
19 

Joumul of Orgonomrtullrc Ckmrst~~, 299 (1986) 19-27 
Elsewer Sequoia S.A.. Lausanne Printed in The Netherlands 

TRANSITION METAL COMPLEXES OF 
CYCLOPENTADIENYLGERMYLENES; THE X-RAY STRUCTURE OF 
(MesCs)I(Me,Si),CHIGe~W(C~)s 

PETER JUTZI. BERND HAMPEL. 

Fukultiit fur Chemie der Umrwsitiit Blrlefeld. L’nrcer~ltBt.sstrrr.rrr, ll- 4X00 Blelefeld (F. R.G) 

MICHAEL B. HURSTHOUSE and ANDREW J. HOWES 

Queen Mur:v College, timwnrty of London, Mile End Roud, Londorl El 4.N.T (Gretrr Brituin) 

(Received June 25th. 1985) 

Summary 

Pentacarbonyl[chloro(pentamethylcyclopentadienyl)germylene]tu~~gsten, Me,+ 
(Cl)Ge+W(CO), (4), the first germylene complex containing a cyclopentadienyl 
ligand bound to germanium, has been shown to react with nucleophiles. On 
treatment with lithium mesitylthiolate or mesitylthiotrimethylsilane displacements of 
both the chlorine and the cyclopentadienyl ligand occur and selective replacement of 
the chlorine alone could not be achieved. In contrast, treatment of 4 with lithium 
bistrimethylsilylamide. bis(trimethylsilyl)n~ethyllithium and methyllithium yields the 
cyclopentadienyl containing germylene complexes Me,C,(R)Ge+ W(CO), (5: R = 
(Me,Si),N; 6: R = (Me,Si),CH; 7: R = Me) as extremely air-sensitive orange 
crystals. An X-ray crystal structural investigation of 6 reveal the same dihapto 
bonding of the cyclopentadienyl ring as was found for 4, suggesting that the electron 
deficiency at the Ge-center is mainly satisfied by acceptance of a-electron density 
from the cyclopentadienyl system. Crystals of, 6 are orthorhombic, space group 
Pnum with CI 19.211(5), h 9.782(l). c 14.938(5) A. Z = 4. and the structure has been 
refined to R and R,, values of 0.040 and 0.042, respectively. for 2021 observed/2571 
measured reflections. The GeeW bond length is 2.632(4) A. 0.06 A longer than in 
the analogous chloride, 4. 

Introduction 

Although analogous carbene complexes of the type R,Ge + M(CO), (R = 
(Me,Si),CH. (Me,Si)?N: M = Cr, W) are directly available [l] from irradiation of 
hexacarbonylchromium and -tungsten in the presence of the germylene, attempts to 
make related complexes from cyclopentadienyl-substituted germylenes failed [2]. An 
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In contrast, selective substitution of only the chlorine takes place on reaction of the 
chloro(pentamethylcyclopentadienyl)germy~ene-complex 4 with lithium bistrimethyl- 
silylamide. Alkylation reactions using his(trimethylsilyl)methyllithium and methyl- 
lithium also proceed as expected, so that chlorine substitution appears to offer a 
suitable approach to complexes containing a cyclopentadienyl group and another 
suhstituent. 

IMe3SI),NLI Me5GJ\ 

r 
* ,Ge --W!CO), 

( Me,S 1 &N’ 
15) 

MeLl 
Me C 

5 5\ 
* ,Ge-W(CO), 

Me’ 
_I 

(7) 

The silylated compounds 5 and 6 readily crystallize from diethyl ether as bright 
yellow to orange prisms, while 7 separates from methylcyclohexane as orange 

Fig. 1. Molecular structure of compound 6. 
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arising from the replacement of the electron-withdrawing chlorine by the electron-re- 
leasing and bulky alkyl ligand. Thus, the W-Ge bond is 0.06 A longer in the alkyl 
derivative, suggesting a weakening due to reduction in WnGe v-back-bonding. 
Similarly the W-C(carbony1) distances in the alkyl complex are shorter than in the 
chloride, indicating enhanced WnCO back-bonding. Otherwise, related parameters 
show very similar features, including an indication that the dihapto bonding of 
Me,C, produces a lengthening of the ring CC bond (C(6)-C(6a) in this case) 
involving the bonded carbons. 

Discussion 

The solid state structures of 4 and 6 suggest that electron donation resulting from 
cyclopentadienyl ligation in germylene complexes weakens the transition 
metal-germanium interaction. The involvement of r-electron density of the cyclo- 
pentadienyl system leads to an increase of the hapticity, resulting in a q’-coordina- 
tion, as portrayed in A and C. 

The ‘H and 13C NMR spectra show that complexes 4-7 are highly fluxional in 
solution. The structure D and E may represent the monohapto-transition states in 
the rearrangement process. 

The substitution reaction in cyclopentadienylgermylene complexes appears to 
have a similar mechanism to that generally accepted for carbene ligand modification 
in Fischer-type carbene complexes [6]. If the double bond is assumed to be localized 
mainly between germanium and the cyclopentadienyl system, the substitution mech- 
anism can be represented as in Scheme 1. The additional coordination of a 
nucleophile results in an ylide-type [3] complex B; the subsequent dissociation of 
chloride leads to a reorganization of the dihapto cyclopentadienyl ligation. 

As there is no other synthetic approach to cyclopentadienyl-containing germylene 
complexes [2]. the replacement of chlorine from pentacarbonyl[chloro(pentamethyl- 
cyclopentadienyl)germylene]tungsten provides a useful route, which will permit 
further investigations of the bonding in other germylene complexes. 
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500 ( Mf- Me,C, - 2CO,24.1). 472 (M’- Me,C, - 3CO,48.7), 444 (ML-- Me,C, 
- 4C0, 7.2). 416 ((Me,Si)?NGeW’, 19.3), 398 (GeW(CO),+. 10.4). 370 
(GeW(CO),+, 1.9) 234 ((Me,Si),NGe+. 16.3), 209 (Me,C,Ge’, 26.7). 146 (Me,Siz’ 
(?), loo), 135 (Me,Cj+, 79.3); Anal. Found: C, 34.46 [7]: H. 4.41: N. 1.82. 
C,,H,,GeNO,Si,W (692.11) calcd.: C, 36.44: H, 4.81: N, 2.02%. 

When 3.59 ml of a 0.53 M solution of bis(trimethylsilyl)methyllithium in diethyl 
ether (1.90 mmol) was added dropwise to a cooled solution of 1.09 g of 4 (1.92 
mmol) in 5 ml of benzene a bright yellow mixture was obtained. Work-up as 
described above yielded 830 mg (63%) of yellow-orange prisms, m.p. 113-115°C 
with decomposition. 

‘H NMR [S] (CDCI,) 6 1.98(s, 15H. Me,C,), 0.15(s. 18H. Me,!%): 13C NMR [8] 
(CDCl,) 6 197.83 (CO), 127.43 (Me,C,). 12.82 (Me,C,), 3.11 (Me,Si); 2ySi NMR 
(CDCl,) 6 -40.60: IR v(C0) 2060s. 1979s. 1935~s cm-‘; MS, m/e 555 (M’- 
Me,C,. 4.1), 527 (M+- Me,C, -CO, 4.6) 499 (M+- Me,C, - 2C0. 3.2), 471 
(M+- Me,C, - 3C0, 2.5). 415 ((Me,Si),CHGeW+, 1.4). Anal. Found: C, 37.44 [7]; 
H. 5.01. C,,H,,GeO,Si,W (691.12) calcd.: C. 38.23: H. 4.96%. 

Pentacurbonyl[(pentumethyl~yciopentadien):I)metl~yl~ern~ylene]tun~sten (7) 
A 1.39 M solution of methyllithium in diethyl ether (2.36 ml, 3.28 mmol) was 

added dropwise to a mixture of 1.86 g of 4 (3.28 mmol) in 20 ml of diethyl ether 
cooled to - 80°C. The mixture was allowed to warm to room temperature and 50 ml 
of methylcyclohexane was added. After evaporation of the diethyl ether in vacua 
and filtration to remove the pale yellow precipitate. the solution was cooled to 
- 8O”C, yielding 860 mg (48%) of orange needles. m.p. 89-90°C with decomposi- 
tion. 

‘H NMR (CDCl,) 6 2.02 (s. 15H. Me,C,). 1.01 (s, 3H. MeGe); “C NMR 
(CDCI,) 6 196.94 (CO), 126.90 (Me,C,), 11.62 ( MeiCj), 11.16 (MeGe); IR Y(CO) 
2061m, 1978s, 1930~s cm-‘; MS, m/e 546 (M+* 5.2), 531 (IV- Me, 14.8) 411 
(M+- Me,C,, 11.6) 396 (GeW(CO),+, 3.3), 383 (A4- Me,C, - CO. 51.2), 355 
(M+- Me,C, - 2C0, 15.3), 327 (M+- Me,C, - 3C0. 9.3) 299 (At- Me,C, - 
4C0, 5.7), 271 (MeGeW+, 4.0), 209 (Me,C,Ge+, 100). Anal. Found: C. 34.76; H. 
3.09. C,,H,,GeO,W (546.76) calcd.: C, 35.15; H, 3.32%. 

X-Ray crystallography 
A crystal of 6 was sealed under argon in a thin walled glass capillary. All 

measurements were made on an Enraf-Nonius CAD4 diffractometer using graphite 
monochromated MO-K, radiation (h K,,, K,, 0.70930. 0.71359 A) at room tempera- 
ture (295 + 2 K); for details of the procedure see ref. 9. Data were recorded for a 
crystal of dimensions 0.6 X 0.5 X 0.3 mm’ using an ti/2@ scan mode (w scan 
width = 0.8 + 0.35 tan 0) for 1.5 s 0 2 25” within the octant + h, +k, -t-l, giving 
2820 measured, 2571 unique and 2021 observed [I > 1.50(I)] reflections. An em- 
pirical absorption correction was made using ‘p scan data for the reflections 710, 
411, 510, with x values of 88.23, 82.63 and 89.68’. respectively. 

Crystal datu. C,,H,,Si ,GeO,W, M = 691.12, Orthorhombic, space group Pnum, 
a 19.211(5), h 9.782(l), c 14.938(S) A, V 2801 A’, Z = 4. D, 1.635 g cm-j, 
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a c k n o w l e d g e d .  
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