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Reactivity of cis-Bis(glycinato ester)tetraammineruthenium(III) in Acidic Solutions 
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Abstract 

The complexes c~s-[(NH~)~Ru(NH~CH~COOR)~]- 
(PF,), (R = CHs, U&C&) and cis-[(NHs)4R~- 
(NHzCHzCOOCzHs)a](CF3S03)2 have been pre- 
pared. Fast oxidation of the ruthenium ion to Ru(III) 
was followed by a first order pH dependent reaction 
that produced [(NHa)4RuNH2CH2COO]2+ as the 
only product. A mechanism that depicts linkage iso- 
merization of one of the glycine ester ligands from 
the N-bound to the O-bound isomer as the initial 
stage is suggested. This mechanism is consistent with 
the experimental observations of a linear relationship 
between (kOJ1 and [H+]-‘, and with the presence 
of [(NHa)4RuNH2CH2COO]2+ as the sole product of 
the reaction. 

Introduction 

Ruthenium complexes of amino acids and their 
derivatives serve as models for two kinds of inter- 
actions that exist in metalloproteins: metal ion- 
apoprotein interactions, and interactions between the 
metal ion and substrates of metalloenzymes. 

The inertness of ruthenium ions in their two major 
oxidation states - II and III - enables detailed 
studies of mechanisms and intermediates in these 
systems. These facts are exploited when ammine- 
ruthenium species are attached to various proteins in 
order to study intramolecular electron transfer pro- 
cesses involving metalloproteins [l-3] and as probes 
of various properties of proteins [4]. 

Former studies of systems which involved ammine- 
ruthenium complexes of amino acids and their 
derivatives revealed interesting reactivity modes. 
Thus, N-bound glycinepentaammineruthenium(II1) 
demonstrated a remarkable isomerization to the O- 
bound isomer [5]. When ethyl glycinate was the 
ligand, isomerization was followed by hydrolysis of 
the ester, and the O-bound glycinate complex was 
produced [6]. Analogous complexes of glycinamides 
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and dipeptides showed another remarkable reaction 
which involved formation of a N,O-bound chelate, 
concomitant with dissociation of an ammonia ligand 
[7]. None of these reactions has a parallel in the 
chemistry of analogous complexes of the inert metal 
ion Co(II1) [8], or any other inert metal ion [9]. 

Thus far, ammineruthenium complexes which 
contain one molecule of glycine, glycinamide or their 
derivatives, bound either as monodentate ligands, or 
chelated as bidentate ligands, have been studied 
[5-7, lo]. Here we present the results of a study of 
tetraammineruthenium complexes which contain two 
amino acid ester ligands N-bound cis to each other. In 
the Ru(II1) state, these complexes react to produce 
the N,O-bound chelate of the parent amino acid. This 
is a different reactivity pattern from that demon- 
strated by pentaammineruthenium(II1) complexes 
which contain a single glycinato ester ligand, and is 
more similar to the reactivity mode of pentaammine- 
ruthenium(II1) complexes which contain a single 
glycinamide derivative as a ligand. 

Experimental 

Chemicals and Reagents 

Chloropentaammineruthenium(II1) chloride was 
prepared from ruthenium trichloride [ 111, and was 
purified by recrystallization from 0.1 M HCl. cis- 

Diaquotetraammineruthenium(I11) trifluoromethane- 
sulfonate was prepared from chloropentaammine- 
ruthenium(II1) chloride as described before [lOa, 
121. The hydrochloride salts of methyl glycinate and 
ethyl glycinate and the p-toluenesulfonate salt of 
benzyl glycinate were purchased from Sigma. 

The neat esters were prepared [12] as follows: a 
suspension of the ester salt in ether was bubbled with 
dry NH3 for -10 min and then with argon for 
another 10 min. The resulting suspension was dried 
with anhydrous NaZS04, filtered and the solvent was 
evaporated. The esters were kept below 0 “C and were 
used as soon as possible in order to avoid dimeriza- 
tion. 

CFaSOaH (Fluka, purum) was distilled under 
reduced pressure, in an ungreased apparatus, and kept 
in a desiccator at 4 “C. CF,SO,Na*H,O was prepared 
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