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SILICON- AND GERMANIUM- CONTAINING TITANOCENE 
CHALCOGENIDE COMPLEXES AS TRANSFER REAGENTS IN RING 
SYNTHESIS 

JORG ALBERTSEN AND RALF STEUDEL* 
Institut fur Anorganische und Analytische Chemie, Sekr. C2, 
Technische Universitat Berlin, D-1000 Berlin 12, Germany 

ABSTRACT The silicon- and germanium-containing titanocene complexes 
Cp,TiS,Si(C6H5), and Cp,TiSzGe(C6H5), (Cp = q5-C5H5) react with S,C12 
and (CH,SCl),, respectively, to give five- and seven-membered heterocycles 
which have been characterized by mass and 'H NMR spectroscopy. 

INTRODUCTION 

Titanocene chalcogenide complexes like CpzTiS5 1, Cp,TiS,C(CH,), 2 and 

others have been used to transfer the chelate ligand under mild conditions to 

synthesize sulfur homocycles 213 and sulfur-rich heterocycles 4-7 with carbon, 

phosphorus, arsenic and other ring constituents, e. g. see equations (1) and (2): 

Cp,TiS, + S,C1, - S, + Cp,TiCl, 

Cp2TiS4C(CH3), + S,cl2 - S,C(CH3)2 + Cp,TiCl, 

(1) 

(2) 

In this work it is shown that the recently prepared titanocene complexes 

Cp,TiS,Si(C6H5), 3 and Cp,TiS,Ge(C,H,), 4 * can be used as transfer reagents 

for SzE(C6H5)2 groups (E=Si, Ge). 
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REACTIONS AND PRODUCTS 

All reactions have been carried out in carbon disulfide solution under exclusion 

of air and moisture at temperatures below -5O'C. 

When 3 and 4 were treated with SzClz in a molar ratio of 1:l the following 

reactions (3) and (4) occurred as indicated by the color change from green to 

red. 

The five-membered heterocycles S4Si(C6H5)2 5 and S4Ge(C6H5)2 6 have been 

isolated from the dried reaction mixture with n-pentane at below -20°C. Both 

compounds are colorless, waxy solids which are stable below -20°C in an 

inert atmosphere. Table 1 shows the analytical data of 5 and 6. 

Table 1. 'H NMR and mass spectra of 5 and 6 

S4Si(C6H5)2 S4Ge(C6H5)2 

'H NMR [ppm]: 7.88 - 7.65 m 7.85 - 7.65 m 

7.59 - 7.36 m 7.59 - 7.42 m 
(CDC13 1 

EI-MS (70eV): M+ 310 (3%) M+ 3 56 (10%) 

Mi-S 278(5%) 

M+-S2 246 (10%) M+-S2 292 (21%) 

Using the bis(sulfeny1 chloride) of ethane instead of S2CI, under the same 
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conditions, the germanium containing complex showed a lower reactivity than 

the silicon homologue. No reaction took place with the germanium complex below 

0°C while the silicon compound reacts even at -5O'C. As shown in equations (5 )  

and (6)  the seven-membered heterocycles C,H4S4Si(C6H5), 7 and C2H4S4Ge(C6H5)2 

8 were obtained. 

Cp2TiS2Si(C6H5), + (CH,SCI), - Cp,TiCI, + C2H4S,Si(C6H5)2 

CpzTiSzGe(C6H5)2 + (CH2SC1), - Cp2TiC1, + C2H4S4Ge(C6H5)2 

(5) 

(6) 

The two methylene groups of the heterocycles 7 and 8 are equivalent on the 

NMR time scale as shown by the spectroscopic data in Table 2. The mass spectra 

exhibit the molecular ions, and C,H4S,+ is observed with high intensity as a 

characteristic fragment of sulfur- rich heterocycles containing a C2H4 group 

attached to sulfur atoms'. 

Table 2. 'H NMR and mass spectra of 7 and 8 

H NMR [ppm]: 7.67 - 7.64 m 

7.52 - 7.37 m 

1 

(CDC13) 
7.84 - 7.61 m 

7.59 - 7.37 m 

3.37 s 3.36 S 

EI-MS (70 eV): M+ 338 (7%) M+ 384 (1%) 

M+-S, 274 (3%) 

C, H4S,Si( C6H5)+ 

197 (59%) 

C2H4S3+ 124 (47%) C,H4S3+ 1 2 4  (40%) 
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CONCLUSION 

Our results show that SC1 group containing reagents attack primarily the 

titanium-sulfur bond of the complexes 3 and 4. Neither the NMR nor the 

mass spectra gave evidence for the formation of any organano chloro silane or 

germane, respectively. Thus, the S2E(C6HS)2 unit has been transferred to form 

novel sulfur-rich heterocycles. 

Support by the Deutsche Forschungsgemeinschaft and Verband der Chemischen 
Industrie is gratefully acknowledged. 
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