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Copper
Biology:                    copper metalloenzymes

- oxygen transport proteins
- electron transfer proteins

Organic Synthesis:   main coupling reactions:
- Ullmann reaction
- Sandmeyer reaction
- Glaser reaction

main diastereoselective reactions:
- organocuprates: Addition and substitution reactions

main enantioselective reactions (often catalytic):



[BrCu(Quinap)]2

binuclear CuA site in Cyo A bis(oxazolin)-CuOTf complex
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Supramolecular Structures with Transition Metals 
e.g. Cu









Challenges in Structure Determination  
of Organocuprates
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Dimer as Reactive Species 
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symmetry as challenge: selective  H, H HSQC-NOESY buildup curves:
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S = solvent molecule































Summary Part 1: Organocuprates

- Organocuprate reagents

- Cu I Intermediates

- Cu III Intermediates
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Copper Cat. Enantioselective 1.4 Addition 
of Et2Zn to Enones
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Crystal Structures of Phosphoramidite
Copper Complexes

[CuBr(O,O´-(R)-(1,1´-Spirobiindane-7,7´-diyl)-
N,N´-dimethylphosphoramidite)2]2

W. Shi, L. Wang, Y. Fu, S. Zhu, Q. Zhou, Tetrahedron: Asymmetry 2003, 14, 3867.
A. H. M. d. Vries, A. Meetsma, B. L. Feringa, Angew. Chem. Int. Ed. 1996, 35, 2374.

CuI(O,O´-(S)-(1,1´-Dinaphthyl-2,2´-diyl) –
N,N´-dimethylphosphoramidite)3

N

Br

Cu

P

O

P

N

Cu
O

I



One of the Proposed Catalytic Cycles

A. Alexakis, C. Benhaim, S. Rosset, M. Humam, J. Am. Chem. Soc. 2002, 124, 5262.
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Identification of Precatalytic Copper Complexes
via 31P-Spectra

H. Zhang, R. M. Gschwind, Angew. Chem. Int. Ed., 2006, 45, 6391-6394.

Varying ratios in CDCl3

31P-Spectra of Ligand 2 and CuCl at 220 K

Ligand to copper ratio:
2 : 1 1 : 1
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1H NMR spectra: Temperature dependence of the methine signal in

Removal of 1H Signal Overlap via Internal Dynamic

A. Jerschow, N. Müller, J. Magn. Reson. 1997, 125, 372.
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From Precatalytic Cu-Complexes to Intermediates
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Identification of Second Low Temperature Species
at 180 K
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Summary Part 2

- new precatalytic structure

- new aggregation
screening method

- temperature dependent
interconversion

- transmetallated intermediate






