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Domino Oxidation of Ladder Oligosilanes: Formation of Novel Ladder Frameworks
Containing Oligosiloxane and Oligosilane Chains
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The domino oxidation predominates in the tri-, tetra-, and
penta-oxidations of tricyclic, tetracyclic, and pentacyclic ladder
oligosilanes 5, 7, and 9 with m-chloroperoxybenzoic acid. The
structures of these products were determined by X-ray
crystallography. The resulting domino oxidation products 6, 8,
and 10 show intense absorption bands in the UV spectra.

The oxidation of Si—Si bonds with peracids has been known
to be one of the fundamental reactions of oligo- and
polysilanes.! Two examples of the polyoxidation of cyclo-
oligosilanes have so far appeared in the literature. West and a
co-worker reported that the successive oxidation of the
stereoisomers of  (+-BuMeSi), is stereospecific and
regioselective.”® Weber and a coworker reported that the
successive insertion of oxygen atoms into the Si~Si bonds of
(Me,Si); regularly occurs during the oxidation.'® Ladder
oligosilanes, which have been studied by our group,” seem to be
interesting targets of polyoxidation because these molecules
have many kinds of Si—Si bonds. In a previous paper, we
reported that the oxidation of decaisopropylbicyclo-
[2.2.0]hexasilane (1) with a slightly deficient amount (0.7
equiv.) of m-chloroperoxybenzoic acid (MCPBA) gave the
monooxide 2 (32%) and 3 (18%) and dioxide 4 (39%).2¢
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During the oxidation, we have also been interested in the
formation of a significant amount of dioxa compound 4 because
this result suggests that 3 is quite easily oxidized to 4 in spite of
a deficient amount of MCPBA. We have thus found that when
1 was oxidized with 2 equivalents of MCPBA, 3 was
completely transformed into 4, and 4 and 2 were obtained as the
final products. We have now extended the MCPBA
polyoxidation to the other ladder oligosilanes. Here we report
the domino oxidation of the ladder oligosilanes leading to other
novel ladder compounds.™

When anti-dodecaisopropyltricyclo[4.2.0.0**]octasilane (5)
was oxidized with 3 equivalents of MCPBA, the trioxide 6 was
obtained in 81% yield. Similarly, the oxidation of antianti-
tetradecaisopropyltetracyclo[4.4.0.0>°.0"'"®]decasilanes (7), and
anti,anti,anti-hexadecaisopropylpentacyclo[6.4.0.0%".0%¢.(°1%)-
dodecasilane (9) with 4 and 5 equivalents of MCPBA yielded
the tetraoxide 8’ and pentaoxide 10,® respectively, in moderate
yields. Therefore, the ladder oligosilanes were found to be
oxidized in a quite unique manner; one of the two Si-Si chains
is selectively oxidized, and novel ladder compounds consisting
of oligosiloxane and oligosilane chains were formed.

The structures of the polyoxides 6, 8, and 10 were
confirmed by X-ray crystallography.” Figures 1 and 2 show
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the ORTEP drawings of 6 and 10. These molecules have a
curved shape containing an oligosiloxane chain as the outer arch
and an oligosilane chain as the inner arch. These molecules
retain the anti structure of the starting ladder oligosilanes,’ and
each five-membered ring is catenated in a corrugated manner.
Furthermore, the corrugated arch is twisted as shown in the
Figures 1 and 2. The twisted structures arise from the system-
atic catenation of the five-membered rings which have an
intermediate structure between the envelope and twist forms.
The Si—Si bonds of the inner oligosilane chain are significantly
long (6: 2.399(2)-2.409(2) A. 8 2.404(3)-2.420(3) A. 10:
2.389(2)-2.434(3) A), while the other Si-Si bond lengths are
rather normal (6: 2.388(2)—2.390(2) A. 8: 2.375(3)-2.395(3) A.
10: 2.390(3)-2.410(2) A).  The enlarged steric repulsion
among the isopropyl groups of the inner oligosilane chain,
which is caused by the introduction of oxygen atoms to the
opposite chain, seems to be the origin of the elongation of the
Si—Si bonds.

There are several significant features of this polyoxidation.
Only small or negligible amounts of intermediate oxidation
products are detected during the reactions. For example, in the
case of the tricyclooctasilane 5, the intermediate mono- and
dioxidation products were not detected even during the initial
stage of the reaction, but 6 was formed instead. This means
that the mono- and dioxidation products are highly activated
toward oxidation, and are immediately oxidized to 6 after they
are formed. The positional selectivity observed during the

Figure 1. Molecular structure of trioxide 6.
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Figure 2. Molecular structure of pentaoxide 10.

oxidation may be explained in terms of a significant
enhancement of the reactivity of the Si—Si bonds adjacent to the
oxygen due to an electronic effect'® as well as hydrogen bonding
of MCPBA to the siloxane oxygen which brings the peracid into
close proximity to the adjacent Si—Si bonds." When all the Si,
rings were oxidized to the Si,O rings, further oxidation did not
proceed under the conditions employed and the polyoxidation
products containing an oxygen atom in each ring were obtained.
Apparently, release of the strain energy of the Si, rings seems to
be another driving force of this particular polyoxidation.

The oxidation products 4, 6, 8, and 10 are interesting from
the viewpoint of their electronic properties. They exhibit
intense absoptions in the UV region, and, as the number of the
S$i,O rings increases, the absorption maxima of the longest
wavelengths show a bathochromic shift, and the molecular
extinction coefficient becomes far greater (4: 270 nm (€ 3200),
6: 273 nm (g7600), 8: 292 nm (g 25000), 10: 297 nm (&
51900))(Figure 3). The intense absorption on the order 10* is
remarkable because these molecules contain no chromophores
which give such an intense absorption. Since the intense
absorption is not observed in the ladder oligosilanes,” it is
apparently due to the electronic effect of the oxygen atoms on
the Si—Si c—conjugation systems.
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Figure 3. UV spectra of oxides 4-10 in hexane.
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