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Preliminary communication

REACTIONS OF ELECTRON-RICH ORGANOMETALLIC COMPLEXES
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(Received October 11th, 1974)

Summary

Various iransition metal complexes of ihe types C; Hs FeL.. X,
C; H; Mn(CO)L.., and MnL; X (L = isocyanides, phosphines, phosphites;
X = halides, Me, SnX;) have been prepared. These complexes were found to
undergo either facile one electron oxidations, giving isolable 17e species, or
they can lose X, giving intermediates (not isolated) which react either with
other added ligands, or with ligands present from complex degradation.

‘The purpose of this communication is to direct atiention to a type of
organometallic complex having a relatively electron-rich meta! center, and
to define various general reactions unique to these species.

Previous work in our group on isocyanide complexes of manganese and
chromium [1,2] showed that the ease of oxidation, measured electrochemically
as an E, value, is substantially dependent on the ligand groups attached to
the metal. For example, in the series [Mn(CO),_,(CNMe), 1" the values of Ei,
decreased by about 0.4 V on successive carbonyl substitution by the isocyanide.
This result can be equated qualitatively with the net donor characteristics (both
o and =) of the ligand; the effect of substitution of a better donor ligand,
CNMe, for a poorer one, CO, is to increase the metal electron density, which
in turn causes the metal to be more prone to loss of an electron. Theoretical
arguments have added some reassurence to this rationale [3].

In attempting to broaden somewhat a framework of reference in this
area, we have prepared various metal complexes of isocyanides, phosphines,
and of other ligands. Our initial interest was directed to the redox properties
of these complexes and to the isolation of products obtainable through one
electron oxidation. It may be observed that definite criteria seem to determine
whether this is possible [4]. However, as this work developed it became apparent
that other typical reactions of these complexes might also be formulated, and
our interest broadened to encompass other chemical reactions which might be
unique to these systems.

Data on electrochemical oxidations of 19 metal complexes with formulas
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C; H; FeL. X, MnL; X and RC; H; Mn(CO), _, L, were obtained using cyclic
voltammetry (Table 1). Since one of the concerns in this work was to deter-
mine the influence of various ligand groups, the ligands L. and X were varied,
L among phosphines, phosphites and isocyanides, X among several typical
groups including halogen, methyl, hydrogen and SnX, . Illustrative of this work
are the data on the Cs H; Fe(diphos)X complexes (Series a). Generally these
complexes are very easy to oxidize, the single exception observed here being
the complex having X = SnCl; which differs substantially from the other com-
plexes, presumably due to the electron-withdrawing capacity of the SnCl;
group. Otherwise the order of ease of oxidation is anticipated, with the com-
pounds for which X = CH; and H being easiest to oxidize, the halide com-
plexes less so. It is interesting to note that the Ei; values for the halide com-
plexes are quite similar, though their order is reversed from that predicted

by electronegativity considerations. This result was also observed in the
[Cr(CO) X] series [5].

The influence of the ligand L can be seen upon comparison of the Ei,
values for C; H; Fe(diphos)l, C; H; Fe[P(OPh); 1,1, and Cs H; Fe(CNPh). I,
which increase in the order 0.15, 0.57 (poorly defined) and 0.58 V. The iso-
cyanide and phosphite ligands are clearly lesser donors of electron density to
the metal than is the phosphine ligand. A comparison between two phosphine
lisands is also seen with Cs H; Mn(CO)(diphos), Ei; = —0.05 V, and
CsH, Mn(CO)(PPh; )., Eiz = —0.09 V; the latter complex is slightly easier
to oxidize, though the difference is small.

The electrochemical data indicate that the phosphine complexes should
be readily oxidized; indeed, this was often found to be the case, with AgPF,
in acetone being an appropriate chemical oxidant, silver metal being deposited
(eqns. 1,2).

C; H; Fe(diphos)X + AgPF, — [CsH; Fe(diphos)X]|PF, + Ag (1)
(X =Cl, Br, I, CH;, SnMe;)
RC; H, Mn(CO)(diphos) + AgPF, — [RC; H, Mn(CO)diphos]PF, + Ag (2)

The products, crystalline solids, were isolated in good yields (50%) using standard
techniques. They ate paramagnetic, with magnetic moments corresponding to
one unpaired electron.

Considerably higher resistance to oxidation of the isocyanide and phosphite
complexes was suggested by the electrochemical data. Oxidation of these
species was generally not possible using AgPF, ; however in one instance, use
of the stronger oxicdizing agent NOPF, [6] leads to a 17e species (egn. 3).

Cs H; Fe[P(OPh); 1.1+ NOPFs — [C;H;Fe{P(OPh);}.[]1PF, + NO (3)

There were certain instances, however, where anticipated oxidation reac-
tions were not observed. The attempted oxidation of Mn(CNPh); X species,
which were predicted by the Ei. values to be easy, and the oxidations of
Mn(CNPh), (CO)I, CpFe(CNPh), 1 and CpFe(CO)(CNPh)I, which should be
somewhat more difficult, are noted. In each instance the only reaction occurr-
ing on attempted oxidation was halide ion replacement by an isocyanide
ligand. The Ag" assisted loss of an X~ ion from these complexes is clearly facile;
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it must occur at a rate greater than the rate of electron transfer. It is quite
possible that halide loss is promoted by the high electron density of the metal.
The resulting intermediate, probably complexed by the solvent, rapidly adds
free ligand which is present from the degradation of this intermediate species
in the reaction.

These observations suggest application of these methods for the syntheses
of new mixed ligand complezes. We have carried out reactions of AgPFs with
Mn(CNPh);s Cl and with Mn(CNPh), (CO)CI in liquid MeNC. These reactions
occur readily with specific formations of [Mn(CNPh); (CNMe)] PF, and cis-
[Mn{CNPh), (CO)(CNMe)]PF, (egn. 4,5) in high yields.

CNM
Mn(CNPh) Cl + AgPF, ——3 [Mn(CNPh), (CNMe)]PF, + AgCl (4)

Mn(CNPh)s (CO)CI + AgPFs % [Mn(CNPh)s (CO)(CNMe)1PF, + AgCl
(3)
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