media. Some derivatives like SBC3
[2] show strong antibacterial activity against Gram-negative and Gram-positive bacteria [3],
while others are cytotoxic. Here, NHC-silver(l) acetate complexes were found to have 1C50
values as low as 1.2 micromolar against the human renal cancer cell line Caki-1 and (1-
methyl-3-(p-cyanobenzyl) benzimidazole-2-ylidene) silver(l) acetate has become the
anticancer lead structure SBC1. The synthesis and biological evaluation of SBC1 and novel
Ag, Au, Ru and Cu complexes like WBC4 will be communicated.
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Platinum(IVV) compounds featuring one or two axial ferrocene bearing
ligands: Synthesis, characterization, and cytotoxicity
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Until today, three platinum(ll) drugs, namely cisplatin, carboplatin, and oxaliplatin, have
gained worldwide market approval as chemotherapeutic drugs. Not only design of novel
platinum(Il) agents, but also that of platinum(lI\VV) compounds received more attention, since
they offer several advantages: (i) Kinetical inertness and hence possibility of oral
administration, (ii) enabling a better fine-tuning of pharmacological properties due to
variation of six instead of four coordination sites, and (iii) acting as prodrug due to reduction
inside the tumor tissue.[1] Additionally, also compounds bearing other transition metals, have
shown interesting cytotoxic profiles or are even being investigated in clinical trials.[2]
Amongst them, ferrocenyl-bearing molecules have shown remarkable cytotoxic activity in
vitro as well as in vivo. [3] In order to combine cytotoxic activity of both platinum(IV) and
ferrocenyl compounds, the aim of this project was to design the first anticancer platinum(IV)
complexes bearing ferrocenyl moieties. Five different ferrocenyl precursors containing either
an amine or an alcohol group were synthesized and coupled to a platinum(IV) precursors
bearing either one or two carboxylic acid groups. All synthesized compounds were
characterized by ESI-MS, elemental analysis, and multinuclear NMR spectroscopy.
Promising IC50 values in the low micromolar range could be found in CH1 and SW480
human carcinoma cells. It has to be kept in mind that platinum(IV) agents act as prodrugs and
have to be activated by reduction inside the tumor tissue before taking its antiproliferative
effect.
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Peptidomimetics derived from ferrocene mono- and diamines
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Ferrocene-peptide conjugates present useful and efficient bioorganometallic constraint
designed to induce chirally organized structures through intramolecular hydrogen bonding as
a prerequisite for 3D structure formation and function of biological systems. As opposed to
well-documented peptides derived from ferrocene-1,1’-dicarboxylic acid (Fcda) and 1°-
aminoferrocene-1-carboxylic acid (Fca) [1], only two representatives of peptides | derived
from ferrocene-1,1’-diamine were reported [2]. We have established a facile and efficient
synthetic route for preparation of peptides | which does not include unstable Fcda synthon.
Recently, we have showed that introduction of minimum-sized peptide chain on
aminoferrocene II led to the formation of a B-turn-like structure originating from intrachain
hydrogen-bonding [3].
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Herein, we present the synthesis of peptides I and 11 bearing homo- and heterochiral Ala-Pro
sequences followed by extensive studies of their conformational preferences in solution as
well as in solid state.
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Oxalamide-bridged ferrocenes
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A retropeptides, prepared by insertion of an oxalamide unit into the peptide chains, have been
considered as peptidomimetics due to their proteolytic stability and bioavalibility in comparison with
their natural equivalents [1]. Besides their potential as a peptidomimetics, oxalamides are well suited
in the design of gelling systems [2]. Herein, we present preparation and conformational analysis of an
oxalamide bridged ferrocenes 1 and 2 stabilized through inter- and intramolecular hydrogen-bonding.
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In continuation of our recent work highlighting the interaction between half-sandwich type ruthenium
complexes with potential antiproliferative activity and various small ligands with biological relevance
[1-5], the complex formation between [Ru(n®-p-cym)(H,0)s;]** and short oligopeptides containing
histidine amino acids at various positions in the peptide chain - Ac-HAHH-NH, and Ac-HAHAH-NH;
was studied to model the metal ion binding via the surface histidine residues of h.m.m. serum
components, albumin and transferrin. In the metal ion — oligopeptide systems the rather slow reactions
prevented the characterization of the complex formation processes using pH-potentiometry. Mass
spectrometric, NMR and UV-Vis results support the presence of various complexes with different
protonation degree in solution. This contribution will also summarize the results obtained for the
selectivity of the various imidazole nitrogens within one oligopeptide ligand.
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Much of the current interest in compounds with potential anticancer activity tends to the half-
sandwich type, organometallic Ru(ll) complexes with [(n®-p-cym)Ru(XY)Z] stoichiometry
[1-3]. The in vivo effectiveness of these complexes depends on their interaction with the high
as well as the low molecular mass serum components.

Among them, amino acids with typical [NH,, COQO] coordination play an important role in
metal ion binding. It was found previously that alanine with no donor atom in the side-chain is
not capable of preventing the metal ion from hydrolysis [4]. In order to explore the role of the
strongly coordinating side-chain of amino acids in metal ion binding a comparative study has
been carried out. Recently citrate with [COO", COO", O] binding set proved to be a very
efficient [(n°®-p-cym)Ru(H,0)s]** binder supporting therefore the key role of the alcoholic -OH
[5]. Similar binding motif is available for serine and isoserine by replacing one carboxylate to
an NH, group. While with ser the [NH,, COO’, O] binding set would result in (5+6)
membered joined chelates, with ise (6+5) may occur [4]. To gain a deeper insight into the
effect of the coordinating side-chain with different donor atoms on the stability of the
complexes, methionine and S-methylcysteine - that are capable of forming [NH,, COO", S7]
joined chelates - were also studied.

This contribution summarizes the solid state structures and the results of a detailed solution
study obtained by combined use of pH-potentiometry, ‘H NMR and ESI-TOF-MS methods.
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Despite the enormous number of new synthesized substances being successful in preclinical
tests, only very few succeed in clinical trials. One reason for this discrepancy is the
incompleteness of in vitro drug test models [1]. In this study we investigated the anticancer
activity of clinically approved, investigational and experimental drugs based on platinum,
gallium, ruthenium and lanthanum in different cell culture models such as monolayers,
multicellular spheroids, as well as invasion and metastasis models.

As hypoxic and necrotic regions with low pH and oxygen level are known to be one of the
main characteristics of native solid tumors, which (together with the increased distance from
blood vessels) affect drug penetration and may cause drug resistance ([2,3], we used two
different spheroid models. While spheroids with a diameter of ~450 um have both a necrotic
and hypoxic core, neither a hypoxic nor a necrotic core could be detected in spheroids of ~200
MM, In general, most of the compounds showed lower activity in both spheroid models than
in monolayers. Some compounds however, showed similar or even higher activity in spheroid
models, which may be explained by different processing of the drug within the spheroid.

We further investigated the anti-invasive activity of ruthenium, osmium and gallium based
complexes in both a monolayer based trans-well assay and a spheroid based invasion assay.
Corresponding to the cytotoxicity test, most compounds caused significant inhibition of
invasiveness in monolayers, whereas only a few showed similar activity in the spheroid
model.

Taken together, our results demonstrate the advantages of spheroid based assays and
underline the necessity of using different experimental models for reliable preclinical
investigations.
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Iron is an essential element in living organisms. It is an important co-factor of many enzymes
participating in electron transfer reactions. In cells, iron forms various coordination
complexes not only with proteins, but with low weight compounds as well. This “poorly
liganded” iron may enter in pathogenesis of degenerative diseases by reactive oxygen species
(ROS) production. High concentrations of ROS cause apoptosis but low concentrations are
indispensible for maintaining of the redox homeostasis as an important component of cell
signalling.

During the last decades, the intermediates of the kynurenine pathway have been identified as
possible key substances in certain physiological and pathophysiological processes in the
brain. We focused on two compounds on this pathway — anthranilic and 3-hydroxyanilic
acids, specifically on their ability to interact with iron ion catalysed ROS production. The
ultimate activities of these acids depended on the coordination complexes formation with iron
as well as on the chemical milieu; anthranilic acid showed antioxidant effects whereas 3-
hydroxyanthranilic acid demonstrated both antioxidant and pro-oxidant activities.
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The ability to adopt different geometries gives metal scaffolds a greater structural diversity
compared to their organic counterpart, and makes them a viable alternative for drug design.
Multicomponent Reactions, Combinatorial Coordination Chemistry and High-throughput
Screening are useful techniques in drug discovery but they are seldom used for metal-based
drug design. We demonstrate their effective use in metal-based drug design through the
optimization and validation of a new combinatorial, three-component reaction for the library-
synthesis of 442 Ru-Arene Schiff-base (RAS) complexes. These RAS complexes were
synthesized using commercially available starting materials in a one-pot, on-a-plate format
with a H,O/DMSO solvent system. The library of RAS complexes was then screened for their
anticancer activity and several cytotoxic lead compounds were identified. Several of the lead
compounds displayed low micromolar 1C50 values in ovarian cancers (A2780, A2780cis),
breast cancer (MCF7) and colorectal cancers (HCT116, SW480). The absence of p53
activation in HCT116 or change in activity between p53+/+ and p53-/- human foreskin cells
(BJwt, BJshp53) suggests the lead compounds may act independently of the p53 tumor
suppressor gene frequently mutated in cancer.

) at.fial Metallo-3-Component Assembly
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Recently, the interest in metal based anticancer research shows a pronounced shift towards
compounds possessing cytotoxic effect different from platinum based compounds. The most
promising candidates in this field are Ru(ll1)-based complexes KP1019 and NAMI-A, which
have been investigated in clinical trials with promising results. At the same time there are
clear evidences that the active form contains the reduced metal ion, hence half sandwich
Ru(ll)-arene complexes are extensively investigated. Os(Il), Rh(llI), Ir(lll) complexes are
isoelectronic with Ru(I1); and introducing of n®-arene or n°>-arenyl ligands in the coordination
sphere improve a several orders of magnitude higher ligand exchange rate, which is &
prerequisite of efficacy for this type of complexes [1].

Here we report the solution equilibrium studies on four [Rh(III)(n>-Cp*)]** complexes formed
with (O,0) and (N,N) ligands. These studies were performed using pH-potentiometry, UV-
Vis spectrophotometry and ‘H NMR spectroscopy.

Further interesting question is the exploration of possible transport mechanisms in blood
serum. The most abundant transporter in blood serum is albumin that has an extraordinary
capacity to transport a wide variety of compounds. Therefore spectrofluorometry, capillary
electrophoresis, '"H NMR and ultrafiltration—UV-Vis techniques were used to get a deeper
insight into the nature and strength of the interaction of complexes with (O,0) and (N,O)
donors towards human serum albumin.

Financial support by the OTKA 103905 and TAMOP 4.2.4. A/2-11-1-2012-0001 is gratefully
acknowledged.

i

(X,Y)= (0,0): maltol, deferiprone
Rh, (O,N): picolinicacid
X (N.N): en, bipyridine
H,O/Cl Y. p)
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Serious side effects and resistance against antitumor platinum derivatives led to extensive
investigation of non-platinum compounds such as Ru, Rh, Ga etc. Development of novel
organometallic Ru(Il) and Rh(Ill) compounds with potential antitumor activity also attracts
attention. The characterization of the potentially active complexes in aqueous solution can
provide sufficient information on the possible biotransformation processes of metal-
containing drug candidates in the biological fluids. As a continuation of our former studies on
(allo)maltolato complexes of [Rh(111)(n>-Cp*)]** [1] here we present the solution equilibria on
complexes formed with various (O,X) bidentate ligands investigated by pH-potentiometry, *H
NMR and UV-visible spectrophotometry. Speciation of these rhodium complexes is compared
to analogous [Ru(ll)(n®-p-cymene)]** compounds [2,3].

I/" ~\\‘I
: !
! !
; @ X = O:allomaltol !
i " N: picolinic acid !
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1 1

2R zRU- S: thiomaltol

b\_) O\_) Z=H,0 or CI-
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Triapine (3-AP) is a thiosemicarbazone which is being clinically developed by the cancer
therapy evaluation program of the NCI and is well known to inhibit ribonucleotide reductase.
It was/is the subject to 36 clinical trials. Fluorescence microscopy studies performed in our
institute showed colocalization of 3-AP with the endoplasmic reticulum (ER). When the cell
has to cope with an overload of un- and/or misfolded proteins it activates the unfolded protein
response (UPR) as part of the endoplasmic reticulum stress (ER stress). Severe ER stress
leads to apoptosis induction if the cell cannot handle the misfolded protein burden.! In cancer
cells a variety of proteins are translated due to enhanced metabolism resulting in elevated
levels also of un- and/or misfolded proteins. This makes ER stress a promising target for
anticancer therapy. We investigated the potential of Triapine and its dimethylated derivative
(3-AP-Me) to induce UPR as well as ER stress and the impact of those mechanisms on their
mode of action. Elevated levels of different key factors of both mechanisms were found on
the mRNA level in RT gPCR as well as on the protein level in Western blot experiments. E.g.,
XBPI mRNA is significantly spliced after treatment with 3-AP-Me. This leads to a shorter
MRNA, and the resulting frameshift allows translation of the functional transcription factor
that activates not only different chaperones but also different genes for protein degradation.
EIF2a is activated via phosphorylation, which leads to a translational block of cap dependent
genes and an overexpression of the transcription factor ATF4 which we could show as well.
ATF4 activates after translocation to the nucleus not only stress responses and redox reactions
but also CHOP. CHOP is a proapoptotic protein which was also shown to be upregulated after
treatment with both thiosemicarbazones. MTT assays revealed a significant decrease of
cytotoxicity when protein synthesis was inhibited by cycloheximide (CHX), which reduces
the protein load to the ER; as well as when translation from ER stress to apoptosis was
inhibited by a c-Jun-N-terminal kinase (JNK) inhibitor, which proves the impact of the
mentioned mechanisms on the mode of action of 3-AP and 3-AP-Me.?
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Arene ruthenium complexes of a-amino acids, obtained by mixing aqueous solutions of [(n°-
p-cymene)RuCl,], in the presence of AgCF;SO; with various amino acids, have been studied
at 37 °C using NMR spectroscopy and electrospray ionization mass spectrometry (ESI-MS).
Presumably, complexes with the general formula [(n°-p-cymene)Ru(AA)2]™ and bridged
complexes with the general formula [((n°-p-cymene)Ru)2(n-AA),(m-OH)]* are formed
together with the expected bi- and tridentate chelate complexes. All complexes are highly
cytotoxic, with ICs, values ranging from 0.16 to 19.8 microM. Interestingly, all complexes
exhibit selectivity towards A2780 versus A2780cisR cells, indicating a distinct mechanism of
action, different from that of many previously reported cytotoxic ruthenium complexes. No
direct correlation between the kinetics of formation and the cytotoxicity could be evidenced,
suggesting that other physico-chemical parameters such as the stability and ligand exchange
kinetics may play an important role in their biological activity [1].

bidentate tridentate
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We recently synthesized thiophenolato-bridged p-cymene ruthenium complexes of the type
[(n®-p-MeCsH,Pr'),Ru,(SR):]*, which are highly cytotoxic against human ovarian cancer cells,
the ICs, values being in the nanomolar range [1-3]. Their exact mechanism of action is stil
unclear, although the cytotoxicity of these complexes could be to a certain extent correlated to
the lipophilicity of the corresponding thiophenol ligands [2-3].

In this contribution, the influence of the arene on the in vitro cytotoxicity is investigated.

For this purpose, a new series of eight thiolato-bridged arene ruthenium complexes bearing 4-
methylthiophenolato or 4-methylcoumarin-7-mercapto bridges and biphenyl, 5,8,9,10-
tetrahydroanthracene, indane, and 1,2,3,4-tetrahydronaphtalene as arene ligands have been
synthesized and studied for their in vitro cytotoxicity.
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Platinum(IV) complexes are an attractive way to overcome the disadvantages of platinum(ll)-
based chemotherapeutics such as severe side effects or resistances, because they are
kinetically more inert to ligand substitution and their higher lipophilicity can improve the
cellular uptake.[1][2] The platinum(IV) complexes reported herein have shown activity in
vitro in CH1 and SW480 cells in the micromolar range. As platinum(Il) biotransformation
products are expected to be the active species of the platinum(lV) complexes, the reduction
properties of the complexes in the presence of GSH and ascorbic acid were studied with NMR
and their behavior under co-incubation with ascorbic acid by using the MTT-based
cytotoxicity assay. To get a deeper insight in the accumulation behavior of the compounds
cellular uptake studies at 37 °C were performed by using ICP-MS to quantify the amount of
platinum in SW480 cells upon exposure to seven different platinum(l\V) complexes
representing variations in all ligand positions. First results have shown that the lipophilicity of
the compounds has not the expected impact on the cellular accumulation. Further uptake
experiments at 4 °C were carried out to suppress the active transport into the cells to assess
whether the compounds are taken up actively or passively. Three of the compounds with
similar structure have shown a strong temperature-dependent accumulation, which can be alsc
found for satraplatin, the most promising platinum(IVV) compound in clinical trials.[3] These
results lead to the following conclusions: the axial ligands are influencing the lipophilicity but
are not the major determinants for cellular accumulation, whereas the equatorial ligands can
have a strong influence. It seems that chlorides as equatorial leaving groups are associated
with a temperature-dependent accumulation. To determine whether the compounds enter the
cells by an energy-dependent process, further uptake studies will be performed in which the
gylcolysis and the oxidative phosphorylation will be inhibited with 2-deoxyglucose and
oligomycin, respectively.
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Among the great number of non-platinum metal complexes examined for anticancer characteristics up
to date, recent attention is focused on ruthenium complexes. Ruthenium complexes are reported to
show patterns of antitumor activity and clinical toxicity that are distinct from those of platinum
complexes. Because of the ability of ruthenium(ll)-arene species to coordinate to different classes of
ligands, they are suitable for fine-tuning chemical and pharmaceutical properties.

Ruthenium(Il)-arene complexes containing different types of ligands: propyl-, butyl- and caprylic
hydrazide (hydrazide with short and long hydrocarbon chain); isonicotinic acid hydrazide (a hydrazide
with an aromatic pyridine ring); benzimidazole derivatives; thiourea or guanidine derivatives of
chloroquinoline and pyridine-3-imidazole were obtained.

The complexes were characterized by elemental analysis, mass
spectrometry, IR and NMR spectroscopies. The structure of some
complexes were determined by X-ray crystallography (Figure).

Antiproliferative activity of the complexes with caprylic hydrazide
and isonicotinic acid hydrazide, determined for three human
cancer cell lines (HeLa, A549 and LS-174) revealed moderate
activity. The cytotoxicity of other complexes is under evaluation.
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In attempts to develop an orally applicable platinum-based drug, platinum(lV) drugs were
formulated which exhibit higher stability in vivo compared to the platinum(ll) drug cisplatin.
The first such chemotherapeutic agent, namely satraplatin, failed approval. In the present
work, we checked the initial cellular stress response of the chemosensitive NCI-H526 small
cell lung cancer (SCLC) cells by determination of the relative phosphorylation of 46 specific
phosphorylation sites of 38 selected proteins in a six hours response to cisplatin (platinum(Il))
or oxoplatin (platinum(IV)), respectively (Proteome Profiler Human Phospho-Kinase Array
Kit, R&D, MN, USA). Oxoplatin is considered as prodrug of cisplatin, although several
findings point to differences in their intracellular targets and effects. Cisplatin induced
hyperphosphorylation of p38a MAPK and AMPKal, whereas oxoplatin treatment resulted in
increased phosphorylation of a large number of signaling proteins involved in stress
response/drug resistance, comprising JNK, GSK-3a, AMPKal, src kinases, STATs, CHK-2
and especially focal adhesion kinase (FAK), among others. Cisplatin exerts markedly higher
cytotoxicity upon four hours short-term exposure in comparison to oxoplatin and,
correspondingly, the extensive initial stress response to the platinum(1V) drug oxoplatin is
expected to increase clinical drug resistance. Induction of a substantial stress response to any
prodrug of a platinum-based compound may likewise limit the effectivity of its subsequently
generated active metabolite(s), such contributing to insufficient cytotoxicity of selected
derivatized platinum complexes.
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Carbon monoxide has come a long way from just being considered as a silent killer and an
environmental pollutant to an important molecular messenger involved in several
physiological processes. Recently, important progress has been made towards developing
photoactive CO-releasing moieties (PhotoCORMS) for possible therapeutic applications [1].
Here, The synthesis and characterization of new rhenium tricarbonyl diimine complexes of
the type fac-Re(1,2-diimine)(CO)sCl, carring bis-(phenylimino)acenaphtene ligands (BIAN)
1-3 is reported [2].
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Among these novel complexes, a special focus will be given to the deeply coloured water-
soluble organometallic rhenium (I) derivative 3, which offers highly desirable feauters for
potential biomedical and catalytic applications such as light-controlled release of carbon
monoxide (PhotoCORMS) [3], and homogenous photocatalytic CO, reduction.

CO liberated from the irradiated solutions of CORMs 1-3 has been quantified in the
headspace gas using FTIR and GC analysis.
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The chromone skeleton is a core structural motif in the flavones family. Due to their
biological properties flavones have been in focus of medicinal chemistry for many years. In
contrary, valuable biological properties of the ferrocenyl-flavone conjugates have been
noticed only recently.! We have an on-going programme of study into the biological
application of organometallic chromones.” Here we want to report on ferrocenyl-chromones
1 and 2 as a novel anticancer and antibacterial active bioorganometallics (Fig. 1). The
mechanism of anticancer activity of 1 and 2 involve oxidative stress induction, DNA scission,
and apoptosis induction. Moreover our results show that some compounds of class 2 induce of
the HEP-G2, MCF-7 and CCRF-CEM cell cycle arrest in G2/M phase.
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Biogenic nucleobases, are an attractive targets for ferrocenyl conjugation. In connection with
our previous studies on biologically active ferrocenes, we have started a new project in the
chemistry of ferrocenyl-nucleobase conjugates.*? Herein presentation report on the synthesis,
structure, and biological activity of metallocene-uracils 1-4 (Fig. 1).
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The synthetic approach towards complexes 1-4 employ a Michael addition reaction as a key
step.? Biological evaluation results indicated the thymine derivative 3 (M=Fe, R = CH3) the
most antiproliferative active complex (ICs, = 23.8 uM) against MCF-7 cells and derivative 1
(M = Fe, R = F) the most active antibacterial agent against Gram-positive methicillin-resistant
and vancomycin-resistant Staphylococcus aureus strains (MIC = 32 ug mL™).?
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Over the last 15 years, the interest in the pharmacological activity of exogenous CO has
greatly increased, due to its beneficial therapeutic effect. CO-releasing molecules (CORMS)
may find the application in the treatment of patients with cardiovascular problems, in
suppressing organ graft rejection and protecting tissues from ischemic injury and
apoptosis[1]. Control of the amount of CO released from CO-RMs, in order to avoid toxic
effects of carbon monoxide, is the main problem in the application of CO as therapeutic agent.
The new strategies where CO release is stimulated by light or enzymes offer the possibility to
control the location, time and therapeutic dosage of carbon monoxide[2]. The conversion of
deoxy-myoglobin (deoxy-Mb) to carbonmonoxy-myoglobin (Mb-CO) UV-vis assay is the
principal method used for quantifying the rates of CO release from CO-RMs (Fig. 1).
Recently we have developed a new method for monitoring carbon monoxide release from
CO-RMs based on LC-MS spectrometry. For many years we have worked on metallocarbonyl
complexes of different metals bearing a maleimidato ligand which could be applied as
proteins labels (detected by IR spectroscopy)and enzyme inhibitors. Our recent studies have
shown that these complexes activated by irradiation could also serve as CO-releasing
molecules.
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Fig. 1. UV-vis spectra of deoxy-Mb and Mb-CO (left). Structure of metallocarbonyl
complexes (1°-CsHs)M(CO),(n'-N-maleimidato) (M=Mo, W, Fe, Ru; n=3, 2) (right).

Herein we describe activated-by-visible-light CO-releasing properties of complexes
(°-CsHs)M(CO),(n*-N-maleimidato) ( M=Mo, W, Fe, Ru; n=3, 2).
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Quinolinic acid (QUIN) is an intermediate of the kynurenine pathway. Several decades ago,
QUIN was identified as an endogenous neurotoxine that is able to increase production of
cytotoxic reactive oxygen species (ROS). It is generally assumed that coordination complexes
of QUIN with iron ions play a key role in the ROS production caused by QUIN.

In cells, iron occurs as iron(l11) due to the presence of ascorbic acid and various other reducing
agents. The oxidative attack can release iron(ll) from its complexes with proteins allowing it
to enter new coordination complexes that facilitate ROS formation catalysis. Hydroxyl
radicals are the most aggressive products of the Fenton reaction. On the contrary, ROS are
known to participate in cell signalling. The cell redox homeostasis is maintained by enzymatic
and non-enzymatic systems.

The possible effects of the iron—-QUIN complexes on the ROS production were explored by
differential pulse voltammetry and the deoxyribose degradation assay. The redox potential of
iron was shifted to anodic direction when liganded by QUIN. Equally important, in the
deoxyribose degradation assay, QUIN showed pro- or antioxidant activities due to hydrogen
peroxide and ascorbic acid concentrations. QUIN did not demonstrate direct ROS scavenging
or producing activities. However, it influenced Fe(ll)/Fe(lll) redox cycling by complex
formation with Fe. The results suggest that QUIN may serve as a low-molecular modulator of
redox homeostasis.
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Metal-arene complexes are extensively studied especially for their role in catalysis[1] and
medicinal inorganic chemistry, [2] where complexes of the general formula [M(arene)Cl,].
(M = Ru(ll), Os(Il), Rh(I1I), Ir(1l1); arene = benzene, p-cymene, toluene, biphenyl, Cp*) can
act as precursor for the synthesis of different potential metallodrugs. To improve their
stability as well as solubility in aqueous media, chlorido ligands can be easily replaced by
stronger donor molecules such as N-heterocycles.

The previous standard procedure for the substitution of the halide by a N-donor ligand
included reaction times ranging from several hours to days either at room temperature or
reflux.[3] However, the formation of side products is forced under these conditions and the
resulting more complicate purification reduces the overall yield.

We have utilized microwave conditions to overcome these drawbacks. The synthesis of 15
organometallic precursors under optimized reaction will be presented. It was possible to
reduce the reaction time from hours or days to minutes, accompanied by smaller solvent
amounts and - in some cases - with an increased yield.
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Organometallic carbonyl complexes show intense carbonyl (CO) stretching vibrations in the
mid-infrared (IR) at 1800-2200 cm™, a region which is relatively free of interference from
other functional groups in the cellular content. This characteristic feature was first utilized by
Jaouen and co-workers in the development of a quantitative assay termed carbonyl
metalloimmunoassay (CMIA). ** We have now extended this concept by coupling such
complexes with SERS-active colloids and planar substrates, and employed them for cancer
cells and glucose detection, respectively.*® The unhindered CO stretching vibrations are
utilized for qualitative and quantitative detection of the target molecules. In the colloidal
platform, organometallic-nanoparticle (OM-NP) conjugates, which are prepared by
combining triosmium carbonyl clusters with gold nanoparticles, have been used successfully
in SERS live-cell imaging (figure 1A). In the planar substrate platform, a triosmium carbonyl
cluster-boronic acid conjugate is used as a secondary carbohydrate probe in a sensitive and
selective SERS-based glucose assay (figure 1B).
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Figure 1. Schematic representations of the use of organometallic carbonyl complexes in
SERS applications.
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There is an increasing interest in the application of organometallic compounds in drug
development; a prime example of which is the development of ferrocifens, reported by Jaouen
and co-workers, who found that these compounds expressed high antiproliferative activity
against both ER+ and ER- breast cancer cells (IC50 ~ 0.5 pM),! in contrast to the organic
analogue, hydroxytamoxifen, which is only active against ER + cancer cells. In order to gain
an insight into the role of the metal, three series of the group 8 metallocifens (Figure 1) were
prepared, and their physical properties, chemical reactivities and antiproliferative activities

compared.
OH OH OH

differences in their structural and @ O @
physical properties, but there were great e _
differences in their biological activity. ™ Q M O M Q

@ @ OH O

The hydroxymetallocifens (1c, 2c, 3c) ==

were active against both ER+ and ER- - oo e M R
cancer cells, and their activities followed =~ M=0©s32 M= 0Os 3b M=0s 3¢
the order: Fe>Ru>0s. While 1a and 1b Figure 1. The metallocifens (Fe, Ru, Os) studied.
were active against both cell lines, 2a, 2b, 3a and 3b showed no activity against the ER-
cancer cells but exhibited proliferative effects against the ER+ cancer cells. These suggest that
the modes of action for the phenol and amine chain derivatives are different and probably
ascribable to differences in chemical reactivity. Detailed chemical/biological reactivity studies

are underway, as are synchronton imaging with the heavier ruthenium/osmium analogues.

All the compounds showed no significant

CHy)3NMe,
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In order to reduce the broad spectrum of severe side effects caused by cisplatin, carboplatin,
and oxaliplatin, complexes with other metal centers have been investigated as
chemotherapeutic agents. In 1979, Kopf and Kopf-Maier tested a group of metallocenes of the
general formula Cp,MX; (M =Ti, V, Nb, Mo; X = halides and pseudo-halides) on a variety of
tumor cells and revealed that these compounds exhibited antitumor activity with less toxic
effects than cisplatin.[1] The Cp rings of the molybdenocene dichloride possesses a good
hydrolytic stability, however, in aqueous solution the labile chloride ligands are rapidly
replaced by water molecules. By substituting these chloride ligands with biologically active
ligands, favorable effects such as stabilization of ligand geometries, acquired redox-activity,
increased solubility, enhanced cellular uptake, different mode of action and synergistic effects
on bioactivity are to be expected. In this work, we substituted the chlorido leaving groups
with various bioactive O,0-; S,0-; and N,O-chelating moieties including: picolinic acid,
(thio)pyrones, naphthoquinones and (thio)flavones derivatives and analyzed the impact on
their stabilities, HSA interaction, redox potential and anticancer activity.
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Cyclopentadienyl iridium(l11) half-sandwich complexes can
exhibit potent anticancer activity in a variety of cancer cell
lines. We have shown that their potency increases with
hydrophobicity, addition of phenyl substituents on the Cp*
ring and by switching from -N,N based chelating ligands to -
C,N chelating ligands [1,2]. Here we investigate the
contrasting biological activity of a series of iridium(l11) half-
sandwich complexes containing functionally diverse 2-
phenylpyridine ligands.
The antiproliferative activity of these complexes spans &
Ri.5 = -F, -CF3, -CHO, -NO,, -OH, \yjde range, with ICs, values between 1 - 89 uM in a variety
-CH,0H, -OCH3, -CH3, -H . . . .
of cancer cell lines, with contrasting activity observed for
structural isomers. We have studied correlations between anticancer activity and
hydrophobicity, iridium cellular accumulation and distribution. The results indicate 3
correlation between hydrophobicity and cellular accumulation, and a weak correlation
between accumulation and antiproliferative activity. We have shown that the substituent on
the chelating ligand significantly affects the phase of cell cycle arrest. Similarly we showed
that the induction of apoptosis is dependent on the structure of the complex. Interestingly,
these complexes can catalytically oxidise NADH to NAD* and may have a multi-targeting
redox mechanism of action [3], although this behaviour does not correlate directly with
antiproliferative potency. We are investigating the ability of these complexes to bind to CT-
DNA and their interactions with ROS-related enzymes. This work shows how small variations
of functionality on the chelating ligand can significantly affect the biological activity of this

series of iridium(I11) complexes.
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Platinum-based anticancer drugs are applied in 50% of all cancer therapies; however, the
unselective mode of action of these chemotherapeutics results in severe side effects. Apart
from the high toxicity, intrinsic and/or acquired resistances are major drawbacks, which
induced an expansion of cancer research to other metal centers besides platinum [1]. 1,3-
Dioxoindan-2-carboxamides, due to structural similarities to known dual topoisomerase /Il
inhibitors, show very promising anticancer activity [2].

The aim of this project was the generation of compounds, which exploit synergistic effects of
bioactive ligands being coordinated to cytotoxic transition metal centers. Four differently N-
alkylated indan-1,3-dione-2-carboxamides and their ‘piano-stool’ configured Ru(ll)-cymene
and Rh(I11)-Cp* complexes were synthesized and characterized via 1D and 2D NMR
spectroscopy, elemental analysis, and in two cases by X-ray diffraction analysis. By the use of
ESI mass spectrometry the complexes were investigated toward their behavior in aqueous
systems and their binding preferences towards biomolecules were examined.
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Ferrocene, which is recognized as one of the most stable organometallic compounds and a
most useful one among metallocenes, has drawn much attention in their application to
materials based on a reversible redox couple and two rotatory coplanar cyclopentadienyl (Cp)
rings. The inter-ring distance of ferrocene is suitable for hydrogen bonding of the attached
peptide strands. The utilization of a ferrocene unit as a central reverse-turn unit is considered
to be one strategy to study the hydrogen bonding ability of various peptide strands. We have
already demonstrated that a combination of the ferrocene scaffold as a central reverse-turn
unit with the dipeptide chains (-L-Ala-L-Pro-) induces the chirality-organized structure,
resulting in the P-helical arrangement of the ferrocenoyl moiety [1]. We herein report the
control of chirality-organized structures of ferrocene-dipeptide conjugates bearing disulfide
linkage.

Ferrocene-dipeptide conjugates 1 and 2 were synthesized from 1,1'-bis(chlorocarbonyl)-
ferrocene and the corresponding dipeptide derivatives (-L-Ala-D-Pro-). The ferrocene-
dipeptide conjugate 1 was found to form the M-helical arrangement of the ferrocenoyl moiety.
On the other hand, the reduction to the thiol 2 resulted in the formation of the P-helical
arrangement of the ferrocenoyl moiety.

M-helical chirality P-helical chirality
H
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Although carbon monoxide is commonly only known as a highly toxic gas, it is now alsc
well-established as an endogenously produced gasotransmitter in higher organisms, including
humans. There, it has cytoprotective effects against oxidative stress and acts as a small-
molecule messenger on a number of cellular targets. For clinical applications in human
medicine, metal carbonyl complexes, which release CO triggered by ligand exchange or
photolysis, are promising carrying systems. Studies of the biological activity of these
CO-releasing molecules (CORMs) face the challenge of the formation of a metal-coligand
fragment (called inactivated CORM or iCORM) in addition to carbon monoxide. These
iICORMs have one or more free coordination sites, which can potentially react with solvent or
bio(macro)molecules to form bioactive side-products. Furthermore, the molecular structure of
these iCORM is currently unknown in most cases. *°!
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Therefore, we have prepared metal carbonyl complexes with additional free ligand “arms”,
which can bind to the coordination site(s) vacated by the CO released via neighbor-group
effects. Using tris(2 picolyl)amine (tpa) as a ligand, the reaction with manganese(l)
pentacarbonyl bromide lead to [Mn(CO)s(tpa-x*N)]*, which still contains one non-coordinated
pyridyl group. The binding of the free arm following the photoinduced release of CO could be
demonstrated by UV/Vis, IR, NMR and DFT studies. Furthermore, preliminary data on the
photoactivated bactericidal activity of this CORM will be presented.
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Topoisomerase Ila is an essential nuclear enzyme that plays a role in every aspect of DNA
functionality (replication, transcription, recombination and chromosome condensation) and is
the primary target for a number of clinically important cytotoxic drugs [1]. Ruthenium(Il) and
rhodium(111) compounds bearing indan-1,3-dione-2-carboxamides as bioactive ligand systems
exhibit promising anticancer activity, at least partially due to structural similarities with the
topoisomerase inhibitor TAS-103 [2]. The cytotoxic potency of novel metal-based indan-1,3-
dione-2-carboxamide complexes was tested in human cancer cell lines A549 (non-small lung
cancer), CH1 (ovarian carcinoma) and SW480 (colon cancer) by the MTT assay. All
compounds show similar activity in the lower micromolar concentration range in all three cell
lines. As analogs of TAS-103 they were studied in the DNA relaxation assay for their
topoisomerase Ila inhibition properties. The capacity of altering the secondary structure of
DNA was studied in cell-free experiments using an electrophoretic dsDNA plasmid assay.
Ruthenium- and rhodium-based complexes (but not the free ligand) display a high capacity of
topoisomerase Ilo inhibition in the DNA relaxation assay, and only a ruthenium-based
complex induces changes in the electrophoretic mobility of the dSDNA plasmid, suggesting a
direct interaction with DNA in this singular case. Changes in cell cycle distribution induced
by these substances were examined by FACS using propidium iodide staining, revealing an
increase of the S-phase fraction after 8 h exposure to the complexes, consistent with
topoisomerase inhibition. The results suggest that topoisomerase Ilo is a target for
ruthenium(ll)- and rhodium(lll)-based indan-1,3-dione-2-carboxamides complexes. In
addition, the organometallic complexes show a significantly higher enzyme inhibitory
capacity compared to the free ligand. Therefore, ruthenium(ll) and rhodium(I11) compounds
based on indan-1,3-dione-2-carboxamide derivatives are promising candidates for the
development of anticancer agents with topoisomerase Ila inhibition properties.
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The cellular mechanism of action of iridium(lll) half-sandwich complex [(n5-
CsMeyCsH4CeHs)Ir(phen)CIIPFs (1) is reported. Complex 1 was used to treat several cell
lines, including carcinoma cells cisplatin-sensitive, cisplatin-resistant (with intrinsic and
acquired resistance), with wild type p53 status as well as the cells with no intact p53 gene, and
nontumorigenic cells. Complex 1 preferentially kills cancer cells over nontumorigenic cells
and exhibits no cross-resistance with cisplatin. It appears to retain significant activity in
human tumor cell lines that are refractory or poorly responsive to cisplatin, and in contrast to
cisplatin it displays a high activity in human tumor cell lines that are characterized by both
wild type and mutant p53 gene. The mechanism of cell killing was established through
detailed cell-based assays. Complex 1 exhibits dual effects in killing cancer cells causing
nuclear DNA damage and mitochondrial dysfunction involving ROS production
simultaneously. Flow cytometric studies and impedance-based monitoring of cellular
responses to 1 demonstrated that 1 acts more quickly than cisplatin to induce cell death and
that 1 is effective apoptosis inducer in particular in early stages of treatment, when the
apoptotic effects predominate over the necrosis. Our findings confirm that 1 and its iridium
derivatives represent promising candidates for additional pre-clinical studies and new
additions to the growing family of nonplatinum metal-based anticancer complexes.® 2
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A worldwide survey suggested that in 2008 there were 12.7m new cases of cancer and 7.6 m
fatalities due to cancer (13% of total deaths), giving a crude fatality rate of 60%.[1]

Most anti-cancer drugs are organic products, but the advent of cisplatin has led to platinum-
based molecules becoming widely used in chemotherapy. There are, however, problems with
platinum therapies, and a variety of anti-cancer candidates using different metals are being
developed; our work centres on the use of ruthenium (I1) in this context.

Although some ruthenium-based molecules have shown promising activities,[2] our
understanding of their mode(s) of action is incomplete.[3] Specifically, the binding- or redox-
pathways leading to cell death are unclear, hindering the rational improvement of these drugs.

Our broad aim is to pursue a rational course of drug candidate design and improvement
involving Ru(ll) arenes (examples pictured). We hope to do this by addressing some very
simple questions about Ru(ll) binding using techniques such as MS and NMR. Questions
such as: What biological residues (if any) does ruthenium bind to? Which does it bind to in
preference? What is the extent of this preference? Do the binding constants change markedly
between conditions (pH, O, levels) mimicking cancerous and healthy cells? Is reactivity under
kinetic or thermodynamic

control? Answering questions © ©
such as this is the first step in -
manipulating the properties of
the molecules to rationally

improve the performance of
drug candidates. F

+
Cl/Ru-unllN
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The antineoplastic agent paclitaxel 1, promote polymerization of tubulin and stabilize
microtubule, which disturb in proliferation of the cells and consequently cause the death of
the cancer cells’. Ferrocen, is redox active, nontoxic and stable in biologically media
metalocene, shown only slight cytotoxic activity, whereas when conjugated with biologically
active compounds it provides some promising anticancer agents®. Continuing our research of
cytotoxic ferrocenyl compounds®® we became interested in synthesis of a ferrocenyl analogue
of paclitaxel (Scheme 1). Some of the synthesized compounds exhibited anticancer activities
at submiromolar. In this communication we will disclose a synthesis and biological
properties, e.g. anticancer activities, tubulin.

Acknowledgement: The authors are grateful for the financial support of The National Science
Centre (Poland) based on the decision no DEC-2012/05/B/ST5/00300

Scheme 1. Paclitaxel and its ferrocenyl analogs
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Hydrogen sulfide' and carbon monoxide® has been shown to act as signaling molecules® in
biological systems. A class of transition metal carbonyl complexes has been synthesized and
characterized. These metal carbonyl complexes are water soluble and have been shown to
release their ligands in the form of the two naturally occurring gasotransmitters - hydrogen
sulfide and carbon monoxide, in a controlled manner.
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Vitamin By, (1) is an enzymatic cofactor involved in cell-growth processes in many organisms
including humans.™ Therefore fast-proliferating cells, like cancer cells, take up increased
amounts of this essential nutrient. The design of anti-vitamin By, derivatives (B, surrogates
with modified catalytic activity) represents a promising approach towards the development of
anti-proliferative agents in cancer treatment.

Herein, we present new ring-modified vitamin By, derivatives (2, 3, 4, 5, 6).**Halogenations
of the corrin macrocycle modify strongly the electronic properties of this chromophore, which
plays an important role in the reactivity of the vitamin within the enyzmes. Biological studies
with these new derivatives are currently underway.

Vitamin B1g Anti-vitamin B candidates
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Magnetic nanoparticles are widely employed in a variety of areas including immunoassays,
cell separation, targeted transport of drugs, tissue repair, contrast enhancement in magnetic
resonance imaging and hyperthermia. Magnetic nanoparticles are easily manipulated using a
magnetic field and can be removed from solutions in a matter of minutes. They may be
modified with a variety of biological ligands that have the ability to bind to target compounds
and separate them from complex biological media. To make possible the surface
functionalization of nanoparticles with ligands capable of binding targeted compounds, their
surface should be first coated with functional groups.

Metallocarbonyl complexes and their bioconjugates display specific and intense absorption
bands in the mid-IR spectral range assigned to the stretching vibrations of the carbonyl
ligands which make them useful bioprobes to study biomolecular processes such as hormone-
receptor or antigen-antibody interactions.

&, & @y

O
Fig 1. Synthesis of metallocarbonyl-MNP conjugate

Herein we employed the (n°-cyclopentadienyl)M(CO),(n*-N-maleimidato) (M=Fe, Mo, W,
n=2,3) complexes to introduce IR-active probes onto the surface of magnetic nanoparticles.
Labeling was achieved via covalent binding of the complexes to amine and thiol groups on
the surface of nanoparticles. We also present the derivatization of metallocarbonyl-labeled
magnetic nanoparticles with an antibody to provide IR reporter immunoprobes.
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The double helical DNA is comprised of A-T and G-C base pairs, which are mainly
controlled by hydrogen bonds and n-m interactions. Utilization of self-assembling properties
of nucleobases offers the flexibility of exploiting four different binding motifs. On the other
hand, the linear gold(l) compounds possess interesting property which is attractive aurophilic
interaction with forming the weak Au-Au bond and exhibiting a unique emmission. We have
already demonstrated that bioorganometallic compounds composed of the gold(l) complexes
and guanine show a unique emission based on the aurophilic interaction through self-
assembling of the guanine moiety [1]. We herein report the syntheses and characterization of
the gold(l) complexes having a uracil moiety.

The gold(l) complex 1 was prepared by the reaction of chlorophenylisocyanidegold(l) with 6-
ethynyl-1-octyluracil. The single crystal X-ray structure determination of the gold(l) complex
1 disclosed the dimer structure through hydrogen bonds between the uracil moieties (Figure
1). In the packing structure, the intermolecular Au-Au distance is 3.31 A, indicating Au-Au
interaction in a solid state.
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Figure 1 Crystal structure of the gold(I) complex 1.
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Charge separation is a key step in harvesting light, both in nature and technology. It is realized via
directional electron tunneling, where an electron travels along a series of redox cofactors in a preferred
direction, similar to a diode. Optimizing this process is vital for the development of efficient solar
cells. Charge separation performance is influenced by the redox potentials and distances of the
cofactors.™

Because peptide chemistry is well established, versatile and provides the possibility of combinatorial
synthesis, we decided to arrange redox cofactors using peptides as framework. In order to avoid
exposure to harsh reaction conditions and reduce the required substance amount, we aim for the post-
synthetic grafting of the cofactors onto peptides (Graph).

The particle-based peptide synthesis by Breitling et al.! allows for the parallel synthesis of a large
number of different Amino acid sequences and thus to screen efficiently for performing peptide-based
diodes. This method requires amino acids in 10 g amounts with N-Fmoc protection and OPfp
activation.

We present the post-synthetic grafting of Azidomethylferrocene 2 onto a surface-bound peptide
containing L-Propargylglycine 1 using click chemistry and the characterization via X-ray
Photoelectron spectroscopy.
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Due to their advantageous properties like bioavailability, favorable toxicity profile and high
affinity towards metal ions, pyrones are a promising ligand system for the development of
novel metallodrugs. This intensively studied compound class can be easily converted to their
corresponding thiopyrones. Thiopyrone-based Ru(ll)-arene complexes provide an increased
stability under physiological conditions and a different biomolecule interaction profile
compared to the pyrone analogues. In addition, these compounds exhibit promising
cytotoxicity in vitro[1,2] and are currently investigated in vivo.

The (thio)pyrone library was expanded by modifying the scaffold via Mannich reaction
utilizing morpholine, N-methylpiperazine and piperidine. Due to the emerging interest in
Rh(111) and Os(Il) complexes the series was expanded to the analogous Rh(lIl)-Cp* and
Os(ll)-arene derivatives. All synthesized compounds were characterized by standard
analytical methods and if possible by X-ray diffraction analysis. In addition the stability in
aqueous solution was studied via *H NMR spectroscopy and the cytotoxicity was investigated
by means of the colorimetric MTT assay.
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It is widely accepted that Pt(IV) complexes act as prodrugs, which have to be reduced to the
corresponding Pt(Il) analogues before displaying their anticancer potential (‘activation by
reduction’).l) Nevertheless, the inefficient delivery of the complexes into the cell is one of the
main drawbacks of Pt-based therapy. The loss of axial ligands during the reduction process
provides a promising opportunity for drug targeting strategies. Dendrimers are known for
their well-defined nanosized architectures, multivalency, and narrow polydispersity; of them,
polyamidoamines (PAMAM) are shown to be the most well-characterised dendrimer
family.!”! Their non-toxic, water soluble properties and the high concentration of peripheral
end-groups make PAMAM dendrimers well-suited as innovative scaffolds for drug delivery.
Here, we report for the first time on the synthesis and characterisation of Pt(IV)-
functionalised PAMAM dendrimers. An unsymmetrically carboxylated Pt(IV) analogue of
oxaliplatin was coupled to low generation cationic polyamidoamines with an amino-
terminated surface. One- and two-dimensional NMR spectroscopy measurements were used
to characterise the intermediates and drug-polymer conjugates. Platinum loading was
determined by ICP MS. Evaluation of anti-proliferative properties by means of MTT
colorimetric assay in human cancer cell lines as well as the synthesis of different loaded
polymers is part of ongoing research.
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The reaction of p-cymene ruthenium dichloride dimer with thiols is well known to give the cationic
trithiolato complexes [(n®-p-MeCgH4Pr'),Ru,(1-SR)s]* or the intermediary dithiolato complexes [(n°-
p-MeCgH,Pr'),Ru,Cl,(1-SR),], depending on the reaction conditions [1]. We have recently observed
the formation of previously unknown monothiolato complexes of the general formula [(n°-p-MeCgH,-
Pr'),Ru,Cls(u-SR)] which represent the missing link in the stepwise formation of the trithiolato

complexes.
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Four complexes of this type have been successfully synthesized and evaluated for their activity against
human ovarian cancer (A2780) cells. Their catalytic activity in the oxidation of glutathione was also
studied. Our results provide insight into the structure-activity relationship of thiolato-bridged arene
ruthenium complexes.
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Our group has demonstrated that osmium carbonyl clusters can act as both anti-cancer and
bioimaging agents. Some of the more well-known clusters, such as, Os;(CO);,(NCCHj5),, have
been shown to exhibit good cytotoxicity against breast cancer cell lines,™ while others can
also be used for direct cell imaging in the mid-IR, or as conjugates with SERS-active surfaces,
in bioimaging and bioassays.*®. A very important requirement is, therefore, the construction
of the organometallic cluster bioconjugates.

Oligonucleotides and their derivatives have been widely used as anti-cancer agents and
markers of cell proliferation due to their ability to accumulate in rapidly dividing cells. In this
work, we have demonstrated the synthesis of such conjugates through direct reaction of
triosmium carbonyl clusters with nucleoside derivatives, as well as via click chemistry,
utilizing 5-ethynyl-deoxyuridine. The effect of these conjugates on cell proliferation in MDA-
MB-231 and MCF-7 cells have been assessed in comparison with the non-conjugated
derivatives.
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The rational development of novel drugs requires fundamental knowledge about their activity
and pharmacokinetic behavior in terms of absorption and distribution. In this context, the
accumulation pattern of drugs in the organism can give information on tissue-specific
pharmacology or toxicology and can have a major influence on the therapeutic efficacy and
adverse side effects. In the case of metal-based anticancer drugs, inductively coupled plasma-
mass spectrometry (ICP-MS) serves as ideal analytical tool to track the metal in the organism.
In addition, laser ablation hyphenated to ICP-MS (LA-ICP-MS) has emerged as promising
imaging technique in the medicinal sector to study the distribution of metal-based
chemotherapeutics in biological tissues due to its outstanding capability of spatial resolution
power down to the micrometer scale.

In this study, the anticancer activity of two novel platinum(lV)-based anticancer drug
candidates, as well as of satraplatin was evaluated after i.p. or p.o treatment of mice (using the
CT-26 model) with the respective compound. Mice tissues (including tumor, kidney and
liver), serum and blood pellet were digested using microwave-assisted acid digestion followed
by quantification of platinum by means of ICP-MS.

Despite similar physicochemical properties, the quantitative accumulation of the novel Pt(IV)-
based compounds in mice tissues differed significantly. After oral administration both Pt(1V)
complexes displayed similar in vivo anticancer activity, whereas satraplatin turned out to be
inactive on the CT-26 model. In addition, a quantitative bioimaging LA-ICP-MS technique
was applied to tumor and kidney of mice, allowing spatially-resolved determination of
platinum concentrations within the histological structures of these organs. The suitability of
the quantitative platinum accumulation in mice tissue samples and the serum platinum levels
for the prediction of the in vivo anticancer activity of platinum complexes was assessed.
Moreover, the intratissue distribution pattern of platinum was correlated to the respective
histological image and related to the anticancer activity of the platinum (1) compound.

91



P44

NOVEL PHOTOACTIVATABLE MANGANESE-BASED
CO-RELEASING MOLECULES WITH BENZIMIDAZOLE LIGANDS

? Serpil DEMIR,? ismail OZDEMIR, ? Ulrich SCHATZSCHNEIDER,
° Elvan USTUN
a) Department of Chemistry, Inonii University, 44280 Malatya TURKIYE
b) Institut fir Anorganische Chemie, Julius-Maximilians-Universitat Wirzburg, Am Hubland
D-97074 Wirzburg GERMANY
c)Department of Chemistry, Ordu University, 52200, Ordu TURKIYE
elvanustun77@gmail.com

Metal carbonyl complexes are the systems of choice to exploit the beneficial effects of CO for
therapeutic applications in medicine [1]. Also, photoactivatable CO-releasing molecules
(PhotoCORMSs) are important aspects of these researches [2]. Benzimidazoles are bioactive
compounds with established anti-inflammatory and anti-hypertensive action [3].Therefore, we
decided to combine these two kinds of bioactive molecules and synthesized the three hybrid
systems shown below to explore the synergistic potential of their activity.

All molecules synthesized were fully characterized by NMR, IR, MS and elemental analysis.
Currently, we are investigating the long-term stability, electronic absorption spectra, and CO-
release properties of these complexes. This work was supported by "The Scientific and
Technological Research Council of Turkey (TUBITAK) within project 112T320.
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Platinum(IV) complexes are promising candidates for novel metal-based anticancer drugs,
capable to overcome several problems associated with classical platinum-based
chemotherapy. Their physicochemical properties, retained cytotoxicity and diverse
possibilities for derivatization offer a variety of opportunities for development of an effective
and safe prodrug for oral application. Nevertheless, it is still a challenge to design a
platinum(IV) compound, featuring a coordination sphere, ensuring optimal pharmacokinetic
behavior.

A novel class of platinum(IV) complexes of the type [Pt(Am)(R(COQ),),], where Am is 3
chelating diamine or two monodentate am(m)ine ligands and R(COQ), is a chelating
dicarboxylato moiety, was developed. For this purpose, the reaction between the
corresponding tetrahydroxido platinum(IV) precursors and various dicarboxylic acids (i.e.,
oxalic, malonic, 3-methylmalonic and cyclobutanedicarboxylic acid) in aqueous media was
utilized. All new compounds were fully characterized employing 1D and 2D NMR
techniques, ESI-MS, FTIR spectroscopy, elemental analysis, TGA and X-ray diffraction.
Their in vitro cytotoxicity was determined in a panel of human tumor cell lines (CH1, SW480
and A549) by means of the MTT colorimetric assay. Furthermore, the lipophilicity and redox
properties of the novel complexes were examined in order to better understand their
pharmacological behavior. Animal experiments, conducted with the most promising drug
candidate in the series revealed pronounced anticancer and especially antileukemic activity
combined with a low systemic toxicity. !
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Ferrocene is a redox-active metallocene which is stable in biological media. It has shown anly
slight cytotoxic activity, itself while its conjugated with biologically active compounds
provide some promising cytotoxic agents. We have recently become interested in the stnhesis
of ferrocenyl piperazine-2,5-diones 1, structurally related to the promising cytotoxic
compound, Plinabulin (NPI-2358) 2, being currently under phase 2 of clinical trials as a
vascular disrupting agent (VDA)™.

0 0
N

DN NH ©/I SNH Oy
Fo  HN_ g Het HN ,[ ,.vl:t:.-/i‘\w
| 0

(Het =Heteroand)
1 2

We will present synthetic route and a short overview biological properties, e.g. cytotoxicity
and tubulin affinity of the prepared compounds.
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The most common problem related to the anti-cancer therapy is multidrug resistance (MDR)
mediated by ATP-binding cassette transporters. Consequently, the use of chemotherapeutics
is ineffective and leads to the reduction in the sensitivity of tumor cells towards the above
mentioned agents. Metal complexes, such as platinum or ruthenium compounds, have been
used in anti-cancer therapy. Their mechanism of action is more or less known. However,
scientists are still looking for a new organometallic compounds. A promising group of such
compounds includes molecules containing a gold atom in their structure. Studies have shown
that gold is more active than other metals used so far in terms of multidrug resistance. We
prepared new class of god(l)-complexes (Scheme 1). Our results have shown that this
compounds sensitizes tumor cells overexpressing ABC transporters. In this communication
we will disclose a synthesis and cytotoxic activities of this compounds on wild type SW620
human colorectal adenocarcinoma cells and selectants obtained by a long-term culture with a
group of anticancer drugs and on MDCKII cells transfected with human ABCG2 and ABCB1

genes.

Et3P PEt3 EtsF’ PEts
M
N

L=PEt,

Scheme 1. An example of synthezised gold(l) compexes
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Inhibition of angiogenesis' and differentiation of cancer cells® has displayed promising anti-
cancer results in clinical trials. In combination with the traditional tumor therapies like
chemotherapy, these treatments might achieve much more anti-cancer efficiency. However,
administration of more than one kind of anti-cancer drugs highly increases the risk of fatal
side effects. Herein, we introduced theobromine and corresponding derivatives into cytotoxic
cyclometalated platinum(Il) moieties. Several compounds like caffeine® containing a core
structure of theobromine have displayed anti-angiogenic properties. It was expected that
inducing anti-angiogenic properties into cytotoxic species might result in multiple anti-tumor
properties. First results showed that the cytotoxic organometallic platinum(ll) complex
[Pt"(terpy)(1,3,7,9-tetramethylxanthine-8-ylidene)](PFe), (1) (terpy = 2,2°:6°,2”-terpyridine)
displayed anti-angiogenic effects at sub-cytotoxic concentrations. Most interestingly, it also
induced differentiation-like morphological changes in human cervical epithelial carcinoma
(HeLa) and breast adenocarcinoma (MCF-7) cells (Figure 1). Moreover, the inhibition of the
tumor-relevant enzyme thioredoxin reductase (TrxR) as well as the cellular platinum
accumulation was investigated.

Figure 1: Complex 1 induces differentiation-like morphological changes in HeLa and MCF-7
cells.
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The oxygen evolving center (OEC) of Photosystem Il catalyses water oxidation and O,
formation and is therefore an important part of the photosynthesis process in green plants and
cyanobacteria. The core of the OEC contains a [Mn,Ca0,] cluster embedded in a large protein
matrix.[1] The large protein matrix complicates direct studies of the OEC. Therefore
biomimetic manganese oxide clusters incorporating calcium(ll) are needed to provide better
insight into reactivity and spectroscopic properties. However, synthesizing model
coordination clusters which contain both manganese and calcium ions is not straightforward.

In order to produce such biomimetic clusters, we have chosen new Schiff base ligands
constructed from aromatic carbonyl and aliphatic amino ligands as a means of steering the
composition and electronic details of the target molecules. Thus using condensation reactions
of 1-hydroxy-2-acetonaphthone (HL;) or 2 -hydroxy-4 "-methoxy-acetophenone (HL,) with 3-
amino-1,2-propanediol and supplying manganese and calcium salts compounds 1, 2 and 3
were obtained. The complexes were characterized by single crystal X-ray analysis and
SQUID measurements.
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Beside the versatile properties of ruthenium for synthetic chemistry and catalysis, this metal
has a number of easily accessible oxidation states (Ru", Ru", Ru") that can play important
roles under physiological conditions [1,2]. In fact, ruthenium complexes are considered
promising anti-cancer agents, and their cytotoxic activity, anti-cancer properties, transport of
drugs in the living tissues, membrane crossing, etc. depends on the metal oxidation status.
Ruthenium""" complexes have usually good stability and kinetic inertness at amounts that
guarantee transportation, red-ox processes, and subsequently interaction with target bio-
molecules. The choice of Ru(CO),-core is based on: (i) the presence of carbonyl ligands
favors low oxidation status, avoiding the need for reduction to Ru" in vivo; (ii) the trans
effects/influences by carbonyl could modulate the release of other ligands, that could be either
pharmaceutical molecules by themselves, and/or just chlorido anions; (iii) the core might
slowly release low amounts of carbon monoxide that can facilitate apoptosis in cancer cells.
The reaction of [Ru",(CO)Cl,], with azoles affords complexes that contain the Ru(CO),-unit.
The complexes presented in this work contain imidazole (IM), N-methyl-imidazole (MIM), 1-
methyl-benzimidazole (MBI), 5,6-dimethyl-benzimidazole (DMBI) in the pseudo-octahedral
coordination sphere and two chlorido ligands. The compounds have appreciable solubility in
water (up to ca 1 g/L) at 25°C and in alcohol. In case water is 10% v/v or higher, significant
dissociation of the Ru-N bond occurs, and a series of reactions may take place afterward,
depending on the experimental conditions.
Even some release of carbonyl might occur.
Thus, complexes of the type cis,trans,cis-
[Ru"(CO),Cl,(MBI),], cis,trans-
[RU"CI(CO)(MBI),(u-Ch)]., cis-
[Ru'(CO),(MBI)(u-AL)], (AL, N-benzoyl-L-
alanine) were obtained. The complexes were
characterized via single crystal XRD, DFT and
spectroscopic methods.
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