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Reactions of [Cp*RuClZIn (Cp* = ns—csMes) with ArSH (Ar =

Ph, p-ClcC or p—MeC6H4) in CH2C12 gave diruthenium complexes

64
[Cp*ZRuz(SAr)3]C1 in high yields. X-Ray analysis of the
complex (Ar = Ph) disclosed the existence of the Ru-Ru bond
triply bridged by SPh groups. On the other hand, analogous
treatment of'[Cp*RuC12]n with PhCstH resulted in the formation

*
of a neutral complex [Cp 2Ru2(SCH2Ph)2C12].

The transition metal-thiolate complexes have recently attracted much
attention in relevance to biological interest and a substantial number of metal-
thiolate binary compounds and organometal-thiolate complexes have been reported.
However, the metals are in common chosen from the elements of the first transition

series except for Mo and W. Although the chemistry of iron-thiolate complexes,

for example, is extensive,l) that of ruthenium analogues is the field that 1is

still poorly investigated.z) In this paper are reported the preparation,

structures and some selected properties of novel thiolate-bridged diruthenium

complexes with Ru-Ru single bond.
Reaction of the complex [Cp*RuC12]n (L, Cp* = US—CSMeS) with excess PhSH in
CH2C12 at room temperature for 24 h produced dark brown crystals of the

diruthenium complex [Cp*zRuz(SPh)3]C1 (2) in 81% yield as mono CH,Cl, solvate

after crystallization from CH2C12—hexane.3) In spite of the oxidation state of

Ru(III), the 1H NMR spectrum of complex 2 exhibits two sharp resonances at 1.39



1300 ) Chemistry Letters, 1986

[Cp*RuCl, ] excess ArsSH _ [Cp*Ru (SAT) ;RuCp*]Cl
CH,C1,

(s, 30H) and 7.28 - 7.38 ppm (m, 15H) assignable to the protons of Cp* and PhS
ligands, respectively. Because of the diamagnetic character observed for complex
2, 4) this substitution reaction of chloride ligands by the thiolate anion was
presumed to be accompanied with the formation of the spin-spin pair between two

ruthenium atoms. The molecular structure of complex 2 has been determined by X-

ray analysis and the structure of the cation component is shown in Fig.l.s) The

o
Ru-Ru distance of 2.630(1) A is compatible with the bond order of unity6) and

Fig. 1. ORTEP view and atom-labeling scheme for [Cp*zRuz(SPh)3]+. Singly primed
atoms are related to the disordered thiolate 1ligands (15%). Selected bond
distances and angles are Ru(l)-Ru(2) = 2.630(1), Ru(l)-S(1) = 2.356(4), Ru(l)-S(2)
= 2.340(4), Ru(l)-S(3) = 2.358(4), Ru(2)-S(1l) = 2.343(4), Ru(2)-S(2) = 2.351(4),
Ru-S(3) = 2.330(4) g, Ru(l)-S(1)-Ru(2) = 68.1(1), Ru(l)-S(2)-Ru(2) = 68.2(1), and

Ru(1l)-S(3)-Ru(2) = 68.3(1)°.
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three thiolate 1ligands coordinate to two Ru atoms almost symmetrically in the
manner that the Ru-Ru bond becomes a three-fold axis. Two Cp* ligands bind to two
Ru atoms, each occupying the opposite side to the Ru-Ru bond. Both of two planes
consisting of the Cp* carbon atoms are perpendicular to the Ru-Ru bond and two
sets of five methyl groups are in staggered position to each other.

Treatment of complex i}with p-XC6H4SH (X = Cl or Me) gave analogous complexes
)

in high yields.7 These diruthenium complexes in DMF solution exhibit two

succesive one-electron reductions that are reversible (Eﬁig = -0.52, -1.07 for X =

8)

Me; -0.48, -1.02 for X = H; -0.38, and -0.90 V vs. SCE for X = Cl). As

expected, the reduction potential corresponding to the same redox process

increases with increase in the Hammet 0 constant of the para substituent.
Alkanethiols such as EtSH and ButSH did not react with complex 1 under the

same conditions as those for ArsSH. However, the reaction of PhCHZSH with complex

jg occurred and another type of diruthenium complex [Cp*zRuz(SCHzPh)zclz] (3) was

9)

isolated as 1/2CH,Cl solvate in 13% yield. This compound also shows sharp

2772
resonances in its 1H NMR spectrum,lo) which is indicative of the spin-spin pair

between two Ru(III) atoms. Sin¢e the molar conductivity observed for complex 3 in

11)

CH,C1 solution 1is about 10_3 times smaller than that of complex 2, the

2772
structure without an outer-sphere anion is plausible. The molecular geometry
depicted below is one possible structure that is consistent with the observation

described above and satisfies the 18-electron rule for

?HzPh
the Ru atoms, but elucidation of the structure of Ccl _.S.. Cp*
S~ \‘Ru/
complex 3 must await further investigation. cp*” s~ TSc1
|
Development of the synthetic routes to the higher CH2Ph

Ru-S-heterometal aggregates starting from these diruthenium compounds is now in

progress.
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8) About 1 mM solution in DMF-0.1 M [Bun4N][BF4]; Scan rate 0.2 V s—l; The
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11) A =1.01 x 10° and 8.11 x 102 s cm?

mol™} for complexes 3 and 2, respectively,
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