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Abstract 

In the current era there is a push for more sustainable chemistry, with the focus being on 

utilizing more abundant and less toxic materials, in the hopes to substitute the ubiquitous 

transition metal catalysts with more environmentally friendly elements. A prime example of 

such an element is silicon, which is the second most abundant element in the Earth’s crust and 

is generally non-toxic. Therefore, this doctoral thesis is focused on the synthesis and reactivity 

study of isolable low oxidation state silicon compounds, in this case acyclic silylenes, with the 

aim to further reveal their potential application in metal-free catalysis.  

First, the synthesis and isolation of a novel non-transient acyclic imino(silyl)silylene, 

bearing a bulky super silyl group (−SitBu3) and N-heterocyclic imine ligand with a methylated 

backbone, was presented. Initial studies revealed the intramolecular C−H activation of an aryl 

substituent occurs at elevated temperatures. Moreover, the imino(silyl)silylene exhibits an 

intermolecular Büchner-ring-expansion-type reactivity. The silylene is capable of 

dearomatizating arenes such as benzene and pyridine giving the corresponding silicon analogs 

of cycloheptatrienes and azacycloheptatrienes, i.e. silepins and azasilepins, respectively. 

Notably, the ring expansion reactions of the imino(silyl)silylene with benzene and 1,4-

bis(trifluoromethyl)benzene are reversible. DFT calculations reveal an ambiphilic nature of the 

imino(silyl)silylene that allows the intermolecular aromatic C–C/N bond insertion to occur. 

Additional computational studies elucidate the inherent reactivity of the imino(silyl)silylene, 

the role of the substituent effect, and reaction mechanisms for the ring expansion 

transformations, are presented. 

In a follow-up publication, the striking activation of various small molecules such as 

ethylene, dihydrogen, alkene, alkyne, silane and borane under mild conditions utilizing the 

imino(silyl)silylene was outlined. In addition, the re- and dearomative capabilities of the 

imino(silyl)silylene were demonstrated by the reaction with quinone and xanthone. Moreover, 

reactions with heavier chalcogens (S, Se, Te) allow the isolation of neutral three-coordinate 

Si=Ch complexes (S, Se, Te). 

Finally, the reaction of various isocyanides with the acyclic imino(silyl)silylene was reported. 

Initial reaction with tBuNC resulted in the quantitative formation of the corresponding 

cyanosilane and isobutylene via cleavage of tBu–NC bond and proton abstraction from the tBu 

group. Moreover, the reaction with less bulky aryl isocyanides, led to C–N bond cleavage, and 

the transformation of aryl isocyanide to silylcyanide and diaryldiiminodisilene The reaction 

with bulkier aryl isocyanide afforded (imino)(iminoacyl)silylene reversibly via the migratory 
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insertion of isocyanide to Si–Si bond of the imino(silyl)silylene. A proposed reaction 

mechanism for the aryl and silyl group exchange, based on experimental evidence and 

supported by quantum chemical calculations, involves an initial insertion of aryl isocyanide 

into the Si–Si bond of imino(silyl)silylene and a subsequent aryl transfer to the silylene center 

via aryl C–N bond cleavage. 
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Kurzusammenfassung 

In der gegenwärtigen Ära wird ein Vorstoß zu nachhaltigerer Chemie gemacht, wobei der 

Schwerpunkt auf der Nutzung häufiger vorkommender und weniger toxischer Materialien liegt, 

in der Hoffnung, die allgegenwärtigen Übergangsmetallkatalysatoren durch 

umweltfreundlichere Elemente zu ersetzen. Ein Paradebeispiel für ein solches Element istdas 

im allgemeinen ungiftige Silizium, das zweithäufigste Element in der Erdkruste. Daher 

konzentriert sich diese Doktorarbeit auf die Synthese und Reaktivitätsstudie isolierbarer 

Siliziumverbindungen mit niedrigem Oxidationszustand, in diesem Fall acyclischer Silylene, 

mit dem Ziel, deren potenzielle Anwendung in der metallfreien Katalyse weiterzuentwickeln. 

Zunächst wurde die Synthese und Isolierung eines neuen stabilen acyclischen 

Imino(silyl)silylens vorgestellt, welches von einer sperrigen Supersilylgruppe (−SitBu3) und 

einen N-heterocyclischen-Imin-Liganden mit einem methylierten Rückgrat stabilisiert ist. Erste 

Studien zeigten, dass die intramolekulare C–H-Aktivierung eines Arylsubstituenten bei 

erhöhten Temperaturen erfolgt. Darüber hinaus zeigt das Imino(silyl)silylen die Fähigkeit zu 

intermolekularen Büchner-Ringerweiterungen. Das Silylen ist in der Lage, Arene wie Benzol 

und Pyridin zu de-aromatisieren, wodurch die entsprechenden Siliciumanaloga von 

Cycloheptatrienen und Azacycloheptatrienen entstehen, d. h. Silepine bzw. Azasilepine. 

Bemerkenswert ist, dass die Ringerweiterungsreaktionen des Imino(silyl)silylens mit Benzol 

und 1,4-Bis(trifluormethyl)benzol reversibel sind. DFT-Rechnungen zeigen die Ambiphilität 

des Imino(silyl)silylens, die die intermolekulare aromatische C–C/N-Bindungsinsertion 

ermöglicht. Zusätzliche theoretische Berechnungen verdeutlichen die grundlegende Reaktivität 

des Imino(silyl)silylens, die Rolle des Substituenteneffekts und Reaktionsmechanismen für die 

Ringerweiterungen. 

In einer Folgepublikation wurde die bemerkenswerte Reaktivität des Imino(silyl)silylen 

gegenüber verschiedener kleiner Moleküle wie Ethylen, Diwasserstoff, Alken, Alkin, Silan und 

Boran unter milden Bedingungen beschrieben. Darüber hinaus wurden die Re- und  

Desaromatisierungsfähigkeiten des Imino(silyl)silylens durch die Reaktion mit Chinon und 

Xanthon demonstriert. Darüber hinaus ermöglichen Reaktionen mit schwereren Chalkogenen 

(S, Se, Te) die Isolierung neutraler dreifach koordinierter Si=Ch Doppelbindungskomplexe (S, 

Se, Te). 

Schließlich wurde über die Reaktion verschiedener Isocyanide mit dem acyclischen 

Imino(silyl)silylen berichtet. Die Reaktion mit tBuNC führte zur quantitativen Bildung des 

entsprechenden Cyanosilans und Isobutylens via Spaltung der tBu-NC-Bindung und 
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Protonenabstraktion von der tBu-Gruppe. Darüber hinaus führte die Reaktion mit weniger 

sperrigem Arylisocyanid zur Spaltung der Aryl C–N-Bindung und zur Umwandlung von 

Arylisocyanid in Silylcyanid und Diaryldiiminodisilen. Die Reaktion mit sperrigerem 

Arylisocyanid erfolgte über die migratorische Insertion von Isocyanid in die Si–Si-Bindung des 

Imino(silyl)silylens und ergab reversibel (Imino)(iminoacyl)silylen. Ein vorgeschlagener 

Reaktionsmechanismus für den Aryl- und Silylgruppenaustausch, der auf experimentellen 

Beweisen basiert und durch quantenchemische Berechnungen gestützt wird, beinhaltet eine 

anfängliche Insertion von Arylisocyanid in die Si–Si-Bindung von Imino(silyl)silylen und 

einen anschließenden Aryltransfer auf das Silylen Zentrum über Aryl C–N-Bindungsspaltung. 
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1. Introduction 

Catalysis, that is a chemical term originated by the Jöns Jacob Berzelius in 1835 and defined 

by Wilhelm Ostwald based on reaction kinetics. Nowadays, catalysis is ubiquitous in the 

modern world with nearly 90% of commercially produced chemicals involving a catalyst at 

some stage of their manufacturing process.[1]  

The fundamental steps associated with catalysis are oxidative addition and reductive 

elimination. As shown in Figure 1, the initial step is the addition of the substrate to the active 

catalyst affording an oxidized complex. Subsequent migratory insertion or σ-bond metathesis 

with other reagents, results in product formation. The final step is reductive elimination, 

releasing the desired product and regenerating the active catalyst.[2]  

 

Figure 1. Representation of a conventional catalytic cycle and its most common elemental steps. A, B, C and D 

were substituents. 

The biggest application of the oxidative addition and reductive elimination reaction pathway 

is cross-coupling reactions, catalyzed by transition metal, in which one of the most important 

reactions is the formation of C–E bonds (E = main group elements, usually carbon). Another 

important reaction is the catalytic hydrogenation of unsaturated bonds since it is relevant to 

commercial applications. In most cases, these type of reactions rely on precious metal catalysts 

composed of metals, such as platinum (Pt), palladium (Pd), ruthenium (Ru), rhodium (Rh), 

iridium (Ir). However, the use of these metals is limited by their high cost, low abundancy, and 

biological compatibility. Thus, the substitution of precious metal catalysts with economically 
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and ecologically friendly earth-abundant element catalysts is highly desirable in terms of 

sustainability.[2-3]  

In 2005, Power and co-workers disclosed the first facile dihydrogen splitting by a heavy 

alkyne analogue (a digermyne) without the utilization of any catalyst, showcasing the similar 

reactivity between low oxidation state main group elements and transition metals.[4] Notably, 

they also showed the reversible reactions of ethylene with distannynes under ambient conditions, 

which first showed the oxidative addition/reductive elimination processes in main group 

compounds.[5] A year later, the Stephan group presented the reversible splitting of dihydrogen 

by a phosphino-borane, a so-called Frustrated Lewis Pair (FLP), which has emerged as an 

effective metal-free hydrogenation catalyst for unsaturated systems.[6-10] Since then, the field of 

main group based catalysis has been booming. 

A very promising main group element for the substitution of transition metals is silicon, due 

to its very high abundancy and non-toxicity. So far, silicon-based catalysis has mainly focused 

on the utilization of the Lewis acidity of tetravalent organosilicon compounds.[11-12] Recently it 

has been shown that lox oxidation state silicon compounds have reactivity reminiscent of 

transition metals (vide infra) Thus, low-valent organosilicon compounds could be excellent 

candidates in catalytic reactions. However, reports on the applications of low-valent silicon-

based catalysis such as silylenes, silyliumylidene cations, are still scarce and further intensive 

research is required.[13-19] 
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2. Organosilicon Chemistry 

The metalloid silicon is the second most abundant elements in the Earth’s crust after oxygen 

(46.4%) with a natural occurrence of 28.2% (Figure 2).[20] Elemental silicon was first 

discovered by Jöns Jakob Berzelius in 1824 via the reduction of hexafluorosilicate with 

elemental potassium. Silicon generally adopts an sp3 hybridization bonding with four 

substituents, leading to a tetrahedral coordination sphere. For instance, orthosilicate (SiO4
4–) is 

one of the most common forms of silicon in nature owing to the high oxophilicity of silicon.[21]  

 

Figure 2. Abundance of chemical elements in the Earth’s crust. 

Another common existence forms is silica (SiO2, exists as sand, quartz, amethyst etc.), which 

can be directly used in the formation of metallurgical-grade silicon (98.5–99.7% purity) via the 

reduction of quartz with carbon in an electric arc furnace at 2000 °C (Figure 3).[21] Moreover, 

this metallurgical-grade silicon can be directly used in the synthesis of organochlorosilanes via 

copper/silver-catalyzed reactions of alkyl/aryl halides with elemental silicon (“Müller-Rochow” 

process, Figure 3).[22] In addition, the polymerization of desired chlorosilane result in linear or 

cyclic oligo(siloxanes) via hydrolysis, which provide a lot of industrial applications, such as 

silicone oil, silicone grease and silicone rubbers.[23] The production of elemental silicon with 

higher purity was also achieved via the Siemens process (trichlorosilane is reduced by hydrogen 

on the surface of heated (1100 °C) silicon rods) and Czochralski method (monocrystalline silicon 

seed crystal is dipped into a crucible containing a 1420 °C hot polycrystalline silicon melt and pulled 

out under slow rotation,), which can be used in solar cells, semiconductors, integrated circuits etc.[21] 
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Figure 3. Production of metallurgical silicon via reduction of quartz, production of dimethyldichlorosilane via the 

Müller-Rochow process, preparation of poly(dimethylsiloxane) (PDMS) after hydrolysis of Me2SiCl2 and 

synthesis of the first compound containing a silicon-carbon bond (tetraethylsilane). 

Another development of organosilicon chemistry was achieved by Friedel and Crafts in 1863 

with the synthesis of tetraethylsilane via the reaction of silicon tetrachloride and diethylzinc in 

a sealed tube (Figure 3).[24] Since then, these small molecules are widely used in the synthesis 

of novel silicon-containing compounds, such as the formation of Si–E (E = other elements) 

bonds. Notably, the utilization of Grignard reagents for the synthesis of silanes becomes the 

most common synthetic method, which was implemented by Frederic Stanley Kipping in 

1904.[25] 

Today, organosilicon compounds are ubiquitous and have become indispensable in daily life 

and in the chemical industry. However, these organosilicon compounds are tetra-coordinate, in 

which the silicon nuclei is in the most stable oxidation state, i.e. Si(IV). As organosilicon 

chemistry has developed, the isolation of compounds containing silicon in lower oxidation 

states (+III – 0) became more and more viable.  
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Figure 4. Low-valent organosilicon compounds. 

Since the discovery of the first low oxidation state silicon compound, a disilene (R2Si=SiR2) 

in 1981 there has been an increasing number of reports for low-valent organosilicon compounds 

in oxidation states ranging from +III to 0.[26] Figure 4 outlines the various low-valent 

organosilicon compounds that have been synthesized and isolated at ambient temperature and 

have been used in small molecule activation and catalytic applications.[27-29] As the main focus 

of this thesis is on silylenes (heavy carbene analogues; R2Si:) they will be discussed in more 

detail in the following chapter. 
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2.1 Silylenes 

Carbenes are the divalent and neutral species with the general formula R2C: (R– is a 

monodentate (homo- or heteroleptic) or R2
2– is a bidentate chelating σ- and/or π-donating 

ligands), in which the central carbon atom possesses six electrons in its valence shell. Carbenes 

were originally regarded as intermediary species until the isolation of first stable acyclic 

[bis(diisopropylamino)phosphino]trimethylsilylcarbene by Bertrand and co-workers in 1988.[30] 

Three years later, the Arduengo group described the first stable N-heterocyclic carbene 

(NHC).[31] Since then, the study of carbene chemistry is booming. Notably, NHCs have since 

become an indispensable part of modern chemistry and are widely applied in organocatalysis 

or as effective ligand in the stabilization of electron-poor elements.[32-37] 

Silylenes (R2Si:), the silicon analogs of carbenes, are one of the most important species 

among the low-coordinate organosilicon compounds. Despite the close relationship in the 

periodic table, the electronic properties of silylenes differ significantly from carbenes (Figure 

5). The calculated molecular structure and electronic configuration of two divalent parent 

systems, i.e. methylene (H2C:) and silylene (H2Si:) revealed that methylene exhibits a triplet 

ground state with a negative singlet-triplet energy gap (ΔEST = –14.0 kcal mol–1) resulting in 

the diradical character with spin-non-paired electrons in two sets of orbitals. In contrast, silylene 

favors the singlet ground state giving it an ambiphilic nature with a lone pair of electrons in 3s-

orbital and a vacant 3pz-orbital due to the greater singlet-triplet energy gap (ΔEST = 16.7 kcal 

mol–1).[38]  

 

Figure 5. General trends of electronic properties of group 14 elements and schematic representation of the frontier 

orbitals of tetrylenes. 
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Moreover, the tendency to form hybrid orbitals generally decreases with the descent from 

carbon to lead in Group 14, which can be attributed to unfavorable overlap between s- and p-

orbitals and higher effective nuclear charge resulting in an increase in the energy of 

hybridization (EHybrid) as the group is descended. [39] Another trend is that the heavier elements 

prefer lower oxidation states with an increase of the stability of tetrylenes (R2E: E = tetrel 

elements). It can be explained by the inert pair effect, which suggests that electrons in valence 

s-orbitals of heavier group 14 elements are more tightly bound to the nucleus due to the weak 

shielding of the intervening d-orbitals and therefore need more energy to be ionized than 

electrons in p-orbitals. It means only the p-orbitals electrons can participate in chemical 

bonding.[40-41] Thus, the lone pair of electrons on silylene and heavier congeners possess a more 

pronounced s-character. It’s also reflected in the decrease of H–E–H angle when descending 

the group (H2C: 134°, H2Si: 92.7°, H2Ge: 91.5°, H2Sn: 91.1°, H2Pb: 90.5°).[38] In addition, the 

tetrylene lone pair of electrons generally represent the highest occupied molecular orbitals 

(HOMOs) and the vacant np-orbitals represent the lowest unoccupied molecular orbitals 

(LUMOs), as such the singlet-triplet energy gap is usually related to the HOMO-LUMO gap.[42] 

 

Figure 6. Bonding models for the dimerization of singlet and triplet tetrylene fragments. 

Owing to the heavier group 14 element’s poor propensity to hybridize, there is a significant 

difference in their ability to form multiple bonded compounds, compared to their lighter 

congener, carbon. Regarding the valence bond and structure theory of olefins, the planar 

structure of the C=C double bond is due to a complementary interaction between two sp2 

hybridized triplet carbenes (Figure 6).[43] In contrast, heavy tetrylenes, such as silylene, prefer 

the singlet ground state (vide supra), thus the combination of repulsion of the filled lone pairs 
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between both fragments and the Pauli repulsion between inner-shell electrons prohibit π-bond 

formation.[44] This type of principle is called “double bond rule”. This means that heavier 

elements with a principal quantum number greater than 2 cannot form π-bonds, either with 

themselves or other elements.[45-46] However, this hypothesis was eventually disproven with the 

isolation of the several group 14 alkene analogues, such as digermene and distannene by 

Lappert,[47] disilene by West.[26] Accordingly, an adapted bonding model was developed by 

Carter, Goddard, Malrieu and Trinquier (CGMT),[48-49] in which the formation of ditetrylenes 

with double donor–acceptor type bond by electron donation from one sp2-type lone pair orbital 

into a vacant p-orbital of another molecule. This type of bonding interaction led to the bent 

structure of ditetrylenes, which reflected in the bent angles. And the bent angles were strongly 

affected by the singlet-triplet energy gap of both tetrylene fragments (vide supra),[50-51] meaning 

that a small ΔEST affords a more planar structure and vice versa. Thus, the choice of the 

substituents can effectively adjust the singlet-triplet energy gap of tetrylenes manifesting in the 

bend angle of ditetrylenes.  

As mentioned above, singlet ground state silylenes exhibit an ambiphilic nature, therefore 

they can act as Lewis bases and Lewis acids via their lone pair of electrons and their vacant 3pz-

orbitals, respectively. However, silylenes are considered as electron deficient species and they 

easily undergo dimerization/oligomerization to form disilenes/polysilanes or react with small 

molecules via bond activation (e.g. Si–H, O–H) as a result of the unfulfilled octet rule caused 

by the empty 3pz-orbital.[38] Thus, reducing the electrophilicity of the silicon center is essential 

for the isolation of silylenes.  

 

Figure 7. Thermodynamic and kinetic stabilization of divalent silylenes. 

There are two general concepts in the attempted isolation of silylenes, that is thermodynamic 

and kinetic stabilization (Figure 7). In terms of the thermodynamic stabilization of silylenes, 

the use of electronegative substituents, such as amines, phosphines via π-electron-donation to 

the vacant 3pz-orbital (mesomeric effects), results in the reduction of electrophilicity. Also, 
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these electronegative substituents can act as a σ-acceptor to increase the s-character of the 

HOMO, thus promoting the singlet ground state and HOMO-LUMO gap.[38,44]  

Kinetic stabilization is achieved by sterically demanding ligand frameworks that protect the 

silylene center from the attacks of nucleophiles and prevent the dimerization/oligomerization 

by steric repulsion. Utilizing both concepts has resulted in a plethora of substituents with bulky 

systems or specific electronic properties to be developed. It should be noted that with enough 

kinetic stabilization it has recently been shown that using electropositive substituents, like alkali 

metals, bulky silyl or boryl groups have been successfully applied in the synthesis of triplet 

silylenes,.[52-56] 
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2.1.1 Historic Milestones in Two-Coordinate Silylenes 

The original study that hinted at the existence of silylenes can be traced back to one century 

ago, in which a silylene acts as an intermediate to form organosilane Si4Ph8 by Kipping.[57] 

Later in the 1930s, dichlorosilylene was detected by emission spectrum.[58-59] A few decades 

later, the highly reactive silylene species Me2Si: was first trapped by trimethylsilane via Si–H 

insertion forming pentamethyldisilane, which was generated by reductive dechlorination of 

dimethlydichlorosilane with sodium/potassium vapor at 260 °C in 1964.[60] In 1979, the West 

and Michl group reported the UV-vis spectrum of dimethlysilylene (generated by the photolysis 

of dodecamethylcyclohexasilane) at 77 K with absorption bands at 453 and 650 nm, providing 

strong evidence for the existence of silylenes.[61] However, the isolation of silylenes was still 

elusive due to the lack of kinetic and thermodynamic stabilization.  

The initial breakthrough in silylene chemistry was achieved by Jutzi in 1986 with the 

isolation of the first monomeric Si(II) compound, i.e. decamethylsiliconcene (L1, Figure 8).[62] 

However, L1 cannot be considered as a genuine silylene since it isn’t classically two coordinate, 

it possesses the two η5-coordinating pentamethylcyclopentadienyl (Cp*) ligands, resulting in 

heightened nucleophilicity at the central silicon center inspired by the isolation of the first stable 

N-heterocyclic carbene (NHC) by Arduengo and co-workers,[31] the West and Denk group 

successfully reported the first isolable two-coordinate N-heterocyclic silylene (NHSi, 

(HCNtBu)2Si: L2) in 1994 with five-membered aromatic ring stabilized by two adjacent amino 

group.[63] L2 was prepared by the reductive dechlorination of the corresponding dichlorosilane 

with potassium at 60 °C. In contrast, the corresponding saturated analog of L2 is less stable due 

to the lack of aromaticity.[64] An analogous silylene to L2 but with a phenyl ring backbone 

(conjugated π-framework), i.e. L3 was reported by Lappert one year later.[65] In the following 

years, NHSis were well developed and comprised the most abundant type of isolated silylenes. 

In 1999, a milestone of silylene was achieved by Kira and co-workers with the isolation of 

carbocyclic dialkylsilylene, (H2CCTMS2)2Si: L4 (TMS = trimethylsilyl) stabilized by the four 

TMS group neighboring to the carbon (steric demand and β-silicon effect).[66] However, L4 

slowly decomposes in solution at room temperature to give to cyclic silene via 1,2-silyl 

migration. Furthermore, L4 displayed a strong downfield shift in the 29Si NMR spectrum at 

567.4 ppm for central silicon, representing the closest chemical shift compared to calculated 

value of transient silylene H2Si: (771.8 ppm) and Me2Si: (739.6 ppm). By the ligand 

modification from TMS to bidentate alkyl substituent with 1,3-disilaindane moieties or aryl 

group, dialkylsilylenes (H2CC[o-Ph(Me2Si)2]2)Si: L11 and (H2CCAr2)2Si: L22 without the 1,2-

substituent migration were reported by Iwamoto and co-workers in 2012 and 2019, respectively 
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(Ar = 3,5-bis(tert-butyl) methoxyphenyl).[67-68] Interestingly, silylene–disilene equilibrium was 

found in dialkylsilylene L11 bearing bidentate alkyl substituent with 1,3-disilaindane 

moieties.[67] 

 

Figure 8. Timeline of historical milestones in the chemistry of divalent silicon species. Ar = Mes (2,4,6-

trimethylphenyl), Dipp (2,6-diisopropylphenyl), Tipp (2,4,6-triisopropylphenyl), R = Ph or m-tol.  

In 2003, the West group described the synthesis of acyclic bisaminosilylene (TMS2N)2Si: 

L5 by the debromination of the corresponding dibromodiaminosilane with potassium graphite. 

However, L5 was only stable at –20 °C for 12 h.[69] The Driess group expanded the class of 

NHSis with the isolation of first conjugated six-membered NHSi, 

HC[(C=CH2)(CMe)(NDipp)2]Si: L6 stabilized by β-diketiminate ligand (Dipp = 2,6-

diisopropylphenyl).[70] They also revealed the zwitterionic, ylide-like property of 

diaminosilylene L6, which features high electrophilicity. Later in 2008, Robinson and co-

workers set another milestone with the isolation of unique NHC-stabilized disilicon(0) 

compound, [(IDipp)Si]2 L7 by the reductive dechlorination of IDipp-SiCl4 (IDipp = 1,3-bis(2,6-

diisopropylphenyl)imidazolin-2-ylidene).[71] DFT calculations revealed the HOMO–2 of L7 is 

one of the two nonbonding lone-pair of electrons, which was also verified by transition metal 

coordination reactions.[72-73] Moreover, analogs of cAAC-stabilized (cAAC = cyclic 

alkyl(amino) carbene) disilicon(0) and trisilicon(0) were reported by the Roesky group 

shortly .[74-75] An expansion of carbocyclic silylenes was achieved by Driess and co-workers in 

2011 with the isolation of aromatic bisphosphorus yilde-stabilized silylene L8.[76] DFT 
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calculations revealed the strongly nucleophilic silicon center caused by additional π-donating 

from the zwitterionic phosphonium ylidic R3P
+–C– moieties. 

As already mentioned at the start of this chapter, the early attempts for the isolation silylenes 

are prone to the acyclic moieties, such as Me2Si:, tBu2Si:, Mes2Si:, (TMS2N)2Si: et al. Acyclic 

silylenes are an important class of silylene, made elusive by the fact that their heightened 

reactivity made isolation difficult. This was until 2012 which saw the synthesis of two acyclic 

silylenes (L9 and L10), [77-78] Due to their high relevance to this thesis, the results related to 

acyclic silylene are separately addressed and discussed in detail in the following chapter.  

 

Figure 9. Timeline of historical milestones in the chemistry of divalent silicon species. Ad = adamantyl, Ar = 3,5-

bis(tert-butyl) methoxyphenyl, R2 = Me2Si(tBuN)2, L2 = (H2CPPh2)2. 

In 2016, the Iwamoto group reported the cyclic alkyl(amino) silylene 

[(H2C)2(CAd)(NDipp)]Si: L13 (Ad = adamantyl),[79] the heavier analog of the cyclic 

alkyl(amino) carbene (cAAC) established by Bertrand and co-workers (Figure 9).[80] In contrast 

to the L4,[66] L13 exhibits higher thermal stability and more selective reactivity, such as 

intermolecular benzylic C–H bond activation of toluene. The Kato and Baceiredo group 

reported two two-coordinate heterocyclic silylenes L15 and L16 in 2016 and 2017, 

respectively.[81-82] The introduction of a π-donating phosphonium-ylide or bora-ylide provides 

high thermal stability (150 °C for 2 days) and unique nucleophilicity. Remarkably, both 

silylenes L15 and L16 can be converted to the corresponding three-coordinate silanones upon 
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exposure to N2O.[83-84] With the same ligand system, the first N-hetero-RhI-metallacyclic 

silylene L19 with a distorted tetrahedral rhodium center was reported by Kato and co-workers 

in 2019.[85] DFT calculations revealed the tetrahedral geometry around rhodium increases the 

π-donating and σ-accepting character of the rhodium atom, thereby efficiently stabilizing the 

silylene center. In 2021, another entry into the NHSi library was achieved by the Siemeling and 

Holthausen group with the synthesis of NHSi L24 with a 1,1’-ferrocenediyl backbone .[86] The 

neutral homocyclic silylene L25 was successfully prepared by Lips and co-workers via initial 

amino group abstraction by potassium and followed by salt metathesis with TMSCl.[87]  

So far, a plethora of stable silylenes with kinetic stabilization and/or thermodynamic 

stabilization has been prepared. Besides the aforementioned two-coordinate silylenes, some 

hyper-coordinate silylenes can also show interesting reactivity in small molecule activation and 

transition metal coordination. In the following chapter, selected typical acyclic silylenes and 

their reactivity will be presented according to this thesis. 
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2.1.2 Acyclic Silylens and General Reactivity 

A major landmark in silylene chemistry was the isolation of the first acyclic silylenes, 

[Dipp(TMS)N](DippDAB)Si: L9 (DippDAB = B(NDippCH)2) and (MesTerS)2Si: L10a (MesTer = 

2,6-bis(2,4,6-Me3-C6H2)C6H3) reported separately by the Aldridge/Jones group and the Power 

group in 2012 (Figure 10).[77-78] While aminoborylsilylene L9 was prepared by the ligation and 

reduction of the corresponding aminoboryltribromosilane and boryl lithium reagent,[77] 

dithiolatosilylene L10a was synthesized by the reductive debromination of the corresponding 

dithiodibromosilane with Jones’s magnesium(I) reagent[88] ((MesnacnacMg)2 , nacnac = 

HC(MeCNDipp)2).
[78] The isolation of L9 and L10a disproves the long-held notion that acyclic 

silylenes are purely transient species, not being stable at ambient temperature.[69] Analysis of 

the molecular structure of L9 and L10a, shows the R–Si–R angle is 109.7(1)° and 90.5(1)° 

(Table 1), respectively, with L9 being significantly more obtuse compared to silylenes with a 

rigid cyclic framework. As we mentioned above, the R–Si–R angles of silylenes are directly 

related to the singlet-triplet energy gaps and the HOMO-LUMO gaps, which enhances the 

reactivities towards small molecules, such as selected bond activation. Accordingly, L9 should 

be more reactive than L10a since the R–Si–R angle is more obtuse, in which theoretical 

calculations revealed narrower HOMO-LUMO gap (L9: 2.04 eV; L10a: 4.26 eV). Notably, the 

L9 has an extremely electropositive boryl ligand, which will also have an effect on the HOMO-

LUMO gap.  

 

Figure 10. Structures of reported isolated two-coordinate acyclic silylenes and present work.  
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Table 1. Summary of Bonding angles and 29Si NMR data of the central silicon atom of all reported isolated two-

coordinate acyclic silylenes. 

 L9 L10a L12 L14 L17 L18 L20 L21 L23 

R–Si–R [°] 109.7(1) 90.5(1) 116.9(7) 110.9 103.56 - 100.02 101.59 100.58 

29Si NMR [ppm] 439.7 285.5 438.2/467.4 204.6 58.9 - 35.5 432.9 272 

 

The reactivity has been demonstrated and will be discussed in detail below. In 2013, both 

groups expanded the class of acyclic silylenes with the synthesis of silylaminosilylene, 

(TMS3Si)[Dipp(TMS)N]Si: L12 bearing more electropositive silyl group[89] and 

dithiolatesilylene, ArTerS2Si: L10b-c (Ar = Dipp and Tipp, Tipp = 2,4,6-triisopropylphenyl) 

bearing bulkier aryl groups,[90] respectively. Remarkably, the R–Si–R angle of L12 (116.91(5)°) 

is the widest reported as of writing this. The first isolable acyclic diaiminosilylene, 

[DippDAB(TMS)N]2Si: L14[91] was prepared by the group of Aldridge and Jones via salt 

metathesis between Roesky’s IDipp-SiCl2
[92] and lithiated amino ligand in 2015. With the 

introduction N-heterocyclic imines into silylene chemistry, our group successfully reported the 

neutral three-coordinate silanones upon treating N2O with transient acyclic iminosilylene,[93] in 

which the migratory insertion of oxygen into Si–Si bond occurred, forming the first acyclic 

iminosiloxysilylene (IDippN)(tBu3SiO)Si: L17 (IDippN = 1,3-bis(2,6-

diisopropylphenyl)imidazolin-2-iminato).[94] In 2019, Recently, the isoelectronic N-

heterocyclic olefins (NHOs) and N-heterocyclic boryloxy(NHBO) were also introduced into 

acyclic silylene chemistry with the isolation of dioxylsilylene, (DippDABO)2Si: L20 by the 

Aldrige group,[95] and vinylsilylsilylene, (TMS3Si)[(MeCDippN)2C(H)C]Si: L21[96] and 

divinylsilylene, [(MeCDippN)2C(H)C]2Si: L23[97] by the group Rivard. Notably, our group 

disclosed the synthesis and isolation of equilibrium mixture containing the first isolable two- 

coordinate bissilylsilylene (tBu3Si)(TMS3Si)Si: L18 and its isomeric tetrasilyldisilene 

(TMS)(tBu3Si)Si=Si(TMS)2 L18’. Supportive DFT calculations revealed a closer insight into 

the nature of the equilibrium and the bonding situation of L18 and L18’. 

Silylenes are considered as highly reactive species due to their ambiphilic nature. The Lewis 

basic character of silylenes has allowed them to play a significant role in coordination chemistry 

with transition metal and some low-valent main group compounds.[98-100] Furthermore, some 

silylene transition metal complexes are already used in some catalytic reactions.[98,100] However, 

the high reactivity of silylenes stems from their Lewis basic and Lewis acidic character (from 

the empty p-orbital). Due to these silylenes have been shown to be effective in bond activation 

reaction, whereby E–E bonds (E = s/p block elements) oxidatively add to the silylene center. 

This type of reaction is also well-known in transition metal chemistry, in which silylenes can 
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be considered as transition metal mimics. A prime example of this type of mimicry is the 

activation of the non-polar molecule, dihyrogen.[101] Among all the cyclic silylenes, only 

dialkylsilylene L4 was able to split dihydrogen but only in the presence of Lewis acid or Lewis 

base.[102] In contrast, with the first isolation of acyclic silylene, the facile dihydrogen splitting 

forming corresponding silane L9-1 was achieved with silylene L9 at room temperature after 30 

min or 0 °C within 2.5 h (Figure 11).[77] DFT calculations reveal the strong donation of electron 

density from σ bond (HOMO) of dihydrogen into the 3p-orbital (LUMO) of L9, and this 

splitting of dihydrogen is distinguished by a moderate energy barrier of 97.2 kJ mol–1, that is 

markedly lower than those of computed bis(amino)silylenes (e.g. acyclic Si(NH2)2 190.0 kJ 

mol–1 or cyclic Si(NHCH)2) 277.8 kJ mol–1).  

 

Figure 11. Dihydrogen and C–H bond activation by acyclic silylenes. 

However, the simultaneously reported acyclic silylene L10 cannot activate dihydrogen 

probably owing to the wider HOMO-LUMO gap (vide supra). In the next 10 years, the splitting 

of dihydrogen by simple acyclic silylene only was achieved by L12 and L18.[89,103] Notably, 

intramolecular C(sp3)–H splitting of substituent was accomplished by L9, L12 and L18 upon 

heating to 50 °C for 2 days or room temperature for 4 days,[77,89,103] which also demonstrated 
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by transient acyclic silylene (L27, vide infra).[104] These exemplify the high reactivity of acyclic 

silylenes. The first instance of C–H bond activation was achieved by the reaction of L21 and 

tBuNC with the release of isobutylene and the formation of silyl cyanide L21-1.[96] 

 

Figure 12. Ethylene and alkynes activation by acyclic silylenes. Ar = Dipp, R = H and Ph. 

Despite L10 being unable to activate dihydrogen, the mild cycloadditions with unsaturated 

bond systems were achievable, such as with alkenes and alkynes.[105-106] Interestingly, the 

combination of ethylene with L10b led to reversible cycloaddition forming corresponding 

silacycloprapane L10b-1 (silirane), which can be considered as a side-on complexation of a 

C=C bond to a silylene center (Figure 12). Such a reversible activation was also demonstrated 

by distannynes[5] and silylene-phosphine complexes.[107] In terms of the potential for main 

group catalysis, this type of reversibility, oxidative addition and reductive elimination alternate 

with each other, are considered fundamental steps in a catalytic cycle. In contrast, the 

combination of ethylene with L12 resulted in the corresponding silirane L12-1 selectively[108]. 

When heating silirane L12-1 to 60 °C in the presence of ethylene, unique migratory insertion 

of ethylene into Si–Si bond occurred, resulting in silirane L12-2. An NMR spectroscopic 

experiment using deuterated ethylene revealed the mechanism with migratory insertion of the 

coordinated ethylene into the Si−Si bond. Similar migratory insertion of ethylene with silylenes 

was reported by our group and the Kato group very recently.[109-110] And further facile 
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cycloaddition of L12 with alkynes forming silacyclopropenes (silirenes L12-3) was also 

demonstrated.[111] In the shape contrast, the simple complexation of ethylene by L16 and L18 

forming the corresponding silirane L16-1 and L18-3 was demonstrated by our group. 

The mild transformation of C1 sources (CH4, CO, CO2, etc) into chemical building-blocks 

stands as a lucrative goal with the activation of C1 feedstocks being the first key step followed 

by further C–C coupling. In contrast with inert methane, carbon oxides are much easier to 

activate owing to the unsaturated and polar bond as well as its unique electronic structure.[112-

113] There is growing interest in the  activation and utilization of carbon dioxide (CO2) due to 

its status as a major greenhouse gas. While the activation of CO2 by carbenes generally forms 

carbene-CO2 adducts, the reaction of silylenes with carbon dioxide goes via two pathways: 

oxygen abstraction with the release of carbon monoxide or cycloaddition with C=O moiety.[114-

116] In contrast, carbon monoxide (CO) is harder to activate due to the C–O triple bond. However, 

owing to their carbenic structure, CO can act as electrophiles, nucleophiles or carbenes in 

organic synthesis and coordination chemistry.[117-120] The CO activation by specific silylenes is 

known. Despite the fixation of CO by highly reactive acyclic carbenes or cAACs forming 

ketenes was discovered in 2006,[121] the complexation of CO was independently achieved in 

2020 by transient acyclic silylene [L(Br)Ga]2Si: L26 and L18 by the Schulz and our group, 

respectively (Figure 13, L = nacnac).[122-123] DFT calculations revealed that both silylene-CO 

adducts (L26-1 and L18-4) showed a strong interaction between the silylene center and CO 

moiety with CO→Si σ-donation and Si→CO π-back donation, resembling transition-metal 

carbonyls. Despite further homocoupling of CO with the silylene-CO adducts was unachievable 

until now, the reduction of our silylene-CO L18-4 adduct resulted in the first sila-ketenyl 

anion.[124] The silylene-mediated first homologation of carbon monoxide was accomplished by 

silylene L9 in 2019, forming [C2O2]
2– moiety (L9-3) via the cleavage of Si–B bond. 
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Figure 13. Carbon monoxide and isocyanides activation by acyclic silylenes. L = nacnac, R = Mes, Tipp, Tbt, 

Mes*, Tbt = 2,4,6-tris[bis-(trimethylsilyl)methyl]phenyl, Mes* = 2,4,6-tBu3-C6H2. 

Isocyanides (R–NC), are isoelectronic to carbon monoxide, but more reactive than carbon 

monoxide due to the adjustable steric and electronic properties by the modification of N-

substituent. The study of the combination of isocyanides with silylenes was was first done with 

tBu2Si: (generated in situ from a hexa(t-butyl)cyclotrisilane) with phenylisocyaide forming the 

corresponding transient silaketenimne in 1992, which dimerized to 1,3-disilacyclobutane-2,4-

diimine with possesses a Si=C moiety.[125] The first stable silylene-isocyanide complex was 

first reported by Okazaki and co-workers in 1997 via complexation of aryl isocyanides and 

transient silylene (Tbt)(Mes)Si: L27 (generated in situ from a disilene, Tbt = 2,4,6-tris[bis-

(trimethylsilyl)methyl]phenyl).[126-127] Despite the activation or complexation of isocyanides by 

transient silylenes has been well established over the past 30 years,[128-129] the activation by 

isolable, two-coordinate silylenes is still rare.[96,130] Only the Kira group reported the synthesis 

of silaketenimines by the complexation of isocyanides with dialkylsilylene L4 at room 

temperature in 2006[130] and the Rivard group disclosed the cyanation of silylene L21 with the 

release of isobutylene upon treatment of L21 with tBuNC at room temperature in 2019.[96]  
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2.2 Silepins 

Büchner ring expansion, in which an in situ generated carbene undergoes [1+2] 

cycloaddition with an aromatic C–C bond in benzene derivatives, followed by the ring 

expansion to afford the corresponding cyclo-1,3,5-heptatrienes, was first discovered by 

Büchner and co-workers in 1885 (Figure 14).[131-132] Since then, Büchner ring expansion has 

played an important role as a method for synthesizing seven-membered rings in organic 

synthesis.[133-134] However, in general, Büchner ring expansion reactions without additives form 

hard-to-purify mixtures of isomeric cyclo-1,3,5-heptatrienes.[135] It was not until 1981 that 

regioselective transformations could be achieved in Rh(II) catalyzed reactions, providing 

control over arene ring expansion.[136] 

 

Figure 14. Büchner ring expansion, structure of cyclo-1,3,5-heptatriene and silepin (silacyclo-2,4,6-heptatriene) 

and synthesis of first silepin. 
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In contrast, silacyclo-2,4,6-heptatrienes (i.e. silepins), the heavier analogs of cyclo-1,3,5-

heptatrienes, have for a long time been rather elusive owing to the extreme lability of the 

synthetic intermediate and methods until in the last decades with the development of more 

accessible modern synthetic tools.[137-138] Moreover, it’s worth mentioning that the construction 

of fused silepins is more available than non-annulated silepins owing to the electron 

delocalization over the fused cycles. Therefore, despite the Gilman has tentatively suggested a 

fully substituted silepin L29 as a possible product from decomposition of the 7-

silanorbornadiene derivative L28 in ethanol at an early stage,[139] the breakthrough in the silepin 

chemistry was set by Birkofer and Haddad via initial reaction of Grignard reagent derived from 

L30 with diphenyldichlorosilane, followed with bromination and dehydrobromination 

affording bicycle fused silepin L32 in 1969.[140] Since then, a plethora of silepins have been 

synthesized by dehydrogenation/dehalogenation of the corresponding silacyclo-2,6-

heptadiene,[141-142] salt metathesis between lithium precursor and dichlorosilane,[143-146] or via 

catalytic reactions (intramolecular McMurry coupling, ring-closing metathesis, C–H/Si–H 

dehydrocoupling, etc).[147-153] Notably, fused silepins exhibit blue fluorescent in contrast with 

the all-carbon congener, which provides a potential application in new functional materials.[137-

138,154] DFT calculations revealed the fluorescent possibly are due to the contribution from the 

Si–C σ bonds to the cycloheptatriene π system.[154]  

The previous hypothesis that the vacant 3p orbital on silicon may be able to provide a 

conjugative π-interaction with carbon 2pπ orbitals, thereby leading to 4n + 2 π-electron neutral 

analog of the tropylium cation,[155-156] has been disproven so far by the reported silepins.[137-138] 

However, it still raises a question regarding the aromatic/antiaromatic nature of 

cycloheptatriene and silepin. Aside from cycloheptatriene L33, which possesses an essentially 

planar structure (Figure 15),[157] the so far structurally reported cycloheptatrienes and silepins 

exhibit a boat-shaped geometry (Cs). In the boat-shaped cycloheptatrienes and silepins, the 

deviation from planarity can be expressed by the bow (α) and stern (β) tilt angles (Figure 15). 

The theoretical calculations gave α and β angles of 52.9° and 25.4°, respectively, which is in 

line with the experimental results.[158] Previous studies have concluded that cycloheptatriene is 

homoaromatic due to delocalization through space.[159] Low temperature 1H NMR 

measurements showed that the homoaromatic, Cs-symmetrical, boat conformation of 

cycloheptatriene is prone to undergo a degenerate ring flip via a planar (α = 0°, β = 0°) 

antiaromatic C2v transition with a free energy barrier of 5.7 kcal·mol−1 in CBrF3 and 6.3 

kcal· mol−1 in CF2Cl2.
[160-161] And unlike the C2v conformation of cycloheptatriene that is 

predicted to be homoaromatic, previous studies suggested that the planar transition state C2v 
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structure possesses an antiaromatic character, due to the pseudo-2π-electron effect of the CH2 

group. Therefore, cycloheptatriene L33 is antiaromatic as indicated by the positive NICS(0) 

(5.4 ppm), NICS(1) (2.0 and 2.2 ppm, respectively), and NICS(1)zz (9.0 and 9.7 ppm) of the 

seven-membered ring.[159] 

 

Figure 15. Geometries of cyclohepta-1,3,5-triene and silepin and planar cycloheptatriene. 

With the development of silylene chemistry, it has been found that the ring expansion of 

benzene derivatives by silylenes in the Büchner-ring-expansion-type mechanism provides 

simpler methods and higher selectivity in the construction of silepins, especially the non-fused 

silepins, which was less studied so far. Notably, the potential reversibility between silepin and 

silylene can be consider as a “masked silylene” in terms of reactivity. Based on the relation of 

this thesis, in the following chapter, the synthesis of silepins from silylenes will be presented in 

detail. 

2.2.1 Isolable Silepins from Silylenes 

The first milestone of silepin derivative was set by Okazaki and co-workers in 1994 with the 

demonstration of  the ring-expansion of benzene by a transient silylene L27 (Figure 16).[162] 

Treatment of a transient silylene (generated in situ from a disilene) with benzene at elevated 

temperature resulted in the generation of the bicycle silepin derivative L34. They proposed that 

the formation of L34 proceeds similarly to Büchner ring expansion, involving silanorcaradiene 

and silepin intermediates. However, the isolation of the silepin intermediate could not be 

accomplished in this case since the silepin is more reactive than benzene toward the silylene, 

resulting in the successive [1 + 2] cycloaddition to give L34. In the same report, the reaction 

with naphthalene yielded no ring expansion products, but rather two consecutive [1 + 2] 

cycloadditions, providing evidence for the existence of the proposed silanorcaradiene 

intermediate.  
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Figure 16. Timeline of historical milestones in the chemistry of silepins generated from silylenes. R = H, F, OMe, 

CF3. 

In 2002, the genuine silepins L35 generated from silylene was reported by the Kira group 

via the photochemical reaction of benzene with the dialkylsilylene L4. The ring expansion of 

1,4-benzene derivatives (p-xylene, 1,4-dimethoxybenzene, 1,4-difluorobenzene, etc) were also 

presented in the same report.[163] The follow-up quantum chemical calculations showed that, in 

the reaction with benzene, the singlet excited state of silylene, generated by irradiation, forms 

a 1,3-diradical reactive intermediate, which subsequently undergoes cyclization to 

silanorcaradiene and ring expansion to form the silepin L35.[164] A similar ring expansion 

reaction, in which the cyclic alkyl amino silylene L13 activated benzene upon irradiation at 

λ=350 nm to form a silepin L36, was reported by the Iwamoto group in 2016.[79] 

One year later, the first intramolecular ring expansion by transient acyclic iminosilylenes, 

forming silepins L37, was reported by our group in 2017.[93-94] In this process, the transient 

silylene insertion into the aromatic C−C bond of a Dipp substituent is reversible, as we 

demonstrated by the reactivity studies of L37 and, directly, in the silepin L40 reported by our 

group very recently, in which both isomers can be observed under ambient conditions (will be 

discussed in the following chapter in detail). On the other hand, the imino(siloxy)silylene L17 

can be isolated at ambient temperature, whereas irradiation (λ=340 nm) of L17 in THF or 

benzene gave the corresponding silepin L39 irreversibly. In 2019. Cui and co-workers also 

reported the ring-expansion products L38 via the salt metathesis of the corresponding lithium 

silanorcardiene, which was obtained by the reduction dichlorosilacycle with lithium. Very 
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recently, silepin L41 substituted with a modified imine ligand based on a cyclohexyl cyclic 

alkyl amino carbene was reported by the Rieger group, which also showed the reversibility 

between silepin and silylene during the reactivity investigation.[165] 

2.2.2 General Reactivity of Silepins 

Compared to low-valent silicon species, such as silylenes or silyl radicals, silepins are 

extremely stable after being exposed to air or high temperatures, , meaning reactivity studies 

are scarce.  

In 2011, the first transformation of silepin L42 to borepin L42-1was reported by the Piers 

group (Figure 17),[154] a reaction common with stannepins (tin analog of cycloheptatriene).[166] 

Similar transformation of silepin L43 to bromoborepin L43-1 and subsequent transmetalation 

to give to borepinium ions was also reported by Jäkle and co-workers in 2020.[167] In these types 

of reactions, the lower toxicity of silepins compared with organotin compound is the 

advantageous. 

 

Figure 17. Reactivity of silepin for the construction of borepin and silatropylium. 

With the isolation and wide application of tropylium ion (C7H7
+), interest in the silicon 

analog, i.e. silatropylium ions were grew and silepins were considered as a good candidate for 

their synthesis since dihydrogen/halogen in silicon center is promising. Previous studies 

suggested the silatropylium ion was more stable than its isomeric phenylsilyl cation in the gas 

phase.[168] Therefore, in 1992, the initial attempt of treating L44 with trityl perchlorate 

([Ph3C]+[ClO4]
–) as a hydride abstracter formed a new silepin L44-1 substituted with 

perchlorate instead of the formation of silatropylium ion.[169] Later in 2000, the Komatsu group 

reported the silatropylium ion annulated with a rigid σ-framework via the reaction of 

corresponding silepin L45 with trityl borate ([Ph3C]+[B(C6F5)4]
–) in DCM. However, both 
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silatropylium ions L45a/b-1 were only observed at –50 °C in CD2Cl2 and slowly decomposed 

to dichlorosilepin at –50 °C within 12 h or benzene derivative at room temperature. The 29Si 

NMR was observed at 142.9 ppm, indicating the formation of silylium cations.[170] The further 

attempt to isolate base stabilized silatropylium ion via treating acetonitrile with silatropylium 

ion failed.[146] 

In terms of potential low-valent main group catalysis, oxidative addition/reductive 

elimination processes can be considered as key steps for a catalytic cycle. Therefore, the 

reversible conversion of silepin to silylene provides the potential functionalization of benzene 

derivatives. The first thermal conversion of silepin to silylene was reported by the Barton group 

in 1974 with the isolation of the first non-fused silepin L46 (Figure 18).[156] When heating L46 

to 250 °C, o-terphenyl was cleanly formed, as detected by NMR spectroscopy. Despite there 

being no mention of the dimethylsilylene intermediate was not mentioned in this report, the 

observation of o-terphenyl can be considered as the tentative evidence for the conversion of 

silepin to silylene. Nearly half a century later, the fascinating reversibility between silepin and 

silylene was found by Rieger and our group. Transient acyclic iminosilylenes were observed at 

–78 °C, however, the intramolecular aromatic C–C bond activation compounds (L37a/b) were 

isolated at room temperature.[93-94] Interestingly, the silepin L37 can be directly used as a 

silylene source in the further small molecule activation, such as with dihydrogen forming the 

corresponding silane,[93] with N2O affording the silanone bearing a Si=O bond[94] or the 

construction of aluminata-silene.[171] And our recent report disclosed both silepin L40 and 

corresponding silylene can be observed at ambient conditions with the modification of silyl 

substituent.[109] Similarly, silepin L41 also showed the reversibility upon heating to 90 °C.[165] 
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Figure 18. Reversibility between silepin and silylene and the reduction of silepin. 

Owing to the π-conjugated system in silepins, the hyperconjugative (anti)aromaticity of 

these type compounds is also expected. Therefore, the reduction of fused silepin L47 with 

lithium forming the corresponding silepin dianion L47-1 was achieved by Kuwabara and co-

workers. The dilithium dibenzosilepinide have a pseudo 16π-electron system involving 

negative hyperconjugation, which was also supported by DFT calculation with positive NICS 

value (NICS(–1)zz = 7.5 ppm) and paratropic ring currents in ACID.[172]  
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3. N-heterocyclic Iminato Ligand in Main Group Chemistry 

Nitrogen donor ligands are ubiquitous in both transition metal and main group chemistry, 

they have been demonstrated to be potent ligands for the stabilization of a multitude of 

compounds. While amides [NR2]
– are already widely explored for the stabilization of main 

group elements, the class of imidazolin-2-imines, also named N-heterocyclic imines (NHIs), 

are far less studied. NHIs are composed of an NHC and an exocyclic nitrogen atom, and they 

can act as a strong 2σ and 2-4π electron donor for the thermodynamic stabilization of electron-

poor species. Canonical form of anionic imidazolin-2-iminato ligand A possesses an ylene 

structure with a CNHC=Nimimo bond and two potent electron pairs on the nitrogen atom, which 

can be considered as 2σ and 2π electron donor. And the ylide resonance structure B with two 

anionic charges and three potent electron pairs on the nitrogen atom, can be considered as a 2σ 

and 4π electron donor, in which the positive charge is delocalized over the NCN moiety (Figure 

19). Relatively, NHI metal complexes may have canonical type C or significant metalla-2-aza-

allene character (D) or metalimide (E) character. These properties were illustrated by an 

elongated CNHC–Nimimo bond length and a shortened M–N bond length and a widening of the 

C–N–M angle toward the ideal 180° for an allene-type structure. Moreover, as a result of the 

adjustable imidazoline ring, NHI ligands  can provide the specific requirements necessary to 

kinetically stabilize elusive compounds.[173] 

 

Figure 19. Selected resonance structures of NHI ligands and a model NHI-metal (M = metal, R = alkyl, aryl) 

complex. 

Since the first discovery of NHI ligands by Kuhn and co-workers in 1995,[174-176] the 

utilization in the stabilization of transition-metal complexes is well established.[32,177] The 
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breakthrough for NHI ligands in terms of main group chemistry was achieved by Bertrand and 

co-workers with in the synthesis of carbene-stabilized phosphorus mononitride, which 

underwent one electron oxidation with trityl borate ([Ph3C]+[B(C6F5)4]
–) forming the 

corresponding radical cation NHIPCAAC+▪ L48 (Figure 20).[178] DFT calculations revealed the 

delocalization of the single electron over the molecule in L48. The further utilization of NHI 

ligands by the same group in highly reactive pnictogen compounds was accomplished with the 

isolation of bis(imino)phosphinyl radical (NHI)2P
▪ L49[179] and first isolable singlet 

phosphinonitrene (NHI)2PN: L50.[180] It’s worth mentioning that L50 can be used as a nitrogen 

atom-transfer agent, its ambiphilic property was well illustrated by reactivity studies and 

complexation with transition metals.[181-183] This phosphinyl ligand was also used in stabilizing 

dicarbon species recently.[184]  

 

Figure 20. Selected examples of reported NHI-stabilized main group compounds. 

From 2012, the implementation of NHI ligand for the synthesis of group 13 and 14 species 

was repotred by our group and Rivard group. For instance, NHIs have been used to isolate 

acyclic silylene L61 (NHI substituted silicon species will be discussed below in detail),[185] 

aminoimino/bisiminotetrylene,[186-188] NHC-stabilized silaborene,[189] the elusive terminal 
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aluminum telluride L52 with an Al=Te bond,[190] chlorostannylenoid L53[191] and 

bis(imino)germylene-germyliumylidene L54.[192] Meanwhile, NHI stabilized group 13 

compounds were successfully utilized in the catalytic reaction, such as the hydroboration of 

alkynes and CO2,
[193-194] as well as the dehydrogenation of amino-boranes.[195-196] 

The neutral aminyl radicals L55 were isolated and reported by the Severin (L55a) and the 

Lee group (L55b) in 2015 and 2016, respectively. While the spin density was located on N2 

group in L55a bearing a phenyl group and an NHI, the spin density was delocalized over the 

N3 moiety and its conjugated substituents in L55b, which bore two NHI ligands. In 2017, the 

Dielmann group reported the triiminophosphine (NHI)3P L56, which is highly electron-rich 

ligands for transition-metal catalysts and reversible carbon dioxide binding.[197-198] They also 

disclosed more chemistry with L56 in the following years, such as triiminophosphine dications, 

which are isoelectronic with alanes and silylium cations,[199] and Lewis base free 

oxophosphonium ions.[200] The bisNHI substituted carbonyl (NHI)2C=O L57a and its heavier 

congener germanone (NHI)2Ge=O L57b were reported by Aldridge and our group, 

respectively.[201-202] The dearomative hetero-Diels-Alder-like reaction was demonstrated by 

Kong and co-workers by treating aryliminoborane L58 and benzaldehyde.[203] In the same year, 

the Liu group disclosed the first free phosphaborene L59 bearing π-donating NHI substituent 

on the boron center and a π-accepting N-heterocyclic boryl (NHB) substituent on the phosphine 

center via electron push-pull cooperation.[204] Very recently, our group described the synthesis 

and isolation of anionic aluminium–silicon core L60, which featured with alumanyl silanide 

(sequestered sodium cation) and aluminata-silene (separated ion pair) characteristics.[171] 

As mentioned above, the first introduction of NHI ligands into silicon chemistry was 

accomplished by our group with the isolation of acyclic iminosilylene (NHI)(Cp*)Si: L61 

(Figure 21).[185] The reductive debromination of the precursor dibromosilane with KC8 or 

sodium naphthalenide resulted in L61 in only trace amounts. Instead the salt metathesis between 

IDippN-Li and silyliumylidene cation ([Cp*Si]+[B(C6F5)4]
–) led to 57% yield of L61. The 

reductive debromination of dibromodiiminosilane by KC8 afforded potassium amide L62 via 

the migration of aryl moiety from nitrogen to silicon center, which can be described as over 

reduction of silylene intermediate.[186]  
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Figure 21. Construction organosilicon species substituted by NHI ligand. 

The first isolation of two-coordinate acyclic silylene [(DippDABB)(TMS)DippN]Si: L9 

provides a simple method for the construction of NHI-substituted acyclic silylene.[77] Therefore, 

in 2017, our group reported the synthesis of silepin L37 generated from transient silylene via 

treatment with tribromoiminosilane with silanides. Exposing silepin L37 to N2O afforded 

silanone L63 and followed the migration of oxygen to Si–Si bond forming iminosiloxysilylene 

L17 (vide supra).[93-94] Utilizing the less bulky NHI (ItBuN, 1,3-bis(tert-butyl)imidazolin-2-

iminato) substituted tribromoiminosilane with silanides afforded the twisted disilene L64 and 

L65 with two different geometry (depends on the type of silanides).[205-207] Very recently, 

another salt metathesis between chlorosilyelene and IDippN-Li forming silylene L66 was 

reported by Mo very recently, which can be used in the synthesis of disilicon(0) and ditin(0) 

complex.[208-209] 

 

  



4. Scope of This Work 

31 

 

4. Scope of This Work 

Main group chemistry has developed into a versatile field within the past decades, such as 

facile bond activation leading to novel compounds or remarkable catalytic applications. 

However, the related research and application of organosilicon species are still comparably 

limited, especially low-valent silicon species. Among these, silylenes, in particular acyclic, two 

coordinate silylenes have the highest potential due to their heightened reactivity (vide supra). 

As highlighted in the introduction, the oxidative addition/reductive elimination processes are 

key steps in conventional metal-catalyzed reactions, which are also demonstrated by silylene 

species. Thus, the catalytic application of silylenes is promising. 

Accordingly, the most important initial task of this doctoral dissertation is the synthesis and 

isolation of novel acyclic, two-coordinate silylenes to gain more expertise in divalent 

organosilicon compounds. According to the previous report of the reactivity studies of silylenes, 

subsequently subject the synthesized silylene to diverse small molecules to choose the suitable 

molecules, which can undergo oxidative addition/reductive elimination processes in silylene 

center and provide potential catalytic application by silylene. Thus, strong small molecules, 

such as benzene, pyridine, methane, dihydrogen, carbon monoxide, isocyanides, dinitrogen, 

alkenes will be carried out.  

To achieve this challenging task, the suitable substituents in silylenes should be considered 

first. With the deeper understanding of the ligand systems, we would utilize the excellent π-

donating NHI ligand to thermodynamically stabilize the silylene center in combination with an 

electropositive silyl group that maintains the small frontier orbitals separation. Both advantages 

may lead to the unique reactivity toward extremely challenging molecules. Inspired by our 

previous report about the synthesis of transient silylene stabilized by none methylated NHI 

ligand and its intramolecular aromatic C–C activation forming corresponding silepins, we 

targeted the methylated-backbone NHI in combination with supersilyl group (SitBu3) to prevent 

the intramolecular insertion of silylene center to aromatic framework. Similar synthesis route 

with the previous report, the reduction of corresponding NHISiBr3 by two equivalents sodium 

silanide was implemented to yield stable acyclic imino(silyl)silylene 1 (Figure 22).  
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Figure 22. Planed synthesis route of acyclic imino(silyl)-silylene 1 potential small activation. 

With the targeted compounds in hand, initial reactivity studies will be conducted to see if 

they have any dearomatization capacity. Thus, the reactions of 1 with benzene, benzene 

derivatives and pyridine were implemented. 

Further reactivity studies will be conducted with other unsaturated systems, most 

prominently alkenes and alkynes. We will also treat silylene 1 with compounds possessing E–

H bonds (E = Si, B, H) to observe how 1 interacts with such species. Inspired by the isolation 

of three-coordiate silanone, the reactions of 1 with oxygen-source reagent and elemental 

chalcogens will be implemented. 

The isolation of silicon carbonyls by the reaction of transient silylenes with carbon monoxide 

prompts us to examine whether silylene 1 can react with carbon monoxide and its isoelectronic 

isocyanides to form stable silicon carbonyl or silylene isocyanide complexes. Thus, the 

reactions of 1 with carbon monoxide and variable isocyanides will be investigated. 

Overall, this work is intended to gain a deep understanding of the silylene chemistry. To 

examine the fundamental differences and/or similarities between silicon and elements in the 

same periodic group (Group 14). With a deeper understanding of the reactivity of neutral 

silylenes, it should open up the possibility of implementing silylenes in more cataylic 

applications. Thus, particular attention will be paid to the investigation of the activated products 

for their potential reversibility. 
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5. Room Temperature Intermolecular Dearomatization of Arenes 

by an Acyclic Iminosilylene 

Title:  Room Temperature Intermolecular Dearomatization of Arenes by an 

Acyclic Iminosilylene 

Status:  Article; published online: January 4, 2023. 

Journal:  Journal of the American Chemical Society 2023, 145, 1011-1021. 

Publisher:  American Chemical Society (ACS) 

DOI:  10.1021/jacs.2c10467 

Authors:  Huaiyuan Zhu, Arseni Kostenko, Daniel Franz, Franziska Hanusch, 

Shigeyoshi Inoue* 

Reprinted with permission from the American Chemical Society. © 2023 American Chemical Society. 

Content: A novel non-transient acyclic iminosilylene (1), bearing a bulky super silyl group (-

SitBu3) and N-heterocyclic imine ligand (NHI) with a methylated backbone, was prepared and 

isolated. The methylated backbone is the feature of 1 that distinguishes it from the previously 

reported non-isolable iminosilylenes, as it prevents the intramolecular silylene center insertion 

into an aromatic C–C bond of an aryl substituent. Instead, 1 exhibits an intermolecular Büchner-

ring-expansion-type reactivity; the silylene is capable of the dearomatization of benzene and its 

derivatives, giving the corresponding silicon analogs of cycloheptatrienes, i.e. silepins, 

featuring seven-membered SiC6 rings with nearly planar geometry. The ring expansion 

reactions of 1 with benzene and 1,4-bis(trifluoromethyl)benzene are reversible. Similar 

reactions of 1 with N-heteroarenes (pyridine and DMAP, DMAP = 4-dimethylaminopyridine) 

proceed more rapidly and irreversibly forming the corresponding azasilepins, also with nearly 

planar seven-membered SiNC5 rings. DFT calculations reveal an ambiphilic nature of 1 that 

allows the intermolecular aromatic C–C bond insertion to occur. Additional computational 

studies, that elucidate the inherent reactivity of 1, the role of the substituent effect and reaction 

mechanisms behind the ring expansion transformations, are presented. 

 

__________________________ 

*H. Zhu and D. Franz planned and executed all experiments including analysis. H. Zhu wrote the manuscript. A. 

Kostenko designed and performed the theoretical analysis. F. Hanusch conducted the SC-XRD measurements and 

processed the corresponding data. All work was performed under the supervision of S. Inoue. 
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6. Facile Bond Activation of Small Molecules by an Acyclic 

Imino(silyl)silylene 

Title:  Facile Bond Activation of Small Molecules by an Acyclic 

Imino(silyl)silylene 

Status:  Communication; published online: March 15, 2023. 

Journal:  Israel Journal of Chemistry 2023, 64, e202300012. 

Publisher:  Wiley-VCH GmbH 

DOI:  10.1002/ijch.202300012 

Authors:  Huaiyuan Zhu, Franziska Hanusch, Shigeyoshi Inoue* 

Reprinted with permission from the Wiley-VCH GmbH. © Wiley-VCH GmbH, Weinheim. 

Content: The activation of small molecules by silylenes bearing unique electronic properties 

has been well established in the past few decades. Herein, we disclose the reactivity study of 

acyclic imino(silyl)silylene 1 with an N-heterocyclic imine ligand (NHI) towards various small 

molecules. Silylene 1 undergoes facile activation of gaseous molecules like dihydrogen, 

ethylene, and carbon dioxide. While the cycloaddition of carbonyl compounds to 1 was shown 

as a straightforward synthetic approach of oxasilacycles, reaction with silane as well as borane 

led to the corresponding E–H (E = Si, B) insertion products. Moreover, the reaction of 1 with 

heavier chalcogens allows the isolation of neutral three-coordinate silicon chalcogenides 

bearing Si=Ch bond (Ch = S, Se, Te). 

 

 

 

 

 

 

 

 

__________________________ 

*H. Zhu and planned and executed all experiments including analysis and wrote the manuscript. F. Hanusch 

conducted the SC-XRD measurements and processed the corresponding data. All work was performed under the 

supervision of S. Inoue. 

  

https://onlinelibrary.wiley.com/doi/full/10.1002/ijch.202300012


6. Facile Bond Activation of Small Molecules by an Acyclic Imino(silyl)silylene 

46 

 



6. Facile Bond Activation of Small Molecules by an Acyclic Imino(silyl)silylene 

47 

 



6. Facile Bond Activation of Small Molecules by an Acyclic Imino(silyl)silylene 

48 

 



6. Facile Bond Activation of Small Molecules by an Acyclic Imino(silyl)silylene 

49 

 



6. Facile Bond Activation of Small Molecules by an Acyclic Imino(silyl)silylene 

50 

 



6. Facile Bond Activation of Small Molecules by an Acyclic Imino(silyl)silylene 

51 

 



6. Facile Bond Activation of Small Molecules by an Acyclic Imino(silyl)silylene 

52 

 

 

 

  



7. Substituent Exchange between an Imino(silyl)silylene and Aryl Isocyanides 

53 

 

7. Substituent Exchange between an Imino(silyl)silylene and Aryl 

Isocyanides 

Title:  Substituent Exchange between an Imino(silyl)silylene and Aryl 

Isocyanides 

Status:  Article;  

Journal:  Chem 2024, accepted. 

Publisher:  Cell Press 

DOI:   

Authors:  Huaiyuan Zhu, Arseni Kostenko, John A. Kelly, Shigeyoshi Inoue* 

Reprinted with permission from the Cell Press. © 2023 Cell Press. 

Content: Isocyanides, being isoelectronic and isolobal to carbon monoxide, are an important 

class of compounds in organic synthesis and coordination chemistry. From reactivity point of 

view, the R–NC bond cleavage has gained particular interest since the cleaved moieties can be 

used as a CN/R source in cross-coupling reactions. Herein, we demonstrate that the challenging 

Ar–NC bond activation and cleavage can be achieved by a stable and isolable 

imino(silyl)silylene 1, which transforms aryl isocyanides to a silylcyanide and 

diaryldiiminodisilenes. The process is enabled by a formal Si(II) → Si(IV) → Si(II) 

interconversion. This involves the initial migratory insertion of an isocyanide into the Si–Si 

bond of the silylene and the consecutive intramolecular oxidative addition of the silylene into 

the Ar–NC bond, followed by the reductive elimination of the cyanide at the silicon center. 

Oxidative addition/reductive elimination processes are key steps in metal-catalyzed reactions, 

and the striking transition-metal-like behavior of the silicon center in this case allows for an 

unprecedented metathetic substituent exchange between the silylene and aryl. 

 

 

 

__________________________ 

*H. Zhu and planned and executed all experiments including analysis and wrote the manuscript. A. Kostenko 

designed and performed the theoretical analysis. J. A. Kelly conducted the SC-XRD measurements and processed 

the corresponding data. All work was performed under the supervision of S. Inoue. 
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8. Summary and Outlook 

Within the versatile class of low-coordinate organosilicon compounds, genuine silylenes 

represent one of the most suitable candidates to substitute transition metal complexes in 

catalysis. The isolation and structural characterization of first monomeric Si(II) compound, i.e. 

decamethylsiliconcene (L1) by Jutzi in 1986 is most important milestones in modern main 

group chemistry. A breakthrough was achieved by the group of Aldridge, Jones and Power with 

the isolation of genuine acyclic silylenes (L9 and L10) in 2012, respectively. Driven by these 

extraordinary discoveries, this thesis is dedicated to expand the class of acyclic, genuine 

silylenes and explore their reactivity towards strong small molecules for estimating the potential 

silicon-based catalysis. 

Initially, a novel non-transient acyclic iminosilylene (1), bearing a bulky super silyl group (-

SitBu3) and N-heterocyclic imine ligand with a methylated backbone, was prepared and isolated 

via reductive debromination of corresponding tribromosilane with sodium silanide (Figure 23). 

The methylated backbone is the feature of 1 that distinguishes it from the previously reported 

non-isolable iminosilylenes, as it prevents the intramolecular silylene center insertion into an 

aromatic C–C bond of an aryl substituent. DFT calculations revealed an ambiphilic nature of 1 

(high σ-donor and π-acceptor abilities) with the HOMO−LUMO gap of 3.22 eV and the ΔEST 

= 14.1 kcal mol−1. Since the intramolecular aromatic C–C bond activation product was not 

observed, the optimized structure of the intramolecular aromatic C–C bond activation product 

shows a higher steric repulsion between the NHI methyl groups and the closest isopropyl 

substituent of Dipp. Furthermore, the second Dipp substituent is oriented in a way that leads to 

additional steric repulsion associated with the iPrDipp···tBu3Si interaction. Instead, 1 underwent 

an intramolecular C–H bond of an aryl substituent at elevated temperature forming 2 with hetero 

seven-membered cycle ring, in which mechanism was also illustrated by DFT calculations 

(Figure). Remarkably, the dearomative capacity of 1 is reserved, which allowed extraordinary 

reactivity of intermolecular dearomatization of arenes at ambient temperatures. The silylene 1 

is capable of dearomatization of benzene and its derivatives, giving the corresponding silepins 

3a-c, featuring seven-membered SiC6 rings with nearly planar geometry (Figure 23), in which 

the nearly planar geometry of the silepin moiety is characteristic of the ring inversion transition 

state. DFT calculations reveal a Büchner-ring-expansion type mechanism for these 

transformations with energy barriers achievable at ambient conditions.  
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Figure 23. General overview of structural and electronic property of acyclic imino(silyl)silylene 1 and its reactivity 

toward arenes. 

Similar reactions of 1 with N-heteroarenes (pyridine and DMAP) proceed more rapidly and 

irreversibly forming the corresponding azasilepins 4a-b, also with nearly planar seven-

membered SiNC5 rings. DFT calculations revealed an initial coordination from pyridine to 

silylene and subsequent Büchner-ring-expansion type mechanism for these transformations. 

Notably, the ring expansion reactions of 1 with benzene and 1,4-bis(trifluoromethyl)benzene 

are reversible.  

After the remarkable room temperature intermolecular dearomatization of arenes by 

imino(silyl)silylene 1, a variety of small molecule activations by 1 was conducted (Figure 24). 

More facile activation of dihydrogen, ethylene, and carbon dioxide forming corresponding 

oxidative addition products 5-8 pinpoint the higher reactivity of 1 than the “masked silylene” 

(silepin) reported by us before could show. And different to carbon dioxide, regioselective 

rearomatization and dearomatization of carbonyl compounds, i.e. quinone and xanthone 

forming oxasilacycle 9 and 10, respectively, provides a promising approach for the preparation 

of oxasilacycles. Even the activation of a representative hydrosilane and hydroborane were 

easily achieved by 1 affording 11 and 12, catalytic hydrosilylation and hydroboration, however, 

could not be achieved.  
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Figure 24. The reactivities of acyclic imino(silyl)silylene 1 toward small molecules. 

Whereas treatment of 1 with weaker oxygen source (triethylphosphine oxide) led to the 

formation of iminosiloxysilylene 13, the reaction of 1 with heavier chalcogen elements afforded 

the monomeric R2Si=E compounds 14 (E = S), 15 (E = Se), 16 (E = Te), which represent rare 

examples of three-coordinate silicon-heavier chalcogen double bond complexes. 

Since the first isolation of silicon carbonyls by the reaction of transient silylenes with carbon 

monoxide promote us to examine whether the stable silylene can be complexation with carbon 

monoxide. With imino(silyl)silylene 1 in hand, exposure 1 to carbon monoxide at room 

temperature, the rapid color change from blue to deep green was observed. Unfortunately, the 

isolation was failed since deep green stuff was easily converted back to 1. Therefore, we turned 

our attention to isocyanides, which is the isoelectronic species of carbon monoxide. And 

silylene isocyanide complexes were known more than 20 years in contrast to silicon carbonyls. 

Initial reaction of 1 with tBuNC resulted in the formation of the cyanosilane 17 and isobutylene 

quantitatively (Figure 25). DFT calculation revealed the formation of cyanosilane proceeds by 

initial formation of silaylide, followed by the proton-migration from the tBu group accompanied 

with elimination of isobutylene. Interestingly, during the computational mechanistic 

investigation of the silaketenimine intermediate, it came to our attention that isocyanide moiety 

could quite easily undergo an intramolecular insertion into the Si–Si bond, which provide 

another potential pathway for the formation of 17. To explore further reactivity pathways of 1 

toward isocyanides, which would preferentially involve the isocyanide migratory insertion into 
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the Si–Si bond, we turned our attention to aryl isocyanides, in which the pathway of hydride 

abstraction by the Si center is unavailable.  

 

Figure 25. The reactivities of acyclic imino(silyl)silylene 1 toward isocyanides. 

Thus, the reaction of 1 with Xyl/MesNC, led to the Ar–NC bond cleavage, and 

transformation of aryl isocyanides to diaryldiiminodisilenes 18 and silylcyanide 19. Notably, 

the 3H-1,3-benzazasilole derivative 20Mes was isolated as minor product from the filtrate of the 

reaction of 1 with MesNC, in which the quantitative formation of 20Dipp in the reaction of 1 

with DipNC. Thus, the effect of the steric hindrance to prevent the cleavage Ar–NC bond and 

isolate intermediate is promising. Therefore, the reaction of 1 with bulkier TerNC afforded 

(imino)(iminoacyl)silylene 21Ter reversibly via the migratory insertion of isocyanide to Si–Si 

bond of 1. A proposed reaction mechanism for the aryl and silyl group exchange, based on 

experimental evidence and supported by quantum chemical calculations, involves an initial 

insertion of aryl isocyanide into the Si–Si bond of imino(silyl)silylene and a subsequent aryl 

transfer to the silylene center via aryl C–N bond cleavage. 

In summary, this doctoral thesis reveals new aspects and a deeper understanding of silylenes 

at the interface between the versatile chemistry of carbon and transition metals. Accordingly, 

novel two-coordinate acyclic silylene 1 was successfully isolated and reactivity studies toward 

various challenging small molecules were outlined. Remarkably, the reaction of 1 with benzene, 
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1,4-bis(trifluoromethyl)benzene are reversible. The reversibility of this insertion process is 

accompanied by the interconversion between Si(II) and Si(IV) species in formal oxidative 

addition/reductive elimination processes, which are key steps in metal-catalyzed reactions. 

Moreover, the challenging transformation of aryl isocyanides to a silylcyanide and 

diaryldiiminodisilenes via Ar–NC bond cleavage. The process is enabled by a formal Si(II)→

Si(IV)→Si(II) interconversion, once again illustrated the particularity of imino(silyl)silylene 1 

Thus, new avenues and opportunities to achieve the ultimate goal of a diverse silicon-based 

catalysis are disclosed. 
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