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Motivation

 Catalysis is an enabling technology for a 

sustainable future (chemical) process 

development.

 The majority of process however rely on the use 

of precious metal-based catalysts.

 These metals are not found in the upper earth 

crust.

 Earth-abundant metal-catalysis could offer a

solution, but needs to be reinvented Picture taken from https://pubs.usgs.gov/fs/2002/fs087-02/
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Inspiration by Nature – The Secrets of Methanobacter (or the biosynthesis of coal)

How we learn the synthesis of fuels in school:

But how did this happen?

Organisms contain
 proteins, 
 carbohydrates, 
 lipids

while:

coal, oil and gas are lacking 
oxygen, or nitrogen

Two different decomposition pathways are operative: the aerobic and anaerobic pathway
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Inspiration by Nature – The Secrets of Methanobacter (or the biosynthesis of coal)

Important: 

Fe-containing enzymes are 

involved in every process
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Iron-complexes in enzymes – a selection
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Characteristics of Fe-containing electron transfer proteins
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Redox-active („non-innocent“) ligands are key to catalytic activity
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Redox-active („non-innocent“) ligands are key to catalytic activity
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Mechanism:

Potential catalyst for regioselective allylic substitutions:

coordinatively oversaturated, nucleophilic metal complex

Review: Eur. J. Org. Chem. 2009, 775.

Low-valent carbonylferrates as elektronentransfercatalysts?

Case 1: The Fe-catalyzed allylic substitution   Tsuji-Trost reaction

Common catalysts:

Pd-, Ir-, W-, Mo-complexes

Pro:

DYKAT-mechanism

-> highly enantioselective

transformation of racemic

starting material

Contra:

Formation of regioisomers
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State of research

Case 1: The Fe-catalyzed Tsuji-Trost allylation
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Working hypothesis

Case 1: The Fe-catalyzed Tsuji-Trost allylation

Review: Eur. J. Org. Chem. 2009, 775.
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Scope:

Case 1: The Fe-catalyzed Tsuji-Trost allylation
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Case 2: Fe-catalyzed carbene transfer reactions

ACIE 2012, 51, 5351
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ACIE 2012, 51, 5351

Case 2: Fe-catalyzed carbene transfer reactions
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Case 3: Fe-catalyzed nitrene transfer
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Case 3: Fe-catalyzed C(sp2)-H- and C(sp3)-H-bond amination

ACIE 2017, 56, 10582
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Fe-complexes with „gold-type“ reactivity? A(n) (alchimistic) vision??

Facts:

- Iron is not gold

- Gold possesses unique catalytic properties

- Relativistic effects are considered (strong binding of 

6-s-electrons, weak binding of 5-d-electrons) to be 

responsible for the alkynophilicity of Au(I)-/Au(III)-

complexes

(Review: Nature 2007, 446, 395)  

Fiction:

- Ligands can mimic the consequence of relativistic

(d-electrons in molecular rather than atom orbitals 

might be more accessible for catalysis)

- Fe(0) is isoelectronic to Rh(I)/Ir(I), Pd/Pt(II) or Au(III);

Fe(-II) is isoelectronic to Au(I) 

Are cationic Fe(0)-complexes are alkynophilic?? 
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Expanding the scope – cationic Fe-NO-complexes…

Allylic/benzylic substitutions

Carbene transfer reactions

Nitrene transfer reactions

Hydrosilylation

Hydroboration

Borylative cyclisation

cycloisomerization
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ACS Catalysis 2016, 6, 7148

Case 4: Au-catalyzed cycloisomerization of enynes
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ACIE 2018, 57, 13335

Counter-ion effect
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Fe-catalyzed cycloisomerization of vinylcyclopropanes

ACIE 2022, e202205169
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Resumee

 Catalysis is an enabling technology for a 

sustainable future (chemical) process 

development.

 The majority of process however rely on the use 

of precious metal-based catalysts.

 These metals are not found in the upper earth 

crust.

 Earth-abundant metal-catalysis could offer a

solution, but needs to be reinvented
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Thank you for your attention!!!!


