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1,2 on the calculations of structures and energies of silicon

Recent reports
compounds suggest that silicon heterocycles are far more flexible than the cor-
responding carbocycles. Few quantitative studies of barriers to rotation for
silicon heterocycles have been reported and the only well studied systems are

3,4 and 1,1,4,4-tetramethy1-—1,4-disilacyclohexane.S

1,1-dimethylsilacyclohexane
From line shape analysis of the low temperature NMR spectrum of 1,l-dimethyl-
silacyclohexane the chair-chair interconversion barrier, AG*, was determined to
be 5.5 ¢ 0.1 kcal/mole (-160°C) compared to AG* = 10,4 kcal/mole (-60°C) for
1,1-dimethylcyclohexane. It has been suggested that long bonds and low barriers
to rotation about the sp3-hybridized C-Si bonds are responsible for the low bar-
rier to interconversion in 1,1,4,4~tetramethyl-1,4~-disilacyclohexane (AG* < 6
kcal/mole at -160°C).5
In connection with our investigations of synthesis, stereochemistry, and
conformation of seven-membered rings that contain a Group IV heterocatom, we have
reexamined the compound, 9,9-dimethyl-9H-tribenzo[b,d,f]lsilepin, I, which was
@ first reported as a minor byproduct in a study of the reec-
tion of o-dichlorobenzene and dimethylmethoxychlorosilane in
@ @ sodium and boiling 1:oluene.6 In our study, I, m.p. 225-226.5°
C§3{EH3 (reported, 226-227°6), was prepared in 3.,5% yield by reaction
of o,0'-dilithioterphenyl (generated from o-terphenylenemer-
z cury dimer7 and lithium metal in ether) with dimethyldichloro=-

silane. The molecular weight determined by mass spectroscopy is 286 at both 15

and 70 eV and an ion source temperature of 80°C.
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The room temperature nuclear magnetic resonance spectrum of I in carbon tet-
rachloride, chlorobenzene or l-bromonaphthalene shows two Si--CH3 resonances of
equal intensities at 9.17 and 10.13 t (in CC14) and with correct integrations
for the ratio of aromatic to methyl protons (also in CCl4). A variable tempera-~
ture study shows no evidence of line broadening even at 200°C. However, ex-
change of sites at 200° was indicated by double resonance.8 Thus saturation of
the high field Si—CH3 resonance caused a sharp decrease in the intensity of the
low field Si-CH3 resonance. These results jindicate a stereochemically rigid
silicon heterocyclic species in solution at room temperature, the first such re-
port, Stereochemical rigidity has been demonstrated for the tribenzo carbon ana-
logs, 9,9~dimethoxy-9H~tribenzola,c,elcycloheptene (AG* > 23 kcal/mole at 180°C)?
and 9H-tribenzola,c,elcycloheptene (AG* = 24,0 kcal/mole at 202°C).10 Although
the coalescence temperature for the Si-CH3 groups in I could not be determined,
the experimental data suggest that the barrier to ring inversion for the silicon
heterocycle is comparable with the the analogous carbocycles, in contrast to
what has been observed pr:eviously.3-5

Crystallographic data have furnished information about the minimum symmetry

of I and show that a previous space group assignment is in error. Crystal data

for I are given in Table 1; Table 2 Table 1. Crystal Data for I*

lists the space group assignments and TRI5 work ‘Frev1oﬁ§‘;§EEEE*
the minimum crystallographically re- a-= 14.50(3) 14.61(5)
quired symmetry of I in each space b= 15.21(3) 15.2109)
c = 6.87(2) 6.89(5)
group. The molecular symmetry re- -
Crystal  orthorhombic orthorhombic

quirement of I in the originally re- ys obs.=calc.=

. Density 1 56 g cﬁ'3 -
ported space group, Pbcn, is impos- z§ '4 4

sible (Ci) or chemically unreason- *Standard deviations in the last figure

in the parentheses. treference 6. 3num-
ber of molecules per unit cell,

able (Cz). The space group Cmc21

is the only reasonable choice and
requires that I have crystallogrpahic mirror symmetry (Cs). This mirror plane
contains the silicon atom and methyl carbon atoms and bisects benzo group d
(see Figure).

Our present study suggests that barriers to rotation for the silepin, I,
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— Table 2. Space Group Assignments and and the corresponding carbocycles

s 11
Required Molecular Symmetry of I. are comparable. However, in a re-

Space Group Required Molecular Symmetry | lated system, 5,5-dimethyl-SH-di-
*

Pbcn c2 (unreascnable) benzo[b,£f]silepin, II, the NMR spec-
C; (impossible) -
Cmcm* Con (impossible) trum shows a singlet at room temper~
Cov (unreasonable) aturel?r13 yien only a slight broad-
Cmcz1 cs (reasonable) ening attributed to effects of in-
Incorrect space group assignment by pre- creased viscosity at -80°C.13 A

vious workers (ref. 6) who,overlooked the
C-centering in the data. This work: sys-
tematic absences of h + k = 2n + 1 for
general hkf data and of £ = 2n + 1 for hO2
data indicate space groups Cmcm or Cmc21.

study of the variable temperature

NMR spectrum of 9,9-dimethylsila-

anthracene, III, also shows a sing-

3 let Si—CH3 at -40°C14 whereas 9-alkylanthracenes are

15 These

stereochemically rigid at room temperature.
results suggest that silicon compounds such as II and
IITI are more flexible than the carbocycles or that one
conformer is present but with very small At for the
Si(CH3)2 group. The latter observation has been report-
ed for the low temperature (-163°C) spectrum of 1,l-di-

methylsilacyclohexane.a'4

Figure Therefore, the persistence
of a singlet Si(CH3)2 in variable temperature NMR studies may not necessarily
mean ring flexibility.l6 Clearly, the problem of stereochemical rigidity for
silicon heterocycles reguires more careful scrutiny before the factors influ-

encing ring flexibility can be ascertained.17
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