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Hexa-, hepta-, and octacyclic ladder polysilanes (5–7) were
synthesized, and their structures were determined by X-ray crys-
tallography. These compounds have the double helix structure
consisting of two linear polysilane chains. In the UV–visible
spectra, the lowest energy absorption maxima of 5–7 shift
bathochromically as the number of cyclotetrasilane rings pro-
gressively increases.

Ladder polysilanes have been studied by our group as our
original systems with unique structures and properties.1,2 The
ladder polysilanes with two to five rings have so far been synthe-
sized, and their structures and properties have been studied. We
found that the properties of ladder polysilanes highly depend on
the number of cyclotetrasilane rings. For example, the radical
anion of decaisopropylbicyclo[2.2.0]hexasilane (1) can be
observed only at low temperatures, while the radical anion of
a pentacyclic ladder polysilane persists for several months at
room temperature.2j The construction of longer ladder polysi-
lanes seems to disclose different properties which shorter ladder
polysilanes do not exhibit. We report herein the synthesis of
hexa-, hepta-, and octacyclic ladder polysilanes. We also report
the structures and electronic properties of these ladder polysi-
lanes.

The ladder polysilanes with two to five rings were synthe-
sized for the first time by the condensation of Cl(i-Pr)2SiSi-
(i-Pr)2Cl and Cl2(i-Pr)SiSi(i-Pr)Cl2 with lithium.2a In order to
synthesize longer ladder polysilanes, we selected another combi-
nation of the precursors. Thus, the condensation of Cl2(i-Pr)Si-
[Si(i-Pr)2]2Si(i-Pr)Cl2 and Cl2(i-Pr)SiSi(i-Pr)Cl2 with lithium
gave the hexa-, hepta-, and octacyclic ladder polysilanes (5–7)
in addition to the tri- to pentacyclic ladder polysilanes (2–4).3

In this reaction, Cl2(i-Pr)Si[Si(i-Pr)2]2Si(i-Pr)Cl2 formed both
terminal rings, and Cl2(i-Pr)SiSi(i-Pr)Cl2 formed the interposed

Si–Si rungs (Scheme 1).
The structures of 5–7 were determined by X-ray crystallog-

raphy (Figure 1).4–7 These ladder polysilanes have the rod-like
silicon skeletons with the lengths of 1.2 (5), 1.4 (6), and 1.6
nm (7). Each compound has the double helix structure consisting
of two linear polysilane chains. The twist angles between the
terminal Si–Si rungs are 96.2� (5 (molecule A)), 101.1� (5
(molecule B)), 119.6� (6), and 128.5� (7).8 The helical structures
arise from the systematic folding of cyclotetrasilane rings: the
folding of cyclotetrasilane rings all upward or all downward
along diagonals leads to right-handed or left-handed helical
structures as described previously.1b The dihedral angles of the
folded cyclotetrasilane rings are 22.8–29.8� (5 (molecule A)),
24.2–32.4� (5 (molecule B)), 23.9–31.7� (6), and 24.6–28.2�

(7). The bond lengths of Si–Si rungs (5 (molecule A): 2.388–
2.415 �A, average 2.401 �A, 5 (molecule B): 2.380–2.416 �A, aver-
age 2.399 �A, 6: 2.379–2.415 �A, average 2.392 �A, 7: 2.394–2.409
�A, average 2.399 �A) are slightly longer than those of peripheral
Si–Si bonds (5 (molecule A): 2.359–2.425 �A, average 2.391 �A,
5 (molecule B): 2.352–2.422 �A, average 2.390 �A, 6: 2.355–
2.417 �A, average 2.389 �A, 7: 2.359–2.411 �A, average 2.385 �A).

The molecular packing of 7 is shown in Figure 2. Both right-
handed (P) and left-handed (M) double helix molecules are
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Figure 1. Molecular structures of 5 (molecule A, top), 6
(middle), and 7 (bottom). Hydrogen atoms are omitted for clari-
ty. Thermal ellipsoids are drawn at the 30% probability level.
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packed in a unit cell since the crystals have a centrosymmetric
space group (C2/c). Similarly, the crystals of 5 and 6 have cen-
trosymmetric space groups P21=n and P�11, respectively, and the
unit cell contains both right-handed and left-handed double helix
molecules. Therefore, the crystals of 5–7 are racemates of chiral
helical molecules.

The ladder polysilanes 5–7 show absorption bands in the
UV–visible region (Figure 3). The lowest energy absorption
maxima of 5, 6, and 7 exist at 440, 464, and 483 nm, respective-
ly. As reported previously, the lowest energy absorption maxima
of 1, 2, 3, and 4 exist at 310, 345, 380, and 414 nm.1 These results
show that the lowest energy absorption maximum shifts batho-
chromically as the number of cyclotetrasilane rings progressive-
ly increases. Molecular orbital calculations of methyl-substitut-
ed ladder polysilanes at the B3LYP/6-31G� level show that
the highest occupied molecular orbital (HOMO) is destabilized
and the lowest unoccupied molecular orbital (LUMO) is stabi-
lized as the number of cyclotetrasilane rings increases. The de-
stabilization of the HOMO is due to the extension of � conjuga-
tion of Si–Si bonds, while the stabilization of the LUMO arises
from the interaction between the Si–C �� orbitals at the opposite
bridgehead positions.

In summary, we have demonstrated the synthesis, structures,
and electronic properties of compounds 5–7 which represent the
first examples of nanometer-sized polycyclopolysilanes with
two-dimensional frameworks.
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Figure 2. Molecular packing of 7 viewed along the b axis.
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Figure 3. UV–visible spectra of 1–7 in hexane at room temper-
ature.
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