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It has been known for many years that dinuclear compounds of Scheme 1

the paddlewheel structure show a remarkable richness in their

electrochemistry, and it is not unusual to find one or two redox
wavest For many of these dimetal units, however, the isolation of
the oxidized M>" or M,%* has been challenging. For example, in
the case of the well-studied quadruply bonded dimolybdenum
carboxylates, it was only recently that the first structures of one
electron oxidation products were reporfed.

It is also well established that some electron rick*Munits
such as Bt (with no metat-metal bond) can be oxidized to,ft.
The removal of the two antibonding electrons gives rise to a
diplatinum unit with a singler bond. Recently, the first paddlewheel
compound with the singly bonded $£d unit was also synthesized
in our laboratory? In our earlier work, we also prepared the only
known Nip®t paddlewheel complex, NDTolF),BF, (DTolF =
N,N'-di- p-tolylformamidinate), which has a bond order of &.Bhis
compound was generated by the reaction of AgBRd Np-
(DTolF),, the latter having two noninteracting square-plandt Ni
atoms. Upon oxidation, the NiNi separation of 2.485(2) A
decreases to 2.418(4) A.

We have recently extended our research on compounds with

metak-metal bonds to include linear trimetélunits, and com-
pounds with higher nuclearityespecially the electrochemistry and
chemical oxidation of the trichromium compouridahich were
discovered in this laboratory, and the tricoBalbmpounds. We
now turn our attention to trinickel compounds.

The compound N{dpa),Cl; (1, dpa= di-2,2-pyridylamide) was
first synthesized in 1968, but its structure remained a mystery

CI—Ni  Ni

to be clarified. We previously pointed out the inapplicability of

a delocalized MO electronic structure fay and by an obvious
extension for any of the Nispeciesif =3, 5, 7, 9, ...), because it
would predict that they would all have diamagnetic ground states.
In fact, they all have a pair of antiferromagnetically coupled high-
spin Ni' ions at the end%!

Since we have found in the past that we could oxidize dinickel
units with formamidinate ligandswe therefore suspected that one-
electron oxidation of Njdpa)Cl, could be possible, and might
yield oxidized products with net three-center metaletal bonding.
Here we report the oxidation of pdpa)Cl, to Nis(dpay(PFs)s
(2) (eq 1), the crystal structure &5CH,Cl,, and the magnetic
properties of this compound.

Ni,(dpa),Cl, + 3AgPR, — Niy(dpa)(PF); + 2AgCI+ Ag (1)

A cyclic voltammogrart (Figure S1) shows thdt has only a
single one-electron, reversible oxidation/reduction wave;gt=
0.908 V (vs the Ag/AgCl reference). Though the potential is high,
it is not out of the range of common oxidadtsand it was found
that AgPF is a suitable reagent. Three equivalents of"Aaye
necessary to obtain the desired product: 2 equiv to remove the
axial chloride ligands and 1 equiv to perform the oxidation.

until 23 years later when it was shown to be that depicted in Scheme  Although the dark blue compouriwas isolated in 62% yield,
1111t has subsequently been found that dipyridylamido complexes it is unstable, quickly decomposing in solution at room temperature.

of other metals also adopt this structéfeEven though this
compound was the first known of its type, its chemistry has been
relatively unexplored.

Our original study?® of 1 showed the compound to be paramag-
netic, the terminal five-coordinate WNiatoms each having two
unpaired electrons. Also, we concluded that there is no formal
metak-metal bonding, even though the ‘NNi separations are
relatively short {-2.43 A). In this connection it is important to

Because of this, we have so far been unable to obtain its electronic
spectrum or EPR spectrum. The solid is easier to handle, and we
were able to perform an X-ray crystal structure determination

a single crystal of the compound, as well as a measurement of the
temperature dependence of the magnetic susceptibility of a bulk
sampleté

The structure o2 is shown in Figure 1. There are a pair of

independent molecules, each on a position of 2-fold symmetry. The

mention the extensive work of Peng and co-workers, who have asymmetric unit thus consists of two unconnected halves of the
prepared homologous nickel compounds with five, seven, and nine molecule and five molecules of dichloromethane. For eacfi*Ni

nickel atoms in a linear array. Their results abundantly support
our view that there is an absence of net-Nii bonding but an

unit there are two Rf anions occupying axial positions and having
weak Ni-F interactions (Ni--F distances are over 2.4 A). The

antiferromagnetic coupling of the magnetic moments on the terminal most arresting feature of the structure is the extremely shott Ni
Ni atoms, though exactly how this coupling is accomplished remains Ni distance of 2.283[1] A, compared to ca. 2.43 Alin

It is useful here to compare the geometry2ab that of1. Our

*To whom correspondence should be addressed. E-mail: cotton@tamu.edu earlier report of compound. gives the relevant data for that
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compound:® The most striking difference is the change in-\Wi
distances. In compourft] the Ni—Ni distances are shorter by 0.16
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Figure 1. Perspective view of one of the two crystallographically
independent N{dpa)3* cations with thermal ellipsoids drawn at 30%
probability. The bold bonds were drawn to aid visualization. The hydrogen
atoms, counterions, and solvent molecules are omitted for clarity. Relevant
bond distances: NiNi 2.284[1] A, outer Ni-N 1.927[5] A, inner Ni-N
1.881[5] A. Overall torsion angle 46.1

A, clearly indicative of the formation of a partial nickehickel
bond. Also, the outer NiN distances are shorter &) due to the
stronger attraction of the ligand to the highly positive/Nicore.
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The central Ni-N distances are only0.05 A shorter than the outer
Ni—N distances, as compared to th€.22 A difference inl.
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(20) It might very reasonably be expected, by analogy with extended poly-
unsaturated organic molecules (e.g., polyenes, polyynes, polyphenylens),
that as the NP™* chains become longer, they become easier to oxidize.

If this is true, the polynickel molecules and their cations would be more

and more useful as conductors and diodes. See for example: Heinze, J.;
Tschunky, P. IrElectronic Materials: The Oligomer ApproacMiillen,
K., Wegner, G., Eds.; Wiley-VCH: New York, 1998; pp 47914.
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