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In solution, the complex [Ru(bdt)(cym)] and its dimer

[Ru2(bdt)2(cym)2] [bdt is benzene-1,2-dithiolate (C6H4S2)

and cym is p-cymene (C10H14)] are in equilibrium in a ratio

which depends on temperature (ca 1:1 at 298 K). In the solid

state and in solution at low temperature (213 K), only the

dimer is observed. In the crystal structure of

[Ru2(bdt)2(cym)2], each Ru atom is bonded to three S atoms

from two bdt ligands apart from its coordination to the

benzene ring of the p-cymene ligand.

Comment

This work is part of a project dealing with the synthesis and

reactivity of binuclear complexes containing bridging

benzene-1,2-dithiolate ligands (Cabeza et al., 1998, 1999). The

nuclearity of the [Ru(bdt)(arene)]x compounds (bdt is

benzene-1,2-dithiolate) is strongly dependent on temperature

and the nature of the substituents of the arene ring, e.g.

[Ru(bdt)(C6Me6)] is a monomer in the solid state and in

solution at any temperature, while [Ru(bdt)(C6H6)] and

[Ru(bdt)(cym)] exist in solution in equilibrium with their

dimers (Mashima et al., 1997). With the aim of studying its

reactivity with other metal complexes, [Ru(bdt)(cym)]x (cym

is p-cymene) was prepared. In solution at 298 K an approx-

imate 1:1 equilibrium mixture of the monomer and the dimer

exists (see Scheme below); however, at temperatures above

298 K the monomer predominates (a 4:1 ratio was observed at

353 K), while at lower temperatures the dimer is in a higher

ratio, e.g. at 213 K only the dimer was observed. In the solid

state, only the dimer is found. We report here the structural

details of the dimer [Ru2(bdt)2(cym)2], (I).

The dimer crystallizes in P1. The asymmetric unit consists of

one-half of the dimer, i.e. the monomeric unit,

[Ru(bdt)(cym)], with the other half being generated by a

centre of symmetry at (0,1/2,1/2). The monomeric units are

linked through two RuÐS bonds, Ru1ÐS1i [2.364 (2) AÊ ;
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symmetry code: ÿx, 1ÿy, 1ÿz] and Ru1ÐS2i [2.386 (2) AÊ ].

Thus, each Ru atom is bonded to three S atoms (S1, S1i and

S2i) from two bdt ligands apart from its coordination to the

benzene ring of the p-cymene ligand.

Although other related compounds, such as

[Ru2(bdt)2(C5Me5)2] (RuÐRu) (HoÈ rnig et al., 1994) and

[Rh2(bdt)2(C5Me5)2] (Russell et al., 1978), are known, struc-

tural details have not been reported.

Experimental

The title compound was prepared by the method reported by

Mashima et al. (1997). The monomer to dimer ratios in solution in

toluene-d8 at different temperatures were estimated by integration of
1H NMR spectra. The 1H NMR chemical shifts of monomer and

dimer have been reported (Mashima et al., 1997). Crystals were

obtained at 253 K by slow diffusion of pentane vapour into a solution

of the complex in dichloromethane.

Crystal data

[Ru2(C10H14)2(C6H4S2)2]
Mr = 750.98
Triclinic, P1
a = 8.237 (5) AÊ

b = 9.813 (6) AÊ

c = 10.237 (3) AÊ

� = 65.42 (4)�

� = 82.57 (3)�

 = 76.34 (6)�

V = 730.8 (7) AÊ 3

Z = 1
Dx = 1.706 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 10±15�

� = 1.34 mmÿ1

T = 293 (2) K
Plate, dark red
0.33 � 0.17 � 0.03 mm

Data collection

Nonius CAD-4 diffractometer
!±2� scans
Absorption correction: re®ned from
�F (SHELXA; Sheldrick, 1997)
Tmin = 0.762, Tmax = 0.957

3022 measured re¯ections
2855 independent re¯ections
1907 re¯ections with I > 2�(I)
Rint = 0.036

�max = 26.0�

h = ÿ10 ! 10
k = ÿ10 ! 12
l = 0 ! 12
3 standard re¯ections

every 200 re¯ections
frequency: 60 min
intensity decay: 3.6%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.041
wR(F 2) = 0.105
S = 1.02
2855 re¯ections
175 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0492P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.85 e AÊ ÿ3

��min = ÿ0.69 e AÊ ÿ3

Data collection: CAD-4 EXPRESS (Enraf±Nonius, 1994); cell

re®nement: CRYSDA (Beurskens et al., 1992); data reduction:

REFLEX (GarcõÂa-Granda et al., 1999); program(s) used to solve

structure: DIRDIF (Beurskens et al., 1992); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

EUCLID (Spek, 1982); software used to prepare material for publi-

cation: SHELXL97.

We thank the Spanish CICYT (BQU2000±0219 and PB98±

1555) and FICYT (PR-01-GE-4) for partial support.

References

Beurskens, P. T., Admiraal, G., Beurskens, G., Bosman, W. P., GarcõÂa-Granda,
S., Gould, R. O., Smits, J. M. M. & Smykalla, C. (1992). The DIRDIF
Program System. Technical Report. Crystallography Laboratory, University
of Nijmegen, The Netherlands.

Cabeza, J. A., MartõÂnez-GarcõÂa, M. A., Riera, V., Ardura, D. & GarcõÂa-Granda,
S. (1998). Organometallics, 17, 1471±1477.

Cabeza, J. A., MartõÂnez-GarcõÂa, M. A., Riera, V., Ardura, D., GarcõÂa-Granda,
S. & van der Maelen, J. F. (1999). Eur. J. Inorg. Chem. pp. 1133±1139.

Enraf±Nonius (1994). CAD-4 EXPRESS. Version 5.1/1.2. Enraf±Nonius,
Delft, The Netherlands.

GarcõÂa-Granda, S., Aguirre-PeÂrez, A. & GutieÂrrez-RodrõÂguez, A. (1999). THE
REFLEX. Internal Report. X-ray Laboratory, University of Oviedo. Spain.

HoÈ rnig, A., Englert, U. & KoÈ lle, U. (1994). J. Organomet. Chem. 464, C25±28.
Mashima, K., Kaneyoshi, H., Kaneko, S., Mikami, A., Tani, K. & Nakamura,

A. (1997). Organometallics, 16, 1016±1025.
Russell, M. J. H., White, C., Yates, C. & Maitlis, P. M. (1978). J. Chem. Soc.
Dalton Trans. pp. 849±857.

Sheldrick, G. M. (1997). SHELXL97 and SHELXA. University of GoÈ ttingen,
Germany.

Spek, A. L. (1982). The EUCLID package in `Computational Crystallography',
edited by D. Sayre, p. 528. Oxford: Clarendon Press.

Figure 1
View of [Ru2(bdt)2(cym)2]. Displacement ellipsoids are shown at the 30%
probability level. H atoms have been omitted for clarity.
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