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Amido and imido complexes of low-valent late transition metals
have received considerable study recently,1 primarily because of
their implication in many important catalytic processes.2,3 Extensive
studies on isolable amido and imido complexes of group 8-10
metals have revealed diverse reactivities of such M-N bonds,
including insertion and metallcyclization with unsaturated C-C and
C-X bonds,2c,4,5C-N bond-forming reductive elimination,6 imido
group transfer,7 and activation of H-H and C-H bonds.8,9 Still,
relatively little is known about how such ligands are incorporated
into chemical reactions when they are bound to multimetallic
centers,10 even though such polynuclear amido- and imidometal
species have been invoked in certain catalytic systems3 and offer
considerable prospect for new reaction sequences. In this context,
the dimeric Ru(II) anilido complex [Cp*Ru(µ2-NHPh)]2 (1; Cp*
) η5-C5Me5)11 originally reported by Don Tilley et al. is of
particular interest, since it contains two adjacent 16e Ru centers
that are not stabilized by additionalπ-donation from the amido
ligands as has been seen in many other 16e amido complexes12

and, therefore, is expected to show exceptionally high reactivity.
However, reactivity of1 remains almost unexplored. Here we wish
to describe reactions of1 with CO, t-butyl isocyanide, a sulfur ylide
Ph2SdCH2, and diphenylacetylene, which proceeded with an
unexpected disproportionation of theµ2-anilido ligands to form free
aniline and a series of new imidodiruthenium complexes. In the
case of diphenylacetylene, the imido fragment underwent subse-
quent coupling reaction with the alkyne to produce an iminoalkenyl
complex.

The chemistry we have observed is summarized in Scheme 1.
Addition of 1.5 equiv of CO into a THF solution of1 resulted in

the formation of the imido carbonyl complex3 with elimination of
1 equiv of aniline. A small amount of Ru(I) carbonyl complex
[Cp*Ru(CO)2]2 was also formed in this reaction. Complex3 was
isolated as red plates in 63% yield after recrystallization from
hexanes and has been characterized by1H NMR and IR spectros-
copy, elemental analysis, and single-crystal X-ray diffraction
(Scheme 1). Noteworthy aspects of the structure include the
presence of two five-coordinate Ru atoms, a very short Ru-Ru
distance (2.6013(9) Å), and aµ2-imido moiety that is planar at
nitrogen and exhibits very short Ru-N bond lengths (1.878 Å
(mean)).13 Existence of a Ru-Ru multiple bond is suggested by
electron counting and the short Ru-Ru distance that is close to
those of some other compounds with RudRu double bonds (2.417-
2.629 Å).14 Orbital analysis of a DFT-B3PW91 optimized model
compound [(CpRu)2(µ2-CO)(µ2-NH)] (3′) has provided insights into
the Ru-Ru bond in3. Although the first six of HOMOs of3′ are
predominantly metal-based orbitals and constitute a formally
nonbondedσ2σ*2δ4δ*4 configuration, the multiple bond order
between the Ru atoms can be rationalized by back-donation from
the filled Ru-Ru σ* orbital into a π* orbital of the CO ligand,15

and by donation from the imido and CO ligands into empty Ru-
Ru π-bonding orbitals.16

An intermediate in the above transformation was detected
spectroscopically during the course of the reaction (Scheme 2). This

species could not be isolated, but its formulation as aµ2-carbonyl
adduct of1, [(Cp*Ru)2(µ2-CO)(µ2-NHPh)2] (2), is supported by
its 1H and 13C{1H} NMR, IR, and FAB-MS spectra. Complex2
cleanly afforded3 and aniline within 15 h at room temperature.
The reverse reaction, addition of aniline to the imido complex3,
did proceed and gave2 although the conversion was very low (ca.
1% in the presence of 20 equiv of aniline). Since2 is a
coordinatively saturated species, dissociation of a Ru-N bond in
2 would be a facile process. This generates a basic terminal amido
ligand capable of deprotonating the bridging amido ligand to form
the imido complex3 (Scheme 2). The disproportionation of amido
ligands into amine and an imido ligand has been observed in some
monomeric poly(amido) complexes and has been recognized as a
useful method for the generation of reactive low-coordinate
imidometal species.17 However, such a reaction is unprecedented
for bridging amido systems.

Treatment of1 with 1 equiv oftert-butyl isocyanide or a sulfur
ylide Ph2SdCH2

18 afforded analogous dinuclear imido complexes
4 (40%) and5 (81%) containingµ2-isocyanide orµ2-methylene
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ligands, respectively (Scheme 1), whose structures were also
determined by X-ray crystallography. While complexes3-5 show
quite similar overall structures, the Ru-Ru distances vary in the
order 5 (2.5728(11) Å)< 3 (2.6013(9) Å)< 4 (2.6594(5) Å),19

with decrease in theπ-acceptor strength of the bridging ligands
CH2 > CO > t-BuNC. This trend is consistent with the above MO
consideration, which concluded that back-bonding to the bridging
π-acid ligands is crucial in the formation of the Ru-Ru bond. The
methylene derivative5 represents, to our knowledge, the first late
transition-metal complex containing imido and carbene ligands.

The new imidodiruthenium fragment{(Cp*Ru)2(µ2-NPh)} de-
rived from1 can not only bind various organic ligands as described
above, but also induce subsequent transformation at the bimetallic
center. Thus, treatment of the bis(amido) complex1 with diphen-
ylacetylene resulted in the formation of a dinuclear iminoalkenyl
complex [(Cp*Ru)2(µ2-η3:η3-PhNCPhCPh)] (6) with elimination of
1 equiv of aniline (Scheme 1).20 Complex6 was isolated in 53%
yield as dark red prisms and has been characterized by spectro-
scopic, analytical, and crystallographic methods. The molecule
contains a crystallographicC2 axis passing through the central
iminoalkenyl carbon atom. This makes the terminal iminoalkenyl
carbon and nitrogen atoms symmetrically related to each other, and
the C-C and C-N bond lengths in the iminoalkenyl moiety are
essentially identical (1.439(5) Å). The iminoalkenyl ligand isη3-
bonded to each of the Ru atoms. The Ru-C bond length for the
central carbon atom is 2.259(5) Å, which is longer than the Ru-C
and Ru-N bond lengths for the terminal carbon and nitrogen atoms
(2.016(3), 2.066(3) Å). Complex6 was most likely formed by
coupling of the imido and alkyne ligands via a transientµ2-imido
µ2-η2:η2-alkyne complex [(Cp*Ru)2(µ2-NPh)(µ2-η2:η2-PhCCPh)]
(6′). This assumption is reinforced by the reaction of the isolated
imido isocyanide complex4 with diphenylacetylene, which also
afforded6 with liberation of the isocyanide ligand (Scheme 1). The
coupling reaction between imido and alkyne ligands is relevant to
catalytic hydroamination and has been well-established for mono-
nuclear terminal imido derivatives of group 4 metals.21 However,
such a reaction is uncommon for late transition-metal complexes5a

and has rarely been observed for polynuclear imido complexes
where imido ligands tend to be stabilized by bridging coordination.10b

In summary, we have demonstrated that the dimeric Ru(II)
anilido complex1 serves as an excellent precursor for a new
dinuclear imidoruthenium fragment{(Cp*Ru)2(µ2-NPh)} that is
capable of binding various organic ligands and promoting C-N
bond formation with alkyne. The results disclosed here would
broaden the scope of the reactions of bridging amido and imido
complexes. Further studies on the reactivity of1 and the new
complexes3-6 are now in progress.
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