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Abstract

Siliconoids have received tremendous attention due to the prominent role of silicon in
technologies of the modern society. The presence of the partially unsubstituted
cluster scaffold resembles silicon surface materials at molecular regimes. While
siliconoids play important roles as presumed intermediates during chemical vapor
deposition processes or in heterogeneous catalysis, the possibility to graft functional
groups to the Sis benzpolarene scaffold is a prerequisite for their incorporation as
building blocks into extended systems. Main attention of this thesis is the introduction
and transformation of functionalities in the periphery of Sis siliconoids.

Dichlorinated metallocenes of Group 4 are shown to be suitable reagents for the
transfer of metals to the Sis siliconoid. The electrophilic transfer of a chlorinated
amidinato tetrylene to the Sis siliconoid facilitates the coordination to transition metal
fragments. As will be shown, depending on the nature of the substituents of the
transition metal fragments, different and unprecedented structural motifs can be
obtained.

In context of the application of siliconoids in homogeneous catalysis, the reactivity of
a silylene/siliconoid hybrid towards chalcogens and carbon monoxide was
investigated resulting in unprecedented and unsaturated chalcogen-expanded
heterosiliconoids as well as in the full cleavage of the C=O triple bond under

formation of an Si=C Enol ether bridge in the peripherie of the cluster scaffold.
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Zusammenfassung

Silicoide erregten aufgrund der herausragenden Rolle von Silicium in den
Technologien der modernen Gesellschaft eine enorme Aufmerksamkeit. Das
Vorhandensein des teilweise unsubstituierten Clustergerusts ahnelt
Siliciumoberflachenmaterialien im molekularen Bereich. Wahrend Silicoide als
vermutete Zwischenprodukte bei chemischen Gasphasenabscheidungsprozessen
oder bei der heterogenen Katalyse eine wichtige Rolle spielen, ist die Mdglichkeit,
funktionelle Gruppen auf das Sise Benzpolarengerist zu (bertragen eine
Voraussetzung fir deren Einbau als Bausteine in erweiterte Systeme. Das
Hauptaugenmerk dieser Arbeit liegt auf der Einfihrung und Transformation von
Funktionalitadten in der Peripherie von Sis Silicoiden.

Es wurde gezeigt, dass dichlorierte Metallocene der Gruppe 4 geeignete Reagenzien
fir die Ubertragung von Metallen auf das Sies Siliciumgeriist sind. Der elektrophile
Transfer eines chlorierten Amidinatotetrylens auf ein Sis Silicoid erleichtert die
Koordination an Ubergangsmetallfragmente. Wie gezeigt werden wird, kdénnen
unabhdngig von der Art der Substituenten der Ubergangsmetallfragmente
unterschiedliche und beispiellose Strukturmotive erhalten werden.

Im Zusammenhang mit der Anwendung von Silicoiden in der homogenen Katalyse
wurde die Reaktivitdt eines Silylen/Silicoid Hybrids gegeniber Chalkogenen und
Kohlenmonoxid untersucht, was zu beispiellosen, ungesattigten Chalkogen-
expandierten Heterosilicoiden, sowie zur vollstandigen Spaltung der C=0O
Dreifachbindung unter Bildung einer Si=C Enoletherbriicke in der Peripherie des

Clustergerusts flhrte.
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Foreword

Foreword

After oxygen with 46.6% by weight, silicon, carbon’s heavier congener, is the second
most prevalent element in the earth's crust with 27.7% by mass." Silicon mostly
appears in the form of silicates or oxides in a wide variety of rocks such as quartz,
feldspar or mica but in nature it is rarely found in its elemental form. In fact, silicon
has been an essential element for humans since ancient times — a long time before
the pure elemental form has been discovered by Lavoisier in 1787 which was later on
characterized as silicon by Berzelius in 1824.2 Silicon-based materials have been
used e. g. in form of obsidian as a cutting tool or simply as clay for pottery/ceramics®
and concrete/cement* for construction of houses, respectively. One popular extracted
rock in local chalk areas such as Denmark or Belgium is flint, which as a
representative silicon-containing mineral served namesake for the element. The latin
word for flint/pebble ("silex") was fused with the ending -on by Thomas Thomson in
1817 in order to highlight the chemical relationship to carbon and boron resulting in
the now well-known element name “silicon”.®

In addition to its role in naturally occurring silicon dioxide and silicates, which
dominate the construction industry, elemental silicon is an important raw material for
the polysiloxanes materials, colloquially known as "silicones". Silicones are find
widespread application in daily-life products such as adhesives, sealants and
lubricants.® Elemental, high-purity silicon moved into focus due to its excellent
semiconductor properties leading to its abundant role in modern electronics and the
solar industries.” The first silicon-based semiconductor device, a transistor, was
patented in 1905 by Greenlead Whitthier Pickard® but germanium remained the
dominant material in this area for several decades. Even the discovery in 1940 of the
photovoltaic effects and the pn barrier (today known as p-n junction) in silicon could
not replace germanium as the main component in the semiconducting device
industry. The situation changed with the development of efficient purification of
metallurgical silicon in the 1950s. The Siemens process converts metallurgical silicon
of about 99% purity (obtained by electrothermal reduction of quartzite, SiO2) into
semiconductor-grade (99.9999% purity) by its conversion into liquid trichlorosilane,
HSIiCls, subsequent purification by fractionate distillation and finally decomposition to
elemental silicon. The production of ultrahigh-purity silicon in the floating zone

process in 1954 and prompted the stepwise replacement of germanium by silicon in
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the semiconductor industry.® The selective control of silicon's electronic properties
became possible by the incorporation of small quantities of either electron donors as
e. g. phosphorous'®'" (n-type doping'?) or electron acceptors as e. g. boron'® (p-type
doping'4).

The omnipresence of silicon in semiconducting devices such as integrated circuits,
solar cells and light emitting diodes led to the suggestion that the second half of the
20" century should be referred to as the “silicon age”.’>'” The down-scaling of
devices well below the sub-100-nm regime'® has led to revolutionary changes in
economy, technology culture and thinking.'® With the anticipated further shrinkage of
device dimensions, the control of the properties of materials in the subnano-regime
necessarily entails a more profound understanding of the behavior of silicon at the
molecular level.?® The growth of metal and semi-metal clusters are by now
established as key process of the deposition of zero- to two-dimensional
nanostructures as well as bulk-materials.?! Cluster expansion methods provide a
popular computational tool for the simulation of nanoparticle growth,?? which have to
be accompanied by experimental data. The chemistry of stable unsaturated silicon
clusters is the central topic of this PhD thesis.




Preface

Preface

The virtually endless synthetic possibilities of carbon with its ability to form multiple
bonds are fundamental in organic chemistry and of course in biological life forms.
Silicon, the next heavier element in the Group 14, has not yet been investigated as
intensely as carbon. The reason is undoubtedly the longlasting absence of stable
compounds with Si=Si double bonds.?®?* In general, for the better part of the 20%
century, any attempt to isolate compounds with double bonds between two heavier
main group elements, leading to oligomers with single bonds exclusively.?*2° This led
to the assumption that compounds with heavier multiple bonds were nonexistent.?s In
1948, Pitzer disclosed on the basis of theoretical calculations that multiple bonds
between heavier main group elements are weakened by the repulsive interactions of
the inner electron shells.?® Mulliken amended Pitzer’'s theory by the realization that
these weak double bonds are less a consequence of weakened trbonds rather than
strengthened o-bonds.3'32 Later in 1975, Jutzi brought forward the idea that bulky
substituents as protecting groups could kinetically stabilize heavier unsaturated main
group species and thus allow for the isolation of structures containing E=E m-bonds
as well as their incorporation into extended Te-systems.33

Milestones of the chemistry of unsaturated main group species were published in
rapid succession in 1981 with the first silene (Si=C) by Brook,3* the first disilene
(Si=Si) by West®® and the first diphosphene (P=P) by Yoshifu;ji.3¢ On this basis, low-
valent main group chemistry in general®” and particular that of silicon3® flourished.
These developments are manifest in the synthesis of numerous further examples, for
instance, stable disilynes,3%4° the silicon analogues of alkynes. In contrast to carbon,
low-valent main group compounds feature entirely different chemical and physical
properties. Low-valent and unsaturated silicon compounds move increasingly into
focus due to their potential as precursors in catalytic applications*!'#* or in the
activation of small molecules such as carbon monoxide*>*’ as well as intermediates
in deposition processes.*®52 The presence of functional groups is a prerequisite for
the incorporation of the unsaturated moieties into extended systems such as
polymers.53 Taking advantage of the reactivity of low-valent centers with substituted
functional groups, novel and unprecedented structural motifs of heavier Group 14
compounds can be targeted in a systematic and deliberate manner and thus fully

awaken the potential of Group 14 chemistry in various applications.5*
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1.1 Stable N-heterocyclic Silylenes

1 Introduction

1.1 Stable N-heterocyclic Silylenes

Disilenes®®38 and silylenes® constitute the two most important classes of
unsaturated silicon compounds. With their inherent surplus of electrons (due to the
lower electronegativity of silicon) they show stronger o-donating properties than the
carbon analogues. After the report on the first stable silicon(ll) species in 1986 by
Jutzi et al® with the decamethylsilicocene, several stable silylenes have been
developed.®® While West and Denk were able to isolate the first stable two-
coordinate, mainly donor-stabilized N-heterocyclic silylenes 1 and 2 in 1994,% Kira’s
silylene 4 represents the first two-coordinate silylene free of obvious electron donors
and thus mainly stabilized by steric crowding.® N-heterocyclic silylenes (NHSI) are
the heavier analogues of N-heterocyclic carbenes (NHC) with nitrogen atoms and
varying substituents in the backbone. The overlap of the nitrogen lone pairs with the
vacant orbital of the silylene center allows the delocalization of the electrons across
the N-heterocyclic ring. The chlorosilylene 5, reported in 2006 by Roesky et al.,506!
receives additional stabilization by the intramolecular coordination of a second

nitrogen donor (Scheme 1).

f t _ 4 .
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‘Bu By CH,Bu  MesSi” SiMe, |tBu Dip
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West, Denk, 1994  Gehrhus, 1995 Kira, 1999 Roesky, 2006 Driess, 2006

Scheme 1. Selected examples of monodentate N-heterocyclic silylenes.5863

1.1.1 Transition metal complexes of monodentate N-heterocyclic silylenes

The excellent o-donating properties of silylenes allow for their coordination to
transition metal centers. In 1977, the first N-heterocyclic silylene metal complex 9
was reported by Welz and Schmid.® Treatment of 1,3-diaza-2-silacyclopentane 7
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1.1 Stable N-heterocyclic Silylenes

with Fe(CO)s led to the thermolabile silylene-iron complex 9 through insertion of the
iron center into the Si-H bond (Scheme 2).

Ph _ ’ ) H, PN
H, N OC),Fe  Ph N
[Fe(CO)s] + ;Si/ — (O ‘SrN’ —> (CO)4Fe <—:/s{ ]
W~ -CO cl—
o) i o N
Ph L PH ]
7 8 9

Scheme 2. Synthesis of the first N-heterocyclic silylene complex 9 by Welz and Schmid in 1977.54

Subsequently, numerous other silylenes® as well as their corresponding transition
metal complexes have been reported.f>6 These complexes can be seen as an
interface between main group chemistry and the classical organometallic chemistry
of transition metals. They are classified in four distinct types I-IV (Scheme 3).
Silylenes of type | are the analogues of the classical Fischer or Schrock carbene
transition metal complexes and are not stabilized by the coordination of an external
base to the vacant p orbital at silicon. Examples for type | include
[PtH(PCys3)2=Si(SEt)2]*[BPh4]~ or [(CO)s0s=Si{SPTol}{Ru(n°-CsMes)}] as reported by

Tilley et al.57-69

D R LM R
' N . N
[LaM]=SIR> L,.M=SiR, [ML,]=Si Si >n
N /N
/N X
R R
Type | Type |l Type Il Type IV

Scheme 3. Classification of four distinct silylene transition metal complexes I-IV.

In contrast, type Il represents the base-stabilized silylenes coordinated to transition
metal fragments, e. g. [(CO)4Fe={Si(OtBu)2«D}] (with D = THF or HMPA) reported
by Zybill et al.”® in 1987. While type Il with n = 1 or 2 represent N-heterocyclic
silylenes with bulky aromatic or aliphatic substituents (also including derivatives with
unsaturated backbone), type IV describes N-heterocyclic halide or hydride complexes
with n = 1, 2 or 3. Complexes of type Il and IV are more recent from the historical

perspective as they became accessible after the first isolated N-heterocyclic silylenes

12



1.1 Stable N-heterocyclic Silylenes

(NHSi) 1 and 2 in 1994 by West and Denk.5® Several transition metal silylene
complexes of type Il and IV from Group 4 to Group 12 have been reported. Selected
examples of monodentate silylene transition metal complexes 10-15 are depicted in
Scheme 4.7"-76 Notably, the tetrahedral Cu-complex 15 was prepared by Lappert et
al.”® and represents the first example of an isolated and characterized Group 11
NHSi transition metal complex. After more than a decade has passed, a few NHSi
transition metal complexes Group 11 have been reported by Driess et al. with the first
existing examples of heteroleptic amidinato stabilized Cu-complex’” and Stalke et al.
with a pseudocubane Cu-complex using amidinato ligands.”®
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Scheme 4. Selected examples of monodentate silylene transition metal complexes of Group 5 (10),”
Group 6 (11),72 Group 8 (12),7® Group 9 (13)74, Group 10 (14)"® and Group 11 (15).78

Depending on the pattern of residual ligands, silylene transition metal complexes of
type LnM (n = 1-4) can be observed. Roesky and Stalke et al. reported on the
synthesis of silylene-cobalt complexes 16 and 17 following a decarbonylation
strategy in both cases.”' Treatment of the chlorinated amidinato silylene 5 with
dicarbonylcyclopentadienyl cobalt(l) [CpCo(CO)2] resulted in complex 16. In a similar
reaction, the reactivity of 5 was studied towards dicobalt octacarbonyl Co2(CO)s and
led to a bis(silylene) complex 17 which could be isolated as the salt trans-
[Co(5)2(CO)3]*[Co(CO)4] - (Scheme 5).
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@> [Cox(CO)4]
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Scheme 5. Synthesis of Co-complexes 16 and 17 by Roesky and Stalke et al.”!

Silylene transition metal complexes of Group 4, 7 and 12 are rare and only reported
for bis(silylene)-coordinated derivatives of type L2M (Scheme 6). The group of Driess
reported the Ti' complexes 18a-c as the only existing examples of Group 4 N-

heterocyclic silylene transition metal complexes.”®

tBuﬁ % tBu fBu fBu
T N N oG, 0 N
ph_< }Ph Ph—< Sit —>Mn<— s| }Ph

CI oc CO CI ,
tBu tBu tBu {Bu
18a-c 19
Ph ;
A O'Pr
Bu—N_ N—Bu iPro_|
Si tBu /Bu | ‘B
CrY coCl N N N
~ / ‘e ’
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Scheme 6. The only existing examples of N-heterocyclic bis(silylene) complexes of Group 4 (18a-c, R
= Cl, CHs, H),” Group 7 (19,20)2° and Group 12 (21-24).
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With Mn and Re complexes 19 and 20, Roesky et al. prepared the so far sole
examples of Group 7 NHSi complexes® employing a decarbonylation procedure
similar to that used for the preparation of NHSi vanadium complex 10. In 1998,
Frenking and Boehme reported a theoretical study on the stability of Cu-, Ag- and Au-
NHSi complexes.’ While four examples of isolated Group 11 and 12 NHSi
complexes have been reported, the Cu-complex 15 of Lappert et al.”® was the first
crystallographically characterized complex followed by three amidinato Zn-complexes
22-24 of Roesky et al. in 2014.82 The NHSi Hg-complex 21 of Apeloig et al.?® was
found to be thermolabile and unstable at room temperature and could not be

characterized by x-ray crystallography.

1.1.2 Bidentate N-heterocyclic silylenes and transition metal complexes

The electrophilic nature of the chlorosilylene 5 allows for the facile interconnection of
two such entities. In this manner, bidentate N-heterocyclic silylenes, are readily
accessible and can be classified in two categories: interconnected®-8 and spacer-
separated®®9 bis(silylenes). The interconnected bis(silylenes) contain two directly
adjacent low-valent silicon atoms and are accessible by reductive coupling
approaches. The spacer-separated bis(silylenes) consist of two low-valent silicon
atoms separated by a polyatomic spacer, which is introduced by simple reaction of
chlorosilylene precursors with appropriate dinucleophiles. In 2008, Robinson et al.8*
reported the synthesis and isolation of the first interconnected bis(silylenes) 26 and
27 (Scheme 7). The first spacer-separated bis(silylene) 25 was reported by Lappert
et al.?% in 2005.
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Scheme 7. The first spacer-separated bis(silylene) 25 by Lappert et al.8® and the first interconnected
bis(silylenes) 26,27 by Robinson et al.8* (with L = C[N(2,6-Pr2-CeHs)CH]2).
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1.1 Stable N-heterocyclic Silylenes

The interconnected N-heterocyclic silylenes show a distinctly different reactivity from
that of the isoelectronic disilynes: treatment of the first stable disilyne 28 of Sekiguchi
et al*® with two equivalents of phenylacetylene, for instance, resulted in the first
stable 1,2-disilabenzene as a mixture of regioisomers 29a,b. The formation of the
1,2-disilabenzene was supported by theoretical calculations: the formation of a 1,2-
disilacyclobutadiene-like intermediate as initial product was suggested which then
undergoes a [2+4] cycloaddition with the second phenylacetylene molecule to form
the final compound 29a,b preserving the Si-Si single bond.®® In contrast, reaction of
interconnected bis(silylene) 30 with two equivalents of diphenylalkyne led to the
cleavage of the Si(I)-Si(l) bond and the formation of a 1,4-disilabenzene 31 (Scheme
8)_94

/R —
si=si PhC=CH
R
28
Bu Bu
| | |
AN 2 PhC=CPh N\ N
Ph—< /SI_SI\ >’Ph Ph—<{ /SI SI\ D—Ph
N N l,\l l?l
tBlL fBl’J By Ph  Ph By
30 31

Scheme 8. Reaction of a disilyne 28 with phenylacetylene led to 1,2-disilabenzenes 29a,b (top, R =
Sipor-[CH(SiMes)2]2)%%; 1,4-disilabenzene 31 obtained from reaction with interconnected bis(silylene) 30
and two equivalents of diphenylalkyne® (bottom).

More recently, the groups of Driess and Hartwig isolated the first NHSi-based SiCSi
pincer ligand in a collaborative effort.%° Based on these bidentate ligands, numerous
complexes have been reported in addition to several examples with more than one
unbridged monosilylene ligand of the type LnM (n = 1-4). The bis(N-heterocyclic
silylene) Ni complex 32° was followed by further examples with bidentate chelating
silylenes such as 33°', 34% and 35°% (Scheme 9).
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Scheme 9. Selected examples of chelating NHSi transition metal complexes.

N-heterocyclic silylene metal complexes have been reported for a large variety of
transition metals and with different substitution patterns at the N-heterocyclic
backbone. While N-heterocyclic carbenes (NHCs) metal complexes are ubiquitously
occurring as ligands in homogeneous catalysis,?1% the related NHSi complexes

have only recently been considered in this regard.'%®

1.1.3 Application of NHSi complexes in homogeneous catalysis

As the control of reactivity is of fundamental interest in all synthetic fields, the design
of new catalysts is a pivotal aspect in organometallic chemistry. Silylenes are
promising ligands for the construction of new catalysts and have already been shown
to be as competitive ligands in homogenous catalysis'® (Scheme 10). In 2001, the
first application of a simple N-heterocyclic silylene palladium complex in a
homogenous metal-mediated Suzuki reaction of aryl boronic acids with bromoarenes
was reported by Firstner et al.'%” followed by numerous novel and exciting synthetic
transformations with silylene transition metal complexes as catalyst.

An iridium pincer type NHSi complex of 38 of Driess et al. was successfully used in
C—H borylation'%:1%° of arenes with pinacolborane (HBPin) and a related nickel pincer
complex found application in Sonogashira''® cross coupling. Roesky and coworkers
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found a palladium NHSi complex of 5 with good catalytic performance in the Heck”
cross-coupling reactions of styrene and bromoacetophenone. Silylene transition
metal complexes also showed competitive selectivity in numerous further reactions
such as hydrosilylation of ketones''' and alkenes,''>"'# reduction of organic
amides,'® formation of C=C double bonds,'"® hydrogenation of alkynes,!!”
hydrogenation of olefins,''® Suzuki coupling reaction of aryl boronic acids'®’ and
[2+2+2] cyclotrimerization of phenylacetylene.®
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Scheme 10. Selected examples of N-heterocyclic silylenes (NHSI) used as ligands in homogeneous
catalysis.

1.1.4 Reactivtiy of silylenes towards chalcogens

Throughout the history of humankind, chalcogen-containing silicon materials have
always been tremendously important in particular those based on silicon dioxide and
silicates.’®-122 Only in relatively recent times sub-valent materials such as the “silicon
monoxide”'?® have moved into focus. Silylenes provide the unique opportunity to
stabilize low-valent or low-coordinate molecular chalcogenides. Oxidation of silylenes
with chalcogens leads to various structural motifs predominantly depending on the
steric shielding of the Si(ll) center.'?*128 Stable monomeric heavier silaketones with
formal Si=E double bonds (E = chalcogen) require severe electronic stabilization or
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1.1 Stable N-heterocyclic Silylenes

extremely bulky substituents.'?62° In the absence of such measures, dimeric species
with two chalcogen bridges between the silicon atoms are obtained.?4127.128 The
group of P. W. Roesky investigated e. g. the oxidation of the amidinato silylene 39
with heavier chalcogens resulting in the oxidized derivatives 40a-c (Scheme 11).12°

tBu tBu
E
Ph—< si — Ph—<
tBu 'Bu
39 40a-c

Scheme 11. Oxidation of amidinato silylene 39 with one equivalent of chalcogen (E = S, Se, Te) led to
the silicon-chalcogen double bond compound 40a-c (with 39a: E = S, 39b: E = Se, 39¢c: E = Te)."?°

The oxidation of the silicon atom in 40a-c resulted in a distorted tetrahedral
coordination environment at the silicon centre. The upfield-shifted 2°Si NMR signals
in 40a-c compared to 39 confirmed the oxidation of the divalent Si(ll) to a Si(IV)
species. The bond length of Si—E in 40a-c is significantly shorter than Si—E single
bonds suggesting a certain double bond character between the positively polarized
silicon atom and the chalcogen atom with its partial negative charge. Bridgeing
structural motifs were mostly observed for five-membered silylenes'?® and only in one
case for a four-membered'?® NHSi. Tacke et al. reported the treatment a four-
membered amidinato silylene 41 with an equimolar amount of sulfur to result in the
sulfur-bridged dimer 43 instead of the expected monomeric Si=S species as in the
case of 40a. In contrast, reaction of 41 with one equivalent of the heavier chalcogens
selenium and tellurium led to the formation of Si=Se and Si=Te species 42a,b as

expected for four-membered cyclic silylenes (Scheme 12).128
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Scheme 12. Synthesis of the bridged sulfur-silicon compound 43 and the Si=E double bond
compounds 42a,b (with 42a: E = Se, 42b: E = Te) from four-membered cyclic silylene 41.'28
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1.2 Small molecule activation by low-valent silicon compounds

The demand for new low-valent silicon compounds increased in the last decade due
to their importance as precursors in chemical vapor deposition processes as well as
increasing evidence for their potential in homogeneous catalysis.'®3'3” The activation
of small molecules constitutes the first logical step towards a catalytic cycle although
reversibility of key steps as well as sufficiently low kinetic barriers often constitute
more formidable challenges. Especially the reduction of carbon monoxide is of
fundamental interest due to the CO containing combustion products in large scale
industrial processes. A prominent example is the Fischer-Tropsch process, which
usually employs heterogeneous transition metal catalysts at elevated
temperatures.’®'4! Substantial investigations have thus been carried out to the
cleavage of the extremely strong C=O bond (1077.1 kJ mol')'4? under milder and
homogeneous conditions. While d- and f-block elements reductively couple CO,'43
the subsequent reduction step is almost unexplored. Early transition metal complexes
that provide a highly reducing nature were also found to cleave the strong C=O
bond_144—147

Low-valent main group*>145-155 compounds are an increasingly plausible alternative
for transition-metal catalysts.'¢-163 Early attempts, however, resulted in the reductive
coupling of CO but did not lead to cleavage of the C=O bond as seen, for instance, in
the reaction with potassium that results in various C—C coupling products.’®* More
recently, Braunschweig et al. reported the coupling of CO to a bis(boralactone) by an
NHC stabilized B=B bond under preservation of the CO linkages as single bonds."6°
In a similar manner, the reaction of a stable diarylgermylene with two equivalents of
carbon monoxide as reported by Power et al. results in the formation of a C—C bond,

but not in the complete cleavage of CO.48
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Scheme 13. Reductive coupling of carbon monoxide by disilenide 44.45
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1.2 Small molecule activation by low-valent silicon compounds

In 2015, Scheschkewitz et al. finally reported the complete reductive cleavage via
reductive coupling of two CO fragments in a complex reaction with disilenide 44 to
afford compound 45 featuring a bis(silyl) alkyne motif (Scheme 13).4°

While transient CO adducts have been characterized in the gas phase and cold
matrices early on,'®6-16% the reaction of various silylenes with carbon monoxide was
recently reported in independent contribution by the groups of Driess,*
Aldridge/Jones*” and Schulz'’®. In 2019, the groups of Jones and Aldridge reported
on the reductive coupling of carbon monoxide by an acyclic silylene in a collaborative
work (Scheme 14).47
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Scheme 14. Reaction of the acyclic silylene 46 with CO and CO: led to the reductive coupling of CO
in 47 and the Brook-type migration of the MesSi unit from nitrogen to oxygen in 48."70

Treatment of 46 with excess of carbon monoxide CO resulted in the reductive
coupling of CO, the tricyclic dimer 47 with completely cleaved Si—-B bonds. The
structural motif of 47 resembles that of a donor-stabilized bis(silene) reported by
Scheschkewitz et al. which is readily accessible from the reaction of carbon
monoxide with cyclotrisilene.'” In contrast, reaction of 46 with carbon dioxide CO2
led to the formation of silaimine 48. While the Si—-B bond was retained in 48, one
oxygen atom was abstracted from COz2 followed by a Brook-type migration'”" of the

MesSi unit from nitrogen to oxygen.'70

The same year, the group of Driess reported the transition metal-free hetero- and
homocoupling of carbon monoxide by bidentate silylene ligands. Treatment of the N-
heterocyclic silylenes 49a,b at room temperature with one equivalent of CO led to the

observation of a C=0 vibration band in the IR at v = 2069 cm~', which was attributed
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to the C=C=0 ketene moiety of the final compounds 50a,b (Scheme 15). This

structural motif was observed in case of all employed silylene ligands.*®
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Scheme 15. Reaction of bidentate silylene ligands 49a,b with carbon monoxide CO.46

The generation of a silylene intermediate and its in-situ reaction with small molecules
such as carbon monoxide was described in 2020 by Schulz et al.'’® The digallyl-
substituted dibromosilane 51 obtained by insertion of the B-diketiminato-stabilized
gallium(l) species LGa (L = HC[C(Me)N(2,6-Pr2-CeHa3)]2) undergoes reduction by one
additional equivalent of LGa to the transient silylene [52], which was trapped as
adduct 53 if generated under 1 atm of CO (Scheme 16). Kato and Baceiredo et al.
had previously reported on the selective reduction of CO2 to CO by a disilyne
bisphosphine adduct.®®
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Scheme 16. Synthesis of the silylene carbonyl complex 53.7°

The activation of small molecules such as carbon monoxide by low-valent main group
compounds is still less developed and only a few examples of low-valent silicon

compounds are reported to date.45-47,145.147.161,166-170
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1.3 Stable silicon cluster compounds

Due to its semiconducting properties, silicon is the key component of electronic
applications such as solar cells and microprocessors. In the light of still ongoing
miniaturization of integrated circuits, the generation of thin silicon films remains a
pivotal task. They are typically prepared by gas phase processes of silane precursors
such as chemical vapor deposition (CVD). Although the structures of the amorphous
bulk and surfaces are experimentally inaccessible, theoretical calculations by Zhang
et al.'”? provide hints to the formation of cluster-like structures by residual hydrogen,
which give rise to defects in the crystal lattice. A direct correlation exists between the
hydrogen content of amorphous silicon (a-Si) and thus the presence of small to
medium-sized silicon clusters. A long-term goal of the systematic synthesis of stable
silicon clusters is therefore the establishment of structure-property relationships.
While the reduction of small, halogenated, low-valent precursors of heavier Group 14
precursors led to the corresponding unsaturated Group 14 clusters in the case of
elements heavier than silicon, similar precursors in case of silicon have only recently
emerged.53 Although to date, numerous stable molecular silicon clusters have been
reported, the targeted synthesis of unsaturated derivatives is still in its infancy. The
available general approaches often rely on non-systematic or unselective methods
thus leading to difficulties in terms of reproducibility and selectivity. The involved
formation mechanisms remain obscure in most cases, but would be of tremendous
use for the prediction of reactions and the improvement of synthetic routes.

A large variety of synthetic protocols to prepare silicon cluster compounds emerged
during the last 30 years. In general, silicon cluster compounds include saturated cage
compounds, completely unsubstituted and negatively charged Zintl ions as well as

neutral, partial unsubstituted clusters.

1.3.1 Zintl Phases, Cage Compounds and Metalloid Clusters of Group 14

Zintl Anions are polyanionic, deltahedral cluster compounds without any substituent
and known since the first observation of an anionic Pbg species 51d by Joanis'”3
more than a century ago in 1891 (Scheme 17). The pioneering work of the namesake
Eduard Zintl who employed potentiometric titration to determine the composition of
these anionic species in solution,'”4'7® enlarged the emerging field giving first
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systematic insights into the chemistry of these compounds. To date, Zintl clusters are
still under investigation; in particular their extraction from solid state phases into polar
solvents such as liquid ammonia has been a main goal in order to enable their

derivatization in solution.

54a-d

Scheme 17. Structures of Group 14 Zintl Anions E¢* 54a-d (a: E = Si, b: E=Ge,c:E=Sn,d: E =
Pb).

While soluble deltahedral Zintl lons of the Group 14 of elements heavier than silicon
have already been known as E9"~ and Es"~ (E = Ge, Sn, Pb), the isolation of the first
silicon derivatives was reported by Sevov and Goicoechea as late as 2004.179
Solutions of Ki2Si1z and Rb12Si17 in liquid ammonia resulted in crystallization of
silicon Zintl ions as [Rb(crypt-2.2.2)]2Sis4NH3 55 and [K(crypt-2.2.2)]3Sis"-8NH3 56 as
well as [Rb(crypt-2.2.2)]6SisSie6.3NH3z 56 upon addition of 2.2.2-crypt (Scheme 18).
Notably, in 2005 Sevov and Goicoechea reported the isolation of a ligand-free
deltahedral Sig?>~ Zintl Anion. '8

i i 3 K45Si Si 3-
PPt 129147 I
2.2.2-cr pt 2.2.2-c pt S/

Sicd—=5i liquid NH liquid NH Si7—=8i’/
Si q 3 q 3 \ / X
i / h
_ \\SI/ | Rb128|17 |~\—é|—:—s~l\—:\8|
55 56

Scheme 18. Synthesis of the first silicon Zintl Anions Sis?- 55 and Sig®~ 56 from Zintl phases Ki2Sii7
and Rb12Si17 by Sevov and Goicoechea in 2004."7°

The multiple negative charges of Zintl Anions can be approximately equated with
nucleophilic functionalities. According to a suggestion by Wiberg, the formal addition
of substituents of type R* to Zintl Anions could in principle compensate the negative
charges to give straightforward access to completely neutral cluster compounds. In a
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so-called “top-down” approach, the addition of substituents to the smallest Zintl
Anions Es* 57a-d (Scheme 19) would plausibly result in anionic (n = 1-3) or neutral

(n = 4) cage compounds.

57a-d

Scheme 19. Structures of selected Group 14 Zintl Anions. E4*~ 57a-d (a: E = Si, b: E = Ge, ¢: E = Sn,
d: E = Pb).

For elements of Group 14 heavier than silicon, the “top-down” approach to obtain the
corresponding substituted clusters has already been reported'®'-182 in low yields and
with a poor selectivity due to competing radical reactions. Nevertheless, the report on
the partial compensation of the multiple negatively charged Zintl Anions serves as a
proof-of-concept for chemical transformations to yield the corresponding anionic
cluster compounds. The “top-down” approach in case of silicon remained elusive due
to the strong reducing properties of the multiply charged Zintl Anions until the groups
of Korber'® and Fassler'® independently reported on the protonation of [HSis]*- 58
and [Hz;Si/Ge}s]?>~ 59 in 2018.

— —_ 3_
Si ”-
Ai/—ls /H\
S8/ ! Si—Si
X | X
N /s Si—Si
SIY, =Si
S ~
58 60

Scheme 20. The first protonated Zintl Anions [HSis]®- 58, [H2;Si/Ge}o]?>~ 59 and [HSis]*>~ 60 isolated
from liguid ammonia by the groups of Korber'83185 and Fassler'84,

In addition, the group of Korber reported on the protonation of [HSi4]>~ 60 '8
(Scheme 20) and Fassler et al. succeeded in the transfer of silyl substituents to

Si94—_186
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Doping with heavier Group 14 elements such as germanium and tin is expected to
increase the photoluminescence quantum efficiencies of nanostructured materials of
silicon. On a molecular scale, binary Zintl anions and metalloids containing
germanium and tin are well established.®:187-1%0 |n contrast, the isolation of the first
binary Si—-Ge cluster was reported by Fassler et al.'® only in 2011 followed by further
examples of mixed Si—-Ge Zintl clusters. The mixed Si-Ge clusters 56 and 57 of
Fassler et al.'8187 show pronounced disorder of the germanium or silicon positions
(Scheme 21).

— _— 4 —_ — - 4 —_—
Mes _Mes

Q = SilGe

61 62

Scheme 21. Selected examples of mixed Zintl Anions 6187 and 6284 of the Group 14.

Molecules with unusual structures are ideal benchmarks for the further development
of existing and novel concepts of chemical bonding. Since Nagase et al. predicted
the octasilacubane would be less strained than the corresponding carbon
compound,®! its experimental realization gathered attention in the organosilicon
chemistry community. In 1988, Matsumoto and Nagai'% reported the first successful
so-called “bottom-up” approach of the neutral silicon cage compound Sig(Si'BuMe2)s
and the development of this new field enlarged rapidly.’? In a bottom-up approach,
Wiberg et al. demonstrated the reduction of 63a-c to obtain the corresponding Group
14 Es-tetrahedrons 64a-c.'94'% The reductive cleavage of one silyl substituent from
the neutral tetrahedrane SisRs 64c by Sekiguchi et al.'% finally led to the

tetrahedranide SisR3~ 65¢ as shown in Scheme 22.

R K+
| oo@
X X ¢ . E E
R— | —IE—R 2 Bu3S|Na / \ ﬂ» / \
' )'( -2BusSiNa R-E 7E—R - RK R-E_ 7E—R
- 2 NaX E E
R R
63a-c 64a-c 65¢c

Scheme 22. Synthesis of Group 14 Es-tetrahedrons 63a-c (a: E = Si, X = Br, R = SitBus; b: E = Ge X
= Cl, R = SitBus; ¢: E = Si, X = Br, R = CH(SiMes)2MeSi) of Wiberg et al.'% 1% followed by reductive
cleavage to obtain the corresponding tetrahedranide 65c¢.'%
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Charge-neutral unsaturated clusters of Group 14 constitute a third essential class of
cluster compounds,®6:'90-199 which are referred to as metalloid clusters according to
the definition introduced by Schndckel et al. for unsaturated Group 13 clusters.'®®
According to Schnepf, metalloid clusters of Group 14 adhere to the general formula
EnRm (n > m) resulting in average oxidation states between 0 and 1.209-201 |n contrast,
Scheschkewitz et al. proposed a slightly different definition where the presence of a
three dimensionally silicon backbone with at least one unsubstituted silicon vertex in
the formal oxidation state zero is sufficient to fulfill the definition of metalloid
character.?%2 In addition, the corresponding silicon atom must exhibit a
hemispheroidal environment?®® in which all bonds point into one half of the
coordination sphere (Scheme 23).

hemlspher0|dal

/°*>€°/

reference plane

tetrahedral

Scheme 23. Schematic representation of hemispheroidal and (distorted) tetrahedral environments
using the parameter @to quantify the hemispheroidality.2

Such a situation is encountered, for instance, in the propellane motif, which has
intrigued theorists and experimentalists alike since 1972. The investigation of
[1.1.1]propellane shows a non-classical structure with the bridgehead silicon atoms
arranged in an umbrella-type hemispheroidal coordination environment. As the
inverted o-bond between the bridgehead atoms of [1.1.1]propellane 66 shows a
considerable reactivity, biradical (66') or ionic contributions (66") to the electronic
ground state were proposed (Scheme 24). In this context, Shaik et al. introduced the
concept of the “charge-shift bond™?%42% to describe the electronic structure of 66".
This bonding situation is indistinguishable from cluster bonding and the
hemispheroidal geometry of the unsubstituted atoms is as such indispensable for
metalloid structures and therefore a prerequisite for unsaturated cluster derivatives.
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Scheme 24. The formal biradical 66' and ionic 66" character of [1.1.1]propellane.

The "bottom-up" synthesis of a metalloid cluster of the Group 14 was first reported by
Wiberg et al. with the SnsRe cluster 68 which was prepared by a thermal induced
isomerization of the corresponding cyclotristannene 67.2°° The more unsaturated
eight-vertex metalloid cluster SngR4 70 was obtained by Power et al. by reduction of
[{Sn(n-Cl)(2,6-Mes-HsCs)}2] 69 with elemental potassium (Scheme 25).207

R R S R Ar
\ —_— '
R Sn\ n\ /R ! ~ _
8 ?”\ /100 °C sn—Sn 8 K Sn; ?” JAr
l_sn — =5 | | 4[{Sn(n-CNAr},] > snT—Sn
‘R - 14RH _Sn—|'Sn ! _|s
R R™" ~Ngp—sn ! ar-SNTISNS
2k I Sn—Sn_
R R 5 Ar
67 68 ' 69 70

Scheme 25. Synthesis of the first metalloids SnsRs 68 by Wiberg et al. (left, R = SiBus)2% and SnsAra
70 by Power et al.?%7 (right, Ar = 2,6-Mes-HsCs, Mes = 2,6-Me-HsCs).

This pioneering work led to numerous metalloid cluster compounds of Group 14
elements heavier than silicon20208-215 gnd the work of Fassler'* and Korber'®+185 can
be regarded as a breakthrough top-down assembly of silicon-based metalloids build

up from soluble Zintl phases.

1.3.2 Zintl Silicide Transition Metal complexes

Since the pioneering work of Haushalter and Pennington et al?'” regarding the
isolation and characterization of a closo-SngCr(CO)s* cluster in 1988, the new class
of polyhedral clusters connected to transition metals has evolved considerably.
Numerous further examples have been reported for Group 14 elements heavier than
silicon.?'7220 While transition metal complexes of the heavier Group 14 elements

were already well established, the poor solubility of the M'12Si17 phases limited the
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application of Zintl silicides as precursors for the corresponding transition metal
complexes. Almost two decades later, Korber et al. finally succeeded in the isolation
of the first transition metal complex of a silicide ion. Treatment of KeRbeSi17 71 with
[Ni(CO)2(PPhs)z] in liqguid ammonia in the presence of 18-crown-6 results in two
[Sig]* clusters bridged by two Ni(CO)2 moieties, the endohedral [{Ni(CO)z2}2(u-Sis)2]®
complex 72 (Scheme 26).2%!

As concerns the endohedral incorporation of transition metal centers into Zintl anions,
so far only Group 14 elements heavier than silicon have been succesfully employed
to yield metal-centered derivatives of type M@En*".2??> These ligand free heteroatomic
clusters are defined as intermetalloids, a combination of metalloids and elementoids
with cluster compounds of at least two different (semi)metals at low oxidation states
with structural similarities to intermetallic compounds. Intermetalloid clusters can
occur as spherical cluster compounds with an encapsulated (late) transition-metal
atom such as [Ni@Ge9]®-,223224 [CU@E9]*~ (E = Sn, Pb),??> [M@Pb12]>~ (M = Ni, Pd,
Pt) or as nonspherical,??6-2?8 |arger endohedral clusters with more than one transition
metal atom such as [Ni2@Sn17]*",2%° [Pt2@Sn17]*,2%0 [Pd2@E1g8]*~ (E = Ge, Sn)231-233

and [Nis@Ge1g]*~.223

— _8_
NHs liquid ?O /* S
. /Ni\ o~ — I
_ 2 [Ni(CO),(PPh =Si Si—~—<S
2 KgRbgSi 7 (CORPPh) \\\/ \\ ol R / \
-4 PPhs Si~< //Si\ E N—/—8iNL
\ /s/ Ni si— o
L Si co
71 72

Scheme 26. Synthesis of the first silicide transition metal complex 72 by Korber et al. in 2009.22"

In 2009, Fassler et al. reported the intriguing icosahedral Sni2 cluster anion with an
encapsulated iridium center (Scheme 27).234 Accordingly, the reaction of [Sne]*~ 54¢
with [Ir(cod)Cl]z in ethylenediamine in the presence of 18-crown-6 or (2.2.2)-cryptand
afforded the iridium-capped cluster [Snolr(cod)]*~ 73 as the intermediate product
(Scheme 27). addition of triphenylphosphine (PPhs) 1,2-
bis(diphenylphosphino)ethane (DPPE) the ethylenediamine of
[Snglr(cod)]®~ 73 and heating to 80 °C led to the formation of the [Ir@Sn12]*~ anion 74,
isolated as the [K(2,2,2-crypt)]3[Ir@Sn12] salt.?34

Subsequent or

to solution
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Scheme 27. Synthesis of the intermetalloid clusters [Snolr(CgH12)]>~ 73 and [Ir@Sni2]*~ 74 by Fassler
et al.234

Altough silicide transition metal complexes have been employed as extraordinarily
electron-rich ligands towards transition metals, the residual negative charges in the
transition metal derivatives of Zintl lons and the resulting poor solubility limited their
application, e.g. in homogeneous catalysis. As the presence of organic substitutents
in siliconoids and their charge-neutrality ensure higher solubility, siliconoids may turn
out to be the logical next step in the chemistry of intermetalloid clusters as they fulfill
both conditions. With the possibility to graft functional groups to the Sis scaffold, the
introduction of silylenes in the peripherie of the cluster scaffold could be useful to

facilitate the coordination of transition metals to the siliconoid scaffold.

1.3.3 Stable unsaturated Silicon Clusters (Siliconoids)

The general understanding and the possibility to manipulate silicon surfaces moved
elemental silicon into focus to improve the capabilities of silicon-based technologies.
The pronounced chemical activity of the silicon surfaces is based on the unsaturated
silicon vertices, which formally are radical sites, but are referred to as “dangling”
bonds" by surface scientists.?®® The decrease of the particles size entails the
increase of the surface-to-volume ratio as a comparatively large number of atoms in
small particles are surface atoms. The contribution of the surface to the bulk
properties thus becomes continuously more significant as the size decreases. In
addition, the decreasing size leads to a situation progressively approaching the
molecular state with discrete energy terms instead of electronic band structures, a

phenomenon called "quantum confinement".2%6237 The bonding electrons of surface
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atoms of spherical particles point into one half of a sphere constituting a
hemispheroidal coordination environment.2®> The lack of suitable analytical
techniques and the low stability of the native surfaces towards air is still challenging
the characterization of nanoparticles. The synthesis of stable unsaturated silicon
clusters has therefore attracted considerable interest not only due to the presumed
intermediacy in gas phase deposition processes but also as suitable model systems
for the unsubstituted vertices of silicon surfaces and silicon nanoparticles.

According to Schnepf’s definition of the term metalloid,?® the first metalloid silicon
cluster was reported by Kira in 2000.2%8 The reduction of RsSi-SiBrzCl 75 by
potassium graphite led to the spiropentadiene 76 in only 3.5 % yield and a
cyclotrisilene 77 as side product (Scheme 28).

R3Si SiR3
5 “si—=si’ R R
r \ & o
. | KC8 N Sl
R3Si—Si—Cl ——> Si + / \
| THF / \ _Si—=Si__
Br _Si=Si_ R SiR;
R3Si SiR;3
75 76 77

Scheme 28. Synthesis of spiropentadiene 76 after reduction of the halogenated precursor RsSi-
SiBr2Cl 75 with potassium graphite by Kira et al.?® and a cyclotrisilene 77 as side product with R =
‘BuMezSi.

The bonding in spiropentadiene 76 is electron-precise and the spiro-silicon atom
exhibits a distorted tetrahedron coordination instead of the hemispheroidal
coordination environment found at bulk and nano surfaces of silicon. In order to
account for this deficiency in Schnockel's definition,'%® the term siliconoid was
introduced by Scheschkewitz et al. for neutral metalloid silicon clusters containing
one or more unsubstituted silicon vertices in a hemispheroidal coordination
environment and hence featuring a "dangling bond".2%!

The first siliconoid was reported in 2005 by Scheschkewitz.2%® Treatment of disilenide
44 with 0.25 equivalents tetrachlorosilane SiCls led to the formation of a five-
membered siliconoid 78 with one “naked” silicon atom in the vertex with a
hemispheroidality parameter @ = +0.1915 A and Weidenbruch’s tetrasilabutadiene24
79 as a side product, systematically formed by oxidation of 44 (Scheme 29). The
formation of tetrasilabutadiene 79 in this reaction suggests that 44 acts both as a
nucleophile and reducing agent.
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Scheme 29. Synthesis of the first siliconoid SisTips 78 by Scheschkewitz in 2005 (with R = Tip = 2,4,6-
Prs-H2Cs).2%°

In the same year, a second siliconoid was published by Veith and Wiberg et al.?*’
With the complete reductive dehalogenation of a pentaiodotetrasilabutane derivative
80 with NaSi'Bus, an eight-membered siliconoid 81 of the type SisRe with two naked
silicon atoms was isolated and characterized (Scheme 30). While the bond length
between the unsubstituted vertices was determined to be remarkably short with 2.29
A, the hemispheroidal environment of the unsubstituted vertices results in @ values of
0.0984 A and +0.1233 A,

R
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Scheme 30. Synthesis of Wiberg’s eight-membered siliconoid SigRe 81 (R = Si'Bus).?*!

Reduction of dimesityldichlorosilane 82 (mesityl = 2,4,6-MesCsH2) and
hexachlorodisilane 83 in a ratio of 3:1 with 12 equivalents of Li/naphthalene (Scheme
31) led to a persilapropellane 84, which was reported by Breher in 2010.242 While the
presence of organic substituents in siliconoids ensures higher solubility, the
electronic properties of silicon-based Zintl lons are retained in the wide dispersion of
29Si NMR chemical shifts. The 2°Si NMR of persilapropellane 84 shows the signal of
the naked silicon vertices at unusual high field (& = —273.2 ppm) while the other

signals are found in the typical range of tetracoordinate silicon atoms (& = 25.5 ppm).
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In addition, hemispheroidal environments were observed for the naked bridgehead
silicon atoms with two distinct @values of +1.3227 A and + 1.3134 A. Due to the long
distance between the bridgehead silicon atoms and based on theoretical
calculations, a diradicalic character was suggested as in case of [1.1.1]propellane 66'
(Scheme 24).

| ClI !
R Cl ? C|; 12 LilC1oHg 7N
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Scheme 31. Synthesis of Breher’s pentasilapropellane 84 (R = Mes = 2,4,6-Mes-H2Cs).24?

With the calculated bond strengths of ~174 kJ mol~' the bond between the
bridgehead silicon atoms was found to be considerably weaker than Si—Si single
bonds (306-332 kJ mol-1).242 The question of whether the path between the
bridgehead atoms of propellane-like structures constitutes a direct chemical bond,
however, remains an open question and has been the topic of theoretical and
experimental investigations (vide infra, Scheme 33). Reactivity studies of the bridged
propellane 84 were performed to shed some light on the nature of the bonding
situation between the bridgehead silicon atoms. While the pentasilapropellane 84
was treated with H20, PhOH, PhSH and MesSNH, closed-shell reactivity was
observed with the addition over the bridgehead silicon atoms in 85.

R /R R /R R /R
;Si\ ;Si\ ;Si\
R-si si-H HR' si----si X JXJ  H-g{ s-H
“ s - Y % = = v s
= 7= =
R-SI PR R-SI PR R-SI" PR
R R R R R R
85a-d 84 86

Scheme 32. Reactivity studies of 84: closed shell reactivity led to addition of R’ = 85a: OH, 85b: OPh,
85c: SPh, 85d: SnMes over the bridgehead atoms in 85a-d; biradical-type reactivity was observed in
case of treatment with 9,10-dihydroantracene resulting in 86 (R = Mes = 2,4,6-Mes-H2Cs).242
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In contrast, treatment of 84 with 9,10-dihydroantracene led to the dehydrogenated
adduct, a prototypical example of biradical-type reactivity (Scheme 32).242 These
experimental studies supports the electronic ambiguous character of the bridgehead
atoms in propellane-like structures.

As Scheschkewitz showed already with the report on the first stable siliconoid 78,2%°
disilenes can be used as a building block for unsaturated stable silicon clusters.
Following reports on stable sila- and 1,2-disilabenzenes with planar Hickel-aromatic
structures, 3?43 Scheschkewitz et al. reported a tricyclic isomer of hexasilabenzene
88 in 2010 (Scheme 33).244 Treatment of disilenide 44 with an excess of
tetrachlorosilane led to 1,1,2-trichlorocyclotrisilane 87. The reductive dehalogenation
of 87 with three equivalents of lithium/naphthalene resulted in dimerization and thus
in the formation of the six-membered siliconoid 88 with two hemispheroidally
coordinated vertices as shown by the ¢ value of +1.1151 A (Scheme 33).24 The
intensely green crystals as well as the wide distribution of signals in the 2°Si NMR
spectrum (SiTip: = 124.6, SiTip2: 6 = —84.8, Si: 6 = -89.3 ppm) are not in line with
an electron precise, saturated system. The structure was thus discussed as a sila-
aromatic compound with six delocalized electrons across a central rhomboid Sis-ring

with two SiRz vertices pointing up and downwards with respect to the Sis-plane.
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Scheme 33. Synthesis of 1,1,2-cyclotrisilane 87 followed by reduction with three equivalents of
Li/C1oHs to obtain the dismutational hexasilabenzene isomer 88.24

Since experimental charge density investigations as well as nucleus-independent
chemical shift calculations indicate an important degree of aromaticity in 88,24 the
term “dismutational” was introduced by Scheschkewitz and Rzepa for the novel type
of aromaticity in siliconoid 88.244 In contrast to conventional Hiickel aromatic systems,
the electronic structure of the dismutational hexasilabenzene isomer 88 can be
described by the cyclic delocalization of two 1T, two 0 and two non-bonding electrons

as represented by the two degenerate resonance structures 88' and 88" (Scheme
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34). A hybrid resonance structure between 88' and 88" is considered as the best
description of the electronic structure. The triplet state 88™' was found to be by 24.1
kcal-'mol-' higher in Gibbs energy than the singlet. The resonance structure 88" of
the dismutational hexasilabenzene 88 shows topological similarities to the singlet
diradicals of the Niecke-type.?*® In contrast to the uniform oxidation state of +1 in
hexasilabenzenes, the dismutational hexasilabenzene isomer 88 shows formal
oxidation states of +2 (SiTip2), +1 (SiTip) and 0 (naked Si). The long distance (2.7287
A) between the unsubstituted silicon atoms indicated the absence of direct bonding,
which was further supported by experimental and computational electron density
studies resulting in a (pseudo)-tricoordination sphere and thus in the strong

hemispheroidality of the unsubstituted vertices.?*
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Scheme 34. Resonance structures of dismutational hexasilabenzene isomer 88 (88": R = Tip = 2,4,6-
triisopropylphenyl; 88": R = Dip = 2,6-diisopropylphenyl; 88™': R = Dip = 2,6-diisopropylphenyl).24*

In a collaborative work, Scheschkewitz and Jutzi et al. investigated an alternative
synthetic route to obtain the dismutational hexasilabenzene isomer: treatment of
disilenide 44 with Jutzi’'s Cp*Si* cation 89 as a silicon source?*’ initially afforded the
cyclotrisiiene 90. Cleavage of the Cp* ligand in a one electron reduction led to
dimerization of the presumably occurring transient cyclotrisilenyl radical resulting in

the dismutational hexasilabenzene isomer 88 (Scheme 35).248:249
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Scheme 35. Synthesis of dismutational hexasilabenzene isomer 88 by reaction of disilenide 44 with
Cp*Si* cation 89.248:249
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While the dismuational hexasilabenzene isomer 88 exhibits a high, unusual thermal
stability, Scheschkewitz et al. reported its rearrangement to a bridged propellane
structure 91 (Scheme 36) at temperatures above 250 °C or by irradiation.?%0
According to theoretical calculations the bridged propellane structure 91 represents
the first stable derivative of the presumed global minimum on the SieHs potential
energy surface. Thus, the global minimum isomer 91 constitutes the energetic
analogue of benzene in case of silicon. Notably, the wide distribution in 2°Si NMR
chemical shifts is still retained in the bridged propellane 91 (SiTip2: & = 174.6, SiTipz:
0 = 14.8, SiTip2: & = -7.5 SiTip, Si: & = -274.2 ppm). Both isomers 88 and 91
therefore carry all the hallmarks of siliconoids and accordingly were classified as

such later on.202
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Scheme 36. Isomerization of the Sis-scaffold of the dismutational hexasilabenzene isomer 88 to the
global minimum isomer 91.2%0

The distance between the unsubstituted bridgehead silicon atoms is elongated
(2.7076 A) as already observed in the bridged propellane 84 and the dismutational
hexasilabenzene isomer 88. The bridgehead silicon atoms feature a hemispheroidal
environment with a @ value of +1.3535 A.250 Reactivity studies showed the
unsubstituted bridgehead silicon atoms to be highly reactive: simple treatment of 91
with bromine or iodine resulted in the dihalogenated derivatives 92a,b (Scheme 37).

Tip )s( Tip
Si—q; Ti |\S| i
Tip™ Nesi” R A T'P Mip
\ X =1 (64% -
Tip (64%) x Tlp
91 92a,b

Scheme 37. Dihalogenation 92a,b of the bridgehead silicon atoms of the global minimum isomer.25°
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1.3 Stable silicon cluster compounds

Compared to the global minimum isomer, the longest wavelength absorption bands
of 92a,b in the UV-vis show only a slight shift. Unexpectedly, the distance between
the now substituted bridgehead silicon atoms in 92a,b atoms undergoes a merely
slight shortening compared to that in the global minimum isomer 91.2%0 In contrast, an
excess of iodine to the global minimum isomer 91 led to the contraction of the cluster
scaffold resulting in the highly functionalized 1,2,3,4-tetraaryl-substituted
cyclopentasilane 93.2°2 Furthermore, a core-expanded siliconoid Si11 94 was
observed as a side product during the thermal isomerization of the dismutational
hexasilabenzene isomer 88 to the global minimum isomer 91 (Scheme 38).202 With
the Sii1 cluster 94, the first example of a siliconoid cluster core expansion in the
condensed phase was reported together with the highest number of silicon atoms in
the cluster scaffold of a siliconoid. In contrast to the situation in the propellane motif

91, the two unsubstituted silicon atoms in 94 are staggered.

R
R R I g R
N —si~_ " Pr
A -Gi~ ' N I )
g1 Z¢2s R7ST o1 i gg AL R_S./ Si‘—/ si” \. Pt o1
THi~sl N N4 A
/ . o _
R /R Sion. S
PR R \lSi/ R Me
93 Z 04 N

Scheme 38. Synthesis of tetraaryl-substituted cyclopentasilane 93 (left) and the thermally or
photolytically induced Sii1 cluster 94 isolated as byproduct in the thermal rearrangement of 88 to the
bridged propellane 91 (right) with R = Tip = 2,4,6-triisopropylpheny!.2%2

Exploring the reactivity of the dismutational hexasilabenzene 88 towards BiCls
resulted in the 1,2-dichloro isomer 95 as main product, which resembles the
structural motif of the global minimum isomer albeit with the formerly unsubstituted
vertices being adjacent to one another. The twofold chlorinated species 96 and the
dichlorinated product across the unsubstituted silicon atoms 92c were isolated as

side products (Scheme 39).202
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Scheme 39. Reaction of dismutational hexasilabenzene 88 with BiCls leading to Sie chlorinated
derivatives 95, 96, 92¢ (R = Tip = 2,4,6-triisopropylphenyl).202

Inspired by the dismutational hexasilabenzene isomer 88, Scheschkewitz et al.
investigated the synthesis of mixed Group 14 siliconoids in 2014.1%8 The formal
replacement of silicon atoms in the dismutational isomer 88 by germanium and tin
atoms was realized by reduction of the corresponding suitable precursors. The
reaction of disilenide 44 with GeCl>dioxane or SnCl>dioxane resulted in the
plausible, yet unobserved intermediates disilenyl chloro tetrylenes 97a,b. Further
reduction with lithium/naphthalene led in case of germanium to the dismutational
digermatetrasila benzene 98a which unlike 88 rearranges already at ambient
temperature to the corresponding bridged propellane structure 99a. In contrast, the
dismutational distannatetrasilabenzene isomer 98[b] could not be observed after the
reduction of 97b with lithium/naphthalene and was only suggested as transient
intermediate. The bridged propellane structure of Sn2SisRe 99b was isolated as a
stable compound continuing the stability trend observed in case of germanium
(Scheme 40).198

R R
ECI, * diox. Li/C4oH R /:
44 ECk diox :Si:s( —»L; 5 /S'CE / 2,’& :\\ >s|
R E-c| ™ Rg-g~F S\ =—Si_ R
: | R R
R
97a,b 98a,[b] 99a,b

Scheme 40. Synthesis of partially germanium- and tin substituted siliconoids 98a, 99a,b reported by
Scheschkewitz et al. in 2014.1%

The pivotal role of unsaturated silicon cluster compounds in silicon-based materials
led to a rapid growth in the field of siliconoids and a variety of examples have been
prepared in the meantime by the groups of Fassler,'® lwamoto,?®' Kyushin52253 gnd

Lips?542%5, Further development in the field of unsaturated silicon clusters, however,
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1.3 Stable silicon cluster compounds

were strongly limited by the absence of possibilities to graft functional groups to
siliconoids. As the cleavage of aryl?%6:257 or silyl'9:258 groups from electron-precies
unsaturated silicon species via reduction was already known, a logical step after the
isolation of the dismutational hexasilabenzene isomer 88 was the reduction of 88 with
three equivalents of lithium/naphthalene. Indeed an anionic SisTips~ siliconoid 100

was isolated in good yields (Scheme 41).

Tip
Si— / Ti
2Li/C1oHg Tip"”Si/i /\SI\Si/ P 8 Li/cHs 87
Licl Tip™ Nsi” Tp  -uc
\
Li

100

Scheme 41. Synthesis of the first anionic siliconoid SisTips~ 100. Reduction of 88 with 2 equivalents of
lithium/naphthalene (left). Reduction of a cyclotrisilene 87 with 8 equivalents of lithium/naphthalene
(right).58

The two unsubstituted silicon atoms are retained as confirmed by the characteristic
29Si NMR shifts.>® The synthesis of 100 and its further functionalization with suitable
electrophiles (Scheme 42) closed the gap between neutral unsaturated silicon
clusters the completely unsubstituted silicon-based Zintl Anions. Reaction of the
anionic siliconoid 100 with electrophiles such as borane dimethyl sulfide complex,
pivaloyl chloride, silicon tetrachloride and bis(dimethylamino)chlorophosphane indeed
led to the corresponding borate-, carbonyl-, silyl- and phosphanyl-functionalized
siliconoids 101a-d. Without exception, these functionalizations leave the

unsubstituted bridgehead silicon atoms untouched.?

Tip /Tip
Si—si  Tip o Si=si Tip
Tip",”Si/i/\ Ngi” —E o _-I_r,lp'/"Si\i/\ /Si\
Ti | 7N - LiCl Ip NS .
PoNgi—sil N H si—S Tip
Li E
100 101a-d

Scheme 42. Synthesis of functionalized siliconoids 101a-e with substituents: a = BHs, b = C(O)'Bu, ¢ =
SiCls, d = P(NMez)2.53

More recently, Scheschkewitz et al. investigated the atomically precise cluster
expansion of siliconoids.?®® Treatment of the anionic siliconoid 100 with Jutzi's

decamethylsilicocene® Cp*2Si as electrophilic silicon source led to the core-
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1.3 Stable silicon cluster compounds

expanded SizTipsCp* siliconoid 102. Reduction of the Siz siliconoid with
lithium/naphthalene resulted in the cleavage of the Cp* group and thus the formation
of an anionic Si7 siliconoid 103. Further addition of Jutzi’'s Cp*Si to the novel anionic
Siz siliconoid 103 again expands the cluster core to an eight-membered siliconoid
SisTipsCp*, which was characterized as the hydrolyzed adduct 105 (Scheme 43).

i Ti . Ti
Tip . / P Tip, | | S/. p
100 =25 Tip~$I == $i—Si~Tip 2LiCroHs Tip//Sl~s|\——— \"Tip
! | L _Si
-Cp*Li ./I’/S|\ . -Cp*Li ./l/ \S
S - Si . Sl\ h¥ |
Tip/ I\Si/ \Cp* T|p/ SI/ \Li
102 103
SiCp*,
-Cp*Li
Tip Tip, OH - Tip _
A\ Si / ip . .
. _Si—ai— T Nai . di Ti
Tip Si SI\ Si~Tip H,O Tip/s'\Si/ s’ P
. /SI\S.//SI\ S|/ ’,’SI\S|
105 B [104]

Scheme 43. Atomically precise cluster expansion of an anionic SisTips~ siliconoid 100 with
decamethylsilicocene SiCp* and further reduction with lithium/naphthalene leads to cluster-core
expanded siliconoids 102, 103 and 105.2%°

The systematic transformation and stepwise expansion of the silicon scaffold offers
with the possibility of a stepwise increase of the unsubstituted silicon atoms in the
scaffold. As the synthetic procedure allows the regeneration of the anionic
functionality by alternating addition of decamethylsilicocene and the reducing
reagent, a “living nanoparticle” synthesis might be possible in the future. The “living”
nanoparticle synthesis may be expected in a one-pot reaction with alternating
addition of decamethylsilicocene and lithium/naphthalene as reducing reagent
leading to siliconoids of the type SinRs with an ever-growing number of unsubstituted
silicon atoms while maintaining the number of organic substituents. The incorporation
of hetero atoms such as boron and phosphorous is likewise conceivable with the

exchange of SiCp* as silicon source to a hetero atom source.
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1.3 Stable silicon cluster compounds

According to theoretical studies, the doping of silicon clusters with phosphorous has
a significant effect on the optoelectronic properties.?60-263 |n this light, Scheschkewitz
et al. investigated the synthesis of p- and n-doped molecular siliconoids. In contrast
to the aforementioned synthesis with the anionic SisLi 100 as starting point, a highly
reactive dianionic siliconoid 106 was employed, which was obtained by reductive
cleavage of the SiTip2 bridge adjacent to the unsubstituted vertices of the global
minimum isomer 91 with four equivalents lithium/naphthalene (Scheme 44).264

Tip ; Tip
 Si=si_ Tip LI\Si\Si Tip
Tlp"”Si :\/\ \Sl/ 4Li/C10H8 i AN \S./
L NV T NI — :/\./ \
Si—Sl  Tip -SiTik2 si—Si.  Tip
Tip Li Tip
91 106

Scheme 44. Synthesis of dianionic siliconoid 106 via reduction of global minimum isomer 91 with 4
equivalents of lithium/naphthalene.24

The crystal structure of 106 could be resolved as the dimeric structure in the solid
state. Treatment of dianionic siliconoid 106 with two equivalents of MesSiCl led to the
expected neutral Sis cluster 107 with two trimethylsilyl substituents. More
interestingly, the reactions of dianionic siliconoid 106 with one equivalent of dichloro-
N,N-diisopropylaminoborane or -phosphane resulted in restoring of a six-atomic
scaffold with the incorporation of a heteroatom instead of the SiR2 bridge and thus
leading to the first boron- and phosphorous-doped siliconoids 108 and 109 (Scheme
45),264

Me)Sing,_ S isice R j Sl
PO/ 2 TMsCl NS/ 1PONECE, Py /:I\\S'\ _/R
i/\-’SI\ - 2LiCl i/\-’SI\ - 2LiCl , /N_E\i AN

_si—Si R _si—SU R Pr si—Si, R

(Me3)Si R Li R R

107 106 108,109

Scheme 45. Synthesis of bis(trimethylsilyl)-substituted Sis siliconoid 107 and boron- and phosphorous
doped siliconoids 108 and 109 (R = Tip = 2,4,6-triisopropylphenyl).264
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1.3 Stable silicon cluster compounds

Doping of siliconoids with heteroatoms also offers new opportunities regarding the
formation mechanism of siliconoid structures. The atomically precise -cluster
expansion of Scheschkewitz et al.,?®® for instance, can be considered as a model
pathway for reductive elimination — oxidative addition pathways in the gas phase. As
another example, the rearrangement of a SisGez scaffold to the dismutational isomer
of 1,4-digermatetrasilabenzene 98a (Scheme 40) shows the occupation of both
unsubstituted positions by germanium.'®® In contrast, in the corresponding lithiated
species SiaGezLi 110 one germanium atom is located at either unsubstituted vertex
and the second one exclusively at the anionic position (Scheme 46).54

"I'ip Tip
Ti Si—Ti —_: ;
p\Si——Ge// P 2 Li/CqgHg Tip-+ s /(:38 SI\S./Tlp
( ) —_— Qi ]

//Ge—Si - TipLi Tip™ I\:éGe/ \
Tip-Si N i—>2%  Tip
| Tip Li

Tip
98a 110

Scheme 46. Synthesis of anionic heterosiliconoid SisGe2Li 110 (Tip = 2,4,6-triisopropylphenyl).5*

The formation of the germanium-doped anionic heterosiliconoid 110 gives some
insight to the complex multi-step rearrangement properties of the cluster backbone.
In general, the synthetic strategies to access unsaturated siliconoids can be
summarized in three categories: application of heavier vinyl anions analogues such
as the disilenide precursors, the reductive coupling of halogenated precursors in
different ratios and the recently disclosed approach of the partial substitution of Zintl

silicide anions.
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2 Aims and Scope

The central focus of this thesis is the synthesis of functionalized unsaturated silicon
clusters and the examination of their reactivity towards small molecules and transition
metals. Residual functionalities at the cluster core played a major role in these
endeavors.

Recently, the Scheschkewitz group reported the synthesis of an anionic siliconoid
100 by reduction of 88 with an excess of lithium/naphthalene.>® According to
preliminary studies, the anionic site allowed for the functionalization of the cluster
scaffold with suitable electrophiles. Consequently, one task of this PhD project was
the functionalization of anionic siliconoid 100 with further functional groups. In terms
of the further elaboration of synthetic protocols, an efficient and progressively
substitution of all aryl substituents might be conceivable to control the reactivity and
to realize embedding of siliconoids into extended systems. Therefore, reduction of
the global minimum isomer 91 is going to be studied. In order to explore the
nucleophilic transfer of the new anionic siliconoid, its reaction with several

electrophiles was going to be investigated in this project (Scheme 47).

R R
S|\S, Si~gi R
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Scheme 47. Synthesis of the dianionic siliconoid 106 and the proposed reaction of 91 with two
equivalents of Li/C1oHs and its further proposed functionalization with various electrophiles.

The rapidly increasing number of functionalized Sis benzpolarenes required the
distinction of the different vertices which was accounted for by the introduction of a
novel nomenclature. The characteristic bonding situation of each silicon vertex of the
benzpolarene scaffold is thus reflected in the selection of the prefixes for the
bridgehead silicon atoms 1 and 3, the mono-substituted vertices 4 and 6, the
characteristically deshielded SiTip2 bridge in 2-position and SiTpz in position 5
(Scheme 48).
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Scheme 48. Schematic representation of the silicon vertices in the propellane bridged Sie cluster.

Furthermore, functionalization of siliconoids with transition metals is of particular
interest as the electron-rich siliconoids are expected to be powerful o-donating
ligands for application in homogeneous catalysis. While the coordination behavior of
siliconoids is virtually unexplored, Zintl Anions of Group 14 elements have already
been applied as transition metal ligands. Their application in homogeneous catalysis,
however, is limited due to the poor solubility of the multiple negatively charged
anions. As the anionic siliconoid 100 is a useful reagent to transfer functionalities to
the Sis benzpolarene scaffold,5® one major target of this work was the investigation of
its suitability for the grafting of the Sie framework to transition metals. Therefore, the
reaction of 100 with dichlorinated metallocenes was going to be investigated in order
to achieve the isolation of novel metallocene substituted siliconoids (Scheme 49).

/R /R

Si— Si—c;
R"\:\/ ANV AN
Si—Si, s|/3'\ R
—ClI
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Scheme 49. Proposed reactivity of anionic siliconoid 100 towards dichlorinated metallocenes (M = Zr,
Hf; R = Tip = 2,4,6-triisopropylphenyl).

As described in the introduction in chapter 1.1.1 and 1.1.2, N-heterocyclic silylenes
are useful ligands in the coordination to transition metals. Dative coordination of
charge-neutral siliconoids to metals is to date unknown, but should in principle be
possible with the help of a pending auxiliary silylene ligand. As the recently reported
reaction of anionic siliconoids with Jutzi's silicocene led to cluster-core expansion,6°
the synthesis of a siliconoid/silylene hybrid with intact silylene functionality would be

an attractive goal.
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In this work the chlorinated amidinato silylene 5 was going to be employed as a
precursor under the assumption that the electron deficiency of the Si(ll) center is
sufficiently tamed by the adjacent nitrogen donors to introduce the silylene
functionality in a simple salt elimination reaction to the Sis benzpolarene scaffold.
Subsequently, the coordination behavior of the envisaged tetrylene functionalized
siliconoids towards transition metals should be investigated in order to evaluate the
donor properties of the tetrylene/siliconoid hybrids (Scheme 50).

R Cl R
SI\ R OE: Si—gq;
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Scheme 50. Proposed reactivity of anionic siliconoid 100 towards chlorinated amidinato tetrylenes (E
= Si, Ge, Sn).

Catalytic benchmark reactions were finally going to be included to demonstrate the
suitability as ligands in a homogeneous catalytic setting.

Although Si-Si single bonds are well-known to oxidatively add chalcogens under mild
conditions,?65270 those hetero silicon clusters are rare?’%-275 and exclusively reported
for saturated silicon clusters. As treatment of saturated silicon clusters with
chalcogens resulted in cluster core expansions,254266:273-276 g gimilar strategy could
be envisaged for the unsaturated siliconoids. Therefore, the reactivity of chalcogens
towards a silylene/siliconoid hybrid was going to be studied in this project in order to
achieve the isolation of the first chalcogen-doped heterosiliconoids (Scheme 51).
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Scheme 51. Proposed reaction of a silylene/siliconoid hybrid with chalcogens.
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3 Results and Discussion

3.1 Site-selective functionalization of SicRs siliconoids
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Site-selective functionalization of SigRg siliconoids¥

Yannic Heider,; Nadine E. Poitiers, ‘9 Philipp Willmes, Kinga |. Leszczynska,
Volker Huch and David Scheschkewitz &*

The recent progress in the synthesis of partially substituted neutral silicon clusters (siliconoids) revealed
unique structures and electronic anisotropies that are reminiscent of bulk and nano surfaces of silicon.
Here, we report the selective 2-lithiation of the global minimum SigR¢ siliconoid at a different vertex than
in the previously reported isomeric 4-lithiated derivative (R = 2,4,6-'Pr3C6H2). In order to enable an
intuitive distinction of the vertices of the global minimum SigRg scaffold (which can be considered the
silicon analogue of benzene in terms of thermodynamic stability), we introduce a novel nomenclature in
analogy to the ortho—meta—para nomenclature of disubstituted benzenes. By treatment of the 2-
lithiated Sie cluster with MesSiCl, SiCly HzB-SMe,, (Me,N),PCl as well as with carboxylic acid chlorides
RCOCI (R = Bu, Ph) various 2-functionalized Sig clusters were obtained and characterized in solution
and — in most cases — the solid state. The structural and spectroscopic effect of the position of the
newly introduced functional group is discussed by comparison to the corresponding 4-functionalized
derivatives.

Introduction

Partially substituted neutral silicon clusters (siliconoids)** are
fleeting intermediates during the production of silicon from
molecular precursors and can typically only be detected in the
gas phase.>® The synthesis of stable derivatives has attracted
considerable interest as the unsubstituted vertices of silico-
noids are reminiscent of the free valences at bulk and nano
surfaces of silicon, the so-called “dangling bonds”.**** Since the
report on the first stable siliconoid SisRe with one “naked”
vertex in a hemispheroidal coordination environment by one of
us," numerous examples have been prepared by the groups of
Wiberg,"” Breher,'® Kyushin,"”** Iwamoto,"” Fassler*® and
ourselves.'*">* The SigRy isomers 1 (ref. 22) and 2 (ref. 23) are
lower energy isomers of the hypothetical hexasilabenzene and
as such prime examples of the often drastic differences between
carbon and silicon (Scheme 1). While of the known CsHe
isomers, benzene is by far the lowest in energy, the tricyclic 2
corresponds to the global minimum isomer of SigH¢ and can
therefore be considered as the silicon analogue of benzene on
grounds of thermodynamic stability ****

The functionalization of such clusters is a prerequisite for
the further development of their chemistry and ultimately the

Krupp-Chair of General and Inorganic Chemistry, Saarland University, 66123
Saarbriicken, Germany. E-mail: scheschkewitz@mux.uni-saarland.de

T Electronic supplementary information (ESI) available: CCDC 1877380 (5a),
1877381 (5b), 1877378 (4Li), 1877379 (6a), 1877382 (6¢), 1877383 (6f). For ESI
and crystallographic data in CIF or other electronic format see DOI:
10.1039/c85¢05591b

I These authors contributed equally.

This journal is © The Royal Society of Chemistry 2019

application of their fascinating electronic properties in
extended materials. Compared to the related Zintl anions of the
heavier group 14 elements,”*' which are (poly)anionic,
completely unsubstituted deltahedral clusters, siliconoids are
partially substituted yet exhibit a similarly wide dispersion of
*°Si NMR shifts.!#1¢182224 Very recently, the protonation of
silicon Zintl anions to partially H-substituted anionic silico-
noids was reported independently by the groups of Fassler and
Gschwind/Korber.**** We had previously described the reduc-
tive functionalization of the dismutational SigRs isomer 1 to the

R R
R R
heat/hv R, R
R
R R R
R R
1 2
2 LilCoHg 2 LilC4oHg
Et,Ofthf Et,Olthf
R R
R., R R., R
R R Li R
Li R
3Li 4Li

Scheme 1 Synthesis of 3Li (ref. 32) and 4Li (this work) from dis-
mutational hexasilabenzene isomer 1 and from the global minimum
isomer 2 (Tip = 2,4,6-triisopropylphenyl).

Chem. Sci, 2019, 10, 4523-4530 | 4523

47



3.1 Site-selective functionalization of SisRe siliconoids

<
<+
+
X
-
o]
=
Q
o
N
S
=
X
=
15
3
°
<
<
=
2
&
(=]
=
&
)
aQ
5
.Efa
<+
=
=
15
]
51
<
4
)
S
o
o
2
-1
<
«
2
(53
Q
Q
<
=
(53
o
o

5]
Q
=
o
2
—
=
Q
&
=
o
(=N
=
=)
<
o
—_
<
=
2
E
o
&)
=]
o
%
=]
=}
=2
=
=
=
=
<
2]
=
E
o
&)
9]
>
=
<
2
@]
<
g
=
=}
=
=
o
7]
=}
3]
2
4
2
Q
B
=1
<
B
=
B

Chemical Science

anionic siliconoid 3Li as well as its reactivity with several
representative electrophiles of groups 13 to 15.>>%

Herein, we show that reduction of the global minimum
isomer 2 under similar conditions selectively affords the
regiomeric anionic Sig siliconoid 4Li instead of 3Li by cleavage
of an aryl substituent in the 2-position of the bridged propellane
scaffold (Scheme 1). In order to account for the rapidly
increasing number of species with the thermodynamically
favored bridged-propellane scaffold and unequivocally distin-
guish between the different vertices, we propose a novel
terminology for this structural motif, inspired by the well-
established ortho-meta-para nomenclature for disubstituted
benzenes.**” The functionalization of 3Li and 4Li with selected
electrophiles is shown to result in several sets of regiomeric
derivatives allowing for the systematic comparison of the
structural and spectroscopic consequences of the functional
group's position.

Results and discussion
Nomenclature of Sig siliconoids

Structures with [1.1.1.]propellane motif have intrigued experi-
mentalists and theorists alike ever since the early 1970s,’**
because of their non-classical structure containing bridgehead
atoms in an umbrella-type hemispheroidal coordination envi-
ronment. The bonding situation between the bridgehead atoms
of [1.1.1]propellanes can be described by biradical or ionic
contributions to the electronic ground state’*** and was dis-
cussed by Shaik et al. as a “charge-shift-bond”.*>** The Sij sili-
conoids 2 and 3Li show a closely related structure having two
propeller blades bridged by one SiTip, moiety. Strongly
deshielded *°Si NMR signals had been explained by a cluster-
like delocalization of the two electrons in question.® Electron
density determinations of the Sig siliconoid 2 confirmed the
absence of direct bonding between the bridgehead silicon
vertices.”® For nomenclature purposes,””*® the Sig scaffold is
nonetheless formally considered as tetracyclic system with
a direct connection between the hemispheroidally coordinated
vertices that are depicted in the schemes as a dashed line.
The high thermodynamic stability of Sie siliconoid 2 as the
alleged global minimum of the SigHs potential energy
surface*?* suggests a considerable prevalence of this structural
motif. This received first corroboration by the successful
synthesis of mixed group 14 systems* and a Sne derivative
recently.*® Saturated variations of the six-atom scaffold occur in
numerous other species throughout main group chemistry.>->*
In the past, the tetracyclic core structure has been variously
referred to as “edge-capped trigonal bipyramid”** “doubly edge-
bridged tetrahedron™® or “bridged propellane”.”® As these
terminologies do not seem to do justice to the ubiquity of the
structural motif, we propose a novel term that echoes the rela-
tionship to the iconic benzene molecule and - at the same time
- takes into account the extraordinary polarization of 2 and
related species.***”"* We thus suggest the term “benzpolarene”-
in analogy to benzvalene - for the tetracyclic arrangement of
vertices in the cluster core of 2 and 3Li. In addition, we feel that
the availability of the first Sie siliconoid regiomers described

4524 | Chem. Sci., 2019, 10, 4523-4530
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herein requires a descriptive nomenclature not unlike the well-
established ortho, meta and para prefixes used for disubstituted
benzenes. The prefixes thus proposed in the following reflect
the characteristic bonding situation of each vertex (Chart 1).

The latin words for “naked” (lat. nudus), “bonded” (lat. lig-
atus), “remote” (lat. remotus) and “deprived” (lat. privus) served
as inspirations. The nudo prefix is assigned to the unsubstituted
(“naked”) bridgehead silicon atoms in 1,3-position, the ligato
prefix to the mono-substituted vertices (4,6-position) bonded to
one substituent each, the remoto prefix to the remote bridge in
5-position and the privo prefix to the characteristically deshiel-
ded (“deprived” of electrons) atom in 2-position.

Functionalization in ligato position

In addition to the previously reported persilabenzpolarenes,****
we investigated two further reactions of siliconoid 3Li with
electrophiles. The novel ligato functionalized siliconoids 5a,b
were thus obtained by treatment of 3Li in benzene at room
temperature with Me;SiCl and benzoyl chloride, respectively
(Scheme 2). The reactions proceed quantitatively according to
*%Si NMR spectroscopy. The siliconoids 5a,b were isolated as
single crystals and fully characterized by X-ray analysis, NMR
spectroscopy, UV/Vis (Table 1) and by IR spectroscopy in case of
the CO containing species.

The >°Si NMR spectra of 5a,b show the typical distribution of
chemical shifts for ligato functionalized persilabenzpolarenes
as recently reported by our group for 5¢-f:*>** the two unsub-
stituted bridgehead silicon atoms give rise to two *°Si signals in
arange of —257 to —280 ppm (Table 1). The C,, symmetry of the
benzpolarene scaffold of 2 is lowered to Cs in the substituted
cases. As we had shown by VI NMR studies for some of the
ligato-functionalized species, hindered rotation further
reduces the symmetry so that the two seemingly identical nudo
atoms become diastereotopic. The resonances of the SiTip,
groups in privo position are strongly deshielded with signals at
169.9 (5a) and 174.7 ppm (5b). The surprisingly downfield
shifted signals (for tetracoordinate silicon atoms) had been
rationalized by invoking magnetically induced cluster currents
or - in a complementary manner - by the strong LUMO
contribution at this atom.* 5% The 2°Si NMR chemical shifts of
the remaining cluster vertices are located in the typical range for
saturated silicon atoms and vary only slightly with the intro-
duced functionality. The longest wavelength absorption bands
in the UV/Vis are observed at Aya, = 459 nm (5a) and 477 nm
(5b). The characteristic CO stretching mode in the IR of 5b at v
= 1605 cm™ ' compares well with that of 5¢.3>* Single crystals

R
R 1, 3: nudo (naked vertex)
R 2:  privo (deshielded vertex)
R 4, 6: ligato (substituted vertex)
R 5: remoto (remote vertex)
R

Chart 1 Proposed prefixes for unique assignment of vertices in
bridged propellane-type (“benzpolarene”) siliconoids.
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Li E

3Li 5a-f

Scheme 2 Synthesis of ligato-functionalized siliconoids 5a-f.
Reagents: (a) MesSiCl, (b) PhCOCL, (c) ‘BuCOCL (d) CIP(NMe,),, (e)
SiCly, (f) BH3-SMe;. 5a: E = MesSi, 5b: E = COPh and the previously
reported® 5¢: E = CO'Bu, 5d: E = P(NMe,),, 5e: E = SiCls, 5f: E = BHz .

were obtained in 45% (5a) and 66% (5b) yield and the structures
confirmed by X-ray diffraction studies (Fig. 1).*” The distances
between the unsubstituted bridgehead silicon atoms Si1 and
Si3 are slightly shorter than in the global minimum isomer,> in
line with the observations for the previously reported ligato
functionalized persilabenzpolarenes 3Li and 5c-f.**** The
distance between the ligato positions Si4 and Si6 of 5a-f
increases with decreasing distance between the nudo positions
Si1 and Si3, presumably in order to minimize strain (Table 1).
Apparently, the variation of the ligato functionality of the
benzpolarene structures 5a-f directly influences the bonding
between the unsubstituted silicon atoms Si1 and Si3.

Synthesis of privo lithiated siliconoid 4Li

The reduction of the dismutational isomer of hexasilabenzene 1
had yielded the lithiated siliconoid with a benzpolarene scaffold
3Li and thus a functionalized derivative of the SigHg global
minimum isomer 2.*>** In order to probe the possible inter-
mediacy of 2, its reduction with lithium/naphthalene was
investigated (Scheme 3).

Treatment of 2 with 2.2 equivalents of Li/C;oHg in Et,O and
thf indeed results in the complete and uniform conversion into
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a novel anionic Sis species as confirmed by *°Si NMR spec-
troscopy. The six resonances show a similar chemical shift
distribution as in 3Li, but with distinctly different values sug-
gesting the functionalization had taken place in another posi-
tion of the benzpolarene scaffold (Table 1). The reduction
product 4Li was fully characterized by X-ray diffraction on single
crystals, NMR spectroscopy and UV/Vis spectroscopy.

A strongly deshielded *°Si NMR signal at 267.9 ppm is
significantly broadened (presumably due to coupling to the
quadrupolar “Li-nucleus) and only shows a cross-peak to the
aromatic H atoms of a single Tip ligand in the 2D 'H/*Si
correlation spectrum. These observations led us to conclude
that the anionic functionality of 4Li is located at the tetra-
coordinate silicon atom in the privo position Si2. The *°Si
chemical shift of 267.9 ppm is particularly remarkable as
saturated silyl anions typically show resonances at much higher
field often deep in the negative ppm region.*® According to our
previous calculations,* the magnetically induced cluster
currents circumvent the privo position and thus cause its
pronounced deshielding even in case of the peraryl-substituted
benzpolarene 2. On the basis of a complementary explanation
referring to the topology of the LUMO,* this phenomenon is
probably due to the pronounced silylene character of the privo
atom. The presence of a directly attached electron-releasing
substituent could lead to an increased localization of the
vacant p orbital in the privo position and thus to the observed
even more pronounced deshielding. The signals for the remoto
SiTip, and the two ligato SiTip units appear at 6 = 15.3 and
100.2/—43.8 ppm, respectively. The reason for the large differ-
ence between the chemical shifts is unclear although the elec-
tronic environments of the ligato atoms are certainly dominated
by their relative position to the anionic functionality and the
lithium counter cation in privo position. The unsubstituted
bridgehead silicon atoms in the nudo positions are apparently

Table1 Comparison of NMR spectroscopic and structure data of ligato functionalized siliconoids 5a—f and privo functionalized siliconoids 6a—f

Position Amax

of E Comp. Functional group (E) Si1, Si3 [ppm] Si2 [ppm] Si4 [ppm] [nm] ASi1-Si3 [A] ASi4-Si6 [A] 0,,%°” Hemispheroidality” ¢ [A]
— 2 Tip* —274.2 174.6 -7.5 473 2.7076(8)  2.9037 0.08 1.3535
ligato  3Li Li** —230.9, —232.6 152.2 —66.8 364 2.5506(9)  3.2243 — 1.2805
privo 4Li Li —222.2, —231.4 267.9 —43.8 468 2.5562(10) 2.9171(11) — 1.3078
ligato  5a TMS —257.8, —266.6 169.9 -3.7 459 2.6176(5)  2.9643(8)  —0.04 1.3283
ligato  5b COPh —263.0, —279.0 174.7 —26.5 477  2.6598(9) 2.8854(8) 0.34 1.3333
ligato  5c CO‘Bu™ —264.7, —271.1 171.8 —27.4 475 2.6430(6)  2.9095 0.27  1.3458
ligato  5d P(NMe,), (ref. 32)  —256.0, —261.4 168.7 —33.8 475 2.6231(5)  2.9508 0.18  1.3498
ligato  5e SiCl; (ref. 32) —252.3, —264.2 175.4 12.9 460  2.635(1) 2.8920 0.48  1.3409
ligato  5f BH; (ref. 32) —257.3, —265.0 161.2 —4.8 475  2.620(1) 2.9988 —0.48 1.3153
privo 6a T™MS —242.0, —253.3 193.6 —15.9 469 2.6118(6)  2.9482(6)  —0.04 1.3308
privo 6b COPh —268.5, —271.1 166.2 —16.2 - - — 0.34 —
privo 6¢c CO'Bu —263.1, —265.8 173.1 —-14.5 473 2.6350(5)  2.9641(7)  0.27  1.3439
privo 6d P(NMe,), —246.0, —256.1 186.5 -16.9 - = — 0.18 —
privo 6e SiCl, —251.6, —258.9 161.7 —6.4 — — — 0.48 —
privo 6f BH;~ —243.3, —255.6 237.3 —28.8 454 2.6024(8) 2.9431(7) —0.48 1.3155

¢ For substituents BH;~ and Tip no Hammett parameters are available. The Hammett parameters of similar compounds were used for the
correlation plots in Fig. 4: B(OH);~ for BH; ™~ and (C¢H;-4-CHMe,) for the Tip substituent (see ref. 68). ° The hemispheroidality ¢ is the distance
of a naked cluster vertex from the plane spanned by its three substituents. Its value is taken as a measure for the degree of hemispheroidality
of the vertex. For a detailed explanation see ref. 4.

his journal is © The Royal Society of Chemistry 2019
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5b

Fig. 1 Structures of 5a,b in the solid state (thermal ellipsoids at 50% probability). Hydrogen atoms and co-crystallized pentane omitted. a: E =

SiMez, b: E = COPh.

R R
R.. R 2LCiHs g R
. e ,
R R -RLi Li R
R R
2 4Li

Scheme 3 Synthesis of privo-lithiohexasilabenzpolarene 4Li by
reduction with 2 equivalents of Li/CyoHg.

not compromised by the reduction and give rise to two signals
at the usual high field at § = —222.2 and —231.4 ppm, compa-
rable to the corresponding signals of the ligato lithiated 3Li. The
constitution of the reduction product of benzpolarene 2 was
finally proven as the privo functionalized 4Li by X-ray diffraction
on single crystals (Fig. 2).¢

The distance between the bridgehead silicon atoms (Si1-Si3
2.5562(10) A) is similar to that in 3Li, but shorter than in the
fully Tip-substituted siliconoid 2 and the ligato functionalized
siliconoids 5a-b. This shortening is tentatively attributed to
delocalization of the lone-pair of the anionic silicon vertex into
cluster bonding orbitals. The formation of the two regioiso-
meric derivatives is predominantly a consequence of the

—

Fig. 2 Structure of 4Li in the solid state (thermal ellipsoids at 50%
probability). Hydrogen atoms and co-crystallized solvent molecules
omitted.

4526 | Chem. Sci., 2019, 10, 4523-4530

different topologies of the LUMOs of both the dismutational
SigRe isomer 1 and the benzpolarene isomer 2. The initial
reduction plausibly occurs at the unsubstituted vertices of the
starting materials (A, D), which provide dominant contributions
to the respective LUMOs.*>** Other important LUMO contribu-
tions are located precisely at the silicon vertices to which the
preferentially eliminated aryl groups are bonded. The subse-
quent isomerizations are likely driven by the very low energy of
the benzpolarene scaffold (Scheme 4). The lithiated regioisomer
3Li is formed due to a syn TipLi elimination (B) followed by
a cyclobutene-bicyclobutane rearrangement (C). In case of the
reduction of the benzpolarene isomer 2, we suggest an orbital-
and strain-controlled TipLi elimination followed by a 1,2-
migration of the lithium counteraction (F) to yield 4Li.

Functionalization in privo position

In order to evaluate the suitability of privo lithiated siliconoid
4Li as nucleophilic transfer reagent for the intact unsaturated
Sis scaffold, we treated it with several electrophiles (Me;SiCl,
PhCOCI, ‘BuCOCl, CIP(NMe,),, SiCl,, BH; SMe,). Indeed, the
corresponding privo substituted siliconoids 6a—f are obtained
by straightforward combination of the reagents in toluene at
room temperature (Scheme 5).

According to >°Si NMR spectra, the reactions lead to full
conversion of 4Li to the privo functionalized siliconoids 6a-f.
Crystallization of 6a,c,f from concentrated hexane solutions
affords single crystals in moderate to good yields (6a: 66%; 6c:
27%; 6f: 78%), which were fully characterized by multinuclear
NMR spectroscopy, UV/Vis spectroscopy and X-ray diffraction
(Fig. 3).°” In case of 6b,d,e, the reactions were only performed on
the NMR scale and characterized by multinuclear NMR spec-
troscopy. The *°Si NMR data of the privo substituted species
display a similarly wide dispersion in chemical shifts as the
corresponding ligato isomers. The *°Si NMR spectra of 6a-f thus
show two signals in the high-field region for the nudo positions
and a strongly deshielded signal for the privo silicon atom,
which carries one Tip substituent and the functional group E in
this case.

The UV/Vis spectra of the isolated products 6a,c,f and 4Li
show the position of the longest wavelength absorption

This journal is © The Royal Society of Chemistry 2019
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Scheme 5 Synthesis of privo-functionalized siliconoids 6a-d.
Reagents: (a) MesSiCl, (b) PhCOCL, (c) ‘BuCOCL (d) CIP(NMey),, (e)
SiCly, (f) BHz-SMe,. 6a: E = MesSi, 6b: E = COPh, 6¢: E = CO'Bu, 6d: E
= P(NMe,),, 6e: E = SiCls, 6f: E = BH3~.

maximum to strongly depend on the substituents of the Sig
scaffold (Amay; 6a 469 nm; 6¢ 473 nm; 6f 454 nm; 4Li 468 nm). As
in case of the ligato functionalized species, it can presumably be
assigned to the vertical HOMO-LUMO singlet excitation.

The distances between the bridgehead silicon atoms Si1-Si3
in the crystal structure of 6a,c,f (6a 2.6118(6), 6¢ 2.6350(5), 6f
2.6024(6) A) are longer than in the ligato lithiated siliconoid
3Li*** and privo lithiated siliconoid 4Li, but slightly shorter than

This journal is © The Royal Society of Chemistry 2019
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in the ligato functionalized siliconoids 5a,c,f. This is in line with
a more effective ¢ donation in the privo position. While for sili-
conoids 5a-f, a reciprocal interdependency between the distances
of Si1-Si3 and Si4-Si6 is observed, no such relationship is present
in case of the privo functionalized siliconoids 6a-f.

The 2°Si NMR resonances of the privo silicon atom are
strongly influenced by the nature of the pending functionality.
The signal is shifted to higher field with increasing electron-
withdrawing power of the substituent: Li > BH; > TMS >
P(NMe,), > Tip > CO‘Bu > COPh > SiCl,. This sequence correlates
nicely with the Hammett parameter o,,,”°”* which is based on
the relative reaction kinetics of a second substitution in the meta
position of benzene relative to the functionality in question.

Correlation with Hammett parameters o

Fig. 4 shows the two correlations between the *’Si NMR chem-
ical shift at the privo position of compounds 2, 5a-f and 6a-f
and the Hammett parameter o, drawn separately for the two
synthetically accessible positions of the functional group. The
correlations with the o, Hammett parameter are similar, but
slightly less satisfactory (see ESIT).

The plot for the ligato functionalized compounds 5a-f (Fig. 3,
top) shows a linear relationship (R*> = 0.912). The response of
the 2°Si chemical shift, however, is moderate as indicated in its
range (160 to 180 ppm) and the resulting slope (m = 14.346
ppm). Electron-withdrawing substituents in ligato position
result in a stronger deshielding of the privo atom in the *°Si
NMR (5b,c¢,d,e) while electron-donating groups exert the oppo-
site effect (5a,(f). The oy, value for the Tip substituent (red
triangle in Fig. 4) had to be approximated by that of C4H;-4-
CHMe, (ref. 68) and was therefore disregarded for the linear fit.
Surprisingly, there is no apparent correlation of the Hammett
parameters with the *°Si chemical shifts of the nudo silicon
atoms Si1 and Si3 (Table 1).

In case of the privo functionalized benzpolarenes (6a-f), the
correlation of the Hammett parameters o, is even better with
a very good linear dependency (R*> = 0.978). This is due to
a markedly stronger response than in case of ligato functionali-
zation with a slope of m = —79.76 ppm and a consequently larger
chemical shift range (160 to 240 ppm). The stronger influence of
the functional group is readily explained by its direct attachment
to the silicon atom in question (Si2) vs. an additional distance of
two Si-Si bonds in case of /igato functionalization. Remarkably,
the slope of the linear fit is negative proving a reciprocal rela-
tionship between the electron-withdrawing strength of the
substituent and its deshielding effect in the privo position. We
had shown previously that the formal substitution of the nudo
silicon atoms by germanium or tin results in a pronounced
deshielding of the privo positions as well, which we tentatively
rationalized by the strong influence of the LUMO shape on the
paramagnetic contribution to the chemical shift.*’

In contrast to our findings, in the case of mono-substituted
carbon-based benzenes, the correlation of the Hammett
parameter o}, with the chemical shift of the para-carbon atom is
known,™ ie. the ring atom opposite to the one carrying the
functional group.

Chem. Sci., 2019, 10, 4523-4530 | 4527
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Fig.3 Structures of 6a, 6¢ and 6f in the solid state (thermal ellipsoids at 50% probability). Hydrogen atoms and co-crystallized solvent molecules

omitted. a: E = TMS, ¢: E = CO'Bu, f: E = BHz ™.
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Fig. 4 Plots of the Hammett parameters o, vs. 2°Si chemical shifts of
the privo silicon vertices of ligato (5a—f; top) and privo functionalized
hexasilabenzpolarenes (6a—f; bottom). The data pair marked with red
triangles corresponds to the unfunctionalized hexaaryl derivative 2.

Conclusion

Sie siliconoids 1 and 2 can be selectively reduced to yield
derivatives of the global minimum isomer of the SigH, potential
energy surface with an anionic functionality at distinct vertices.
In order to distinguish between the different positions of the

4528 | Chem. Sci., 2019, 10, 4523-4530

tricyclic Sig scaffold, we propose a nomenclature that refers to
the characteristic environment of the four conceivable
symmetry-independent positions: nudo, privo, ligato and remoto.
The anisotropic electronic structure of the global minimum
SigH, scaffold is accounted for by the introduction of “benz-
polarene” as unique name for this ever more frequently occur-
ring structural motif. The privo lithiated hexasilabenzpolarene
is accessible by reductive cleavage of one of the Tip groups of
the perarylated derivative, while the ligato lithiated isomer had
been obtained from the dismutational isomer previously. The
privo derivative is shown to be an equally suitable nucleophilic
reagent for the transfer of the uncompromised benzpolarene
framework. The electronic influence of the functional groups in
two distinct positions is rationalized on the basis of linear
correlations with the Hammett parameter ¢,,. With the possi-
bility of functionalization in different positions of the Si¢ scaf-
fold the construction of larger systems comprising Si, siliconoid
motifs has become a viable option, which is currently being
investigated in our laboratory.
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Abstract: Unsaturated charge-neutral silicon clusters (silico-
noids) are important as gas-phase intermediates between
molecules and the elemental bulk. With stable zirconocene-
and hafnocene-substituted derivatives, we here report the first
examples containing directly bonded transition-metal frag-
ments that are readily accessible from the ligato-lithiated Si,
siliconoid (1Li) and Cp,MCl, (M= Zr, Hf). Charge-neutral
siliconoid ligands with pending tetrylene functionality were
prepared by the reaction of amidinato chloro tetrylenes
[PhC(NtBu),JECI (E = Si, Ge, Sn) with 1Li, thus confirming
the principal compatibility of such low-valent functionalities
with the unsaturated Sis cluster scaffold. The pronounced
donor properties of the tetrylene/siliconoid hybrids allow for
their coordination to the Fe(CO), fragment.

The synthesis of stable unsaturated silicon clusters (silico-
noids)'" has attracted considerable interest because of the
presumed intermediacy of the parent species in gas-phase
deposition processes? as well as the fact that the unsubsti-
tuted vertices are reminiscent of the free valencies of bulk and
nano silicon surfaces.’! Since the report of the first stable
siliconoid,¥! a variety of further examples have been prepared
by the groups of Wiberg,”! Kyushin,” Iwamoto,” Breher,?
Fissler,”” Lips,'” and our group."" The two recent syntheses
of regioisomeric lithiated Sij siliconoids (benzpolarenes)!!¢f!
and their facile functionalization with suitable electrophiles
considerably enlarged the scope of this emerging field
towards the related Zintl anions (polyanionic, deltahedral
clusters without any substituents). The presence of organic
substituents in siliconoids confers higher solubility, while the
electronic properties are retained as manifest in the wide
dispersion of *’Si NMR shifts.***!""l While Zintl anions of
Group 14 elements heavier than silicon have been frequently
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applied in the synthesis of partially substituted metalloid
clusters,'*) the grafting of substituents to silicon-based Zintl
anions has only been achieved very recently by the groups of
Korber!' and Fissler,['”) who independently reported the
protonation of silicon Zintl anions to the partially H-
substituted anionic clusters [HSio]", [H,Si,]*", and
[HSi, >~ In addition, the Fissler group successfully trans-
ferred silyl substituents to Siy*~.!

Zintl silicide anions have been employed as extraordi-
narily electron-rich ligands towards transition-metal cen-
ters.'”! Conversely, the coordination of neutral siliconoids to
metals has thus far remained elusive. Here, with zirconocene
and hafnocene derivatives, we report the first examples of
siliconoids bearing covalently attached transition-metal func-
tionalities. As attempts to coordinate charge-neutral silico-
noids to transition-metal fragments in a dative manner
remained inconclusive, we resorted to the grafting of amidi-
nato tetrylene residues PAC(N/Bu),E (E = Si, Ge, Sn)"* to
the Sis scaffold. Given that tetrel(II) species are well
established as ligands in catalysis,?!! it was conceivable that
tetrylene functionalization would facilitate the coordination
of electron-rich siliconoid moieties to transition-metal cen-
ters. As will be elaborated further on, the targeted tetrylene—
siliconoid hybrids are stable and indeed readily transformed
into the corresponding Fe(CO), complexes.

Treatment of Cp,MCl, (M=Zr, Hf) with the ligato-
lithiated siliconoid 1Li results in rapid and uniform conver-
sion into the corresponding Group 4 metalated siliconoids 2a
and 2b (Scheme 1). In contrast, reaction with one equivalent
of titanocene dichloride led to a complicated mixture of
products, presumably because of competing redox reactions.
The diagnostically wide dispersion of *Si signals confirmed
the presence of uncompromised benzpolarene scaffolds.!'¢!]
The signals of the privo-silicon atoms appear at the usual low
field at 162.6 (2a) and 162.8 ppm (2b), while the two
unsubstituted nudo-vertices give rise to two individual signals

R
CpMClp R, R
benzene, rt R R
-LiCl CpZM\Cl
1 2a,b

Scheme 1. Synthesis of ligato-metallocene-substituted Sig siliconoids
2a and 2b. 2a: M=Zr; 2b: M =Hf. Tip=triisopropylphenyl. The
“naked” positions 1 and 3 are referred to as nudo, the NMR-deshielded
position 2 as privo, the mono-substituted positions 4 and 6 as ligato,
and the remote position 5 as remoto.""
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Table 1: Selected analytical data of metallocene-substituted siliconoids
2aand 2b.

3(®si2) 8(¥Sil/3) Si1-Si3 Si4-M  Si4-M A,

[ppm]  [ppm] A [Al, exp [A], calc [nm]

2a (M=Zr) 1626 —2335 2.588(2) 2,782(1) 2.741 521
~240.6

2b (M=Hf) 162.8 —232.1  2.588(1) 2.770(1) 2.738 497
~2403

at characteristically high field at —233.5 and —240.6 ppm for
2a and -232.1 and —2403 ppm for 2b (Table1l). The
apparent symmetry reduction is typical for /igato-substituted
benzpolarenes and has been attributed to hindered rotation of
the pending functionality."') The other *Si NMR chemical
shifts are located within the usual range for saturated silicon
atoms and vary only slightly with the introduced ligand (see
the Supporting Information).

The longest-wavelength absorptions in the UV/Vis spec-
tra are at A,,,, =521 nm (2a) and 497 nm (2b), and therefore
slightly red-shifted in comparison with previously reported
ligato-substituted siliconoids (4q = 364—477 nm).[''%1 Single
crystals were obtained by crystallization from hexane/toluene
in 53% (2a) and 66% (2b) yield, and their structures were
confirmed by X-ray diffraction in the solid state (Figure 1).

Figure 1. Representative molecular structure of siliconoid 2b in the
solid state.”” Hydrogen atoms omitted for clarity. Thermal ellipsoids
set at 50% probability. For the structure of 2a, see the Supporting
Information.

The distances between the unsubstituted bridgehead
silicon atoms Sil and Si3 (2a: 2.588(2) A; 2b: 2.588(1) A)
are significantly shorter than those of the peraryl-substituted
global-minimum isomer!'™ and in line with previously
reported persilabenzpolarenes with electropositive groups in
the ligato-position.""*] The electronic nature of the substitu-
ent apparently affects the electron density available for
cluster bonding.

The Zr—Si bond length of 2.782(1) A in 2a is in between
that reported for a disilenyl-substituted zirconocene chloride
on the one hand (2.7611 A)® and silyl-substituted zircono-

Angew. Chem. Int. Ed. 2020, 59, 8532 -8536
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cene complexes on the other hand (2.813-2.8214 A).?
Similarly, the Hf-Si bond of 2.7702(9) A in 2b is shorter
than those reported for tetracoordinated hafnium compounds
(2.835-2.888 A).?*! The experimental bond lengths were
satisfyingly reproduced by DFT calculations for 2a and 2b
at the BP86 + D3(BJ)/def2-SVP level of theory (Table 1).

In solution, even smallest traces of water lead to the
progressive hydrolysis of ligato-zirconocene-functionalized
siliconoid 2a as indicated by the gradual appearance of
a second set of signals, including a characteristic Si—H
resonance at 4.103 ppm, in the '"H NMR spectrum.’>! The
Si—Hf bond of ligato-hafnocene-functionalized siliconoid 2b
exhibits a considerably higher stability towards hydrolysis
(see the Supporting Information for details). In view of the
instability of the covalent silicon-metal bond in 2a and 2b, it
is unsurprising that attempts to directly graft later transition
metals to siliconoids have failed thus far. In the same vein, the
dative coordination of charge-neutral siliconoids to transition
metals is also unknown. We therefore considered the
functionalization of the Si¢ scaffold with an auxiliary tetrylene
ligand in order to facilitate coordination.

Tetrylenes are known for their excellent o-donating
properties. As the reaction of ligato-lithiated benzpolarene
1Li with Jutzi’s silicocene affords the cluster-expanded Si,
siliconoid™! instead of the simple substitution product, we
chose the N-heterocyclic chloro tetrylenes of the Roesky type
in the expectation that the nitrogen donors adjacent to the Si"
center would tame its electron deficiency sufficiently to allow
for the isolation of a silylene-functionalized Sig siliconoid. In
fact, the tetrylenes [PhC(N7Bu),]ECI are known to readily
undergo nucleophilic substitution of the chlorine substitu-
ent.!”) Treatment of the ligato-lithiated benzpolarene 1Li with
1.1 equivalents of [PhC(NBu),]ECI"™* indeed leads to rapid
conversion into uniform products (E =Si, Ge, Sn; Scheme 2)

e.r.,CI R .
7/ N\ R”
tBu—N@N—tBu R !y
R. SRR Ph R
po e HSS
RN R Cetle, tBu—N g N—fBu
Li -LiCl
Ph
1 3a-c

Scheme 2. Synthesis of the tetrylene-functionalized Sig siliconoids 3a—
c.3a: E=Si;3b: E=Ge; 3c: E=5n.

accompanied by precipitation of LiCl. ¥Si NMR analysis
showed the diagnostic wide dispersion of chemical shifts (as
discussed above for 2a and 2b), and thus confirmed the
anticipated integrity of the benzpolarene scaffolds suggesting
the formation of siliconoids 3a—¢. An additional signal in the
»Si NMR spectrum of 3a was assigned to the pending silylene
center.2%

The occurrence of two sets of signals each in the *Si and
%Sn NMR spectra of 3b and 3¢ suggested the presence of
rotational isomers in solution. Indeed, *’Si and '"*Sn solid-
state NMR spectra of 3a—c show just a single set of signals
(Table 2 and the Supporting Information). A VI-NMR study
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Table 2: Selected NMR shifts of the tetrylene-functionalized siliconoids
3a—c.

O(*si2)  o(®si1y3) 9(*Si2) 8(®si1/3) 6("°Sn) 5("°Sn)
[ppm]  [ppm] solid solid [ppm] solid
[ppm]  [ppm] [ppm]
3a 166.7 —244.6 160.0 —250.5 - -
—260.7 —262.6
3b 167.3 —245.4 163.4 —248.9 - -
major —261.1 —261.2
3b 165.6 —233.9 - - - -
minor —238.1
3c 162.3 —232.6 - - 267.8 -
major —236.9
3c 168.8 —242.3 162.9 —2443 336.5 332.0
minor ~259.3 —239.9

in toluene solution revealed the onset of coalescence at 343 K
for germylene-substituted 3b although the barrier proved to
be too high to allow for accurate determination of the
coalescence temperature (>70°C). The *Si and 'H NMR
spectra of stannylene-substituted 3¢ show broad signals with
poor signal-to-noise ratios at room temperature, suggesting
that the coalescence temperature may be within reach.
Accordingly, VI-NMR analysis of 3¢ at low temperature
(226 K) revealed sharpened signals in the '"H NMR spectrum
as well as a second set of less intense signals in the *Si NMR
spectrum (Table 2).

The longest-wavelength absorption bands in the UV/Vis
spectra are at A,,, =472 nm (3a), 436 nm (3b), and 436 nm
(3¢). Single crystals were obtained in 72% (3a), 78 % (3b),
and 74% (3¢) yield, and the structures were confirmed by
X-ray diffraction studies (Figure 2). The structure of the Sis
cluster core is hardly influenced by the nature of the tetrylene
ligand. The distances between the unsubstituted bridgehead

Figure 2. Representative molecular structure of silylene-functionalized
siliconoid 3a in the solid state.®” Hydrogen atoms omitted for clarity.
Thermal ellipsoids set at 50% probability. For the structures of 3b and
3¢, see the Supporting Information.
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silicon atoms Sil and Si3 (3a: 2.6039(9) A;3b:2.612(2) A;3¢:
2.6149(8) A) are slightly shorter than in the global-minimum
isomer SiTips'" and in line with previously reported ligato-
functionalized siliconoids with electropositive groups.[''*]
The bonds between Si4 and the pending tetrylene (3a:
2.4294(9) A; 3b:2.493(2) A; 3¢:2.6753(6) A) are longer than
typical single bonds.**27)

In order to probe the suitability of 3a—c as neutral ligands
towards transition metals, we attempted the coordination to
Fe(CO), in a proof-of-principle study (Scheme 3). Complexes
4a—c are obtained in a straightforward manner by stirring
a benzene solution of 3a—c with 4 (4a), 5 (4b), or 1.5 (4¢)
equivalents of Fe,(CO),"*'*! at room temperature. Com-
plexes 4a—c were fully characterized by X-ray diffraction on
single crystals, elemental analysis, as well as multinuclear
NMR, UV/Vis, and IR spectroscopy.

R
Feo(CO)g R., R
—_— ;
benzene, rt R ' @R
(CO)Fe = *F~N~BU

Y4

7%
tBu—N g N—1Bu
@ tBu Ph

Ph
3a-c

=Si, Ge, Sn 4a-c

Scheme 3. Reaction of the tetrylene-functionalized Sig siliconoids 3 a—¢
with Fe,(CO), to afford the corresponding Fe(CO), complexes 4a—c.

The ®Si NMR spectra of 4a—c show a similarly wide
distribution in chemical shifts as those of 3a—¢, albeit with
distinctly different numerical values. In the *Si NMR
spectrum, the additional signal of the silylene moiety of 4a
at 110.0 ppm is drastically downfield-shifted compared to that
of 3a (48.0 ppm). Similarly, the stannylene side arm of 4¢
shows a '°Sn NMR signal at 456.3 ppm (Table 3). A related
LSnCl-Fe(CO), complex resonates at much higher field at
255 ppm. '"H and “CNMR analyses of 4a—c in C(Dj
confirmed the presence of two singlet resonances each
assignable to the tert-butyl groups.

According to the UV/Vis spectra of 4a—c, the longest-
wavelength absorption bands are observed at A, =470 nm
(4a), 469 nm (4b), 466 nm (4¢) and thus slightly blue-shifted
compared to those of 3a—c. The Fe(CO), complexes 4a—c
exhibit IR characteristics of tetrylene-Fe(CO), complex-

Table 3: Selected NMR shifts of Fe(CO), complexes of tetrylene-
substituted siliconoids 4a—c.

O0(PSi2) O6(*Si1/3) O(*°Si2)

8(*si1/3) o("sn) 6(”95nCP/MAS)

[ppm]  [ppm] solid  solid [ppm]  [ppm]
[ppm]  [ppm]

4a 1651 —1982 1582  —1959 - -
—230.4 —231.2

4b 163.7 —203.0 156.7 —202.2 - —
2314 -232.8

4c 1602 —201.7 1541  —2003 4563  469.2
—230.7 —23238

Angew. Chem. Int. Ed. 2020, 59, 8532-8536
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es,®?] with CO stretching modes at v =1899, 1913, 1948,
2022 cm™' (4a), 1908, 1918, 1949, 2025 cm™" (3b), and 1902,
1914,1942, 2015 cm ™ (4¢). The donor strength of 4a—¢ can be
classified by the asymmetric carbonyl absorptions at v=
2022 cm™' (4a), 2025 cm™! (4b), and 2015 cm™! (4¢), which
indicate a slightly lower ligand-to-metal o-donation compared
to other tetrylene Fe(CO), complexes such as
{[PhC(N#Bu),]SiOBu}Fe(CO), (v=2026cm ")  and
{[PhC(N#Bu),]GeCl}Fe(CO), (v =2042 cm™").?*! Single crys-
tals of 4a—c were obtained in 75% (4a), 60 % (4b), and 70 %
(4c¢) yield, and the structures were confirmed to be isosteric
by X-ray diffraction studies (Figure 3). The distances between
the bridgehead silicon atoms Sil-Si3 (4a: 2.560(1) A; 4b:
2.566(1) A; 4¢: 2.5756(7) A) are slightly shorter than in 3a—c.
This is indicative of increased electron density within the
cluster scaffold upon formation of the transition-metal
complex. The bonds Si-E in 4a—c (4a: 2.384(1) A; 4b:
2.4422(8) A; 4c: 2.5896(5) A) are equally shortened com-
pared to 3a—-c and now in the typical range of Si—E single
bonds (E=Si, Ge, Sn).?**" The Fe(CO), complexes 4a—c
exhibit typical Fe—E distances (4a: 2.279(1) A; 4b: 2.3496-
(5) A; 4¢: 2.4957(3) A).[18:192.28-c]

\
o 2
a P
o0
Figure 3. Representative molecular structure of the Fe(CO), complex
of 4a in the solid state.”® Hydrogen atoms omitted for clarity. Thermal

ellipsoids set at 50% probability. For the structures of 4b and 4c, see
the Supporting Information.

In conclusion, with 2a and 2b, we have reported the first
transition-metal-substituted neutral siliconoids. The reaction
of an anionic Sig siliconoid with PhC(NrBu),ECI (E =Si, Ge,
Sn) gave rise to siliconoids with pending Roesky-type silylene,
germylene, and stannylene moieties, an unprecedented fea-
ture in silicon cluster chemistry. Unlike in the case of the
previously attempted grafting of a Cp*-substituted silylene
fragment,''?! the electrophilicity of the tetrylenes of the
Roesky type is sufficiently low, thereby avoiding the other-
wise observed expansion of the cluster core. As proof of
concept for the suitability of these novel ligands in the
coordination to transition metals, we synthesized and char-
acterized the corresponding Fe(CO), complexes 4a—c.
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Exohedral functionalization vs. core expansion of
siliconoids with Group 9 metals: catalytic activity in
alkene isomerizationt

Nadine E. Poitiers,@ Luisa Giarrana, Volker Huch, Michael Zimmer
and David Scheschkewitz & *

Taking advantage of pendant tetrylene side-arms, stable unsaturated Sig silicon clusters (siliconoids) with
the benzpolarene motif (the energetic counterpart of benzene in silicon chemistry) are successfully
employed as ligands towards Group 9 metals. The pronounced c-donating properties of the tetrylene
moieties allow for sequential oxidative addition and reductive elimination events without complete
dissociation of the ligand at any stage. In this manner, either covalently linked or core-expanded
metallasiliconoids are obtained. [Rh(CO),Cll, inserts into an endohedral Si-Si bond of the silylene-
functionalized hexasilabenzpolarene leading to an unprecedented coordination sphere of the Rh centre
with five silicon atoms in the initial product, which is subsequentially converted to a simpler derivative
under reconstruction of the Sig benzpolarene motif. 15-
cyclooctadiene) a similar Si—Si insertion leads to the contraction of the Sig cluster core with concomitant
transfer of a chlorine atom to a silicon vertex generating an exohedral chlorosilyl group.
Metallasiliconoids are employed in the isomerization of terminal alkenes to 2-alkenes as a catalytic
benchmark reaction, which proceeds with competitive selectivities and reaction rates in the case of

In the case of [Ir(cod)Cll, (cod =

rsc.li/chemical-science iridium complexes.

Introduction

The control of the reactivity of transition metal centres is
a pivotal aspect of homogenous catalysis and therefore the
development of novel ligands for transition metals is one of the
priorities of organometallic chemistry. Unsaturated silicon
compounds with the two major sub-categories of silylenes* and
disilenes** are typically characterized by a surplus of electrons
and are therefore inherently stronger c-donors than the corre-
sponding carbon species, while retaining mt-acceptor properties
in some cases due to their unsaturated nature.® First applica-
tions in homogeneous catalysis include C-H borylation,*
reduction of organic amides,” Sonogashira and Heck cross-
coupling reactions® and hydrosilylation of ketones.”

Recently, a third widely occurring sub-category was intro-
duced into the class of stable unsaturated silicon species, the
so-called siliconoids, partially unsubstituted neutral silicon
clusters.® Despite their unsaturated nature, applications of sil-
iconoids as ligands towards transition metals are virtually
unexplored. With our report on anionically functionalized Sig

Krupp Chair of General and Inorganic Chemistry, Saarland University, D-66123
Saarbriicken, Germany. E-mail: scheschkewitz@mx.uni-saarland.de

+ Electronic supplementary information (ESI) available. CCDC 2000911-2000916.
For ESI and crystallographic data in CIF or other electronic format see DOI:
10.1039/d0sc02861d

7782 | Chem. Sci, 2020, N, 7782-7788

derivatives,” however, a conceptual link towards (poly)anionic,
completely unsubstituted deltahedral Zintl anions of silicon*®
was established, which in fact exhibit a rich chemistry towards
transition metals: silicides and their heavier congeners of
germanium and tin have frequently been employed as extraor-
dinarily electron-rich ligands towards transition metal
centres,' and Zintl anions of Group 14 elements heavier than
silicon can be converted to transition metal-centred derivatives
M@®E,* .** In all reported cases, the negative charges of the
polyanionic precursors are (at least partially) retained in the
transition metal-containing products with often adverse
consequences for their solubility and stability, limiting their
application, e.g. in homogeneous catalysis. Siliconoids with
their stabilizing shell of organic ligands and high solubility due
to their charge-neutrality appear to be the logical choice to
overcome both limitations.

The first transition metal-substituted siliconoids, ligato-
hexasilabenzpolarenes Sis—Zr(Cp),Cl and Sis-Hf(Cp),Cl with the
covalently attached metallocene moiety were disclosed just
recently.”® In contrast, the application of siliconoids as direct
charge-neutral ligands towards transition metals has remained
unsuccessful so far although the introduction of a silylene side-
arm allowed for the coordination to Fe(CO), moieties in the
periphery of the hexasilabenzpolarene motif."* Now we show
that by using the Group 9 metals rhodium and iridium a much
larger variety of unprecedented coordination modes to

This journal is © The Royal Society of Chemistry 2020
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siliconoids can be realized. We demonstrate that covalent
bonding modes between the metal and the uncompromised
hexasilabenzpolarene scaffold are related to the endohedral
incorporation of the metal centre into the siliconoid cluster in
a reversible manner. Finally, with the isomerization of alkenes
we provide a first proof-of-principle for the application of the
thus prepared soluble transition metal/silicon hybrid clusters
as homogenous catalysts.

Results and discussion
Synthesis of iridium complexes

Treatment of tetrylene-functionalized siliconoids 1a-c with 0.5
equivalents of bis[(1,5-cyclooctadiene)iridium(i) chloride] affords
the tetrylene-Sis iridium complexes 2a-¢ in an NMR spectro-
scopically quantitative manner (Scheme 1). Complexes 2a-c were
fully characterized by X-ray diffraction on single crystals,
elemental analysis, and multinuclear NMR spectroscopy.

The *Si NMR spectrum of 2a-c shows six sharp resonances
in a much narrower range than usual for hexasilabenzpolarenes
(+175.4 to —279.0 ppm),” which provides a first hint at the
rearrangement of the cluster scaffold and the ensuing loss of
the spherical aromaticity and the associated magnetically
induced cluster current. On the basis of the 2D *°Si/'H corre-
lation NMR spectrum, the signals at 56.7 ppm (2a), 52.6 ppm
(2b) and 50.2 ppm (2c) are assigned to the endohedral SiTip,
moieties. The signals at 13.3 (2a), 12.8 (2b) and 12.2 ppm (2¢)
are very close in chemical shift to that of the exocyclic silicon
atom in chlorosilyltricyclo[2.1.0.0>*]pentasilane (5.8 ppm)**
and were therefore tentatively attributed to the extrusion of one
SiTip, unit from the cluster core of 2a-c. The resonances at
—38.4 (2a), —41.5 (2b) and —42.1 ppm (2c) are assigned to the
SiTip vertices. Most remaining >°Si signals are observed at

Cl
i Tipod.. -
Jp S Tip
e Tip” ™™ i .
T‘p‘”/sf?;s'\si’ﬁp [Ir(cod)C1l, i S|'\/\31\S(T'p
i LA — >si.
Tip”™ \Si’s\feTip benzene S\i"‘SI\ Tip
7N \ ___lrx-"\N/tBu
tBu—N?N—tBu 7
Ph | B0 ph
1a-c 2a-c

Scheme 1 Synthesis of tetrylene-Sig iridium complexes 2a—c from
tetrylene-functionalized Sig siliconoids la—c (2a: E = Si, 2b: E = Ge,
and 2c: E = Sn).

Table 1 Selected 2°Si NMR data of 2a—c, 3, 4

View Article Online
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a higher field (see ESIf) with the exception of one distinct
resonance of 2a at 33.4 ppm, which is apparently due to the
pendant silylene centre (Table 1).

Single crystals of 2a-c were obtained by crystallization from
hexane in 68% (2a), 61% (2b) and 63% (2¢) yield and the tricyclic
structures of the siliconoid-iridium complexes were confirmed
by X-ray diffraction in the solid state (Fig. 1). As anticipated on
the basis of NMR data, the privo-vertex has been extruded from
the cluster core due to the additional bond to the chlorine atom
transferred from the iridium centre, which in turn is not only
coordinated by the pendant tetrylene moiety but also by the
former nudo-vertex of the benzpolarene starting material. The
structural model of 2¢ could not be refined in a satisfactory
manner; the following discussion thus focuses on 2a,b. The Ir-E
bond lengths (E = Si, Ge, Sn; 2a: Si3-Ir: 2.320(1) A and Si7-Ir:
2.334(1) A; 2b: Si3-Ir: 2.3517(7) A and Ge-Ir: 2.4113(3) A) are
those of single bonds." The slightly longer distance between the
pendant tetrylene and the iridium centre may be explained by
the dative vs. covalent bonding situation. The endohedral bond
distance between the iridium-bonded vertex and that bearing
the tetrylene moiety (Si3-Si4 2a: 2.549(2) A, 2b: 2.565(1) A) is
considerably elongated in comparison to those in the afore-
mentioned chlorosilyltricyclo[2.1.0.0%"pentasilane (2.356 A)™*
and a dianionic Sis cluster with the same tricyclic scaffold
(2.3822 A)."

This is probably a consequence of the back and forth elec-
tron transfer between iridium and cluster orbitals, but may also
indicate a propellane-like bonding situation as suggested by the
hemispheroidality of Si4. On the other hand, Si3 does not fulfill
the criterion of hemispheroidality,®* but rather adopts a very
near planar-tetracoordinate coordination environment instead
(2a: $(Si3) = —0.0154 A, ¢(Sid) = +0.7559 A; 2b: ¢(Si3) = —0.0060
A, ¢(Si4) = +0.7276 A). The bond lengths between the bridge-
head silicon atoms Si1 and Si3 in 2a,b (2a: 2.305(2) &, 2b:
2.2962(2) A) are now at the short end of the usual range for
silicon single bonds as also observed in the chlorosilyltricyclo
[2.1.0.0*°]pentasilane (2.312 A).** The 2°Si CP/MAS spectra of
2a-c show very similar signals to those in C¢Dg solution thus
confirming the integrity of the coordination modes upon
solvation (the stannylene-Sis iridium complex 2c¢ shows
a double set of signals due to two crystallographically inde-
pendent molecules in the asymmetric unit; see ESIt). The
longest wavelength absorption bands in the UV/vis spectra at
Amax = 576 nm (2a), 580 nm (2b), 592 nm (2c) are strongly red-
shifted compared to previously reported ligato-substituted sili-
conoids (Amax = 364 to 521 nm).>*

6°°si2 6%°sis 6°°Si6 6%si7 6%si2 6°°si6 6°°si7
Siliconoid [ppm] [ppm] [ppm] %983 [ppm] 6*9Si4 [ppm] [ppm] solid [ppm] solid [ppm] solid [ppm]
2a 13.3 55.3 —38.4 —128.2 —126.8 32.9 11.5 —41.6 32.9
2b 12.8 52.6 —41.6 —-90.8 —-121.7 — 12.3 —41.5 —
2¢ 12.2 50.6 —42.1 —103.8 —120.2 — 10.2 —42.2 —
3 158.8 —58.3 58.3 165.7 — 108.7 157.3 54.1 107.7
4 162.6 17.6 21.8 — -9.0 48.2 161.8 14.5 42.7

This journal is © The Royal Society of Chemistry 2020
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Fig. 1 Representative molecular structure of silylene-functionalized
siliconoid iridium complex 2a in the solid state. Hydrogen atoms are
omitted for clarity. Thermal ellipsoids are set at 50% probability. For
structures of 2b,c see ESL.+ Selected bond lengths [A] and angles []: 2a:
Ir=Si7 2.320(1), Ir=Si3 2.334(1), Si1-Si3 2.305(2), Si1l-Si4 2.313(2), Sil-
Si6 2.364(2), Si1-Si2 2.369 (2), Si3—Si6 2.353(1), Si3—-Si4 2.548(2), Si3—
Si7 2.764(2), Si4—-Si5 2.391(2), Si4-Si7 2.402(2), Si7-N2 1.857(3), Si7—N1
1.884(3), Cl-Si2-Si1 99.03(6), Si1-Si3-Ir 124.02(5), Ir-Si3-Si6
174.93(6), Ir-Si3-Si4 105.99(5), Ir-Si3-Si7 53.33(3), and Si7-Si4-Si3
67.81(4); 2b: Ir-Si3 2.3517(7), Ir-Ge 2.4113(3), Ge-Si4 2.4444(8), Ge—
Si3 2.8481(8), Si1-Si3 2.296(1), Si1-Si4 2.302(1), Si1-Si2 2.356(1), Sil—
Si6 2.375(1), Si3-Si6 2.339(1), Si3-Si4 2.565(1), Si4-Si5 2.389(1), Si5—
Si6 2.368(1), Ge—N2 1.995(2), Ge—N1 2.005(2); Cl-Si2-Si1 100.91(4),
Ir-Si3—-Ge 54.243(17), Ir-Si3-Si4 106.90(3), Si6—-Si3-Ir 173.61(4), Si1-
Si3—Ir 124.75(4), Ir-Ge-Si3 52.322(16), Ir-Ge-Si4 108.95(2), Si3-Ir—
Ge 73.436(19), and Ge-Si4-Si3 69.25(3).

Synthesis of rhodium complexes

The reaction of 1 equivalent of bis[(1,5-cyclooctadiene)rho-
dium(1) chloride] with 1a-c led to a complicated mixture of
products in all cases, presumably due to competing oxidative
addition and reductive elimination reactions. In one crystalli-
zation attempt of the product mixture from 1b (E = Ge) a few
red-brownish crystals were collected and then investigated by X-
ray diffraction showing the same motif as observed in 2a-c (see
ESIt). In the anticipation that it might react in a similar manner
despite the differing ligand set, we considered the rhodium(i)
dicarbonyl chloride dimer [Rh(CO),Cl], as an alternative. The
reactions of 1a-c with 1 equivalent of [Rh(CO),Cl],, however, led
to uniform conversion only in the case of 1a and inseparable
mixtures of products for 1b,c according to NMR spectra. In
addition, "H NMR monitoring of the reaction mixture revealed
the rearrangement of the initial product overnight in the case of
1a (Scheme 2).

Treatment of 1a with 1 equivalent of [Rh(CO),Cl], in toluene
followed by cooling to —26 °C after three minutes of stirring at
ambient temperature yields dark red crystals of the primary
product 3 after storage for 2 to 3 h in 56% crystalline yield.
Conversely, the secondary product 4 is obtained as red-
brownish crystals in 63% yield by crystallization from hexane
after stirring the reaction mixture overnight. Both 3 and 4 were

7784 | Chem. Sci, 2020, 11, 7782-7788
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Scheme 2 Synthesis of Si; rhodium complexes 3 and 4 from silylene-
functionalized Sig siliconoid 1.

fully characterized by multinuclear NMR spectroscopy and X-ray
diffraction on single crystals (Fig. 2 and 3).

In contrast to the iridium complexes 2a-c, the rhodium
centre of 3 is fully incorporated into the core structure under
expansion to a 7-vertex motif. Only one of the CO ligands is
retained in 3 completing the distorted trigonal-pyramidal
coordination sphere at rhodium in an apical position (C16-

Fig. 2 Molecular structure of silylene-functionalized siliconoid
rhodium complex 3 in the solid state. Hydrogen atoms are omitted for
clarity. Thermal ellipsoids are set at 50% probability. Selected bond
lengths [A] and angles [°]: Rh-Si3 2.2455(7), Rh-Si7 2.3104(7), Rh-Si5
2.3872(8), Rh=Si2 2.5936(7), Rh—Sil 2.5965(7), Si3—Cl 2.102(1), Si1-Si2
2.279(1), Si1-Si5 2.373(1), Si1-Si4 2.499(1), Si2-Si7 2.254(1), Si2-Si6
2.333(1), Si3-Si4 2.308(1), Si4-Si6 2.401(1), Si7-N1 1.837(2), Si7-N2
1.822(2), Si3—Rh-Si7 132.05(3), Si3—-Rh-Si5 97.85(3), Si7-Rh-Si5
116.303, Si3—-Rh-Si2 87.62(2), Si7-Rh-Si2 54.36(2), Si5-Rh-Si2
102.19(2), Si3—-Rh-Sil 72.23(2), Si7-Rh-Si1 98.48(2), Si5-Rh-Sil
56.69(2), Si4-Sil-Rh 94.98(3), Si7-Si2—-Rh 56.40(2), Si1-Si2-Rh
64.02(3), and Si6-Si2—Rh 115.58(3).

This journal is © The Royal Society of Chemistry 2020
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Fig. 3 Molecular structure of silylene-functionalized siliconoid
rhodium complex 4 in the solid state. Hydrogen atoms are omitted for
clarity. Thermal ellipsoids are set at 50% probability. Selected bond
lengths [A] and angles [°]: Rh-Si7 2.305(1), Rh-Si4 2.398(1), Si3-Si6
2.342(1), Si2-Si3 2.352(1), Si3-Si4 2.386(1), Si1-Si2 2.619(1), Si1-Si4
2.336(1), Si1-Si6 2.351(1), Si1-Si2 2.392(1), Si1-Si3 2.619(1), Si4-Si5
2.384(1), Si5-Si6 2.371(1), Si7-N1 1.826(3), Si7-N2 1.831(3), Si7-Cl
2.077(2), Si7-Rh-Si4 172.63(4), Si3-Si4-Rh 131.22(5), Si5-Si4-Rh
132.67(5), Si1-Si4-Rh 124.01(5), and Si4-Si1-Si2 97.15(5).

Rh-Si2 102.586(4)°, C16-Rh-Si3 104.881(5)°, C16-Rh-Si7
45.489(4)°, centre(Si1-Si4)-Rh-Si2 79.149(4)°, centre(Si1-Si4)-
Rh-Si3 78.869(4)°, centre(Si1-Si4)-Rh-Si7 75.997(4)°, C16-Rh-
centre(Si1-Si4) 175.493(6)°, and Si7-Rh-Si3 132.095(5)°). The
geometric parameter 1 = (8 — «)/60 is commonly used for
pentacoordinate complexes as an index of the degree of the
trigonality in trigonal-bipyramidal and square-planar pyramidal
structural motifs."”” With the two largest angles « and 8 of 3 (8:
C16-Rh-centre(Si1-Si4) 175.493(6)°; a: Si7-Rh-Si3 132.095(5)°)
the angular parameter is 7 = 0.72 in line with a distorted
trigonal-bipyramidal coordination sphere of Rh. The chlorine
atom is shifted to one of the former nudo-vertices so that the
extrusion of the privo-SiTip, moiety as in 2a-c is avoided in this
case. Intriguingly, the chloro-substituted silicon vertex (Si3) is
conferred a significant silylene character: the corresponding
bond distance to rhodium (Si3-Rh 2.2455(7) A) is considerably
shorter than that of the amidinato silylene moiety, which binds
to rhodium at a distance (Si7-Rh 2.3104(7) A) similar to those
reported for other complexes with this motif.>** The former
privo-vertex binds to the Rh centre at a distance (Si2-Rh
2.3872(8) A) in line with the covalent radii of silicon and
rhodium. Si2, Si3 and Si7 bind in equatorial positions and thus
form the base of the trigonal-bipyramidal coordination envi-
ronment at Rh.

The Si1-Si4 bond is unusually short (2.279(1) A) and
occupies the remaining apical positions at Rh at relatively long
distances (Si4-Rh 2.5936(7) A and Si1-Rh 2.5965(7) A). Both Si1
and Si4 exhibit a hemispheroidal coordination environment

This journal is © The Royal Society of Chemistry 2020
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with hemispheroidalities of ¢(Si1) = +0.8003 A and ¢(Si4) =
+0.4764 A.** The degree of the metallacyclopropane character of
this coordinating interaction according to the Dewar-Chatt-
Duncanson model*® is difficult to estimate due to the
complexity of the bonding situation as Si1-Si4, albeit shorter
than a usual single bond, is heavily involved in cluster bonding.

The *°Si NMR spectrum in C¢Dg is consistent with the
bonding situation as discussed on the basis of the solid state
structure. Four of the seven resonances are split into doublets
by the coupling to the '®*Rh nucleus suggesting the coordina-
tion of rhodium being uncompromised by solvation. The
signals are, however, not as broadly dispersed as typically
observed for Si, siliconoids.®** The former privo-vertex Si2 gives
rise to a low-field *°Si NMR signal, albeit it splits into a doublet
at 158.8 ppm with a coupling constant of />°(Si,'°>Rh) = 41.0 Hz.
The silylene character of the former nudo-vertex Si;, now
bearing the chloro substituent, results in the significant
deshielding of the corresponding *°Si NMR signal at 165.7 ppm.
The interaction with the rhodium centre is reflected in the
coupling constant of /*°Si,"”Rh = 53.4 Hz. The '>Rh coupling
of the two hemispheroidally coordinated vertices Si1 and Si4 is
too small to resolve resulting in singlets at —140.2 and
—122.1 ppm. Although a discussion of the magnitude of
experimental coupling constants is next to impossible in poly-
cyclic systems such as 3 the absence of detectable coupling is in
line with a predominant m-character of the coordination to
rhodium.** The assignment is backed by the absence of cross-
peaks to Tip groups in the 2D *°Si/'H correlation. The doublet
at 108.7 ppm (/*°Si,'”Rh = 59.6 Hz) is assigned to the N-
heterocyclic silylene moiety (Si7) based on the observation of
a cross-peak to the t-butyl groups. In notable contrast, the signal
of the not directly Rh-bonded Si6 at 58.3 ppm (assigned on the
basis of a cross-peak to one Tip substituent) is split into
a doublet with /*°Si,"’Rh = 14.3 Hz.

Surprisingly, after the rearrangement of Rh(1) complex 3 to 4,
the diagnostic wide dispersion of *°Si NMR shifts is again
observed, which suggested the re-establishment of an uncom-
promised benzpolarene®** scaffold. Besides the characteristic
highfield resonances for the nudo-vertices Sil1 and Si3 at —256.1
and —258.3 ppm, the *’Si NMR signal of the tetracoordinate
privo-vertex Si2 appears at the typical low field at 162.6 ppm. The
doublet in the **Si NMR at 48.2 ppm with /*°Si,"**Rh = 84.5 Hz
is attributed to the N-heterocyclic silylene moiety on the basis of
a cross-peak to the ¢-butyl groups in the 2D *°Si/'H correlation
and the large coupling indicative of pronounced s-orbital
contributions. In contrast, the doublet at —9.0 ppm with
J°Si,’**Rh = 31.5 Hz suggests a covalent bond to the '°*Rh
nucleus. Due to the absence of a cross-peak to a Tip group in the
2D *°Si/*H correlation NMR spectrum, it can be attributed to the
ligato-vertex Si4. The remaining >°Si NMR chemical shifts are
located in the usual range of saturated silicon atoms; only one
of the signals showing a small coupling to the Rh centre
(21.8 ppm; J*°Si,'®Rh = 8.5 Hz). The anticipated structure of 4
as an uncompromised benzpolarene scaffold covalently
attached to rhodium was confirmed by X-ray diffraction in the
solid state (Fig. 3).
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The rhodium centre of 4 exhibits a typical square-planar
coordination environment, with the hexasilabenzpolarene
moiety indeed connected through the Iligato-position Si4.
Astonishingly, not only has the Sis moiety been reinstated
during the isomerization from 3, but the amidinato silylene -
now disconnected from the siliconoid and coordinated to the
rhodium centre in a ¢rans-fashion - has reacquired its chloro-
substituent as well. The coordination at the rhodium centre is
completed by two CO ligands, which requires the “come-back”
of the initially dissociated CO molecule. The Si7-Rh bond
length of 2.305(1) A is in line with the reported donor-acceptor
bond length of Si-Rh complexes.>'* Interestingly, it is signifi-
cantly shorter than the covalent Si4-Rh bond length of 2.398(1)
A in the same molecule. The distance between the bridgehead
silicon atoms (Si1-Si3 2.6188(4) A) is similar to that in previ-
ously reported ligato-substituted Si6 siliconoids.*** The longest
wavelength absorption bands are observed at Amax = 461 nm (3)
and 466 nm (4) and thus are slightly blue-shifted compared to
the ligato-metalated siliconoids Zr and Hf (Zr: 521 nm, Hf: 497
nm).** The Rh complexes 3 and 4 exhibit IR characteristics of
rhodium carbonyl complexes* with CO stretching modes at v =
1978 em™ ' (3) and 1951, 1949 cm™* (4).

Mechanistic considerations

Due to the flexibility of the coordination environments, reac-
tions involving transition metals generally proceed through
multiple steps and, consequently, the mechanisms are often
complicated, especially when backbone structures are recon-
structed such as in the present case through a sequence of
cleavage and formation of Si-Si bonds. Although, a computa-
tional treatment of such mechanisms is well out of reach to us
due to the anticipated complexity of the potential energy
surfaces and the large size of the involved molecules, we
propose a plausible mechanism for the Ir and Rh structures
based on the structurally characterized products (Chart 1).

R
R, R
Ra | .
Nt
Jng L

_Rh
oc—Rh ¢,
oc¢ Sie
L
|@

Chart 1 Proposed mechanism of the formation of 2a (top) and 3
(bottom).
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All reactions are likely initiated by the straightforward
coordination of the pendant silylene ligand to the metal. For the
subsequent rearrangements, we suggest the oxidative addition
to the Si2-Si3 single bond as the common first step (step 1 in
Chart 1). From the second step onwards, however, the isomer-
izations proceed through distinct pathways for the rhodium
and iridium species. In the case of 2a, the oxidative addition is
directly followed by reductive elimination of the chloro group
and the SiTip, moiety from the Ir centre resulting in the
formation of the exohedral chlorosilyl group in the final product
2a (and by extension 2b,c). In contrast, in the case of the
primary rhodium product 3 the chlorine migrates to Si3 (step 2).
In step 3, the formation of the chlorosilylene Si3 is suggested,
while a formal double bond between Si1-Si4 is formed as
a consequence. In the last step, the final product 3 is formed by
elimination of a CO unit enforced by the coordination of the
Si1-Si4 bond and the silylenes (Si3 and Si7) to the Rh centre.
The question of the re-establishment of the intact hex-
asilabenzpolarene scaffold from intermediate 3 to yield the final
product 4 is even more daunting as it requires the return of the
previously eliminated CO ligand into the coordination sphere of
rhodium. Notably, a solution of crystallized 3 turned out to be
inert towards exposure to CO atmosphere as well as the addition
of excess [(CO),RhCl],. We therefore assumed that the forma-
tion of 4 can only be attained by a reactive species formed in situ
during the reaction of 1a with [(CO),RhCl],. Indeed, treatment
of a solution of isolated crystals of 3 with 10 mol% of silylene-
substituted siliconoid 1a and 0.4 equivalents of additional
[(CO),RICI], results in the uniform conversion of isolated 3 to 4
in the course of 24 h. We speculate that either an extremely
short-lived intermediate of monomeric [(CO);RhCI]*® or a het-
erodimer not unlike the one reported by Braunschweig et al.**
might be responsible for the CO delivery.

Alkene isomerization catalysis

Despite the plethora of synthetic methods available for the
introduction of C-C double bonds, the regioisomerization of an
existing C-C double bond is a viable alternative.** The so-called
alkene isomerization, however, results in mixtures of (E) and
(Z2)-alkenes in many cases® or further migration along a satu-
rated carbon chain. The selective transformation of terminal
alkenes to 2-alkenes has thus attracted considerable interest.>
We anticipated that electron-rich siliconoid ligands might fulfill
two functions in a homogenous catalyst for alkene isomeriza-
tion: (a) acting as an electron reservoir and thus facilitating
oxidative addition reactions and (b) providing sufficient steric
bulk to improve the selectivity regarding the number of posi-
tions the C-C double bond migrates. We therefore probed the
isomerization of terminal alkenes to 2-alkenes in the presence
of catalytic quantities of complexes 2a-¢, 3 and 4.

As rapidly indicated by first preliminary tests, no solvent is
required for the catalytic activity of 2a-c, 3 and 4 and therefore all
runs were carried out with the neat substrate, an attractive feature
from both ecologic and economic perspectives. Allyl-
trimethylsilane and 1-hexene were used as neat substrates on an
NMR scale using a C¢Dg capillary as the locking signal; yields

This journal is © The Royal Society of Chemistry 2020
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Table 2 Reaction conditions, conversion determined by *H NMR spectroscopy

Cat. loading Temperature z E-isomer Z-isomer
Catalyst Substrate [mol%] Time [h] [°C] conversion [%)] [%] [%] TON TOF [h ]
2a 1-Hexene 0.05 16 25 95 — — 1902.7 118.9
2b 1-Hexene 0.1 72 25 97 — — 968.8 13.5
2¢ 1-Hexene 0.1 100 25 75 — — 748.4 7.5
2a Allyl-SiMe, 0.8 26 60 94 77 17 117.4 4.5
2b Allyl-SiMe; 0.8 30 60 89 73 16 111.6 3.7
2¢ Allyl-SiMe; 0.8 30 60 78 63 15 97.4 3.2

= 0.05 mol % Si-Ir 2a, Conversion to 2-trans-hexene
* 0.1 mol % Ge-Ir 2b, Conversion to 2-trans-hexene

4 0.1 mol % Sn-Ir 2c, Conversion to 2-frans-hexene
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Fig. 4 Plot of the spectroscopically determined conversion to 2-
trans-hexene. Black = Si—Ir 2a (0.05 mol%), red = Ge-Ir 2b (0.1 mol%),
and blue = Sn-Ir 2c (0.1 mol%).

were calculated from "H NMR integrations (Table 2). Fig. 4 shows
the spectroscopic conversion to 2-trans-hexene using 0.05 mol%
(2a), 0.1 mol% (2b, 2¢) of the catalysts at room temperature as
a function of time. The side chain migration to 3-trans-hexene is
disregarded in the plots due to the overlap of the chemical shifts,
and estimated to be <10% from the spectroscopic data. Blind
tests without catalyst or in the presence of [(cod)IrCl], or [(CO),-
RhCI], led to no detectable conversion under identical condi-
tions. The reaction can therefore easily be quenched after the
formation of 2-trans-hexene is complete by simple addition of

100 = 0.8 mol % Si-Ir 2a, Conversion to vinyl-E—SiMes

© 0.8 mol % Ge-Ir 2b, Conversion to vinyl-E-SiMe,
4 0.8 mol % Sn-Ir 2¢, Conversion to vinyI-E—SiMe3
804
- et
) - " e °
kel e A
T 60+ - . A A
> - ° A A
Q2 .
& .. N
g 40 . 4
E A
3 LN
a a
@ 20 °
A
‘ L]
H
0o+ ; T : T T .
0 5 10 15 20 25 30 35
time [h]

Fig. 5 Plot of the spectroscopically determined conversion to E-
vinyltrimethylsilane 60 °C using the 0.8 mol% catalyst. Black = Si—Ir 2a,
red = Ge-Ir 2b, blue = Sn-Ir 2c.

This journal is © The Royal Society of Chemistry 2020

water leading to the hydrolysis of the catalyst. The catalytic
performance is best in the case of 2a (E = Si, TOF = 119 h™ ") with
catalyst loadings as low as 0.05 mol% and strongly decreases
from 2b (E = Ge, TOF = 13.5 h™ ") to 2¢ (E = Sn, TOF = 7.5 h™ %)
both requiring double catalyst loads. Preliminary results show
a much lower catalytic activity of the rhodium complexes 3 and 4
which was therefore not investigated in detail (see ESIt). The
isomerization of allyltrimethylsilane to 2-E/Z-vinyltrimethylsilane
proceeds significantly slower even with the more active 2a-c and
requires higher temperatures as well as one order of magnitude
larger amounts of catalyst (0.8 mol%, 60 °C, Fig. 5, ESIT).

It should be noted, however, that the reaction at room
temperature is probably slowed down even further due to the
moderate solubility of the crystalline samples of the catalysts
2a-c in neat allyltrimethylsilane. This phenomenon is manifest
in an extended induction period of approximately 5 h (Fig. 5)
after which the spectroscopic yield increases much faster due to
rapid dissolution in the mixture of allyltrimethylsilane and the
isomerization products.

The driving force of the alkene isomerization is the higher
thermodynamic stability of internal alkenes.” As suggested by
the negative blind tests with the siliconoid-free precursors, the
intramolecular hydrogen migration is supported through the
extremely electron-rich hexasilabenzpolarene scaffold.

Conclusion

In conclusion, with the Group 9 metal complexes 2a-c¢ and 3 we
reported the first siliconoids with endohedral incorporation of
transition metals. As demonstrated by the isomerization of 3 to
the 4 with complete reconstitution of the uncompromised
benzpolarene scaffold, a temporary change in the coordination
mode of these ligands is possible in principle. All isolated
complexes show catalytic activity in the isomerization of alkenes
with the best (2a) reaching competitive selectivity at satisfactory
conversion rates in the case of 1-hexene.
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Nadine E. Poitiers, Volker Huch, Michael Zimmer, and David Scheschkewitz*?!

~

Abstract: Reactions of silylenes with heavier chalcogens
(E) typically result in Si=E double bonds or their t-addition
products. In contrast, the oxidation of a silylene-function-
alized unsaturated silicon cluster (siliconoid) with Group
16 elements selectively yields cluster expanded siliconoids
Si,E (E=S, Se, Te) fully preserving the unsaturated nature
of the cluster scaffold as evident from the NMR signatures
of the products. Mechanistic considerations by DFT calcu-
lations suggest the intermediacy of a Sis siliconoid with
exohedral Si=E functionality. The reaction thus may serve
as model system for the oxidation of surface-bonded sily-
lenes at Si(100) by chalcogens and their diffusion into the
silicon bulk. j

The synthesis of unsaturated silicon clusters (siliconoids)" as
well as the corresponding hetero derivatives™ draws increasing
attention due to their role as presumed intermediates during
chemical vapor deposition® or heterogeneous catalysis.” In
addition, the unsubstituted vertices share important features
of native silicon surfaces, in particular the presence of free va-
lencies, the so-called “dangling bonds”.*

A variety of neutral and anionic stable siliconoids has been
reported during the last decades.>¢”'¥ The manipulation of
stable representatives under retention of the unsaturated char-
acter is mostly limited to the shell of stabilizing ligands. A no-
table exception is the deliberate core expansion from Sig via Si,
and Sig using silicocene SiCp*, as a source of atomic silicon.
In general, reactions of siliconoids with oxidizing reagents
result in the saturation of the free valencies and thus the loss
of siliconoid character according to the definition."” More par-
ticularly, while saturated silicon clusters are well-known to un-
dergo cluster expansion with chalcogens''?'® the related
chemistry of neutral siliconoids is completely unexplored, pre-
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sumably due to the facile oxidation of the “naked” vertices. In
view of the tremendous importance of chalcogen-containing
silicon materials,"® including sub-valent varieties such as the
famous “silicon monoxide”,*” we contemplated the possibility
of the incorporation of Group 16 elements as heteroatoms
into the cluster core without compromising the siliconoid char-
acteristics. A large variety of molecular model systems for sili-
con subchalcogenides has been described in recent years,
which are strictly electron-precise without exception and thus
do not reflect the widely accepted assumption of nanoscalar
cluster domains in these composite materials."®< N-heterocy-
clic silylenes, for instance, are well-known to readily undergo
oxidation to the corresponding silanones and heavier versions
thereof.2'-24

We therefore envisaged that chalcogens may initially attack
the pending silylene center of our recently reported siliconoid/
silylene hybrid species? instead of the unsubstituted vertices
of the Sig scaffold. In the same communication we had shown
that the Fe(CO), fragment coordinates to the silylene moiety
exclusively."*¥ We now report that this strategy indeed leaves
the “naked” vertices untouched in the reaction with chalco-
gens as well, while the pronounced electrophilicity of the plau-
sibly formed Si=E moiety (E=S, Se, Te) expands the cluster
core to incorporate two additional vertices: a pentacoordinate
silicon and the heavier chalcogen.

Simple stirring of a benzene suspension of the silylene-func-
tionalized siliconoid 1 with an excess of the chalcogen at room
temperature (2a: E=S, 2.5equiv, 4h; 2b: E=Se, 2.5equiy,
16 h; 2c: E=Te, 7 equiv, 72 h) results in the uniform conver-
sion to the chalcogen-expanded siliconoids 2a-c (Scheme 1).

The longest wavelength absorptions in the UV/Vis spectra
are at A,,,=394 nm (2a), 396 nm (2b), 404 nm (2¢) and thus
within the range observed for previously reported siliconoids
(Amax =364 to 477 nm)."*¥ The chalcogen-expanded ESi, silico-
noids 2a-c exhibit a high thermal stability, showing almost no

; Tip
Ti ;
Tip. ,$i\s?\p_/Tip TP~ P
- s X 2SI - /o SITSi-T
Tip™ g8 Ti E P
o 'P \ Si.' /
Sl OsiL—s>g;
Bu-NgN-Bu Bu~n~ Ty S
i}h N@N\BU "
Ph
1 2a-c

Scheme 1. Synthesis of chalcogen-expanded Si; siliconoids 2a-c (2a: E=S,
2b: E=Se, 2c: E=Te).
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decomposition at their melting points up to 380°C. In the
solid state, crystals can be exposed to air for a few minutes
without apparent decomposition. This is remarkably reminis-
cent of the stability of selenium and other heavier chalcogens
bonded to silicon surfaces, which require temperatures of up
to 1000 K for desorption.?

The structures of siliconoids Si,E 2a—-c in the solid state were
determined by X-ray diffraction on bright yellow crystals ob-
tained in 74% (2a), 70% (2b) and 75% (2¢) yield, respectively
(Figure 1). The cluster cores resemble that of the aforemen-
tioned Si,TipsCp* siliconoid and its expansion to SigTipsCp*.'*¥
As in Si;TipsCp*, the Si1, Si2 and Si5 vertices are arranged as a
central isosceles triangle, although only the two vertices of the
base (Si1 and Si2) show hemispheroidal coordination environ-
ments" (2a: @(Si1)=+1.3628 A, H(Si2)=1.2919 &, ¢(Si5)=
—0.2267 A;  2b:  H(Si1)=+1.3603 A,  ¢(Si2)= +1.2850 A,
¢(Si5)=—0.2120 A; 2c: ¢(Si1)= +1.3616 A, ¢(Si2)= +1.2758 A,
¢(Si5)=—0.2356 A). The Si,E cluster is formally derived from
the Sis propellane motif distorted by the twofold interconnec-
tion of the “propeller blades”. This distortion results in a
seesaw-type coordination environment at Si5 with a quasi-
linear arrangement towards Si6 and Si5 (Si4-Si5-Si6 162.705(4)°
(2a); 161.951(2)° (2b); 158.951(3)° (2¢) vs. 173.77° for
Si;TipsCp*"*¥). The SiTip,-bridge between Si5 and the former
N-heterocyclic silylene moiety Si7 is extended by the insertion
of the chalcogen atom. Together with the two nitrogen centers
and the two adjacent “naked” silicon vertices pentacoordina-
tion of Si7 is attained. The distance between the unsubstituted
silicon atoms in 2a-c (Si1-Si2 2a: 2.6583(5) A, 2b: 2.6483(7) A,
2c: 2611(7) A, Table 1) are comparable with those of the
Si,TipsCp* (2.648 A)."*¥ The Si2—Si7 bonds are markedly longer
(2a: 2.4967(5) A, 2b: 2.4904(7), 2c: 2.5017(7) A) than all re-
maining Si—Si bonds of the cluster core. The Si6—E bonds of

Figure 1. Representative molecular structure of siliconoid 2a in the solid
state. Hydrogen atoms omitted for clarity. Thermal ellipsoids at 50 %. For
structure of 2b,c see Supporting Information. Selected bond length [A] and
angles [°]: 2a: Si1-Si7 2.4967(5), Si1—Si2 2.6583(5), Si4—Si5 2.4067(5), Si6—S
2.2044(5), Si7—S 2.1438(5), Si7—N1 1.852(1), Si7—N2 1.909(1); 2 b: Si2—Si7
2.4904(7), Si1—Si2 2.6483(7), Si4—Si5 2.4101(8), Se—Si7 2.2923(6), Se—Si6
2.3474(6), Si7—N21.860(2), Si7—N1 1.924(2); 2c: Si2—Si7 2.5017(7), Si1-Si2
2.6411(7), Si4—Si5 2.4249(7), Te—Si7 2.5120(5), Te—Si6 2.5764(5), Si7—N1
1.862(2), Si7—N2 1.928(2).

)
)

Chem. Eur. J. 2020, 26, 1-5 www.chemeurj.org

Table 1. Selected analytical data of Group 16 core-expanded siliconoids
2a-c.
0Si5  07Si1/2 [ppm]  Si1-Si2 Si7-E Si6-E Amax
[ppm] [A] [A] [A] [nm]
2a —109.7 —251.1 2.6583(5) 2.1438(5) 2.2044(5) 395
(E=S) —314.9
2b —1004 —251.5 2.6483(7) 2.2923(6) 2.3474(6) 397
(E=Se) —309.3
2c —-86.7 —250.2 2611(7)  2.5120(5) 2.5764(5) 405
(E=Te) —299.3

2a-c (2a: 2.2044(5) A, 2b: 2.3474(6) A, 2¢c: 2.5764(5) A) are sig-
nificantly longer than Si7—E (2a: 2.1438(5) A, 2b: 2.2923(6) A,
2c: 2.5120(5) A) and hence in the range of typical Si—E single
bonds as, for example, in dichalcogenatrisilabicyclopentanes
(Si—S: 2.198 A; Si—Se: 2.339 A; Si—Te: 2.561 A).” The difference
in Si—E bond lengths may be interpreted as manifestation of
some residual double bond character of Si7—E and consequen-
tially a somewhat weaker interaction Si6—E, possibly with a cer-
tain donor-acceptor character.

At first glance, the typical wide dispersion of *Si NMR sig-
nals of siliconoids is not retained in 2a-c. While two of signals
for the unsubstituted silicon atoms Si1 and Si2 are observed in
the characteristic region between about —250 and —300 ppm,
a third strongly shielded signal at —109.7 ppm (2a),
—100.4 ppm (2b) and —86.7 ppm (2¢) without a cross-peak in
the 2D #Si/'H correlation NMR spectra is indicative of the pres-
ence of the additional silicon vertex Si5 without substituent,
similar to the observations in the hetero-atom-free Si, silico-
noid."*¥ The resonances at 33.5 (2a), 26.6 (2b) and 2.3 ppm
(2¢) are assigned to the silicon vertex of the former N-hetero-
cyclic silylene moiety. While siliconoids Si,TipsCp~ and
SiTipsCp*"*¥ still exhibit a similarly wide #Si NMR shift distri-
bution as the Si; benzpolarenes,"* the chemical shifts of 2a—
c for Si7 may seem quite ordinary at first, but are in fact extra-
ordinarily deshielded considering the pentacoordination of Si7.
Pentacoordinate silicon atoms containing the same amidinato
ligand typically give rise to signals between —124.9 and
—82.9 ppm.”¥ All other signals are observed at unremarkable
chemical shifts and are assigned to either SiTip, or SiTip verti-
ces on the basis of the number of cross-peaks to aryl hydro-
gens in the 2D #Si/"H NMR correlation spectra (see Supporting
Information). The occurrence of two sets of signals in the
'HNMR of 2c suggests the presence of rotational isomers.
Indeed, a VTI-NMR study in toluene solution revealed an in-
crease in intensity of the second set of signals with tempera-
ture although the barrier proved to be too high to accurately
determine the coalescence temperature (> 343 K). The low sol-
ubility of 2a-c hindered the acquisition of Si NMR with suffi-
cient signal-to-noise ratio and thus prevented the detection of
the second set of signals for 2c. The '®Te spectrum of 2c,
however, reveals a major signal at —93.72 ppm and a second
less intense signal at —22.84 ppm. The 7’Se spectrum of 2b
shows one sharp signal at 53.9 ppm.

In the CP-MAS Si NMR, very similar chemical shifts are ob-
served proving the identity of the cluster in the solid state and

2 © 2020 The Authors. Published by Wiley-VCH GmbH
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the major rotational isomer in solution. The CP/MAS NMR
chemical shifts of the heavier chalcogen atoms in 2b and 2c¢
depend slightly on the rotation frequency of the rotors, a com-
monly observed phenomenon due to the heating of the
sample induced by fast spinning of the rotor.””? This effect is
more pronounced in case of the '*Te signals of 2¢ with a
downfield shift of A0=9.1 ppm upon increasing the frequency
from 5 to 15 KHz. In comparison, the ”’Se signals of 2b are
only shifted by Ad=3.2 ppm under identical conditions. The
same phenomenon, albeit significantly less pronounced, is ob-
served for the *Si CP/MAS NMR chemical shifts of 2b,c (Sup-
porting Information) with downfield-shifts Ad between 0.2 and
0.9 ppm with increasing rotation frequency from 5 to 15 KHz.

The mechanism of chalcogen-expansion of the cluster is of
particular relevance in view of the considerable interest in
chalcogen and chalcogenide diffusion through silicon materials
spurred by applications in micro- and optoelectronics as well
as batteries.""*?® The formation of heterosiliconoids 2a-c is
readily understood by an initial oxidation of the pending sily-
lene center by the chalcogen leading to the formation of an in-
termediate siliconoid [1-Int] with Si=E functionality in ligato-
position. Such a pathway may well correspond to the an initial
step of the sorption of chalcogens to the deconstructed
Si(100)(1x 1) surface with its surface-bonded silylene centers.
After rotation about the Si—Si bond between silylene and sili-
conoid core, the strongly polar Si=E moiety of [1-Int]’ would
be predisposed to attack the privo-vertex (which typically
hosts major contributions to the LUMO of functionalized benz-
polarene siliconoids)"** with its negatively polarized chalcogen
end. In this scenario, the silicon end with its partial positive
charge would accept electron density from one of the nudo-
vertices in concert with the cleavage of the bond between the
nudo- and the privo-silicon atoms (Scheme 2). We speculate
that similar pathways may be active during the process of
chalcogen diffusion from the silicon surface into the bulk.2"’

In order to support our mechanistic proposal, optimization
of the electronic structures of the sulfur-expanded siliconoid
2a and the proposed intermediates [1-Int] and [1-Int]’ with
E=S were carried out at the BP86-D3(BJ)/def2-SVP level of
theory (Supporting Information). Compared to [1-Int], the final
product 2a is favored by AAG=—9.26 kcalmol™' in free en-

Scheme 2. Mechanistic considerations regarding the formation of chalco-
gen-expanded Si,E siliconoids 2a-c.

Chem. Eur. J. 2020, 26, 1 -5
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thalpy, which is in line with the fast and spontaneous forma-
tion of 2a (see Supporting Information). According to the
Hammond postulate,”” an approximate idea about the activa-
tion barrier for this process can be deduced from the free en-
thalpy of [1-Int]’ as necessary intermediate, which is by AAG=
+4.71 kcalmol—1 higher in free enthalpy than [1-Int]. The
shape of the frontier orbitals of [1-Int] adds further support for
this scenario. The HOMO and HOMO-1 represent the lone pairs
at the sulfur atom, while the LUMO exhibits a major contribu-
tion at the privo-vertex as commonly found for hexasilabenz-
polarene structures (Figure 2). The intramolecular in phase-
overlap of HOMO and LUMO upon rotation of the Si=E moiety
towards the privo-vertex as in [1-Int]’ would plausibly result in
relaxation to 2a with a small barrier (Scheme 2).

In conclusion, we reported the expansion of the core struc-
ture of neutral silylene-functionalized siliconoids with chalco-
gens in the backbone. The heterosiliconoids of type Si,E (E=S,
Se, Te) feature three unsubstituted vertices and are shown to
be thermally extremely robust. The former silylene moiety is
now pentacoordinate, yet shows a chemical shift at unusually
low field presumably due to the characteristic deshielding
effect of the cluster current. The mechanistic scenario for clus-
ter expansion may serve as inspiration for the consideration of
alternative pathways in surface and bulk interactions of chalco-
gens with silicon.

HOMO-1
—4.50 eV

LUMO
-2.60 eV

Figure 2. Selected Molecular orbitals of [1-Int]’ at the BP86-D3(BJ)/def2-SVP
level of theory (isocontour value at 0.051840).
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Reaction of a silylene-functionalized Sig siliconoid with CO in the
presence of catalytic quantities of a nickel(0) complex results in the
complete cleavage of the CO triple bond, but preserves the Sig
scaffold with an exohedrally incorporated Si—C enol ether bridge.
The uncompromised cluster core emphasizes the role of the so-
called benzpolarene motif as the energetic silicon pendants of
benzene in carbon chemistry.

Low-valent silicon compounds are increasingly coming into
focus not only due to their apparent role as intermediates in
industrially important gas phase processes,' but also for their
potential in the activation of small molecules such as carbon
monoxide (CO)* and even in catalytic applications.” With
partially unsubstituted neutral silicon clusters (siliconoids),*
the class of stable unsaturated silicon compounds has recently
been extended beyond the electron-precise silylenes® and
disilenes®®® After the report of the first stable siliconoid by
one of us,” numerous further examples followed by the groups
of Wiberg,® Breher,” Kyushin,'® Iwamoto,"* Fissler,"” Lips"
and our group.'® With the introduction of the term ‘“benz-
polarene” for the Siy siliconoid that constitutes the global
minimum of the SigH, potential energy surface,*” we emphasized
its isomeric relationship to the still unknown hexasilabenzene.
The four distinct positions of the Sis benzpolarene scaffold are
unambiguously identified with the prefixes privo, nudo, ligato,
remoto,'¥ in analogy to the established prefixes ortho, meta, para
for benzenes. With the now available anionic Sis,'*" Sig**®*/and
Si; derivatives'*® the straightforward functionalization with
suitable electrophiles is possible.****" As the unusual persistence
of the benzpolarene scaffold even in the presence of relatively
reactive side chain functionalities becomes more and more
apparent,'*% the involvement of this unique motif in catalytic
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Nickel-assisted complete cleavage of CO by a
silylene/siliconoid hybrid under formation of an
Si—C enol ether bridgef

Volker Huch, Michael Zimmer and David Scheschkewitz (= *

cycles is a realistic option. We recently isolated the first
transition-metal substituted siliconoids'* as well as cluster-
expanded derivatives with incorporated platinum group metals.™
In the latter case, a silylene/siliconoid hybrid species proved
effective in facilitating complex formation allowing for the first
applications of siliconoids as electron-rich ligands in homo-
genous catalysis to emerge."’

The activation of carbon monoxide (CO) as a C; building
block is of fundamental and economic interest. A prominent
example of the value-added conversion of CO is the Fischer-
Tropsch process,'® which usually employs heterogeneous
transition-metal catalysts at elevated temperatures.’” Consider-
able efforts have thus been devoted to the cleavage of the
extremely strong C=0 bond (1077.1 k] mol *)'® under milder
and homogeneous conditions.'” The interaction of CO with
low-valent main group species has received significant atten-
tion in this context,>*® culminating in the complete reductive
cleavage of CO and the coupling of two CO fragments.>“?

Given that silylenes are particularly useful in the activation
of small molecules,””# we were curious whether the silylene/
siliconoid hybrid 1 would prove reactive towards CO. We now
report on the reaction of 1 with CO in the presence of catalytic
quantities of Ni(cod), (cod = 1,5-cyclooctadiene) and the full
cleavage of the CO bond under the formation of a Si=C double
bond in the periphery of the uncompromised benzpolarene
scaffold (Scheme 1).

While treatment of silylene-substituted siliconoid 1 with
1 eq. of Ni(cod), led to no reaction, upon exposure of the mixture
to 1 atm of CO in order to generate more reactive Ni(CO),
in situ®* the colour of the reaction mixture gradually changed
to intensely green. According to "H NMR monitoring, uniform
conversion to a single product was achieved after 1 h (Scheme 1).
The product was fully characterized by X-ray diffraction on single
crystals, elemental analysis, as well as multinuclear NMR spectro-
scopy. The diagnostically wide dispersion of >°Si signals suggested
the presence of an uncompromised benzpolarene scaffold. The
signal of the privo-silicon atom appears at the usual low field at
160.9 ppm, while the two unsubstituted nudo-vertices give rise to

This journal is © The Royal Society of Chemistry 2020
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Scheme 1 Synthesis of the privo-ligato silaenolether-bridged hexasila-
benzpolarene 2. (a) 1 eq. Ni(cod),, CO atmosphere, 25 °C; (b) 10 mol%
Ni(cod),, CO atmosphere, 2 days at 45 °C (cod = 1,5-cyclooctadiene, 0 =
Si, R = Tip = 2,3,6-triisopropylphenyl).

two individual signals at characteristically high field (—268.2 and
—300.5 ppm). This apparent symmetry reduction of the idealized
Cs symmetric product is typical for [igato-substituted hexa-
silabenzpolarenes and has been attributed to hindered rotation of
the pending functionality.’*® As the signal of the former silylene
silicon atom was observed at the unusual high field of —33.6 ppm
according to a 2D >°Si/'H correlation NMR spectrum (cross-peaks to
t-butyl groups), we initially assumed that coordination to the nickel
centre had occurred. The remaining *°Si NMR chemical shifts are
located within the usual range of saturated silicon atoms.

Green single crystals were obtained by crystallization from
hexane in 66% yield and the constitution of the product
revealed by X-ray diffraction in the solid state (Fig. 1). While
the presence of an intact benzpolarene scaffold and the incor-
poration of one equivalent of CO are indeed confirmed, the
product 2 surprisingly does not contain nickel. The CO bond is
completely cleaved under migration of one of the Tip substi-
tuents from the privo-vertex to the CO carbon atom, which in
turn is bonded to the ligato-vertex. The CO oxygen atom
assumes the liberated position at the privo-vertex. The former
silylene moiety is now situated between the carbon and the
oxygen centre overall resulting in the formation of a silaenol
ether bridge between the privo- and the ligato-positions of the
hexasilabenzpolarene scaffold.

The distance between the nudo-vertices of 2 (Si1-Si3 2.6979(7) A)
is approximately the same as in the perarylated global minimum
isomer SigTips (2.7076 A)'#’ and with that slightly longer
compared to other ligato-functionalized benzpolarenes.'** The
newly formed Si~C bond (Si7-C1 1.759(2) A) is of a length within
the usual range for silicon-carbon double bonds despite the
fact that the silicon atom is tetracoordinate and could thus be
equally well described by an ylidic formulation. This observa-
tion is in line with previously reported doubly bonded silicon
centres with amidinato ligands, e.g. the sila-analogue of car-
boxylic acid anhydrides reported by Driess et al.>* or Tacke’s
donor-stabilized Si=Se and Si=Te species.>® In comparison,
the bond between the ligato-vertex and the former CO carbon
atom (Si4-C1 1.8386(1) A) is significantly longer confirming its
single bond nature. The Si-N bonds of the former silylene
silicon centre differ significantly (Si7-N2 1.827(1) A, Si7-
N1 1.867(1) A) suggesting a partial double bond character for
Si7-N2 and thus a somewhat disturbed delocalization of the
N1-Si7-N2 n system as frequently observed for amidinato
stabilized silylene fragments.>* In the CP-MAS *°Si NMR, very

This journal is © The Royal Society of Chemistry 2020
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Fig.1 Molecular structure of siliconoid 2 in the solid state. Hydrogen
atoms omitted for clarity. Thermal ellipsoids at 50%. Selected bond length
[Al and angles [°]: Si6-Si3 2.3021(6), Si6-Sil 2.3260(6), Si6-Si5 2.3930(6),
Si3-Si2 2.3333(6), Si3—-Si4 2.3571(6), Si3-Sil 2.6967(6), Sil-Si2 2.3391(6),
Si1-Si4 2.3475(5), Si7-01 1.642(1), Si7-C1 1.756(2), Si7-N2 1.827(1), Si7—
N11.867(1), Si5-Si4 2.3907(6), Si4—C1 1.8386(1), Si2—Si3-Si4 85.15(2), Si4—
Si3-Sil 54.86(2), Si6-Si1-Si2 101.17(2), Si4-Si3-Sil 55.19(2), Si3-Si2-Sil
70.50(2), Si7-01-Si2 134.83(7), Si7—C1-Si4 111.49(8), N2-Si7—-N1 71.06(6),
O1-Si7-N1 108.28(6).

similar chemical shifts are observed, which confirms that the
solid state structure of siliconoid 2 is fully retained in solution.
The longest wavelength UV/Vis absorption band of 2 is observed
at Jmax = 638 nm (¢ = 940 M~ ' cm ') and thus significantly red-
shifted compared to previously reported ligato-functionalized Sig
siliconoids (364 to 521 nm).**** The experimental UV/Vis absorp-
tion bands are in satisfactory agreement with the TD-DFT calcula-
tions at the CAM-B3LYP-D3(B])/def2-SVPP level of theory (see
ESIY) for 2. The longest wavelength absorption band is calculated
at Acale = 705 nm with 91% contributions of HOMO — LUMO.

Just as in case of the recently reported reaction of 1 with
Group 9 complexes' the reaction mechanism is presumably
rather complicated. As CO does not react with 1 in the absence
of Ni(cod),, the involvement of the transition metal in a catalytic
cycle leading to the formation of 2 is virtually guaranteed. On this
basis, we can propose a reasonable course of reaction in line with
the experimental findings as well as the well-established electro-
philicity of the privo-vertex of hexasilabenzpolarenes.'¥/**

In order to support our mechanistic considerations, we
optimized the ligato-silylene functionalized siliconoid 1, the
proposed intermediates [Int-a], [Int-b], [Int-c] and the final
product 2 at the BP86-D3(BJ)/def2-SVP level of theory (see ESIY).
Since the reaction of the silylene-functionalized Si, siliconoid
1 requires 10 mol% of Ni(cod), during the exposition to carbon
monoxide, we suggest the formation of a silylene-Ni(CO);
complex [Int-a] from in situ prepared Ni(CO), as initial step
(a).>* Indeed, the reaction of 1 with stoichiometric amounts of

Chem. Commun., 2020, 56,10898-10901 | 10899
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Chart1 Proposed mechanism for the formation of the Si—C enol ether
bridged hexasilabenzpolarene 2.

freshly generated Ni(CO), also results in clean conversion to 2.
In step (b), the nucleophilic attack of the oxygen to the privo-
silicon vertex likely occurs with the concomitant transfer of a
Tip substituent® to the carbon atom of CO leading to [Int-b].
According to the optimized structures the rearrangement from
[Int-a] to [Int-b] is exergonic by AG = —21.9 kecal mol .
Although the elimination of Ni likely occurs in metallic form
(based on the observation of a grey solid in the reaction
mixture, removable by amalgamation with Hg), we arbitrarily
assume the elimination of Ni(CO), in step (c) for the sake of
obtaining comparable energy values. The formal elimination of
Ni(CO), in step (c) is thus endergonic by AG =+37.6 kecal mol %,
a value likely to be reduced in reality due to formation of metallic
nickel (Chart 1).

The insertion of the N-heterocyclic silylene centre into the
C-0 bond would result in the formation of [Int-d] with a five-
membered bridge between the ligato- and privo-vertices thus
satisfying the oxophilicity of the silicon atom of the silylene
moiety at the penalty of the generation of an a priori highly
reactive (aryl)(silyl)carbene functionality. As a consequence, the
barrier, if any, to the formation of the final product is expected
to be small. Indeed, all attempts to optimize the plausible
intermediate [Int-d] resulted in the relaxation to the experi-
mentally isolated product 2 by insertion of the carbene moiety
into the Si-Si single bond between the ligato-vertex and the
former silylene centre. The elimination of metallic nickel, while
exceedingly difficult to model computationally, is probably the
rate-determining step: compared to [Int-c], the final product
2 is by AG = —86.4 kecal mol™" lower in free enthalpy. In
conclusion, with the formation of a Si—C enol ether bridge
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in the periphery of the uncompromised benzpolarene scaffold,
we reported the nickel-assisted full cleavage of the triple bond
of carbon monoxide by a neutral siliconoid. The persistence of
the hexasilabenzpolarene scaffold during substantial reorgani-
zation in its periphery is testimony for the privileged role of
this structural motif, which can thus be anticipated to be of
particularly use as functional ligand in homogenous catalytic
processes.
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During the last decade, the study of unsaturated silicon clusters as well their
functionalization with different functional groups has moved into focus. Especially
functionalization of the cluster scaffold is of continuous interest with a view to the
incorporation of such low-valent systems into extended systems.

The rapidly increasing number of functionalized Sis benzpolarenes required the
distinction of the different vertices. Inspired by the ortho, meta and para
nomenclature for disubstituted benzene, short prefixes for the characteristic bonding
situation of each silicon vertex of the Sis benzpolarene scaffold have been introduced
(Scheme 52). The corresponding latin words served as inspirations for the creation of
the prefixes “nudo” (lat. nudus) for the unsubstituted silicon atoms 1 and 3, “ligato”
(lat. ligatus) for the mono Tip-substituted vertices 4 and 6, “remoto” (lat. remotus) for
the remote bridge in 5-position and “privo” (lat. privus) for the characteristically
deshielded silicon atom in position 2.

Scheme 52. Schematic representation of the proposed prefixes for Sis benzpolarenes.

Reaction of the anionic Sis siliconoid 100 with electrophiles provides access to
several new Sis siliconoids 101a-f. In the first part of this thesis, the nucleophilic
transfer of the ligato-anionic moiety to benzoylchloride (e) and trimethylchlorosilane
(f) has been demonstrated (Scheme 53). The structures have been determined by x-
ray crystallography and show the uncompromised Sis benzpolarene framework.

/R /R
Si=si R Si=si_ R
R,/ N/7N.7 (a)-(f) R, | N/
R,Sl :/\ _/Sl - > R,Sl\:/\ _/Sl\
Si —Si
Si— R Si—>\ R
Li E
100 101a-f

Scheme 53. Synthesis of benzoyl- and trimethylsilyl-substituted siliconoids 101e,f and recently
functionalized siliconoids 101a-d.5® Reagents: (a) SiCls, (b) BH3SMez, (c) BuCOCI, (d) CIP(NMez)z,
(e) MesSiCl, (f) PhCOCI. 101a: E = SiClz, 101b: E = BHs, 101c: E = BuCO, 101d: E = P(NMez)z,
101e: E = MesSi, 101f: E = COPh.
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4 Summary, Conclusion and Outlook

As expected, the distance between the bridgehead silicon atoms are longer than a
typical Si—Si single bond but comparable with those reported for functionalized ligato-
siliconoids.®® The characteristic wide distribution of NMR chemical shifts is retained in
the 2°Si NMR spectra of 101e,f.

As reduction of hexasilabenzene 88 selectively yields the ligato-anionic moiety, the
reduction of the global minimum isomer 91 was investigated by Yannic Heider from
our group (equal contribution author in publication 3.1). While treatment of 91 with
four equivalents of lithium/naphthalene led to the dianionic species 106, reduction
with two equivalents lithium/naphthalene results in the uniform conversion into the
privo-lithiated siliconoid 11. The 2°Si NMR reveals a similar chemical shift distribution
as in ligato-lithiated siliconoid 100 but with distinctly different values leading to the
suggestion that the lithiation had taken place in another position of the benzpolarene
framework. The strongly deshielded signal at 267.9 ppm is significantly broadened
due to the coupling to the quadrupolar “Li nucleus and shows coupling to one Tip unit
in a 2D NMR spectrum. The structure of 111 has been finally confirmed by x-ray
crystallography, showing the lithium functionality at the privo-position. In order to
proof the nucleophilic transfer of 111, treatment with several electrophiles such as
MesSiCl, PhCOCI, BuCOCI, CIP(NMe)z, SiCls and BH3SMe2 was investigated. The
corresponding  privo-functionalized siliconoids 112a-f were obtained and
characterized by multi nuclear NMR spectroscopy (Scheme 54). The structures of
112b, 112c and 112e were determined by x-ray crystallography and exhibit slightly
longer distances between the bridgehead silicon atoms than the ligato-lithiated
siliconoids 101e,f.

/R /R /R
Si—si R Si-si R Si=si_ R
R,/ 1 N/7N\..” 2LilCiHs. R.,o” N 7N..7 @ R.,.~7 ! N/
'Si '/\ Si — " ’Si ' /A ,Si — _Sj '/\ Si
R” i AN Li™ i .7 N\ E i RN
si—Si, R si—Sii R si—Sii R
R R R

91 111 112a-f

Scheme 54. Synthesis of privo-lithiated siliconoid 111 by reduction with 2 equivalents of Li/C1oHs and
its further functionalization with suitable electrophiles. Reagents: (a) SiCls, (b) BH3SMez, (c) ‘BuCOCI,
(d) CIP(NMez2)2, (e) MesSiCl, (fy PhCOCI. 112a: E = SiCls, 112b: E = BH3~, 112c: E = BuCO, 112d: E =
P(NMez2)2, 112e: E = MesSi, 112f: E = COPh.
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4 Summary, Conclusion and Outlook

During these investigations, the relationship of the privo atom chemical shift and the
Hammett parameter was drawn separately for privo- and ligato-functionalized
siliconoids 101a-f and 112a-f showing linear relationships in both cases. While the
stronger deshielding of the privo vertex in the 2°Si NMR is the result of electron
withdrawing substituents, electron donating groups have exactly the opposite effect
resulting in more shielded signals. In case of privo-substituted siliconoids 112a-f,
stronger linear dependency as in case of ligato 101a-f was observed due to the
stronger influence as the substituents are directly attached to the privo silicon atom.
The 2°Si NMR shifts of the nudo silicon vertices show no apparent correlation to the
Hammett parameters. With the present report, we shed some light on the
fundamental understanding of siliconoids and provide synthetic approaches which
might gain a more comprehensive insight on the complex multi-step construction of
the cluster backbone.

Due to the lack of the covalent or dative coordination of neutral siliconoids to
transition metals, the synthesis of the first examples of siliconoids bearing acovalently
attached transition metal functionality has been investigated in this project.
Nucleophilic transfer of the ligato-anionic Sis moiety to Cp2MCl2 (M = Zr, Hf) resulted
in the isolation of the first transition-metal-substituted neutral siliconoids 113a,b
(Scheme 55). In contrast, reaction with the corresponding titanocene dichloride led to
an inseparable mixture of products due to presumed competing redox reactions. The
structures have been characterized by x-ray crystallography confirming the integrity
of the benzpolarene scaffold. The 2°Si NMR spectrum revealed the diagnostic wide
dispersion of NMR chemical shifts as discussed for the previous ligato-functionalized

siliconoids 101a-f.

@ /7
100 113a,b &

Scheme 55. Synthesis of the first transition-metal-substituted neutral siliconoids 113a,b (a: M = Zr, b:
M = Hf).
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The covalent silicon-metal bond in 113a,b was found to be extremely unstable as
even smallest traces of water lead to partially hydrolysis of 113a, indicating the
progressive appearance of a characteristic Si—H resonance at 4.103 ppm in the 'H
NMR spectrum. As grafting of later transition metals to siliconoids have remained
elusive so far, we resorted to the dative coordination of charge-neutral siliconoids to
transition metal centers. This was achieved by prior introduction of a tetrylene side
arm, which have frequently been applied in the coordination to transition metals due
to their excellent o-donating properties. The chlorinated amidinato tetrylenes of type
PhC(NBu)2ECI (E = Si, Ge, Sn) are known to react in a nucleophilic substitution
reaction and thus have been treated with the ligato-lithiated siliconoid 100 resulting in
uniform conversion to the tetrylene-substituted siliconoids 114a-c (Scheme 56). The
wide dispersion in the 2°Si NMR spectrum suggested to the preservation of the
cluster framework which was finally confirmed by x-ray crystallography of 114a-c.
Notably, in the 2°Si and ''°Sn NMR spectra of 114b and 114c, the occurrence of two
sets of signals were observed suggesting rotational isomers in solution which could
be confirmed by VT-NMR studies and measurements of 2°Si and ''9Sn solid state
NMR spectra.

CI\
s R
tBu—N\@/N—tBu . R s
Ph R.., ./lI\S'\ ,/R Fe»(CO)g S'
100 - R,sl\i/\_/&\ TR, /\ > |
si—Sl R srsé\
OF: fBu\N/E\- — Fe(CO),
‘Bu—N g N—Bu >@N
\
Y Ph Bu
114a-c Ph 115a-c

Scheme 56. Synthesis of the tetrylene-functionalized Sis siliconoids 114a-c and their corresponding
Fe(CO)4 complexes 115a-c (a: E = Si, b: E = Ge, ¢: E = Sn).

The suitability of 114a-c as neutral ligands in the coordination to transition metals
was shown in the synthesis of the corresponding Fe(CO)s complexes 115a-c
(Scheme 56). The constitution of the first siliconoid Fe(CO)4 complexes 115a-c was
confirmed by x-ray crystallography and 2°Si NMR spectroscopy. While the six signals
of the Sis framework occur with the diagnostic wide dispersion, the additional signal
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of the silylene side-arm in 115a shows a drastically downfield-shifted signals at 110.0
ppm compared to that in 114a (48.0 ppm). In addition, the '®Sn NMR of 115¢ at
456.3 ppm is also strongly downfield-shifted signal compared to that in 114c. With
the present work on the first transition metal-substituted siliconoids 113a,b we
disclosed a missing synthon in the emerging field of siliconoids. Furthermore, the
stable siliconoid/tetrylene hybrids allow for the coordination to transition metals which
was shown as proof-of-concept with the Fe-complexes 105a-c. Cleavage of one
carbonyl group of Fe-complexes 105a-c might be considered as a logical next step in
order to convert the Fe-complexes 105a-c in more reactive species with regard to
their application in a catalytic cycle.

Treatment of the tetrylene-functionalized siliconoids 114a-c with [Ir(cod)Cl]2 resulted
in the contraction of the Sis cluster framework accompanied by a transfer of a
chlorine to the former privo-vertex and of its extrusion to an exohedral chlorosilyl
group resembling the structural motif of chlorosilyltricyclo[2.1.0.0%%]|pentasilane.!%8
The obtained tetrylene-Sis iridium complexes 116a-c were finally confirmed by x-ray
crystallography. The 2°Si NMR spectra of 116a-¢ show a much narrower distribution
of the chemical shifts due to the loss of the spherical aromaticity and the concomitant

magnetically induced cluster current.

Tip- C|:| .
Ti.p;”Si/?i;\S/iT\ifTip ircod)Cl, Tip(SI\S\i\\\S /iT\/IZi/\Tip
Tip \éi".sl\ize \Tip benzene S\i___S.i\Ee TiptBu
tBu—Ni?gN—tBu ---'I;:U/l\/li\“?:;
Ph
114a-c 116a-c

Scheme 57. Synthesis of tetrylene-Sis iridium complexes 116a-c from the tetrylene functionalized Sie
siliconoids 114a-c with [Ir(cod)Cl]2 (a: E = Si, b: E = Ge, ¢: E = Sn).

Treatment of 114a-c with the corresponding [Rh(cod)Cl]2 led in all cases to
inseparable and complicated mixture of products due to a presumably complicated
sequence of oxidative addition and reductive elimination reactions. Only from the
product mixture of 114b a few crystals could be obtained showing the same structural
motif as observed in 116a-c. Treatment of 114a-c with [Rh(CO)2Cl]2 finally led in

case of 114a to the uniform conversion to the unprecedented Siz rhodium complex
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117 and inseparable mixture of products for 114b,c (Scheme 58). Structure 117
could be analyzed by x-ray crystallography and exhibits an unprecedented
pentacoordination of the Rh centre, which is fully incorporated into the cluster core in
contrast to the iridium complexes 116a-c.

Monitoring of the initial product 117 via 'H NMR spectroscopy shows the
rearrangement to a second product 118 with a restored benzpolarene framework.
According to an x-ray diffraction study, the structure of 118 exhibits a covalently
attached rhodium atom in the ligato-position (Scheme 58). Mechanistic
considerations for the formation of 116a-c and 117 through oxidative addition
followed by reductive elimination have been proposed based on the structurally
characterized products. Notably, while conversion of 117 to 118 was observed in
solution, crystalline samples of 117 require the addition of 10 mol% of 114a and
additional 0.4 equivalents of [Rh(CO)2Cl]2 to result in uniform conversion to 118.

- Jip __
Tlp'//S/§I/SI\SI/TIp

[R(CO),ClL, Tip” NSy ; [Rh(CO),Cll,

toluene . \ © benzene

-26°C, 5 min }S'\ rt, over night

Bu—N s N—-Bu
{Tip 114a Ph i -

. /',/SI\ Tip Tip-, :\Si\s-/ P
TPy Si/SI\ _ 10 mol% of 1 Tip” S
Tip” “\ | i Tip > Si—S!  Tip

/Rh’\ \ 0.4 eq [Rh(CO),Cl], 0C—Rh=CO
ocC ;Si\@
tBu—N_~ N—'Bu C'\Sle
/ N\
Ph tBu—N@,N—tBu
117 118 Ph

Scheme 58. Synthesis of Siz rhodium complexes 117 and 118 from silylene-functionalized Sies
siliconoid 114a.

A second central aspect of this project was the investigation to apply siliconoids in a
catalytic cycle. With respect to the establishment of N-heterocyclic silylenes in
catalysis, we focused on the silylene-functionalized siliconoid 114a and the thus
obtained Group 9 transition metal complexes 116a, 117 and 118. The Group 9
metallasiliconoids 116a, 117 and 118 were thus employed as catalysts in the

isomerization of terminal alkenes to 2-alkenes showing especially in case of 116a
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competitive results concerning conversion and reaction rates. The Group 9 metal
complexes represent the first siliconoids with the endohedral incorporation of
transition metals. With the isomerization of 117 and 118 the complete reconstruction
of the benzpolarene scaffold and the principal possibility of a temporary change of
the coordination mode have been shown. As all isolated Group 9 transition metal
complexes show catalytic activity with competitive selectivity in the isomerization of
alkenes to 2-alkenes, a possible approach in the future might be the increase of
conversion rates using effective co-catalysts. In order to achieve a more
comprehensive insight on the catalytic cycle, isolation of the catalyst-substrate
complex might be considered.

The reaction of the silylene-functionalized siliconoid 114a with chalcogens such as
sulfur, selenium and tellurium lead to the first chalcogen-expanded unsaturated
silicon clusters 119a-c. The structures 119a-c are characterized by x-ray
crystallography confirming the incorporation of two additional vertices to the cluster
scaffold: the chalcogen and a pentacoordinate silicon atom (Scheme 59). As N-
heterocyclic silylenes are known to easily undergo oxidation in the reaction with
chalcogens, we presumed the formation of an initial Si=E double bond which then
results in the expansion of the cluster core due to its electrophilicity. The mechanistic
considerations have been supported by the optimization of the electronic structures
of the proposed intermediates at the BP86-D3(BJ)/def2-SVP level of theory.

Tip _Tip
T Tip<_/ i
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Tip™ g i, Tip E\ < ' /' Tip
:Si o.” SIS
\ _ —Si—Si
tBu—N/{?N—’Bu Bu~p o i
@ N—¢
Ph 7 Bu
Ph
114a 119a-c

Scheme 59. Synthesis of chalcogen-expanded Siz heterosiliconoids 119a-c (119a: E = S, 119b: E =
Se, 119c: E = Te).

The reaction of a neutral silylene-functionalized siliconoid 114a with chalcogens
expands the cluster core to incorporate a chalcogen atom and leaves the
unsubstituted vertices untouched. The mechanistic scenario based on theoretical
calculations may serve as inspiration for the further development of alternative

synthetic approaches in the field of chalcogen-silicon based materials.
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Scheme 60. Synthesis of the privo-ligato silanolether-bridged siliconoid 120.

When the sililyene/siliconoid hybrid 114a was treated with carbon monoxide in the
presence of 10 mol% of Ni(cod)2, the full reductive cleavage of the C=0 triple bond is
observed. The structure 120 was confirmed by x-ray diffraction confirming the
integrity of the benzpolarene scaffold with a peripheral connection of the privo- and
ligato-positions by a Si=C enol ether bridge (Scheme 60). We proposed a reaction
mechanism stating that formation of an initial 114a—Ni(CO)s complex is the starting
point based on the experimental observation that the reaction requires 10 mol% of
Ni(cod)2. The mechanistic considerations have been supported by the optimization of
the electronic structures of all proposed intermediates at the BP86-D3(BJ)/def2-SVP
level of theory. The persistence of the hexasilabenzpolarene scaffold during the full
cleavage of the C=0 triple bond and the reorganization in the periphery of the cluster
scaffold strongly supports the privileged role of the benzpolarene structural motif.
This observation may add further support for its use as a functional ligand in
homogeneous catalytic processes.
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General

All manipulations were carried out under a protective atmosphere of argon, by using a glovebox or
standard Schlenk techniques. Ethereal solvents were dried by heating to reflux over
Na/benzophenone and distilled and stored under an atmosphere of argon. Hydrocarbons were dried
over sodium or potassium. NMR spectra were recorded on a Bruker Avance Il 300 NMR spectrometer
(*H = 300.13 MHz, **C = 75.46 MHz, Si = 59.6 MHz, 'Li = 116.64 MHz, !B = 96.3 MHz) and/or a
Bruker Avance IV 400 NMR spectrometer (*H = 400.13 MHz, *C = 100.6 MHz, *Si = 59.6 MHz) UV/Vis
spectra were recorded on a Perkin-Elmer Lambda 35 spectrometer in quartz cells with a path length
of 0.1 cm. Infrared spectra were measured with a Bruker Vertex 79 in a platinum ATR diamond cell.
Elemental analyses were performed on an elemental analyzer Leco CHN-900 and/or an elementar
vario Micro Cube. They are mostly low in carbon, which is tentatively attributed to incomplete
combustion due to the formation of silicon carbide. Compounds 1, 2 and 3 were prepared according

to our published procedures.?"?%3%32

General procedure for the synthesis of privo and ligato functionalized siliconoids 5a-b and 6a-f.

The respective compounds are prepared by treating 1 equivalent of the anionic siliconoid 3Li or 4Li
with 1 equivalent of Me3SiCl (5a, 6a), benzoylchloride (5b, 6b), pivaloyl chloride (6c), (Me,N),PCl (6d),
SiCl, (6e), or H3B-SMe, (6f) in benzene or toluene at room temperature. After stirring for the indicated
period of time, all volatiles are removed in vacuo and the crude product is filtered from hexane and

crystallized from hexane or pentane.
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Preparation of ligato-Trimethylsilyl-2,2,5,5,6-pentakis(2’,4’,6’-triisopropylphenyl)tetracyclo
[2.2.0.0*.0*%]hexasilane (5a)

Quantities: 3Li, 325 mg (0.21 mmol); Me;SiCl 25.24 mg (0.23 mmol); benzene (5 mL); stirring 4 h;
crystallization from pentane. Yield: 120 mg (45 %) red crystals. *H-NMR (300.13 MHz, tol-dg, 223 K):
6 =7.61, 7.28 (CyoHg), 7.21 (m, overlapping with CioHg, 3 H, Ar-H), 7.09 — 6.81 (m, overlapping with
benzene-dg, 12 H, Tip-CH), 5.32 (sept, *Juy = 6.44 , 1H, Tip-iPr-CHMe,), 5.07 (sept, *Jus = 6.44, 1 H, Tip-
iPr-CHMe,), 4.44 (sept, >l = 6.44, 2 H, Tip-Pr-CHMe,), 3.96 (sept, *Jus = 6.44, 2 H, Tip-Pr-CHs), 3.55
(sept, })un = 6.44, 1H, Tip—iPr—CHMez), 3.28 (m, overlapping, together 3H, Tip—[Pr—CHMez), 2.73 (m,
overlapping, together 6H, Tip-Pr-CHMe,), 2.22 (br, 2H, Tip-"Pr-CHs), 1.98 (br, 2H, Tip-Pr-CH,), 1.76 (br,
3H, Tip-Pr-CHs), 1.53 - 1.07 (br, together 96H, Tip-Pr-CHs), 0.22 (s, 9H, Si-CHs). **C-NMR (75.46 MHz,
tol-dg, 223 K): 6 = 156.47, 155.65, 154.41, 154.15, 153.82, 153.15, 152.95, 151.94, 151.59, 150.59,
150.42,150.14, 148.99, 148.89, 139.32, 139.07 (Ar-C), 133.88, 128.15, 126.06 (CyoHsg), 123.61, 123.45,
123.21, 123.04, 122.47, 122.08, 121.91, 121.24, 121.05 (Ar-CH), 38.37, 36.22, 36.09, 35.90, 35.14,
34.84, 34.46, 34.25, 32.05, 29.31 (Tip-iPr—CH), 290.1884, 28.49, 27.26, 26.23, 25.35, 24.96, 24.58,
24.24, 24.05, 23.85, 23.42, 22.80 (Tip-"Pr-CH,), 22.56 (Tip-iPr-CH,), 14.12 (Tip-Pr-CHs), 2.94 (Si-CHs).
28i-NMR (59.62 MHz, tol-ds, 223 K): 8 = 169.9 (s, privo-SiTip,), 25.8 (s, remoto-SiTip,), 11.3 (s, ligato-
SiTip), -3.7 (s, ligato-Si-SiMe3s), -42.5 (s, SiMes), -257.8 (s, nudo-Si), —-266.6 (s, nudo-Si). Elemental
analysis calculated for Cg;H130Si7: C, 74.81; H, 10.08. Found: C, 74.1; H, 9.95.
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Figure S2: *C NMR of 5a in C¢Dg (75.5 MHZ).

S4

109



6 Supporting Information

2 o0 b §?$
2 L. q8&
R
Si\sl' R
SN N
'Si | Si
R™ \éiés\i R
SiMe3
#W\NM
'NMMMWMWwwmmwmwmwmM‘MMMM *"Mwwwmwmmmw
250 200 150 100 50 0 -50 -100 -150 -200 -250 ppm

Figure $3: °Si NMR of 5a in C4Dg (59.6 MHZ).
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Figure S5: Determination of € (9273 M cm™) by linear regression of absorptions (A = 349 nm) of 5a
against concentration.
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Figure S6: Determination of € (5736 M cm™) by linear regression of absorptions (A= 382 nm) of 5a
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Figure S7: Determination of € (602 M cm™) by linear regression of absorptions (A = 459 nm) of 5a
against concentration.

Preparation of ligato-Benzoyl-2,2,5,5,6-pentakis(2',4',6 "-triisopropyl-phenyl)tetracyclo

[2.2.0.0%.0%°] hexasilane (5b)

Quantities: 3Li, 500 mg (0.32 mmol); benzoylchloride 49.24 mg (0.35 mmol); benzene; stirring 4 h;
crystallization from pentane. Yield: 270 mg (66 %) red crystals.

'H-NMR (300.13 MHz, benzene-ds, 300 K): 8 = 7.87 (m, 1H, Ar-H) 7.62, 7.24 (C1oHg), 7.07 - 6.79 (br,
overlapping with benzene-dg, 8H Tip-CH), 6.73 (s, 1H, Tip-CH), 5.05 - 4.82 (m, 2H, Tip-Pr-CHMe,), 4.38
- 4.13 (m, 2H, Tip-Pr-CHMe,), 4.03 - 3.48 (m, 4H, Tip-Pr-CHMe,), 3.22 - 2.89 (m, 2H, Tip-Pr-CHMe,),
2.82 - 2.48 (m, 5H, Tip-Pr-CHMe,) 2.33 (sept, Juy = 6.8 Hz, 1H, Tip-Pr-CHMe,), 2.1, 2.07 (br, 3H, Tip-
'Pr-CHs), 1.87 - 0.12 (m, overlapping with hexane, 112H, Tip-Pr-CH;). *C-NMR (75.46 MHz, benzene-
de, 300 K): 6 = 155.99, 154. 64, 152.59, 151.01, 150.59, 150.23, 149.53, 143.49, 136.75, 136.38,
136.09 (Ar-C), 133.90 (CyoHg), 132.42, 128.89 (Ar-CH), 128.19 (CyoHg), 127.87, 127.55 (Ar-C), 125.88
(CyoHs), 123.55, 123.09, 122.51, 122.24, 122.04, 121.32, 120.99 (br, Ar-CH), 37.61, 36.79, 36.39,
35.99, 35.52, 34.34, 34.59, 34.49, 34.27, 34.17, 33.86 (Tip-'Pr-CH), 28.21, 28.11, 27.34, 27.19, 27.09,
25.54, 24.92, 24.74, 24.28, 24.28, 24.05, 23.86, 23.76, 23.53, 23.24 (Tip-"Pr-CHs), 22.54 (Tip-Pr-CH,),
22.43, 14.11 (Tip-"Pr-CHs). °Si-NMR (59.62 MHz, benzene-dg, 300 K): & = 174.7 (s, privo-SiTip,), 17.1
(s, ligato-SiTip), 8.7 (s, remoto-SiTip,), —26.5 (s, ligato-Si-C=0), -263.0 (s, nudo-Si), —-279.0 (s, nudo-Si).
Elemental analysis calculated for Cg,H1500Sis: C, 76.33; H, 8.91. Found: C, 74.96; H, 9.60.
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Figure S11: UV-Vis spectrum of 5b in hexane at different concentrations.
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Preparation of privo-Lithiated anionic siliconoid 4Li

privo-Lithio-2,4,5,5,6-pentakis(2',4',6'-triisopropylphenyl) tetracyclo [2.2.0.0"3.0**]hexasilane (4Li)

A solution of 2.39 g of siliconoid 3 (1.72 mmol) in 6 mL of Et,O is cooled to -78°C.
Lithium/naphthalene solution in thf (7.6 mL, 0.5 M, 3.78 mmol) is added dropwise and the resulting
reaction mixture allowed warming to room temperature overnight with vigorous stirring. All volatiles
are removed in vacuum and the resulting residue is washed three times with hexane. The final
product 4Li remains as pale-orange microcrystals. (1.42 g; 60% yield). *"H NMR (300.13 MHz, benzene-
de, 300K): & = 7.28 (d, 1H, Tip-H), 7.27 (d, 1H, Tip-H), 7.05 (d, 1H, Tip-H), 7.00 (s, 2H, Tip-H), 6.94 (d,
1H, Tip-H), 6.93 (s, 1H, Tip-H), 6.84, 6.83 (each d, each 1H, Tip-H), 5.45 (sept, 1H, 'Pr-CH), 5.15 — 5.00
(m, 2H, 'Pr-CH), 4.57 (sept, 1H, 'Pr-CH), 4.45 (sept, 1H, 'Pr-CH), 4.18 (sept, 2H, 'Pr-CH), 3.64 (sept, 1H,
'Pr-CH), 3.44 — 3.30 (m, 2H, 'Pr-CH), 3.04 (t, 8H, thf), 2.83 - 2.65 (m, 5H, 'Pr-CH), 2.17, 2.14 (each d,
together 6H, 'Pr-CHs), 1.74 (t, 6H, 'Pr-CH), 1.67, 1.62, 1.57 (each d, each 3H, 'Pr-CH;), 1.50 (d, 9H, Pr-
CHs), 1.45 (d, 3H, 'Pr-CHs) 1.25 — 1.11 (m, 38H, 'Pr-CH; and thf), 0.95 (d, 6H, 'Pr-CHs), 0.75 (t, 6H, Pr-
CHs), 0.69 — 0.62 (m, 9H, 'Pr-CHs) 0.37, 0.34 (each d, together 6H, Pr-CHs). 'Li NMR (116.6 MHz,
benzene-ds, 300K): & = 0.29 (s). **C NMR (75.5 MHz, benzene-ds, 300K): & = 158.3, 156.4, 156.1,
156.0, 153.8, 153.5, 152.5, 152.5, 151.0, 149.3, 148.8, 148.4, 148.3, 147.5, 146.3, 140.9, 139.8, 131.7,
131.5 (Ar-C), 123.0, 122.6, 122.4, 122.2, 121.4, 121.3, 120.9, 120.1, 119.8 (Ar-CH), 68.5 (thf), 36.8,
36.7, 36.5, 36.3, 36.1, 36.0, 35.1, 34.9, 34.8, 34.7, 34.6, 30.2, 28.1, 27.8, 27.5, 27.1, 26.7, 25.6 (Tip-Pr-
CH and Tip-"Pr-CHs), 25.2 (thf), 25.2, 24.9, 24.9, 24.8, 24.7, 24.6, 24.5, 24.3, 24.2 23.6, 22.6, 22.0 (Tip-
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'Pr-CH and Tip-"Pr-CHs). Si NMR (59.6 MHz, benzene-ds, 300K): & = 267.9 (br, privo-SiTipLi), 100.2 (s,
ligato-Si), 15.3 (s, remoto-Si), -43.8 (s, ligato-Si), -222.2 (s, nudo-Si), -231.4 (s, nudo-Si). Elemental
analysis calculated for Cg3H13:Li0,Sis: C, 74.60; H, 9.88. Found: C, 72.68; H, 9.51.
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Figure S15: 'H NMR of 4Li in C¢D¢ (300 MHZ).
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Figure $21: Determination of € (543 M™ cm™) by linear regression of absorptions (A = 468 nm) of 4Li

against concentration.
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Preparaion of privo-Trimethyilsilyl-2,4,5,5,6-pentakis(2',4',6 '-triisopropylphenyl)tetracyclo
[2.2.0.0~%.0*°]hexasilane (6a)

Quantities: 4Li, 104 mg (0.078 mmol); MesSiCl 11 &L {9.39 mg, 0.086 mmol); toluene (2 mL); stirring

2.5 h; crystallization from hexane. Yield: 65 mg (66 %) orange crystals.

'H NMR (300.13 MHz, benzene-dg, 300K): & = 7.27 (d, 2H, Tip-H), 7.07, 7.01, 6.97, 6.91, 6.83 (each d,
each 1H, Tip-H), 6.80 (d, 2H, Tip-H), 6.75 (d, 1H, Tip-H), 4.93 (m, 2H, 'Pr-CH), 4.37 (sept, 1H, 'Pr-CH),
4.06 (sept, 2H, 'Pr-CH), 3.74, 3.63 (each m, each 1H, 'Pr-CH), 3.57 (t, 10H, thf), 3.37 (m, 2H, 'Pr-CH),
2.71 (m, 6H, 'Pr-CH), 2.14 (d, 3H, 'Pr-CHs), 2.05 (d, 3H, 'Pr-CHs), 1.82 (d, 3H, 'Pr-CHs), 1.67 (m, 7H, Pr-
CHs), 1.57 (m, 14H, 'Pr-CH;), 1.43 (br, 10H, thf), 1.24, 1.21, 1.20, 1.18, 1.17, 1.16, 1.15, 1.13, 1.11, 1.08
(each d, overall 36H, 'Pr-CHs), 0.79 (d, 3H, 'Pr-CHs), 0.67 (t, 6H, 'Pr-CHs), 0.51 (m, 6H, 'Pr-CH;), 0.40,
0.38 (each d, overall 6H, Pr-CHs), 0.29 (d, 3H, 'Pr-CH;), -0.15 (s, 9H, Si(CHs)s). *C NMR (75.5 MHz,
benzene-ds, 300K): & = 157.1, 156.9, 156.6, 156.1, 153.7, 153.2, 152.6, 152.0, 150.7, 150.2, 149.9,
149.4,149.2, 138.7, 138.3, 134.8, 129.1, 126.9, 123.7 (Ar-C), 123.1, 122.8, 122.6, 122.4, 122.2, 122.1,
121.7,121.6, 121.3, 121.0 (Ar-CH), 37.7, 37.6, 37.3, 36.9, 36.7, 36.4, 35.1, 35.0, 34.8, 34.7, 34.6, 34.5,
27.8,27.6,27.4,27.1, 27.0, 26.5, 26.4, 26.2, 25.7, 25.4, 25.3, 25.1, 25.0, 24.9, 24.6, 24.4, 24.3, 24.1,
24.0, 23.9, 22.6 (Tip-"Pr-CH and Tip-Pr-CHs), 1.5 (Si(CHs);. 2*Si NMR (59.6 MHz, benzene-dg, 300K): & =
193.6 (s, privo-Si(Tip)SiMes), 29.2 (s, remoto-SiTip,), 22.4 (s, ligato-SiTip), -11.2 (s, SiMes), -15.9 (s,
ligato-SiTip), -242.0 (s, nudo-Si), -253.3 (s, nudo-Si). Elemental analysis calculated for C;gH;,4Si5:
C, 74.45; H, 9.93. Found: C, 71.65; H, 9.83.
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Figure $22: "H NMR of 6a in C¢Dg (300 MHZ).
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Figure $23: *C NMR of 6a in C¢Ds (75.5 MHZ).
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Figure $24: *°Si NMR of 6a in C¢D¢ (59.6 MHZ).
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Figure $25: UV-Vis spectrum of 6a in hexane at different concentrations.
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Figure $26: Determination of € (5176 M cm™) by linear regression of absorptions (A = 357 nm) of 6a
against concentration.
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Figure $27: Determination of € (371 M™ cm™) by linear regression of absorptions (A = 469 nm) of 6a
against concentration.
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Preparation of privo-Benzoyl-2,4,5,5,6-pentakis(2',4',6'"-tri-iso-propylphenyl)tetracyclo

[2.2.0.0~°.0*°] hexasilane (6b)

Quantities: 4Li, 89.5 mg (0.06 mmol); benzoyl chloride 7.5 pL (9.1 mg, 0.065 mmol); toluene; stirring
0.5 h; The crude product was thoroughly dried in vacuo and characterized by multinuclear NMR

spectroscopy.

'H NMR (300.13 MHz, benzene-dg, 300K): & = 7.72 (s), 7.70 (d), 7.26 (d), 7.24 (br), 7.07 (d), 6.96 (d),
6.89 (d), 6.87 (s), 6.81 (t), 6.77 (m), 6.74 (s), 5.06 — 5.02 (m), 4.90 — 4.85 (m), 4.30 — 4.20 (m), 4.15 —
4.02 (m), 3.70 - 3.63 (m), 3.30 — 3.19 (m), 2.86 — 2.55 (m), 2.14 (d), 2.04 (d), 1.87 (d), 1.63 — 1.33 (m),
1.25 - 1.06 (m), 0.80 (d), 0.74 (d), 0.70 — 0.62 (m), 0.47 (d), 0.39 (d), 0.31 (d). *C NMR (75.5 MHz,
benzene-ds, 300 K): & = 226.9 (CO), 156.8, 156.5, 156.1, 156.1, 154.3, 153.7, 153.4, 153.3, 152.2,
152.0, 151.4, 150.8, 150.6, 149.6, 149.5, 149.1, 140.5, 138.5, 138.4, 133.5, 132.4, 128.9, 126.5, 126.1,
123.5,123.2,122.9, 122.4,122.2,121.9, 121.5, 121.3, 121.2 (Ar-C and Ar-CH), 37.4, 37.1, 36.6, 35.2,
34.8, 34.6, 34.5 (Tip-iPr-CH and Tip-iPr-CHs), 32.0 (hexane), 27.6, 27.4, 27.1, 26.7, 26.5, 26.1, 25.9,
25.7, 25.6, 25.4, 25.3, 24.9, 24.7, 24.5, 24.1, 24.1, 24.0, 23.9, 23.5, 23.1, 22.9, 22.7, 22.6 (Tip-iPr-CH
and Tip-iPr-CHs), 14.4 (hexane). °Si NMR (59.6 MHz, benzene-ds, 300 K): 8 = 166.2 (s, privo-
Si(Tip)COPh), 30.9 (s, remoto-SiTip,), —3.6 (s, ligato-SiTip), —16.2 (s, ligato-SiTip) —269.5 (s, nudo-Si)
—271.1 (s, nudo-Si).
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Figure $28: "H NMR of 6b in CsDs (300 MHZ).
$20

125



6 Supporting Information

\ I [ \ \ \ T \ 1
240 220 200 180 160 140 120 100 80 60 40 20 ppm

Figure $29: *C NMR of 6b in C¢D¢ (75.5 MHZ).
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Figure $30: *°Si NMR of 6b in CsDg (59.6 MHZ).
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Preparation of privo-Pivaloyl-2,4,5,5,6-pentakis(2',4',6'-triisopropylphenyl)tetracyclo[2.2.0.0"3.0*]
hexasilane (6¢)

Quantities: 4Li, 150.7 mg (0.11 mmol); pivaloyl chloride 13.9 pL (13.6 mg, 0.11 mmol); toluene (2.5

mL); stirring 0.5 h; crystallization from hexane. Yield: 39 mg (27 %) orange crystals.

'H NMR (400.13 MHz, benzene-dg, 300K): § = 7.27, 7.25, 7.12, 7.07, 7.01, 6.92, 6.86, 6.85 (each d,
each 1H, Tip-H), 6.80 (t, 2H, Tip-H), 5.07, 4.86, 4.35 (each sept, each 1H, 'Pr-CH), 4.18 — 4.06 (m, 2H,
'Pr-CH), 3.96 — 3.87 (m, 2H, 'Pr-CH), 3.65 (s, 1H, 'Pr CH), 3.32 — 3.23 (m, 2H, 'Pr-CH), 2.78 — 2.70 (m,
3H, 'Pr-CH), 2.65 — 2.58 (m, 2H, 'Pr-CH), 2.17, 2.05, 1.81, 1.78 (each d, each 3H, 'Pr-CH;), 1.64 — 1.56
(m, 12H, 'Pr-CHs), 1.44, 1.41, 1.32 (each d, each 3H, 'Pr-CH;), 1.25 — 1.17 (m, 21H, 'Pr-CHs), 1.11 — 1.08
(m, 12H, 'Pr-CHs), 0.89 (s, 9H, ‘Bu-CHs), 0.75, 0.69, 0.67, 0.58 (each d, each 3H, 'Pr-CHs), 0.36 — 0.28
(m, 12H, 'Pr-CHs). *C NMR (100.6 MHz, benzene-dg, 300K): 8 = 238.7 (CO), 157.1, 156.9, 155.9, 155.4,
154.2, 153.8, 153.5, 153.2, 152.1 151.8, 151.6, 150.6, 150.5, 149.5, 149.3, 138.5, 138.4, 133.6, 128.2,
127.9 (Ar-C), 126.6, 123.6,123.0, 122.9, 122.7, 122.4, 122.2, 122.0, 121.5, 120.6 (Ar-CH), 49.4 (CMe;),
37.7,37.5,37.3,37.2,37.0, 36.7, 36.5, 35.3, 35.0, 35.0, 34.7, 34.6, 34.6, 32.0, 29.0, 27.4, 26.8 (Tip-'Pr-
CH and Tip-"Pr-CHs), 26.8 (‘Bu-CHs), 26.2, 26.1, 25.7, 25.7,25.5, 25.4, 25.2, 25.1, 25.0, 24.9, 24.8, 24.5,
24.1, 24.1, 24.1, 24.0, 23.9, 23.6, 23.1, 22.4, 14.4 (Tip-Pr-CH and Tip-"Pr-CH;). *Si NMR (59.6 MHz,
benzene-dg, 300 K): & = 173.1 (s, privo-Si(Tip)CO'Bu) 30.9 (s, remoto-SiTip,), —1.7 (s, ligato-SiTip),
—14.5 (s, ligato-SiTip) —263.1 (s, nudo-Si) —265.8 (s, nudo-Si). Elemental analysis calculated for
CsoH1240Sie: C, 75.64, H; 9.84. Found: C, 74.29; H, 10.05.
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Figure $31: "H NMR of 6¢ in C¢Dg (400 MHZ).
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Figure $32: *C NMR of 6¢ in C¢D¢ (100.6 MHZ).
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Figure $33: 2°Si NMR of 6¢ in C4Dg (59.6 MHZ).
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Figure S34: UV-Vis spectrum of 6¢ in hexane at different concentrations.
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Figure $35: Determination of € (5817 M cm™) by linear regression of absorptions (A = 342 nm) of 6¢
against concentration.
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Figure $36: Determination of € (6081 M™* cm™) by linear regression of absorptions (A = 362 nm) of 6¢
against concentration.
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Figure $37: Determination of € (2704 M™* cm™) by linear regression of absorptions (A = 415 nm) of 6¢
against concentration.
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Figure $38: Determination of € (708 M™* cm™) by linear regression of absorptions (A = 473 nm) of 6¢
against concentrations.
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Preparation of  privo-Bis(dimethylamino)phosphanyl-2,4,5,5,6-pentakis(2',4',6'tri-iso-propyl-
phenyl)-tetracyclo[2.2.0.0"*.0*°] hexasilane (6d)

Quantities: 4Li, 102.8 mg (0.077 mmol); (Me,;N),PCl 11.2 uL (11.9 mg, 0.077 mmol); benzene-dg (0.6
mL); NMR scale. The crude product was thoroughly dried in vacuum and characterized by

multinuclear NMR spectroscopy.

'H NMR (300.13 MHz, benzene-ds, 300K): & = 7.28 (d, 2H, Tip-H), 7.09 (s, 1H, Tip-H), 6,99 (s, 1H, Tip-
H), 6.91 (s, 1H, Tip-H), 6.87 (s, 1H, Tip-H), 6.81 (s, 2H, Tip-H), 6.79 (s, 1H, Tip-H), 5.06 (sept, 1H, Pr-
CH), 4.88 (sept, 1H, 'Pr-CH), 4.41 (sept, 1H, 'Pr-CH), 4.19 — 4.08 (m, 2H, 'Pr-CH), 4.01 — 3.95 (m, 2H, Pr-
CH), 3.65 (sept, 1H, 'Pr-CH), 3.47 (sept, 1H, 'Pr-CH), 3.35 (sept, 1H, 'Pr-CH), 2.78 — 2.65 (m, 5H, 'Pr-CH),
2.58 (d, *Jpy = 9.89 Hz, 6H, N(CHs),), 2.30 (d, *Jpy = 9.19 Hz, 6H, N(CHs),), 2.19 (d, 3H, 'Pr-CHs), 2.06 (d,
3H, 'Pr-CHs), 1.86 (d, 3H, 'Pr-CHs), 1.79 (d, 3H, 'Pr-CHs), 1.70 (d, 3H, 'Pr-CH), 1.65 — 1.57 (m, 12H, 'Pr-
CHs), 1.44 (t, 6H, 'Pr-CHs), 1.22 — 1.14 (m, 27H, 'Pr-CHs), 1.11 — 1.07 (m, 6H, 'Pr-CHs), 0.84 (d, 3H, Pr-
CHs), 0.72 (d, 3H, 'Pr-CHs), 0.68 (d, 3H, 'Pr-CHs), 0.55 (d, 3H, 'Pr-CHs), 0.45 — 0.39 (m, 9H, 'Pr-CH3), 0.31
(d, 3H, 'Pr-CHs). 3C NMR (75.5 MHz, benzene-ds, 300 K): § = 157.4, 157.1, 156.9, 156.5, 156.3, 156.0,
155.9, 154.5, 153.7, 153.6, 153.3, 152.0, 151.8, 151.2, 151.0, 150.7, 150.3, 149.9, 149.3, 149.1 (Ar-C),
123.7, 123.1, 122.8, 122.5, 122.2, 122.1, 121.9, 121.7, 121.6, 121.4 (Ar-CH), 47.2 (d, 2Jep = 9.54 Hz,
N(CHs),), 46.0 (d, 2JC-P = 14.79 Hz, N(CHs),), 40.7, 39.5, 38.4, 37.6, 37.4, 37.2, 37.1, 36.9, 36.4, 35.2,
34.8,34.7,34.6, 34.5, 28.4, 27.8, 27.4, 26.9, 26.6, 26.4, 26.3, 25.6, 25.4, 25.3, 25.2, 25.1, 25.0, 24.9,
24.8, 24.5, 24.5, 24.1, 24.1, 24.0, 24.0, 22.4 (Tip-Pr-CH and Tip-Pr-CHs). °Si NMR (59.6 MHz,
benzene-ds, 300 K): 8 = 186.5 (d, 'Jsp = 97.44 Hz, privo-Si(Tip)P(NMe,),), 28.0 (d, 'Jsp = 7.52 Hz,
remoto-SiTip,), 13.7 (d, Ysp = 20.87 Hz, ligato-SiTip), —16.9 (s, ligato-SiTip), —246.0 (d, YJsp = 33.40 Hz,
nudo-Si), —256.1 (d, YJsp = 8.28 Hz, nudo-Si). *'P NMR (121.5 MHz, benzene-ds, 300 K): & = 121.3 (s,
Jgp = 97.44 Hz).
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Figure $40: "H NMR of 6d in C¢D¢ (400 MHZ).
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Figure S42: 3C NMR of 6d in C¢D¢ (75.5 MHZ).
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Figure $43: °Si NMR of 6d in C¢D¢ (59.6 MHZ).

privo-Trichlorosilyl-2,4,5,5,6-pentakis(2',4',6'-tri-iso~propyl-phenyl)tetracyclo[2.2.0.0".0*¢]

hexasilane (6e)

Quantities: 4Li, 81.8 mg (0.061 mmol); SiCl, 7.7 pL (11.4 mg, 0.067 mmol); benzene-dg (0.6 mL); NMR
scale. The crude product was thoroughly dried in vacuo and characterized by multinuclear NMR

spectroscopy.

'H NMR (300.13 MHz, benzene-dg, 300K): & = 7.25 (s, 2H, Tip-H), 7.10 (d, 1H, Tip-H), 7.04 (d, 1H, Tip-
H), 6.97 (d, 1H, Tip-H), 6.90 (d, 1H, Tip-H), 6.82 (d, 1H, Tip-H), 6.78 (s, 2H, Tip-H), 6.74 (d, 1H, Tip-H),
4.89 (sept, 1H, 'Pr-CH), 4.74 (sept, 1H, 'Pr-CH), 4.28 (sept, 1H, 'Pr-CH), 4.01 — 3.79 (m, 3H, 'Pr-CH), 3.72
—3.52 (m, 2H, 'Pr-CH), 3.39 — 3.20 (m, 2H, 'Pr-CH), 2.78 — 2.52 (m, 5H, 'Pr-CH), 2.13 (d, 3H, Pr-CHs),
2.03 (d, 3H, 'Pr-CHs), 1.81 (d, 6H, 'Pr-CHs), 1.62 (d, 3H, 'Pr-CH;), 1.60 — 1.50 (m, 15H, 'Pr-CH), 1.39 (d,
3H, 'Pr-CHs), 1.24 (d, 3H, 'Pr-CHs), 1.21 — 1.05 (m, 30H, 'Pr-CHs), 0.77 (d, 3H, 'Pr-CHs), 0.65 (d, 6H, Pr-
CH;), 0.53 (d, 3H, 'Pr-CHs), 0.46 (d, 3H, 'Pr-CH3), 0.38 — 0.35 (m, 6H, 'Pr-CH5), 0.28 (d, 3H, 'Pr-CH,). *C
NMR (75.5 MHz, benzene-ds, 300 K): & = 157.0, 156.7, 156.6, 156.2, 154.4, 154.1, 153.8, 153.6, 152.0,
151.8, 151.3, 150.8, 149.9,149.7, 137.8, 137.5, 130.1, 127.6, 125.3(Ar-C), 123.9, 123.3, 122.9, 122.8,
122.4, 122.3, 122.2, 122.1, 121.5 (Ar-CH), 38.3, 37.8, 37.6, 37.5, 37.1, 36.5, 36.5, 35.4, 35.1, 34.7,
34.7,34.6, 34.6, 34.5, 27.8, 27.4, 27.3, 27.1, 27.0, 26.7, 26.5, 26.1, 25.6, 25.2, 25.1, 25.0, 24.6, 24.1,
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24.0,23.9, 23.8, 23.7, 22.9, 22.5 (Tip-Pr-CH and Tip-"Pr-CHs). *Si NMR (59.6 MHz, benzene-dg, 300 K):
6 = 161.7 (privo-Si(Tip)SiCls), 35.2 (s, remoto-SiTip,), 12.0 (s, ligato-SiTip), 7.4 (SiCls), —6.4 (s, ligato-
SiTip), —251.6 (s, nudo-Si), —258.9 (s, nudo-Si).
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Figure S44: 'H NMR of 6e in CsDs (300 MHZ).
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Figure $45: °C NMR of 6e in C¢Dg (75.5 MHZ).
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Figure $46: *°Si NMR of 6e in C¢D¢ (59.6 MHZ).
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Preparation of privo-Lithium-2,4,5,5,6-pentakis(2',4',6'-triisopropylphenyl)tetracyclo[2.2.0.0%.0*°]
hexasilan-2-ylborate (6f)

Quantities: 4Li, 53.4 mg (0.04 mmol); H3B:SMe, 4.2 pL (3.4 mg, 0.04 mmol); toluene (1 mL); stirring 1

h; crystallization from hexane. Yield: 40 mg (78 %) yellow crystals.

'H NMR (300.13 MHz, benzene-dg, 300K): & = 7.27, 7.24, 7.09, 6.97, 6.94 (each d, each 1H, Tip-H),
6.89 (s, 2H, Tip-H), 6.81, 6.80, 6.68 (each d, each 1 H, Tip-H), 5.16, 5.05, 4.77 (each sept, each 1H, Pr-
CH), 4.30 (m, 3H, 'Pr-CH), 3.79, 3.69 (each sept, each 1H, 'Pr-CH), 3.33 (m, 2H, 'Pr-CH), 3.07 (br, 7H,
thf), 2.72 (m, 5H, 'Pr-CH), 2.14, 2.10, 1.78, 1.71 (each d, each 3H, 'Pr-CH;), 1.61 (m, 12H, 'Pr-CHs), 1.47,
1.42, 1.37 (each d, each 3H, 'Pr-CHs), 1.20 (m, 30H, Pr-CHs), 1.19 (m, thf), 0.63 (m, 18H, 'Pr-CHs), 0.35
(m, 9H, 'Pr-CHs). ’Li NMR (116.6 MHz, benzene-ds, 300K): & = -0.58 (s). **B NMR (96.3 MHz, benzene-
de, 300K): & = -36.4 (g, Jen = 82.3 Hz, BH3). **C NMR (75.5 MHz, benzene-ds, 300K): & = 156.8, 156.5,
156.4, 155.9, 153.5, 153.3, 152.0, 151.9, 149.3, 149.0, 148.8, 148.6, 148.4, 148.1, 142.7, 139.9, 139.4,
130.6, 128.8 (Ar-C), 123.1, 122.7, 122.4, 122.2, 121.6, 121.0, 120.8, 120.3, 119.6 (Ar-CH), 36.9, 36.7,
36.6, 36.1, 35.9, 35.2, 34.7, 34.6, 34.5, 34.4, 33.8, 28.5, 27.5, 27.5, 27.3, 27.0, 26.4, 26.3, 25.7, 25.5,
25.2,25.1, 25.0, 24.9, 24.8, 24.7, 24.6, 24.4, 24.3, 24.1, 24.0, 24.0, 23.9, 23.9, 23.8, 23.6, 22.5, 22.0
(Tip-Pr-CH and Tip-"Pr-CH;). 2°Si NMR (59.6 MHz, benzene-dg, 300K): & = 237.3 (br, privo-Si(Tip)BHs),
21.7 (s, ligato-SiTip), 21.1 (s, remoto-SiTip,), -28.8 (s, ligato-SiTip), —243.3 (s, nudo-Si), -255.6 (s,
nudo-Si). Elemental analysis calculated for C;9H4,6BLiOSig: C, 74.24; H, 9.94. Found: C, 70.10; H, 9.50.
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Figure S47: 'H NMR of 6f in C¢D¢ (300 MHZ).
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Figure $48: 'B NMR of 6f in C¢D¢ (96.3 MHZ).
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Figure S50: >C NMR of 6f in C¢Dg (75.5 MHZ).
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Figure S51: 2°Si NMR of 6f in CsDg (59.6 MHZ; Ib = 1)
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Figure S53: UV-Vis spectrum of 6f in hexane at different concentrations.
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Figure S54: Determination of & (4936 M™ cm™) by linear regression of absorptions (A = 361 nm) of 6f
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Details on X-ray Diffraction Studies

Table S1. Crystal data and structure refinement for ligato-TMS-substituted siliconoid 5a (CCDC-1877380).

Identification code sh3711
Empirical formula C78 H124 Si7,0.5(C5 H12)
Formula weight 1294.47
Temperature 132(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group C2/c
Unit cell dimensions a=38.1514(15) A o =90°.
b=12.7134(5) A B=94.456(3)°.
c=33.8416(11) A y=90°.
Volume 16364.7(11) A3
Z 8
Density (calculated) 1.051 Mg/m3
Absorption coefficient 0.155 mm1
F(000) 5688
Crystal size 0.546 x 0.393 x 0.223 mm3
Theta range for data collection 1.071 to 29.218".
Index ranges -52<=h<=52, -17<=k<=17, -46<=I<=46
Reflections collected 160059
Independent reflections 22155 [R(int) = 0.0358]
Completeness to theta = 25.242° 100.0 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7458 and 0.7025
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 22155 /83 /836
Goodness-of-fit on F2 1.031
Final R indices [I>2sigma(l)] R1=0.0431, wR2 =0.1036
R indices (all data) R1=0.0584, wR2=0.1118
Extinction coefficient n/a
Largest diff. peak and hole 0.779 and -0.649 e.A-3
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Table S2. Crystal data and structure refinement for ligato-benzoyl-substituted siliconoid 5b (CCDC-1877381).

Identification code sh3716
Empirical formula C82 H120 O Si6
Formula weight 1290.31
Temperature 132(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2,/c
Unit cell dimensions a=18.8229(6) A a=90°.
b =28.6659(10) A B=107.786(2)°.
c=30.7990(12) A y=90°.
Volume 15824.1(10) A3
Z 8
Density (calculated) 1.083 Mg/m3
Absorption coefficient 0.147 mm
F(000) 5632
Crystal size 0.672 x 0.453 x 0.385 mm3
Theta range for data collection 0.993 to 27.929°.
Index ranges -22<=h<=24, -37<=k<=35, -40<=I<=40
Reflections collected 152878
Independent reflections 37861 [R(int) = 0.0485]
Completeness to theta = 25.242° 99.9 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.6696
Refinement method Full-matrix least-squares on F?2
Data / restraints / parameters 37861/192 /1743
Goodness-of-fit on F2 1.081
Final R indices [I>2sigma(l)] R1=0.0648, wR2 = 0.1395
R indices (all data) R1=0.1038, wR2 = 0.1598
Extinction coefficient n/a
Largest diff. peak and hole 0.801 and -0.476 e.A3
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Table S3. Crystal data and structure refinement for privo-lithiated anionic siliconoid 4Li (CCDC-1877378).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

sh3618

€87 H139 Li 03 Si6
1408.45

175(2) K

0.71073 A

Triclinic

P-1

a=14.2918(16) A o= 109.652(5)°.
b =16.4145(18) A B=104.243(4)°.
c=21.516(3) A ¥ =99.970(4)°.

4422.6(9) A3

2

1.058 Mg/m3

0.138 mm

1544

0.696 x 0.647 x 0.466 mm3
1.362 to 27.284°.

-18<=h<=18, -21<=k<=20, -27<=I<=27

69055

19545 [R(int) = 0.0443]

100.0 %

Semi-empirical from equivalents
0.7455 and 0.6196

Full-matrix least-squares on F2
19545 / 411 / 1006

1.064

R1 =0.0628, wR2 = 0.1581
R1=0.0952, wR2 = 0.1885

n/a

0.975 and -0.428 e.A3
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Table S4. Crystal data and structure refinement for privo-TMS-substituted siliconoid 6a (CCDC-1877379).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

sh3668

C78 H124 Si7, C6 H14
1344.57

152(2) K

0.71073 A
Monoclinic

P2,/c

a=21.0070(7) A

b =20.4182(7) A
c=19.9183(7) A
8505.1(5) A3

4

1.050 Mg/m3

0.152 mm

2960

0.480 x 0.380 x 0.166 mm3
0.974 to 28.755°.

a=90°.
= 95.4324(13)".
vy =90°.

-27<=h<=28, -27<=k<=25, -24<=|<=26

68739
22100 [R(int) = 0.0376]
100.0 %

Semi-empirical from equivalents

0.7458 and 0.6844

Full-matrix least-squares on F2
22100/26 /1278

1.032

R1=0.0473, wR2 =0.1158
R1=0.0737, wR2 = 0.1319
n/a

0.783 and -0.504 e.A-3
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Table S5. Crystal data and structure refinement for privo-pivaloyl-substituted siliconoid 6¢ (CCDC-1877382).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

sh3824

C80 H124 0O Si6, 0.5(C6 H14)

1313.41
152(2) K
0.71073 A
Triclinic

P-1
a=13.3961(3) A
b =18.2592(5) A
c=19.4141(4) A

o= 67.9010(10)°.
B=70.1540(10)".
y = 76.3090(10)°.

4106.08(17) A3

2

1.062 Mg/m3

0.143 mm-?

1442

0.374 x 0.306 x 0.220 mm?3
1.179 to 33.864°.

-20<=h<=20, -28<=k<=28, -30<=I<=30
127205

33036 [R(int) = 0.0356]

100.0 %

Semi-empirical from equivalents
0.7467 and 0.7205

Full-matrix least-squares on F2
33036/ 77 /872

1.032

R1=0.0544, wR2 = 0.1381
R1=0.0908, wR2 = 0.1578

n/a

1.580 and -0.722 e.A3
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Table S6. Crystal data and structure refinement for privo-borate-substituted siliconoid 6f (CCDC-1877383).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

sh3732

C158 H252 B2 Li2 02 Si12, 2(C6 H6)
2712.38

192(2) K

0.71073 A

Monoclinic

P2,/c

a=17.8496(8) A a=90°.

b =24.9370(10) A =99.856(2)°.

c=20.3519(9) A y=90°.
8925.2(7) A3

2

1.009 Mg/m3

0.133 mm-?

2968

0.778 x 0.754 x 0.306 mm?3

1.158 t0 29.617°.

-24<=h<=24, -34<=k<=22, -28<=I<=28
96855

25096 [R(int) = 0.0341]

100.0 %

Semi-empirical from equivalents
0.7459 and 0.6970

Full-matrix least-squares on F2
25096 / 192 / 950

1.403

R1=0.0643, wR2 = 0.1752
R1=0.0991, wR2 = 0.1926

n/a

1.192 and -0.383 e.A3
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Plot of the Hammett parameter o,,/c, vs >°Si chemical shift of Si2
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Figure S56: Plot of the Hammett parameter o, vs 2°Si chemical shift of Si2 for substituents in ligato
position of 5a-f and 2.
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Figure S57: Plot of the Hammett parameter o,, vs 2°Si chemical shift of Si2 for substituents in privo
position of 6a-f and 2.
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Figure S58: Plot of the Hammett parameter 6, vs %Sj chemical shift of Si2 for substituents in ligato

position of 5a-f and 2.
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Figure S59: Plot of the Hammett parameter G, vs %Si chemical shift of Si2 for substituents in privo

position of 6a-f and 2.
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6.2 Indirect and Direct Grafting of Transition Metals to Siliconoids

153



6 Supporting Information

Angewandte
e immsrcmonmenms CHIEIMNIE

Supporting Information

Indirect and Direct Grafting of Transition Metals to Siliconoids

Nadine E. Poitiers, Luisa Giarrana, Kinga I. Leszczynska, Volker Huch, Michael Zimmer, and
David Scheschkewitz*

anie_202001178_sm_miscellaneous_information.pdf

154



6 Supporting Information

Table of Contents

1. Experimental Procedures

2. Preparation, data and spectra (NMR, UV-vis, IR) of:

3. Details on Structure optimization at BP86+D3(BJ)/def2-SVP level of theory

ligato-Zirconocene-substituted siliconoid (2a)
ligato-Hafnocene-substituted siliconoid (2b)

General procedure for tetrylene-substituted siliconoids
ligato-Silylene-substituted siliconoid (3a)
ligato-Germylene-substituted siliconoid (3b)
ligato-Stannylene-substituted siliconoid (3c)
ligato-Silylene-substituted siliconoid Fe(CO), complex (4a)
ligato-Germylene-substituted siliconoid Fe(CO), complex (4b)

ligato-Stannylene-substituted siliconoid Fe(CO), complex (4c)

ligato-Zirconocene-substituted siliconoid (2a)

ligato-Hafnocene-substituted siliconoid (2b)

4. Details on X-Ray Diffraction Studies

ligato-Zirconocene-substituted siliconoid (2a)
ligato-Hafnocene-substituted siliconoid (2b)
ligato-Silylene-substituted siliconoid (3a)
ligato-Germylene-substituted siliconoid (3b)
ligato-Stannylene-substituted siliconoid (3c)
ligato-Silylene-substituted siliconoid Fe(CO), complex (4a)
ligato-Germylene-substituted siliconoid Fe(CO), complex (4b)

ligato-Stannylene-substituted siliconoid Fe(CO), complex (4c)

5. References

6. Author Contributions

WILEY-VCH

S3

S3

S8

S13
S13
S18
S23
S29
S34
S39
S48
S48
8§52
S56
S56
S58
S60
562
S64
S66
S68
S70
S71

S71

155



6 Supporting Information

WILEY-VCH

1. Experimental Procedures

All manipulations were carried out under a protective atmosphere of argon, by using a glovebox or standard Schlenk techniques.
Ethereal solvents were dried by heating to reflux over Na/benzophenone and distilled and stored under an atmosphere of argon.
Hydrocarbons were dried over sodium or potassium. NMR spectra were recorded on a Bruker Avance IV 400 NMR spectrometer ('H
=400.13 MHz, '*C = 100.6 MHz, #Si = 59.6 MHz, "'°Sn = 149.21 MHz) and a Bruker Avance IIl 400 WB spectrometer (*Si = 79.53
MHz, "'°Sn = 149.27 MHz). UV/Vis spectra were recorded on a Shimdazu UV-2600 spectrometer in quartz cells with a path length of
0.1 cm. Infrared spectra were measured with a Shimadzu IRAffinity-1S in a platinum ATR diamond cell. Elemental analyses were
performed on an elemental analyzer Leco CHN-900 and/or an elementar vario Micro Cube. The anionic siliconoid 1Li" and NHSiCI
(@), NHGeCl (b), NHSNCI (c)*® were prepared following the literature protocols.

2. Preparation, data and spectra (NMR, UV-vis, IR)

Preparation of ligato-zirconocene-substituted siliconoid (2a)

The anionic siliconoid 1Li (300 mg; 0.203 mmol) and 1 eq (59.39 mg; 0.203 mmol) of bis(cyclopentadienyl)zirconium(lV) dichloride
were dissolved in 5 mL benzene under stirring. The solution turned instantly dark red and was stirred overnight at room temperature.
The solvent was removed in vacuo and the dark red residue was filtered from 3 mL hexane. The solution was concentrated to 1 mL
and stored at -26 °C for one day to obtain dark red crystals of 2a (185 mg ; 0.128 mmol) in 63 % yield (mp. 115°C, dec.).

"H-NMR (400.13 MHz, CsDs, 300 K) & = 7.625 (q, 5H, C1oHs), 7.326 — 7.322 (m, 1H, Ar-H), 7.251 (q, 5H, C1oHs), 7.203 — 7.200 (m,
1H, Ar-H), 7-057 (m, 1H, Ar-H), 6.989 — 6.973 (m, 3H, Ar-H), 6.894 (bs, 1H, Ar-H), 6.862 — 6.859 (m, 1H, Ar-H), 6-806 — 6.803 (m, 1H,
Ar-H), 6.772 — 6.769 (m, 1H, Ar-H), 6.038 (sept, 1H, *Juy = 6.70 Hz, Tip-iPr-CH,), 5.915 (s, 5H, Cp), 5.478 (s, 5H, Cp), 5.027 (sept,
1H, *Jun = 6.65 Hz, Tip-iPr-CH,), 4.648 (sept, 1H, *Jun = 6.61 Hz, Tip-iPr-CH,), 4.143 (sept, 1H, *Jun = 6.61 Hz, Tip-iPr-CHy), 4.103 (s,
0.2H, Si-H), 3.934 (sept, 1H, J = 6.45 Hz, Tip-iPr-CH,), 3.744 (sept, 1H, *Ju = 6.45 Hz, Tip-iPr-CH,), 3.453 (sept, 1H, *Ju = 6.45 Hz,
Tip-iPr-CHy), 3.391 — 3.289 (m, 2H, Tip-iPr-CHy), 2.937 (sept, 1H, *Ju = 6.43 Hz, Tip-iPr-CHy), 2.846 — 2.540 (m, 7 H, Tip-iPr-CH,),
2.284 (d, 3H, *Jun = 6.60 Hz, Tip-iPr-CHs), 2.029 (d, 3H, *Jun = 6.60 Hz, Tip-iPr-CHs), 1.732 (d, 3H, *Ju = 6.37 Hz, Tip-iPr-CHs),
1.690 — 1.465 (m, 30H, Tip-iPr-CHs overlapping with hexane), 1.282 — 1.016 (m, 62 H, Tip-iPr-CHs), 0.891 (t, 4H, hexane), 0.678 (d,
3H, ®Juy = 6.31 Hz, Tip-iPr-CHy), 0.602 (d, 3H, *Juy = 6.31 Hz, Tip-iPr-CHs), 0.495 (d, 3H, 3Jun = 6.31 Hz, Tip-iPr-CHs), 0.394 (d, 3H,
3Jun = 6.66 Hz, Tip-iPr-CHs), 0.337 (d, 3H, 3Juy = 6.31 Hz, Tip-iPr-CHs), 0.233 (d, 3H, 3Juy = 6.31 Hz, Tip-iPr-CHj), 0.154 (d, 3H, 3Ju
=6.31 Hz, Tip-iPr-CHs) ppm.

3C-NMR (100.61 MHz, C¢Ds, 300 K) 5 = 156.20, 155.96, 154.57, 154.38, 154.16, 153.97, 153.52, 153.32, 152.87, 152.05, 151.12,
150.54 (s, each 1C, Ar-C), 150.36, 150.32 (s, each 1C, Ar-C), 150.01, 149.76, 149.35, 149.05, 148.83 (s, each 1C, Ar-C), 143.09,
141.06, 139.37, 138.63, 136.89, 136.48, 134.21, 133.99 (s, each 1C, Ar-C), 129.07, 128.17, 128.09, 127.86 (s, each 1C, Ar-CH,
overlapping with C¢Ds), 125.99 (s, 1C, Ar-CH), 123.81, 123.36, 123.28, 123.20, 122.77, 122.61, 122.34, 122.28, 122.21, 121.12 (bs,
each 1C, Ar-CH), 115.64 (s, 1C, Ar-CH), 114.08 (s, 2C, Ar-CH), 112.49 (s, 1C, Ar-C-Zr), 111.80 (s, 1C, Ar-C-Zr), 37.86, 37.36, 36.37,
36.13, 35.99, 35.66, 35.54, 35.33 (s, each 1C, Tip-iPr-CH) 34.71, 34.64, 34.60, 34.49, 34.38. 34.34, 34.31, 34.05, 33.12 (s, each 1C,
Tip-iPr-CH), 31.90 (s, 1C, Tip-iPr-CH), 29.32, 28.87, 28.84 (s, each 1C, Tip-iPr-CHj3), 27.14, 27.11 (bs, each 1C, Tip-iPr-CH3), 26.51,
26.09, 25.67 (s, each 1C, Tip-iPr-CHs), 25.21, 25.13, 25.09 (bs, each 1C, Tip-iPr-CHs;), 24.61 (s, 1C, Tip-iPr-CH;), 24.39, 24.22,
2418, 24.13, 24.07, 24.01, 23.97, 23.91, 23.89, 23.84, 23.69, 23.68, 23.49 (s, each 1C, overlapping, Tip-iPr-CH3), 22.99 (s, 1C, Tip-
iPr-CHj3), 14.30 (s, 1C, Tip-iPr-CHz) ppm.

2Si-NMR (79.49 MHz, C¢Ds, 300 K) & = 162.6 (s, privo-Si(Tip)2), 29.5 (s, ligato-SiTip), 23.7 (s, remoto-Si(Tip)2), 21.4 (s, ligato-Si-
Zr(Cp2Cl), =233.5 (s, nudo-Si), =240.6 (s, nudo-Si) ppm.

CP-MAS Si-NMR (79.53 MHz, 300K) & = 161.7 (s, privo-Si(Tip)z), 30.2 (s, ligato-SiTip), 22.1 (s, remoto-Si(Tip)y), 18.8 (s, ligato-Si-
Zr(Cp2Cl), =234.6 (s, nudo-Si), -243.7 (s, nudo-Si) ppm.

Elemental analysis: calculated for CgsH125CIZrSis (additional 0.4 eq C1oHs): C: 71.59 % ; H: 8.64 %. Found: C:72.70 % ; H: 9.01 %.
UV/VIS (hexane): Amax (€) = 521 nm (1700 M~ cm™).
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Figure S1. "H NMR of 2a in C¢Ds (400.13 MHz. 300 K). Residual naphthalene (CoHg) marked with asterisk (*).
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Preparation of ligato-Hafnocence-substituted siliconoid (2b)

The anionic siliconoid 1Li (365 mg; 0.237 mmol) and 1 eq (90.15 mg; 0.237 mmol) of bis(cyclopentadienyl)hafnium(IV)dichloride
were dissolved in 4 mL benzene under stirring at room temperature. The solution turned instantly dark purple and was stirred 2h. The
solvent was removed in vacuo and the dark red residue was filtered from 6 mL hexane. The solution was concentrated to 1 mL and
stored at =26 °C for one day to yield bright red crystals of the hafnium-functionalized siliconoid 2b (225 mg; 0.147 mmol). A second
batch of crystals was isolated by reducing the mother liquor (15 mg, 0.01 mmol) giving a total amount of 66 % (240 mg; 0.157 mmol)
of compound 2b (mp. > 270°C, dec.).

'H-NMR (400.13 MHz, CsDs, 300 K) 8 = 7.628 (q, 1H, C1oHs), 7.316 — 7.312 (m, 1H, Ar-H), 7.251 (q, 1H C1oHg), 7.203 — 7.199 (m, 1H,
Ar-H), 7.160 — 7.131 (m, 1H, Ar-H), 7.049 (bs, 1H, Ar-H), 6.986 — 6.970 (m, 2H, Ar-H), 6.891 (bs, 1H, Ar-H), 6.861 —6.857 (m, 1H, Ar-
H), 6.807 — 6.803 (m, 1H, Ar-H), 6.757 — 6.753 (m, 1H, Ar-H), 6.039 (sept, 1H, 3Jun = 6.45 Hz, Tip-iPr-CHy), 5.949 (s, 0.5 H, Cp),
5.829 (s, 5H, Cp), 5.382 (s, 5H, Cp), 5.041(sept, 1H, 3Jun = 6.69 Hz, Tip-iPr-CHy), 4.645 (sept, 1H, 3Jun = 6.67 Hz, Tip-iPr-CHy),
4.137 (sept, 1H, 3Jpn = 6.67 Hz, Tip-iPr-CHy), 4.092 (s, 0.1H, Si-H), 3.939 (sept, 1H, 3Ju = 6.05 Hz, Tip-iPr-CHy), 3.782 (sept, 1H,
®Ju = 6.36 Hz, Tip-iPr-CHy), 3.472 (sept, 1H, *Juu = 6.36 Hz, Tip-iPr-CH;), 3.354 (sept, 1H, *Jun = 6.36 Hz, Tip-iPr-CHy), 2.939 (sept,
1H, 3Jun = 6.49 Hz, Tip-iPr-CHy), 2.830 — 2.529 (m, 5 H, Tip-iPr-CH,), 2.279 (d, 3H, *Jun = 6.50 Hz, Tip-iPr-CHs), 2.028 (d, 3H, 3Juy =
6.50 Hz, Tip-iPr-CHj), 1.738 (d, 3H, *Ju = 6.44 Hz, Tip-iPr-CHs), 1.653 — 1.565 (m, 16H, Tip-iPr-CHs), 1.527 -1.463 (m, 10 H, Tip-iPr-
CHs), 1.280 — 1.180 (m, 27 H, Tip-iPr-CHs), 1.129 — 1.102 (m, 27 H, Tip-iPr-CHs), 0.889 (t, 10H, hexane), 0.676 (d, 3H, *Ju+ = 6.48
Hz, Tip-iPr-CHs), 0.602 (d, 3H, Juu = 6.05 Hz, Tip-iPr-CHs), 0.504 (d 3H, *Ji = 6.65 Hz, Tip-iPr-CHs), 0.391 (d, 3H, *Jun = 6.35 Hz,
Tip-iPr-CHs), 0.337 (d, 3H, Juy = 6.35 Hz, Tip-iPr-CHs), 0.241 (d, 3H, 3Jun = 6.35 Hz, Tip-iPr-CHs), 0.151 (d, 3H, 3Jun = 6.05 Hz, Tip-
iPr-CHs) ppm.

3C-NMR (100.61 MHz, C¢Ds, 300 K) & = 156.22, 155.99, 154.55, 154.42, 154.16, 154.06, 153.55, 153.35, 153.00, 152.07 (s, each
1C, Ar-C), 150.30, 149.98, 149.74, 149.30, 148.80 (s, each 1C, Ar-C), 143.19, 141.17, 139.49, 138.80, 135.27, 134.00 (s, each 1C,
Ar-C), 128.51, 128.09, 127.86 (s, each 1C, Ar-CH, overlapping with C¢Ds), 125.99 (s, 1C, Ar-CH), 123.82, 123.41, 123.26, 123.20,
122.79, 122.62 (s, each 1C, Ar-CH), 122.28 (bs, 2C, Ar-CH), 121.14 (s, 1C, Ar-CH), 114.30 (s, 1C, Ar-CH), 112.84 (s, 1C, Ar-CH),
111.42 (s, 1C, Ar-C-Hf),110.84 (s, 1C, Ar-C-Hf), 37.84, 37.23, 36.42, 36.09, 35.97 (s, each 1C, Tip-iPr-CH), 35.65, 35.57 (bs, each
1C, Tip-iPr-CH), 35.35 (s, 1C, Tip-iPr-CH), 34.71, 34.64, 34.59, 34.50, 34.37, 34.30, 34.05 (s, each 1C, Tip-iPr-CH), 33.17 (s, 1C,
Tip-iPr-CH), 31.90 (s, 2C, Tip-iPr-CH), 29.31, 28.84, 27.15, 26.51, 26.09, 25.68, 25.26, 25.12 (s, each 1C, Tip-iPr-CHs), 24.63, 24.59
(bs, each 1C, Tip-iPr-CHs;), 24.38 (bs, 1C, Tip-iPr-CHs), 24.21, 24.19, 24.17, 24.12, 24.07, 24.03, 23.99, 23.95, 23.84 (s, each 1C,
overlapping, Tip-iPr-CHs), 23.70, 23.49 (s, each 1C, Tip-iPr-CHs), 22.99 (s, 2C, Tip-iPr-CHs) ppm.

25i-NMR (79.49 MHz, C¢Ds, 300 K) 5 = 162.8 (s, privo-Si(Tip)2), 35.9 (s, ligato-SiTip), 31.0 (s, remoto-Si(Tip)2), 28.4 (s, ligato-Si-
Zr(Cp2Cl), =232.1 (s, nudo-Si), =240.3 (s, nudo-Si) ppm.

CP-MAS *Si-NMR (79.53 MHz, 300K) & = 162.0 (s, privo-Si(Tip)2), 36.3 (s, ligato-SiTip), 30.5 (s, remoto-Si(Tip)2), 27.6 (s, ligato-Si-
Zr(Cp2Cl), -229.4 (s, nudo-Si), =239.9 (s, nudo-Si) ppm.

Elemental analysis: calculated for CgsH125CIHfSis: C: 66.75 % ; H, 8.24 %. Found: C:65.54 % ; H: 7.85 %.

UV/VIS (hexane): hmax (€) = 497 nm (2710 M~ cm™).
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Figure S9. "H NMR of 2b in C¢Ds (400.13 MHz, 300 K). Residual naphthalene (C1oHs) marked with asterisk (*).
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Figure $10. "°C NMR of 2b in CsDs (100.61 MHz, 300 K).
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Figure S13. UV-Vis spectrum of 2a in hexane at different concentrations.
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Figure S16. Determination of & (4270 M cm™) by linear regression of absorptions (.. = 443 nm) of 2b against concentration.
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Figure S17. Determination of ¢ (2710 M™' cm™) by linear regression of absorptions (. = 497 nm) of 2b against concentration.

Procedure for the synthesis of ligato-tetrylene-substituted Sis siliconoids 3a-b

Compounds 3a-c are prepared by treating 1 equivalent of the anionic siliconoid 1Li with 1.1 equivalent of chlorosilylene (a) or
chlorogermylene (b) in benzene. The solution of the appropriate tetrylene in benzene was added slowly with a syringe to the solution
of 1Li in benzene at room temperature such that the tetrylene forms a layer below the 1Li solution. Keeping the mixture under argon
atmosphere over night without stirring afforded the respective products 3a-b as crystals. After removing the mother liquor by cannula,
the crystals were washed twice using the indicated amount of benzene each to remove the precipitated lithium salt. A second fraction
was obtained by hot filtration of the mother liquor from benzene followed by concentration of the filtrate.

Procedure for the synthesis of ligato-tetrylene-substituted Sis siliconoid 3¢

The solution of chlorostannylene (c) was added to the solution of 1Li in benzene and stirred overnight while the color changed from
brown to orange-brown. Benzene was removed in vacuo and the orange residue was filtered from the indicated amount of hexane.
The solution was concentrated and stored at —26°C overnight to yield orange crystals of the ligato-stannylene-substituted siliconoid
3c. Concentration of the mother liquor affords a second batch of orange crystals at —26°C.

Preparation of ligato-NHSilylene-substituted siliconoid (3a)

Quantities: 1Li, 3 g (1.9 mmol), chlorosilylene 0.62 g (2.1 mmol), benzene 6 mL + 6 mL, direct crystallization from the reaction
mixture, washed twice with 4 mL benzene each. Yield: 1.97 g (1.33 mmol ; 72 %) bright red crystals (mp. > 220°C, dec.).

"H-NMR (400.13 MHz, C¢Ds, 300 K) & = 7.265 (q, 0.2H, C1oHs), 7.366 — 7.336 (m, 2H, Ar-H), 7.286 — 7.233 (m, 1 H, Ar-H overlapping
with C1oHg), 7.188 — 7.185 (m, 1H, Ar-H), 7.110 — 7.072 (t, 1 H, J = 7.58 Hz, Ar-H), 7.036 — 6995 (m, 4H, Ar-H), 6.965 — 6.928 (t, 1H,
J =7.42 Hz, Ar-H), 6.903 - 6.881 (m, 4H, Ar-H), 6.828 — 6.790 (m, 1 H, Ar-H), 6.759 — 6.756 (m, 1H, Ar-H), 5.538 — 5.375 (m, 3H,
Tip-iPr-CHy), 4.521 (sept, 1H, *Jun = 6.78 Hz, Tip-iPr-CH;), 3.8802 (sept, 1H, *Juu = 6.62 Hz, Tip-iPr-CHy), 3.819 (sept, 1H, *Juy =
6.62 Hz, Tip-iPr-CHj), 3.734 (sept, 1H, *Juy = 6.66 Hz, Tip-iPr-CHy), 3.650 (sept, 1H, *Ju = 6.66 Hz, Tip-iPr-CHy), 3.492 (sept, 1H,
3Jun = 6.64 Hz, Tip-iPr-CHy), 3.411 (sept, 1H, 3Jun = 6.54 Hz, Tip-iPr-CH,), 2.857 — 2.553 (m, 6H, Tip-iPr-CHs), 2.167 — 2.117 (dd, 6H,
®Jun = 13.32 Hz, *Jun = 6.52 Hz, Tip-iPr-CHa), 1.896 — 1.879 (d, 3H, *Ju = 6.02 Hz, Tip-iPr-CHs), 1.784 — 1.768 (m, 6H, Tip-iPr-CHa),
1.624 — 1.608 (d, 3H, *Juy = 6.27 Hz Tip-iPr-CHs), 1.555 — 1.459 (m, 19H, Tip-iPr-CHs), 1.396 — 1.360 (m, 6H, Tip-iPr-CHz), 1.301 —
1.246 (m, 16H, Tip-iPr-CHs), 1.201 — 1.034 (m, 30H, Tip-iPr-CHj3), 0.958 (s, 12 H, C(CHgs); overlapping with Tip-iPr-CHs), 0.857 (s, 9H,
C(CHs)3), 0.787 — 0.771 (d, 3 H, ®Jun = 6.44 Hz, Tip-iPr-CHs), 0.661 — 0.645 (d, 3 H, *Jun = 6.60 Hz, Tip-iPr-CHs), 0.555 — 0.539 (d, 3
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H, %Jun = 6.28 Hz, Tip-iPr-CHs), 0.428 — 0.412 (d, 3 H, 3Juy = 6.40 Hz, Tip-iPr-CHa), 0.366 — 0.349 (d, 3 H, Ju = 6.48 Hz, Tip-iPr-
CHs), 0.313 = 0.297 (d, 3 H, *Jun = 6.32 Hz, Tip-iPr-CHa), 0.201 — 0.185 (d, 3 H, 3Ji = 6.48 Hz, Tip-iPr-CHs) ppm.
3C-NMR (100.61 MHz, C¢Ds, 300 K) & = 156.07, 155.12, 154.36, 153.73, 153.71, 153.62, 253.48, 153.48, 153.35, 153.03, 152.66,
152.25 (s, each 1C, Ar-C), 149.99, 149.39, 148.96, 148.53, 148.03 (s, each 1C, Ar-C) 141.65 (s, 1C, Ar-C), 140.75 (bs, 1C, Ar-C),
140.45, 140.17 (bs, each 1C, Ar-C), 138.60, 138.06 (s, each 1C, Ar-C), 136.89 (bs, 1C, Ar-C), 134.12 (s, 1C, Ar-C), 133.05 (bs, 1C,
Ar-C), 129.37, 129.24, 128.72 (s, each 1C, Ar-CH), 128.22, 127.81, 127.57, 127.02 (s, each 1C overlapping with CsDs, Ar-CH),
123.16, 122.97, 122.73, 122.29, 122.17, 122.09, 121.74, 121.43, 121.35, 120.64 (bs, each 1C, Ar-CH), 53.97 (s, 1C, C(CHs3)3), 53.51
(s, 1C, C(CHa)s), 37.33 (s, 1C Tip-iPr-CH), 36.57 36.17, 35.96, 35.73, 35.64, 35.40 (bs, each 1C Tip-iPr-CH), 34.86, 34.75, 34.55,
34.42, 34.26, 34.19, 33.85 (bs, each 1C Tip-iPr-CH), 32.47 (s, 1C Tip-iPr-CH), 31.47, 30.79 (s, each 3C, Tip-iPr-CH), 28.23, 28.11,
27.90, 27.64, 26.97 (s, each 1C, Tip-iPr-CHs), 25.25, 25.19 (bs, each 1C, Tip-iPr-CHs), 24.81 (s, 1C, Tip-iPr-CHs) 24.49, 24.35, 24 .14,
24.07, 24.03, 23.97, 23.87, 23.80, 23.73, 23.69, 23.65, 23.59, 23.55, 23.22, 23.17 (bs, each 1C, Tip-iPr-CHs), 22.92 (s, 1C, Tip-iPr-
CHs) ppm.
2Si-NMR (79.49 MHz, CsDs, 300 K) & = 166.7 (s, privo-Si(Tip),), 48.0 (s, NHSI), 23.6 (s, ligato-SiTip), 13.9 (s, remoto-Si(Tip)2), —36.9
(s, ligato-Si-NHSi), —244.6 (s, nudo-Si), —=260.7 (s, nudo-Si) ppm.
CP-MAS 2’Si-NMR (79.53 MHz, 14KHz, 300K) 5 = 160.0 (s, privo-Si), 47.2 (s, NHSi), 25.2 (s, ligato-SiTip), 10.8 (remoto-Si(Tip)2),
—44.7 (s, ligato-Si-NHSi), —=250.5 (s, nudo-Si), —262.6 (s, nudo-Si) ppm.
Elemental analysis: calculated for CgoH13sN2Siz: C: 74.77 % ; H, 9.69 % ; N, 1.94 %. Found: C, 73.91 % ; H, 9.40 % ; N, 1.63 %.
UV/VIS (toluene): Lmax (€) = 472 nm (2420 M™" cm™).
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Figure S18. "H NMR of 3a in CsDs (400.13 MHz, 300 K). Residual naphthalene (C1oHs) marked with asterisk (*).
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Figure $19. °C NMR of 3a in CeDs (100.61 MHz, 300 K).
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Figure $20. °Si NMR of 3a in CsDs (79.49 MHz, 300 K).
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Figure S21. CP-MAS 2Si NMR of 3a in CeDs (79.53 MHz, 14 KHz, 300 K), *side spinning bands of: * privo-SiTip, (160.0 ppm), # remoto-SiTip (10.8 ppm), °
ligato-SiTip (25.2 ppm), ~ NHSi (47.2 ppm), + nudo-Si (250.5 ppm, 262.6 ppm).
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Figure S22. UV-Vis spectrum of 3a in toluene at different concentrations.
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Figure S23. Determination of ¢ (24200 M cm™") by linear regression of absorptions (1 = 362 nm) of 3a against concentration.
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Figure S24. Determination of ¢ (2420 ' cm'1) by linear regression of absorptions (.. = 472 nm) of 3a against concentration.
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Preparation of ligato-NHGermylene-substituted siliconoid (3b)

Quantities: 1Li, 2 g (1.244 mmol), chlorogermylene 0.47 g (1.368 mmol), benzene 5 mL + 5 mL, direct crystallization from the
reaction mixture, washed with 4 mL benzene each. Yield: 1.45 g (0.974 mmol ; 78 %) bright orange crystals (mp. > 220°C, dec.).
"H-NMR (400.13 MHz, CsDs, 300 K) & = 7.631 (q, 0.6H, C1oHs), 7.348— 7.242 (m, 5 H, Ar-H), 7.197 — 7.194 (m, 1H, Ar-H), 7.137 —
7.097 (m, 1H, Ar-H), 7.057 — 6.962 (m, 7H, Ar-H), 6.936 — 6.855 (m, 6H, Ar-H), 6.764 — 6.761 (bs, 1H, Ar-H), 5.471 — 5.371 (m, 3H,
Tip-iPr-CHMe,), 5.264 (sept, 0.4H, *Juy = 6.27 Hz, Tip-iPr-CHMe,), 4.902 (sept, 0.4H, *Juy = 6.27 Hz, Tip-iPr-CHMey), 4.769 (sept,
0.8H, 3Jun = 6.27 Hz, Tip-iPr-CHMe;), 4.522 (sept, 1H, 3Ju = 6.17 Hz, Tip-iPr-CHMe,), 4.228 (sept, 0.4H, 3Juy = 6.17 Hz, Tip-iPr-
CHMey), 4.086 — 4.055 (m, 0.8H, Tip-iPr-CHMe;), 3.899 — 3.744 (m, 3H, Tip-iPr-CHMe,), 3.654 — 3.475 (m, 3H, Tip-iPr-CHMey),
3.435-3.475 (m, 3H, Tip-iPr-CHMey), 3.435 — 3.346 (m,1H, Tip-iPr-CHMe,), 2.873 — 2.559 (m, 7H, Tip-iPr-CHMe,), 2.06 — 2.170 (m,
5H, Tip-iPr-CHs), 2.102 — 2.057 (m, 4H Tip-iPr-CHj), 1.859 — 1.842 (d, 3H, ®Juy = 6.60, Tip-iPr-CHs), 1.771 — 1.683 (m, 8H, Tip-iPr-
CHa), 1.635 — 1.603 (m, 7 H, Tip-iPr-CHs), 1.554 — 1.496 (m, 18H, Tip-iPr-CHa), 1.393 — 1.377 (d, 1H, Jus = 6.56, Tip-iPr-CHs), 1.297
—1.042 (m, 50H, Tip-iPr-CHs), 0.950 — 0.934 (d, 1H, ®Jun = 6.60, Tip-iPr-CHs), 0.907 (s, 9H, C(CHs)3), 0.824 — 0.638 (m, 24H, Tip-iPr-
CHs overlapping with C(CHa)s), 0.550 — 0.534 (d, 3H, *Juy = 6.23, Tip-iPr-CHs), 0.425 — 0.367 (each d, 8H, *Juy = 6.50, Tip-iPr-CHa),
0.307 - 0.292 (d, 1H, *Jun = 6.04, Tip-iPr-CHz), 0.207 — 0.190 (d, 1H, *J = 6.48, Tip-iPr-CHa).

3C-NMR (100.61 MHz, CsDs, 300 K) & = 160.23 (s, 1C, Ar-C), 156.01, 155.84, 155.44, 155.08, 154.30, 153.65, 153.35, 153.28,
153.17, 153.14, 152.85, 152.53, 152.39, 152.29 (s, each Ar-C), 151.75, 151.68 (s, each 1C, Ar-C), 150.02, 149.83, 149.69, 149.43,
148.96, 148.59, 148.42, 148.19, 148.04 (s, each 1C, Ar-C), 141.30, 141.26 (bs, each 1C, Ar-C), 140.41 (bs, 1C, Ar-C), 140.23 (bs,
1C, Ar-C), 138.39, 138.31, 138.00, 137.15, 136.78, 135.83 (s, each 1C, Ar-C), 133.70, 133.30, 132.68 (s, each 1C, Ar-C), 129.35,
129.03, 128.93, 128.83, 128.69 (bs, each 1C, Ar-CH), 128.44 (s, 1C, Ar-CH), 127.81, 127.57 (s, each 1C, overlapping with C¢Ds, Ar-
CH), 125.71 (s, 1C, Ar-CH), 124.42 (bs, 1C, Ar-CH), 123.11 (s, 1C, Ar-CH), 122.83 — 122.74 (d, 1C, J = 8.64 Hz, Ar-CH), 122.70 (bs,
1C, Ar-CH), 122.52, 122.40, 122.29 (bs, each 1C, Ar-CH), 122.11, 122.07,121.79, 121.68 (s, each 1C, Ar-CH), 121.50 — 121.41 (d,
1C, J = 9.79 Hz, Ar-CH), 120.86,120.68, 120.64 (bs, each 1C, Ar-CH), 54.21, 53.87, 53.83, 53.40 (s, each 1C, C(CHa)3), 37.56 (bs,
1C, Tip-iPr-CH), 37.39 (s, 1C, Tip-iPr-CH), 36.61 (s, 1C, Tip-iPr-CH), 36.13, 36.01, 35.88, 35.76, 35.61, 35.49 (s, each 1C, Tip-iPr-
CH), 34.82, 34.62, 34.54, 34.43, 34.36 (s, each 1C, Tip-iPr-CH), 34.24, 34.19 (bs, each 1C, Tip-Pr-CH), 33.93, 33.87, 33.77 (s, each
1C, Tip-iPr-CH), 32.61 (s, 1C, Tip-iPr-CH), 32.04, 31.98 (bs, each 1C, Tip-iPr-CH), 31.77 (bs, 1C, Tip-iPr-CH), 31.67, 31.09 (s, each
1C, Tip-iPr-CH), 29.87, 28.28, 28.14 (s, each 2C, Tip-iPr-CHa), 27.94 (bs, 1C, Tip-iPr-CHas), 27.82 (s, 2C, Tip-iPr-CHs), 27.68, 27.59
(bs, each 1C, Tip-iPr-CHs), 27.28, 26.93 (bs, each 1C, Tip-iPr-CHs), 25.55 (s, 1C, Tip-iPr-CHs), 25.45 — 25.37 (bs, 3C, Tip-iPr-CHs),
25.22, 25.09 (s, each 1C, Tip-iPr-CHs), 24.89, 24.83, 24.72, 24.66, 24.54, 24.49, 24.41, 24.34 (bs, each 1C, Tip-iPr-CHs), 24.15,
24.10, 24.04, 24.03, 23.99, 12.96, 23.88, 23.82, 23.78, 23.72, 23.67, 23.59, 23.44, 23.39, 23.34 (bs, each 1C, Tip-iPr-CHj3), 23.24,
23.20 (s, each 1C, Tip-iPr-CHs), 22.80 (s, 1C, Tip-iPr-CHs), 14.04 (s, 1C, Tip-iPr-CHs).

293i-NMR (79.49 MHz, C¢Ds, 300 K) & = 167.3 (s, privo-Si), 24.2 (s, ligato-SiTip), 13.3 (s, remoto-Si(Tip)z), —23.0 (s, ligato-Si-NHGe),
—245.4 (s, nudo-Si), -261.1 (s, nudo-Si) ppm.

298j-NMR (79.49 MHz, toluene-ds, 300 K) & = 167.3 (s, major, privo-Si), 165.6 (s, minor, privo-Si), 26.7 (s, minor, ligato-SiTip), 24.5 (s,
major, ligato-SiTip), 16.2 (s, minor, remoto-Si(Tip)2), 13.2 (s, major, remoto-Si(Tip)z), —=23.4 (s, major, ligato-Si-NHGe), - 35.0 (s,
minor, ligato-Si-NHGe), -233.9 (s, minor, nudo-Si), —=238.1 (s, minor, nudo-Si), -245.9 (s, major, nudo-Si), —261.1 (s, major, nudo-Si)
ppm.

CP-MAS 2Si-NMR (79.53 MHz, 300K) & = 163.4 (s, privo-Si), 29.7 (s, ligato-SiTip), 12.8 (remoto-Si(Tip)z), =29.5 (s, ligato-Si-NHSi),
—248.9 (s, nudo-Si), —261.2 (s, nudo-Si) ppm.

Elemental analysis: calculated for CooH138GeN,Sis: C: 72.59 % ; H, 9.34 % ; N, 1.88 %. Found: C, 71.59 % ; H, 8.82 % ; N, 1.88 %.
UV/VIS (toluene): Amax (€) = 436 nm (2240 M~ cm™).
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Figure S$25. '"H NMR of 3b in CsDs (400.13 MHz, 300 K). Residual naphthalene (C1oHs) marked with asterisk (*).
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Figure $27. "°C NMR of 3b in CDs (100.61 MHz, 300 K).
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Figure $28 2Si NMR of 3b in C¢Ds (79.49 MHz, 300 K).
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Figure $29. 29Si NMR of 3b in toluene-ds (79.49 MHz, 300 K).
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Figure $30. CP-MAS #Si NMR of 3b in CsDs (79.53 MHz, 300 K), side spinning bands of: * privo-Si(Tip), (163.4 ppm), # nudo-Si (-248.6 ppm ; -261.2 ppm), +
remoto-Si(Tip), (12.8 ppm), ° ligato-SiTip (29.7 ppm).
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Figure S$31. UV-Vis spectrum of 3b in toluene at different concentrations.

Absorbance A

Figure S32. Determination of £ (20020 M’ cm'1) by linear regression of absorptions (.. = 334 nm) of 3b against concentration.
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Figure S33. Determination of £ (16240 M’ cm'1) by linear regression of absorptions (% = 357 nm) of 3b against concentration.
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Figure S34. Determination of £ (2240 M’ cm’*) by linear regression of absorptions (. = 436 nm) of 3b against concentration.

Preparation of ligato-NHStannylene-substituted siliconoid (3c)

WILEY-VCH

Quantities: 1Li, 750 mg (0.51 mmol), chlorostannylene 0.215 g (0.559 mmol), benzene 4 mL + 4 mL, stirred overnight, filtered from
15 mL hexane, crystallization from hexane. Yield: 0.59 g (0.373 mmol ; 74 %) orange-brown crystals (mp. > 300 °C).
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"H-NMR (400.13 MHz, CsDs, 300 K) & = 7.625 (C1oHs), 7.297 — 7.158 (m, 7H, Ar-H overlapping with C1oHs), 7.036 — 6.868 (m, 17H,
Ar-H), 5.464 — 5.175 (bs, 1H, Tip-iPr-CHMe,), 4.883 (bs, 2H, Tip-iPr-CHMe), 4.695 (bs, 1H, Tip-iPr-CHMe), 4.317 (bs, 1H, Tip-iPr-
CHMey), 4.114 (bs, 2H, Tip-iPr-CHMe;), 3.709 — 3.611 (m, 3H, Tip-iPr-CHMe;), 3.330 (sept, 1H, *Juu = 6.13 Hz, Tip-iPr-CHMe;),
2.844 — 2.598 (m, 7H, Tip-iPr-CHMey), 2.229 — 2.15 (d, 4H, *Jun = 5.68, Tip-iPr-CHy), 2.107 — 2.042 (m, 7H, Tip-iPr-CHs), 1.745 —
0.385 (m, 164 H, Tip-iPr-CH3 overlapping with C(CHj3)3).

®C-NMR (100.61 MHz, C¢Ds, 300 K) 8 = 165.02 (s, 1C, Ar-C), 155.83, 155.41, 153.94, 153.67, 152.76, 152.46, 152.10, 151.51,
149.89, 149.76, 148.76, 148.50, 148.17 (broad, each 1C, Ar-C), 140.56 (s, 1C, Ar-C), 139.45, 138.50, 136.75, 134.11 (broad, each
1C, Ar-C), 133.68 (s, 1C, Ar-C), 129.60 (bs, 1C, Ar-CH), 128.74, 128.45, 128.09, 127. 98, 127.87, 127.68, 127.64 127.17, 127.07 (s,
each 1C, Ar-CH), 125.70 (s, 1C, Ar-CH), 124.80 (bs, 1C, Ar-CH), 122.64, 122.48, 122.31, 122.06, 121.49, 121.29, 120.7 (bs, 7C, Ar-
CH), 53.38 (s, 1C, C(CHs3)3), 52.88 (s, 1C, C(CHs)s), 37.48 (s, 1C, Tip-iPr-CH), 35.86 bs, 3C, Tip-iPr-CH), 35.17 (bs, 1C, Tip-iPr-CH),
34.71, 34.45, 34.38, 34.21, 33.95 (broad, each 1C, Tip-iPr-CH), 33.48, 32.23, 32.04 (broad, each 1C, Tip-iPr-CH ), 31.61 (s, each
1C, Tip-iPr-CH) 28.05, 27.77, 27.51, 27.26 (broad, each 1C, Tip-iPr-CHs), 25.39, 25.09, 24.87, 24.51 (broad, each 1C, Tip-iPr-CH),
24.11 (s, 3C, CHa) , 24.04, 23.89 (broad, each 1C, Tip-iPr-CHs), 23.83 (s, 3C, CHs), 23.79, 23.63, 23.38 (broad, each 1C, Tip-iPr-
CH;), 22.57 (s, 1C, Tip-iPr-CHa).

23i-NMR (79.49 MHz, C¢Ds, 300 K) & = 162.3 (s, privo-Si), 35.8 (s, ligato-SiTip), 20.6 (remoto-Si(Tip)), =19.77 (s, ligato-Si-NHSi),
—-232.8 (s, nudo-Si), —237.01 (s, nudo-Si) ppm.

"°Sn-NMR (149.21 MHz, C¢Ds, 300 K) 5 = 336.51 (bs), 267.84 (s).

CP-MAS °Si-NMR (79.53 MHz, 13KHz, 300K) & = 162.9 (s, privo-Si), 40.1 (s, ligato-SiTip), 14.3 (remoto-Si(Tip)z), =12.0 (s, ligato-Si-
NHSI), -244.3 (s, nudo-Si), —=259.9 (s, nudo-Si) ppm.

CP-MAS ""°Sn-NMR (149.27 MHz, 13KHz, 300K) & = 332.1 (s).

CP-MAS ""°Sn-NMR (149.27 MHz, 11KHz, 300K) & = 332.0 (s).

Elemental analysis: calculated for CooH13sN2SisSn: C: 70.41 % ; H, 9.06 % ; N, 1.82 %. Found: C, 70.80 % ; H, 8.57 % ; N, 1.80 %.
UV/VIS (hexane): Lmax (€) = 436 nm (2160 M~ cm™).
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Figure $35. 'H NMR of 3¢ in C¢Ds (400.13 MHz, 300 K). Residual naphthalene (C1oHs) marked with asterisk (*).
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Figure $36. "°C NMR of 3¢ in CgDs (100.61 MHz, 300 K).
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Figure $37. 2°Si NMR of 3¢ in CoDe (79.49 MHz, 300 K).
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Figure $40. CP-MAS ""®Sn NMR of 3¢ in C¢De (149.27 MHz, 13 KHz, 300 K).
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Figure S42. UV-Vis spectrum of 3¢ in hexane at different concentrations.
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Figure S43. Determination of ¢ (29730 M’ cm'1) by linear regression of absorptions (. = 326 nm) of 3¢ against concentration.
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Figure S44. Determination of ¢ (2160 M cm™) by linear regression of absorptions (). = 436 nm) of 3¢ against concentration.

General procedure for the synthesis of ligato-Tetrylene-substituted siliconoid Fe(CO), complexes

The respective compounds 4a-c are prepared by treating 1 equivalent of 3a, 3b or 3c with the respective amount of
diironnonacarbonyl (Fex(CO)) in benzene at 40°C overnight. A color change was observed from red/orange to a dark brown-
greenish solution. Benzene was removed under reduced pressure and the brown residue was filtered from the indicated amount of
hexane. Hexane was removed under vacuum and the crude product was crystallized from the indicated amount of benzene at room
temperature or hexane at -26°C.

Preparation of ligato-NHSilylene-substituted siliconoid Fe(CO), complex (4a)

Quantities: 3a, 250 mg (0.173 mmol) ; Fe;(CO)y 251.84 mg (0.692 mmol) ; benzene 6 mL, filtered from 20 mL hexane, Crystallization
from 1 mL hexane at —26°C overnight . Yield: 210 mg (0.130 mmol ; 75 %) orange crystals (mp. > 220 °C, dec.).

"H-NMR (400.13 MHz, CsDg, 300 K) 5 = 7.956 — 7.993 (d, 2H, *Juy = 7.88 Hz, 1H, Ar-H), 7.487 — 7.445 (m, 2H, Ar-H), 7.355 — 7.333
(m, 1H, Ar-H), 7.280 (bs, 1H, Ar-H), 7.218 — 7.214 (m, 1H, Ar-H), 6.928 — 6.886 (m, 3H, Ar-H), 6.855 — 6.796 (m, 2H, Ar-H), 6.770 —
6.750 (m, 2H, Ar-H), 6.578 — 6.575 (m, 1H, Ar-H), 6.299 (sept, 1H, *Jun = 6.89 Hz, Tip-iPr-CHMe,), 6.060 (sept, 1H, *Ju = 6.59 Hz,
Tip-iPr-CHMey), 5.356 (sept, 1H, *Juy = 6.35 Hz, Tip-iPr-CHMe;), 4.850 (sept, 1H, *Juy = 6.35 Hz, Tip-iPr-CHMe;), 4.172 (sept, 1H,
®Jun = 6.39 Hz, Tip-iPr-CHMe;), 3.777 (sept, 1H, *Jun = 6.39 Hz, Tip-iPr-CHMe;), 3.583 (sept, 1H, *Jun = 6.88 Hz, Tip-iPr-CHMe;),
3.497-3.435 (m, 2H, Tip-iPr-CHMey), 3.217 (sept, 1H, *Jun = 6.61 Hz, Tip-iPr-CHMe,), 2.885 (sept, 1H, *Jus = 6.61 Hz, Tip-iPr-
CHMey), 2.737 (sept, 1H, *Jun = 6.90 Hz, Tip-iPr-CHMey), 2.677 — 2.544 (m, 3H, Tip-iPr-CHMe,), 2.235 — 2.219 (d, 3H, *Jux = 6.25
Hz, Tip-iPr-CHMes), 2.176 — 2.144 (t, 6H, *Juy = 6.77 Hz, Tip-iPr-CHMes), 2.115 — 2.099 (d, 3H, *Jun = 6.77 Hz, Tip-iPr-CHMes),
1.919 — 1.904 (d, 3H, *Juu = 6.69 Hz, Tip-iPr-CHMe3), 1.758 — 1.742 (d, 3H, *Jun = 6.63 Hz, Tip-iPr-CHMes), 1.719 — 1.703 (d, 3H,
®Jun = 6.48 Hz, Tip-iPr-CHMes), 1.664 — 1.5986 (m, 9H, Tip-iPr-CHMes), 1.559 — 1.542 (d, 3H, *Ju = 6.78 Hz, Tip-iPr-CHMes), 1.398
—-1.382 (d, 3H, *Juy = 6.41 Hz, Tip-iPr-CHMes), 1.352 — 1.060 (m, 52H, Tip-iPr-CHMe; and C(CHs)3), 0.999 (s, 9H, C(CHa)3), 0.907 —
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0.857 (m, 10H, Tip-iPr-CHMes), 0.529-0.515 (d, 9H, 3Jun = 6.10 Hz, Tip-iPr-CHMes), 0.453 — 0.408 (m, 6H, Tip-iPr-CHMes), 0.321 —
0.299 (m, 6H, Tip-iPr-CHMes).
BC.NMR (100.61 MHz, CgDs, 300 K) 8 = 210.11 (C-O), 166.59 (s, 1C, Ar-C), 156.58, 156.34, 155.90, 154.96, 154.77, 153.38, 152.99,
152.64, 151.21, 149.78, 149.54, 149.42, 149.19, 148.72 (s, each 1C, Ar-C), 140.51 (s, 1C, Ar-C), 138.35 (s, 1C, Ar-C), 137.79 (s, 1C
Ar-C), 135.82 (C1oHss), 131.37 (s, 1C, Ar-CH), 130.22, 130.12 (bs, each 1C, Ar-CH), 128.21, (s, each 1C, Ar-CH), 128.45 (C1oHs),
128.21, 127.97, 127.89, 127.05 (s, each 1C, Ar-CH overlapping with CgDs), 125.45, 125.69, 125.26, 123.77, 123.35, 122.79, 122.44,
122.04, 120.91, 120.83, 120.47 (s, each 1C, Ar-CH), 55.74, 55.52 (s, each 1C, C(CHs)3), 38.83, 37. 58, 36.65, 36.16 (s, each 1C,
Tip-iPr-CH), 34.95, 34.79, 34.75, 24.50, 24.47, 34.32, 34.25, 34.03, 33.98 (bs, each 1C, Tip-iPr-CH), 31.59 (s, 3C, Tip-iPr-CH),
31.53, 31.21, 30.91 (s, each 1C, Tip-iPr-CH), 29.90, 29.03, 28.47, 28.05, 27.96 (s, each 1C, Tip-iPr-CHs), 26.95, 26.88, 26.82 (s,
each 1C, Tip-iPr-CHs), 25.93, 25.27, 25.03, 24.69, 24.66, 24.49 (s, each 1C, Tip-iPr-CHs), 23.82, 23.74, 23.72, 23.62, 23.57, 23.43,
23.87 (bs, each 1C, Tip-iPr-CHs), 22.87 (s, 1C, Tip-iPr-CHs), 22.69 (s, 3C, CHs), 22.63, 22.09 (s, each 1C, Tip-iPr-CHs), 13.98 (s, 3C,
CHa).
298i-NMR (79.49 MHz, CeDs, 300 K) & = 165.1 (s, privo-Si(Tip)2), 110.0 (s, NHSi), 28.1 (s, ligato-SiTip), =22.0 (s, remoto-Si(Tip)2),
-26.1 (s, ligato-Si-NHSi), -198.2 (s, nudo-Si), -230.4 (s, nudo-Si) ppm.
CP-MAS 2’Si-NMR (79.53 MHz, 300K) & = 158.2 (s, privo-Si), 109.5 (s, NHSi), 27.1 (s, ligato-SiTip), =23.4 (bs, 2Si, remoto-Si(Tip)z +
ligato-Si-NHSi), =195.9 (s, nudo-Si), —231.2 (s, nudo-Si) ppm.
Elemental analysis: calculated for CgsH13sFeN20O4Si7: C: 70.01 % ; H, 8.63 % ; N, 1.74 %. Found: C, 71.12 % ; H, 8.71 % ; N, 1.54 %.
UV/VIS (hexane): Amax (€) = 591 nm (680 M~ cm™).
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Figure S45. "H NMR of 4a in CeDs (400.13 MHz, 300 K).
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Figure S46. '°C NMR of 4a in CsDs (100.61 MHz, 300 K).
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Figure S47. %°Si NMR of 4a in CsDs (79.49 MHz, 300 K).
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Figure S48. CP-MAS *Si NMR of 4a (79.53 MHz, 300 K), side spinning bands: * privo-Si(Tip). (158.2 ppm), # nudo-Si (-195.9 ppm ; —=231.2 ppm), + NHSi
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Figure S49. UV-Vis spectrum of 4a in hexane at different concentrations.
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Figure $50. Determination of & (5660 M™' cm™) by linear regression of absorptions (. = 397 nm) of 4a against concentration.

Absorbance A

0.20 +
0.18
0.16
i Equation y=a+b*x
Weight No Weighting
Residual Sum 2.11E-5
0.14 of Squares
Pearson's r 0.99706
i Adj. R-Square 0.99217
Value  Standard Error|
B Intercept 0.0102 0.00681
0.12 4 Slope 189 8.3865
T T T T T
0.0006 0.0007 0.0008 0.0009 0.0010

Concentration ¢ [mol/L]

Figure S51. Determination of & (1890 M cm™) by linear regression of absorptions (. = 470 nm) of 4a against concentration.
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Figure $52. Ir spectrum of 4a

Preparation of ligato-NHGermylene-substituted siliconoid Fe(CO), complex (4b)

Quantities: 3b, 250 mg (0.164 mmol) ; Fe>(CO)e 297.68 mg (0.818 mmol) ; benzene 5 mL, filtered from 10 mL hexane, crystallization
from 1 mL hexane at —26°C. Yield: 166 mg (0.098 mmol ; 60 %) orange-brown crystals (mp. > 210 °C, dec.).

"H-NMR (400.13 MHz, C¢Ds, 300 K) 5 = 7.942-7.922 (d, 1H, J = 7.73, Ar-H), 7.465 - 7.440 (m, 2 H, Ar-H), 7.342 - 7.338 (m, 1H, Ar-H),
7.264-7.251 (m, 2H, Ar-H), 7.009 — 6.924 (m, 3H, Ar-H), 6.889 — 6.858 (m, 2H, Ar-H), 6.767 — 6.740 (m, 2H, Ar-H), 6.557 — 6.553 (m,
1H, Ar-H), 6.387 (sept, *Jun = 6.42 Hz, 1H, Tip-iPr-CHMe;), 5.977 (sept, *Ju = 6.21 Hz, 1H, Tip-iPr-CHMey), 5.318 (sept, *Jun = 6.67
Hz, 1H, Tip-iPr-CHMey), 4.951 (sept, *Jun = 6.67 Hz, 1H, Tip-iPr-CHMe,), 4.135 (sept, *Jun = 6.49 Hz, 1H, Tip-iPr-CHMey), 3.746
(sept, *Jun = 6.39 Hz, 1H, Tip-iPr-CHMey), 3.597 — 3.454 (m, 3H, Tip-iPr-CHMe;), 3.191 (sept, *Jun = 6.83 Hz, 1H, Tip-iPr-CHMey),
2.873 (sept, *Jun = 6.69 Hz, 1H, Tip-iPr-CHMe,), 2.738 (sept, 3Jun = 6.91 Hz, 1H, Tip-iPr-CHMe,), 2.663 — 2.539 (m, 3H, Tip-iPr-
CHMey), 2.218 — 2.202 (d, 3H, *Jun = 6.51 Hz, Tip-iPr-CHs), 2.125 — 2.081 (m, 9H, Tip-iPr-CHs), 1.903 — 1.887 (d, 3H, 3Jun = 6.63 Hz,
Tip-iPr-CHs), 1.772 — 1.756 (d, 3H, 3Jun = 6.63 Hz, Tip-iPr-CHs), 1.707 — 1.662 (m, 9H, Tip-iPr-CHs), 1.606 (t, 6 H, 3Juy = 7.04 Hz,
Tip-iPr-CHs), 1.383 — 1.367 (d, 3H, *Juy = 6.13 Hz, Tip-iPr-CHs), 1.325 (t, 6 H, 3Ju = 6.96 Hz, Tip-iPr-CHs), 1.271 (s, 9H, C(CHa)s),
1.219 — 1.201 (d, 6H, *Jun = 6.96 Hz, Tip-iPr-CHs), 1.167 — 1.055 (m, 20H, Tip-iPr-CHs), 0.935 (s, 9H, C(CHa)s), 0.821 — 0.805 (d, 3H,
®Jun = 6.11 Hz, Tip-iPr-CHs), 0.573 — 0.481 (m, 13H, Tip-iPr-CHs), 0.410 — 0.395 (d, 3H, 3Jun = 6.58 Hz, Tip-iPr-CHs), 0.336 — 0.295
(dd, 6H, *Jun = 6.58 Hz, *Juy = 6.34 Hz, Tip-iPr-CHs) ppm.

BC-NMR (100.61 MHz, CsDs, 300 K) & = 216.63 (C-O) 211.85 (Fe(CO)s) 165.38 (s, 1C, Ar-C), 156.42, 156.20, 155.86, 155.26,
154.56, 153.76, 153.38, 152.92, 152.84, 151.51, 149.98, 149.63, 149.53, 149.41, 149.01 (s, each 1C, Ar-C), 139.77, 138.05, 137.06,
135.42, 133.24, (s, each 1C, Ar-C), 130.30, 129.65 (s, each 1C, Ar-CH), 128.07, 128.01, 127.96 (bs, each 1C, Ar-CH), 126.94,
125.72 125.68, 125.22, 123.80, 123.26, 122.84, 122.35, 122.21, 121.24, 120.82, 120.39 (s, each 1C, Ar-CH), 55.68, 55.22 (s, each
1C, C(CHj3)3), 38.87, 37.69, 36.70, 36.34, 36.03 (s, each 1C, Tip-iPr-CH), 35.18, 35.07, 34.80, 34.69, 34.65, 34.33, 34.22, 34.05,
34.01, 33.97 (bs, each 1C, Tip-iPr-CH), 31.69, 31.58, 31.41 (s, each 1C, Tip-iPr-CH), 30.80 (s, 1C, Tip-iPr-CH), 29.87 (s, 1C, Tip-iPr-
CHg), 28.53 — 28.47 (d, 1C, J = 5.49 Hz, Tip-iPr-CHs), 28.03, 27.85 (s, each 1C, Tip-iPr-CHs), 26.99, 26.89, 26.79, 26.74, 26.47 (s,
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each 1C, Tip-iPr-CHs), 25. 56, 25.22, 24.96, 24.69 (s, each 1C, Tip-iPr-CHs), 24.63 (d, 1C, J = 6.14 Hz, Tip-iPr-CHs), 24.38 (s, 1C,
Tip-iPr-CHs), 23.74, 23.68, 23.58, 23.49, 23.41 (bs, each 1C, Tip-iPr-CHs), 22.89, 22.71 (s, each 1C, Tip-iPr-CHs), 22.67 (s, 3C, CHs),
22.34,13.96 (s, 3C, CHs) ppm.
2Sj-NMR (79.49 MHz, CeDs, 300 K) & = 163.7 (s, privo-Si), 31.7 (s, ligato-SiTip), =13.6 (remoto-Si(Tip)z), —24.1 (s, ligato-Si-NHSi),
-203.2 (s, nudo-Si), -231.6 (s, nudo-Si) ppm.

CP-MAS 2*Si-NMR (79.53 MHz, 300K) & = 156.7 (s, privo-Si), 29.9 (s, ligato-SiTip), 9.4 (remoto-Si(Tip)2), —25.6 (s, ligato-Si-NHSi),
-202.2 (s, nudo-Si), —232.8 (s, nudo-Si) ppm.

Elemental analysis: calculated for CosH13sFeGeN2O4Sis: C: 68.13 % ; H, 8.39 % ; N, 1.69 %. Found: C, 69.28 % ; H, 8.76 % ; N,
1.79 %.

UV/VIS (hexane): Amax (€) = 469nm (2090 M~ cm™).

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

Figure $53. "H NMR of 4b in C¢Ds (400.13 MHz, 300 K).
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Figure $54. "°C NMR of 4b in CsDs (100.61 MHz, 300 K).
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Figure S55. °Si NMR of 4b in CsDs (79.49 MHz, 300 K).
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Figure $56. CP-MAS 29Si NMR of 4b in CeDs (79.53 MHz, 300 K), side spinning bands: * privo-Si(Tip), (156.7 ppm), # nudo-Si (-202.2 ppm ; —232.8 ppm), +

ligato-SiTip), (29.9 ppm), ° ligato-Si-NHGe (-25.6 ppm).
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Figure $57. UV-Vis spectrum of 4b in hexane at different concentrations.
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Figure S58. Determination of = (6320 M™' cm™) by linear regression of absorptions (. = 394 nm) of 4b against concentration.
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Figure S59. Determination of (2090 M™' cm™) by linear regression of absorptions (. = 469 nm) of 4b against concentration.
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Figure S60. Ir spectrum of 4b

Preparation of ligato-NHStannylene-substituted siliconoid Fe(CO), complex (4c)

Quantities: 3¢, 250 mg (0.15 mmol) ; Fez(CO)e 82.02 mg (0.225 mmol) ; benzene 10 mL, filtered from 10 mL hexane, crystallization
from 0.8 mL benzene. Yield: 181 mg (0.106 mmol ; 70 %) orange crystals (mp. > 230 °C, dec.).

"H-NMR (400.13 MHz, CgDs, 300 K) & = 7.829 — 7.809 (d, “Jun = 7.56 Hz, 1H, Ar-H), 7.389 — 7.330 (m, 3 H, Ar-H), 7.194 — 7.173 (m,
3H, Ar-H), 7.042 — 6.944 (m, 2H, Ar-H), 6.905 — 6.868 (m, 2H, Ar-H), 6.835 —6.832 (m, 1H, Ar-H), 6.762 — 6.678 (m, 1H, Ar-H), 6.521
(bs, 1H, Ar-H), 6.336 (sept, 1H, *Jun = 6.40 Hz, Tip-iPr-CHMe;), 5.716 — 5.685 (m, 1H, Tip-iPr-CHMe,), 5.329 (sept, 1H, *Juu = 6.69
Hz, Tip-iPr-CHMey), 5.191 (sept, 1H, 3Jun = 6.69 Hz, Tip-iPr-CHMey), 4.137 (sept, 1H, 3Jun = 6.38 Hz, Tip-iPr-CHMe,), 3.761 (sept,
1H, 3Jun = 6.38 Hz, Tip-iPr-CHMe,), 3.581 (sept, 1H, *Jun = 6.28 Hz, Tip-iPr-CHMe,), 3.512 — 3.421 (m, 2 H, Tip-iPr-CHMe,), 3.117
(sept, 1H, 3Jun = 6.40 Hz, Tip-iPr-CHMe), 2.818, 2.738 (each sept, together 2H, 3Juy = 6.67 Hz, 3Juy = 6.78 Hz, Tip-iPr-CHMe),
2.640 — 2.523 (m, 3H, Tip-iPr-CHMe,), 2.141 — 2.125 (d, 6H, *Jun = 6.34 Hz, Tip-iPr-CHMes), 2.059 — 2.044 (d, 3H, *Jun = 6.74 Hz,
Tip-iPr-CHMes), 1.849 (t, 6H, *Ju = 6.95 Hz, Tip-iPr-CHMes), 1.776 — 1.635 (m, 17 H, Tip-iPr-CHMes), 1.585 — 1.568 (d, 3H, *Ju =
6.96 Hz, Tip-iPr-CHMe3), 1.383 — 1.367 (d, 3H, *Jun = 6.54 Hz, Tip-iPr-CHMes), 1.289 — 1.199 (m, 17H, Tip-iPr-CHMes), 1.156 —
1.033 (m, 30H, Tip-iPr-CHMes and C(CHs)3), 0.907 — 0.872 (t, hexane), 0.822 (s, 9H, C(CHs)s), 0.688 — 0.673 (d, 3H, *Jun = Hz, Tip-
iPr-CHMe3), 0.626 (t, 6H, *Juy = 6.64 Hz, Tip-iPr-CHMes), 0.570 — 0.554 (d, 3H, *Juy = 6.54 Hz, Tip-iPr-CHMes), 0.514 — 0.498 (d, 3H,
%Jun = 6.30 Hz, Tip-iPr-CHMes), 0.388 — 0.373 (d, 3H, *Juu = 6.13 Hz, Tip-iPr-CHMes), 0.333 — 0.317 (d, 3H, *Juu = 6.24 Hz, Tip-iPr-
CHMe3), 0.273 — 0.257 (d, 3H, *Juy = 6.36 Hz, Tip-iPr-CHMe3) ppm.

3C-NMR (100.61 MHz, CsDs, 300 K) & = 215.96 (C=0), 167.46 (s, 1C, Ar-C), 156.18, 155.83, 155.32, 154.25 (s, each 1C, Ar-C),
153.25-153.2 (d, 1C. J =6.15 Hz, Ar-C), 152.93 - 152.89 (d, 1C, J = 4.72 Hz, Ar-C), 151.96, 150.33, 149.79, 149.63, 149.48, 149.35
(s, each 1C, Ar-C), 139.02, 137.72, 136.73, 135.53, 135.24 (s, each 1C, Ar-C), 130.17, 129.30, (s, each 1C, Ar-C), 129.21 (s, 1C, Ar-
C), 128.10, 127.99, 127.94, 127.81, 127.57 (bs, each 1C, overlapping with C¢Ds, Ar-CH), 126.8, 124.99, 123.75, 123.09, 122.70,
122.41, 122.24, 120.61, 120.32 (s, each 1C, Ar-CH), 54.55, 54.01 (s, each 1C, C(CHs);), 38.60, 37.60, 36.95, 36.31, 35.70, 35.65,
35.58, 35.36 (s, each 1C, Tip-iPr-CH), 35.06 - 35.96 (d, 1C, J = 10.19 Hz, Tip-iPr-CH), 34.36, 34.14 (s, each 1C, Tip-iPr-CH), 33.99,
33.96 (s, 1C, Tip-iPr-CH), 32.14 — 31.04 (d, 1C, J = 9.53 Hz, Tip-iPr-CH), 30.33 (s, 1C, Tip-iPr-CH), 28.66 (s, 1C, Tip-iPr-CHs), 28.24-
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28.19 (d, 1C, J = 5.70 Hz, Tip-iPr-CHs), 27.69 (s, 1C, Tip-iPr-CHs), 27.19, 27.19 (s, each 1C, Tip-iPr-CHs), 26.90, 26.72, 26.17 (s,
each 1C, Tip-iPr-CHy), 25.36 — 25.09 (t, 1C, J = 13.13 Hz, Tip-iPr-CHs), 24.68-24-60 (d, 1C, J = 8.35 Hz, Tip-iPr-CHy), 24.45, 24.17
(s, each 1C, Tip-iPr-CHs), 23.80, 23.76, 23.67, 23.63, 23.55, 23.49, 23.47, 23.41 (bs, each 1C, Tip-iPr-CH; and C(CH)s), 22.93 -
22.86 (d, 1C, J = 7.25 Hz, Tip-iPr-CHz) ppm.

2Si-NMR (79.49 MHz, CeDs, 300 K) 5 = 160.2 (s, privo-Si), 37.9 (s, ligato-SiTip), —4.2 (remoto-Si(Tip)2), —34.8 (s, ligato-Si-NHSi),
-201.7 (s, nudo-Si), —=230.7 (s, nudo-Si) ppm.

"9Sn-NMR (149.21 MHz, C¢Ds, 300 K) & = 456.3 (s) ppm.

"H-NMR (400.13 MHz, thf-ds, 300 K) & = 7.626 — 7.606 (d, “Jun = 6.71 Hz, 1H, Ar-H), 7.423 — 7.7335 (m, 4 H, Ar-H, overlapping with
CeDs residue), 7.1251 (s, 1H, Ar-H), 7.114 — 7.099 (m, 3H, Ar-H), 6.947 (s, 1H, Ar-H), 6.876 (s, 1H, Ar-H), 6.747 (s, 1H, Ar-H), 6.695
(s, 1H, Ar-H), 6.622(s, 1H, Ar-H), 6.464 (s, 1H, Ar-H), 6.046 — 5.983 (sept, 1H, *Ju = 6.97 Hz, Tip-iPr-CHMey), 5.378 (bs, 1H, Tip-iPr-
CHMe), 5.157 — 5.104 (sept, 1H, *Jun = 6.68 Hz, Tip-iPr-CHMe;), 4.967 — 4.918 (sept, 1H, *Ju = 6.45 Hz, Tip-iPr-CHMe), 3.902 —
3.837 (sept, 1H, ®Juy = 6.63 Hz, Tip-iPr-CHMe,), 3.579 — 3.523 (m, 5H, Tip-iPr-CHMe; overlapping with thf-dg), 3.307 — 3.243 (m, 2H,
Tip-iPr-CHMe,), 3.192 — 3.133 (sept, 1H, *Juy = 6.60 Hz, Tip-iPr-CHMe,), 2.929 — 2.869 (sept, 1H, *Ju = 6.60 Hz, Tip-iPr-CHMe,),
2.806 — 2.588 (m, 6H, Tip-iPr-CHMe,), 1.919 — 1.1883 (m, 6H, Tip-iPr-CHMes), 1.779 — 1.763 (d, 3H, *Jun = 6.80 Hz, Tip-iPr-CHMe),
1.724 (bs, 4H, Tip-iPr-CHMes), 1.584 — 1.567 (d, 6H, *Jun = 6.96 Hz, Tip-iPr-CHMes), 1.508— 1.456 (m, 16H, Tip-iPr-CHMes), 1.402 —
1.385 (d, 3H, *Jun = 6.30 Hz, Tip-iPr-CHMes), 1.188 — 1.031 (m, 48H, Tip-iPr-CHMes and C(CHs)3), 0.662 (s, 9H, C(CHs)s), 0.508 —
0.492(d. 3H, *Juy = 6.03 Hz, Tip-iPr-CHMes), 0.461 — 0.445 (d, 3H, *Jun = 6.03 Hz, Tip-iPr-CHMes), 0.369 — 0.340 (t, 6H, *Juy = 5.69
Hz, Tip-iPr-CHMes), 0.224 — 0.208 (d, 3H, *Jun = 6.37 Hz, Tip-iPr-CHMes), 0.135 — 0.45 (d, together 9H, *Juy = 6.36 Hz, *Juy = 6.10
Hz, 3Jun = 6.23 Hz, Tip-iPr-CHMes) ppm.

3C-NMR (100.61 MHz, thf-ds, 300 K) 8 = 216.57 (C=0), 211.52 (Fe-(CO)s), 168.51 (s, 1C, Ar-C), 156.90, 156.34, 156.07, 154.89 (s,
each 1C, Ar-C), 153.95 - 153.90 (d, 1C, J = 4.80 Hz, Ar-C), 153.81, 153.59, 152.76, 150.80, 150.61 (s, each 1C, Ar-C), 150.51 -
150.43 (d, 1C, J = 7.57 Hz, Ar-C), 150.23 (s, 1C, Ar-C), 139.72, 138.52, 137.39, 136.25, 130.80. 130.45 (s, each 1C, Ar-C), 129.89,
129.85 129.39 (bs, each 1C, Ar-CH), 129.02 (CeDs residue), 128.78, 128.10, 127.97, 127.92, 125.81, 125.58, 124.72, 124.01,123 45,
123.08, 122.78, 121.42, 121.14 (s, each 1C, Ar-CH), 55.34, 55.89 (s, each 1C, C(CHa)s), 39.29, 38.34, 37-54, 37.03 (s, each 1C, Tip-
iPr-CH), 36.43 (bs, 2C, Tip-iPr-CH), 36.29, 36.14 (s, each 1C, Tip-iPr-CH), 35.84 - 35.77 (d, 1C, J = 7.36 Hz, Tip-iPr-CH), 35.27,
35.09 (s, each 1C, Tip-iPr-CH), 34.97, 34.95, 34.92 (bs, each 1C, Tip-iPr-CH), 32.75 — 32.64 (d, 2C, J = 10.4 Hz, Tip-iPr-CH), 30.87
(s, 1C, Tip-iPr-CH), 28.93, 28.74, 28.59, 28.34 (s, each 1C, Tip-iPr-CHs), 27.75, 27.71 (bs, each 1C, Tip-iPr-CHs), 27.51, 26.92,
26.49 (s, each 1C, Tip-iPr-CHs), 25.60, 25.04, 24.81, 24.64 (s, each 1C, overlapping with thf-d), 24.33, 24.78, 24.13, 24.11, 24.07,
23.92 (bs, each 1C, Tip-iPr-CHz and C(CHy)s), 23.31-23.27 (d, 1C, J = 4.71 Hz, Tip-iPr-CHz) ppm.

2Si-NMR (79.49 MHz, thf-ds, 300 K) & = 159.2 (s, privo-Si), 38.4 (s, ligato-SiTip), —4.0 (remoto-Si(Tip)2), —=35.1 (s, ligato-Si-NHSI),
-202.1 (s, nudo-Si), =230.5 (s, nudo-Si) ppm.

"9Sn-NMR (149.21 MHz, thf-ds, 300 K) & = 453.4 (s) ppm.

CP-MAS 2°Si-NMR (79.53 MHz, 300K) & = 154.1 (s, privo-Si), 36.4 (s, ligato-SiTip), —3.7 (remoto-Si(Tip)2), =31.6 (s, ligato-Si-NHSI),
-200.3 (s, nudo-Si), =232.8 (s, nudo-Si) ppm.

CP-MAS ""*Sn-NMR (149.27 MHz MHz, 300K) & = 469.2 (s) ppm.

Elemental analysis: calculated for CosH13sFeN204SisSn: C: 66.29 % ; H, 8.17 % ; N, 1.64 %. Found: C, 66.31 % ; H, 7.84 % ; N,
1.89 %.

UV/VIS (hexane): Amax (€) = 466 nm (3010 M~ cm™).
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Figure S61. "H NMR of 4c in CsDs (400.13 MHz, 300 K).
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Figure $63. "°C NMR of 4¢ in CsDs (100.61 MHz, 300 K).
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Figure S$64. "°C NMR of 4¢ in thf-ds (100.61 MHz, 300 K).
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Figure S65. 2°Si NMR of 4c in C¢Ds (79.49 MHz, 300 K).
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Figure $67. '°Sn NMR of 4¢ in C¢Ds (79.49 MHz, 300 K).
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Figure S68. "'°Sn NMR of 4c in thf-ds (79.49 MHz, 300 K).
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Figure $70. CP-MAS "'°Sn NMR of 4¢ (149.27 MHz, 13 KHz, 300 K).
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Figure S71. CP-MAS "'°Sn NMR of 4¢ (149.27 MHz, 11 KHz, 300 K).
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Figure §$72. UV-Vis spectrum of 4c in hexane at different concentrations.
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Figure S73. Determination of £ (9540 M"' cm™) by linear regression of absorptions (. = 392 nm) of 4c against concentration.
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Figure S74. Determination of & (3010 M"' cm™) by linear regression of absorptions (. = 466 nm) of 4c against concentration.
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Figure S75. Ir spectrum of 4c.

3. Computational Details

Geometry optimizations were performed using the Gaussian 09 optimizer' together with TurboMole V7.0."! energies and gradients.
All geometry optimizations were computed using the functional BP86®! functional with Grimme dispersion corrections D3 and the
Becke-Jonson damping function’® in combination with the def2-SVP basis set.”! The stationary points were located with the Berny
algorithm" using redundant internal coordinates. Analytical Hessians were computed to determine the nature of stationary points
(one and zero imaginary frequencies for transition states and minima, respectively) " and to calculate unscaled zero-point energies
(ZPEs) as well as thermal corrections and entropy effects using the standard statistical-mechanics relationships for an ideal gas.

Figure S76. Optimized structures at the BP86+D3(BJ)/def2-SVP level of theory for 2a. Bond distances are in [A]. Hydrogen atoms were omitted for clarity.
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Table S1. Coordinates of ligato-Zirconocene-substituted siliconoid (2a) Sis-ZrCICp,

E (BP86+D3(BJ)/def2-SVP) = -5556.8010875510
6.615806 -3.645905 -2.623523
0.237089 2.725865 -2.647041
4.658251 -2.030846 -2.359199
2.702938 -0.485735 -2.353045
0.820990 5.151431 -2.264417
1.259166 7.649635 -2.046128
5.787123 -2.659253 -1.815220
0.826732 3.830793 -1.777215
3.875555 -1.124979 -1.621221
1.317180 6.226514 -1.512255

-4.709322 0.320304 -0.645437
5.035157 2.268439 -0.855681

-5.523778 2.626984 -0.211949
6.110541 -2.357526 -0.485589
1.341885 3.568366 -0.474253

-4.466170 1.709126 -0.074362

-6.607823 4.907048 0.138971
1.855845 5.948421 -0.245676

-2.690990 -2.419672 -0.044308
4.202007 -0.826707 -0.265155

-5.436515 3.944039 0.252783
5.348224 -1.475594 0.306089
1.884726 4.648145 0.286631
5232288 2.347514 0.659481

-3.242432 2.101394 0.551665
6.265485 3.178743 1.133327

-4.216868 4.338323 0.817997

-3.118819  3.468430 0.950973

-3.218648 -1.978933  1.322413
1.739884 -3.944762 0.739214
4.463300 1.584498 1.590153
3.071092 -3.873090 1.248881

-3.921566 -2.934919 2.079222
2.502752 4.450660 1.669100
5842805 -1.264134 1.741696

-3.017134 -0.673797 1.867294

-1.856832 4.095235 1.530996
1.048689 -4.962090 1.458915
6.555783  3.306457 2.498013
7.705994 4178949 2.978649
3.207329 -4.851754 2.270420

-4.448819 -2.656487 3.349671
1.953455 -5.514300 2.421925
4.729330 1.728532 2.980199

-3.599800 -0.365899 3.131317
5.758787 2.587301 3.404819

-5.136517 -3.738850 4.167273

-4.297241 -1.352517 3.847755

-3.483374 1.025845 3.739282

-0.870457 -3.702211  3.642517

-0.761879 -2.289085 3.769004
3.930471 0.967578 4.032261

-0.086521 -4.304105 4.680116
0.086379 -2.014151 4.886084
0.480976 -3.253030 5.460725

Cl  3.420021 -2.532148 4.488914

Si  -0.074023 -0.057905 -0.183447

Si 1.333393 1.811048 0.261723

Si 3.169191 0.392488 0.824413

Si  -1.982571 0.721635 1.056465

Si  1.278355 -0.804663 1.785302

Si 0.112283 1.248288 2.281423

Zr 1.513405 -3.173033 3.145867

H 3.837601 -3.173250 0.898859

H  1.347047 -3.333319 -0.078217

H 0.018991 -5.288665 1.288920

H 1.736592 -6.334300 3.116539

H

H

[eXeNeNoNeNeNoNeNeNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNeNoNoNoNo o NoNoNoNoNoNoNoNoNoNo o No N No NoNoNo N NO NO N QN Q)

4104265 -5.034125 2.872675
1.154967 -3.378442 6.315513

49

202



6 Supporting Information

ITOIIIOIIIOIIITOIIIOIIIOIIIOIIIOIIIOIITIOIIIOIIIIIIIIIIIIIIIIIIIIIIIIIIIIT

0.018455
-1.476629
0.400715
-1.274945
-2.341778
-4.065027
-5.158536
-4.721460
-2.817118
-3.802594
-6.457691
-7.434108
-4.104926
-1.028122
0.716786
2.809673
2.269583
0.413865
0.856314
8.156081
6.875779
4.114232
3.458653
5.961453
5.024922
6.994186
7.475889
4.375576
2.213569
3.760358
4.277630
4.474943
3.507320
1.493786
0.652475
1.979727
1.083861
0.517483
1.593480
0.206519
-0.050176
-1.270895
-1.695947
-1.481575
-1.816678
2.655257
3.105329
3.346705
2.600855
0.285773
-0.723600
0.638739
0.193204
7.182919
7.778449
7.835081
6.370105
5.805658
6.426952
5.421779
4.931046
6.194088
5.360220
7.085181
6.429100
7.074702
7.377184
7.930128
6.886360
1.648311
2.042045
1.319933

-5.378237
-4.224170
-1.017224
-1.548998
-1.511663
-3.946700
-4.655024
-1.096622
1.617217
-0.280103
2.299410
4.353777
5.376161
3.362359
1.776189
3.386003
6.773916
5.356862
7.590533
4.645069
3.742564
1.677197
0.096948
2.679725
-0.787342
-2.841676
-3.944092
-2.243645
0.211767
5.303844
4.964838
5.219394
6.376020
4.717870
4.001359
4.613886
5.746747
2.900941
3.076918
1.992861
3.750472
2.581730
1.725402
2.410734
3.500662
8.293102
8.399223
7.679848
9.306427
8.506077
8.049333
8.603124
9.528647
-3.004305
-2.099586
-3.716835
-2.699980
-4.917481
-5.663385
-5.388280
-4.682204
-2.572782
-3.293931
-3.063903
-2.356055
-0.339076
-0.134496
-0.824804
0.630134
-1.528033
-2.231352
-2.123802

4.872661
2.896924
5.216163
3.148900
-0.579007
1.666337
3.536540
4.831370
3.076288
-0.451786
-0.696125
-0.359389
1.166297
1.429255
-2.325440
1.741681
0.352227
-3.266319
-3.081133
2.074675
0.409457
-1.043693
3.523634
4.482332
2.316321
-0.041805
-1.984286
-3.402387
-1.642156
1.895640
2.813236
1.056734
2.031925
2.794699
2.754964
3.784997
2.724144
-4.146813
-4.344344
-4.702562
-4.579542
-2.381336
-2.945386
-1.309038
-2.680321
-2.122463
-1.113683
-2.734246
-2.571134
-1.213658
-1.183789
-0.165875
-1.634638
-3.902608
-3.667539
-4.448611
-4.594373
-2.940043
-3.477791
-2.012956
-3.581774
2.471932
2.466747
2.030509
3.532546
1.775742
2.822448
1.261095
1.284594
-2.759881
-3.523197
-1.884779
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0.749521
3.156168
3.843942
3.683525
2.284949
4.804801
5.699694
4.591260
3.945851
6.207405
7.154351
6.346821
6.031273
2.788181
2123215
2.166375
3.185331
4.800698
4.196752
5.644305
5.222045
8.796218
8.407303
9.156491
9.665196
7.223407
6.471145
6.756059
8.070122
-1.468759
-1.761009
-1.006744
-0.704262
-3.738208
-3.304846
-4.064488
-4.640362
-4.323363
-4.779227
-3.278187
-4.282841
-6.591566
-7.175827
-7.093266
-6.637161
-4.838535
-5.257476
-5.574272
-4.724827
-2.796211
-3.379397
-1.789975
-2.673416
-7.106005
-7.996902
-7.377700
-6.322238
-6.260285
-5.445432
-5.922246
-7.139746
-5.896416
-6.066305
-5.719335
-6.834104
-4.877199
-4.001260
-4.977219
-5.779926
-1.447630
-0.487511
-1.313671

-1.033716
0.344119
1.157138

-0.280960
0.805869
3.644933
4.294868
3.526692
4172533
1.534557
2.095963
0.517468
1.438467
1.832236
2.187784
1.253331
2.724026
0.422202

-0.225263

-0.183522
1.238564
3.328697
2.840848
2.527547
3.953496
5.315356
5.951429
4.913795
5.962437

-3.325944

-4.286514

-3.557793

-2.838568

-3.113661

-3.329920

-4.082511

-2.493299

-4.062030

-4.903350

-4.332456

-3.185548

-3.368316

-3.155972

-4.192488

-2.465202
1.751308
1.815292
1.224809
2.785069
1.005905
0.430475
0.545678
2.036525
5.340712
5.996952
4.463108
5.905993
6.122606
6.725085
5.806241
6.787873

-0.364856

-1.386501

-0.447207
0.206966
0.366818
0.849092

-0.656934
0.939630
5.346755
5.745324
5.113863

-3.183957
-3.565597
-3.263491
-4.315313
-4.069183
-1.503218
-1.413618
-2.585470
-1.050120
-1.533827
-1.393229
-1.123454
-2.624653
4.587469
3.776214
5.301151
5.116479
5.174294
5.838441
4.788304
5.796706
3.657792
4.575717
2.981937
3.951228
3.898039
3.390712
4.821168
4.207184
0.120401
0.593169
-0.861122
0.752341
-0.930777
-1.928380
-0.499942
-1.077840
5.435896
5.997716
5.185102
6.115257
4.505423
3.587798
5.053044
5.148824
3.752621
2.728704
4.395901
4137737
5.112441
5.860438
5.039312
5.504163
1.530350
1.447493
2.150319
2.076229
-0.740132
-0.287621
-1.747138
-0.862546
0.054177
-0.339504
1.144229
-0.099513
-2.175152
-2.653224
-2.590821
-2.471270
0.736585
1.109035
-0.337206
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-2.200488
-2.037761
-2.937841
-2.155700
-1.165984

6.156575
4.410605
5.037262
3.485576
4.960349

0.823068
3.027578
3.193441
3.624335
3.430436

WILEY-VCH

Figure S77. Optimized structures at the BP86+D3(BJ)/def2-SVP level of theory for 2b. Bond distances are in [A]. Hydrogen atoms were omitted for clarity.

Table S2. ligato-Zirconocene-substituted siliconoid (2b) Sis-HfCICp

E (BP86+D3(BJ)/def2-SVP) = -5557.7688670110

(@]

[eXeXeNoNeoNoNoNoNeNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNo o NoNONoN e

6.615439
0.233564
4.660899
2.708123
0.813850
1.248393
5.787830
0.823094
3.878685
1.310655
-4.708410
5.041246
-5.522802
6.109934
1.342035
-4.464551
-6.607217
1.853835
-2.688632
4.203417
-5.435052
5.347858
1.885898
5.235697
-3.239526
6.268233
-4.214156
-3.115449
-3.216397
1.742563
4.464602
3.071764
-3.920899

-3.649632
2.722996
-2.030203
-0.481696
5.150080
7.649420
-2.660250
3.830315
-1.122460
6.227317
0.324412
2.267830
2.629923
-2.358026
3.570986
1.712245
4.908809
5.952307
-2.415268
-0.824023
3.946296
-1.474246
4.653121
2.349323
2.104000
3.180965
4.340302
3.470627
-1.975958
-3.960699
1.588151
-3.884417
-2.932092

-2.614586
-2.649845
-2.354583
-2.352198
-2.272562
-2.060019
-1.808505
-1.782990
-1.618365
-1.523894
-0.642459
-0.853727
-0.203113
-0.478656
-0.480885
-0.069276
0.154309
-0.258542
-0.047691
-0.261939
0.263468
0.311231
0.276148
0.661697
0.554632
1.136156
0.826125
0.955136
1.319524
0.728819
1.592215
1.243391
2.074606

52

205



6 Supporting Information

ITOIITOIITIIITIITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIINONNONNO000000000000000000O0O000

2.508439
5.840428
-3.013801
-1.852087
1.049873
6.555888
7.705719
3.204575
-4.448811
1.950824
4.728031
-3.597197
5.756843
-5.137210
-4.296395
-3.478777
-0.882333
-0.782438
3.926949
-0.090968
0.063928
0.470444
3.398766
-0.069882
1.336803
3.170080
-1.978597
1.281276
0.116738
1.501925
3.838410
1.351242
0.021730
1.733683
4.099251
1.145072
0.020660
-1.486340
0.370656
-1.295987
-2.339711
-4.065110
-5.162751
-4.720900
-2.813916
-3.801368
-6.457682
-7.434249
-4.101731
-1.023363
0.713826
2.816619
2.268496
0.403386
0.843349
8.156500
6.880099
4.121193
3.450756
5.957284
5.021862
6.992146
7.474557
4.379321
2.219439
3.765812
4.285608
4.478392
3.512149
1.502637
0.661694
1.991616

4.458921
-1.262677
-0.671722

4.097229
-4.978188

3.311097

4.183825
-4.858754
-2.654709
-5.523697

1.734625
-0.364789

2.593880
-3.737696
-1.351529

1.025692
-3.726421
-2.313576

0.975428
-4.331724
-2.041844
-3.283305

-2.521052

-0.054379

1.816146
0.396301
0.724269

-0.800871

1.252370

-3.174348
-3.184469
-3.349884
-5.307483
-6.343237
-5.038676
-3.412273
-5.406530
-4.246015
-1.045522
-1.571112
-1.506617
-3.943238
-4.652109
-1.096510

1.618190
-0.276203

2.302749

4.356085

5.377721

3.364786

1.774319

3.394710

6.779460

5.353036

7.587741

4.649573

3.743412

1.675624

0.108497

2.688197
-0.784993
-2.843355
-3.948233
-2.243327

0.217658

5.313827

4.977400

5.228093

6.386103

4.727114

4.010040

4.624797

1.657141
1.747496
1.866336
1.532323
1.447005
2.501239
2.982429
2.269820
3.345052
2.417479
2.982438
3.130242
3.407744
4.161244
3.844846
3.740700
3.637077
3.776271
4.033977
4.667122
4.895194
5.456541
4.473407
-0.182135
0.260509
0.826434
1.057645
1.786992
2.281795
3.134478
0.893666
-0.089927
1.272452
3.112473
2.876243
6.310361
4.851560
2.888063
5.234051
3.159226
-0.581505
1.660437
3.528089
4.828563
3.077361
-0.451144
-0.685686
-0.343426
1.175518
1.427603
-2.326250
1.730981
0.336426
-3.273623
-3.094023
2.078611
0.412533
-1.042462
3.523356
4.485556
2.320488
-0.033313
-1.974230
-3.398009
-1.642636
1.878397
2.795504
1.037909
2.012749
2.785349
2.749029
3.774323
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1.091892
0.513419
1.589171
0.203449
-0.055254
-1.274212
-1.698983
-1.484360
-1.820627
2.642845
3.094896
3.334359
2.585139
0.274940
-0.733385
0.629911
0.179296
7.184533
7.781596
7.835703
6.372709
5.803206
6.423582
5.417469
4.929650
6.189778
5.358288
7.085154
6.416986
7.072927
7.374534
7.928536
6.885725
1.651863
2.045214
1.321115
0.754625
3.164131
3.854397
3.689669
2.294409
4.810811
5704114
4.601347
3.949148
6.215106
7.161511
6.354436
6.040712
2.788766
2.125122
2.164656
3.189910
4.796479
4.190540
5.635773
5.224220
8.795385
8.405674
9.156074
9.664217
7.222744
6.470774
6.754965
8.069340
-1.466182
-1.757005
-1.006248
-0.699944
-3.735949
-3.302981
-4.061633

5.755655
2.894714
3.071514
1.984875
3.742546
2.578711
1.720765
2.410232
3.496612
8.295923
8.404829
7.683217
9.308360
8.505045
8.046193
8.604372
9.526791
-3.011374
-2.107338
-3.726075
-2.706768
-4.920339
-5.668516
-5.388442
-4.684675
-2.571746
-3.295693
-3.059714
-2.356651
-0.338493
-0.135052
-0.824308
0.631320
-1.522512
-2.228026
-2.115910
-1.027145
0.345655
1.156783
-0.281689
0.809702
3.643043
4.294843
3.522943
4.169563
1.533560
2.095799
0.517336
1.435137
1.843748
2.203708
1.265956
2.732789
0.423758
-0.220402
-0.186392
1.237076
3.333656
2.846081
2.532289
3.958432
5.320606
5.956535
4.919512
5.967780
-3.321583
-4.281583
-3.554347
-2.832954
-3.108453
-3.322919
-4.078120

2.714656
-4.150161
-4.348312
-4.703596
-4.584903
-2.383222
-2.945025
-1.310421
-2.684224
-2.140517
-1.132914
-2.752778
-2.590779
-1.226767
-1.194085
-0.179877
-1.649069
-3.894448
-3.660630
-4.438802
-4.587246
-2.929296
-3.464952
-2.001627
-3.572334

2.478105

2.464758

2.041958

3.540792

1.783854

2.831058

1.269605

1.293491
-2.758581
-3.520074
-1.882722
-3.184750
-3.565416
-3.263879
-4.314528
-4.069499
-1.503904
-1.412008
-2.586762
-1.054700
-1.528613
-1.387672
-1.116031
-2.619514

4.591884

3.781533

5.304423

5.122534

5.173554

5.839196

4.785084

5.795557

3.662601

4.580340

2.987223

3.956537

3.901122

3.393175

4.824235

4.210391

0.115249

0.589861
-0.867043

0.744352
-0.934731
-1.932892
-0.505298
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-4.638417
-4.321476
-4.778272
-3.277801
-4.276550
-6.590589
-7.176628
-7.092734
-6.632740
-4.833442
-5.254915
-5.567946
-4.718036
-2.787931
-3.368375
-1.781436
-2.664915
-7.102560
-7.994077
-7.372265
-6.317915
-6.262476
-5.447121
-5.926341
-7.142693
-5.894602
-6.064283
-5.716727
-6.832714
-4.878398
-4.003143
-4.979015
-5.781538
-1.445432
-0.484670
-1.313846
-2.198542
-2.029081
-2.928457
-2.146008
-1.156046

-2.488212
-4.065987
-4.907168
-4.338820
-3.190975
-3.365018
-3.148428
-4.189875
-2.463967
1.751906
1.818108
1.224777
2.784866
1.002255
0.423828
0.543291
2.031788
5.339019
5.994857
4.459835
5.903561
6.126565
6.728664
5.812675
6.791441
-0.362189
-1.383448
-0.445822
0.209311
0.373798
0.856981
-0.649176
0.947175
5.349441
5.748354
5.117027
6.158784
4.410889
5.037738
3.485079
4.959644

-1.080380
5.426950
5.988228
5.172700
6.107932
4.504047
3.588545
5.050213
5.150571
3.758953
2.736209
4.403121
4.145710
5.111947
5.859764
5.034424
5.506444
1.547788
1.468438
2.166389
2.093170

-0.722842

-0.270732

-1.731257

-0.841905
0.057274

-0.337528
1.147090

-0.095038

-2.171874

-2.650254

-2.589328

-2.465625
0.737684
1.108055

-0.336518
0.826233
3.029710
3.198668
3.625490
3.431196
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4. Details on X-Ray Diffraction Studies
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Figure S78. Molecular structure of siliconoid 2a in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability.

Table S3. Crystal data and structure refinement for 2a (CCDC: 1978002).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

sh3962

C95 H144.50 CI Si6 Zr
1581.81

142(2) K

0.71073 A

Monoclinic

P24/n

a=22.3173(9) A o =90°.
b =19.6898(10) A
c=26.1198(13) A
10663.6(9) A®

4

y=190°.

0.985 Mg/m®

0.232 mm™!

3422

0.240 x 0.200 x 0.084 mm®
1.332 to 26.416°.

56

B =111.7090(10)°.
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Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

-22<=h<=27, -24<=k<=24, -32<=[<=32
89012

21834 [R(int) = 0.0701]

100.0 %

Semi-empirical from equivalents
0.7454 and 0.6852

Full-matrix least-squares on F?
21834 /477 /1 1027

1.085

R1=0.0676, wR2 = 0.1985
R1=0.1161, wR2 = 0.2279

n/a

0.896 and -0.486 e.A®

57
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Figure S79. Molecular structure of siliconoid 2b in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability.

Table S4. Crystal data and structure refinement for 2b (CCDC: 1978003).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

sh3983

C85 H125 CI Hf Si6, 0.75(C6 H14), 0.25(C7 H8)

1616.98

133(2) K

0.71073 A
Monoclinic

P24/c
a=21.8827(15) A
b=15.7650(11) A
¢ = 26.6938(16) A
9008.8(10) A®

4

1.192 Mg/m®
1.309 mm’'

3432

58

B =101.965(2)°.

211



6 Supporting Information

WILEY-VCH

Crystal size 0.224 x 0.193 x 0.058 mm®
Theta range for data collection 0.951 to 28.310°.
Index ranges -29<=h<=29, -21<=k<=18, -27<=I<=35
Reflections collected 90445
Independent reflections 22373 [R(int) = 0.0586]
Completeness to theta = 25.242° 100.0 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7457 and 0.6882
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 22373 /747918
Goodness-of-fit on F2 1.037
Final R indices [I>2sigma(l)] R1 = 0.0405, wR2 = 0.1001
R indices (all data) R1=0.0704, wR2=0.1128
Extinction coefficient n/a
Largest diff. peak and hole 1.132 and -0.838 e A
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Figure S80. Molecular structure of siliconoid 3a in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability.

Table S5. Crystal data and structure refinement for SigNHSi 3a (CCDC: 1978004).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
z

Density (calculated)

sh3825
C90 H138 N2 Si7, C6 H6
1522.75

153(2) K

0.71073 A

Triclinic

P-1

a=15.2632(6) A
b=17.4776(7) A

c =18.7820(8) A
4656.9(3) A®

2

1.086 Mg/m®

60

o = 75.024(2)°.
B = 76.782(2)°.

v = 78.320(2)°.
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Absorption coefficient 0.146 mm”
F(000) 1664
Crystal size 0.499 x 0.120 x 0.094 mm®
Theta range for data collection 1.142 to 27.197°.
Index ranges -19<=h<=19, -22<=k<=22, -24<=|<=24
Reflections collected 79046
Independent reflections 20558 [R(int) = 0.0562]
Completeness to theta = 25.242° 99.9 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7455 and 0.7133
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 20558 /43 /973
Goodness-of-fit on F2 1.029
Final R indices [I>2sigma(l)] R1=0.0541, wR2 = 0.1288
R indices (all data) R1 =0.0950, wR2 = 0.1481
Extinction coefficient n/a
Largest diff. peak and hole 0.703 and -0.605 e A®
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Figure $81. Molecular structure of siliconoid 3b in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability.

Table S6. Crystal data and structure refinement for SisNHGe 3b (CCDC: 1978005).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
z

Density (calculated)

sh3963a

C90 H138 Ge N2 Si6, C6 H6
1567.25

172(2) K
0.71073 A
Triclinic

P-1
a=15.309(7) A
b=17.430(8) A
c=18.845(9) A
4678(4) A®

2

1.113 Mg/m®

62

o = 75.056(13)°.
B = 76.627(14)°.
v = 78.843(13)°.
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Absorption coefficient 0.448 mm™
F(000) 1700
Crystal size 0.233 x 0.083 x 0.047 mm®
Theta range for data collection 1.139 to 26.789°.
Index ranges -19<=h<=19, -21<=k<=22, -23<=[<=23
Reflections collected 92059
Independent reflections 18674 [R(int) = 0.0852]
Completeness to theta = 25.242° 96.8 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.8620 and 0.7809
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 18674 /78 /990
Goodness-of-fit on F2 1.018
Final R indices [I>2sigma(l)] R1=0.0588, wR2 = 0.1459
R indices (all data) R1=0.1170, wR2 = 0.1746
Extinction coefficient n/a
Largest diff. peak and hole 0.633 and -0.630 e.A®
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Figure S$82. Molecular structure of siliconoid 3c in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability.

Table S7. Crystal data and structure refinement for SisNHSn 3¢ (CCDC: 1978006).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

sh4153cu

C93 H141 N2 Si6 Sn
1574.30

133(2) K

1.54178 A

Triclinic

P-1

a=15.6171(7) A o = 63.047(2)°.

b = 17.9450(9) A p = 86.806(4)°.
c=18.8679(14) A y = 76.562(2)°.
4576.8(5) A®

2

64
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Density (calculated) 1.142 Mg/m®
Absorption coefficient 3.287 mm™
F(000) 1694
Crystal size 0.216 x 0.053 x 0.025 mm®
Theta range for data collection 2.631 to 81.246°.
Index ranges -19<=h<=19, -22<=k<=22, -23<=I<=24
Reflections collected 89251
Independent reflections 19644 [R(int) = 0.0615]
Completeness to theta = 67.679° 99.3 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7543 and 0.6543
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 19644 /22 / 968
Goodness-of-fit on F2 1.047
Final R indices [I>2sigma(l)] R1 = 0.0420, wR2 = 0.1072
R indices (all data) R1 =0.0493, wR2 = 0.1133
Extinction coefficient n/a
Largest diff. peak and hole 1.314 and -0.629 e A
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Figure S83. Molecular structure of siliconoid 4a in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability.

Table S8. Crystal data and structure refinement for SisNHSi-Fe(CO), 4a (CCDC: 1978007).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
Z
Density (calculated)

Absorption coefficient

sh3964

C94 H138 Fe N2 O4 Si7, C6 H14
1698.71

162(2) K

0.71073 A

Triclinic

P-1

a = 16.0595(7) A | = 76.092(3)°.
b = 17.5648(8) A | = 78.970(3)°.
c=19.8297(9) A | = 88.051(2)°.

5328.9(4) A’
2

1.059 Mg/m®
0.265 mm’™

66
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F(000) 1844
Crystal size 0.177 x 0.166 x 0.090 mm?*
Theta range for data collection 1.077 to 27.205°.
Index ranges -15<=h<=20, -22<=k<=22, -25<=I<=25
Reflections collected 86873
Independent reflections 23475 [R(int) = 0.0751]
Completeness to theta = 25.242° 99.5 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.8620 and 0.8226
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 23475/ 54 /11117
Goodness-of-fit on F2 1.056
Final R indices [I>2sigma(l)] R1=0.0706, wR2 = 0.1897
R indices (all data) R1=0.1354, wR2 = 0.2254
Extinction coefficient n/a
Largest diff. peak and hole 0.839 and -0.527 e A*®

67
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Figure S84. Molecular structure of siliconoid 4b in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability.

Table S9. Crystal data and structure refinement for SisNHGe-Fe(CO)4 4b (CCDC: 1978008).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

sh3980
C94 H138 Fe Ge N2 O4 Si6, C6 H14

1743.21

142(2) K

0.71073 A

Monoclinic

P24/n

a=15.0527(18) A o =90°
b=32.231(4) A B =90.764(7)°.
¢ =20.333(3) A y = 90°.
9864(2) A°

4

1.174 Mg/m®

0.574 mm"

3760

68
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Crystal size 0.280 x 0.225 x 0.048 mm®
Theta range for data collection 1.184 to 27.264°.
Index ranges -19<=h<=19, -40<=k<=41, -24<=|<=25
Reflections collected 150931
Independent reflections 21746 [R(int) = 0.0959]
Completeness to theta = 25.242° 99.8 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.8620 and 0.7749
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 21746 /21 /1060
Goodness-of-fit on F2 1.015
Final R indices [I>2sigma(l)] R1=0.0493, wR2 = 0.0983
R indices (all data) R1=0.1017, wR2=0.1162
Extinction coefficient n/a
Largest diff. peak and hole 0.612 and -0.604 e A®
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Figure S85. Molecular structure of siliconoid 4c in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability.

Table S10. Crystal data and structure refinement for SisNHSn-Fe(CO)4 4c (CCDC: 1978009).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
z
Density (calculated)

Absorption coefficient

sh4100
C94 H138 Fe N2 O4 Si6 Sn, C6 H14

1789.31

122(2) K

0.71073 A

Monoclinic

P24/n

a=15.2343(5) A o =90°.

b =32.1747(10) A f =90.9122(10)°.
€=20.3411(5) A y=90°.
9969.1(5) A®

4

1.192 Mg/m®

0.517 mm™

70
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F(000) 3832
Crystal size 0.307 x 0.200 x 0.184 mm®
Theta range for data collection 1.184 to 27.883°.
Index ranges -19<=h<=20, -39<=k<=42, -16<=|<=26
Reflections collected 97578
Independent reflections 23765 [R(int) = 0.0385]
Completeness to theta = 25.242° 100.0 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.7002
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 23765/21/1060
Goodness-of-fit on F2 1.028
Final R indices [I>2sigma(l)] R1=0.0334, wR2 = 0.0727
R indices (all data) R1 =0.0494, wR2 = 0.0791
Extinction coefficient n/a
Largest diff. peak and hole 0.913 and -0.460 e A
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diazagermet-1-ium-2(3H)-yl)-3,3,4-tris(2,4,6-triisopropylphenyl)tricyclo
[2.1.0.0*°|pentasilane-1-yl-rhodium

3. Data and Plots of spectroscopic conversion in alkene isomerization

4. Details on X-ray Diffraction Studies

(5-(Chlorobis(2,4,6-triisopropylphenyl)silyl)-2-(1,3-di-tert-butyl-4-phenyl-1 3,203
diazasilet-1-ium-2(3H)-yl)-3,3,4-tris(2,4 ,6-triisopropylphenyl)
tricyclo[2.1.0.0%°|pentasilane-1-yl-iridium (2a)

(5-(Chlorobis(2,4,6-triisopropylphenyl)silyl)-2-(1,3-di-tert-butyl-4-phenyl-1,3,2).>-
diazagermet-1-ium-2(3H)-yl)-3,3,4-tris(2,4,6-triisopropylphenyl)tricyclo
[2.1.0.0%°|pentasilane-1-yl-iridium (2b)
(5-(Chlorobis(2,4,6-triisopropylphenyl)silyl)-2-(1,3-di-tert-butyl-4-phenyl-1,3,2).>-
diazastannet-1-ium-2(3H)-yl)-3,3,4-tris(2,4 ,6-triisopropylphenyl)tricyclo
[2.1.0.0%°|pentasilane-1-yl)iridium (2c)
n°-((2-(Chloro-A2-silyl)-4-(1,3-di-tert-butyl-4-phenyl-1,3,2-diazasilet-1-ium-2-id-
2(3H)-y)-1,1,2-tris(2,4,6-triisopropylphenyl)-1,2-dihydro tetrasilet-3-yl)bis(2,4,6-
triisopropylphenyl)silyl)rhodium (3)
trans-Dicarbonyl-(1,3-di-tert-butyl-2-chloro-4-phenyl-2,3-dihydro-1,3,2-diazasilet-
1-ium-2-ide)-ligato-(2,2,5,5,6-pentakis(2,4,6-
trisopropylphenyltetracyclo[2.2.0.0"2.0%*%|hexasilan -4-yl)rhodium (4)

(5-(Chlorobis(2,4,6-triisopropylphenyl)silyl)-2-(1,3-di-tert-butyl-4-phenyl-1,3,2).>-
diazagermet-1-ium-2(3H)-yl)-3,3,4-tris (2,4 ,6-triisopropylphenyl)tricyclo
[2.1.0.0**|pentasilane-1-yl-rhodium
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1. General

All manipulations were carried out under a protective atmosphere of argon, by using a glovebox or standard
Schlenk techniques. Ethereal solvents were dried by heating to reflux over Na/benzophenone and distilled and
stored under an atmosphere of argon. Hydrocarbons were dried over sodium or potassium. Solution NMR spectra
were recorded on a Bruker Avance IV 400 NMR spectrometer ('H = 400.13 MHz, "*C = 100.6 MHz, %°Si = 79.49
MHz, "'9Sn = 149.21 MHz) and solid state NMR spectra on a Bruker Avance Ill 400 WB spectrometer (*°Si =
79.53 MHz, ''°Sn = 149.27 MHz). UV/Vis spectra were recorded on a Shimadzu UV-2600 spectrometer in quartz
cells with a path length of 0.1 cm. Infrared spectra were measured with a Shimadzu IR Affinity-1S in a platinum
ATR diamond cell. Elemental analyses were performed on an elemental analyzer Leco CHN-900 and/or an
elementar vario Micro Cube. Compounds 1a-c were prepared according to our published procedures.1

2. Preparation, data and spectra (NMR, UV-vis, IR)

Procedure for the synthesis of tetrylene-functionalized iridium siliconoid complexes 2a-c

The respective compounds 2a-c are prepared by treating 1 equivalent of the ligafo-tetrylene-functionalized
siliconoids 1a-c with the corresponding amount of chloro(1,5-cyclooctadiene)iridium(l) dimer [(cod)IrCl]> in
benzene. The suspension is heated to 40°C for 5 minutes and then stirred at room temperature overnight. After
removing all volatiles in vacuum, the crude product is filtered from the indicated amount of hexane and
crystallized from hexane at —26°C overnight. Concentration of the mother liquor typically affords a second batch of
crystalline 2a-c.

(5-(Chlorobis(2,4,6-triisopropylphenyl)silyl)-2-(1,3-di-tert-butyl-4-phenyl-1 ,3,2).>-diazasilet-1 -ium-2(3H)-yl)-
3,3,4-tris(2,4,6-triisopropylphenyl)tricyclo[2.1.0.02'5] pentasilane-1-yl-iridium (2a)
Quantities: SigNHSi 1a, 700 mg (0.485 mmol), [(cod)IrCl]> 162.76 mg (0.243 mmol), benzene 10 mL, filtration

four times from hexane 15 mL each, crystallization from hexane. Yield: 568 mg (0.328 mmol ; 68 %) violet crystals
(mp. > 147 °C, dec.).

"H-NMR (400.13 MHz, CsDs, 300 K) 5 = 7.391 (bs, 1H, Ar-H), 7.193 — 7.189 (m, 2H, Ar-H), 7.142 — 7.138 (m, 1H,
Ar-H), 7.052 — 7.047 (m, 1H, Ar-H), 7.002 — 6.917 (m, 6H, Ar-H), 6.838 — 6.802 (m, 3H, Ar-H), 6.773 (bs, 1H, Ar-
H), 5.831 (sept, 1H, iy = 6.16 Hz, Tip-iPr-CHy), 5.185 (sept, 1H, *Ju = 6.80 Hz, Tip-iPr-CHy), 4.913 (sept, 1H,
3Jun = 6.44 Hz, Tip-iPr-CHy), 4.583 — 4.433 (m, 4H, Tip-iPr-CHy), 3.819 (sept, 1H, iy = 6.98 Hz, Tip-iPr-CHy),
3.668 (sept, 1H, *Juy = 6.39 Hz, Tip-iPr-CHy), 3.161 (sept, 1H, 3Juy = 6.07 Hz, Tip-iPr-CHy), 2.854 — 2.569 (m, 7H,
Tip-iPr-CHy), 2.363 (bs, 2H, Tip-iPr-CH,), 2.101 — 2.021 (m, 14H, Tip-iPr-CHs), 1.929 (d, 3H, *Jux = 6.47 Hz, Tip-
iPr-CHs), 1.836 (d, 3H, *Ju = 6.56 Hz, Tip-iPr-CHs), 1.804 — 1.775 (m, 6H, Tip-iPr-CHa), 1.578 (d, 3H, *Ji = 6.35
Hz, Tip-iPr-CHs), 1.513 (d, 6H, >Ju = 6.35 Hz, Tip-iPr-CHs), 1.465 (d, 3H, Jun = 6.70 Hz, Tip-iPr-CHa), 1.384 —
1.360 (m, 6H, Tip-iPr-CHa), 1.278 — 1.134 (m, 36H, Tip-iPr-CHa), 1.077 — 1.058 (m, 7H, Tip-iPr-CHs), 0.890 (t, 6H,
3Jun = 7.18 Hz, Tip-iPr-CHs), 0.830 (s, 9H, C(CHa)s), 0.723 (d, together 6H, Tip-iPr-CHs), 0.683 (m, 12 H, Tip-iPr-
CH;s overlapping with C(CHs)s), 0.460 — 0.438 (m, 6H, Tip-iPr-CHs), 0.281 (d, 3H, *Ju = 6.49 Hz, Tip-iPr-CHa),
0.167 (d, 3H, *Juy = 6.49 Hz, Tip-iPr-CHs) ppm.

3C-NMR (100.61 MHz, CsDs, 300 K) & = 169.70 (s, 1C, C-Ph), 156.15, 155.41 (s, each 1C, Ar-C), 154.42, 154.37
(s, each 1C, Ar-C), 154.14, 153.76, 153.22, 153.14, 152.90 (s, each 1C, Ar-C), 150.20, 149.91, 148.77, 147.98 (s,
each 1C, Ar-C), 143.56 (s, 1C, Ar-C), 141.46 (s, 1C, Ar-C), 137.92, 137.13, 135.43, 132.13, 131.19 (s, each 1C,
Ar-C), 130.03, 129.69 (s, each 1C, Ar-CH), 128.12, 127.88 (s, each 1C, Ar-CH overlapping with CeDe), 127.43,
127.40 (s, each 1C, Ar-CH), 123.62, 123.54, 123.51, 123.08, 122.88, 122.74, 122.57, 122.49, 122.08, 120.62 (s,

S3

228



6 Supporting Information

each 1C, Ar-CH), 53.81 (s, 1C, C(CHa)a), 53.67 (s, 1C, C(CHa)s), 38.12 (s, 1C, Tip-iPr-CH), 35.72, 35.69 (s, each
1C, (s, 1C, Tip-iPr-CH), 35.33, 34.79, 34.70, 34.59, 34.44, 34.31, 33.85, 33.57 (s, each 1C, (s, 1C, Tip-iPr-CH),
32.98 (s, 1C, (s, 1C, Tip-iPr-CH), 32.17 (s, 1C, (s, 1C, Tip-iPr-CH), 31.92 (s, 1C, Tip-iPr-CH), 31.79 (s, 1C, Tip-
iPr-CH), 31.18 (s, 1C, (s, 1C, Tip-iPr-CH), 30.6 (s, 1C, Tip-iPr-CH), 30.04, 29.09, 29.02 (s, each 1C, Tip-iPr-CHa),
28.41 (s, 1C, Tip-iPr-CHa), 27.28 (s, 1C, Tip-iPr-CHs), 26.15, 25.91, 25.69, 25.15 (s, each 1C, Tip-iPr-CHs), 24.76,
24.68,24.61, 24.49, 24.46, 24.37, 24.26, 24.21, 2418, 24.15, 2413, 24.03, 23.96, 23.84, 23.74 (s, each 1C, Tip-
iPr-CHs), 23.11, 23.01, 22.73, 22.40, (s, each 1C, Tip-iPr-CHs), 14.32 (s, 1C, Tip-iPr-CHa) ppm.

28i-NMR (79.49 MHz, CeDe, 300 K) 5 = 56.7 (s, SiTipz), 33.4 (s, NHSi), 13.3 (s, SiTip2Cl), —38.4 (s, SiTip), -88.9
(s, Si-NHSi), -125.4 (s, unsubstituted Si), —128.7 (s, Si-Ir) ppm.

CP-MAS #Si-NMR (79.53 MHz, 13KHz, 300K) 5 = 55.3 (s, SiTip2), 32.9 (s, NHSi), 11.5 (s, SiTip.Cl), -41.6 (s,
SiTip), -88.6 (s, Si-NHSi), —126.8 (s, unsubstituted Si), —128.2 (s, unsubstituted Si) ppm.

Elemental analysis: calculated for Cgo7H146CIlIrN2Siz: C, 66.03 % ; H, 8.34 % ; N, 1.59 %. Found: C, 65.55, % ; H,
8.03% ; N:1.73 %.

UV/VIS (hexane):  max (€) = 576 nm (1200 M~" cm™).
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Supplementary Figure 1: "H NMR spectrum of 2a in Ce¢Ds (400.13 MHz, 300 K).
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Supplementary Figure 2: °C NMR spectrum of 2a in C¢Ds (100.61 MHz, 300 K).
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Supplementary Figure 3: 2si NMR spectrum of 2a in CeDg (79.49 MHz, 300 K).
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Supplementary Figure 4: CP MAS 2si NMR spectrum of 2a (79.53 MHz, 13 KHz, 300 K), side spinning bands
of: * SiTip2 (55.3 ppm), # NHSi (32.9 ppm), + SiTip (—41.6 ppm), ° unsubstituted Si (-88.6 ppm), ~ unsubstituted

Si (-126.8 ppm, —128.2 ppm).
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Supplementary Figure 5: UV-Vis spectrum of 2a in hexane at different concentrations.
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Supplementary Figure 6: Determination of ¢ (5590 Y cm'1) by linear regression of absorptions (. = 449 nm) of

2a against concentration.
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Supplementary Figure 7: Determination of ¢ (2300 Y cm'1) by linear regression of absorptions (. = 508 nm) of

2a against concentration.
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Supplementary Figure 8: Determination of £ (1200 Y cm'1) by linear regression of absorptions (A = 576 nm) of
2a against concentration.

(5-(Chlorobis(2,4,6-triisopropylphenyl)silyl)-2-(1,3-di-tert-butyl-4-phenyl-1,3,2)3-diazagermet-1-ium-2(3H)-
yl)-3,3,4-tris(2,4,6-triisopropylphenyl)tricyclo [2.1.0.02'5]pentasilane-1 -yl-iridium (2b)

Quantities: SigNHGe 1b, 500 mg (0.327 mmol), [(cod)IrCl]2 140.92 mg (0.21 mmol), benzene 10 mL, filtration two
times from hexane 8 mL each, crystallization from hexane at =26 °C. Yield: 362 mg (0.198 mmol; 61 %) violet-

brown crystals (mp. 154 °C, dec.).

"H-NMR (400.13 MHz, C¢Ds, 300 K) & = 7.375 (bs, 1H, Ar-H), 7.164 — 7.141 (m, 7H, Ar-H overlapping with CeDe),
7.047 — 6.907 (m, 7H, Ar-H), 6.871 — 6.814 (m, 3H, Ar-H), 6.753 (bs, 1H, Ar-H), 5.829 (sept, 1H, *Jus = 6.36 Hz,
Tip-iPr-CHy), 5.156 (sept, 1H, Jus = 6.89 Hz, Tip-iPr-CHy), 4.918 (sept, 1H, 3y = 6.97 Hz, Tip-iPr-CHy), 4.641
(bs, 1H, Tip-iPr-CH,), 4.468 (m, 3H, Tip-iPr-CHy), 3.867 (sept, 1H, *Jus = 6.42 Hz, Tip-iPr-CHy), 3.575 (sept, 1H,
3y = 6.42 Hz, Tip-iPr-CHy), 3.192 (sept, 1H, 3wy = 6.42 Hz, Tip-iPr-CHy), 2.849 — 2.576 (m, 7H, Tip-iPr-CHy),
2.329 (bs, 2H, Tip-iPr-CHy), 2.103, 2.051, 2.001 (each d, together 12H, each Juy = 6.34 Hz, Tip-iPr-CHs), 1.927
(d, 4H, 3y = 6.67 Hz, Tip-iPr-CHa), 1.840 (d, *Juy = 6.67 Hz, Tip-iPr-CHs), 1.793, 1.755 (each d, together 6H,
each *Juy = 6.67 Hz, Tip-iPr-CHs), 1.605 — 1.506 (m, 16H, Tip-iPr-CHs), 1.390 (d, 3H, *Ju = 6.61 Hz, Tip-iPr-
CHs),) 1.352 (d, 3H, 3Ju = 6.61 Hz, Tip-iPr-CHs), 1.299 — 1.136 (m, 37H, Tip-iPr-CHs), 1.087 — 1.066 (m, 6H, Tip-
iPr-CHa), 0.889 (dd, 6H, *Ju = 6.55 Hz, Tip-iPr-CHa), 0.783 (s, 9H, C(CHa)s), 0.710 (d, 3H, *Ju = 6.59 Hz, Tip-iPr-
CHs), 0.674 (d, 3H, 3Ju = 6.59 Hz, Tip-iPr-CHs), 0.581 — 0.567 (m, 12H, Tip-iPr-CHs overlapping with C(CHa)s),
0.484 (d, 3H, *Jun = 6.59 Hz, Tip-iPr-CHa), 0.441 (d, 3H, 3Juy = 6.59 Hz, Tip-iPr-CHs), 0.301 (d, 3H, 3 = 6.27 Hz,
Tip-iPr-CHz), 0.176 (d, 3H, *Juy = 6.27 Hz, Tip-iPr-CHs) ppm.

3C-NMR (100.61 MHz, C¢Ds, 300 K) & = 169.08 (s, 1C, C-Ph), 156.22, 155.45, 154.58, 154.41, 154.13, 153.71,

153.60, 153.29, 152.83 (s, each 1C, Ar-C), 150.35, 150.22, 150.02, 148.94, 148.04 (s, each 1C, Ar-C), 142.89 (s,

1C, Ar-C), 140.71 (s, 1C, Ar-C), 137.58, 135.81, 134.98, 134.06 (s, each 1C, Ar-C), 130.99 (s, 1C, Ar-C), 129.79,
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129.5 (s, each 1C, Ar-CH), 128.14, 127.89 (s, each 1C, Ar-CH overlapping with CesDs), 127.34, 127.24 (s, each
1C, Ar-CH), 123.66, 123.53, 123.43, 123.16, 122.94, 122.70, 122.40, 121.94 (s, each 1C, Ar-CH), 120.67 (s, 1C,
Ar-CH), 54.06 (s, 1C, C(CHa)s), 53.63 (s, 1C, C(CHa)3), 38.47 (s, 1C, Tip-iPr-CH), 36.38 (bs, 1C, Tip-iPr-CH),
35.93, 35.75, 35.65 (s, each 1C, Tip-iPr-CH), 34.79, 34.75, 34.71 (bs, each 1C, Tip-iPr-CH), 34.60, 34.39, 34.34
(s, each 1C, Tip-iPr-CH), 33.94, 33.76 (s, each 1C, Tip-iPr-CH), 32.57 (s, 1C, Tip-iPr-CH), 31.97 (s, 1C, Tip-iPr-
CH), 31.92 (s, 1C, Tip-iPr-CH), 31.75 (s, 1C, Tip-iPr-CH), 31.21 (s, 1C, Tip-iPr-CH), 30.37, 29.89 (s, each 1C,
Tip-iPr-CHs), 29.68 (bs, 1C, Tip-iPr-CHs), 29.25, 28.51, 27.43 (s, each 1C, Tip-iPr-CHs), 26.00, 25.89, 25.65 (s,
each 1C, Tip-iPr-CHs), 25.11, 24.83 (s, each 1C, Tip-iPr-CHs), 24.72, 24.55, 24.48, 24.43, 24.36, 24.30 (s, each
1C, Tip-iPr-CHs), 24.19, 24.17 (bs, each 1C, Tip-iPr-CHs), 24.07, 24.03, 23.97, 23.92 (bs, each 1C, Tip-iPr-CHs),
23.77, 23.74 (s, each 1C, Tip-iPr-CHs), 23.20, (s, 1C, Tip-iPr-CHs), 23.01 (s, 1C, Tip-iPr-CHs), 22.51, 22.48 (bs,
each 1C, Tip-iPr-CHs), 14.32 (s, 1C, Tip-iPr-CHs) ppm.

2Si-NMR (79.49 MHz, CsDs, 300 K) 5 = 54.6 (s, SiTip2), 12.8 (s, SiTip2Cl), =41.6 (s, SiTip), =90.5 (s, Si1), -91.3
(s, Si-NHGe), -121.6 (s, Si-Ir) ppm.

CP-MAS ?’Si-NMR (79.53 MHz, 14KHz, 300K) & = 52.6 (s, SiTip2), 12.3 (s, SiTip2Cl), -41.5 (d, SiTip), —90.0 (s,
Si-NHGe), -90.8 (s, unsubstituted Si), =121.7 (s, unsubstituted Si) ppm.

Elemental analysis: calculated for Co7H146CIGeIrN2Sis: C: 64.40 % ; H: 8.14 % ; N: 1.55 %. Found: C: 64.68 % ;
H: 8.18 % ; N: 1.35 %.

UV/VIS (hexane): A max (€) = 580 nm (2500 M™' cm™).
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Supplementary Figure 9: "H NMR spectrum of 2b in CsDe (400.13 MHz, 300 K).
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Supplementary Figure 10: 3¢ NMR spectrum of 2b in CeDs at (100.61 MHz, 300 K).
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Supplementary Figure 11: 2si NMR spectrum of 2b in CsDe (79.49 MHz, 300 K).
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Supplementary Figure 12: CP MAS 2si NMR spectrum of 2b (79.53 MHz, 13 KHz, 300 K), side spinning bands
of: * SiTip2 (52.6 ppm), # unsubstituted Si, Si-NHGe (-90.0 ppm, —90.8 ppm), + unsubstituted Si (-121.7 ppm).
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Supplementary Figure 13: UV-Vis spectrum of 2b in hexane at different concentrations.
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Supplementary Figure 14: Determination of ¢ (8080 M cm'1) by linear regression of absorptions (. = 364 nm) of

2b against concentration.
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Supplementary Figure 15: Determination of ¢ (4900 M cm'1) by linear regression of absorptions (. = 417 nm) of

2b against concentration.
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Supplementary Figure 16: Determination of € (3750 wm? cm'1) by linear regression of absorptions (A = 499 nm) of
2b against concentration.
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Supplementary Figure 17: Determination of ¢ (2500 ! cm'1) by linear regression of absorptions (% = 580nm) of
2b against concentration.
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(5-(Chlorobis(2,4,6-triisopropylphenyl)silyl)-2-(1,3-di-tert-butyl-4-phenyl-1,3,2A3-diazastannet-1-ium-2(3H)-
yl)-3,3,4-tris(2,4,6-triisopropylphenyl)tricyclo [2.1.0.02'5]pentasilane-1 -yl)iridium (2c)

Quantities: SisNHSn 1c¢, 400 mg (0.24 mmol), [(cod)IrCl]> 113.07 mg (0.168 mmol), benzene 10 mL, filtration
from hexane 10 mL, crystallization from hexane. Yield: 284 mg (0.152 mmol ; 63 %) violet crystals (mp. 182 °C,
dec.).

"H-NMR (400.13 MHz, CgDs, 300 K) 6 = 7.637 — 7.613 (C1oHs), 7.364 — 7.237 (m, 1H, Ar-H), 7.261 — 7.237
(C1oHs), 7.157 — 7.7126 (m, 8H, Ar-H overlapping with CeDs), 7.050 — 78.863 (m, 9H, Ar-H), 6.809 (bs, 2H, Ar-H),
6.709 — 6.705 (m, 1H, Ar-H), 5.841 (sept, 1H, 3Jun = 6.41 Hz, Tip-iPr-CHy), 5.122 (sept, 1H, 3Ju = 6.52 Hz, Tip-
iPr-CHy), 4.947 — 4.862 (m, 3H, Tip-iPr-CHy), 4,681 (sept, 1H, *Juu = 6.41 Hz, Tip-iPr-CH,), 4.467 — 4.359 (m, 2H,
Tip-iPr-CHy), 3.908 (sept, 1H, *Juy = 6.74 Hz, Tip-iPr-CHy), 3.449 (sept, 1H, *Juy = 6.81 Hz, Tip-iPr-CHy), 3.148
(sept, 1H, 3Jun = 6.43 Hz, Tip-iPr-CHy), 2.826 — 2.592 (m, 7H, Tip-iPr-CHs), 2.133 (d, 3H, 3Juy = 6.58 Hz, Tip-iPr-
CHa), 2.070 (d, 3H, 3Jun = 6.32 Hz, Tip-iPr-CHa), 1.931 (t, 7 H, 3Juy = 6.58 Hz, Tip-iPr-CHs), 1.856 (d, 3H, 3Jun =
6.58 Hz, Tip-iPr-CHs), 1.814 (d, 3H, *Juy = 6.58 Hz, Tip-iPr-CHs), 1.728 (d, 3H, *Jun = 6.58 Hz, Tip-iPr-CHs), 1.609
(d, 4H, 3Juu = 6.54 Hz, Tip-iPr-CHs), 1.550 — 1.526 (m, 7H, Tip-iPr-CHz), 1.475 (d, 4H, Jun = 6.54 Hz, Tip-iPr-
CHa), 1.376 (d, 4H, *Juy = 6.54 Hz, Tip-iPr-CHs), 1.332 (d, 4H, 3Ji = 6.54 Hz, Tip-iPr-CHa), 1.277 — 1.083 (m, 44
H, Tip-iPr-CHs), 0.888 (t, hexane), 0.735 — 0.688 (m, 16H, Tip-iPr-CHs) overlapping with C(CHa)s), 0.580 — 0.567
(m, 12H, Tip-iPr-CHs) overlapping with C(CHa)s), 0.524 (d, 3H, 3Ju = 6.51 Hz, Tip-iPr-CHa), 0.456 (d, 3H, 3Jun =
6.51 Hz, Tip-iPr-CHs), 0.310 (d, 3H, 3Juy = 6.51 Hz, Tip-iPr-CHs), 0.179 (d, 3H, 3Juy = 6.51 Hz, Tip-iPr-CHs) ppm.
BCc-.NMR (100.61 MHz, CsDs, 300 K) 3 = 170.51 (s, 1C, C-Ph), 156.34, 155.42, 154.84, 154.60, 154.25, 154.06,
153.66, 153.42, 152.67 (s, each 1C, Ar-C), 150.47, 150.14, 150.06, 149.04, 148.01 (s, each 1C, Ar-C), 141.45,
139.90, 136.96, 136.21, 135.42, 134.38 (s, each 1C, Ar-C), 130.41, 129.87, 129.10 (s, each 1C, Ar-CH), 128.11,
127.87 (s, each 1C, overlapping with C¢Ds, Ar-CH), 127.29, 127.13 (bs, each 1C, Ar-CH), 126.00 (s, 1C, Ar-CH),
123.76, 123.49, 123.14, 122.98, 122.38, 122-29, 122.18, 121.81, 120.42 (s, each 1C, Ar-CH), 53.35 (s, 1C,
C(CHa)s), 52.82 (s, 1C, C(CHs3)3), 38.54 (s, 1C, Tip-iPr-CH), 36.11, 35.95 (s, each 1C, Tip-iPr-CH), 35.17 (s, 1C,
Tip-iPr-CH), 34.80, 34.71, 34.62, 34.58, 34.38, 34.29, 34.15, 34.07 (bs, each 1C, Tip-iPr-CH), 32.34 (s, 1C, Tip-
iPr-CH), 31.91, 31.89 (bs, overlapping, together 2C, Tip-iPr-CH), 31.16 (s, 1C, Tip-iPr-CH), 29.97, 29.77 (s, each
1C, Tip-iPr-CHs), 28.16, 27.76 (s, each 1C, Tip-iPr-CHs), 26.21, 25.89, 25.73, 25.60, 25.24, 25.06, 24.87 (s, each
1C, Tip-iPr-CHs), 24.52, 254.40, 24,30, 24.15, 23.99, 23.88, 23.80, 23.77 (bs, each 1C, Tip-iPr-CHs), 23.50 (s,
1C, Tip-iPr-CHs), 23.19 (s, 1C, Tip-iPr-CHs), 23.00 (s, 1C, Tip-iPr-CHs), 22.71, 22.21 (s, 1C, Tip-iPr-CHs), 14.3 (s,
1C, Tip-iPr-CHs;) ppm.

28i-NMR (79.49 MHz, CsDs, 300 K) 5 = 50.2 (s, SiTip2), 12.2 (s, SiTip2Cl), —42.1 (s, SiTip), =80.4 (s, Si1), -95.6
(s, Si-NHSn), -116.0 (s, Si-Ir) ppm.

"°%Sn-NMR (149.21 MHz, CsDs, 300 K) 5 = 180.3 (s) ppm.

CP-MAS ?’Si-NMR (79.53 MHz, 14KHz, 300K) & = 50.6 (s, SiTipz), 42.4 (s, SiTipz), 10.3 (s, SiTip), -42.2 (s,
SiTip2), —43.5 (s, SiTip2), —68.1 (bs, Si-NHSn), -77.0 (bs, Si-NHSn), —94.6 (bs, unsubsituted-Si), -103.8 (s,
unsusbtituted-Si), -120.2 (s, unsubstituted-Si) ppm.

CP-MAS "'°Sn-NMR (149.27 MHz, 13KHz, 300K) & = 204.2 (s), 181.7 (s) ppm.
CP-MAS "'°Sn-NMR (149.27 MHz, 11KHz, 300K) & = 204.9 (s), 182.6 (s) ppm.

Elemental analysis: calculated for Ce7H146ClIrN2SisSn: C: 62.80 % ; H: 7.93 % ; N: 1.51 %. Found: C: 62.59 % ;
H: 8.02% ; N: 1.42 %.

UV/VIS (hexane): % max (€) = 592 nm (2660 M~' cm™).
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Supplementary Figure 20: 25i NMR spectrum of 2¢ in CsDg (79.49 MHz, 300 K).

180.3

.8

ip,d. Tip

Tip” > ~Sigf TP
RS ~s
'/\ 7
si—Si _ Tip

A

450 400 350 300 250 200 150 100 50 0 -50 -100 ppm

Supplementary Figure 21: ''°Sn NMR spectrum of 2¢ in CeDs (79.49 MHz, 300 K).
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Supplementary Figure 22: CP MAS 2si NMR spectrum of 2¢ (79.53 MHz, 13 KHz, 300 K), side spinning bands
of: * SiTip2 (42.4 ppm), # SiTip (10.3 ppm), + Si-NHSn (-68.1 ppm), ° unsubstituted Si (-120.3 ppm), ~
unsubstituted Si (-103.8 ppm).
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Supplementary Figure 23: CP MAS ''°Sn NMR spectrum of 2¢ (149.27 MHz, 13 KHz, 300 K).
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Supplementary Figure 24: CP MAS "'°Sn NMR spectrum of 2¢ (149.27 MHz, 11 KHz, 300 K).
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Supplementary Figure 25: UV-Vis spectrum of 2¢ in hexane at different concentrations.
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Supplementary Figure 26: Determination of £ (8100 m cm'1) by linear regression of absorptions (. = 372 nm) of
2c against concentration.
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Supplementary Figure 27: Determination of ¢ (5010 M cm'1) by linear regression of absorptions (A = 431 nm) of
2c against concentration.
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Supplementary Figure 28: Determination of ¢ (3390 M cm'1) by linear regression of absorptions (). = 504 nm) of
2c against concentration.
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Supplementary Figure 29: Determination of £ (2660 M cm'1) by linear regression of absorptions (. = 592 nm) of
2c against concentration.
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n°-((2-(Chloro-A2-silyl)-4-(1,3-di-tert-butyl-4-phenyl-1,3,2-diazasilet-1-ium-2-id-2(3H)-yl)-1,1,2-tris(2,4,6-
triisopropylphenyl)-1,2-dihydrotetrasilet-3-yl)bis(2,4,6-triisopropylphenyl)silyl) rhodium (3)

The silylene-substituted siliconoid 1a (250 mg; 0.346 mmol) and 1 eq (67.29 mg; 0.346 mmol) of [(CO)2RhClI]2
were dissolved in 2 mL toluene and stirred for three minutes. The red-brown solution was directly stored at —-26 °C
for crystallization overnight. The mother liquor was removed by cannula and the crystals washed twice with 3 mL
toluene each to yield red crystals of 3 (155 mg; 0.09621 mmol) in 56 % yield (mp. 178 °C, dec.).

"H-NMR (400.13 MHz, CsDs, 300 K) & = 7.379 (bs, 1H, Ar-H), 7.176 — 7.152 (m, 6H, Ar-H overlapping with CsDs),
7.125 — 7.100 (m, 3H, Ar-H), 7.062 (bs, 1H, Ar-H), 7.039 — 6.967 (m, 5H, Ar-H), 6.586 (sept, 1H, *Jun = 6.30
Hz, Tip-iPr-CH,), 4.852, 4.685 (each sept, together 4H, *Juy = 5.86 Hz Tip-iPr-CHy), 4.227 (sept, 1H, *Juy = 6.55
Hz, Tip-iPr-CHy), 3.992 (sept, 1H, 3Jun = 6.55 Hz, Tip-iPr-CHy), 3.799 — 3.724 (m, 2H, Tip-iPr-CHy), 3.368 (sept,
1H, %Jun = 6.40 Hz, Tip-iPr-CHy), 2.840 — 2.585 (m, 5H, Tip-iPr-CH,), 2.107 — 1.988 (m, 12H, Tip-iPr-CHs
overlapping with toluene), 1.707 — 1.643 (m, 11H, Tip-iPr-CHs), 1.540 — 1.524 (m, 7H, Tip-iPr-CHas), 1.483 — 1.444
(m, 11H, Tip-iPr-CHs), 1.241 — 1.116 (m, 35H, Tip-iPr-CHs), 1.023 (d, 3H, 3Jun = 6.37 Hz, Tip-iPr-CHs), 0.942 (s,
9H, C(CHa)s), 0.652 — 0.614 (m, 12H, Tip-iPr-CHs overlapping with C(CHs)s), 0.527 (d, 3H, *Ju = 6.32 Hz, Tip-iPr-
CHs), 0.471 (dd, 6H, *Jun = 5.89 Hz, Tip-iPr-CHs) ppm.

3C-NMR (100.61 MHz, CsDs, 300 K) & = 206.72 (s, 1C, CO), 206.03 (s, 1C, CO), 166.97 (s, 1C, Ar-C), 157.40 (s,
1C, Ar-C), 155.42 (s, 1C, Ar-C), 154.08, 153.79, 153.66, 153.44, 152.89 (s, each 1C, Ar-C), 150.95 (s, 1C, Ar-C),
149.33, 148.79, 148.52, 148.27 (s, each 1C, Ar-C), 144.48 (s, 1C, Ar-C), 141.15 — 141.13 (m, 2C, Ar-C), 137.81
(s, 1C, Ar-C), 136.32 — 136.29 (m, 2C, Ar-C), 135.58 (s, 1C, Ar-C), 132.10 — 132.03 (d, 1C, J = 6.06 Hz, Ar-C),
130.61 (s, 1C, Ar-C), 129.26 (s, 1C, Ar-CH), 129.22 (s, 1C, Ar-CH), 128.87 (bs, 1C, Ar-CH), 128.49 (s, 1C, Ar-
CH). 128.11, 127.87 (s, each 1C, Ar-CH overlapping with CsDe), 125.63 (s, 1C, Ar-CH), 124.47, 123.95, 123.54
(s, each 1C, Ar-CH), 122.61 (s, 1C, Ar-CH), 122.35 (s, 1C, Ar-CH), 122.23, 122.15, 122.10 (bs, together 3C, Ar-
CH), 121.50 (s, 1C, Ar-CH), 56.21 (s, 1C, C(CHs)s), 55.36 (s, 1C, C(CHs)3), 37.02 — 36.93 (d, 2C, J = 9.58 Hz,
Tip-iPr-CH), 36.43, 36.32, 36.28 (ns, together 3C, Tip-iPr-CH), 35.90 (s, 1C, Tip-iPr-CH), 34.75 (s, 1C, Tip-iPr-
CH), 34.56 — 34.49 (d, 2C, J = 6.70 Hz, Tip-iPr-CH), 34.30 — 34.27 (m, 2C, Tip-iPr-CH), 34.18 (s, 1C, Tip-iPr-CH),
33.95 (s, 1C, Tip-iPr-CH), 33.53 (s, 1C, Tip-iPr-CH), 31.05 (s, 1C, Tip-iPr-CH), 29.64, 29.60 (bs, together 2C, Tip-
iPr-CHa), 29.25, 28.68 (s, each 1C, Tip-iPr-CHs), 28.04 (s, 1C, Tip-iPr-CHs), 27.49, 27.37 (s, each 1C, Tip-iPr-
CHs), 26.52, 26.48 (s, together 2C, Tip-iPr-CHs), 26.18, 26.03, 25.95 (s, each 1C, Tip-iPr-CHa), 25.30 (s, 1C, Tip-
iPr-CHa), 24.87, 24.81, 24.71 (s, each 1C, Tip-iPr-CHa), 24.41 (s, 1C, Tip-iPr-CHzs), 24.28, 24.26, 24.17, 24.11,
24.03, 23.83, 23.75 (m, together 7C, Tip-iPr-CHa), 22.99 (s, 1C, Tip-iPr-CHa), 21.39 (s, 1C, Tip-iPr-CHs) ppm.

#Si-NMR (79.49 MHz, CsDs, 300 K) & = 164.5 (d, 1Si, 2Jsirn = 53.4 Hz, Si-Cl), 158.8 (d, 1Si, 2Jsirn = 41.0 Hz,
SiTipz), 108.7 (d, 1Si, 2sirn = 59.6 Hz, NHSi), 58.3 (d, 1Si, ZJsirn = 14.3 Hz, SiTip), =58.3 (s, SiTip2), =122.1 (s,
unsubstituted Si), =140.2 (s, unsubstituted Si) ppm.

CP-MAS #’Si-NMR (79.53 MHz, 13 KHz, 300K) & = 165.7 (bs, Si-Cl), 157.3 (bs, SiTipz), 107.7 (d, 1Si, *Jsirn =
62.6 Hz, NHSI), 54.1 (bs, SiTip), -62.3 (s, SiTip2), =120.3 (s, unsubstituted Si), -142.1 (s, unsubstituted Si) ppm.

Elemental analysis: calculated for Cg1H133CIN2ORNSi7: C: 67.84 % ; H: 8.63 % ; N: 1.74 %. Found: C: 66.73 % ;
H: 7.78 % ; N: 1.63 %.

UV/VIS (hexane): A max (€) = 461 nm (11630 M cm'1).
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Supplementary Figure 30: 'H NMR spectrum of 3 in CeDs (400.13 MHz, 300 K).
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Supplementary Figure 31: *c NMR spectrum of 3 in CeDs (100.61 MHz, 300 K).
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Supplementary Figure 32: °Si NMR spectrum of 3 in C¢Ds (79.49 MHz, 300 K).
momE © 24
85 85 3 .
Ti
cl o/ w
= Sl\s/
Ilp ”S/ : \S' / Ti
ip”” s ~
i
oc” \-'éle
/7 N\
tBu—-N\(B(N—tBu
Ph
. H
N* + o ~
600 500 400 300 200 100 0 -100 -200 -300 -400 ppm

Supplementary Figure 33: CP MAS 2si NMR spectrum of 3 (79.53 MHz, 13 KHz, 300 K), side spinning bands
of: * Si-Cl (165.7 ppm), # SiTip2 (157.3 ppm), + SiTip (54.1 ppm), - SiTip2 (-62.3 ppm), ° unsubstituted Si (-120.3
ppm), ~ unsubstituted Si (-124.1 ppm).
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Supplementary Figure 34: UV-Vis spectrum of 3 in hexane at different concentrations.
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Supplementary Figure 35: Determination of ¢ (9000 M cm'1) by linear regression of absorptions (. = 410 nm) of
3 against concentration.
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Supplementary Figure 36: Determination of £ (11630 M cm'1) by linear regression of absorptions (.. = 461 nm)
of 3 against concentration.
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Supplementary Figure 37: Infrared spectrum of 3.
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trans-Dicarbonyl-(1,3-di-tert-butyl-2-chloro-4-phenyl-2,3-dihydro-1,3,2-diazasilet-1-ium-2-ide)-ligato-
(2,2,5,5,6-pentakis(2,4,6-triisopropylphenyl)tetra cyclo[2.2.0.01,3.03,6]hexasilan-4-yl)rhodium (4)

The silylene-substituted siliconoid 1a (500 mg; 0.346 mmol) and 1 eq (134.6 mg; 0.346 mmol) of [(CO)2RhClI]2
were dissolved in benzene 10 mL and stirred overnight at room temperature. The solvent was removed in vacuo
and the dark red-brownish residue was filtered twice from each 7 mL hexane. The solution was concentrated to 1
mL and stored at =26 °C for one day to yield red-brownish crystals of 4 (280 mg; 0.217 mmol) in 63 % yield (mp.
> 192 °C, dec.).

"H-NMR (400.13 MHz, CeDs, 300 K) & = 7.270 (s, 2H, Ar-H), 7.092 — 7.038 (m, 5H, Ar-H), 6.959 (bs, 1H, Ar-H),
6.883 — 6.842 (m, 4H, Ar-H), 6.809 — 6.752 (m, 3H, Ar-H), 5.415 (sept, 1H, 3Ju = 6.80 Hz, Tip-iPr-CH,), 5.286
(sept, 1H, % = 6.46 Hz, Tip-iPr-CHz), 5.088 (sept, 1H, 3Juy = 6.46 Hz, Tip-iPr-CHy), 4.729 (sept, 1H, Jun = 6.78
Hz, Tip-iPr-CH,), 4.206 (sept, 1H, *Jun = 6.42 Hz, Tip-iPr-CH,), 4.099 (sept, 1H, *Ju = 6.76, Tip-iPr-CH,), 3.879
(sept, 1H, 3Jun = 6.42 Hz, Tip-iPr-CHz), 3.556 (sept, 1H, Juy = 6.48 Hz, Tip-iPr-CHy), 3.424 (sept, 2H, *Jy = 6.79
Hz, Tip-iPr-CHy), 2.860 — 2.760 (m, 2H, Tip-iPr-CH,), 2.738 — 2.562 (m, 3H, Tip-iPr-CH), 2.335 (d, 3H, *Jun =
5.69 Hz, Tip-iPr-CHs), 2.153 (d, 3H, 2Ji = 6.64 Hz, Tip-iPr-CHs), 1.811 (d, 3H, *Ju = 6.23 Hz, Tip-iPr-CHa), 1.655
— 1.486 (m, 28 H, Tip-iPr-CHa), 1.276 — 1.228 (m, 16 H, Tip-iPr-CHs), 1.178 = 1.139 (m, 13H, Tip-iPr-CHs), 1.076
—1.042 (m, 19H, Tip-iPr-CHs overlapping with C(CHa)s), 0.939 (s, 9H, C(CHa)s), 0.889 (t, hexane), 0.786 — 0. 757
(m 6H, Tip-iPr-CH3), 0.554 — 0.516 (m, 6H, Tip-iPr-CHa), 0.433 (d, 3H, *Jux = 6.45 Hz, Tip-iPr-CHs), 0.355 (d, 3H,
3Jun = 6.45 Hz, Tip-iPr-CHs), 0.280 (d, 3H, *Jun = 6.45 Hz, Tip-iPr-CHz) ppm.

3C-NMR (100.61 MHz, CeDs, 300 K) 5 = 172.72 (s, 1C, Ar-C), 156.04, 155.40, 154.11, 153.86, 153.61, 153.37,
153.06, 152.52, 152.37, 152.24 (s, each 1C, Ar-C), 149.76, 149.18, 148.43, 148.39. 148.23 (s, each 1C, Ar-C),
140.73, 139.98, 138.28, 138.16 (s, each 1C, Ar-C), 133.11, 133.09 (bs, each 1C, Ar-C), 130.46 (s, 1C, Ar-CH),
129.99 (s, 1C, Ar-CH), 128.17 (s, 1C, Ar-CH), 127.82, 127.67 (s, each 1C, overlapping with CeDs, Ar-CH), 122.89,
122.84, 122.63, 122.56, 122.36, 121.69, 121.51, 121.03, 120.75, 120.33 (s, each 1C, Ar-CH), 54.59 (s, 1C,
C(CHa)s), 54.54 (s, 1C, C(CHa)s), 37.16 (s, 1C, Tip-iPr-CH), 36.03, 35.94, 35.81, 35.65, 35.20, 34.91, 34,46,
34.41, 34.24, 34.05, 34.02, 33.90, 33.80 (s, each 1C, Tip-iPr-CH), 31.61, 30.88, 30.74 (s, each 1C, Tip-iPr-CH),
28.20, 28.10, 27.48, 27.11, 26.43, 25.61 (s, each 1C, Tip-iPr-CHa), 24.68, 24.57, 24.51, 24.39, 24.33, 24.15,
23.96, 23.86, 23.74, 23.70 (bs, each 1C, Tip-iPr-CHs), 23.37, 23.30, 23.01, 22.98 (bs, each 1C, Tip-iPr-CHa),
22.70, 22.55 (s, each 1C, Tip-iPr-CHa), 14.02 (s, 1C, Tip-iPr-CHa) ppm.

#Si-NMR (79.49 MHz, CsDs, 300 K) 5 = 162.6 (s, privo-SiTipz), 48.2 (d, *Jsirn = 84.5 Hz, NHSI), 21.8 (d, *Jsirn =
8.5 Hz, ligato-SiTip), 17.6 (s, remoto-SiTipz), =9.0 (d, *Jsirn = 31.5 Hz, ligato-Si-NHSi), -256.1 (s, nudo-Si1),
—-258.3 (s, nudo-Si3) ppm.

CP-MAS #’Si-NMR (79.53 MHz, 13KHz, 300K) & = 161.8 (s, privo-SiTips), 42.7 (d, 2Jsi.rn = 69.7 Hz, NHSI), 14.5
(s, ligato-SiTip), —5.8 (remoto-SiTipz), —23.4 (s, ligato-Si-NHSi), —263.8 (s, nudo-Si), -266.0 (s, nudo-Si) ppm.
Elemental analysis: calculated for Cg2H13sN2O2RhSi7Cl: C: 67.42 % ; H: 8.49 % ; N: 1.71 %. Found: C: 67.09 % ;
H:8.38 % ; N: 1.62 %.

UV/VIS (hexane): .max (g) = 466 nm (4090 M~" cm™).
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Supplementary Figure 38: 'H NMR spectrum of 4 in CgDs (400.13 MHz, 300 K).
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Supplementary Figure 39: *c NMR spectrum of 4 in CeDe (100.61 MHz, 300 K).
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Supplementary Figure 40: °Si NMR spectrum of 4 in C¢Ds (79.49 MHz, 300 K).
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Supplementary Figure 41: CP MAS 2si NMR spectrum of 4 (79.53 MHz, 13 KHz, 300 K), side spinning bands
of: * privo-SiTip2 (161.8 ppm), # ligato-SiTip (14.5 ppm).
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Supplementary Figure 42: UV-Vis spectrum of 4 in hexane at different concentrations.
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Supplementary Figure 43: Determination of € (12330 m? cm'1) by linear regression of absorptions (A = 354 nm)

of 4 against concentration.
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Supplementary Figure 44: Determination of ¢ (8700 wm! cm") by linear regression of absorptions (A =384 nm) of

4 against concentration.
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Supplementary Figure 45: Determination of £ (4090 M cm'1) by linear regression of absorptions (A = 466 nm) of

4 against concentration.
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Supplementary Figure 46: Infrared spectrum of 4.

(5-(Chlorobis(2,4,6-triisopropylphenyl)silyl)-2-(1,3-di-tert-butyl-4-phenyl-1,3,2)*-diazagermet-1-ium-2(3H)-
yl)-3,3.,4-tris(2,4,6-triisopropylphenyl)tricyclo [2.1.0.02'5]pentasilane-1 -yl-rhodium

The reaction was prepared in NMR scale. The germylene-substituted siliconoid 1b (70 mg; 0.046 mmol) and 1 eq
(22.59 mg; 0.046 mmol) of [(cod)RhCI]; were dissolved in deuterated benzene 0.5 mL and a color change of
bright orange to dark red-brown was observed. The solvent was removed in vacuo and the dark red-brownish
residue was filtered from 2 mL hexane. The solution was concentrated to 1 mL and stored at —26 °C for eight
weeks to yield a few red-brownish crystals of Si¢gGe-Rh(cod)Cl which were investigated to X-ray analysis.
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3. Data and Plots of spectroscopic conversion in alkene isomerization

Allyltrimethylsilane and 1-hexene were used as neat substrates on an NMR scale using a CgsDs capillary as
locking signal and the respective amount of the catalysts 2a-c, 3 and 4. The yields, turn-over-numbers and turn-

over-frequencies were calculated from the "H NMR integrations and given in the supplementary tables 2-9.

Supplementary Table 1: Reaction conditions.

Temperature n (substrate) n (catalyst) m (substrate) m (catalyst)
Catalyst Substrate

[°C] [mmol] [mmol] [mg] [mg]

2a 1-hexene 25 3.967 0.002 333.87 35
2b 1-hexene 25 3.868 0.004 325.53 7
2c 1-hexene 25 3.77 0.004 317.56 7

1-hexene 25 2.483 0.006 208.95 10
4 1-hexene 25 2.441 0.006 205.38 10
2a Allyl-SiMes 60 2125 0.017 242.81 30
2b Allyl-SiMes 60 2.073 0.017 236.85 30
2c Allyl-SiMes 60 2.021 0.016 230.97 30
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Supplementary Figure 47: Plot of the spectroscopically determined conversion to 2-trans-hexene with 0.05
mol% Si-Ir 2a.
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Supplementary Table 2: Catalytic activity of 2a with 1-hexene: determined conversion by 'H NMR spectroscopy,
calculated TON and TOF

Time n (1-hexene) n (2-hexene) 1-hexene 2-hexene TON TOF
[h] [mmol] [mmol] [%] [%] h™]
0 3.887 0.081 98.00 2.03 40.7 -
0.5 3.786 0.181 95.44 4.55 91.2 182.5
1 3.669 0.298 92.50 7.50 15.3 150.3
2 3.332 0.635 83.99 16.01 320.8 160.4
3 2.875 1.092 72.47 27.53 551.5 183.8
4 2.511 1.456 63.30 36.70 735.2 183.8
5 2.159 1.808 54.43 45.60 912.9 182.6
6 1.844 2.123 46.48 53.50 1072.4 178.7
7 1.534 2.433 38.67 61.33 1228.8 175.5
8 1.285 2.682 32.40 67.60 1354 .4 169.3
9 1.055 2.912 26.59 73.41 1470.8 163.4
10 0.851 3.116 21.45 78.55 1573.8 157.4
11 0.691 3.276 17.42 82.58 1654.5 150.4
12 0.548 3.419 13.83 86.18 1726.6 143.9
13 0.436 3.531 10.99 89.02 1783.4 137.2
14 0.336 3.631 8.46 91.54 1834.0 131.0
15 0.253 3.714 6.38 93.62 1875.7 125.1
16 0.200 3.767 5.03 94.97 1902.7 118.9
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Supplementary Figure 48: Plot of the spectroscopically determined conversion to 2-trans-hexene with 0.1 mol%
Ge-Ir 2b.
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Supplementary Table 3: Catalytic activity of 2b with 1-hexene: determined conversion by 'H NMR spectroscopy,
calculated TON and TOF

Time n (1-hexene) n (2-hexene) 1-hexene 2-hexene TON TOF
[h] [mmol] [mmol] [%] [%] [h™]
0 3.840 0.028 99.27 0.73 7.3 -

0.5 3.784 0.084 97.84 2.16 216 43.2
1 3.727 0.141 96.35 3.65 36.5 36.5
1,5 3.676 0.192 95.03 4.97 49.7 33.1
2 3.622 0.246 93.65 6.35 63.4 31.7
3 3.509 0.359 90.71 9.29 92.8 30.9
4 3.407 0.461 88.08 11.92 1191 29.8
5 3.315 0.553 85.71 14.29 142.8 28.6
7 3.122 0.746 80.71 19.29 192.8 27.5
8 3.027 0.841 78.25 21.75 217.4 27.2
9 2.947 0.921 76.18 23.82 238.1 26.5
10 2.865 1.003 74.07 25.93 259.2 25.9
12 2678 1.190 69.23 30.77 307.6 25.6
14 2.509 1.359 64.87 35.13 351.1 25.1
16 2.326 1.542 60.14 39.86 398.4 24.9
18 2.187 1.681 56.55 43.45 4343 241
20 2.028 1.840 52.43 47.57 475.4 23.8
22 1.865 2.003 48.22 51.78 517.5 23.5
24 1.782 2.086 46.07 53.93 539.0 22.5
26 1.644 2.224 42.51 57.49 574.6 22.1
28 1.502 2.366 38.83 61.17 611.4 21.8
30 1.373 2.495 35.49 64.51 644.7 21.5
32 1.257 2.611 32.49 67.51 674.7 21.1
34 1.131 2.737 29.23 70.77 707.3 20.8
36 1.008 2.860 26.05 73.95 739.1 20.5
38 0.900 2.968 23.28 76.72 766.8 20.2
40 0.801 3.067 20.70 79.30 792.6 19.8
42 0.719 3.149 18.59 81.41 813.6 19.4
44 0.633 3.235 16.36 83.64 836.0 19.0
46 0.551 3.317 14.24 85.76 857.1 18.6
48 0.472 3.396 12.19 87.81 877.6 18.3
50 0.423 3.445 10.94 89.06 890.2 17.8
52 0.371 3.497 9.60 90.40 903.5 17.4
54 0.326 3.542 8.43 91.57 915.3 16.9
56 0.282 3.586 7.30 92.70 926.5 16.5
58 0.251 3.617 6.48 93.52 934.8 16.1
60 0.220 3.648 5.68 94.32 942.7 15.7
62 0.195 3.673 5.04 94.96 949.1 15.3
64 0.179 3.689 4.64 95.36 953.1 14.9
66 0.155 3.713 4.01 95.99 959.4 14.5
68 0.140 3.728 3.61 96.39 963.4 14.2
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70 0.128 3.740 3.32 96.68 966.3 13.8
72 0.119 3.749 3.07 96.93 968.7 13.5
74 0.107 3.761 2.78 97.22 971.7 13.1
76 0.099 3.769 2.57 97.43 973.8 12.8
80 0.090 3.778 2.32 97.68 976.3 12.2
84 0.087 3.781 2.24 97.76 9771 11.6
88 0.082 3.786 212 97.88 978.3 1.1
90 0.078 3.790 2.03 97.97 979.2 10.9
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Supplementary Figure 49: Plot of the spectroscopically determined conversion to 2-frans-hexene with 0.1 mol%
Sn-Ir 2c.

Supplementary Table 4: Catalytic activity of 2c with 1-hexene: determined conversion by 'H NMR spectroscopy,
calculated TON and TOF

Time n (1-hexene) n (2-hexene) 2-hexene TON TOF
1-hexene [%] »

[h] [mmol] [mmol] [%] [h1]
0 3.750 0.020 99.46 0.54 54 -

1 3.673 0.097 97.43 2.57 25.7 25.7
2 3.609 0.162 95.72 4.28 42.8 21.4
3 3.572 0.198 94.74 5.26 52.6 17.5
4 3.532 0.239 93.67 6.33 63.3 15.8
5 3.492 0.278 92.62 7.38 73.8 14.8
6 3.459 0.311 91.75 8.25 82.5 13.7
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7 3.426 0.344 90.87 9.13 91.3 13.0
8 3.397 0.373 90.10 9.90 99.0 12.4
9 3.366 0.404 89.29 10.71 1071 11.9
10 3.343 0.427 88.68 11.32 113.2 11.3
11 3.31 0.459 87.83 1217 121.7 111
12 3.283 0.487 87.08 12.92 129.2 10.8
13 3.255 0.515 86.34 13.66 136.6 10.5
14 3.227 0.543 85.61 14.39 143.9 10.3
16 3.174 0.596 84.18 15.82 158.2 9.9
18 3.115 0.655 82.63 17.37 173.7 9.6
20 3.065 0.706 81.29 18.71 187.2 9.4
22 3.009 0.761 79.81 20.19 201.9 9.2
24 2.948 0.822 78.18 21.82 218.2 9.1
26 2.888 0.882 76.60 23.40 234.0 9.0
28 2.818 0.952 74.75 25.25 252.5 9.0
30 2.781 0.990 73.77 26.23 262.3 8.7
34 2.664 1.106 70.65 29.35 293.5 8.6
38 2.542 1.228 67.43 32.57 325.7 8.6
40 2.494 1.276 66.15 33.86 338.6 8.5
44 2.383 1.387 63.20 36.80 368.0 8.4
48 2.263 1.507 60.04 39.96 399.6 8.3
50 2.202 1.568 58.41 41.59 415.9 8.3
54 2.069 1.701 54.89 45.11 4512 8.4
58 1.973 1.797 52.32 47.68 476.8 8.2
60 1.896 1.874 50.30 49.70 497.2 8.3
64 1.789 1.981 47.44 52.56 525.6 8.2
68 1.734 2.036 45.98 54.02 540.2 7.9
70 1.676 2.094 44.45 55.55 555.5 7.9
72 1.623 2147 43.05 56.95 569.5 7.9
74 1.558 2.212 41.31 58.69 586.9 7.9
76 1.510 2.260 40.05 59.95 599.5 7.9
78 1.455 2.315 38.60 61.40 6141 7.9
80 1.397 2.373 37.06 62.94 629.4 7.9
84 1.300 2.470 34.50 65.52 655.2 7.8
88 1.214 2.556 32.21 67.79 677.9 7.7
90 1.167 2.603 30.95 69.05 690.5 7.7
94 1.078 2.692 28.60 71.40 714.0 7.6
98 0.992 2.778 26.31 73.69 736.9 7.5
100 0.949 2.821 25.16 74.84 748.4 7.5
104 0.865 2.905 22.95 77.05 770.5 7.4
106 0.827 2.943 21.94 78.06 780.6 7.4
110 0.765 3.005 20.29 79.71 7971 7.2
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Supplementary Figure 50: Plot of the spectroscopically determined conversion to 2-frans-hexene with 0.25
mol% Rh 3.

Supplementary Table 5: Catalytic activity of Rh-3 with 1-hexene: determined conversion by H NMR
spectroscopy, calculated TON and TOF

Time n (1-hexene) n (2-hexene) 1-hexene 2-hexene TON TOF
[h] [mmol] [mmol] [%] [%] [h™]
0 2.469 0.014 99.42 0.58 2.3 -

1 2.454 0.029 98.84 1.16 4.6 4.6
2 2.439 0.043 98.25 1.75 7.0 3.5
3 2.430 0.052 97.89 2.1 8.4 2.8
4 2.420 0.063 97.46 2.54 10.1 2.5
5 2410 0.073 97.06 294 11.7 2.3
6 2.400 0.083 96.66 3.34 13.3 2.2
7 2.389 0.094 96.22 3.78 15.1 2.2
8 2.378 0.105 95.76 424 16.9 2.1
9 2.366 0.117 95.29 4.71 18.8 2.1
10 2.352 0.131 94.73 5.27 211 2.1
11 2.337 0.146 94.14 5.86 23.4 2.1
12 2.321 0.162 93.49 6.51 26.0 2.2
13 2.305 0.177 92.86 7.14 28.6 2.2
14 2.287 0.196 92.13 7.87 31.5 2.2
15 2.267 0.216 91.32 8.68 34.7 2.3
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16 2.245 0.238 90.41 9.59 38.3 24
17 2.221 0.262 89.46 10.54 42.2 2.5
18 2.197 0.285 88.51 11.49 46.0 2.6
19 2.170 0.313 87.41 12.59 50.3 2.6
20 2.147 0.335 86.49 13.51 54.0 2.7
22 2.098 0.385 84.51 15.49 61.9 2.8
24 2.053 0.430 82.70 17.30 69.2 2.9
26 2.018 0.465 81.28 18.72 74.8 2.9
28 1.979 0.503 79.73 20.27 81.1 2.9
30 1.953 0.530 78.67 21.33 85.3 2.8
32 1.920 0.563 77.34 22.66 90.6 2.8
34 1.891 0.592 76.16 23.84 95.3 2.8
36 1.859 0.623 74.89 25.11 100.4 2.8
38 1.828 0.655 73.62 26.38 105.5 2.8
40 1.793 0.690 72.21 27.79 1111 2.8
42 1.758 0.725 70.80 29.20 116.7 2.8
44 1.727 0.755 69.58 30.42 121.6 2.8
46 1.698 0.785 68.37 31.63 126.4 2.7
48 1.659 0.824 66.80 33.20 132.7 2.8
50 1.633 0.850 65.77 34.23 136.8 2.7
52 1.599 0.884 64.39 35.61 142.4 2.7
54 1.553 0.929 62.57 37.43 149.7 2.8
56 1.511 0.972 60.87 39.13 156.4 2.8
58 1.469 1.013 59.18 40.82 163.2 2.8
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Supplementary Figure 51: Plot of the spectroscopically determined conversion to 2-frans-hexene with 0.25
mol% Rh 4.
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Supplementary Table 6: Catalytic activity of Rh-4 with 1-hexene: determined conversion by "HNMR
spectroscopy, calculated TON and TOF.

Time n (1-hexene) n (2-hexene) 1-hexene 2-hexene TON TOF
[h] [mmol] [mmol] [%] [%] h™
0 2.419 0.022 99.10 0.90 36 -

1 2.387 0.053 97.82 2.18 8.7 8.7
2 2.364 0.076 96.88 3.12 12.5 6.2
3 2.349 0.091 96.25 3.75 15.0 5.0
4 2.338 0.103 95.79 4.21 16.9 4.2
5 2.324 0.116 95.23 4.77 19.1 3.8
6 2.312 0.128 94.74 5.26 21.0 3.5
7 2.299 0.141 94.21 5.79 23.2 3.3
8 2.287 0.153 93.72 6.28 251 3.1
9 2.276 0.165 93.25 6.75 27.0 3.0
10 2.263 0177 92.74 7.26 29.0 29
11 2.250 0.190 92.21 7.79 31.2 2.8
12 2.241 0.199 91.84 8.16 32.7 2.7
13 2.230 0.211 91.36 8.64 346 2.7
14 2.215 0.226 90.75 9.25 37.0 2.6
15 2.206 0.234 90.40 9.60 38.4 2.6
16 2.194 0.246 89.91 10.09 404 2.5
17 2.180 0.260 89.34 10.66 42.7 2.5
18 2.171 0.269 88.97 11.03 441 2.5
19 2.160 0.281 88.50 11.50 46.0 24
20 2.154 0.286 88.27 11.73 46.9 23
21 2.134 0.306 87.45 12.55 50.2 24
22 2.119 0.322 86.81 13.19 52.8 24
24 2.116 0.324 86.71 13.29 53.2 2.2
26 2.107 0.333 86.34 13.66 547 2.1
28 2.099 0.342 85.99 14.01 56.0 2.0
30 2.083 0.357 85.36 14.64 58.6 2.0
32 2.076 0.365 85.05 14.95 59.8 1.9
34 2.066 0.375 84.64 15.36 61.4 1.8
36 2.055 0.385 84.22 15.78 63.1 1.8
38 2.041 0.399 83.64 16.36 65.5 1.7
40 2.033 0.408 83.29 16.71 66.9 1.7
42 2.024 0.416 82.94 17.06 68.3 1.6
44 2.005 0.435 82.17 17.83 71.3 1.6
46 1.994 0.446 81.70 18.30 73.2 1.6
48 1.983 0.457 81.26 18.74 75.0 1.6
50 1.971 0.470 80.75 19.25 77.0 1.5
52 1.961 0.479 80.37 19.63 78.5 1.5
54 1.947 0.493 79.78 20.22 80.9 1.5
56 1.931 0.509 79.14 20.86 83.4 1.5
58 1.918 0.522 78.60 21.40 85.6 1.5
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Supplementary Figure 52: Plot of the spectroscopically determined conversion to E/Z-vinyltrimethylsilane with
0.8 mol% Si-Ir 2a at 60 °C. black = allyltrimethylsilane, red = E-vinyltrimethylsilane, blue = Z-vinyltrimethylsilane.

Supplementary Table 7: Catalytic activity of 2a with allyltrimethylsilane: determined conversion by 'H NMR
spectroscopy, calculated TON and TOF

Time n (allyl-SiMe3;) n (E-vinyl) n(Z-vinyl) allyl-SiMe; E-vinyl Z-vinyl TON TOF
[h] [mmol] [mmol] [mmol] [%] [%] [%] [h™]
0 2125 0.00 0.000 100.00 0.00 0.00 0.0 -

1 2.078 0.04 0.004 97.77 2.02 0.21 2.8 2.8
2 2.039 0.07 0.012 95.95 3.50 0.55 5.1 25
4 1.890 0.19 0.048 88.94 8.79 2.27 13.8 35
6 1.826 0.21 0.085 85.91 10.09 4.00 17.6 2.9
8 1.342 0.67 0.111 63.13 31.66 5.20 46.1 5.8
10 1.043 0.93 0.151 49.09 43.82 7.10 63.6 6.4
12 0.784 1.14 0.197 36.88 53.84 9.28 78.9 6.6
14 0.577 1.31 0.241 2717 61.49 11.34 91.0 6.5
16 0.433 1.42 0.273 20.39 66.79 12.82 99.5 6.2
18 0.348 1.49 0.286 16.40 70.15 13.45 104.5 5.8
22 0.209 1.59 0.330 9.85 74.60 15.55 112.7 5.1
24 0.155 1.62 0.353 7.29 76.12 16.60 115.9 4.8
26 0.128 1.64 0.359 6.03 77.09 16.88 117.5 45
28 0.112 1.65 0.359 5.27 77.83 16.90 118.4 4.2
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Supplementary Figure 53: Plot of the spectroscopically determined conversion to E/Z-vinyltrimethylsilane with

0.8 mol% Ge-Ir 2b at 60 °C. black = allyltrimethylsilane, red = E-vinyltrimethylsilane, blue = Z-vinyltrimethylsilane.

Supplementary Table 8: Catalytic activity of 2b with allyltrimethylsilane: determined conversion by "H NMR

spectroscopy, calculated TON and TOF

Time n (allyl-SiMes) n (E-vinyl) n(Z-vinyl) allyl-SiMe; E-vinyl Z-vinyl TON TOF
[h] [mmol] [mmol] [mmol] [%] [%] [%] [h'1]
0 2.073 0.000 0.000 100.00 0.00 0.00 0.0 -

1 2.010 0.052 0.011 96.96 2.50 0.55 3.8 3.8
2 1.932 0.111 0.030 93.20 5.36 1.44 8.5 42
4 1.903 0.135 0.035 91.82 6.50 1.68 10.2 26
6 1.530 0.438 0.105 73.82 21.11 5.07 32.7 55
8 1.323 0.611 0.139 63.82 29.47 6.72 452 57
10 1.128 0.774 0.171 54.39 37.35 8.26 57.0 57
12 0.984 0.900 0.189 47.48 43.41 9.11 65.7 5.5
14 0.836 1.018 0.219 40.31 49.10 10.59 746 53
16 0.719 1.120 0.234 34.68 54.02 11.29 81.7 5.1
18 0.610 1.205 0.258 29.44 58.12 12.43 88.2 49
22 0.466 1.332 0.275 22.49 64.24 13.27 96.9 4.4
24 0.393 1.390 0.290 18.96 67.07 13.97 101.3 4.2
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26 0.334 1.434 0.305 16.12 69.19 14.69 104.9 4.0
28 0.268 1.480 0.326 12.92 71.37 15.70 108.9 3.9
30 0.223 1.511 0.338 10.77 72.91 16.32 111.6 3.7
44 0.024 1.646 0.403 1.16 79.40 19.44 123.6 2.8
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Supplementary Figure 54: Plot of the spectroscopically determined conversion to E/Z-vinyltrimethylsilane with
0.8 mol% Sn-Ir 2c at 60 °C. black = allyltrimethylsilane, red = E-vinyltrimethylsilane, blue = Z-vinyltrimethylsilane.

Supplementary Table 9: Catalytic activity of 2c with allyltrimethylsilane: determined conversion by "H NMR
spectroscopy, calculated TON and TOF

Time n (allyl-SiMe;) n (E-vinyl) n(Z-vinyl) allyl-SiMe; E-vinyl Z-vinyl TON TOF
[h] [mmol] [mmol] [mmol] [%] [%] [%] [h'1]
0 2.021 0.000 0.000 100.00 0.00 0.00 0.0 -

1 1.985 0.030 0.006 98.21 1.51 0.28 2.2 2.2
2 1.910 0.084 0.027 94.49 4.16 1.35 6.9 34
4 1.736 0.204 0.081 85.89 10.11 3.99 17.6 4.4
6 1.549 0.339 0.133 76.66 16.76 6.58 29.2 4.9
8 1.379 0.470 0.172 68.23 23.25 8.53 39.7 5.0
10 1.236 0.586 0.199 61.15 28.98 9.87 48.6 49
12 1.128 0.677 0.216 55.79 33.52 10.69 55.2 46
14 1.021 0.768 0.232 50.53 37.99 11.47 61.8 44
16 0.913 0.856 0.252 4519 42.35 12.46 68.5 43
18 0.818 0.933 0.270 4047 46.18 13.34 74.4 4.1
22 0.660 1.068 0.293 32.67 52.85 14.48 84.2 3.8
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24 0.586 1.130 0.305 29.00 55.92 15.08 88.7 3.7
26 0.539 1477 0.306 26.66 58.22 15.12 91.7 3.5
28 0.489 1.226 0.306 24 .20 60.67 15.12 94.7 3.4
30 0.446 1.269 0.306 22.09 62.77 15.15 97.4 3.2
44 0.216 1.468 0.337 10.70 72.61 16.69 111.6 25

4. Details on X-ray Diffraction Studies

Supplementary Figure 55: Molecular structure of siliconoid 2a in the solid state. Hydrogen atoms omitted for
clarity. Thermal ellipsoids represent 50% probability.

Supplementary Table 10: Crystal data and structure refinement for 2a (CCDC: 2000911).

Identification code sh3975
Empirical formula Cgs H1so Cl Ir N2 Si7, 0.5(C7 H14)
Formula weight 1823.56
Temperature 232(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P-1
S43
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Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

a=16.5707(18) A

b = 16.9084(19) A
c=21.2312) A
5278.5(10) A®

2

1.147 Mg/m®

1.411 mm”

1938

0.225 x 0.223 x 0.203 mm°
1.337 to 27.228°.

o= 105.174(4)°.
B = 96.576(4)°.
v =109.461(4)°.

-21<=h<=21, -21<=k<=21, -27<=|<=25

86047

23228 [R(int) = 0.0613]

99.8 %

Semi-empirical from equivalents
0.7455 and 0.6468

Full-matrix least-squares on F?
23228/118 /1081

1.009

R1 =0.0491, wR2 =0.1193
R1=0.0797, wR2 = 0.1340
n/a

2.194 and -0.953 e.A®
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Supplementary Figure 56: Molecular structure of siliconoid 2b in the solid state. Hydrogen atoms omitted for
clarity. Thermal ellipsoids represent 50% probability.

Supplementary Table 11: Crystal data and structure refinement for 2b (CCDC: 2000912).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

sh3966
Cos Hiso Cl Ge Ir N Sis, 0.5(Cs Hia)

1868.06

152(2) K

0.71073 A

Monoclinic

P24/n

a=157711(4) A o= 90°.

b =31.3736(8) A B =106.081(2)°.
c=21.3327(6) A y=90°.
10142.3(5) A®

4

1.223 Mg/m®

1.748 mm”

3948
545
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Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

0.501 x 0.302 x 0.284 mm°
1.187 to 26.801°.

-19<=h<=19, -39<=k<=39, -27<=|<=27
237683

21643 [R(int) = 0.0473]

100.0 %

Semi-empirical from equivalents
0.7454 and 0.6349

Full-matrix least-squares on F?
21643 /267 /11147

1.144

R1 = 0.0332, wR2 = 0.0676
R1=0.0437, wR2 = 0.0710

n/a

1.172 and -0.942 e A

Supplementary Figure 57: Molecular structure of siliconoid 2c¢ in the solid state with two molecules in the
asymmetric unit. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability.
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Supplementary Figure 58: Molecular structure of siliconoid 2c in the solid state. Hydrogen atoms and second
molecule omitted for clarity. Thermal ellipsoids represent 50% probability.

Supplementary Table 12: Crystal data and structure refinement for 2¢c (CCDC: 2000913).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

sh4029
Cos Hiso CI Ir N2 Sig Sn, 0.5(Cs Hi4)
1914.16
1002) K
0.71073 A
Triclinic
P-1
a=15.7798(19) A o= 104.327(6)°.
b =26.095(3) A B =106.150(6)°.
c=27.363(4) A y=90.156(6)°.
10455(2) A®
4
1.216 Mg/m’®
1.647 mm”
4020
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Crystal size 0.432 x 0.317 x 0.197 mm’®
Theta range for data collection 1.277 to 27.832°.

Index ranges -20<=h<=20, -33<=k<=33, -35<=[<=35
Reflections collected 151379

Independent reflections 47657 [R(int) = 0.0833]
Completeness to theta = 25.242° 98.9 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7455 and 0.5496

Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 47657/ 4639 /2128
Goodness-of-fit on F2 2.470

Final R indices [I>2sigma(l)] R1=10.1685, wR2 = 0.3641

R indices (all data) R1 = 0.1945, wR2 = 0.3704
Extinction coefficient n/a

Largest diff. peak and hole 5.451 and -5.133 e A®

Supplementary Figure 59: Molecular structure of siliconoid 3 in the solid state. Hydrogen atoms omitted for
clarity. Thermal ellipsoids represent 50% probability.
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Supplementary Table 13: Crystal data and structure refinement for 3 (CCDC: 2000914).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

sh3984

Co1 H13zg CI N2 O Rh Si7, 2(C7 Hg)
1795.28

142(2) K

0.71073 A

Triclinic

P-1

a=14.9387(8) A o= 102.165(3)°.
b=17.6518(9) A B=92.721(3)°.
c=21.0713(11) A v =108.260(3)°.

5119.4(5) A®

2

1.165 Mg/m®

0.321 mm™

1932

0.244 x 0.193 x 0.058 mm®
1.251 to 27.694°.

-19<=h<=19, -23<=k<=22, -27<=|<=21

86147

23261 [R(int) = 0.0620]

98.4 %

Semi-empirical from equivalents
0.7456 and 0.6703

Full-matrix least-squares on F?
23261/134 /1120

1.018

R1 =0.0487, wR2 = 0.1050
R1=0.0847, wR2 = 0.1200
n/a

0.786 and -0.692 e A
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Supplementary Figure 60: Molecular structure of siliconoid 4 in the solid state. Hydrogen atoms omitted for
clarity. Thermal ellipsoids represent 50% probability.

Supplementary Table 14: Crystal data and structure refinement for 4 (CCDC: 2000915).

Identification code

Empirical formula

Formula weight 1639.03

Temperature 142(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group Pna24

Unit cell dimensions a=37.608(4) A o =90°.
b =13.6961(14) A B =90°
c=18.1426(19) A y =90°.

Volume 9345.0(17) A®

z 4

Density (calculated) 1.165 Mg/m3

Absorption coefficient 0.346 mm”

F(000) 3520

S50
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Crystal size 0.375 x 0.222 x 0.054 mm®
Theta range for data collection 1.560 to 27.934°.

Index ranges -49<=h<=49, -18<=k<=10, -23<=|<=23
Reflections collected 85115

Independent reflections 22265 [R(int) = 0.0551]
Completeness to theta = 25.242° 100.0 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.6838

Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 22265/70/1034
Goodness-of-fit on F2 1.008

Final R indices [I>2sigma(l)] R1 = 0.0408, wR2 = 0.0760

R indices (all data) R1 = 0.0566, wR2 = 0.0807
Absolute structure parameter -0.014(8)

Extinction coefficient n/a

Largest diff. peak and hole 0.645 and -0.493 e A®

Supplementary Figure 61: Molecular structure of siliconoid 4 in the solid state with two molecules in the
asymmetric unit. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability.
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Supplementary Figure 62: Molecular structure of siliconoid 4 in the solid state. Hydrogen atoms and second

molecule omitted for clarity. Thermal ellipsoids represent 50% probability.

Supplementary Table 15: Crystal data and structure refinement for SisGe-[Rh(cod)CI] (CCDC: 2000916).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
z
Density (calculated)

Absorption coefficient

sh3988

Cos Hiso Cl Ge N2 Rh Sig, Cs His
1821.85

202(2) K

0.71073 A

Monoclinic

P24/n

a=29.9006(13) A o= 90°.
B =103.500(2)°.
¢ =32.5302(12) A v = 90°.

b = 22.5250(8) A

21304.1(14) A®
8

1.136 Mg/m®
0.572 mm’”

S52

277



6 Supporting Information

F(000)
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

5. References

[11 N. E. Poitiers, L. Giarrana, K. |. Leszczynska, V. Huch, M. Zimmer, D. Scheschkewitz, Angew. Chem. Int.

Ed. 2020, 59, 8532-8536.

7840

0.363 x 0.222 x 0.200 mm’®
1.144 to 27.160°.

-38<=h<=38, -28<=k<=20, -41<=I<=41
189652

47061 [R(int) = 0.0881]

100.0 %

Semi-empirical from equivalents
0.7455 and 0.6530

Full-matrix least-squares on F?
47061 / 457 | 2245

1.024

R1 = 0.0639, wR2 = 0.1421
R1=0.1527, wR2 = 0.1768

n/a

1.273 and -0.624 e A
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6.4 Chalcogen-expanded unsaturated silicon clusters: thia-,
selena- and tellurasiliconoids
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1. Experimental Procedures

All manipulations were carried out under a protective atmosphere of argon in a glovebox or with standard Schlenk techniques.
Ethereal solvents were dried by heating to reflux over Na/benzophenone and distilled and stored under an atmosphere of argon.
Hydrocarbons were dried over sodium or potassium. NMR spectra were recorded on a Bruker Avance Il 300 NMR spectrometer (*H
=300.13 MHz, *C = 75.46 MHz, °Si = 59.6 MHz) and/or a Bruker Avance IV 400 NMR spectrometer (‘"H = 400.13 MHz, '*C = 100.6
MHz, 2Si = 59.6 MHz, "Se = 76.31 MHz, '®Te = 126.24 MHz). Solid state NMR spectra were recorded on a Bruker Avance Il 400
WB spectrometer (°Si = 79.53 MHz, ""Se = 76.34 MHz, '**Te = 126.29 MHz). UV/Vis spectra were recorded on a Shimadzu UV-
2600 spectrometer in quartz cells with a path length of 0.1 cm. Elemental analyses were performed on an elemental analyzer Leco
CHN-900 and/or an elementar vario Micro Cube. The silylene-substituted Sis siliconoid 1 was prepared following the literature

protocol.!"!

2. Preparation, data and spectra (NMR, UV-vis, IR)

General procedure for the synthesis of chalcogen-functionalized Si; siliconoids (2a-c)

Compounds 2a-c are prepared by treating 1 equivalent of the ligato-silylene-functionalized siliconoid 1 with the indicated amount of
sulfur (2a), selenium (2b), tellurium (2c) in benzene. The suspension was stirred at room temperature for the indicated time until the
color changed to yellow. All volatiles were removed in vacuo and the crude product is filtered from the indicated amount of hexane
and crystallized from hexane at room temperature. Concentration of the mother liquor affords a second batch of yellow crystals of 2a-
c.

Preparation of thiasiliconoid Si;S (2a)

Quantities: SisNHSi 1, 400 mg (0.277 mmol), sulfur 22.2 mg (0.692 mmol), benzene 6 mL, stirred for 4 hours at room temperature,
filtered from hexane 6 mL, crystallization from hexane. Yield: 190 mg (0.129 mmol; 74 %) bright yellow crystals (mp. 370°C, no dec.).
"H-NMR (400.13 MHz, C¢Dg, 300 K) & = 7.432 — 7.428 (m, 1H, Ar-H), 7.381- 7.377 (m, 1H, Ar-H),7.089 (s, 3H, Ar-H), 7.066 — 7.062
(m, 1H, Ar-H), 7.029 — 6.968 (m, 3H, Ar-H), 6.848 — 6.757 (m, 3 H, Ar-H), 6.655 — 6.614 (m, 1H, Ar-H), 6.331 — 6.311 (m, 1 H, Ar-H),
5.858 (sept, 1H, *Jun = 6.24 Hz, Tip-iPr-CHy), 5.449(sept, 1H, *Jun = 6.24 Hz, Tip-iPr-CH,), 5.169 (sept, 1H, *Juu = 6.24 Hz, Tip-iPr-
CHy), 4.940 (sept, 1H, *Ju = 6.24 Hz, Tip-iPr-CHy), 4.390 (sept, 1H, *Jun = 6.24 Hz, Tip-iPr-CH,), 4.041 (sept, 1H, *Jun = 6.24 Hz,
Tip-iPr-CHy), 3.527 (sept, 1H, *Jus = 6.24 Hz, Tip-iPr-CHy), 3.3625 (sept, 2H *Jun = 6.24 Hz, Tip-iPr-CH,), 3.204 (sept, 1H, *Jun =
6.24 Hz, Tip-iPr-CHy), 2.912 — 2.823 (m, 2 H, Tip-iPr-CH;), 2.751 — 2.662 (m, 3H, Tip-iPr-CH;), 2.342 (d, 3H, *Jun = 6.24 Hz, Tip-iPr-
CHs), 2.021 (d, 3H, *Jun = 6.87 Hz, Tip-iPr-CHa), 1.826 (d, 3H, *Ju = 6.87 Hz, Tip-iPr-CHs), 1.735 — 1.649 (m, 10 H, Tip-iPr-CH),
1.561 — 1.425 (m, 20H, Tip-iPr-CHs), 1.361 — 1.114 (m, 64 H, Tip-iPr-CHs overlapping with C(CHs)3), 0.889 (t, 2H, hexane), 0.768 (d,
3H, 3Ju = 6.40 Hz, Tip-iPr-CHa), 0.714 (d, 3H, *Jun = 6.86 Hz, Tip-iPr-CHs), 0.607 (d, 3H, *Jun = 6.40 Hz, Tip-iPr-CHs), 0.474 — 0.442
(m, 6H, Tip-iPr-CHs), 0.359 (d, 3H, *Jun = 5.95 Hz, Tip-iPr-CHs) ppm.

*C-NMR (100.61 MHz, CeDs, 300 K) & = 172.03 (s, 1C, C-Ph), 157.27, 155.94, 154.70, 154.60, 153.70, 153.46, 152.94, 152.89,
152.45, 152.32, 150.07, 149.54, 149.26, 149.08, 148.96 (s, each 1C, Ar-C), 140.58, 139.54, 139.13, 135.52, 133.32, 132.57 (s, each
1C, Ar-C), 129.52, 129.39 (s, each 1C, Ar-CH), 128.11, 127.87, 127.65 (s, each 1C, overlapping with CsDs, Ar-CH), 127.01 (s, 1C,
Ar-CH), 123.70, 122.92, 122.39, 122.32, 122.19, 122.01, 121.83, 121.51, 120.07 (s, each 1C, Ar-CH), 56.63, 56.27 (s, each 1C,
C(CHa)3), 36.59, 35.74, 35.69, 35.22, 34.96, 34.84, 34.69, 34.64, 34.60, 34.52, 34.38, 34.31 (s, each 1C, Tip-iPr-CH), 32.72 (s, 2C,
Tip-iPr-CH), 31.91, 31.52 (s, each 1C, Tip-iPr-CH), 31.37 (s, 2C, Tip-iPr-CH), 29.64, 29.58, 28.20, 28.83, 27.83, 27.53, 27.06, 26.90,
26.46 (s, each 1C, Tip-iPr-CHa), 25.63, 25.34, 24.81, 24.73, 24.28, 2419, 24.15, 24.03, 24.01, 23.99, 23.95, 23.73, 23.49, 23.37,
22.99, 22.28 (s, each 1C, Tip-iPr-CHs), 14.31 (s, 1C, Tip-iPr-CHs) ppm.

23i-NMR (79.49 MHz, CsDs, 300 K) & = 33.5 (s, NHS), =7.0 (s, SiTip), —=11.2 (s, SiTipy), =13.0 (s, SiTipz), —109.7 (s, Si), -251.1 (s,
Si), -314.9 (s, Si) ppm.

CP-MAS *Si-NMR (79.53 MHz, 13KHz, 300K) & = 31.3 (s, NHSi), =7.7 (s, SiTip), -11.1 (s, SiTipz), —=17.3 (SiTipz), -115.1 (s, Si),
-248.4 (s, Si), -316.4 (s, Si) ppm.

Elemental analysis: calculated for CgoH13sN2SSiz: C: 73.20 % ; H: 9.42 % ; N: 1.90 %. Found: C: 72.29 % ; H: 9.63 % ; N: 1.65 %.
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UV/VIS (hexane): hmax (€) = 394 nm (2870 M~ cm™).
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Figure S1. 'H NMR of 2a in C¢Ds (400.13 MHz, 300 K).
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Figure S2. °C NMR of 2a in CoDs (100.61 MHz. 300 K).

S3

284



6 Supporting Information

WILEY-VCH
~ o ™~ - @
© o oG 3 o )
8 Nt - o ®
o T
'p\Sil . Tip
S/ S/S" Si—Tip
IN
T
USNT Tip
N<gy
PH
200 150 100 50 0 -50 -100 -150 -200 -250 -300 ppm
Figure $3. 2°Si NMR of 2a in CsDs (79.49 MHz, 300 K).
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Figure S4. CP-MAS 2Si NMR of 2a (79.53 MHz, 13 KHz, 300 K), side spinning bands of: * NHSi (31.3 ppm), + SiTip, (-11.1 ppm), # SiTip, (-17.3 ppm),°®
unsubstituted Si (-316.4 ppm), ~ unsubstituted Si (-248.8 ppm).
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Figure S5. UV-Vis spectrum of 2a in toluene at different concentrations.
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Preparation of selenasiliconoid Si;Se (2b)

Quantities: SisNHSi 1, 400 mg (0.277 mmol), selenium 54.66 mg (0.692 mmol), benzene 6 mL, stirred overnight at room
temperature, filtered from hexane 6 mL, crystallization from hexane. Yield: 295 mg (0.194 mmol; 70 %) bright yellow crystals (mp.
380°C, no dec.).

"H-NMR (400.13 MHz, C¢Dg, 300 K) & = 7.448 — 7.444 (m, 1H, Ar-H), 7.397 — 7.393 (m, 1H, Ar-H), 7.104 — 7.088 (m, 3H, Ar-H), 7.070
—7.066 (m, 1H, Ar-H), 7.021 — 6.986 (m, 2 H, Ar-H), 6.955 — 6.951 (m, 1H, Ar-H), 6.841 —6.838 (m, 1 H, Ar-H), 6.822 — 6.738 (m, 2H,
Ar-H), 6.662 — 6.621 (m, 1H, Ar-H), 6.304 — 6.285 (m, 1H, Ar-H), 6.049 (sept, 1H, 3Jun = 6.75 Hz, Tip-iPr-CH,), 5.565 (sept, 1H, 3JuH
= 6.13 Hz, Tip-iPr-CHy), 5.064 (sept, 1H, 3Juy = 6.31 Hz, Tip-iPr-CHy), 4.881 (sept, 1H, 3Jun = 6.31 Hz, Tip-iPr-CHy), 4.350 (sept, 1H,
3Jun = 6.31 Hz, Tip-iPr-CHy), 3.967 (sept, 1H, *Juy = 6.31 Hz, Tip-iPr-CH,), 3.481 — 3.405 (m, 2H, Tip-iPr-CH,), 3.351 (sept, 1H 3Jun =
6.31 Hz, Tip-iPr-CHy), 3.181 (sept, 1H, 3Ji = 6.31 Hz, Tip-iPr-CHy), 2.913 — 2.833 (m, 2 H, Tip-iPr-CH,), 2.751 — 2.616 (m, 3H, Tip-
iPr-CHy), 2.364 (d, 3H, Ju = 6.47 Hz, Tip-iPr-CHs), 2.079 (d, 3H, 3Jun = 6.47 Hz, Tip-iPr-CHs), 1.822 (d, 3H, %Jun = 6.48 Hz, Tip-iPr-
CHs), 1.679 — 1.646 (m, 10 H, Tip-iPr-CHs), 1.599 — 1.560 (m, 7H, Tip-iPr-CHs), 1.512 — 1.456 (m, 15 H, Tip-iPr-CH3), 1.359 — 1.309
(m, 28 H, Tip-iPr-CHs overlapping with C(CHs)3), 1.259 — 1.245 (m, 16 H, Tip-iPr-CH; overlapping with C(CHs)3), 1.209 — 1.089 (m,
27H, Tip-iPr-CHs), 0.889 (t, 3H, hexane), 0.752 (d, 3H, *Jun = 6.57 Hz, Tip-iPr-CHs), 0.691 (d, 3H, *Ju = 7.12 Hz, Tip-iPr-CHj), 0.587
(d, 3H, *Jun = 7.12 Hz, Tip-iPr-CHs), 0.446 — 0.403 (m, 6H, Tip-iPr-CHs), 0.342 (d, 3H, *Juy = 6.57 Hz, Tip-iPr-CHs) ppm.

BC-NMR (100.61 MHz, C¢Ds, 300 K) & = 172.07 (s, 1C, C-Ph), 157.36, 155.70, 154.31, 154.19, 153.79, 153.61, 153.21, 151.15,
152.31, 152.04 (s, each 1C, Ar-C), 150.07, 149.58, 149.22, 149.11, 148.92 (s, each 1C, Ar-C), 139.94, 139.68, 139.28 (s, each 1C,
Ar-C), 135.04, 133.43, 132.47 (s, each 1C, Ar-C), 129.55, 129.32 (s, each 1C, Ar-CH), 128.11, 127.88, 127.66, 127.63 (s, each 1C,
Ar-CH overlapping with C¢Dg), 127.22 (s, 1C, Ar-CH), 123.81, 123.68, 122.76, 122.59, 122.45, 122.27, 122.00, 121.90, 121.60,
120.03 (s, each 1C, Ar-CH), 56.91, 56.47 (s, each 1C, C(CHs)3), 36.52, 35.87, 35.80, 35.56, 35.32, 35.04, 34.95, 34.63, 34.58, 34.54,
34.37 (s, each 1C, Tip-iPr-CH), 43.69 (s, 2C, Tip-iPr-CH), 31.92, 31.87 (s, each 1C, Tip-iPr-CH), 31.63 (s, 2C, Tip-iPr-CH), 29.74,
28.47, 28.11, 28.08, 28.02, 27.52, 26.90, 26.66 (s, each 1C, Tip-iPr-CH3), 25.38, 25.17, 25.03, 24.90, 24.67 (s, each 1C, Tip-iPr-
CHs), 24.29, 24.25. 24.23, 24.20, 24 .14, 24.05, 23.96, 23.88, 23.84 (s, each 1C, overlapping, Tip-iPr-CHs), 23.37, 23.08, 23.01, 22.48
(s, each 1C, Tip-iPr-CHs), 14.33 (s, 1C, Tip-iPr-CHs) ppm.

25i-NMR (79.49 MHz, CeDs, 300 K) 5 = 26.6 (s, NHSi), =10.7 (s, SiTip), =10.9 (s, SiTip2), —24.2 (s, SiTipz), —100.4 (s, Si), =251.5 (s,
unsubstituted Si), —=309.3 (s, unsubstituted Si) ppm.

7Se-NMR (76.31 MHz, C¢Ds, 300 K) & = 53.86 ppm.

CP-MAS *Si-NMR (79.53 MHz, 15 KHz, 300K) & = 26.8 (s, NHSI), =9.5 (s, SiTip), =12.1 (s, SiTipz), —23.1 (s, SiTip), -99.1 (s, Si),
-246.5 (s, unsubstituted Si), =306.7 (s, unsubstituted Si) ppm.

CP-MAS #Si-NMR (79.53 MHz, 13 KHz, 300K) & = 26.8 (s, NHSi), =9.5 (s, SiTip), =12.1 (s, SiTipz), —23.2 (s, SiTip), =99.1 (s, Si),
—246.6 (s, unsubstituted Si), —306.9 (s, unsubstituted Si) ppm.

CP-MAS #Si-NMR (79.53 MHz, 7 KHz, 300K) & = 26.6 (s, NHSi), 9.5 (s, SiTip), =12.3 (s, SiTip2), =23.4 (s, SiTipz), =99.5 (s, Si),
—247.1 (s, unsubstituted Si), -307.6 (s, unsubstituted Si) ppm.

CP-MAS #Si-NMR (79.53 MHz, 5 KHz, 300K) & = 26.5 (s, NHSi), =9.5 (s, SiTip), =12.3 (s, SiTipz), =23.5 (s, SiTipz), =99.5 (s, Si),
-247.1 (s, unsubstituted Si), =307.7 (s, unsubstituted Si) ppm.

CP-MAS ""Se-NMR (76.34 MHz, 15 KHz, 300K) & = 39.94 (s) ppm.

CP-MAS 7"Se-NMR (76.34 MHz, 13 KHz, 300K) & = 38.79 (s) ppm.

CP-MAS ""Se-NMR (76.34 MHz, 10 KHz, 300K) & = 37.51 (s) ppm.

CP-MAS ""Se-NMR (76.34 MHz, 9 KHz, 300K) & = 36.68 (s) ppm.

CP-MAS 7"Se-NMR (76.34 MHz, 5 KHz, 300K) & = 36.72 (s) ppm.

Elemental analysis: calculated for CgoH13sN2SeSiz: C: 70.95 % ; H: 9.13 % ; N: 1.84 %. Found: C: 70.47 % ; H: 9.12 % ; N: 1.65 %.
UV/VIS (hexane): hmax (€) = 396 nm (2870 M™' cm™).
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Figure S7. 'H NMR of 2b in CsDs (400.13 MHz, 300 K).
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Figure S8. °C NMR of 2b in C¢Ds (100.61 MHz, 300 K).
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Figure S11. CP-MAS 2°Si NMR of 2b (79.53 MHz, 15 KHz, 300 K), side spinning bands of: * NHSi (26.8 ppm), + SiTip (-9.5 ppm), # unsubstituted Si (-306.7

ppm), ~ unsubstituted Si (-246.5 ppm).
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Figure S12. CP-MAS 2si NMR of 2b (79.53 MHz, 13 KHz, 300 K), side spinning bands of: * NHSi (26.8 ppm), + SiTip (-9.5 ppm), ° Si(Tip), (-23.2 ppm), #

unsubstituted Si (-246.6 ppm), ~ unsubstituted Si (-306.9 ppm).
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Figure S13. CP-MAS 2°Si NMR of 2b (79.53 MHz, 7 KHz, 300 K), side spinning bands of * NHSi (26.6 ppm), + SiTip (-9.5 ppm), # Si(Tip), (-23.4 ppm), ~

unsubstituted Si (-247.1 ppm), ° unsubstituted Si (-307.6 ppm).
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Figure $17. CP-MAS ""Se NMR of 2b (76.34 MHz, 10 KHz, 300 K).
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Figure S18. CP-MAS ""Se NMR of 2b (76.34 MHz, 7 KHz, 300 K).
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Figure S$19. CP-MAS "’Se NMR of 2b (76.34 MHz, 5 KHz, 300 K).
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Figure $20. UV-Vis spectrum of 2b in toluene at different concentrations.
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Figure $21. Determination of £ (2870 M’ cm'1) by linear regression of absorptions (L = 396 nm) of 2b against concentration.

Preparation of tellurasiliconoid Si;Te (2c)

Quantities: SisNHSi 1, 250 mg (0.173 mmol), tellurium 154.60 mg (1.212 mmol), benzene 4 mL, stirred over three days at room
temperature, filtered from hexane 10 mL, crystallization from hexane. Yield: 205 mg (0.13 mmol; 75 %) bright yellow crystals (mp.
380°C, dec.).

"H-NMR (400.13 MHz, CgDs, 300 K) = 7.451 — 7.447 (m, 1H, Ar-H), 7.399 — 7.394 (m, 1H, Ar-H), 7.385 — 7.380 (m, 0.2H, Ar-H),
7.350 — 7.346 (m, 0.2H, Ar-H), 7.224 — 7.217 (m, 0.2H, Ar-H), 7.140 — 7.136 (m, 1H, Ar-H), 7.110 — 7.077 (m, 4H, Ar-H), 7.019 —
6.976 (m, 3H, Ar-H), 6.922 — 6.918 (m, 1H, Ar-H), 6.903 — 6.899 (m, 0.2H, Ar-H), 6.851 (bs, 0.2H, Ar-H), 6.833 — 6.814 (m, 2H, Ar-H),
6.776 — 6.757 (m, 1H, Ar-H), 6.740 —6.738 (m, 0.3H, Ar-H), 6.717 — 6.679 (m, 1H, Ar-H), 6.582 — 6.563 (m, 0.1H, Ar-H), 6.454 (d, 1H,
3Jun = 7.89 Hz, Ar-H), 6.144 (sept, 1H, *Juy = 6.63 Hz, Tip-iPr-CH,), 5.848 (sept, 0.08H, ®Jy = 6.63 Hz, Tip-iPr-CHy), 5.657 (sept, 1H,
3Jun = 6.65 Hz, Tip-iPr-CHy), 5.456 — 5.388 (m, 0.2H, 3Jun = 6.17 Hz, Tip-iPr-CHy), 5.052 (sept, 1H, *Juy = 6.18 Hz, Tip-iPr-CH,),
4.609 (sept, 1H, 3Jun = 6.74 Hz, Tip-iPr-CHy), 4.269 (sept, 1H, *Juy = 6.74 Hz, Tip-iPr-CHy,), 4.003 (sept, 0.1H, 3Jun = 6.44 Hz, Tip-
iPr-CHy), 3.887 (sept, 1H, ®Juy = 6.44 Hz, Tip-iPr-CH,), 3.715 (sept, 0.1 H, *Juy = 6.44 Hz, Tip-iPr-CHy), 3.632 (sept, 0.1 H, 3Juy =
6.44 Hz, Tip-iPr-CHy), 3.533 — 3.274 (m, 3H, Tip-iPr-CHj), 3.155 (sept, 1H, *Jun = 5.90 Hz, Tip-iPr-CHy), 3.014 (sept, 0.14H, *Juy =
5.39 Hz, Tip-iPr-CHy), 2.937 — 2.842 (m, 2H, Tip-iPr-CH,), 2.784 — 2.582 (m, 4H, Tip-iPr-CH,), 2.376 (d, 3H, *Juy = 6.57 Hz, Tip-iPr-
CHa), 2.233 (d, 0.44H, *Juy = 6.57 Hz, Tip-iPr-CHs), 2.151 (d, 3H, *Jun = 6.57 Hz, Tip-iPr-CHs), 1.936 — 1.862 (m, 1H, Tip-iPr-CHs),
1.802 (d, 4H, *Jun = 6.52 Hz, Tip-iPr-CHa), 1.683 — 1.443 (m, 35H, Tip-iPr-CHs), 1.377 — 1.316 (m, 26 H, Tip-iPr-CHs overlapping with
C(CHa)3), 1.266 — 1.068 (m, 48H, Tip-iPr-CH; overlapping with C(CHs)s), 0.711 (d, 3H, 3Jun = 6.48 Hz, Tip-iPr-CHs), 0.649 (d, 3H,
3Jun = 6.48 Hz, Tip-iPr-CHs), 0.574 (d, 3H, *Juu = 6.48 Hz, Tip-iPr-CHs), 0.424 — 0.350 (m, 7H, Tip-iPr-CHs), 0.320 (d, 4H, ®Ji = 6.48
Hz, Tip-iPr-CHs), 0.260 (d, 0.6H, *Jun = 6.48 Hz, Tip-iPr-CHs) ppm.

"H-NMR (300.13 MHz, C¢Ds, 353 K) & = 7.390 — 7.342 (m, 2.5H, Ar-H), 7.152 (bs, 0.45H, Ar-H), 7.104 — 7.002 (m, 15H, Ar-H
overlapping with toluene-ds), 6.961 — 6.828 (m, 7.5H, Ar-H), 6.792 — 6.734 (m, 2.7H, Ar-H), 6.093 (d, 1H, 3Juy = 6.08 Hz, Tip-iPr-CH,),
5.755 (sept, 0.14H, Jyy = 6.49 Hz, Tip-iPr-CHy), 5.587 (sept, 1H, *Juy = 6.49 Hz, Tip-iPr-CHy), 5.356 (sept, 0.32H, 3Juy = 5.95 Hz,
Tip-iPr-CH,), 5.004 (sept, 1H, *Jun = 6.22 Hz, Tip-iPr-CH,), 4.221 (sept, 1H, *Jun = 6.22 Hz, Tip-iPr-CHy), 3.911 (sept, 0.2H, 3Jun =
5.43 Hz, Tip-iPr-CH;), 3.807 (sept, 1H, *Jun = 5.84 Hz, Tip-iPr-CHy), 3.661 (sept, 0.2H, Ju = 6.42 Hz, Tip-iPr-CHy), 3.570 — 3.420 (m,
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0.4H, Tip-iPr-CH,), 3.368 — 3.210 (m, 3H, Tip-iPr-CHy), 3.116 (sept, 1H, >Ju = 6.23 Hz, Tip-iPr-CHy), 3.017 — 2.645 (m, 7H, Tip-iPr-
CHy), 2.336 — 2.275 (m, 3.7H, Tip-iPr-CH;,), 2.154 — 2.038 (m, 13H, Tip-iPr-CHy), 1.886 (d, 0.6H, *Jux = 6.14 Hz, Tip-iPr-CHs), 1.795
—1.073 (m, 127H, Tip-iPr-CH), 0.669 — 0.590 (m, 8H, Tip-iPr-CHsz), 0.540 (d, 3H, Jun = 6.14 Hz Tip-iPr-CHy), 0.349 — 0.211 (m, 15H,
Tip-iPr-CH3) ppm.

*C-NMR (100.61 MHz, C¢Ds, 300 K) 5 = 171.81 (s, 1C, C-Ph), 157.48, 155.33, 154.10, 154.05, 153.61, 153.53, 153.47, 152.35,
151.44, 150.02, 149.64, 149.14, 148.85 (s, each 1C, Ar-C), 141.07, 138.76, 138.29 (s, each 1C, Ar-C), 133.70 (s, 1C. Ar-C) 131.89 (s,
1C, Ar-C), 129.59, 129.24, 129.05, 128.48 (s, each 1C, Ar-CH), 128.09, 127.85, 127.62 (s, each 1C, Ar-CH overlapping with C¢Ds),
123.87, 123.74 (s, each 1C, Ar-CH), 122.73 (s, 1C, Ar-CH), 122.53 (bs, 2C, Ar-CH), 121.92, 121.83, 121.63 (s, each 1C, Ar-CH),
119.88 (s, 1C, Ar-CH), 57.24, 56.90, 56.83, 56.06 (s, each 1C, C(CHa)s), 36.38, 35.97 (s, each 1C, Tip-iPr-CH), 35.69 (bs, 2C, Tip-
iPr-CH), 35.54, 35.16 (s, each 1C, Tip-iPr-CH), 34.62, 34.58, 34.52, 34.44, 34.34, 34.26 (bs, overlapping, each 1C, Tip-iPr-CH),
32.94, 32.78 (s, each 1C, Tip-iPr-CH), 32.64 (s, 2C, Tip-iPr-CH), 31.92 (s, 2C, Tip-iPr-CH), 31.83 (s, 1C, Tip-iPr-CH), 30.02, 29.85,
28.74, 28.41, 28.27, 27.55, 26.73, 26.54, 26.30, 25.51, 25.41, 24.95, 24.60, 24.38 (s, each 1C, Tip-iPr-CHs), 24.25, 24.21, 24.19,
24.16,24.01, 23.94, 23.84 (bs, each 1C, Tip-iPr-CHs), 23.52, 23.20, 22.53 (s, each 1C, Tip-iPr-CHs) ppm.

2Si-NMR (79.49 MHz, CeDs, 300 K) & = 2.3 (s, NHSI), =9.3 (s, SiTip), —30.9 (s, SiTipz), —45.4 (s, SiTip), -86.7 (s, Si), —250.2 (s, Si),
-299.3 (s, Si) ppm.

1% Te-NMR (126.24 MHz, CsDs, 300 K) 5 = -93.71 (s), —22.84 (s) ppm.

CP-MAS 2Si-NMR (79.53 MHz, 15 KHz, 300K) & = 1.7 (s, NHSi), =9.6 (s, SiTip), =30.2 (s, SiTip,), —45.5 (s, SiTipz), -87.4 (s, Si),
-247.2 (s, Si), —295.3 (s, Si) ppm

CP-MAS 2°Si-NMR (79.53 MHz, 13 KHz, 300K) & = 1.6 (s, NHSi), —9.6 (s, SiTip), -32.2 (s, SiTip,), -45.5 (s, SiTipz), -87.6 (s, Si),
-247.3 (s, Si), —295.5 (s, Si) ppm.

CP-MAS 2°Si-NMR (79.53 MHz, 7 KHz, 300K) & = 1.3 (s, NHSi), 9.6 (s, SiTip), =30.2 (s, SiTipz), —45.5 (s, SiTips), -87.9 (s, Si),
-247.6 (s, Si), —296.1 (s, Si) ppm

CP-MAS 2°Si-NMR (79.53 MHz, 5 KHz, 300K) & = 1.3 (s, NHSi), 9.6 (s, SiTip), =30.1 (s, SiTipz), —45.5 (s, SiTip,), -88.0 (s, Si),
-247.7 (s, Si), —296.2 (s, Si) ppm

CP-MAS '*Te-NMR (126.29 MHz, 15 KHz, 300K) & = —136.86 (s) ppm.

CP-MAS '*Te-NMR (126.29 MHz, 13 KHz, 300K) & = =139.53 (s) ppm.

CP-MAS '*Te-NMR (126.29 MHz, 11 KHz, 300K) & = =141.70 (s) ppm.

CP-MAS **Te-NMR (126.29 MHz, 9 KHz, 300K) & = -143.40 (s) ppm.

CP-MAS *Te-NMR (126.29 MHz, 5 KHz, 300K) & = -145.42 (s) ppm.

Elemental analysis: calculated for CgoH13sN2Si;Te: C: 68.75 % ; H: 8.85 % ; N: 1.78 %. Found: C: 68.76 % ; H: 8.82 % ; N: 1.66 %.
UV/VIS (hexane): Amax (€) = 404 nm (2310 M~ cm™).
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Figure S22. "H NMR of 2¢ in C¢Ds (400.13 MHz, 300 K).
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Figure $23. 'H NMR of 2¢ in CeDg (300.13 MHz, 353 K).
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Figure S25. 2°Si NMR of 2c in C¢Ds (79.49 MHz, 300 K).
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Figure $26. "*Te NMR of 2¢ in C¢Ds (126.24 MHz, 300 K).
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Figure S27. CP-MAS #si NMR of 2¢ (79.53 MHz, 15 KHz, 300 K), side spinning bands of: * NHSi (1.7 ppm), + SiTip (-9.6 ppm), # Si(Tip). (-30.2 ppm), ~
Si(Tip)2 (-45.5 ppm), ° unsubstituted Si (-295.3 ppm).
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Figure S28. CP-MAS %°Si NMR of 2¢ (79.53 MHz, 13 KHz, 300 K), side spinning bands of: * NHSi (1.6 ppm), + SiTip (-9.6 ppm), # Si(Tip), (~30.1 ppm), ~
Si(Tip)2 (-45.5 ppm), ° unsubstituted Si (-87.6 ppm), ¢ unsubstituted Si (-247.3 ppm), - unsubstituted Si (-295.5 ppm).
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Figure S$29. CP-MAS 25i NMR of 2¢ (79.53 MHz, 7 KHz , 300 K), side spinning bands of: : * NHSi (1.3 ppm), + SiTip (-9.6 ppm), # Si(Tip). (-30.2 ppm), ~
Si(Tip)2 (—45.5 ppm), 4 unsubstituted Si (-87.9 ppm), ° unsubstituted Si (-247.6 ppm), - unsubstituted Si (-296.1 ppm).
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Figure S30. CP-MAS 2Si NMR of 2¢ (79.53 MHz, 5 KHz, 300 K), side spinning bands of: * NHSi (1.3 ppm), + SiTip (-9.6 ppm), # Si(Tip)2 (-30.1 ppm), ~ Si(Tip)2

(-45.5 ppm), 4 unsubstituted Si (-88.0 ppm), ° unsubstituted Si (-247.7 ppm), - unsubstituted Si (-296.2 ppm).
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Figure S31. CP-MAS '*Te NMR of 2¢ (79.53 MHz, 15 KHz, 300 K).
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Figure $32. CP-MAS 25Te NMR of 2¢ (79.53 MHz, 13 KHz, 300 K).
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Figure $33. CP-MAS '**Te NMR of 2a (79.53 MHz, 11 KHz, 300 K).
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Figure S34. CP-MAS '**Te NMR of 2¢ (79.53 MHz, 9 KHz, 300 K).
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Figure S35. CP-MAS '**Te NMR of 2¢ (79.53 MHz, 5 KHz, 300 K).
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Figure S36. UV-Vis spectrum of 2c in toluene at different concentrations.

0.6
u
<
8 05-
c
(]
-E Equation y=a+b*x
8 Weight No Weighting
2 Residual Sum 4.876E-4
< of Squares
Pearson's r 0.99124
0.4 4 Adj. R-Square 0.97674
Value  Standard Error
u Intercept 0.0764 0.03275
B Slope 524 40.31542
T T T T T T T v T
0.0006 0.0007 0.0008 0.0009 0.0010

Concentration [mol/L]

Figure S37. Determination of ¢ (5240 M’ cm'1) by linear regression of absorptions (. = 335 nm) of 2¢ against concentration.
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Figure S38. Determination of € (2310 Ve cm'1) by linear regression of absorptions (. = 404 nm) of 2¢ against concentration.
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Figure $39. UV-Vis spectra of 1 and 2a-c at ¢ = 10-3 mol L-1 in toluene.
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4. Computational Details

Structural and geometry optimizations of [1-Int], [1-Int]’ and 2a were performed using the Gaussian09 program package® together
with TurboMole V7.0.®! All geometry optimizations were computed using the BP86!*® functional with Grimme dispersion correctors
D3 and the Becke-Johnson damping function™ in combination with the def2-SVPbasis set.”! To ensure the presence of a local
minimum on the potential energy surface, the subsequent analysis of the frequency and molecular orbitals was performed at the
same level of theory. The optimized structures were plotted using ChemCraft 1.8.

Figure S40. Optimized structure at the BP86-D3(BJ)/def2-SVP level of theory for [1-Int]. Bond distances are in [A]. Hydrogen atoms omitted for clarity.

Table S1. Atomic coordinates of the optimized structure [1-Int] at the BP86-D3(BJ)/def2-SVP level of theory.

Si 0.176225000  0.948900000 -1.390277000
Si 0.448855000  0.452295000  1.372224000
Si -0.057278000 -1.196516000 -0.377730000
Si -1.537391000 1.239868000  0.323356000
Si 2.015953000 1.715268000  0.077342000
Si  -2.382493000 -0.986083000 0.090112000
Si 0.875562000 -3.168565000 -1.190334000
N 2.711708000 -3.076371000 -1.558349000
N 1.805992000 -4.273709000 0.005292000
C 2.957946000 -4.050133000 -0.651659000
Cc 3.389798000 -2.728940000 -2.829356000
C 2.531839000 -1.604951000 -3.440870000
H 2476377000 -0.741150000 -2.746795000
H 1.499201000 -1.962199000 -3.634464000
H 2.970039000 -1.266363000 -4.400357000
C 4.812654000 -2.205083000 -2.581566000
H 4.806687000 -1.413509000 -1.809860000
H 5.218764000 -1.769604000 -3.517056000
H 5.498501000 -3.012611000 -2.261181000
Cc 3.400252000 -3.958372000 -3.761566000
H 4.031014000 -4.767212000 -3.338891000
H 3.816055000 -3.685434000 -4.753524000
H 2.367879000 -4.342477000 -3.892466000
C 1.382125000 -5.128407000  1.130422000
C 0.230267000 -4.366317000  1.818468000
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3.203324000
2.095283000
3.574970000
3.095065000
3.250800000
4.669550000
3.768683000
3.423092000
4.879130000
3.449309000
3.597081000
4.641970000
5.960466000

2.647617000
1.106863000
2.222109000
0.552339000
0.155970000
-0.278001000
1.338618000
2.140632000
2.533260000
1.701164000
2.995114000
-0.479253000
0.002082000
0.240206000
0.169918000
0.556373000
-0.162195000
-0.032666000
-0.668264000
-0.944923000
-0.822090000
-1.224032000
0.526966000
-0.563258000
-0.448364000
-1.298261000
0.712672000
1.790168000
2.710802000
1.725652000
-1.865943000
-1.647175000
-2.953094000
-2.656073000
-3.148100000
-3.904304000
-2.402038000
-1.614456000
-3.208944000
-2.828536000
0.796379000
1.827871000
-0.184528000
-0.084907000
-1.236026000
-0.003569000
0.575958000
1.293315000
-0.448255000
0.702501000
2.928035000
2.887525000
4.281596000
5.108368000
4.348680000
4.465706000
2.811993000
3.656239000
2.818230000
1.874465000
0.406161000
-0.333611000
-0.234115000

S26

WILEY-VCH

307



6 Supporting Information

IITIOIIITOIOIIIOIIITOIOOIOOIOOOIIIOIIIOIOIIIOIIIOIOIIIOIIIOIOOIOO

1.669530000
3.206085000
3.758581000
4.556727000
3.336366000
0.456291000
0.043461000
0.841609000
1.362697000
-0.057154000
1.513913000
-0.659785000
-0.928673000
-1.573411000
-0.366787000
3.717990000
4.524322000
2.617016000
2.186901000
1.785706000
3.018900000
4.338695000
5.146364000
4.765880000
3.575972000
4.012521000
3.581705000
3.689968000
4.131824000
2.594676000
4.094382000
5.528390000
6.006173000
6.019465000
5.742592000
3.763737000
4.416555000
5.756327000
6.254354000
6.497255000
5.851160000
6.417740000
4.508888000
3.739683000
2.914763000
3.080888000
3.845776000
2.432650000
2.451123000
4.654633000
4.053270000
5.178870000
5.424117000
7.970845000
8.249088000
8.261260000
9.327210000
7.636177000
8.060893000
8.826453000
8.577021000
8.643858000
9.909766000

6.740725000
6.322084000
5.310917000
5.576215000
3.970762000
4.443730000
3.431118000
4.512022000
5.465406000
4.453945000
3.679532000
5.450716000
5.415624000
5.217604000
6.491735000
7.753555000
7.774295000
8.733107000
8.432458000
8.768077000
9.763310000
8.179377000
7.483804000
9.202296000
8.183169000
2.984508000
1.986788000
3.300076000
2.532578000
3.316724000
4.287818000
2.909093000
2.141109000
3.879581000
2.649686000
0.954453000
0.067695000
-0.296752000
-0.956927000
0.191973000
1.065539000
1.468141000
1.452743000
-0.467799000
0.233674000
-1.825397000
-2.610858000
-1.792012000
-2.124958000
-0.543298000
-0.789237000
0.413761000
-1.337881000
-0.146714000
0.154837000
-1.650184000
-1.868857000
-2.252747000
-2.000341000
0.685802000
0.432565000
1.771450000
0.493341000

-0.843311000
0.617535000
1.414348000
2.127332000
1.325585000

-1.239026000

-1.036550000

-2.728886000

-2.958141000

-3.374749000

-3.016143000

-0.907580000
0.166188000

-1.484636000

-1.157557000
0.682645000
1.449681000
1.132452000
2.109588000
0.396910000
1.232268000

-0.662452000

-0.969097000

-0.598365000

-1.469781000
2.269155000
2.068012000
3.741772000
4.411438000
3.911783000
4.047500000
2.013466000
2.655180000
2.235900000
0.958124000

-0.191861000
0.724892000
0.495874000
1.222259000

-0.595541000

-1.481811000

-2.337937000

-1.299974000
1.986802000
2.235795000
1.732051000
1.576034000
0.838550000
2.594982000
3.220075000
4.119451000
3.409298000
3.120850000

-0.772072000

-1.806569000

-0.628123000

-0.846064000

-1.317304000
0.406916000
0.205590000
1.258014000
0.072509000
0.054994000
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3.915543000
2.845387000

3.927819000
4.963917000

3.432823000

3.395308000
4.589937000
4.552559000
4.079464000

5.654802000
-3.907479000
-5.120340000
-6.316057000
-7.255583000
-6.353845000
-5.142740000
-5.145259000
-3.926910000
-5.204757000
-4.168065000
-5.797930000
-5.785263000
-6.852903000
-5.216955000
-5.972261000
-5.504090000
-7.023880000
-5.991707000
-7.661163000
-8.461912000
-7.637395000
-7.429653000
-8.609523000
-6.849515000
-8.004471000
-7.245840000
-8.990398000
-8.037267000
-2.667742000
-1.945864000
-1.991066000
-1.769110000
-2.641226000
-1.029971000
-2.903018000
-1.928042000
-3.497745000
-3.431027000
-2.805547000
-3.239118000
-3.555474000
-3.890697000
-3.444508000
-3.014212000
-2.921374000
-2.702164000
-3.408870000
-2.837224000
-4.891750000
-5.470973000
-4.994343000
-5.353641000
-2.830251000

2.462099000
2.590947000
1.959995000
1.816142000
2.694818000
0.994486000
3.839465000
4.205276000
4.587112000
3.792578000
-0.871931000
-0.455009000
-0.438917000
-0.142586000
-0.791893000
-1.154996000
-1.427717000
-1.209788000
-0.071293000
-0.033690000
1.332253000
1.589753000
1.390376000
2.107727000
-1.140012000
-2.137785000
-1.212684000
-0.887024000
-0.776353000
-0.488893000
0.281202000

1.292027000
0.316096000
0.051853000
-2.174374000
-2.512747000
-2.170736000
-2.926746000
-1.634822000
-2.028407000
-0.433613000
0.370504000
-0.000779000
-0.738948000
-2.767453000
-3.141142000
-2.430404000
-3.622463000
-2.248613000
-3.557510000
-4.512921000
-5.509049000
-4.249408000
-2.970820000
-2.741183000
-1.971882000
-3.996337000
-3.292982000
-3.965113000
-4.710075000
-4.221371000
-2.973666000
-5.395579000

-2.276807000
-2.000840000
-3.729715000
-4.102738000
-4.398548000
-3.823468000
-2.142641000
-1.098037000
-2.783840000
-2.455313000
-1.058087000
-0.431715000
-1.176445000
-0.680724000
-2.532747000
-3.148201000
-4.214729000
-2.441829000

1.046483000

1.444678000

1.266535000

2.346440000

0.925054000

0.731446000

1.848482000

1.742754000

1.499223000

2.928904000
-3.312946000
-2.595145000
-4.433704000
-4.027589000
-4.969455000
-5.182231000
-3.862322000
-4.599383000
-4.373367000
-3.048061000
-3.184897000
-2.434442000
-3.864934000
-3.134481000
-4.655799000
-4.328772000
-4.194634000
-4.565138000
-5.070476000
-3.725682000

1.488498000

1.092046000

2.075713000

1.748404000

3.450263000

3.826594000

4.901491000

2.882553000
-0.364403000
-1.006512000
-0.787041000
-0.200143000
-1.861643000
-0.631720000
-0.638241000
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-1.789675000
-2.810058000
-3.440350000
-3.743626000
-3.670267000
-5.169866000
-5.391156000
-5.300844000
-5.926766000
-2.686666000
-1.665298000
-2.701815000
-2.872685000
-2.261944000
-2.091828000
-3.336496000
-3.583085000
-4.274369000
-2.983625000
-0.924450000
-1.036765000
-0.536870000
-0.156488000
-0.234321000

-5.487229000
-5.589040000
-6.192965000
-5.321429000
-4.834861000
-5.884052000
-6.616533000
-6.406535000
-5.074869000
-6.443231000
-6.036490000
-6.956315000
-7.207804000
-0.624529000

0.049611000

0.026258000
-0.610724000

0.201574000

1.002265000
-0.743036000
-1.337574000

0.259459000
-1.241536000
-4.154533000

-0.276971000
-1.728816000
-0.163099000
4.488947000
5.487525000
4.344731000
5.149310000
3.373657000
4.394156000
4.436673000
4.586758000
3.451696000
5.220453000
3.441927000
2.575157000
4.329909000
5.204859000
3.767921000
4.716944000
4.194489000
5.126221000
4.476319000
3.566845000
-2.550975000

WILEY-VCH

Figure S41. Optimized structure at the BP86-D3(BJ)/def2-SVP level of theory for [1-Int]’. Bond distances are in [A]. Hydrogen atoms omitted for clarity.

Table S2. Atomic coordinates of the optimized structure [1-Int]’ at the BP86-D3(BJ)/def2-SVP level of theory.

Si
Si
Si
Si
Si

1.204638000
0.934215000
-0.862411000
0.979402000
2.632392000

-0.035297000
-0.399230000
-0.506376000

1.714144000
-1.487142000

-1.336379000
1.434175000
-0.267451000
0.356538000
0.136337000
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-1.386420000
-1.976047000
-3.596786000
-3.440216000
-4.275999000
-3.983994000
-3.185909000
-3.480867000
-2.098352000
-3.369178000
-5.485718000
-5.800712000
-5.669945000
-6.123011000
-3.585459000
-4.237465000
-3.685096000
-2.539824000
-3.482652000
-2.185770000
-2.158845000
-1.300729000
-2.113528000
-3.489576000
-4.436488000
-2.641374000
-3.390317000
-4.711984000
-4.775475000
-5.652382000
-4.634110000
-5.629626000
-6.768650000
-6.673868000
-8.020717000
-8.910312000
-8.140086000
-9.123761000
-7.001085000
-7.087540000
-5.749513000
-4.849490000
2.164812000
2.242971000
3.170137000
3.229107000
4.024597000
3.907051000
4.557893000
2.992329000
1.366664000
0.498189000
2.114807000
2.366164000
3.056624000
1.492176000
0.802681000
0.337802000
0.023410000
1.590438000
5.058943000
5.547118000
6.149907000
6.940522000
5.719789000
6.627131000
4.413852000
3.639453000
3.926064000
5.176212000
2.946065000
1.934137000

1.764028000
-2.513923000
-2.756739000
-2.471892000
-2.852023000
-2.901286000
-1.832375000
-0.812879000
-1.939277000
-1.925201000
-2.660683000
-1.672736000
-2.665681000
-3.442220000
-4.321247000
-5.080524000
-4.420194000
-4.539199000
-2.772491000
-2.169863000
-2.285440000
-2.680187000
-1.092198000
-4.297631000
-4.753835000
-4.762220000
-4.513811000
-2.112594000
-1.041549000
-2.610870000
-2.184593000
-3.448373000
-2.686829000
-1.604028000
-3.312652000
-2.711266000
-4.698710000
-5.185746000
-5.463056000
-6.550286000
-4.841308000
-5.427942000

3.188726000

4.139346000

5.192874000

5.912704000

5.349267000

4.432409000

4.559757000

3.362204000

4.045390000

3.399479000

3.374488000

2.325240000

3.915528000

3.370239000

5.401756000

5.957561000

5.241294000

6.043615000

6.465267000

6.416149000

6.237507000

7.014617000

6.277422000

5.243834000

7.856918000

8.020147000

7.978255000

8.658386000

2.394548000

1.933893000

0.253892000
-0.669274000
0.276068000
-1.871321000
-0.880353000
1.694967000
2.467991000
2.152861000
2.293428000
3.556986000
1.936326000
1.547535000
3.029207000
1.482707000
2.151306000
1.674128000
3.251654000
1.860863000
-3.322761000
-3.897422000
-4.999158000
-3.465542000
-3.652080000
-3.560985000
-3.209395000
-3.017723000
-4.644866000
-3.976217000
-3.700852000
-3.672116000
-5.080363000
-1.035054000
-1.360586000
-1.514492000
-1.467386000
-1.710553000
-1.266277000
-1.353615000
-0.956133000
-0.805737000
-0.834971000
-0.595694000
0.529332000
-0.534197000
-0.450727000
-1.281973000
0.654167000
1.711229000
2.590944000
1.677604000
-1.782064000
-1.525734000
-2.944475000
-2.699286000
-3.175662000
-3.861780000
-2.235950000
-1.400637000
-3.007152000
-2.684755000
0.696713000
1.695745000
-0.369004000
-0.303906000
-1.392244000
-0.246975000
0.557725000
1.334864000
-0.432556000
0.653623000
2.856132000
2.850074000
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3.137747000
2.917447000
2.469945000
4.181944000
3.959164000
3.870851000
5.000180000
3.802281000
4.546280000
5.195030000
6.584662000
7.049601000
7.396708000
6.771925000
7.393102000
5.383512000
4.488518000
3.442119000
4.442845000
5.465683000
3.974448000
3.860517000
5.131298000
5.149144000
4.553292000
6.172664000
8.890383000
9.297380000
9.613997000
9.436646000
9.259538000
10.709331000
9.156008000
8.652941000
10.243667000
8.773729000
4.869947000
3.773694000
5.422673000
4.983606000
5.182721000
6.526118000
5.167916000
4.743091000
6.261435000
4.731379000
2.386506000
1.915909000
1.780181000
1.394750000
2.084096000
2.581862000
2.831557000
2.738621000
1.518765000
1.908240000
-0.007724000
-0.458486000
-0.434424000
-0.302965000
2.095547000
1.840946000
3.196381000
1.672528000
1.828789000
2.197062000
0.315369000
0.109511000
-0.234867000
-0.102048000
2.603747000
2.270678000

3.072359000
2.354730000
3.949717000
3.419234000
1.254041000
0.495967000
1.641057000
0.732561000
-1.175255000
-0.247985000
-0.332030000
0.372328000
-1.266296000
-2.104918000
-2.813912000
-2.073946000
0.869390000
0.929557000
0.555467000
0.401659000
1.380051000
-0.367459000
2.237916000
2.446417000
3.048879000
2.297593000
-1.357384000
-2.140450000
-0.035784000
0.274307000
0.786555000
-0.136095000
-1.808431000
-2.772452000
-1.933440000
-1.059875000
-2.999109000
-2.873081000
-2.579924000
-3.205654000
-1.519146000
-2.692198000
-4.474464000
-5.148589000
-4.662219000
-4.762189000
-3.372828000
-4.210043000
-5.587431000
-6.225592000
-6.177140000
-5.349455000
-5.796248000
-3.964747000
-3.692884000
-2.656244000
-3.608870000
-4.622029000
-3.037856000
-3.125073000
-4.511960000
-4.026968000
-4.606485000
-5.537706000
-7.656941000
-7.882349000
-7.952300000
-9.010516000
-7.291507000
-7.770069000
-8.552835000
-8.383354000

4.222162000
5.039676000
4.341157000
4.371891000
2.656736000
3.463526000
2.654887000
1.693207000
0.147455000
-0.728729000
-0.938404000
-1.646019000
-0.280324000
0.651055000
1.222778000
0.882729000
-1.487107000
-1.117296000
-2.994461000
-3.397332000
-3.567246000
-3.192565000
-1.196887000
-0.108674000
-1.677627000
-1.576529000
-0.556130000
0.122157000
-0.234612000
0.815450000
-0.891527000
-0.386541000
-2.006112000
-2.224357000
-2.191933000
-2.732164000
1.976802000
2.030392000
3.353533000
4.158702000
3.571107000
3.403759000
1.655049000
2.425857000
1.616213000
0.678433000
0.039320000
1.097608000
0.862793000
1.673410000
-0.376737000
-1.393322000
-2.370406000
-1.202568000
2.483257000
2.581488000
2.612493000
2.578057000
1.767395000
3.567525000
3.651791000
4.617291000
3.596352000
3.681491000
-0.622638000
-1.648655000
-0.591718000
-0.859813000
-1.291643000
0.421188000
0.361243000
1.407215000
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3.693326000

2.443306000

3.240718000

3.303015000

2.219186000

2.104075000

2.530603000

1.222882000

4.663506000

5.369966000

5.015772000

4.711665000
-1.907511000
-1.957139000
-2.410366000
-2.469196000
-2.786309000
-2.691238000
-2.968983000
-2.272971000
-1.574817000
-1.164416000
-0.456068000
-0.193732000
-0.764702000

0.463503000
-2.816025000
-3.589377000
-3.264566000
-2.549719000
-3.269580000
-3.293333000
-2.291412000
-1.272520000
-2.628542000
-2.216091000
-4.700635000
-4.740458000
-5.069638000
-5.403065000
-2.218997000
-2.204180000
-0.910311000
-0.031211000
-0.837831000
-0.843232000
-3.442242000
-3.400227000
-3.486479000
-4.390122000
-2.654998000
-4.033820000
-5.025975000
-6.081567000
-4.711638000
-3.357403000
-3.092013000
-2.329434000
-4.498518000
-3.599182000
-5.203878000
-6.130692000
-5.484773000
-4.548321000
-5.363805000
-4.833653000
-5.576876000
-6.337640000
-5.795401000
-5.296356000
-6.861610000
-7.604386000

-8.348231000
-9.627457000
-3.115063000
-2.064575000
-3.093759000
-4.098525000
-2.386135000
-2.787316000
-3.492631000
-3.401241000
-2.820583000
-4.535522000
3.213614000
4.499257000
5.608274000
6.595327000
5.501628000
4.236269000
4.132816000
3.094564000
4.730557000
3.777204000
5.774048000
5.883410000
6.774770000
5.472320000
5.083139000
4.293630000
6.040719000
5.196168000
6.716147000
7.569553000
7.083318000
7.271971000
7.994387000
6.262327000
6.512431000
5.681405000
7.427465000
6.265385000
1.760214000
0.952863000
1.634700000
1.723096000
2.432441000
0.651651000
1.524681000
0.515256000
2.250744000
1.609844000
1.722382000
1.627357000
1.557610000
1.486999000
1.566897000
1.661015000
1.671155000
1.741647000
1.605247000
1.507050000
2.915171000
3.057511000
2.904889000
3.791367000
0.379622000
-0.546457000
0.333648000
0.401505000
1.446633000
1.576024000
2.549636000
2.485547000

0.319522000
0.131456000
-2.362573000
-1.996824000
-3.511322000
-3.969674000
-4.308956000
-3.129407000
-2.802596000
-1.951719000
-3.613022000
-3.181782000
-0.885464000
-0.269687000
-1.010940000
-0.522434000
-2.357407000
-2.964316000
-4.024843000
-2.256708000
1.192948000
1.588229000
1.362923000
2.436084000
0.993622000
0.825164000
2.034568000
1.960265000
1.695281000
3.105870000
-3.138366000
-2.424315000
-4.271408000
-3.876605000
-4.809347000
-5.015841000
-3.671755000
-4.407576000
-4.181172000
-2.849632000
-2.997042000
-2.227562000
-3.794853000
-3.127191000
-4.564354000
-4.305382000
-3.897292000
-4.350783000
-4.735262000
-3.327485000
1.699506000
1.330087000
2.324484000
2.015504000
3.694342000
4.045875000
5.116442000
3.084798000
-0.125052000
-0.762387000
-0.517587000
0.078118000
-1.591312000
-0.350800000
-0.442279000
-0.154610000
-1.530964000
0.090950000
4.756717000
5.743125000
4.622570000
5.445268000
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-7.417618000
-6.401101000
-6.430038000
-5.660058000
-6.937926000
-7.184920000
-0.898584000
-0.237420000
-0.662385000
-1.304487000
-0.877731000

0.392250000
-0.493177000
-1.063450000

0.587925000
-0.684899000
-0.813323000

2.459269000
3.558276000
0.041744000
-0.745346000
-0.150318000
-0.070053000
1.837310000
1.920238000
3.084077000
3.078664000
4.015583000
3.125951000
0.556174000
0.445838000
0.571720000
-0.346350000
-4.135040000

3.665420000
4.648701000
4.735282000
4.868648000
3.766460000
5.541992000
3.601053000
2.711579000
4.470927000
5.376680000
3.912189000
4.809002000
4.352040000
5.299073000
4.606658000
3.735562000
-0.919169000

WILEY-VCH

Figure S42. Optimized structure at the BP86-D3(BJ)/def2-SVP level of theory for 2a. Bond distances are in [A]. Hydrogen atoms omitted for clarity.

Table S3. Atomic coordinates of the optimized structure 2a at the BP86-D3(BJ)/def2-SVP level of theory.

Si
Si
Si
Si
Si
Si
Si

S
N
N
C
C
C
H

0.534123000
0.181179000
2.150910000
1.558501000
-0.479196000
-2.711579000
-0.934574000
-2.867890000
-0.480915000
-1.601519000
-0.984543000
0.295759000
-0.255668000
0.301281000

0.891280000
1.493922000
0.708139000
-1.511808000
-0.502981000
-0.282196000
2.717237000
1.906175000
4.324091000
4.272570000
5.090281000
4.649925000
3.750893000
3.926991000

-1.554294000
1.239868000
0.126774000
0.763942000
0.062383000

-0.607693000

-0.481779000

-1.032193000
-1.370918000
0.483038000
-0.371869000

-2.589362000
-3.714547000

-4.657022000
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-1.329975000
-0.152992000
0.145936000
0.651205000
0.610954000
-0.918686000
1.783921000
1.908962000
2.190966000
2.385173000
-0.802768000
-1.783227000
-2.699452000
-1.584580000
-2.351098000
-0.411328000
-0.258084000
0.564940000
1.484833000
0.373180000
1.137364000
-2.195447000
-3.008680000
-3.834102000
-3.427753000
-2.370483000
-1.069907000
-0.393773000
-1.498304000
-0.473026000
-3.145284000
-2.604533000
-3.699418000
-3.886068000
3.875374000
4.396026000
5.674688000
6.085252000
6.455187000
5.916413000
6.506677000
4.648270000
3.560636000
2.908054000
4.380412000
5.124760000
3.711952000
4.929537000
2.621213000
3.209741000
1.970420000
1.962141000
7.847839000
8.019399000
7.956681000
8.958030000
7.191468000
7.809065000
8.927946000
8.810860000
8.862069000
9.946255000
4.120883000
3.302087000
5.165303000
4.669109000
5.667620000
5.942757000
3.519557000
4.298784000
2.709232000
3.090979000

3.962318000
2.682499000
6.118170000
6.238640000
6.829282000
6.397066000
4.336977000
3.291696000
5.011301000
4.467577000
6.559211000
7.462562000
7.075732000
8.843664000
9.546283000
9.329770000
10.414350000
8.429562000
8.805346000
7.046378000
6.335780000
4.508636000
3.248863000
3.081993000
3.349184000
2.343183000
4.715300000
3.835556000
4.840369000
5.619408000
5.723118000
6.681491000
5.759073000
5.632097000
1.477007000
2.486988000
3.019192000
3.792807000
2.595287000
1.620821000
1.281437000
1.052928000
3.051854000
2.227096000
3.556067000
2.804438000
3.781713000
4.491936000
4.157411000
5.005604000
4.538069000
3.772801000
3.165532000
3.933335000
3.865818000
4.327371000
4.661837000
3.145912000
2.077843000
1.281695000
1.594953000
2.506488000
0.036949000
-0.531539000
-0.994158000
-1.794626000
-1.476211000
-0.538424000
0.764147000
1.356654000
1.457989000
0.036796000

-3.888208000
-3.442579000
-3.028616000
-4.008243000
-2.321060000
-3.158653000
-2.322822000
-1.973158000
-1.543199000
-3.245561000
-0.217498000
-0.674569000
-1.145386000
-0.530485000
-0.892394000
0.074046000
0.186079000
0.535076000
1.009179000
0.389146000
0.736156000
1.815377000
2.173799000
1.455983000
3.194792000
2.151093000
2.853330000
2.863180000
3.869092000
2.617381000
1.807240000
1.693902000
2.767424000
0.986957000
-0.102933000
0.756240000
0.501101000
1.169353000
-0.587756000
-1.446269000
-2.312070000
-1.228226000
1.901115000
2.257931000
3.097695000
3.430610000
3.954423000
2.860819000
1.380216000
0.968712000
2.194952000
0.575942000
-0.821639000
-0.034127000
-2.189687000
-2.321148000
-2.295633000
-3.022355000
-0.657793000
-1.423254000
0.338498000
-0.770058000
-2.241756000
-1.747541000
-2.698143000
-3.283231000
-1.838594000
-3.347756000
-3.459771000
-3.984917000
-3.156325000
-4.180901000
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1.422190000
0.949472000
0.725613000
0.355759000
0.940445000
1.444784000
1.650788000
1.702418000
0.706298000
0.491863000
1.948999000
1.766665000
2.171175000
2.844892000
-0.495905000
-0.717011000
-1.404129000
-0.283141000
0.582795000
0.384741000
1.726581000
2.660703000
1.459370000
1.946456000
-0.718472000
-1.545855000
-0.579678000
-1.031630000
2.326011000
2.429414000
1.436953000
1.874808000
1.327111000
0.421829000
3.736255000
4.405577000
3.706118000
4.192229000
2.629565000
2.188310000
3.085511000
2.732181000
4.408130000
4.833564000
5.869390000
3.980758000
0.775994000
0.144290000
0.759529000
1.378861000
1.161129000
-0.277802000
0.128030000
0.641663000
-0.928690000
0.150191000
5.349117000
6.311934000
5.637672000
6.358722000
6.061243000
4.709000000
4.813382000
3.855730000
4.626276000
5.535067000
4.538744000
3.791377000
5.840681000
6.671053000
6.160000000
5.708516000

-2.203803000
-3.544514000
-4.026151000
-5.053769000
-3.243691000
-1.950575000
-1.319339000
-1.424362000
-4.528159000
-3.932156000
-5.401200000
-6.075650000
-6.029570000
-4.800878000
-5.456617000
-6.038006000
-4.895263000
-6.195165000
-3.766410000
-4.856520000
-3.595033000
-4.071983000
-4.050828000
-2.522602000
-3.102061000
-3.255163000
-2.006352000
-3.515213000
-0.030459000

0.262919000

1.024033000
2.038050000

0.824919000

1.044492000
-0.027516000
-0.746386000
-0.301447000

0.979862000
-2.684163000
-3.385020000
-4.230406000
-4.765734000
-4.427330000
-3.723861000
-3.864806000
-2.850602000
-3.243288000
-2.780486000
-2.279418000
-2.669771000
-1.283772000
-2.135586000
-4.583458000
-5.056058000
-4.420759000
-5.307055000
-5.368652000
-5.366334000
-4.870503000
-5.538437000
-3.845762000
-4.843662000
-6.813407000
-6.884827000
-7.173016000
-7.504958000
-2.162119000
-1.407204000
-1.386317000
-2.062959000
-0.848740000
-0.631383000

2.561982000
2.752361000
4.057245000
4.195025000
5.201290000
5.008749000
5.887786000
3.727913000
1.602536000
0.688288000
1.330836000
0.468402000
2.219576000
1.100030000
1.842936000
0.926058000
2.128277000
2.643344000
6.585192000
6.477244000
7.600346000
7.239412000
8.576687000
7.787180000
7.081608000
6.358996000
7.200303000
8.063843000
3.698732000
2.633099000
4.379847000
4.268757000
5.466730000
3.934863000
4.317533000
3.808905000
5.393140000
4.239114000
-0.297012000
-1.457041000
-2.136748000
-3.032343000
-1.703293000
-0.566653000
-0.215430000
0.134839000
-2.017863000
-1.226665000
-3.214317000
-4.050030000
-2.928995000
-3.577795000
-2.403974000
-3.267549000
-2.699021000
-1.563503000
-2.442954000
-1.884457000
-3.872478000
-4.389326000
-3.862195000
-4.481236000
-2.445906000
-3.003879000
-1.413457000
-2.929689000
1.382818000
1.711872000
1.115615000
0.823141000
2.032655000
0.317833000
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4.718326000

5.405800000

3.752820000

5.152792000
-3.004658000
-2.768282000
-3.053699000
-2.867963000
-3.558313000
-3.754803000
-4.126744000
-3.470485000
-2.254102000
-1.798209000
-3.425928000
-3.068288000
-4.187675000
-3.920800000
-1.162584000
-1.532031000
-0.296007000
-0.795438000
-3.816289000
-4.304332000
-2.485710000
-1.950828000
-2.658055000
-1.811941000
-4.773825000
-4.331774000
-5.733087000
-4.996429000
-3.646362000
-3.211398000
-2.861574000
-3.197850000
-3.005234000
-1.779218000
-5.121643000
-5.620204000
-5.682991000
-5.197192000
-4.160371000
-5.458687000
-6.543699000
-7.538978000
-6.396367000
-5.122097000
-4.996746000
-4.006770000
-5.745081000
-4.782034000
-6.612005000
-6.815320000
-7.588554000
-6.097087000
-6.346490000
-6.446045000
-5.696616000
-7.357275000
-7.581487000
-7.198046000
-8.664715000
-9.093937000
-9.499018000
-8.247032000
-8.161910000
-7.383692000
-8.987084000
-8.571391000
-2.699156000
-1.966468000

-3.170116000
-3.989227000
-3.620435000
-2.676019000
-1.384480000
-0.989962000
-1.892030000
-1.570324000
-3.182355000
-3.570211000
-4.588176000
-2.714405000

0.390298000

0.861914000

1.284447000

2.306571000

1.381139000

0.864571000

0.347783000
-0.057875000
-0.262151000

1.374137000
-4.148697000
-5.047890000
-4.602019000
-3.741459000
-5.355039000
-5.047963000
-3.561349000
-2.671439000
-3.247264000
-4.306415000
-3.303495000
-2.589591000
-4.612153000
-5.393558000
-5.015932000
-4.452559000
-3.508838000
-4.212728000
-2.556894000
-3.934600000
-0.413804000
-0.026217000
-0.029680000

0.262445000
-0.391369000
-0.786120000
-1.090434000
-0.826262000

0.384668000

0.415414000
-0.646846000
-0.300359000
-0.803363000
-1.624803000

1.798985000
2.115932000
2.531674000

1.842613000
-0.374194000
-0.693120000
-1.382947000
-1.112883000
-1.408053000
-2.406857000

1.044853000

1.762134000

1.058905000

1.417150000
-1.360990000
-1.467394000

2.535160000
2.236377000
2.835243000
3.428959000
-2.155818000
-3.513105000
-4.555407000
-5.591722000
-4.327134000
-2.995534000
-2.793255000
-1.912879000
-3.926206000
-3.033357000
-4.374325000
-4.618835000
-3.576616000
-5.276356000
-5.009756000
-5.975005000
-4.689534000
-5.212124000
-5.474489000
-5.035817000
-6.109495000
-6.564519000
-6.907433000
-5.349503000
-6.527414000
-7.023374000
-6.067577000
-7.319898000
-0.511288000
0.216425000
-0.346752000
-1.058934000
0.673987000
-0.505408000
-0.125391000
-0.825157000
-0.131338000
0.896929000
0.635846000
0.177475000
1.071701000
0.698626000
2.422078000
2.854588000
3.907166000
1.992564000
-1.269608000
-1.817297000
-2.015063000
-3.049952000
-1.509405000
-2.084867000
-1.353522000
-2.413118000
-0.834677000
-0.895810000
3.378230000
4.373362000
2.949157000
1.961008000
3.681671000
2.863398000
3.533039000
3.864907000
4.276104000
2.570067000
2.581132000
1.750530000
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-2.867031000
-3.311771000
-3.524001000
-1.879123000
-2.071829000
-1.107156000
-2.740939000
-1.871834000

ITIITITOIIITO

-2.757764000
-3.476032000
-2.731390000
-3.146909000
-0.393270000
-0.798454000
-0.234357000

0.593234000

3.205801000
2.487892000
4.100431000
3.526903000
3.596681000
3.965938000
4.469111000
3.132936000

[1-Int]"

S

2a

WILEY-VCH

E+ZPE=6042.483273 Hartree  E+ZPE=6042.473671 Hartree  E+ZPE=6042.495347 Hartree

Figure S43: Free Gibbs energies in Hartree of [Int-1], [Int-1]’ and 2a
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LUMO+4 LUMO+3 LUMO+2 LUMO+1
-1.35eV -1.49 eV -1.76 eV -2.18 eV

HOMO -4 HOMO -3 HOMO -15 HOMO -16
-5.11eV -5.01 eV -5.82 eV -5.87 eV

-6.83 eV

Figure S44: Selected molecular orbitals of [1-Int]’ at the BP86-D3(BJ)/def2-SVP level of theory (isocontour value 0.051840).
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LUMO+4 LUMO+3 LUMO+2 LUMO+1
-1.47 eV -1.58 eV -1.80 eV -2.28 eV

&

LUMO HOMO HOMO -1 HOMO -2
-2.71eV -4.53 eV -4.65 eV -4.81eV

f
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HOMO -4 HOMO -3 HOMO =15 HOMO -17
-5.21eV -4.97 eV -5.92 eV -6.12 eV

HOMO -22
-6.93 eV

Figure S45: Selected molecular orbitals of [1-Int] at the BP86-D3(BJ)/def2-SVP level of theory (isocontour value 0.051840).
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S

—
LUMO +4 LUMO +3 LUMO +2 LUMO +1
-1.50 eV -1.56 eV -1.77 eV -1.90 eV

)

— HOMO -2
-2.14 eV -4.45 eV =-4.57 eV -4.89 eV

HOMO -14
-5.02 eV -5.13 eV -5.30 eV -5.70 eV

24

HOMO -17 HOMO -18 HOMO -21
-6.17 eV -6.67 eV -6.75 eV -6.84 eV

HOMO -24 HOMO -24 HOMO -31
=712 eV =712eV =7.35eV

Figure S46: Selected molecular orbitals of 2a at the BP86-D3(BJ)/def2-SVP level of theory (isocontour value 0.051840).
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4. Details on X-Ray Diffraction Studies

a
Q' 3
¢l ~
9 w
TN/ C
> S
L

Figure S47. Molecular structure of siliconoid 2a in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability

Table S4. Crystal data and structure refinement for 2a (CCDC: 2002645).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

sh4186a

C90 H138 N2 S Si7

1476.71

173(2) K

1.54178 A

Triclinic

P-1

a=14.4660(8) A o =93.095(2)°.
b=15.1754(8) A B =103.849(2)°.
c=21.5361(12) A y=96.291(2)°.
4546.9(4) A®

2

1.079 Mg/m®

1.508 mm™

1612
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Crystal size 0.157 x 0.076 x 0.030 mm’®
Theta range for data collection 2.120 to 74.698°.
Index ranges -18<=h<=17, -18<=k<=18, -26<=|<=25
Reflections collected 72856
Independent reflections 18426 [R(int) = 0.0365]
Completeness to theta = 67.679° 99.5 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7538 and 0.6733
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 18426 / 0/ 937
Goodness-of-fit on F2 1.035
Final R indices [I>2sigma(l)] R1=0.0398, wR2 = 0.1088
R indices (all data) R1 =0.0448, wR2 = 0.1143
Extinction coefficient n/a
Largest diff. peak and hole 0.535 and -0.312 e A™®
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4P,

WILEY-VCH

Figure S48. Molecular structure of siliconoid 2b in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability

Table S5. Crystal data and structure refinement for 2b (CCDC: 2002646).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

sh4179a

C90 H137 N2 Se Si7
1522.60

173(2) K

0.71073 A
Monoclinic

c2/c
a=42.0779(15) A
b =15.8350(5) A
c =27.2654(8) A
18044.9(10) A®

8

1.121 Mg/m®
0.551 mm™

6584

S43

B = 96.648(2)°.
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Crystal size 0.192 x 0.131 x0.101 mm®
Theta range for data collection 2.320 to 27.896°.
Index ranges -55<=h<=55, -20<=k<=20, -35<=I<=31
Reflections collected 183269
Independent reflections 21532 [R(int) = 0.0639]
Completeness to theta = 25.242° 99.9 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.7185
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 21532 /57 /988
Goodness-of-fit on F2 1.016
Final R indices [I>2sigma(l)] R1 =0.0423, wR2 = 0.1005
R indices (all data) R1=0.0621, wR2 =0.1107
Extinction coefficient n/a
Largest diff. peak and hole 0.469 and -0.410 e A™®
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Figure S49. Molecular structure of siliconoid 2c in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids represent 50% probability
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Table S6. Crystal data and structure refinement for 2¢c (CCDC: 2002647).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

sh4204

C90 H138 N2 Si7 Te
1572.25

132(2) K

0.71073 A
Monoclinic

C2/c
a=41.4479(19) A o =90°
b =15.9849(8) A B =96.791(2)°.
¢ =27.2210(12) A y=90°.
17908.5(15) A®

8

1.166 Mg/m®

0.469 mm™’'

6736

S45
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WILEY-VCH
Crystal size 0.301 x 0.217 x 0.092 mm’®
Theta range for data collection 1.367 to 28.723°.
Index ranges -55<=h<=56, -21<=k<=21, -36<=I<=36
Reflections collected 154815
Independent reflections 23155 [R(int) = 0.0543]
Completeness to theta = 25.242° 100.0 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7458 and 0.7074
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 23155/6 /948
Goodness-of-fit on F2 1.012
Final R indices [I>2sigma(l)] R1=0.0334, wR2 = 0.0709
R indices (all data) R1 =0.0521, wR2 = 0.0786
Extinction coefficient n/a
Largest diff. peak and hole 0.804 and -0.711 e A™®
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1. General

All manipulations were carried out under a protective atmosphere of argon, by using a glovebox or standard
Schlenk techniques. Ethereal solvents were dried by heating to reflux over Na/benzophenone and distilled and
stored under an atmosphere of argon. Hydrocarbons were dried over sodium or potassium. Solution NMR spectra
were recorded on a Bruker Avance 1V 400 NMR spectrometer ('"H = 400.13 MHz, '*C = 100.6 MHz, 2°Si = 79.49
MHz) and solid state NMR spectra on a Bruker Avance |ll 400 WB spectrometer (298i = 79.53 MHz). UV/Vis
spectra were recorded on a Shimadzu UV-2600 spectrometer in quartz cells with a path length of 0.1 cm.
Elemental analyses were performed on an elemental analyzer Leco CHN-900 and/or an elementar vario Micro
Cube. Compound 1 was prepared according to our published procedure.1

2. Preparation, data and spectra (NMR, UV-vis, IR)

Ligato-privo Si=C Enol ether bridged Sig siliconoid

Route A: Compound 2 is prepared by treating 1 equivalent of the ligato-siylene-functionalized siliconoid 1 (350
mg ; 0.237 mmol) with 1 equivalent of Bis(cycloocta-1,5-dien)nickel (74.41 mg ; 0.259 mmol) under CO
atmosphere in 8 mL benzene. The suspension was slightly heated to 50°C until the color changed from bright red
to brown. The mixture was stirred over night at room temperature until the color changed to green. All volatiles
(caution, Ni(CO)4 !) were removed in vacuo and the crude product is extracted with 6 mL hexane. The hexane
solution is concentrated and compound 2 is crystallized at —26°C as green crystals in 66 % yield (230 mg ; 0.156
mmol).

Route B: Compound 2 is prepared by treating 1 equivalent of the ligato-siylene-functionalized siliconoid 1 (250
mg ; 0.173 mmol) with 10 mol% of Bis(cycloocta-1,5-dien)nickel (4.76 mg ; 0.0173 mmol) under CO atmosphere
in 8 mL benzene at 45°C over two days. The color changed from a bright red suspension to a green solution. All
volatiles were removed in vacuo and the crude product is filtered from 6 mL hexane. Compound 2 is crystallized
as green crystals at —26°C in 44 % yield (112 mg ; 0.076 mmol).

"H-NMR (400.13 MHz, C¢De, 300 K) & = 7.631 (0.074H, C1oHs), 7.340 — 7.337 (m, 1H, Ar-H), 7.251 — 7.235 (m,
2H, Ar-H), 7.1838 (bs, 1H, Ar-H), 7.037 — 6.972 (m, 5H, Ar-H), 6.889 — 6.813 (m, 4H, Ar-H), 6.705 — 6.664 (m, 1H,
Ar-H), 6.549 — 6.529 (m, 1H, Ar-H), 5.371 — 5.249 (m, 2H, Tip-iPr-CH,), 4.815 (bs, 1H, Tip-iPr-CHy), 4.584 (bs,
1H, Tip-iPr-CHy), 4.453 (sept, 1H, *Jun = 6.25 Hz, Tip-iPr-CH,), 4.335 (sept, 1H, 3Jun = 6.25 Hz, Tip-iPr-CHy),
4.115 (sept, 1H, *Jun = 6.25 Hz, Tip-iPr-CHy), 3.865 (sept, 1H, *Jun = 6.25 Hz, Tip-iPr-CHy), 3.362 (sept, 1H, 3Jun
= 6.25 Hz, Tip-iPr-CHy), 3.207 (sept, 1H, Jun = 6.25 Hz, Tip-iPr-CH,), 2.9358 — 2.617 (m, 5H, Tip-iPr-CHy), 2.222
(d, 3H, *Ju = 6.32 Hz, Tip-iPr-CHy), 2.089 (d, 3H, 3Jun = 6.32 Hz, Tip-iPr-CHy), 1.850 (bs, 3H, Tip-iPr-CHs), 1.706
— 1.666 (m, 10H, Tip-iPr-CHs), 1.585 — 1.453 (m. 30H, Tip-iPr-CHs overlapping with C(CHa)2), 1.315 — 1.216 (m,
26H, Tip-iPr-CHs), 1.126 — 1.046 (m, 14H, Tip-iPr-CHs), 0.8925 (t, 3H, hexane), 0.835 — 0.745 (m, 16H, Tip-iPr-
CHs), 0.621 (s, 9H, C(CHa)z), 0.560(d, 3H, 2Ju = 6.32 Hz, Tip-iPr-CHa), 0.400 (d, 3H, Juy = 6.32 Hz, Tip-iPr-
CHa), 0.252 (d, 3H, *Jun = 6.32 Hz, Tip-iPr-CHa) ppm.

3C-NMR (100.61 MHz, CsDs, 300 K) 5 = 175.66 (Ph-C), 156.99, 155.36, 153.51, 152.63, 152.54, 151.61, 149.79,
149.38, 148.50, 148.33, 147.20 (s, each 1C, Ar-C), 141.67, 140.67, 140.19, 139.60 (s, each 1C, Ar-CH), 135.54
(s, 1C, Ar-CH), 130.60, 129.91, 128.25, 127.80, 127.60, 127.20, 125.70 (s, each 1C, Ar-CH), 122.90, 122.49,
122.36, 121.91, 121.53, 121.01, 120.78, 120.41, 118.65 (s, each 1C, Ar-CH), 54.46, 53.11 (s, each 1C, C(CHa),),
36.80, 35.78, 35.38 (s, each 1C, Tip-iPr-CH), 34.88, 34.41, 34.37, 34.32, 34.25, 34.18 (s, each 1C, Tip-iPr-CH),

32.30, 31.61, 31.16, 30.10 (s, each 1C, Tip-iPr-CH), 28.06 27.87, 27.58, 27.20, 26.80 (s, each 1C, Tip-iPr-CHa),
S3
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25.54 (s, 1C, Tip-iPr-CHs), 25.32 (bs, 1C, Tip-iPr-CHs), 24.76, 24.64, 24.50, 24.45, 2415, 24.05, 23.98, 23.85,
23.83, 23.69, 23.62, 23.54, 23.54, 23.36 (s, each 1C, Tip-iPr-CHs), 22.89, 22.87 (bs, each 1C, Tip-iPr-CHs),
22.70, 21.78 (s, each 1C, Tip-iPr-CHs), 14.02, 12.11 (s, each 1C, NHC-ipr-CHs) ppm.

25i-NMR (79.49 MHz, CsDs, 300 K) 5 = 160.9 (s, privo-Si(Tip)2), 30.4 (s, ligato-SiTip), —22.7 (s, remoto-Si(Tip)2),
-33.6 (s, ligato-Si-NHSi), =35.1 (NHSI), -268.2 (s, nudo-Si), —300.5 (s, nudo-Si) ppm.

CP-MAS %°Si-NMR (79.53 MHz, 13KHz, 300K) 5 = 160.9 (s, privo-Si(Tip)2), 28.6 (s, ligato-SiTip), —22.5 (s,
remoto-Si(Tip)2), —34.4 (s, ligafo-Si-NHSi), =37.9 (NHSI), —267.5 (s, nudo-Si), -303.4 (s, nudo-Si) ppm.
Elemental analysis: calculated for Cg1H13sN20siz: C: 74.22 % ; H: 9.45 % ; N: 1.90 %. Found: C: 73.89 % ; H:
9.00 % ; N: 1.85 %.

UV/VIS (hexane): hmax (€) = 638 nm (3640 M~ cm™).
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Figure S1. 'H NMR of 2 in C¢Ds (400.13 MHz, 300 K).
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Figure S2. °C NMR of 2 in CeDs (100.61 MHz, 300 K).
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Figure S3. 2°Si NMR of 2 in C¢Ds (79.49 MHz, 300 K).
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Figure S4. CP-MAS #Si NMR of 2 (79.53 MHz, 13 KHz, 300 K) with side spinning bands of: * privo-Si(Tip). (160.9 ppm), +
ligato-SiTip (28.6 ppm), # remoto-Si(Tip)z (-22.5 ppm), ~ ligato-Si-NHSi (-34.4 ppm).

2.5

——9* 10 mol/L
———8*10* mol/L
2.0 1 ———7*10™ mol/L
———6*10* mol/L
——5*10* mol/L
——4* 10" mol/L
—— 3*10™ mol/L
1.0 Tip\Si/?i\\ S{p!ﬂp

Si
AN
VANVA N

Si—S!  Tip

/

1.5 4

Absorbance

(@)
AN

0.5 tBu\N/Si\:
N

>4 “tBu

Ph

C~Tip

0.0

T T T T T T T I
300 400 500 600 700
Wavelength [nm]

Figure S5. UV-Vis spectrum of 2 in hexane at different concentrations (9*10™ mol/L to 3*10™* mol/L).
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Figure S6. Determination of £ = 10750 (M’1 cm'1) by linear regression of absorptions (. = 334 nm) of 2 against concentration.
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Figure S7. Determination of ¢ = 6310 (M'1 cm'1) by linear regression of absorptions (. = 372 nm) of 2 against concentration.
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Figure S8. Determination of € = 1740 (M'1 cm'1) by linear regression of absorptions (A = 432 nm) of 2 against concentration.
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S8

336



6 Supporting Information

4 -
——5*10° mol/L
——4*10° mol/L
——3*10° mol/L
31 ——2*10° mol/L
———1*10° mol/L
(0]
(8]
c
8 24
o
[72]
o)
<
14
0 ; . . =
300 400 500 600 700

Wavelength [nm]

Figure S$9. UV-Vis spectrum of 2 in hexane at different concentrations (5*10™ mol/L to 1*10™> mol/).
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3. Computational Details

Structural and geometry optimizations of 1, [Int-a], [Int-b], [Int-c], and 2 were performed using the Gaussian09 program
package® together with TurboMole V7.0.%! All geometry optimizations were computed using the BP86!“®! functional with
Grimme dispersion correctors D3 and the Becke-Johnson damping function in combination with the def2-SVP basis
set.®! To ensure the presence of a local minimum on the potential energy surface, the subsequent analysis of the
frequency and molecular orbitals was performed at the same level of theory. The UV-Vis absorption spectrum was
computed to determine the transition states using the CAM-B3LYP™ functional with Grimme dispersion correctors D3
and the Becke-Johnson damping function with the def2-SVPP basis set. The optimized structures were plotted using
ChemCraft 1.8.'" The data from TD-DFT calculations were analysed with the GaussSum!'"! and OriginPro 9.0
programmes.['?

7

'R
aSe 2
P w

,

\/

oo
3

Figure S11. Optimized structure at the BP86-D3(BJ)/def2-SVP level of theory for 1. Bond distances are in [A]. Hydrogen atoms
omitted for clarity.

Table S1. Atomic coordinates of the optimized structure 1 at the BP86-D3(BJ)/def2-SVP level of theory.

Si 0.195667586  0.874853889 -1.286999097
Si 0.442345407  0.434597390  1.483541342
Si -0.005494444 -1.282998236 -0.226109021
Si -1.525057674  1.235562893  0.384707451
Si 2.024725025 1.652778196  0.151599169
Si  -2.348830326 -0.971624427 0.104663537
Si 0.504210056 -3.411499333 -1.226091160
N 2.378764497 -3.298549370 -1.636938201
N 1.579065461 -4.427863796  0.015058554
c 2.706537885 -4.235416806 -0.709409114
Cc 3.058723066 -2.889972670 -2.883626866
Cc 2.079714850 -1.937034614 -3.596185924
H 1.847284887 -1.063046983 -2.953122809
H 1.123547410 -2.454789572 -3.825094492
H 2.512369152 -1.573625054 -4.549189434
Cc 4.353710358 -2.121705059 -2.566722408
H 4.153818976 -1.326366947 -1.824714859
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4.755177340
5.136503889
3.342265592
4.064251763
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1.265733304
0.184709798
-0.164883193
-0.704295828
0.572244503
0.701265188
1.474241619
-0.161985975
0.362125984
2.490596287
2.966011752
3.254326716
2.157984033
3.974549795
5.185195647
5.199392107
6.362536988
7.299132617
6.348330907
7.274275362
5.148694540
5.132718034
3.968745329
3.029747818
-2.503872084
-3.297050725
-3.998322887
-4.599174913
-3.952517865
-3.197977038
-3.170906860
-2.478133935
-3.399284679
-3.129581080
-2.401307532
-1.357173651
-2.558960087
-2.526763954
-4.815479659
-5.580804288
-4.864395005
-5.088303404
-4.682849711
-4.545887066
-4.053874597
-4.543125803
-4.162380487
-2.970149225
-6.195309992
-6.644313343
-6.400900910
-6.718977130
-1.651606476
-1.566779733
-2.294235019
-1.746746100
-3.355506739
-2.259731964
-0.222808491
0.401651867
-0.230215002
0.279275212

-1.646248154
-2.791171970
-4.112838918
-4.804592256
-3.789168347
-4.669566225
-5.236511050
-4.451524084
-5.021830275
-4.253558007
-3.470418574
-6.608808301
-7.207070963
-6.484830962
-7.184588391
-5.461022160
-4.503840780
-6.103293371
-5.966018760
-5.004695912
-4.392897965
-3.320439073
-5.152649018
-4.667370758
-6.523204938
-7.114968033
-7.135513551
-8.206326152
-6.381826240
-6.852689267
2.855432620
3.309409331
4.522964383
4.868886503
5.306116845
4.829663880
5.429384875
3.620824581
2.534182817
1.478146587
3.058844983
2.911153550
4.141572840
2.522839665
2.523816055
2.245491656
1.781930846
3.513056803
6.639314523
7.021368008
7.665519439
8.657719743
7.337332229
7.790235034
6.484445086
5.755306307
6.124593179
7.455609324
3.187231179
2.079541174
3.539158651
3.039549001
3.220626809
4.630095190
3.751002904
3.388720734
4.861246543
3.446481770

-3.484376835
-2.163807099
-3.780176747
-3.302472897
-4.750990066
-3.981672764
1.210348836
1.982989493
2.866413630
1.350378418
2.320358283
0.777204584
0.254981461
0.095470642
1.662975457
2.118911977
2.400128790
1.641110250
3.048467436
-0.620698708
-0.230768745
0.010308445
-0.142061354
0.171654538
-0.451775402
-0.381286218
-0.856841198
-1.113167350
-0.938621377
-1.266023495
0.572470843
-0.526554474
-0.413075780
-1.268475469
0.753218492
1.837399544
2.761082872
1.774535308
-1.840341447
-1.620797168
-2.885115267
-2.548539984
-3.075558951
-3.847953150
-2.439665538
-1.691779136
-3.261142963
-2.865403907
0.833504143
1.869910993
-0.130274846
-0.032918145
-1.185817459
0.070048759
0.586842884
1.291805455
-0.443462837
0.711280809
2.981652448
2.927741637
4.332636424
5.158690344
4377572992
4.537443546
2.889356527
3.733281408
2.916312811
1.950963919
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2.382306714
1.768391529
2.297108076
1.829734824
3.382284796
3.917534243
4.740397203
3.443074366
0.534614498
0.117040017
0.888677433
1.424053369
-0.024478763
1.537494958
-0.560650071
-0.807663507
-1.490374455
-0.255555774
3.945351027
4.768630724
2.889704811
2.470612448
2.044256920
3.329475992
4.550908524
5.327053848
5.014640825
3.771298010
4.089843716
3.624028664
3.779881926
4.197187337
2.685463544
4.215815376
5.600786391
6.053362588
6.127706064
5.799922034
3.743085787
4.395412399
5.709596241
6.204174293
6.426119804
5.779787687
6.325567713
4.460030560
3.725459216
2.897507720
3.079564781
3.857291610
2.449081686
2.433398460
4.642229933
4.047780163
5.143703960
5.430524141
7.876625336
8.136161800
8.098150416
9.146405725
7.427660140
7.904915787
8.802454589
8.576465264
8.667055488
9.870006029
3.842973677
2.806771586

3.523930766
4.589047948
5.890536812
6.688467575
6.212600965
5.181294981
5.417630684
3.858074887
4.428836440
3.413839752
4.541209552
5.491285807
4.524024521
3.706300333
5.439123059
5.373328758
5.238026841
6.483242213
7.625407010
7.616054014
8.641810346
8.353421446
8.707920725
9.657117598
8.033383089
7.311072020
9.040794011
8.065538704
2.843926496
1.861102240
3.165663819
2.382681170
3.216645189
4.139623870
2.716276276
1.927513096
3.667039646
2.455597197
0.851314471
-0.074505973
-0.488116544
-1.186650712
-0.008754716
0.902668895
1.292971793
1.333526265
-0.632266354
0.060437390
-1.988486004
-2.763165550
-1.951531684
-2.307099138
-0.731152743
-1.023335686
0.230706932
-1.502870489
-0.403766802
-0.067230527
-1.924516984
-2.183642536
-2.462736147
-2.314019322
0.340491313
0.049221431
1.438461569
0.106200217
2.334451162
2.531371299

0.463277372
-0.265741687
-0.174331514
-0.772534176

0.654726001

1.438325306

2.133327024

1.360837098
-1.149858521
-0.969873866
-2.645074376
-2.853812046
-3.272425229
-2.975030631
-0.762863875

0.314414407
-1.326899151
-0.984352796

0.710733756

1.459811870

1.186670091

2172265114

0.469581971

1.279870301
-0.646723640
-0.972411265
-0.590205547
-1.437127566

2.296028226

2.093359553

3.770096957

4.437724438

3.940409665

4.077025514

2.033690992

2.668482950

2.259642756

0.975482885
-0.175004388

0.698730651

0.413565544

1.106299163
-0.698074355
-1.545651458
-2.421006796
-1.306902511

1.950462301

2.214435741

1.654604905

1.504467789

0.745380906

2.497726622

3.180271858

4.070521476

3.404234963

3.051858674
-0.939075443
-1.967693678
-0.873959934
-1.130577847
-1.574055365

0.148220986

0.045418746

1.093255521
-0.031061081
-0.151760039
-2.275637286
-1.924638150
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3.705542985

4.696093600

3.199534206

3.108020060

4.584923207

4.627210121

4.067044940

5625347359
-3.763999587
-5.046449463
-6.153146472
-7.147837878
-6.034907372
-4.755893761
-4.634850075
-3.625343050
-5.284389679
-4.291454665
-5.911394756
-6.035525451
-6.915860860
-5.271862704
-6.110241680
-5.614551456
-7.120480843
-6.241907701
-7.251087821
-8.128318652
-7.125875540
-6.979805368
-8.036022043
-6.259481730
-7.511934791
-6.672829435
-8.436778028
-7.621062676
-2.280966328
-1.576143625
-1.703016866
-1.587349562
-2.364983578
-0.701593426
-2.330294152
-1.305745857
-2.933566836
-2.763093635
-2.881892826
-3.259180922
-3.609848492
-3.903224031
-3.586645874
-3.213362914
-3.191684486
-2.868784704
-3.339621748
-2.801662835
-4.800108950
-5.367341647
-4.842827905
-5.314590772
-2.645440249
-1.574878214
-2.687492325
-3.122925914
-3.919899083
-3.918643869
-5.320452362
-5.570848400

1.749219855
1.511988604
2.470388108
0.815994334
3.681623448
4.096612555
4.421113611
3.574313382
-0.881378576
-0.500570654
-0.498360588
-0.226485629
-0.834474823
-1.162840630
-1.417382015
-1.198408782
-0.136081062
-0.093178230
1.257436975
1.481919684
1.323712975
2.050781925
-1.222263785
-2.210548664
-1.313226460
-0.973581356
-0.840214121
-0.563924922
0.213620184
1.229207146
0.230310446
-0.003930336
-2.245592798
-2.574373941
-2.259747554
-2.995511076
-1.582582643
-1.744804924
-0.432505472
0.484689936
-0.187895388
-0.697476427
-2.891554809
-3.197695579
-2.786772448
-3.717972014
-2.252914664
-3.563118198
-4.544440592
-5.542858469
-4.300284856
-3.017218006
-2.804374699
-1.995551690
-3.961636266
-3.188976649
-3.999241152
-4.791359967
-4.219285721
-3.035360049
-5.296748079
-5.266464588
-5.504901273
-6.152626767
-5.396979066
-4.925356632
-5.991823930
-6.741751385

-3.690858364
-4.133485271
-4.366697511
-3.673521437
-2.259349861
-1.232423486
-2.904151699
-2.633323635
-1.181003417
-0.685209564
-1.556412854
-1.164769429
-2.913820677
-3.399147696
-4.464756526
-2.562231381
0.781930761
1.278460134
0.964925958
2.045071806
0.495767874
0.532811628
1.497261559
1.438855626
1.044664921
2.570988958
-3.830219600
-3.203335884
-4.947494021
-4.526675815
-5.583559026
-5.607696652
-4.406139192
-5.055294671
-5.020730041
-3.596232211
-3.172582235
-2.326624472
-4.012808156
-3.401622838
-4.871242432
-4.411675883
-3.976965314
-4.274025588
-4.903632789
-3.379415015
1.442141145
0.998715238
1.943664326
1.582470468
3.327155946
3.750024973
4.832327594
2.842062766
-0.477751129
-1.063994342
-0.967601446
-0.433598384
-2.054508528
-0.800506798
-0.788451092
-0.507892393
-1.877491679
-0.267430976
4.329390197
5.337699836
4.092207535
4.871829146
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6 Supporting Information

H -5.380459210 -6.502812299  3.108003158
H -6.099144569 -5.202172706  4.107404797
Cc -2.833964370 -6.491932150  4.324647890
H -1.834257459 -6.063239363  4.542904004
H -2.775621033 -6.988371161  3.332696543
H -3.048267101 -7.274056812  5.083510201
Cc -2.494123459 -0.640575791  3.431109076
H -2.282619711  0.037970777  2.576254451
C -3.642757639 -0.014776226  4.241051972
H -3.918638281 -0.645052578  5.112509061
H -4.550772896  0.114529436  3.619768459
H -3.349103583  0.981397531  4.627976015
C -1.205347888 -0.729751106  4.266700145
H -1.357282059 -1.341341700 5.181691991
H -0.868852283  0.279870997  4.585447225
H -0.384031674 -1.193217638  3.681193836

\0; 3
N

Figure S12. Optimized structure at the BP86-D3(BJ)/def2-SVP level of theory for [Int-a]. Bond distances are in [A]. Hydrogen
atoms omitted for clarity.

Table S2. Atomic coordinates of the optimized structure [Int-a] at the BP86-D3(BJ)/def2-SVP level of theory.

Si -0.999583591  0.106429827 -1.306512127
Si -0.508008891 -0.384384659 1.376911730
Si 1.157734292 -0.362849993 -0.401577706
Si -0.796302903 1.811629930 0.334519654
Si  -2.377380603 -1.355010502  0.037105785
Si 1.536129162  1.979486927 -0.109659327
Si 2.043140346 -2.502210817 -0.042035773
N 3.572842778 -2.408584148 1.069701556
N 3.603699897 -2.840234226 -1.044913989
Cc 4.372647082 -2.820762704  0.066078931
C 3.851429045 -2.139770990  2.494755540
C 4.421279763 -0.715123340 2.617988412
H 5.399777567 -0.633676108  2.104131358
H 4.568363928 -0.439814276  3.681500981
H 3.734751267  0.023899041  2.162527099
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4.819448409
4.475758269
4.846642532
5.852698151
2.502551195
1.736888734
2.611023376
2.128402665
5.786032984
6.851764636
6.640112205
8.174536781
8.999861833
8.443617486
9.481644169
7.382443849
7.584511451
6.058164130
5.223813764
3.855663119
2.690079202
2.797840953
2.644179400
1.727327946
5.190281612
5.302917704
6.058887092
5.214533175
3.835785947
2.889853192
4.682877615
3.914254863
-0.687018609
3.078384996
-0.357824725
-0.199557186
2.108390933
-0.011594268
-2.228945750
-2.629068288
-3.857910646
-4.153431136
-4.708699676
-4.258054707
-4.879462332
-3.030327039
-1.776240180
-0.831951515
-2.466448865
-3.454530302
-2.633487596
-1.848137101
-1.382413676
-0.657656384
-0.898420485
-2.263769475
-6.083352597
-6.236148982
-7.176391806
-7.095143148
-7.071533217
-8.191531044
-6.221630528
-6.174064902
-5.421394457
-7.200436615
-2.503664816
-1.784850153

-3.170585967
-4.204197391
-3.023288961
-3.061419251
-2.236695312
-1.600104321
-1.895805372
-3.277895789
-3.279799515
-2.356726005
-1.284673728
-2.807925108
-2.079083123
-4.181495665
-4.533887210
-5.103626186
-6.180152557
-4.658876331
-5.373112113
-3.338284221
-2.802783860
-3.111621100
-1.696343893
-3.202017777
-2.799127589
-3.094703156
-3.198404164
-1.692910781
-4.881780266
-5.259690209
-5.301005839
-5.252682087
-3.507293830
-5.946470741
-5.380834503
-3.805799525
-5.356959242
-4.895991634
3.074893532
3.521038246
4.197975250
4.525751930
4.460259266
4.093785155
4.355188456
3.442520222
3.358228848
2.854383991
2.489924824
2.905766832
1.456505470
2.429628384
4.724318067
4.582302626
5.368855464
5.267798051
5.098771329
5.748003449
4.009204750
3.388456834
3.329588849
4.458306490
5.979790281
5.375437953
6.746332260
6.502160829
3.309763208
2.457204472

3.110484364
2.906911602
4.209448263
2.731559290
3.227402108
2.737839116
4.275744467
3.230572235
0.183317692
0.194255231
0.094309841
0.325222008
0.329782414
0.450984710
0.555504341
0.449860926
0.561708981
0.317632748
0.355001797
-2.408413589
-3.257093503
-4.315649348
-3.210561503
-2.883000198
-2.955962718
-4.018860542
-2.398043895
-2.897170459
-2.431668399
-1.995722879
-1.855129305
-3.474303603
2.872502756
1.171278187
-2.079299488
1.856193930
0.893406886
-1.079947491
0.167148820
-1.129462839
-1.279220318
-2.287259193
-0.195449047
1.084846815
1.955844997
1.288197540
-2.387919993
-2.094398973
-3.452736931
-3.738491846
-3.082039103
-4.370843244
-2.979896548
-3.807299452
-2.222548827
-3.381746014
-0.354861449
0.537655314
-0.321387922
0.592809845
-1.192336129
-0.351226029
-1.604698342
-2.535319358
-1.656506768
-1.606252355
2.709965583
2.719817794
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-1.725872005
-0.843254784
-1.382471435
-2.376025618
-3.583435562
-4.245355363
-3.118317246
-4.213360248
-2.834056351
-3.378581735
-3.743047068
-4.132506648
-3.645262547
-3.188577003
-3.119773335
-2.775025026
-3.710381062
-3.1525904438
-5.224104441
-5.513539827
-5.5632263335
-5.801468978
-3.292141420
-3.970660924
-3.334557596
-2.261870634
-3.990137843
-3.909837487
-2.965361790
-3.165747985
-3.010215716
-1.932819241
-5.432269103
-6.165684639
-5.571733079
-5.680987860
-2.245907314
-2.323145094
-0.756752994
-0.608420902
-0.183266070
-0.329330958
-3.041507337
-2.703391101
-4.128601071
-2.896814561
-3.923622263
-4.087334707
-5.258238607
-5.380644211
-6.284541924
-6.122698248
-6.928051675
-4.977527920
-3.097774140
-2.333922265
-2.343627678
-1.853807404
-1.554511790
-3.028692882
-3.753539922
-4.434687627
-2.969445985
-4.340499501
-7.551482747
-8.188444618
-7.256261957
-6.709983975

4.596602345
4.718495001
4.591205234
5.485087924
3.047146547
3.928533827
2.844792744
2.181491986
-3.006486287
-4.092487507
-5.297066168
-6.117051398
-5.477123754
-4.388441462
-4.505565268
-3.172390022
-3.983686818
-3.115177817
-3.713274825
-2.758273015
-3.665589409
-4.530275374
-5.221432181
-6.079618458
-5.002690346
-5.543173435
-6.803106153
-6.646752638
-7.885309452
-8.838624648
-8.091081666
-7.558178745
-7.247003683
-6.470397070
-7.440956353
-8.185257912
-2.140600920
-1.140626463
-2.402644160
-3.407379074
-2.363404862
-1.641302426
-2.039978702
-1.150875330
-1.932741642
-2.921949824
-0.627028023
-0.569395112
0.007311821
0.031423891
0.526420891
0.440627258
0.817389505
-0.134289975
-1.151789716
-1.727206875
-0.070862955
0.659673745
-0.538127293
0.485034911
-2.122677131
-1.593212121
-2.615662112
-2.911088329
1.117189372
1.446240157
2.355892144
3.127552156

3.048539584
2.392801410
4.102021921
2.904999843
3.765003346
3.896898495
4.750948420
3.488026322
-0.871691923
-0.115107604
-0.741020364
-0.118465636
-2.126865072
-2.877273373
-3.969614566
-2.299090252
1.366229615
1.773553716
1.511397460
1.032405995
2.575659661
1.030066852
2.181382600
1.992820823
3.267350995
1.933899609
-2.787013833
-3.886201901
-2.390905045
-2.924232208
-1.300238185
-2.624795542
-2.479429012
-2.778791376
-1.394802519
-3.018539214
-3.292647943
-2.818007019
-3.559903420
-4.006042450
-2.612619824
-4.243479625
-4.604832247
-5.176937069
-4.414561519
-5.263275792
0.925926373
2.351224282
2.880914224
3.975838384
2.072944466
0.682898567
0.032753055
0.101613904
3.370373096
2.811379635
4.162404665
3.490029327
4.787613360
4.833885450
4.371241688
5.070324691
4.981815627
3.867632199
2.677785653
1.826305084
3.543329107
2.964449271
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-6.630445830
-8.196671789
-8.340470150
-9.295897398
-7.757760907
-8.573975962
-4.952192009
-3.895045438
-5.391682160
-5.202893578
-4.848460658
-6.479291481
-5.793811095
-5.753144512
-6.856891358
-5.432189885
2.987289805
4.301235316
5.425105154
6.432800985
5.308007225
4.013201028
3.896267133
2.858282324
4.564912671
3.593361932
5.160516122
5.316385423
6.141804510
4.482154376
5.414657343
4.905381995
6.418478591
5.568574261
6.537966337
7.419899544
6.505507928
6.395124411
7.437564380
5.654737335
6.713684617
5.854729875
7.635342736
6.778785219
1.516634601
0.716038171
1.391144735
1.496783580
2.159713400
0.405509300
1.284045785
0.294350911
2.065777104
1.313579088
1.756633396
1.740296657
1.984978173
1.987857786
2.212268305
2.190811189
2.360447995
1.981803141
1.490450074
1.214911963
0.298395870
0.449264995
0.164404728
-0.643170120

2.094319358
2.807619989
0.054394237
0.470638045
-0.308684469
-0.824533795
-0.301759600
-0.499260940
0.960267595
0.845829199
1.855196601
1.147496856
-1.523554599
-1.674295432
-1.375385572
-2.452136065
2.295042184
2.234749035
2.471670765
2.433599558
2.743819750
2.781972403
2.980586114
2.575555048
1.910729752
1.677447143
3.118745885
2.889920313
3.410546036
3.992830683
0.642037469
-0.216936145
0.760418213
0.391260958
2.970536085
2.951032675
4.349518613
5.164954046
4.528466943
4.425828073
1.833567375
1.795524738
1.978144219
0.846983414
2.615854537
2.692009683
3.822629283
4.782419766
3.801209754
3.817871265
1.301736974
1.302470848
1.149530722
0.430832087
3.197019069
4.581791536
5.558008337
6.619801747
5.220413420
3.859210962
3.581066113
2.842001858
5.066630838
4.182870452
6.037015932
6.928899364
6.399895791
5.541422970

4.422277262
3.923052419
3.467293782
3.850806378
4.340287856
2.832501343
-1.414525210
-1.705121335
-2.171422431
-3.258492425
-1.811605339
-2.048363780
-1.832549121
-2.931468765
-1.546565040
-1.350771522
1.107212661
0.552950161
1.366484298
0.919541230
2.736263385
3.277973345
4.354504510
2.499840823
-0.913643470
-1.387392937
-1.657209870
-2.731626004
-1.227137894
-1.594804468
-1.063991315
-0.583296307
-0.604401674
-2.133957476
3.604561995
2.925587997
4.290336646
3.546701384
4.866522732
5.000062198
4.630421184
5.333660203
5.232596874
4.128460384
3.225219935
2.455526895
4.169372268
3.624331200
4.969038827
4.672695636
3.989908418
4.490532152
4.764318554
3.305609913
-1.580059754
-1.229947211
-2.212199099
-1.916572409
-3.556325383
-3.896058558
-4.949582689
-2.942938243
0.199452485
0.816434784
0.282756155
-0.360603038
1.322325599
-0.027923141
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2.766265592
3.077314804
3.605533866
2.596628146
2.466825195
2.610241781
3.757974200
4.629861341
3.672533606
3.971202537
1.256125070
1.430240700
1.063154982
0.334682603
2.027482552
2.010610667
3.304534974
3.346943731
4.220485667
3.336662785
0.780321295
0.661009039
-0.136688572
0.847495039
0.757629444

5.671713605
6.585344158
4.949209169
5.954970227
6.291537330
5.764535317
7.076899921
6.396703370
7.634786677
7.815734021
7.232613026
7.977134617
7.792997021
6.666290973
1.399545144
0.729797536
1.081612505
-0.000196517
1.340995142
1.634688547
1.062761222
1.765713437
1.115378908
0.033947068
-4.296672422

0.813861051
0.264075959
0.786523951
1.873581700
-4.607805599
-5.577720402
-4.306394366
-4.220020875
-3.349823032
-5.107423694
-4.760821735
-5.565981821
-3.821591931
-5.005545490
-3.448906450
-2.559307254
-4.248668187
-4.491823667
-3.684197737
-5.210432660
-4.279974647
-5.131114642
-3.659745906
-4.689678130
0.426724476

Figure S13. Optimized structure at the BP86-D3(BJ)/def2-SVP level of theory for [Int-b]. Bond distances are in [A]. Hydrogen
atoms omitted for clarity.

Table S3. Atomic coordinates of the optimized structure [Int-b] at the BP86-D3(BJ)/def2-SVP level of theory.

Si  -0.525697556  1.099388087  1.355307534
Si  -0.405382530 0.791797276 -1.484921966
Si 0.161345197 -0.884224919  0.195456507
Si  -2.368903374  0.632919909 -0.124929889
Si 0.518955696  2.587102543 -0.202232053
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-2.064284110
2.369395488
2.560464480
3.317148009
3.389528783
2.390747768
2.176959086
3.076380346
1.945947488
1.319102285
3.620772229
3.774182650
3.479494741
4.536863774
1.124416996
0.240314038
0.931991839
1.236096219
4.296128454
3.833115014
2.779088483
4.717906180
4.350611798
6.067439655
6.759939260
6.529827380
7.584693541
5.651187931
6.004376438
3.932459603
2.948343783
3.348863067
1.963907848
2.793215827
4.110193249
4.407698206
4.893643600
3.160153486
5.282342858
5.144460609
5.997278584
5.725729214
2.197760228
2.402533054
5.952664338
3.264697304
2.782891071
5.037542806
-3.995489090
-4.659273150
-5.834557955
-6.334811540
-6.383984330
-5.731434539
-6.158709342
-4.550573312
-4.114164168
-3.383431544
-3.360363290
-4.032415369
-2.502291083
-2.967852061
-5.188425962
-4.704875502
-5.790792721
-5.879041971
-7.637675244
-7.888506582

-1.705186545
-1.229801619
-2.875736886
-2.448858527
-3.337566625
-3.272757748
-4.791573929
-5.370306627
-5.024411659
-5.126702500
-2.827692990
-1.735763846
-3.073397887
-3.341186922
-2.544699554
-2.861350298
-2.769166880
-1.447085830
-4.515942762
-5.813564435
-5.963499136
-6.901355741
-7.911065091
-6.703512402
-7.559243449
-5.411861382
-5.250975850
-4.316805960
-3.302371565
-2.380672107
-1.560772291
-1.415682838
-2.065559591
-0.561323238
-3.778476723
-3.669643838
-4.367894536
-4.350059501
-1.637218300
-0.613735625
-2.175632877
-1.548854796
2.702278198
0.781065979
-1.037423315
1.908388789
0.760452425
-0.309863570
1.598969490
1.664647118
2.426895951
2.480416610
3.125435574
3.033105971
3.574140812
2.285278218
0.973917108
0.207029831
1.976208404
2.798479543
2.428570649
1.477078051
0.232976247
-0.392134332
-0.440571455
0.934853969
3.973522873
4.377066231

0.093265745
-0.449911486
-1.361110857

0.614187568
-0.395770468
-2.775384088
-2.916309737
-2.634284425
-3.975606101
-2.301560388
-3.593032361
-3.500242570
-4.665603274
-3.238212168
-3.259855570
-2.672774551
-4.327448386
-3.158889636
-0.462949885
-0.161491128

0.107846344
-0.199311495

0.041488738
-0.541862411
-0.571533517
-0.846671999
-1.118130339
-0.806174747
-1.043113193

1.948381290

2.797568638

3.819797708

2.863081850

2.343521773

2.568214630

3.630975507

2.055703225

2.530971087

1.872213332

1.471173332

1.220150071

2.884842487

0.230590673
-3.933037194
-1.385230015

0.096671119
-2.824245416
-1.276212670

0.004423166

1.267230379

1.385697416

2.365635704

0.296182030
-0.944435167
-1.803605581
-1.114063448

2.516619440

2.178409444

3.409465557

3.734287380

2.871487471

4.319567588

3.329258955

4.107058784

2.691448994

3.843140828

0.459536057
-0.546912884

S19

347



6 Supporting Information

TOIOOIOOIOOOIIITOIITOIOIIITIOIITIOIOIIITIOIIIOIOOIOOIOOOIIIOIIIOIOIIIOLIIIO

-7.372518812
-6.521870406
-7.121484110
-8.266340355
-8.837571320
-8.655379562
-9.034162573
-9.756960962
-3.855001092
-3.269885331
-4.824050574
-5.618439850
-4.274958464
-5.320353353
-2.843865197
-3.351588838
-2.305645182
-2.082802170
4.272020594
5.650083697
6.637258299
7.692989030
6.314651951
4.955664883
4.696623883
3.920535810
6.028137978
5.218402266
6.032148612
5.062302359
6.216897990
6.824214504
7.356893266
8.228726278
7.498829876
7.387651217
7.401563499
6.886758651
8.286266683
9.044429882
8.828251239
7.678891219
8.248283187
7.611512138
8.798965988
8.998790461
2.477482163
1.831713132
2.198690977
2.670148323
2.551571413
1.105092242
2.024182661
0.944917735
2.184339404
2.588953197
0.086080633
0.704794043
0.441303025
0.924288701
-0.433197159
-1.054910396
-1.753914790
-0.823176545
1.603204241
1.690640410
0.959790896
-0.034414418

5.172563895
5.783140871
4.831139348
5.827535350
3.136302880
2.717562880
2.285447036
3.756281161
2.284726699
1.340827620
2.306637315
1.539424635
2.115282101
3.293728470
3.441872821
4.424690029
3.423450415
3.385317596
2.125445691
2.286095850
2.153842051
2.276097988
1.885047410
1.846212541
1.694287060
2.003981288
2.794745975
2.474541684
4.338798159
4.733884010
4.754798243
4.719488462
2.248888614
2.634577632
2.563378283
1.142459591
1.687239446
1.481840276
0.469138501
0.301374580
0.615154640
-0.453431119
2.962101243
3.832309167
3.215044084
2.827538173
2.095991336
1.570465633
1.461586667
2.035996056
0.415733862
1.464727557
3.570885721
3.627998414
4.076179312
4.124615239
4.362822044
4.838894488
6.144271641
6.499409636
6.999532514
6.505921215
7.164282325
5.203169697
3.941701159
2.953634793
3.664135770
3.188030305

1.391676267
1.026022064
2.418316416
1.463461733
0.941572863
1.953920374
0.257733398
0.997394787
-2.472000173
-2.528639770
-3.664389643
-3.562823526
-4.609563414
-3.775578641
-2.564745831
-2.470296397
-3.535291561
-1.763060735
1.179684559
0.824636137
1.811391488
1.523833470
3.155012317
3.507799078
4.566837781
2.565726957
-0.562773898
-1.251758506
-0.531391755
-0.165967076
-1.544266178
0.148803401
-1.102725243
-0.531765931
-2.157529401
-1.069017383
4.202410512
5.167806486
3.873359172
4667168745
2.915187272
3.773725007
4.387021537
4.646637710
3.456355059
5.194377222
3.054025327
2.314833979
4.425096782
5.250073852
4.492809789
4.613054391
3.095762336
3.347496208
2126171241
3.875618838
-0.662738586
-1.857262022
-2.302364378
-3.227307507
-1.606509112
-0.448431064
0.093495686
0.036332844
-2.702980290
-2.193838898
-4.072337713
-3.944520298
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1.590272356

0.815133993

3.036454526

3.066784907

3.676324029

3.479641345
-0.724786492
-1.401826178
-1.467693828
-2.401216932
-0.837485598
-1.733237988

0.554660171

0.317306628

1.268153756

1.075370547
-1.572383196
-1.324668801
-3.096965896
-3.627408784
-3.445420172
-3.412948496
-1.109597927
-1.570365623
-1.406610882
-0.008774877
-2.101006132
-1.589330664
-1.521161072
-1.129223545
-1.936060324
-2.438142079
-2.766981479
-2.527378148
-1.116201287
-1.124514619
-2.081846317
-1.753585694
-2.135106198
-3.103862976

0.340078187

0.997429459

0.464728147

0.686245545
-1.846065345
-1.368761802
-3.246557044
-3.876879730
-3.179756741
-3.772553398
-0.952094770
-1.385012349
-0.838332774

0.057676834
-3.060048496
-3.109449701
-4.479584459
-5.191616530
-4.505142640
-4.848049239
-2.091316489
-2.433569522
-2.009327126
-1.070878922
-3.080224474
-4.454607700
-5.268878986
-6.324518513

2.978996423
4.603202868
4.481627771
5.452431602
3.762836492
4.631852005
8.406340229
8.882447774
8.367407654
7.772902574
7.905182492
9.391309432
9.260186348
10.299347216
8.844459515
9.301250026
4.762157183
3.690743717
4.864015733
4.492045001
4.265700297
5.915969547
5.552625599
5.140884519
6.620285785
5.517614862
-2.995923612
-4.286425629
-5.286883411
-6.283466795
-5.056611566
-3.782019898
-3.574778910
-2.752608437
-4.633168106
-3.697396428
-5.610965010
-5.826445880
-6.575192052
-5.185391649
-5.117380297
-4.364765289
-6.079808803
-5.271923279
-6.149887640
-7.029914062
-6.580414132
-6.910964859
-7.415734866
-5.739335737
-5.725923317
-4.858597842
-6.553797363
-5.430897105
-1.403169484
-0.742976611
-1.497206207
-1.927576475
-2.133957819
-0.492323561
-0.745974961
0.273039813
-1.342186431
-0.657211870
-2.352808585
-2.631570566
-3.161193457
-3.383638326

-4.671627301
-4.646862801
-2.818861990
-3.357696094
-3.370594302
-1.815512366
-2.111238885
-1.367169217
-3.461582277
-3.388378542
-4.250674287
-3.799475471
-2.194952218
-2.505639108
-2.937501539
-1.216567176
1.289123161
1.461457146
1.105454247
2.003819206
0.242953412
0.943350915
2.527092975
3.449680975
2.450934812
2.642214438
-1.318264095
-0.989257337
-1.977125728
-1.712271959
-3.298670192
-3.610829031
-4.642154351
-2.655218196
0.420478821
1.013294256
1.111418339
2149642342
0.562799182
1.163813787
0.442482203
-0.035753570
-0.098024689
1.486025184
-4.354344418
-3.867832339
-4.832855639
-3.982206233
-5.561415974
-5.332373456
-5.535125814
-6.076774712
-6.265997278
-5.184790086
-3.124741881
-2.230713720
-3.709842444
-2.978912426
-4.618965619
-3.996823744
-4.123561229
-4.400479371
-5.056774140
-3.696174415
1.578571988
1.314881716
2.331241549
2104774615
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-3.432608912
-3.039142577
-2.572391315
-5.079289346
-4.321801086
-6.296376232
-7.121495382
-6.693075227
-6.023734271
-5.404995889
-6.155032142
-4.495788385
-5.821094628
-5.680791588
-5.051975920
-6.224917036
-5.399654903
-6.875007159
-6.831462804
-6.821336997
-7.446719252
-7.485932609
-6.424239638
-1.125976736
-0.565931445
-0.433087684
0.641147302
-0.501497122
-0.881159491
-1.034736767
-1.576146514
-1.479981033
0.022200048
3.468600035

-3.399838690
-3.092731880
-3.266442499
-2.583252471
-2.399063450
-1.883127830
-1.458391389
-1.879387907
-1.291897711
-0.468857106
-3.740378702
-4.311234575
-4.365811536
-3.581186114
-3.954733334
-4.067546992
-5.348296505
-6.055556821
-5.299983522
-5.770432785
-2.974213999
-3.361194564
-2.818257553
-1.982395920
-2.289501222
-2.070618102
-3.481609519
-3.260959365
-4.399166996
-3.709243722
-1.024065474
-1.154853123
-0.152685076
-0.773519933
0.531491870

3.626664808
3.882424973
4.897872197
2.889063257
-0.060541655
-0.689847903
-0.014684199
0.597717514
-1.037882440
0.402232880
-0.742968906
-0.155756388
-0.843976206
-1.759317002
4.720577811
5.632067434
4.351950457
4.130609214
3.452771756
5.180678479
5.057304534
5.889237205
4.181258975
5.354341614
3.281170655
2.344026683
3.963770110
4.133788273
3.346304484
4.953478047
4.149748174
5.110909290
3.627607209
4.376356662

-1.203361082
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Figure S14. Optimized structure at the BP86-D3(BJ)/def2-SVP level of theory for [Int-c]. Bond distances are in [A]. Hydrogen
atoms omitted for clarity.

Table S4. Atomic coordinates of the optimized structure [Int-c] at the BP86-D3(BJ)/def2-SVP level of theory.

Si 0.951428118  0.001146030 -1.272718793
Si 0.174149641  0.634396668  1.396216412
Si  -1.205511092 0.862508110 -0.618995123
Si 0.289063589 -1.550658401  0.456933950
Si 2137757757  1.353673287  0.299886646

Si  -1.985345861 -1.379609597 -0.151103621
Si  -1.378949544  3.274692944 -0.796021259
N -2.650041504  3.673398340  0.625116507
N -3.204521543  3.554722272 -1.457767526
c -3.668992453  3.886891647 -0.229928960
Cc -2.600064750  3.686293527  2.098870214
c -3.102817358  2.326289180  2.617979638
H -4.164751026  2.165388837  2.351036535
H -3.012113446  2.257954119  3.720801652
H -2.520343234  1.502197592  2.163753668
c -3.429813666  4.834497676  2.711268941

H -3.164329827  5.806894262  2.248756198
H -3.210316081  4.897595094  3.796732967
H -4.518736569 4.678115364  2.598280184
c -1.120473054  3.895960311  2.477748440
H -0.479972475  3.107209821  2.029784859
H -0.993551272  3.849908349  3.577843286
H -0.751736457 4.876310775  2.114082811

c -5.034800880 4.360146656  0.126280030
c -5.983629991  3.424410766  0.589036065
H -5.706905215  2.362727415  0.664011099
c -7.268706883  3.850312254  0.959725664
H -8.003105843  3.113577908  1.320945050
Cc -7.613430353  5.210512608  0.874464891

H -8.620892076  5.544258037  1.168117544
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-6.668212522
-6.933244438
-5.382655349
-4.635110393
-3.643763118
-3.020543272
-3.224304130
-3.423147249
-1.918444453
-5.176045580
-5.419359665
-5.652709951
-5.627662087
-3.079149361
-1.975348385
-3.500230584
-3.333924462
2.056040423
2.791781550
1.326350156
1.623683994
2.456249201
2.685307500
3.008555968
2.682488620
3.097988484
1.845647444
1.089201171
0.273753624
2.183865436
3.063256221
2.530035899
1.807866559
0.469379984
-0.045322733
-0.283402340
1.236955407
3.946865363
4.183919652
5.271336892
5.758318119
5.097488746
5.980796141
3.283860161
3.040462054
2.339361440
3.959837424
1.540435025
0.637475130
1.219225620
0.457289492
0.835857918
2.121172050
2.676644620
3.636987130
2.452403697
2.831530683
3.672752866
5.078849647
5.923672939
7.006646403
5.424656306
4.034531523
3.641858630
3.137020053
5.622498110
4.854295456
6.906932634

6.146141383
7.213091465
5.723982294
6.454466930
3.955019392
2.912483065
3.162044151
1.904481365
2.873926772
3.965086296
4.111830544
4.784899649
3.011179216
5.358298325
5.368972465
6.115003746
5.661758988
3.151133083
3.940162270
-3.101935352
-3.987405166
-5.096851357
-5.768838692
-5.368695865
-4.506286007
-4.719556345
-3.386478700
-3.762850230
-3.008988300
-3.184071816
-3.860884046
-2.196299948
-3.050118454
-5.025147586
-4.764317533
-5.480196898
-5.793103956
-6.548880353
-6.583008264
-6.339096288
-5.388211339
-6.295607444
-7.170426973
-7.886910954
-7.924993936
-8.039495774
-8.739919861
-2.502823409
-1.909477528
-3.313514281
-4.094852591
-2.646533947
-3.817123633
-1.498749267
-2.021834770
-0.858658864
-0.834825313
3.275459880
3.248718765
2.756901049
2.712608347
2.306910545
2.346188229
1.987458802
2.822802931
3.776414328
3.557704900
3.079476382

0.416325723
0.354025977
0.043644179
-0.301771185
-2.807789056
-3.755789804
-4.816454441
-3.539976309
-3.617090563
-2.977071165
-4.049185552
-2.408010917
-2.648831873
-3.126467131
-3.016380345
-2.433132792
-4.163212766
0.033641612
-0.695526853
0.817471146
-0.263255711
-0.035797820
-0.878270739
1.228345942
2.287225157
3.285473152
2.112129094
-1.676550118
-1.606677459
-2.589522798
-2.632230413
-2.222680116
-3.624647574
-2.297446437
-3.244299378
-1.626380051
-2.531033890
1.439394990
2.526377845
0.678237071
0.975600421
-0.417873504
0.875010732
1.062102274
-0.020766462
1.623272527
1.281579374
3.316821173
3.055759853
4.583568857
4.386388445
5.383753815
4.990523021
3.572321427
3.765187902
4.450645068
2.701433288
-1.676663315
-1.440929927
-2.445614442
-2.252728631
-3.684620708
-3.894702054
-4.858605970
-2.921338931
-0.116914526
0.653769720
0.349315453
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6.780667767
7.165965903
7.773132501
5.789746326
6.546703107
6.123826666
4.827612223
6.362518573
5.724224552
7.317364519
7.955792263
7.990873328
6.754293891
7.140962013
6.452511885
7.794389657
7.790729550
1.641072372
1.100113732
1.250950510
1.767255920
1.527996893
0.154791837
1.150142721
0.042336830
1.450714425
1.537071214
3.727477234
3.963356468
5.108468063
5.283221451
6.014147696
5.735223554
6.418586649
4.605015459
2.956141464
2.160743999
2.260174653
1.743618689
1.500436485
2.984747743
3.570985805
4.397119715
2.801838066
3.969591864
7.231116089
7.798197828
6.805970166
6.150655106
6.241575324
7.691101931
8.164240315
9.066682156
7.654748830
8.495267778
4.317442841
3.210057298
4.899750565
4.524080381
4.598770908
6.008758026
4.757604422
4.510971692
5.852147807
4.261959352
-3.451966015
-4.669716040
-5.765639815

1.978380724
3.409795218
3.322166376
5.308079299
5.585595406
5.711449208
5.791070169
1.797210839
1.504035695
2.907341198
2.549775665
3.238023156
3.796968340
0.545424462
-0.269520289
0.769518739
0.167622914
2.945165417
2.588670045
4.423753412
4.859409446
5.018044249
4.521614208
2.077810907
2.108441840
1.017359327
2.430679330
1.041827927
1.837758776
1.589462799
2.204771848
0.562493196
-0.246798919
-1.079266080
-0.041214841
2.871201895
2.998309847
2.346122759
1.385863731
3.072506673
2.172555336
4.265454240
4.249836346
4.974481357
4.671673260
0.290350694
-0.535139833
-0.195938151
-1.088286737
0.592429456
-0.460421411
1.512583325
1.280785180
2.375563456
1.835651576
-0.995819924
-1.119790289
-2.401683036
-3.077775395
-2.835977529
-2.406415119
-0.383297234
-1.059090372
-0.204476612
0.587927470
-1.100190357
-0.678731328
-0.293515850

0.371738805
1.375828462
-0.302717834
-0.184816664
-0.948759688
0.794833764
-0.451022381
-4.771759448
-5.635327748
-5.253603295
-6.089160952
-4.434599080
-5.602448008
-4.323485939
-4.022905229
-3.453590981
-5.141090364
-3.199185071
-2.293498230
-3.388170649
-4.269917437
-2.490553339
-3.533880282
-4.362172003
-4.413762710
-4.232607954
-5.341562301
1.266020589
2.427639022
3.205920412
4.103483085
2.890484109
1.775188197
1.549012427
0.964079608
2.941087853
2.181329756
4.211743336
4.004888331
4.569117953
5.035090525
3.149049585
3.891094145
3.519103569
2197919304
3.764022601
3.278672436
5.164121221
5.095646236
5.705844321
5.780325860
3.849165913
4.452978263
4.327869061
2.841599021
-0.191709110
-0.227180103
0.003182591
-0.789037442
0.977552842
-0.059815488
-1.531008732
-2.376153324
-1.537669269
-1.720504232
1.058786360
0.442837998
1.237468820
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-6.705137082
-5.705421085
-4.513151632
-4.445664441
-3.394719842
-4.844628071
-3.839870438
-5.693200160
-5.766868300
-6.722697088
-5.241778200
-5.369966948
-4.679626027
-6.381861430
-5.441798897
-6.885215729
-7.726488172
-7.347212074
-7.585665587
-8.251781790
-6.560135371
-6.566180481
-5.712518939
-7.438714599
-6.292614946
-2.183573870
-1.406492426
-2.531206418
-2.953038210
-3.280266932
-1.627529837
-1.575952566
-0.705463304
-2.314294208
-1.225095974
-2.407428552
-2.702184725
-3.041608638
-3.276404705
-3.077273052
-2.758848543
-2.771019683
-2.430547941
-2.684652590
-2.333612067
-1.683258250
-1.951112882
-1.663461395
-0.656262203
-4.107670481
-4.551414561
-4.770039717
-4.106923616
-3.429745439
-3.404066869
-4.854544757
-5.603322738
-4.941260927
-5.125062061
-2.387060202
-2.621541065
-2.364745110
-1.367278397
-2.091474904
-2.026270651
-3.166166643
-2.913988310
-4.164965163

0.015515186
-0.297309502
-0.740322194
-0.769004818
-1.148919141
-0.675302593
-0.801138731
-1.873149865
-1.899664211
-1.814740661
-2.830179302

0.658266351

1.482342740

0.907169839

0.622677778

0.182133207

0.362592978
-0.881639116
-1.840240300
-0.542010157
-1.086483439

1.520923810

1.410151872

1.885179270

2.304732843
-1.659602672
-1.941107511
-2.919257169
-3.715382829
-2.694077962
-3.320283797
-0.584974709
-0.988743374
-0.222897620

0.293754525
-2.754972605
-4.041467989
-5.103926769
-6.086890517
-4.950551253
-3.687975030
-3.557541268
-2.589481581
-4.315267430
-3.390713314
-5.417755570
-6.396496144
-5.551644081
-5.156682794
-4.603667628
-5.475682381
-3.729465104
-4.832923368
-6.116611281
-5.729178445
-6.636547296
-5.824070668
-7.050790316
-7.445562788
-7.246860488
-8.071939843
-7.676016146
-6.875464527
-1.269321867
-0.483850626
-0.829145733

0.163150106
-0.756709284

0.748519827
2.640614449
3.236524733
4.336276243
2.482790578
-1.073902101
-1.524184579
-1.535946453
-2.643273660
-1.122820352
-1.207956118
-1.614643731
-1.346366487
-1.231797845
-2.721667078
3.476590865
2.769514438
4.489619824
3.985316065
5.036408499
5.245739483
4172201323
4.873770513
4.754664800
3.437012524
3.263284808
2.518617968
4.079151087
3.437575500
4.867170831
4.579678341
4.180894975
4737079769
4.926664340
3.601216770
-1.416838032
-0.875087404
-1.731236814
-1.290868536
-3.127312322
-3.650964924
-4.745901683
-2.830904349
0.627642826
1.133696178
1.015716052
0.564592558
2117529676
0.691392576
1.140347227
0.615828600
0.978162988
2.226089007
-4.040721081
-5.083915270
-3.769434824
-3.866800343
-2.742576078
-4.480275268
-3.935626633
-4.640816750
-2.911484439
-4.162928857
-3.519199514
-2.733001404
-4.528083506
-4.954217414
-4.052679953
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Figure S15. Optimized structure at the BP86-D3(BJ)/def2-SVP level of theory for 2. Bond distances are in [A]. Hydrogen atoms

-3.250641742
-0.707682679
-0.674052110

0.081047813
-0.450823463

omitted for clarity.

Table S5. Atomic coordinates of the optimized structure 2 at the BP86-D3(BJ)/def2-SVP level of theory.

Si
Si

OITIO0OO0OIOOIOOO0OO0

-0.294305372
1.131875771
-0.196145250
0.329461783
-1.964683924
-2.114939792
3.140670196
4.061722269
4.973114847
2.678617033
2.095040733
1.313665825
2.239149181
2.273453334
2.987039139
1.404778310
0.471512137
-0.227881298
0.398795272
3.109103481
3.154001313
4.563151479

-1.538681601
-1.343115994
-2.142803668
-1.560683781

-0.380778410

1.261767703
2.354461370
0.911266358
-0.734942488
-1.410728717
0.958765700
0.111823616
0.516315373
0.023666896
1.676843172
-1.273118666
4.159311100
4.506121005
5.829037578
6.090113048
6.819648339
6.452835000
7.217705203
5.143347522
3.449852910
2.566019804
3.900095752

-5.377505925
-4.185684659
-4.955883846
-3.437515153
-4.672458972

1.295707973
-0.245938360
-1.577540235

0.114545351

0.099931412
-0.219253802

0.480115129

2.093590935

0.185738421

0.068535785

0.138497604
-0.760924266
-1.789913993
-2.266488420
-3.064489844
-1.773410960
-0.787878242
-0.414940899
-0.279020569
-2.474829170
-1.808674724
-2.691994226
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5.164987797

5.031742304

4.640551436

2.447265026

3.026868400

2.380769158

1.419133708

1.443742387

1.017563013

0.012848522

1.729229528

0.988019105
-0.635891689
-0.916853962
-0.002742747
-0.729795245

0.335957669

0.877487054
-1.945400271
-2.372413269
-1.813908017
-2.699269471
-3.546605651
-3.903357881
-4.884721566
-5.153317740
-5.534840640
-5.189344005
-5.690495588
-4.213166717
-3.214013263
-2.794677907
-2.021781387
-1.471421723
-1.299265679
-2.361544212
-4.168466290
-3.654978982
-4.513956093
-5.067883078
-6.562074489
-6.701348384
-6.037364713
-6.758412477
-5.067126180
-5.878265456
-7.928771044
-8.308611404
-8.680268726
-7.861473510
-3.860251621
-3.246140788
-3.002614868
-3.544657130
-2.054577348
-2.745498629
-5.084237005
-5.739505444
-5.691924472
-4.751276034
-3.103237245
-4.498743512
-5.401342291
-6.470076230
-4.983634901
-3.618627024
-3.278930918
-2.671911283

3.067782263
4.216445447
4.748145083
3.002454808
2.183548829
3.845514241
2.627049715
8.241354511
8.281340943
7.832896033
7.712930598
9.325070622
4.807215689
3.739098760
4.925601800
4.646178045
5.966235141
4.257263216
5.602988827
5.556027945
6.670949056
5.170820473
2.202225024
2.994704594
3.994513435
4.617559256
4.233966685
3.428311945
3.594018419
2.420243669
2.827307902
1.798236829
3.793430684
3.621381921
3.660223335
4.850787890
2.957950858
2.653969745
4.003150285
2.320752176
5.349933674
5.784121754
6.471055631
7.313981436
6.865938225
6.095824934
4.822411548
4.027136535
5.639226038
4.392435660
1.636786105
0.762012847
2.504436336
3.429721483
2.804323284
1.952501962
1.078658288
0.494675964
1.885040112
0.398142475
-1.880270241
-1.992717496
-2.359587552
-2.456283915
-2.593450818
-2.442799087
-2.608027052
-2.099108714

-3.113349473
-1.737235948
-3.404879225
-3.794449091
-4.271038600
-4.514761009
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-0.755625227
-0.731009643
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H 7.308432589 -1.506597918  0.327095929
H 7.282563707 -1.970300473 -1.402174583
Cc 5.007740459 -0.613880810 -2.136020997
H 4303707204 -1.444547700 -1.937690735
H 5.632865222 -0.890647205 -3.007881727
H 4424183639 0.291354370 -2.400833971
C 2.822705806  8.895979312 -2.111493393
H 3.611522385  8.360995983 -2.681653483
H 3.116241045  8.884597980 -1.041901367
H 2.817360269 9.950754244 -2.458454579
H 0.698853727  8.830132305 -1.738204777
H -5.396113173  -3.099804742  5.643715419
H -2.655447547 -6.959196031 -3.548003388
1 [Int-a]

E+ZPE = —5644.299120 Hartree E+ZPE = —7492.559270 Hartree E+ZPE = —7492.564510 Hartree

[Int-c] 2

E+ZPE=-5757.486119 Hartree

E+ZPE =-5757.624181 Hartree

Figure S16:: Free Gibbs energies in Hartree of 1, [Int-a], [Int-b], [Int-c] and 2.
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LUMO+2
-1.64 eV

LUMO+3 LUMO+4
-1.50 eV -1.38 eV

Figure S17: Selected molecular orbitals of 1 at the BP86-D3(BJ)/def2-SVP level of theory (isocontour value 0.051840
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LUMO+1 LUMO+2
=1.95eV -1.68 eV

LUMO+3 LUMO+4
-1.63 eV -1.56 eV

Figure S18: Selected molecular orbitals of [Int-a] at the BP86-D3(BJ)/def2-SVP level of theory (isocontour value
0.051840).
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LUMO+1 LUMO+2
-2.29eV -1.86eV

LUMO+3 LUMO+4
-1.61leV -1.58eV

Figure S19: Selected molecular orbitals of [Int-b] at the BP86-D3(BJ)/def2-SVP level of theory (isocontour value
0.051840).

S34

362



6 Supporting Information

HOMO-4 LUMO+1 LUMO+2
-5.26 eV -2.11eV -1.91eV

LUMO+3 LUMO+4
-1.68 eV -1.66 eV

Figure S20: Selected molecular orbitals of [Int-c] at the BP86-D3(BJ)/def2-SVP level of theory (isocontour value
0.051840).
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HOMO-4 LUMO+1 LUMO+2
-5.01eV -2.08 eV -1.92eV

LUMO+3 LUMO+4
-1.89 eV -1.36 eV
Figure S21: Selected molecular orbitals of 2 at the BP86-D3(BJ)/def2-SVP level of theory (isocontour value 0.051840).
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Figure S22. Calculated transitions (vertical bars) and simulated UV-Vis absorption spectrum of siliconoid 2.
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Table S6: Selected electronic transitions and optical parameters of the TD-DFT calculations of siliconoid 2.

Transition Acalc. max Transitions f Contribution
No. [nm] [%]
1 705 HOMO — LUMO 0.0088 91
HOMO-1 - LUMO 4
2 402 HOMO-3 - LUMO 0.0118 57
HOMO-2 - LUMO 19
HOMO-1 - LUMO 11
HOMO — LUMO+3 3
3 396 HOMO-4 — LUMO 0.029 22
HOMO-3 - LUMO 13
HOMO-1 - LUMO 51
HOMO-2 - LUMO 3
4 392 HOMO — LUMO+3 0.0076 78
HOMO-4 — LUMO 3
HOMO — LUMO+7 2
5 371 HOMO-3 - LUMO 0.0051 17
HOMO-2 —» LUMO 59
HOMO-15 — LUMO 2
HOMO-5 — LUMO 9
HOMO-4 — LUMO 3
HOMO-1 - LUMO 2
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4. Details on X-ray Diffraction Studies

Figure S23. Molecular structure of siliconoid 2 in the solid state. Hydrogen atoms omitted for clarity. Thermal ellipsoids

represent 50% probability.

Table S7. Crystal data and structure refinement for 2 (CCDC: 2016837).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

sh3999b
C91 H138 N2 O Si7, C7 H14
1558.83

133(2) K

0.71073 A

Monoclinic

P24/c

a=13.0001(3) A

b = 28.8076(8) A

C = 26.4244(6) A

9878.0(4) A3

4

1.048 Mg/m3

0.140 mm"

3416

0.343 x 0.083 x 0.028 mm?3
S39

o = 90°.
B = 93.4546(9)°.
v=90°.
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Theta range for data collection 1.925 to 29.594°.

Index ranges -18<=h<=18, -40<=k<=33, -36<=[<=35
Reflections collected 159316

Independent reflections 27713 [R(int) = 0.0382]
Completeness to theta = 25.242° 99.9 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7459 and 0.7132

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 27713 /311 /1110
Goodness-of-fit on F2 1.039

Final R indices [I>2sigma(l)] R1 =0.0492, wR2 = 0.1436

R indices (all data) R1=0.0613, wR2 = 0.1541
Extinction coefficient n/a

Largest diff. peak and hole 1.489 and -0.380 e.A-3

PLAT097 B LEVEL ALERT: The largest peaks of residual electron density are located near the co-crystallized
hexane molecule indicating some unresolved disorder.
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