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Structure and Unusual Electronic Spectra of Decaisopropyl-7-oxabicyclo[2.2.1]heptasilane
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Decaisopropyl-7-oxabicyclo[2.2.1]heptasilane was synthe-
sized by oxidation of decaisopropylbicyclo[2.2.0]hexasilane with
m-chloroperbenzoic acid, and its structure was determined by X-
ray crystallography. The compound shows unusual properties in
the UV spectrum due to the interaction of the n orbital of the
oxygen atom and the Si—Si o bonds. The compound also shows
far stronger fluorescence than the bicyclic ladder polysilane.

Since decaisopropylbicyclo[2.2.0]hexasilane was synthesized
for the first time in 1987,1 the structure, properties, and reactions
of this bicyclic ladder polysilane have been studied by our
group.2 The unique propertties of this compound arise from the
highly strained polysilane skeleton. The introduction of a hetero-
atom such as oxygen to the ladder polysilane skeleton seems in-
teresting because the heteroatom is expected to perturb the elec-
tronic properties of the Si—Si o-conjugation system. We report
herein the synthesis and structure of a novel 7-oxabicyclo[2.2.1]-
heptasilane system3 and report its unusual electronic properties.

The oxidation of decaisopropylbicyclo[2.2.0Thexasilane (1)
with a slightly deficient amount (0.7 equiv.) of m-chloroperben-
zoic acid (MCPBA) gave decaisopropyl-7-oxabicyclo[2.2.1]hep-
tasilane (2) in 32% yield and decaisopropyl-2-oxabicyclo[3.2.0]-
heptasilane (3) in 18% yield as monooxidation products 456
The oxidation product which contains an oxygen atom in the
terminal Si—Si rung was not formed under these conditions. The
isomers 2 and 3 could be easily separated by recycle-type HPLC.
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The structure of 2 was confirmed by X-ray crystallography
(Figure 1).78 The oxygen atom connects two bridgehead silicon
atoms with a Si-O bond length of 1.683(4) A and a Si-O-Si
bond angle of 120.2(4)°. The Si—O bond length is somewhat
longer than those of other disiloxanes ([(i-Pr),Si]4O: 1.638 and
1.654 A 9 Me;SiOSiMe;: 1.626(2) A , 10 and PhySiOSiPh;:
1.616(1) A 11). The Si-O-Si bond angle is considerably smaller
compared with other disiloxanes ([(i-Pr),Si];O: 133.6°,° Me;Si-
OSiMej;: 148.8(1)°,10 and Ph3SiOSiPh3: 180°11). It is noted that
the distance between two bridgehead silicon atoms (2.920 A) is
within the sum of the van der Waals radius!2 and the hard-sphere
radius!3 of a silicon atom. The Si—Si bond lengths of 2 (average
2.402 A) are almost the same as those of 1 (average 2.400 A)2a

In the UV spectrum of 2, new absorption bands appear at ca.
270-340 nm (Figure 2). The absorption maximum of the longest
wavelength (313 nm) exists almost in the same position as that of
1 (310 nm), and the extinction coefficient (& 5100) is fairly large.
These results are quite remarkable in light of prior reports that
insertion of an oxygen atom to catenated silicon atoms interrupts
o conjugation and results in the hypsochromic shift in the absorp-

Figure 1. Molecular structure of 2. Selected bond lengths (A )
and angles (°): Si(1)-Si(2) 2.409(3), Si(1)-Si(3") 2.388(3),
Si(1)-0(1) 1.683(4), Si(2)-Si(3) 2.408(3); Si(2)-Si(1)-Si(3")
111.8(1), Si(2)-Si(1)-0(1) 102.0(2), Si(3")-Si(1)-0O(1) 97.3(1),
Si(1)-Si(2)-Si(3) 95.2(1), Si(2)-Si(3)-Si(1") 95.2(1), Si(1)-
0(1)-Si(1) 120.2(4).

tion spectrum.!4 On the other hand, the UV spectrum of 3 does
not show such unique absorption and resembles that of 1, espe-
cially in the region of 290-350 nm, indicating that the absorption
spectra strongly depend on the position of the oxygen atom in
the SigO framework. Therefore, the unique absorption bands of
2 seem to be due to the stereoelectronic effect of the oxygen
atom at the 7-position.13 In order to explain such an effect, we
carried out the ab initio calculation (STO-3G) of the molecular
orbitals of 2.16 As previously reported, the lobes of the HOMO
of 1 are preferentially localized in the central Si-Si bond.2¢ In
contrast, the lobes of the HOMO and the next HOMO of 2 are
delocalized in both the lone pair of the oxygen atom and the pe-
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Figure 2. UV spectra of 1-3 in hexane at room temperature.
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Figure 3. Fluorescence spectra of 1-3 in hexane at room tem-
perature. The excitation wavelength is 310 nm.

ripheral Si-Si obonds. Especially in the HOMO, the  orbital of
the oxygen atom is perpendicularly oriented to the Si(1)-O(1)-
Si(1") plane. The result shows that the n orbital of the oxygen
atom interacts with the Si—Si o orbitals, and the novel o—n con-
jugation may be the origin of the new absorption bands of 2.

As a final note, 2 shows relatively strong fluorescence in the
region of 330-550 nm (A, = 373 nm) as shown in Figure 3.
The fluorescence quantum yield of 2 (@ = 0.014) is far larger
than that of 1,2 while 3 shows relatively weak fluorescence (®;
=1.0 X10-3). The strong fluorescence of 2 corresponds to the
relatively large extinction coefficient in the UV spectrum. It is
also noted that the Stokes shift in the fluorescence of 2 (5100
cm1) is not as large as that of 1 (12400 cm~1). The difference
in the Stokes shifts is explained by the following consideration.
The norbornane skeleton of 2 seems rigid, and the structural
change by excitation may be relatively small. In the case of 1,
the central Si—Si bond is considerably weakened by the one-elec-
tron excitation because the lobes of the HOMO of 1 are localized
in the central Si-Si bond as already mentioned. Since the central
Si-Si bond is the most strained bond in 1, the excited singlet
state of 1 is postulated to be significantly changed.
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