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The Molecular Structure of 
Bis-x-cyclopentadienyl( toluene=3,4=dithiolato)molybdenum 

By J. R. KNOX* and C. K. PROUT 
(Chemical Crystallography Laboratory, South Parks Road, Oxford) 

IN bis-n-cyclopentadienyl(tolue1ie-3,4-dithiolato)- 
molybdenum (1)l the bonding might be expected to 
resemble that in the dihydride (v-C5H5) 2MoH2 
where the lone-pair appears to lie between the 
$ J ~  and  orbital^.^ A similar arrangement in 
(I) should destabilise the metal-sulphur bonding 
but there is no chemical evidence for this. The 
crystal structure of (I) has been determined to 
discover if the lone-pair has a stereochemical 
influence and to measure the molybdenum-sulphur 
bc n ~ d .  

(n-C,H,) ,MoS,C,H3CH,, M = 380-4, Monoclinic 
prismatic, a = 14.969 & 0.003, b = 17.691 -J= 
0.003, c = 12.628 5 0-003 A, and ,fl = 115-5 
0.2"; D m  = 1.685 g . ~ m . - ~ ,  Dc = 1.705 g . ~ m . - ~ ,  
2 = 8, Cu-K, radiation, p = 98 cIn.-l space 
group P2Jn (C&, KO. 14). 3550 independent 
reflections estimated visually. No absorption 
correction. 

The structure was solved by three-dimensional 
Patterson and Fourier methods and refined by the 
least-squares method with isotropic temperature 
factors (R = 0.103) for 3550 non-zero reflections. 
One of  the two similar molecules in the asymmetric 
unit contains a disordered toluenedithiol ring. 
The results given below are for the ordered mole- 
cule which we do not expect to change significantly 
in  the further refinement we propose to carry out. 

The molecule has planar cyclopentadienyl rings 
staggered with respect to each other. The angle 
between plane normals is 133" and the bond 
lengths and angles are equivalent within experi- 
mental error. The rings lie on either side of the 
S-Mo-S plane. This arrangement differs from that 
of the molecule (n-C6HB) ,MOH,~ which has eclipsed 
rings and an angle between ring normals of 145", 
because the larger sulphur atoms push the cyclo- 
pentadienyl rings backwards. This compels the 
rings to take up the staggered configuration to 
avoid close contacts between the hydrogens of the 
>CH groups a t  the rear of the molecule. The 
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overcrowding is shown by the very close intra- 
molecular approaches (3.05 A to both rings) of the 
sulphur atoms to the cyclopentadienyl carbon 
atoms. 

The Figure shows (a) the angles that the cyclo- 
pentadienyl ring normals make with N,, the 
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FIGURE. The bis-n-cyclopentadzenyZ(toluene-3,4-dithio- 
1ato)rnoZybdenum molecule. [The benzene ring of the 
toluenedithiol molecul has been omitted.] 
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normal to the S-Mo-S plane, and (b) the angles 
that the Mo-S bonds make with N,, the normal 
to the plane defined by the cyclopentadienyl ring 
normals meeting at the molybdenum atom. The 
angles in parentheses are with respect to (a) the 
vector from the molybdenum atom to the centroids 
of the cyclopentadienyl rings and (b) the normal 
to the plane defined by these vectors. The standard 
deviations of the angles given are about 1’ and 
N, and N, are orthogonal within experimental 
error. The co-ordination polyhedron has sym- 
metry C, when defined using the molybdenum 
atom to ring centroid vectors and C, using the 
ring normals. However, in both cases the sym- 
metry approximates to Cpu although the deviations 
are greater than experimental error. 

It appears that each sulphur atom either lies 

between the a,bo and a,b, orbitals of the Ballhausen 
scheme3 or more likely requires a rehybridised 
system4 which has an angle between t,hv and $-, 
considerably less than 150°, and the #o orbital no 
longer directed towards the chelate ring. The 
lone-pair of electrons has no obvious stereochemical 
influence and there is no crystallographic evidence 
to suggest these electrons are involved in Mo-S 
n-bonding. The Mo-S distances 2.435 and 2.440 
(&0.006) A are very close to the value of 2.45 
obtained from Slater’s6 radii. 
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