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. 

The reaction of [RuTPP(CO)] (TPP = meso-tetra- 
phenyl porphinate dianion) with several monodentate 
ligands L (L = t-butyl isocyanide, triphenylphosphine, 
dimethylphenylphosphine. triethylphosphine, tri- 
methylphosphite) yields novel ruthenium(H) deriva- 
tives of formula [Ru(TPP)L, ] , characterized by their 
visible, i.r. and ’ H n.m.r. spectra. 

The electrochemical behaviour of these complexes 
in a CH,CN-benzene 50% (v/v) mixture with TBAP 
or TBA TFB as supporting electrolyte, has been 
studied by employing cyclic voltammetry and 
controlled potential electrolysis. 

Both the first anodic and the first cathodic process 
observed involves an electron transfer at the central 
metal yielding ruthenium(I.I) and ruthenium(I) 
derivatives. The potentials related to these processes 
are strongly dependent on the nature of the ligand L. 
The influence of the n-bonding abilities of the ligand 
on the stabilization of the different oxidation states 
is discussed. 

Introduction 

In the recent years increasing interest has been 
focused on the Fe” porphyrins because of the 
biological significance of the naturally occurring iron 
porphyrins. 

Electrochemical studies on hexacoordinated Fe”’ 
porphines [l , 21 showed that the first reduction 
process is always monoelectronic and reversible in 
character. The controlled potential oxidation of 
porphine derivatives of several metals in aprotic 
media, followed by e.p.r. measurements of the solu- 
tions, showed that in the case of iron(II), cobalt(I1) 
and nickel(I1) [3] the central metal is involved in the 
electron exchange process, while in the case of 

zinc(II), magnesium(R) and copper(I1) derivatives 
[3,4] it is the porphine ring which undergoes a one 
electron oxidation. 

The ease of oxidation and the paramagnetism very 
often found in iron(R) compounds shifted the 
interest on the ruthenium(I1) analogues, which do 
not present these nuisances. 

The anodic behaviour on a platinum electrode of 
[Ru(TPP)LL’] derivatives (TPP = tetraphenylporphi- 
nate dianion; L = L’ = CO or L = CO and L’ = pyri- 
dine) seems to indicate that, when at least one axial 
position is occupied by carbon monoxide, the por- 
phyne ring is involved in the oxidation process [5]. 
On the contrary, in the case of analogous complexes 
of osmium(II), the oxidation site is always the central 
metal [6]. 

In order to ascertain the influence of the axial 
ligands on the redox potentials of the [Ru(TPP&] 
complexes, we have studied the cathodic and anodic 
processes which undergo, in aprotic media, the novel 
derivatives, synthesized by us, with the ligands L = 
t-butyl isocyanide, triphenylphosphine, dimethyl- 
phenylphosphine, triethylphosphine and trimethyl- 
phosphite . 

Experimental 

Chemicals 
Reagent grade acetonitrile was further purified 

by distilling repeatedly from phosphorus pentoxide 
and storing on molecular sieves (3 A) under nitrogen 
atmosphere. Reagent grade benzene was stored on 
sodium wire in a nitrogen atmosphere. 

The supporting electrolytes tetrabutylammonium 
perchlorate (TBAP) and tetrafluoroborate 
(TBATFB), prepared by neutralizing tetrabutyl- 
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TABLE IV. Anodic Peak Potential Values Obtained on Pt 
Electrode. 

Compound (Eu)r /V @,92/V 

lRuWW(PEt3)sl 0.36 1.21 

[ RuCTPPWM% WZ I 0.45 1.22 

[RWW(P~3)21 0.50 1.24 

I RuWP)(P(OMe)s )s 1 0.59 1.25 

[Ru(TPP)(C4HgNC)z I 0.65 1.26 

[RucTPP) (CO)1 0.93 1.27 

investigated. However, the values of the peak poten- 
tials were practically the same, thus suggesting that 
for all the complexes the porphyrin ring is involved 
in the second oxidation step. 

investigated complexes, Fig. 2 shows the anodic 
behaviour exhibited by solutions of [Ru(TPP)- 
(PEt3)2]. In all cases, both anodic peaks observed 
were found to be monoelectronic, diffusive in 
character and perfectly reversible on the basis of the 
arguments cited above for the cathodic peaks. More- 
over the ratio between the height of the anodic peaks 
and that of the associated cathodic ones, equal to 
one at any scan rate, indicated that the anodic 
product, [Ru(TPP)L,] , did not decay under the 
employed experimental conditions. However, e.p.r. 
spectra, recorded on ruthenium(R) solutions directly 
oxidized in the cavity of the instrument in cor- 
respondence to the first anodic peak, did not exhibit 
any signal. As porphyrin solutions, under the same 
conditions, exhibit a strong e.p.r. signal [3], it seems 
likely that the central atom is also involved in the 
oxidation process. On the other hand the lack of any 
e.p.r. signal in the oxidized solutions of ruthenium- 
(II) is in agreement with the results found for transi- 
tion metal complexes in the d5 configuration [19] . 

The comparison of both the cathodic and the 
anodic peak potentials shows a marked influence of 
the nature of the axial ligands when the redox process 
involves the central metal (first anodic and cathodic 
peak). In fact, ligands with a good n-bonding ability, 
such as CO and t-butyl isocyanide, stabilize the por- 
phine derivatives in the lower valence state (cathodic 
sequence), while making the complexes oxidizable 
at higher potentials (anodic sequence). On the 
opposite side, good u-donor ligands, such as triethyl- 
phosphine, make the derivatives easier to oxidize and 
then destabilize the anionic complex. 
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