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A novel oxalate-bridged binuclear ruthenium(IIl) complex,
[{Ru(acac),},(u-0x)] (acac™ = acetylacetonate and ox>~ =
oxalate), has been prepared via self-dimerization of K[Ru-
(acac)y(0x)] in aqueous solutions containing ferric salts as
catalyst. The Ru,™! mixed-valence species generated electro-
chemically with K, = 1030 for the comproportionation constant
exhibits a weak intervalence charge transfer (IVCT) band at
1430 nm. The IR spectra from spectroelectrochemistry indicate a
partially localized mixed-valence state (Class II-III behavior).

Bimetallic oxalato complexes {[M"™™(0x)3]7}, (ox>~ =
oxalate dianion, M = Mn, Fe, Co, Ni, or Cuand M"' = Cr, Fe, or
Ru) have attracted much attention recently, because these
complexes form two- and three-dimensional networks which
behave as ferro-, ferri-, or canted antiferromagnets.l Homo- and
heterometallic oxalate-bridged binuclear complexes of transition
metals such as Cr, Mn, Fe, Co, Ni, or Cu, have also been prepared
in order to elucidate basic magnetic interactions between metals.?
Spectroelectrochemistry of binuclear complexes can also provide
information on the electronic communication between metals,
however, to the authors’ knowledge, there has not yet been a
report of such a study on oxalate-bridged metal complexes.
Furthermore, the number of studies on the synthesis of discrete
oxalate-bridged diruthenium complexes is still limited. There
have been a few examples: [{Ru''(py)s}>(n-0x)](BF4)2> (py =
pyridine), [{(n*1*-CioHe)Rul Cl}2(-0x)1, and [{RuX(n®-p-
Pr'Ce¢HyMe)}, (u-0x)]" (X = CI, n = 0; X = PPhs, n = 2+4)°.
Herein we report the synthesis of the novel oxalate-bridged
binuclear ruthenium(IIl) complex, [{Ru(acac),},(u-ox)] (1,
acac” = acetylacetonate) and the spectroelectrochemical char-
acterization of the redox system 1%/~

Complex 1 has been prepared by the self-dimerization
reaction of K[Ru(acac),(0x)] (2) in aqueous solutions containing
ferric ions as catalyst. Thus, to an aqueous solution (2cm?) of
Fe;(S04)3-nH,0 (80mg, ca. 0.14mmol) was added 2-H,0°
(500 mg, 1.13 mmol). The solution was stirred in the dark at room
temperature for 4 days. The dark purple-red precipitate was
collected by filtration with a glass filter, washed with water and
ethanol, and dried in vacuo (300 mg, 77% yield).7

Complex 1 was readily prepared by the self-dimerization
reaction of 2 using FeCls or Fe(NO3); instead of Fe,(SO4); in
similar yields. However, we could not obtain 1 by other, more
conventional methods: i) reaction of [Ru(acac)s;] with Hyox in
water-acetonitrile mixture gave only the starting complex, ii)

reaction of cis-[Ru(acac),(CH3CN),]CF3S05® (3) with K,o0x in
water—acetonitrile gave no precipitate, iii) reaction of 3 with 2 in
aqueous solution for two weeks and iv) a self-dimerization reac-
tion of 2 in acidic aqueous solution (pH ca.2) without ferric ion
gave 1 in poor yields, respectively (7% at most). The following
speculative reaction scheme can be written with the formation of a
heterobinuclear complex as an intermediate, which would then
dissociate to a solvent-coordinated ruthenium(IIl) species and
oxalato iron(IIl). The solvent-coordinated species would react
with the starting complex 2 to form binuclear 1. In some cases the
yield of 1 was more than six times of the molar ratio of ferric ion to
2, indicating that the main catalytic species would be the aqua
iron(III) ion rather than an oxalato iron(II) species.

_ . o
0~_.=0 0
~cF Fe3* /O‘}‘C,(’ \ . H' S
LzRu\ [ — |LRd Fe
O/C§O \O’}CQO/
T s1" Ho ol
=
/ \C/ \ 3+
L2Ru\ + | Fe [LoRu(u-0x)Ruly]

[Ruly(ox)]  Fe>*+ Hyox or Fe(ox)*

L = acac, S = solvent

The IR spectrum (KBr) of 1 shows the characteristic bands of
the bis-bidentate Dy, oxalato bridge: 1633 cm™! for v,,(CO) and
810cm™! for §(OCO). The EI-MS spectrum exhibits the parent
peak of 1 at m/z = 687 and a major peak at 300 corresponding to
the [Ru(acac),]* fragment. The "H NMR spectrum of 1in CDCl;
at room temperature shows paramagnetic shifts and three couples
of broad singlet peaks, at —54.4 and —53.0ppm for CH, at
—22.66 and —22.28ppm for methyl, and —16.39 and
—15.75 ppm for methyl groups, caused by the mixture of two
diastereomers: meso (Cyp) and racemic (D;) forms. Component 1
is EPR silent down to 4 K in the solid state and in frozen CH,Cl,
solution, suggesting antiferromagnetic coupling as favored by the
assumed coplanar conformation and short metal-metal distance
of about 5.5A.2* The cyclic voltammogram of 1 in 0.1 M (n-
C4Hg)4NBF;—CH,Cl, (M = mol dm~>) on a Pt disk electrode at
20°C shows two consecutive Nernstian one-electron reduction
waves at —1.00V and at —1.30V (vs Fct/Fc).® These steps
correspond to the Ru/Ru" couple, that is, the first reduction step
leads to the Ru, ™ mixed-valence species and the second one to
the Ru,™! isovalent form. The comproportionation constant
K, = 10%0 was calculated from the difference of the formal
potentials between the first and the second reduction step
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Figure 1. IR spectroscopic changes from spectroelectrochem-
istry of 1" in 0.1 M (n-C4Hog)4NPF¢—CH,Cl, at 20°C: n = 0 to
—1(a);n=—1to =2 (b).

(AE° =0.30V).'° The value of K. for 1 is larger than those
(10>7738) for oxalate-bridged dinickel(II,II) complexes with
azacyclam,!! but is smaller than the K, = 108> for the corre-
sponding diiron(ITT,IT) complex, [{Fe(acac),},(u-0x)]."?

The UV-vis—-NIR spectroscopic changes from spectro-
electrochemistry'® of 11~ in 0.1 M (n-C4Hy)4NPF¢—CH,Cl,
at 20°C show a weak IVCT band at A = 1430nm
(& =500M~"ecm™!) for the Ru,™" mixed-valent species in
addition to an MLCT (dg, — m*) band at 485 nm. Further
reduction to isovalent 12~ diminishes the IVCT band and shifts
the MLCT band to 516 nm. The observed IVCT band width at half
height (Av;,, = 4800 cm™!) is somewhat larger than the value
calculated by the Hush formalism (A v »(calcd) =4000 cm™ 1y 14
This indicates that the 17 ion (EPR: g, =2.33, gy =1.68)isa
mixed-valent compound of Class II in the Robin and Day
classification,'® therefore, the electronic coupling, Hap =
500cm™! is given by the corresponding Hush equation.'®

The IR spectra from spectroelectrochemistry!® suggest that
1~ ion is a partially localized Class II-III mixed-valence
species.!” In the native state, 1 exhibits a single v,(CO) band at
1631 cm™! (Figure 1a). During one-electron reduction the in-
tensity of this band decreases, and a new, weaker and broader
band (Avi, =16cm™!) appears at 1612cm™'. The doubly
reduced species, 12~ gives rise to an intense, sharper single
V,5(CO) band at 1605cm™! (Figure 1b). This indicates that the
electron transfer rate in mixed-valent 1~ is close to the time scale
for IR motions, that is, the charge is partially localized.

In conclusion, we have synthesized a novel oxalate-bridged
binuclear ruthenium(IIl) complex via self-dimerization reaction
of the corresponding mononuclear complex using ferric salts as
catalyst. We have demonstrated for the first time that oxalate-
bridged mixed-valent binuclear complexes can exhibit rather
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strong electronic coupling between the metals.
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