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1-Phenyltridecamethylbicyclo[2.2.2]octasilane (1) is prepared by

the reaction of the corresponding 1-chlorotridecamethylbicy-

clo[2.2.2]octasilane with phenyllithium in the presence of

N,N,N9,N9-tetramethylethylenediamine and the molecular

structure of 1 is determined by X-ray crystallography.

Phenyloligosilane 1 shows dual fluorescence even in non-polar

hexane though the TICT-like mechanism is not applicable.

Much attention has been focused on the photophysics and

photochemistry of aryloligosilanes that exert unique effective

conjugation between an aromatic p system and an oligosilane s

system (s–p conjugation).1 Typically, introduction of a penta-

methyldisilanyl group to benzene causes remarkable red-shift of

the 1La band of benzene and unique dual fluorescence from the

local excited state (LE) and the intramolecular charge transfer

(ICT) state.2,3 In a jet-cooled condition, the nature of the ICT state

of p-cyanophenylpentamethyldisilane (CPDS) has been revealed to

be formed by the electron transfer from Si–Si s to aromatic p*

orbitals.4 The most distinct structural change during the ICT

process of CPDS was suggested to be elongation of the Si–Si bond

instead of twisting of the Si–Si bond around C(Ar)–Si bond,4 while

we have previously proposed an in-plane geometry of the Si–Si

bond and aryl ring plane (OICT geometry)2 similar to TICT5

geometry proposed for p-dimethylaminobenzonitrile (DMABN).

We wish herein to report the synthesis, structure and electronic

spectra of 1-phenyltridecamethylbicyclo[2.2.2]octasilane 1.

Although bicyclo[2.2.2]octasilane-1,4-diyl has a rigid s framework

with three-fold symmetry around the axis through two bridgehead

silicon atoms, and hence, the s–p conjugation between the

oligosilane framework and an aromatic p system should not

depend on the conformation around the C(aromatic)–Si bond, 1

showed the ICT fluorescence even in a non-polar solvent like

hexane.

1-Phenyltridecamethylbicyclo[2.2.2]octasilane 1 was obtained in

56% yield by the reaction of phenyllithium in the presence of

N,N,N9,N9-tetramethylethylenediamine (TMEDA) with the corre-

sponding chlorosilane 2 in THF at room temperature; the reaction

of phenyllithium with 2 did not take place in the absence of

TMEDA. Chlorosilane 26 was synthesized by the chlorination of

permethylbicyclo[2.2.2]octasilane7 using BCl3. Recrystallization

of 1 from acetone–hexane (1 : 1) mixture gave single crystals

suitable for X-ray structural analysis. Fig. 1 shows the

molecular structure of 1. The lengths of all Si–Si bonds

(2.3395(8)y2.3930(8) Å) in 1 are in the range of a typical Si–Si

single bond length (2.372(40) Å) found in cyclic disilanes.8 Three

Si–Si bridge bonds are not parallel but slightly twisted by 13u–21u
to avoid steric repulsion among methyl groups.

ð1Þ

Whereas two representative rotational conformations around

Si1–C1 bond for 1, perpendicular (A) and bisected (B), should be

almost identical in energy, only A-type conformation was observed

in the solid state; dihedral angle Si7–Si1–C1–C2 5 96.9(2)u.
Intermolecular interaction between the phenyl ring and a methyl

group on Si7 of a neighboring molecule may prevent the free

rotation of the phenyl ring.
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Fig. 1 Molecular structure of 1-phenyltridecamethylbicyclo[2.2.2]octasi-

lane 1 determined by X-ray crystallography; (a) top view and (b) a view

obtained by looking down the axis through Si1 and Si4. Hydrogen atoms

are omitted for clarity (30% thermal ellipsoids). Selected bond lengths (Å),

angles (u), and dihedral angles (u); Si1–C1 1.906(2); Si1–Si2 2.3573(8); Si2–

Si3 2.3591(8); Si3–Si4 2.3402(8); Si4–Si5 2.3395(8); Si5–Si6 2.3442(8); Si1–

Si7 2.3404(8); Si7–Si8 2.3930(8); S18–Si4 2.3753(9); C1–Si1–Si2 111.48(7);

Si1–Si2–Si3 109.59(3); Si1–Si2–Si3–Si4 16.10(4); Si7–Si1–C1–C2 96.9(2).
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Phenyltridecamethylbicyclo[2.2.2]octasilane 1 showed an intense

absorption band at 241 nm (e 23500) due to s–p conjugation,

whereas permethylbicyclo[2.2.2]octasilane 3 having a syn-tetra-

silane framework9 shows only a weak absorption band at ca.

245 nm (e 4000) in hexane. Fig. 2 shows the fluorescence spectra of

1 and a reference compound, tris(trimethylsilyl)silylbenzene (4), in

hexane. Because the OICT mechanism2 for the ICT fluorescence of

aryldisilanes requires the orthogonal arrangement between ben-

zene pp orbital and Si–Si s orbital in the emitting state, neither 1

nor 4 having three-fold symmetric Si–Si bonds should show the

ICT fluorescence. As expected, no ICT fluorescence was found for

4 in hexane.10 However, 1 shows a dual fluorescence in hexane

with two bands at 290 nm and 320 nm as shown in Fig. 2. They

are assigned to be the LE and CT emission bands, respectively,

because the band maxima are comparable to those found for

phenylpentamethyldisilane (295 and 330 nm in isooctane).2

The ICT nature of the longer-wavelength band of 1 is confirmed

by the significant solvent effects. As shown in Fig. 3, in the

fluorescence spectra of 1, no LE band is observed but the ICT

band red-shifts remarkably in polar solvents; the ICT band

maximum is 335 and 380 nm in dichloromethane and acetonitrile,

respectively.

Neither the OICT2 nor the 2pp–3dp (Si–Si) mechanism3 is

applicable to the ICT emission of 1 having three-fold symmetric

Si–Si bonds. Because the theoretical calculations at the RHF/3–

21G* level11 showed that the HOMO of permethylbicyclo[2.2.2]oc-

tasilane 3 is mostly localized on the three bridge Si–Si s bonds, the

positive charge in the ICT state of 1 would be accommodated in

the bridge Si–Si bonds to attain the charge separation and hence

the long life-time of the ICT state. More detailed studies will be

required for the elucidation of the ICT mechanism.{
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