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Labeling, mutations and truncated constructs: approach to solving the structure of the
CPEB3 ribozyme through NMR spectroscopy

K. Adea1, M. Rowinska-Zyrek1,2, M. Skilandat1, D. Donghi1, S. Johannsen1, R. K. Sigel1*

1Department of Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich,
Switzerland, 2Department of Chemistry, University of Wroclaw, ul. F. Joliot-Curie 14, 50-383

Wroclaw, Poland

Ribozymes are RNA molecules capable of catalyzing specific chemical reactions. Several small
ribozymes were recently discovered in mammals1. The cytoplasmic element binding protein 3
(CPEB3) ribozyme is a self-cleaving ribozyme that was found to be highly conserved in the
mammalian genome1. Characterization of the CPEB3 ribozyme showed that it has similar
properties as the hepatitis delta virus (HDV) ribozyme, including the fold and catalytic
mechanism1,2,3. Unlike some self-cleaving ribozymes such as the hammerhead, hairpin and VS
ribozymes where high concentrations of monovalent metal ions can promote catalysis, Mg2+ is
required by the CPEB3 and HDV ribozymes4. Both ribozymes fold in a sophisticated nested double
pseudoknot motif. According our previously work3, the CPEB3 ribozyme is significantly compacted
with monovalent ions alone but the active fold is only achieved after addition of millimolar
amounts of Mg2+. NMR studies showed the formation of a GU wobble pair with addition of Mg2+,
which may correspond to the GU wobble that is an essential part of the active site in the HDV
ribozyme5. 
Here, we aim to solve the solution structure of the CPEB3 ribozyme through NMR spectroscopy.
The assignment of the 1H-1H NOESY spectra of the full length ribozyme is a challenge due to the
limited building blocks of RNA as well as the length of the CPEB3 ribozyme of 67 residues. In order
to alleviate the spectral overlap, various labeled nucleotides were incorporated through in vitro
transcription including partially deuterated, fully deuterated and 13C, 15N-labeled nucleotides. 

Figure 1. Secondary structure of the chimp CPEB3 ribozyme with auxiliary constructs of domains
P1 (red), P2 (green) and P4 (blue)

Financial support by the Swiss National Science Foundation is gratefully acknowledged. 

[1]Salehi-Ashtiani, K., Lupták, A., Litovchick, A. and J.W. Szostak. Science, 2006. 313 (5794): p.
1788-1792
[2]Chadalavada D.M., Gratton, E.A. and P.C. Bevilacqua. Biochemistry, 2010. 49(25): 5321-5330.
[3]Skilandat, M. Rowinska-Zyrek, M. and R.K.O. Sigel. RNA, 2016. 22(5): 750-763
[4]Murray, J.B., Seyhan A.A., Walter, N.G., Burke J.M. and W.G. Scott. Chem. Biol., 1998. 5:587-595.
[5]Chen, J.H., Yajima, R., Chadalavada, D.M., Chase, E., Bevilacqua, P.C. and B.L. Golden.
Biochemistry, 2010 49:6508-6518.
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Designing supramolecular liquid-crystalline materials from pyrenyl-dendrimers by
encapsulation in metallacycles.

C. Alvariño1, R. Deschenaux1, B. Therrien1*

1Université de Neuchâtel

Metallacontainers have garnered great deal of attention owing to their prominent applications in
different fields like molecular recognition, host-guest chemistry, crystal engineering, biomedical,
and molecular devices.1 Herein, arene ruthenium metallacycles containing pyrenyl-dendrimers are
reported. This kind of hybrid metallogens combines the properties of metal ions and the
mesogenic nature of dendrimers. These hybrid materials can generate compounds with interesting
magnetic, optical or electro-optical properties. The cavity of these systems leads to the
complexation of the pyrenyl moiety in the hydrophobic cavity of the cage, while the dendritic
functions remain outwards.2 This arrangement has allowed us to design a new supramolecular
system with liquid-crystalline properties.3

[1] T. R. Cook, P. J. Stang, Chem. Rev, 2015, 115, 7001-7045.
[2] A. Pitto-Barry, N. P. E. Barry, O. Zava, R. Deschenaux, P. J. Dyson, B. Therrien,Chem. Eur. J.
2011, 17, 1966-1971.
[3] A. Pitto-Barry, N. P. E. Barry, V. Russo, B. Heinrich, B. Donnio, B. Therrien, R. Deschenaux, J.
Am. Chem. Soc. 2014, 136, 17616-17625.
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Rational design of tetranuclear d-f complexes with ditopic Janus-type aromatic ligands

M. Asadniaye Fardjahromi1

1Department of Inorganic Chemistry, University of Geneva, 30 quai E. Ansermet, CH-1211 Geneva
4. Switzerland

Ditopic ligands have been recently attracted much attention since they open novel possibilities
and perspective in coordination chemistry and material science [1]. Ditopic ligands containing two
separate bidentate and tridentate binding units are well-suited because of their unique
physicochemical properties [2]. In this study, new synthetic strategies have been exploited for the
preparation of tetra nuclear complexes containing d and f block metal ions (Figure 1). The first
synthetic step consists of the preparation of preorganized ditopic Janus-type ligands [3] followed
by the coordination of transition metal ion with the bidentate site. Further reaction of the complex
with labile nine-coordinated Ln(III) results in the formation of the targeted tetranuclear d-f
complexes (Figure 1). In this contribution, chemical requirements and design favoring the
formation of the tetranuclear d-f complex will be presented.

[1] Boris I. Kharisov , Perla Elizondo Martínez , Víctor M. Jiménez-Pérez , Oxana V. Kharissova ,
Blanca Nájera Martínez, Nancy Pérez, Journal of Coordination Chemistry, 2010, 63, 1-25.
[2] Michael D. Ward, Journal of Coordination Chemistry, 2007,251, 1663-1677.[3] Neelima V. Nair,
Rongwei Zhou, Randolph P. Thummel, Inorganica Chimica Acta, 2017, 454, 27-39.
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Exploitation of the allosteric relationship between RAPTA T and Auranofin on the
Nucleosome Core Particle in the design of novel anti-cancer agents. 

L. K. Batchelor1, G. Palermo1, T. Von Erlach1, Z. Adhireksan2, L. De Falco Jr2, U. Röthlisberger1, C. A.
Davey2, P. J. Dyson1*

1EPF Lausanne, 2NTU Singapore

Dinuclear metal complexes have emerged as a promising class of biologically active molecules
that display interesting anti-cancer activity and properties. As a consequence, both homo- and
hetero-bimetallic combinations are being explored. An allosteric relationship between RAPTA-T, a
ruthenium(II) anti-tumoral, and Auranofin, a gold(I) anti-rheumatic drug, is observed on
nucleosome core particle (NCP). The binding of RAPTA-T to the surface of H2A-H2B dimer induces a
kink in the long α-helix of the H2A histone protein that enables Auranofin to bind to two previously
inaccessible sites. [1],[2] This allosteric relationship has been exploited to design and synthesize two
generations of hetero-ruthenium(II)-gold(I) complexes. The design is based on crystallographic and
computational data with the aim of simultaneously binding to the sites of the parent drugs,
Auranofin and RAPTA-T, on the NCP. Here, we demonstrate that a single hetero-bimetallic
ruthenium(II)-gold(I) complex can cause the same allosteric effect as the binding of mono-nuclear
RAPTA-T and Auranofin. 

Figure 1. Binding sites of the RAPTA-T moiety on the histone component of the NCP. 

[1] Z. Adhireksan, G. E. Davey, P. Campomanes, M. Groessl, C. M. Clavel, H. Yu, A. A. Nazarov, C.
H. F. Yeo, W. H. Ang, P. Dröge, U. Rothlisberger, P. J. Dyson, C. A. Davey, Nat. Commun. 2014, 5,
3462.
[2] Z. Adhireksan, G. Palermo, T. Riedel, Z. Ma, R. Muhammad, U. Rothlisberger, P. J. Dyson, C. A.
Davey, Nat. Commun. 2017, 8.
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Bismesitoylphosphinic Acid (BAPO-OH) as 4-Electron Photoreductant for the
Preparation of various Cu Nanomaterials and related Cu complexes

A. Beil1, G. Müller1, H. Grützmacher1*

1ETH Zürich, Laboratorium für Anorganische Chemie, Vladimir-Prelog-Weg 1, 8093 Zürich

We present the readily available photoinitiator bismesitoylphosphinic acid (BAPO-OH)[1, 2] as
4-electron photoreductant for the high yielding reduction of aqueous Cu(II) to obtain metallic
copper. The diverse coordination behavior of BAPO-OH towards copper was investigated by single
crystal X-ray crystallography. The described method allows access to colloidal Cu(0) and
nanoscopic Cu particles of various size and morphology. This was shown by dynamic light
scattering (DLS), scanning electron microscopy (SEM) and scanning transmission electron
microscopy (STEM). X-ray powder diffraction confirmed the purity of the obtained Cu samples. A
Cu(II) complex of BAPO-OH can be applied as both, a photoinitiator for the preparation of
hydrogels and a reagent for the spatiotemporally controlled production of Cu(0) in the already
cured material.[3]

[1] G. Müller et al., WO2014095724A1 2014. [2] G. Müller et al., Macromol. Rapid Commun. 2015, 36,
553. [3] A. Beil et al., manuscript in preparation

The authors are grateful to Z. Li (Sun Yat-Sen University, Guangzhou, China), F. Krumeich, D. Käser, B.
Hattendorf, A. Rosenthal, M. Wörle and H. Schönberg (all ETH Zürich)
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Chiral Macrocyclic Terpyridine Complexes

Thomas Brandl1, Marcel Mayor1

1University of Basel

Since the pioneering work of Louis Pasteur [1], chirality is a physical chemical property in the
center of interest of chemical structures and transformations. Besides chirality induced by
stereogenic centers, axial chirality emerges from the helical arrangement of the molecule’s
subunits [2]. A prominent school book example for a helical chiral metal complex are
tris(2,2’-bipyridine)-M(II) derivatives. The three ligands wrap around the central metal in a helical
arrangement, resulting in a spatial arrangement which resembles a ship’s screw. The two
enantiomers are distinguished by the helicity of the arrangement between the left-handed (L) and
right-handed (D) isomer (Figure 1a) [3]. Going from 2,2’-bipyridine to 2,2':6',2''-terpyridine an
additional binding site is introduced. The two ligands are arranged perpendicular to each other and
the helical chirality is lost. Two terpyridines facing each other in the periphery of macrocycles
complemented by additional coordination sites resulted in chiral metal complexes. Prominent
examples were only reported as racemic mixture [4,5]. Here we present our new strategy to
introduce axial chirality into metal terpyrdine complexes, namely by twofold interlinking of the
ligands surrounding the metal ion. The concept is sketched in figure 1b) and can also be described
as template supported macrocyclization reaction. The two terpyridine close a macrocycle which
has been preorganized (templated) by the formation of the metal-terpyridine complex. The
terpyridines are complemented by two ortho-ethynylphenyl moieties in 4 and 4’’ positions allowing
for macrocyclization by Glaser-Hay type oxidative acetylene coupling chemistry.

Figure 1: Sketch of axial chirality in metal complexes: a) axial chirality with bidental ligands (e.g.
2,2’-bipyridine). b) Concept of introducing chirality by macrocyclization. Top: Achiral complex of a
tridental ligand (e.g. 2,2':6',2''-terpyridine). Bottom: Axial chiral metal complexes obtained by
interlinking the ends of the two tridental ligands (interlinking bridges in red).

[1] L. Pasteur, C R Acad Sci Paris, 1848, 26, 535–538.
[2] R. S. Cahn, C. Ingold, V. Prelog, Angew. Chem. Int. Ed. Engl., 1966, 5, 385–415.
[3] N. C. Fletcher, J. Chem. Soc., Perkin Trans. 1 2002, 1831–1842.
[4] F. Niess, V. Duplan, C. S. Diercks, J.-P. Sauvage, Chem. – Eur. J., 2015, 21, 14393–14400.
[5] C. Bazzicalupi, A. Bianchi, T. Biver, C. Giorgi, S. Santarelli, M. Savastano, Inorg. Chem., 2014,
53, 12215–12224.
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Phosphine tuning for heteroleptic [Cu(N^N)(P^P)][PF6] in light emitting
electrochemical cells

F. Brunner1, C. E. Housecroft1*, E. C. Constable1*

1Department of Chemistry, University of Basel, Spitalstrasse 51, CH4056 Basel, Switzerland

Light emitting electrochemical cells (LEECs) are of growing importance in the field of flexible
electronics and large surface lighting devices. Their simple device architecture, consisting of one
emissive layer sandwiched between two electrodes (of which one has to be transparent) and the
use of air stable materials make them fundamentally suitable for large area lighting as well as
display applications. The emissive material usually consists of a semiconducting polymer or an
emissive ion transition metal complex (iTMC) mixt with ionic liquid. Indium tin oxide (ITO) covered
glass and aluminum are used readily as electrode materials. The emissive layer can be easily
deposited by solution based methods such as spin coating, which makes the fabrication of a LEC
fairly simple and less complex than the fabrication of e.g. an OLED (organic light emitting diode).

In the past iridium based transition metal complexes have been widely used in LECs. Their
excellent colour tunability and the extremely long lifetime of the device of up to several thousand
hours have led to the development of a wide range of iridium complexes for LEC applications. But
the main drawback of iridium as a key compound is the low availability and the associated high
costs of the material. Therefore scientists soon began to search for alternative metals for LEC
applications. One very promising candidate was found to be copper. The high availability and low
cost of this metal make it a suitable candidate for lighting applications. [1]

Heteroleptic copper complexes of the type [Cu(N^N)(P^P)][PF6] where N^N is a chelating diimine
and P^P is a chelating diphosphine ligand show strong emission upon excitation on an MLCT
(metal-to-ligand charge transfer) level as well as in electroluminescence. The key aspect of these
complexes it to sterically tune the copper coordination sphere to maintain the metal in a
tetrahedral environment and shield it from access by small molecules such as solvents or oxygen.
This preserves the copper in the oxidation state +I which is essential for the emissive nature of the
compound.[2]

In this work a series of new heteroleptic copper complexes is presented in which the phosphine
ligand is tuned sterically and electronically to alter the emissive properties of the compound as
well as the device functionality and lifetime. 

 

[1] S. Tang and L. Edman, Top. Curr. Chem., 2016, 374, 1–21.
[2] S. Keller, A. Pertegás, G. Longo, L. Martínez, J. Cerdá, J. M. Junquera-Hernández, A. Prescimone,
E. C. Constable, C. E. Housecroft, E. Ortí and H. J. Bolink, J. Mater. Chem. C, 2016, 4, 3857–3871.
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Combining an asymmetric acid functionalized anchoring ligands with symmetric
ancillary ligands in bis(diimine)copper(I) dyes in dye-sensitized solar cells

A. Büttner1, E. C. Constable1*, C. E. Housecroft1*

1University of Basel

The development of n-type dye-sensitized solar cells (DSCs) has made significant progress
incorporating copper(I)-based dyes in order to replace the highly studied ruthenium(II) sensitizers
used in conventional Grätzel cells which were first reported around two decades ago. Replacing
the ruthenium(II) sensitizers by copper(I) dyes is of high interest in order to use more abundant
materials and shift from rare metal sources on earth. Each copper dye has the composition
[Cu(Lanchor)(Lancillary)]+.

We have recently shown that by introducing phenyl substituents in the 6,6´-positions of the bipyridine
anchoring moiety Lanchor, the light absorption can be improved towards the red-end of the visible spectra.
Additionally, the bulkier substituents help to shield the copper(I) centre. 

Even though we could overcome the problem of having a low spectral response in copper(I) based dyes by
using our new anchoring ligand, a drawback was the bleaching of the heteroleptic dye adsorbed on the
electrode surface which comes along with a low performance of the dye-sensitized solar cells. In order to
overcome this problem we synthesized a series of 6-methyl-4-phenyl-2,2´-bipyridine asymmetrical
ancillary ligands to remove the problem of steric crowding in the copper(I)bis(diimine) coordination
sphere. Unfortunately the asymmetrical framework of the ancillary ligand in combination with the bulky
anchoring ligand results in a low power conversion efficiency of the DSCs. 

Following the results we achieved by combining the asymmetrical ancillary ligands with a phosphonic acid
anchoring ligand we have now investigated the symmetrical analogues of these bpy-based ancillary
ligands to quantify their performance within a dye-sensitized solar cell. [1]

The combination of these new ancillary ligands with the bulky anchoring ligand did not boost the solar to
power conversion efficiency as expected.

Therefore we investigated an asymmetric acid functionalized anchoring ligand to combine it with the
symmetric series of ancillary ligands. 

[1] A. Büttner, S. Y. Brauchli, R. Vogt, E. C. Constable and C. E. Housecroft, RSC Adv. , 2016, 6,
5205-5213.
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Carbohydrate-functionalised transition metal–NHC catalysts

J. P. Byrne1, M. Albrecht1*

1University of Bern

N-Heterocyclic carbenes (NHC) have been demonstrated to be very versatile ligands in various
catalytic systems[1]. We have shown the promise of 1,2,3-triazolylidines as a class of NHC with
broad applications for materials science and biochemistry[2] in addition to catalysis. Facile
preparation through Cu(I)-catalysed CuAAC ‘click’ chemistry, and subsequent alkylation, makes
these ligands very attractive. Here we report transition metal–NHC complexes with incorporated
carbohydrate functionality in the ligand structure (see general structure in Figure 1). 

Representing a natural pool of chirality and functionality, carbohydrates are an attractive class of
substituent for providing defined stereochemistry and geometry to ligands, as well as being readily
available. Their use as phosphine and phosphinite ligand scaffolds has previously shown promise
in asymmetric catalysis.[3] However, similar work with NHCs is quite scarce.[4] Combining these
two important classes of compound into a hybrid complex system will give rise to synergistic
advantages for catalysis. Catalytic activity of these complexes is presented.

[1] L. Mercs, M. Albrecht, Chem. Soc. Rev. 2010, 39, 1903; M. Melaimi, M. Soleilhavoup, G.
Bertrand, Angew. Chem. Int. Ed. 2010, 49, 8810.
[2] P. Matthew, A. Neels, M. Albrecht, J. Am. Chem. Soc. 2008, 130, 13534.
[3] S. Woodward, M. Dieguez, O. Pamieez, Coord. Chem. Rev. 2010, 254, 2007.
[4] For example: A. S. Henderson, J. F. Bower, M. C. Galen, Org. Biomol. Chem. 2014, 12, 9180; K.
J. Kilpin, S. Crot, T. Riedel, J. A. Kitchen, P. J. Dyson, Dalton Trans. 2014, 43, 1443. 
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  The Intricate Structural Chemistry of MII
2nLn-Type Assemblies

G. Cecot1, K. Severin1*

1EPF Lausanne

By choosing an appropriate ligand, it is possible to influence the size, the geometry and the
functionality of a metallasupramolecular assembly. Functionalized clathrochelate complexes have
recently emerged as a promising new class of metalloligands for applications in supramolecular
coordination chemistry. [1] The reaction of cis-blocked, square planar MII complexes with tetratopic
N-donor ligands is known to give metallasupramolecular assemblies of the formula M2nLn. We
recently demonstrate that unusual geometries are accessible like the Pt8L4 cage with
gyrobifastigium-like geometry. [2] A geometric analysis of the ligands could explain how size and
geometry influence the self-assembly process. The metalloligands used gave assemblies of type
Pt8L4, which adopt barrel- or gyrobifastigium-like structures (Figure 1A and 1B). Larger assemblies
are possible, as Pt10L5 complex and a Pt16L8 complex (Figure 1C and 1D). The latter has a
molecular weight of more than 23 kDa and a diameter of 4.5 nm, making it the largest, structurally
characterized M2nLn complex described to date.

   

By X-ray crystallography, we characterize both new of M2nLn complexes, namely a pentagonal
Pt10L5 barrel and a Pt16L8 complex (Figure 2A and 2B). The latter assembly displays an
unprecedented square orthobicupola geometry. Overall, we think that our study will provide an
important foundation for future investigations of coordination barrels.

[1] G. Cecot, S. M. Jansze, M. D. Wise, K. O. Zhurov, T. K. Ronson, A. M. Castilla, A. Finelli, P.
Pattison, E. Solari, R. Scopelliti, G. E. Zelinskii, A. V. Vologzhanina, Y. Z. Voloshin, J. R. Nitschke, K.
Severin, J. Am. Chem. Soc. 2016, 138, 2046-2054.
[2] G. Cecot, B. Alameddine, S. Prior, R. De Zorzi, S. Geremia, R. Scopelliti, F. T. Fadaei, E. Solari, K.
Severin, Chem. Commun. 2016, 48, 11243-11246.
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New Monometallic and Heterobimetallic Complexes of Silver(I), Zinc(II) and Copper(II)
with an Amino Acid Derived Ligand as Potential Antimicrobial Agents

P. C. Corcosa1, K. M. Fromm1*

1University of Fribourg

Nowadays, multiresistant bacteria are gaining more and more ground: Once very effective
antibacterial drugs cannot prevail anymore over certain bacteria. Thus, scientists are bothering to
invent new compounds: Some focusing to create new derivatives of famous antibiotics like
Penicilline, others getting back to synthesize complexes with precious or essentiel metals as they
are known since antiquity for their antimicrobial properties. It has not only been an old tradition to
throw silver coins in fountains but rather to keep the drinking water free of microbes owing to the
antimicrobial activity of this precious metal. Even the ancient Greeks and Romans drank
instinctively from silver vessels to keep the liquids fresh or ate from silver plates.[1] It has been
found that silver ions damage the DNA of bacteria by interfering with guanine and adenine base
pairs[2] and that they induce an overproduction of reactive oxygen species (ROS) such as hydroxy
radicals by disrupting the metabolic pathways of Fenton chemistry.[3,4] Furthermore, it is known
that silver ions interact strongly with thiol groups and inhibit or degrade therefore the disulfide
bond formation in many proteins and enzymes. This leads finally to the increase of the bacterial
membrane permeability.[3] 

Based on our extensive experience with antimicrobial silver compounds[f.ex.4,6], and silver
resistance of bacteria[4,5], we now present combinations of silver ions with zinc or copper ions in
bimetallic complexes with p-amino-L-phenylalanine to create a synergistic antimicrobial effect in
order to fight more efficiently against bacteria.

[1] Fromm, K. M. Nat. Chem. 2011, 3, 178.
[2] Arakawa, H.; Neault, J. F.; Tajmir-Riahi, H. A. Biophys. J. 2001, 81, 1580.
[3] Morones-Ramirez, J. R.; Winkler, J. A.; Spina, C. S.; Collins, J. J.Science Translational Medicine
2013, 5 (190), 1–11.
[4] Eckhardt, S.; Brunetto, P. S.; Gagnon, J.; Priebe, M.; Giese, B.; Fromm, K. M. Chem. Rev. 2013,
113, 4708–4754.
[5] Mirolo, L.; Schmidt, T.; Eckhard, S.; Meuwly, M.; Fromm, K. M. Chem. Eur. J. 2013, 19,
1754–1761.
[6] Varisco, M.; Khanna, N.; Brunetto, P. S.; Fromm, K. M. ChemMedChem 2014, 9, 1221–1230.
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Two-dimensional atomically bridged nanoporous silicate

M. Dakhchoune1, K. Agrawal1*

1École Polytechnique Fédérale de Lausanne

Two-dimensional nanoporous materials are highly attractive for the synthesis of the next-
generation membranes, capable of delivering gigantic permeance as well as a sharp molecular cut-
off for energy-efficient separations. However, synthesis of such two-dimensional nanoporous
sheets with a precise array of molecular hugging nanopores is not trivial. One of the leading
approaches to achieve this is the top-down synthesis involving the crystallization of a layered
nanoporous material followed by exfoliation of layers. Herein, for the first time, we report a nm-
thick, two-dimensional silicate, RUB15-nanosheet, consisting of atomically bridged arrays of 4 and
6-member silica rings, synthesised by exfoliation of layered RUB-15, a precursor to the sodalite
zeolite.

RUB-15 layers were synthesised by the hydrothermal synthesis route using a modified method
reported by Gies and co-workers [1]. The as-made material was confirmed to be RUB-15 using X-
ray diffraction, Si29 MAS NMR and electron diffraction. Ion-exchange of RUB-15 with a C16-cationic
surfactant was performed in order to increase the inter-layer spacing from 14.2 Å to 30 Å. Finally,
the atom-thick single layer silicate (RUB-15 nanosheets) was achieved by the melt compounding
technique reported before by our group [2-3]. RUB15-nanosheet crystallinity was investigated by
TEM and HRTEM, which confirmed a highly crystalline orthorhombic structure. A uniform thickness-
contrast in TEM along with the height profile in AFM mapping of nanosheets confirmed a successful
exfoliation. 

[1] Gies et al. Angew. Chem. 1996, 108, 3041-3044.
[2] Agrawal et al., Advanced Materials, 2015, 27, 3243-3249.
[3] Varoon et al., Science, 2011, 334, 72-75. 
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  Base-Free Asymmetric Transfer Hydrogenation of Base-Sensitive Ketones

L. De Luca1, A. Mezzetti1*

1ETH Zürich

   

In general, the iron(II) catalysts employed in the asymmetric transfer hydrogenation of ketones (ATH)
require basic conditions, which sets severe limitations to the reaction scope. Upon base activation, the
catalyst [Fe(CNR)2(N2P2)]2+ (1) recently reported by our group has shown high activity (up to >99.5%
yield) and enantioselectivity (up to 99% ee) in the ATH of polar double bonds. [1] In order to broaden the
substrate scope to base sensitive substrates, we prepared the hydrido isonitrile complex 2, which does not
require base activation as it bears the HFeNH motif responsible for hydrogen transfer.

   

Complex 2 catalyzes the asymmetric transfer hydrogenation of base-sensitive substrates, such as
benzils, in good yield and excellent enantioselctivity without the addition of base.

   

[1] (a) R. Bigler, A. Mezzetti, Org. Lett., 2014, 16, 6460. (b) R. Bigler, R. Huber, A. Mezzetti, Angew. Chem.
Int. Ed.,2015, 54, 5171. (c) R. Bigler, A. Mezzetti, Org. Process Res. Dev., 2016, 20, 253. (d) Bigler, R.;
Huber, R.; Stöckli, M.; Mezzetti, A. ACS Catal. 2016, 6, 6455.
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Controlling the Selectivity in Ethenolysis of Cyclic Olefins with Ru-Based Metathesis
Catalysts via Ancillary NHC Ligands: A Structure Activity Study 

P. S. Engl1, C. Santiago2, C. P. Gordon1, A. Fedorov1, C. Serba1, M. Sigman2, A. Togni1*

1ETH Zürich, 2University of Utah

Cross-metathesis reaction between cyclic olefins and ethylene (ethenolysis) yields valuable
terminal dienes.1 While ethenolysis of ethyl oleate with Grubbs-type Ru metathesis catalysts has
been widely studied 2 there currently are only a few reports on ethenolysis of cyclic olefins with Ru
catalysts,3 presumably due to the high activity of Grubbs-type initiators in the ring opening
metathesis polymerization. Supporting ligands can greatly influence the selectivity of Ru
catalysts.4 For instance, ruthenium metathesis catalysts with unsymmetrical N-trifluoromethyl NHC
ligands display an unusually high selectivity (80–90%) for terminal olefins in ethenolysis of ethyl
oleate.5In the present work we tested 28 isostructural Ru metathesis catalysts featuring various
NHC ligands in ethenolysis of cis-cyclooctene as a model substrate. Our study identified the
dissymmetry of the NHC ligand as a key structural feature for improving the chemoselectivity to
the terminal diene from 12% for the benchmark second-generation Grubbs catalyst up to 53% for
the catalyst containing an unconventional CF3-functionalized NHC ligand. To rationalize the
experimental results, a computational study was conducted that explained the observed
dependence via the univariate correlations of activity to electronic and steric properties of the
ligand. The optimal catalyst compared favorably to the Grubbs 2nd generation catalyst in
ethenolysis of other cyclic olefins including functionalized norbornenes.

[1] Marinescu, S. C.; Schrock, R. R.; Müller, P.; Hoveyda, A. H., J. Am. Chem. Soc. 2009, 131, 10840
- 10841. [2] (a) Bidange, J.; Fischmeister, C.; Bruneau, C., Chem. Eur. J. 2016, 22, 12226 - 12244;
(b) Thomas, R. M.; Keitz, B. K.; Champagne, T. M.; Grubbs, R. H., J. Am. Chem. Soc. 2011, 133,
7490 - 7496. [3] (a) Kiss, L.; Kardos, M.; Forró, E.; Fülöp, F., Eur. J. Org. Chem. 2015, 1283 - 1289 ;
(b) Eyrisch, K. K.; Müller, B. K. M.; Herzig, C.; Nuyken, O., Designed Monomers and Polymers 2004,
7, 661 - 676; (c) Eyrisch, K. K.; Müller, B. K. M.; Herzig, C.; Nuyken, O., J. Organometallic
Chem. 2000, 606, 3 - 7. [4] Vougioukalakis, G. C.; Grubbs, R. H., Chem. Rev. 2010, 110, 1746 -
1787. [5] Engl, P. S.; Fedorov, A.; Copéret, C.; Togni, A., Organometallics 2016, 35, 887 - 893. [6]
Engl, P. S.; Santiago, C.; Gordon, C.; Fedorov, A.; Sigman, M. S.; Copéret, C.; Togni, A., manuscript
in preparation.
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Synthesis, Magnetism an Reactivity of Hetero-Polymetallic Uranyl(V) Schiff-base
complexes

R. Faizova1

1EPF Lausanne

Uranium is one of the most investigated actinides due to its various applications and relatively low
radioactivity in comparison to the other actinides. The chemistry of uranyl(V) is particularly
relevant for understanding the migration of uranium in the environment and developing
depollution strategies. Uranyl(V) compounds, also possess exceptional interest for the design of
exchange-coupled molecular magnets[1]. In this decade a few uranium(V) compounds were
synthesized[2],[3],[4],[5], but the chemistry of uranyl(V) complexes remains under-explored due to the
inherent instability of U(V) towards disproportionation reaction in both aqueous and organic
solvents to yield uranium(IV) and uranyl(VI) products. 

Here we will report the synthesis and reactivity of several stable 3d-5f hetero-polymetallic
coordination complexes containing uranyl(V). We will also present the effect of iron binding on the
complexes structure, reactivity and magnetic properties. 

[1] V. Mougel, L. Chatelain, J. Pécaut, R. Caciuffo, E. Colineau, J.-C. Griveau, M. Mazzanti, Nat.
Chem. 2012, 4, 1011.
[2]     P. L. Arnold, J. B. Love, D. Patel, Coord. Chem. Rev. 2009, 253, 1973.
[3]     L. Natrajan, F. Burdet, J. Pécaut, M. Mazzanti, J. Am. Chem. Soc. 2006, 128, 7152.
[4]     V. Mougel, P. Horeglad, G. Nocton, J. Pécaut, M. Mazzanti, Angew. Chem. 2009, 121, 8629.
[5]     V. Mougel, J. Pécaut, M. Mazzanti, Chem. Commun. 2012, 48, 868.
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Development of organometallic assemblies for PDT

M. Gaschard1, B. Therrien1*

1Université de Neuchâtel

Photodynamic therapy (PDT) treatments represent a promising alternative to treat cancers. PDT
involves the injection of a photosensitizer, which is later on activated by light at a specific
wavelength. Upon an irradiation in a spatial-controlled area, the photosensitizer reaches a high-
energy triplet state and, when returning to its ground state, an energy transfer toward cellular
oxygen occurs. The reactive oxygen species appear in the surroundings of the irradiated zone and
can later destroyed cancerous cells. Therefore, such PDT treatments need oxygen to be effective,
which can be problematic when treating hypoxic cancers.[1]

Some already known compounds can be converted into their endoperoxide forms to reversibly
transport singlet oxygen (1O2), such as anthracene (ANT)[2] or dimethyldihydropyrene (DHP)[3].
They offer great perspectives for biological applications, especially for PDT treatments.

The project consists of preparing metalla-assemblies to transport both the photosensitzer and 1O2
to cells. DHP or ANT units can be attached to the assembly as connectors between the dinuclear
arene ruthenium clips or inserted as appendages on the different building blocks. The cavity of the
metalla-assembly can also be used to transport a photosensitizer.[4]

[1] Dolmans D. E. J. G. J., Fukumura D., Jain R.K., Nat. Rev. Cancer 2003, 3, 380.
[2] Asadirad A. M., Erno Z., Branda N. R., Chem. Commun. 2013, 49, 5639.
[3] G., Credi A., Silvi S., Cobo S., Bucher C., Philouze C., Saint-Aman E., Lafolet F.Chem. Commun.,
2015, 51, 13886-13889.
[4] Schmitt F., Freudenreich J., Barry N. P. E., Juillerat-Jeanneret L., Süss-Fink G., Therrien B., J. Am.
Chem. Soc. 2012, 134, 754.
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Toward a useful catalytic transformation of N2O using group 9 organometallic
complexes

T. L. Gianetti1, R. E. Rodriguez-Lugo1, S. P. Annen1, H. Grützmacher1*

1ETH Zürich, Department of Chemistry and Applied Biosciences, Vladimir Prelog Weg 1, 8093
Zürich, Switzerland

Nitrous oxide (N2O) gases have been recently identified as the largest global ozone depleting
agents and as the 3rd largest emitted greenhouse gases worldwide and 300 times more powerful
than CO2.[1] N2O is naturally produced via nitrification and denitrification of nitrate during nitrogen
cycle, but is also an industrial waste. N2O emission has increased significantly during
industrialization as a result of agricultural soil management, N-fertilizer use, livestock waste
management, mobile & stationary fossil fuel, combustion and industrial processes. Its
transformation to less harmful chemicals is of particular interest but very challenging, since even if
thermodynamically unstable, nitrous oxide is kinetically inert.[2] We have successfully design low
valent and reactive organometallic species containing group 9 metals (Rh[3] and Co[4]) that activate
and catalytically transform, under mild conditions, this environmentally unfriendly molecules to
valuable chemicals. 

[1] a) A. R. Ravishankara, J. S. Daniel, R. W. Portmann, Science, 2009, 326, 123-125. b) J. Hansen,
M. Sato, Proc. Natl. Acad. Sci. USA., 2004, 101, 16109-16114.
[2] a) E. Eger, I., II. In Nitrous Oxide N2O, Elsevier: New York, 1985. b) K. Severin Chem. Soc.
Rev., 2015, 44, 6375-6386.
[3] T. L. Gianetti, S. P. Annen, G. Santiso-Quinones, M. Reiher, M. Driess, H. Grützmacher, Angew.
Chem. Int. Ed., 2016, 55, 1886-1890.
[4] T. L. Gianetti, R. E. Rodriguez-Lugo, J. Harmer, M. Trincado, M. Vogt, G. Santiso-Quinones, H.
Grützmacher, Angew. Chem. Int. Ed., 2016, 55, 15323-15328.    
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  Heterotrimetallic assemblies based on Zn(II)-porphyrin metallacycles and dipyridyl-
capped Fe(II)-clathrochelate complexes.

E. Giraldi1

1EPF Lausanne

In supramolecular coordination chemistry, metalloporphyrins and dipyridyl-capped clathrochelates
are suitable and versatile building blocks for the construction of a variety of increasingly complex
2D and 3D metallosupramolecular architectures.1,2 Over the past few years, a modular strategy
has been developed for the synthesis of multiporphyrinic discrete systems and coordination cages
of different size and geometry based on pyridyl-capped clathrochelates.3,4 

New multiporphyrinic discrete systems were obtained by self-assembly of Ru(II)-based metallacycles of
Zn(II)-porphyrins, [trans, cis, cis-RuCl2(CO)2(Zn∙4'-cisDPyP)]2, and dipyridyl Fe(II)-clathrochelates of
tunable length up to 3.2 nm. These heterotrimetallic assemblies, bearing two bridiging mono- and
dinuclear clathrochelate ligands axially connected to the Zn(II)-metallacycles, were fully characterized by
1D and 2D NMR spectroscopy, including 1H DOSY analysis, and by X-ray crystallography. A preliminary
investigation on the self-sorting behaviour of mixtures of different type of Fe(II)-clathrochelate ligands and
Zn(II)-porphyrin metallacycle was performed by 1H NMR spectroscopy. A library of new 3D
heterotrimetallic supramolecular systems with extended dimensions spanning 2.0 nm to 3.0 nm and
increased number of metallic cores was assembled by separate combination of Zn(II)-metallacycles and
dipyridyl Fe(II)-clathrochelate complexes. Introduction of these new discrete supramolecular assemblies
looks promising for future potential application, due to their stability and the presence of metal-active
centres and peripheral antenna units.  

 

[1] E. Iengo, E. Zangrando, R. Minatel, E. Alessio, J. Am. Chem. Soc., 2002, 124, 1003–1013.
[2] M. D. Wise, A. Ruggi, M. Pascu, R. Scopelliti, K. Severin, Chem. Sci., 2013, 4, 1658-1662. 
[3] E. Iengo, P. Cavigli, D. Milano, P. Tecilla, Inorganica Chim. Acta, 2014, 417, 59–78.
[4] G. Cecot, S. Jansze, M. D. Wise, K. O. Zhurov, T. K. Ronson, A. M. Castilla, A. Finelli, P. Pattison,
E. Solari, R. Scopelliti, G. E. Zelinskii, A. V. Volgzhanina, Y. Z. Voloshin, J. R. Nitschke and K.
Severin, J. Am. Chem. Soc., 2016, 138, 2046-2054.

 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Inorganic & Coordination Chemistry, Poster IC-120

Synthesis and Derivatisations of [Re(η6-C6H5COOH)2]+

C. Gotzmann1, H. Braband1, R. Alberto1*

1University of Zurich, Department of Chemistry, Winterthurerstrasse 190, CH-8057 Zurich,
Switzerland

Functionalised bis-arene complexes of transition metals are used as precursors for numerous
reactions with applications in different fields, including medicinal inorganic chemistry and
bioorganometallic chemistry.[1-4] Recently, functionalised [M(η6-arenes)2]n+ sandwich complexes,
containing the d6-{Ru}2+ and {Os}2+ cores attracted attention as potential anti-cancer agents.[1,5]

The introduction of functionalities in d6-metal bis-arene complexes with chromium and
molybdenum has also been described but studies with those complexes are comparably rare in
bioorganometallic chemistry. Studies with group 7 bis-arene compounds (Re and Tc) are very rare
in any respect, although their syntheses were already described in the 1960s.[1]

Searching for new organometallic building blocks for imaging (99mTc) and therapy (Re) in the
context of theranostics, our group introduced a new synthetic route for the synthesis of the
precursor complex [Re(η6-C6H6)2]+ directly from [ReO4]-.[1,6]

This work focuses on an improved synthetic pathway to [Re(η6-C6H5COOH)2]+. Beside the high
chemical stability of these complexes and its inertness towards oxidation and hydrolysis, the
carboxylic groups represent a core feature for derivatisations with targeting moieties via amid
bond formation. Amino acids, peptides or other biomolecules can conveniently be introduced along
this approach.

[1] G. Meola, H. Braband, P. Schmutz, M. Benz, B. Spingler, R. Alberto, Inorg. Chem., 2016, 55,
11131-11139 [2] M. Benz, H. Braband, P. Schmutz, J. Halter, R. Alberto, Chem. Sci., 2015, 6,
165-169 [3] E.A. Trifonova, D.S. Perekalin, K.A. Lyssenko, A.R. Kudinov, J. Organomet. Chem.,
2013, 727, 60-63 [4] G. Pampaloni, Coord. Chem. Rev., 2010, 254, 402-419 [5] D.S. Perekalin,
A.P. Molotkov, Y.V. Nelyubina, N.Y. Anisimova, A.R. Kudinov, Inorganica Chimica Acta., 2014, 409,
390-393 [6] G. Meola, H. Braband, D. Hernández-Valdés, C. Gotzmann, T. Fox, B. Spingler, R.
Alberto, Inorg. Chem., 2017, accepted
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Chiral Iron(II) PN(H)P Pincer Complexes for the Asymmetric Hydrogenation of Ketones

E. Gubler1, A. Mezzetti1*

1ETH Zürich

Iron(II) complexes of PN(H)P pincer ligands are active catalysts in the direct hydrogenation of
ketones,1 and also enantioselective versions appeared.2,3 Based on our long-term experience in
the synthesis of chiral phosphine ligands, we prepared enantiopure, P-stereogenic, C2-symmetric
PN(H)P pincer ligands and their iron(II) complexes, which will be tested in the asymmetric
hydrogenation of ketones.

The enantiopure pincer ligand a bearing cyclohexyl and methyl substituents on each P atom was
obtained in a 7-step synthesis from PCl3. Starting from the iron(III)‑free iron precursor1 and ligand
a, the blue precatalyst [FeBr2(CO)(a)] (2a) formed immediately upon setting the reaction mixture
under CO atmosphere (1.1 bar). Complex 2a (see X-ray structure below) was converted into the
hydride 3a, which showed good activity but low selectivity (22% ee) in the hydrogenation of
acetophenone at room temperature in toluene. We are currently preparing ligands with sterically
more demanding dialkylphosphine donors (such as b) and arylalkylphosphine donors (such as c) to
improve the enantioselectivity. 

[1] E. Alberico, P. Sponholz, C. Cordes, M. Nielsen, H. Drexler, W. Baumann, H. Junge, M. Beller,
Angew. Chem. Int. Ed. 2013, 52, 14162.
[2] S. A. M. Smith, P. O. Lagatidis, A. Lüpke, A. J. Lough, R. H. Morris, Chem. Eur. J. 2017, 23, 1.
[3] A. Zirakzadeh, K. Kirchner, A. Roller, B. Stöger, M. Widhalm, R. H. Morris,Organomettalics
2016, 35, 3781.
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Synthesis of Nanocrystalline Iron(III) trifluoride from Molecular Precursors and its Li-
and Na-ion Storage Properties

C. P. Guntlin1,2, T. Zünd1,2, M. Wörle1, K. V. Kravchyk1,2, M. I. Bodnarchuk2, M. V. Kovalenko1,2*

1Laboratory of Inorganic Chemistry, Department of Chemistry and Applied Bioscience, ETH Zürich,
CH-8093 Zürich, Switzerland, 2Laboratory for Thin films and Photovoltaics, Empa – Swiss Federal

Laboratories for Materials Science and Technology, CH-8600 Dübendorf, Switzerland

The performance demands placed on batteries for the use in electrical mobility and portable
devices are enormous. Cathode materials remain a bottleneck for the further increase on energy
density. A promising candidate compound featuring low cost and high natural abundance is iron
trifluoride (FeF3). It has been demonstrated that FeF3 intercalates lithium with near theoretical
capacity of 237 mAh/g [1], also with promising rate capability [2]. However, there remains a strong
need to develop low-cost synthesis methods for this material in a nanoscale form, needed for
maximizing the performance. Herein, we show a new synthesis for nanocrystalline FeF3 based on a
thermal decomposition of an organic precursor. Such inexpensive FeF3 can be charged and
discharged in a lithium half-cell at a reversible capacity of 155 mAh/g within 1 min (10 A/g) or even
faster. After 100 cycles, a capacity retention of 88 % has been achieved. In a sodium-ion half-cell,
a capacity of 160 mAh/g at a current rate of 0.2 A/g could be measured. [3]

[1] Liu, J et al., J. Mater. Chem. A 2013, 1, 1969
[2] Ma, D. L. et al., Energy Environ Sci 2012, 5, 8538
[3] Guntlin, C. P., et al. J. Mater. Chem. A, 2017, 5,7383
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N-heterocyclic carbene complexes of Silver(I) for C-C bond activation of alkylnitriles and
catalytic oxazoline synthesis

R. Heath1,2, E. Keske2, M. Albrecht1,2*

1Universität Bern, 2University College Dublin

N-heterocyclic carbenes (NHCs) are increasingly prevalent ligands for the synthesis of
organometallic complexes and in homogeneous catalysis [1]. Reaction of azolium salts with Ag2O
afford Ag–NHC complexes, which are commonly transmetallated in situ to different metals [2].
However, to date little attention has been paid to the Ag–NHC intermediates regarding complex
formation and potential catalytic applications [3].

We describe that generation of Ag–NHC complexes from azolium salts in refluxing CH3CN results in
a selective C–C bond cleavage and formation of [(NHC)Ag(CN)] complexes; which can also be
extended to other alkyl nitrile reagents [4].

Additionally, we will present the catalytic performances of a series of Ag–NHC complexes for the
synthesis of oxazolines via aldol condensation. These highly active systems reveal relatively
unexplored applications of easily accessible silver carbene complexes. 

[1] A. J. Arduengo and G. Bertrand, Chem. Rev., 2009, 109, 3209-3210.
[2] J. C. Garrison and W. J. Youngs, Chem. Rev., 2005, 105, 3978-4008.
[3] (a) J. Ramirez, R. Corberan, M. Sanau, E. Peris and E. Fernandez, Chem. Commun., 2005,
3056-3058; (b) M.-T. Chen, B. Landers and O. Navarro, Org. Biomol. Chem., 2012, 10, 2206-2208.
[4] R. Heath, H. Muller-Bunz, M. Albrecht, Chem. Commun., 2015, 51, 8600-8701.
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Towards the direct synthesis of nitrogen functionalized bis arene complexes of Re and
99(m)Tc

D. Hernández Valdés1, G. Meola1, H. Braband1, B. Spingler1, R. Alberto1*

1University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, Switzerland

Functionalized sandwich complexes of transition metals are used as precursors for numerous
reactions with applications in different fields, including medicinal inorganic chemistry and
catalysis1-3. Re(I) and 99(m)Tc(I) bis arene complexes represent a new promising route to low valent,
nonpolar, and inert compounds1 and could represent building blocks for the development of new
potential pharmaceuticals and catalyst. The synthesis of technetium and rhenium bis arene
complexes was first stablished by Fischer and Hafner in the 1950s and 1960s using AlCl3 as an
activation agent. More recently, some modification to the synthesis have been done by Kudinov3

and in our group1 but still AlCl3 is needed in the reaction. The high reactivity of AlCl3 limits the
synthesis of Re(I) and 99(m)Tc(I) bis arene complexes to only alkyl arene substituents. Here, we
present the first direct synthesis of nitrogen functionalized bis arene complexes of rhenium(I).
Different ligands presenting sp3 and sp2 nitrogen were evaluated. Whereas the presence of sp2

nitrogen in the ligand hampers the formation of sandwich complexes, promising results have been
obtained for ligands containing sp3 nitrogen. The synthesis of [99(m)Tc(N,N- dimethylaniline)2]+

analogue was performed following Benz procedure1 as a proof of applicability in technetium
chemistry. Optimization of reaction conditions and purification procedures, as well as the search
for other suitable ligands are currently on going.

[1] M. Benz, H. Braband, P. Schmutz, J. Halter, R. Alberto, Chem. Sci., 2015, 6, 165-169
[2] G. Pampaloni, Coord. Chem. Rev., 2010, 254, 402-419.
[3] E. A. Trifonova, D. S. Perekalin, K. A. Lyssenko, A. R, Kudinov, J. Organomet.Chem., 2013, 727,
60-63.
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A Bidentate Mo(0) Isocyanide Complex is a Powerful Photoredox Catalyst

P. Herr1, L. A. Büldt1, C. B. Larsen1, O. S. Wenger1*

1University of Basel

Photoredox catalysis has received significant attention in recent years, providing mild reaction
conditions for a wide range of photoreactions in organic syntheses.[1] However, this class of
reactions is often limited by the reducing power of the photocatalysts. To further improve the
substrate scope, the development of stable photocatalysts capable of performing more demanding
chemical transformations is desirable.

We demonstrated that bidentate isocyanide complexes of molybdenum(0) can act as strong
photoreductants.[2,3] With an excited state oxidation potential of -1.9 V vs. SCE, the Mo(0) complex in
Scheme 1 is 0.2 V more reducing than the widely used [Ir(ppy)3] complex.

We present the photophysical properties of this Mo(0) complex and demonstrate its application in
photoredox catalysis. A specific example is the photocatalytic base-promoted homolytic aromatic
substitution (BHAS) reaction shown in Scheme 1.

[1] Megan Shaw, Jack Twilton, Dave MacMillan, J. Org. Chem., 2016, 81, 6898–6926
[2] Laura A. Büldt, Xingwei Guo, Alessandro Prescimone, Oliver S. Wenger,Angew. Chem. Int. Ed.,
2016, 55, 11247-11250
[3] Laura A. Büldt, Oliver S. Wenger, Angew. Chem. Int. Ed., 2017, 56, 5676-5682
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Boc(βala)2N2H3 and its interaction with silver

A. Holzheu1, A. Crochet1, K. M. Fromm1*

1University of Fribourg

INTRODUCTION: For centuries it is known that silver possesses antimicrobial properties. It was
regularly used for the treatment of burns, wounds and several bacterial infections, but with the
emergence of antibiotics it was nearly forgotten for almost 50 years1,2. Nowadays, due to the rising
concern regarding infectious diseases induced by multidrug-resistant bacteria, silver has made a
remarkable comeback as a potential antimicrobial agent2. Therefore, we study the antimicrobial
effects of a dipeptide, Boc(βala)2N2H3, that has four potential silver coordination sites and the
capability, due to the hydrazine end group, to reduce silver ions to silver nanoparticles
(AgNPs). METHODS: To obtain the Boc(βala)2N2H3 dipeptide, a standard liquid phase synthesis was
used3. The dipeptide was characterized by 1H- and 13C-NMR, MS-ESI, thermal analysis (TGA, DSC),
FT-IR and XRD measurements. Crystals were obtained in DMSO. 1H-NMR and MS-ESI titrations were
performed with Boc(βala)2N2H3 and AgNO3 in DMSO d6 or D2O. AgNP formation with
Boc(βala)2N2H3 and AgNO3 were recorded overnight by UV-Vis spectroscopy and analysed with
TEM, MS-ESI and FT-IR. Different temperature conditions where hereby investigated. Antimicrobial
tests were performed with E.coli (ATCC 25922) and Boc(βala)2N2H3. The OD600 was taken over a
time period of 24 h at 37 °C. RESULTS: Figure 1a represents the time-resolved formation of AgNP
at pH 7 and 60 °C, while 1b depicts the obtained AgNPs. Figure 1c shows the crystal structure of
Boc(βala)2N2H3. A first trial of silver complexation with Boc(βala)2N2H3 by NMR titration gave a high-
field shift for the hydrazine end group of 1.026 (NH2) and 0.591 ppm (NH). Antimicrobial tests
revealed an OD600 of 0.7 for just E.coli, 0.68 for E.coli with 1 mg/ml Boc(βala)2N2H3, and 0.55 for
E.coli with 2 mg/ml Boc(βala)2N2H3 after 24 h of growth. DISCUSSION & CONCLUSIONS: The
peptide crystallizes in the orthorhombic space group P212121. The packing reveals three H‑bonds
of 2.03–2.13 Å, which connect the peptide molecules into 1D-ribbons, which are themselves
connected in an anti-parallel fashion via H-bonds between the hydrazine groups to form dimers of
ribbons. These dimers of ribbons are arranged in zigzag into layers, which are themselves
assembled through short interactions into a 3D structure with a mean distance of ~ 2.3 Å. First
tests showed that Boc(βala)2N2H3 is capable to form AgNPs at 40, 50 and 60 °C but not at RT. For
60 °C the highest absorbance was observed meaning that the reaction is temperature dependent.
AgNP formation occurred over several hours, reaching in case of 60 °C sizes of 30 to 90 nm. The
NMR titration showed that the interaction with silver takes place mainly at the hydrazine end
group. The antimicrobial tests indicated a slight decrease in bacterial growth for 2 mg/ml of
Boc(βala)2N2H3.

Figure 1: a) UV-VIS of AgNP formation with 1.25 mM Boc(βala)2N2H3 and 1.25 mM AgNO3 at pH 7
and 60 °C; b) TEM of 30-90 nm big AgNP formed, scale 2 µm; c) Crystal structure of
Boc(βala)2N2H3, R = 3.61 %

[1] Sonja Eckhardt et al., Chem. Rev., 2013, 113 (7), 4708–4754 [2] Mahendra Rai, Alka Yadav,
Aniket Gade, Biotechnology Advances, 2009, 27, 76–83 [3] Peter S. Petrie, Lee H. Horsley, United
States Office, 1958, US2834781 A
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Iron(II) Complexes of Chiral, C2-Symmetric, P- or C-Stereogenic PNP Pincer Ligands and
their Application in the H2 Hydrogenation of Ketones

R. Huber1, A. Passera1, A. Mezzetti1*

1ETH Zürich

Chiral pincer ligands for iron(II) have been recently developed and applied in the direct H2
hydrogenation of ketones.1,2 We report here the preparation and characterization of iron(II)
dibromocarbonyl complexes 1, 2, and 3 of the type [FeBr2(CO)(L)], where L is one of
the tridentate, P- or C-stereogenic, C2-symmetric PNP pincer ligands
(SP,SP)-2,6-bis((cyclohexyl(methyl)phosphanyl) methyl)pyridine (4),
2,6-bis(((2R,5R)-2,5-dimethylphospholan-1-yl)methyl)pyridine (5), or (SP,SP)-2,6-bis(
(tert-butyl(methyl)phosphanyl)methyl) pyridine (6).

The corresponding bromocarbonylhydride complexes were prepared by addition of NaBHEt3 (1
equiv.) and either isolated or directly used in catalysis. They were active in the direct H2
hydrogenation of a variety of arylalkyl ketones under 50 bar of H2 pressure and in the presence of
KOtBu as base. The enantioselectivity reached 61% ee with (S)-1-(2-naphthyl)ethanol. The origin of
enantioselectivity was investigated using DFT calculations.

[1] A. Zirakzadeh, K. Kirchner, A. Roller, B. Stöger, M. Widhalm, R. H. Morris Organometallics 2016,
35, 3781.
[2] S. A. M. Smith, P. O. Lagaditis, A. Lüpke, A. J. Lough, R. H. Morris Chem. Eur. J. 2017, DOI:
10.1002/chem.201701254.
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High thermoelectric performance of p-type solution processed SnTe nanocomposite
through band engineering

M. Ibáñez1,3, R. Hasler1, B. Kuster1, A. Cabot2,4, M. V. Kovalenko1,3*

1ETH Zürich, 2IREC, 3EMPA, 4ICREA

The bottom-up assembly of semiconductor colloidal nanoparticles into macroscopic multi-
compound materials is a particularly versatile methodology to precisely design thermoelectric
materials. Beyond the control over crystal domain size, shape, crystal phase and composition
during nanoparticle synthesis, solution-processed nanoparticles allow an exquisite surface
engineering, which provides additional means to modulate transport properties. The exchange of
native surface organic ligands by short inorganic molecules can be envisioned as carriers of
foreign ions, which may diffuse to the nanoparticle lattice to tune the type and concentration of
majority carriers or to modify the electronic band structure.

Herein, we report the thermoelectric performance of consolidated surface modify SnTe
nanoparticles. CdSe complexes were selected as ligands to suppress the excess of holes arising
from the intrinsically large number of Sn vacancies, to converge the light- and heavy- bands, and
to generate nanoinclusions of a secondary phase to further reduce the lattice thermal conductivity.
The SnTe-CdSe nanocomposites produced allowed us to obtain figures of merit up to 1.3 at 850 K,
which is, to the best of our knowledge, the highest thermoelectric figure of merit reported for Sn-
based solution processed chalcogenides, and comparable to the highest figure of merit stated for
SnTe.
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Dopant Screening of Ceria-Based Materials for Solar Thermochemical Two-Step
CO2-Splitting

R. Jacot1, R. Michalsky2, A. Steinfeld2*, G. R. Patzke1*

1Institute of Chemistry, University of Zurich, 8057 Zurich, Switzerland., 2Department of Mechanical
and Process Engineering, ETH Zurich, 8092 Zurich, Switzerland.

We consider the solar-driven 2-step thermochemical cycle for splitting H2O and CO2 via
CeO2-based redox reactions[1]. In the first endothermic step, ceria is thermally reduced using
concentrated solar energy by releasing O2 (Eq. 1). In the second exothermic step (Eq. 2a and 2b),
reduced ceria reacts with H2O and/or CO2 to generate H2 and/or CO, respectively. The fuel yield is
proportional to the oxygen exchange capacity (OEC), which can be improved with cationic doping.

Starting from our earlier work,
[2] we investigate all possible tetravalent dopants of the periodic

table because of their potential to yield higher OEC values due to flexible vacancy formation
processes. The doped ceria samples were analyzed with a wide range of analytical techniques (e.g.
PXRD, TG, ICP-MS, SEM-EDX, XAS). We found a correlation between the effective ionic radius and
the OEC that was supported by DFT calculations. The tetravalent dopants with best redox
performance were tested for their high temperature long-term stability in thermogravimetric
cycling experiments.

[1] W.C. Chueh, C. Falter, M. Abbott, D. Scipio, P. Furler, S.M. Haile, A. Steinfeld, Science
2010, 330, 1797.
[2] J.R. Scheffe, R. Jacot, G.R. Patzke, A. Steinfeld, J. Phys. Chem. C 2013, 117, 24104.
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Triazolylidene iron(II) piano-stool complexes: synthesis and catalytic hydrosilylation of
carbonyl compounds

C. J. Johnson1, M. Albrecht1*

1Universität Bern

1,2,3-Triazolylidenes are a recently developed sub-class of NHC ligands which have tremendous
versatility due to the synthetic flexibility of the copper catalysed cycloaddition of alkynes with
azides (CuAAC).1,2 These ligands are strong σ-donors, exhibiting stronger donor properties than
classic Arduengo-type imidazole-2-ylidenes.2 This property, coupled with the electronic flexibility of
the mesoionic ligands makes them a powerful class of ligands for a large variety of catalytic
transformations. 

Iron is inexpensive, earth-abundant, non-toxic, biologically relevant, and environmentally benign.
Thus, iron catalysts offer an attractive alternative to the systems based on rare and precious
platinum group and coinage metals which dominate current literature.3 Herein we present a new
class of triazolylidene iron(II) piano stool complexes and their activity in catalytic hydrosilylation
reactions.

[1] P. Mathew, A. Neels, M. Albrecht, J. Am. Chem. Soc., 2008, 130, 13534-13535.
[2] K. F. Donnelly, A. Petronilho, M. Albrecht, Chem. Commun., 2013, 49, 1145-1159.
[3] K. Riener; S. Haslinger, A. Raba, M. P. Högerl, M. Cokoja, W. A. Herrmann, F. E. Kühn, Chem.
Rev., 2014, 114, 5215-5272.  
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Semi hydrogenation of alkynes by a novel bimetallic rhodium(I) complex

P. Jurt1, T. L. Gianetti1, A. Fedorov1, S. Gauthier2, H. Grützmacher1*

1ETH Zurich, 2Universite Rennes 1

Catalytic semi hydrogenation of alkynes to alkenes is an important process in both academia and
industry. Developed in the 50’s, Lindlar’s catalyst (Pd/CaCO3/Pb(OAc)2/quinoline) still remains a
privileged system for Z-selective semi hydrogenation reactions. However, the system utilizes a
toxic lead additive. Further drawbacks are narrow substrate scope, over hydrogenation to alkenes,
Z/E isomerization and double bond migration reactions. [1]

Herein, we report a new bimetallic complex 2 bearing a [Rh(I)]2-mojety. The stabilization of the rhodium-
rhodium bond, while leaving two reactive rhodium centers, was achieved by a tailored ligand with
olefin/alkyne sites to anchor the two metal centers. The complex 2 was shown to be active in semi
hydrogenation of alkynes under very mild conditions. In order to optimize the stability and activity of the
complex, high throughput ligand- and substrate screening was performed, leading to a catalyst system
able to perform semi hydrogenation reactions with up to 94 % alkene selectivity.

Figure 1. a) Synthesis of a dirhodium complex 2, b) Conditions for semi hydrogenation reactions,
c) crystal structure of 2. Methyl groups and fluorine atoms omitted for clarity.

[1] A. Fedorov, H. Liu, H. Lo, C. Copéret, J. Am. Chem. Soc. 2016, 138, 16502.
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Selective Semihydrogenation of Alkynes with Copper Nanoparticles Supported on
Passivated Silica

N. Kaeffer1, H. Liu1, H. Lo1, A. Fedorov1, C. Copéret1*

1Department of Chemistry and Applied Biosciences, ETH Zurich

Semihydrogenation of alkynes to Z-alkenes is an important industrial process catalyzed by noble-
metal-based systems, in particularly Pd.1 The scarcity and high price of such catalysts spur the
development of alternative earth-abundant semihydrogenation catalysts. For instance, supported
Cu nanoparticles were found to catalyze the semihydrogenation of propyne under flow conditions.2
Surface organometallic chemistry offers a general approach to small narrowly-dispersed supported
metallic nanoparticles using molecular organometallic precursors.3 With this methodology, our
group has prepared silica-supported Cu particles and utilized high-throughput screening to identify
PCy3 as a ligand for the highly chemo- and stereoselective semihydrogenation of alkynes into Z
-olefins.4 Here, we explore the modification of the support through passivation5 of the OH group to
modify the adsorption properties of the supports and to enable the use of broader ligand libraries.

 

Fig.1. General scheme of selective alkyne semihydrogenation (left) and high-angle annular dark
field transmission electron microscopy image of Cu nanoparticles on passivated silica (right).

[1] G. Vilé et al., ChemCatChem 2016, 8, 21.
[2] N. J. Ossipoff et al., J. Catal. 1994, 148, 125.
[3] C. Coperet et al., Chem. Rev. 2016, 116, 323.
[4] A. Fedorov et al., J. Am. Chem. Soc. 2016, 138, 16502.
[5] E. Oakton et al., Dalt. Trans. 2014, 43, 15138.
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Heteroleptic light-emitting copper(I) complexes with applications in light-emitting
electrochemical cells

S. Keller1, A. Prescimone1, H. J. Bolink2, C. E. Housecroft1*, E. C. Constable1*

1University of Basel, 2Universidad de Valencia

The access to artificial light sources is one of the basic human needs and crucial for our modern
society. As the energy to light conversion with "classic" lighting systems is relatively inefficient,
the development of new lighting devices such as LECs (Light-Emitting Electrochemical Cells) and
OLEDs (Organic Light-Emitting Diodes) promises considerable savings in terms of both energy and
resources. The main advantage of this technology lies in the conversion of energy into visible light
as main product instead of heat with light only as a by-product. Furthermore, the straightforward
production of especially the LECs allows the cost-efficient production of light-emitting devices for
miscellaneous application types. We present new results on the synthesis and investigation of light-
emitting copper(I) complexes, which are a low-priced alternative to materials based on less
abundant elements such as ruthenium or iridium. In order to stabilize the d10 state of copper(I) and
protect it from being oxidized, the ligands should be coordinated in a tetrahedral geometry.
Encouraging results have been obtained with P^P chelating bisphosphanes such as POP
(bis[(2-diphenylphosphino)phenyl] ether) and xantphos
(4,5-Bis(diphenylphosphino)-9,9'-dimethylxanthene), in combination with 2,2'-bipyridines,
2,2':6',2''-terpyridines and other chelating N^N-donors.[1,2] The copper(I) systems are very
susceptible to the steric demand of the ligands. Due to sensible ligand tuning involving for
example alkyl or aryl groups at the N^N ligands, we successfully prepared yellow emitting Cu(I)
complexes with quantum yields of 37% and improving, with the respective LECs exceeding device
lifetimes of 80 hours.[3]

Figure 1. Left: Schematic buildup of a light-emitting electrochemical cell. Right: Normalized powder
(blue) and solution (yellow) emission spectra of [Cu(xantphos)(6,6'-Me2bpy)][PF6].
The research on emissive Cu(I) compounds is very promising and still relatively new, leaving the
field open for innovative ideas. Further alteration of the ligands will provide much needed insights
into their influence on the important complex properties such as electroluminescence, lifetime of
the excited state, quantum yield and ion mobility, thus allowing the fabrication of even more
efficient light-emitting devices. 

[1] S. Keller, E. C. Constable, C. E. Housecroft, M. Neuburger, A. Prescimone, G. Longo, A.
Pertegás, M.Sessolo, H. J. Bolink, Dalton Trans., 2014, 43, 16593-16596.
[2] N. S. Murray, S. Keller, E. C. Constable, C. E. Housecroft, M. Neuburger, A. Prescimone, Dalton
Trans., 2015, 44, 7626-7633.
[3] S. Keller, A. Pertegás, G. Longo, L. Martinez, J. Cerdá, J. M. Junquera-Hernández, A. Prescimone,
E. C. Constable, C. E. Housecroft, E. Ortí, H. J. Bolink, J. Mater. Chem. C., 2016, 4, 3857-3871.
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In search of uranium terminal sulfide complexes

R. P. Kelly1, M. Falcone1, J. Andrez1, R. Scopelliti1, C. A. Lamsfus2, L. Maron1, M. Mazzanti1*

1EPFL, 2INSA, Toulouse

There has been renewed interest in uranium complexes with uranium-ligand multiple bonds (e.g.
N, O, S), since such complexes could open up new reactivity and catalytic applications due to the
large size of uranium ions and the involvement of f orbitals in uranium-ligand bonding. Also, they
are of fundamental interest because they can be used to probe the nature of the bonding in
actinide complexes. The list of well-characterised uranium terminal oxo complexes is growing but
there are only a few uranium complexes bearing terminal sulfide ligands.[1-4] Sulfur-containing
ligands are used in the selective extraction of actinides from nuclear waste, and this
necessitates further studies into the nature of An–S bonds.
Different approaches have been used to prepare uranium(IV) terminal sulfide complexes. Hayton
and co-workers treated a uranium(III) ylide adduct with 0.125 eq. of S8,[1] while Meyer and
coworkers deprotonated a uranium(IV) hydrosulfide complex.[3] Reductive cleavage of a
uranium(IV) thiolate complex after treatment with Na(Hg) also yielded a uranium(IV) terminal
sulfide complex.[2] Our group recently prepared a uranium(IV) terminal sulfide complex supported
by bulky tris(tertbutoxy)siloxide ligands (L = OSi(OtBu)3) (Fig. 1). This complex was prepared by
first treating [KUL4] with 0.5 eq. of Ph3P=S. Then, 2.2.2-cryptand was added to abstract two of the
potassium ions from the complex that is formed, [SUL4K2]2, affording a new uranium(IV) terminal
sulfide complex. [4]
The synthesis of uranium(V) terminal sulfide complexes more complicated than that of analogous
uranium(IV) complexes, but our preparation of a uranium(IV) terminal sulfide complex supported
by tris(tertbutoxy)siloxide ligands suggests that they could be suitable supporting ligands for
a uranium(V) terminal sulfide complex. 

[1] J. L. Brown, S. Fortier, R. A. Lewis, G. Wu and T. W. Hayton, J. Am. Chem. Soc. 2012, 134,
15468.
[2] L. Ventelon, C. Lescop, T. Arliguie, P. C. Leverd, M. Lance, M. Nierlich and M. Ephritikhine,
Chem. Commun. 1999, 659.
[3] M. W. Rosenzweig, A. Scheurer, F. W. Heinemann, C. A. Lamsfus, L. Maron, J. Andrez, M.
Mazzanti and K. Meyer, Chem. Sci. 2016, 7, 5857.
[4] J. Andrez, J. Pécaut, R. Scopelliti, C. E. Kefalidis, L. Maron, M. W. Rosenzweig, K. Meyer and M.
Mazzanti, Chem. Sci. 2016, 7, 5846.
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Modifying spacers and anchoring groups for heteroleptic Cu(I) -
6,6'-dimethyl-2,2'-bipyridine based DSSCs

Y. M. Klein1, Y. Baumgartner1, E. C. Constable1*, C. E. Housecroft1*

1University of Basel

Heteroleptic [Cu(6,6'-dimethyl-2,2'-bipyridine)A(6,6'-dimethyl-2,2'-bipyridine)C]+ (A: anchoring
ligand, C: capping ligand) complexes in which the bpy units are functionalized in the 4- and
4'-positions are known to be good light harvesting materials in dye-sensitized solar cells (DSSCs).
When the formation of isolated heteroleptic [Cu(bpy)A(bpy)C]+ complexes is attempted,
equilibration occurs giving mixures of homo- and heteroleptic complexes; separation is very
difficult. Therefore our group has developed a stepwise build-up of DSSCs (Figure 1a): a 'surface-as-
ligand, surface-as-complex' approach. For the first step a 6,6'-dimethyl-2,2'-bipyridine ligand,
which is modified in the 4 and 4'-positions by a spacer bearing an anchoring group (e.g.
4-phenylphosphonic acid, Figure 1b) is bound to a TiO2 surface. Afterwards Cu(I) and a capping
ligand are introduced by a ligand exchange reaction between the anchored bpyA and a bpyC of the
homoleptic [Cu(bpyC)2]+ complex. In previous work done by our group, much focus was put on the
modification of the capping ligand to enhance photo to current efficiencies. The standard
anchoring ligand with the best performance, which is currently used in our group is shown below.
Changing the anchoring group from phosphonic acid to alternative groups1, as well as modifying
the phenyl spacer to a thiophene spacer has been investigated2 with a goal of enhancing solar cell
performance for [Cu(bpy)2]+ complexes. Targets are to gain better affinity of the anchoring group
to TiO2, better electron transport through the spacer, less electron recombination between dye and
electrolyte and an overall longer electron lifetime within the complex.

Figure 1: a) Stepwise build of heteroleptic Cu(I) – DSSCs. b) Anchoring ligand for Cu(I) – DSSCs.

[1] Y. Baumgartner, Y. Maximilian Klein, E. C. Constable, C. E. Housecroft and M. Willgert, RSC
Adv., 2016, 6, 86220–86231.
[2] Y. M. Klein, M. Willgert, A. Prescimone, E. C. Constable and C. E. Housecroft, Dalt. Trans., 2016,
45, 4659–4672. 
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Structural Cytotoxicity studies of {Mn(CO)3Br}+, {Mn(CO)3Br}+ and {Mn(CO)3Br}+

bearing bipyrimidine derivatives or isocyanides as ligands

E. Kottelat1, F. Zobi*1*

1University of Fribourg

Carbon monoxide (CO) is known as fundamental gaseous neurotransmitter in humans and there is
a growing interest in its pharmacological or medical applications. CO is acknowledged to be
involved in several cellular, physiological and pathological pathways, such as endothelial injuries,
vasodilatation, inflammation. Organometallic carbonyl complexes are best suited to play the role
of CO carriers. Targeting of the molecules to local injuries can thus be achieved by modifying the
coordination sphere of the metal ion via a proper selection of ligands or by appending CO releasing
molecules (CORMs) to biomolecules.

There exist, however, a delicate balance between cytoprotective and cytotoxic effects of CO
releasing molecules. Various studies have reported promising cytoprotective effects of Mn- and Re-
based CORMs in different preclinical models, while other studies have focused on the toxicity of
the same molecules on cancer cells or their bactericidal activity. Nevertheless, there is no
structure-activity known for CORMs, nor is it understood how the metallic center, its oxidation
state and ligand framework impact on the relative cytoprotective and cytotoxic of CORMs.
In order to attempt a predictive correlation between the cytotoxicity and the structure of CORMs,
we report the effects on mouse cancer cells of 18 different complexes. Three metallic carbonyl
cores, Mn(I), Re(I) bis-CO, Re(I) tris-CO, with two series of three similar ligands (isocyanide and
bipyrimidine-type) were tested. Seven crystal structures were determined by X-ray diffraction. The
kinetics of the degradation of Mn(I) and Re(I) bis-CO complexes as their CO delivery capabilities
were also investigated.
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Aluminum Chloride–Natural Graphite Battery and its Energy Density

K. V. Kravchyk1,2, S. Wang1,2, L. Piveteau1,2, F. Krumeich1,2, M. V. Kovalenko1,2*

1Institute of Inorganic Chemistry, Department of Chemistry and Applied Biosciences, ETH Zürich,
CH-8093 Zürich, Switzerland, 2Empa – Swiss Federal Laboratories for Materials Science and

Technology, CH-8060, Dübendorf, Switzerland

Non-aqueous, ionic liquid-based aluminum chloride-graphite batteries emerge as a highly
promising post-Li-ion technology for low-cost and large-scale storage of electricity, because it
features exclusively highly abundant chemical elements and simple fabrication methods. In this
work, we examined the recently proposed aluminum–ionic liquid–graphite architecture.1 Although
previous studies have focused on graphitic cathodes, we analyzed the practicality of achievable
energy densities and found that the AlCl3-based ionic liquid is a capacity-limiting anode material.
By focusing on both the graphitic cathode and the AlCl3-based anode, we improved the overall
energy density.3,4 First, high cathodic capacities of ≤150 mAh g–1 and energy efficiencies of 90% at
high electrode loadings of at least 10 mg cm–2 were obtained with highly crystalline natural
graphite flakes or with synthetic kish graphite flakes, which were subjected to minimal mechanical
processing. Second, the AlCl3 content in the ionic liquid was increased to its maximal value, which
essentially doubled the energy density of the battery, resulting in a cell-level energy density of
≤65 Wh kg–1.

Figure 1. An aluminum chloride-graphite battery. (a) Schematics of the charging process. (b)
Comparison of the calculated (curves) and experimental (data points) cell-level energy densities.

[1] Meng-Chang Lin, Ming Gong, Bingan Lu, Yingpeng Wu, Di-Yan Wang, Mingyun Guan, Michael
Angell, Changxin Chen, Jiang Yang, Bing-Joe Hwang Hongjie Dai, Nature 2015, 520, 324-328.
[2] Kostiantyn V. Kravchyk, Shutao Wang, Laura Piveteau and Maksym V. Kovalenko, Chem. Mater.
2017, DOI: 10.1021/acs.chemmater.7b01060.
[3] Shutao Wang, Kostiantyn V. Kravchyk, Frank Krumeich and Maksym V. Kovalenko. Chem.
Mater. 2017, submitted.
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Efficient modulation of the donor sites of triazolylidene metal complexes for enhancing
catalytic activity

K. Lenzen1, M. Albrecht1

1Departement für Chemie und Biochemie, Universität Bern, CH-3012 Bern, Switzerland

N-heterocyclic carbene (NHC) metal complexes have shown versatile applicability in a wide variety
of catalytic transformations.[1] Mesoionic NHCs, such as 1,2,3-triazolylidenes, are an interesting
sub-class of NHCs, exhibiting even stronger σ-donation and additional beneficial properties in, for
instance, redox catalysis.[2] Introducing specific functional groups into NHC ligands is often highly
beneficial for enhancing catalytic performance of the complexes, though generally such
functionalization requires a challenging multi-step synthetic procedure. Such multi-step ligand by
ligand synthesis can be simplified by a post-modification procedure.[3,4] We have developed a
system that is based on a chloro-functionalized triazolylidene ligand (see Figure). Chloride
substitution on the complex allows for postmodification of the ligand and the formation of novel
chelating systems, some of which are hard to make by any other route. Here we demonstrate the
potential of this approach by the synthesis and catalytic screening of a variety of donor-
functionalized Ir and Ru complexes. The rapid access to a wide range of functionalized
triazolylidene metal complexexs gives immediate information on the best systems for a specific
catalytic reaction. The versatility of the method will be discussed as well as the effect of the
functional donor sites on different types of catalysis.

[1] Díez-González, S.; Marion, N.; Nolan, S. P. Chem. Rev. 2009, 109 (8), 3612.
[2] Mathew, P.; Neels, A.; Albrecht, M. J. Am. Chem. Soc. 2008, 130, 13534; Donnelly, K. F.;
Petronilho, A.; Albrecht, M. Chem. Commun. (Camb). 2013, 49, 1145.
[3] Delgado-Rebollo, M.; Canseco-Gonzalez, D.; Hollering, M.; Mueller-Bunz, H.; Albrecht, M. Dalton
Trans. 2014, 43, 4462.
[4] Teng, Q.; Upmann, D.; Wijaya, S. A. Z. N.; Huynh, H. V. Organometallics 2014, 33, 3373.
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Periodic charging of individual molecules and charge patterns of an assembly of
aromatic heterocyclic molecules on the surface

S. Liu2, N. Kocić3, X. Liu2, P. Weiderer3, S. Decurtins2, J. Repp3*

1Department of Chemistry and Biochemistry, University of Bern, 3012 Bern, Switzerland, 2
Department of Chemistry and Biochemistry, University of Bern, 3012 Bern, Switzerland , 3Institute

of Experimental and Applied Physics, University of Regensburg, 93053 Regensburg, Germany

Single-electron charging is critical for many areas of nanoscience. Charging and discharging
events can be detected, i.e. in the force and in the frequency shift in atomic force microscopy. In a
combined STM/FM-AFM study, the periodic charging of individual molecules assembled on a
Ag(111) substrate was investigated [1].The molecule under investigation,
1,6,7,12-tetraazaperylene (tape), is a planar heterocyclic compound (Figure 1). The incorporated
hydrogen bonding capacity stabilizes on surface a two-dimensional molecular assembly.
Interestingly, different charge patterns on the 1 nm scale can be created and addressed in a
controlled way on the Ag(111) substrate.

[1] Nemanja Kocić, Peter Weiderer, Stefan Keller, Silvio Decurtins, Shi-Xia Liu, Jascha Repp, Nano
Letter, 2015, 15, 4406–4411.
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Electron transfer across oligo-ortho-phenylenes

S. M. Malzkuhn1, O. S. Wenger1*

1University of Basel

In photosynthesis electron transfer over long distances plays a crucial role and has been studied in
many molecular donor-acceptor compounds. Especially para-substituted oligo-phenylenes as
molecular bridges have received much attention.1 For electron transfer across para-phenylenes
and para-xylenes, time-resolved measurements revealed a significant distance dependence with β
parameters of 0.2 Å-1 to 0.8 Å-1, respectively.2

For the first time we investigated photoinduced electron transfer through a molecular bridge
consisting of oligo-ortho-phenylenes. Compared to their para connected congeners, these
molecules show a much weaker distance dependence for electron transfer.

Comparison of electron transfer rates (kET) vs. donor-acceptor-distances (RDA) in para-phenylenes,
para-xylenes, and oligo-ortho-phenylenes.

[1] E. A. Weiss, M. J. Ahrens, L. E. Sinks, A. V. Gusev, M. A. Ratner, M. R. Wasielewski, J. Am. Chem.
Soc. 2004, 126, 5577–5584.
[2] D. Hanss, M. E. Walther O. S. Wenger, Coord. Chem. Rev. 2010, 254, 2584–2592.
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The History of “BLORANGE”: Co-Sensitized Copper(I) Dye-Sensitized Solar Cells

F. J. Malzner1, C. E. Housecroft1, E. C. Constable1

1University of Basel

Renewable energy sources are the answer to save the world from drastic climate changes. The
most promising one is photovoltaics. Today, photovoltaic modules are based on silicon but also
consist rare elements. A very good alternative are dye-sensitized solar cells, which had its
breakthrough in 1991 [1]. The most efficient cells contain ruthenium which is also rare on earth.

Our group focuses its research on the application of copper(I) complexes in dye-sensitized solar
cells [2]. A dye-sensitized solar cells consists of different components, which can be optimized to
yield higher efficiencies.

Figure 1: Structure of a dye-sensitized solar cell with zoom-in example for investigated copper(I)
dye-sensitized solar cells.

The most important part of a dye-sensitized solar cell is the dye. It consists of two parts – the
anchoring and the ancillary ligand [3]. In case of a copper(I) dye-sensitized solar cell the
absorption maximum is at about 480 nm and the photon-to-electricity conversion efficiency
between 600 and 700 nm is rather low. To reach a panchromatic absorption, co-sensitization with
another dye is sufficient. The relatively high efficiencies show the huge potential of co-sensitized
copper(I) dye-sensitized solar cells.

[1] B. O’Regan and M. Grätzel, Nature, 1991, 353, 737.
[2] C. E. Housecroft and E. C. Constable, Chem. Soc. Rev., 2015, 44, 8386.
[3] F. J. Malzner, C. E. Housecroft, E. C. Constable and M. Willgert, J. Mater. Chem. A, 2017, 5,
4671.
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Fighting Cancer with the Next Generation of Organometallic Assemblies

V. Mannancherril1, B. Therrien1*
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Due to defective vascular architectures, tumor blood vessels are better in extravasating large
molecules from the blood. Tumors show a poor lymphatic drainage which causes retention of high-
molecular weight substances.1 These two features are the bases for the EPR (Enhanced
Permeability and Retention) effect. Due to this enhanced permeability, large molecules are able to
enter into the tumor tissue and accumulate locally due to the poor lymphatic drainage, thus
increasing the selectivity and reducing side effects.2 Our research uses organometallic assemblies
that taken up by cancer cells.3 Therefore, to better exploit the EPR effect, we have designed larger
arene-ruthenium metalla-assemblies. 

These large compounds are composed of three metalla-clips that are connected by two tridentate
panels forming a hollow which might transport guests (drugs). Functional groups can be anchored
on the building blocks to enhance the size, activity and physiological property. For example, octyl
chains can be anchored on the clip, thus increasing significantly the volume of the assembly
(Figure 1). In the future, the influence of introducing longer and/or shorter, alkyl- and/or PEGylated
chains, will be evaluated.

[1] H. Maeda, K. Tsukigawa, J. Fang Microcirculation, 2016, 23, 173-182.
[2] H. Maeda, G. Y. Bharate, J. Daruwalla Eur. J. Pharm. Biopharm., 2009, 71, 409-419.
[3] A. Garci, A. A. Dobrov, R. Riedel, E. Orhan, P. J. Dyson, V. B. Arion, B. TherrienOrganometallics,
2014, 33, 3818-3822.
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Characterization and improvement of p-type dye sensitized solar cells.

N. Marinakis1, E. C. Constable1*, C. E. Housecroft1*

1University of Basel

We present recent research that has been done in our group detailing the mechanism of a p-type
cell. A p-type electrode will eventually be used as the cathode electrode in a tandem cell, in order
to achieve that the performance of the cell has to be improved.

In our group we working with NiO as a p-type semiconductor the properties of which has yet to fully
understand. The surface chemistry studies which consist of solid state UV, electrochemistry and sun
simulation measurements will reveal the reason why a p-type cell is not achieving his theoretical values
and what are the change that has to be made to in order to do so.

Design and synthesis of the dye is a strong asset, as well, in the performance of the solar cell. When
designing a dye for a p-type solar cell it should be taken into account that the HOMO of the dye should be
situated at his anchoring ligand. Cyclometalated Ru dyes have been developed in our group a long time
now. Those dyes consist of Ru-metal center bipyridine as ancillary ligand and a phosphoric or carboxylic
acid as an anchoring ligand. A dye with these characteristics has been synthesized in our group. The
performance of which, in a solar cell exceeds most of the known p-type dyes.

Moreover, the electrolyte used as an ion carrier in the solar cells should be examined closely. The redox
potential of the electrolyte should conform with the valence band of the semiconductor in order to achieve
the highest open circuit voltage.

Until recently iodine triiodide electrolyte has been used in p-type regardless the fact that is an n-type
optimized electrolyte. Cobalt dimethylamine electrolyte has been found to be much more suitable for p-
type solar cells according to their redox potential. In our group research to improve the electrolyte
performance by changing the ancillary ligands is been held.  
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Pincer-type Pyridylidene Amide (PYA) Ruthenium Complexes in Transfer Hydrogenation
Catalysis

P. Melle1, M. Albrecht1*

1Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3, CH-3012 Bern,
Switzerland

Ligand systems that offer flexibility and assist the metal in catalytic bond making and breaking
have recieved much attention recently.1 Pyridylidene amide (PYA) ligands have been shown to be
electronically flexible N‑donor sites and have suceesfully been used for several applications in
homogeneous catalysis, such as in challenging water oxidation and transfer hydrogenation.2,3 Here
we will present new pincer-type ligands based on the well‑known pyridine‑2,6‑dicarboxamide
scaffold,4 now containing two PYA moities. The N3-pincer cavity allows for a facile synthesis of
different ruthenium(II) complexes which can be further modified in an easy one step reaction (Fig.
1). We will discuss the influence of different PYA ligand systems and the variation of spectator
ligands on the electrochemical and photochemical properties of the complexes and on their
catalytic activity.

[1] Julia R. Khusnutdinova, David Milstein, Angew. Chem. Int. Ed., 2015, 54, 12236-12273.
[2] Miquel Navarro, Mo Li, Helge Müller-Bunz, Stefan Bernhard, Martin Albrecht, Chem. Eur. J., 2016, 22,
6740-6745.
[3] Kate F. Donnelly, Candela Segarra, Li-Xiong Shao, Rachelle Suen, Helge Müller-Bunz, Martin Albrecht, 
Organometallics, 2015, 34, 4076-4084.
[4] Pramod Kumar, Rajeev Gupta, Dalton Trans., 2016, 45, 18769-18783.
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  Induced-circular dichroism resulting from the interaction between a chromophoric
calix[6]arene and a chiral non-chromophoric amine   

N. Ménard1, B. Colasson1, O. Reinaud1, Y. Jacquot2*

1Laboratoire de Chimie et Biochimie Pharmacologiques et Toxicologiques, CNRS UMR 8601, 75006
Paris, France, 2Laboratoire des Biomolécules, CNRS UMR7203, 75005 Paris, France

Like resorcinarenes, cucurbiturils and cyclodextrins, calixarenes are supramolecular
cyclooligomers. They are synthesized through the condensation of p-substituted phenols and
formaldehyde. These macrocyclic molecules share a hydrophobic cage-like cavity (host) with the
ability to complex a variety of organic derivatives (guests) such as cationic amines. They can be
used as ion channel mimics, enzyme models, surface agents for protein recognition, or gene
transfection vectors.

To study asymmetric host-guest interactions, we have used circular dichroism (CD) spectroscopy,
and more specifically induced-circular dichroism (ICD). ICD is recorded when a non-chiral molecule
interacts with a chiral molecule. Towards this aim, we have explored the effects of different
parameters on the formation and the stability of an inclusion complex composed of a chiral amine,
i.e., (S)-(-)-2-methylbutylamine (chiral guest) and a calixarene, i.e., [Zn.X6tBu6] (chromophoric
host), where the small rim is functionalized by three imidazoles which are coordinated to a zinc
atom. We have studied the effects mediated by amine concentration enhancement, solvents
(dichloromethane and acetonitrile) and by temperature changes.

Whereas [Zn.X6tBu6], alone, exerts a negative Cotton effect with a negative maximum at 240 nm,
a positive Cotton effect at the same wavelength is recorded when the complex is formed. Whereas
the 1:1 complex is obtained with 1 eq. of (S)-(-)-2-methylbutylamine in DCM, it is formed in ACN
with 5 eq. of the amine. Temperature effects show that the complex is more stable in DCM when
compared to ACN. In conclusion, DCM appears as the most appropriate solvent to stabilize the
complex resulting from [Zn.X6tBu6] and (S)-(-)-2-methylbutylamine.
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A Mixed-Ring Sandwich Complex from Unexpected Ring Contraction in
[Re(η6‑C6H5Br)(η6‑C6R6)](PF6)

G. Meola1, H. Braband1, D. Hernández Valdés1, C. Gotzmann1, T. Fox1, B. Spingler1, R. Alberto1*

1University of Zurich

[M(arene)2]+-type complexes (M = Re, 99(m)Tc) of rhenium and technetium came recently into the
focus of our attention since their homologous metal complexes are an established matched-pair
for radio diagnosis and (radio)therapy. Hence, the synthesis of [Re(arene)2]+ type complexes was
optimized and an efficient and applicable one-step synthesis for [99(m)Tc(arene)2]+ compounds was
developed.1,2 Furthermore, novel synthetic pathways for the functionalization of this basic class of
organometallic complexes was developed, which led to a variety of mono- and di-functionalized
[Re(C6H5R)(C6H6-nRn)]+ compounds (R = -COOH, -Br, -Cl, -F, -COC2H5, -CH(OH)Ph, -C(OH)Ph2). This
type of complexes can be used as scaffolds in medicinal chemistry.3 In contrast, the synthesis of
mixed-ring sandwich complexes of ReI or TcI is poorly reported in the literature. We report here on
the conversion of a bromo-benzene, coordinated to a Re(I) center, into a cyclopentadienyl
aldehyde [Re(η5-C5H4CHO)(η6-C6R6)] (R = -H, -CH3) under strong alkaline condition and in
quantitative yield whereas the phenol complex of Re and 99Tc was achieved under mild alkaline
condition.4 Such a ring contraction is unprecedented so far. We elucidated the mechanism of this
reaction with 1H and 2H NMR and support the reaction path with DFT calculations. Following this
strategy, new classes of organometallic compounds can be synthesized with high potential for
therapeutic and diagnostic applications (inorganic drugs), in the future.

[1] Eveniya A. Trifonova, Dmitry S. Perekalin, Konstantin A. Lyssenko, Alexander R, Kudinova, J.
Organomet.Chem., 2013, 727, 60-63
[2] Michael Benz, Henrik Braband, Paul Schmutz, Jonathan Halter, Roger Alberto, Chem. Sci. 2015,
6, 165-169.
[3] Giuseppe Meola, Henrik Braband, Paul Schmutz, Michael Benz, Bernhard Spingler, and Roger
Alberto, Inorg. Chem., 2016, 55 (21), pp 11131–11139
[4] Giuseppe Meola, Henrik Braband, Daniel Hernández-Valdés, Carla Gotzmann, Thomas
Fox, Bernhard Spingler, and Roger Alberto, Inorg. Chem., 2017, DOI:
10.1021/acs.inorgchem.7b00394.
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  Structural investigation of silica-supported copper (I) surface sites by IR spectroscopy

J. Meyet1, K. Searles1, J. A. van Bokhoven1,2*, C. Copéret1*

1ETH Zurich, 2Paul Scherrer Institute

The rational design of heterogeneous catalysts requires detailed structural understanding of
surface sites for the development of structure reactivity relationships. One approach for
developing well-defined heterogeneous catalysts is Surface Organometallic Chemistry (SOMC).
SOMC relies on selectively anchoring metal complexes to the surface of oxide-supports via
grafting.[1] This ultimately allows for the generation and subsequent study of well-defined metal
sites on surface. Here will be described the synthesis of well-defined silica-supported copper (I)
site(s) and their characterization by infrared spectroscopy using CO as probe molecule. 

[1] Christophe Copéret, Aleix Comas-Vives, Matthew P. Conley, Deven P. Estes, Alexey Fedorov,
Victor Mougel, Haruki Nagae, Francisco Núñez-Zarur, and Pavel A. Zhizhko, Chemical Reviews,
2016, 116, 323−421.
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Formic Acid: A Promising Hydrogen Storage Material

M. Montandon-Clerc1, A. F. Dalebrook1, G. Laurenczy1*

1EPFL Lausanne

Hydrogen is, among others, widely known as a renewable and clean energy source, more precisely
an energy vector. However, it is less known that the storage of hydrogen is not so evident. Indeed,
the current methods to store hydrogen habitually involve high pressure (stainless steel) cylinder,
having weight and safety issues, [1] not easy to handle, having obvious hazards. In order to
imagine a general use of hydrogen as an energy carrier, other storage methods should be
developed.[2] The principle idea would be to use renewable energy sources such as solar or wind to
produce hydrogen, store it chemically bounded in small organic molecules such as formic acid,
deliver it on demand and then start the cycle again, thus being CO2 neutral if one can reuse the
CO2 released in the process.

To store and to deliver hydrogen chemically, one needs catalysts. Our group developed in 2006 a
ruthenium based catalyst for the dehydrogenation of formic acid and later came up with the
reduction of CO2 to formic acid in acidic aqueous media.[3-4] In our recent work we presented a
catalyst based on a non-noble metal, iron, for the dehydrogenation of formic acid in aqueous
solutions.[5] In the perspective of a wide usage of formic acid as a hydrogen storage material, it
would be of high interest to use a non-scarce metal, leading in lower cost of production and no risk
of shortage in supply. We are now investigating the reduction of CO2 in formic acid using similar
catalysts.

[1] Léon, A. Hydrogen Technology in Mobile and Portable Applications; Springer-Verlag: Berlin, Heidelberg,
2008.
[2] Dalebrook, A. F.; Gan, W.; Grasemann, M.; Moret, S.; Laurenczy, G. Chem. Commun. 2013, 49,
8735–8751.
[3] Fellay, C.; Dyson, P. J.; Laurenczy, G. Hydrogen production from formic acid. EP 1918247, 2006.
[4] Moret, S.; Dyson, P. J.; Laurenczy, G. Nat. Commun. 2014, 5, 4017.
[5] Montandon-clerc, M.; Dalebrook, A. F.; Laurenczy, G. J. Catal. 2016, 343, 62–67.
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Quinones as Reversible Electron Relays in Artificial Photosynthesis

M. Mosberger1, A. Rodenberg1, M. Orazietti1, C. Bachmann1, B. Probst1, R. Alberto1*, P. Hamm1*

1University of Zurich, Winterthurerstrasse 190, 8057 Zurich.

The ultimate source of electrons for photocatalytic hydrogen production is water. The four-electron
oxidation of two H2O to O2 involves several steps associated with a high kinetic overpotential. So
far, this prevented its widespread use as an electron donor in full, molecular water splitting
systems. Therefore, the two half-reactions in artificial photosynthesis are commonly studied using
sacrificial agents. On the reductive side, irreversible or semi-reversible electron donors such as
tertiary amines or ascorbic acid were applied.[1,2] This practice was established to study the half-
reaction individually, without interference of the oxidative side. However, this concept has little
practical significance.
In contrast, nature uses a completely reversible electron relay in the form of the
hydroquinone/quinone system to shuttle electrons between PSII and PSI.[3] Compared to the
oxidized form of tertiary amines and ascorbate, oxidized hydroquinones are excellent electron
acceptors, thus efficiently inhibiting any productive electron transfer reactions in the reductive half-
reaction to H2. A photocatalytic proton reduction system featuring a reversible
hydroquinone/quinone shuttle system that overcomes this limitation will be presented along with a
kinetic analysis of the system elucidating the faith of the quinone species as well as the bottle
neck of the system.[4]

Fig. 1: Reductive half reaction of artificial photosynthesis with TCEP as sacrificial electron donor, a
quinone-based relay, a Ru-photosensitizer and a Co-based water reduction catalyst (WRC).

[1] B. Probst, M. Guttentag, A. Rodenberg, P. Hamm, R. Alberto, Inorg. Chem., 2011, 50,
3404–3412.
[2] M. Guttentag, A. Rodenberg, B. Probst, P. Hamm, R. Alberto et al, Eur. J. Inorg. Chem., 2012,
2012, 59–64.
[3] S. Berardi, M. Guttentag, C. Richmond, T. Stoll, A. Llobet et al, Chem. Soc. Rev., 2014, 43,
7501–7519.
4] A. Rodenberg, M. Orazietti, M. Mosberger, R. Alberto, P. Hamm et al, ChemPhysChem, 2016, 17,
1321–1328.
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  Enhanced Catalytic Activity of Iridium(III) Complexes by Facile Modification of C,N-
bidentate Chelating Pyridylideneamide Ligands

M. Navarro1, C. Smith1, M. Albrecht1

1Universität Bern

Non-innocent ligands that can significantly modulate their donor properties have become
increasingly popular as a powerful class of ligands for a variety of homogenous catalytic
applications, since they can stabilize different metal configurations.1 Pyridylideneamines (PYEs)
and pyridylideneamides (PYAs) are electronically highly flexible N-donor sites that can coordinate
to the metal center as a π-acidic imine or as a π-basic pyridinium amide. Their flexibility is
represented by the two limiting resonance forms comprised of a diene heterocycle and a neutral
imine donor site with minimal charge separation and a zwitterionic form, which features an anionic
amide donor site and aromatic stabilization of the pyridinium residue.2

Here, we applied this concept for facile catalyst tailoring by incorporating donor substituents in
different positions of the phenyl ring of the C,N-bidentate chelating PYA ligand (Fig. 1). These
modifications greatly enhance the catalytic activity of the coordinated iridium center.

[1] Hartwig, J. Organotransition Metal Chemistry, University Science Books, Mill Hill Valley
California, 2010.
[2] a) Donnelly, K. F.; Segarra, C.; Shao, L.; Suen, R.; Müller-Bunz, H.; Albrecht, M.; Organometallics
2015, 34, 4076−4084. b) Navarro, M.; Li, M.; Müller-Bunz, H.; Bernhard, S.; Albrecht, M.; Chem.
Eur. J. 2016, 22, 6740–6745.
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  Synthesis of iridium complexes containing both hydride and functionalized
triazolylidene ligands

M. Olivares1, M. Paneque2*, M. Albrecht1*

1Universität Bern, 2IIQ-CSIC

Iridium complexes with functionalized triazolylidene ligands have shown attractive performance in
catalyzing oxidation reactions such as water oxidation and in mediating C–H bond activation.1,2 On
the other hand, hydride systems are considered to be the key species for enhancing such bond
activation.

Here we will discuss the synthetic aspects of a new family of iridium(III) complexes containing both
a hydride and a mesoionic carbene ligand as potential catalyst precursors for application in bond
activation catalysis.

[1]     M. D. Kärkäs , O. Verho, E. V. Johnston, B. Åkermark; Chem. Rev., 2014, 114, 11863.
[2] J. A. Woods, S. Bernhard, M. Albrecht; Molecular Water Oxidation Catalysis, 2014, John Wiley
& Sons, Ltd, p. 113.
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  Mn(I) complexes with chiral pincer ligands in the asymmetric hydrogenation of
ketones

A. Passera1, A. Mezzetti1*

1ETH Zürich

In 2017, two Mn(I) complexes with chiral pincer ligands were reported as catalysts in the
asymmetric hydrogenation of ketones, which is an appealing reaction for industrial application due
to the low-toxicity, earth-abundance, and low cost of manganese. Complex 1 is active in ATH and
complex 2 in AH [1,2].

   

We have prepared novel Mn(I) complexes with chiral PNP (3,4) and PNN pincer ligands (5) based
on stereogenic phosphorus. We are testing these complexes as catalysts in the AH and ATH of
ketones. The hydrogenation of acetophenone with complex 4 as catalyst (1 mol% catalyst, 50 bar
H2, toluene, 100 °C) gives 99% of yield and 48% of ee after 16 h. With the aim of enhancing the
enantioselectivity, a more rigid linker will be introduced between the N and P atoms.

[1] A. Zirakzadeh, S. R. M. M. de Aguiar, B. Stöger, M. Widhalm, K. Kirchner, ChemCatChem, 2017,
DOI: 10.1002/cctc.201700042.
[2] M. B. Widegren, G. J. Harkness, A.M.Z. Slawin, D. B. Cordes, M. L. Clarke, Angew. Chem. Int. Ed.,
2017, DOI: 10.1002/ange.201702406.
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Potentiometry as a tool to study metal ion coordination to metallothioneins

M. Perinelli1, M. Tegoni2, E. Freisinger3*

1Department of Chemistry, University of Zurich, Winterthurerstrasse 190, 8057 Zurich,
Switzerland, 2Dipartimento di Scienze Chimiche, della Vita e della Sostenibilità Ambientale,

Università di Parma, Italy , 3University of Zurich

The aquatic fungus Heliscus lugdunensis was found to be able to survive in a polluted spring on a
former mining area in Germany, which shows high metal ion concentrations. The fungus produces
a number of different thiolate-containing molecules, among them the metallothionein Neclu_MT11. 

MTs are a large super-family of small metalloproteins (10 electron configuration. Neclu_MT1 is with only 24
amino acids one of the smallest MTs, but features with eight Cys residues the same high Cys content as
the vertebrate forms. In addition, Neclu_MT1 contains a single C-terminal His residue, which is one of its
most interesting features since it was shown to be a Cd(II)-specific MT, both on the protein and on the
gene transcription level.2 Based on the available ligands two types of clusters can be envisioned, Cys8MII

3
or Cys8HisMII

3, which both would be of great interest, since none of them has been found in MTs before. 

In order to better understand the role of the His residue, an arginine mutant was produced
(Neclu_H24R_MT1). The binding capacity of Neclu_H24R_MT1 is comparable to the wild-type: both are able
to complex three Cd(II) or Zn(II) ions. With potentiometric measurements we were able to calculate the
pKa values of all titratable residues of wild-type and mutant apo-Neclu_MT1. Furthermore, complexation
studies are being carried out on the two systems with both Cd(II) and Zn(II).

The obtained data is intended to provide information about the binding ligand pattern and the
specific role of the His residue. UV-visible, circular dichroism and mass spectrometry experiments
complement the potentiometric data. 

Project funding by the Swiss National Science Foundation (SNSF) to EF is gratefully acknowledged.

[1] J. Miersch & K. Grancharov. Cadmium and heat response of the fungus Heliscus lugdunensis
isolated from highly polluted and unpolluted areas. Amino Acids 34, 271–277 (2008).
[2] J. Loebus, B. Leitenmaier, D. Meissner, B. Braha, G. Krauss, D. Dobritzsch & E. Freisinger. The
major function of a metallothionein from the aquatic fungus Heliscus lugdunensis is cadmium
detoxification. J. Inorg. Biochem. 127, 253-260 (2013).
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A Reversible Route for the Stereospecific Reconstitution of Vitamin B12 Using Cyanide
as Inorganic Protecting Group

L. Prieto1, R. M. Oetterli1, B. Spingler1, F. Zelder1*

1Department of Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich,
Switzerland

Vitamin B12 is one of the most complex natural products and acts as an essential cofactor in many
forms of life, including humans.1 The enzymatic activity of this nutrient is dominated by cobalt-
dependent organometallic reactions and the electronic and kinetic properties of the metal centre
are strongly influenced by the equatorial corrin ligand. Therefore, stereospecific and reversible
modifications of this sophisticated macrocycle show huge potential for the development of new
B12-based therapeutic agents.2    

We present the 4-step stereospecific reconstitution of vitamin B12 from a B ring modified
secocorrinoid.3,4 The key step of the route is a quantitative and rapid ring closure reaction that
leads to a new B12 derivative with antivitamin activity. Chemoselectivity in this reaction is
achieved by introducing inorganic cyanide as protecting group. Synthetic aspects and biological
properties of these compounds will be described.

[1] Felix Zelder, Chem. Comunn., 2015, 51, 14004-14017.
[2] Felix Zelder, Marjorie Sonnay, Lucas Prieto, ChemBioChem, 2015, 16, 1264.
[3] René M. Oetterli, Lucas Prieto, Bernhard Spingler, Felix Zelder, Org. Lett., 2013, 15,
4630-4633.
[4] Lucas Prieto, Markus Neuburger, Bernhard Spingler, Felix Zelder, Org. Lett., 2016, 18,
5292-5295.
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Interaction of thiolato-bridged dinuclear arene ruthenium complexes with
phospholipids and model membranes 

H. Primasova1, M. Vermathen2, J. Furrer2*

1Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3, CH-3012 Bern,
Switzerland;, 2Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3, CH-3012

Bern, Switzerland;

Thiolato-bridged dinuclear arene ruthenium complexes are highly cytotoxic against various cancer
cell lines with IC50 values of up to 30 nM [1]. A recent in vivo study has demonstrated that these
complexes have potential as anticancer drugs, as one complex significantly prolongs the survival
of tumor-bearing mice [2]. Interestingly, these complexes are very stable under physiological
conditions as well as acidic and basic conditions, and they are particularly inert toward
substitution. Only sulfur containing biomolecules such as cysteine and glutathione undergo
catalytic oxidation in their presence [3].

Since many aspects of cellular uptake and of the tumor-inhibiting action displayed by these complexes are
still largely unknown, we have studied the interactions of three trithiolatho complexes with different
degrees of lipophilicity [(ɳ6-p-MeC6H4Pri)2Ru2(R1)2(R2)]+ (R1 = SC6H4-m-Pri :1; R2 = SC6H4-m-Pri :1;
R1 = SC6H4-p-OMe :2; R2 = SC6H4-p-OH :2; R1 = SCH2C6H4-OMe :3; R2 = SC6H4-p-OH :3) and of one
dithiolato complex [(ɳ6-p-MeC6H4Pri)2Ru2(SCH2C6H5)2Cl2] :4 with lipid membrane models in form of
1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) vesicles, 1,2-dihexanoyl-sn-glycero-3-phosphocholine
(DHPC) micelles and sodium dodecyl sulfate (SDS) micelles by nuclear magnetic resonance (NMR)
spectroscopy and other techniques. 1D 1H NMR spectra, 2D 1H diffusion ordered spectroscopy (DOSY)
spectra and T2 (spin-spin) relaxation time measurements together with electrospray ionization mass
spectrometry (ESI-MS) suggest noncovalent interaction between the vesicles and the three trithiolato
complexes. As expected, the strength of the interaction with the vesicles parallels the lipophilicity of the
complexes. The results with the dithiolato complex 4, on the other hand, suggest that none or only very
weak interaction takes place. 1 was further studied with DOPC in presence of the lanthanide shift reagent
PrCl3 for estimating if the complex remains at the vesicle surface, is inserted between the fatty acid chains
or is localized inside the DOPC vesicle. 

[1] J. Furrer and G. Süss-Fink, Coord. Chem. Rev., 2016, 309, 36–50.
[2] P. Tomšík, D. Muthná, M. Řezáčová, S. Mičuda, J. Ćmielová, M. Hroch, R. Endlicher, Z.
Červinková, E. Rudolf, S. Hann, D. Stíbal, B. Therrien, and G. Süss-Fink, J. Organomet. Chem.,
2015, 782, 42–51.
[3] F. Giannini, G. Süss-Fink, and J. Furrer,  Inorg. Chem., 2011, 50, 10552–10554.
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Synthesis and isolation of previously infeasible dithiolato bridged dinuclear ruthenium
complexes [(p-MeC6H4iPr)2Ru2SR2Cl2] using optimized reaction conditions 

H. Primasova1, M. De Capitani1, I. Gjuroski1, J. Furrer1*

1Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3, CH-3012 Bern,
Switzerland

It is well known that the dimer p-cymene-ruthenium dichloride [(p-MeC6H4iPr)2Ru2(m-Cl)2Cl2] reacts
with aromatic thiols to give cationic trithiolato complexes [(p-MeC6H4iPr)2Ru2(SR)3]+ [1]. The
reaction proceeds through neutral dithiolato intermediates [(p-MeC6H4iPr)2Ru2(SR)2Cl2], some of
which could be isolated in good yields [2]. From our previous studies, a perquisite for the
successful isolation of dithiolato intermediates was that the thiol must be aliphatic, otherwise the
reaction cannot be controlled and leads immediately to the corresponding cationic trithiolato
complexes [3]. 

Herein, we report the synthesis of new dithiolato complexes [(p-MeC6H4iPr)2Ru2(SR)2Cl2] with
aromatic thiols (R=p-t-Bu-Ph: 1; p-MeO-Ph: 2; p-Br-Ph: 3) in good to excellent yields and
sufficient level of purity for 1 and 2. The complexes could be obtained using optimized conditions
(DCM, 4h, 0-25°C). 

Despite being generally biologically less active then their corresponding trithiolato counterparts,
dithiolato intermediates can be further functionalized with a different thiol, R2, giving a mixed
trithiolato complexes [(p-MeC6H4iPr)2Ru2(SR2)(SR)2]+ which are known to be highly cytotoxic
against cancer cells [4]. Depending on the nature of R2, the complexes can be further
functionalized with bioactive molecules, thus strongly increasing the chemical variability and the
bioactivity of the complexes [5]. As such, the present work represents the first step of our general
goal which is to synthesize numerous new ruthenium conjugates with different properties.

 

[1] J. Furrer and G. Süss-Fink, Coord. Chem. Rev., 2016, 309, 36–50.
[2] A.-F. Ibao, M. Gras, B. Therrien, G. Suess-Fink, O. Zava, and P. J. Dyson, Eur. J. Inorg. Chem.,
2012, 2, 1531–1535.
[3] M. A. Furrer, A. Garci, E. Denoyelle-Di-Muro, P. Trouillas, F. Giannini, J. Furrer, C. M. Clavel, P. J.
Dyson, G. Süss-Fink, and B. Therrien, 2013,  Chem. - A Eur. J., 19, 3198–3203.
[4] F. Giannini, J. Furrer, G. Suss-Fink, C.M. Clavel, P.J. Dyson, J. Organomet. Chem., 2013, 744,
41-48.
[5] F. Giannini, M. Bartoloni, L.E.H. Paul, G. Suss-Fink, J.-L. Reymond, J. Furrer, MedChemComm,
2015, 6, 347-350.
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Optimized reaction conditions for the synthesis of trithiolato-bridged dinuclear arene
ruthenium complexes: reducing the reaction time and synthesis of new complexes 

H. Primasova1, J. Daepp1, I. Gjuroski1, J. Furrer1*

1Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3, CH-3012 Bern,
Switzerland

Trithiolato-bridged dinuclear arene ruthenium complexes [(arene)2Ru2(SR)3]+ can be obtained
using a very simple and efficient method (complexes are obtained in yields larger than 80%), using
a refluxed solution of thiols dissolved in ethanol taking advantage of the remarkable preference for
the SH function versus the OH function of the solvent by the dinuclear ruthenium unit [1].
Depending on the reactivity of the thiol, very good yields are typically obtained within 12 to 48 h
[2]. We have however noticed that some of those trithiolato-bridged dinuclear arene ruthenium
complexes were difficult to obtain.

In this contribution, our idea is to use organic bases to increase the reactivity of the thiols in order to
reduce the overall reaction time and to synthesize trithiolato-bridged dinuclear arene ruthenium
complexes that were difficult to obtain by the classical method. For this, three known diruthenium
trithiolato complexes [(p-MeC6H4

iPr)2Ru2(SR)3]+ (R=p-tBuPh :1, p-MeOPh :2; p-BrPh :3) were synthesized
using various reaction conditions. Under optimized conditions (dichlormethane in presence of N,N-
diisopropylamine under reflux) 1 could be obtained in as short as two hours with quantitative yield. These
optimized reaction conditions were implemented for 2 and 3, with 96% and 87% yield, respectively, in as
less as 2 h as well, compared to 24 h using the classical method. [2] Finally, using the optimized reaction
conditions applied for 70 h, complex with R=CH3(CH2)5 :4, related to the previously reported complex with
R=(CH2)7CH3 obtained in 7 days in yield of 28% [3] , could be prepared and isolated in good yield of 68%.

 

[1] J. Furrer and G. Süss-Fink, Coord. Chem. Rev., 2016, 309, 36–50.
[2] F. Giannini, J. Furrer, A. F. Ibao, G. Süss-Fink, B. Therrien, O. Zava, M. Baquie, P. J. Dyson, and P.
Štěpnička, J. Biol. Inorg. Chem., 2012, 17, 951–960.
[3] D. Stíbal, T. Riedel, P. J. Dyson, G. Süss-Fink, and B. Therrien, Inorganica Chim. Acta, 2016,
444, 51–55.
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Mo(OSi(tBu)3)3: Structure and Reactivity

M. Pucino1, F. Allouche1, M. Wörle2, C. Copéret1*

1ETH Zurich, 2ETH Zürich

Cr(III) surface species, prepared from Cr(III) siloxide molecular precursor, are highly active
catalysts for olefin polymerization and alkane dehydrogenation.1,2 We have thus become
interested in generating low coordinated isoelectronic Mo(III) surface to investigate their
corresponding reactivity. To date, low coordinate Mo(III) compounds are rare; they typical require
large somewhat rigid ligands like in Mo[N(R)Ar]3 (R= tBu, Ar= 3,5-C6H5Me2)2 and
Mo(OSitBu)3.3 Here, we have developed the synthesis of Mo(OSi(OtBu)3)3 (1) and investigated its
reactivity towards a broad range of small molecules (COx, N2O, O2, S8, ethylene and N2). The
complex 1 has three siloxy ligands adopting a k2-coordination, yielding an overall distorted
octahedral geometry. This complex reacts at room temperature with N2 to give the corresponding
Mo(VI)-nitrido compound by dinitrogen splitting via [Mo=N=N=Mo] intermediate, which was
isolated at low temperature and fully characterized. This complex also react with N2O, but does not
lead to the splitting of N-O bond as expected from metal mediated decomposition of nitrous
oxide4, but rather of N-N bond, leading to [Mo-h1-NO] with NO in linear fashion and Mo(VI)-N.
Similarly, reaction with CO2 yields Mo(III)-CO and Mo(V)-O. The former can also be obtained from
the reaction of 1 with CO. Reaction of 1 with S8 yields Mo(V)-S complex. Finally, the reaction of 1
and ethylene generates the corresponding p-complex as it does by reaction with 2-butyne. 

[1] M. F. Delley, F. Nunez-Zarur, M. P. Conley, C. Copéret et al., PNAS, 2014, 111 (32),
11624-11629.
[2] M. P. Conley, M. F. Delley, C. Copéret et al. , Inorg. Chem., 2015, 54 (11), 5065–5078.
[3] C. E. Laplaza, C. C. Cummins, Angew. CHem. Int. Engl. Ed., 1995, 34, 2042; D. Kuiper, P.
Wolczanski, T. Cundari, JACS, 130, 2008, 12931-12943.
[4] W.B. Tolman, Angew. Chem., Int. Ed., 2010, 49, 1018-1024.
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Self-Assembly of Chiral Alleno-Acetylinic Coordination Complexes

B. L. Quigley1, O. Gidron1, M. Jirásek1, N. Trapp1, M. Ebert1, F. Diederich1*

1ETH Zürich

Previous work in our group has established the utility of chiral phenanthroline-based alleno-
acetylenic ligands in the formation of supramolecular assemblies, including double-stranded
helicates,1 triple-stranded helicates2,3 and catenanes.1 In order to elucidate the factors governing
selectivity in the formation of these complexes, a systematic study was undertaken on the self-
assembly of alleno-acetylinic ligands bearing substituted phenanthrolines with various metal ions.
These results demonstrate that the self-assembly of these supramolecular complexes is
responsive to subtle changes in the structure of the phenanthroline-based ligands, the identity of
the metal ion and the conditions under which self-assembly is conducted. This allows the
selectivity of the system to be tuned for formation of double- or triple-stranded complexes,
helicates or mesocates, and for catenation. The transfer of chirality from the alleno-acetylinic
ligands to the metal ions is also highly dependent on the ligand structure, resulting in a strong
influence on the enantio-/diastereoselectivity of complex formation.

[1] Ori Gidron, Michael Jirásek, Nils Trapp, Marc-Olivier Ebert, Xiangyang Zhang, François
Diederich, J. Am. Chem. Soc. 2015, 137, 12502–12505.
[2] Ori Gidron, Marc-Olivier Ebert, Nils Trapp, François Diederich, Angew. Chem. Int. Ed. 2014, 53,
13614–13618.
[3] Ori Gidron, Michael Jirásek, Michael Wörle, François Diederich, Chem. Eur. J. 2016, 22,
16172–16177.
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Defect chemistry as a route to engineer oxide materials with new functionalities

C. Ricca1, U. Aschauer1*

1University of Bern

Defect chemistry is a emerging parameter to take into account in the design and/or discovery of
new functionalities in transition metal oxides. Defects, like oxygen vacancies or substitutional
cations, can indeed tune the properties of these materials and even more importantly, new
functionalities may arise because of defects. For example, in transition metal perovskite oxides,
paraelectric to ferroelectric and antiferromagnetic to ferromagnetic transitions can be observed as
a function of defect type and concentration.
It would thus be interesting to be able to screen, at the theoretical level, the effect of different
types of defects, in different charge states, on the properties of these materials. In this way,
general trends can be deduced and new material/defect combinations, together with the required
experimental synthesis conditions, can be suggested to be used as guidelines by experimentalists.
To reach this goal, we designed a computational strategy that will allow a systematic and
automated exploration of the defect chemistry of oxide materials and which should be able to
provide accurate results for experimental synthesis conditions.
The computation of reliable defect formation energies is complicated by the need for an accurate
description of the electronic properties of the bulk and defective system, which can be obtained by
the application of advanced density functional methods or application of appropriate corrections
schemes. To adequately describe the electronic structure of strongly correlated materials
containing transition metals within a reasonable computational time, we suggest to apply the
DFT+U approximation, by determining the value of the U parameter from first principles and as a
function of the distance from the defect sites. Accurate formation energies are then computed by
applying adequate a posteriori corrections, like elastic,
band filling, and more importantly electrostatic correction in the case of charged defects.
In order to manage this sequence of calculations for a variety of material/defect combinations we
use the AiiDA (Automated Interactive Infrastructure and Database for Computational Science)[1]
informatics platform to chain the various calculation steps, allowing to obtain the formation energy
for several defect types in automated way based solely on the bulk structure of a given material.
All the aspects relative to the theoretical and computational foundation for this systematic
exploration of functional defects in materials are here described in detail. Furthermore, results on
selected perovskite materials are also reported to demonstrate the validity and efficiency of the
suggested computational strategy.

[1] G. Pizzi, A. Cepellotti, R. Sabatini, N. Marzari, and B. Kozinsky, Comp. Mat. Sci., 2016, 111,
218-230.
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Smart and simple bioinorganic polymers to detect and absorb phosphates out of water

T. Rossel1, C. Schneider1, M. Creus2

1Gymnase français de Bienne, rue du Débarcadère 8, 2503 Bienne, 2University of Basel,
Klingelberstrasse 50/70, 4056 Bâle

High concentrations of phosphates in water are characteristic of eutrophication of fresh water
systems, causing grave negative ecological impact in our lakes and rivers. Therefore, simple
systems able to detect phosphates selectively and to extract them out of water are urgently
needed. In this spirit, we embedded an inorganic complex consisting of Ce(IV) bound to a
pyrocatechol violet (PCV) ligand1 into gelatine (an easily accessed, inexpensive commercial
polymer) to yield a Polymeric Indicator Displacement Assay (PIDA). The polymer changes colour
from blue to yellow once exposed to a solution of phosphates, indicating their absorption,
effectively soaking the phosphate out of solution. The polymer is extremely easy and inexpensive
to assemble in high yield, is stable at room temperature and allows naked-eye detection of
phosphate. 

Fig: Principle of the PIDA. a) [Ce(IV)(PCV)(OH-)x(H2O)y] embedded in gelatine forms
[Ce(IV)(PCV)(OH-)x(H2O)y] ⊂ gelatine, a blue polymer, which once exposed to phosphate changes
colour from blue to yellow forming cerium phosphate embedded in gelatine. b) Macroscopic view
of the blue [Ce(IV)(PCV)(OH-)x(H2O)y] ⊂ gelatine and the yellow product after soaking in 0.1 M of
sodium phosphate in a 100 mM HEPES pH=7.4. 

[1] K. Macek, L. Moravek, Nature 178, 102–103 (1956).
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  1H-NMR and MALDI investigation of thiol-exchange reaction in Au25(SR)18 cluster

G. Salassa1

1UniversityofGeneva, 2Univeristá di Padova, 3Université de Géneve

Small thiol protected gold nanoparticles (< 2nm), also known as gold cluster, are self-assembled
systems formed by Au(0) core and a thiol protecting monolayer. The latter is fundamental not only
for stabilization and solubility of the clusters themselves, but also is the principal responsible for
their reactivity.[1] One of the most frequent reactions used to functionalized the monolayer are
the thiol-exchange reactions.[2]. These reactions usually present difficulties in controlling the
number of substitutions and the reaction time can vary from minutes to days. In this study we
investigated the thiol-exchange reaction using nuclear magnetic resonance (NMR) spectroscopy
and MALDI analysis.[3] Kinetic studies were performed on Au25(SC2H4Ph)18 exchange with butane
thiol and vice versa (Au25(SButane)18 exchange with HSC2H4Ph, Figure 1). By these studies, were
possible to understand: 1) the affinity of different thiol ligands towards the Au25 cluster, 2)
calculating the number of thiols exchange, 3) the position of exchange and 4) obtaining the
relative binding constants. From this information was possible to gain a clearer picture on the
mechanism of this reaction that can help in fine-tuning the functionality of the monolayer.

[1] H. Häkkinen, Nat. Chem., 2012, 4, 443–55.
[2] T. Ni, M. Tofanelli, B. Philips, C. J. Ackerson, Inorg. Chem., 2014, 53, 6500–6502.
[3] P. Pengo, C. Bazzo, M. Boccalon, L. Pasquato, Chem. Commun., 2015, 51, 3204–3207.
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Plant metallothionein 2 protein – following the metalation process

A. Salim1, E. Freisinger1*

1University of Zurich

Metallothioneins (MTs) are low molecular weight (~8kDa), mostly cytosolic proteins involved in
both essential metal homeostasis and a variety of stress responses. The MT2 protein from the
plant Cicer arietinum (cicMT2) features two cysteine-rich regions with eight and six cysteine
residues, respectively, which are separated by a 41 amino acids long, Cys-free linker region. It can
coordinate five divalent metal ions in vitro. Previous results strongly suggest that the coordinated
metal ions are arranged in a single metal-thiolate cluster leading to a hairpin-like protein fold.1,2

However, so far, the metalation pathway has never been investigated for any plant MT. In the
presented study we focus on the identification of the binding region for each metal ion. Cluster
formation upon stepwise metal ion reconstitution is monitored by changes in the ESI-MS profiles
aided by limited proteolytic digestion with Tritirachium album proteinase K, which cleaves the
protein backbone mainly in the Cys-free region. Identification of the binding region for each metal
ion is complemented and corroborated by investigations with size exclusion chromatography,
atomic absorption spectroscopy, and dynamic light scattering.

Project funding by the Swiss National Science Foundation (SNSF) to EF is gratefully acknowledged.

[1] Xiaoqiong Wan, Eva Freisinger, Metallomics, 2009, 1, 489-500.
[2] Eva Freisinger, J. Biol. Inorg. Chem., 2011, 16, 1035-1045.
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Bis-Pyridylidene Amide Ligands for Copper(ii) Photocatalysts

K. Salzmann1, M. Albrecht1*

1Universität Bern

Redox-active ligands play a crucial role for photophysical and catalytic applications. Such
noninnocent ligands can display varying degrees of donor ability and may stabilize several
intermediates of the catalytic cycle. Pyridylideneamides (PYAs) are an innovative class of flexible
ligands who show either a higher contribution of a neutral or a mesoionic resonance structure
depending on its environment and are suitable for metal coordination.[1] Recent findings of our
group have shown that ligands with two PYA moieties (bis-PYA) may be beneficial over
2,2’-bipyridine (bpy) and its analogues in photophysical and electrochemical applications.[2]
Successful coordination of such bis-PYA ligands to second and third row transition metals has
already been achieved and we were therefore interested to expanded to first row transition
metals. Here we introduce a novel analogue of [Cu(bpy)3]2+ with one bipyridine ligand site
substituted by chelating bis-PYA. Photo- and electrochemical measurements and show that the
presence of PYA moiety facilitates oxidation processes.

[1] M. E. Doster, S. A. Johnson, Angew. Chem. Int. Ed., 2009, 48, 2185-2187.
[2] K. Salzmann, C. Segarra, M. Albrecht, 2017, Manuscript in preparation
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Enantiopure ligands and their luminescent lanthanide complexes

A. B. Solea1,3, L. Yang2, C. Allemann1, K. M. Fromm3, O. Mamula Steiner1*

1University of Applied Sciences of Western Switzerland, HEIA-FR, 2Henan University of Technology,
3University of Fribourg

One of the possible ways for predetermining the stereochemistry of a metal centre is through
diastereoselective synthesis: the chiral information is transferred from the chiral ligand to the
metal ion, enabling the preferential formation of one stereoisomer. Ligands containing a chiral
pinene moiety are one type of such molecules and they have been used extensively to control the
configuration in complexes of transition metals.[1] If a carboxylic unit is also attached to this
backbone these ligands form complexes with interesting luminescent and supramolecular features
when reacted with lanthanide(III) ions.[2] 

We have synthesized and fully characterized a series of chiral ligands with a bipyrimidine (L0-L3)
or bipyridine backbone (L4, L5). These ligands were further employed in complexations with Eu(III)
and Tb(III) ions. The characterization of the obtained complexes will be presented herein. 

[1] Olimpia Mamula, Alex von Zelewsky Coord. Chem. Rev. 2003, 242, 87-95. 
[2] Olimpia Mamula, Marco Lama, Helen Stoeckli-Evans, Sergiu Shova Angew. Chem. Int. Ed. 2006,
45, 4940-4944. 
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 The Influence of Phosphonic Acid Protonation State on the Efficiency of
Bis(diimine)copper(I)-based Dye Sensitized Solar Cells   

A. J. Stephens1, F. J. Malzner1, E. C. Constable1, C. E. Housecroft1

1University of Basel

The photoactive component of a Dye-Sensitized Solar Cell (DSC) consists of a dye molecule bound
(either electrostatically or covalently) to a mesoporous TiO2 surface through functional groups
such as phosphonic acids.[1] Here, we investigate how the protonation state of such phosphonic
acids affects their ability to anchor to TiO2 substrates, and how the operational parameters of the
resultant DSCs are influenced in turn.

Stepwise titration of bases into a solution of LH4 alters the ligands protonation state and the nature
of its associated cations to give [LHn][X]n-4 (Fig. 1). The formation of Cu(I) dye molecules is
achieved by sequentially exposing TiO2 electrodes to [LHn][X]n-4, followed by the homoleptic Cu(I)
complex of the ancillary ligand. Our results demonstrate that the addition of a small amount of
base to LH4 (~1 eq) can afford up to a 30% increase in DSC efficiency. These results are
rationalized through consideration of proton / cation transfer from the ligand to the surface,
deprotonation of surface hydroxides, and changes in the photochemical and electrochemical
properties of ligand LH4 upon deprotonation.

Figure 1. The sequential formation of a bis(diimine)copper(I) dye on a TiO2 electrode using
phosphonic acids in different protonation states.

[1] C. E. Housecroft, E. C. Constable, Chem. Soc. Rev., 2015, 44, 8386–8398.
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Highly Stable Platinum(II) Triplet Emitters Displaying High Photoluminescent Quantum
Efficiencies

D. Suter1, K. Venkatesan1,2*

1University of Zurich, Department of Chemistry, Winterthurerstrasse 190, CH-8057 Zürich,
Switzerland, 2Macquarie University, Department of Chemistry and Biomolecular Sciences, NSW

2109, Australia

New efficient light-emitting materials have attracted a broad range of potential applications in the
fields of sensors, storage, photoelectronic devices, and optical devices.[1-4] Extensive investigations
on transition metal complexes as triplet emitters for application in phosphorescent organic light
emitting devices (PhOLEDs) have been carried out.[5-10] Transition metal complexes with suitable
ligands allow tailoring the properties for a specific applicaton as luminescent compounds.
Achieving high stability, powerful quantum efficiency and specific chromaticity of such
organoplatinum(II) complexes present a major challenge in this field. Recently, our group has
demonstrated a series of highly emissive platinum(II) complexes bearing N-heterocyclic carbene
ligands with promising photophysical properties.[11] The thermal stability of such complexes was
improved by the use of more rigid chelating ligands which are less prone to undergo reductive
elimination. The complexes were fully characterized and the photophysical properties were
investigated.

[1] Marc A. Baldo, Dominic F. O’Brien, Mark E. Thompson, Stephen R. Forrest, Physical Review
B 1999, 60, 14422-14428.
[2] Hartmut Yersin, Phosphorescent Platinum(II) Materials for OLED Applications, Wiley-VCH Verlag
GmbH & Co. KGaA, 2008.
[3] Sergey Lamansky, Raymond C. Kwong, Matthew Nugent, Peter I. Djurovich, Mark E. Thompson,
Organic Electronics 2001, 2, 53-62.
[4] Yun Chi, Pi-Tai Chou, Chemical Society Reviews 2010, 39, 638-655.
[5] Yuzhen Zhang, Olivier Blacque, Koushik Venkatesan, Chemistry – A European Journal 2013, 19,
15689-15701.
[6] Yuzhen Zhang, Jessica Clavadetscher, Michael Bachmann, Olivier Blacque, Koushik Venkatesan,
Inorganic Chemistry 2014, 53, 756-771.
[7] Yuzhen Zhang, Jai Anand Garg, Clement Michelin, Thomas Fox, Olivier Blacque, Koushik
Venkatesan, Inorganic Chemistry 2011, 50, 1220-1228.
[8] Abbas Raja Naziruddin, Anzhela Galstyan, Adriana Iordache, Constantin G. Daniliuc, Cristian A.
Strassert, Luisa De Cola, Journal of the Chemical Society, Dalton Transactions 2015, 44,
8467-8477.
[9] Yvonne Unger, Dirk Meyer, Thomas Strassner, Dalton Transactions 2010, 39, 4295-4301.
[10] Yvonne Unger, Alexander Zeller, Sebastian Ahrens, Thomas Strassner, Chemical
Communications 2008, 3263-326
[11] Michael Bachmann, Dominik Suter, Olivier Blacque, Koushik Venkatesan, Inorganic
Chemistry 2016, 55, 4733-4745.
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Improved upconversion luminescence in β-NaGdF4: Er3+, Yb3+ nanoparticles: A new
microwave-assisted synthesis in anhydrous ionic liquids

G. Tessitore1, A. Mudring2,3, K. W. Krämer1*

1University of Bern, Department for Chemistry and Biochemistry, Freiestrasse 3, 3012 Bern, 2Ames
Laboratory, U.S. Department of Energy, 3And Department of Material Science and Engineering,

Iowa State University, Ames, Iowa 50011-3020, USA

A new microwave assisted synthesis of β-NaGdF4: Er3+, Yb3+ nanoparticles was investigated in
ethylene glycol (EG) and ionic liquids (IL). Sub-10 nm nanoparticles with an intense green
upconversion (UC) luminescence were synthesized. The UC intensity was strongly enhanced by
changing the solvent from EG/IL mixture to pure IL, as well as the design from core to core/shell
nanoparticles. The reaction in hydroxyl-free conditions reduces the number of oxygen impurities in
the fluoride material. Protecting the particle surface by an undoped shell limits surface defects and
shields the active core from contact with surface ligands which are required for solubility. Both
decrease non-radiative losses and concomitantly yield a stronger UC emission. The UC emission is
visible by eye already for low excitation power in sub-5 nm β- NaGdF4: 2%Er3+, 18%Yb3+

nanoparticles, see the Fig. below. These results are unique for such small particle size. The new
synthesis is robust, scalable, and economically favourable, involving low temperatures and well
accessible chemicals.

Figure: (A) HR-TEM picture of sub-5 nm nanoparticles. (B) Upconversion luminescence spectra of
nanoparticles from ethylene glycol / ionic liquid (IL) synthesis (black trace), from IL synthesis (red
trace), and core-shell nanoparticles from IL synthesis (blue trace). (C-E) Photos of the green
upconversion luminescence from the samples in Fig. (B) under 580 mW (C) and 330 mW (D,E)
excitation at 970 nm.
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Molecular and physical aspects of dye sensitization of photoelectrodes with copper-
based sensitizer molecules

J. Top1,3, B. S. Mun2, A. Stephens3, C. E. Housecroft3*, A. Braun1*

1Empa, 2GIST, 3University of Basel

Early work on dye sensitization dates back almost a hundred years and became a field of energy
conversion in the late 1960s1 and early 1970s2. Dye sensitized solar cells (DSSC) are basically a
technology of artificial photosynthesis. Ruthenium is a favourite component in high performance
dye molecules.3,4

Because of the low abundance and high cost of Ruthenium, our research focusses on Copper
based dye molecules.

For DSSCs, the charge transfer between dye molecules and metal oxide semiconductor
photoelectrode is very important. We show how we determine the electronic structure of the metal
oxide – dye interface4 operando with ambient pressure photoelectron spectroscopy for electronic
structure determination, and electroanalytical methods for determination of the charge carrier
dynamics.5,6

Furthermore, ab initio calculations are employed to aid in the interpretation of these results.

[1] Gerischer, H., Michel-Beyerle, M., Rebentrost E., Tributsch, H., Electrochimica Acta, 1968, 13,
1509–1515
[2] Tributsch, H., Calvin, M., Photochem. Photobiol., 1971, 14, 95–112
[3] O'Regan B., Gratzel M., Nature, 1991, 353, 737–740.
[4] Hagfeldt A, Gratzel M., Accounts of Chemical Research, 2000, 33, 269–277.
[5] Braun A., Boudoire F., Bora D., Faccio G., Hu Y., Kroll A., Mun B., Wilson S, Chemistry–a
European Journal, 2011, 21, 4188–4199.
[6] Faccio G., Gajda-Schrantz K., Ihssen J., Boudoire F., Hu Y., Mun B., Bora D., Thöny-Meyer L.,
Braun A., Nano Convergence, 2015, 2, 1–11.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Inorganic & Coordination Chemistry, Poster IC-170

Enhanced Ethylene Polymerization Activity in Union Carbide Catalysts

D. Trummer1, A. Fedorov1, C. Serba1*

1ETH Zürich

Chromocene on silica was discovered in the early 1970’s as commercial ethylene polymerization
catalyst.[1] The Union Carbide Catalyst displays high activity in ethylene polymerization at low
pressure and temperature in absence of co-catalysts and activators.[2] Linear, high density
polyethylene featuring narrow molecular weight distribution is characteristic for metallocene
based systems. Substituted cyclopentadienyl (Cp) rings as well as mixed silica/alumina supports
are known to diminish catalytic activity. However, preparation of silica surface itself seems crucial
in controlling both activity and stability. For example, OH-groups in closed proximity to active sites
are believed to act as catalyst inhibitors.
The predominant proportion of chromium on silica surface is present in the divalent state. Due to
remarkably high transfer respond to hydrogen it is believed that active sites contain one Cp ligand
during polymerization. Moreover, solid state NMR based studies have assigned half sandwich Cr(II)
dimers to be the predominant surface sites.[3] However, in homogeneous phase only few half
sandwich Cr(III) complexes show activity in ethylene polymerization.[4]
Greater insight in molecular level understanding is appropriate to evaluate actives sites and
polymerization mechanism. The enhanced catalytic performance of chromocene on silica prepared
by applying principles of surface organometallic chemistry will be discussed.

[1] McDaniel, M. P., Chapter 3, Advances in Catalysis, Bruce, C. G.; Helmut, K., Eds. Academic Press: 2010;
Vol. Volume 53, pp 123-606.
[2] Karol, F. J.; Karapinka, G. L.; Wu, C.; Dow, A. W.; Johnson, R. N.; Carrick, W. L., Journal of Polymer
Science Part A-1: Polymer Chemistry 1972, 10 (9), 2621-2637.
[3] Schnellbach, M.; Köhler, F. H.; Blümel, J., Journal of Organometallic Chemistry 1996, 520 (1), 227-230.
[4] Theopold, K. H., European Journal of Inorganic Chemistry 1998, 1998 (1), 15-24.
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Synthesis and Catalytic Behavior of a New Family of Dinuclear Iridium Carbene
Complexes

M. Valencia1,2, H. Müller-Bunz2, M. Albrecht1,2*

1Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3, CH-3012 Bern,
Switzerland, 2School of Chemistry, UCD, Belfield, Dublin 4, Ireland. marta.valencia@dcb.unibe.ch

Iridium Cp* complexes containing mesoionic carbene ligands have shown high activity in a variety
of catalytic applications such as water oxidation, transfer hydrogenation or amine
dehydrogenation.1 In extension of this work, we have now synthesized a set of mono- and
bimetallic complexes featuring a functional pyridine-containing triazolylidene ligand, and have
characterized the new complexes by NMR spectroscopy, microanalysis, and by X-ray diffraction.
These complexes have been evaluated as potential alcohol oxidation catalysts without the need of
an oxidant or base as additive as well as in the hydrosilylation of carbonyl substrates.2 Comparison
of those bimetallic systems with monometallic analogues reveals a strongly enhanced selectivity
of the bimetallic complexes.

We will discuss the spectroscopic and electrochemical similarities and differences of mono and di-
iridium systems to rationalize the synergy between the two iridium centers.

[1] a) James A. Woods, Ralte Lalrempuia, Ana Petronilho, Neal D. McDaniel, Helge Müller-Bunz,
Martin Albrecht, Stefan Bernhard, Energy Environ. Sci. 2014, 7, 2316-2328. b) Marta Valencia, Ana
Pereira, Helge Müller-Bunz, Tomas R. Belderrain, Pedro Pérez, Martin Albrecht, DOI:
10.1002/chem.201700676.
[2] a) Marta Valencia, Helge Müller-Bunz, Robert A. Gossage, Martin Albrecht, Chem. Commun.
2016, 52, 3344-3347. b) Yingfei Wei, Shi-Xia Liu, Helge Müller-Bunz, Martin Albrecht,ACS Catal.
2016, 6. 8192-8200.
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Different types of carbon quantum dots obtained from wastes of fermentation

M. Varisco1, D. Zufferey1, O. Mamula Steiner1*

1University of Applied Sciences of Western Switzerland, HEIA-FR

CQDs are a multifunctional material which knew a rapid growth of interest from its discovery in
2004,1 because of their multiples applications: catalysis agents, bio-imaging chromophores,
photoluminescent or electroluminescent materials, metal ions detectors and electron-acceptors for
photovoltaics.2, 3

Many starting materials have been used to obtain the CQDs. Here we present a new material source which
is the wine lees, an expensive-to-treat, phytotoxic waste resulting in vast amounts from the wine
fermentation.4

We will present here the procedure leading to an easy, scalable synthetic process for CQDs as well
as their characterisation (e.g. photoluminescence, fig.1).

[1] X. Xu, R. Ray, Y. Gu, H. J. Ploehn, L. Gearheart, K. Raker and W. A. Scrivens, J Am Chem Soc,
2004, 126, 12736-12737:
[2] Y. Wang and A. Hu, J Mater Chem C, 2014, 2, 6921-6939.
[3] Y. Du and S. Guo, Nanoscale, 2016, 8, 2532-2543.
[4] R. Liu, D. Wu, S. Liu, K. Koynov, W. Knoll and Q. Li, Angew Chem Int Ed Engl, 2009, 48,
4598-4601.
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Porous MOFs and molecular capsules for gas absorption based on anthracene
derivatives.

S. Vasylevskyi1, K. M. Fromm1*

1University of Fribourg

The synthesis and study of new functional materials for the adsorption of potentially valuable
energetic gases is an extremely demanding area in modern chemistry, since we have global
warming issues causing climate change and natural disasters as a result. Therefore, reduction of
the amount of CO2 and CH4 in the atmosphere is crucial for the “green” future of our
globe.[1-2] Secondly, the high partial pressure of hydrogen can be decreased upon adsorption
processes by porous materials which gives the possibility of sorption, storage and transportation of
molecular hydrogen.[3] Then the absorbed hydrogen can be easily used as a fuel for industry and
for cars due to its green product upon combustion with oxygen.[4] Thus, the synthesis of new
materials for such purposes, especially metal organic frameworks (MOFs) is one of the key
directions.

At this SCS meeting we will present new MOFs and coordination compounds of Ni(II), Cu(II) and
Zn(II) which have been synthesized with anthracene derived ligands. Their crystal structure
(Fig. 1a-b) was determined by single crystal x-ray diffraction. The complexes show different types
of voids: open infinite 1-D channels with diameters ranging from 8 to 20 Å, as well as 0-D capsules.
Estimating the porosity by calculation with the crystallographic program PLATON, the complexes
show 37-50% of porosity. The determination of the sorption capacity by BET for CO2, CH4 and H2
for the Ni-MOF and the capsule compounds of Cu(II) and Zn(II) will complete the study.

Fig 1. A) Hexagonal structure of Ni-MOF {[Ni(L)4Cl2]}n with pore size 8×8 Å and 20×20 Å. B)
Structure of Cu-capsule {[Cu2(L)4(H2O)2](BF4)4}n.

[1]. K. Sumida, D. Rogow, J. Mason, T. McDonald, E. Bloch, Z. Herm, T.-H. Bae, and J. Long, Chem.
Rev., 2012, 112, 724–781.
[2]. Z. Zhang, Y. Zhao, Q. Gong, Z. Lib and  J. Li, Chem. Commun., 2013, 49, 653-661.
[3] H.-C. Zhou, J. Long, O. Yaghi, Chem. Rev., 2012, 112, 673–674.
[4]. H. Furukawa and O. Yaghi, J. Am. Chem. Soc. 2009, 131, 8875–8883.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Inorganic & Coordination Chemistry, Poster IC-174

Activation of sp3 Carbon-Hydrogen Bonds Mediated by Bis(NHC) Iridium Complexes

Á. Vivancos1, P. Nylund1, M. Albrecht1*

1Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3, CH-3012 Bern,
Switzerland. E-mail: angela.vivancos@dcb.unibe.ch

The activation and functionalization of C-H bonds remains a significant challenge for
organometallic chemistry, with wide implications for organic synthesis. Many transition-metal
systems that initiate stochiometric C-H activation are known, but complexes capable of both C-H
activation and subsequent transformations of the substrate are relative rare,1 especially for
substrates with sp3 C-H bonds.2 Considering the high activity of iridium complexes in mediating
C–H bond activation, in particular when bound to triazolylidene ligands,3 we became interested in
investigating a range of iridium complexes containing bis(carbene) ligands for facilitating alkyl C-H
bond activation.4 

Herein, we describe the C-H bond cleavage of acetonitrile and nitromethane by iridium(III)
complexes bearing bis(triazolylidene) ligands. Metal hydroxide species formed during the
metalation step have been demonstrated to be responsible of the bond scission.5 Moreover, we will
discuss opportunities to couple this alkyl fragment to substrates, potentially providing a new
method for alkyl functionalization. 

[1] Olafs Daugulis, James Roane, Ly Dieu Tran, Acc. Chem. Res. 2015, 48, 1053.
[2] Francisco Juliá-Hernández, Toni Moragas, Josep Cornella, Ruben Martin, Nature 2017, 545, 84.
[3] a) Kate F. Donnelly, Ralte Lalrempuia, Helge Müller-Bunz, Eric Clot, Martin Albrecht,
Organometallics 2015, 34, 858. b) Ralte Lalrempuia, Helge Müller-Bunz, Martin Albrecht, Angew.
Chem. Int. Ed. 2011, 50, 9969.
[4] Ángela Vivancos, Martin Albrecht, Organometallics 2017, 36, 1580.
[5] Byron J. Truscott, David J. Nelson, Cristina Lujan, Alexandra M. Z. Slawin, Steven P. Nolan,
Chem. Eur. J. 2013, 19, 7904.
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From Frustrated Ligands Towards Thermally Activated Delayed Fluorescence

T. von Arx1, K. Venkatesan1,2*

1University of Zurich, Department of Chemistry, Winterthurerstrasse 190, CH-8057, Zurich,
Switzerland, 2Macquarie University, Department of Chemistry and Biomolecular Sciences, NSW

2109, Australia

Intramolecular frustrated Lewis pairs (FLP) recently gained an intense interest due to their ability
to activate small molecules (e.g. CO, NO, SO2 etc.) [1]. Especially the reversible activation of H2 had
raised the number of metal-free protocols for catalytic hydrogenations using FLPs [2]. Since they
bear a donor center (Lewis base) and an acceptor center (Lewis acid) which are spatially
separated, intramolecular FLPs could be utilized as a suitable ligand-framework for metal centers
[3]. With such a new class of transition-metal complexes we target thermally activated delayed
fluorescence (TADF) – as a donor/acceptor interplay in the emitter molecules is known to decrease
the T1 - S1 energy difference and therefore enhance the reverse intersystem crossing (RISC) [4].
Hence, our group synthesized and photophysically investigated a series of Au(I) complexes

bearing a P/B-FLP and an aryl or an alkyne as ancillary ligand. By altering the donor/acceptor
ability of the ancillary ligand we tend to tune the ratio between prompt (prompt fluorescence or
phosphorescence) and delayed (TADF) emissions. 

[1] D. W. Stephan, G. Erker, Angewandte Chemie International Edition,  2010, 49, 46 – 76.
[2] (a) G. C. Welch, R. R. S. Juan, J. D. Masuda, D. W. Stephan, Science, 2006, 314, 1124 – 1126.
(b) P. A. Chase, G. C. Welch, T. Jurca, D. W. Stephan,Angewandte Chemie International Edition,
2007, 46, 8050 – 8053. (c) P. A. Chase, T. Jurca, D. W. Stephan, Chemical Communications, 2008,
1701 – 1703. (d) P. Spies, S. Schwendemann, S. Lange, G. Kehr, R. Fröhlich, G. Erker, Angewandte
Chemie International Edition, 2008, 47, 7543 – 7546.
[3] (a) J. Vergnaud, M. Grellier, G. Bouhadir, L. Vendier, S. Sabo-Etienne, D. Bourissou,
Organometallics, 2008, 27, 1140 – 1146. (b) G. Bouhadir, A. Amgoune, D. Bourissou, Advances in
Organometallic Chemistry, 2010, 58, 1 – 107. (c) A. Amgoune, S. Ladeira, K. Miqueu, D. Bourissou,
Journal of the American Chemical Society, 2012, 134, 6560 – 6563.
[4] (a) L.-S. Cui, H. Nomura, Y. Geng, J. U. Kim, H. Nakanotani, C. Adachi, Angewandte Chemie
International Edition, 2017, 56, 1571 – 1575. (b) D. Di, A. S. Romanov, L. Yang, J. M. Richter, J. P.
H. Rivett, S. Jones, T. H. Thomas, M. A. Jalebi, R. H. Friend, M. Linnolahti, M. Bochmann, D.
Credgington, Science, 2017, 356, 159 – 163.
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The Unexpected Role of Ligand Moieties on the Catalytic Activity of Cobalt-Tetra-pyridyl
Complexes

N. Weder1, B. Probst1, G. Smolentsev2, R. Alberto1*

1University of Zurich, 2Paul Scherrer Institut

The catalytic properties of Co(II)-tetra-pyridyl (CoTPY) complexes for hydrogen production have
been examined for a long time. Despite the fact that more effective WRCs are known, CoTPY and
its derivatives offer ideal subjects to study mechanistic aspects of water reduction. The
understanding of this 2-electron-2-proton transfer is of crucial importance to improve catalytic
systems in terms of efficiency and stability and finally to drive photo catalysis towards being a
sustainably applicable energy source.

Following on the work of P. Hamm et al.[1], we investigated the catalytic mechanism of a
cobalt(II)-tetra-pyridyl complex at pH 8.5. For a photocatalytic system including a rhenium(I)-based
photosensitizer (PS) and triethanolamine as sacrificial electron donor (SED, see Fig.1), P. Hamm
suggested successive reduction-protonation-reduction-protonation steps, leading to the release of
H2 and back to the initial Co(II) state of the catalyst. However, our time resolved NEXAFS
measurements in a new experimental setup on the very same system brought up so far not
observed mechanistic steps, precisely, an irreversible initial reaction, leading to the actual
catalytic cycle. More specifically, irreversible changes of the X-ray fluorescence spectra of the
cobalt upon illumination of the sample, combined with the unchanged catalytic activity of the
solution implied that the catalyst undergoes an irreversible structural change during the initial
phase. Most probably, the low-spin configuration of the reduced Co(I) intermediate, which is
required for the following protonation (see Fig. 2) is stabilized by a “ligand-switch”, upon which the
oxygen at the bridge-position coordinates the cobalt center instead of one pyridine moiety. This in
situ formed cobalt complex is catalytically active and retains its configuration even after switching
of the light source. Such a mechanistic approach has not been considered so far and might have a
large influence on the development of new, more active and stable WRCs.

[1] A. Rodenberg, M. Orazietti, B. Probst, C. Bachmann, R. Alberto, K. K. Baldridge, P. Hamm, Inorg.
Chem., 2015, 54, 646 – 657
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Cobalt Complexes as Electrolytes in Combination with Copper(I) Dyes in Dye Sensitized
Solar Cells

C. Wobill1, C. E. Housecroft1*, E. C. Constable1*

1University of Basel

In order to achieve higher efficiencies and prolong long-term stability in dye sensitized solar cells
(DSCs) the widely-used iodine/triiodide electrolyte is replaced by various cobalt(II)/cobalt(III)
polypyridyl complexes. In our research we use heteroleptic copper(I) complexes as dye sensitizers.
The complexes consist of an ancillary and an anchoring ligand, both of which are bidentate
polypyridyl containing units. The ancillary ligand harvests the incident photons and the anchoring
ligand binds the complex to the semiconductor surface of the photoanode.

Since the most commonly used iodine/triiodide electrolyte has a number of major downsides such as its
corrosive nature, absorption of visible light and its not-tunable energy level. Cobalt electrolytes address all
these major drawbacks as they absorb less visible light, they are not corrosive and their energy level can
be altered by modifying or exchanging the ligands.

In our research we test the combination of different copper(I) dyes with cobalt electrolytes whilst
optimizing the concentration, solvent and changing the additives of the electrolyte
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An experimental approach to solve the single-band Hubbard model in new fluorides

F. Xiao1,2, K. W. Krämer2*, C. Rüegg1*

1Paul Scherrer Institut, 2University of Bern

A strongly correlated electron system may be described by the single-band Hubbard model[1].
Despite the simple form, the richness of the Hubbard model's phase diagram has attracted much
current research interests. In this project, experimental work on a physical realization of the
Hubbard model NaCuF3 has been carried out inspired by recent theoretical calculation[2], aiming
to solve the Hubbard model with a more practical approach. Large quantities of NaCuF3 single
crystals have been successfully synthesized using solid state chemistry methods. The samples
were characterized by means of x-ray powder diffraction and magnetic susceptibility
measurements. This fluoride compound forms a low-dimensional quantum Heisenberg system with
the superexchange pathway going through corner-sharing CuF6 octahedra. The excitation spectra
revealed by recent inelastic neutron scattering experiment, has shown a two-spinon continuum at
low temperature, characteristic of a well-isolated antiferromagnetic Heisenberg spin chain.

 

(Left) The magnetic susceptibility of NaCuF3. Red solid lines correspond to a linear
antiferromagnetic chain fit above 50 K. The extracted intra-chain coupling J is 17 meV. A phase
transition is also observed below 20 K. (Right) Extracted from the inelastic neutron scattering
results, the neutron intensity is displayed as a function of momentum and energy along the spin
chain (-110) direction. Two spinon continuum spectra was observed, characteristic of
1D antiferromagnetic chain.

[1] J. Hubbard, Proc. R. Soc. London, Ser. A 281, 401 (1964).
[2] S. M. Griffin, P. Staar, T. C. Schulthess, M. Troyer, N. A. Spaldin, Phys. Rev. B 93, 075115
(2015).
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A Disassembly Approach for Imaging Endogenous Pyrophosphate in Living Cells using
Metal-Salen Complexes

P. Yadav1, N. Kumari1, Z. J. Huang2, H. Chao2, G. Gasser3, F. Zelder1*

1Department of Chemistry, University of Zurich, Winterthurerstrasse 190, 8057 Zurich
(Switzerland), 2School of Chemistry and Chemical Engineering, Sun Yat-Sen University, Guangzhou

510275 (P.R. China) , 3Chimie ParisTech, PSL Research University, 11, Rue Pierre et Marie Curie,
F-75005 Paris (France)

In this poster, a stimulus-induced disassembly approach in water is presented1. In this approach,
an analyte sequesters selectively a metal ion from a metal-chelate complex, leaving behind the
“unlocked” ligand. This metal free ligand then hydrolyses into its molecular subunits. This
hydrolysis reaction induced by the analyte binding to the metal is detectable as the optical
properties of the free ligand and the hydrolysed species are distinguishable.  

The focus is on the fluorometric detection of pyrophosphate which is an important diagnostic
marker in many diseases like cancer, with metal salen complexes in water and biological media.1-3

Initially, the intrinsic fluorescence of the salicyaldehyde is quenched in the metal complex, but
reverts back during the disassembly of the salen ligand. 

Unprecedented applications of this strategy for endogenous pyrophosphate detection in the
mitochondria of bacterial cells are presented.4

Ongoing research focuses on synthesizing optimized probes for targeting various cell organelles.

[1] N. Kumari, F. Zelder, Chem. Commun., 2015, 51, 17170-17173.
[2] S. Lee, K. K. Y. Yuen, K. A. Jolliffe and J. Yoon, Chem. Soc. Rev., 2015, 44, 1749-1762.
[3] S. Bhowmik, B. N. Ghosh, V. Marjomäki, K.Rissanen, J. Am. Chem. Soc., 2014, 136, 5543–5546.
[4] N. Kumari, H. Huang, H. Chao, G. Gasser, F. Zelder, ChemBioChem 2016, 17, 1211-1215.
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Orbital Analysis of Carbon-13 Chemical Shift Tensors Reveals Patterns to Distinguish
Fischer and Schrock Carbenes

K. Yamamoto1, C. P. Gordon1, W. Liao1, C. Copéret1, C. Raynaud2, O. Eisenstein2,3

1ETH Zurich, 2Université de Montpellier, 3University of Oslo

Fischer and Schrock carbenes have M=C bonds that display highly deshielded carbon chemical
shifts (greater than 250 ppm), in particular Fischer carbenes (greater than 300 ppm). They are
typically described according to the electrophilic and nucleophilic nature of their metal-carbon
double bonds. Recently, we have shown that the analysis of 13C NMR chemical shift anisotropy
(CSA), defined by its principal components δii (δii = δ11, δ22, δ33), and the corresponding chemical
shielding δii, is a powerful tool to understand the nature of M=C bonds in Schrock alkylidenes (1).1
Here, we show how this approach, which combines solid-state NMR spectroscopy and DFT
calculations supplemented by localized MO analysis (called NCS analysis), can provide
characteristic information about Fischer carbenes (2) and Ru-based carbenes (3) in comparison
with Schrock alkylidenes (1) (Figure 1). The highly deshielded 13C isotropic chemical shifts
observed for Fischer carbenes result from the particularly low-lying π*(M=C) associated with the
CO ligand. The same analysis on Ru-based metathesis catalyst show that they are similar to
Schrock alkylidenes, albeit with a high-lying Ru=C σ orbital associated with the d6 configuration of
Ru.

 

1. Halbert, S.; Copéret, C.; Raynaud, C.; Eisenstein, O. J. Am. Chem. Soc. 2016, 138, 2261.
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Upscaling Colloidal Nanocrystal Hot-Injection Syntheses via Reactor Underpressure

M. Yarema1

1ETH Zurich, 2Laboratory for Nanoelectronics, Department of Information Technology and Electrical
Engineering

Hot-injection technique approaches are convenient and fast one-pot processes, which are capable
of providing colloidal nanocrystals with ultra-narrow size distributions. Effective time separation
between nucleation and growth processes is facilitated by fast addition (i.e., injection) of an
elemental precursor or reducing agent to the hot reaction mixture. However, it is this fast addition
of large volumes that presents a serious challenge for upscaling hot-injection protocols.
Here we focus on the possibility to upscale injection-based syntheses of colloidal nanocrystals
without modifying the original protocol or using specially designed jet equipment. This work
presents an easy and universal solution for linear upscaling of hot-injection synthesis (Fig. 1). [1]
Applying a mild vacuum to the reaction mixture prior the injection enables an injection rate of
100-150 mL·s-1 such that large volumes of 200-500 mL can be introduced into the reaction flask
within few seconds. We apply this underpressure-assisted approach to successfully upscale
synthetic protocols for metallic (Sn) and semiconductor (PbS, CsPbBr3 and Cu3In5Se9) nanocrystals
by one-to-two orders of magnitude to obtain tens of grams of nanocrystals per synthesis. We
provide the technical details of how to carry out underpressure-assisted upscaling and
demonstrate that nanocrystal quality is maintained for the large-batch syntheses by characterizing
the size, size distribution, composition, optical properties, and ligand coverage of the nanocrystals
for both small- and large-scale syntheses.
This work shows that fast addition of large injection volumes does not intrinsically limit upscaling
of hot injection-based colloidal syntheses. An underpressure-governed hot-injection method
enables a systematic optimization of nanocrystals and nanocrystal-based devices from a single
source batch for research and development purposes and reinforce the commercial viability of
electronic, photonic, and electrochemical devices that use large numbers of colloidal nanocrystals
(e.g., solar cells, lithium-ion batteries, thermoelectrics, phase-change memories, etc.).

Fig. 1. Schematic illustration of underpressure-governed hot-injection set-up and various colloidal
nanocrystals, obtained from single-batch large-scale syntheses

[1] Maksym Yarema, Olesya Yarema, Weyde M. M. Lin, Sebastian Volk, Nuri Yazdani, Deniz
Bozyigit, and Vanessa Wood. Chemistry of Materials, 2017, 29, 796-803.
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Hydrogen Bonded Arene Ruthenium Metalla-Assemblies

F. ZHANG1,2, B. Therrien3*

1 Institut de Chimie, Université de Neuchâtel, Avenue de Bellevaux 51, CH-2000 Neuchâtel,
Switzerland., 2Fan Zhang: fan.zhang@unine.ch, 3Université de Neuchâtel

Hydrogen bonds are the most utilized non-covalent interactions in biological systems, due to their
directionality, stability, reversibility and diversity. The weak strength of hydrogen bonds can be
modified by combining several hydrogen bonds in the same unit like in the melamine-
cyanuric/barbituric acid rosette-type system.1

Arene ruthenium metalla-assemblies have showed great biological potential.2,3 Inspired by the
combination of Hbonding and metal complexation from the group of de Mendoza,4 we have
recently prepared a series of hydrogen bonded metalla-assemblies.5 Therefore, to further
investigate hydrogen bonded metalla-assemblies, we used the melamine-barbituric rosette-type
system with piano-stool complexes. The introduction of a pyridyl group on the barbituric acid
moiety allows coordination of metals at the periphery of the rosette. New rosette-type metalla-
assemblies have been prepared and fully characterized.

1. Mathias, J. P.; Simanek, E. E.; Zerkowski, J. A.; Seto, C. T.; Whitesides, G. M.J. Am. Chem. Soc.
1994, 116, 4316.
2. Therrien, B.; Süss-Fink, G.; Govindaswamy, P.; Renfrew, A. K.; Dyson, P. J. Ange. Chem. Inter. Ed.
2008, 47, 3773.
3. Mattsson, J.; Govindaswamy, P.; Furrer, J.; Sei, Y.; Yamaguchi, K.; Süss-Fink, G.; Therrien, B.
Organometallics 2008, 27, 4346.
4. Marshall, L. J.; de Mendoza, J. Org. Lett. 2013, 15, 1548.
5. Appavoo, D.; Carnevale, D.; Deschenaux, R.; Therrien, B. J. Organomet. Chem. 2016, 824, 80.
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Molecular factories based on {M(2,2':6',2''-terpyridine)2}2+–zipped co-block polymer
vesicles

A. Wiesler1, C. G. Palivan2, A. I. Dinu2, E. C. Constable1*, C. E. Housecroft1*

1Department of Chemistry, University of Basel, Spitalstrasse 51, 4056 Basel, Switzerland, 2
Department of Chemistry, University of Basel, Klingelbergstrasse 80, 4056 Basel, Switzerland

We show how the chelating power of bis(2,2':6',2''-terpyridine)metal(II) complexes can be applied
to 'zip' together co-block polymer vesicles to give pre-organized assemblies.1 Different approaches
have been used to functionalize polymer vesicles which condense with appropriately
functionalized 2,2':6',2''-terpyridine (tpy) domains; sequential reaction with metal ions e.g. Fe2+

leads to an organized assembly. All reactions are carried out under ambient conditions and in
aqueous media. The principle of the procedure is shown in the scheme below:

Figure 1: Strategy for assembly of arrays of coupled polymer vesicles.

The characteristic MLCT absorption associated with the {Fe(tpy)2}2+ chromophore is a powerful
probe with which to assess the degree of vesicle aggregation. This along with AFM and TEM
studies will be discussed.

The ordered structure of the polymer vesicle assembly provides a platform for an array of artificial
compartments for a molecular factory. Surface modification is particularly attractive.2 Future
directions of the work will be discussed, e.g. encapsulation of components of the 'factory' within
hollow vesicles and communciation between the compartments.

[1] Constable, E.C.; Meier, W.; Nardin, C.; Mundwiler, S. Chem. Commun. 1999, 1483 – 1484
[2] Langowska, K.; Kowal, J.; Palivan, C.G.; Meier, W. J. Mater. Chem. B 2014, 2, 4684.
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