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SFB 623: Aims and Perspectives
In 2002 the German National Science Foundation (DFG)
has approved the start of a long-term research program
("Collaborative Research Center", Sonderforschungsbereich, SFB) on catalysis for the Heidelberg Institutes of
Chemistry. The SFB became active on July 1, 2002. Based
on repeated evaluations by an external reviewing panel of
the DFG, the SFB is planned to operate for 12 years in Heidelberg.
An aim common to all projects within the Sonderforschungsbereich is interdisciplinary, curiosity driven
research of broad scope in the area of molecular catalysis
and biocatalysis.
The expertise of the participating groups in experimental
and theoretical chemistry and application of a broad range
of modern methods are expected to lead to elucidation of
the structural prerequisites and mechanistic details of the
function of molecular catalysts in homogeneous or heterogeneous phase.
Common fundamental objectives of the SFB are
• development of new strategies and methods for the elucidation of catalytic elementary steps or reaction cycles,
• optimization of selectivity and efficiency of relevant catalyst systems, and
• directed search for novel types of catalytically active molecules or new catalysts for reactions of fundamental
character or great importance in organic synthesis.
It is hoped that rational design of molecular catalysts will
eventually result from mechanistic studies and insight
gained into the relationship between structure and
function.
Catalysis research is obviously connected in some way or
other with technical application. This aspect will be considered, however, process development and immediate
applicability of molecular catalysts do not belong to the
main objectives of the SFB.
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Office

Dipl. Betriebsw. (BA)
Kerstin Windisch
Tel.: 06221 548427
Fax: 06221 548398
e-mail: sfb623@uni-hd.de
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• Budget Administration and Personnel
Employment Affairs
• Organization of Workshops, Colloquia,
Conferences etc.
• Public Relations and Communication
• Primary Contact Address for General and
Administrative Enquiries
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The SFB Meets the Public
Heidelberg Forum
of Molecular Catalysis 2003

Dr. Stefan Mecking (middle)
receives the BASF Catalysis
Award from Dr. Marcinowski
(BASF) and Prof. Hofmann.

Lecture on Catalysis and Hands-on Experiments for High School Students:

Ziegler-Natta catalyst
in action.
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Meetings
Modern Metallocene Chemistry and Catalysis (July 2, 2004)
Symposium honoring Hans-Herbert Brintzinger,
Pioneer in Polymerization Catalysis
Prof. John E.
Bercaw, California Institute of
Technology,
Pasadena, USA

Prof. Hans-Herbert Brintzinger,
Universität Konstanz

Prof. Gerhard
Erker, Universität
Münster

Prof. Walter
Kaminski, Universität Hamburg

Advances in Molecular Catalysis
Joint Workshop of SFB 624 (Bonn), 623 (Heidelberg), 583 (Erlangen) and 436 (Jena)
Lauterbad/Freudenstadt (Black Forest Area), October 12-14, 2004
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Current Research
Areas
and Projects
Research Area A:
Basic Reactions and Mechanisms of Molecular Catalysis
Project
A1
A2
A3
A4

Groups
Gleiter/Siebert
Hofmann
Comba
Wadepohl/Köppel

Title
Cyclooligomerization of Alkynes
Cu(I)-Carbenes and -Nitrenes
High-Valent Oxo-Metal Units
Olefin Insertion / ß-Elimination

Research Area B:
Stereoselective Catalysis
Project
B2
B3
B4
B5

Groups
Helmchen
Müller
Haberhauer
Jäschke

Title
Asymmetric Catalysis
Alder-Ene-Sequences
Pseudopeptide-Platforms for Catalysis
DNA-Based Hybrid Catalysts

Research Area C:
Biological and Bio-Inspired Catalysis
Project
C1
C2
C3
C4
C5
C6

Groups
Comba
Döring
Krämer
Metzler-Nolte
Smith, Fischer
Herten/Wolfrum/
Krämer

Title
Biomimetic Oxygen Activation
Oxidative Heterocyclizations
Phosphorylation Catalysts
Hydrogenase Model Complexes
Metalloenzymes
Single Molecule Spectroscopy

Research Area D:
Catalysis Related to Industrial Applications
Project
D1
D2
D3
D4
D5

Groups
Blümel
Dinjus
Enders
Hofmann
Pitter

Title
Immobilized Molecular Catalysts
Polymer Catalysis in Fluids
Olefin Polymerization
Hydroformylation
Hydrosilylation of CO2

7

Research Area A:
Basic Reactions and Mechanisms
of Molecular Catalysis
The projects of research area A deal with basic features of catalytic
reactions. It is intended to develop a more detailed understanding of
reaction mechanisms as well as to find new or improved catalysts and
novel catalytic reactions. The area is not limited to experimental work.
The theoretical investigation of reaction pathways is an important tool
to obtain information on those molecular processes that still lie
beyond experimental and analytical access.
• Project A1 (Gleiter, Siebert): The mechanism of the cobalt catalyzed
cyclo-di- and trimerization of alkynes is not unraveled yet. Therefore, the
use of electron-deficient alkynes, for example borylalkynes, shall help to
isolate a proposed bisalkyne cobalt intermediate. For the Pauson-Khand
reaction a prediction of the selectivity based on ground state parameters
is still not possible. An intramolecular reaction of cyclic systems can help
to get more information on possible influences.
• Project A2 (Hofmann): The project’s aims are the experimental identification, synthesis and characterization of Cu(I)-carbenes and –nitrenes,
which are the postulated active species in copper catalyzed cyclopropanations and aziridinations of olefins. By means of theoretical and experimental methods their bonding properties, paths of formation and their role
in catalysis is investigated in order to prove the general hypotheses and
mechanistic assumptions for these reactions.
• Project A3 (Comba): Fe(II)bispidine complexes are efficient catalysts for
the oxidation of alkenes (epoxidation and dihydroxylation). The aim of the
project is the detailed evaluation of the mechanism by analysis of the product distribution and isotope labeling experiments, spectroscopy and DFT
calculations. Steric and electronic variations due to ligand substitution are
used to optimize the substrate specificity and product selectivity.
• Project A4 (Wadepohl, Köppel): The â-hydride elimination and its reverse, the insertion of a coordinated olefin into a metal non-metal bond, play
crucial roles in numerous catalytic cycles. In a complementary approach,
the kinetics of the migration of a ó-bonded group to a π-coordinated olefin will be determined by NMR magnetization transfer methods. Theoretically this reaction will be studied including electron-structure methods
and nuclear dynamics.
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Research Area B:
Stereoselective Catalysis
Stereoselectivity is of paramount importance for the preparation of
biologically active compounds. A broad range of aspects is being studied, ranging from transition metal catalyzed stereoselective cascade
reactions via organocatalysis to catalyst development on the basis of
combinatorial bioorganic chemistry.
• Project B2 (Helmchen): Central theme in this project is asymmetric
catalysis. Homogeneous catalysts for reactions that are useful in organic
syntheses of biologically active compounds are being developed. The
emphasis lies on the Ir-catalyzed allylic substitution. This reaction has
been only very recently established and progress is very fast due to international competition. The reaction involves catalyst generation by C-H
activation and poses challenging mechanistic problems.
• Project B3 (Müller): The Alder-Ene reaction of alkyne allyl alcohols to ãenals is an excellent entry to parallel, sequential, and consecutive modular synthesis of highly diverse and complex synthetic building blocks and
target molecules. Both, hydrometallation and metallacyclization pathways
with palladium and rhodium complexes set the stage for new sequential
transition metal catalyzed reactions. Balancing rates and stereoselectivity by rational ligand design leads to the proposal of new modes of catalytic activation of alkynes and allenes.
• Project B4 (Haberhauer): The principal aim of this project is the synthesis of new pseudopeptidic platforms as chiral organocatalysts. Due to the
presence of three five-membered heteroaromatic rings, the platforms,
which are derived from natural amino acids, exhibit a rigid scaffold. While
one of the side chains forms a basic catalytic center, different functional
groups are introduced into the remaining side chains to tune the enantioselectivity of the catalytic process.
• Project B5 (Jäschke): In this project, the broad reaction range of
organometallic and metal complex catalysis will be combined with the
excellent selectivity of enzymatic catalysis. Towards this end, hybrid catalysts consisting of a metal part and a nucleic acid part are developed.
Combinatorial strategies are evaluated to isolate the nucleic acid
sequences most suitable for catalysis. Reactions currently under investigation include allylic substitutions, conjugate 1,4-additions, and hydrogenations.
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Research Area C:
Biological and Bio-Inspired
Catalysis
Enzymes are considered to be the “ultimate catalysts” in terms of efficiency and selectivity. The aim of project area C is to understand and
mimic functional principles of enzyme catalysis using synthetic model compounds and computational methods.
• Project C1 (Comba): Dinuclear copper enzymes are often involved in the
activation of dioxygen for selective biotransformations of organic substrates. Aim of the project is to synthesize low-molecular weight mimics
of catechol oxidase and to study dioxygen activation by such compounds
using spectroscopic and theoretical methods.
• Project C2 (Döring): This project is inspired by copper containing
enzymes, such as sulochrin oxidase, that catalyze oxidative heterocyclization reactions. The mechanism of copper catalyzed, dioxygen-promoted formation of N-heterocycles is explored.
• Project C3 (Krämer): The project is focused on the mechanism and versatility of dinuclear macrocyclic complexes which catalyze the cleavage
of highly inert dialkyl phosphates and mimic the active site structure and
function of dimetallic nucleases.
• Project C4 (Metzler-Nolte): Cysteine-rich peptide conjugates of ferrocene are prepared to provide a preorganized S-donor set for the complexation of Ni or Ni+Fe ions and to mimic the active site of Ni-Fe hydrogenases.
• Project C5 (Smith, Fischer): Aim of the project is to understand the catalytic function of metalloenzymes (or their synthetic mimics) by computational chemistry, combining quantum mechanical and molecular mechanics calculations.
• Project C6 (Herten, Krämer, Wolfrum): Laser spectroscopy is applied to
the investigation of fluorophore-labelled, surface immobilized biomimetic
catalysts at the single molecule level, with 1- 10 nm spatial resolution and
at the micro second time scale.
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Research Area D:
Industrially Relevant
Processes
In area D projects are assembled that address technically relevant
molecular catalysis. However, it is not the empirical optimization of
processes that is pursued in these projects, but their basic principles
are investigated. A better understanding of the structure and mechanism of catalysts is sought, which will then lead to an improvement
of the basic processes under investigation.
• Project D1 (Blümel): Homogeneous molecular catalysts are immobilized
via suitable linkers on solid oxidic supports, so that they can be easily
removed from reaction mixtures and recycled efficiently. The technically
relevant processes studied are the cyclotrimerization of acetylenes and
olefin hydrogenation, catalyzed by nickel and rhodium complexes,
respectively. The analytical method for studying the supported catalysts is
solid-state NMR.
• Project D2 (Dinjus): This project is focused on the catalytic polymerization of CO2 with epoxides, leading to polycarbonates or mixed polycarbonate-ether structures. The main questions that are addressed here concern the correlations between structure and reactivity of aluminum alkoxides and carboxylates. Of special interest is the system aluminum triisopropanolate/CO2 and its reactivity in the homopolymerization of epoxides.
This research incorporates the use of supercritical CO2.
• Project D3 (Enders): New molecular catalysts for olefin polymerization
are developed. Their main feature is a rigid donor-functionalized
cyclopentadienyl ligand that is incorporated into chromium half sandwich
complexes. The basic focus of this project is the investigation of the
mechanistic aspects of the catalyst activation, olefin insertion and the termination of the polymerization.
• Project D4 (Hofmann): Hydroformylation of 1-alkenes using chelating
phosphine ligands and rhodium are the center piece of this project.
Remarkably high selectivity in favor of linear aldehyde products can be
achieved with tailor-made chelating phosphines. Theoretical aspects and
the mechanism of this reaction, probed by ligand variation, HT-screening
and quantum chemistry, are studied in order to further improve the activity and selectivity induced by the catalysts.
• Project D5 (Pitter): This project is concerned with the syntheses of
formic acid silyl esters by homogeneous catalysis. Ruthenium based catalysts enable the direct hydrosilylation of CO2. The reaction mechanism of
the hydrosilylation is investigated by experiment and theory, employing
well-defined ruthenium complexes. Further aspects of investigation aim
at technical aspects, e. g. catalyst recycling and reaction kinetics.
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Blümel Group
Prof. Janet Blümel
Tel.: 06221 548470
Fax: 06221 544904
e-mail: J.Bluemel@urz.uniheidelberg.de

Diplom 1986 (TU Munich), Dissertation
1989 (TU Munich, F. H. Köhler), 19891990 (UC Berkeley, K. P. C. Vollhardt),
1991-1998 (TU Munich, F. H. Köhler),
Habilitation 1996 (TU Munich), Prof.
C3 since 1998 (Univ. of Heidelberg).

Research Areas
• Immobilization of Molecular Catalysts - Immobilized catalysts combine the advantages of homogeneous and heterogeneous catalysis. This is
demonstrated by systematic studies on surface-bound Wilkinson-type
rhodium catalysts for hydrogenation and with carbonylnickel species
(s. below). Both catalyst systems have great synthetic potential, but they also
led to improved understanding of basic processes on surfaces.
• Solid-State NMR Spectroscopy of Amorphous and Polycrystalline
Materials and Suspensions - Solid-State NMR spectroscopy represents a
powerful and indispensable method for investigating immobilized catalysts.
After optimizing a variety of NMR techniques, not only the catalysts themselves, but also reactions on the surfaces can be studied.
For more details see http://www.chemgeo.uni-hd.de/OC/bluemel/

Representative class of molecular catalysts immobilized by chelating phosphine linkers
on oxidic supports. Such catalysts are highly active and selective, e.g. for cyclotrimerizations of acetylenes, and show superior recyclability and prolonged lifetimes.
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Comba Group
Prof. Peter Comba
Tel.: 06221 548453
Fax: 06221 546617
e-mail: peter.comba@
aci.uni-heidelberg.de

Diplom 1977 (ETH Zürich), PhD 1981
(Université de Neuchâtel, W. Marty),
1981-84 (ANU Canberra, A.M. Sargeson), 1984-86 (Université de
Lausanne, A.E. Merbach), 1986-92
(Universität Basel, 1992 Habilitation),
1992 Prof. Universität Heidelberg.

Research Areas
• Oxygen Activation - Transition metal (Cu, Fe) bispidine complexes as oxygenation catalysts. Spectroscopic, structural and computational analysis of
intermediates and mechanisms.
• Hetero-dinuclear Complexes - Design and synthesis of new ligand
systems for hetero-dinuclear complexes with a photo- or a redoxactive metal
center coupled to a catalytic center.
• Molecular Magnetism - Trismacrocyclic ligand CuII complexes as hosts for
cyanometallates; investigation of their structures and magnetic properties.
• Classical Coordination Chemistry - Detailed investigation of electron
transfer, ligand field spectroscopy and isomerism (e.g., isolation of “Jahn-Teller isomers”) of specific classes of coordination compounds.
• Bioinorganic Chemistry - Projects involving metalloproteins, biomimetic
coordination compounds and complexes with pharmaceutical activity.
• Computational Chemistry - DFT, ab initio, force field and ligand field calculations in support of our experimental projects.
For more details see http://www.comba-group.uni-hd.de

unstable intermediates, efficient catalyst

stable intermediates, inefficient catalyst

Simplified plots of two isomeric FeII-bispidine complexes. With the less efficient catalyst
there are stable FeIII hydroperoxo and peroxo and FeIV oxo complexes. The other isomer is
one of the most efficient non-heme iron catalysts for olefin epoxidation and dihydroxylation.
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Dinjus Group
Prof. Eckhard
Dinjus
Tel.: 07247 822400
Fax: 07247 822244
E-mail: eckhard.dinjus@itccpv.fzk.de
Diplom 1968 (Univ. Jena), Dissertation
1973 (Univ. Jena), 1977-1990
(Jenapharm), 1989 Habilitation (Univ.
Jena), 1990-1991 Guest Professor
(MPI Mülheim), 1992 Prof. C3 (Univ.
Jena), 1996 Prof. C4 (Univ. Heidelberg)
Forschungszentrum Karlsruhe.

Research Areas
• Development of New Catalytic systems for the Activation of
Carbon Dioxide and its Use as C 1 -Building Block in Organic
Synthesis. - The aim of our research is to investigate new ways to replace some usual C1-feedstocks like phosgene and carbon monoxide (highly
reactive but also toxic) by the cheap and easy-to-handle carbon dioxide. In
the synthesis of polycarbonates, in particular, “single site” catalysts based on
aluminum are developed to produce new polycarbonates from epoxides and
CO2 which should complement, owing to promising characteristics, the common aromatic polycarbonates based on a phosgene/bisphenol-A chemistry.
The catalyzed C,C-coupling between dienes and carbon dioxide involves the
use of cheap and reactive petrochemicals like e.g., butadiene, and CO2 to
lead in one single reaction step to reactive, valuable products (keyword: älactone). Our research is focused on the understanding of the elementary
steps of such reactions.
• Development of New Processes Using Supercritical Carbon Dioxide as
a Reaction Medium - A process optimization based on the replacement of
standard solvents with supercritical carbon dioxide can be achieved in different process steps by a simple pressure- or temperature-variation. Experimental setups are developed in our group to allow an easy and accurate collecting of reaction’s data as well as an assessment of the practicability of
well-defined chemical reactions under supercritical conditions.
More information: http://www.fzk.de/stellent/groups/itc-cpv/
documents/published_pages/en_itc_cpv__50_30__index.php
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Döring Group
Prof. Manfred
Döring
Tel.: 07247 824385
Fax: 07247 822244
e-mail: manfred.doering@
itc-cpv.fzk.de
Diplom 1980, Dissertation 1984 (Univ.
Jena, Uhlig), 1991 (Univ. Erlangen,
Sellmann), 1993-1994 (MIT, Seyferth)
Habilitation 1994, Hochschuldozent
1995-2000 (Univ. Jena), Prof. C3 since
2000 (Univ. Heidelberg, FZ Karlsruhe).

Research Areas
• Halogen-free Flame Retardants for Polymers - Based on fundamental studies on the synthesis of organophosphorus compounds and their
reactivity to polymer materials, suitable reactive flame retardants are synthesized for integrated or nanochemical flame protection. By the specific manufacture and testing of new additive and integrative, halogen-free flame retardants, polymers are made flame-resistant, while other materials properties
are improved or maintained.
• Catalyst Design for Oxidation and Polymerization Catalysis Other research activities concentrate on catalyst development and optimization for oxidation reactions (biomimetic oxidation processes, immobilization
of homogeneous oxidation catalysts in polymer resins) and copolymerization
of CO2/epoxide.
For more see: http://www.fzk.de/stellent/groups/itc-cpv/documents/
published_pages/en_itc_cpv__60__index.php

Copper-catalyzed oxygenation and oxidative heterocyclization of a heterocyclic aldimine
by atmospheric oxygen
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Enders Group
Priv.-Doz.
Dr. Markus Enders
Tel.: 06221 546247
Fax: 06221 541413
e-mail: markus.enders@unihd.de
Diplom 1989, Dissertation 1992 (Uni
Heidelberg, W. Siebert), 1992-1993
(Montpellier, R. Corriu), Habilitation
2003 (Univ. Heidelberg).

Research Areas
• Design of Donor-functionalized Cp-Ligands and their Metal
Complexes - The synthesis of chelate ligands is explored where a cyclopentadienyl ring is attached to a donor-ligand by a rigid spacer. The resulting
transition-metal complexes show in some cases extraordinary properties like
the ability to form novel heterobimetallic compounds or catalytic activity in
olefin polymerisation or C-H-activation.
• Olefin Polymerisation with Chromium Based Organometallic
Catalysts - We examine chromium-based catalysts for olefin polymerisation. Quite a few of our compounds combine several advantageous features
like high stability and activity. They are capable to produce polyolefins with
novel properties. With the help of paramagnetic NMR-spectroscopy combined with quantum-chemical calculations we get insight into the catalytically
active species.
For more see http://enders.uni-hd.de

Solid state molecular structure of a chromium-based precatalyst for olefin polymerisation
(left) and a plot of the spin density distribution of the unpaired electrons calculated with
DFT-methods (right).
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Fischer Group
Dr. Stefan Fischer
Tel.: 06221 548879
Fax: 06221 548868
e-mail: stefan.fischer@iwr.uniheidelberg.de

1986 Diplom Mol. Biology, Geneva Univ.
1992 Ph. D. in Biophysics, Harvard.
1992-95 Postdoctoral fellow, Dpt. of
Theoretical Chemistry, Harvard. 199596 Advanced Researcher, Dpt. of Chemistry, Univ. Strasbourg. 1996-99 Hoffmann-La Roche (Basel). Since 1999,
Leader of the Computational Biochemistry group at the IWR, Univ. Heidelberg.

Research Areas
Our goal is understanding the biochemical mechanisms of proteins, using
computer simulations to complement experimental data. Because these processes occur mostly on time-scales beyond the scope of standard molecular
dynamics (i.e. >µs), we develop algorithms for finding reaction paths and transition states in high-dimensional systems. These are applied to understand
substrate binding and transport, the catalytic mechanism of enzymes, and the
conversion of energy by transmembrane ion-pumps or molecular motors. The
resulting knowledge can serve to optimize biotechnological processes and to
inspire developments in the nanotechnologies.
For movies of reactions and transitions, see:
http://www.iwr.uni-heidelberg.de/groups/biocomp/fischer

Figure: In halorhodopsin - a light-activated anion pump - the protein matrix acts as the
spring of a "kinetic" throttle-valve to prevent backflow (here of chloride, in green) past
the retinal chromophore between pumping cycles.
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Gleiter Group
Prof. Rolf Gleiter
Tel.: 06221 548400
Fax: 06221 544205
e-mail: Rolf.Gleiter@urz.uniheidelberg.de

1962 Diplom, Univ. Stuttgart; 1964 Dissertation, Univ. Stuttgart, Effenberger;
1965-1966 Princeton Univ., P. v. R.
Schleyer; 1966-1968 Cornell Univ., R.
Hoffmann; 1968-1972 Habilitation,
Univ. Basel, E. Heilbronner; 1972-1973
Privatdozent, Univ. Basel; 1973-1979
H4-Professor, TH Darmstadt; 1979 C4Professor, Univ. Heidelberg.

Research Areas
• Cobalt Supported Cycloadditions - Research is focused on [2+2]
cycloadditions of cyclic diynes to yield superphanes and the first beltenes.
Furthermore we investigate the influence of sulfur centers on the yields and
the regiochemistry of Pauson-Khand reactions.

• Intermolecular Interactions between Chalcogen Centers - Cyclic
alkynes with chalcogen centers yield tubular structures in the solid state. The
scope and limitation as well as the nature of this interaction is studied.

For more see: http://www.chemgeo.uni-hd.de/OC/gleiter/
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Haberhauer Group
Dr. Gebhard
Haberhauer
Tel.: 06221 54 8429
Fax: 06221 54 4205
e-mail: gebhard.haberhauer
@urz.uni-heidelberg.de
Diplom 1995 (Univ. Heidelberg), Dissertation 1998 (Univ. Heidelberg, R. Gleiter),
Post Doc 1999-2000 (The Scripps
Research Institute, J. Rebek, Jr.), 20002001 (BASF AG), Habilitation since
2001 (Univ. Heidelberg, R. Gleiter).

Research Areas
• Syntheses of Pseudopeptidic Platforms as New Building Blocks
in Supramolecular Chemistry - Research is focused on the synthesis
of molecular scaffolds resembling naturally occurring cyclopeptides such as
Westiellamide. They are examined for their applicability as receptors as well
as asymmetric catalysts.
• Syntheses of Analogues of Lissoclinum Cyclopeptides - Lissoclinum cyclopeptides are unusual cyclopeptide alkaloids occurring in marine
sources and possessing various biological activities, including cytotoxicity. In
this area we synthesize analogues of these cyclopeptides and examine their
biological activities.
For more see
http://www.uni-heidelberg.de/institute/fak12/OC/haberhauer/

X-ray crystal structure of an imidazole analogue of Ascidiacyclamide. The observed conformation corresponds to that conformation of the natural cyclopeptide which is supposed to be the biologically most active one.
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Helmchen Group
Prof. Günter
Helmchen
Tel.: 06221 548401
Fax: 06221 544205
e-mail: en4@ix.urz.uniheidelberg.de
Diplom 1965 (TH Hannover), Dissertation 1970 (ETH Zürich, V. Prelog),
1972-1974 (Univ. Stuttgart, H. Muxfeldt), Habilitation 1980 (Univ. Stuttgart), Prof. C3 1981 (Univ. Würzburg),
Prof. C4 since 1985 (Univ. Heidelberg).

Research Areas
• Development of New Catalyst-Based Methods for Asymmetric
Synthesis - Research is focused on allylic substitutions with Pd- and
Ir-complexes as catalysts. The Pd-catalyzed reaction is well established for
symmetrically substituted allylic substrates. Ir-catalysts allow monosubstituted allylic derivatives to be transformed into a wide variety of branched, chiral products with great potential in synthesis.
• Stereoselective Syntheses of Biologically Active Compounds In this area a broad range of targets is addressed, for example, membrane
lipids of thermophilic archaea, jasmonoids and iridoids, isoprostanes, brefeldin analogs with anticancer activity.
For more see
http://www.uni-heidelberg.de/institute/fak12/OC/helmch

X-ray crystal structure of a (π-allyl)Pd complex of a phosphinooxazoline ligand with a
cymantrene backbone - high enantioselectivity in Pd-catalyzed allylic substitutions with
cyclic substrates.

20

Herten Group
Dr. Dirk-Peter
Herten
Tel.: 06221 548460
Fax: 06221 544255
e-mail: dirk-peter.herten@
urz.uni-hd.de
Diplom 1997 (Chemie, Univ. Heidelberg), Dissertation 2000 (Physikalische
Chemie J. Wolfrum, Univ. Heidelberg),
2000-2002 Product Manager (ATTOTEC, Siegen), since 2002 group leader
(PCI, Univ. Heidelberg).

Research Areas
• Single Molecule Spectroscopy within Biological Samples - We
work on the application of spectrally resolved fluorescence lifetime imaging
microscopy (SFLIM) and related techniques in biological samples, e.g. fixed
and living cells. In order to investigate structural and dynamic relations in
complex assemblies we develop methods for the introduction of fluorescent
probes into the cells with a minimum of interference by autofluorescence.
• Investigation of Catalytic Processes - Since single molecule spectroscopy (SMS) can provide information about the distribution within an
ensemble its application for the investigation of catalytic processes is a
second focus of our current work. In order to follow a catalytic process catalytically active samples have to be labeled with suited fluorescence dyes and
immobilized on surfaces.
For more see
http://www.pci.uni-heidelberg.de/pci/

Fluorescence intensity image of Poly-T-oligonucleotides labeled with ATTO 650 within the
nucleus of a fixed mouse fibroblast. The colored circles indicate the number of probes
present determined by photon anti-bunching.
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Hofmann Group
Prof. Peter Hofmann
Tel.: 06221 548502
Fax: 06221 544885
e-mail: ph@uni-hd.de

Diplom 1970, Dissertation 1973 (U.
Erlangen), Postdoc 1974 (Cornell Univ.,
R. Hoffmann), Habil. 1978 (U. Erlangen, P.
v. R. Schleyer), Vis. Ass. Prof. 1979 (UC
Berkeley, A. Streitwieser), Prof. C2 1980
(U. Erlangen), E.O. Fischer Visiting Chair
1981-83, Prof. C3 1983 (TU Munich),
Prof. C4 1995 (Univ. Heidelberg).

General Research Interests
• Organometallic and Organic Chemistry, Homogeneous Catalysis
• Rational Ligand Design for Transition Metal Catalysts
• Reaction Mechanisms
• Applied Quantum Chemistry
The discovery and detailed understanding of structure-reactivity-relationships
at the molecular level is mandatory for efficient catalysis research, in order to
finally replace mere "trial-and-error” approaches by a more rational catalyst
design. Elucidating reaction mechanisms in organometallic chemistry and
catalysis by experiment and theory, identifying reactive, short-lived intermediates through experimental and theoretical methods (spectroscopy, kinetics,
stereochemistry, model reactions and compounds, quantum chemistry etc.) are
of particular interest to us.
Present Research Areas
• Activation and Functionalization of C-H-, C-C- and C-X-Bonds
• Catalytic Carbonylation, Hydrocyanation, Amination
• Olefin Metathesis and Olefin Polymerization
• High-Throughput-Experimentation for Catalyst Development
For more see: http://www.chemgeo.uni-hd.de/OC/hofmann

Molecular structures (X-ray) of mono- and dinuclear, stable Cu(I) carbene
complexes, proving the nature of active species in catalytic cyclopropanation
reactions of olefins.
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Jäschke Group
Prof. Andres
Jäschke
Tel.: 06221 544851
Fax: 06221 546430
e-mail: jaeschke@uni-hd.de
Diplom 1988 (HU Berlin), Dissertation
1993 (HU Berlin, D. Cech), 1993-95
Postdoc (MIT, A. Rich), Habilitation 2000
(FU Berlin), Prof. C4 since 2002 (Univ.
Heidelberg).

Research Areas
• RNA Catalysis - We have isolated from combinatorial libraries RNA molecules that catalyze C-C bond formation by Diels-Alder reaction. These catalysts show remarkable stereo-, regio- and chemoselectivities. Catalysts for
other reactions are currently being developed.
• Molecular Switches - One of the major goals in bioorganic research is
to trigger molecular functions by external signals. We develop catalysts that
are switched on or off by external effector molecules, light, and other principles.
• Hybrid Catalysts - We are working on combining the catalytic properties of traditional chemical catalysts with the selective recognition properties
of RNA or DNA to develop selective hybrid catalysts.
For more see http://www.ipmb.uni-hd.de/chemie

Enantioselective catalysis of a Diels-Alder reaction by artificial ribozymes and by mirrorimage L-ribozymes.
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Köppel Group
Prof. Horst Köppel
Tel.: 06221 545214
Fax: 06221 545221
e-mail:
a86@ix.urz.uni-heidelberg.de

Diplom 1974 (Univ. München), Dissertation 1979 (TU München), Habilitation
1992 (Univ. Heidelberg), Visiting Prof.
1993-94 at JILA and Univ. of Colorado
(Boulder, USA), apl. Prof 2001 (Univ.
Heidelberg).

Research Areas
• Spectroscopy and Photoinduced Dynamics of Small Organic
and Inorganic Molecules - Research is focused on an ab initio quantum
description of photoinduced processes involving coupled potential energy
surfaces. This enables to explain complex vibronic structures in electronic
spectra and ultrafast internal conversion processes proceeding in the fs time
range. The vinylidene-acetylene isomerization has also been treated successfully along similar lines.
• Quantum Dynamics of â–Elimination and Olefin Reinsertion in
Catalytic Reaction Cycles - In this field a wavepacket description of
hydrogen migration and related processes in elementary catalytic reaction
steps is undertaken. Current applications deal with late transition metal complexes with fast â-elimination, thus leading to hyperbranched products in
olefin polymerization (for a typical energy profile see the figure below).
For more see
http://www.pci.uni-heidelberg.de/tc/usr/horst/

Reaction-path profile as a function of two internal angles for the olefin insertion in the late
transition metal complexes [CpM(PH3)H(C2H4)]+, M=Rh, Co. Ca and Cb denote the carbon
atoms of the ethylene/ethyl moiety.
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Krämer Group
Prof. Roland Krämer
Tel.: 06221 548438
Fax: 06221 548599
e-mail: roland.kraemer
@urz.uni-hd.de

Diplom 1988 (Univ. München), Dissertation 1991 (Univ. München, W. Beck),
Postdoc 1991-1992 (Strasbourg, J.-M.
Lehn), Habilitation 1998 (Univ. Münster),
Prof. C4 since 1999 (Univ. Heidelberg).

Research Areas
• Coordination and Bioinorganic Chemistry, Synthetic Mimics of
Metalloenzymes, Bioinspired Catalysis
• Metal Complex Conjugates of Oligonucleotides and Peptide
Nucleic Acids, Metal-based Probes for Bioanalytical Applications
For more see
http://www.chemgeo.uni-hd.de/AC/kraemer/

A macrocyclic dicopper(II) complex mimics the active site of dimetallic nucleases and
catalyses the transesterification of highly inert dialkyl phosphate substrates: U. Kühn, S.
Warzeska, H. Pritzkow, R. Krämer, J. Am. Chem. Soc., 2001, 123, 8125-8126.
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Metzler-Nolte Group
Prof. Nils
Metzler-Nolte
Tel.: 06221 544875
Fax: 06221 546441
e-mail: nils.metzlernolte@urz.uni-heidelberg.de
Diplom 1992 (Univ. München), Dissertation 1994 (Univ. München, H. Nöth),
1995-1996 (Univ. Oxford, M. L. H. Green),
1996-2000 Max-Planck-Institut für
Strahlenchemie (K. Wieghardt), Habilitation 2000 (Univ. Bochum), Professor
since 2000 (Univ. Heidelberg, C3).

Research Areas
• Bioorganometallic Chemistry - Our research is centered around the
synthesis and characterization of novel conjugates of organometallic compounds with covalently attached biomolecules, as well as their application to
biological problems. Biomolecules in our research are amino acids, peptides
and DNA or DNA analogues such as PNA (peptide nucleic acids). In particular, we are developing solid phase synthesis methods suitable for use with
organometallic compounds.
• Applications of Metal-Bioconjugates - Our metal-bioconjugates are
used for the elucidation of cellular uptake mechanisms, the development of
new drugs, diagnostic purposes and tools for biotechnology (DNA-based diagnostics and artificial nucleases). We are particularly interested in metal-neuropeptide conjugates and subcellular localization of the metalbioconjugates.
We are also exploring the use of small peptides as mimics for bioorganometallic enzymes such as hydrogenases.
For more see http://nmnweb.uni-hd.de

Chirality organization in peptide-ferrocene conjugates as shown by X-ray crystallography
and CD spectroscopy.

26

Müller Group
Prof. Thomas J. J.
Müller
Tel.: 06221 546207
Fax: 06221 546579
e-mail: Thomas_J.J.Mueller
@urz.uni-heidelberg.de
Diplom 1989 (LMU München), Dissertation 1992 (LMU München, R. Gompper), 1993/1994 (Stanford University,
USA, B. M. Trost), Habilitation 2000 (TU
Darmstadt/LMU München), Prof. C3
since 2002 (Univ. Heidelberg).

Research Areas
• New Synthetic Strategies and Methodologies in Carbo- and
Heterocycle Synthesis - Based upon the principle of an in situ
activation of alkynes by cross-coupling (coupling-isomerization
reaction, coupling-addition reaction) and cycloisomerization reactions (Alder-ene reaction), we invent novel sequential multicomponent (MCR) and domino reactions, now allowing a rapid construction
of pharmaceutically relevant carbo- and heteropolycyclic frameworks.
• Synthetic, Methodological and Physical Chemical Development
of Heterocyclic Chemistry and its Implications in Medicinal
Chemistry, Materials Science and Nanotechnology - We apply
modern stoichiometric and catalytic organometallic methods to the
syntheses of electronically and photonically active nanometer-sized
molecules. These structurally well-defined entities can constitute as
functional units in future single molecule based molecular electronics and photonics.
For more see http://www.chemgeo.uni-hd.de/OC/mueller/

The insertion-coupling-isomerization-Diels-Alder (ICIDA) domino reaction represents a new
hetero domino sequence where catalytic organometallic, base-catalyzed, and pericyclic
elementary reactions are combined to give rise to novel highly fluorescent molecules.
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Pitter Group
Dr. Stephan Pitter
Tel.: 07247 822308
Fax: 07247 822244
e-mail: stephan.pitter
@itc-cpv.fzk.de

Diplom 1989 (Heidelberg), PhD 1993
(Heidelberg, G. Huttner), 1994-96 (MaxPlanck-Gesellschaft, Jena), 1997-99
(University Jena), since 2000 Head of
Division „Molecular Catalysis“ (Forschungszentrum Karlsruhe).

Research Areas
• Carbon Dioxide as C 1 -Building Block - Catalyzed C,C-coupling between dienes and carbon dioxide combines the use of petrochemical, easily
available, reactive substrates with the chemical use of carbon dioxide and
leads in one single reaction step to high value products. The ruthenium catalyzed reduction of carbon dioxide with silanes allows for a simple and efficient synthesis to products suited for the production of silicones.
• Catalysis in Supercritical Reaction Media and Multi-phase
Catalysis - Process intensification by replacing solvents by supercritical
carbon dioxide in chemical reactions may be achieved from the process
steps of selective product or educt separation being integrated in the synthesis. Apart from the detailed knowledge of physical and chemical parameters, the rapid and reproducible determination of reaction data, also under
extreme conditions (high pressure, high temperature) is investigated.
For more see http://www.fzk.de/itc-cpv

Reaction course of the hydrosilylation of carbon dioxide monitored by in situ IR spectroscopy.
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Siebert Group
Prof. Walter Siebert
Tel.: 06221 548485
Fax: 06221 545609
e-mail: walter.siebert
@urz.uni-heidelberg.de

Diplom 1964 (Univ. Marburg), Dissertation 1965 (Univ. Marburg, M. Schmidt),
Habilitation 1972 (Univ. Würzburg), Prof.
C3 1973 (Univ. Marburg), Prof. C4 1980
(Univ. Heidelberg).

Research Areas
• Cyclooligomerization of Mono- and Diborylacetylenes with
Tran-si-tion Metal Complexes - Studies of boryl-substituted acetylenes with catalytic and stoichiometric amounts of cobalt complexes lead to
[2+2+2] cyclotrimerization. Treatment of nitrogen- and sulfur-bound borylacetylenes with stoichiometric amounts of CpCo(CO)2 opens the long-sought
route to boryl-substituted (cyclobutadiene)cobalt complexes.
• Selective Metal-Mediated Insertion of Alkynes into Complexed
1,3-Diborolyl Rings - Attempts to incorporate alkynes into 1,3-diboroles
did not yield the expected 4-bora-borepines. However, complexed 1,3-diborolyls in Cp*Ru compounds react with terminal alkynes to give the corresponding complexed 4-borata-borepines.
For more see
http://www.uni-heidelberg.de/institute/fak12AC/Siebert

Molecular structure of a CpCo(ç4-1,3-diboryl-2,4-diphenyl-cyclobutadiene) complex in
the solid state. The boron atoms carry the dithiocatechol substituent.
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Smith Group
Prof. Jeremy C.
Smith
Tel.: 06221 548858
Fax: 06221 548868
e-mail: biocomputing@
iwr.uni-heidelberg.de
1982 Degree in Biophysics (Leeds
Univ., UK), 1985 Ph.D. (Institut LaueLangevin, Grenoble, France), 19851989 Research Associate and Lecturer on Biophysics (Harvard Univ., USA),
1989-1998 Group Leader Molecular
Simulation (CEA Saclay, France), since
1998 Prof. C4 Computational Molecular
Biophysics (Univ. Heidelberg).

Research Areas
• Structure, Dynamics and Function of Enzymes - Our goal is understanding the folding and function of proteins and other biological systems via
modelling and simulation. The catalytic reaction of an enzymatic reaction is
modelled in a combined quantum mechanical/molecular mechanical setup.
This approach allows for an accurate treatment of the active site coupled
explicitly with the whole protein. From the calculation of reaction pathways
the mechanism and important properties of the enzyme with respect to
catalysis can be derived. These findings will lead to the design of synthetic
catalysts as artificial enzymes.
For more see http://www.iwr.uni-heidelberg.de/groups/biocomp/

The restriction enzyme EcoRV with substrate DNA showing the two subunits of the homodimer interacting in a symmetric manner with the two DNA strands.
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Wadepohl Group
Prof. Hubert
Wadepohl
Tel.: 06221 544827
Fax: 06221 544197
e-mail: bu9
@ix.urz.uni-heidelberg.de
Diplom 1980 (Univ. Tübingen), Promotion 1982 (Univ. Marburg, W. Siebert),
1983-1984 (UC Berkeley, E. L. Muetterties), Habilitation 1989 (Univ. Heidelberg), Heisenberg-Fellow 1991-1997,
apl. Prof. 1999 (Univ. Heidelberg).

Research Areas
• Kinetics of Elementary Reactions in Organometallic Chemistry
and Catalysis - This project targets the mechanisms and kinetics of basic
organic reactions on metal centers. A variety of NMR spectroscopic techniques is used by the group to elucidate the activation barriers. Presently,
experimental work is centered on migratory insertion reactions.
• Organometallic Clusters - Some of the many interesting aspects of
this class of organometallic compounds are metal selective template-assisted cluster formation, redox-chemical properties (metal cluster or ligand
centered reactivity) and electronic structure vs. reactivity.
• Stereochemical Aspects of Facial Ligand Coordination - Metal
clusters offer unique oligonuclear coordination sites for cyclic π-perimeters.
Static and dynamic aspects of the facial coordination mode are addressed
with experimental and theoretical methods. Most recently, structure vs. aromaticity of the facial rings has been studied.
For more see
http://www.uni-heidelberg.de/institute/fak12/AC/wadepohl/

Kinetics of migratory insertion in [(PMe3)3Co(H)(C2H4)]. Shown is the time evolution of proton magnetization in the hydride (blue) and ethylene sites (red) after selective inversion of
the ethylene resonance. Activation parameters (∆H‡ and ∆S‡) are obtained from the
dependence on temperature.
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Wolfrum Group
Prof. Jürgen
Wolfrum
Tel.: 06221 548462
Fax: 06221 544255
e-mail: wolfrum
@urz.uni-heidelberg.de
Diplom 1965 (Physik, Univ. Göttingen),
Dissertation 1968 (Physikalische Chemie
H. Gg. Wagner, Univ. Göttingen),
1968–1970 (Ruhr-Universität Bochum),
Habilitation 1975 (Univ. Göttingen),
1970-1982 wiss. Assistent (MPI für Strömungsforschung Göttingen),
Prof. C4 1982 (Univ. Heidelberg).

Research Areas
• Laser-Induced Chemical Processes - Microscopic Dynamics of Elementary Chemical Reactions, Combustion Kinetics, Kinetics of Atmospheric
and Heterogeneous Catalytic Reactions
• Laser Diagnostics of Technical Processes - Ignition Processes, Turbulent Combustion, Otto- and Diesel-Engines, Gas Turbines, Power Plants,
Quantitative In-situ Alkali Detection in Pressurized Fluidized Bed Combustion,
Combustion Control of Municipal Waste Incinerators, Laser Diagnostics of
Chemical Vapour Deposition Processes
• Laser Applications in Biology and Genomics - UV-Microbeam and
Photonic Tweezers, DNA-sequencing, Single Molecule Detection with Diode
Lasers and Multiplex Dyes (Tumor Marker, Nucleotides, Proteins)
For more see
http://www.pci.uni-heidelberg.de/pci/

Distance measurements below the limit of optical diffraction of doubly labeled dsDNA
(148 bp) as molecular ruler. The dsDNA was labeled with Cy 5.5 and Bodipy 630/650 and
the individual point-spread functions have been separated by their characteristic fluorescence properties.
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The Campus

How to reach us

By car:
At the end of autobahn A656 turn left at the traffic light and follow the sign
"Chirurgie" until you are on the bridge ("Ernst-Waltz Brücke"). Go straight on
"Berliner Straße" to the second traffic light (ahead on the right side there is a
Shell petrol station) and turn left into the "Neuenheimer Feld". (*) At the following crossroads go straight and then turn right after 50 meters. You will find
the Chemistry Institutes to your left and after a distance of 100 meters the lecture hall (Hörsaalzentrum Chemie) to your right.

By public transport:
From the main train station: Take the tram line 1 or 4 (direction "Handschuhsheim") and leave at the third stop ("Bunsen-Gymnasium"). You will face the
Shell petrol station. Cross the street towards the opposite side and turn into
"Neuenheimer Feld". Follow now the instructions "by car" at (*).
From the historic city center: Take the bus line 12 (direction "Neuenheimer Feld,
Sportzentrum Nord") departing from "Universitätsplatz" or "Bismarckplatz".
Leave at the stop "Bunsen-Gymnasium" and you will face the Shell petrol station. Cross the traffic lights straight and get into the "Neuenheimer Feld". Follow now the instructions "by car" at (*).

The production of this leaflet was
made possible by generous support
from BASF.
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