
Literature:

[1]

Acknowledgement:

We like to thank the Fonds der Chemie (Liebig-Stipendium for N. B.) and the European Commission 
(Copernicus 2 Program, Contract no° ICA2-CT-2000-10002) for financial support. Special thanks to Prof. Dr. 
H. Fischer for support and discussion. We acknowledge a generous gift of rutheniumtrichloride-hydrate by the 
Degussa AG.

3539; b) A. Beck, B. Weibert, N. Burzlaff, Eur. J. Inorg. Chem. 2001, 521-527; c) N. Burzlaff, I. Hegelmann,
B. Weibert, J. Organomet. Chem. 2001, 626, 16-23.

[6] A. López-Hernández, R. Müller, H. Kopf, N. Burzlaff, Eur. J. Inorg. Chem. 2002, 671-677.K. Valegård, A. C. Terwisscha van Scheltinga, M. D. Lloyd, T. Hara, S. Ramaswamy, A. Perrakis, A.
[7] W. A. Schenk, T. Stur, E. Dombrowski, Inorg. Chem. 1992, 31, 723-724.Thompson, H. J. Lee, J. E. Baldwin, C. J. Schofield, J. Hajdu, I. Andersson, Nature 1998, 394, 805-809.

[2] J. M. Elkins, M. J. Ryle, I. J. Clifton, J. C. Dunning Hotopp, J. S. Lloyd, N. I. Burzlaff, J. E. Baldwin, R. P.
Hausinger, P. L. Roach, Biochemistry, 2002, 41, 5185-5192.

[3] a) P. L. Roach, I. J. Clifton, C. M. H. Hensgens, N. Shibata, C. J. Schofield, J. Hajdu, J. E. Baldwin, Nature
1997, 387, 827-830; b) N. I. Burzlaff, P. J. Rutledge, I. J. Clifton, C. M. H. Hensgens, M. Pickford, R. M.
Adlington, P. L. Roach, J. E. Baldwin, Nature 1999, 401, 721-724.

[4] E. L. Hegg, L. Que Jr., Eur. J. Biochem. 1997, 250, 625-629.
[5] a) A. Otero, J. Fernández-Baeza, J. Tejeda, A. Antinolo, F. Carrillo-Hermosilla, E. Díez-Barra, A. Lara-

Sánchez, M. Fernández-López, M. Lanfranchi, M. A. Pellinghelli, J. Chem. Soc. Dalton Trans. 1999, 3537-

Bis(pyrazol-1-yl)acetato-Ruthenium-Complexes:
Models for the Active Sites of Enzymes

Rainer Müller, Nicolai Burzlaff*

Rainer.M.Mueller@uni-konstanz.de

Fachbereich Chemie, Universität Konstanz, Fach M728, 78457 Konstanz

Universität
Konstanz

Introduction

In a-ketoglutarate dependent enzymes such as 

DAOCS or TauD the a-ketoglutarate co-
substrate is bound via one carboxylate and the 

In recent years protein structures of several mononuclear non heme 
iron(II) enzymes were solved, such as the deacetoxycephalosporin C 

[1] [2]synthase (DAOCS) , taurine dioxygenase (TauD)  and 
[3]isopenicillin N synthase (IPNS) .

In the active site of these enzymes the iron(II) centre is coordinated by two 
[4]histidines and one aspartate, the so-called facial 2-His-1-carboxylate triad .

A new class of scorpionate ligands, 
the bis(pyrazol-1-yl)-acetato 
ligands, reflects a good structural 
mimic for the facial 2-His-1-
carboxylate triad of iron(II) 

[5]enzymes .

In IPNS, the key enzyme in the 
penici l l in  biosynthesis ,  the 

tripeptide substrate ACV (d-(L-a-
aminoadipoyl)-L-cysteinyl-D-
valine) coordinates in form of a 

Fig.1: Active site of DAOCS
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Fig.2: X-ray structure of the active site of TauD
[2]             (PDB-Code: 1GY9)  

Fig.3: Active site of IPNS with ACV
         substrate 
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Fig.4: Structure of a bis(pyrazol-1-
          yl)acetato complex    
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Carboxylato and keto carboxylato complexes are obtained 
by reaction of the recently reported bis(3,5-dimethyl-
pyrazol-1-yl)-chloro-bis(triphenylphosphine)ruthenium(II) 

[6]complex [(bdpmza)RuCl(PPh ) ]  with the corresponding 3 2

thallium carboxylates (Scheme 1).

Reaction of the carboxylato complexes with a-keto acids 
also yields the keto carboxylato complexes. This reaction 

can be compared with the regeneration of a-ketoglutarate 
dependent enzymes (Scheme 2).

Future work needs to establish a functional model with the 
focus on the formation of a Ru(IV)=O species starting from 

Scheme 1: Synthesis of carboxylato complexes
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Fig.5: UV spectra of carboxylato and keto carboxylato complexes
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Fig.6: X-ray structure of [(bdmpza)Ru(OH) (PPh )]3(HOAc)

Models for the Isopenicillin N Synthase (IPNS) @ work:

Thiolate complexes are synthesized by reaction of the 
[6]bis(triphenylphosphine)ruthenium(II) complex  with thioacetic acid esters. The resulting complexes 

have the same asymmetric structure as the active site of IPNS (Fig.3). The corresponding thioaldehyde 
[7]complex is achieved by using the method of  Schenk et al. by formal hydride abstraction .

Using a suitable ACV analogous thiolate, it might be possible to mimic the b-lactam formation of the 

bis(pyrazol-1-yl)-chloro-

Scheme 4: Biomimetic synthesis in analogy to the reaction pathway of IPNS

Scheme 3: Thiolate and thioaldehyde complexes
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