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Bridge-assisted aggregation of preorganized polynuclear cluster
complexes provides a rational access to more complicated yet
ordered inorganic architectures, which are not obtained merely
by the spontaneous self-assembly methods. The structural motifs
of the preorganized building blocks used in this stepwise approach

are, however, still limited to highly symmetrical ones such as
regular triangles,tetranuclear cubanésand hexanuclear octa-
hedrons’ and these building blocks contain two kinds of metals
at most. As an extension of our study on the mixed-metal sulfido
complexes containing titaniuf? we report here an oxo-assisted
coupling reaction of two TiRuPd heterotrimetallic sulfido frag-
ments having a deformed triangular core, which results in the
formation of a novel THRWPALS/O hexanuclear cluster. Its
reactivity toward dimethyl acetylenedicarboxylate (DMAD) is also
described.

The starting heterotrimetallic building block [(CpTiCl)(Cp*Ru)-
{Pd(PPB)2} (us-S)uz-S)(uz-H)] (2; Cp = 1>-CsHs; Cp* = 17>-Cs-
Mes) has been prepared by the reaction of the heterobimetallic
hydrosulfido complex [Cgli(u2-SH),RuUCICp*] (1)° with [Pd-
(PPh),] in the presence of triethylamine (Scheme’ Dluster2
has an unprecedenteds(ys-S)(u,-S) core with a labile Cl and
PPh ligands, which would provide promising handholds for
further derivatization including nuclearity expansion. Taking
account of the oxophilic nature of titanium, we have here treated
2 with water. When an excess of water was added to a THF
solution of the trinuclear clustér in the presence of a base, the
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Figure 1. Structures o83 (a) and4 (b). Thermal ellipsoids are shown at
the 30% probability level. The phenyl groups4ras well as hydrogen
atoms except for the hydrido ligands 3nare omitted for clarity.

hexanuclear cluster [(CpEICp*RUXPd(PPH)(t3-Sk(uts-O)(uo-

H),] (3) has been obtained (Schemée®2)An X-ray analysis of3

has confirmed the TRuPd.S,0O core, in which two corner-voided
TiIRUPGS,0O cuboidal fragments share the,RPdface, a pseudo-
mirror plane of this molecule (Figure 1¥)Each of the Pd(2)

Ru edges is bridged by a hydrido ligand, which has been found
in the final difference Fourier map. These hydrido ligands as well

(8) Full experimental procedures are given in the Supporting Information.
(9) The best yield (58%) was achieved by using 5 equiv of LiBH&ta
base. Use of other bases such as LiOH and NaN(§iMéso gave, although
the yields were lower.
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which is further coordinated to the Ru(2) atom. The insertion has
also led to the formation of the Ti(2Pd(2), Ru(1}-Pd(1), and
Pd(2)-S(2) bonds, whereas the Ti2Ru(2), Pd(2)-S(4), Ru(2)-
S(2), and Pd(2)O(1) bonds in3 have now been cleaved. The
H NMR spectrum of4 no longer exhibits any signals ascribed
to hydrido protons as well as vinyl and hydrosulfido ones. The
electrospray ionization (ESI) mass and IR spectrato suggest
the absence of hydrido and hydrosulfido ligandstinVe thus

as the S(3) and S(4) atoms constitute the distorted square-planagoncluded that the hydrido hydrogen atoms3ihave been lost
coordination geometry around the Pd(2) atom. The Pd(1) atom during the reaction, although we could not detect dihydrogen gas

also lies in a square-planar environment with the S(1), S(2), P,
and O(1) atoms, although the considerably long Pd({1)

nor hydrogenated organic compounds such as dimethyl fumarate.
The reaction of as-sulfido ligand and an alkyne is quite scarce.

distance (2.323(6) A) suggests that the interaction between these/Ve have already demonstrated that the triruthenium sulfido cluster

atoms is weak. Judging from the metahetal distances3 has
seven metatmetal bonds, which are indicated as dashed lines

[(Cp*Ru)s(us-S)(us-Cl)] reacts with MeG=CCOOMe at 50°C
to afford a dinuclear thiametallacycle compféxalthough the

in Scheme 1. It should be mentioned that a related incomplete trinuclear core has been ruptured, and the detailed reaction

double cubane-type heterobimetallic cluster [(CpRI)(CO)-

mechanism is unclear. More prevalent is addition of alkynes to

w4_o)w3_8)4] has been prepared by Spontaneous Se|f-a35emb|yﬂ2-bridging or terminal sulfido Iigand§5:16 Terminal sulfido

of monotitanium and dirhodium fragmerfsThe O atom in this
Ti,Rh, cluster is bound to four metal atoms (two Ti and two Rh
atoms) unlike that ir8.

Formation of3 is featured by the multiple linkage of two
molecules of2 by different types of arrays of elements, that is,
the hard (T+O—Ti) and soft (Ru-S—Pd) atoms (Scheme 2).

This is in marked contrast with the reaction of [CpTiCI(SEH

CH,CH,S)] with water in the presence of imidazole, which results
in the linkage of the monotitanium fragment only by an oxo
ligand?!?

Cluster3 has an intriguing hydridopalladium center surrounded
by sterically demanding Cp* and PPligands. Our continuing
interest in the reactivities of small molecules on such noble metal
centers embedded in polynuclear metstilfur core$*3led us to
examine the reaction o8 with DMAD, which afforded the
thiadimetallacycle clustet in 36% vyield (eq 1f

MeOCOC=CCOOMe
50°C

COOMe

Figure 1b depicts the X-ray structure 4t° A DMAD molecule
has formally been inserted into one of the-f&Ibonds in3 to
give an almost planar, five-membered thiapalladatitanacycle,
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complexes undergo the [2 2] cycloaddition to afford thia-
metallacyclobutenésin addition to the [2+ 3] cyclization leading

to dithiolene complexe¥in any case, the insertion of an alkyne
into a M—(us-S) bond is unprecedented. As to other sulfur-based
ligands, side-on disulfido complexes are known to react with
alkynes to afford such insertion products, namely, five-membered

1

MSSC(R¥CR dithiametallacycle¥, as well as dithiolene com
plexes. Insertion of alkynes to the P8R bond has also been
proposed as a key step in Pd-catalyzed additions of diorganodi-
sulfides RSSR and thiols RSH to the alkyrigs.

In summary, the novel hexanuclear exsulfido cluster3 with

three very distinct metals has been synthesized in a stepwise and
rational manner as outlined in Scheme 1. Clus3efurther
undergoes the unprecedented insertion of an alkyne into-a Pd
(us-S) bond without degradation of the hexanuclear framework.
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