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Phenylene-bridged Polysilaalkane Macrocycles as Framed Molecular Rotor
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Using ring-closing hydrosilylation, trans- and cis-isomers
of 2,5-dichrolo-1,4-phenylene-bridged macrocyclic polysila-
alkanes were synthesized as molecular tops with a frame and
characterized by X-ray crystallography. Dynamic 'HNMR
analysis for the cis-isomers in toluene-dg showed the internal
rotation of the phenylene ring in solution.

Macrocyclic compounds with bridged 7r-electronic systems
have attracted current attention, because they are expected to
have unique functions of framed molecular tops. Control of
the motion of the 7-systems in the solid state with external
electric, magnetic, optical, and thermal stimuli may be the first
step toward future molecular machines.! However, very few
such macrocyclic systems have been synthesized so far.>*

We report herein the synthesis, structure, and dynamics of
the first silicon-based macrocycles bridged by a 1,4-phenylene
group, trans- and cis-isomers of cyclooctasilatetracosanes bridg-
ed by 2,5-dichloro-1,4-phenylene groups 1a and 1b, which show
characteristics of framed molecular tops in solution (Scheme 1).
Dynamic '"HNMR analysis for the cis-isomer in toluene-dg
showed restricted internal rotation of the phenylene ring in solu-
tion, while the phenylene rotation is prevented in the solid state.
Long carbosilane chains are relatively easily constructed, ther-
mally stable, transparent for UV-vis light, and functionalized
if necessary; they often facilitate the crystallization of the sys-
tems. The long carbosilane chains may be useful as a stator of
a phenylene rotator.’

A mixture of 1a and 1b is obtained by ring-closing hydrosi-
lylation between vinylsilane 3 and hydrosilane 4 in the presence
of a catalytic amount of H,PtCls under high dilution conditions
in 6% yield (Eq 1).% The isomer ratio 1a/1b in the product mix-
ture is determined by 'HNMR to be about 1:1. While the yields
are low because of the major formation of polymeric materials,
separation of 1a and 1b is achieved by fractional crystallization
or reversed-phase HPLC. The structures of these macrocyclic
compounds are determined by 'HNMR, MS, and X-ray crystal-
lography.
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Figure 1 shows the molecular structures of 1a and 1b deter-
mined by X-ray crystallography.” In the solid state, the internal
rotation of the phenylene ring of two macrocycles 1a and 1b is
prevented owing to the steric contact with neighboring mole-
cules. As seen in Figures 1b and 1d, the environments around
two chlorine atoms in 1a are identical but those in 1b are very
different; a half of the phenylene ring is covered by the carbosi-
lane framework but the other half is uncovered in 1b. We may
expect therefore that two singlets are observed for phenylene
protons of 1b by NMR in solution if the internal phenylene rota-
tion is much slower than the NMR time scale, while two phenyl-
ene protons of 1a should afford a sharp singlet even at low tem-
peratures. Actually, the 'HNMR spectra of 1b in toluene-ds
show two singlets at 7.49 and 7.59 ppm at 203 K. The two sin-
glets are broadened with increasing temperatures and coalesced
at around 220 K (Figure 2), while the singlet line for 1a does not
change in the temperature range of 203-273 K.

The dynamic '"HNMR behavior of 1b is explained by as-
suming an equilibrium between two equivalent conformations

Figure 1. ORTEP drawings of 1a (trans) and 1b (cis) determined by X-ray
crystallography. (a) 1a, side view; (b) 1a, top view; (c) 1b, side view;
(d) 1b, top view. Selected bond lengths (A) and dihedral angles (°). 1a:
C1-Sil 1.901(3); C2-CI1 1.759(3); C2-C1-Si1-C12 —178.3(2). 1b: C1-
Sil 1.909(4); C4-Si5 1.897(4); C2-Cl1 1.751(4); C5-CI2 1.759(4); C2—
C1-Sil-C23 13.3(2); C23-Si1-Si5-C30 0.6(2).
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Figure 2. Temperature dependence of 'HNMR spectra of 1b (aromatic
region). Left: observed spectra. Right: spectra simulated with designated
exchange rate constants (key).%°
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Figure 3. Schematic representation of phenylene rotation in 1b.

1b and 1b’ shown in Figure 3. During the rotation of the phenyl-
ene ring around Sil-Si5 axis, both H* and H® experience cov-
ered and uncovered positions. The chemical shift difference be-
tween the covered and uncovered protons of 1b in toluene would
be caused by the solvation of aromatic solvents to the uncovered
proton; in CDCl3, two protons H* and H? of 1b give a sharp sin-
glet at 7.26 ppm even at low temperatures. '©

The exchange rate constants (kex) between 1b and 1b’ are
determined by the line-shape analysis of the two-site model.®
The Eyring parameters for the exchange determined using linear
plots of In(kex/T) vs 1/T are AH* = 9.8 & 0.3kcalmol~! and
AS* = —4.2 4 1.3cal K~ mol~! for 1b.!!

In summary, the rates for the internal rotation of a phenylene
group bridging over a polysilaalkane macrocycle as molecular
top were found by dynamic 'HNMR spectroscopy to be control-
led by temperature. The rates may also be controlled by UV ir-
radiation and the chemical reduction giving the corresponding
anion radicals and dianions.'?

Further works including the rotational rate dependence on
the substituents on the phenylene ring are now in progress.
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