


 ñOrganometallic Systems To Sustain A Better Futureò 

Almost all branches of chemistry and material science now interface with Organometallic Chemistry. Organometallics are used 

extensively in the synthesis of useful compounds on both large and small scales. Industrial processes involving plastics, polymers, 

electronic materials, and pharmaceuticals all depend on advancements in organometallic chemistry. Many catalytic and non-catalytic 

stereoselective processes that are key steps in creative and non-conventional synthesis of complex molecules have gained significant 

advantage from organometallic chemistry. 

The ISOC series is the most important school on organometallic chemistry at the European level, organized under the auspices of 

EuCheMS (the European Association for Chemical and Molecular Sciences) and the interdivisional group of organometallic 

chemistry of the Italian Chemical Society with the aim of encouraging the presence of young researchers and Ph.D. students both 

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

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

knowledge at a high level between different European countries and different generations of Scientists. The major objective of the 

ISOC is to promote synergy in organometallic research. The number of participants will be limited to around 120 in order to facilitate 

maximum interaction among the participants and between them and the lecturers. 

The 9th edition of ISOC (ISOC 2013) will focus on the relevance of organometallics systems to sustain a better future. The 

development of advanced methodologies based on the peculiar properties of organometallic compounds may lead to important 

changes in the approach of organometallic chemists to the field. A full roster of scientifically distinguished speakers will present their 

reading keys. In fact, fundamental studies on the mechanistic and structural aspects, as well as new experimental methods and 

investigation techniques, support the use of organometallic compounds in different application areas including Organometallic 

Catalysis, Bioorganometallic Chemistry in Biology and Medicine, Green Chemistry (energy and sustainable development), Industrial 

chemistry and Polymers production, Metal-mediated organic synthesis and Activation of small molecules. 

 

         

 

Camerino 

The town of Camerino, with about 7,500 inhabitants today, is located 661 meters above sea level, on the dorsal that separates the 

valley of Chienti from that of Potenza, in the heart of Marche. Of pre-roman origin the town has played an important political and 

ecclesiastical role through the centuries reaching a notable level of economic and civil development. The wealth of monuments and 

the vivacity of university life, that pulsates there for almost 700 years, make Camerino a significant center of culture and art. 
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Fri day, 30 August:  

15,30:  Opening Session 

16,00:   Prof. K. Tatsumi ñOrganometallic chemistry of reductases - A clue to building a future 

sustainable societyò 
17,30:  Coffee break 
18,00:  Prof. O. Eisenstein ñOlefin metathesis catalysis with d0 Schrock metal alkylidene complexes: 

the input from computational studiesò 

 

Saturday, 31 August: 

9,00:  Prof. P. J. Sadler ñOrganometallic anticancer complexes with new mechanisms of actionò 
10,30:  Coffee break 
11,00:  Prof. E. A. Quadrelli ñDinitrogen hydrogenation & cleavage an route to NH3 with a surface 

coordination chemistry perspectiveò 
14,30:  Prof. C. Nájera Domingo ñCoinage metal complexes as chiral catalysts for 1,3-dipolar 

cycloadditionsò 
16,00:  Coffee break 
16,30:  Prof. E. Schulz ñHydroamination reactions of unactivated olefinsò 
18,00:  Flash Presentations  
19,30:  Poster session  

21,00: Welcome Dinner 

 

Sunday, 1 September: 

8,30:  Prof. D. Milstein ñSustainable catalysis based on pincer complexesò 

10,00:  Prof. M. Albrecht ñStrong donor carbenes and their potential in (oxidation) catalysisò 
11,30:  Coffee break 
12,00:  Prof. J. Clayden ñNew reactivity from organolithiumsò 
15,00:  Social Excursion 
20,00:  Social dinner 
 

Monday, 2 September: 

9,30:  Prof. P. J. Pérez ñCatalytic Functionalization of Hydrocarbons: the Methane Problemò 
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9,00:  Prof.  V. Cadierno Menéndez ñMetal-catalyzed amide bond forming reactions in water: Nitrile 

hydrations and beyondò 

10,00:  Coffee break 

10,30:  Prof. G. Reginato ñAdvances in cross coupling reactions. Synthetic applications in the field of 

new generation solar cellsò 
12,00:  Prizes and Closing Ceremony 
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Friday, 30 August, h 16,00    Lecture 1 

Organometallic Chemistry of Reductases: A Clue to Buildinga Future Sustainable Society  

 

Kazuyuki Tatsumi 

 

Research Center for Materials Science, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8602, Japan  

i45100a@nucc.cc.nagoya-u.ac.jp, http://inorg.chem.nagoya-u.ac.jp/e-frame.html 

 

Metalloenzymes are essential for all living organisms on earth, as their metal-incorporating active centers play a major 

role in regulating highly efficient/selective enzymatic functions. In particular, the research on reductases and related 

metalloenzymes has progressed rapidly in recent years, unraveling novel structures and functions of the cluster active 

centers and greatly expanding the established knowledge of chemistry. Newly discovered reductases show remarkable 

activities, exemplified by nitrogenases catalyzing the reduction of dinitrogen into ammonia, hydrogenases reversibly 

converting dihydrogen into protons and electrons, CO-dehydrogenases generating protons and electrons from CO and 

water, and acetyl CoA synthase 

forming acetyl CoA from carbon 

monoxide, methyl cobalamin, 

and coenzyme A (CoA). The 

brilliant functions of these 

enzymes stand out as a 

microcosm of the ñthe mystery 

of natureò that modern science 

should strive to understand, and 

therefore the importance of 

chemical research on the 

structure-function  relationship 

of the active sites has been 

recognized. 

 

                                                      Figure 1. The Cluster Active Sites and Functions of Reductases 

 

These reductases promote ñorganometallic reactionsò in nature. For instance, the function of CO-dehydrogenases is 

equivalent to the so-called water-gas-shift reaction in organometallic chemistry, and acetyl CoA synthase involves the CO 

insertion into a Ni-CH3 bond in its function. Interestingly hydrogenases contain a typical organometallic iron-carbonyls in 

their active centers. The active sites of reductases are made of unprecedented transition metal sulfide clusters, which have 

been long-standing targets of synthetic chemists and are extremely challenging due to the instability and complexity of the 

cluster structures. This presentation shows our recent study on (1) chemical synthesis of the nitrogenase active sites and 

their electronic properties, (2) chemical synthesis of the [NiFe]-hydrogenase active sites and the model reactions, and (3) 

chemical synthesis of the active site of acetyl CoA synthase and the functional model.  

Friday, 30 August, h 18,00    Lecture 2 

Computational studies and chemical complexity:  

olefin metathesis catalysis with the Schrock alkylidene complexes. 

 

Odile Eisenstein  

 

Institut Charles Gerhardt, cc 1501, CNRS UMR 5253, Université Montpellier 2, Place E. Bataillon, 34095 Montpellier, France 

Odile.Eisenstein@univ-montp2.fr, http://ctmm.icgm.fr/spip.php?rubrique76&lang=fr 

 

Computational studies of reaction mechanism have gained increased visibility and credibility among the community of 

experimental chemists. It is currently accepted that a reaction mechanism can be determined by computational studies and 

the large number of mechanistic information obtained by computations, that has been useful to chemists is a daily proof of 

this success. How to conduct a study and give insight on a reaction knowing that the modeling could be far (even very far) 

from the experimental system and conditions?  

We will illustrate several points of the above by describing our work for the olefin metathesis reaction with the Schrock 

type metal alkylidene catalysts of the type d0 M(=CHR)(ER1)(X)(Y) (M = Mo, W, Re; ER1 = CR1, NR1, O; X = Y = alkyl, 

alloxy, siloxy, amido, etc. In this presentation, we will stress the importance of the chemical model (simplified vs closer to 

the experimental situation), the need to take a global vision of the reaction by including the study of the reactive pathway 

and that of the side reactions that form by products and could deactivate the catalyst.  We will show that the classical 

Chauvin mechanism holds but needs to be completed.  

Some of the experiments were carried out with catalysts grafted on amorphous silica for which solid state NMR is a 

method of choice. One of the advantages of solid state NMR is to access the dynamics of the catalysts grafted on silica via 

the measure of the Chemical Shift Anisotropy (CSA) for 13C of the alkylidene group. Mo, W, Re and Ta alkylidene 

complexes were considered. The decrease of the CSA relative to a static limit suggests that the Mo complexes are 

essentially immobile, while the three others are relatively mobiles. A computational study of the time average CSA was 

carried out via a dynamic ab initio calculations of the systems grafted on silica. The methodology will be explained and the 

dynamics discussed. Remarkably, equal values of the CSA do not mean that the dynamics are of the same nature. The 

different dynamics will be presented and discussed.  
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Saturday, 31 August, h 9,00    Lecture 3 

Organometallic anticancer complexes with new mechanisms of action 

 

Peter J. Sadler 

 

Department of Chemistry, University of Warwick, Coventry CV4 7AL, UK  

P.J.Sadler@warwick.ac.uk, http://www2.warwick.ac.uk/fac/sci/chemistry/research/sadler/ 

 

The periodic table offers potential for discovery of new drugs.1 I will discuss our work on the design of low-spin d6 half-

sandwich organometallic RuII, OsII and and IrIII  complexes.2 Initially we synthesised monofunctional RuII arene complexes 

that could bind strongly to DNA, by guanine N7 coordination, H-bonding and intercalation of extended arenes, causing 

different structural perturbations to cisplatin and no cross-resistance.3,4 However, it has become apparent that redox activity 

can play a role in activity.5 For example, thiolato complexes can be activated by oxidation to the sulfenate,6 and active inert 

complexes with strong ˊ-acceptor chelated ligands can induce formation of reactive oxygen species (ROS) in cancer cells.7 

The OsII azopyridine complex [Os(ɖ6-p-cym)(4-(2-pyridylazo)-N,N-dimethylaniline)I]PF6 exhibits nanomolar potency in a 

range of cancer cells and is active in vivo.8 As for RuII, the iodido and chlorido OsII analogues exhibit marked differences 

in biological behaviour.9 Compared to RuII, OsII arene complexes hydrolyse ca. 100x more slowly and an aqua ligand is ca. 

1.5 pKa units more acidic.2 

Cyclopentadienyl IrIII  complexes with appropriate Cp* substituents and chelated N,N or C,N ligands10 also possess some 

remarkable properties: potent anticancer activity11 and catalytic activity using coenzyme NADH as a source of hydride 

under biologically-relevant conditions.12,13 Organometallic arene complexes also offer potential for cancer 

photochemotherapy.14
 

Acknowledgements: We thank the ERC, EPSRC, Science City (AWM/ERDF) and EC COST action CM1105 for support. 
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Saturday, 31 August, h 11,00    Lecture 4 

Dinitrogen hydrogenation & cleavage en route to NH3 with a surface coordination 

chemistry perspective:  

 

Elsje Alessandra Quadrelli 

 
Equipe Chimie  Organométallique de surface, Laboratoire  de Chimie Catalyse Polymères et Procédés (UMR 5265 C2P2 ïCPE Lyon CNRS 

Univ. Lyon 1), Université de Lyon, 43, Bd du 11 Novembre 1918- Villeurbanne,  quadrelli@cpe.fr, http://lavande.cpe.fr/lcoms/quadrelli/ 

 

Dinitrogen cleavage and hydrogenation by transition-metal centers toward ammonia is central in industry and in Nature. 

After an introductory section on the thermodynamic and kinetic challenges linked to N2 splitting, this course discusses 

three major classes of transition-metal systems (homogeneous, heterogeneous and biological) capable of achieving 

dissociation and hydrogenation of dinitrogen. Molecular complexes, solid-state Haber-Bosch catalytic systems, silica-

supported tantalum hydrides and nitrogenase will be discussed. Emphasis is focused on the reaction mechanisms operating 

in the process of dissociation and hydrogenation of dinitrogen. Close analysis of the mechanisms at hand in homogeneous, 

heterogeneous and enzymatic systems reveal the key role played by metal hydride bonds and metal-mediated bifunctional 

dihydrogen heterolytic splitting in elementary steps equivalent to electron and proton transfers. 
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Saturday, 31 August, h 14,30    Lecture 5 

Coinage Metal Complexes as Chiral Catalysts for 1,3-Dipolar Cycloadditions 
 

Carmen Nájera Domingo 
 

Department of Organic Chemistry, and Organic Synthesis Institute, University of Alicante, Apdo. 99, E-03080 Alicante, Spain, 

cnajera@ua.es, http://iso.ua.es/en/personal/investigadores/carmen-najera-domingo.html 

 

The use of different chiral catalysts derived from binap and phosphoramidites and silver, gold(I) and copper(II) salts for 

the enantioselective synthesis of highly substituted prolines by 1,3-dipolar cycloadditons (1,3-DC) of azomethine ylides, 

derived from imino esteres or azlactones, with dipolarophiles is presented. The 1,3-DC using bidentate binap complexes 

give good enantioselectivities for azomethine ylides when silver salts monomeric complexes 1,1 and dimeric gold 2 

trifluoroacetates2 are used yielding endo-cycloadducts. Glycine derived azlactones react with maleimides using (S)- or (R)-

dimeric binapAuTFA complexes 2 affording the corresponding endo-cycloadducts in good yields and high 

enantioselections, whereas, silver catalyst 1 failed completely.3 The intermediate carboxylic acids are treated with 

trimethylsilyldiazomethane isolating D1-pyrroline methyl esters as final products.  

In the case of monodentate phosphoramidites, metal complexes 3 derived from silver salts have been used for the 

general 1,3-DC of different imino esters and dipolarophiles to afford endo-cycloadducts.4 In the case of using nitroalkenes 

as dipolarophiles copper(II) triflate complexes 3 are the most appropriate catalysts affording exo-cycloadducts.5 In 

addition, computational studies have also been carried out in order to explain the high enantioselection exhibited by these 

chiral complexes. This methodology has been applied to the synthesis of hepatitis C virus inhibitors blocking the viral 

RNA-dependent RNA-polymerase6 and for the preparation of 4-nitroprolines, which are excellent chiral organocatalysts 

for the aldol reaction.7 
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Saturday, 31 August, h 16,30    Lecture 6 

Hydroamination reactions of unactivated olefins 
 

Emmanuelle Schulz 
 

Equipe de Catalyse Mol®culaire, Institut de Chimie Mol®culaire et des Mat®riaux dôOrsay, Universit® Paris Sud ï UMR 8182 

Orsay, France, emmanuelle.schulz@u-psud.fr, http://www.icmmo.u-psud.fr/Labos/LCM/cv/eschulz.php 

 

The metal-catalysed hydroamination of olefins, formally the addition of a ïNH unit on an unsaturated carbon-carbon 

bond, perfectly meets the criteria of atom economic reaction.1  The fine tuning of catalysts to perform this transformation 

with high enantioselectivities remains at present a real challenge to take up, considering the importance of these 

compounds in medicinal and natural products chemistry. This transformation is thermodynamically feasible under standard 

conditions but nevertheless suffers from a 

high activation barrier. Olefinic activation 

through catalyst coordination is thus 

required to diminish the electron density 

or ů N-H bond activation to increase the 

nucleophilicity. The last 60 years have 

seen a huge development of this reaction 

and numerous catalysts have been 

reported belonging to alkali bases, but 

also to the class of alkaline earth metals, 

rare-earth (actinides), group 4 (and 5) 

elements, late transition metals and 

organocatalysts. Recent efforts have been drawn towards the discovery of catalysts able to promote the reaction in an 

enantioselective manner. 

This lecture will give an overview about the development of hydroamination reactions, associated with the optimization 

of already known promoters or the emergence of new catalysts type. It is organized according to the type of catalyst 

engaged in the reaction and aims specifically to highlight the most innovative processes for the asymmetric hydroamination 

of unactivated alkenes, implying either an inter- or an intramolecular pathway. Our contribution in this field will also be 

presented, concerning the discovery of different new families of efficient lanthanide amide ate complexes based on the 

binaphthylamido ligand2 or corresponding simple lithium salts3 that promoted various hydroamination reactions. 
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Sunday, 1 September, h 8,30    Lecture 7 

Sustainable catalysis based on cooperative pincer complexes 
 

David Milstein 
 

Department of Organic Chemistry, The Weizmann Institute of Science, Rehovot 76100, Israel 

 david.milstein@weizmann.ac.il, http://www.weizmann.ac.il/Organic_Chemistry/milstein.shtml 

 

In recent years, complexes based on ñcooperatingò ligands have exhibited remarkable catalytic activity. These ligands 

can cooperate with the metal center by undergoing reversible structural changes in the processes of substrate activation and 

product formation. Selected examples will be presented.  

Our group has discovered a new mode of metal-ligand cooperation, involving aromatization ï dearomatization of 

ligands. Pincer-type, pyridine- and bipyridine- based complexes of Ir, Rh, Ru, Fe, Pd, Pt and acridine complexes of Ru 

exhibit such cooperation, leading to facile activation of C-H, H-H, N-H, O-H bonds, and to novel, environmentally benign 

Ru-catalyzed reactions including (a) dehydrogenative coupling of alcohols to form esters and H2 (b) hydrogenation of 

esters to alcohols under mild conditions (c) coupling of amines with alcohols to form amides, polyamides and peptides 

with liberation of H2 (d) selective synthesis of primary amines directly from alcohols and ammonia (e) direct formation of 

acetals by dehydrogenative coupling of alcohols (f) generation of imines and hydrogen by coupling of alcohols with 

amines (g) dehydrogenative amidation of esters (h) dehydrogenative acylation of alcohols with esters (i) hydrogenation of 

amides to amines and alcohols (j) mild iron-catalyzed hydrogenation of ketones to alcohols (k) iron catalyzed CO2 

hydrogenation to formate salts (l) hydrogenation of CO2-derived organic carbonates, carbamates, ureas and formates as 

alternative routes for the conversion of CO2 to methanol (m) catalytic transformation of alcohols to carboxylic acid salts 

using water as the terminal oxidant (n) synthesis of substituted pyrroles by dehydrogenative coupling of b-amino-alcohols 

and secondary alcohols (o) synthesis of substituted pyridines by dehydrogenative coupling of g-amino-alcohols and 

secondary alcohols.  In addition, we have prepared Fe pincer complexes which exhibit high catalytic activity in 

hydrogenation of ketones and CO2. Very recently we have observed a new mode of activation of CO2 and nitriles by metal-

ligand cooperation. 

Moreover, metal-ligand cooperation of this type has led to a distinct stepwise approach towards water splitting, based on 

consecutive thermal H2 generation and light-induced O2 liberation, involving a new O-O bond-forming step. 
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A powerful bond activation strategy relies on oxidative addition of (rather inert) bonds to electron rich transition metal 

centers. Obviously, the effectiveness of this approach is greatly supported by strongly donating ligands. While phosphine-

based ligands have been ubiquitous as strong donors for a wide variety of transition metal-catalyzed reactions, more 

recently N-heterocyclic carbenes have gained in relevance as potent spectator ligands. Typically, N-heterocyclic carbenes 

are associated with a largely covalent bonding and strong s-donor properties, which distinguish them from phosphines. We 

will discuss the basic impact of N-heterocyclic carbenes, and in particular synthetic opportunities for further increasing the 

donor ability of this type of ligand (see Figure below).1  

 

The lecture will focus specifically on understanding the reactivity and the catalytic activity of such strong donor systems 

compared to classical Arduengo-type NHC complexes, in particular in redox-type transformations such as direct 

hydrogenation, transfer hydrogenation with high-valent transition metals, and water oxidation (see Fig right).2 We will 

further discuss the scope and limitations of these strong donor carbene ligands, which includes non-innocent behavior and 

dissociative reactivities.3 
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New Reactivity from Organolithiums 
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Organolithiums are probably the most widely used organometallics in organic synthesis.  From the handful of 

commercially available organolithiums, a wide range of functionalized organolithiums may be made by regioselective 

deprotonation, halogen-metal exchange, transmetallation or carbolithiation. The lecture will start with an overview of these 

methods and will outline some general rules for making effective use of directing effects to construct target molecules 

effectively. It will stress the importance of solvation and intramolecular coordination effects, as well as stereoelectronic 

effects, in these regioselective reactions. 

Stereoselective features may be introduced by the use of chiral ligands, especially the alkaloid (ï)-sparteine and its 

analogues.  The lecture will cover the most useful of these methods, and outline the detailed mechanisms by which 

asymmetry may be induced in RLiÅ(ï)-sparteine directed reactions.  Examples of target-directed syntheses based around 

this chemistry will be given.  Opportunities for catalysis with organolithiums are currently relatively limited, and the state 

of the art in this area will be described. 

Typically, simple organolithiums are used as bases, and more complex organolithiums are used as nucleophiles, with 

classical nucleophile-electrophile couplings dominating their practical utility.  However, more recent work has uncovered 

some remarkable alternative reactivity patterns that are available to organolithiums under certain conditions of solvation or 

in certain conformations.  These include dearomatising nucleophilic attack on aromatic rings and aryl migration reactions.  

Effectively, these reactions widen considerably the scope of classical nucleophilic aromatic substitution chemistry to 

include not only electron-deficient but also electron-rich coupling partners.  These organolithium reactions thus provide an 

alternative, mechanistically unique way to make new CïC bonds, particularly at hindered positions. They allow the 

construction of unusual or otherwise difficult to obtain structural features in target molecules, and examples of such 

syntheses will be described. 

Organolithium chemistry is relatively easy to understand in terms of a few mechanistic principles, and recently the 

application of tools such as in situ IR spectroscopy (React-IR) has uncovered previously hidden detail in their chemistry.  

These advances will be briefly described.  
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Methane is available in the earth crust either in natural gas (80-90%) or in shale gas (up to 98%), a fact that could make 

it as an ideal raw material for C1 chemistry. However, the main use of methane from an industrial point of view is 

restricted to the generation of syngas, further employed in the synthesis of methanol, in the Fischer-Tropsch process or in 

carbonylation/hydrogenation reactions. Examples of the direct functionalization of methane are yet scarce and in all cases 

confined to the lab scale.1 

We have recently reported2 the catalytic functionalization of methane using silver-based catalysts that induce the 

insertion of carbene units CHCO2Et from ethyl diazoacetate to the C-H bond of methane through transient silver-carbene 

intermediates. A family of fluorinated silver catalysts has been developed to promote this transformation, that takes place 

in sc-CO2 as the reaction medium. Competition experiments with the C1-C4 alkane series have provided the values of the 

relative reactivity of the C-H bonds of the light alkanes, from which interesting information regarding the mechanism of 

this transformation have been obtained. 
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It is nowadays acknowledged the importance of developing convenient methodologies to produce enantiomerically pure 

products.1 Within this context, asymmetric organometallic catalysis is one of the most successful strategies. Since the first 

examples dated 1966,2 organometallic catalysts have attracted increasing interest in both academic and industrial contexts, 

for some clear advantages: 

(i) the remarkable activity, which allows the use of high substrate/metal ratios; 

(ii) the tunability of the coordination environment, that widens the scope of substrates; 

(iii) the tolerance to functional groups, which enhances chemoselectivity, and then simplifies the purification of the 

products. 

(iv) the flexibility of the physical properties, which helps separation and recycle of the catalyst.3 

Objective of this lecture is to provide the essential tools for addressing asymmetric organometallic catalysis. It is first 

explained the value of this methodological approach, through a brief historical introduction. A careful evaluation of the 

leading ñactorsò follows, with the description of the role of the metal (the activating agent), the substrate (from pupa to 

butterfly) and the chiral ligand (the conductor). Then, the research activities4 of the organometallic chemistry group in 

Napoli are briefly presented. 
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In the last decade homogenous gold catalysis has developed into a powerful tool for organic synthesis.1]In this highly 

active field the use of diynes as substrates has only recently been explored. Here new cyclisation modes of 1,2-diynearenes 

to undergo selective intramolecular and intermolecular C-H activation of unactivated C-H bonds are reported (Figure 1).2-4 

The mechanism of this transformation involves two gold centers (principle of ñdual activationò), both synergistically 

activating the substrates for cyclisation via p- and ů-coordination. A bifurcation on the potential energy surface gives access 

to gold-vinylidenes or gold-carbenes, both highly reactive intermediates capable for C-H activation.5 Depending on the 

backbone of the diyne system, a change on the bifurcation energy surface to selectively lead to gold vinylidenes or gold 

carbenes. Both intermediates are highly interesting as they represent a new class of organogold compounds and offer new 

perspectives for homogenous gold catalysis. 

 
 

 

    

Figure 1. A universe of dual-gold catalyzed cyclizations of diynes 
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