Identifying Suitable Strategies for Silole Synthesis
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Abstract

We are currently working in the field of group 4 metalloles with a main focus on siloles. Siloles are higher congeners
of cyclopentadiene, which have an astoundingly narrow HOMO-LUMO gap. For this reason, we are interested in
their electronic properties and their use as ligands for early transition and rare earth metals. In this case study

| utilize Science of Synthesis Online to search the literature for strategies toward silole synthesis and to reduce the
various options to a small number of most suitable pathways. (Scheme 1)
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Scheme 1 Using Science of Synthesis Online To Find Synthetic Strategies To Obtain 2,5-Disilyl-Substituted Siloles

Discussion

Since the very first synthesis of a silole some 60 years ago by Braye et al., various synthetic strategies have been
developed. The small HOMO-LUMO gap, fluorescent behavior, and the ability to engage in aggregation induced
emission make siloles of special interest not only for optoelectronic devices, but also as ligands. Therefore, we
used Science of Synthesis Online to search the available synthetic strategies for the most suited to our research.

Noteworthy is that Science of Synthesis Online has a distinct 18-page chapter on the subclass of siloles written by

J. Kobayashi and T. Kawashima in 2014. This chapter was found by clicking on “Explore Contents” and subsequently
following the subclasses “Organometallics”, “Silicon Compounds and As, Sb, Bi Compounds (Group 15)”, “Silicon
Compounds” and “Siloles”. In this chapter the different synthetic approaches are sorted from a retrosynthetic point
of view, based upon which bonds of the silole ring are formed. A careful review reduces our synthetic options to two,
applying the criteria of having no siloles in condensed ring systems and the required possibility to introduce silyl
substituents in 2- and 5-positions (Scheme 2). Path | is an endo-endo reductive intramolecular cyclization of a
dialkynylsilane with lithium naphthalenide and subsequent treatment of the in situ generated 2,5-dilithiosilole with
halosilanes.

This method offers a rich scope of different substituents in 1,2,5-positions, but critically depends on aryl substituents
in positions 3 and 4. Yields of this method are typically very good with more than 80%. In a complementary route,
path Il offers manifold substitution possibilities for the 2-, 3-, 4-,and 5-positions, but is rather limited with respect to
substituents on the central ring silicon atom (Scheme 2). The transmetallation step from the zirconacyclopentadiene
requires silanes with high electrophilicity and low steric demand. Even in the case of tetrabromosilane the yield of
28% under harsh conditions is rather low.
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Scheme 2 Two Possible Synthetic Paths to Siloles Using Search Criteria That Exclude Condensed Ring Systems and Allow the
Introduction of Substituents at Positions 2 and 5

Another option to search Science of Synthesis Online is to use the text or structure-search or a combination of both.

A simple search for “silole” gives 31 hits, with 23 of them referring to the chapter on siloles. The use of the phrases
“silylsilole” and “silyl silole” did not lead to any reasonable results. A structure search on the silole substructures 1 and 2
(Scheme 3), leads to 4 and no hits, respectively. The 4 hits consist of path I, a pathway toward a condensed ring system
and two hits for path Ill, carboboration of dialkynylsilanes. This method gives direct access to a different substitution
pattern for the 3- and 4-positions. In fact, the boryl moiety is a reactive site readily accessible to cross-coupling
reactions. A word search on 2 (“1,1-dibromosilole”), however, leads to one hit, path Il (Scheme 2). A combination of text
and structure search was not done, due to the small number of hits, but this option might be very useful in terms of
more general topics.
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Scheme 3 Structure Searches for Substructure 1 leads to Path Ill, Whereas Substructure 2 Leads to no Results

With the help of Science of Synthesis Online we were able to analyze the various existing methods and variations

for the synthesis of siloles and reduce our options to three pathways. Since these three pathways vary in the scope
of attached residues to the silole, they complement each other well. This gives us the option of modifying the steric
and electronic properties of the silole by choosing different synthetic pathways.

Conclusion

Science of Synthesis Online is helpful on manifold different substructure related synthetic strategies. In the case of
siloles, a dedicated chapter on this topic exists, providing an overview about the most common and synthetically
reliable strategies. The additional option to search for structures and/or topics complemented the literature search
well. Overall the focus on the experimental aspects of chemistry is very handy. The procedures, yields, and comparisons
of solvents as well as the cross-referenced literature are easily obtainable from the text. In conclusion Science of
Synthesis is an enrichment for a chemist’s everyday life.
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