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Summary 

Reaction of GeCl, dioxane with mono-, bis- and tris-(trimethylsilyl)cyclopenta- 
dienyllithium yields bis-. tetrakis- and hexakis-(trimethylsilyl)germanocene. A 
single-crystal X-ray diffraction study shows the metallocene species with six silyl 
groups to consist of nearly parallel C,-units. bound symmetrically to the germanium 
center. The eclipsed conformation of the rings and the 1,2.4-silyl substitution pattern 
leave only two silyl groups face to face, effecting a small bending of the molecule. 
The molecular structure has been examined with the steric energy program EENY2. 
The conformation found in the crystal is close to the lowest minimum given by the 
calculations. 

Group IVB metallocenes have to change their typical angular sandwich structure 
if bulky substituents on both cyclopentadienyl rings come into contact. This could 
effect an increase in the metal to carbon bond lengths. not only in a symmetric 
manner, but also asymmetrically, distorting the molecule towards ionic dissociation. 
a feature which was considered [l] for the solid state structure of (H,C,),Pb [2] and 
verified in the case of Me,C,M+ (MeOOC)5C,~~ (M = Ge, Sn) [3.4]. There is also the 
possibility of decreasing the angle between the ring planes towards a ferrocene-like 
structure of parallel cyclopentadienyl ligands, resulting in the lone pair at the metal 
center having no stereochemical activity. as found in (Ph,C,),Sn [5]. 

We thought that an increasing number of trimethylsilyl groups bound to the 
cyclopentadienyl rings of Group IVB metallocenes would be likely to have the 
largest effect on the structure in the case of the smallest available central atom. On 

(Contrnued on p. 188) 

* Dedicated to Professor Max Schmidt on the occasion of his 60th birthdav 
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Fig. 1. Molecular structure of 3 

solid state structure of our complex adopt approximately the same configuration. at 
least as far as the mutual orientation of the two C5H,Si, fragments is concerned 
(see Fig. 2), we felt that it would be of interest to extllore the steric situation in more 
detail. 

The 1,2,4_substitution pattern of the Cp rings gives rise to a number of possibili- 
ties for the relative orientations of the two rings in each molecule. For each of the 
two limiting possibilities, eclipsed and staggered, there are in fact three configura- 
tional isomers, and these are shown in Fig. 3. Obviously, intermediate configurations 





EENYZ [ll]. Full details of the way in which calculations are made with this 
program will be published shortly [72], but the application to the present problem 
can be summarised as follows. 

The component atoms of the molecule (the coordinates of molecule 1 were used 
for these calculations) are assigned to residues and sub-residues. In this case, each 
(C,HzRj) ligand is defined as one residue, whilst the R groups are defined as 
sub-residues. The coordinates of the Cp centroids are added to the list as dummy 
atoms. It is then possible to make changes to the molecular structure in a variety of 
ways: 
(a) by varying the angle Cp(l)-Ge-Cp(2), 
(b) by varying the tilt angles Ge-Cp-any ring carbon: 
(c) by varying the orientations of the rings via changes in suitable torsion angles. 
(d) by varying the orientations of the SiMe, groups, again via changes in suitable 
torsion angles. 

It should be noted that changes involving sub-residues can be made whilst 
effecting changes in positions of whole residues. 

The program can then compute the overall “steric energy” for any configuration 
of the molecule by summing all non-bonded atom-atom interactions calculated 
using a generalised 6/12 potential with the parameters of Pavel, Quagliata and 
Scarcelli [13], and can also allow the energy to be minimised against variations in 
chosen parameters. It is important to note that we are specifically examining only 
steric interactions, and that no account is taken of the electronic energies which 
might be associated with the geometry changes made, so that the subsequent 
assessment of the results must be considered with suitable care. 

For the present calculations, in which we wished to explore the steric factors 
associated with the mutual rotation of the substituted Cp rings, we began with an 
idealised molecular structure. The Cp(l))Ge-Cp(2) angle was changed to, and fixed 
at, 180”, and the tilts of the Cp rings were removed by setting the Ge-Cp vectors to 
be orthogonal to the ring planes. Then one of the rings was systematically rotated, in 
steps of lo”, using the idealised structure defined above as a starting point, for a full 
360”. At each point including the starting point, the energy was minimised against 
the orientations of the SiMe, groups; that is, for each Cp/Cp orientation, the SiMe, 
groups were allowed to readjust their orientations to minimise any steric interac- 
tions. In this way, we are effectively mapping out the possible pathway for the 
rotation of one ring relative to the other. 

The energy-angle relationship found for this calculation is shown in Fig. 4. On the 
angle scale we also indicate the configurational isomer in Fig. 3 to which the relevant 
structure corresponds. 

Several notable features are apparent from this graph. First we see that the 
conformation found in the crystal does occur in a region of low energy, but not at a 
well-defined minimum. Secondly we note that there seems to be significant barrier to 
the complete rotation of the ring, in both positive and negative rotational directions. 
Finally we see that energies of configurations which should be equivalent by 
symmetry (based on the orientations of the C,H,Si, fragments, see above) are quite 
different. The latter two features are related, and we believe that they result from 
limitations in the “flexibility” of the model used. The barriers and the energy 
differences are almost certainly due to locking together of SiMe, groups. In order to 
escape from these situations and invoke the unrestricted Cp/Cp and SiMe, rota- 
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Bis((trimerh~l.~i~~)~~~~~~pentudier~~l~germanium (I), his(bis{trimeth~(silvl)c:vcfopentu- 
dien.yl]germanium (2) and bis[tris(trimeth,~lsilyl)cyclopet~rudien)-l]germanium (3) 

General procedure. A suspension of germanium dichloride-dioxane adduct in 
tetrahydrofuran was added to a solution of the silylated cyclopentadienyllithium and 
stirred for 6 h. The solvent was evaporated off and 30 ml hexane were added to the 
residue. After stirring and filtration, compound 1 was isolated by fractional distilla- 
tion and the compounds 2 and 3 by low temperature crystallization. 

Compound 1: 29.8 mmol (Me,Si)C,H,Li [14] in 10 ml THF; 3.18 g (14.9 mmol) 
GeCl, . dioxane; b.p. 97’C/lO-’ Torr, yield 520 mg (10%). Found: C, 54.78; H, 
7.87. C,,HZhGeSiz (346.8) calcd.: C, 55.37; H, 7.50%. ‘H NMR (CH,Cl,, TMS): 
G(SiCH,). 0.29 (s, 18H); G(ring H) 6.7, 6.8 (pseudotripletts, 8H). t3C NMR (CDCl,, 
TMS): S(SiCH,): 0.4; @C(l)) 112.9; a(C(2.5)) 115.5; a(C(3.4)) 118.9. MS: 331 
(MC- CH,). 

Compound 2: 30.9 mmol (Me,Si)2C5H3Li [14] in 40 ml THF; 3.58 g (15.4 mmol) 
GeCl, - dioxane; m.p. 72’C, yield: 4.41 g (45%). Found: C, 53.02; H, 8.06. 
CzzH&eSi4 (490.95) calcd.: C, 53.77; H, 8.55%‘. ‘H NMR (CH,Cl,, TMS): 

G(SiCH,) 0.17 (s, 36H); ~(ring-H~4,5)) 6.17 (d, J 2.5 Hz, 4H); boring-H(2)) 6.69 (t, 
f 2.5 Hz, 2H). l-‘C NMR (CDCl,. TMS): G(SiCH>) 0.26; a(C(4.5)) 120.1: S(C(2)) 
127.3; a(C(1.3)) 136.5. MS: 417 (M+- SiMe,). 

Compound 3: 14.9 mmol (Me,Si),C,H,Li [14] in 20 ml THF; 1.59 g (7.5 mmol) 
GeCl, * dioxane; m.p. 98°C yield 1.54 g (42%). Found: C, 52.83; H, 9.66. 
CZXH,,GeSi, (635.88) calcd.: C, 52.90; H, 9.13%. ‘H NMR (CDCl,, TMS): G(SiCH,) 
0.30 (s, 18H), 0.33 (s, 36H): G(ring-H) 6.90 (s, 4H). ‘jC NMR (CDCl;, TMS): 
G(SiCH,): 0.7, S(C(1,2,4)) 125.6, 130.9; 6(C(3,5)) 133.6, MS: 562 (M’- SiMe,). 

Crystallography 

The X-ray crystallographic study was made using an Enraf-Nonius CAD4 and 
graphite monochromated MO-K, radiation (X(K,,), (Kn2) 0.70930, 0.71359 A) at 

room temperature (22 + 2Y). following procedures previously outlined in detail 
1151. The pale-yellow, air-sensitive crystals were mounted under argon in thin-walled 
glass capillaries. Data were recorded for a crystal of dimensions 0.3 X 0.2 X 0.07 
mm3 using an w/28 scan mode for 1.5 5 B 2 21” within the hemisphere +h, Fk, 
+ I, giving 8575 measured, 8384 unique and 5104 observed (I > 1.50(I)) reflections. 
An empirical absorption correction was made using $-scan data for the reflections 
311, 621, 9.52 with x values of 83.06, 88.31 and 83.63” respectively. 

Cqvtal data: C,,H,,Si,Ge, M = 635.88, triclinic, space group Pl or Pi (the 
latter confirmed by the analysis), a 11.377(3), b 19.520(3). c 20.780(3) A, a: 
115.93(l), p 97.43(2), y 74.34(2)‘, V 3995.96 A, 2 = 4, 0, 1.06 g cm--“, ~(Mo-K,) 
9.09 cm- ‘, 

The structure was solved via direct methods, developed via difference electron- 
density maps and refined using full matrix least-squares. All heavy atoms (C. Si, Ge) 
were refined with anisotropic thermal parameters. Hydrogen atoms were not reliably 
located in difference maps and none were included in the refinement, which was 
achieved through use of two blocks (one per molecule) in the final stages. The 
function minimised was w(AP)’ and weights were calculated according to the 
relationship w = l/[a’( F,) + g&,‘], with R = 0.0002 giving acceptable agreement 

analysis. The final R ( = ~AF/EF,) and R’ ( = 2:~; /A F /,/Ew’Fo) values were 
0.0647 and 0.0764, respectively, for a total of 649 parameters. Atomic positional 
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