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Abstract:  

As humanity continues into the 21st century, society continues to progress towards more electronic-

centric lifestyles. The use of expensive and rare transition state metals within semiconductors continues 

to an issue as the rare metals become scarcer. The search to identify highly efficient semiconductor 

substituents discovered the potential of crystalline silicon. The structural rigidity of the crystalline 

silicon has limited electronic application and redirected attention towards the development of 

elastomeric compounds, capable of bending, rolling folding and stretching while maintaining high-

performance electronic conductivity. Advancements in silicon chemistry have identified polysilanes, 

organosilicon polymers possessing of a Si-Si backbone. The σ-conjugation along the polysilane Si-Si 

backbone provides a semiconducting material with unique electronic properties, meanwhile possessing 

the flexibility and desirable physical properties of organic compounds. However, the susceptibility of 

the Si-Si bond to UV irradiation and high moisture conditions facilitates polysilane chain breakdown. 

Attempts to reinforce the Si-Si backbone through covalent molecular bridges have been developed, 

where the incorporation of a molecular bridge between two silicon atoms reinforces the disilane bond 

and increases the overall robustness of the bridged polysilane. Careful selection of the bridging 

molecule may allow for enhancement of the electronic properties of the bridged disilane. Naphthalene-

bridge disilanes have been shown to exhibit unique electronic properties due to the σ-π mixing between 

the bridge and silicon centres. However, limitations regarding disilane dehydrocoupling have prevented 

successful synthesis of bridged disilane oligosilanes.   

This work focuses on the continued development of bridged polysilanes aimed towards the synthesis of 

bis(phenyl)silyl precursors as disilane building blocks with terminal hydride ends for successive 

dehydropolymerisation. The first section is directed towards the identification of experimental 

procedures capable of synthesising benzyl silane bridges from chloro(aryl)silanes and benzyl bromide 

substrates. These reactions are conducted for the expansion of the potential bridging molecular 

substrates to non-aromatic molecules. The second section details an intramolecular dehydrocoupling 

investigations on the 1,8-bis(phenylsilyl)naphthalene precursor with a series of four transition-metal 

dehydrocoupling catalysts. The four catalysts selected were either rhodium ([Rh(cod)Cl]2, Rh(PPh3)3Cl) 

or zirconocene-based complexes (Cp2ZrBu2, Cp2ZrMe2). The catalytic investigation aimed to identify 

potential catalysts for the preparation of bridged disilanes and bridged polysilane chains, with a focus 

on the [Rh(cod)Cl]2 catalyst. The [Rh(cod)Cl]2 catalyst was confirmed as a highly efficient 

dehydrocoupling catalyst for intramolecular dehydrocoupling disilane synthesis, significant more 

efficiency than Rh(PPh3)3Cl under mild conditions. Increased catalytic loading and increased 

temperature failed to prove tertiary dehydrocoupling with the [Rh(cod)Cl]2 catalyst. In situ zirconocene 

catalysts were identified as potential catalysts for disilane building blocks in contrast to previous 

evidence. Investigation into zirconocene-based complexes revealed while the [Cp2Zr] is a capable 

hydrosilane dehydrocoupling catalyst, direction lithiation of the hydrosilane provides improved yields 



4 
 

and conversion rates at the cost of purity. NMR spectroscopy revealed varying stereoselectivity between 

the zirconocene and rhodium catalysts, with mechanistic insight provided to explain the observed 

stereoselectivity between the two different dehydrocoupling catalyst classes. The final section details a 

second intramolecular dehydrocoupling investigation where the previous dehydrocoupling catalysts are 

applied to two ferrocene-bridged disilyl precursors 1,1-bis(phenylsilyl)ferrocene) and 1,1-bis(diphenyl 

silyl)ferrocene). Experimental analysis revealed none of the investigated catalysts were capable of 

reaction success, but that compound degradation was significant for zirconocene catalysts, proposed to 

be consequential of the use of lithiation additives.  
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Chapter 1. Introduction 

1.1 Silicon presence within modern electronics 

Silicon is a ubiquitous element, abundantly present in nature and throughout all areas of society. As the 

second most abundant element within the Earth’s crust, most individuals encounter silicon everyday 

through its incorporation within modern electronic devices. Silicon is the 5th most abundant element in 

modern smart phones, accounting for 6 % of the phone’s weight.1 This exists as crystalline silicon,   

found within in the microchip and device transistors as a semiconducting materials, as well as within 

solar cells.2 Electronic construction contributes 5 % of total silicon production each year, typically in 

the form of silicon wafers.1 The use of silicon in electronics is so well-acknowledged, America’s 

epicentre of high technology is commonly referred to as ‘Silicon Valley’. The application of silicon 

within modern electronics relies on the “switchable” nature of crystalline silicon as an electronic-

conducting material. Industrial methods rely on exposing pure silicon to form a protective silica layer, 

which is selectively degraded to allow a controlled flow of current within the microchip. Dopants are 

frequently added to the material to increase conductivity (Table 1.1).3 The low cost and availability of 

silicon at large scales allows for commercial dominance other alternative semiconducting materials such 

as GaN4 and Ge.5  

Table 1.1 Relative Resistivity and Conductivity values for selected metals and materials.6 

Material Resistivity (Ω cm-1) Conductivity (Ω-1 cm-1) 

Rubber 1-100 × 1013 1-100 × 10-15 

Glass 1-10000 × 109 1-10000 × 10-13 

Graphite 3-60 × 10-5 1.67-33.3 × 103 

Germanium 1-500 × 10-3 2.0 -1 × 103 

Silicon 0.10 – 60 1.67 × 10-2 – 10.0 

Silver 1.63 × 10-8 6.17 × 107 

Copper 1.72 × 10-8 5.95 × 107 

 

Commercial research strategies to optimise the use of silicon in silicon wafers has primarily followed 

doping approaches. These involve the addition of pentavalent7 or trivalent metals8 as doping agents for 

both N- and P-type doping respectively.  These strategies utilise the metalloid nature of Si to control 

electron or electron hole flow within crystalline silicon. However, non-crystalline silicon 

semiconductors have been developed with the goal of creating a less rigid, more flexible silicon 

semiconductor. Polysilane compounds have been identified as capable semiconductors with potential 

application within modern electronics.9 Polysilanes are organosilicon polymers consisting of a 

catenated Si-Si backbone. The delocalisation of σ electrons along the Si-Si backbone imparts a semi-
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conducting character.10 The conductivity of polysilanes has driven the development of polysilanes as 

flexible silicon-based semiconductors for the replacement of crystalline silicon within modern 

electronics.  

1.2 Stability of the Si-Si bond in Polysilanes  

This σ-conjugation along the Si-Si backbone is source for the unique properties of polysilanes. This 

conjugation allows polysilanes to exhibit similar electronic properties to π-conjugated materials. The 

σ-conjugation arises through the non-dispersive charge transport of electron holes throughout the Si-Si 

backbone.11  However, the weak nature of the Si-Si allows for facile cleavage of the disilane.12 Cleavage 

of the Si-Si bond may proceed through homolytic degradation or exposure to UV irradiation (λ < 254 

nm) or strong nucleophilic reagents (Na, K). The susceptibility of the Si-Si bond to homolytic 

degradation has been described through MO theory, where the low value for triplet σSiSi-σ*SiSi transitions 

weaken the Si-Si stability.13 Facile cleavage of the Si-Si bond through homolytic degradation methods 

limits the stability of the polysilane and requires protection to maintain polysilane chain length. 

Additionally, the weak nature of the Si-Si allows for the insertion of nucleophiles between the two 

silicon atoms. The electropositive nature of silicon combined with a relatively large size makes silicon 

increasingly susceptible to nucleophilic attack.14 Polysilanes in the presence of water will react to form 

siloxane bonds (Figure 1.1). Siloxane bonds are more thermodynamically stable than disilanes as 

evident through their relative bond energies (452 kJ mol-1 vs. 197 kJ mol-1  for Si-O vs. Si-Si).6 While 

siloxane bonds enhance the thermodynamic stability of the silane polymer, the degradation of the Si-Si 

backbone results in the loss of σ-conjugation and inherent semiconducting character of the polymer. 

This places a requirement for polysilane applications, whereby storage and application require 

moisture-free environments.  

 

Figure 1.1 Structural formula for polysilanes and polysiloxanes. R1, R2 = Alkyl or aryl, n = number of 

repeat units. 

1.3 Properties and Applications of Polysilanes 

1.3.1 Semiconducting properties and applications 

It was initially proposed the semi-conducting property was a consequence of a loss of electron from the 

Si-Si bonding orbitals. However, subsequent investigations confirmed identified electron holes as the 

charge carrier for σ-conjugation.15 Theoretical investigations of the electronic states of polysilanes 

identified charge carrier generation occurs through light absorption with experimental results indicating 

electron hole generation. Band-to-band transitions were not supported as potential source for charge 
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carrier generation as only singlet excitons were observed through photon absorption.16 Light absorption 

produces an electron hole is then delocalised across the entire polysilane backbone. As the number of 

dimer units within the chain increases, the wavelength of the absorption maxima decreases, signifying 

an increase to the energy of the σ-σ* transition. The σ-conjugation in polysilanes is heavily dependent 

on the conformation of the Si-Si backbone of the polysilane, observable through UV/vis spectroscopy. 

17,18 This has consequently resulted in the conductivity of the polysilane being dependent on the 

conformational structure of the polysilane.19,20 The structural conformation of oligosilanes, specifically 

the dihedral angles are noticeably different to organic chains. This is due to the steric repulsion present 

between the side groups of positions 1,3 and 1,4 in the polysilane chain.21 Oligosilanes possess their 

own proposed naming system for the dihedral angles (Figure 1.2).22 These incorporate the same dihedral 

angles as organic (anti, ortho & gauche), with the addition of transoid (ω ≈ 165°;), deviant (ω ≈ 150°;), 

ortho (ω ≈ 90°;) and cisoid (ω ≈ 40°;). Dihydropolysilanes are the only polysilane compounds to exhibit 

conformation behaviour like their organic polymer analogues.  

 

Figure 1.2 Diagram of the dihedral angles within polysilanes with the suggested symbols from Michl 

& West.22 

In contrast to organic semiconductors, polysilanes possess a great degree of conformational freedom 

while maintaining electronic conductivity. The π-bonding within organic semiconductors restricts free 

rotation severely. However, the angles in polysilanes are all approx. tetrahedral, due to no d-orbital 

participation within the system.23 As electron hole transport occurs through the σ-bonding orbitals of 

Si-Si, polysilanes experience a lack of rotational restriction24 while allowing σ-delocalisation.  

A study by Tsuji et al25 utilising di-bridged silane dimers was able to investigate the dependency 

between conformational change and the σ-σ* transition via UV spectroscopy. The di-bridged dimers 

were designed to limit the geometry of the specific silyl centres. It was confirmed the absence of an 

anti-conformation Si-Si bond displayed no sharp peak within the UV spectra, with a sharp peak around 

240 nm only observed in the presence of the anti-conformation. This conclusion was supported by 

configuration interaction-space calculations.  



21 
 

However, the configurations of the polysilane substituents play a significant role in the maintenance of 

σ-conjugation throughout the polysilane. The presence of cisoid turns added to the terminal of the 

polysilane failed to increase the length of σ-conjugation throughout the backbone,25 indicating the 

transoid conformational requirement  for extension of  σ-conjugation through the Si-Si backbone. It 

was observed the HOMO-LUMO band of all transoid polymers decreased rapidly with continued 

extension of polysilane chain length. This decrease was significantly reduced for cisoid-containing 

polysilanes. The conformational impact on conductivity is observed between linear polysilanes possess 

higher conductivity values over cyclic silanes, as they more readily adopt transoid conformations that 

maximises σ-electron delocalisation.  

As the configuration of the substituents bound has a significant impact on σ-delocalisation throughout 

the polysilane Si-Si backbone, this must be considered during the synthesis of polysilanes as potential 

semiconductors. With transoid conformations reported to maximise the length of σ-conjugation and 

improve conductivity, the focus for catalytic dehydrocoupling is ensuring stereoselective synthesis of 

the chiral disilane diastereomers.  

Additionally, the nature of the substituents bound to the polysilane may contribute towards σ-

conjugation. West et al was the first to show aryl substituents can stabilise electron hole formation 

through by indirect oxidisation of the Si-Si bonds.26 This is supported by the observation where the 

incorporation of aryl substituents into the polysilane improves the conductivity of the polysilane in 

comparison to alkyl species.27   

1.3.2 UV Absorption and Thermochromism 

The σ-conjugation present with polysilane is responsible for other physical properties of polysilanes, 

including the strong UV absorption observed for polysilanes when dissolved in solution.17 UV 

absorptions correlate to the σSiSi-σ*SiSi energy transitions present within the Si-Si bonds, the same 

transition responsible for the σ-electron delocalisation along the Si-Si backbone.28 Dialkyl substituted 

polysilanes possess absorption maxima in the 300 – 325 nm range, with a red-shifts of 25-35 nm with 

each substitution of an alkyl group for an aryl species.29 As the degree of polymerisation increases for 

a polysilane, the absorption wavelength maxima (λ) will increase with until n = 40 to 50 units, where 

the value plateaus.30  

The strong UV absorption observed with polysilanes in solution has allowed for observation of the 

thermochromic properties of polysilanes.31 Polysilane thermochromism is evident by the absorption 

maxima red-shift peaks observed under low temperatures. This red-shift, correlating to the 

rearrangement of the Si-Si backbone, indicates under low temperatures the silicon backbones arrange 

into trans conformations.30 The adoption of trans conformation throughout the backbone increases the 

degree of σ-conjugations, producing the observed for the red shift. Polysilanes under high temperatures 

exhibit the opposite behaviour with blue-shifts. Bukalov et al.32 conducted a series of thermochromic 
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studies on solutions of PDHS (poly(di-hexyl-silane) to at three temperatures.32 At room temperature (20 

°C), PDHS absorbs at 320 nm in the UV region. Decreasing the temperature produced a second red-

shifted signal peak at 357 nm. This intensity increased under continued decreased in temperature, at the 

cost of intensity of the 320 nm peak. It was proposed the peaks correlated to the ordered (357 nm) and 

disordered (320 nm) states of the polysilane 

However, while polysilanes are strong absorbers of UV radiation, excessive exposure of UV irradiation 

facilitates Si-Si bond cleavage with radical rearrangements resulting in chain degradation. This disrupts 

the σ-conjugation throughout the Si-Si backbone.  Photodegradation of polysilanes using UV light (λ < 

254 nm) converts polysilanes into smaller monomeric silylene subunits and a terminal-based silyl 

radical polymer (Scheme 1.1). The photodegradation mechanism is observable through the addition of 

triethylsilane as a trapping agent.  

 

Scheme 1.1 Photolytic degradation of polysilanes. 

Photodegradation produce a mixture of reaction products; siloxanes, cyclic polysilanes and low MW 

linear oligosilanes. Siloxane formation occurs favourably in the presence of water and moisture through 

rearrangement reactions. Under inert and moisture-free conditions, linear and cyclic polysilanes are 

both favoured with cyclic polymer formation favoured under very dilute conditions.33 Thermodynamic 

calculations of the mechanism determined one photon possesses insufficient energy to produce two 

radicals.  Repeated UV photon exposure was required for degradation to proceed. 

1.3.3 Photoconductivity and Optoelectronic Applications 

The ability of polysilanes to strongly absorb UV radiation allows for their application within 

photoconductive materials. While excessive exposure to UV irradiation degrades the Si-Si backbone of 

polysilanes, controlled irradiation allows for the photoconductivity properties of polysilanes to be 

observed. The photoconductivity of polysilanes were studied in detail with the 

poly(methylpropyl)silane by Fujino et al.15 Utilising a sandwich-type cell with a quartz substrate, a layer 

of the polysilane was sandwiched by a Gold/ITO electrode, with deposition of a gold layer ensuring 

transparency for the top side of the device. It was determined the photocurrent to be linearly dependent 

on the irradiated light intensity, with the electron holes to be the source of conductivity.  Generation of 

the electron holes was proposed to occur photochemically with the absorption of light. Subsequent 

investigations have focused on identification the causes for charge transport along the polysilane 

backbone.34 Confirmation that charge transport proceeds through the Si-Si backbone was provided by 

Abkowitz et al.35 using Time of Flight techniques. Subsequent studies confirmed charge transport is 
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associated the σ-conjugation.11,16 This association with σ-conjugation lead to proposals of a 

conformational dependence for hole delocalisation, supported by high charge mobility rates were 

observed for polymers in the trans conformation. This is conformation dependency has been confirmed 

by a recent theoretical study.36  

Studies investigating the conformational dependency of polysilane conductance has relied on the 

measurement of polysilanes conductivity through the use of scanning tunnel microscope (STM) break 

junction techniques.37 Use of this techniques relies of the modification of the silane terminal ends with 

thiol functionalities.  Li et al38 revealed using the above technique the confirmed the difference in 

conductivities between cis and trans isomers, and cyclic vs. linear polysilanes. This study and other 

similar studies showed cyclic polysilanes possess lower conductance values in comparison to their 

linear polysilane analogues. This has been proposed to be due to diminished σ-conjugation along the 

Si-Si backbone, limited by the absence of the anti-conformation  inherent within linear chains. 

Emanuelsson et al39 further revealed a difference in conductivity between trans isomers with respect to 

the substituents position. Polysilanes in a trans conformation with substituents both in the equatorial 

positions exhibit greater conductance than conformers where the substituents are both trans and in the 

axial positions.  

Initial studies into the role of substituents on polysilane photoconductivity indicated photoconductivity 

proceeds regardless of the nature of the substituents of the polysilane chain.35 However, it was observed 

aryl-polysilanes possess greater conductance values than their alkyl analogues. This observation was 

confirmed in doping studies, revealing the use of dopants can control the electronic conductivity of the 

polysilane.  

Fukushima et al. confirmed selective substituents (i.e. aryl species) were able to optimise conductivity, 

withs doped polysilanes containing aryl species possessed greater conductivities over their doped alkyl 

analogues.40 It was additionally observed doping of polysilanes through vapor-deposition techniques 

yielded higher conductivities than through solution phase techniques. This was contributed to the 

presence of moisture within the solvent, facilitating Si-Si degradation. The addition of N-type dopants 

further increases the migration rate of electron holes and conductivity of the polysilane. The use of C60 

buckminsterfullerene as a dopant has allowed for polysilane application within organic solar cells.41,42 

The use of dopants is supported by the low oxidation potentials of polysilanes, a consequence of the σ-

conjugation.43 

The photoconductivity of polysilanes are utilised within the fabrication of thin film layers.18,43 However, 

they are most frequently been applied within photolithography systems24 and as photoresists.12 

Poly(methylphenylsilane) and poly(methylpropylsilane) have both been applied as photoresists within 

photolithography processes.15 This is proceeds through bleaching of the polysilane under UV 

irradiation. This process involves placing a polysilane layer above the silicon wafer where post UV 
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exposure, the degraded polysilanes was washed away using a positive photoresist developer to produce 

a specifically designed pattern of polysilane on the silicon wafer. Subsequent chemical etching 

processes imprint the pattern into the silicon wafer.44 

1.3.4 Silicon Carbide Properties and Applications  

While the interesting properties of polysilanes have direct recent attention towards potential application 

in modern electronics, polysilanes have been commercially utilised since the 1980’s with the discovery 

of ceramic silicon carbide (SiC) synthesis through polysilanes. This application relies on the weak 

nature of the Si-Si and facile cleavage for the synthesis of high tensile strength ceramic silicon carbide. 

Silicon carbides have been commercial mass produced since 1893.45 SiC’s stability under extreme 

temperatures and high voltages lead to their use as semi-conductors within light-emitting diodes (LEDs) 

46and detector47 devices. However, modern manufacture focuses on silicon carbide’s ceramic properties 

for applications. Previous synthetic procedures for ceramic SiC required very extreme temperatures (T 

> 2500 °C).12 The use of polysilanes in silicon carbide synthesis has become the industrial standard for 

commercial ceramic silicon carbide synthesis.48 This entails the thermal degradation of the polysilanes 

under inert conditions at 1300℃ to produce β-silicon carbide, obtained in high yields (Scheme 1.2). 

The reaction proceeds through pyrolysis of the poly(dimethyl)silane polymer. During pyrolysis, one of 

the methyl substituents bound to each silicon is inserted within the Si-Si bonds, forming the 

polycarbosilane compound. Through a second step, the polycarbosilane is converted to the fibrous β-

silicon carbide. The production of a more tensile product at a low reaction temperature (1300 °C vs 

2500ׄ °C) led to this procedure to become the dominate commercial synthetic strategies.49 Subsequent 

investigations have broadened the potential scope of polysilane substrates largely focused on expansion 

of varied alkyl groups.  

 

Scheme 1.2 Synthesis of silicon carbide through silicon dioxide w/ graphite and polysilane (n = 

number of repeating units) 

1.4 Synthesis of Polysilanes 

Strategies towards polysilane synthesis have been designed to incorporate a range of silane substrates. 

The unavailability of unsaturated Si monomers suitable for addition polymerisation have driven 

attempts to develop a range of silane polymerisation mechanisms for a variety of silane substrates. 



25 
 

Discussed below are a notable selection of varied polymerisation strategies developed for polysilane 

synthesis of varied silane substrates.  

1.4.1 Reductive Coupling  

Polysilane synthesis was first achieved through the condensation of dichlorodisubstitutedsilanes 

through the addition of sodium metal under heat (Scheme 1.3). The driving force for Si-Si coupling is 

the elimination of a salt (typically NaCl). This Wurtz-style reaction was reported for 

poly(diphenyl)silane in the 1920’s50 producing highly crystalline white solids, insoluble in common 

organic solvents.50 While research over the last 75 years has aimed to displace it, Wurtz-style coupling 

methods remain the dominant synthetic strategy for polydialkylsilanes and polydiphenylsilanes.51,52  

 

Scheme 1.3 Wurtz-style coupling of di(disubstituted)chlorosilane (n = number of repeating units). 

Wurtz-coupling approaches possess specific limitations regarding polymer synthesis. The formation of 

NaCl salts at a large scale requires purification for characterisation of the product polysilane. Use of the 

strong and harmful reagents required for successful silane formation requires additional treatment of 

the salt waste post-separation for proper and safe disposal. Lack of control over polymer chain length 

produces polysilane chains with large molecular weight distributions.50  

1.4.2 Ring Opening Polymerisation 

Polysilane Ring Opening Polymerisation (ROP) reactions require cyclic silane substrates which are 

exposed to an anionic initiator to “open” the cyclic monomer to produce a linear polysilane chain 

(Scheme 1.4, Step I). Initiators react to produce a reactive terminal silyl anion. These may include 

organolithium compounds (RLi) or tertiary anionic silanes (R3Si-K+) Chain propagation (Scheme 1.4, 

Step II) proceeds until termination, controlled through the presence of alcohol as a terminating 

agent14,53. 

 

Scheme 1.4 Proposed mechanism for ring-opening polymerisation of cyclic silanes using an 

organolithium initiator (n = number of repeating units). 
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1.4.3 Electroreductive synthesis 

Electroreductive methods for polysilane synthesis were first proposed by Kashiumura et al., in 1999.54 

This approach used dichlorosilane substrates with a Mg electrode and LiClO4 as the electrolyte.). 

Mechanistic investigations failed to clearly identify the precise mechanism. The proposed polysilane 

synthesis mechanism occurs through a step-growth polymerisation method. Initiation occurs through 

reduction of the substrate to a silyl anion, which undergoes dimerization with another dichlorosilane 

equivalent. Subsequent chain growth proceeds through reactions with (more and more) silyl anion 

equivalents (Scheme 1.5). It was observed sonication of the reaction mixture increased the polymer 

yield.  

 

Scheme 1.5 Proposed mechanism for the electroreductive synthesis of dichlorosilanes (n = number of 

repeating units). 

1.4.4 Dehydrocoupling  

Dehydrocoupling reactions have rapidly gathered momentum within synthetic chemistry due to their 

potential to efficient replace the use of Wurtz-style reactions. Dehydrocoupling reactions provide 

synthesis routes to cleanly synthesise the desired product from E-H substrates without addition of 

environmentally harmful by-products.55 The dehydrocoupling ability of transition metal catalysts for 

hydrosilane dehydrocoupling was discovered in 1965 with Wilkinson’s catalyst (Rh(PPh3)3Cl). 

Dehydrocoupling reactions require two hydrosilane substrates (Si-H) in the presence of a suitable 

catalyst to produce a disilane product with hydrogen gas released as a by-product (Scheme 1.6).  

 

Scheme 1.6 Catalytic dehydrocoupling reaction for secondary silanes (n = number of repeating 

units). 



27 
 

Dehydropolymerisation occurs readily for primary and secondary hydrosilane substrates with most 

catalysts. Tertiary hydrosilane dehydrocoupling is more difficult due to increased steric factors and 

lower reactivity of the tertiary Si-H bonds.56 Select catalysts have been reported to be capable of tertiary 

silane coupling. Karstedt's catalyst is capable of tertiary silane dehydrocoupling at room temperature 

and Wilkinson’s’ catalyst able to catalyse the reaction only under elevated temperatures. Potential 

dehydrocoupling catalysts for polysilane synthesis are divided into two main classes: late transition 

metals and early transition metal metallocenes. The two classes differ in reactivity, efficiency, and 

respective mechanistic pathways. However, a wide series of transition metal catalysts have been 

identified as capable of efficient silane dehydropolymerisation (Table 1.2).  

Table 1.2 Selected Data from various reported dehydrocoupling reactions for polysilane synthesis 

 Catalyst Monomer Mn PDI 

1 Cp2ZrCl2/nBuLi PhSiH3
57 2075 1.18 

2 Cp2TiCl2/nBuLi PhSiH3
58 1000 1.5 

3 Cp2ZrMe2 PhSiH3
59 1800 1.33 

4 Cp2ZrCl2/nBuLi cyclohexasilane60 2300 1.51 

5 Rh(PPh3)3Cl dihydro(tetraphenyl)silole61 5400 1.1 

6 Ni(dmpe)2 9H-9-silafluorene62 2260 1.08 

7 [(ApSi)2Pd] MeH2Si-SiH2Me63 2200 1.4 

8 Pt(PEt3)3 MeH2Si-SiH2Me63 2800 3.0 

9 Cp2HfCl2/B(C6F5)3 PhSiH3
64 7400 1.7 

10 Pt(cod)2 Me2SiH2
65 3200 2.5 

11 CpCp*Zr[Si(SiMe3)3]Me PhSiH3
66 1700 1.8 

 

Dehydrocoupling reactions possess distinct advantages over the limitations of the Wurtz-coupling 

reaction. Dehydrocoupling reactions can synthesise polysilanes under mild reaction conditions. with 

more selective control over polymer chain length and linear/cyclic nature.67 The use of hydrosilanes 

presents a reduced safety concern in comparison to dichlorosilanes. The elimination of hydrogen gas 

from the reaction mixture aids subsequent purification the reaction mixture. Additionally, select 

catalysts are capable of dehydrocoupling reactions under neat conditions.68  

The thermodynamics behind dehydrocoupling reactions indicated reactions proceed to completion with 

efficient removal of H2(g). Polysilane formation is strongly inversely dependent on the concentration of 

hydrogen gas in solution. Kinetically, the dehydrocoupling reactions and the reverse hydrogenolysis 

reaction are sensitive to hydrogen concentration. This requirement to ensure efficient H2(g) removal has 
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driven dehydrocoupling reactions to be frequently conducted under inert glove box or in vacuo 

conditions.  

1.5 Hydrosilane Dehydropolymerisation Catalysts  

1.5.1 Late transition metal dehydrocoupling catalysts  

The discovery of Wilkinson’s catalysts’ ability to catalyse silane dehydropolymerisation focused initial 

catalyst design research towards late transition metal catalysts. Since then, subsequent investigations 

have expanded the potential scope of metal catalysts. These include Rh69–71, Pt65,72,73 , Ni62,73–75, Ir76 & 

Pd63 catalysts. These catalysts rely on a series of oxidative addition and reductive elimination cycles for 

dehydrocoupling and polysilane synthesis. Oxidative addition of the hydrosilane to the metal centres is 

frequently necessary for activation of the catalyst. This proceeds through devolution of the hydrosilane 

as two ligands; hydride and silyl ligand (Scheme 1.7). While oxidative addition of the hydrosilane 

occurs for most late transition metal catalysts, σ-bond metathesis mechanisms have been proposed for 

select catalysts, such as for dinuclear Rh complexes bridged by silyl ligands.77  

 

Scheme 1.7 Coordination of hydrosilanes to a transition metal complex through oxidative addition.  

Investigations into transition metal catalysts for dehydrocoupling polysilane synthesis agree late metals 

typically exhibit greater dehydrocoupling rates over their early transition metal counterparts. This is 

most true for rhodium and platinum catalysts. Both metals have reported the synthesis of tertiary-

coupled polysilanes using Karstedt’s catalyst (Pt) at room temperature72 and Wilkinson’s catalyst (Rh) 

under extreme temperatures (>100C).69 However, the expensive nature of Rh and Pt catalysts has 

directed research towards less scarce transition metal complexes. Additionally, this high activity can 

come at the cost of selectivity with large molecular weight distribution values observed.72 Platinum 

complexes frequently reactions facilitate redistribution of the alkyl/aryl substituents in addition to low 

selectivity towards dehydrocoupling. A mixture of cyclic and short-chain linear oligosilanes are 

typically obtained from dehydrocoupling reactions. However, select Pt catalysts have shown promise 

with greater dehydrocoupling selectivity. These include Pt(cod)2, capable of polysilane synthesis for  

aliphatic secondary silanes with yields > 90 %. Additionally, they have been shown to catalyse 

dehydropolymerisation of a silafluorene substrate65 (Scheme 1.8).   
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Scheme 1.8 Report dehydrocoupling of a dihydrosilafluorene substrate.65
 

Attempts to diversify dehydrocoupling catalysts away from expensive and rare Pt catalysts have driven 

focus towards nickel-based catalysts. Nickel catalysts received limited interest as a dehydrocoupling 

catalyst as many nickel catalysts required activation of a nickel-hydride (Ni-H) functionality by an 

activating agent (LiAlH4).78 However, a range of nickel-based catalysts have been identified possessing 

phosphine-type ligands (Figure 1.3). This class of catalysts have exhibited efficient polymerisation of 

primary and secondary silanes for linear or cyclic polysilanes. The [(dippe)Ni(μ-H)]2 catalyst is reported 

as a capable dehydropolymerisation catalyst for primary and secondary silanes, synthesising (PhSiH)n 

and (PhSiMe)n linear oligosilanes (n = 10 – 16).59 Use of a [Ni(dmpe)2] catalyst has exhibited 

dehydrocoupling ability for  a 9H-9-silafluorene substrate.62 

 

Figure 1.3 Structures of the Nickel-based dehydrocoupling catalysts reported for polysilane synthesis. 

Iridium catalysts have also been investigated. Due to the known silane redistribution reaction catlaysed 

by iridium, it was postulated pincer ligand Ir complex (POCOP-Ir) compounds  (POCOP = 2,6-

(tBu2PO)2C6H3
-) for catalytic dehydrocoupling and synthesis of polysilanes. An iridium-pincer complex 

(Figure 1.4) was reported to undergo dehydropolymerisation of phenysilane to form cyclic polysilanes 

with high selectivity. The major product was the cyclic decasilane polysilane, cyclo-(PhSiH)10.76 
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Figure 1.4 Structures of the Iridium-Pincer based dehydrocoupling catalysts reported for polysilane 

synthesis.76 

As the potential scope of transition-metal catalyst were studied, lanthanide complexes were rapidly  

identified as high potential candidates.79 It was proposed f-block metal-silyl complexes may be suitable 

dehydrocoupling catalysts as the metal-silicon bonds electronics for f-block metals are similar to the 

metal-silicon bonds for d-block metals. This is supported by the frequent application of lanthanide 

complexes as silane dehydrocoupling catalysts. However, the dominant use of lanthanide 

dehydrocoupling applications focus on silane dehydrocoupling with amines to form Si-N compounds.80–

83 Mechanistic investigations into lanthanide complexes confirmed dehydrocoupling proceeds through 

a sigma-bond metathesis processes.84 This was supported by steric restraints observed for the catalyst. 

The catalyst Cp*2LnCH(SiMe3)2 (Ln= Sm, Nd) was unable to react with Ph2MeSiH and Ph3SiH 

substrates at room temperature over a week. However, addition of the primary silane MesSiH3 (Mes = 

Mesityl) yielded successful dehydrocoupling, producing a dinuclear lanthanide complex bridged by 

hydrides (Cp*2LnH]2) and the product disilane (MeH2Si-SiH2Mes). It was proposed the steric properties 

of the silane substituents, upon coordination of the silane to the Ln centre, may provide steric shielding 

to prevent further σ-bond metathesis reactions. This is proposed to be the case for secondary and tertiary 

silanes.  

Numerous studies have been devoted to the expansion of non-Rh transition metal dehydrocoupling 

catalysts. However, rhodium catalysts remain the most investigated and well-understood with respect 

to their reaction conditions and mechanisms. Wilkinson’s catalyst remains the standard rhodium-based 

dehydrocoupling catalyst for polysilane synthesis. Activation of Wilkinson’s catalyst relies on oxidative 

addition of the hydrosilane. For oxidative addition to proceed rapidly low valent metals are required 

with a vacant coordination. Formation of the rhodium-silyl (Rh-Si) complexes typically contains Rh in 

the +3 oxidation state.  

Activation of rhodium-based catalysts typically involves the dissociation of an ancillary ligand to create 

a vacant coordination site for hydrosilane oxidative addition. This behaviour is observed for 

Wilkinson’s catalyst. This requirement may be voided in the case of rhodium-dimers and bimetallic 

catalysts, where the vacant coordination site is masked in the bimetallic state. Comparison of the 
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between Wilkinson’s catalyst (Rh(PPh3)3Cl) against its dimeric form ([Rh(PPh3)2µ-Cl2]) (Figure 1.5) 

showed the dimeric state possessed similar turnover frequency rates (TOF) but faster consumption of 

the hydrosilane for the dimeric catalyst.85 It was concluded addition of the catalyst as a dimer facilitates 

rapid coordination of the hydrosilane. However, after initial consumption of the hydrosilane, subsequent 

catalytic cycles for both (Rh(PPh3)3Cl) and ([Rh(PPh3)2µ-Cl2])  are identical and thus exhibit similar 

catalyst rates.85  

 

Figure 1.5 Molecular structure of Wilkinson’s catalyst (Rh(PPh3)3Cl) and the dimeric complex of 

Wilkinson’s catalyst ([Rh(PPh3)2µ-Cl2]). 

Activation of Wilkinson’s catalyst involves the formation of a chloro(hydrido)silyl rhodium(III) 

complex, produced from oxidative addition of the hydrosilane. The formation of the 5-coordinate 

trigonal bipyramidal complex is key for catalyst activation. Formation of the catalytically active 

rhodium-hydride (Rh-H) complex occurs through reductive elimination of a chlorosilane (Scheme 1.9) 

 

Scheme 1.9 Activation of Rh(PPh3)3Cl via dissociation of PPh3 and reductive elimination of a 

chlorosilane 

X-ray diffraction and 31P NMR results indicate the phosphine ligands adopt the axial positions during 

the 5-coordinate complex structures.86 It is postulated the formation of the catalyst complex with the 

phosphine ligands in the trans configuration is required for successful dehydrocoupling reactions and 

Si-Si synthesis.86  

This is supported through experiments conducted by Hughes85 whereby two of the monodentate 

phosphine ligands of Wilkinson’s catalyst were substituted with a bidentate 1,2-

bis(diphenylphosphino)ethane (dppe) chelating ligand. Dehydrocoupling reactions between 

(Rh(PPh3)3Cl) and ([Rh(dppe)2µ-Cl2])  showed the addition of the dppe ligand significantly lowered 

the catalytic activity to near zero Si-Si formation. It was postulated the bidentate ligand restrains the 

Rh-complex to cis-configurations, by which formation of the 5-coordinate complexes were inhibited 

and prevents continuation of the Si-Si catalytic cycle.  

The general consensus for the mechanism of Wilkinson’s catalyst dehydrocoupling utilises a series of 

oxidative addition and reductive elimination cycles with a Rh-H active catalyst.70,86 In this mechanism, 
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catalytic dehydropolymerisation begins through oxidative addition of the hydrosilane to the Rh-H 

complex (Scheme 1.10, step I). This is followed by a reductive elimination of hydrogen gas and 

restoration of the metal oxidation state to +1 (Scheme 1.10, step II).   Through coordination and 

oxidative addition of a second equivalent of hydrosilane, a di(metallo-silyl) complex is synthesised 

(Scheme 1.10, step III). Reductive elimination of both silyl ligands restores the metal centre to a +1 

oxidation state, restores the catalyst to the initial active catalytic state (Rh-H) and releases the desired 

disilane product (Scheme 1.10, step IV). Subsequent polymer growth proceeds through re-entry of the 

disilane/oligosilane to the cycle at stages (I) or (III).  

 

Scheme 1.10 Oxidative addition (reductive elimination) mechanism for dehydrocoupling of secondary 

silanes by late transition metals. 

The other mechanisms proposed for Wilkinson’s catalysts involve the radical approaches or metal-

silylene catalytic intermediates. The role of the halide ligand observed for Rh catalysts is unclear. The 

use of catalysts without the Rh-X functionality, ([Rh(cod)(PPh3)2]+PF6
- ) exhibited low dehydrocoupling 

rates.85 However, comparison to the chelated ([Rh(dppe)2µ-Cl2]) catalyst showed the former displayed 

slightly greater activity. It was concluded the role of the Rh-X functionality is to facilitate the creation 

of a vacant coordination site. This occurs through the kinetic trans effect, where the phosphine ligand 

trans relative to the halide ligand is thermodynamically weakened.87 Through increasing the lability of 

a phosphine ligand, the rate of ligand dissociation in increased and activation of the catalyst proceeds 

at a greater rate.  
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1.5.2 Metallocene Dehydrocoupling Catalysts  

During early studies for the discovery of transition metal dehydrocoupling catalysts, Group 4 

metallocenes were rapidly identified for their catalytic potential. Group IV metallocenes catalysts in 

contrast to late transition metals catalyst dehydrocoupling reaction through completely different means. 

While notably less reactive in comparison to Rh and Pt-based catalysts. Metallocenes have displayed 

themselves as capable of producing the highest molecular weight polysilanes for primary silanes.88 The 

dehydropolymerisation ability of metallocenes were first reported in the 1980’s.68 This was observed 

through the dehydrocoupling of primary silanes (i.e., phenylsilane) with the addition of Cp2TiMe2 at 

room temperature. Subsequent early metal catalysts have followed the Cp2MX2 template, (where M = 

Zr, Ti or Hf, R = Cp or Cp* and X = halide, alkyl, or silyl). The “X” ligand possesses a great degree of 

variability which may be utilised to optimise reaction conditions to optimise polymer properties. 

Metallocene catalysts follow predictable trends with regards catalytic activity, a consequence of the 

Cp2MX2 template. Zirconocene catalysts are the most efficient, followed by titanocene and hafnocene 

(Figure 1.6).89 The dehydrocoupling activity for the Hf- and Ti- catalysts may be improved through 

increasing the reaction temperature to produce polysilane polymers of desirable chain length and yield. 

Additionally, zirconocene catalysts favour higher linear: cyclic polysilane ratios than Ti- and Hf- 

metallocenes with greater molecular weight values for oligosilanes.90,91 

 

Figure 1.6 Trend in Group IV metallocene dehydrocoupling catalytic activity with varied metal 

centres.92 

Careful selection of the metal centre for dehydrocoupling catalyst is required where the stereoselectivity 

of the polysilanes are significant. Numerous studies have detailed the mixed stereoselective exhibit for 

zirconocene catalysts, where meso and chiral isomers are formed in non-equivalent quantities. In 

contrast, titanocene catalysts have exhibited great reliability in the selective formation of trans isomers 

for polysilanes. The use of a bimetallic titanocene catalyst was capable of catalysing dehydrocoupling 

towards the formation of an all-trans cyclic hexa(phenyl)silene ([PhSiH]6) product.93,94 

Mechanistic investigations for metallocenes reveal the universal presence of σ-bond metathesis 

reactions within dehydropolymerisation synthesis. While mechanisms vary significantly between 

specific metallocene catalysts, dehydropolymerisation for all group 4 metallocene catalysts proceed 

through a series of σ-bond metathesis reactions involving successive, concerted, 4-centre transition 

states.88 Addition of a hydrosilane results in the formation of metal-silyl and metal-hydride complexes 
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through σ-bond metathesis reactions, where the dehydrocoupling and disilane formation are observed 

concurrently. Polysilane chain elongation proceeds through step-growth means.66 Employment of poor 

π-donor ligands to the metallocene is shown to increases catalytic activity, due to the electron-poor 

nature of the Group IV centre. The most used poor π-donor ligands are alkyl, hydride, and tertiary silane 

ligands (Figure 1.7).  

 

Figure 1.7 Trend in Group IV metallocene dehydrocoupling catalytic activity with varied ligands.92,95 

The reliance on sigma-bond metathesis reactions for dehydrocoupling means that the steric factors of 

the silane substrate play a greater role on the catalytic activity. The sterically limiting transition state 

places a greater degree of strain on bulky substrates. This is shown through the high activity of most 

metallocene catalysts for primary silane dehydrocoupling and the more extreme reaction conditions 

required to facilitate polysilane synthesis. No metallocene catalysts have yet to be reported capable of 

efficient tertiary silane dehydrocoupling.69 

The active catalysts for metallocene catalysts may vary, with two predominant supported mechanisms. 

The majority of metallocene catalysts proceed through dehydropolymerisation using an unsaturated 

metal-hydride (M-H) active catalyst. Formation of the active state metallo-hydride species relies on 

displacement of the chloride ligand through alkyl lithium reagents (Scheme 1.11, step I). This produces 

a metallo-alkyl species, which is converted to a metallo-silyl complex through interaction of the 

complex with a hydrosilane (Scheme 1.11, step II). This metallo-silyl complex can react with a 

hydrosilane equivalent to produce a monohydride metallocene species producing a disilane as a by-

product (Scheme 1.11, step III).  

 

Scheme 1.11 Activation of the metallocene catalyst using alkyl lithium for polysilane dehydrocoupling 

synthesis. R1, R2 = Alkyl, aryl, hydride. 
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The displacement of the alkyl ligand forms the metallocene is a reaction rate limiting step, with 

induction periods observed dependent on the alkyl ligand present. The addition of MeLi produces a 

metallo-methyl complex, where the relatively strong strength of the Zr-C bond in comparison to Zr-Si 

means that the substitution rate is slow and is observed experimentally by an induction period of a few 

hours before bubbling is observed. However, the addition of nBuLi to the metallocene produces a 

metallo-butyl complex, which may undergo a β-hydride elimination to release the ligand as free butane. 

This β-hydride elimination facilitates removal of the alkyl ligand and allows for rapid catalyst activation 

where no induction periods are associated with the addition of nBuLi.  

Following formation of the active catalyst, the catalytic cycle for the metallo-hydride active catalyst 

begins with the coordination of a hydrosilane to the active catalyst (Scheme 1.12, step I). Coordination 

of the silyl ligand involves a σ-bond metathesis reaction. This occurs in a concerted fashion through a 

four-centre transition state. This step produces a metallo-silyl complex and release of gaseous H2 

(Scheme 1.12, step II). Coordination of a secondary hydrosilane with the metallo-silyl complex forms 

via another σ-bond metathesis reaction (Scheme 1.12, step III). This reaction restores the metallo-

hydride catalytic species and elimnates both silyl ligands as a the desired disilane product (Scheme 1.12, 

step IV) which upon coordination with a second hydrosilane releases the silane product and the catalytic 

cycle continues.  

 

Scheme 1.12 General silane dehydrocoupling mechanism for σ bond metathesis. 
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Metallocene catalysts using this mechanism such as dimethyl zirconocene (Cp2ZrMe2), prove highly 

efficient towards the dehydropolymerisation for primary silanes under  mild reactions conditions.93,96 

In contrast, secondary silane dehydropolymerisation does not proceed rapidly through the M-H active 

catalyst reactions. This is a consequence of the steric limitations brought about by σ-bond metathesis 

reactions. The additional bulk of the substrate decreases dehydrocoupling efficiency. However, a class 

of metallocene catalysts have been identified as capable secondary silane dehydropolymerisation 

catalysts, using in situ catalyst generation approaches.  

As first  proposed by Corey et al,97 dehydropolymerisation involves the formation of a [Cp2M] active 

catalyst. Corey et al reported for Cp2ZrCl2/2nBuLi catalytic reaction conditions, oligosilanes of three 

repeating units could be synthesised for secondary silane substrates. Generation of the Cp2ZrBu2 

catalyst occurs rapidly through the addition of 2 equivalents of nBuLi to zirconocene dichloride. 

Through a β-hydride elimination of one of the butyl ligands, one of the butyl ligands is released as free 

butane. The other butyl ligand from which a β hydride is abstracted is converted to an allyl ligand. The 

allyl ligand serves to stabilises the complex, acting to mask the [Cp2Zr] species in solution.98 This 

complex exists in an equilibrium as (ZrII-Allyl and ZrIV-Dialkyl) complexes (Scheme 1.13)  

 

Scheme 1.13 Activation of the metallocene catalysts via 2 eq. of nBuLi to a transient [Cp2ZrII] 

The formation of this [Cp2ZrII] species is correlated to the ability of the catalyst dehydropolymerisation 

secondary silanes. After formation of the transient [Cp2M] complex, the specific steps by which 

dehydrocoupling and polysilane synthesis proceed are unknown.64 Probing of the mechanism through 

ESI methods have experienced great difficulty in identifying the highly unstable and reactive catalytic 

intermediates. This has led to several proposed mechanisms by which the active catalyst enters the 

catalyst cycle for dehydropolymerisation. The other mechanism will be discussed in section 1.5.3. The 

presence of the olefin species does allows for potential hydrolysation of the alkene.99 However, Si-Bu 

species are not observed during dehydrocoupling species, indicating it is likely the hydrides on the 

silanes are abstracted to the allyl ligand to release the ligand as free butane.  

The most accepted mechanism for the [Cp2MII] active involves conversion of the catalyst to a 

monosilyl-, monobutyl metallocene complex. The olefin species is converted to the butyl ligand from 

hydride abstraction by the newly coordinated silyl ligand. Through interaction of the complex with a 

second equivalent of hydrosilane, the butyl ligand is released from the complex forming a forming a 

disilyl-metallocene complex. From this complex, the metallocene is converted to a monohydride, 
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monosilyl-metallocene, the proposed active catalyst for the [Cp2M] based reactions. Dehydrocoupling 

proceeds through the confirmed catalytic cycle detailed below (Scheme 1.14).  

 

Scheme 1.14 Metallocene-based dehydrocoupling catalytic cycle for the hydro-, silyl metallocene 

active catalyst.57,100 

1.5.3 Secondary Dehydrocoupling Mechanisms  

Alternative secondary mechanisms have been proposed for hydrosilane dehydrocoupling with both late 

transition metal catalysts and early transition metal metallocenes. α-Elimination reactions have been 

proposed as viable mechanisms, due to their frequent appearance for Sn and As dehydrocoupling 

mechanisms.101 α-Elimination favours sterically bulky elements and it is postulated the relatively small 

steric bulk of silicon prevents silane dehydrocoupling through α-elimination methods. However, 

Jackson et al.86 reported potential evidence for a possible α-elimination dehydrocoupling reaction for 

Si-Si formation. This was concluded from the observation of H2 loss from the P2Rh(H)Cl(SiHR2) 

complex. However, it was not confirmed whether this H2 loss proceeded through alpha-elimination or 

oxidation addition of a silane to a Rh=Si complex before release of a Si-Si compound.  

One mechanism with has experienced persistent support without conclusive synthetic evidence is the 

silylene-intermediate based mechanism. This relies on a metal-silylene intermediate as the active 

catalyst. This unsaturated metal-silylene intermediate is then able to react to a second hydrosilane 
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equivalent, whereby the hydride is coordinated to the metal centre and the silyl species bonds to the 

silylene intermediate to create a silylene-silyl intermediate species. This proposed mechanism has 

experienced continued support as probing of catalyst dehydrocoupling mechanism through ESI-MS 

revealed the formation of metal-silylene complexes.86 

The major criticism for this silylene-based mechanisms is distinct absence of silylene-silyl intermediate 

species have yet to be reported from dehydrocoupling reaction conditions. Additionally, the silylene-

intermediate mechanism would be limited to primary and secondary hydrosilane substrates. While 

requiring extreme reaction conditions, late transition metal catalysts have been reported capable tertiary 

dehydrocoupling catalyst. This seems to indicate this mechanism is not viable for late transition metal 

catalysts or at least occurs concurrently with another disilane synthesis mechanism. Metal-silylene 

mechanisms have been favoured for metallocene catalysts, even though limited by the rarity of metal-

silylene for early transition metals.94 One example utilises a dihydro-metallocene complex to catalyse 

disilane formation through a silylene-intermediate mechanism (Scheme 1.15).  

  

 

Scheme 1.15 Catalyst dehydrocoupling of silanes by a titanocene catalyst through silylene 

intermediates.91 

Radical-based mechanisms have also been proposed for both late transition and metallocene catalysts.  

While radical-based mechanisms have potential, a lack evidence of radical intermediates eliminate 

radical-based dehydrocoupling reactions being the dominant mechanisms for transition metal catalysts.   

  



39 
 

1.6 Covalent Bridging of Disilanes 

Investigations into catalytic dehydrocoupling for polysilane synthesis have revealed a plethora of highly 

efficient potential catalysts capable of selective Si-Si formation. However, without additional factors 

stabilising the Si-Si backbone, homolytic cleavage of the Si-Si with results in subsequent polysilane 

degradation. Attempts to prevent polysilane degradation have focused on non-synthetic approaches, 

ensuring the polysilane is maintained under inert atmospheres in the absence of moisture. Research 

conducted by the Leitao Research group has investigated a potential synthetic route to stabilising Si-Si 

bonds from homolytic cleavage. The incorporation of molecular bridges between disilane bonds was 

proposed to act as secondary reinforcement of the Si-Si backbone102 (Figure 1.8).  

 

Figure 1.8 Bridged polysilane, solid line represents a covalent bridge. 

Reinforcement is proposed to proceed through decreasing the rate of non-reforming silyl radical 

reactions. Through spatially localising the silyl radical nearby the silylene centre, the probability of 

disilane bond reformation is increased102 (Scheme 1.16).  

 

Scheme 1.16 Photolytic degradation of a bridged disilane Si-Si bond and subsequent bridged 

supported disilane reformation 

Research have focused on the development of a library of disilyl precursors which undergo 

dehydrocoupling to synthesise bridged-disilane monomers. Previous synthetic work has developed a 

library of disilane monomers with disubstituted disilane monomers (Figure 1.9).  
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Figure 1.9 Structures of bridged disilyl precursors synthesised during previous research102,103. 

The incorporation of aryl-based bridges was shown to optimise the electronic properties of the 

disilane.27 The introduction of π-conjugation into the polysilane allows for σ-π mixing.104,105 For the 

incorporation of naphthalene bridges, π-conjugation contribution is significantly greater than the 

contribution by single phenyl rings. This was observed through red-shifts in polysilane UV absorption 

and suggests the incorporation of naphthalene bridges to polysilanes would further the lowering of the 

band gap of the polysilane, optimising the application of the polysilane within electronic 

semiconductors.106 

The development of bridged polysilanes from the library of disubstituted silane building blocks is not 

possible, as the bridged disilanes lack the terminal Si-H ends required for dehydropolymerisation and 

chain growth. Attempts to synthesise a naphthalene-bridged disilane capable of polysilane formation 

produced the naphthalene-bridged di(phenyl)silyl precursor which underwent successful 

dehydrocoupling to form the disilane (Scheme 1.18).  

 

Scheme 1.17 Dehydrocoupling of a covalently bridged disilyl monomer to the formation of the 

disilane and subsequent dehydropolymerisation. 

Dehydrocoupling conditions were performed using Wilkinson’s catalyst under literature-based 

approaches (Rh(PPh3)3Cl) at 5 mol % for 3 days at 90ׄ °C.107 While disilane formation proceeded under 

the mentioned reaction conditions, dehydrocoupling was limited to disilane formation without 

polysilane formation. A series of catalysts were investigated to identify catalysts capable of 

dehydropolymerisation for bridged-disilanes. Zirconocene-based catalysts were unable to catalyse 

intramolecular disilane synthesis, let alone dehydropolymerisation.103 However, the chloro(1,5-

cyclooctadiene)rhodium(I) dimer ([Rh(cod)Cl]2) complex was shown to be an effective 

dehydrocoupling catalyst for both disubstituted and monosubstituted silanes. The rhodium dimer 
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catalyst was capable of (dehydrocoupling going to completion) after 24 h under mild conditions (at 

room temperature at 5 mol %). However, 29Si{1H} NMR spectroscopy displayed two signal peaks, the 

cis and trans isomers of the disilane, indicating dehydropolymerisation had not occur and 

dehydrocoupling was limited to disilane synthesis.  
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Chapter 2: Aims of the Research 

The application of polysilane materials within modern semiconductors arises from the unique 

electronics properties associated with the σ-conjugation present throughout the Si-Si backbone. 

However, the weak nature of the Si-Si bond allows for facile cleavage and degradation of the polysilane 

backbone, limiting industrial application in modern electronics. Attempts to reinforce the disilane bonds 

through the incorporation of molecular bridges have yielded great promise. A library of disubstituted 

disilane monomers have been created through synthesis of bridged disilyl precursors followed by 

successive dehydrocoupling. However, these monomers are unable to form polysilanes as they lack 

terminal Si-H ends necessary for dehydropolymerisation.  

This project aims to continue development of bridged disilanes and expand the synthetic library of 

tethered polymerizable building blocks for polysilane chain synthesis. This will entail the successful 

synthesis of bridged disilane substrates possessing terminal Si-H ends for polysilane 

dehydropolymerisation. Focus will be given towards the formation of bridged di(phenylsilyl) precursors 

before catalytic dehydropolymerisation reactions towards polysilane synthesis (Figure 2.1).  

 

Figure 2.1 Structures of the bridged disilyl precursors that are the focus of the research in this thesis. 

The first aspect of the project will investigate the synthesis of benzyl silane possessing bridged disilyl 

monomers. Previous work has identified selectivity regarding the use of chloro(aryl)silanes for benzyl 

silane synthesis. This research aims to identify a suitable synthetic procedure for benzyl silane synthesis 

with chloro(phenyl)silane. The monosubstituted chlorophenyl)silanes was selected to ensure the 
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bridged disilyl precursors may act as polymerizable building blocks for the synthesis of a bridged 

polysilane through dehydropolymerisation. The synthetic strategies will involve stepwise activation of 

the bridge substrate through lithiation and Grignard reactions before installation of the silyl species 

through chlorosilane and salt elimination (Scheme 2.1).  

 

Scheme 2.1 Stepwise strategy of bridged disilane synthesis through Grignard or lithiation methods, 

followed by dehydrocoupling. 

The second aspect of this project will involve an investigation into the use of four different 

dehydrocoupling catalysts with the disilyl precursors of the naphthalene and ferrocene bridges. The 

naphthalene-bridged precursors were selected due to previous success in synthesising the disilane 

monomer.  The ferrocene-bridged precursors were selected as dehydrocoupling under previously 

investigated catalysts have failed to yield disilane formation (Scheme 2.2). It was hoped identification 

of a more efficient dehydrocoupling catalysts may allow for disilane synthesis.  

 

Scheme 2.2 Catalytic dehydrocoupling reactions to be investigated. 
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Four dehydrocoupling catalysts were investigated suitability towards intramolecular dehydrocoupling 

of bridged disilanes. The [Rh(cod)Cl]2 dimer catalyst was selected due to previous investigations 

identifying the complex as high potential for successful dehydropolymerisation under mild reaction 

conditions. Wilkinson’s catalyst was selected alongside [Rh(cod)Cl]2 as it also a Rh(I) catalyst with 

greater mechanistic support detailing the dehydrocoupling of hydrosilanes with the Rh(I) catalyst.  

Zirconocene-based catalysts (Cp2ZrCl2/2nBuLi) were (re-investigated) after previous (attempts) failed 

to yield disilane products. It was proposed in situ generation of the zirconocene catalyst may favour 

dehydrocoupling, as in situ generated metallocenes favour secondary silane substrates. For comparison 

to the Cp2ZrCl2/2nBuLi system, dimethyl zirconocene (Cp2ZrMe2) was investigated due to its activity 

and literature precedent for primary silane dehydrocoupling. The efficiency and stereoselectivity for all 

four dehydrocoupling catalysts were analysed with mechanistic postulations derived from reaction 

observations and results.   
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Chapter 3: Results and Discussion  

3.1 Benzyl Silane Synthesis  
Previous work surrounding the expansion of bridging moieties investigated a series of benzene-ring 

motif substrates, α,α’-dibromo-o-xylene (1a) and 2-bromobenzylbromide (1b), for their potential 

application within the development of a synthetic library of tethered polymerizable building blocks for 

polysilane chain synthesis. Both substrates were selected for their potential formation of benzyl silane 

monomers. Synthesis of the molecular bridges experienced mixed degrees of success with regards to 

the successful installation of silane species at the benzyl bromide position. Limitations were observed 

for the substrates with regards to selectivity of the chlorosilane. Grignard approaches with 1a and 

chloro(aryl)silanes failed to yield successful silane attachment. Only chloro(dimethyl)silane was 

observed to successfully attachment to the 1a bridge (Scheme 3.1).  In contrast, 1b did not exhibit any 

selectively with ready addition of the chloro(disubstituted)silanes under Grignard conditions.  

 

Scheme 3.1 Synthesis of the bridged disilyl compounds possessing benzyl silane functionalities 

conducted in previous research. 

Experimental attempts to synthesise the monosubstituted disilyl precursor product were not investigated 

in detail. Initial attempts to produce the disilyl precursors 2a and 2b did not proceed cleanly through 

the previously established Grignard reaction conditions. It was postulated the selectivity observed by 

the 1a substrate for chloro(aryl)silanes in for chloro(disubstituted)silanes was once again present. 

However, this selectivity was more pronounced with 1b unable to form 2b through the previous 

Grignard approach. This selectivity is reported within literature, whereby attachment of 

chloro(aryl)silanes to benzyl bromide Grignard substrates for benzyl(aryl)silane synthesis is very 

difficult. However, the success of the 2a substrate to with chloro(diphenyl)silane indicated this 

selectivity may be overcome under specific conditions.  
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The incorporation of the phenylsilane species within a disilyl precursors presents greater future potential 

over the previously synthesised disubstituted silanes. The synthesis of a disilyl precursor with terminal 

Si-H ends allows for potential dehydropolymerisation and polysilane synthesis. Additionally, the 

incorporation of aryl species on the silane would further aid the electronic properties of the synthesised 

polysilane. Thus, it was decided to re-investigate the potential application of phenylsilane onto the 

molecular bridges. To overcome the difficulty associated with the reaction of chloro(phenyl)silane and 

the benzyl bromide Grignard substrates, a focus was placed on the identification of a reaction procedure 

which would facilitate benzyl silane formation with chloro(phenyl)silane to the 1a and 1b bridge 

substrates. In addition to 1a and 1b, 1,2-dibromobenzene (1c) was investigated alongside the two 

substrates (Figure 3.1). The 1c does not possess the benzyl bromide functionality associated with the 

selectivity issue observed previously and 2c does not possess a benzyl silane functionality. Selection of 

this bridge allowed for better understanding of the effect of each approach and the efficiency of each 

respective procedure.   

 

Figure 3.1 Structures of the desired bridged disilyl precursors (2a-c) and their dibromo- substrates 

(1a-c) from which the synthesis of 2a-c will proceed. 

Previously established bridge substrate activation utilised a Grignard approach with reflux under inert 

atmospheric conditions. Magnesium was added in slight excess to the bridge substrate in a 3:2 ratio. 

The generation of the Grignard-substrate occurred through boiling the solution of THF for 3 h. The 

chloro(disubstituted)silanes was then added in excess and the reaction was left overnight to stir at room 

temperature. Given the difficulties associated with benzyl silane formation, it was determined best to 

investigate ways to avoid Grignard conditions entirely. Synthetic approaches for other successfully 

synthesised bridged disilyl precursors exhibited lithiation of dibromide substrates as an efficient method 
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for substrate activation before chlorosilane addition. Lithiation approaches were successful for the 

activation of di-aryl substrates. An experimental attempt was set up to confirm if the lithiation pathway 

was viable pathway for benzyl bromide functionality activation. This approach involved the treatment 

of 1a with nBuLi before the addition of chloro(phenyl)silane (Scheme 3.2).  

 

Scheme 3.2 Proposed synthesis of the di(benzyl silane) 2a product with 1a through lithiation. 

 

Figure 3.2 29Si{1H} NMR spectrum of the reaction of 1a and chloro(phenyl)silane through lithiation. 

1H and 29Si{1H} NMR spectroscopy did not indicate a clean synthesis of a major product with a series 

of silicon peaks observed (Figure 3.2). ESI-MS investigation failed to indicate the formation of any 

disilyl precursors, or benzyl silanes species. It was noticed post-workup the formation of tiny white 

solids suspended within the solution. The addition of pentanes increased the formation of this solid. 

Isolation of the solid revealed the solid was not soluble in any common organic solvent.  

It is proposed this solid are the hydrolysed products of the litihiated 1a substrate, litihiated at the non-

bromide positions. The strength of the nBuLi reagent means that there is a mixture of lithiation products, 

where nBuLi may lithiation the benzene ring and leave the bromide functionality untouched. The 

addition of pentanes facilitates hydrolysation through the small quantities of water present in the organic 
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solvents. It was determined the silicon products observed are siloxane-based, arising from the 

quenching of free chlorosilanes post-workup. It was concluded from the results the nBuLi reagent is 

too strong for the benzyl bromide functionality, whereby addition of a chloro(phenyl)silane fails to 

produce the 2a product. Due to this result, lithiation approaches were no longer investigated for 

subsequent investigations surrounding benzyl silane synthesis.  

While it was hoped to avoid Grignard methods for the synthesis of the benzyl silane containing 2a and 

2b, the inability of the lithiation experiment to facilitate silane attachment directed research back 

towards Grignard methods. No literature approach was identified for the activation of di(benzyl 

bromide) substrates. However, two approaches were identified with great potential for the 1a-c 

substrates. Future attempts to synthesis the disilyl-bridge compounds were conducted through Grignard-

style approaches. 

The two selected approaches differed about the nature of Grignard substrate prepared by each 

procedure. The first procedure reported by Visco et al108 uses Barbier-type coupling to allow for the 

reaction of a chloro(phenyl)silane with a single benzyl-bromide functionality for benzyl(aryl)silane 

formation (Scheme 3.3).108 It is hoped through increasing the equivalents of chloro(phenyl)silane this 

procedure may facilitate the successful reaction of a second benzyl bromide functionality with 

chloro(phenyl)silane.  

 

Scheme 3.3 Reported Grignard procedure for the synthesis of benzyl silanes through chloro 

phenylsilane in a Barbier-type coupling step.108 

In contrast, a second Grignard procedure reported by Schrock et al109 was identified where dibromo 

benzene substrates were successful treated through Grignard conditions and chloro(aryl)silanes for the 

synthesis of a di(aryl silyl)benzene (Scheme 3.4). While not specifically focused on benzyl silane 

synthesis, the reported activation of the dibromide substrates for disilylation shows potential for our 

selected dibromide substrates.  
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Scheme 3.4 Reported Grignard procedure for the synthesis of disilylbenzene compounds from 

Schrock et al.109 

Experimental procedures were adopted from both literature procedures for potential suitability towards 

the synthesis of 2a-c from the 1a-c substrates. The major difference the Visco and Schrock adopted 

procedures is the general reaction conditions facilitating reaction success. The Visco procedure uses 

sonication for 30 min with 1,2-dibromoethane. In contrast, the Schrock procedure relies on an 8 h reflux. 

The 1c substrate was investigated first for two reasons. Given the 1c substrate does not possess the 

benzyl bromide functionalities which present selectivity issues for chloro(aryl)silanes, the 1c substrate 

is being used to establish the general efficiency of both Grignard procedures. Additionally, as the 1c 

substrate was utilised within the reported Schrock et al. experiment, it is proposed the adopted Schrock 

procedure should produce the 2c product in high yields (Scheme 3.5).  

 

Scheme 3.5 Proposed synthesis of the 2c disilyl precursor from the 1c substrate through the Visco 

(Top) and Schrock (Bottom) Grignard reaction conditions. 
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Figure 3.3 29Si{1H} NMR spectrum of the Grignard reaction of 1c towards 2c using the Schrock 

procedure. 

As expected, the Schrock et al. procedure produced a clean reaction mixture with 29Si{1H} NMR 

spectroscopy revealing the dominant formation of two silicon products at -33.2, -35.5 ppm (Figure 3.3). 

ESI-MS results were unable to confirm the presence of 2c product in the reaction. However, a series of 

disilyl-benzene products were observed, indicating successful silane attachment. It was proposed these 

two product peaks correspond to monosilylated (-33.2 ppm) and the 2c (-35.5 ppm) products from the 

successful Grignard reaction. Attempts to purify the product mixture to confirm assignment through 

column chromatography were unsuccessful. In contrast, the Visco procedure produced a series of 

silicon peaks in 29Si{1H} NMR spectroscopy (Figure 3.4). The two assigned signal peaks corresponding 

to 2c and the monosilylated product were observed. However, it rapidly identified the series of peaks 

observed were identical to the signal peaks observed for the lithiation reaction procedure for the 1a 

substrate.  

 

Figure 3.4 29Si{1H} NMR spectrum of the Grignard reaction of 1c towards 2c using the Visco 

procedure. 
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Given that both experiments utilised different substrates (1a vs 1c) and utilised different reaction 

conditions (Lithiation vs. Grignard), it was confidently determined the peaks were free siloxane-based 

products. This confirmed the conclusions achieved previously for the lithiation reaction. It was noted 

the monosilylated signal peak was the major product of the reaction instead of 2c by a ratio of 2:1. It 

was concluded while the 2c product was formed by the Visco procedure, it confirmed the Schrock 

procedure is a viable reaction procedure for 2c synthesis. Given that both procedures were shown to 

successfully facilitate 2c synthesis, the 1b substrate was investigated next (Scheme 3.6). This was to 

determine the capability of each procedure towards benzyl silane formation with one benzyl bromide 

functionality present. Experimental conditions were maintained the same between the 1c and 1b 

substrate experiments. 

 

Scheme 3.6 Proposed synthesis of the 2b disilyl precursor from the 1a substrate through the Visco 

(Top) and Schrock (Bottom) Grignard reaction conditions. 

 

Figure 3.5 29Si{1H} NMR spectrum of the Grignard reaction of 1b towards 2b using the Visco 

procedure. 
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In contrast to the 1c substrate, 29Si{1H} NMR spectroscopy for the Visco procedure indicated the clean 

formation of one silicon-based major product (-30.8 ppm) (Figure 3.5). No free siloxane signals were 

observed in the NMR spectrum.  However, presence of one major Si signal is undesirable, as the 2b 

product is expected two signal peaks with a 1:1 ratio. ESI-MS failed to indicate the presence of the 2b 

product with the expected product m/z not observed. Additionally, no disilyl-precursors were reliably 

observed within ESI. It was hoped the Schrock procedure would provide more information surrounding 

the product mixture. observed. However, the Schrock procedure produced a significant quantity of free 

siloxane products, confirmed through 29Si{1H} NMR. 

 

Figure 3.6 29Si{1H} NMR spectrum of the Grignard reaction of 1b towards 2b using the Schrock 

procedure. 

The two signal peaks at -30.8 ppm and -36.6 ppm were observed in both experiments (Figure 3.6). It is 

proposed the -30.8 ppm signal peak corresponds to the monosilylated product where the bromide 

functionality is successfully displaced with a silane species. However, without confirmation through 

ESI, it is unknown whether benzyl silane formation occurs within the reaction. Although the results of 

both experiments proved inconclusive for the synthesis of the 2b product, it was determined unlikely 

either experiment was able to synthesis the 2b product. The presence of two different bromide 

functionalities prevented clear understanding of the reaction. To confirm the ability or inability of the 

Grignard procedures to facilitate a successful reaction with the benzyl bromide functionality, the 1a 

substrate was selected with its two benzyl bromide functionalities (Scheme 3.7).  
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Scheme 3.7 Proposed synthesis of the 2a disilyl precursor from the 1a substrate through the Visco 

(Top) and Schrock (Bottom) Grignard reaction conditions. 

 

Figure 3.7 29Si{1H} NMR spectrum of the Grignard reaction of 1a towards 2a using the Visco 

procedure. 

In contrast to the previous experimental results, the Visco procedure displayed a clean reaction mixture 

with 3 major signal peaks in 29Si{1H} NMR spectroscopy (Figure 3.7). The signal peak of -29.8 ppm 

was rapidly assigned to a free siloxane-based product, observed during previous reactions. Attempts to 

confirm the identity of the -31.0 and -31.3 ppm signal peaks were hampered by difficulties encountered 

during purification of the reaction mixture through silica chromatography. ESI-MS was unable to 

confirm the formation of the 2a product with the expected product m/z not observed. Additionally, no 

disilyl-precursors products were observed within ESI-MS. The Schrock procedure failed to provide any 

new information surrounding the identity of the two peaks, with a series of free-siloxane peaks observed 

throughout the 29Si{1H} NMR spectrum. This was in addition to the two peaks at -31.0 and -31.3 ppm.  



54 
 

 

Figure 3.8 29Si{1H} NMR spectrum of the Grignard reaction of 1b towards 2b using the Schrock 

procedure. 

The identity of the two silicon-based products remains unclear after post-reaction analysis. The two 

signal peaks may correspond to the 2a (-31.0 ppm) and monosilylated product (-31.3 ppm) (Figure 3.8). 

This assignment is based on the integral ratios where the signal at -31.0 ppm is observed at a greater 

intensity. However, without clear evidence of 2a formation, it was determined both procedures were 

unable to synthesis the 2a product. The results from the Grignard procedures were disappointing in that 

simple and straightforward addition of chloro(phenyl)silane for benzyl silane synthesis were not 

observed. While synthesis and purification of the 2a and 2b precursors were not achieved, the 2c 

disilane was successfully synthesised and is ready for future dehydrocoupling investigations.  
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3.2 Naphthalene-Bridged Dehydrocoupling Catalyst Investigation 

In contrast to the synthetic attempts to install chloro(aryl)silanes to benzyl bromide substrates for benzyl 

silane synthesis, the 1,8-dibromonaphthalene substrate has been showed capable of ready addition of 

silane species through lithiation methods. As discussed, in section 1.6.1, previous work has developed 

a library of naphthalene-bridged di(disubstituted)silyl precursors which are capable of dehydrocoupling 

to form bridged disilane building blocks. However, the absence of the terminal Si-H ends for the disilane 

monomers prevents dehydropolymerisation and synthesis of polysilane chains. Initial attempts to 

develop naphthalene-bridged disilanes capable of polymerisation has resulted in the synthesis of the 

1,8-bis(phenylsilyl)naphthalene (4) precursor. Treatment of 4 with Wilkinson’s catalyst (Rh(PPh3)3Cl) 

produced the disilane product (5) after 3 days at 90 °C. A small investigation into dehydrocoupling 

catalysts capable of disilane formation was conducted (Scheme 3.8).  

 

Scheme 3.8 Catalyst investigation results from previous research on the synthesis of the naphthalene-

bridged disilane 5 from dehydrocoupling reaction with 4. 

Two major conclusions were achieved from the results. The zirconocene-based catalyst failed to yield 

the 5 disilane under the given conditions and the Rh(I) catalyst, chloro(1,5-cyclooctadiene)rhodium(I) 

dimer ([Rh(cod)Cl]2), produced 5 with yields superior to Rh(PPh3)3Cl. Additionally, the [Rh(cod)Cl]2 

catalyst was shown to go to completion after 24 h at room temperature. The observation of the extreme 

efficiency of the [Rh(cod)Cl]2 catalyst for dehydrocoupling under mild reaction conditions led to 
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potential hope the catalyst may be able to catalyst tertiary intermolecular dehydrocoupling reactions 

between the bridged disilane units. Previous research within the Leitao research group was unable to 

thoroughly investigate the capability of the [Rh(cod)Cl]2 catalyst for tertiary silane dehydrocoupling.102 

It was determined beneficial to further investigation into the [Rh(cod)Cl]2 catalyst, to confirm the 

inability of the catalyst to conduct dehydropolymerisation. It was proposed through increasing the 

catalytic loading and increasing the reaction temperature tertiary dehydrocoupling may be catalysed 

(Scheme 3.9).   

 

Scheme 3.9 Proposed [Rh(cod)Cl]2 catalysed dehydropolymerisation of 1,8-

bis(phenylsilyl)naphthalene (4) for the synthesis of a bridged polysilane 

To allow for investigation of the [Rh(cod)Cl]2 catalyst, the disilyl precursor 1,8-

bis(phenylsilyl)naphthalene (4) was synthesised for subsequent dehydrocoupling investigations. It was 

also decided to re-investigation the Wilkinson’s catalyst alongside[Rh(cod)Cl]2. The synthetic strategy 

for 4 has been optimised from previous investigations. This strategy involved the formation of 

chloro(phenyl)silanes from the treatment of phenylsilane and the reaction with a 1,8-dilithionaphthalene 

under inert conditions (Scheme 3.10). Product confirmation was done according to comparison of 1H 

and 29Si{1H} NMR values to literature.  

 

Scheme 3.10 Synthetic strategy for the synthesis of 1,8-bis(phenylsilyl)naphthalene (4). 

Standard catalytic dehydrocoupling reaction conditions were utilised for both catalysts (5 mol % cat, @ 

23 °C). Several silicon-based products were observed through the 29Si{1H} NMR spectra of both 

reaction mixtures. The two distinct Si peaks, corresponding to the meso (5a) and chiral (5b) 

diastereomers of 5, were observed for both catalysts at 37.3 ppm and -40.2 ppm (Figure 3.2.1). 

Formation of the disilane product, 5, was further confirmed via ESI-MS.  
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Sadly, both Rh(I) catalysts were unable to catalyse tertiary dehydropolymerisation, with no change in 

signal peaks observed in 29Si{1H} NMR for the [Rh(cod)Cl]2 catalyst on increasing the reaction 

temperature above room temperature (50 °C and 80 °C). It was noted during catalytic loading 

investigation the increase in catalyst concentration does not increase the 5 disilane yield linearly. 

Notably, high catalytic loading (25 mol %) reactions were shown to proceed significantly slow, with 

the hydrosilane substrate 4 re-obtained from the product mixture (Figure 3.9) 

 

Figure 3.9 29Si{1H} NMR spectra for [Rh(cod)Cl]2 catalysed dehydrocoupling of 4 with different 

catalytic loadings. (Green = 5 mol %, Red = 10 mol %, Blue = 25 mol %). 

It was evident through comparison between the Rh(PPh3)3Cl and [Rh(cod)Cl]2 reaction mixtures 

disilane formation produces the meso (5a) and chiral (5b) diastereomers (Scheme 3.11). However, it 

was evident ratio of 5a:5b observed in 29Si{1H} NMR differed significantly between the Rh(I) catalyst 

used. The Rh(PPh3)3Cl catalyst favoured the chiral 5b diastereomer by a ratio of approximately 4:1. 

The [Rh(cod)Cl]2 catalyst produced a near 50:50 ratio of 5a:5b, where 5b was slightly favoured by a 

ratio of 1.3:1.  
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Scheme 3.11 Synthesis of the meso (5a) and chiral (5b) through dehydrocoupling of 4 with the 

[Rh(cod)Cl]2 catalyst. 

Literature surrounding the dehydrocoupling ability of the [Rh(cod)Cl]2 dimer has yet to be reported for 

disilane synthesis. However, due to its nature as a Rh(I) catalyst, it is presumed as a Rh(I) catalyst it 

follows a similar mechanistic pathway to Rh(PPh3)3Cl, which has had a plethora of reliable mechanistic 

investigations for the dehydrocoupling of silanes towards polysilanes. Based on the same assumption 

both Rh(I) catalysts utilise similar activation methods and catalytic cycles, it is proposed the 

stereoselectivity is directly correlated to the catalytic design and choice of ligand for the catalyst.  

Control over the stereoselectivity of the dehydrocoupling catalyst is vital for subsequent plans relating 

to the application of polysilanes within semiconductors and electronic materials. Selective synthesis of 

the chiral 5b is optimal for post-synthetic stages of polysilane application. During 

dehydropolymerisation of 4, the selective synthesis of only 5b within the polysilane chain would 

optimise the electronic properties of the bridged polysilane. The incorporation of the chiral-5b disilanes 

would allow for maximal adoption of transoid conformations throughout the bridged-polysilane. This 

transoid conformation will enable σ-conjugation to proceed along the Si-Si backbone of the bridged 

polysilane. As discussed in section 1.3.1, the presence of cisoid configurations within the polysilane 

fail to extend σ-conjugation throughout the length of the polysilane.25 It is thus proposed the 

incorporation of the meso isomer 5a into a polysilane would fail to enhance the electronic properties of 

the polysilane and purification of the chiral 5b diastereomer vital towards the synthesis of semi-

conducting bridged polysilanes.  

It was determined the best strategy to achieve isolated and pure 5b would involve the identification of 

high activity dehydrocoupling catalysts that selectivity produced the 5b without the 5a and goes to 

completion under mild conditions. This strategy is validated through attempts to purify and isolate the 

5a and 5b disilanes through silica-gel chromatography. The moisture sensitivity of disilane compounds 

presents a significant difficulty in maintaining disilane purity during the purification stages. Repeated 

chromatography attempts to separate the diastereomers failed with separation of small-scale reaction 

mixtures silica chromatography resulted in disilane degradation within the column. It is proposed the 

presence of the Si-Si bond allows for facile cleavage of the disilane whereby the 5a/5b compounds 

attach to the silica column and are degraded. Separation attempts involving larger scale reaction 

mixtures were able to elute the 5a and 5b products from the column.  However, no separation was 

observed between the 5a, 5b diastereomers and 4 disilyl precursor.  Attempts to crystallise the disilanes 

with n-hexanes and pentanes through slow evaporation failed to facilitate crystal formation. Successive 

crystallisation attempts through freezing at -5 °C overnight and -20 °C in pentanes failed to facilitate 

the formation of any solids either.  
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During investigative studies into the literature of potential dehydrocoupling catalysts, it was identified 

a potential variation of the metallocene-based dehydrocoupling reactions which may yield more 

promising results. Previous attempts using metallocene catalysts used zirconocene dichloride (5 mol %) 

with n-BuLi (5 mol %) in toluene for 90 h at 90 °C. The mechanism for dehydrocoupling in this catalytic 

system relies on the formation of the Schwartz reagent ([Cp2Zr(H)Cl]) as the active catalyst (Scheme 

3.12). Activation of the zirconocene dichloride occurs through the addition of one equivalent of nBuLi. 

The nBuLi reagent is then responsible for substitution of the chloride ligand with a hydride ligand.  

 

Scheme 3.12  Proposed dehydrocoupling mechanism for the [Cp2Zr(H)Cl] active catalyst with the (4) 

substrate through σ-bond metathesis reactions. 

While the Schwartz reagent ([Cp2Zr(H)Cl]) has literary precedent as an efficient dehydrocoupling 

catalyst,110 its efficiency is  limited to primary silanes. This limitation is additionally shared with 

dialkylmetallocenes (Cp2MR2, R = alkyl), which are shown to be incapable of dehydropolymerisation 

with secondary silanes. In contrast, in situ generation of the metallocene catalysts have been repeatedly 
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reported as capable secondary silane dehydrocoupling catalysts. Standard approaches for in situ 

metallocene catalysts utilise 2 equivalents of alkyllithium for catalytic activation. The best example is 

the Cp2ZrCl2/2nBuLi catalytic system reported by Corey et al.97 While unable to synthesis long 

polysilanes chains (n > 5), in situ generated metallocenes present a high potential for dehydrocoupling 

of our secondary silane 4 disilyl precursor. It was thus determined necessary to use the Cp2ZrCl2/2nBuLi 

catalytic system for our bridged disilanes (Scheme 3.13).  

 

Scheme 3.13 Catalytic dehydrocoupling of 4 using Cp2ZrCl2/2nBuLi 

To confirm the capability of in situ metallocene catalysts, an experimental reaction was set up based on 

the reported Cp2ZrCl2/2nBuLi catalytic system. This utilised zirconocene dichloride (5 mol %) and n-

BuLi (10 mol %) in toluene for 24 h at 25 °C. The n-butyllithium reagent was added to the Cp2ZrCl2 

before the addition of the hydrosilane to allow for Cp2ZrBu2 formation. Observation of the reaction 

mixture through 29Si{1H} NMR spectroscopy showed no reaction had taken after 24 h. However, after 

90 h, 29Si{1H} NMR signal peaks were present correlating to the 5a and 5b isomers. The absence of the 

4 signal peak indicated the reaction had gone to completion (Figure 3.10).  

 

Figure 3.10 29Si{1H} NMR spectrum of Cp2ZrBu2 catalysed dehydrocoupling of 4 after 90 h. 

5a 

5b 
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The successful observation of the 5 disilane supports the hypothesis that metallocene-based catalysts 

are capable of bridged disilyl precursor dehydrocoupling. The formation of 5 and reaction completion 

achieved after 90 h at room temperature indicates the Cp2ZrCl2/2nBuLi catalytic system as a capable 

dehydrocoupling catalyst, like Rh(PPh3)3Cl, which requires 90 h at 90 °C for completion. However, the 

most important observation from the Cp2ZrCl2/2nBuLi catalytic system experiment  is the new 

stereoselectivity associated with 5a, 5b products. Both disilanes were observed in 2929Si{1H} NMR 

with the dominant formation of the meso 5b disilane with a 5a:5b ratio of approximately 1:7. This 

contrasting selectively towards the 5b disilane is opposite to the selectivity observed for the Rh(I) 

catalysts. With the evident reaction success of the Cp2ZrCl2/2nBuLi catalyst, reactions were conducted 

to identify the impact of each catalyst component on the reaction. The vitalness of nBuLi reagent for 5 

formation was confirmed as the absence of nBuLi from the reaction conditions of Cp2ZrCl2 and 4 failed 

to yield any reaction. However, it was observed increasing the catalyst concentration to 10 mol % 

drastically decreased the time taken for reaction completion. Significant quantities of 5 was formed (63 

% yield) after 24 h with 10 mol % Cp2ZrCl2/2nBuLi at room temperature, with reaction completion 

achieved after 48 h (Figure 3.11). However, further increase to catalytic yield proved detrimental to the 

purity of the product mixture. While the reaction with 25 mol % Cp2ZrCl2/2nBuLi went to completion 

after 24 h, an extreme variety of silicon products were observed within the product mixture. It was 

confirmed the majority of products were 4, 5a, 6 or litihiated products of 5a. It was additionally noted 

that under these conditions only the meso 5a product was observed with no chiral 5b product.  

 

Figure 3.11 29Si{1H} NMR spectrum of dehydrocoupling reaction of 4 with the Cp2ZrBu2 catalyst at 

25 mol % catalytic loading after 24 h ( * = Grease). 

It is proposed reaction success is reliant on the formation of the [Cp2ZrII]. This observation further 

supported the hypothesis that higher concentrations of nBuLi facilitates the formation of 5. Observation 

6 

* 
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4 

Li-5a 
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of the Cp2ZrCl2/2nBuLi catalyst system before the addition of the hydrosilane (4) showed that addition 

of nBuLi to Cp2ZrCl2 changes the solution to a clear, dark brown solution. It is proposed this brown 

colour corresponds to) the formation of ZrII complexes, postulated to be the [Cp2ZrII] active catalyst. 

This is supported by literature, where intense colour formation corresponds to the adoption of a lower 

oxidation state for zirconocene catalysts in dehydrocoupling reactions.100 Generation of a [Cp2ZrII] 

complex proceeds through generation of the Cp2ZrBu2 complex, which undergoes a β-hydride 

elimination reaction to produce a Zr-allyl complex (Scheme 3.14).  It is postulated the brown colour 

corresponds to the formation of the ZrII-allyl complex. 

 

Scheme 3.14 β-hydride abstraction elimination pathway for the formation of the zirconocene 

[Cp2ZrII] complex. 

The induction period associated with the Cp2ZrBu2 catalyst originates from the slow displacement of 

the allyl-ligand from the ZrII metal. Displacement proceeds through oxidative addition of hydrosilane 

to the zirconocene complex. While there is a free olefin group present for potential hydrosilylation, 

there is no indication of this pathway with 29Si{1H} NMR spectroscopy confirmed the absence of 

hydrosilylation products from the reaction mixture.  

At this stage, the precise nature by which the active catalyst is synthesised was undetermined and could 

not be reliability ascertained. However, a method by which the induction period for 5 synthesis could 

be reduced was identified without using high catalytic concentrations. The literature approach for the 

Cp2ZrCl2/2nBuLi catalytic system requires addition of Cp2ZrCl2 and nBuLi before the hydrosilane 

reagent, ensuring the formation of Cp2ZrBu2. However, conducting the experiment through a one-pot 

style reaction, where nBuLi is added to a solution of 4 and Cp2ZrCl2, produced more vigorous bubbling 

during the initial stages of the experiment. Analysis after 24 h revealed a greater yield for both 5a and 

5b and indicated the reaction had gone to completion (Figure 3.12).  
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Figure 3.12 29Si{1H} NMR spectrum of dehydrocoupling reaction of 4 with the Cp2ZrCl2/2nBuLi 

catalytic system through one-pot style reaction conditions . 

It is evident the one-pot experimental approach facilitates the dehydrocoupling of 4 more efficiently 

than standard literature approach. As all the reaction components remain the same between the one-pot 

and Cp2ZrBu2 generated dehydrocoupling reactions, it was postulated the enhanced reactivity of the 

one-pot approach  the presence of a different activation pathway for the catalyst. This is proposed to 

proceed through preferential lithiation of the hydrosilane over the zirconocene dichloride. This lithiation 

occurs via proton extraction from the hydrosilane by the butyl group of nBuLi.  This activates the 4 

hydrosilane through the formation of the extremely reactive litihiated-silane compound. Lithiation of 4 

allows for direct addition of the silyl species to the zirconocene (Scheme 3.15).  

 

Scheme 3.15 Reaction scheme for the lithiation of 4 and coordination to the zirconocene complex. 

This pathway avoids the formation of [Cp2ZrII-allyl] complex. Without having to displace the allyl 

ligand from the zirconocene, coordination of the hydrosilane proceeds rapidly through oxidative 

addition and may enter the dehydrocoupling catalytic cycle. The inability of the Schwartz catalyst 

reaction conditions to catalyst dehydrocoupling indicates the monohydride-zirconocene complex is not 

the active catalyst for the in situ generated metallocene catalysts. It is proposed the active catalyst is the 

monohydride-,monosilyl- zirconocene complex formed after oxidative addition of a hydrosilane. 

5a 

5b 
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Generation of this complex occurs through the reaction of the monosilyl-zirconocene with a second 

litihiated-silane to facilitate removal of the second chloride ligand. This disilyl complex is converted to 

the active catalyst) through reductive elimination of the 5 disilane and oxidative addition of the 4 

hydrosilane (Scheme 3.16).  

 

Scheme 3.16 Conversion of the 4-zirconocene complex monochloride, monosilyl-zirconocene catalyst 

to the catalytically active monohydride, monosilyl- zirconocene complex 

Based on the active catalyst being a monohydride-,monosilyl-zirconocene complex, it is proposed the 

dehydrocoupling of 4 proceeds through a catalytic cycle and reaction mechanism like early-transition-

metal silyl-metallocenes catalysts. This proposed mechanism proceeds through a catalytic cycle 

containing two key stages (Scheme 3.17). The active catalyst undergoes σ-bond metathesis where the 

disilane is released and a dihydride- zirconocene complex is generated. This highly reactive complex 

reacts rapidly with another equivalent of hydrosilane to restore the catalyst through dehydrocoupling.  
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Scheme 3.17 Catalytic mechanism by which the in situ zirconocene catalyst produces the 5a/5b 

disilanes through the active hydride-, silyl-zirconocene catalyst. 

To confirm the conclusions achieved through the in situ Cp2ZrCl2/2nBuLi catalyst system, further 

investigation the intramolecular dehydrocoupling reactions into the capability of dialkylmetallocene 

catalysts was required for bridged disilyl precursor dehydrocoupling. Dimethyl zirconocene 

(Cp2ZrMe2) was identified as the most suitable catalyst due to the simple synthesis associated with 



66 
 

synthesis and mechanistic understanding for silane dehydrocoupling. Generation of the Cp2ZrMe2 was 

achieved through addition of two equivalents of methyllithium to zirconocene dichloride, under inert 

conditions. Catalytic dehydrocoupling conditions were maintained as identical to the Cp2ZrBu2 catalytic 

reaction (Scheme 3.18).  

 

Scheme 3.18 Catalytic dehydrocoupling of 4 using Cp2ZrMe2 

 

Figure 3.13 29Si{1H} NMR spectrum of the Cp2ZrMe2 dehydrocoupling reaction with 4 after 72 h. 

29Si{1H} NMR spectroscopy of the post workup reaction mixture after 24 h revealed no reaction had 

occurred, with the 4 hydrosilane re-obtained from the reaction mixture (Figure 3.13). Allowing the 

reaction to continue for a week failed to facilitate any reaction.  As predicted, the Cp2ZrMe2 catalyst 

was unable to successfully catalyse dehydrocoupling reactions. However, given the increased reactivity 

observed with Cp2ZrCl2/2nBuLi system through one-pot style reaction, a similar one-pot style 

experiment was set up for the Cp2ZrMe2 catalyst. This Cp2ZrCl2/2MeLi catalytic system was prepared 

through the direct addition of two equivalents of MeLi were added to a solution of Cp2ZrCl2 and 4.  

Inspection of the reaction through 29Si{1H} NMR spectroscopy after 24 h revealed the majority of the 

hydrosilane remained unreacted (Figure 3.14). However, both the 5a and 5b disilanes were observed in 

4 
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very minute quantities. ESI-MS was unbale to confirm the presence of 5a/5b due to the low 

concentration of the product.  

 

Figure 3.14 29Si{1H} NMR spectrum of the Cp2ZrCl2/2MeLi dehydrocoupling reaction with 4 after 72 

h. 

The very minute presence of the 5a/5b products through the in situ Cp2ZrCl2/2MeLi catalyst indicates 

while Cp2ZrMe2 in unable to catalyst the dehydrocoupling of 4, the in situ generated zirconocene 

catalyst through the above approach is capable. It is proposed disilane formation occurs through the 

same mechanistic pathway as discussed for the in situ Cp2ZrCl2/2nBuLi catalytic system, as 

coordination of the litihiated silane to zirconocene proceeds independently to the alkyl substituent  for 

the alkyllithium reagent. The slower rate of reaction and minimal 5 formation observed with the use of 

MeLi is due to the formation of the catalytically inactive Cp2ZrMe2. While capable of catalysing 

dehydrocoupling for primary silanes, this complex is inactive for 4 dehydrocoupling. Through the direct 

lithiation of 4, the active catalyst may be formed and catalyse dehydrocoupling.  

With intramolecular dehydrocoupling reactions between the Rh(I) catalysts and zirconocene-based 

catalysts both favouring different diastereomers of the 5 disilane, it was determined necessary to 

investigate the mechanistic aspects of all the catalysts, to understand the stereoselectivity of each 

catalyst, especially given the ratio of 5a:5b formed is heavily impacted by catalyst class and catalyst 

concentration. Observation of the silane products for the intramolecular dehydrocoupling catalytic 

reactions displays distinct stereoselectivity for the diastereomers 5a and 5b. It is proposed steric factors 

are the driving factor towards 5a and 5b selectivity for the Rh(I) catalysts and the in situ zirconocene 

catalysts. Electronic factors do not immediately present themselves as the dominant factor, with as the 

band gap difference between meso and chiral diastereomers is insignificant (4.07 vs 4.04 eV for 5a vs 

5b).  

4 

5a 
* 
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The mechanistic aspects for silane dehydrocoupling for disilane synthesis using Wilkinson’s’ catalyst 

has been discussed previously in section 1.5.1. As both catalysts exist as Rh(I) catalysts, it is proposed 

the [Rh(cod)Cl]2 dehydrocoupling mechanism proceeds through a similar catalytic cycle to 

Rh(PPh3)3Cl. It is proposed the active catalyst is the rhodium-hydride species (Figure 3.15).  

 

Figure 3.15 Structure of the active Rh(I) catalysts for the Rh(PPh3)3Cl (Left) and [Rh(cod)Cl]2 

(Right) catalysts.  

The high catalytic activity for the [Rh(cod)Cl]2 catalyst is partially ascribed to the dimeric nature of the 

catalyst. Addition of the Rh(I) in a dimer state allows for the masking of a vacant coordination site, 

resulting in rapid coordination of the hydrosilane to the rhodium centre, hence more rapid catalyst 

activation. This dissociation of the dimer complex aids explanation why increasing the catalyst loading 

for the for [Rh(cod)Cl]2 catalyst failed to increase the dehydrocoupling and disilane synthesis rate 

linearly. Solvation of the Rh(I) catalyst allows for dissociation, where the [Rh(cod)Cl]2 catalyst exists 

in equilibrium between its dimeric and monomeric states. Increasing the concentration of the dimer 

pushes the equilibrium further towards dimerization, reducing the amount of free catalyst available to 

coordinate the hydrosilane substrates. Wilkinson’s catalyst in contrast is reliant on the lability of a 

phosphine- ligand to create a vacant coordination site for hydrosilane coordination. This is driven from 

the trans effect brought about by the presence of the chloride ligand87 and is comparatively very slow. 

After the formation of a vacant coordination site, oxidative addition of the hydrosilane (4) produces a 

5-membered trigonal bipyramidal Rh(III) complex (Scheme 3.19). This complex is key for formation 

of the active catalyst. The rhodium complex may return to the Rh(I) oxidation state through the 

reductive elimination of two potential products. Elimination of the hydride and silyl ligands reproduce 

the original hydrosilane reagent. However, reductive elimination of a chlorosilane species allows for 

the formation of the active hydride-rhodium (Rh-H) catalyst and allows for dehydrocoupling to proceed.  
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Scheme 3.19 Formation of the active catalyst for the Rh(I) catalysts; [Rh(cod)Cl]2 (Top) and 

Rh(PPh3)3Cl (Bottom). 

It is proposed dehydrocoupling proceeds through the catalytic cycles shown in Scheme 3.20 and 

Scheme 3.21 for [Rh(cod)Cl]2  and Rh(PPh3)3Cl catalyst respectively.  
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Scheme 3.20 Proposed mechanism for dehydrocoupling of 4 to 5 using [Rh(cod)Cl]2 via oxidative 

addition/reductive elimination 

 

Scheme 3.21 Proposed mechanism for dehydrocoupling of 4 to 5 using Rh(PPh3)3Cl via oxidative 

addition/reductive elimination. 

Before the dehydrocoupling (step I), configuration of the non-labile ligands has no effect on the 

stereochemistry of the disilane. However, the structure of the RhIII complex formed after addition of the 

second hydrosilane (step III) is proposed to have a direct impact of the stereoselectivity of 5 synthesis.  

It is observed in trans-configuration of the 5-ccordinate disilyl complex possesses a degree of symmetry 

within the complex. This symmetry provides identical steric factors for both phenyl rings found within 

4. It is based on this assumption that stereoselectivity between the two isomers is dependent on the 

steric repulsions between each substituent species (i.e., phenyl ring). As steric repulsion between the 

phenyl rings favours the phenyl rings being trans relative to each other, this results in disilane synthesis 

whereby the phenyl rings are chiral relative to each other and the 2a disilane is produced favourably.  

The formation of the trans-configuration for this complex is supported by structural evidence within 

mechanistic investigations.  
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Figure 3.16 Structure of the stereoselective-determining Rh(I) catalyst complex for each respective 

Rh(I) catalyst.  

In contrast to the Rh(PPh3)3Cl catalysts, the 5-coordinate catalytic intermediates for the [Rh(cod)Cl]2 

catalyst are unable to adopt a trans-configuration. The bidentate cod ligand limits the complex 

structures to cis configurations. This allows for the selective formation of the cis-RhIII disilyl complex 

(Figure 3.16). This contrasts structural evidence for the Rh(PPh3)3Cl  dehydrocoupling catalysts. This 

may indicate that while the trans-configuration is predominantly observed for the Rh(PPh3)3Cl  catalyst,  

both cis- and trans- configurations are capable of catalysing dehydrocoupling.   

It is proposed the preferential formation of the cis-configuration 5-coordinate complex removes the 

selectivity of the Rh(I) catalyst towards chiral 5b synthesis. The cis-configuration complex produces a 

complex whereby there is a relative absence of a bulky ligands around one of the axial regions. This 

provides a region of steric freedom, where the major steric repulsions are those from the cod ligand, a 

relatively non-bulky ligand. This provides a region which favours where the phenyl rings favourably 

adopt cis-conformations relative to each other, allowing for more favoured synthesis of the meso 5a 

disilane. However, as the Rh(cod)Cl2 catalysts still favour the chiral 5b diastereomer, it is proposed this 

steric freedom is relatively low in impact, as the cod ligand is relatively small in bulk. The small bulk 

of the cod ligand likely allows for the chiral 5b diastereomer to be formed in a slight majority.  

For all the zirconocene catalyst reactions observed, the meso 5a diastereomer was synthesised in greater 

quantities than the chiral 5b diastereomer. It is proposed the stereoselectivity is a consequence of 

competing steric effects, where the steric bulk provided by the Cp rings overcomes any steric hindrance 

experienced within the bridged disilane. The σ-bond metathesis nature of zirconocene catalysts requires 

the zirconocene and the coordinating hydrosilane to occupy a very small tight space for reaction success. 

While the phenyl rings found within 4 are sterically bulky, the close tight nature of the reaction centre 

places the Cp rings of the zirconocene near the 4 substrate. The rings sterically repulse the two phenyl 

rings towards a cis conformation, allowing for more selective 5a synthesis (Scheme 3.22).  
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Scheme 3.22 Proposed σ-bond metathesis mechanism step for the formation of the 5a/5b disilane. 

The other successful zirconocene catalyst, Cp2ZrCl2/2MeLi displays the same stereoselectivity towards 

meso 5a synthesis. As reaction success is proposed to occur through lithiation of the 4 hydrosilane, the 

dehydrocoupling mechanism for the Cp2ZrCl2/2MeLi catalyst proceeds through the same 

dehydrocoupling catalytic cycle as the Cp2ZrCl2/2nBuLi catalyst. This would agree with the observation 

where both zirconocene catalysts stereoselectively synthesis the meso disilane at a similar ratio of 

5a:5b.   



73 
 

3.3 Ferrocene-Bridged Dehydrocoupling Catalyst Investigation 

The relative success observed with the [Rh(cod)Cl]2 and Cp2ZrCl2/2nBuLi intramolecular 

dehydrocoupling catalysts provided a degree of optimism towards the potential application of these 

dehydrocoupling catalysts for disilane synthesis of non-naphthalene bridged disilanes. During attempts 

to develop the synthetic library of bridged disilanes and expand the potential scope of bridge substrates, 

ferrocene was identified as a high-potential molecular bridge. It was proposed incorporation of the 

ferrocene along the polysilane chain would introduce and organometallic nature to the bridged 

polysilane chain in addition to introducing redox capabilities. It was postulated attachment of the silyl 

groups on the Cp rings of ferrocene followed by disilane formation may produce a disilane monomer 

with favourable electronic effects, arising through the σ-π mixing effects present from disilane (σ) and 

Cp rings (π). Experimental work confirmed an electronic effect is observed on attachment of the silyl- 

groups into the Cp rings, producing a new peak in UV/vis spectroscopy in the 450 – 440 nm region. 

This effect was observed regardless of the nature of the silyl group, silyl species or siloxane.  

As the synthesis and investigations into the ferrocene-bridged disilanes were conducted during the 

initial stages of research into bridged disilanes, the scope of successful dehydrocoupling catalysts 

remained limited to Rh(PPh3)3Cl. Intramolecular dehydrocoupling experiments with Rh(PPh3)3Cl under 

extreme conditions (90 °C for 1 week) failed to produce the disilane compound, favouring siloxane 

formation. Although conducted under inert conditions in a glovebox, siloxane formation was consistent 

observed across a series of ferrocene disilyl precursors, such as the bis(phenylsilyl)ferrocenes) (7a) and 

1,1-bis(diphenyl silyl)ferrocenes) (7b) precursors (Scheme 3.23).  

Scheme 3.23 Catalytic intramolecular dehydrocoupling reaction results of previous research for the 

bis(phenylsilyl)ferrocene) (7a) disilyl precursor with the Rh(PPh3)3Cl and Cp2ZrCl2/2nBuLi catalysts. 
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Previous investigations were unable to confirm source of siloxane formation. Two siloxane synthetic 

pathways are present within the dehydrocoupling reaction conditions. Dehydrocoupling catalysts are 

well-known to facilitate selective siloxane formation in the presence of water, at the cost of disilane 

formation (Scheme 3.24, step I). This is especially true late transition metal catalysts such as rhodium-

based catalysts. However, facile oxidation of the disilane compound allows for a degradation based 

pathway, where siloxane formation is dependent on disilane formation by the dehydrocoupling catalysts 

(Scheme 3.24, step II).  

 

Scheme 3.24 Depiction of two pathways for siloxane synthesis; through facile insertion of H2O to a 

disilane (8) (I) or through rhodium-catalysed siloxane formation (II). 

It was unknow and unconfirmed whether the disilane degradation pathway was present within the 

reaction mixture due to the uncertainty present whether the disilane was present within the reactions at 

all. Since the initial dehydrocoupling investigations surrounding ferrocene disilyl precursors, a wider 

range of dehydrocoupling catalysts have been found capable of efficient disilane synthesis. Theses 

catalysts, specifically the [Rh(cod)Cl]2 dimer and the in situ Cp2ZrCl2/2nBuLi catalysts have exhibited 

greater dehydrocoupling activities than the previously utilised catalysts. It was determined vital to 

investigate the intramolecular dehydrocoupling reactions with the two catalysts mentioned before, to 

provide more information surrounding ferrocene-bridge disilane formation. It is postulated treatment of 

the ferrocene-bridged disilyl precursors with these more active catalysts may yield successful disilane 

synthesis in small quantities (Scheme 3.25).  
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Scheme 3.25 [Rh(cod)Cl]2 catalysed dehydropolymerisation of the ferrocene-bridge 7a substrate. 

Synthesis of ferrocene-bridged disilyl precursors 7a and 7b has been established in previous work 

supported by literature approaches.  Synthesis of the disilyl-ferrocene compounds follows a di-lithiation 

of the ferrocene substrate, whereby addition of a 2 chlorosilanes allowed for successful synthesis of 7a 

and 7b (Scheme 3.26).  

 

Scheme 3.26 Synthetic approach for the synthesis of the 7a and 7b disilyl precursors. 

Intramolecular dehydrocoupling of the 7b disilyl precursor was conducted under the same experimental 

conditions as for the 4 disilyl precursor. Experiments of the 7b disilyl precursor with the [Rh(cod)Cl]2 

dimer and Cp2ZrCl2/2nBuLi catalysts after 24 h under mild conditions indicated no reaction had taken 

place through 29Si{1H} NMR spectroscopy. Leaving the reaction for one week failed to produce any 

reaction, with the 7b precursors re-obtained from the reaction.  

The inability of the Cp2ZrCl2/2nBuLi catalyst to synthesis 8b  is predictable, with the literature 

precedent of metallocenes being incapable of tertiary silane dehydropolymerisation. In contrast, the 

[Rh(cod)Cl]2 dimer has been shown to be capable of intramolecular dehydrocoupling of tertiary silanes 

for disilane synthesis. This one example of this is for the naphthalene-bridged disilyl precursor 
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(tetramethyl, disilyl-naphthalene).  The inability of the [Rh(cod)Cl]2 dimer to catalyse any reaction may 

indicate higher temperatures are required to facilitate siloxane synthesis.  

 

 

Figure 3.17 29Si{1H} NMR spectra for the dehydrocoupling catalyst reactions with 7b (Green = 

purified 7b, Red = [Rh(cod)Cl]2, Blue = Cp2ZrCl2/2nBuLi). 

In contrast to the 7b dehydrocoupling experiments, 7a dehydrocoupling was predicted to catalyst 

disilane formation. Initial attempts to observe the reaction after 24 h were complicated through the 

apparent absence of silicon species in 29Si{1H} NMR spectroscopy (Figure 3.17). Subsequent analysis 

revealed work-up of the reaction mixture through florasil pipettes resulted in the degradation of our 

silyl-based products. It is presumed addition of the reaction mixture to the florasil pipette resulted in 

the attachment of the ferrocene-bridged products to the silica layers, where they are unable to be eluted 

from the florasil column. This resulted in a series of silyl-cleaved products being observed through 

NMR and ESI techniques. Subsequent analysis of the reaction mixtures was not worked up, with the 

catalyst remaining the analysed mixture.  

7b 

7b 

7b 
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Figure 3.18 29Si{1H} NMR spectrum of the dehydrocoupling reaction between 1,1-

bis(phenylsilyl)ferrocene (7a) and the [Rh(cod)Cl]2 catalyst. 

For the [Rh(cod)Cl]2 catalysed reaction,  two main products were observed in the 29Si{1H} NMR 

spectrum after 24 h alongside unreacted 7a (Figure 3.18). The peak at -17.7 ppm corresponded to the 

siloxane product (9a). The identity of the signal peak at – 19.2 ppm is unknown, with ESI unable to 

provide conclusive evidence as to its identity. ESI-MS was unable to confirm the presence of the 8a 

disilane. It is proposed the -19 ppm signal does not correspond to the 8a disilane. This is supported by 

the observation that the signal for 8a is expected further up field in the 29Si{1H} NMR spectrum. It was 

hoped the catalytic reaction of 7a with the Cp2ZrCl2/2nBuLi catalyst would shed more information on 

the reaction products observed above. In contrast the Cp2ZrCl2/2nBuLi system failed to catalyse any 

reaction for the 7a dehydrocoupling experiment (Figure 3.19). Analysis of the ESI-MS results explains 

the inability of the catalyst to yield any reaction.  

7a 9a 

? 
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Figure 3.19 29Si{1H} NMR spectrum of the dehydrocoupling reaction between 1,1-

bis(phenylsilyl)ferrocene (7a) and the Cp2ZrCl2/2nBuLi catalyst. 

As discussed earlier for the 4 hydrosilane, the mechanism for the Cp2ZrCl2/2nBuLi catalyst system 

relies on lithiation of the hydrosilane for rapid activation of the metallocene catalyst. For the 

naphthalene precursors, lithiation occurs preferentially at the hydrosilane. However, ferrocene-bridged 

disilyl precursors present an additional site for lithiation, the protons on the Cp rings. Synthesis of the 

7a and 7b reagent rely on lithiation of the Cp ring for silyl attachment. It is proposed the addition of an 

alkyllithium reagent fails to react with the zirconocene dichloride or hydrosilane functionalities, instead 

preferential lithiation of the Cp ring occurs (Scheme 3.27). This means the active catalyst required for 

dehydrocoupling remains unformed and no dehydrocoupling reactions may proceed.  

 

Scheme 3.27 Reaction scheme indicating the lithiation of the ring instead of the zirconocene 

7a 
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The absence of the active zirconocene dehydrocoupling catalyst may explain the complete absence of 

reaction, specifically the absence of siloxane formation. Sadly, preparation of the active catalyst before 

the addition of the hydrosilane was not identified as a viable approach. Lithiation of the hydrosilane for 

4 dehydrocoupling was the reason behind the reduction of the observed induction period for 

dehydrocoupling with the Cp2ZrCl2/2nBuLi catalyst. The addition of Cp2ZrCl2 and nBuLi reagent 

before the addition of the 7 hydrosilane would prevent lithiation of the Cp rings. However, this would 

generate the Cp2ZrBu2 complex, which would require the extreme temperatures to undergo 

dehydrocoupling and has been previously show unable to for disilane formation, favouring siloxane 

synthesis.  

Thus, it is concluded the Cp2ZrCl2/2nBuLi catalyst system is capable of efficient dehydrocoupling for 

the naphthalene-bridged disilanes. However, further application of the in situ generated 

Cp2ZrCl2/2nBuLi system should be limited to disilyl precursors which do not possess functionalities 

capable lithiation.  Given the ability of the [Rh(cod)Cl]2 catalyst to catalyse siloxane formation under 

mild conditions, it is proposed siloxane formation for the above conditions proceeds entirely through 

the rhodium-catalysed siloxane synthetic pathway, instead of facile degradation of the 8a disilane. 

Confirmation of the identity of the signal at -19.2 ppm may prove otherwise. However, this is unlikely.   
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Chapter 4: Conclusion and Future Work  

4.1 Summary & Conclusions  

This thesis details continued attempts to develop bridged-disilanes towards the synthesis of robust 

polysilane chains. The identification of a synthetic procedure capable of benzyl silane synthesis with 

chloro(phenyl)silanes was not identified. Two Grignard procedures for reported benzyl silane synthesis 

were investigated and reaction success was unconfirmed. Lithiation approaches were confirmed as non-

viable for benzyl silanes, where preferential lithiation of the benzene ring prevents reaction success. 

The [Rh(cod)Cl]2 catalyst was identified and confirmed as a highly efficient dehydrocoupling catalyst 

for the synthesis of the chiral 5b bridged disilane. The other Rh(I) catalyst, Rh(PPh3)3Cl, was shown 

possess relatively lower dehydrocoupling activity with greater selectivity towards the 5b diastereomer. 

In contrast, the Cp2ZrCl2/2nBuLi catalyst was identified as a highly efficient dehydrocoupling catalyst 

for the synthesis of the meso 5a bridged disilane. The addition of the nBuLi to the 4 hydrosilane allows 

for lithiation of the hydrosilane, increasing the reaction rate from days to hours. The stereoselectivity 

for the two dehydrocoupling catalyst classes was explained through investigation into the 

dehydrocoupling mechanisms for 4 to 5. Dehydrocoupling investigations with the ferrocene-bridged 

disilyl precursors (7a & 7b) were unable to synthesis the 8 disilane through the [Rh(cod)Cl]2 or 

Cp2ZrCl2/2nBuLi catalysts. The [Rh(cod)Cl]2 catalyst was shown to be capable of siloxane (9a) 

synthesis under mild conditions. Use of the Cp2ZrCl2/2nBuLi catalyst was determined to be substrate-

dependent, where addition of nBuLi may allow for degradation of the hydrosilane.  

4.2 Future Work  

4.2.1 Synthesis of benzyl silane bridge monomers 

Attempts to produce disilyl precursors  possessing benzyl silane functionalities were unsuccessful with 

the use of chloro(phenyl)silane determined to be the limiting factor. Future work should in this area 

should focus on the use of chloro(alkyl)silanes within Grignard approaches for the synthesis of bridged-

(alkyl)disilanes. Through avoiding the presence of the aryl species, this allows for the use of a more 

reactive chlorosilane species for benzyl silane synthesis, as observed in previous work surrounding 

benzyl silane synthesis for chloro(disubstituted)silanes. The use of chloro(alkyl)silanes is proposed to 

proceed readily for benzyl silane synthesis and would allow for better confirmation surrounding the 

effectiveness of the two Grignard procedures for the synthesis of benzyl silanes. It is proposed 

chloro(methyl)silane  (Scheme 4.1) and chloro(hexyl)silane should be utilised during initial studies. 

Both selected chlorosilanes possess two hydride functionalities, allowing for the presence of terminal 

Si-H ends in the dehydrocoupled bridged disilane monomer to allow for subsequent 
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dehydropolymerisation.  

 

Scheme 4.1 Proposed synthesis of a di(benzyl silane) precursor through Grignard methods with a 

chloro(methyl)silane reagent. 

4.2.2 Naphthalene-Bridged Dehydrocoupling Catalyst Investigation 

Investigation into the [Rh(cod)Cl]2 catalyst confirmed the catalyst as a highly efficient dehydrocoupling 

catalyst the intramolecular dehydrocoupling of 4 to the 5 disilane. However, increased catalytic loading 

and higher temperatures failed to exhibit the presence of tertiary dehydrocoupling between the bridged 

disilane 5 monomers. Future work should investigate deeper into dehydrocoupling catalyst design with 

specific attention provided towards the preparation of the bridged disilane monomers through 

intramolecular dehydrocoupling of secondary silanes, and the intermolecular dehydrocoupling of the 5 

monomers through tertiary silane dehydrocoupling.  

Given the increased reactivity required for tertiary dehydrocoupling, it is likely catalysts capable of 

intramolecular dehydrocoupling for bridged disilane synthesis will not be suitable or able to catalyse 

intermolecular dehydrocoupling between the bridged disilane monomers. Given the increased reactivity 

requirement, it is proposed catalyst investigation should proceed alongside the idea of identifying two 

different dehydrocoupling catalysts. one catalyst would be optimal for intramolecular dehydrocoupling 

of the disilyl precursors, with a second catalyst capable of tertiary dehydrocoupling and polymerisation 

for polysilane synthesis (Scheme 4.2).   

Scheme 4.2. Proposed dehydropolymerisation scheme whereby two catalysts; 1 & 2, are utilised for 

poly(5b) synthesis. Catalyst 1. = Intramolecular dehydrocoupling catalyst and Catalyst 2. = 

Intermolecular dehydrocoupling catalyst. 
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Stereoselective formation of the chiral diastereomers by both dehydrocoupling catalysts would prove 

favourable for subsequent electronic application. As discussed previously, the chiral diastereomers 

allow for maximum σ-conjugation throughout the polysilane Si-Si backbone, providing the desirable 

semiconducting properties associated with polysilane electronic application. Catalyst selection needs to 

consider the stereoselectivity of each catalyst, ensuring the synthesis of the chiral disilanes (i.e., 5b) in 

high yields.  

It is with this in mind, zirconocene catalysts are ruled out as potential dehydrocoupling catalysts for 

future work. Incapable of tertiary silane dehydrocoupling, the use of zirconocene catalysts through 

Cp2ZrCl2/2nBuLi or Cp2ZrBu2 are unsuitable, due to their stereoselective synthesis of the meso 5a 

disilane.91 However, non-zirconocene metallocenes may yet prove more successful for intramolecular 

dehydrocoupling. Titanocene catalysts have been reported to possess great stereoselectivity towards all-

trans cyclic polysilanes.111 While cyclisation is unlikely to proceed, intramolecular dehydrocoupling 

towards the chiral disilane synthesis presents a great potential option for future investigation.  

Alongside the titanocene catalysts, it is proposed nickel-based catalysts and lanthanide based 

dehydrocoupling catalysts be investigated for intramolecular dehydrocoupling. The [(dppe)Ni(μ-H)]2 

and [Ni(dmpe)2] dehydrocoupling catalysts were both identified as capable secondary silane 

dehydrocoupling catalysts.73,74,112 The use of lanthanide-based catalysts may prove limited for control 

over the stereoselectivity of the disilane product. Lanthanide dehydrocoupling catalysts proceed through 

σ-bond metathesis style reactions. The precise stereoselectiveness of lanthanide complexes varies 

significantly between metal complex and may prove suitable of chiral disilane synthesis.  

Identifying potential intermolecular dehydrocoupling catalysts is the greater challenge, with all 

potential catalyst needing to be capable of tertiary silane dehydrocoupling. This required reactivity 

limits catalyst selection to late transition metals, specifically rhodium and platinum catalysts. Given 

rhodium dehydrocoupling catalysts have been investigated in the present work, initial studies should 

focus on platinum catalysts, specifically Karstedt’s catalyst and the Pt(cod)2 catalyst. Both platinum 

catalysts have reported success with regards to polysilane synthesis. Karstedt’s catalyst is the only 

report catalyst capable of tertiary dehydropolymerisation under room temperature conditions.76 The 

Pt(cod)2 catalyst likewise was reported to catalyse the dehydropolymerisation of a silafluorene 

substrate.65 While polysilane synthesis through Pt catalysts are limited by relatively molecular weight 

distributions (PDI > 2)63,65 the high reactivity of the Pt catalysts may be required to observe successful 

polymerisation of our bridged disilanes (5).  

Additional future work surrounding the naphthalene-bridged disilanes should prioritise the 

identification purification methods using non-silica means. Silica gel chromatography has been shown 

unreliable for separation of 5a, 5b and 4 from a product mixture, with degradation of 5a and 5b 
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observed. The ability to purify the diastereomers would reduce the pressure for the dehydrocoupling 

catalysts to produce only chiral disilanes.  

It would prove insightful to synthesis the methyl-substituent variant of the 4 precursor and 5 disilane, 

to investigate the potential difference in stereoselectivity and efficiency of the previously discussed 

dehydrocoupling catalysts (Scheme 4.3). This would additionally be interesting to compare the 

difference in electronic properties through non-computational means.  

 

Scheme 4.3 Proposed dehydropolymerisation scheme for the naphthalene-bridged disilane with 

methyl species bound to each silicon. 

4.2.3 Ferrocene-Bridged Dehydrocoupling Catalyst Investigation 

Future work surrounding the disilane formation of the ferrocene disilyl precursors should proceed after 

attempts to identify suitable intermolecular dehydrocoupling catalysts for the 4 substrate are complete. 

Current catalysts have been shown as unable to synthesis the 8 disilane. Until more reactive 

dehydrocoupling catalysts are identified, disilane synthesis is unlikely to be observed with the current 

selection of catalysts. Until the catalysts are identified, probing of the siloxane formation mechanism 

with NMR and ESI-MS techniques with the [Rh(cod)Cl]2 catalyst may provide confirmation 

surrounding the source of siloxane synthesis.  
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Chapter 5: Experimental  

5.1 Instrumental  

Dry solvents were obtained using a solvent purification system. Reagents were purchase from Sigma-

Aldrich, AK-Scientific, Gelest and Acros Organics. All glassware was oven-dried overnight in a 135 

°C oven. 1H, 13C, 29Si{1H} NMR were recorded on a Bruker DPX-400 (400 MHz) spectrometer. 

Chemical shifts for protons are reported in parts per million (ppm) downfield from tetramethylsilane 

and are referenced to the residual protium in the NMR solvent (e.g., CHCl3 at 7.26 ppm). Chemical 

shifts for silicon are reported in parts per million (ppm) downfield from tetramethylsilane (TMS δ = 

0.0). The silicon NMR resonances were determined with an inverse gated coupled pulse sequence. High 

resolution mass spectrometry measurements were performed on a Bruker microTOF-QII mass 

spectrometer, equipped with a KD Scientific syringe pump, in positive ion ESI mode.  

5.2 Synthesis  

5.1 Benzyl Silane Synthesis 

Synthesis of 1,2-bis((phenylsilyl)methyl)benzene) (2a) through the Visco et al. adopted procedure:  

To an oven dried Schlenk flask was added magnesium turnings (0.292 g, 12 mmol, 3.0 eq.) and purged 

with N2, followed by addition of THF (20 mL). A secondary Schlenk flask was purged with a solution 

of 𝛼,𝛼’-dibromo-o-xylene (1a) (1.273 g, 4 mmol, 1.0 eq.), chloro(phenyl)silane [6 mmol, generated by 

treating PhSiH3 (12 mmol, 2.96 mL) in dry hexane (30 mL), with BCl3 (1.0 M in Et2O, 0.4 eq. 2.4 mmol, 

2.4 mL)] at 0oC, and allowed to stir at room temperature for 24 h] in THF (30 mL). The primary Schlenk 

flask containing magnesium was placed in a sonicator water bath at room temperature. Upon subject of 

the flask to sonication, dibromoethane (0.172 mL) was added immediately, followed by the addition of 

the reaction mixture of the secondary flask. The reaction mixture was sonicated for 30 min, followed 

by quenching with a saturated NH4Cl(aq.). The product was extracted with diethyl-ether three times and 

dried over NaSO4 and concentrated in vacuo.  

Synthesis of 1-(benzyl silyl), 2-(phenylsilyl)benzene) (2b) through the Visco et al. adopted 

procedure:  

To an oven dried Schlenk flask was added magnesium turnings (0.292 g, 12 mmol, 3.0 eq.) and purged 

with N2, followed by addition of THF (20 mL). A secondary Schlenk flask was purged with a solution 

of 2-bromobenzyl bromide (1b) (1.216 g, 4 mmol, 1.0 eq.), chloro(phenyl)silane [6 mmol, generated 

by treating PhSiH3 (12 mmol, 2.96 mL) in dry hexane (30 mL), with BCl3 (1.0 M in Et2O, 0.4 eq. 2.4 

mmol, 2.4 mL)] at 0oC, and allowed to stir at room temperature for 24 h] in THF (30 mL). The primary 

Schlenk flask containing magnesium was placed in a sonicator water bath at room temperature. Upon 

subject of the flask to sonication, dibromoethane (0.172 mL) was added immediately, followed by the 

addition of the reaction mixture of the secondary flask. The reaction mixture was sonicated for 30 min, 
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followed by quenching with a saturated NH4Cl(aq.). The product was extracted with diethyl-ether three 

times and dried over NaSO4 and concentrated in vacuo.  

Synthesis of 1,2-bis(phenylsilyl)benzene (2c) through the Visco et al. adopted procedure: 

To an oven dried Schlenk flask was added magnesium turnings (0.292 g, 12 mmol, 3.0 eq.) and purged 

with N2, followed by addition of THF (20 mL). A secondary Schlenk flask was purged with a solution 

of 1,2-dibromobenzene (1c) (0.582 mL, 1.160 g, 4 mmol, 1.0 eq.), chloro(phenyl)silane [6 mmol, 

generated by treating PhSiH3 (12 mmol, 2.96 mL) in dry hexane (30 mL), with BCl3 (1.0 M in Et2O, 0.4 

eq. 2.4 mmol, 2.4 mL)] at 0oC, and allowed to stir at room temperature for 24 h] in THF (30 mL). The 

primary Schlenk flask containing magnesium was placed in a sonicator water bath at room temperature. 

Upon subject of the flask to sonication, dibromoethane (0.172 mL) was added immediately, followed 

by the addition of the reaction mixture of the secondary flask. The reaction mixture was sonicated for 

30 min, followed by quenching with a saturated NH4Cl(aq.). The product was extracted with diethyl-

ether three times and dried over NaSO4 and concentrated in vacuo.  

Synthesis of 1,2-bis((phenylsilyl)methyl)benzene) (2a) through the Schrock et al. adopted 

procedure: 

A solution of 𝛼,𝛼’-dibromo-o-xylene (1a) (1.273 g, 4.0 mmol) in THF (5mL) was added to a slurry of 

Magnesium turnings (0.292 g, 12.0 mmol in a refluxing solution of chloro(phenyl)silane [6 mmol, 

generated by treating PhSiH3 (12 mmol, 2.96 mL) in dry hexane (30 mL), with BCl3 (1.0 M in Et2O, 0.4 

eq. 2.4 mmol, 2.4 mL)] at 0 °C, and allowed to stir at room temperature for 24 h] in THF (10 mL). After 

refluxing the mixture for 8 h, the mixture was cooled to room temperature. Pentane (60 mL) was added, 

and the magnesium salts were filtered off. The filtrate was poured onto crushed ice and neutralised with 

Na2CO3. The organic layer was separated, washed three times with water (40 mL). The collected 

aqueous layer was washed three times with pentane (20 mL) and the organic extracts all combined and 

dried with MgSO4. The solvent was evaporated to leave a clear, colorless oil.  

Synthesis of 1-(benzyl silyl), 2-(phenylsilyl)benzene) (2b) through the Schrock et al. adopted 

procedure109: 

A solution of 2-bromobenzyl bromide (1b) (0.658 mL, 1.216 g, 4.0 mmol) in THF (5mL) was added to 

a slurry of magnesium turnings (0.292 g, 12.0 mmol in a refluxing solution of chloro(phenyl)silane [6 

mmol, generated by treating PhSiH3 (12 mmol, 2.96 mL) in dry hexane (30 mL), with BCl3 (1.0 M in 

Et2O, 0.4 eq. 2.4 mmol, 2.4 mL)] at 0oC, and allowed to stir at room temperature for 24 h] in THF (10 

mL). After refluxing the mixture for 8 h, the mixture was cooled to room temperature. Pentane (60 mL) 

was added, and the magnesium salts were filtered off. The filtrate was poured onto crushed ice and 

neutralised with Na2CO3. The organic layer was separated, washed three times with water (40 mL). The 
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collected aqueous layer was washed three times with pentane (20 mL) and the organic extracts all 

combined and dried with MgSO4. The solvent was evaporated to leave a yellow oil.  

Synthesis of 1,2-bis(phenylsilyl)benzene (2c) through the Schrock et al. adopted procedure: 

A solution of 1,2-dibromobenzene (1c) (0.582 mL, 1.160 g, 4.0 mmol) in THF (5mL) was added to a 

slurry of magnesium turnings (0.292 g, 12.0 mmol in a refluxing solution of chloro(phenyl)silane [6 

mmol, generated by treating PhSiH3 (12 mmol, 2.96 mL) in dry hexane (30 mL), with BCl3 (1.0 M in 

Et2O, 0.4 eq. 2.4 mmol, 2.4 mL)] at 0oC, and allowed to stir at room temperature for 24 h] in THF (10 

mL). After refluxing the mixture for 8 h, the mixture was cooled to room temperature. Pentane (60 mL) 

was added, and the magnesium salts were filtered off. The filtrate was poured onto crushed ice and 

neutralised with Na2CO3. The organic layer was separated, washed three times with water (40 mL). The 

collected aqueous layer was washed three times with pentane (20 mL) and the organic extracts all 

combined and dried with MgSO4. The solvent was evaporated to leave a dark yellow oil. 
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5.2 Naphthalene-Bridged Dehydrocoupling Catalyst Investigation 

Synthesis of 1,8-bis(phenylsilyl)naphthalene (4): In an oven dried 25 mL Schlenk flask phenylsilane 

(6.0 mmol, 0.74 mL) in dry hexanes (10 mL) was prepared and cooled to 0 °C. To the cooled mixture 

was added BCl3 (1.0 M in Et2O, 0.4 eq., 2.4 mmol, 2.4 mL). The reaction mixture was warmed to room 

temperature and was stirred for 24 h. After 24 h, half of the volume of hexanes was removed using high 

vacuum. In another oven dried 100 mL flask equipped with a stir bar, was added dry ether and 1,8-

dibromonapthalene. The solution was cooled to -78 °C and to it was added nBuLi (2.0 M in 

cyclohexane, 2.2 eq., 4.84 mmol, 2.4 mL). The mixture was warmed to room temperature and was 

stirred for 1 h. The mixture was again cooled to -78 °C and the phenyl(chloro)silane mixture was added. 

The reaction mixture was then stirred overnight at room temperature before filtering over florasil and 

the clear solution was subjected to vacuum evaporation to remove the solvents. The crude product 

obtained was purified by column chromatography (90:10/Hexane:DCM) to give the pure product 4.The 

NMR characterisation data matched with the literature values. 

1H NMR (400 MHz, CDCl3): ẟ 7.96-7.16 (m, Ph, 32H), 5.26 (s, Si-H cis, 2H), 5.24 (d, Si-H trans, 2H). 

13C{1H} NMR (100.6 MHz, CDCl3): ẟ 147.4 (Ph), 147.4 (Ph), 136.9 (Ph), 136.8 (Ph), 135.8 (Ph), 

135.7 (Ph), 135.1 (Ph), 135.1 (Ph), 134.9 (Ph), 133.1 (Ph), 132.4 (Ph), 131.6 (Ph), 131.0 (Ph), 129.9 

(Ph), 129.6 (Ph), 125.5 (Ph), 128.8 (Ph), 128.0 (Ph), 126.4 (Ph), 126.0 (Ph), 125.9 (Ph), 125.3 (Ph). 

29Si{1H} NMR (79.5 MHz, CDCl3): ẟ -37.2, -40.3. HRMS-ESI: Found for C24H24Si2: 363.0999 m/z, 

Cal’d.: 361.0839 m/z. 

Synthesis of 5 via [Rh(cod)Cl]2: To an oven-dried 25 mL Schlenk flask equipped with a stir bar and 

purged with N2, was added [Rh(cod)Cl]2 (5 mol%, 0.025 mmol, 12 mg), 4 (0.5 mmol, 0.16 g) and dry 

toluene (0.5 mL). The mixture was stirred an instant bubbling was observed for next few minutes. The 

reaction mixture was further stirred for 24 h at room temperature. The mixture was passed through a 

florasil pad with hexanes as eluent. After the removal of solvents under vacuum, the reaction mixture 

was characterised by NMR and ESI-MS.  

Synthesis of 5 via Rh(PPh3)3Cl: To an oven-dried 25 mL Schlenk flask equipped with a stir bar and 

purged with N2, was added Rh(PPh3)3Cl (5 mol %, 0.025 mmol, 23 mg), 4 (0.5 mmol, 0.16 g) and dry 

toluene (0.5 mL). Consistent bubbling was observed after 5 min. The reaction mixture was further 

stirred for 24 h at room temperature. The mixture was passed through a florasil pad with hexanes as 

eluent. After the removal of solvents under vacuum, the reaction mixture was characterised by NMR 

and ESI-MS.  

Synthesis of 5 via Cp2ZrBu2: To an oven-dried 25 mL Schlenk flask equipped with a stir bar and 

purged with N2, was added Cp2ZrCl2 (5 mol %, 0.025 mmol, 8 mg), nBuLi (2.0 M in cyclohexane, 10 

mol %, 0.050 mmol, 0.03 mL) and dry toluene (0.5 mL). After 20 min, 4 (0.5 mmol, 0.16 g) was added 

to the reaction under N2. Slow bubbling was observed after 10 min. Gradually growing in intensity. The 

reaction mixture was further stirred for 24 h at room temperature. The mixture was passed through a 
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florasil pad with hexanes as eluent. After the removal of solvents under vacuum, the reaction mixture 

was characterised by NMR and ESI-MS.  

 Synthesis of 5 via Cp2ZrMe2: To an oven-dried 25 mL Schlenk flask equipped with a stir bar and 

purged with N2, was added Cp2ZrCl2 (5 mol %, 0.025 mmol, 8 mg), MeLi (3.1 M in cyclohexane, 10 

mol %, 0.050 mmol, 0.02 mL) and dry toluene (0.5 mL). After 20 min, 4 (0.5 mmol, 0.16 g) was added 

to the reaction under N2. The reaction mixture was further stirred for 24 h at room temperature. The 

mixture was passed through a florasil pad with hexanes as eluent. After the removal of solvents under 

vacuum, the reaction mixture was characterised by NMR and ESI-MS.  

Synthesis of 5 via Cp2ZrCl2/2nBuLi: To an oven-dried 25 mL Schlenk flask equipped with a stir bar 

and purged with N2, was added Cp2ZrCl2 (5 mol %, 0.025 mmol, 8 mg), 4 (0.5 mmol, 0.16 g) and dry 

toluene (0.5 mL). Next nBuLi (2.0 M in cyclohexane, 10 mol %, 0.050 mmol, 0.03 mL) was added.  

Bubbling was observed 5 min after addition. The reaction mixture was further stirred for 24 h at room 

temperature. The mixture was passed through a florasil pad with hexanes as eluent. After the removal 

of solvents under vacuum, the reaction mixture was characterised by NMR and ESI-MS.  

 Synthesis of 5 via Cp2ZrCl2/2MeLi: To an oven-dried 25 mL Schlenk flask equipped with a stir bar 

and purged with N2, was added Cp2ZrCl2 (5 mol %, 0.025 mmol, 8 mg), 4 (0.5 mmol, 0.16 g) and dry 

toluene (0.5 mL). Next MeLi (3.1 M in cyclohexane, 10 mol %, 0.050 mmol, 0.02 mL) was added. Mild 

bubbling was observed after 30 min. The reaction mixture was further stirred for 24 h at room 

temperature. The mixture was passed through a florasil pad with hexanes as eluent After the removal 

of solvents under vacuum, the reaction mixture was characterised by NMR and ESI-MS.  
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5.3 Ferrocene-Bridged Dehydrocoupling Catalyst Investigation 

Synthesis of 1,1-bis(phenylsilyl)ferrocene (7a): To a Schlenk flask of ferrocene (2.2 mmol, 0.41 g) in 

dry n-hexane (30 mL) tetramethyl ethylenediamine (tmeda; 0.33 mL, 33 mmol) was slowly added. To 

this flask a solution of nBuLi solution (2.0 M, 4.8 mmol, 2.4 mL) was added. After 15 h at room 

temperature the stirred reaction solution was cooled to -78 °C and ClSiPhH2 [6 mmol, generated by 

treating PhSiH3 (12 mmol, 2.96 mL) in dry hexane (30 mL), with BCl3 (1.0 M in Et2O, 0.4 eq. 2.4 mmol, 

2.4 mL)] at 0 °C, and allowed to stir at room temperature for 24 h] was added dropwise. The reaction 

mixture was warmed to room temperature and was allowed to stir at 25oC for a further 20 h. The reaction 

mixture was then filtered through Florasil using n-hexane, and the solvent removed from the filtrate 

under vacuum. The product was purified by silica gel chromatography using DCM and hexanes (50:50 

v/v). Removal of the solvent through vacuum produced crystals which were dissolved in CDCl3 for 

NMR.  

Synthesis of 1,1-bis (diphenyl silyl) ferrocene, (7b): To a Schlenk flask of ferrocene (2.2 mmol, 0.41 

g) in hexanes (30 mL) containing tetramethylethylenediamine (tmeda; 0.33 mL, 33 mmol) was slowly 

added a solution of nBuLi solution (2.0 M, 4.8 mmol, 2.4 mL). After 15 h at room temperature the 

stirred reaction solution was cooled to -78 °C and ClSiPhH2 [6 mmol, generated by treating PhSiH3 (12 

mmol, 2.96 mL) in dry hexane (30 mL), with BCl3 (1.0 M in Et2O, 0.4 eq. 2.4 mmol, 2.4 mL)] at 0 °C, 

and allowed to stir at room temperature for 24 h] was added dropwise. The reaction mixture was warmed 

to room temperature and was allowed to stir at 25oC for a further 20 h. The reaction mixture was then 

filtered through Florasil using n-hexane, and the solvent removed from the filtrate under vacuum. The 

product was purified by silica gel chromatography using DCM and hexanes (50:50 v/v). Removal of 

the solvent through vacuum produced crystals which were dissolved in CDCl3 for NMR.   

Attempted synthesis of 8a via [Rh(cod)Cl]2: To an oven-dried 25 mL Schlenk flask equipped with a 

stir bar and purged with N2, was added [Rh(cod)Cl]2 (5 mol %, 0.025 mmol, 12 mg), 7a (0.5 mmol, 

0.20 g) and dry toluene (0.5 mL). Limited bubbling was observed minutes after addition. The reaction 

mixture was further stirred for 24 h at room temperature. The mixture was passed through a florasil pad 

with hexanes as eluent. After the removal of solvents under vacuum, the reaction mixture was 

characterised by NMR and ESI-MS.  

Attempted synthesis of 8a via Cp2ZrCl2/2nBuLi: To an oven-dried 25 mL Schlenk flask equipped 

with a stir bar and purged with N2, was added Cp2ZrCl2 (5 mol %, 0.025 mmol, 8 mg), 7a (0.5 mmol, 

0.20 g) and dry toluene (0.5 mL). Next nBuLi (2.0 M in cyclohexane, 10 mol %, 0.050 mmol, 0.03 mL) 

was added.  No bubbling was observed during the initial stages of the reaction. The reaction mixture 

was further stirred for 24 h at room temperature. The mixture was passed through a florasil pad with 

hexanes as eluent. After the removal of solvents under vacuum, the reaction mixture was characterised 

by NMR and ESI-MS.  
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Attempted synthesis of 8b via [Rh(cod)Cl]2: To an oven-dried 25 mL Schlenk flask equipped with a 

stir bar and purged with N2, was added [Rh(cod)Cl]2 (5 mol %, 0.025 mmol, 12 mg), 7b (0.5 mmol, 

0.27 g) and dry toluene (0.5 mL). No bubbling was observed during the initial stages of the reaction. 

The reaction mixture was further stirred for 24 h at room temperature. The mixture was passed through 

a florasil pad with hexanes as eluent. After the removal of solvents under vacuum, the reaction mixture 

was characterised by NMR and ESI-MS.  

Attempted synthesis of 8b via Cp2ZrCl2/2nBuLi: To an oven-dried 25 mL Schlenk flask equipped 

with a stir bar and purged with N2, was added Cp2ZrCl2 (5 mol %, 0.025 mmol, 8 mg), 7b (0.5 mmol, 

0.27 g) and dry toluene (0.5 mL). Next nBuLi (2.0 M in cyclohexane, 10 mol %, 0.050 mmol, 0.03 mL) 

was added.  No bubbling was observed during the initial stages of the reaction. The reaction mixture 

was further stirred for 24 h at room temperature. The mixture was passed through a florasil pad with 

hexanes as eluent. After the removal of solvents under vacuum, the reaction mixture was characterised 

by NMR and ESI-MS.  
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Chapter 7. Appendix  

7.1 Benzyl Silane Synthesis 
 

 

Figure 7.1 1H NMR spectrum of the Grignard reaction of 𝛼,𝛼’-dibromo-o-xylene (1a) and 

chloro(phenyl)silane through the Visco adopted procedure. 

 

Figure 7.2 1H NMR spectrum of the Grignard reaction of 2-bromobenzyl bromide (1b) and 

chloro(phenyl)silane through the Visco adopted procedure. 
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Figure 7.3 1H NMR spectrum of the Grignard reaction of 1,2-dibromobenzene (1c) and 

chloro(phenyl)silane through the Visco adopted procedure. 

 

Figure 7.4 1H NMR spectrum of the Grignard reaction of 𝛼,𝛼’-dibromo-o-xylene (1a) and 

chloro(phenyl)silane through the Schrock adopted procedure. 
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Figure 7.5 1H NMR spectrum of the Grignard reaction of 2-bromobenzyl bromide (1b) and 

chloro(phenyl)silane through the Schrock adopted procedure. 

 

Figure 7.6 1H NMR spectrum of the Grignard reaction of 1,2-dibromobenzene (1c) and 

chloro(phenyl)silane through the Schrock adopted procedure. 
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Figure 7.7 ESI mass spectrum of the Grignard reaction of 𝛼,𝛼’-dibromo-o-xylene (1a) and 

chloro(phenyl)silane through the Visco adopted procedure. 

 

Figure 7.8 ESI mass spectrum of the Grignard reaction of 2-bromobenzyl bromide (1b) and 

chloro(phenyl)silane through the Visco adopted procedure. 
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Figure 7.9 ESI mass spectrum of the Grignard reaction of 1,2-dibromobenzene (1c) and 

chloro(phenyl)silane through the Visco adopted procedure. 

 

Figure 7.10 ESI mass spectrum of the Grignard reaction of 𝛼,𝛼’-dibromo-o-xylene (1a) and 

chloro(phenyl)silane through the Schrock adopted procedure. 
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Figure 7.11 ESI mass spectrum of the Grignard reaction of 2-bromobenzyl bromide (1b) and 

chloro(phenyl)silane through the Schrock adopted procedure. 

 

Figure 7.12 ESI mass spectrum of the Grignard reaction of 1,2-dibromobenzene (1c) and 

chloro(phenyl)silane through the Schrock adopted procedure. 
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7.2 Naphthalene-Bridged Dehydrocoupling Catalyst Investigation 

 

Figure 7.13 1H NMR spectrum of 1,8-bis(phenylsilyl)naphthalene (4) 

 

Figure 7.14 13C NMR spectrum of 1,8-bis(phenylsilyl)naphthalene (4) 
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Figure 7.15 29Si{1H} NMR spectrum of 1,8-bis(phenylsilyl)naphthalene (4) 

 

Figure 7.16 ESI mass spectrum of 1,8-bis(phenylsilyl)naphthalene (4) 
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Figure 7.17 1H NMR spectrum of the dehydrocoupling reaction of 1,8-bis(phenylsilyl)naphthalene (4) 

and the Rh(PPh3)3Cl catalyst. 

 

Figure 7.18 29Si{1H} NMR spectrum of the dehydrocoupling reaction of 1,8-

bis(phenylsilyl)naphthalene (4) and the Rh(PPh3)3Cl catalyst. 

6 5a 
5b 

4 
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Figure 7.19 ESI mass spectrum of the dehydrocoupling reaction between 1,8-

bis(phenylsilyl)naphthalene (4) and the Rh(PPh3)3Cl catalyst. 

 

Figure 7.20 1H NMR spectrum of the dehydrocoupling reaction of 1,8-bis(phenylsilyl)naphthalene (4) 

and the [Rh(cod)Cl]2 catalyst. 
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Figure 7.21 29Si{1H} NMR spectrum of the dehydrocoupling reaction of 1,8-

bis(phenylsilyl)naphthalene (4) and the [Rh(cod)Cl]2 catalyst. 

 

Figure 7.22 ESI mass spectrum of the dehydrocoupling reaction between 1,8-

bis(phenylsilyl)naphthalene (4) and the [Rh(cod)Cl]2 catalyst (5 mol %). 

6 

5a 
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Figure 7.23 1H NMR spectrum of the dehydrocoupling reaction of 1,8-bis(phenylsilyl)naphthalene (4) 

and the Cp2ZrCl2/2nBuLi catalyst. 

 

Figure 7.24 29Si{1H} NMR spectrum of the dehydrocoupling reaction of 1,8-

bis(phenylsilyl)naphthalene (4) and the Cp2ZrCl2/2nBuLi catalyst. 
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Figure 7.25 ESI mass spectrum of the dehydrocoupling reaction between 1,8-

bis(phenylsilyl)naphthalene (4) and the Cp2ZrCl2/2nBuLi catalyst. 

 

Figure 7.26 1H NMR spectrum of the dehydrocoupling reaction of 1,8-bis(phenylsilyl)naphthalene (4) 

and the Cp2ZrCl2/2MeLi catalyst. 
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Figure 7.27 ESI mass spectrum of the dehydrocoupling reaction between 1,8-

bis(phenylsilyl)naphthalene (4) and the Cp2ZrCl2/2MeLi catalyst. 

7.3 Ferrocene-Bridged Dehydrocoupling Catalyst Investigation 

 

Figure 7.28 1H NMR spectrum of 1,1-bis(phenylsilyl)ferrocene (7a). 
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Figure 7.29 13C NMR spectrum of 1,1-bis(phenylsilyl)ferrocene (7a). 

 

Figure 7.30 29Si{1H} NMR spectrum of 1,1-bis(phenylsilyl)ferrocene (7a). 
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Figure 7.31 ESI mass spectrum of dehydrocoupling reaction between 1,1-bis(phenylsilyl)ferrocene 

(7a) and the [Rh(cod)Cl]2 catalyst. 

 

Figure 7.32 ESI mass spectrum of dehydrocoupling reaction between 1,1-bis(phenylsilyl)ferrocene 

(7a) and the Cp2ZrCl2/2nBuLi catalyst. 
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Figure 7.33 1H NMR spectrum of 1,1-bis(diphenylsilyl)ferrocene (7b). 

 

Figure 7.34 13C NMR spectrum of 1,1-bis(diphenylsilyl)ferrocene (7b). 
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Figure 7.35 29Si{1H} NMR spectrum of 1,1-bis(diphenylsilyl)ferrocene (7b). 

 

Figure 7.36 29Si{1H} NMR spectrum of the dehydrocoupling reaction between 1,1-

bis(diphenylsilyl)ferrocene (7b) and the [Rh(cod)Cl]2 catalyst. 
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Figure 7.37 29Si{1H} NMR spectrum of the dehydrocoupling reaction between 1,1-

bis(diphenylsilyl)ferrocene (7b) and the Cp2ZrCl2/2nBuLi catalyst. 

 

 

Figure 7.38 ESI mass spectrum of the dehydrocoupling reaction between 1,1-

bis(diphenylsilyl)ferrocene (7b) and the [Rh(cod)Cl]2 catalyst. 
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Figure 7.39 ESI mass spectrum of the dehydrocoupling reaction between 1,1-

bis(diphenylsilyl)ferrocene (7b) and the Cp2ZrCl2/2nBuLi catalyst. 

 


