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ABSTRACT: We demonstrated the first circularly polarized luminescence (CPL) and circular dichroism
(CD) spectra of three new Si—Si-bonded network polymers bearing the chiral alkyl side groups poly[(S)-
2-methylbutylsilyne] (15), poly[(R)-3,7-dimethyloctylsilyne] (2R), poly[(S)-3,7-dimethyloctylsilyne] (2S5),
and, for comparison, poly(n-pentylsilyne), which bears an achiral alkyl side group (3). These polymers were
successfully prepared by Na-mediated condensation of the corresponding alkyltrichlorosilanes with the help
of crown ether. It was revealed that only 1.5, which bears a 5-branched chiral group, clearly showed an intense
CPL signal at ~570 nm with a quantum yield of ~1%, along with its corresponding Cotton CD signals in
tetrahydrofuran at room temperature. In contrast, 2R and 2.5, which possess y-branched chiral groups, did
not show any CPL signal, though they did show the CD bands. As expected, 3 did not show CPL or CD
signals. The 5-branched chiral side chain was needed to provide the intense CPL band in the visible region and
to effectively induce chirally distorted Si—Si-bonded structures in Si—Si-bonded network polymers.

Introduction

The generation, amplification, and switching of circularly
polarized luminescence (CPL) and circular dichroism (CD) from
polymers,' small molecules,” and solid crystals® have received
considerable theoretical and experimental attention. CPL is
inherent to asymmetric fluorophores in the excited state, whereas
CD is due to asymmetric chromophores in the ground state.*

In recent years, it has been established that the dimensionality
of semiconductors is directly related to pronounced photophysi-
cal properties. A typical example is a family of Si—Si-bonded
materials. Crystalline silicon (c-Si), an achiral three-dimensional
structure, is a poor emitter with a quantum yield (®) of 0.01% at
300 K, with no reports of CPL or CD signals. However, since the
early reports of fairly efficient photoluminescence (PL) in the
visible—near-infrared (vis—NIR) region of nanocrystalline Si
(ne-Si)° and porous Si,” several low-dimensional Si—Si-bonded
systems have proven to be fascinating materials for tuning and
controlling PL properties throughout the UV—vis—NIR region,
both theoretically® and experimentally.®~'* These materials have
included zero-dimensional ne-Si,® one-dimensional (1D) polysi-
lane,” two-dimensional (2D) Si—Si-bonded networks such as
organopolysilyne (SNP),'° siloxene,'" and Si/SiO, superlat-
tices,'” and branched linear polysilanes.'* With the exception of
1D helical polysilanes bearing chiral groups,” ° these low-
dimensional structures are typically achiral, leading to no optical
activity, including CD and CPL signals.

Although SNP is a soluble model polymer of amorphous Si
(a-Si) and 2D-Si nanosheets,™'® further studies of the synthesis
and (chir)optical properties of SNP with chiral side groups have
not yet been carried out. This is because ideal 2D- and «-Si-like
structures have long been thought to be achiral. The only
exception to this rule is ladder-like oligosilanes, consisting of
fused four-member Si—Si-bonded rings with achiral isopropyl
groups, which adopt a helical conformation in the solid state and
a presumably CD-silent helical conformation in THF solution.'*
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Here we report the first chiroptical (CPL and CD) spectra of
three new SNPs bearing the chiral alkyl side groups poly[(S)-
2-methylbutylsilyne] (1S), poly[(R)-3,7-dimethyloctylsilyne] (2R),
poly[(S)-3,7-dimethyloctylsilyne] (2S), and, for comparison, the
achiral group poly(n-pentylsilyne) (3) (Chart 1). It was revealed
that only 1S bearing S-branched chiral groups clearly showed an
intense CPL signal at ~570 nm with ® of ~1%, along with its
corresponding Cotton CD signals in tetrahydrofuran (THF)
at room temperature. In contrast, 2R and 28, which possess
y-branched chiral groups, did not show any CPL signals, though
they did show the CD bands. As expected, 3 did not show CPL or
CD signals.

Results and Discussion

Scheme 1 shows the general synthetic scheme for the SNPs
studied in this work. Note that the use of Na metal with catalytic
12-crown-4 removed the need for ultrasonic wave (USW) irra-
diation in the preparation of these SNPs, thus providing milder
and safer conditions.'”" In comparison, a liquid NaK alloy and
USW irradiation were originally applied in the preparation of the
first SNP.!%“® Table 1 gives brief synthetic data for the four
SNPs. Although the values of M, and PDI for 1.5, 2R, and 2.5 are
similar, 3 (with a nonbranched side chain) had a larger M, and a
broader PDI. This trend has already been observed in previous
works'® and may be related to the degree of steric interaction
between the side chains.

Figure 1 shows the subtracted SiNMR spectra of 1.5, 2R, 25,
and 3 in CDCl; along with CDClI; alone at room temperature.
Three broad 2°Si resonances of the blank sample around —100,
—80, and —50 ppm were attributed to >’Si-containing glass in the
NMR tube and probe. By subtracting the *’Si NMR spectrum of
the blank sample from the NMR spectra for 1S, 2R, 28, and 3,
#Si NMR sgectra for these SNPs were obtained.

A broad >Si resonance near —55 ppm was commonly seen for
these SNPs. Although this *°Si resonance may overlap with the
S resonance at — 50 ppm, the remaining two 2°Si resonances at
—100 and —80 ppm almost disappeared. The *’Si resonance of
the four SNPs near —55 ppm appears to be characteristic of
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Chart 1. Chemical Structures of 15, 2R, 2S, and 3
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Scheme 1. Polymerization Scheme for the SNPs
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Table 1. Synthetic Data for the Network Polysilynes

polymer M, x 1073 PDI yields (%) color and state
IR 4.3 1.5 24.1 yellow solid

2R 4.0 1.4 26.7 yellow paste

28 4.8 1.8 29.4 yellow paste

3 32.0 4.4 22.0 orange-yellow solid

“M,, and M, values were estimated via calibration of chain-like
polystyrene standards. However, actual molecular weights may be
higher due to underestimation of the hydrodynamic radii of the network
structures compared to polystyrene standards with chain-like structure.

several SNPs bearing n-alkyl groups reported previously.'*®*!?

The broadness of the peak is due to a solid-like structure with a
very restricted skeletal motlon 10b,f

Indeed, Furukawa et al.'”" and Bianconi et al.'” showed very
broad solution ’Si NMR signals with line widths of ca. 20—
30 ppm from n-hexylpolysilyne and n-propylpolysilyne. The
former was prepared by Na-mediated condensation of n-hexyl-
trichlorosilane and the latter by Na—K-mediated condensation
of n-propyltrichlorosilane. Bianconi et al.'® further compared
these results with the corresponding solid-state CP/MAS 2°Si
NMR signals of n-propylpolysilyne, n-butylpolysilyne, and n-
hexylpolysilyne. When in the solid state, these SNPs have broad
2Si NMR signal around —55 to —60 ppm with line widths of ca.
20—25 ppm, accompanied by several broad signals around 0 ppm
(430 to —30 ppm). The samples showed no marked difference in
the chemical shifts of thelr Si—Si-bonded polymers between
solution and solid-state *?Si NMR spectra.

Other possible constructs include a mixture of Si—Si-bonded
chain-like and network-like structures (hyperbranched dendritic
structures) or a Si—Si-bonded chain-like structure branched with
Si-based side chains. However, for 1S, 2R, 2S, and 3, the *’Si
resonance between —20 and —32 ppm, which is characteristic of
dialkylpolysilanes,'® is not observed (Figure 1). Production of
chain-like structures can be ruled out in the Si—Si-bonded
structures. Alternatively, the Si—Si-bonded networks may be
ladder-like structures comprising fused four-member Si—Si-
bonded rings; this t?/})e of structure can arise due to the bulkiness
of the side groups.'* However, because >’Si resonances charac-
teristic of the ladder-type oligomers around —35 ppm are not
observed,'** the fused four-member rings cannot be dominant
and therefore were ruled out.

Solid-state CP/MAS 2°Si NMR measurement may allow
straightforward characterization of 1S, 2R, 2, and 3, but the
#Si NMR spectra in solution cannot provide detailed structural
information due to the broadness inherent to Si—Si-bonded
network polymers with very limited segmental motion. An SNP
with n-butyl groups (prepared via a similar protocol using Na)
showed a broad Raman band around 480 cm™ ', typical for
amorphous-like Si—Si structures;'> however, we d1d not obtain
Raman spectra of 18, 2R, and 25 in order to avoid air oxida-
tion and sample damage during the measurement. Therefore, a
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Figure 1. Subtracted ’Si NMR spectra of 1, 2R, 28, and 3 with »Si
NMR spectrum of a blank (no polymer) in CDCls at room temperature.
The two broad >°Si resonances observed in the blank at —100, —80, and
—50 ppm were attributed to *’Si-containing glass in the NMR tube and
the probe. Numerical subtraction (KaleidaGraph, Sgnergy ver4) of the
blank from the samples was carried out to reduce the Si NMR signal at
—100 ppm.

plausible structure formed from sodium-based reduction of the
alkyltrichlorosilanes is an amorphous-like structure,'®® in which
each Si atom is bonded to three Si atoms and one organic side
group. The question remains of whether this polymer skeleton is
chirally distorted due to the presence of sterically crowded chiral
alkyl side groups. Further chiroptical CD/CPL studies, combined
with unpolarized UV—vis and photoluminescence studies, will be
needed to answer to this question.

Figure 2 compares the UV—vis spectra, their logarithm spec-
tra, and the PL and PL excitation (PLE) spectra of 18, 2R, 28,
and 3. Itis evident from Figure 2a that 1S, 2R, 2S, and 3 show no
clear absorption peaks in the UV— v1s region. This is a feature of
several previously reported SNPs.'” However, from the UV—vis
spectra shown in Figure 2b (logarithm plots of Figure 2a) the
absorption edges of 1.5 and 3 are shifted to longer wavelengths
(ca. 450—500 nm) compared to those of 2R and 2.5 (ca. 350 nm).
In addition, the absorption edge of 1.5 (ca. 500 nm) is consider-
ably longer than that of 3 (ca. 450 nm). As shown in Figure 2c, 1,
2R, 28, and 3 all weakly emit blue-green light consisting of several
vibronic PL peaks at room temperature in solution. These PL
spectral features are very similar to those of several known SNPs
carrying straight and branched side chains, and there are no
marked differences in PL spectra between the present four SNPs
and previously reported SNPs.'*!?

Figure 2d compares the PLE spectra of 18, 2R, 2§, and 3 in
solution. PLE spectra provide selective information on the
absorption bands contributing to PL bands that is not provided
by the UV—vis absorption spectra. It is evident from Figure 2d
that, although the PLE spectrum of 1.5 has a clear shoulder band
near 400 nm, 2R, 2.5, and 3 have similar PLE spectra in solution.

Thus, these unpolarized UV—vis, PL, and PLE spectroscopic
data merely provide information showing that 15, 2R, 25, and 3
adopt very similar local structures, since these UV—vis, PL, and
PLE spectra are almost identical to previously reported spectra.'”
However, circularly polarized spectroscopic data, including CD
and CPL between 1S, 2R, 28, and 3 were very different, as
follows.

Figure 3a compares the CD and UV—vis spectra of 1.5 and 3.
Three Cotton CD bands are observed for 1S: a positive signal
around 250—300 nm (gcp = +3 x 107 at 270 nm), a negative
signal at 330 nm (gcp = —1.2 x 107%), and a positive, broad,
weak signal around 480 nm (gcp = +4.8 x 107°). In contrast, no
Cotton CD effects were detected in 3. Although the origins of the
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Figure 2. (a) UV—vis spectra, (b) logarithm of UV—vis spectra, (c) PL spectra excited at 360 nm, and (d) PLE spectra of 18, 2R, 2.5, and 3 in THF
monitored at 510 nm (UV—vis: ~2.0 x 10~* M per Si repeat unit; PL and PLE: ~1.5 x 10~* M per Si repeat unit).
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Figure 3. CD (upper lines) and UV—vis (lower lines) spectra of (a) 1S
and 3 and (b) 2R and 28 in THF (~2.0 x 10~* M per Si repeat unit),
which were simultaneously obtained with a JASCO J-820 spectro-
polarimeter.

480, 330, and 270 nm Cotton CD bands are unclear, the 480 and
330 nm CD bands are assumed to arise from two Si 0—Si o*
transitions with opposite chiralities, as discussed later.'® The
origin of the 270 nm CD band is unclear and will require further
studies.

However, it is unclear whether the achiral n-pentyl group
actually induces a chiral distortion in the Si—Si-bonded network
with mirror-image forms, leading to CD-silent chiral structures.

This is because only the (S)-chirality of (S)-2-methylbutyltri-
chlorosilane is available from natural sources. To obtain an
enantiomeric pair of optically active SNPs, 2§ and 2R were
designed. Although 25 and 2R actually exhibited nearly mirror-
image Cotton effects in the range of 300—400 nm, the magnitude
of their Cotton effects diminished by 1 order of magnitude
compared to that of 18 (Figure 3).

These CD spectroscopic data led to the idea that chiral side
chains may induce a certain chirally distorted Si—Si-bonded
structure that is incorporated into the network skeleton. The
distance between the skeleton and the chiral branching position
greatly affects the degree of the distortion: the 3-position in the
chiral side group affects the Si skeleton significantly more than
the y-position. This tendency is further evident from the marked
difference in CPL spectra between 1.8 and 2R excited at 300 nm
(Figure 4a). Although 1.5 exhibits a positive CPL band that peaks
at 570 nm, no clear CPL band from 2R was detected (nor was a
band detected for 2.5 or 3).

The 570 nm CPL band profile of 1S, including the peak
wavelength, does not fit completely with the corresponding
unpolarized PL band in the range of 400—800 nm. The signs of
the 570 nm CPL band of 1§ and that of the 480 nm CD band are
the same, and the absolute magnitude of the 570 nm CPL band
(gcpL= +5.0 x 10_3) is almost identical to that of the 480 nm CD
band (gcp = +4.8 x 107%). 1S has at least two major PL com-
ponents around 420—450 nm and 480—600 nm (Figure S1 in the
Supporting Information), depending on excitation wavelength.
From Figure 4a, 1.5 appears to have a very weak, negative CPL
band around 450 nm.

We obtained the subtracted PL spectra between 1S and 2R by
adjusting the coefficient, as shown in Figure 4b. The peak
wavelength of the subtracted PL becomes 570 nm, fitting with
that of 1.5 CPL band. The band may be connected to the PL band
at 480—600 nm in Figure S1. The subtracted PL band with a
negative sign at 430 nm is new, and the spectral shape is similar to
the corresponding CPL profile of 18.

This additional analysis led to the idea that the apparent CPL
spectra of 1S include the negative CPL band around 450 nm and
the positive CPL band around 570 nm. To test this idea, a
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Figure 4. (a) CPL and PL spectra of 15 and 2R excited at 300 nm in
THF (~2.0 x 107> M per Si repeat unit) simultaneously obtained with a
JASCO CPL-200 spectrofluoropolarimeter. (b) CPL of 1.8 and sub-
tracted PL spectra of 1.8 with that of 2R.

comparison of normalized CPL and CD spectra of 15 in THF is
given in Figure 5a. These data were originally taken from
Figures 3a and 4a. As is evident, the intense, positive 570 nm
CPL band arises from the positive 480 nm CD band with a Stokes
shift of 3300 cm™ 1, whereas the weak, negative 450 nm CPL band
comes from the negative 330 nm CD band with a Stokes shift of
8100 cm™'. From a comparison of the two PLE spectra of 18 in
THF monitored at 560 nm (solid line) and at 520 nm (dotted line)
(Figure 5b), a PLE band at 430 nm is evident and may contribute
to the 480 nm CD and the 570 nm CPL bands. Very strained fused
Si—Si rings with opposite helical chirality incorporated in the 1.5
networks are thus assumed to be responsible for the emergence of
the negative 330 nm CD, positive 480 nm CD, negative 460 nm
CPL, and positive 570 nm CPL bands. The dual chirality with
opposite handedness was reported for chain-like Si—Si-bonded
polysilane carrying (S)-2-methylbutyl and methyl side groups.'’

These comprehensive spectroscopic analyses led to the con-
clusion that the CPL band is not due to the whole network
skeleton but rather is due to chirally distorted local structures
with opposite handedness and different photoexcitation energies;
these local structures have been incorporated into the skeleton.
Although the chirally distorted structure may be only a small
portion of the networks, photoexcited energy above the optical
band gaps can relax to the most energetically low photoexcited
states. However, the S-branched chiral group actually induces
the chirally strained structures responsible for the most energe-
tically low photoexcited states, while in contrast, the y-branched
chiral groups cannot induce the chiral structures responsible for
the most energetically low photoexcited states. Therefore, the
y-branched chiral groups cannot contribute the lowest photo-
excited states due to the weakness of the side-chain steric effect.
The lowest photoexcited states induced by the y-branched chiral
groups may be in achiral structures or in otherwise CD/CPL-
silent chiral structures.
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Figure 5. (a) Comparison of normalized CPL (dotted line) and CD
(solid line) spectra of 1.5 in THF, in which the original data were taken
from Figures 3a and 4a. (b) Comparison of PLE spectra monitored at
560 nm (solid line) and 520 nm (dotted line) spectra of 1.5 in THF.

Although the @ value of the PL band in the visible region was
~1% based on the reference 9,10-diphenylanthracence at 25 °C,'®
the CPL property of 1.5 might be the first example of CPL among
the family of SNPs,'” including the ladder polysilane.'* The CPL-
functionalized SNP is thus possible to obtain simply via Na-
mediated condensation of trichlorosilane bearing S-branched
chiral alkyl groups. From our recent finding of various optically
inactive SNPs in a controlled vacuum pyrolysis experiment
(temperature, time, a trace amount of ailr),15 an optically active
SNP with f-branched alkyl groups may serve as precursor to
Si—Si-bonded ceramics with tunable PL/CPL wavelengths and a
higher @ value.

Conclusions

In summary, we demonstrated the first chiroptical (CPL and
CD) spectra for three new SNPs (18, 2R, and 2.5) bearing chiral
alkyl side groups, which were successfully prepared by Na-
mediated condensation of the corresponding alkyltrichlorosi-
lanes with the help of crown ether. Although 18, 2R, and 2§
exhibited CD signals in the UV—vis region, only 1§ showed a
clear CPL signal in the visible region. A fS-branched chiral side
chain was needed to provide the intense CPL band in the visible
region and to effectively induce chirally distorted Si—Si-bonded
structures in SNPs.

Experimental Section

1.1. General. All SNP samples were measured in the liquid
state (UV—vis, CD, CPL, PL, and PLE) and were prepared in a
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synthetic quartz (SQ)-grade cuvette (path length: 1.0 and
10.0 mm) with a PTFE cap in a glovebox filled with 99.99%
pure N, gas to avoid any contact with air and moisture.
Solutions in spectroscopic grade tetrahydrofuran (Dotite) were
used for all measurements.

The CD/UV—vis spectra of the solution state at 25 °C were
recorded simultaneously on a JASCO J-820 spectropolarimeter
equipped with a Peltier-controlled housing using SQ-grade
cuvettes with a path length of 1.0 mm. The scanning conditions
were as follows: a scanning rate of 100 nm/min, a bandwidth of
1 nm, a response time of 1 s, and a single accumulation.

UV—vis spectra were also measured independently on a
JASCO UV-560 UV—vis—NIR spectrophotometer at 25 °C.
The scanning conditions were as follows: a scanning rate of
50 nm/min, a bandwidth of 2 nm, and a response time of 1 s.

PL spectra were measured on a JASCO FP-6500 spectro-
fluorometer at 25 °C. The scanning conditions were as follows: a
scanning rate of 100 nm/min, a bandwidth of 3 nm for excita-
tion, a bandwidth of 3 nm for monitor, and a response time of
2 s. Fluorescence quantum yields were determined relative to
9,10-diphenylanthracene in cyclohexane (® = 90%).'*

CPL spectra were measured on a JASCO CPL-200 spectro-
fluoropolarimeter using SQ-grade cuvettes with a path length of
1.0 mm at room temperature, whereas the instrument was
designed to obtain a high S/N ratio by adjusting the angle
between the incident and traveling light to 0° with the help of
a high-performance notch filter. The scanning conditions were
as follows and were averaged from 16 scans: a scanning rate of
100 nm/min, a slit width of 3000 4m for excitation, a slit width of
3000 um for monitor, and a response time of 1 s.

Optical rotation at the Na-d line was measured with JASCO
P-1020 and DIP 370 polarimeters using SQ-grade cuvettes with
a path length of 1 mm for the neat monomer at room tempera-
ture.

NMR spectra were recorded with a JEOL EX-400 spectro-
meter at 400 MHz for "H NMR, 100 MHz for "*C, and 80 MHz
for Si NMR or a Varian Unity 300 spectrometer at 300 MHz
for '"H NMR, 75 MHz for "*C, and 60 MHz for *’Si NMR in
CDCl; at ~24 °C.?’Si NMR spectra were recorded using a gated
proton decoupled pulse sequence with a relaxation delay of 5's
and were referenced to internal Me4Si. Chromium(I1I) acetyla-
cetonate was used as a relaxation reagent for monomers but was
not used for SNP samples.

IR spectra were measured on a HORIBA FT-730 spectro-
meter in transmission mode. Films on a KBr disk (cast in a
glovebox) were used. Spectra were recorded with an optical
spectral resolution of 4 cm™', and the results of 16 scans were
averaged.

The weight-average molecular weight (M) and number-
average molecular weight (M) were evaluated using gel per-
meation chromatography (GPC) on Shimadzu A10 instru-
ments, with a PLgel (Varian) 10 um mixed-B as the column
and HPLC-grade tetrahydrofuran as the eluent at 40 °C, based
on a calibration with a polystyrene standard kit (Varian).

The enantiopurities of starting materials and intermediates
were determined at the Toray Research Center (Shiga, Japan)
using chiral gas chromatography (Spelco, -DEX-325 and f3-
DEX-225, 30 m x 0.25 mm i.d., column oven temperature
70—95 °C, He carrier with 1.2 mL/min).

1.2. Monomer Materials. (S)-2-Methylbutyltrichlorolsilane
(4). This was prepared by the literature procedure.'” To a
mixture of 150 mL of dry tetrahydrofuran (Kanto Chemical)
and 13.0 g (0.53 mol) of Mg turnings activated with a small
amount of 1,2-dibromoethane, 52.9 g (0.496 mol) of (S)-2-
methylbutyl chloride (TCI, 99.8% ee) was added dropwise,
and the resulting solution was heated at ~45 °C and stirred.
The reaction was allowed to proceed for several hours. To a
mixture of 100 g (0.588 mol) of tetrachlorosilane (Shin-Etshu)
and 150 mL of dry diethyl ether (Dotite), the freshly pre-
pared Grignard reagent was added dropwise at ~40 °C from a
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dropping funnel, and the mixture was allowed to react over-
night. After adding about 1 L of n-hexane to the reaction
mixture, a yellow clear solution containing monomer was
collected by reduced filtration. After removal of the solvent
and unreacted tetrachlorosilane under reduced pressure (200
Torr), the resultm% mixture was carefully distilled. The yield was
47 g (60%): 4 13.37° (neat) [[a]p>® 11.07° (neat)'g]; bp
70—75 °C/20 Torr (bp 166—167 °C/755 Torr)." *Si NMR
12.64 ppm. *C{'H} NMR 31.90 (double intensity), 30.38,
21.39, 11.09 ppm. *C NMR and *°Si NMR spectra are given
in Figure S3 of the Supporting Information.

(8)-(+)-3,7-Dimethyloctyltrichlorosilane (5). This was pre-
pared in line with the literature procedure.”” To a mixture of 100 mL
of dry tetrahydrofuran (Kanto Chemical) and 4.2 g (0.18 mol)
of Mg turnings activated with a small amount of 1,2-
dibromoethane, 33 g (0.15 mol) of (S)-(4)-3,7-dimethyloctyl
bromide ([o]p>* = +6.05° (neat), 95.0% ee) was added dropwise,
and the resulting mixture was heated at ~45 °C and stirred. The
bromide was prepared at Chemical Soft (Kyoto, Japan) by
bromination of (S)-(—)-3,7-dimethyloctanol ([a]p>* = —4.22°
(neat), 95.9% ee), which was prepared by hydrogenation of
(S)-(—)-p-citronellol (Fluka, [o]p>* = —4.55° (neat), 97.4% ee).
To a mixture of 50 g (0.294 mol) of tetrachlorosilane (Shin-
Etshu) and 150 mL of dry diethyl ether (Kanto Chemical), the
freshly prepared Grignard reagent was added dropwise from a
dropping funnel at 40 °C, and the reaction was allowed to
proceed overnight. After adding about 0.5 L of n-hexane to
the reaction mixture, a clear yellow solution containing the
monomer was collected by reduced filtration. After removal of
the solvent and unreacted tetrachlorosilane under reduced
pressure (200 Torr), the resulting mixture was distilled. The yield
was 23 ¢ (56%): [alp>* = +2.25 (neat), bp 68—70 °C/0.95
Torr, ’Si NMR 12.65 ppm; *C{'"H} NMR 39.22, 36.37, 34.37,
28. 91 27.95, 24.66, 22.69, 22.60, 21.64, 18.99 ppm. '*C NMR
and 2°Si NMR spectra are given in Figure S4 of the Supporting
Information.

(R)-(—)-3,7-Dimethyloctyltrichlorosilane (6). This was pre-
pared in line with the literature procedure.’® To a mixture
of 150 mL of dry diethyl ether (Kanto Chemical) and 6.6 g
(0.22 mol) of Mg turnings activated with a small amount of
1,2-dibromoethane, 50.5 g (0.23 mol) of (R)-(—)-3,7-dime-
thyloctyl bromide ([a]p>* = —5.96° (neat), 96.6% ee) was added
dropwise, and the resulting mixture was refluxed at ~45 °C
and stirred. The bromide was prepared at Chemical Soft
(Kyoto, Japan) by bromination of (R)-(+)-3,7-dimethyloctanol
([o]p>* = 43.90° (neat), 95.7% ee), which was prepared by
hydrogenation of (R)-(+)-B-citronellol (Fluka, [a]p>* = +4.46°
(neat), 97.4% ee). To a mixture of 14.5 g (0.085 mol) of
tetrachlorosilane (Shin-Etshu), 100 mL of dry diethyl ether
(Kanto Chemical), and 25 mL of tetrahydrofuran (Kanto
Chemical), the fresh Grignard reagent was added dropwise from
a dropping funnel at 40 °C and allowed to react overnight. After
adding about 1 L of n-hexane to the reaction mixture, a clear
yellow solution containing monomer was collected by reduced
filtration. After removal of the solvent and unreacted tetra-
chlorosilane under reduced pressure (200 Torr), the result-
ing mixture was distilled. The yield of the first fraction was
8 g (14%); bp 77—78 °C/1.2 Torr; [a]p™* = —2.54° (neat). *’Si
NMR 12.65 ppm. °Si NMR spectrum is given in Figure S5 of
the Supporting Information.

n-Pentyltrichlorosilane (7). This was purchased from Shin-
Etsu and distilled prior to use bp 60—61 °C/15 Torr. The 2°Si
NMR spectrum is given in Figure S6 of the Supporting Infor-
mation.

1.3. Polymeric Materials. Syntheses of Representative Exam-
ple, Poly[(S)-2-methylbutylsilyne] (18). In a nitrogen atmosphere,
0.45 g (19.4 mmol) of sodium was dispersed in a mixture of 10 mL
of boiling toluene and 17.1 mg (0.0972 mmol) of 12-crown-4
(Aldrich) by vigorous mechanical stirring. Subsequently, 1.00 g
(4.86 mmol) of 4 was added dropwise (caution: a strongly
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exothermic reaction occurs). The reaction mixture was refluxed for
1 h during which a purple color developed. After cooling to room
temperature, the glass vessel was transferred to a glovebox filled
with 99.99% pure nitrogen gas. The reactant mixture was then
filtered using a PTFE membrane filter (0.45 um pore size) to
remove sodium chloride and unreacted sodium. The filtrate was
further purified by precipitation with dry acetone several times.
The isolated yield, color, state, and GPC information for 1.5, 2R,
38, and 3 are given in Table 1.

1.4. "TH NMR and *Si NMR Charts and IR Spectra of 15, 2R,
28, and 3. '"H NMR, '*C NMR, and *’Si NMR spectra and IR
spectra of 1.8, 2R, 2, and 3 are displayed in Figures S7—S10 of
the Supporting Information.

1.5. Optical Spectra of 18, 2R, 25, and 3 in THF at 25 °C.
Detailed PL spectra of 1.5, 2R, 25, and 3 with different excitation
wavelengths are displayed in Figure S1 of the Supporting
Information. Detailed PLE spectra of 1S, 2R, 28, and 3 with
different monitor wavelengths are displayed in Figure S2 of the
Supporting Information.
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