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The structure of a neutral five-coordinated organoruthe-
nium(0) complex [(©6-C6Me6)Ru0(bpy)] (1, bpy: 2,2¤-bipyr-
idine) was determined by X-ray diffraction analysis. The
solvent-induced reversible color change based on the intercon-
version between the purple Ru0 complex 1 and a yellow RuII
hydride complex [(©6-C6Me6)RuII(bpy)H]+ is presented.

Five-coordinated d8 metal complexes of the general com-
position [(³-arene)M(¡-diimine)]n (M = Ru0, Os0, RhI, IrI, etc.;
n: charge of the complex) have received a great deal of attention
because of their unique electronic structures and reactivities
(Figure 1a).1,2 For instance, the neutral IrI complex [(©5-
C5Me5)IrI(bpy)] (bpy: 2,2¤-bipyridine) is known as a key
intermediate in photocatalytic reactions.1c,2 However, the studies
on the five-coordinated d8 metal complexes are limited because
of their troublesome synthesis and instability.

With regard to the neutral Ru0 complex [(©6-C6Me6)-
Ru0(bpy)] (1), the isolation and preliminary characterization
were reported by Kaim and co-workers in 1994.3 However, this
attractive complex has not been further characterized including

X-ray diffraction analysis. During our study, we have success-
fully determined the X-ray structure of 1. Furthermore, we have
intriguingly found that, by dissolving 1 in MeOH, the purple
Ru0 complex 1 converts to a known yellow RuIIhydride
complex [(©6-C6Me6)RuII(bpy)H]+ (2).4 Removal of the solvent
(MeOH) in vacuo leads to regeneration of 1 (Figure 1b). Herein
we report the X-ray structure of 1 and unique solvatochromism
between 1 and 2.

The neutral five-coordinated Ru0 complex 1 was prepared by
a modified literature method via reduction of the RuIIchloro
complex [(©6-C6Me6)RuII(bpy)Cl](Cl)5 with sodium metal in
THF at room temperature.6 Whereas X-ray structures of an
anionic Ru0 complex and neutral Fe0, CoI, and IrI complexes for
the five-coordinated d8 metal complexes are known,1 to the best of
our knowledge, no X-ray structures of the corresponding neutral
Ru0 complexes have been reported so far. Fortunately, purple
crystals of the neutralRu0 complex 1 suitable for X-ray diffraction
analysis were grown from a saturated THF solution at ¹20 °C.

The structure of 1 is depicted in Figure 2, along with
selected interatomic data.6,7 The Ru0 atom of 1 has a five-
coordinate environment. The RuC(©6-C6Me6)ring and RuN
distances are 2.230(6)(av.) and 2.022(2)(av.)¡, respectively. The
Ru1N1C17, Ru1N2C18, and N1Ru1N2 angles are
117.3(3), 116.8(3) and 77.68(17)°, respectively. The interplanar
angle between the plane containing N1, Ru1, and N2 and the

Figure 1. (a) Typical five-coordinated d8 metal complexes,
[(³-arene)M(¡-diimine)]n. (b) Solvent-induced reversible con-
version between the neutral Ru0 complex 1 and the cationic
RuIIhydride complex 2.

Figure 2. ORTEP drawing of 1 with 50% probability
ellipsoids. Front view (left) and top view (right). Hydrogen
atoms are omitted for clarity. Selected bond lengths (¡) and
angles (deg): Ru1C(©6-C6Me6)ring average: 2.230(6), Ru1
C1 = 2.211(5), Ru1C2 = 2.225(6), Ru1C3 = 2.242(5), Ru1
C4 = 2.236(5), Ru1C5 = 2.235(5), Ru1C6 = 2.232(6), Ru1
N1 = 2.024(4), Ru1N2 = 2.020(4), C17C18 = 1.399(7),
Ru1N1C17 = 117.3(3), Ru1N2C18 = 116.8(3), N1Ru1
N2 = 77.68(17), N1C17C18N2 = 3.4(6).
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(C6Me6)ring plane is 89.76°. These structural features, except for
the RuCring distance, are similar to those found in the anionic
Ru0 complex [(©5-C5Me5)Ru0(bpy)]¹ which has RuC(©5-
C5Me5)ring distance of 2.161(7)(av.)¡.1a Notably, the coordinated
bpy in 1 has a short CC bond length of 1.399(7)¡ between the
pyridine moieties,8 which is structural evidence for the ligand
(bpy) reduction found in the structurally related [(©5-C5Me5)-
Ru0(bpy)]¹ (1.413(1) and 1.401(9)¡),1a [(©5-C5Me5)CoI(bpy)]
(1.419(3)¡),1b and [(©6-C6H4CH3)Fe0(bpy)] (1.417(3)¡).1e

Figure 3 displays the UVvisNIR absorption spectra of
1 (2.38 © 10¹4M) in THF, MeOH, and THFMeOH mixed
solvents with various THF/MeOH ratios (3/1, 3/5, and 1/3),
together with photographs of the solutions (2.38 © 10¹4M). The
color of 1 in THF, benzene, and toluene is purple which is the
same color of 1 in the solid state (Figure S1).6 Intriguingly, the
color of 1 changes from purple to yellow on dissolving in
MeOH. In order to find out the mechanism of this observation,
the yellow solution was characterized by 1HNMR and UVvis
NIR spectroscopy. As a result, it was found that the yellow color
comes from the formation of the RuIIhydride complex 2 in
MeOH (Figure S2).4,6 Removal of the solvent (MeOH) in vacuo
leads to the purple solid of 1 being reformed. The color of the
solution reversibly changes with changing the ratio of THF/
MeOH. Thus, the solvatochromism based on the reversible
conversion between the purple Ru0 complex 1 and the yellow
RuIIhydride complex 2 was observed.9 This is a unique
example for inorganic solvatochromism, since the solvatochrom-
ism of transition-metal complexes usually results from (i)
coordination by the solvent onto the reactive metal center or (ii)
interaction of the solvent with the ligand.10

It is noteworthy that the color of 1 (2.38 © 10¹4M) in EtOH
is not yellow but red: the UVvisNIR spectrum of 1 in EtOH
(¾ = 9200 at 482 nm) is similar to that of 1 in THF/MeOH =
3/5 (¾ = 10000 at 484 nm) (Figure S3).6 This can be explained
by the proton donor ability of the solvent: the pKa values
of MeOH and EtOH are 15.5 and 15.9, respectively.11 As a
consequence, an equilibrium between purple 1 and yellow 2 in
EtOH more inclines toward 1 than that in MeOH, which shows

red color.12 Thus, in the solvatochromic system of 1, the pKa

value of the solvent is one of the crucial factors to decide the
color of the solution.

In conclusion, we have structurally characterized the neutral
five-coordinated Ru0 complex. This study constitutes the first
X-ray structural determination of a [(©6-C6Me6)Ru0(¡-diimine)]
complex. In addition, we have demonstrated the unique
solvatochromism based on the reversible conversion between
Ru0 and RuIIhydride complexes. Stimuli-responsive com-
pounds are of interest in wide areas of chemistry. We believe
that our findings offer attractive new insight into the construction
of novel switching devices, materials, and catalysts by organo-
metallic compounds.
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