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SSUUMMMMAARRYY  

Stable and Configurationally Rigid Pentaorganosilicates 

In the first part of this thesis, we explore stable pentaorganosilicates, high-
valent silicon compounds with five carbon groups such as 1. Section 1.2 
presents a literature study of the proposed bonding models for silicates 
and of the dynamic behavior concerning their spatial geometry, followed by 
an overview of the young field of the tetra- and pentaorganosilicates. We 
aim to develop configurationally rigid, stable pentaorganosilicates for 
application in chiral ionic liquids or within the emerging area of chiral 
organosilicon catalysis. 

Chapter 2 describes the synthesis and characterization of the highly 
stable silicate 2 as the lithium and crystalline tetrabutylammonium salts. 
The anion contains two bidentate phenylpyrrole groups instead of biphenyl 
groups, suggesting a more general basis for stable pentaorganosilicates. 2 
can adopt different configurations I–III, and for the first time two of these 
are observed by NMR spectroscopy. In solution, the configurations are in 
dynamic equilibrium via intramolecular substituent interchange, for which 
the thermodynamic and kinetic parameters are determined. The results of 
DFT calculations are in good agreement with the experimental values. 

In Chapter 3, the electronic and steric factors that determine the 
stability of organosilicates are investigated by computational means. The 
negative charge in these compounds is distributed over all five substituents 
and the Si–C bonds have mixed covalent-ionic character, which is in accord 
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with the observed Si–C bond lengths and NMR 1J Si,C coupling constants. The 
axial bonds are less covalent than the equatorial ones and are prone to 
heterolytic dissociation. Aryl substituents strengthen the axial bonds 
considerably by charge delocalization but experience much mutual steric 
hindrance via their ortho-hydrogen atoms. To diminish the crowding, the 
equatorial aryl groups become tilted, generating repulsive overlap between 
their aromatic π systems and the axial bonds. Two bidentate biaryl groups 
in an axial-equatorial orientation provide a similar electron-withdrawing 
stabilization as do four aryl groups, but without the occurrence of steric 
hindrance or π repulsion. The monodentate substituent then occupies the 
remaining equatorial position, where it is strongly bound to silicon. These 
concepts adequately explain the experimentally observed stability trends 
and are valuable for designing other stable pentaorganosilicates. 

Chapter 4 offers a study of the intramolecular substituent interchange in 
pentaorganosilicates 1 (R = Me) and 2, showing excellent agreement of the 
experimental barriers and those calculated at the B3LYP/6-31G(d) level. 
Racemization of the propeller-shaped, spirocyclic anions can occur via two 
types of Berry pseudorotation (Figure 1). IRC calculations show that 
mechanism A bifurcates into two enantiomeric reaction paths that are 
inhibited by ortho-substitution of the bidentate ligands. Mechanism B 
proceeds via a trigonal-bipyramidal transition with one biaryl group in a 
bisequatorial arrangement, and an increase in π-electron density of the 
biaryl group causes a higher barrier. In this context, we also describe the 
synthesis of 1 (R = F) as the cesium and tetramethylammonium salts, which 
is the first tetraorganofluorosilicate to be isolated and fully characterized 
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Figure 1. Berry pseudorotation (BPR) mechanisms for bis(biaryl)silicates. 
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by NMR spectroscopy. The highly electronegative fluorine substituent 
increases the barrier of route A but lowers that of route B, and as a result 
this silicate pseudorotates very rapidly in solution. 

In Chapter 5, the concepts of the previous chapters are combined to 
develop a novel, stable pentaorganosilicate that should not undergo 
Si-epimerization. Bond energy analyses suggest that the thermodynamic 
stability of silicate 3 is similar to that of 1 (R = Me) and 2. The computed 
barrier height for epimerization of the silicon center should suffice to 
ensure the stereochemical rigidity of the anion at room temperature. Next, 
3 is synthesized (Scheme 1) and NMR spectroscopic characterization 
confirms the predicted spatial configuration. In enantiomerically pure form, 
this silicate might be applicable as chiral auxiliary or in chiral ionic liquids. 

Strained and Dynamic Organophosphorus Compounds 

The second part of this thesis describes the application of low-valent 
organophosphorus chemistry to synthesize strained and dynamic 
compounds. Section 1.3 discusses the electrophilic terminal phosphinidene 
complexes, phosphorus analogues of carbenes. 1,2-Addition of these 
reactive, transient species to unsaturated substrates gives access to a 
wealth of organophosphorus compounds, among which highly strained 
spirocyclic molecules, dynamic systems and cage structures. The products 
are interesting in view of their electronic structure and reactivity as well as 
for applications in catalysis. 
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Scheme 1. Synthetic route to configurationally stable silicate 3. 
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Chapter 6 describes the novel ring-fused tricyclic phosphiranes 4, which 
are synthesized by exo addition of ‘free’, transient phosphinidene–W(CO)5 
complexes to hexamethyl Dewar benzene. Both the Z and the thermally 
less stable E diastereomer are obtained, which differ ca 60 ppm in 31P NMR 
chemical shift. A computational investigation attributes this variation in 
shielding to the difference in phosphorus pyramidalization as well as to the 
presence of the ɣ double bond. In the crystal structure of Z-4 (R = Ph), the 
central methyl groups are tilted toward the cyclobutene moiety due to 
steric hindrance. As a result, the double bond is inaccessible for 1,2-
addition of a second phosphinidene or a carbenoid, but it can be 
epoxidized with MCPBA to afford a tetracyclic P,O bisadduct. 

In Chapter 7, the diphosphine complexes 7 are investigated by 
BP86/TZP and SCS-MP2 calculations, showing that the unsaturated basket-
like ligand would readily undergo a dynamic [3,3]-Cope rearrangement. In 
effect, the steric and electronic properties of the coordinating phosphorus 
centers are thus interchanged. This phenomenon might prove valuable in 
catalysis, by affecting the shape of the active site and the strengths of the 
coordinative bonds trans to the ligand. Also, calculations indicate 7 to be 
stable against possible decomposition via phosphinidene retroaddition 
from the phosphirane moiety. Next, a general synthetic route toward 7 is 
proposed (Scheme 2), followed by a description of our attempts to generate 
the required dihydrophosphocynes 6. 
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Scheme 2. General route to Cope-diphosphine complexes 7. 


