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Synthesis and Structure of Thiolate Complexes Containing (n5-CsMes)RhIIl Groups
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Reaction of [Cp*RhCl2]2 (Cp* = n3-CsMes) with NaSMe in HoO—MeOH (1:1 by
volume) gave [Cp*Rh(pu-SMe)3RhCp*]Cl+2H20 which was converted to
[Cp*Rh(u-SMe)3Rth*]2[W389] by treatment with WS42-. In the presence of
MoO3 the reaction led to formation of [Cp*RhCl(p-SMe)2RhCp*Cl].  X-Ray
structure analyses revealed that [Cp*Rh(u-SMe);;Rth*]2[W389] has three po-
bridged SMe ligands and that [Cp*RhC1(n-SMe)2RhCp*Cl] has a syn-planar
conformation with two ps-bridged SMe ligands.

Thiolate complexes containing the Cp*M or CpM group (M = Ti, V, Fe, Mo, Ru, Rh, and W; Cp = (13-
CsHs) have recently been synthesized and showed unique reactivities and electrochemical
properties.!) The thiolate ruthenium(III) complexes [Cp*Ru(u-SR)3RuCp*]CI (R = aryl) and
[Cp*RuCl(u-SR")2RuCp*Cl] (R' = alkyl and benzyl) were derived from [Cp*RuCl2]2.12) Although
there is the corresponding starting material [Cp*RhClz]z, the chemistry of the thiolate rhodium
(III) complexes has been undeveloped.?) This communication reports synthesis and structures of
thiolate rhodium(III) complexes derived from [Cp*RhC12]2_

Reaction of [Cp*RhClz]z (1) with 4 times molar amount of NaSMe in CH30H-H20 (1:1 by volume)
at room temperature for 1.5 h gave red crystals of [Cp*Rh(n-SMe)3RhCp*]CI+2H20 (2) in 90% yield

after recrystallization from acetone—ether (Eq. 1). In the presence of equimolar amount of MoO3

*RhCl], + 3NaSMe > *Rh(u-SMe)3RhCp*]Cl + 3NaCl (1
[Cp wy) n CH,0H_H,0 [Cp Rh(u-SMe)3RhCp”] (¢))

1 2

Mo O3
in CH30H—H20

[CP*RhCl3]2 + 2NaSMe > [Cp*RhCl(n-SMe)oRhCp*Cl] + 2NaCl (2)

3

2[Cp*Rh(u-SMe)3RhCp*ICl + 3 WS >
[Cp"Rh(u )3RhCp ] (NH4)2WS4 in CH3CN

[Cp*Rh(u-SMe)3RhCp*12[W3Sg9] + 2NH4Cl + (NH4)2S2 + (NHa)2S  (3)
4

the reaction of 1 with 2 times molar amount of NaSMec in the same solvent formed red needle
crystals of [Cp*RhCl(p-SMe)2RhCp*Cl] (3) (15% yield in Eq. 2) together with 2 as the main
product.3) The !H NMR signals of 2 and 3 in CDCI3 appear at § 1.92 (t, J rp-H = 1.2 Hz, 9H, SMe) and
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1.78 (s, 30H, Cp*), and & 1.84

(t, J Rn-H = 1.1 Hz, 6H, SMe) and
1.74 (s, 30H, Cp*), respectively,
which indicates that all of the
three or two methylthiolate
ligands in 2 or 3 are in bridge
between two rhodium atoms.
Treatment of 2 with (NH4)2WS4
in CH3CN under refluxing
readily produced brick-red
crystals of [Cp*Rh (u-
SMe)3RhCp*12[W3S9] 4) in 85%
yield (Eq. 3).4) The W3Sg2-

Fig. 1. ORTEP view for 3. The molecule has a C; anion shows characteristic
symmetry. Selected bond distances (A) and angles
(°): Rh™Rh' = 3.640(1), Rh—S2 = 2.381(2), Rh--CI3 =
2.387(2), S2---Cl4 = 1.828(7), Rh—Cp* (ring) = 2.19(av.),
Rh—S2—Rh' = 99.85(6), S2—Rh—CI3 = 96.06(6)

C13

metal-sulfur vibrations below
600 cm~1 due to the (S);W(p-
S)2WS(1-8)2W(S)2
framework.5)

The molecular structures of
complexes 3 and 4 have been
determined by X-ray analysis and are shown in Fig. 1 and Fig. 2, respectively.%: 7) These are the
first examples of alkylthiolate rhodium(III) complexes of which structures have been revealed.
Complex 3 has a dinuclear structure bridged by two SMe ligands and possesses a Cj symmetry. The
Rh-eeeeeee Rh distance (3.640(1) A) suggests no interaction between the Rh atoms which are
surrounded by one terminal chlorine atom, two bridging sulfur atoms, and a Cp”* ring to form a
distorted octahedron with 18-electron configuration. The Rh(u2-S)2Rh unit is planar and has a
syn-conformation with respect to the disposition of methyl groups in the SMe ligands.8) The same
conformation was suggested for the corresponding ruthenium complex [Cp*RuCl(u-
SCH2Ph)2RuCp*Cl] from EXAFS and NMR spectroscopies.!2) Complex 4 consists of two dinuclear
cations [RhCp*(u-SMe)3RhCp*]* and one anion W3S92- formed by aggregation of three WS42-
units.4) In two cations both Rhl--- Rh2 axes are nearly parallel to the W1---- W3 axis (Fig. 2).
The molecule of complex 4 as a whole has a C2 symmetry. Interestingly, two Cp* ligands
coordinate to the Rh atoms perpendicularly to the Rh---- Rh axis in an eclipse conformation, not
in a staggered one found in the ruthenium.l2) The Rh-----Rh distance (3.235(2) A) is quite longer,
the Rh—S—Rh angles (85.8°(av.)) are much more obtuse, and the S—Rh—S angles (78.6°(av.)) are
more acute than those in [Cp*Ru(u-SPh)3RuCp*]Cl which has the Ru—Ru bond (Ru—Ru = 2.630(1)
A,12) Ru—S—Ru = 68.2°(av.),9) S—Ru—S = 91.6°(av.).9) These data indicate that there is no bonding
interaction between the two rhodium atoms. The W3S92- anion in 4 has the same disorder as does
[PPh4]2W 3S9 and the anions in both complexes have almost identical structure parameters.lo)

There is a sharp contrast between Cp*RuIII and Cp*RhIII thiolate complexes with respect to

the bridging mode of the thiolate ligand; in the former the nature of the thiolate sources
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Fig. 2. ORTEP view for 4. Selected bond distances (A) and angles (°): Rh1—S5 =
2.373(7), Rh1—S6 = 2.389(9), Rh1—S87 = 2.356(7), S5—C55 = 1.80(3), Rh1—Cp* (ring) =
2.19(av.) Rh1—S5—Rh2 = 85.8(3), Rh1—S6—Rh2 = 85.1(3), Rh1—S7—Rh2 = 86.5(3), S5—
Rh1—S6 = 78.4(3), S5—~Rh1-—S7 = 78.9(3), S6—Rh1—S7 = 79.4(3), W1—W2 = 2.964(1), W1—S3
= 1.86(3), W1—S1 = 2.398(6), W1-S2 = 2.410(8), W2—S4 = 2.135(7), W2—W1—W2' = 158.09(7),
S1—W1—S2 =94.9(2), S1—W2—S2 = 103.9(3), S4—W2—54' = 112.2(3).

determine whether they take the di-wp-bridged Ru(p-SR)2Ru structure or the tri-pp-bridged Ru(u-
SR)3Ru structure,12) the latter, however, can take both the structures with an identical thiolate
source. This leads to the first example of the di-pup-bridged and the tri-up-bridged dinuclear
rhodium(III) complexes having the identical p-SMe ligand. We are developing the thiolate
rhodium(III) chemistry by use of other alkyl and arylthiolates for comparing with the thiolate

ruthenium(III) chemistry.
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