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Understanding the chemical fate of ruthenium organometallic compounds in a biological setting is 

of key research interest relevant to medicinal chemistry. Determining how ruthenium compounds 

bind to amino acids in vitro and in vivo is of great importance for two key applications:  

1. Several ruthenium organometallic compounds have potential as chemotherapeutic agents 

and are undergoing pre-clinical development or clinical trials. One such compound is 

RAPTA-C (Figure 1, left), which has been shown to selectively target amino acids side 

chains over DNA, and shows anti-metastatic activity (i.e. it stops the cancer from 

spreading). The smaller compound RAED-C (Figure 1, centre) has been found to bind to 

DNA. Our approach uses a ruthenium compound with a fluorinated ligand probe (Figure 1. 

right), and through 19F NMR we can identify the amino acid which displaces the labile Cl- 

ligand.     

 

 

 

 

The future for this project focusses around incubating the fluorinated ligand ruthenium 

probe in vitro with short peptides and proteins and interpreting the biomolecular binding 

sites through 19F NMR. When incubated with free amino acids, speciation of the ruthenium 

centre to cysteine, glutamic acid and histidine has been observed, with a preference for the 

sulphur group in cysteine. Advancing these findings to short chain peptides containing a 

mixture of these amino acids is the logical next step, which the student would carry out. 

2. A second key application is to direct a ruthenium catalyst to a specific amino acid binding 

site on a protein so that it becomes the active site of an enzyme.  Combining the diversity of 

transition metal catalysts with the high substrate selectivity and long range interaction of an 

enzyme could lead to a metalloenzyme with powerful catalytic properties. The catalytic 

transformation being explored is the hydroxylation of the amino acid tyrosine to dopamine 

with the use of a ruthenium catalyst. The student would begin by performing catalytic 

reactions, and identifying the optimum conditions for these reactions. 

Figure 1: Chemical structures of ruthenium organometallic compounds which have a chemotherapeutic 
application. Left: RAPTA-C, centre: RAED-C, right: [Ru]AreneBipyCl 
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By continuing research into these either of these two topics students will be able to direct the path 

of their project and explore areas of interest to them. Students will gain useful techniques such as: 

• The synthesis of organometallic and coordination compounds of ruthenium, as well as 

organic synthesis of useful ligands.  

• Characterisation techniques such as NMR spectroscopy, X-ray crystallography, mass 

spectrometry, LC-MS and UV/Vis spectroscopy.  

• Protein/enzyme chemistry. 

• Catalytic reactions, monitoring reaction kinetics via LC-MS and NMR. 
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Scheme 1: A schematic of a covalently attached ruthenium metalloenzyme 
catalysing the conversion of tyrosine to dopamine. 
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