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The cyclic thioetherÈthioester ligand [7,8-l- [L1]~, is a source of stronglySCH2C(O)S-7,8-C2B9H10]~,
co-ordinating mercapto and thioether groups. Upon reaction with complexes with metal ions in oxidation state
higher than ] 1, [L1]~ modiÐes to the dianionic ligand [7-S,8- [L2]2~.SCH2C(O)OMe-7,8-C2B9H10]2~,
Reaction of with (M\ RhIII or IrIII) in MeOH produces a[NMe4][L1] [M2(C5Me5)2Cl4] [M2(C5Me5)2(L2)2],
molecule with an earmu† shape.

In earlier publications we have proven that the bonding
capacity of monothioether ligands is dramatically improved
when the thioether is bonded to the cluster carbon of a

residue,1 which is interpreted as if the negative[C2B9H10]~charge of the cluster partly resides on the thioether, thus
enhancing its donor capacity.2 An example is the ready substi-
tution of Cl~ by these ligands. Recently the synthesis of a
cyclic thioetherÈthioester ligand, [NMe4][7,8-l-SCH2C(O)S-

or and its reactivity towards7,8-C2B9H10] [NMe4][L1],3
and has been reported. A pre-[RhCl(PPh3)3] [PdCl2(PPh3)2]liminary interpretation of the bonding behaviour of [L1]~

Scheme 1 Reactivity of [NMe4][L1]
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was that the exo-cycle was retained if bonding to a mono-
valent cation took place,3 while [L1]~ modiÐed to [L2]2~ by
an opening transesteriÐcation proven for divalent metal ions,
see Scheme 1.

In an attempt to know more on the complex behaviour of
ligand [L1]~, the reactions of the binuclear trivalent metal
complexes (M\ RhIII or IrIII], with[M2(C5Me5)2Cl4]have been examined. We report herein the[NMe4][L1]
results of these studies and, in particular, the X-ray structural
analysis of the binuclear compound [Rh2(C5Me5)2-which represents the Ðrst example of a binu-(L2)2] ÉMeCN
clear complex incorporating rings and both bridgingC5Me5mercapto and terminal thioether groups. Reaction of

with in boiling methanol in[NMe4][L1] [M2(C5Me5)2Cl4]the ratio 2 : 1 for 2 h yields an orange-red solid product. The
11B NMR spectrum displayed a 1 : 1 : 3 : 2 : 1 : 1 pattern not
coincident with [L1]~. The 1H NMR spectrum displayed one
resonance at [2.5 ppm corresponding to BwHwB and
another at 3.8 ppm attributable to a methoxy group. The
m(CO) absorption in the IR shifted from 1630 cm~1 in [L1]~
to 1734 cm~1 in the complex indicating that the initial
wC(O)SR group had modiÐed to wC(O)OMe by a trans-
esteriÐcation process and that, consequently, the initial car-
borane exo-cycle had been broken to produce wS~ and wSR
co-ordinating groups. Furthermore the chemical analyses
were in agreement with the formula The[Rh(C5Me5)(L2)].
absence of BwHwM interactions suggested a bidentate car-
borane ligand, in which case the Rh would be pentaco-
ordinated if the mononuclear complex had been obtained. A
similar reaction was found for whose spec-[Ir2(C5Me5)2Cl4]troscopic and analytical data are consistent with
[Ir(C5Me5)(L2)].

Although rare, some examples of pentaco-ordinated IrIII
such as are reported,4 however binuclear[Ir(C5Me5)(SC6F5)2]RhIII and IrIII structures with bridging mercapto groups are
well known too,5 and these could represent better the struc-
tures of and In order to[Rh(C5Me5)(L2)] [Ir(C5Me5)(L2)].
determine the structure of this compound unambiguously,
good quality X-ray red needle crystals were grown from ace-
tonitrile by slow evaporation.

A binuclear complex unit of is[Rh2(C5Me5)2(L2)2] ÉMeCN
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presented in Fig. 1.° The complex unit has a two-fold sym-
metry with the symmetry axis perpendicular to the plane of
the moiety and going through the midpoint of thisRh2S2moiety. In the binuclear complex unit the SCH2C(O)OMe
substituent connected to C(8) has two orientations (A and B).
The disordered forms A and B are almost equally populated.
The acetonitrile molecule is disordered over a two-fold axis. In
the binuclear unit each Rh has a three-legged piano-stool co-
ordination. The two ligands occupy a cis positionC5Me5while in the starting complex they are[Rh2(C5Me5)2Cl4]trans to each other. The dihedral angle between the two C2B3open faces is 19.3(3)¡. Overall the two [L2]2~ ligands have
removed the four initial chloride atoms of the starting
complex The thioether groups occupy the[Rh2(C5Me5)2Cl4].positions initially occupied by the terminal chlorides while the
mercapto groups occupy the initial chloride bridging posi-
tions. Remarkably the two carborane cages dispose their open
faces in a face to face orientation overall producing an
earmu†-like molecule.

Interestingly, it is found that the geometrical characteristics
of are retained in If[Rh2(C5Me5)2Cl4] [Rh2(C5Me5)2(L2)2].the dihedral angle values, and the RhwRhRhCl2Rh RhS2Rh,
distances and the RhwClwRh (RhwSwRh) angles are com-
pared between and[Rh2(C5Me5)2Cl4] [Rh2(C5Me5)2(L2)2],the following values are found 0.00(2)¡ [2.9(2)¡] ; 3.7191(6) Ó
[3.636(1) and 98.29(3)¡ [100.35(6)¡], respectively.Ó]

Ligand [L1]~ has been altered upon reaction to MIII
(M\ Rh or Ir) to produce a new ligand, [L2]2~, containing
both mercapto and thioether groups. Both are able to substi-
tute halogens from the co-ordination sphere of the metal, the
mercapto because of its negative charge and the thioether due
to the neighbouring anionic negative cluster. Owing to the
wS~, wSR rigid disposition induced by the nido-carborane,
and their distance, ligand [L2]2~ and analogues represent a
unique class of compounds ready to produce MwM
dimercapto-bridged complexes with strong terminal thioether
groups.

° Crystal data : [Rh2(C5Me5)2(L2)2] ÉMeCN, C32H63B18NO4Rh2S4 ,
Trigonal, space group (no. 154), a \ 19.830(3),Mr\ 1054.4. P3221

c\ 11.967(5) U \ 4075(2) Z\ 3, g cm~3, l(Mo-Ó, Ó3, Dc \ 1.289
Ka)\ 7.94 cm~1, F(000)\ 1614. The data were collected on a Rigaku
AFC5S di†ractometer using Mo-Ka radiation (k \ 0.71069 at 294Ó)
K. The intensities were corrected for Lorentz and polarization e†ects
and for absorption (w-scans, transmission coefficient 0.806È1.000). The
structure was solved by direct methods6 and reÐned7 on F2 by least-
squares techniques to R1 \ 0.0506 (wR2 \ 0.1192) and g.o.f.\ 1.031
for 3878 independent reÑections having I[ 2r(I). The structure is
also disordered in the lower symmetry space group DisorderedP32 .
carbon atoms and the non-hydrogen atoms of MeCN solvent were
reÐned with isotropic but the rest of the non-hydrogen atoms with
anisotropic displacement parameters. Hydrogen atoms, except the
bridging H atom at the open face of the cage and those of the solvent
molecule, were placed at Ðxed distances from their host atoms.

CCDC reference number 440/034.

Fig. 1 Crystal structure of A simpli-[Rh2(C5Me5)2(L2)2] ÉMeCN.
Ðed structure of the complex unit showing the sub-SCH2C(O)OMe
stituent in the B orientation. Only skeletons of ligands areC5Me5shown. Selected intramolecular distances and angles (¡) : RhwS(1)(Ó)
2.367(2), RhwS(1@) 2.368(2), RhwS(2b) 2.416(2), S(1)wC(7) 1.813(7),
C(7)wC(8) 1.580(8) ; S(1)wRhwS(1@) 79.62(6), RhwS(1)wRh@ 100.35(6),
S(1)wRhwS(2b) 78.43(8). Prime indicates equivalent position y, x, [z
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