Inorganica Chimica Acta, 128 (1987) L17-L18

Cyclic Voltammetry of [CpMo(CO),;],, [CpMo-
(CO);], and Chalcogenato-bridged Dimolybdenum
Complexes [CpMo(CO),(u-EPh)], (E =S8, Se, Te)*

PETER JAITNER** and WOLFGANG WINDER
Institut fiir Anorganische und Analytische Chemie der

Universitdt Innsbruck, Innrain 52a, 6020 Innsbruck,
Austria

(Received November 10, 1986)

Recently we described the syntheses of chalco-
genato-bridged compounds [CpMo(CO),(u-EPh)],
(E =S8, Se, Te) [1]. The X-ray structure of [CpMo-
(CO)(u-TePh)], revealed a structure which is analog-
ous with the homologous sulphur compound. The
asymmetric molecule contains a convoluted Mo, Te,
four membered ring with Mo—Te distances of 2.785—
2.865 A without a metal--metal bond. The Te--+Te
distance of 3.24 A is unexpectedly short compared
to the S-+-S distance of 2.98 A in [CpMo(CO),-
(-SR)]; [2].

Our synthetic studies of this low valent type of
complexes are focussed on their electrochemistry.
Herein we report electrochemical studies of the
bridged thiolato, selenolato and tellurolato com-
plexes [CpMo(CO),(u-EPh)], as well as of the start-
ing materials [CpMo(CO);], and [CpMo(CO);],
obtained by cyclic voltammetry.

The presence of Mo—S bonding in a variety of
redox enzymes has prompted electrochemical inves-
tigations of dimeric Mo—sulfur bonds containing
complexes [3]. But no comparative studies of the
electrochemical behaviour of the homologous bridg-
ed selenolato and tellurolato compounds are report-
ed.

Whilst manganese—carbonyl—thiolate  systems
exhibit only reversible one-electron oxidation waves
[4], molybdenum—carbonyl—thiolate systems as well
as phosphido-bridged iron—carbonyl species show
two-electron transfers [5] .

Figure 1 presents the cyclic voltammogram of the
oxidation of the dimeric [CpMo(CO),(u-TePh)],
in CH3CN. The data listed in Table I show that the
obtained voltammogramms for the thiolato, seleno-
lato and tellurolato compounds are very similar
showing a moderate scan rate dependence and [Cp-

Mo(CO),(u-TePh)], seems to be harder to oxidise
than the homologous selenium or sulphur com-
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Fig. 1. Cyclic voltammogram of [CpMo(CO);(u-TePh)],
(5X107* M; 0.1 MTBHA; ¥V =200 mV/s, T = 21 °C; refer-
ence clectrode Ag/AgCl).

TABLE 1. Pcak Potentials for the Oxidation of [CpMo(CO),-
(u-EPh)], (E =8, Se, Te)

Metal E Solvent Epa, Epe, Epa,
(mV) (mV) (mV)
Mo N CH3CN 28 ~15 263
CH,Cl, 42 -5 252
Mo Se CH3CN 38 ~13 273
CH;Clp 169 44 477
Mo Te CH3CN 82 29 291
CH2Cl, 183 71 414

All values were obtained at a scan rate of 200 mV/s; support-
ing glectrolyte =0.1 M TBHA; electroactive species ¢ =5 X
1007 M.

pounds. The first oxidation (a,) step is assigned to
a reversible two-electron process as derived from
cyclic voltammetry and rotating disk electrode
measurements (Pt, 1000 rpm). The second oxidation
(az) also proceeds by loss of two electrons but
exhibits no reversibility.

Electrochemical studies of Mo,S; systems like
Mo,(CO)s(SR), have been reported recently and
show similar behaviour to our title compounds
[6]. We attribute the observed electron processes
to a CO substitution by CH3CN of [CpMo(CO),-
(u-EPh)], and assign the cathodic peaks a, and a,
to the oxidation of [CpMo(CO)CH3;CN)(u-EPh)],
and [CpMo(CO),(u-EPh)], respectively. [CpMo-
(CO),(u-EPh)], seems to be harder to oxidise than
the CH3;CN substituted product [CpMo(CO)(CH;-
CN)(u-EPh)], (AE =300 mV). McDonald observed
a similar value of AE =400 mV in his electrochemical
studies of Mo,(CO)s(SR); [6].

CV experiments run in CH,Cl, show similar results
to those in the more strongly bonding CH;CN.

© Elsevier Sequoia/Printed in Switzerland



L18

Even here a substitution of CO by CH,Cl, takes
place. Coordination of CH,Cl, is confirmed by the
electrochemical studies of Pickett and Fletcher of
[Mn(CO)sCH,Cl;]* which is obtained by electro-
chemical oxidation of Mn,(CO),, in CH,Cl, [7].

Earlier synthetic studies of our group proved
that [CpMo(CO),(u-EPh)], readily undergo partial
decarbonylation by heating the solids mildly in
vacuo (80 °C, 107> mmHg) [1]. The decarbonylat-
ed [CpMo(CO)(u-EPh)], achieve 18 electron confi-
gurations by forming a formal double Mo=Mo bond
[1, 2]. In agreement with the reported flexibility
of the Mo-«++*Mo distance in dimeric organometallic
compounds [2], our CV results can be interpreted
in terms of a creation of a single metal-metal—bond
and structural rearrangement within the binuclear
unit upon forming the oxidized products.

The cyclic voltammograms of the single bond-
ed [CpMo(CO);], (Mo—Mo) and of the triply bond-
ed [CpMo(CO),], (Mo=Mo) which were used for
synthesis of the chalcogenato-bridged dimolybdenum
compounds are nearly identical. Cathodic and anodic
values of the recently published studies of [CpMo-
(CO)s], by Kadish [8] show good agreement with
our measurements (Table II). Reductive cleavage
of the Mo=Mo triple bond (c;) is surprisingly easier
to obtain than of the single bonded [CpMo(CO);]..
The reduction of the cationic species [CpMo(CO),-
(CH;CN)]® (n=2. 3Xc,) to regenerate [CpMo-
(CO)3]2 or [CpMo(CO),]. occurs for the triply
bonded Mo=Mo at a more negative potential than
the single bonded [CpMo(CO);];. Coordinated CH;-
CN seems to be responsible for this shift.

TABLE 1. Peak Potentials (mV) for [CpMo(CO)3], and
{CpMo(CO); ], in CH3CN

Epcl Epal EDCZ EDa;
Mo—-Mo -574 975 —~1171 -58
Mo=Mo —631 1020® ~1152 ~74

#Broad peak. The corresponding electrode reactions are as fol-
lows. a;: oxidative cleavage Mo; — 2Mo* + 2e™, ¢;: reduc-
tion 2Mo* + 2e” — Moy, c;: reductive cleavage Moy + 2¢~ —
2Mo™, ap: oxidation 2Mo™ — Mo, + 2¢”. Moy represents the
dimeric Mo-compounds (scan rate » =200 mV/s; 0.1 M

TBHA; ¢ = 1072 M).

Experimental

[CpMo(CO), (u-EPh)], were synthesized by our
published method [1]. The triply bonded [CpMo-
(CO);]. was prepared by a literature method [9].
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All measurements were carried out under dry argon
(oxisorb, Messer-Griesheim). Solvents were dried and
distilled under N;. Tetrabutylammonium hexafluoro-
phosphate (TBAH) was purified by double recrystal-
lization from purified methanol and dried under
vacuum with P,0;.

Instrumentation

All electrochemical measurements were perform-
ed with a potentiostat (Bank-Wenking LT-78), a
function generator (Voltage Scan Generator VSG
72), a voltage integrator (Wenking EVI 80) and a
xy recorder (Hewlett-Packard 7015 B). The rotating
disk electrode was a Metrohm RDE 628. We utilized
a three electrode system. This consisted of a Pt-
ring working electrode (Ingold), a glassy carbon
counter electrode (Metrohm) and a Ag/AgCl (3 M
KCl, Metrohm) reference electrode.
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