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Programme 
 
 
Wednesday, 8 February 2006 
 
14:00-18:00 Registration 
18:00  Welcome reception + dinner 
   
 
Thursday, 9 February 2006 
 
 
8:50-9:00  Welcome (by C. Görller-Walrand and K. Binnemans) 
 
9:00-10:00  William J. Evans (University of California, Irvine, USA) 

The importance of questioning scientific assumptions: some lessons from  
f-element chemistry 

 
10:00-10:30  Kai C. Hultzsch (Universität Erlangen-Nürnberg, Germany) 
 Rare-earth catalyzed asymmetric  hydroamminiation of alkenes   (AHA) 
 
10:30-11:00  Coffee Break 
 
11:00-11:30  Richard Gil (Université Paris-Sud, Orsay, France) 

Aza-Michael and Friedel-Crafts Reactions Catalyzed by Samarium Compounds 
 
11:30-12:00  Nick Gathergood (Dublin City University, Ireland) 

Green asymmetric methodologies 
 
12:00-12:30  Anne-Sofie Chauvin (EPFL, Lausanne, Switzerland) 

Lanthanide functional complexes: ligand design 
 
 
12:30-15:00  Lunch Break 
 
 
15:00-15:30  Thomas Mathivet (RHODIA, Aubervilliers, France) 

Neodymium butadiene rubber  (Nd-BR): production process, rubber features and 
Rhodia’s contributions in this field 

 
15:30-16:00  Mark Niemeyer (Universität Stuttgart, Germany) 

Sterically crowded triazenides as novel ancillary ligands in lanthanide chemistry 
 

 
 
16:00-16:30  Coffee Break 
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16:30-17:00  Sarah L. Stoll (Georgetown University, Washington DC, USA) 
Lanthanide sulfide nanoparticles for potential new catalysts 

 
17:00-17:30  Polly N. Arnold (University of Nottingham, UK) 

New bifunctional catalysts with tethered N-heterocyclic carbene ligands 
 
 
19:00   Dinner 
 
 
 
Friday, 10 February 2006 
 
 
9:00-10:00  István T. Horváth (Eötvös University, Budapast Hungary) 

Fluorous chemistry 
 
10:00-10:30  Régis M. Gauvin (Laboratoire de Catalyse de Lille, France) 

Well-defined silica-supported lanthanide amides: synthesis, characterisation, and 
catalytic investigations 

 
10:30-11:00  Coffee Break   
 
11:00-11:30  Ralf Giernoth (University of Cologne, Germany) 

Reactive lanthanoid reagents for organic synthesis in ionic liquids 
 
11:30-12:00  Sophie M. Guillaume (Université Bordeaux 1, France) 

Lanthanide complexes as initiators for the ring opening polymerization of 
heterocyclic monomers 

 
12:00-12:30  Ram S. Mohan (Illinois Wesleyan University, Bloomington, USA) 

Environment-friendly synthesis using bismuth compounds 
 
 
12:30-15:00  Lunch Break 
 
 
15:00-15:30  Anja-Verana Mudring (University of Cologne, Germany) 

Lanthanide chemistry in ionic liquids 
 
15:30-16:00 Hasan Mehdi (K.U.Leuven Belgium/Eötvös University, Budapest, 

Hungary) 
Oxidation of organic compounds with cerium salts in ionic liquids 
 

 
 
16:00-16:30  Coffee Break 
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16:30-18:00 Round Table Discussion: “Perspective of lanthanide-mediated 
organic reactions” (Moderator: K. Binnemans) 

 
 
19:00   Dinner 
 
 
 
Saturday, 11 February 2006 
 
 
9:00-9:30  Jens Christoffers (Universität Stuttgart, Germany) 

Cerium-catalyzed oxidative C-C bond forming reactions 
 
9:30-10:00  Sofie Bezzenine (Université Paris-Sud, Orsay, France) 

Diastereoselective formation of cyclopropanolsby 3-exo-trig radical cyclisation 
induced by samarium diiodide 

 
10:00-10:30  Isabelle Billard (IreS, Strasbourg, France) 

Lanthanides(III in ionic liquids: fundamental studies for the nuclear fuel cycle 
 
10:30-11:00  Coffee Break 
 
11:00-11:30  Laurent Maron (INSA, Toulouse, F) 

Organolanthanide chemistry: some insights from theory  
 
11:30-12:00  Tatjana N. Parac-Vogt (K.U.Leuven, Belgium) 

Lanthanide nosylates(III) and lanthanide(III) tosylates  as environmentally friendly 
catalysts for nitration and acylation reactions  

 
12:00-12:10  Closing remarks 
 
12:30-14:00  Lunch 
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THE IMPORTANCE OF QUESTIONING SCIENTIFIC ASSUMPTIONS:  
SOME LESSONS FROM F ELEMENT CHEMISTRY 

 
William J. Evans 

 
Department of Chemistry 

University of California, Irvine 
Irvine, CA 92697-2025, USA 

phone: 949-824-5174; fax: 949-824-2210 
email: wevans@uci.edu 

 
As scientists we know that we should constantly question the assumptions upon which our 
research is based.  We also know that we do not do this often enough.  This lecture will 
serve to remind us not to take the traditional boundaries of any area of chemistry for 
granted.  Recent results in f element chemistry will be presented which show how some of 
the "rules" in this area, thought to be true for decades, have been recently overturned.  
Examples will be presented that challenge previous ideas on topics as fundamental as redox 
chemistry and bond lengths.  New ways of doing reductive chemistry will be discussed as 
well as the synthesis of "long bond organometallics" that have unconventional bond 
distances and reactivity.  The synthetic chemistry that made these advances possible has 
generated additional unexpected opportunities in f element chemistry and these also will be 
presented. 
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Rare Earth Metal Catalyzed Asymmetric Hydroamination of Alkenes (AHA) 
 

Kai C. Hultzsch*, Denis V. Gribkov 
 

Friedrich-Alexander-Universität Erlangen-Nürnberg, Institut für Organische Chemie, 
Henkestrasse 42, D-91054 Erlangen, Germany 

Fax: +49 9131 8523429 E-mail: hultzsch@chemie.uni-erlangen.de 
 
 
The hydroamination of unsaturated carbon-carbon linkages allows a facile and highly atom-
economical access to industrially relevant nitrogen containing basic and fine chemicals [1]. 
Increased interest in this reaction has led to significant progress in recent years, utilizing 
catalysts based on early and late transition metals as well as rare earth metals [2]. 
A particular challenging area remains the asymmetric hydroamination of non-activated 
alkenes (AHA) [3]. Our group has developed highly active and highly efficient catalysts 
based on trisarylsilyl-substituted binaphtholate complexes 1a and 1b [4]. In this talk we 
will discuss the scope and limitations of this catalyst system in enantioselective 
hydroamination/cyclization reactions as well as kinetic resolution of chiral aminoalkenes.  
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References 
[1] (a) Müller, T. E.; Beller, M. Chem. Rev. 1998, 98, 675. (b) Brunet, J. J.; Neibecker, D. 

in Catalytic Heterofunctionalization from Hydroamination to Hydrozirconation; 
Togni, A.; Grützmacher, H., Eds.; Wiley-VCH: Weinheim, 2001, p. 91.  

[2] (a) Hong, S.; Marks, T. J. Acc. Chem. Res. 2004, 37, 673. (b) Pohlki, F.; Doye, S. 
Chem. Soc. Rev. 2003, 32, 104. (c) Hartwig, J. F. Pure Appl. Chem. 2004, 76, 507. 

[3] (a) Hultzsch, K. C. Adv. Synth. Catal. 2005, 347, 367. (b) Hultzsch, K. C. Org. 
Biomol. Chem. 2005, 3, 1819. (c) Hultzsch, K. C.; Gribkov, D. V.; Hampel, F. J. 
Organomet. Chem. 2005, 690, 4441. 

[4] (a) Gribkov, D. V.; Hultzsch, K. C. Chem. Commun. 2004, 730. (b) Gribkov, D. V.; 
Hultzsch, K. C., Hampel, F. submitted for publication. 



 7

AZA-MICHAEL AND FRIEDEL-CRAFTS REACTIONS CATALYZED BY 
SAMARIUM IODIDES 
 

Jacqueline COLLIN, Richard GIL, Iréna REBOULE, Mohamad SOUEIDAN 
 

Laboratoire de Catalyse Moléculaire, ICMMO, UMR 8182, bât. 420, 
Université Paris-Sud, 91405 Orsay – France 

richardgil@icmo.u-psud.fr 
 
 
Samarium diiodide is a Lewis acid type catalyst in dichloromethane, allowing, in mild 
conditions, the formation of carbon-carbon bonds [1], such as in tandem Michael-
aldolisation reactions [2], or of carbon-nitrogen bonds through ring opening of epoxides by 
amines [3]. Samarium iodo binaphtholate 1 catalyzes enantioselectively iminoaldolisation 
[4] and the transformation of epoxides in amino alcohols using aromatic amines [5] with 
enantiomeric excesses up to 93%. 
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1 – As a new method of carbon-nitrogen bonds formation, we recently focused on the 
addition of aromatic amines on α,β-unsaturated N-acyloxazolidinones as Michael acceptors 
catalyzed by samarium diiodide [6]. These aza-Michael reactions led to β-amino acids 
derivatives in good yields and according to the nature of the aromatic amine and to the 
reaction conditions, amidation was observed. 
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Samarium iodo binaphtholate 1 is an enantioselective catalyst for the aza-Michael addition. 
Using substrates with an ester group as substituant of the double bond, high enantiomeric 
excesses were obtained. 
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Moreover, studying the influence of temperature revealed an isoinversion effect with the 
maximum enantiomeric excess of 88% at -40 °C [7]. 
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2 – To extend the activity of SmI2 for carbon-carbon bonds formation, Friedel-Crafts 
reaction has been studied. Samarium diiodide catalyzes reactions involving various 
aromatic compounds and electrophiles such as trifluoropyruvates, glyoxylates or glyoxylic 
imines giving the products in moderate to high yields. 
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[1] Giuseppone, N.; Van de Weghe, P.; Mellah, M.; Collin, J. Tetrahedron 1998, 54, 
13129-13148. 
[2] Jaber, N.; Assié, M.; Fiaud, J.-C.; Collin, J. Tetrahedron 2004, 60, 3075-3083. 
[3] Carrée, F.; Gil, R.; Collin, J. Tetrahedron Lett. 2004, 45, 7749-7752. 
[4] Jaber, N; Carrée, F.; Fiaud, J.C.; Collin, J. Tetrahedron: Asymmetry 2003, 14, 2067-
2071. 
[5] Carrée, F.; Gil, R.; Collin, J. Org. Lett. 2005, 7, 1023-1026.  
[6] Reboule, I; Gil, R.; Collin, J. Tetrahedron Lett. 2005, 46, 7761-7764. 
[7] Reboule, I; Gil, R.; Collin, J. Tetrahedron: Asymmetry 2005, 16, 3881-3886. 
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GREEN ASYMMETRIC METHODOLOGIES 
 

Nick Gathergood, Brian Deegan, Ewa Kowalska, Saibh Morrissey 
 

School of Chemical Sciences, National Institute for Cellular Biotechnology,  
Dublin City University, Dublin 9, Ireland. Nick.Gathergood@dcu.ie 

 
 

The presentation will highlight the groups progress towards green methodologies for 
asymmetric induction. Research themes of current interest are asymmetric Friedel-Crafts 
reactions, biodegradable ionic liquids, chiral macrocycles and medicinal chemistry. 
 
Asymmetric Friedel-Crafts: When an aldehyde [1] or unsymmetrical ketone [2] is used as 
a substrate in a Friedel-Crafts reaction a product with a new stereogenic centre is formed. 
Our efforts to prepare target compounds as part of a medicinal chemistry project will be 
presented. 
 
Biodegradable Ionic Liquids: Over the last 5 years many papers have been published 
replacing traditional solvents with ionic liquids. These ‘environmentally friendly’ 
alternative solvents have been heralded as a major step forward for green chemistry. Our 
latest biodegradation results for BMIMBF4 and ILs specifically tailored for improved 
biodegradation and low toxicity will be presented. [3-6] 
 
Chiral Macrocycles: The selective synthesis of a single diastereomer of a macrocycle in 
optically pure form is a challenging goal. Our modular approach for the construction of a 
chiral macrocycle yields a facile method for selective formation of the desired macrocycle. 
This approach also permits selective  fine-tuning of the chiral environment around the metal 
centre for optimisation of the results. The ligands presented also participate in a concurrent 
biological activity assay. 
 
 
[1] Gathergood, N.; Zhuang, W.; Jørgensen, K.A. Catalytic Enantioselective Friedel-Crafts 
Reactions of Aromatic Compounds with Glyoxylate. Journal of the American Chemical 
Society 2000, 122(50), 12517-12522. 
[2] Zhuang, W.; Gathergood, N.; Hazell, R.G.; Jørgensen, K.A. Catalytic, Highly 
Enantioselective Friedel-Crafts Reactions of Aromatic and Heteroaromatic Compounds to 
Trifluoropyruvate. Journal of Organic Chemistry 2001, 66, 1009-1013. 
[3] Gathergood, N.; Scammells, P.J. Design and preparation of room temperature ionic 
liquids containing biodegradable side-chains. Australian Journal of Chemistry 2002, 55, 
557-560. 
[4] Gathergood, N.; Garcia, M.T.; Scammells, P.J. Biodegradable Ionic Liquids Part I: 
Concept, Preliminary Targets and Evaluation. Green Chemistry 2004, 3, 166-175. 
[5] Garcia, M.T.; Gathergood, N.; Scammells, P.J. Biodegradable ionic liquids Part II: 
Counter-ion effect and toxicology. Green Chemistry 2005, 1, 9-14. 
[6] Gathergood, N.; Scammells, P.J.; Garcia, M.T. Biodegradable Ionic Liquids Part III. 
Green Chemistry 2006, in press. 
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LANTHANIDE FUNCTIONAL COMPLEXES: LIGAND DESIGN 
 

Anne-Sophie Chauvina, Fréderic Thomasa, Pascal Froidevauxb, and Jean-Claude G. Bünzlia 
 

a Laboratory of Lanthanide Supramolecular Chemistry, Ecole polytechnique fédérale de 
Lausanne, BCH 1405, 1015 Lausanne, Switzerland. anne-sophie.chauvin@epfl.ch 

b Institute of Applied Radiophysics, University of Lausanne, Grand Pré 1, 
 1007 Lausanne, Switzerland 

 
 
1- Water-soluble triple-stranded helical complexes with luminescent lanthanides 
This work deals with the development of water soluble bimetallic helicates, able to be 
coupled to biological materials and to emit a characteristic light useful to quantify the 
concentration of the targeted molecules.  

We have based our molecular design on the ditopic hexadentate receptor depicted in Figure 
1, the potential grafting positions R1, R2 and R3 giving us handles to tune its properties. 
These receptors are able to self-assemble with lanthanide ions to yield stable triple-stranded 
homo- and/or hetero-bimetallic helicates. For instance, ligand LC forms highly stable 
helicates in water (logβ23 = 52); however, their solubility is not large and the quantum yield 
of the Eu-helicate remains modest (1.3 %). We are currently developing a library of ligands 
combining strong coordination ability, solubilizing groups, coupling functions, and 
chromophores. 

In a first strategy, we have replaced the carboxylic functions in LC by phosphonic acid 
groups in LP. 1H-NMR data of the complex point to D2O solutions with a 2:3 Lu:LP ratio 
containing a single species with trigonal symmetry, as observed with LC. This is compatible 
with the formation of a bimetallic triple-stranded helicate. The photophysical properties of 
the lanthanides complexes have been studied.  

In parallel, we are also developing ligands bearing solubilizing arms such as polyether 
chains, into position R2 or R3. Different synthetic strategies have been tested to obtain these 
ligands, which are radically different, depending of the position in which the arms are 
grafted. 

The discussion will focus on the synthesis of the different ligands. Thermodynamic, 
structural and photophysical properties of the resulting 2:3 helicates with various Ln(III) 
ions will be also presented and discussed. 
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Figure 1 
2- Selective extraction of yttrium-90 and lanthanide cations with an ion-imprinted 
polystyrene resin. 
 



 11

Extraction and separation of metal cations have always been challenging problems, in 
particular the highly selective separation of yttrium-90 from its parent isotope, strontium-
90, for the design of radiopharmaceuticals. 

Specific needs for analytical procedures for radio-elements led us to the development of 
styrene-based ion-imprinted resins featuring coordination cages which are specifically 
tailored for hosting trivalent yttrium and built from three helically wrapped vinyl 
derivatives of dipicolinic acid (Figure 2).  

High-resolution Eu-luminescence experiments revealed that the preformed geometry of the 
complexation sites is well preserved in the imprinted polymers. The ion-imprinted polymer 
proved to be particularly well adapted for yttrium extraction (8.9 ± 0.2 mg/g resin), with a 
fast rate of extraction (t1/2= 1.7 minutes). Within the lanthanide series, the resin is also 
selective towards heavy lanthanides. Finally, it displays a large selectivity for yttrium and 
lanthanide cations against alkaline and alkaline-earth elements.  

Distribution coefficients determined for 88Y and 85Sr emphasize the possibility for the 
material to be used as chromatographic support for direct production of medical grade 90Y 
from a 90Sr source. Moreover, europium has been successfully extracted by the resin from 
large volume of tap water. Thus the material could be used for radiation monitoring of 
nuclear power plant, particularly regarding the determination of radiolanthanides in cooling 
system. 
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Figure 2 
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Neodymium Butadiene Rubber (Nd-BR): Production process, rubber 
features and Rhodia’s contribution in this field 

 
 

Thomas Mathivet 
 
 

RHODIA Recherches & Technologies, Centre de Recherches d’Aubervilliers,  
52 rue de la Haie Coq, 93308 Aubervilliers, France, Phone +33 1 49 37 68 17 

e-mail : thomas.mathivet@eu.rhodia.com, web site : www.rhodia-ec.com 
 

 
 
Neodymium catalyzed stereospecific polymerization of 1,3-butadiene is not only an area of 
growing academic interest[1], but also to date the major industrial application of  organic 
derivatives of lanthanides. The butadiene rubber obtained with neodymium technology 
(Nd-BR) is an interesting elastomer due to its very high 1,4-cis content (up to 98-99%) 
compared to the other  rubbers produced with transition metal catalysis (Ti, Ni or Co). The 
very high linearity and stereoregularity of Nd-BR give the polymer unique mechanical 
properties, making this rubber very suitable for tires manufacturing.  
 
Nd-BR commercial industrial processes[2] are generally using ternary catalytic systems 
consisting on the association of a neodymium precursor, a chlorinating agent and an 
alkylating agent.. Production process of butadiene rubber with neodymium technology will 
be discussed, characteristics & features of this rubber will be also highlighted.  
 
Rhodia is contributing to the development of this application with supplying suitable high 
quality Nd precursors to the world rubber manufacturers. As market leader, Rhodia is 
offering a wide range of products like anhydrous neodymium chloride derivatives, 
neodymium carboxylates (e.g. neodymium neodecanoate or versatate) in solution in 
aliphatic solvents as the preferred precursor. More recently, efforts[3] have been focused on 
Nd 2-ethylhexylphosphate. Characteristics & a production process of these commercial 
products will be presented. 
 
 
 
References 
 
1 (a) G. Kwag, H. Lee and S. Kim. Macromolecules  2001, 34, 5367-5369. (b) W.J. 
 Evans, D.G. Giarikos and J.W. Ziller. Organometallics  2001, 20, 5751-5758. (c) 
 G. Kwag. Macromolecules 2002, 35, 4875-4879. (d) L. Friebe, O. Nuyken,  
 H. Windisch and W. Obrecht. Macromol. Chem. Phys. 2002, 203, 1055-1064. 
 
2 G. Sylvester in Applied Homogeneous Catalysis, 1994. 
 
3 L. Friebe, O. Nuyken & W. Obrecht. J. Macromol. Sci. Part. A 2005, 42, 839-851. 
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Sterically Crowded Triazenides as Novel Ancillary Ligands in  
Lanthanide Chemistry 

 
Sven-Oliver Hauber, Hyui Sul Lee, Mark Niemeyer 

 
Institut für Anorganische Chemie, Universität Stuttgart, Pfaffenwaldring 55, 

D-70569 Stuttgart, Germany, E-mail: mn@lanth.de 
 
 

The design and development of alternative ligand systems 
capable of stabilizing monomeric metal complexes, while 
provoking novel reactivity, remains one of the most intensely 
studied areas of organometallic chemistry. Exploration of this 
field is driven by the potential use of these compounds in 
catalysis and organic synthesis. Examples of monoanionic 
chelating N-donor ligands which have received much recent 
attention include the β-diketiminate (I) [1] and the amidinate 
(II) [2] ligand systems. Much less attention has been given to 
the closely related triazenides (III) [3]. This may be attributed to the lack of suitable 
ligands which are sterically crowded enough to 
prevent undesirable ligand redistribution reactions 
and allow better control of the electronic and steric 
properties at the metal.  

 

 

In comparison to the isoelectronic amidinates and the related β-diketiminates, 
triazenides are weaker donors and should induce greater electrophilicity at a bonded metal 
atom. This is reflected by the 
results of a NBO (Natural 
Bond Orbitals) analysis on the 
energy minimized structures 
of the model anions 1,3-di-
phenyl-1,3-diketiminate (IM), 
1,3-diphenyl-1,3-diazaallyl 
(IIM), and 1,3-diphenyltriaze-
nide (IIIM) which shows a 
NPA (Natural Population 
Analysis) charge for the 
chelating N atoms of –0.54,    
–0.60, and –0.38, respectively. 

We recently succeeded 
in the preparation of sterically crowded diaryl triazenes. Ligands of 
this type may be synthesized in excellent yields by the reaction of 
different substituted 2-lithiumbiphenyls with m-terphenyl or biphenyl 
azides followed by hydrolysis [4]. Steric, electronic, and solubility 
properties are easily controlled by the variation of the substituents on 
the pending aryls groups. 
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The obtained diaryl triazenes were used to stabilize novel base-free pentafluoro-
phenyl compounds of europium and ytterbium [5] and to prepare the first well-
characterized metal aryls of the heavier alkaline earth metals calcium, strontium and 
barium21 [M(C6F5)(N3(Dmp)Tph)] {M = Eu, Yb, Ca(thf), Sr, Ba; Dmp = 2,6-Mes2C6H3 
with Mes = 2,4,6-Me3C6H2; Tph = 2-TripC6H4 with Trip = 2,4,6-iPr3C6H2}. The thermally 
robust compounds are accessible in good yields via a convenient one-pot transmetallation 
deprotonation reaction in tetrahydrofuran as solvent. Perhaps the most striking features in 
the solid-state structures of these compounds are the additional metal-π-arene-interactions 
to the pending arms of the biphenyl- and terphenyl groups in the triazenide ligands. 
Apparently, these arene rings compete with THF to bind the MII cations and allow the 
isolation of solvate-free derivatives, in the Ca derivative, however, one THF molecule 
remains coordinated and only one Ca···π-arene interaction is observed. As we were able to 
prove by VT NMR experiments and DFT calculations the π-arene contacts persist in 
solution and provide kinetic stabilization through steric and electronic saturation of the 
metal centers. As a result decomposition pathways involving ortho-fluoride elimination are 
effectively blocked. 

For the development of highly active olefin polymerization catalysts we plan to 
synthesize cationic species such as [RLnN3(Ar)Ar']+ (Ln = rare earth metal). We expect that 
it will be necessary to fine-tune the steric encumbrance of the triazenide ligand in order to 
allow close stabilizing Ln···C contacts, involving one or two of the flanking aryl groups, 
without preventing the olefin to insert into the Ln–R bond. 

 
[1]  J. Barker, M. Kilner, Coord. Chem. Rev. 1994, 133, 219. 
[2] L. Bourget-Merle, M. F. Lappert, J. R. Severn, Chem. Rev. 2002, 102, 3031. 
[3]  D. S. Moore, S. D. Robinson, Adv. Inorg. Chem. Radiochem. 1986, 30, 1. 
[4] S.-O. Hauber, F. Lissner, G. B. Deacon, M. Niemeyer, Angew. Chem Int. Ed. 2005, 

44, 5871. 
[5] S.-O. Hauber, M. Niemeyer, Inorg. Chem. 2005, 44, 8644. 
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Lanthanum sulfide nanoparticles for potential new catalysts 
 

Sarah L. Stoll 
 

Assistant Professor of Chemistry 
Georgetown University 
Washington DC, 20057 

 
 We have been interested in studying the catalytic properties of lanthanide sulfide 
nanoparticles.  The key to their potential catalytic properties, lies in the lanthanide 
oxidation state in these materials.  All of the lanthanides form a 1:1 compound with sulfur, 
LnS, with a sodium chloride structure type.  This is somewhat counter-intuitive, given the 
predilection of the lanthanides for the trivalent state (one might expect only the Ln2S3 to 
form, for example).  Interestingly, because of variations in the energy level diagram, these 
compounds can either be semiconducting Ln2+S, or metallic Ln3+(e-)S depending on the 
lanthanide, temperature and pressure.  We have been studying the effect of quantum 
confinement in controlling the degree of electron delocalization for the EuS, SmS and TmS 
nanoparticles. 
 
 Our first target for catalytic reactivity is SmS.  It is one of the classic intermediate  
valent compounds where the valency can switch from (II) to (III).1  This lanthanide 
monochalcogenide has attracted much attention for the unusual changes in the electronic 
structure as a function of pressure.2  Under ambient conditions SmS is black with a Sm ion 
valence of (II).  With increasing pressure, there is a sharp phase transition at 6 kbar to a 
material with the electron configuration Sm3+(e-)S2-.3  The physical manifestation of this is 
very dramatic; the material changes color from black to golden; the electronic properties 
change from semiconducting to metallic; and there is a large (~16%) change in the unit cell 
volume as the oxidation state of Sm changes from 2 to 3.  An alternate method for changing 
the band gap is to use particle size. 
 
 We have recently synthesized and characterized a series of lanthanide 
dithiocarbamate complexes (DTC), Ln(S2CNR2)3L (Ln = Nd, Sm, Eu, Gd, Ho; R = various 
combinations of Me, benzyl, nbutyl, ipropyl, L = phenanthroline or bipyridyl).4    This talk 
will focus on the precursor properties, with emphasis on the Sm, Eu and Tm complexes and 
their utility to form nanoparticles.  We have used thermolysis of these single source 
precursors in tri-octylphosphine (in the presence of oleylamine), to form nanoparticles of 
both SmS (and EuS) within a narrow range of 10-25 nm.  We believe that the nature of the 
capping ligand is important to controlling particle size, and we are currently investigating 
the amine:phosphine ratio to elucidate its role in determining the particle size.  
 
 These studies have significance for catalysis because we believe that if the 
lanthanide valence determines the redox potential of these nanoparticles, it should be 
possible to tune the type of catalytic reactivity by the particle size.  Generally, metal 
chalcogenides are prone to corrosion because the valence band is based on the anion (S).5  
In the case of the lanthanide chalcogenides, both the valence band and conduction band are 
based on the metal (one of the reasons MoS2 or TiO2 are so useful for catalysis).  The SmE 
and TmE materials have very high energy conduction bands (i.e. negative in electrode 
potential) which would be an advantage for catalytic reduction,6 for substrates such as 
CO2.7 
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We have developed one-pot routes to heterobidentate ligands that contain an anionic group 
and an N-heterocyclic carbene. N-heterocyclic carbenes (NHCs) are recognised as strongly 
basic two-electron ligands which make ideal phosphine analogues in late metal chemistry. 
Our incorporation of the anionic tether makes their incorporation into early metal systems 
straightforward. We will show coordination-organometallic lanthanide adducts of  bidentate 
ligands, such as 1 and 2.  The tethered ligands also allow us to study the potential for 
hemilabile behaviour in systems such as 3, and further reaction chemistry in the context of 
a bifunctional system.  
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Reaction chemistry that involves displacement of the NHC, and that combines the Lewis 
acidic metal and the strong sigma-donor NHC will be shown, including a range of substrate 
binding studies. The reactivity of some of these complexes as bifunctional catalysts for the 
polymerisation of polar monomers will also be shown.  
 
Further, it is now accepted that NHCs are excellent ligands for stabilising higher oxidation 
state metal complexes.  We have started exploring the Ce3+/Ce4+ redox couple with systems 
based on 4, with an eye to developing catalytic oxidation chemistry; preliminary results will 
be presented. 
 
References: 
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P. L. Arnold, M. Rodden, K. Davis, A. C. Scarisbrick, A. J. Blake, C. Wilson, Chem. 
Commun. 2004, 1612. 
P. L. Arnold, S. T. Liddle, Chem. Commun. 2005, 5638. 
D. Patel, S. T. Liddle, S. A. Mungur, M. Rodden, A. J. Blake, P. L. Arnold, Chem. 
Commun. 2006, in press. 
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FLUOROUS  CHEMISTRY 
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Fluorous chemistry is based on the limited solubility of partially or fully fluorinated 
compounds with non-fluorinated compounds.1  Fluorous soluble reagents and catalysts 
contain linear or branched perfluoroalkyl chains in appropriate size and number that may 
contain other heteroatoms (the "fluorous ponytails").  A fluorous reaction could proceed 
either in the fluorous phase or at the interface of the two phases, depending on the 
solubilities of the substrates in the fluorous phase.  It should be emphasized that a fluorous 
liquid-liquid biphase system might become a one-phase system by increasing the 
temperature.  Thus, a fluorous catalyst could combine the advantages of one-phase catalysis 
with biphasic product separation by running the reaction at higher and separating the 
products at lower temperatures. Alternatively, the  
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temperature-dependent solubilities of solid fluorous reagents or catalysts in liquid 
substrates or in conventional solvents containing the substrates could eliminate the need of 
fluorous solvents.2 
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Fluorous compatible reagents and catalysts are particularly useful for reactions 

leading to polar products. The application of fluorous reagents and catalysts in organic 
synthesis will be demonstrated including the synthesis and applications of fluorous 
lanthanide compounds. 
 
1Horváth, I. T.; Rábai, J. Science, 1994, 266, 72; Horváth, I. T.  Acc. Chem. Res., 1998, 31, 641. 
2Wende, M.; Gladysz, J. A.  J. Amer. Chem.Soc. 2001, 123, 11490 and Ishihara, K.;  Kondo, S.; 
 Yamamoto, H. , Synlett 2001, 1371, 
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The preparation of well-defined heterogeneous catalysts by grafting of 
organometallic complexes is a most succesful way to obtain tailor-made materials, which 
may display remarkable catalytic properties.[8] Control over the grafting reaction and 
moreover, over the metal coordination sphere is of high interest, since this is expected to 
play a major role in the supported species reactivity. 

 
Well-defined supported lanthanide catalysts are attractive targets: rare-earths have 

been applied to a broad variety of reactions, from polymerisation of polar and non-polar 
monomers [9] to Lewis-acid catalysed fine chemistry reactions.[10] The preparation of such 
species is thus of high interest, provided that a significant degree of control over the 
grafting selectivity may be exerted. 
 

As we have recently reported, grafting of lanthanide silylamides onto silica [11] can 
lead to different surface species distributions, according to the dehydroxylation temperature 
of the inorganic support, and hence on the nature of the reactive silanol groups present on 
the surface (Scheme 1). [12] 
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Scheme 1. 

 
Grafting of Ln[N(SiMe3)2]3 (Ln = La, Nd) onto SiO2 dehydroxylated at different 

temperature (SiO2-temp) was carried out by impregnation under inert conditions. On SiO2-250 
and SiO2-500, mixtures of monografted (type A) and bigrafted (type B) species were formed, 
while on SiO2-700, monopodal ≡Si-O-Ln[N(SiMe3)2]2 was selectively obtained. This 
observation was extended to the yttrium and samarium derivatives. The "molecular" 
reactivity of monografted ≡Si-O-Ln[N(SiMe3)2]2 (Ln= Y, La, Nd, Sm) bisamides toward 
triphenylphosphine oxide was probed. Partial formation of the ≡Si-O-
Ln[N(SiMe3)2]2(O=PPh3) adduct was observed, which has been assigned to the existence of 
several types of lanthanide-surface interactions through siloxane bridges (≡Si-O-Si≡) 
coordination. 

 
These new materials were characterised by elemental analysis, diffuse reflectance 

infrared spectroscopy (DRIFTS) and multinuclear 1D (1H, 13C, 29Si, 31P) and 2D (1H-1H 
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Double Quanta, 1H-13C HETCOR) solid-state NMR. Most particularly, NMR spectra of the 
paramagnetic neodymium and samarium species proved to be particularly informative. 

 
Catalytic investigations were carried out in the fields of polymerisation and fine 

chemistry, as pictured on Scheme 2. The lanthanum and neodymium amides grafted on 
SiO2-250, SiO2-500, and SiO2-700 proved to be active in methylmethacrylate and ethylene 
polymerisation, showing a remarkable support effect. Preliminary screening in isoprene and 
lactone polymerisation were successful. Moreover, the potential of the grafted bisamides to 
mediate organic couplings of substrates such as terminal alkynes, or aldehydes (Tischenko 
reaction), has also been probed: these systems were catalytically active and proved to be 
recyclable. 
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Scheme 2. 
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2003, 42, 156. 
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  21

Reactive Lanthanoid Reagents for Organic Synthesis in Ionic Liquids 
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Reductive C-C coupling reactions with low-valent 
lanthanoid reagents are mainly limited to samarium 
diiodide. Other lanthanoids (many of them showing a 
much higher reduction potential [1]) could widen the 
substrate scope of this class of reactions considerably. 
None the less, conventional molecular solvents cannot 
be used here, for they are not stable to these reagents. 
 
In a close cooperation with the group of A.-
V. Mudring [2, 3] we have managed to generate and stabilize low-valent lanthanoid 
compounds in ionic liquids. Thus, we can utilize these as reagents for organic synthesis. As 
a first model reaction we have investigated the reductive C-C coupling of aldehydes and 
ketones (“pinacol coupling”). 

With ketones, the reaction does not give the “expected” coupling product, but leads directly 
to the well-known pinacol rearrangement: 
Aromatic ketones do not give any coupling product under our reaction conditions. Instead, 
a substitution reaction takes place: 

Finally, generation of the low-valent lanthanoid reagents without using an iodide source 
produces selectively a new rearranged coupling product bearing an oxirane unit: 

In conclusion, the use of ionic liquid solvents for reactive lanthanoid reagents can lead to 
totally new reactions. Currently, we are investigation the scope of this methodology, 
including Ln(IV) reagents for selective oxidation reactions. 
 
Literature: 
[1] G. Meyer, Chem. Rev. 1988, 88, 93–107. 
[2] A.-V. Mudring, A. Babai, S. Arenz, R. Giernoth, Angew. Chem. 2005, 117, 5621-5624; 
Angew. Chem. Int. Ed. 2005, 34, 5485-5488. 
[3] S. Arenz, Diploma Thesis, University of Cologne, 2005. 
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 Aliphatic polyesters are biocompatible and bioerodible polymers that are being used 
in a variety of biomedical applications in tissue engineering (tissue regeneration and tissue 
repair) or as controlled drug-delivery systems. Similarly, polypeptides are biocompatible 
polymers playing a significant role in the human body. 
 We are investigating the synthesis of both polyesters and polypeptides, homo- as 
well as copolymers, using transition metals and especially rare earth metals.  
First, a mechanistic approach involving homoleptic initiators -such as the rare earth 
borohydride Ln(BH4)3(THF)3 or the alkoxide Ln(OiPr)3- as well as organometallic 
complexes -such as (Cp*)2Sm(BH4)(THF)- allows the polymerization processes to be fully 
understood and controlled. Polymerization intermediates, polymerization side reactions, 
polymers structures including chains-ends identification and polymers features seem to be 
influenced by the nature of the initiator. The size of the metal, the ancillary ligands, the 
operating conditions allow to tune the polymers properties.  
The differences between alkoxide and borohydride initiators lie in the potential reactivity of 
the (BH4

-) ligand compared to (OiPr).[1-2] Then, macromolecular engineering leads to 
unique architectures based on polyester and polypeptide blocks[3] with industrial outcomes 
as biomaterials.[4-5] 
 Our most significant results in this domain will be emphasized in the presentation 
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Synthetic organic chemistry provides access to literally thousands of useful molecules 
including life saving drugs, differing widely in their structural complexity.  Work continues 
to be done to develop new reagents, catalysts and reactions, which are then used in the 
assembly of complex target molecules.  However, most of these efforts have focused on 
achieving the synthetic processes in an efficient manner and not enough consideration has 
been given to the effects that the reagents used in chemical syntheses have on human health 
and the environment.  In 1990, the US Congress passed the Pollution Prevention Act, which 
introduced the concept of pollution prevention through proper waste disposal, waste 
treatment, source reduction and source prevention [1].   
 
Our approach to green synthetic organic chemistry involves extensive use of bismuth(III) 
compounds as Lewis acid catalysts.  Bismuth and its compounds are surprisingly and 
remarkably non toxic and hence attractive for use as catalysts.  In addition, most bismuth 
compounds are tolerant of small amounts of air and moisture and are thus easy to handle in 
the lab.  
During the oral presentation, an introduction to bismuth and its compounds and some 
applications of bismuth(III) salts will be given.  Although several bismuth salts such as 
BiBr3, BiCl3, Bi(NO3)3⋅5H2O and Bi(CF3SO3)3⋅xH2O have been used as catalysts, this talk 
will highlight the utility of bismuth triflate as a catalyst.  Specifically, three examples will 
be shown: 
 
1.  Bismuth triflate catalyzed rearrangement of epoxides to carbonyl compounds [2].  
 
 

Scheme 1 
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The rearrangement of epoxides to carbonyl compounds is a useful synthetic transformation 
for which several Lewis acid catalysts have been developed.  The most commonly used 
catalysts include BF3.Et2O, MgBr2 and LiClO4.  However, these reagents are corrosive, 
require the use of an inert atmosphere and are often used in stoichiometric amounts.  We 
discovered that bismuth triflate (0.1 mol%) is a highly efficient catalyst for the 
regioselective rearrangement  of epoxides (Scheme 1).  Acyl substituted epoxides also 
underwent smooth rearrangement to the corresponding β-oxoaldehydes.  These reactions do 
not require the use of anhydrous CH2Cl2 and bismuth triflate can be easily handled without 
the need for an inert atmosphere.  



  24

 
2. (a) Bismuth triflate catalyzed allylation of acetals to give homoallyl ethers and (b) 
Bismuth triflate catalyzed one-pot method for the conversion of aldehydes to homoallyl 
ethers.  
 
The allylation of carbonyl compounds and acetals has attracted much attention and several 
catalysts have been used for this purpose.  Some examples of the catalysts used include 
TiCl4, TMSOTf and AlCl3.  Many of these catalysts are required in stoichiometric amounts 
and are also highly corrosive and difficult to handle.  In addition, these reactions require the 
use of low temperatures, often –78 °C.  Bismuth triflate (1.0 mol%) was found to efficiently 
catalyze the allylation of acetals using allyltrimethylsilane to afford the corresponding 
homoallyl ether in good yields (Scheme 2) [3]. 

Scheme 2 
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We have previously shown that bismuth triflate is an efficient catalyst for the conversion of 
aldehydes to acetals.  We have recently developed a one-pot method for the conversion of 
aldehyes to homoallyl ethers and homoallyl esters using bismuth triflate as a catalyst 
(Scheme 3). 

Scheme 3 
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In recent years, the class of compouns of ionic liquids (Ils) has gained unforeseen attention. 
Just like any ionic compound, for instance sodium chloride, an Il consists entirely of 
positively and negatively charged ions. While the melting point of typical inorganic salts is 
normally several hundreds degrees of centigrade, the melting point of an ionic liquid is by 
definition below 100 °C, many of them are even liquid at room temperature and below. [1] 

So far, most studies of and in ionic liquids have focused mainly on their use as ‘green 
solvents’ for organic reactions. But the advantage of ionic liquids as solvents for both 
organic and inorganic chemistry results not only from the fact that they may be 
environmentally benign solvents. As salts the cationic as well as the anionic part can be 
varied and, thus, the whole solvent properties can be tailored for a particular reaction or 
application.  
 
 
● Solvation processes in ionic liquids  

Due to the comparative novelty of ionic liquids, the solvation 
processes even of simple inorganic compounds such as alkaline 
earth halides are only poorly understood. We were able to 
elucidate the solvation of divalent and trivalent metal halides in 
the most common ionic liquids using spectroscopy (UV-Vis, IR, 
Raman) and crystal structure analysis.[2] Furthermore, we were 
able to show that specific ionic liquids are ideal media for the 
synthesis of compounds with weakly coordinating anions as the 
bis(trifluoromethanesulfonyl)amide anion ([Ln(Tf2N)5]2-, Ln = Pr-
Tb figure left). [3]  

 
 
● Stabilization of highly reducing species 
Ionic liquids can be designed in such a way 
that they can withstand highly reducing 
conditions like the presence of divalent 
lanthanoids. The reduction potentials 
determined by cyclovoltametry in weakly 
coordinating ionic liquids with OTf-, Tf2N- 
are significantly lower than in conventional 
solvents such as THF – which makes new 
complex and organometallic chemistry of 
divalent lanthanoids accessible. Only 
recently we were able to structurally characterize the first complex of a divalent lanthanoid, 
[mppyr]2[Yb(Tf2N)4], obtained from an ionic liquid. [4]  
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● New soft optical materials 
Furthermore, ionic liquids are excellent solvents to study the luminescent properties of 
lanthanide ions. They can be designed in such a way that no C-H, N-H and O-H oszillators 
are introduced into the inner coordination sphere of the lanthanide ion which would quench 
the luminescence due to vibronic coupling. Owing to the careful shielding of the lanthanide 
centres not only from X-H bonds but also from themselves unusually high dopant 
concentrations can be achieved without observing 
any concentration quenching. Altogether this 
renders these solvents as excellent media for the 
development of new liquid (soft) optical 
materials.[5] Recently, we have extended our 
research onto ionic liquids with liquid crystalline 
behaviour like [Cnmim]X (Cnmim = 1-Alkyl-3-
methylimidazolium, X = Halide)  or [Cnmim][Tf2N] 
(Tf2N = bis(trifluoromethanesulfonyl)imide).  
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Cerium(IV) salts have been widely used for oxidation of organic compounds.[1] Their 
advantages comparing to other oxidizing agents, like manganese or chromium containing 
reagents are the lower toxicity and the higher selectivity. Because Ce4+ has to be used in 
stoichometric amount and because of its high molecular weight the use of these salts can 
cause technical and financial difficulties. Therefore many studies have been investigating 
the possibility to re-oxidize Ce3+ formed during the reaction and to reduce the amount of 
cerium salt needed. Electrochemical re-oxidation is one of the possibilities. It is known that 
ionic liquids have wide electrochemical window so their use as a reaction media can be 
reasonable. Ionic liquids are salts that have melting point at ambient temperature. Theirs 
physical properties and the fact that they have been proved to increase reaction rate, yield 
and selectivity in various organic reactions made ionic liquids very fashionable during the 
last decade.[2] We have recently found that benzyl alcohol can be oxidized to benzaldehyde 
by cerium ammonium nitrate (CAN) in the ionic liquid 1-ethyl-3-methylimidazolium 
trifluoromethanesulfonate. NMR, GC and GC-MS experiments have shown the formation 
of benzaldehyde in high yield (90-95%) and benzyl nitrate as a by-product (~5%). Now we 
are using CAN to oxidize other organic compounds (1,4-hydroquinone, toluene, 
naphthalene, …). We are also focusing on the electrochemical re-oxidation of Ce3+. 
 
[1] T. Imamoto, Lanthanides in Organic Synthesis, Academic Press, London, 1994 
[2] P. Wasserscheid, T. Welton, Ionic Liquids in Synthesis, Wiley-VCH, Weinheim, 2003 
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With respect to economical and ecological considerations molecular oxygen is the oxidant 
of choice for functionalization of organic substrates. On the basis of our cerium-catalyzed 
α-hydroxylation of β-dicarbonyl compounds[1] we have developed an oxidative process for 
C-C bond formation in the presence of simple olefins such as styrene. Products of these 
reactions, which are isolated as endoperoxidic 1,2-dioxane derivatives 5 with potential anti-
malaria activity, are hydroperoxides like 4.[2] Peroxides 5 disproportionate to 1,4-
dicarbonyl compounds 6 in a Kornblum-DeLaMare fragmentation. Actually, β-dicarbonyl 
compounds can be directly converted in a two step-one pot-procedure to give the 1,4-
diketones in high yield.[3] Compounds with 1,4-dicarbonyl structural motif are important 
intermediates for the synthesis of heterocyclic compounds and commonly only accessible 
by a Umpolung strategy. 
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[1]  a) J. Christoffers, T. Werner, Synlett 2002, 119. b) J. Christoffers, T. Werner, S. Unger, 

W. Frey, Eur. J. Org. Chem. 2003, 425. c) J. Christoffers, T. Werner, W. Frey, A. 
Baro, Chem. Eur. J. 2004, 10, 1042. d) Review: J. Christoffers, A. Baro, T. Werner, 
Adv. Synth. Catal. 2004, 346, 143. 

[2]  J. Christoffers, T. Werner, W. Frey, A. Baro, Eur. J. Org. Chem. 2003, 4879. 
[3]  a) M. Rössle, T. Werner, A. Baro, W. Frey, J. Christoffers, Angew. Chem. Int. Ed. 

2004, 43, 6547. b) M. Rössle, T. Werner, W. Frey, J. Christoffers, Eur. J. Org. Chem. 
2005, 5031. 
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Radical cyclisations have been extensively used, often with great sucess, for obtaining 
carbocycles, especially five-membered and to a lesser extent six-membered ring systems. 
Meanwhile, few radical cyclisations have been described, which lead to cyclopropanes. 
Indeed, contrary to 5-exo-trig cyclisations which are usually fast and irreversible, 3-exo-trig 
radical cyclisations are thermodynamically strongly disfavored. 

 
However, it was shown at the laboratory, that δ-halogeno-α,β-unsaturated esters could be 
cyclised to cyclopropane compounds in the presence of two equivalents of samarium 
diiodide and a proton donor [1]. 
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Thus, variously substituted cyclopropanes were obtained in very good yields. The success 
of this procedure was attributed to the known ability of SmI2 to promote radical-anionic 
tandem reactions, a property that has extensively been used for various synthetic purposes. 
This reaction has a true synthetic potential despite its poor diastereoselectivity [1], [2]. 
 
Cyclopropanols are important synthetic intermediates and are often encountered in 
biologically active compounds and in pharmaceuticals. As a new access to this type of 
compounds, we recently extended the SmI2 promoted cyclisation reaction to δ-oxo-α,β-
unsaturated esters [3] and to δ-oxo-alkylidenemalonates [4]. In this work, we found that 
excellent diastereoselectivities (i.e. 1 vs 2) could in many cases be attained by an 
appropriate choice of the proton donor. 
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Encouraged by these results, we subsequently applied this reaction to the synthesis of 
polycyclic cyclopropanols or their lactonised derivatives. 
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Our efforts are now focused on an access to enantiopure cyclopropanols based on SmI2 
promoted 3-exo-trig cyclisations. 
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Lanthanides(III), that are present as fission products in nuclear wastes, are a major 
concern for the waste management of nuclear fuels, as they behave as close chemical 
homologues of actinides(III) such as Am and Cm. Although the industrial waste 
management of spent nuclear fuels has reached an efficient routine, studies are still 
requested in order to improve the overall environmental impact of such treatment, in 
particular in the option of new nuclear fuels, for example carbide or nitride fuels or, even 
further in the future, fuels arising from Generation IV options that are still under 
examination.  

In this respect, ionic liquids appear as potential solvents of great interest. In addition 
to their well-known “green” properties, (non flammable, non volatile...) they have been 
shown to suffer rather high radiation doses and to enhance radiation safety limits [1,2]. 
Their large electrochemical windows may offer a possible way of electrodeposition of 
metals such as Am or U, a process which is not possible in water, and is still not achieved 
in high temperature melts (such as NaCl-KCl of fluorine baths), with great efficiencies. 
Furthemore, the large range of possible ionic liquids bearing extracting patterns (the so-
called Task-Specific Ionic Liquids, TSILs) brings another way of use of such solvents. 

In this presentation, I will summarise the current studies performed at Strasbourg in 
this field. We are undertaking fundamental studies dedicated to the understanding of the 
solvation sphere of cationic entities such as lanthanides(III) and actinides(III), together with 
examination of complexing abilities of competiting ligands, such as water, chloride or the 
counter-anion of the various ionic liquids investigated. Fundamental aspects of lanthanide 
fluorescence inhibition is also under progress. On a more applied perspective, we are also 
performing extraction studies aiming at the use of TSILs for Am/Ln partitioning, possibly 
employing supercritical CO2 in conjunction.  
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 From an experimental point of view, the lanthanide chemistry has been intensively 
investigated over the last twenty years. Indeed, the possibiliy of activating strong inert 
bonds such as C-F or even Si-F has made the lanthanide based catalysts very attractive. 
Moreover, it has now been demonstrated that the lanthanide complexes have a rather 
different reactivity than group III or group IV homologues. This has been attributed to the 
greater ionicity of the bonding in the lanthanide complexes than in classical transition metal 
complexes. 
 From a theoretical point of view, the chemistry of transition metal compounds is 
much more developed than the lanthanide one. This has mainly be due to the complication 
of treating open f-shell systems. However, since the last five years, the treatment of 
lanthanide complexes has became  possible and the theoretical investigation of the 
lanthanide chemistry is of increasing interest. 
 In this talk, we would like to focus on the main features that can be extracted from 
the theoretical investigation of the reactivity of organolanthanide complexes, mainly 
Cp2LnR with R=H or CH3, with organic molecules. After briefly, discussing the case of H2 
and CH4, we will concentrate on the reactivity of fluroarene and fluoroalkane. In particular, 
we would like to should that the reactivity is associated with the fromation of unsaturated 
species such as carbene or bezyne. 
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Sustainable development is currently a key issue in industrial chemistry. Many 

existing chemical processes produce unwanted side-products and waste of solvents. 
Compounds of the lanthanides with weakly coordinating anions, such as lanthanide(III) 
triflates, Ln(CH3SO3)3, are finding progressively more applications as Lewis acid catalysts. 
The advantage of these catalysts is that in comparison with the classic strong Lewis acids 
such as AlCl3, FeCl3, TiCl4 , they often have to be used in only catalytic amounts instead of 
in stoichiometric amounts. In addition, they are water tolerant Lewis acids and they can be 
easily recycled. On the other hand, use of the lanthanide triflate catalysts on the industrial 
scale is unlikely due to their relatively high price and due to the fact that one needs for their 
preparation to handle the strongly corrosive triflic acid. Lanthanide(III) tosylates 
Ln(CH3C6H4SO3)3 (Ln(TOS)3), and nosylates Ln(NO2C6H4SO3)3 (Ln(NOS)3), have some 
major advantages compared to lanthanide(III) triflates. They are made from non-corrosive 
starting materials and they are less expensive than the triflates, but they are expected to 
have a high Lewis-acidity and high reactivity.  

Our work has shown that Ln(TOS)3 and Ln(NOS)3  are effective catalysts for the 
atom economic nitration of a range of aromatic compounds. For example, the quantitative 
nitration of toluene can be achieved within 16 hours in the presence of 5% La(NOS)3 and 
with water as only by-product.1 Examination of a series of Ln(NOS)3 catalysts revealed that 
there was a clear correlation between the ionic radii of the lanthanide(III) ions and the 
yields of nitration, with the lighter lanthanides being more effective, suggesting that steric 
effects might play an important role in determining the efficiency of these novel nitration 
catalysts.2  

The quantitative acylation of phenethyl alcohol to phenethylacetate could be 
achieved within 18 hours at 50 °C in the presence of 5 mol% of Yb(TOS)3. Faster reactions 
were obtained under reflux conditions, in which case acetylation was complete within 30 
minutes and in the presence of only 2 mol% of the Yb(TOS)3 catalyst.3 The Yb(TOS)3 
catalyst was effective for acetylation of a range of primary, secondary and tertiary alcohols. 
The acetylation of secondary and tertiary alcohols required longer reaction times for 
completion, but proceeded without formation of elimination adducts. The Yb(TOS)3 
catalyst was also effective for acylation of phenethyl alcohol with propionic acid and 
cyclohexane carboxylic acid. In both nitration and acylation reactions the catalysts could be 
easily recovered and reused for further catalysis with no apparent change in selectivity or 
efficiency. 
  

1) T. N. Parac-Vogt and K. Binnemans, Tetrahedron Lett. 2004, 45, 3137-3179. 
2) T. N. Parac-Vogt,  S. Pachini, P. Nockemann, K. Van Hecke, L. Van Meervelt, 

K. Binnemans, Eur. J. Org. Chem. 2004, 4560-4566.  
3) T. N. Parac-Vogt, K. Deleersnyder and K. Binnemans, Eur. J. Org. Chem. 2005, 

1810-1815. 
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