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Facile Synthesis of the 1,3-Disilacyclohexane Ring
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A new method for the synthesis of the 1,3-disilacyclohexane colorless prisms (mp 170 <C). Disilacyclohexane 4a could be

skeleton is established involving silylation of a dithioacetal
followed by ring closure with a base. The spiro-fused
disilacyclohexane ring is shown to be structurally strain-free, like
cyclohexane, on the basis of its X-ray analysis. The reaction
mechanism involving a silacyclopropane intermediate is
proposed.

Organosilicon compounds have been attracting more attention
than before in such fields as polymers, ceramics, and functional
materials due to their unique physical and chemical properties.'
Particularly, considerable interest is presently focused on
carbacyclic silanes,” cyclic compounds containing at least one
silicon atom in the ring system, as such molecules or as
precursors of the target molecules. For example,
silacyclohexanes are reportedly utilized as a part of liquid
crystals.® However, disilacyclohexane derivatives are rarely
applied to such functional materials, probably because the
efficient synthesis of these compounds has been quite limited.*
Thus, an effective synthetic method for the disilacyclohexane ring
system has been sought.

We report a new method for the synthesis of the 1,3-
disilacyclohexane skeleton through silylation of a dithioacetal
followed by ring closure by means of a base as summarized in
Scheme 1.°
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Scheme 1. a) n-BuLi (1.0 mol), THF, -30 °C, 5 h; b) CICH,Me,SiCl
(2, 1.0 mol), THF, -78 °C to r.t., 10 h, 46% of 3a; c) LDA (1.2 mol),
THF, -30 °C to r.t., 8.5 h, 52% of 4a; d) +-BuLi (1.0 mol), THF, -42 °C to
0 °C, then 2 (0.5 mol), -78 °C, 1 h, 32% of 4a, 73% of 4b.

Silylation of 1,3-dithiane (1a) with chloro(chloromethyl)
dimethylsilane (2) was carried out using butyllithium as the base
and gave 2-{(chloromethyl)dimethylsilyl}-1,3-dithiane (3a) in
46% vyield.® A THF (5 mL) solution of 3a (224 mg, 0.99
mmol) was then treated with LDA (1.0 mL, 1.2 M in THF, 1.2
mmol) at -30 C. The mixture was stirred at -30 °C for 2 h, and
at room temperature for 6.5 h before quenching with sat. aq.
NH,CIl solution. Workup and chromatographic purification
gave 4a (99 mg, 52%) as a white solid, which was recrystallized
from dichloromethane/hexane at room temperature to give

prepared in 32% yield in one pot by treatment of 2 with 2 molar
equivalents of 2-lithio-1,3-dithiane generated with butyllithium.
In a similar manner, we carried out the reaction of
bis(methylthio)methane (1b, 12 mmol) and #butyllithium (5
mmol) at -42 C to 0 C to generate the corresponding carbanion,
which was then silylated with 2 (2.5 mmol) at -78 C. Workup
and purification by silica gel chromatography gave 4b (mp 79.5 ~
80.5 C) in 73% yield. Single crystals of 4b suitable for X-ray
structure determination were obtained as colorless prisms by
recrystallization from hexane.

Figure 1 shows the X-ray data of 4a.” The spiro-fused
disilacyclohexane of 4a is characterized as a chair form with
silicon-carbon bond lengths of Si(1)-C(4) and Si(2)-C(4) being ca.
1.93 A and 1.90 A, respectively, approximately the same as the
normal silicon-carbon bond length (1.89 A).® The observed
bond angles of the 1,3-disilacyclohexane ring 4a also suggest that
the frameworks are strain-free. Consequently, the conformation
of the 1,3-disilacyclohexane ring is shown to be similar to that of
cyclohexane.

Figure 1. ORTEP drowing of 4a. Selected bond lengths (A) and angles
O Si(1)-C(1) 1.817(3), Si(1)-C(4) 1.927(3), Si(2)-C(3) 1.883(3), Si(2)-C(4)
1.900(3), C(1)-C(2) 1.538(4), C(2)-C(3) 1.528(4), C(1)-Si(1)-C(4) 107.3(1),
C(3)-8i(2)-C(4) 105.6(1), Si(1)-C(1)-C(2) 119.9(2), Si(2)-C(3)-C(2) 121.4(2),
Si(1)-C(4)-Si(2) 108.4(1).

Formation of the 1,3-disilacyclohexane ring may be
understood in terms of silacyclopropane intermediate 6 as
illustrated in Scheme 2. The carbanion 5 formed by treatment of
3a with LDA or 2 with 2 molar equivalents of
bis(alkylthio)methyllithinm should generate 6 by intramolecular
alkylation reaction.  Since 6 should be highly reactive due to the
strain energy, this would be immediately attacked at the Si atom’
by another carbanion 5, thereupon it cleaves the Si-C(1) bond to
produce 7, which then undergoes cyclization to afford 4.

The proposed mechanism is supported experimentally by the
result in the reaction of 3a with butyllithium. Thus, when
butyllithium was employed in place of LDA, 8 was obtained in
25% yield along with 4a (9%). Formation of 8 is definitely
ascribed to the nucleophilic attack of the butyl anion at the Si atom
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In addition, the high electrophilicity of the Si atom of
silacyclopropane 6 is supported by the calculation study.'®  Thus,
the lowest unoccupied molecular orbital (LUMO) of 6 (R = H) is
localized largely on the Si atom, not on carbons. The charge
distribution of the Si-C bonds also shows Si*-C% illustrated in
Figure 2. Therefore, assumed nucleophilic attack at the Si atom
can be reasonably.

Figure 2. The charge distribution of 6 (R = H).

In conclusion, we have shown that the 1,3-disilacyclohexane
ring is readily constructed in high yields through a
silacyclopropane intermediate in which the Si atom exhibits high
electrophilicity. We are studying further mechanistic details of this
reaction sequence and synthetic transformations of the 1,3-
disilacyclohexane ring obtained.
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