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Treatment of [Rh(�2-Cl)(cod)]2 (cod ¼ 1,5-cyclooctadiene)
with the hydrido–hydrogensulfido complex [Cp�IrH(SH)(PMe3)]
(Cp� ¼ �5-C5Me5) in the presence of triethylamine afforded the
hydrido–mono(sulfido) complex [Cp�Ir(PMe3)(�2-H)(�3-
S){Rh(cod)g{RhCl(cod)g], whereas the corresponding reaction
with the bis(hydrogensulfido) complex [Cp�Ir(SH)2(PMe3)] gave
the bis(sulfido) complex [Cp�Ir(�3-S)2{Rh(cod)g2] with liberation
of trimethylphosphine.

Hydrogensulfido complexes are now recognized as funda-
mental modules for construction of sulfur-bridged polynuclear
complexes.1{3 In one manifestation of this chemistry, the bis(hy-
drogensulfido) complex [Cp�Ir(SH)2(PMe3)] (1; Cp� ¼ �5-
C5Me5) reacts with [TiCl4(thf)2] and [Cp

�Ir(�NBut)] as a bidentate
metalloligand to afford the sulfido-bridged complexes
[Cp�Ir(PMe3)(�2-S)2TiCl2]

4 and [Cp�Ir(PMe3)(�2-S)2IrCp
�],5

respectively. The two bridging sulfido ligands that formed in these
reactions benefit the stabilization of the dinuclear frameworks.
Conversely, these strongly bound sulfido ligands block some of the
coordination sites between the twometal centers, which would play
a crucial role to realize cooperative reactivities of both metals. To
overcome this drawback, we planned to reduce the number of the
bridging sulfido ligands by using hydrido–mono(hydrogensulfido)
complexes as a precursor.We report here the reactions of the chloro-
bridged dirhodium complex [Rh(�2-Cl)(cod)]2 (2; cod ¼ 1,5-

cyclooctadiene) with the hydrido–hydrogensulfido complex
[Cp�IrH(SH)(PMe3)] (3),6 which resulted in the formation of a
hydrido- and sulfido-bridged IrRh2 triangular complex. The
reaction of 2 with the corresponding bis(hydrogensulfido) complex
1 is also described to compare the mono(hydrogensulfido) system
with the bis(hydrogensulfido) one.

When the dirhodium complex 2 was allowed to react with an
equimolar amount of the hydrido–hydrogensulfido complex 3 in the
presence of triethylamine, the hydrido- and sulfido-bridged mixed-
metal complex [Cp�Ir(PMe3)(�2-H)(�3-S){Rh(cod)g{RhCl-
(cod)g] (4) was obtained in 49% yield (Scheme 1).7;8 The X-ray
analysis of 4 has disclosed the IrRh2 triangular core capped by a�3-
sulfido ligand, derived from the hydrogensulfido functionality in 3
(Figure 1).9 One of the two Ir–Rh edges is further bridged by a
hydrido ligand, whereas a terminal chloride binds to the other Rh
atom (Rh(2)). The hydrido and chloro ligands are almost coplanar
with the three metal atoms. The �3-bridging sulfido ligand lies
above the IrRh2 trimetallic plane only by 0.617 !A. The iridium(III)
center has a three-legged piano-stool geometry, and the two
rhodium(I) centers are distorted square-planar. The Ir–Rh(1)

distance of 2.8278(8) !A is consistent with a three-center–two-
electron bond involving the bridging hydrido ligand, whereas the
Rh(2) atom is situated far from the other twometal atoms (Ir–Rh(2),
4.207(1); Rh(1)–Rh(2), 4.264(1) !A).

Despite the unsymmetric solid state structure of 4, the hydrido
resonance in the room-temperature 1H NMR spectrum was
observed as a doublet of triplets split by the phosphorous and two
apparently equivalent rhodium nuclei. At �60 �C, the signal

Scheme 1.

Figure 1. Molecular structure of 4. Selected interatomic distances
( !A): Ir–Rh(1) 2.8278(8), Ir–Rh(2) 4.207(1), Rh(1)–Rh(2) 4.264(1),
Ir–S 2.339(2), Ir–P 2.269(2), Rh(1)–S 2.287(1), Rh(2)–S 2.354(1),
Rh(2)–Cl 2.386(2), Ir–H(49) 1.52(6), Rh(1)–H(49) 1.84(6).
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changed to much more complex, unresolved multiplets. These
observations suggest the presence of a dynamic process at room
temperature, which renders the two rhodium centers equivalent in
solution. However, the details of the mechanism for the fluxionality
are unclear at present.

Use of mono(hydrogensulfido) complexes as templates for
sulfido-bridged polynuclear architectures is much less developed
compared with that of bis(hydrogensulfido) complexes,3;10;11 and in
most of the mono(hydrogensulfido) systems, it is only the sulfur
atom that bridges the metal centers in the polynuclear products. For
example, the reactions of the hydrido–hydrogensulfido complex [(t-
BuCp)2TaH2(SH)] (t-BuCp ¼ �5-C5H4Bu

t) with [M(CO)5-
(thf)] (M ¼ Cr, W) give the heterobimetallic complexes [(t-
BuCp)2TaH2(�2-SH)M(CO)5], in which the two metal centers
are bridged only by a hydrogensulfido ligand, and the hydrido
ligands remain terminal.10

On the other hand, treatment of the dirhodium complex 2 with
the bis(hydrogensulfido) complex 1 in place of the hydrido-
hydrogensulfido complex 3 resulted in the formation of the
bis(sulfido)-capped IrRh2 cluster [Cp

�Ir(�3-S)2{Rh(cod)g2] (5) in
69% yield (Scheme 1).12 In contrast to the formation of the
mono(sulfido) complex 4, the phosphine ligand in 1 has been lost
during the reaction. Figure 2 depicts the X-ray structure of 5,13

which has an almost isosceles IrRh2 triangle capped by two �3-
sulfido ligands from both sides; the mean distance between the
sulfur atoms and the trimetallic plane is 1.549 !A. Although the 48e�

cluster 5 should have three metal–metal bonds according to the
effective atomic number rule, there are only two weak Ir–Rh
interactions, judging from the metal–metal distances. This is
probably because the high lying pz orbitals in the square-planar
Rh(I) metals in 5 are unavailable for bonding.14 The series of the
group 9 metal clusters having (Cp�M)n{(cod)M’g3�n(�3-S)2 cores
(n ¼ 0{3)15{17 have been completed by the isolation of 5 (n ¼ 1).

In summary, we have demonstrated that the hydrido–hydro-
gensulfido complex 3 can be used as a novel type of chelating
metalloligand, which binds to heterometals through the sulfur atom
and, formally, �-bond electrons of the Ir–H bond. The resultant

cluster 4 has an open framework with the three metal centers linked
only by one sulfido and hydrido ligands. This sharply contrasts with
the closed structure of 5, which was obtained from the bis(hy-
drogensulfido) complex 1. We consider that the bridging hydrido
ligand thus formed offers a reaction site for dinuclear activation of a
substrate as well as introduction of bridging heteroelements other
than sulfur into the polynuclear framework. Syntheses of hydrido-
and sulfido-bridged complexes with more diversified metal
compositions through this strategy are also in progress.

Thisworkwas supported by theMinistry of Education, Culture,
Sports, Science and Technology of Japan and the JSPS FY2000
‘‘Research for the Future Program.’’

References and Notes
1 a) S. Kuwata and M. Hidai, Coord. Chem. Rev., 213, 211 (2001). b) M.

Peruzzini, I. de los Rios, and A. Romerosa, Prog. Inorg. Chem., 49, 169
(2001).

2 a) S. Kuwata, S. Kabashima, Y. Ishii, andM. Hidai, J. Am. Chem. Soc., 123,
3826 (2001). b) S. Kuwata, S. Kabashima, N. Sugiyama, Y. Ishii, and M.
Hidai, Inorg. Chem., 40, 2034 (2001). c) D. Masui, T. Kochi, Z. Tang, Y.
Ishii, Y. Mizobe, andM. Hidai, J. Organomet. Chem., 620, 69 (2001). d) H.
Seino, Y. Mizobe, and M. Hidai, New J. Chem., 24, 907 (2000).

3 J. Ruiz,V.Rodr'((guez, C.Vicente, J.M.Mart'((, G. López, and J. Pérez, Inorg.
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