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In recent yvears the research concerning with the reaction of struec-
tually characterized discrete metal oxide clusters has been received considera-
ble attention with the hope that this knowledge can be transferred to the actual
catalyst system of solid oxides to understand the transformation of small or-
ganic molecules on the active sites of the catalysts. In addition, single or
integrated cubane-type clusters have been successfully used as models of oxide
solids in recent theoretical works. The triple cubane-type oxide cluster
[(Cp*Rh) «M040:16] (Cp*=1n °~Cs (CHs)s) (1) synthesized by our group recently shows
interesting reactivities toward protic reagents such as CHsOH. The reactions
of this triple cubane-type oxide cluster with mercaptans such as methanethiol
and 1, 2-benzenedithiol provoke our interest since the mercaptans with proton and
soft sulfur may lead to different reactions and supply valuable information to
deepen our understanding about the chemistry occurred on the surface of oxides.

A reaction of 1 with methanethiol was carried out in methanol. It was
found that the triple cubane framework was collapsed and a series of complexes
of [{Cp*Rh (u -SCHs) sMo02} 2 (1 -0)1(2), [{Cp"Rh(u —SCHs)sMoO}2(u -0)21(3), [{Cp*Rh
(12 -SCHs) sMoO} 2 (2 =0) (1 =S)1(4), [(Cp*Rh) 2 (p-SCHs)s]4[Mos026](5), and[(Cp*Rh):
(u ~SCHs)s]:Mos019](6),were isolated under different conditions. The structures
of these complexes were determined by X-ray analyses and their properties were
characterized by NMR and IR spectroscopies as well as FAB mass spectrometry.

Complexes 2,3,and 4 are linear-type tetranuclear complexes formed
through the rearrangement of the triple cubane framework by attacking of meth-
anethiol. Among them 4 has a bridging sulfur atom which is from the methane-
thiol by cleaving of S-C bond. The cleavage process relating to industrially
important desulfurization reaction provides a rare example for the polynuclear
cluster formation with bridging sulfur atoms coming from a mercaptan. In the 'H
and '*C NMR spectra 2 shows two series signals which are attributed to the ex-
istence of two isomers, asymmetric isomer and symmetric isomer, in the solution.
The two isomers were considered to arise from different relative orientations of
methyl groups on bridging sulfurs. Through dissolving the crystals of 2 in
CDCls at low temperature and then measuring 'H and '°C NMR spectra the assign-
ments were made successfully for asymmetric and symmetric isomers. The forward
and reverse rate constants of the interconversion process of the two isomers
were obtained by studying '‘H NMR spectra at different temperatures. And then
the activation free energies of inversion reaction of the sulfur were calculated
by Byring plots as 66.4kjmol ' for forward reaction and 67.7kjmol™' for reverse
reaction.

Complexes 2,3 and 4 show very interesting fluxional behavior in solu-



tion. '70 NMR spectral data of 2,3, and 4 are well consistent with correspond-
ing solid structures and indicate that the structural units of 0:Mo(u ~0)Mo0:=
for 1, OMo(u -0):MoO for 2, and OMo(u -0) (x-S)MoO for 3, are retained in the
solution. The variable-temperature 'H NMR measurements of 2,3, and 4 show that
the complete averaging of methyl groups are achieved at higher temperatures.
The averaging processes are fully reversible upon cooling for all the three
complexes. The computer—-generated spectra were iteratively fitted to the ob-
served spectra to evaluate the rate constants for the exchange processes at
different temperatures. The activation parameters were calculated by using
Eyring plots. The small entropic contributions obtained are consistent with
intramolecular mechanisms. The variable-temperature '“0 NMR studies show that
the resonances of all the three complexes become sharpen with increasing temper-
ature. This indicates that the averaging processes are not realized by the ex—
change between terminal and bridging oxygen atoms. Accordingly a mechanism was
put forward with the first breaking of a Mo-S(CHs) bond trans to the terminal
oxygen atom, followed by an intramolecular scrambling to achieve the average of
environments through five coordinate intermediate and then recombine to restore
to the original configuration. Since 2 has two weak Mo-S(CHs) bonds resulted
from two trans terminal oxygen ‘atoms, we have suggested a second mechanism for 2
in which the breaking of two weak Mo-S(CHs) bonds takes place as the first step
followed by the rotation of resulted species along the remaining Mo-S(CHs) bond.
Finally, the recombination occurs to recover the original framework to achieve
averaging of SCHs groups.

Complexes 5 and 6 are formed through the rearrangements of the triple
cubane framework of 1 by separating organometallic group Cp*Rh and oxometalate
part completely. Complex 5 has a characteristic structure which is defferent
from those of «, B, and y-octamolybdates and therefore is a new isomer of
octamolybdate. This complex is structurally similar to an intermediate suggest-—
ed previously in the interconversion process of a, B, and y-octamolybdates.
The IR spectrum of 5 was measured in CH:No: and the evidence was provided for
the intermediate nature of 5.

Furthermore through the reaction of 1 with 1,2-benzenedithiol, a
rhodium dimer [(Cp*Rh) (x~S:Ce¢H4)]2(7) and a corresponding sulfinato comoplex
[(Cp™ Rh) (£ ~S2(0)CeH4)]:2(8) were obtained. In addition, an iridium monomer
[(Cp™Ir) (u-S2CsHs)](9) were isolated from a reaction of [(Cp*IrClz]: with 1,2-
benzenedithiol. Complexes 7,8, and 9 were characterized by X-ray structural
analyses and NMR, IR and FAB-MS. The complex 7 was found to show the interest-
ing monomer and dimer interconversion in solution. The complex 8 can be also
obtained through the oxidation of 7 by molecular oxygen in the air at room

temperature which has an important meaning in understanding the deactivated



processes of some enzymes.
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