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Summary 

Reaction of [ {MCl,(cod)},] (X > 2; cod = cycloocta-1,5-diene) with 
SnBu,(C,R,) (R = H, Me) gives [M(a’ -C5R5)2] (M = Ru, R = H, Me; M = 
OS, R = H) and [ Os(v5 -C5 Me, )H(cod)] . . Decamethylosmocene, 
[ 0s(q5 -C5 Me5 )z 1, has been prepared from Na, [ OsCl, ] and pentamethylcyclo- 
pentadiene. The crystal structure of [Ru(q5 -C,Me,),] has been determined. 

Although the chemistry of ferrocene has developed rapidly since its discovery 
in 1951, that of ruthenocene has received little attention [l] , and the 
chemistry of osmocene remains virtually unexplored [2] . This can largely be 
attributed to the lack of suitable synthetic routes that produce these metallo- 
cenes in high yields, and particularly, in substantial quantities. Current interest 
in the rich and varied chemistry of pentamethylcyclopentadienylrhodium 
[ 3,4] and -iridium [ 5-71 complexes has, however, stimulated recent investiga- 
tions [ 8,9] into new synthetic routes to ruthenium complexes containing this 
ligand. In this regard we have now devised high yield synthetic routes to ru- 
thenium and osmium metallocenes. These preparative procedures are reported 
here. 

The polymeric material [ {RuCl,(cod)},] (1, x > 2) reacts in ethanol with 
SnBun, (C,R,) to give [Ru(Q’ -C5R5)2] (2, R = H, Me) in yields in excess of 
70%. In a typical experiment, a suspension of 1 (5.6 g, 20 mmol) in refluxing 
ethanol (150 ml) containing SnBun3 (C,Me,) (42.5 g, 100 mmol) gave, on 
cooling and reduction of the volume of the solution, white crystals of 2 (R = 
Me; yield 5.2 g, 70%). Because of the continuing interest in the structural 
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chemistry of metallocenes and their derivatives [ 1,2,10] the X-ray crystal 
structure of 2 (R = Me) has been determined* 

The complex (Fig. 1) has crystallographic mirror symmetry with an eclipsed 
conformation of cyclopentadienyl ligands. A similar eclipsed conformation 
has been observed [ 111 for ruthenocene itself where calculations have con- 
firmed that this is the thermodynamically preferred orientation (by 4.66 kJ 
mol-’ ) [ 121. For decamethylferrocene though, a staggered conformation of 
the cyclopentadienyl moieties has been reported [13,14] and calculated to 
be 4.2 kJ mol-’ more stable than the eclipsed form. Unfavourable methyl- 
methyl interactions in decamethylferrocene are probably responsible for the 
adoption of the staggered conformation. However, the greater separation of 
the cyclopentadienyl rings in 2 (inter-planar distance of 3.616(6) relative to 
3.314 A in [ Fe($ -C5Me,),] ) apparently accommodates the eclipsed con- 
formation with no more significant steric interactions than in the staggered 
iron analogue. (Eclipsed C(Me)- * l C(Me) distances for 2 (R = Me) are in the 

Fig. 1. A perspective view of 2 (R = Me) viewed perpendicular to the planes of the rings. Selected bond 
lengths (A) and angles (‘): Ru-C(l) 2.182(3), Ru-C(2) 2.176(4). Ru--C(3) 2.176(5), Ru-C(4) 
2.179(3), Ru-C(S) 2.177(4). Ru-C(G) 2.158(6), C(l)-C(l’) 1.418(7). C(l)-C(2) 1.428(5). C(2)-C(3) 
1.418(5). C(4)-C(4’) 1.415(7). C(4)-C(5) 1.420(6). C(6)-C(6) 1.434(5), C-C(Me) (mean) 1.501(7). 
C-H(mean) 0.93(9); C(l’)-C(l)-C(2) 107.9(4). C(l)-C(2)-C(3) 108.1(4). (C(2)--C(3)--C(2’) 108.1(5), 
C(4’)-C(4)-C(S) 108.5(4). C(4)+?(6)+(6) 107.5(4). C(S)-C(6)--C(S’) 107.9(5). C-C-C(Me) (mean) 
126.0(8). 

*Crystal data for 2 (R = Me): M = 371.53; monoclinic, space group P2, /m. a 7.732(2). b 14.676(2). 
c 8.641(l) A, /3 106.57(2)‘, U 939.8 #, DC 1.313 Mg m3 
A 0.71069 A. p(Mo-K,) 0.737 mm*. 

for Z = 2. F(OOO) = 388. MO-K, radiation. 
The structure was solved by heavy atom (Patterson and Fourier) 

methods and was refined by standard least-squares procedures [with w = l/02Qo)l. The current 
residual R is 0.0617 for 2113 unique, observed [F, 2 4o(F,)I reflections collected at 295 K. (The 
atomic coordinates for this work are available on request from the Director of the Cambridge Crystal- 
lographic Data Centre, University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW (Great 
Britain). 
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tron-rich metal centres in 2 (R = Me) and 8. For instance, with HPF6, the 
cationic hydride complexes [MH(r)’ -C,Me5)2]PF, are inferred from the 
high-field ‘H NMR resonances at 6 -8.30 (M = Ru) and -15.67 ppm (M = 
OS). 

In conclusion, the discovery of simple, reliable synthetic routes to the 
metahocenes [M($ -CgR5)Z] (M = Ru, OS; R = H, Me) provides an entry to 
the inorganic and organic chemistry of these complexes. We are currently 
furthering our studies in this regard. 
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