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. . . . Figure 1. UV—vis (— — —) and CD spectra<) of 1a(5.68 x 1075
Thermochromic behavior of linear peralkylpolysilanes and \1y and cD spectrum oftb (5.79 x 1075 M) (- - -) in isopentane/
long-chain oligosilanes exhibited in solution and in the solid - methyicyclohexane (5/1) matrices at 85 K. The absorbance of the UV
State haS been Studled eXtenSlVely, and the Ol’lgln IS Usua”y\ns Spectrum oflais shown in an arbitrary unit.
ascribed to a random coil-to-rod transition of the silicon
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backbone: 3 The rigid rod-like structures favored at low Since the UV-vis spectral features dfa, 1b, and 1c are
temperatures are often describecaiistrans planar conforma-  jgentical to each other, terminal chiral 2-phenylpropy! groups
tions of the silicon backbone with the dihedral anglé gf are not taken to affect the electronic properties or the confor-

180" for all the Si tetrads, but in reality, loose-helical conforma-  mational preference of the silicon backbone. As shown in
tions with the values of 165170° (15/7 helix) should be gy re 1 1awith (R)-2-phenylpropyl substituent shows a sharp
adopted, as many theoretical calculations for peralkyloligosilanes anq strong positive Cotton band at 315 nm at 85 K in the CD
and polysilanes have suggesfedt is an interesting issue  gpectrum. The oligosilangb with (S)-2-phenylpropyl sub-
whether the helical chirality of a polysilane backbone is gijiyent shows a similar but negative Cotton band at the same
regulated by the chirality of the terminal chiral groups. We temperature. Both the CD spectra are strongly temperature
report herein synthesis and structure of novel linear eicosa- gependent; the Cotton bands disappear at higher temperatures
propyldecasilanes with two chiral aralkyl substituents at the {nan 153 K. The results indicate that the terminal chiral groups
terminal silicon atomdaand1b.>® Remarkably, these oligo-  jnquce the helical chirality of the silicon backbone at low
temperatures. It is interesting to note that the CD bands are

(R)-CHZCH(Ph)CH,- much sharper than the corresponding absorption bands at the
(SHCHICH(PRICH same temperature; the CD bandlafoverlaps only at the lower

' energy end of the absorption band as shown in Figure 1. The
helical coil conformer would not be the most prominent
conformer of the decasilane even at 85 K. The comparison
between the absorption and CD spectra also indicates that there
is no population of thall-transconformer in the rigorous sense
(6 = 180C), which is expected to show lower energy absorption
than the loose-helix conformer due to the more effective

. N 1a, R
R (PraSi)ioR 1b, R -
1c, R-

silanes show sharp and intense circular dichroism (CD) spectra
at low temperatures due to the helical chirality of the silicon
chain. While interesting helical polysilane polymers with chiral
alkyl substituents have been prepaféie origin of the helicity

has not been discussed in detail.
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, see: P , i 10
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HPLC columns we tried, the enantiomeric excess (ee) values were estimatedrepulsion between propyl groups at vicinal two silicon atoms

to be 97 and 98%, respectively, on the basis of the ee valueg)ofiid in TtTt structure is avoided effectively in GtTg structures. The
(9-2-phenylpropy! alcohols from whictia and 1b were derived; the ee MM2 calculati t that th f ible f
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Figure 2. Schematic representation of conformers TtTt and GtTgl of
2c with all-translike silicon backboné! Their steric energies (SE),
the helical properties, and the dihedral angles of Si tetrads are shown
in parentheses.

the CD bands olaand1b will have GtTgl-type repetition of
propyl side chains and thdta prefers the right-handed helix,
while 1b the left-handed helix.

The X-ray crystallographic analysis of a single crystal of 1,6-
bis[(R)-2-phenylpropyl]dodecapropylhexasilan@a(t213 has
shown that the silicon backbone is loose-helical with the
negative helicity § = —172 to 177) (Figure 3), where the
arrangement of the propyl side chains as well as the helicity is
different from those found by MM2 calculations. At the most

(11) The conformers are specified by symbols like GgTt, which means
that a silicon atom with twgauchepropyl groups is neighbored by a silicon
atom with two trans propyl groups; upper and lower propyl groups
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Figure 3. X-ray structure of2a (ORTEP plot), showing the atom-
numbering scheme. Selected bond distances (A): Sgi(R) 2.364,
Si(2)—Si(3) 2.361, Si(3)-Si(4) 2.347, Si(5)-Si(6) 2.376. Selected bond
angles (deg): Si(})Si(2)—Si(3) 110.20, Si(2)Si(3)—Si(4) 111.38,
Si(3)—Si(4)—Si(5) 111.19, Si(4) Si(5)—Si(6) 110.01. Selected dihedral
angles (deg): Si(1)Si(2)—Si(3)—Si(4) —175.70, Si(2)-Si(3)—Si(4)—
Si(5) —167.80, Si(3)Si(4)—Si(5)—Si(6) —174.30.

stable MM2 structure2a has the GtTg repetition of the propyl
side chains with the two chiral groups on the long axis similarly
to perpropylhexasilane. On the other hand, in the single crystal
of 2a, two R* groups occupy the side-chain positions and the
two T and two G propyls are faced at the central SiSi bond.
The MM2 energy of the latter structure is ca. 4 kcal/mol higher

concerning the silicon backbone in Figure 2 are indicated by uppercase than that of the MM2 structure, suggesting that the crystal

and lowercase characters, respectively. Several other GtTg conformers a
well as various GgGg and GgTt conformers are also much less stable tha
conformer GtTgl shown in Figure 2. Conformer GtTgl is ca. 4 kcal/mol
more stable than any conformer with one gauche Si tetrad; the energy
difference is much larger than that for permethyldecasilane (0.43 kcal/mol).
(12) Permethyldodecasilane has recently been shown by the X-ray
analysis to have an almoali-transsilicon backbone in a film prepared by
a CVD method: Yatabe, T.; Shimomura, M.; Kaito, 8hem. Lett1996
551.
(13) Crystal data 02a: MF = Cs4H106Sis, MW = 923.94, orthorhombic,
space groufP2:2:2; (No. 19),a = 9.74(3),b = 67.6(3), anct = 9.292(4)
A, v=16118(23) ,é Z = 4, Dcaica = 1.003 g cn3, F(000) = 2056.00u
= 14.87 cntl. Data collection (170 K): a Rigaku AFC5R diffractometer,
graphite-monochromated Cuwt¢adiation ¢ = 1.5418 A), a rotating anode
generator (45 kV, 200 mA)p scan mode, scan speed of @rin (in ),
20max = 128.2. A total of 5651 reflections were measured (twice of
independent reflections), of which 4725 reflectiohs [3.00(1)] were used
in the refinement. The finaR value= 0.075 Ry = 0.101), GOF= 3.29,
pmax = 0.38, pmin = —0.32 eA3,

n

spacking force will be larger than the intrinsic conformational

energy difference.
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