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Synthesis of Ni-Ge-clusters 

with different phosphorous-

based ligands

Follow-up reactions with 

K[(SiMe3)3Si]3[Ge9Ni](PPh3)

Characterisation of Ni-Ge-

cluster and P(i-Pr)3 ligand 

Conclusion

Synthetic access to the Ni-Ge-clusters 

with different phosphorous-based ligands 

(3-6) is provided by a three step synthesis 

starting from the zintl-phase K4Ge9 (1)

The Zintl phase K4Ge9 is a very well known compound in this field. Nowadays a lot of 

different reactions to functionalise the cluster core are developed. For example, it can be 

reacted with bulky silanes like chlorotris(trimethylsilyl)silane to form K[Ge9{Si(SiMe3)3}3]. 

This compound can furhter be reacted with EtBr to introduce an Et-group to the cluster 

core.[1,2] In addition to the organic substituents the Zintl phase can furthermore be reacted 

with transition metal compounds to expand these clusters. This reaction is also possible 

with the already silylated compound possible. Based on the work of Frischhut et al., who 

added a Ni(PPh3)- fragment to the Zintl core to form the five-fold substituted cluster 

[(SiMe3)3Si]3Et[Ge9Ni](PPh3) a new reaciton pathway, which is used in this poster, was 

developed by N. Willeit to form Ge-Ni-cluster compound.[3] In this poster this reaction 

pathway is used to introduce other phosphourus based ligands to the Ni-Ge-cluster. The 

different four-fold substituted clusters are synthesised and further reactions were tested.

Molecular structures of K4Ge9 (top, left), K[Ge9{Si(SiMe3)3}3] (right, 

top) and K[(SiMe3)3Si]3[Ge9Ni](PR3) (bottom). MeHyp is short for 

chlorotris(trimethylsilyl)silane. 

Since the reaction of EtGe9{Si(SiMe3)3}3 with a transition metal and subsequently with a phosphorous-based ligand works, an alternate reation 

pathway, where the ethylation was done as last step, could be performed sucessfully. For the compound K[(SiMe3)3Si]3[Ge9Ni](PPh3) also 

protonation was tested. Furthermore it was aimed to get crystalls of compounds 3-6 to fully characterise these spezies and perform VT-NMR to 

get insight into the cluster dynamics. These crystalls were found in the compound [(SiMe3)3Si]3Et[Ge9Ni](P(i-Pr)3). 

Synthetic access to K[(SiMe3)3Si]3[Ge9Ni](PMe3) (3),

K[(SiMe3)3Si]3[Ge9Ni](P(i-Pr)3) (4), 

K[(SiMe3)3Si]3[Ge9Ni](PPh3) (5) and  

K[(SiMe3)3Si]3[Ge9Ni](P(p-tolyl)3) (6)

1H-NMR-spectra of K[(SiMe3)3Si]3Et[Ge9Ni](PPh3) 

(9) in benzene-d3 (400 MHz, 298 K) (# = free (PPh3)).

Ethylation of K[(SiMe3)3Si]3[Ge9Ni](PPh3) (5) to form 

[(SiMe3)3Si]3Et[Ge9Ni](PPh3) (8) and protonation to 

form [(SiMe3)3Si]3H[Ge9Ni](PPh3) (7) was tested but 

not observed 
1H-NMR-spectra of [(SiMe3)3Si]3Et[Ge9Ni](P(i-Pr)3) 

(10) in toluene-d8 (400 MHz, 298 K) (* = unknown 

product) (# = free P(i-Pr3).

13C-NMR-spectra of [(SiMe3)3Si]3Et[Ge9Ni](P(i-Pr)3) 

(10) in toluene-d8 (79 MHz, 298 K)
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