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Crystal structure of an oxo-benzoate-bridged trinuclear ruthenium complex, [Rus(u3-O)(u-CeHsCOO)e-
(py)sl(PFs) (py = pyridine) (1), was determined for the first time for the complexes with a Rus(IILIILIII)(us-O) core.
The complex crystallizes in hexagonal space group P63 with a=13.619(6), ¢=19.204(9) A, V=3085(3) A3, and
7Z=2. The Ru--Ru distance of 3.350(2) A is similar to those of the trinuclear complexes of other metal ions,
[M™3(u3-O)(u-RCOO)s(L)s]t (L =neutral unidentate ligand). The complex in 0.1 M (7-C4Hs)sNPFs-acetonitrile
at 20 °C shows four reversible one-electron processes at Eis=+1.58, +0.71, —0.26, and —1.54 V vs. Ag/Ag* (0.1 M

AgClOy).
mM, [py-ds]=387 mM).

It undergoes pyridine-ds exchange with the first-order rate constant, 4.9X10-¢ s~1 at 60 °C ([1]=4.7
Small modification of the synthetic procedure of the trinuclear complex leads to the

precipitation of the crystals of well-known type of dimeric ruthenium (ILIII) complex, [Ruz(u-CeHsCOO)4Cl],
which crystallizes in monoclinic space group C2/c¢ with a=21.668(10), b=10.741(8), c=12.797(5) A, B=110.22(4)°,
V=2795(3) A3, and Z=4. The crystal contains infinite zig-zag chain of ---Cl-Ru-Ru-Cl---along c-axis with Ru-
Ru-Cl of 175.5(1)°, Ru-Cl-Ru of 118.1(1)°, and the Ru-Ru distance of 2.290(1) A.

Oxo-centered carboxylate-bridged trinuclear com-
plexes, [Ms(u3-O)(u-RCOO)s(L)s]* (L =unidentate
neutral ligand) are known for wide range of trivalent
transition metal ions.?? Ruthenium complexes? are of
particular interest with their variegated redox behavior,
strong metal-oxo-metal interactions manifested by
intense visible absorption3~? and magnetic behavior.8)
However, relatively few works have been carried out for
the complexes with carboxylate ligands other than ace-
tate.3=9 Also, there has been no structural determina-
tion reported for the Rus complexes although structures
for all other metals were determined.!? Only report for
the triruthenium complex is for the one-electron
reduced species, [Ruz"""™"""(u3-O)(u-CH3COO)s(PPhs)s]
(PPhs = triphenylphosphine).?

We have studied benzoate derivatives of wus-oxo-
triruthenium complex for the comparison with the ace-
tate derivatives. Neutral complex, [Rus(us-O)(u-
CsH5COO)s(H20)s], in which Rus are in the formal
oxidation state (ILIILIII), was previously reported,®
although neither synthetic procedure nor structural evi-
dence has been shown. [Rus(us-O)(u-CeHsCOO)e-
(py)s](PFe) (1) is its new derivative with pyridine ligands
at the terminal positions and with the Rus oxidation
state of (IIL,IILIII). Synthesis and X-ray structure of 1
are described along with some chemical properties.
Terminal ligand substitution reaction has also been
studied briefly.

During the study, we have isolated crystals of [Rua(u-
CsHsCOO0).Cl] (2), which consists of known structural
type of tetracarboxylate-bridged dimer.19 Crystal
structure of 2 is also reported in this paper. The isola-
tion of dimeric complex seems to have significance in
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view of the synthetic route of the carboxylate-bridged
complexes.

Experimental

Materials. Acetonitrile used in electrochemical measure-
ments was distilled twice over P2Os and once over CaHs.
Other reagents were used as received.

Syntheses. [Ru3(u3-0)(u-CeHsCOO)s(py)sl(PFe) (1). To
a hot suspension of benzoic acid (47 g, 385 mmol) and NaOH
(1.6 g, 40 mmol) in CoHsOH (150 cm3), RuCls-nH20 (1.0 g)
was added. The mixture was refluxed for ca. 1 h to give a
blue-green solution.!®)  After evaporation to dryness, CH;OH
(100 cm3) and pyridine (1 cm3) were added to the residue, and
the resulting solution was further refluxed for 1 h. After
addition of NH4PFs (0.5 g, 3.1 mmol), the solution was left
overnight in a refrigerator to give dark blue powder of 1.
Single crystals of 1 suitable for X-ray analysis were obtained
from slow recrystallization (ca. a month) from CH3CN/
CH30H (1:2 (v/v)) at0°C.

Anal. Found: C, 48.02; H, 2.99; N, 3.02%. Calcd for
C57F6H45N3013PRU31 C, 47.93; H, 3.18; N, 2.94%; IH NMR1M
(CDsCN) é6=1.11 (6H, s, py-2,6-H), 6.06 (6H, t, py-3,5-H),
6.53 (3H, t, py-4-H), 7.68 (12H, t, Ph-3,5-H), 7.89 (6H, t, Ph-4-
H), 9.41 (12H, d, Ph-2,6-H); 3CNMR (CD3:CN) 6=104.50
(py-2,6-C), 115.22 (Ph-1-C), 129.53 (py-4-C), 130.05 (Ph-2,6 or
3,5-C), 131.08 (Ph-3,5 or 2,6-C), 134.94 (Ph-4-C), 138.86 (py-
3,5-C), 183.06 (C=0); FAB MS (NBA as a matrix) m/z 1284
([M1),2) 1205 ([M-py]*), 1127 ((M-2py]*), 1047 ((M-3py]*),
1005 ([M-2py-CgHsCOO~Tt), 926 ([M-3py-CsHsCOO~1Y); IR
(KBr) 3060, 1600, 1530, 1495, 1485, 1450, 1400, 1218, 1178,
1070, 1022, 840, 758, 710, 695, 690, 558, 515, 505 cm™1.

[Ruz(u-CeHsC0O0)4C1] (2). A mixture of benzoic acid (7.8
g, 64 mmol), NaOH (0.1 g, 2.5 mmol), and RuCls-nH20 (1.0
g) in C;HsOH (150 cm3) was refluxed for 4 h and filtered.
Resulted blue-green solution was allowed to stand for ca. two
weeks at room temperature, yielding red-brown crystals (150
mg). Anal. Found: C, 46.44; H, 2.84; Cl, 541%. Calcd
for CesClH200sRua: C, 46.57; H, 2.80; Cl, 491%. IR data
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were consistent with the reported result.1)

X-Ray Structure Determination. For compounds 1 and 2,
data collection experiments and structure analyses were car-
ried out in the same way. A Rigaku AFC-5R four circle
diffractometer with Mo Ka (A=0.71069 A) radiation was used.
Lorentz and polarization factors were corrected. The
absorption correction was made by the numerical method on
Gaussian integration for 1, and by the empirical method upon
a series of ¥ scans for 2. Unit cell parameters were obtained
by a least-squares refinement of the angular settings of 25 high
angle reflections (25°<26<30°). Positions of ruthenium
atoms were determined from the Patterson map and all other
non-hydrogen atoms were subsequently located by an alterna-
tive series of Fourier synthesis and block-diagonal least-
squares refinement. Finally, the structure was refined with
anisotropic temperature factors. The structure refinements
converged smoothly for both 1 and 2. Hydrogen atoms were
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not included in the calculations. All the calculations were
performed with the Universal Crystallographic Computer Pro-
gram System UNICS III21) on an ACOS-2000 computer at the
Computer Center of Tohoku University. Crystallographic
data, atomic coordinates and equivalent thermal parameters,
and selected bond distances and angles are summarized in
Tables 1—4.

Measurements. FElectronic absorption spectra  were
recorded on a Hitachi 330 spectrophotometer. 'H and
BBCNMR spectra were obtained on a JEOL GSX-270 FT
NMR spectrometer at 270 and 67.9 MHz, respectively.
Infrared absorption spectra were recorded with KBr pellets on
a Jasco IR-810 spectrophotometer. Electrochemical mea-
surements were carried out by using a Yanaco P-1100 polaro-
graphic analyzer and by use of glassy carbon (working),
platinum wire (counter), and Ag/Ag* ([AgClO4]=0.1 M, 1
M=1 moldm3) (reference) electrode. Mass spectra were

Table 1. Crystallographic Data for [Rus(us-O)(u-CsHsCOO)s(py)s](PFs) (1) and [Ruz(u-CsHsCOO0)4Cl] (2)
Compound 1 2
Formula Cs7FsH4sN3013PRus C2sClH200sR uz

Fw 1428.23 722.07

Crystal system Hexagonal Monoclinic
Space group P63 C2/c

alA 13.619(6) 21.668(10)

b/A 13.619(6) 10.741(8)

c/A 19.204(9) 12.797(5)
B/deg 110.22(4)

VA3 3085(3) 2795(3)

z 2 4

dcalcd/ g cm—3 154 172

dobsa/ gcm =3 1.58 1.73

u/em™1 8.2 12.0

Cryst size/ mm 0.25X0.25X0.26 0.05X0.10X0.15
T/K 286 286

Radiation Mo Ka (4=0.71069 A) Mo Ka (4=0.71069 A)
20/ deg 3=20=70 3=20=55

No. of unique data 2903 2997

R” 0.0621 0.0563

R 0.0653 0.0535

a) Measured with CHBr3/ CHCls. b) R=Y|F,|—| F.||/ D) F.l.
¢) Rv=[w( Fo|— F.])?|| 2 w| F,|2]V2, where w=1/ (| F,|)2.

Table 2. Atomic Coordinates (X10¢) and Equivalent Temperature Factors for [Rus(us-O)(u-CsHsCOO)s(py)s](PFs) (1)

Atom x y z B,/ Az Atom x y z B.;" A2
Ru 5099(1)  2965(1)  2500(1) 22 cé6 4589(13)  5980(12)  355(8) 4.6
P 0 0 5007(10) 3.1 c7 4757(11)  5385(14)  941(9) 5.0
01 6667 3333 2467(18) 3.1 C8 6144(9) 5002(9) 3429(5) 2.8
F1 1097(6)  441(6)  4498(4) 41 C9 5896(9)  5668(8)  3975(5) 27
F2  —1103(7) —456(8)  5448(5) 5.6 Cl0  6797(7)  6683(8)  4248(6) 2.8
02 5290(6)  3994(7)  1700(4) 3.3 Cll  6641(12) 7367(12)  4739(8) 4.5
03 7138(7)  5411(7)  1785(5) 4.1 Cl2  5489(12) 7033(13)  4924(10) 5.5
04 5339(6)  4239(6)  3156(5) 3.4 Cl3  4633(10) 6121(12) 4567(8) 4.6
05 7153(7) 5366(7) 3263(5) 4.2 Ci4 4838(9) 5403(9) 415%(7) 3.5
N 3370(6) 2559(6) 2545(12) 2.5 C15 2895(11)  2476(12)  1858(8) 4.5
cl 6153(8)  5041(8)  1569(5) 2.4 Cl6  1708(14) 2221(17)  1896(11) 6.8
2 50538)  5767(9)  1094(6) 29 Cl7  113109)  2043(12) 2548(25) 5.4
C3 6892(12)  6673(11) 752(7) 4.2 C18 1686(10)  2138(12)  3126(7) 4.2
c4 6599(11)  7256(9)  257(7) 3.8 Cl9  27748)  2397(9)  3086(6) 3.0
Cs 5531(11)  6951(10)  75(7) 35

a) The equivalent isotropic thermal parameter, B, is calculated as (4/3)23}8;a; - a;.
J o1
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Table 3. Atomic Coordinates (X104) and Equivalent Temperature Factors for [Ruz(u-CeHsCOO0)4Cl] (2)
Atom x y z B, A2 Atom x ¥ z B.| A2
Ru —18(1) 482(1) 787(1) 2.0 C5 3014(4) —2494(10)  2984(9) 7.9
Cl 0 1683(2) 2500 3.7 Cé6 2751(4) —2745(8) 1866(8) 6.4
(0] 933(2) —1108(4) 72(3) 2.9 Cc7 2098(4) —1163(8) 2911(6) 5.3
02 898(2) —161(4) 1610(3) 2.9 C8 465(3) 2051(5)  —587(4) 23
03 342(2) 2030(3) 324(3) 2.7 c9 6380(3) 3229(5)  —944(4) 2.7
04 397(2) 1084(3) —1198(3) 2.7 C10 879(3) 3219(6) —1867(5) 3.6
Cl 1180(3)  —857(5) 1101(5) 3.0 Cl1 1063(4) 4361(7) —2225(7) 5.4
C2 1831(3) —1407(6) 1763(6) 3.7 C12 1009(4) 54747) —1696(7) 5.6
C3 2138(4) —2206(7) 1209(7) 5.3 C13 810(4) 5455(7)  —757(7) 5.2
C4 2702(4) —1724(09) 3529(7) 6.8 Cl4 651(3) 4315(5)  —376(6) 3.6

a) The equivalent isotropic thermal parameter, B, is calculated as (4/3)238;ai- a;.
J o1

Table 4. Selected Bond Distances (A) and Angles (deg) for [Rus(us-O)(u-CsH5CO0)s(py)s](PFe) (1)
and [Ruz(u-CsHsCOO0)4CI] (2)

Compoud 1
Ru--Ru"  3.350(2) C8-C9 1.530(18)
Ru-0O1 1.935(2) N-CI15 1.448(26)
Ru-N 2.134(8) C15-C16 1.476(25)
Ru-02 2.007(9) Cl16-C17 1.432(48)
Ru-03 2.009(11) C17-C18 1.313(44)
Ru-04 2.034(9) C18-C19 1.343(19)
Ru-05 2.026(12) N-C19 1.268(22)
C1-02 1.343(10)
C1-03 1.245(14) Ru-O1-Ru  119.9(1)
Cl-C2 1.468(17) Ol1-Ru-02 93.0(8)
C8-04 1.191(11) O1-Ru-04 96.5(7)
C8-05 1.247(15) O1-Ru’-03 94.0(8)

Compound 2
Ru-Rv’ 2.290(1) C8-03 1.283(7)
Ru-Cl 2.532(1) C8-04 1.277(7)
Ru-O1 2.021(4) C8-C9 1.474(8)
Ru’-02 2.021(4)
Ru-03 2.011(4) Ru-Ru-Cl  175.5(1)
Ru-04 2.021(4) Ru-CI-Ru”  118.8(1)
Cl1-01 1.267(7) Ru-Ru-O1 89.8(1)
C1-02 1.278(8) Ru-Ru’-02 88.7(1)
Cl-C2 1.492(8) Ru’-Ru-03 88.9(1)

Ol-Rw-05 95.6(8) O2-Ru-N 87.3(6)
Ru-02-Cl  128.6(7) O3-Ru-N 86.4(5)
Ru-03-Cl 134.9(7) O4-Ru-N 83.2(5)
02-C1-03  124.2(11) O5-Ru’-N 84.2(6)
02-CI-C2  118.39) Ru-N-Cl5 112.0(12)
03-C1-C2  1174(8) N-CI5-Cl6  111.5(14)
Ru-04-C8  134.7(10) C15-C16-C17  121.8(19)
Ru-05-C8 131.8(7) Cl16-C17-C18  118.9(14)
04-C8-05 125.8(12) C17-CI8-C19  118.8(17)
04-C8-09  116.1(11) CI8-CI9-N  128.3(12)
05-C8-C9  117.8(9)  CI9-N-CI5  120.7(10)
Ol-Ru-N  179.6(12) CI9-N-Ru 127.3(13)
Ru-Ru-04  89.6(1) 02-C1-C2 117.8(5)
Cl-Ru-01  91.1(1) OI-Ru-03 88.4(2)
Cl-Rw-02  90.3(1)  O2-Ru-04 89.7(2)
Cl-Ru-03  86.7(1)  Ru-03-C8 120.4(3)
CI-Ru-04  949(1)  Ru-04-C8 119.3(4)
Ru-O1-Cl  118.5(4)  03-C8-0O4 121.7(5)
Ru-02-Cl1 119.4(3)  03-C8-C9 118.9(5)
01-C1-02  123.3(5) 04-C8-C9 119.3(5)
01-C1-C2  118.9(6)

measured with a JEOL JMS-HX 110 mass spectrometer.

Results and Discussion

1. Synthetic Procedure. As described in Experimen-
tal Section, the dimeric complex, [Rua(u-CsHsCOO0)4Cl]
(2), was isolated from the reaction mixture similarly
treated as the preparation of [Rug(us-O)(u-CsHsCOO)e-
(py)s]*. This indicates a close correlation in the forma-
tion process of these two complexes. The present
procedure is regarded as that for the preparation of the
trinuclear complexes according to the reported prepara-
tive methods.® In view of the fact that present syn-
thetic procedure with carboxylic acids other than ben-
zoic acid does not yield generally this type of ruthenium
dimer, isolation of 2 by the present method appear to be
rather accidental. Presumably, it is related to the
highly insoluble nature of the benzoate-bridged dimer 2

in ethanol (vide infra).

Previously, we proposed that the different dimeric
complex with the unit, Ruz(u-O)(u-CHsCOO)z, may be
the precursor to the well-known dinuclear Rug(u-
CH3COO0)4X and trinuclear [Rus(us3-O)(u-CH3COO)s-
(L)s]* (L=unidentate ligand such as H2O and pyri-
dine).22) In the present case, we also observed the
formation of the Rug(u-O)(u-CsHsCOO): unit as judged
from the visible absorption spectrum,2? when aqueous
ethanol (1:1 (v/v)) in place of neat ethanol was used as
solvent.

2. Description of the Structure of [Rus(u3-O)(u-
CsHsCOO)s(py)s](PFs) (1). This compound crystal-
lizes in hexagonal, space group P63, which is often
found in crystals of carboxylate-bridged trinuclear com-
plexes.) Crystal of 1 consists of [Rus(us-O)(u-
CsHsCOO)e(py)s]* and PFs~.  An ORTEP view of the
complex ion is shown in Fig. la along with the atomic
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Fig. 1.
atoms as they occur in [Rug(u-CsHsCOO)4Cl] (2).

numbering scheme. An asymmetric unit of the cell
contains one thirds of the complex ion. Three Ru'™
ions form an equilateral triangle with a crystallographic
Cs axis passing through the ws-O atom (O1). Ru'
centers are in pseudooctahedral geometry, and are dis-
placed slightly toward w3-O (N-Ru-O(benzoate)=
83.2(5)—87.3(6)°). Ru--Ru distance is 3.350(2) A
which is slightly longer (ca. 0.02 A) than that in Cotton’s
mixed-valent  (ILIILIII) complex, [Rus(us-O)(u-
CH3COO)s(PPhs)3].? This comes from the difference
in Ru-(us-0O) distances in these two complexes (1.935(2)
A'in 1 and 1.92(2) A in the triphenylphosphine com-
plex). The difference in the Ru—(us-O) distance is
opposite to the one expected from the oxidation state
and is due to the kind of coordinated atom at the
terminal positions (N or P).  For the similar trirhodium
complex, [Rha(us-O0)(u-CH3COO)s(H20)3])(C10y4) - nH20
(n=1,2), Rh-:Rh and Rh-(u3-O) distance are reported
to be 3.32—3.35 A and 1.90—1.94 A, respectively.?
Benzoate anions in 1'take usual chelating mode. Pyri-
dine rings at the terminal positions are almost perpen-
dicular to the “Rus(us-O)” plane as has been found in
[Mn3s(u3-0)(u-CsH5COO)s(py)2(H20)] - 0.SCH3CN.24)
On the other hand, coordinated pyridines in acetate-
bridged trinuclear complexes, [Vs(us-O)(u-CHsCOO)s-
(py)s],® [Mna(us-O)(u-CHsCOO)e(py)s],?® and [Fes(us-
O)(u-CH3sCOO)s(py)sl(py),2” are not perpendicular but
rather coplanar to the “Ms(us-O)” plane in the solid
state.2®)

(a) An ORTEP view of [Rus(us-O)(us-CeHsCOO)e(py)s]*.
Crystallographically independent atoms are labelled.

(b)

(b) Rug(u-CsH5COO0)4 unit and its axial CI

3. Other Properties of [Rus(u3-0)(u-CsHsCOO)s-
(py)sl(PFs¢) (1). Absorption spectrum of 1 in CH3CN
shows a broad peak at 705 nm (&mx=6060 M~1cm1),
which is shifted to the longer wave-length as compared
with that of the acetate-bridged analogue, [Rus(us-O)(u-
CH3COO)s(py)s](PFs) (Amax =690 nm, &max=5600 M1
cm™!) (M=moldm=3). Analogous spectral features
are observed in other pyridine derivatives coordinated
triruthenium complexes with the (IILIILIII) oxidation
state,3467 and the absorptions are attributed to transi-
tions between MO levels formed by dn(Ru)-pn(us-O)
interactions.4=79

Cyclic voltammogram of 1 in 0.1 M (n-C4Hg)sNPFg-
CH3CN at 20°C shows four reversible one-electron
processes. Eip values?® are at +1.58, +0.71, —0.26,
and —1.54 V vs. Ag/Ag* (at a scan rate of 50 mV 1),
which are assigned to redox couples, (+3/+2), (+2/+1),
(+1/0), and (0/—1), respectively, where number in
parenthesis denotes electric charge on the complex ion.
Corresponding FEiz values of [Rus(us-O)(u-CHs-
COO)s(py)s]t are at +1.60, +0.63, —0.42 and —1.70 V
under the same conditions. On going from the acetate
complex to benzoate complex 1, corresponding
E12’s are shifted toward positive side and differences
between corresponding Ey’s decrease as the oxidation
states increase. The redox potential for the (+3/+2)
couple at the most positive side is almost identical for 1
and the acetate complex. It has been shown that there
is a linear correlation between each FEio value of
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carboxylate-bridged complex and pK, of its free carbox-
ylic acid for [L2Rus(u-O)(n-RCOO)2* (L=1,4,7-
trimethyl-1,4,7-triazacyclononane),30 and [Fes(us-O)(u-
RCOO)s(Hz0)3]"* (n=1,7).30 Toma et al. reported a
similar linear relationship between Ei2 and pK.
values of the terminal ligands for [Rus(us-O)(u-
CH3COO)s(N-Het)s] (N-Het=pyridine and pyrazine
derivatives), and they also showed that the variation of
the redox potentials is relatively small at the high oxida-
tion states, but increases as the oxidation states
decrease.? These reported trends are consistent with
the present observation for 1 and the acetate complex.
The pK. values for acetic and benzoic acid are 4.56 and
4.20, respectively.3? Electron density in the “Rus(us-
0)” core is smaller for 1, which has less basic bridging
carboxylate anions.

Substitution lability at the terminal position of 1 was
investigated by use of the pyridine-pyridine-ds exchange
reaction (Eq. 1).

[Rus(us-O)(u-CeHsCOO)s(py)s]t + 3py-ds —
[Ruz(us-O)(u-CsHsCOO)s(py-ds)s]t +3py (1)

The reaction was monitored with a CD3sCN solution
([1]=4.7 mM) containing a large excess of py-ds ([py-
ds] =387 mM) at 60 °C by means of tH NMR spectros-
copy.?® Experimental details are the same as those
used in previous works on similar systems.223435)
Observed first-order rate constant (k) for the substitu-
tion reaction (Eq. 1) was 4.9X107¢s~1 at 60 °C, which is
one order of magnitude smaller than the corresponded
value (k') for the acetate-bridged complex, [Rus(us-
O)(u-CH3COO)e(py)sl(PFs) (k= 5.0X105s71 (60 °C)38)).
This may be ascribed to difference in pK, of the bridging
carboxylate ligand.

When compound 1 is reduced by hydrazine monohy-
drate in CH3CN under Nz atmosphere at room tempera-
ture, the color of the solution turns yellow from dark
blue. The yellow color is due to the mixed-valent
(ILILII) complex, [Rus(us-O)(u-CsHsCOO)s(py)s].
Subsequent CO bubbling to this solution at 80 °C for 2 h
yielded dark blue precipitates, which were identified as
[Rus(us-O)(u-CsHsCOO)s(py)2(CO)] by means of IR,
'HNMR, and absorption spectra.3” The analogous
(ILIILIII) complex with the same composition, [ Rus(us-
0)(u-CH3COO)s(py)2(CO)], has been prepared in a sim-
ilar way from [Rus(us-O)(u-CHsCOO)e(py)s]t.4

4. Structural Description of [Ruz(u-CsHsC0O0)4Cl]
(2). Figure 1b shows X-ray structure of 2 with the
atomic labelling scheme. An asymmetric unit of the
cell contains half of this centro-symmetric molecule.
Therefore, two ruthenium ions within a molecule are
crystallographically equivalent, and have the averaged
oxidation state of +2.5. As shown in Fig. 2, an axial
chloro ligand bridges the neighboring dimer unit at its
vacant axial site, forming infinite zig-zag chains along c-
axis (angles of Ru-Ru-Cl and Ru-CI-Ru are 175.5(1)°
and 118.8(1)°, respectively). Similar ---X-Ru-Ru-X-
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Fig. 2. Packing Diagram of [Rua(u-CeHsCOO)Cl]
(2). Two unit cells are shown.

Ru-Ru-X:- chains are reported to be linear in [Rug(u-
CH3COO0),Cl] - 2H20,'? [Rug(u-C2H5CO0)4Cl1],12 [Rug-
(u-CH3COO0)Cl1],13%8 and to be zig-zag shaped in
[Ruz(u-HCOO)4Br],*¥ [Ruz(u-CHsCOO)4CI],1538 [Rus-
(u-(n-C3H7)COO0)4Cl],18 [ Rug(pu-CsHa(p-OMe)CO0),Cl] -
(H20)025.7  The Ru-Ru distance in 2 is 2.290(1) A,
showing the presence of the Ru-Ru direct bond as in the
analogues.

Compound 2 is very slightly soluble in DMF and
DMSO, but practically insoluble in other common
organic solvents and water. A DMF solution of 2
shows absorption maxima at 580 (shoulder), 456 and 303
nm. Solid state diffuse reflectance spectrum of 2 shows
absorption maxima at 520 and 470 nm. The spectral
differnce appears to reflect structural difference between
solution and solid state. Similar phenomenon was
observed for [Ruz(u-CH3COO0)4Cl].39

Tables of anisotropic thermal parameters, all the bond
distances and angles, and observed and calculated struc-
ture factors for 1 and 2 are deposited as Document No.
9002 at the Office of the Editor of Bull. Chem. Soc. Jpn.
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