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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: MU1278). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 

(CIoHI4)(C5H13PS)][B(C6H5)4].0.5CH2C12, the hybrid 
Me2PCH2CH2SMe ligand is bidentate (x2p, s), forming 
a five-membered chelate ring. The complex cation has 
two chiral centres, i.e. on the Ru and S atoms, and the 
relative configuration is R*(Ru)S*(S). 
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Abstract 
In the title compound, chloro(r/6-p-cymene)[1-(di- 
methylphosphino-P)-2-(methylthio-S)ethane]ruthenium(II) 
tetraphenylborate hemidichloromethane solvate, [RuC1- 

Comment 
In the course of our research on transition-metal com- 
plexes containing hybrid bidentate or polydentate phos- 
phine ligands, we prepared a new phosphine-thioether 
ligand, i.e. MeePCH2CH2SMe (Suzuki, Morikawa & 
Kashiwabara, 1996). The most intriguing properties of 
this ligand are related to the presence on the P atom of 
sterically undemanding but strongly electron-donating 
methyl substituents and the potential it has to act as both 
a monodentate P-atom donor and as a bidentate chelat- 
ing ligand (Kashiwabara & Taguchi, 1996). In order to 
reveal the molecular structure of a transition metal com- 
plex containing such a novel ligand, we prepared the 
title complex and carried out a diffraction analysis. The 
asymmetric unit contains a discrete complex cation, [(p- 
cymene)RuCI(Me2PCH2CH2SMe)] ÷, (I), a BPh4- anion 
and half a CH2C12 molecule. The CH2C12 solvate mol- 
ecule lies close to a crystallographic inversion centre 
and the C atom (C51) is positionally disordered. 

XR u/CS~ + - -  .,l~l 

(I) 

In the complex cation, (I), Me2PCH2CH2SMe acts 
as a bidentate ligand to form a five-membered chelate 
ring with a bite angle of 83.86 (6) °, which is compa- 
rable to that found for Me2PCH2CH2PMe2 in ruthen- 
ium(II) complexes (Field, Hambley & Yau, 1994). 
It has a piano-stool structure with the p-cymene 
and C1 ligands completing the coordination sphere of 
the metal. There are two chiral centres, i.e. on the 
Ru and S atoms, and the absolute configuration at 
these centers is R(Ru)S(S) or S(Ru)R(S). This con- 
figuration is more sterically advantageous than the 
diastereomeric alternative of R(Ru)R(S) or S(Ru)S(S), 
which would give rise to severe steric repulsion 
between the p-cymene and S--Me groups. The Ru--P 
bond [2.312(2)A] is slightly shorter than that in the 
structurally related complex [(p-cymene)RuCl{PPh(2- 
O-C6H3-6-OMe)[C6H3(OMe)2-2,6]}] [(II), 2.342 (3) A; 
Yamamoto, Sato, Matsuo, Sudoh & Igoshi, 1996], which 
may reflect the steric demand and greater electron- 
donating power of the methyl substituents in (I). The 
Ru--C1 bond length [2.389 (2) ~,] is comparable to 
those found in the related (II) and [(p-cymene)RuCl- 
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(taz)]PF6 complexes (where taz is 2,6-dimethyl-5-oxo-3- 
thioxo-2,3,4,5-tetrahydro-l,2,4-triazine) (Garcia, Solano, 
Sanchez, Santana, Lopez, Casabo, Molins & Miravitlles, 
1994). The R u - - S  bond length is 2.358(2),~,. The 
R u - - C  bond lengths vary from 2.198 (5) to 2.267 (6 )A  
and this variation may be related to the strong trans 
influence of  the PMe2 group; the longest Ru---C bond 
(Ru---C15) is trans with respect to the P atom. 

The title complex is, to the best of  our knowledge,  
the first structural example of  a transition metal com- 
plex containing the Me2PCH2CH2SMe ligand. There 
is only one structural report of  a ruthenium(II) com- 
plex containing a P,S-type hybrid ligand, namely, cis- 
[RuC12{(p-tol)2P(4-DBT)}2] [where (p-tol)2P(4-DBT) 
is 4-(di-p-tolylphosphino)dibenzothiophene] (Bucknor, 
Draganjac, Rauchfuss, Ruffing, Fultz & Rheingold,  
1984). There is only one other reported structure 
of  a transition metal complex containing a biden- 
tate d ia lkylphosphine-a lkyl th ioether  ligand, namely, 
[PdC12(R2PCH2CH2SEt)] (R = Et, 'Pr) (Zhang, Yang, 
Huang & Li, 1993). 

C19 

Crystal data 

[RuCl(CIoH14)(CsHI3PS)]- 
(C24H2oB).0.5CH2C12 

Mr = 768.63 
Monoclinic 
e2,/c 
a = 9.821 (4) A 
b = 11.855 (5) A 
c = 32.703 (5) ,~, 
fl = 93.97 (3) ° 
V = 3798 (2) .~3 
Z = 4  
Dx = 1.344 Mg m -3 
Dm not measured 

Data collection 
Rigaku AFC-5R diffractom- 

eter 
,~ scans 
Absorption correction: 

by integration from crystal 
shape 
Trn~n = 0.762, Tmax = 
0.852 

11 666 measured reflections 
11 078 independent 

reflections 

Mo Kc~ radiation 
A = 0.71073 .~, 
Cell parameters from 25 

reflections 
0 = 10.0-12.5 ° 
# = 0.68 mm-J 
T = 293 K 
Prism 
0.50 x 0.45 x 0.24 mm 
Orange 

5927 observed reflections 
lEo > 3tr(Fo)] 

Rim = 0.039 
0ma~ = 30 ° 
h = 0 ---, 13 
k = 0 ---, 16 
l = - 4 6  ---, 45 
3 standard reflections 

monitored every 150 
reflections 

intensity decay: 1.6% 

C10 

C2 

C12 

C13 

C18 

Ru 

C14 ~ ~1'-~C17 

,15 

C3 C5 

Fig. 1. A perspective view of the complex cation (1) in 
[(p-cymene)RuCI(Me2PCH2CH2SMe)][BPha].0.5CH2C12. H atoms 
have been omitted for clarity and ellipsoids are drawn at the 50% 
probability level. 

Experimental 

The title compound was prepared by reaction of [(p-cymene)- 
RuC12]2 and Me2PCH2CH2SMe (molar ratio 1:3) in EtOH 
at room temperature, followed by precipitation with NaBPh4. 
Recrystallization was from a mixture of CH2C12 and Et20. 

Refinement 

Refinement on F 
R = 0.056 
wR = 0.056 
S = 1.62 
5927 reflections 
603 parameters 
All H-atom parameters 

refined 
w = 1/[o'2(F) + 0.000225F 2] 

(m/O')ma.x -" 0.0271 
Apmax = 0.96 e ,~-3 
Apmin = - - 0 . 7 5  e ,~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV, Tables 
2.2B and 2.3.1) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2) 

Ueq = (l /3)Y]iY]jUija~ af ai.a). 
x y z Ueq 

Ru 0.12508 (4) 0.27199 (3) 0.34518 (I) 0.0380 (2) 
Cll -0 .0390 (2) 0.3374 (I) 0.29318 (5) 0.078 (1) 
S 0.0600 (2) 0.4143 (I) 0.39026 (5) 0.078 (1) 
P 0.2661 (1) 0.4105 (1) 0.32179 (4) 0.0475 (8) 
C I 0.2702 (9) 0.4265 (8) 0.2669 (2) 0.072 (5) 
C2 0.4459 (7) 0.4028 (8) 0.3401 (3) 0.080 (5) 
C3 0.208 (1) 0.5449 (6) 0.3400 (3) 0.074 (5) 
C4 0.175 ( 1 ) 0.5316 (7) 0.3838 (3) 0.097 (6) 
C5 -0 .099 (I) 0.479 (1) 0.3734 (6) 0.15 (1) 
C I 0 0.118 ( 1 ) 0.0882 (7) 0.2671 (2) 0.075 (5) 
CII  0.1398 (5) 0.1092 (4) 0.3127 (2) 0.048 (3) 
C12 0.2656 (6) 0.1355 (4) 0.3309 (2) 0.048 (3) 
C 13 0.2835 (6) 0.1602 (4) 0.3734 (2) 0.050 (3) 
C14 0.1747 (6) 0.1561 (4) 0.3984 (2) 0.051 (3) 
C 15 0.0446 (6) 0.1234 (4) 0.3799 (2) 0.050 (3) 
CI6 0.0282 (6) 0.1008 (4) 0.3382 (2) 0.050 (3) 
C 17 0.1870 (8) 0.1809 (6) 0.4440 (2) 0.076 (5) 
CI8 0.311 (1) 0.254 (1) 0.4579 (3) 0.117 (8) 
CI9 0.193 (3) 0.069 (1) 0.4664 (3) 0.17 (I) 
C21 0.6444 (5) -0 .0253 (4) 0.3834 (2) 0.047 (3) 
C22 0.6617 (6) 0.0575 (5) 0.3540 (2) 0.054 (3) 
C23 0.6787 (6) 0.1712 (6) 0.3634 (2) 0.067 (4) 



2984 [RuCl(C10H14 )(C5 H13 PS)] (C24H20B).0.5CH2 C12 

C24 0.6775 (7) 0.2075 (6) 0.4030 (3) 0.076 (5) 
C25 0.6597 (7) 0.1285 (6) 0.4331 (2) 0.077 (5) 
C26 0.6432 (6) 0.0150 (6) 0.4232 (2) 0.062 (4) 
C27 0.5829 (5) -0.2399 (5) 0.4069 (2) 0.052 (3) 
C28 0.4638 (6) -0.2119 (6) 0.4242 (2) 0.062 (4) 
C29 0.4004 (7) -0.2820 (7) 0.4514 (2) 0.074 (4) 
C30 0.4524 (8) -0.3874 (7) 0.4599 (2) 0.081 (5) 
C31 0.5665 (9) -0.4202 (7) 0.4426 (2) 0.083 (5) 
C32 0.6316 (8) -0.3475 (6) 0.4171 (2) 0.073 (5) 
C33 0.5646 (5) -0.1946 (4) 0.3294 (1) 0.042 (3) 
C34 0.4535 (5) -0.1341 (5) 0.3129 (2) 0.057 (4) 
C35 0.3762 (6) -0.1688 (6) 0.2778 (2) 0.068 (4) 
C36 0.4085 (7) -0.2664 (7) 0.2588 (2) 0.073 (4) 
C37 0.5159 (6) -0.3300 (6) 0.2736 (2) 0.059 (4) 
C38 0.5922 (6) -0.2950 (5) 0.3087 (2) 0.051 (3) 
C39 0.8171 (5) -0.1808 (4) 0.3708 (2) 0.047 (3) 
C40 0.9018 (6) -0.1801 (5) 0.4068 (2) 0.065 (4) 
C41 1.0454 (7) -0.1811 (6) 0.4060 (3) 0.076 (5) 
C42 1.1054 (7) -0.1840 (5) 0.3699 (3) 0.070 (4) 
C43 1.0258 (6) -0.1850 (5) 0.3337 (2) 0.061 (4) 
C44 0.8844 (5) -0.1836 (5) 0.3351 (2) 0.049 (3) 
B 0.6503 (6) -0.1606 (5) 0.3726 (2) 0.046 (3) 
C12 0.0878 (5) -0.4060 (5) 0.5003 (1) 0.258 (5) 
C51t -0.060(2) -0.441 (2) 0.4880(5) 0.12(1) 

i" Disordered atom; site occupancy = 0.5. 

Table 2. Selected geometric parameters (,4, o) 
Ru---CII 2.389 (2) Ru---C13 2.198 (5) 
Ru--S 2.358 (2) Ru--CI4 2.245 (5) 
Ru--P 2.312 (2) Ru---CI5 2.267 (6) 
Ru---C11 2.212 (5) Ru---CI 6 2.246 (5) 
Ru---C 12 2.198 (5) 

CI t--Ru--S 90.81 (6) S--Ru--P 83.86 (6) 
CII--Ru--P 85.63 (6) S--Ru---C11 162.6 (1) 
CI1--Ru---CI3 156.6 (1) P--Ru---C15 162.7 (1) 

The C51 atom of the CH2C12 solvate molecule has a site- 
occupation factor of 0.5. All H atoms were included in the 
structural refinement, except for those of the CH2C12 solvate 
molecule. The structure solution and refinement used Xtal3.2 
(Hall, Flack & Stewart, 1992). 

Data collection: MSCIAFC Diffractometer Control Software 
(Molecular Structure Corporation, 1989). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data reduction: 
Xtal3.2 DIFDAT ABSORB ADDREF SORTRF. Molecular 
graphics: Xtal3.2. Software used to prepare material for 
publication: Xtal3.2. 
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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: MU1286). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
The complex cation in the title structure has a distorted 
octahedral coordination geometry with cobalt bonded 
to two bidentate bipyrimidine (bpm) ligands and two 
water molecules in cis positions. The structure has 
crystallographically imposed twofold symmetry. 

Comment 
Our interest in complexes of bipyridine-type ligands 
stems from studies of their diffusion behavior in clays. 
In our case, diffusion properties are measured electro- 
chemically using prepared clay electrodes (Lee & Fitch, 
1990). Earlier, an anomalous diffusion behavior was 
noted for [Cr(bipy)3] 3÷ (bipy is bipyridine; Edens, Fitch 
& Lavy-Feder, 1991) and this led to the preparation and 
testing of complexes with similar ligands. 

The ligand 2,2'-bipyrimidine (bpm) has four N donor 
atoms so it can coordinate as a bidentate ligand to 
a single metal atom or as a bis-bidentate bridging 
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