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The “Missing” Hexasilaprismane: Synthesis, X-ray
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The chemistry of polyhedranes comprised of group 14 elements
heavier than carbon is growing rapidly.»® Very recently, we
reported the synthesis of hexagermaprismane, octasilacubane,
and octagermacubane? by reductive coupling of chlorogermanes
and chlorosilanes. The missing hexasilaprismane is of special
interest in relation to the hitherto unknown hexasilabenzene,*
and we report herein the first successful preparation and
characterization of hexasilaprismane together with its crystal
structure.

For the synthesis of strained polyhedranes, proper choice of
both starting compounds with a suitable substituent and metals
as reducing reagent is of crucial importance. Alkali metals are
powerful reducing agents but sometimes cause cleavage of the
Si-Sibond. We used the Mg/MgBr; reagent that was hoped not
to cleave the resulting Si-Si bonds.5¢

The hexasilaprismane, hexakis(2,6-diisopropylphenyl)tetracyclo-
[2.2.0.026.0%.5  hexasilane (3), was thus prepared by the dechlo-
rinative coupling reaction of 1,2-bis(2,6-diisopropylphenyl)-
1,1,2,2-tetrachlorodisilane (1, 10.0 g, 19.2 mmol) with Mg (80
mmol)/MgBr, (80 mmol) in THF (Scheme I). Purification by
chromatography on silica gel with hexane/toluene afforded 3
(514 mg, 7.1%) as orange crystals: mp > 220 °C, MS (FAB)
11341140 (M*cluster), consistent with SigC7,Hg2. The previous
study demonstrated that the reaction of 1 with lithium naph-
thalenide did not give the hexasilaprismane 3. The reaction of
(2,6-diisopropylphenyl)trichlorosilane (2) with Mg/MgBr; also
gave 3 but in very low yield (1%).

Contrary to other polyhedranes, the hexasilaprismane 3 is
thermally and oxidatively fairly stable in the solid state, no change
being observed evenaftera couple of monthsin air. Thestructure
of 3 waselucidated unequivocally by the X-ray diffraction method
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(Figure 1).8 Thecrystalstructure of 3 occluding toluene possesses
a crystallographic 2-fold axis. The skeleton is slightly distorted
from the regular prismane structure made up from two triangular
units (Si-Si: 2.374-2.387 A, av 2.380 A, and Si-Si-Si: 59.8—
60.3°, av 60.0°) and three rectangular units (Si-Si’: 2.365-
2.389 A, av 2.373 A and Si-Si-Si”: 89.6-90.5°,av 90.0°). The
lengths of exocyclic Si—~C bonds are 1.901-1.920 A (av 1.908 A).
Because of the geometry, the exocyclic bond angles are signif-
icantly expanded to 133.5° (av) for Si-Si—C and 126.9° (av) for
Si'-Si-C.

All the Si-Si bonds in 3 are elongated from the normal Si-Si
bond length (2.34 A) and are somewhat longer than those
calculated for SigHg (2.359 A for triangular units and 2.375 A
for rectangular units).% The aryl planes are so arranged in a
screw-shaped manner around the three-membered ring that the
skeleton of the prismane is effectively covered with the six 2,6-
diisopropylphenyl groups.

Owing to the large steric congestion, the 'H NMR spectrum
of 3 at 25 °C shows that the two isopropyl and aryl protons are
nonequivalent, indicating significantly hindered rotation of the
substituents. However, the six 2,6-diisopropylphenyl groups
attached to each silicon are equivalent on the NMR time scale.?
The 2Si NMR spectroscopy demonstrated that the six silicons
of the skeleton are equivalent, with the single resonance appearing
at —-22.3 ppm.!9 'H NMR spectrum is temperature-dependent,
and the coalescence temperatures (T;) were 328 K for the meta
protons and 363 K for the isopropyl methine protons (AG*,o =
16.5 kcal/mol).

In the UV-visiblespectrum, 3 exhibits an absorption maximum
at 241 nm (¢ 78 000, hexane) tailing into the visible region (ca.
500 nm). Upon irradiation of 3 with a light of 340-380-nm
wavelength in solution (3-MP or 2-MeTHF) at ca. 223 K or in
a glass matrix at 77 K, new absorption bands appeared at 456
and 502 nm, the intensity ratio being approximately 3:1.
Excitation of these bands with a light of wavelength longer than
460 or 500 nm resulted in the immediate regeneration of the
original absorptiondueto3. Thermally these bandsalso reverted
to 3 above -10 °C.

A single chemical species is produced during the reaction since
the two bands appeared and disappeared simultaneously. There
are several possible candidates for the species. If the divalent
silylene is involved, significant blue shift in the UV spectrum
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Figure 1, ORTEP drawing of 3. Selected bond lengths (&): Sil-Si2
2.374, Sil1-Si3 2.379, Sil-Sil’ 2.389, Si2-Si3 2.387, Si2-Si3’ 2.365,
Si3-Si2’ 2.365 (esd = 0.002 A). Selected bond angles (deg): Si2-Sil-
Si3 60.3, Si1-Si2-Si3 60.0, Si1-Si3-Si2 59.8, Si2-Si1-Sil’ 89.6, Si3-
Sil-Sil’ 89.9, Si1-Si2-Si3’ 90.5, Si3-Si2-Si3’ 90.4, Si1-Si3-Si2’ 90.0,
Si2-Si3-Si2’ 89.6 (esd = 0.0°).

resulting from the formation of a silylene~ether complex should
be observed, but no such blue shift was observed in 2-MeTHF.!!
It may be premature to draw a conclusion at this moment, but
a likely reaction is the photochemical generation of the haxasila—
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Dewar benzene 4 and regeneration of 3. The bands in the visible
region may be assigned to the Si==Si double bonds of 4.12
However, all the attempts to trap 4 with methanol or sulfur failed,
probably due to the rapid intramolecular reaction to regenerate
3

Hexagermaprismane §, with 2,6-diisopropylphenyl groups, was
also prepared in 10% yield by the reaction of (2,6-diisopropyl-
phenyl)trichlorogermane with Mg. Thestructure wasdetermined
by X-ray diffraction.!* The Ge-Ge bond lengths are 2.503 A
(av) for the triangular units and 2.468 A (av) for the rectangular
units.!4
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