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A Novel Tetra Nuclear Ruthenium Complex Containing Deltoid Core Topology, [Ruy(it;-0):13+,
Incorporating Simultaneous O,0- and y-C Bonded Bridging Acetylacetone Units

Junpei Shono, Yukie Nimura, Takeshi Hashimoto, and Kunio Shimizu*
Department of Chemistry, Faculty of Science and Technology, Sophia University, 7-1 Kioicho, Chiyoda-ku, Tokyo 102-8554

(Received July 20, 2004; CL-040841)

The reflux of mononuclear ruthenium precursor
[Ru(acac),(CH;CN),] (acac = acetylacetonate) in 2-methyl-
2-propanol formed the novel diamagnetic S-diketonato rutheni-
um tetranuclear complex [Ru(/t-acac),(i5-O),Rusz(acac)s] (1),
in which was contained the deltoid core, [Ru4(,u3—0)2]8+, con-
sisting of four ruthenium and two oxygen atoms. The complex
1 has been characterized on the basis of elemental analysis,
'"HNMR, structural and cyclic voltammetric analyses. The mo-
lecular structure of 1 showed that each ruthenium ion was bridg-
ed by two oxygen atoms and two ruthenium ions link to y-car-
bon on acetylacetonate coordinated to another ruthenium. The
cyclic voltammogram of 1 showed two reversible one-electron
oxidation peaks and an one-electron reduction peak correspond-
ing to the redox of [Ruy(i43-0),13* core.

The complex [Ru'(B-dik),(CH;CN),]' and [Ru(B-
dik),(CH3CN),]* % (B-dik = B-diketonate ion) are very useful
precursors for variety of novel reactions. These acetonitrile com-
plexes have been used to prepare several mono-, di-, tri-, and tet-
ranuclear complexes with {Ru(acac), } moieties:>* syntheses of
binuclear complexes using the substitution reactions of coordi-
nated acetonitriles on B-diketonato ruthenium complexes; syn-
theses of B-ketiminato ruthenium with the reaction in the several
kinds of ketones; the reactions of the coordinated acetonitriles on
B-diketonato ruthenium complexes to acetic acid. Recently, G.
K. Lahiri et al. have reported interesting symmetric triangular
mixed-valence triruthenium complexes containing ruthenium—
y-carbon on acetylacetonate ion bonding. In addition, several
papers relating to the multinuclear complexes bridged by transi-
tion metals®'° (thodium, iridium, platinum, and palladium) and
y-carbon on acetylacetonate have been reported. The tetranu-
clear complexes with {Fe;0,}3* core have been reported.'!
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Scheme 1. Formation of the complex 1.

The complex 1 has been synthesized from [Ru(acac),-
(CH3CN);] as shown in Scheme 1. In a typical experiment,
[Ru"(acac),(CH3CN),] (0.40 g, 1.0 mmol) was added to the sol-
vent (40 cm?) and the mixture was refluxed for 24 h. During the
course of the reflux, Ar was bubbled through the solution. The
color of the solution turned to dark brown from yellowish or-

ange. The solvent was then evaporated under vacuum and the
residue was chromatographed on a silica gel column. The four
(a green, two dark-, and a light-brown) main fractions were col-
lected with benzene—acetonitrile (2:1 v/v). The green fraction
was again chromatographed with benzene—acetonitrile (4:1
v/v). The solvent was evaporated to yield green [Ru(u-
acac),(3-0O);Ruz(acac)e] (1)."? Yield: 25mg (8.1% based on
Ru). The two dark-brown compounds (11%) were found to be
the isomers of 1 and the light brown compound (20%) found
to be [Ruz(acac)s(it3-O)] by FAB-mass spectrometry. The de-
tails of these compounds will be report separately.

The chemical shift of 1 in "THNMR was in the range from
5.30-1.85 ppm. This means that 1 is diamagnetic and that elec-
trons around ruthenium atoms in the [Ru4(;L3-O)2]SJr core are
delocalized.

Figure 1. Molecular structure of [Ru(u-acac),(i3-O):Rus-
(acac)s] (1). Selected bond lengths (A) and angles (°): Rul-
Ru2 = 3.0805(4), Rul-Ru3 = 3.3668(3), Rul-Ru4 = 3.3692(3),
Ru2-Ru3 = 3.6089(3), Ru2-Ru4 = 3.5891(4), Rul-Ol =
1.973(2), Rul-02 = 1.968(2), Ru2-01 = 1.973(2), Ru2-02 =
1.973(2), Ru3-0O1 = 1.911(2), Ru4-02 = 1.903(2), Ru4-C2 =
2.270(4), Ru3-C7 =2.271(3), Ru3-Rul-Ru4 = 135.36(1),
Ru3-Ru2-Ru4 = 119.93(1), Rul-Ru3-Ru2 = 52.27(1), Rul-
Ru4-Ru2 = 52.44(1).

The structure of 1 has been determined by single crystal X-
ray diffraction. The molecular structure and the important bond
lengths and bond angles are given in Figure 1.'* The [Ruy(tt;-
0),18* core has C, symmetry for Rul-Ru2 bond axis. The four
ruthenium atoms in the core lie at the corners of a “deltoid” (kite
shape), therefore Rul-Ru3 and Rul-Ru4 lengths are nearly the
same. The lengths of Ru2-Ru3 and Ru2-Ru4 are also the same.
The sum of the four angles in the ruthenium deltoid core is
360.00°. The fact means that the four ruthenium atoms are in
the same plane. Furthermore, the sum of the three Ru—O-Ru an-
gles around the j£;-0x0 atom is 359.49° for O1, and 359.59° for
0O2. Therefore the two (t5-0x0 atoms lie on the same plane of the
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deltoid consisting of the four ruthenium atoms. Two acac ions,
coordinated to Rul with two oxygen atoms, simultaneously link
to Ru3 and Ru4 atoms with -C on each acac, whereas y-C on
acac ions coordinated to Ru2 does not link Ru3 or Ru4 atom. It is
clear that the acac ions coordinating Rul are diketonic in form,
in which the y-C center should exhibit sp® hybridization. There-
fore the acac ions bridged with y-C take boat conformation. The
acac ions coordinated with Ru2, Ru3, and Ru4 are normal enolic
form and take planer conformation.
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Figure 2. Cyclic voltammograms of complex 1 in dichlorome-
thane solution containing 0.1 mol dm~3 tetrabuthylammonium per-
chlorate at 25 °C. The test electrode is a stationary platinum disk
(¢ = 1.6mm). The potentials are measured against Ag|AgCl
(3moldm~3 NaCl aq. solution). The concentrations of complex
1 are 0.5 mmol dm~3 and the potential scan rate is 0.1 Vs~

The cyclic voltammogram of 1 shown in Figure 2 showed
two oxidation peaks (Ej/2: —0.42 and 0.34 V) and one reduction
(Ey/2: —1.72V) peak. All peaks are corresponding to reversible
one-electron transfer processes. These electrode processes are
attributable to the redox of the ruthenium ions in the [Ru4(t5-
0),]%* core. The oxidation number of the four ruthenium ions
in the core formally could be represented as Ru(III), however,
because of higher electron density of ruthenium in the core,
the Ej,» of oxidation and reduction states are much shifted
to negative potential comparing with that of [Ru(acac);]
(oxidation: 0.60 V, reduction: —1.16V).? The large separation
in potential (0.76 V) between the first and second oxidation
processes is indicative of the strong electronic coupling between
the ruthenium ions in [Ruy(it5-0),]°F state through the bridging
function.

For the delocalization of electrons in the core, ruthenium ion
corresponding to the oxidation and reduction could not be decid-
ed. Consequently, the observed peaks are assigned to stepwise
electron-transfer processes involving the overall [Rus(us-
0),]1%* core. Lahiri et al. have also reported [Rus(jt5-S)]®* core
in which the ruthenium centers are strongly coupled in the
mixed-valence states.® The diamagnetic properties of 1 can be
explained as shown in electronic state for [Ru3(,u,3—S)]6+.
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