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The reaction of electrochemically generated 
Mmntz- (M = Rh, Co, Ni) complexes with weak 
protonic acids was studied using various electrochemi- 
cal techniques. Complexes with M = Rh and Co react 
under the formation of a protonated species from 
which hydrogen is evolved at a dropping mercury 
electrode at potentials more negative than are those 
of the Mmnt$-/Mmnt:- couple. Comparison with the 
behaviour of other protonated transition metal com- 
plexes led to the conclusion that the protonation 
site in Mmnti- units is the metal atom. Protonation 
of Rhmn$, prepared by reduction with LiAIHd, was 
studied spectrophotometrically in solution. [Rh(H)- 
mntz] 2- gives a characteristic band at 464 nm. 
Reduction of the latter species leads to Rhmnti- 
whereas oxidation results in Rhmnti-. [Rh(H)- 
mnt21 2- decomposes slowly in solution under the 
formation of Rhmntq- and hydrogen evolution; the 
stability of the corresponding Co-species is consider- 
ably smaller. Nimnt:- is oxidized rapidly by the weak 
acids used to give Nimn t:- . 

Introduction 

Recently, we have analyzed the capability of 
planar complexes for the substrate addition, using 
simple perturbation theory [l] . From these consider- 
ations it follows that redox addition to central metal 
atom is energetically unfavourable in complexes with 
extensive mixing of metal and ligand out-of-plane II- 
orbitals. This is due to the loss of delocalization 
energy which would arise in the oxidized state and 
which could hardly be compensated for by the energy 
of the newly formed axial bond. However, simple u- 
addition of Lewis acids to the sufficiently basic metal 
center has been predicted not to be so strictly 
restricted. 

To test these predictions experimentally, we 
followed the interaction of Mmntz- (M = Rh, Co, Ni, 
mnt = maleonitriledithiolate = S,C,(CN)f-) with 
weak protonic acids. Bis dithiolate complexes are 
known to have an extensively delocalized ground 
state [2, 81. The trianions Mmnti- were found 

recently to be formed by electrochemical as well as 
chemical reduction of corresponding dianions [3-71. 
All experimental data point to the conclusion that 
metal atoms in these trianions are formally in the 
oxidation state (I) [3-71 and can thus be expected 
to be strongly basic. From all Mmnt2-trianions ob- 
served, Rhmnti- seems to have the highest basicity 
of n-type, as the highest occupied orbital is the metal- 
localized d,l orbital [22]. 

Weak protonic acids were chosen as carriers of 
strong Lewis acid, H’, which can be transferred to the 
basic site in the complex. However, oxidation or 
redox addition could also be expected in interaction 
with strongly reducing, coordinatively unsaturated 
substrates. 

Experimental 

Chemicals 
Na2mnt = Na2S2C2(CN)2 was prepared according 

to [ 121. Rh2(CHsC00)4*2CHs0H was synthetized 
according to [ 131. 

As solutions of Rhmnt~- are very air-sensitive, all 
synthetic procedures described below were performed 
in pure argon atmosphere in the Schlenk-type 
apparatus. All solvents were oxygen free and handled 
only in closed apparatus. 

[Bu4N] 2[Rhmnt2] was prepared by modified 
procedure described in [14] : 0.5 g of solid Rh2- 
(CHsCOO)q*2CHa0H was added under pure argon 
atmosphere to the solution of 0.740 g of Na2mnt in 8 
ml of absolute methanol. The colour of the solution 
immediately turned dark green. After 40 minutes of 
stirring, 8 ml of the methanolic solution of [Bu4N] - 
OH (prepared from 5 g Bu,,NCl and methanolic 
suspension of Ag,O) was added. Very dark solid 
precipitated from this mixture at 0°C during 20 
minutes. This material was filtered-off, washed with 
isopropyl alcohol, dissolved in 50 ml of acetone, 
filtrated and 20 ml of isopropyl alcohol were added. 
Acetone was then distilled off. Resulting solution was 
cooled to -20 “C. Dark microcrystalline solid crystal- 
lized from this solution during 1 hr. This solid 
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Fig. 7. Influence of pivalic acid on reduction of Nimnti-: 
dashed curve, 6.8 X lo* mol 1-l [Bt~N]z[Nimnta], 0.1 
mol 1-l B%NPFe, THF; full curve, in presence of 3 X 10-j 
mol l-r pivalic acid. 
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Fig. 8. Dependence of the limiting current (iL) of Nimntz- 
on concentration of pivalic acid. Conditions as in Fig. 7. id = 
limiting current of Niintz- in the absence of pivalic acid. 

a) Nimntz- is slowly oxidized by the acid directly 
to Nimntz- 

b) Nimnti- reacts slowly with the acid forming 
[Ni(H)mntz] 2- which very rapidly decomposes to 
Nimntz- and H 

Experiment;’ data cannot distinguish between 
these two possibilities. 

[Rh(H)mnt2] 2- in the Solution 
It is possible to prepare THF solutions of 

[Bh(H)mnt2] 2--, which are fairly stable in rigorous 
absence of oxygen: The deep green solution of 
(Bu~N)~ [Rhmnt2] in THF is titrated by the THF 
solution of LiAlH4 till the stable wine red colour of 
Rhmntz- appears [6]. Small volume of concentrated 
THF solution of pivalic acid is then rapidly added in 

one portion. The total amount of added pivalic acid 
has to be SO-80 times greater than the amount of the 
rhodium complex to decompose all unreacted 
LiAlH4. After addition of pivalic acid, the colour of 
the solution turns red-brown. The resulting solution 
shows a single reduction wave at -2.28 V proving 
thus the identity of the chemically prepared species 
with electrochemically observed intermediate 
[Rh(H)mnt2] ‘-. The polarographic experiment was 
performed in the presence of the excess of Bu4NCl. 
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The Li’ ions arising from LiAl& form thus LiCl 
sparingly soluble in THF and the eventual reduction 
wave of Li’ -ions is very small and does not interfere. 

The solutions of [Rh(H)mnts] 2- are extremely air- 
sensitive. They react immediately with traces of air to 
give green solutions of I&m&, characterized 
spectroscopically by the absorption band at 640 mn 
(Fig. 9). 
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Fig. 9. Absorption spectrum of Rhmntz- (dashed line) and 
Rhmntz- (solid line). Concentration: 2.13 X lo4 mol 1-l. 

[Bh(H)mnt?] ‘- prepared by the above procedure 
may be characterized by absorption band at 464 nm, 
e = 3700 (Fig. 10, curve 1). As follows from Fig. 10, 
[Rh(H)mnt2] 2- decomposes very slowly even in 
absence of oxygen producing I&m& (cf Fig. 9 for 
comparison with the spectra of IUrmntg- and 
Rhrnnt~-). 

Hence, following reactions are characteristic for 
[Rh(H)mnt,] 2-: 

[Rh(H)mntz J 2- t O2 + Rhmnt$- (very fast) (1) 

2 [Rh(H)mnt2] 2- + 2Rhmnt:- + H2 (very slow) 

(2) 

From the occurrence of reactions (1) and (2) it 
follows that protonation of Rhmnt:- is not con- 
nected with great structural changes in Bhmnt2 unit. 
No evidence for mnt ligand dissociation was found. 
Thus, solution properties of [Bh(H)mnt2]2- are in 
full agreement with the above formulation of this 
compound as complex with Rh-H bond. 

Reaction of Rhmntf and Comnti- with Stronger 
Acids 

Benzoic and stronger acids oxidize I&m& and 
Comntz- to [Bhmnt2] ,“- and [Comnt2] :-, respecti- 
vely. Absorption spectra of these species obtained by 
oxidation with the acids are identical with the spectra 
of species obtained by iodine or oxygen oxidation 
[25]. Benzoic acid oxidizes Bhmnt$- directly to 

[tint21 ,“. 
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Fig. 10. Timedependence of absorption spectrum Rh(H)mnt:-. Concentration, 4.8 X 10m4 mol 1-l: curve 1, t = 0; 2, t = 75 min; 
3, t = 165 min; 4, t = 360 min. 

Reaction of Mmntz- (M = Rh, Co, Ni) with C6HJl, 
C6H5Br 

Addition of great excess of phenyl halides to the 
solution of Mmnti- complexes does not lead to any 
reaction in the solution nor to any change in the elec- 
trochemical behaviour of these compounds. The 
primary products of the electrode reaction, i.e. 
Mmntz- complexes, do not react even in the presence 
of great excess of phenyl-halides under conditions of 
the polarographic experiment. 

Discussion 

The electrochemical evidence quoted above points 
to the conclusion that Mmntz- (M = Rh, Co) com- 
plexes react with weak protonic acids under the for- 
mation of metal-protonated species, [M(H)mntz] ‘-. 
The Mmnt,-unit is preserved in the protonated 
species without any substantial changes and can be 
looked upon as a Lewis base. This follows from the 
observed hydrogen evolution at dropping mercury 
electrode which is identical with that characteristic 
e.g. for metal-carbonyl hydrides (20, 28). Rhmntz- 
is a stronger base, reacting faster and having the 
equilibrium shifted more to the side of the pro- 
tonized species than the analogous cobalt complex. 
However, the type of metal-hydrogen interaction is 
essentially the same in both cases. The formation of a 
protonated Ni complex has not been proved. If a Ni 
protonated complex is formed at all its inherent stabi- 
lity is so low that it immediately disproportionates 
into hydrogen and NW&, i.e. phenomenologically 
an oxidation results. 

[Rh(H)mnt2] ‘- 
Important feature of [Rh(H)rnnt,] *- complex, 

bringing an insight on the nature of metal-hydrogen 

bond, is its redox behaviour: This compound is, on 
one side, reduced electrochemically to Rhmnti-, i.e. 
to a species containing formally univalent rhodium, 
and, on the other side, it can be oxidized by oxygen 
to Rhmnt~-, i.e. to a compound of formally divalent 
rhodium*. Thus both reduction and oxidation result 
in the rupture of Rh-H bond. The redox active center 
involved is obviously the Rh-H unit which can be 
regarded as being in the ‘dynamic redox state’ [IO]. 

The rhodium-hydrogen interaction proceeds via 
the metal d,a orbital, the highest occupied MO in the 
Rhmnti- unit fully available for axial bonding of 
simple u-Lewis acids. This interaction is of the acid- 
base type without any complete electron transfer be- 
tween metal and hydrogen: The hydrogen-ligand 
retains, obviously, partially its protonic character, as 
follows from the ability of the complex to undergo 
electrochemical hydrogen evolution. 

The metal-d) orbital is only weakly involved in 
the bonding of the metal with mnt-ligands and its 
involvement in an axial bond @h-H) would not 
destabilize the Rhmnt2-unit, as it is not involved in 
the out-of-plane n-bonding. On the other hand, the 
partial decrease of negative charge on the metal due 
to the binding of a proton would tend to stabilize 
most of the metal-based molecular orbitals. 

The corresponding oxidation and reduction 
process involve only the bonding and antibonding 
orbitals of the Rh-H bond, respectively. They are 
highly localized (rhodium dZz and hydrogen 1s 
orbitals) and, due to weak involvement of the d,z 
orbital in the bonding within the Rhmnt2-unit any 
electron change in these orbitals cannot be compen- 

*As this oxidation proceeds very rapidly even in lar e 
c excess of free proton donor the reaction path via Rhmntz 

in equilibrium with [Rh(H)mnta) *- seems to be very unlike- 
ly. 
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being very strong reducing agents. Metal centers in 
Rh and Co moieties show, however, a considerable 
Lewis-basicity which leads to coordination of acidic 
hydrogen atom to the metal under the formation of 
hydride-type complexes [M(H)mnt2] 2- (M = Rh, Co) 
in which the hydrogen preserves partially protonic 
character. This interaction introduces a new, rather 
localized, redox-active center into the molecule. The 
best formulation of these hydride-like complexes 
seems to regard them as protonized species of 
univalent metals. The described behaviour indicates a 
general picture explaining the essential features of the 
reactivity of low-valent square-planar bis dithiolene 
complexes which is strongly influenced by the invol- 
vement of the metal p,-orbital in the n-system of the 
whole complex unit. 
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