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Conducting polymers (CPs) are unique due to their ease of synthesis, environmental stability, and simple
doping/dedoping chemistry. Electrically conductive silicone polymers are the current state-of-the-art for, e.g.,

optoelectronic materials.

silicon-containing polymers silane silole

| 1. Introduction

Silicon, as the second most common element in the earth’s crust, forms bonds mainly with oxygen (siloxanes),
hydrogen (silanes), and carbon (silanes and siloles). Due to their physicochemical properties, silicone structures
have found wide application in materials science [, optoelectronic technology &, medicine B, and environmental
protection . Compared to carbon and its bonds, e.g., with hydrogen, the Si-H bond is polarized in such way that
silicon has a positive character and hydrogen has a hydride character Bl As a result, silanes undergo heterolytic
reactions more easily than alkanes. Moreover, Si—-H and Si—Si bonds are weaker than their carbon analogs, while
Si—-X bonds (X =N, O, S, F, Cl, Br, and I) are much stronger than C-X bonds. Another difference is the instability of
hydrosilicons, given the thermodynamic and kinetic results, compared to hydrocarbons ElZ, This stability can be
increased by introducing organic groups (Si—C bonds instead of Si—H). Furthermore, the Si—Si bond, due to the
presence of delocalized d-electrons, can be compared to the C = C bond and delocalization of 1t-electrons 8. The
siloxanes have a Si—O bond with a length of 1.64 A, which is significantly longer than that of the C—C bond (1.53
A). Moreover, the Si-O-Si bond angle is approximately 143°, which is much larger than the tetrahedral angle
(~110°). The significant fact is that the Si-O-Si bond angle is so flexible that it can easily pass through the linear
180° state . Furthermore, the torsional potential of Si-O bonds is significantly lower than that of C—C bonds. Due

to these properties, siloxanes are flexible chains and have high thermal stability (91,

Recently, silanes and siloles have been used as promising building blocks for functional organic materials, since
silicone-containing 1-conjugated compounds are endowed with efficient electron-transporting properties and/or
high quantum yields. Due to the direct relationship between the electronic structure of 1-conjugated heteroaromatic
systems and optoelectric properties, compounds with specific parameters can be designed. By adjusting the
highest occupied molecular orbital (HOMO)/lowest unoccupied molecular orbital (LUMO) energy levels, one can
control the length of the 1t-coupling, the frequency of light emission, as well as the injection of the charge. The
silicon-containing polymers with multifunctional properties and the ease of their modification by chemical synthesis,

using the most common polycondensation reactions based on Suzuki-Miyaury, Stille coupling, Heck, and
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Sonogashira reactions, have a wide range of potential applications in optoelectronics 11, gas separation

membranes 22, porous organic frameworks 13, surface coatings (14, and sensors 12!,

| 2. Arylsilanes—The Most Commonly Used Syntheses

Recently, a lot of attention has been paid to arylsilanes, because silicon can serve as a link between moieties in a
molecule and also between organic and inorganic materials 817, Such materials, due to the higher ionic
character of the C—Si bond compared to the C—C bond, have greater thermal stability [X&. Moreover, molecules
based on silane core have been proven to be building blocks for constructing various 3D porous metal-organic
frameworks (MOFs), dynamic covalent frameworks (DCFs), element-organic framework (EOF), and dendrimer-like
structures 1220121 The next important group of silanes is the group of tetra-arylsilane (TPS) derivatives, due to
their wide energy gap, triplet energy level, and high electrochemical, thermal, and morphological stability [22123],
More importantly, with its higher solubility used in low-cost processing techniques, such as spin-coating and inkjet

printing, desirable for large-area applications, TPS is a promising building material on an industrial scale [241251[26]

In the synthesis of arylsilanes, palladium-catalyzed coupling reactions (e.g., Suzuki and Stille reactions) and
Grignard reactions are most often used [231271281129] |n order to obtain silane intermediates in the above reactions,
the most common is the metalation reaction with the addition of chlorosilane additionally substituted with an aryl
group or an alkyl chain BY[E132],

This solution was used by R. Yang et al. 33, The targeted compounds named TCzSi and DCzMzSi were
synthesized by a palladium-catalyzed Suzuki—Miyaura coupling reaction (Scheme 1). The first stage was based on
a metalation reaction with the addition of phenyltrichlorosilane. The results indicate that the typical tetrahedral
geometry owing to the coordination of silicon was effective in ensuring the separation of the three functional units in

a molecule and lead to a high triplet energy level (ET) and relatively wide band gap (EQ).
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Scheme 1. The synthetic route to TCzSi and DCzMzSi [22],

O. Bezvikonnyi and co-workers obtained 9,9'-bis(triphenylsilyl)-9H,9'H-3,3'-bicarbazole (BiCzSiPhs) in a two-step
synthesis (341 The first step, the synthesis of 3,3'-bicarbazole, was a Friedel-Crafts reaction with FeCl; as Lewis
acid. This method allows the synthesis of 3,3-bicarbazole without using column chromatography. Compound
BiCzSiPh; was synthesized by standard treatment of the intermediate with n-BuLi, and then the reaction was

guenched with chlorotriphenylsilane.

| 3. Siloles—The Most Commonly Used Syntheses

Siloles possess a low-lying LUMO level, due to the o*—1t* conjugation between the 1t* orbital of the butadiene
moiety and the o* orbital of the two exocyclic o-bonds on the silicon atom B3, Furthermore, the silicon atom
stabilizes the highest occupied molecular orbital; thus, siloles exhibit high thermodynamical stability in the air 38,
Moreover, aggregation-induced emission (AIE) has been observed in silole BZ. Phenyl substituted siloles and
polysilanes can be considered examples of mixed t-conjugation/cross-hyperconjugation and T-conjugation/o-

conjugation, respectively.

The synthesis of dithiensiloles, as in the case of arylsiloles, is based on C-C coupling reactions, e.g., the Stille and
Sonogashira reactions 8139 Similarly, silole-containing intermediates are synthesized by metalation in reaction

with n-BuLi or reductive cyclization with lithium naphthalenide [B&1491,

A. Pocheim et al. attempt to show that the combination of siloles as the prototypical examples of cross-

hyperconjugated molecules and oligosilanes, representative of o-conjugation, forms systems of extended
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conjugation, leading to altered optical absorption properties [l Researchers decided to use
di(phenylalkynyl)silane 37 as a starting material (Scheme 2). Reductive cyclization with lithium naphthalenide was
followed by a reaction with excess dichlorodimethylsilane to the 2,5-chlorodimethylsilyl substituted silole 38. If
chlorotrimethylsilane was used instead of dichlorodimethylsilane, the 2,5-bis(trimethylsilyl) substituted silole 40 was
obtained. The chlorodimethylsilyl substituents of 38 provide the possibility to introduce oligosilanyl groups to the
2,5-positions. A reaction with potassium tris(trimethylsilyl)silanide led to a formation of the neopentasilanyl
substituted silole 39. Compound 38 was also reacted with 1,1,4,4,4-pentakis(trime-
thylsilyl)tetramethyltetrasilanylpotassium to yield compound 41 with attached oligosilanyl fragments containing

linear hexasilane units.
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Scheme 2. Synthesis of a variety of 2,5-disilyl substituted siloles 411,
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