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In our previous paper, we reported a diruthenium complex
bearing a bridging amidinate ligand in an unusual bonding mode.1

Bridging amidinates, of which each nitrogen atom is bound to a
different metal center, have been well investigated for their effective
stabilization of a wide variety of dinuclear transition metal
complexes.2,3 In these complexes, the bridging amidinate ligand is
located parallel to the metal-metal bond.3 In sharp contrast, the
bridging amidinate in our novel complex is perpendicular to the
metal-metal axis, in which one ruthenium center bonds with two
nitrogen atoms, whereas the other ruthenium atom is bound to the
face of the amidinate ligand in theπ-allyl-like coordination mode.1

Of keen interest in this new bonding mode is how effectively the
bridging amidinate can stabilize the dinuclear framework. If it is
effective, our novel complex would be a good starting point for
exploration of various organometallic reactions of the dinuclear
systems including catalysis.4,5 In this paper, we wish to report
synthesis of isolable yet highly reactive coordinatively unsaturated
diruthenium complexes, [(η5-C5Me5)Ru(µ2-iPrNC(Me)dNiPr)Ru-
(η5-C5Me5)]+ (2a-d) from [(η5-C5Me5)Ru(µ2-iPrNC(Me)dNiPr)-
Ru(Br)(η5-C5Me5)] (1). Of extreme importance in this outcome is
that the “perpendicularly coordinated” bridging amidinate ligand
in the new cationic compounds strongly binds the two metal centers
even in the reactive coordinatively unsaturated state,6,7 and thereby
addition of two electron donor ligands or bimetallic activation of
molecular hydrogen is actually achieved without decomposing the
dinuclear framework.

Treatment of1 with either AgBF4, AgPF6, AgSbF6, or NaB-
(C6F5)4 in CH2Cl2 for 1 h afforded the corresponding [(η5-C5-
Me5)Ru(µ2-iPrNC(Me)dNiPr)Ru(η5-C5Me5)]+(X)- (2a-d) in 75-
99% yield as shown in Scheme 1. The crystal structures of the PF6

(2a)8 and B(C6F5)4 (2d)8 derivatives clearly demonstrate that the
counteranions are outside of the coordination sphere. No coordinat-
ing solvent was visible. Thus, these compounds are coordinatively
unsaturated in the solid states. Representing this, the ORTEP
drawing of2d is shown in Figure 1. The compounds have aCs-
symmetric structure with a mirror plane including centers of two
C5Me5 ligands, Ru1, Ru2, and C1 and its adjacent methyl carbon.
The Ru1-Ru2 distance in each complex is in the range of 2.91(
0.01 Å, indicating the existence of a Ru-Ru single bond. Each of
the two Ru atoms is bonded to both of two nitrogen atoms, and
there is a relatively long Ru2-C1 bond (2.17-2.19 Å). This
coordination mode of the bridging amidinate ligand is similar to1
having a Ru-Br bond; however, the longer Ru2-C1 bond distance
(1: Ru2-C1 ) 2.104(4) Å)1 and largerθ3 angle indicate weaker
π-coordination of the bridging amidinate ligand.

Variable-temperature1H NMR spectra of2a-d in CD2Cl2
showed that two C5Me5 groups were visible as a sharp singlet,

whereas four methyl moieties of the isopropyl substituent of the
bridging amidinate group were magnetically equivalent to give a
sharp doublet in the temperature range from-80 to 35°C. This is
in sharp contrast to the fact that theCs-symmetric structure of1,
which is supported by crystallography, provided two singlets and
two doublets due to the C5Me5 and methyl moieties of the isopropyl
groups in theµ2-amidinate group. A singlet for C5Me5, as well as
one doublet for the isopropyl group in the NMR down to-80 °C,
indicates rapid motion (time averagedC2V structure) of the amidinate
ligand in 2 in solution. In other words, replacement of the
coordinating Br atom in1 by other counteranions resulted in
formation of cationic species shown inA of Scheme 1, which are
interconverted withB in CD2Cl2. This interconversion is very rapid
in the NMR time scale to provide the spectra suggesting formally
C2V-symmetric structures.9

Isolation of coordinatively unsaturated diruthenium complexes
stimulated us to explore reactivity of these compounds with various
substrates. The complex2d instantly reacted with CO (1 atm) or
isonitriles in CH2Cl2 to give the corresponding adducts quantita-
tively. Striking evidence showing the coordinatively unsaturated
nature of these complexes is successful oxidative addition of H2.

Chart 1

Scheme 1

Figure 1. The ORTEP drawings of2d with thermal ellipsoids drawn at
the 50% probability level. The B(C6F5)4 anion is omitted for clarity.θ1, θ2,
and θ3 shown in the figure and the table in the inset are torsion angles
(deg). Representative bond distances (Å) are as follows.2d: Ru1-Ru2)
2.9198(3), Ru1-N1 ) 2.097(3), Ru1-N2 ) 2.098(3), Ru2-N1 ) 2.101-
(3), Ru2-N2 ) 2.119(3), Ru2-C1 ) 2.173(3), N1-C1 ) 1.387(4), N2-
C1 ) 1.387(4).
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In a typical example, treatment of2d with H2 (1 atm) in CH2Cl2
resulted in rapid color change of the solution from purple to yellow.
From the reaction mixture, the corresponding oxidative adduct5d
was isolated quantitatively. NMR spectra suggest theCs-symmetric
structure of5d, showing inequivalent C5Me5 groups and two sets
of signals due to the isopropyl groups of the bridging amidinate
ligand. Two Ru-H peaks were seen as sharp singlets atδ -5.60
and-7.77 ppm. TheT1 value of these two Ru-H signals at 293 K
was 4.060 (δ -5.60 ppm) and 2.854 s (δ -7.77 ppm), suggesting
that these are not nonclassical hydrides.10 The IR spectrum of5d
showed aνRu-H absorption at 1956 cm-1. These assignments were
supported by2H NMR spectra of5d-d2, which was synthesized
from 2d with D2, showing Ru-D signals atδ -5.44 and-7.72
ppm. The IR spectrum of5d-d2 resulted in the disappearance of
the absorption at 1956 cm-1 by the isotopic shift. TheCs-symmetric
diruthenium dihydride structure was proved by crystallographic
analysis of5d,11 in which arrangement of the C5Me5 groups and
the bridging amidinate are similar to those seen in2d. Of particular
interest is that one hydride is located at the terminal position,
whereas the other bridges the Ru-Ru bond. The terminal hydride
is in the trans position to the bridging hydride as shown in Figure
2. The existence of the bridging hydride caused the relatively short
Ru-Ru bond (2.7741(4) Å), which is 0.15 Å shorter than that of
2d.

In summary, we have accomplished the preparation of isolable
yet highly reactive “cationic coordinatively unsaturated” diruthe-
nium compounds bearing a bridging amidinate ligand and weakly
coordinating counteranions,12 which is a rare example of dinuclear
coordinatively unsaturated compounds.13 The µ2-amidinate ligand
in the unusual coordination mode compared with other dinuclear
transition amidinates plays an essential role in stabilizing the co-
ordinatively unsaturated bimetallic centers, though further investiga-
tion is required to clarify how the perpendicularµ2-amidinate ligand
stabilizes the bimetallic moiety in the coordinatively unsaturated
state. We believe that these results are an important clue to the
development of new reactions and catalysis of diruthenium com-
pounds involving activation of various substrates by coordinatively
unsaturated organodiruthenium species, and further investigation
on the reactivity of these new compounds is actively in progress.
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Figure 2. The ORTEP drawing of5d with the thermal ellipsoid drawn at
the 50% probability level. The B(C6F5)4 anion is omitted for clarity.
Representative bond distances (Å) are as follows. Ru1-Ru2) 2.7741(4),
Ru1-N1 ) 2.105(3), Ru1-N2 ) 2.098(3), Ru1-H1 ) 1.59(5), Ru1-H2
) 1.86(5), Ru2-H2 ) 1.68(5), Ru2-N1 ) 2.135(3), Ru2-N2 ) 2.144-
(3), Ru2-C1 ) 2.113(3), N1-C1 ) 1.380(4), N2-C1 ) 1.384(4).
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