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Summary

Heterobinuclear complexes of formula [LMCIL, (pz)M’(tfb)] (M = Ru, L =
p-cymene, M' = Rh; M =1Ir, L = CsMes, M' = Rh; M = Rh, L = C;Meg, M’ =1Ir)
and [(CsMe;)IrCl(pz),Rh(tfb)] (tfb = tetrafluorobenzo(5.6]bicyclo[2.2.2]-
octan-2,5,7-triene) have been prepared. The molecular structure of
[ (p-cymene)Ru(u-Cl), (u-pz)Rh(tfb)] has been determined by X-ray diffraction.
It consists of two moieties, (p-cymene)Ru and (tfb)Rh, triply-bridged by a
pyrazolate group and two chlorine atoms.

The pyrazolate chemistry of platinum metals (Rh [1]}, Ir [2], Pd [3], Pt [4],
Ru [5]) has attracted considerable interest in recent years, but most of the re-
search has been concentrated on homobimetallic rhodium and iridium com-
plexes [1,2]. In particular, Gray and coworkers [6] have shown that homobi-
nuclear pyrazolate-iridium complexes can be versatile photoreagents for the re-
ductive activation of inert substrates. On the other hand we have recently de-
scribed [7] the preparation of hetero- and homo-bridged mixed valence com-
plexes of formula [(Cs;Me; )CIRhCl(pz)RhL,] (L, = diolefin, L = CO) and
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The diffraction data were collected on a Philips PW 1100 four-circle automatic
diffractometer, using the w/260 scan technique and graphite-monocromated
Cu-K,, radiation (A 1.54178 A). The structure was solved by standard Patterson
and Fourier methods, and refined by full-matrix least-squares on Fyps with
anisotropic thermal parameters for all non-hydrogen atoms. Hydrogen atoms
were found from a difference Fourier map and refined isotropically. The refine-
ment converged at R = 0.037 and Ry, = 0.039 for the 3748 reflections (6§ < 65°)
having I > 3o(I)*.

Figure 1 shows the solid-state molecular structure of [(n°-p-cymene)Ru-
(u-Cl), (u-pz)Rh(tfb)] together with the atom-numbering scheme and some im-
portant bond distances and angles. Compound I is a heterobinuclear complex
formed by a Rh! and a Rul atom bridged by a pyrazolate group and two
chlorine atoms. The coordination spheres of the metals are completed by a tfb
molecule, acting as a 1,4-diolefin ligand on the Rh atom, and by a p-cymene
ligand on the Ru atom. If the centroid of the p-cymene ring (G) is regarded as
the center of a three fac-octahedral site, an octahedral arrangement can be dis-
cerned around this last metal, with the n°-arene ring and the three other ligands
adopting a ‘“piano-stool” configuration (see Fig. 1).

The intermetallic distance Rh...Ru, 3.514(1) A, is significantly shorter than
that in the related homometallic double bridged [(CsMes)CIRh(u-Cl)(u-pz)-
Rh(tfb)] complex (3.715(2) A) [7], probably owing to the additional bridging
character of the Cl(2) atom. This chlorine is bonded to the Ru atom with an
interatomic distance, 2.428(1) A, in the range of usual Rull- Cl bond distances
(2.40- 2.50 A) [8]. The Rh— Cl(2) distance, 2.699(2) A, is longer than the
Rh!--Cl bond distances usually observed in related.structures with bridging
chlorine atoms (range 2.35—2.60 A) [9]. Slightly shorter Rh!- Cl bond distances
have been reported for terminal chlorine, 2.635(4) A [10], or for bridging Cl
atoms, 2.607(2) A [9a], in cases in which there was no doubt about the nature
of the bond.

The coordination around the Rh atom can be described as distorted square
pyramidal with the C1(2) atom in the apical position. This type of coordination
is supported by the dihedral angle between the planes CI(1y—Rh—N(1) and
C(4,5)—Rh—C(7,8)** (29.5(1)°, compared with a value of 6(1)° in the related
double-bridged dirhodium complex [7]), and the marked deviation of the Rh
atom (0.3194(4) &) from the best plane through N(1), Cl(1), C(4,5) and C(7,8)
towards the Cl{2) atom.

Also noteworthy is the high assymmetry of the C1(2) bridge. A similar situa-
tion was found in the [ {u-(Ph,P),py},Rh,(u-CO)(CO),(u-Cl),Cl,] complex
[9¢], where the chlorine has been described as ‘‘semi-bridging”. The p-cymene
ring makes an angle of 24.8(2)° with the plane holding the four atoms of the
olefinic bonds. The relative position of these two groups, as viewed along the

*The atomic coordinates for this structure have been deposited with the Cambridge Crystallographic
Data Centre and can be obtained on request from Dr. Olga Kennard, University Chemical Laboratory,
Lensfield Road, Cambridge CB2 1EW, U.K. Any request should be accompanied by the full literature
citation for this communication.

**(C(4,5) and C(7,8) denote the mid-points of the C(4)—C(5) and C(7)—C(8) bonds, respectively.
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Ru...Rh line, is such that C{20) and C{17) atoms are eclipsed by the double
bonds C(4)—C(5) and C%?)*- C(8), respectively.

For complex 11, [RhI Iﬁh*[] the possibility of a triple-bridged formulation
can not be excluded, in view of the greater tendency of the Ir-tfb moiety to
adopt a pentacoordinate arrangement around the iridiwm atom [11]. On the
other hand, we suspect a double-bridged forrulation for complexes 1l and IV
[IrH['—RhI], as found for the recently characterized [{C. Me WCIRRip-Cliu-pz -
Rh(tfb)] {7}

Further work on the synthesis and reactions of related heterobinuciear com-
plexes is in progress.

Acknowledgement. This work was supported by the Comision Asesora de
Investigacion Cientifica y Técnica. We thank Prof. 8. Garcia Blance for facilities.

References

1 (a} S. Trofimenko, Inorg. Chem., 10 (1971) 1372; (b) R. Uson, L. A. Oro. M.A. Ciriano, M, T. Pinillos,
A, Tiripicchio and M. Tiripicchio-Camellini, J. Organomet. Chem., 205 (1981 247 (¢) R. Uson,
L.A. Oro, M. A, Ciriano, D. Carmona. A. Tiripicchio and M. Tiripicchio-Camellini, ibid.. 224 (1982) 64;
(d) G. Banditelli, A.L. Bandini, ¥. Bonati and G. Minghetti, ibid., 218 (1981) 229: (e} A. Tiripicchio.
F.J. Lahoz, L. A, Oro and M.T. Pinillos, J. Chem. Soc., Chem. Commun., {1984} 936.
2 G.W. Bushnell, D.0.K. Fjeldsted. S.R. Stobart, M.J. Zaworotko, 5, AR, Knox and K.A. Macpherson.
Organometallics, 4 {1985) 1107 and references therein,
3 (a3 F. Bonati and H.C. Clark, Can. J. Chem., 55 (1978) 2513 (b) E.C. Alvea, $.A. Dias and F. Bonati,
Transition Met. Chem., 8 (1981} 24.
W.C. Deese, D A, Johnson and AW, Cordes, Inorg. Chem., 2¢ (1981) 1519,
(a) L.A. Oro, M.P. Garcia. D). Carmona, C. Foces-Foces and F.H, Cano, Inorg. Chim. Acta, 96 (1985}
L21; (b) T.V. Ashworth, D.C. Liles and E. Singleton, ibid., 98 {1985) L&5 and ref. therein.
J.L. Marshall, S.R. Stobart and H.B, Gray, J. Am. Chem. Soc.. 106 (1984) 3027,
LA Ovo, D. Carmona, J. Reves, €. Foces-Foces and F.H. Cano, J. Chem. Soc., Dalton Trans., in press.
D.A. Tocher, R.O. Gould, T.A. Stephenson, M. A. Bennett, J.P, Ennett, © W. Matheson, L. Sawver and
V.K. Shah, J. Chem. Soc., Dalton Trans., (1983) 1571 and ref. therein.
9 (a) M. Cowie, Inorg. Chem., 18 {1979) 288; (b) M.M. Olmstead, C.H. Lindsav, L.S. Benner and
A. L. Balch, J. Organomet. Chem TG {1979) 284; (¢) F.E. Wood., M.M. Olmstead and A L. Baleh. J.
Am. Chem. Soc., 105 (1983) 6332 (d) L.A. Oro. M.T. Pinilivs, . Telel, {. Foces-Foces and F.OH. Cano,
J. Chem. Soc., Chem. Commun., (1984) 1687; (e1 A.L. Balch, L.A, Fossett, R.R. Guimerans and
M. M. Olmstead, Organometallics, 4 {1985) 781.
10 J.C. Calabrese, T. Herskovitz and J. 8. Kinney, J. Am. Chem. Soc.. 105 (1983 5914.
11 R. Uson, 1. A. Oro, B, Carmona and M. A, Esteruelas, J. Organomet. Chem.. 206 (19847 109

-

o

o HES Ji>]




