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A radical cation, transiently produced in a single step two-electron transfer, is shown to be the reactive species in a
substitution process which can be oxidatively-induced or catalysed via an electron transfer chain mechanism.

Recently, we reported on the oxidative electrochemistry of
the dimeric molybdenum carbonyl complexes,
[cpsM02(CO)4(n-SR),] (cp = n5-CsHs), which undergo a
single step, two-electron oxidation. The transfer of two
electrons at the same potential is thought to arise from the
formation of a metal-metal bond in the product, which
stabilizes it with respect to the single-oxidized intermediate.1.2
Indeed, the two-electron oxidation of the [cp,Mo,(CO)4(p-
SR),] complexes induces a cis—trans isomerization. The

presence of a metal-metal bond in the dication is ascertained
by comparing the X-ray crystal structures of the dication, R =
But[Mo - - - Mo 3.008(2) A],! and of the neutral molecule, R
= Ph [Mo - - - Mo 3.940(2) A].3 Although the radical cation
[cp2M02(CO)4(SR),]*+ is thermodynamically unstable with
respect to disproportionation into a neutral compound and a
dication, we now show that it is a key intermediate from a
kinetic point of view.

The electrochemical two-electron oxidation of the neutral
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Scheme 1. Oxidatively-induced and ETC-catalysed substitution of [cp,M0,(CO)4(n-SR),]? complexes (z = 0 or + 2). R = Me, Ph; L =

MeCN. (a) Reactions (3) and/or (4) (see text).

dimers (R = Me, Ph) in an acetonitrile electrolyte, at the
potential of the trans — cis2* reaction,! results in the
formation of a by-product along with the expected dication.
The new compound is the major product when the electrolysis
is performed at 40 °C. The chemical oxidation of the neutral
dimers in MeCN (at 40°C, R = Ph; at 65°C, R = Me) by two
equiv. of Ag+ yielded the same complexes as those generated
on electrochemical oxidation, as well as other metal species.
Analytical, spectral (i.r. and !H n.m.r.),t and conductimetric
data obtained from the electrochemically- or chemically-
generated compounds are consistent with the formulation
[cp2M0,(CO)3(MeCN)(u-SR),]>+[A]: (A = BF,~ or PFs)
for these complexes. The substitution of MeCN for CO in the
neutral tetracarbonyl dimers is therefore an oxidatively-
induced process (Scheme 1). The reduction peak of the
substituted dication is irreversible and shifted in the negative
direction by ca. 0.3 V with respect to the reduction of the
tetracarbonyl analogue. The potential shift is consistent with
the electron-releasing nature of MeCN as compared with CO.

The electrochemical reduction of the tetracarbonyl dication
(R = Me, Ph) in MeCN, at the potential of the cis2+ 2 cis
transition,! also produces the substituted dication,
[cp2M0,(CO);3(MeCN)(u-SR),J2+ (yield: 51 + 3%, room
temp.) as well as the neutral tetracarbonyl parent (yield: 43 +
3%, room temp.). The material and charge balances require
that other products are present, since about 0.5 F/mol of the
tetracarbonyl dication is transferred. However, cyclic voltam-
metry (c.v.) of the catholyte does not allow the hypothetical
products to be detected.

The electrolysis plots, I.ey = f(t) or Iy = Q) (Ieen: cell
current; Q: charge passed in coulombs) display the convex
curvature typically observed4 when an electron transfer chain’
(ETC)-catalysed substitution is operative. Several examples
of such processes have been recently reported for mono-
nuclear,$ dinuclear,’” and polynuclear48 complexes. One of
the conditions limiting the generality of ETC processes
concerns the lifetime of the paramagnetic species whose
degradation generally is the chain-terminating step.?-8

In the present case, neither the neutral dimer nor the
tetracarbonyl dication undergo substitution under thermal or
photochemical activation on the time-scale of the electro-
chemical experiments. The reactive intermediate of the

1 [cpaM02(CO)3(MeCN)(SR),][BF,],: satisfactory elemental (C, H,
N) analyses for R = Ph and Me were obtained; R = Ph: i.r. (MeCN),
v(CO): 2070, 2035 cm~1; H n.m.r. (CD3;NO,, vs. Me,Si): 6 7.60(m),
6.58(s), 6.45(s), 2.07(s); R = Me: i.r. (MeCN), v(CO): 2060, 2025
cm-1; 1H n.m.r. (CD3;NO,, vs. Me,Si): & 6.33(s), 6.16(s), 2.82(s),
2.68(s).

electrochemically-induced and of the ETC-catalysed substitu-
tions must therefore be a species which is generated both from
the oxidation of the neutral complexes and from the reduction
of the corresponding dications. This points to the substitution-
labile species being a thermodynamically unfavoured (see
above) radical cation. Owing to the fact that the unsubstituted
complex undergoes a two-electron transfer in a single step, an
additional terminating step needs to be considered, i.e., the
reduction of the parent radical cation, equation (1).

[cp2M0,(CO)4(SR), ]+ + 1le — [CP2M02(C0)4(IL'SR)2%1)

[ep2M0,(CO)o(SR),]+ + [cpaMo,(CO)3(MeCN)(SR),]*+ =
[epaMoy(CO)4(u-SR),] + [CP2M02(C0)3(M3CN)(H'SR)2]2(+2)

Owing to the relative ease of reduction of the substituted
and unsubstituted dications, the electron-transfer to the
parent radical cation may occur homogeneously, equation (2).
Reactions (1) and/or (2) are likely to be responsible for the
production of some neutral dimer in the ETC-catalysed
process. The conversion of the substituted radical cation into
product may take place according to either of reactions (2),
(3), and (4) [Scheme 1, path (a)].

[cpaM0,(CO)3(MeCN)(SR),]*+ +
[cp;M0,(CO)4(u-SR), ]2+ =
[ep.Mo,(CO)3(MeCN)(u-SR), ]2+ + [szMOZ(CO)4(SR)2](-3+)

[CPQMOQ(CO):;(MCCN)(SR)z]'+ - le—
[cp2Mo0,(CO)3(MeCN)(u-SR),J2*+  (4)

The very formation of the substituted dication from the
short-lived intermediate [cp,M0,(CO),4(SR),]** demonstrates
that ligand binding to this species is a fast step since it
competes very effectively with a fast electron transfer,
equation (1). (In Scheme 1, the possibility that CO loss occurs
subsequent to and not concomitant with L binding is not ruled
out.)

The substitution reaction may be initiated from the parent
dication by the passage of a small amount of electricity
corresponding to 0.02 to 0.10 F/mol of the tetracarbonyl
dication. The electrolysis is then interrupted which prevents
reactions (1) and (4). C.v. monitoring of the course of the
reaction demonstrates that the substitution proceeds for
several minutes (up to 1 h). Interestingly, the formation of the
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neutral parent is completely suppressed, the only detected
product being [cp,Mo,(CO)3(MeCN)(n-SR),]2+ in 85—95%
yield (c.v. measurements). This suggests that the
homogeneous electron transfer, reaction (2), does not contri-
bute significantly to the formation of the substituted dication
and of the neutral parent. Phrased in another way, in the
presence of MeCN, the unsubstituted radical cation (Scheme
1) only exists in the close vicinity of the electrode where it is
reduced provided an appropriate potential is applied. To our
knowledge, the formation of the same substituted complex
according to an oxidatively-induced reaction or to an ETC-
catalysed process is as yet unprecedented.
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