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Theoretical Molecular Design of Hexasilabenzene Analogues
Aiming for the Thermodynamic and Kinetic Stabilization
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[Abstract]

Hexasilabenzene (HSB) in which all skeletal carbon of benzene are substituted with silicon
atoms has not been isolated yet, and it has been a challenging target for synthesis. In the
present study, some ideas to overcome the difficulty of the isolation and to increase the
thermodynamic and kinetic stabilities of HSB are suggested. Hexasilabenzvalene (BV-type),
hexasilaprismane (PR-type) and Hexasila-Dewar-benzene (DB-type) are well known valence
isomers of HSB (BE-type). Since the silicon containing multiple-bonded compounds are
highly reactive, it is necessary to protect themselves kinetically with bulky substituent.
However, the stability of the BE-type relative to the isomers significantly decreases as the
substituent becomes bulkier. Therefore, aiming for solving the dilemma, HSB analogues were
designed to exclusively stabilize the BE-type compared to the isomers by hydrogen-bonding
and stacking interaction. As a result, some crosslinking substituents were found to be
remarkably effective to achieve both thermodynamic and kinetic stabilization.
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Fig. 1. Structure of HSB (BE-type) and some examples of its major valence isomers.
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Fig. 2. Str.1 (with crosslinking substituents).

Table 1. Relative energy (kcal/mol) of other valence isomers to BE-type for some HSB analogues at
the B3LYP/cc-pVDZ level

SicHs Sis (t-Bu)s Sis (COOH)s Str.1
BE-type 0.0 0.0 0.0 0.0
BV-type 4.7 -33.0 20.7 19.3
PR-type 4.2 -49.6 42.9 65.4
DB-type 5.4 -36.7 43.1 52.8
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