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Experimental

1. Materials

All the solvents used for synthesis and polymerizations of the monomers were distilled as usual. The
polymerization initiator, [Rh(nbd)CI]. (nbd = 2,5-norbornadiene) and polyaddition (hydrosilyation) catalyst,
RhCI(PPh3); purchased from Aldrich Chemical were used as received. (R)-phenylethylamine,
(S)-1-cyclohexylethylamine, (S)-N,N-dimethyl-1-phenylethylamine, 2-methylbutan-2-amine  and
diisopropylamine were purchased from Tokyo Chemical Co., Ltd., and used as received. All the solvents

used for synthesis of the monomers and polymerizations were distilled as usual.

2. Synthesis of monomers (1-3; Chart 1)
All the reaction procedures were conducted under nitrogen.

2.1 Synthesis of 3,5-bis{(4 -dimethylsilyl)phenylethynyl}phenylacetylene (1)(Scheme S1)

Br :—‘»OH Br Sl — // //
—Si—=
i | — K,CO3, MeOH | —
Br ——  HO = HO i — / HO — )
PACIy(PPh3),, Cul, PPhy, Et;N PACI,(PPhs),, Cul, PPhg, Et;N ‘
Br

Br
A\ \
4 5 si” 6
yield: 68% yield: 71% yield: 85%

NaH, toluene dimethylchlorosilane o

n-BulLi, THF

~

/
monomer 1 Si
yield: 60% yield: 72% yield: 41%
total yield: 7.3%

Scheme S1. Synthesis of AB; type monomer(1)

(1) 4-(3’,5-Dibromophenyl)-2-methyl-3-butyn-2-ol (4)

A mixture of 2-methyl-3-butyn-2-ol (2.8 mL, 30 mmol), 1,3,5-triboromobenzene (9.4 g, 30 mmol),
bis(triphenylphosphine)palladium(ll) chloride (0.14 g, 0.20 mmol), triphenylphosphine (0.24 g, 0.92 mmol)
and copper(l) iodide (0.12 g, 0.63 mmol) in dry triethylamine (150 mL) was stirred at 90°C for 16 h. After
the mixture was filtered, the solvent was removed by evaporation and the crude product was purified by

silica-gel column chromatography to give 4 as a yellow liquid. Yield: 68% (6.5 g). R = 0.40 (ethyl
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=3

acetate/hexane = 1/4 (v/v)). *H NMR (CDCls, 400 MHz, ppm): J 7.60 (t, 1H, J = 2.0 Hz, W), 7.49

H

(d, 2H,J=2.0 Hz, W =), 2.10 (s, 1H, OH), 1.60 (s, 6H, C(CH3)2).
(2) 4-{3°,5 -Bis(trimethylsilylethynyl)phenyl}-2-methyl-3-butyn-2-ol (5)

Trimethlylsilylacetylene (3.5 mL, 38 mmol) was added to a mixture of 4 (6.0 g, 19 mmol),
bis(triphenylphosphine)palladium(l1) chloride (0.26 g, 0.34 mmol), triphenylphosphine (90 mg, 0.34 mmol)
and copper(l) iodide (60 mg, 0.34 mmol) in dry triethylamine (120 mL). The reaction solution was stirred
at 80°C for 24h and filtered. The solvent was removed by evaporation and the crude product was purified

by silica-gel column chromatography to give 5 as a brown solid. Yield: 71% (4.7 g). Ry = 0.35 (ethyl

o

=0

acetate/hexane = 1/4 (v/v)).*H NMR (CDCls, 400 MHz, ppm): § 7.49 (t, 1H, J =1.6 Hz, e’ ), 7.45

H

(d, 2H,J=1.6 Hz, i %), 2.04 (s, 1H, OH), 1.59 (s, 6H, C(CHs3)2), 0.23 (s, 18H, Si(CHa)s).
(3) 4-(3°,5-Diethynylphenyl)-2-methyl-3-butyn-2-ol (6)

To a mixture of K,CO3(2.5 g, 24 mmol) in methanol (40 mL), a methanol solution (10 mL) of 5 (8.4 g,
24 mmol) was added at room temperature. This reaction mixture was stirred for 12h at room temperature
followed by treating with 10% HCI(aq) and the aqueous layer was extracted with CH2Cl, for three times.
The organic layer was combined and dried over anhydrous MgSQa for 1h. After filtration and concentration,
the crude product was purified by silica-gel column chromatography to give 6 as a white solid. Yield: 85%
(4.2 g). Rr = 0.35 (ethyl acetate/hexane = 1/4 (v/v)). *H NMR (CDCls, 400 MHz, ppm): 6 7.52 (t, 1H, J =

H H

b3 b2
—E}QH —E}QH
16Hz, « « ),750(d, 2H,J=16Hz,  + » ), 3.09 (s, 2H, HC=C), 2.01 (s, 1H, OH), 1.60 (s, 6H,
C(CHa)a).

(4) 4-{3°,5-Bis(4 "-bromophenylethynyl)phenyl}-2-methyl-3-butyn-2-ol (7)

A mixture of 6 (3.2 g, 15 mmol), bis(triphenylphosphine)palladium(ll) chloride (0.26 g, 0.34 mmol),
copper(l) iodide (65 mg, 0.34 mmol), triphenylphosphine (90 mg, 0.34 mmol) and 1-bromo-4-iodobenzene
(10 g, 34 mmol) in dry triethylamine (150 mL) was stirred at 90°C for 24 h. After the mixture was filtered,
the solvent was removed by evaporation and the crude product was purified by silica-gel column

chromatography to give 7 as a brown viscous liquid. Yield: 60% (4.7 g). R; = 0.30 (ethyl acetate/hexane =

Y
-3

1/4 (v/v)). 'H NMR (CDCls, 400 MHz, ppm): 9 7.60 (t, 1H, J=1.6 Hz,  « » ), 7.54(d, 2H, J = 1.6 Hz,
Ho oy H H H H

H$= H 4= Br = Br

49\: ), 7.51 (d, 4H, J = 8.8 Hz, 4% ), 7.38 (d, 4H, J = 8.8 Hz, 4% ), 2.00 (s, 1H, OH),

1.61 (s, 6H, C(CHa),).
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(5) 3,5-Bis(4 -bromophenylethynyl) phenylacetylene (8)

To a mixture of sodium hydride (0.31 g, 7.1 mmol) in toluene (100 mL), a toluene solution (20 mL) of 7
(3.7 g, 7.1 mmol) was added. The reaction solution was stirred at 90°C for 2h and the temperature was
lowered to room temperature slowly. This solution was treated with 10% HCI(aqg) and the aqueous layer
was extracted with CH.CI; for three times. The organic layers were combined and dried over anhydrous
MgSO, for 1h. After filtration and concentration, the crude product was purified by silica-gel column
chromatography to give 8 as a white solid. Yield: 72% (2.4 g). Rs = 0.35 (ethyl acetate/hexane = 1/20 (v/v)).

Ho oy H ooy

IH NMR (CDCls, 400 MHz, ppm): 6 7.65 (t, 1H, J= 1.6 Hz, « * ),7.60(d, 2H,J=16Hz, + =),

H H H H

%

750(d,4H,J=84Hz,  « » ),7.38(d,4H,J=84Hz,  + u ) 3.11(s, 1H, HC=C).

(6) 3,5-Bis{(4 -dimethylsilyl)phenylethynyl}phenylacetylene (1)

To a THF solution (34 mL) of 8 (1.6 g, 3.4 mmol), 1.57 mol/L of n-butyllithium hexane solution (6.4 mL,
10 mmol) was added dropwised at -75°C. The solution was stirred at -75°C for 4h and a THF solution (5
mL) of chlorodimethylsilane (0.75 mL, 6.7 mmol) was added dropwise. The temperature of the reaction
solution was enhanced to slowly and kept overnight. The stirring was continued for another 1h after an
excess of water was added to the solution. This reaction solution was extracted with diethyl ether, washed
with brine, and dried over anhydrous sodium sulfate for 1h. After filtration and concentration, the crude
product was purified by silica-gel column chromatography to give monomer 1 as a colorless liquid. Yield:
41% (0.58 g). Rt= 0.35 (ethyl acetate/hexane = 1/20 (v/v)). *H NMR (CDCls, 400 MHz, ppm): ¢ 7.68 {t,

H 7 H H

%

Ho oy =,
H }QH —§%Qs<ﬁ
1H,J=16Hz, « ~ ), 7.60(d,2H,J=16Hz, + ~ ) 7.54(d,4H,J=84Hz, « » ) 7.50(d,

H H
= Si/H

4H,J=80Hz, 7 w ) 4.44 (hept, 2H, Si(CHa)H), 3.11 (s, 1H, HC=C), 0.37 (d, 12H, -Si(CHa)y).
Anal. Calcd for CasHasSiz: C, 80.32; H, 6.26. Found: C, 80.34; H, 6.29. IR (KBr): 3310 (HC=C), 2120
(SiH), 1250 (SiC) cm™.

2.2 Synthesis of 3,5-bis(dimethylsilyl)phenylacetylene (2)(Scheme S2)

H
Br — OH Br Br Su\
Br HO | — 72\ NaH, toluene — 72\ dimethylchlorosilane =
PdCI,(PPhj),, Cul, PPhg, Et;N | — — n-BuLi, THF P
Br

Br Br Si
7 H
9 10 monomer 2
yield: 90% yield: 82% yield: 51%

total yield: 38%

Scheme S2. Synthesis of AB; type monomer(2).

According to our report?®, monomer 2 was synthesized. *H NMR (CDCls, 400 MHz, ppm): J 7.67 (t, 1H,
J = 1.6 Hz, ArH), 7.50(d, 2H, J = 1.6 Hz, ArH), 4.44 (hept, 2H, Si(CHs)2H), 3.11 (s, 1H, HC=C), 0.35 (d,

5119



12H, Si(CHa)2). Anal. Calcd for C12H18Si2: C, 65.98; H, 8.31. Found: C, 66.01; H, 8.30. IR (KBr): 3311

(HC=C), 2120 (SiH), 1252 (SiC) cm™™.

2.3 Synthesis of 3,5-bis{(4 -dimethylsilyl)phenyl}phenylacetylene (3) (Scheme S3)

n-BuLi, trimethylborate, HCI
Br T™MS
THF

1"
yield: 72%

trimethylchlorosilane
n-BuLi, Et,0

Br

(HO)2BOTMS

12
yield: 64%

— ICl, -78°C | —

5 12, Pd(PPhg),, K,CO;
r —_— =
dioxane

trimethylsilylacetylene |
Br —Si
PdCl,(PPhs),, Cul, PPhs, Et;N |
K &
T™MS

13
yield: 50%

/ CH,Cl, [

T™MS |

14 15
yield: 76% yield: 15%

|
=) W
—_— = =
|
16 monomer 3

yield: 76% yield: 32%
total yield: 2.6%

Scheme S3. Synthesis of AB, type monomer(3).

dimethylchlorosilane
e
n-BuLi, THF, -78°C

/
SiH

(1) 1-Bromo-4-trimethylsilylbenzene (11)

To a diethyl ether solution (50 mL) of 1,4-dibromobenzene (5.9 g, 25 mmol), 1.56 mol/L of
n-butyllithium hexane solution (16 mL, 25 mmol) was added dropwise at 0 °C. This solution was stirred for
2h at 0 °C and a diethyl ether solution (10 mL) of trimethylchlorosilane (3.0 mL, 28 mmol) was added
dropwise. The temperature of the reaction solution was enhanced to room temperature slowly with stirring
for another 1 h. An excess of water was added to the solution. The water layer was extracted with diethyl
ether three times. The organic layers were combined and dried over anhydrous MgSOa for 1h. After
filtration and concentration, the crude product was purified by distillation under reduced pressure (74°C,
5x10? Pa) to give 11 as a colorless liquid. Yield: 72% (4.1 g). *H NMR (CDCls, 400 MHz, ppm): & 7.44 (d,
2H, J = 8.4 Hz, ArH), 7.32 (d, 2H, J = 8.4 Hz, ArH), 0.24 (s, 9H, Si(CHa)3).

(2)4-(Trimethylsilyl)phenylboronic acid (12)
To a THF (50 mL) solution of 11 (5.7 g, 25 mmol), 1.56 mol/L n-butyllithium hexane solution (16 ml, 25
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mol) was added dropwise at -78°C. The solution was maintained under this condition for 2.5h. Trimethyl
borate (3.4 ml, 30 mmol) in THF (20 ml) was added dropwise to the solution. Hydrochloric acid (10%, 20
mL) was added to the solution at room temperature and stirred for 2h. The resulting aqueous layer was
extracted with diethyl ether (100 ml) and the combined organic layer was washed with brine and dried over
anhydrous magnesium sulfate. After filtration and concentration, the crude product was recrystallized from
hexane to give 12 as a white powder. Yield: 64% (3.1 g). *H NMR (CDCls, 400 MHz, ppm): 6 8.21 (d, 2H,
J=8.0Hz, ArH), 7.69 (d, 2H, J = 8.0 Hz, ArH), 0.33 (s, 9H, Si(CHs3)3).
(3) 1-Bromo-3,5-bis(4 -trimethylsilylphenyl)benzene (13)

A mixture of 1,3,5-tribromobenzene (7.8 g, 25 mmol), 4-trimethylsilylphenylboronic acid (12) (9.7 g,
50 mmol), Pd(PPhs)s (2.9 g, 2.5 mmol) and K3PO, (11 g, 50 mmol) in dioxane (100 mL) was stirred at
85°C for 24 h. The solution was extracted with diethyl ether three times at room temperature. The organic
layers were combined and dried over anhydrous MgSO. for 1h. After filtration and concentration, the crude
product was purified by silica-gel column chromatography to give 13 as a white solid. Yield: 50% (9.0 g).
Rt = 0.42 (hexane). *H NMR (CDCls, 400 MHz, ppm): 6 7.76 (t, 1H, J = 1.6 Hz, ArH), 7.66 (d, 2H, J =1.6
Hz, ArH), 7.63 (br, 8H, ArH), 0.33 (s, 18H, Si(CH3)3).

(4) 1-Trimethylsilylethynyl-3,5-bis(4 -trimethylsilylphenyl)benzene (14)

A mixture of 13 (11 g, 25 mmol), bis(triphenylphosphine)palladium(l1) chloride (0.28 g, 0.50 mmol),
copper(l) iodide (0.28 g, 1.5 mmol), triphenylphosphine (0.26 g, 1.0 mmol) and trimethylsilylacetylene (4.0
mL, 28 mmol) in dry triethylamine (150 mL) was stirred at 80°C for 24 h. After the mixture was filtered,
the solvent was removed by evaporation and the crude product was purified by silica-gel column
chromatography to give 14 as a brown viscous liquid. Yield: 76% (8.9 g). Rt = 0.40 (chloroform). *H NMR
(CDCls, 400 MHz, ppm): 6 7.67 (t, 1H, J = 1.6 Hz, ArH), 7.59 (d, 2H, J =1.6 Hz, ArH), 7.56 (br, 8H, ArH),
0.40 (s, 18H, ArSi(CHza)s, 0.31(s, 9H, Si(CHs)3).

(5) 1-Trimethylsilylethynyl-3,5-bis(4 -iodophenyl)benzene (15)

ICI (2.8 mL, 2.8 mmol) in dichloromethane (20 mL) was added dropwise to a dichloromethane solution
(300 ml) of 14 (0.23 g, 0.50 mmol) at 0°C and the solution was stirred for 1h under this condition. Aqueous
NazS20s solution (150 ml, 150 mmol) was added to the solution which was stirred for another 1h. The
resulting solution was extracted with dichloromethane three times and the organic layers were combined
and dried over anhydrous MgSOs for 1h. After filtration and concentration, the crude product was purified
by silica-gel column chromatography to give 15 as a pink solid. Yield: 15% (43 mg). Ri = 0.34 (ethyl
acetate/hexane = 1/9 (v/v)). *H NMR (CDCls, 400 MHz, ppm): 6 7.70 (t, 1H, J = 1.6 Hz, ArH), 7. 61 (d, 2H,
J =1.6 Hz, ArH), 7.58 (br, 8H, ArH), 0.34 (s, 9H, Si(CHa)3).

(6) 3,5-Bis(4 -iodophenyl)phenylacetylene (16)
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A methanol solution (5.0 mL) of 15 (1.4 g, 2.4 mmol) was added to KoCOs (0.25 g, 2.4 mmol) in
methanol (30 mL) at room temperature. The solution was stirred for 12h at room temperature and treated
with 10% HCl(aq). The aqueous layer was extracted with CH,Cl, three times. The organic layers were
combined and dried over anhydrous MgSO4 for 1h. After filtration and concentration, the crude product
was purified by silica-gel column chromatography to give 16 as a white solid. Yield: 76% (0.92 g). Rf =
0.25 (ethyl acetate/hexane = 1/10 (v/v)). *H NMR (CDCls, 400 MHz, ppm): 6 7.78 (t, 1H, J = 1.6 Hz, ArH),
7.68 (d, 2H, J = 1.6 Hz, ArH), 7.62 (br, 8H, ArH), 3.11(s, 1H, HC=C).

(7) 3,5-Bis{(4 -dimethylsilyl)phenyl}phenylacetylene (3)

To a THF solution (34 mL) of 16 (5.0 g, 10 mmol), 1.56 mol/L of n-butyllithium hexane solution (19 mL,
30 mmol) was added dropwise at -75°C. After 4h a THF solution of dimethylchlorosilane (2.2 mL, 20
mmol) was added dropwise to the solution and the solution was stirred for 1h. The temperature of the
reaction solution was enhanced to room temperature slowly and kept overnight. It was stirred for 1h after
an excess of water was added to the solution. This reaction mixture was extracted with diethyl ether, and
the organic layer was washed with brine, and dried over anhydrous sodium sulfate for 1h. After filtration
and concentration, the crude product was purified by silica-gel column chromatography to give monomer 3
as a colorless liquid. Yield: 32% (1.2 g). Rs = 0.28 (ethyl acetate/hexane = 1/10 (v/v)). *H NMR (CDCls,
400 MHz, ppm): 6 7.78 (t, 1H, J = 1.6 Hz, ArH), 7.70 (d, 2H, J = 1.6 Hz, ArH), 7.62 (br, 8H, ArH), 4.44
(hept, 2H, Si(CHa).H), 3.11 (s, 1H, HC=C), 0.37 (d, 12H, Si(CHs)2). Anal. Calcd for C2sH2Sio: C,77.77; H,
7.07. Found: C, 77.80; H, 7.04. IR (KBr): 3315 (HC=C), 2123 (SiH), 1251 (SiC) cm™.

3. Polymerization of monomers (1-3) in different catalytic systems (Schemes 1 and 2, and Figures 3 and
4)

3.1 Synthesis of polya(1)-polya(3) by addition polymerization of 1-3 (Schemes 2 and S4)

|| HTSYT, 3R=%—<: : :}—%11
[Rh(nbd)CI],/PEA 3 3

toluene

\ R R/ \ R R_/
A T O s
H H H H ‘ 13

1-3 polya(1)-polya(3) T TTTTTTTTTTTTTTTTYT

Scheme S4. Synthesis of polya(1) - polya(3) by addition polymerization of AB; type monomers (1-3).

A typical polymerization procedure was as follows: A solution of [RhCI(nbd)]2 (0.37 mg, 8.0 umol) in
toluene (1.0 mL) was added to a toluene solution (1.0 mL) of 1 (84 mg, 0.20 mmol) and phenylethylamine
(PEA) (48.4 mg, 0.40 mmol). The reaction solution was stirred at room temperature for 12h. The crude

polymer was purified by reprecipitation of the toluene solution into a large amount of methanol and the
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formed solid was dried in vacuo for 24h to give polya(1) as a red solid. Yield: 87%. Mn = 3.3x10* (Table 3,
no. 5). 'H NMR (CDCls, 400 MHz, ppm): ¢ 8.0-5.5 (several broad peaks for aromatic and olefinic protons),
441 (br, 0.1H, SiH), 4.21 (br, 2.0H, SiH), 0.40-0.22 (br, 0.6H, Si(CHs);), 0.22-0.03 (br, 12H,
Si(CHz3).).(Figure 4 c¢)) Other addition polymerizations of the other monomers( 2 and 3) were carried out

similarly.

3.2 Synthesis of polyap(1)-polyap(3) by polyaddition (hydrosilyation) of 1-3 from polya(1)-polya(3) with
1-3 (Schemes 2 and S5)

Z H
q
s Il ~&R Re/
+ RhCI(PPhg)/Nal 2 X
toluene
\ / \ R R_/
5" Regi—  —si “Si—
; § " ; <R R./.- \IR R
polya(1)-polya(3) 1-3 p1Ui/ Si S
hoh— T "
P =p1+p2

polyap(1)-polyap(3)

Scheme S5. Synthesis of polyap(1) - polyap(3) by polyaddition of polya(1-3) with 1-3.

A typical polymerization procedure was as follows: A solution of RhCI(PPh3)s (0.74 mg, 8.0 umol) / Nal
(0.15 mg, 8.0 umol) in toluene (1.0 mL) was added to a toluene solution (1.0 mL) of 1 (0.12 mg, 0.20
mmol) and polya(1) (21 mg). The reaction solution was stirred at 80°C for 4h. The crude polymer was
purified by reprecipitation of the toluene solution into a large amount of methanol and the formed solid was
dried in vacuo for 24h to give polyap(1) as a red solid. Yield: 62%. Mn = 5.0x10* (Table 3, no. 4).'H NMR
(CDCls, 400 MHz, ppm): ¢ 8.0-5.5 (several broad peaks for aromatic and olefinic protons), 4.41 (br, 0.2H,
SiH), 4.21 (br, 2.2H, SiH), 0.55-0.40 (br, 2.6H, Si(CHs)2), 0.40-0.22 (br, 1.2H, Si(CHs),), 0.22-0.03 (br,
13.1H, Si(CHz)2). (Figures 3 2) and 4 b)) Other polyadditions of the precursor polymer (polya(2)) were

carried out similarly.

3.3 Synthesis of polyp(1)-polyp(3) by polyaddition (hydrosilyation) of 1-3 (Schemes 2 and S6)
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/(5\ RhCI(PPha)/Nal R
T
\ R R./ toluene i Rsil
~si “Si— ! Si
H H
1-3 .

p =p1+p2
polyp(1)-polyp(3)

Scheme S6. Synthesis of polyp(1) - polyp(3) (macromonomers) by polyaddition of AB; type

monomers(1-3).

A typical polymerization procedure was as follows: A solution of RhCI(PPhs)s (0.74 mg, 8.0 umol) / Nal
(0.12 mg, 8.0 umol) in toluene (1.0 mL) was added to a toluene solution (1.0 mL) of 1 (84 mg, 0.20 mmol).
The reaction solution was stirred 80°C for 4h. The crude polymer was purified by reprecipitation of the
toluene solution into a large amount of methanol and the formed solid was dried in vacuo for 24h to give
the polyp(1) as a yellow solid. Yield: 90%. Mn = 3.0x10° (Table 3, no. 7). *H NMR (CDCls, 400 MHz,
ppm): 0 8.0-5.5 (several broad peaks for aromatic and olefinic protons), 4.41 (br, 1H, SiH), 0.55-0.40 (br,
6.6H, Si(CHs)2), 0.40-0.22 (br, 5.6H, Si(CHs),). (Figure 4 e)) Other polyaddtions of the other monomers ( 2

and 3) were carried out similarly.

3.4 Synthesis of polypa(1)-polypa(3) by addition homopolymerization of polyp(1)-polyp(3)

(macromonomers) (Schemes 2 and S7)

si Si— s si ! C 3
= N [Rh(nbd)CI],/TEA — X i none 12
_[RbatITER | ‘
toluene w
| R R/~ VR R. | I\ | ‘
Nair U U i R R R R LR
NG . S5, N Si Si s
HoA H — W e
P =P1*p2 P = p1+py
polyp(1)-polyp(3) polypa(1)-polypa(3)

Scheme S7. Synthesis of polypa(l) - polypa(3) by addition homopolymerization of polyp(1-3)

(macromonomers).

A typical polymerization procedure was as follows: A solution of [RhCl(nbd)]> (0.37 mg, 8.0 umol) and
triethylamine (TEA) (40 mg, 0.40 mmol) in toluene (1.0 mL) was added to a toluene solution (1.0 mL) of
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polyp(1) (84 mg, 0.20 mmol). The reaction solution was stirred at room temperature for 12h. The crude
polymer was purified by reprecipitation of the toluene solution into a large amount of methanol and dried in
vacuo for 24h to give polypa(1) as a red solid. Yield: 94%. Mn = 1.2x10* (Table 3, no. 6). *H NMR (CDCls,
400 MHz, ppm): ¢ 8.0-5.5 (several broad peaks for aromatic and olefinic protons), 4.41 (br, 3.6H, SiH),
4.21 (br, 3.2H, SiH), 0.55-0.40 (br, 26H, Si(CHa),), 0.40-0.22 (br, 21H, Si(CHz3),), 0.22-0.03 (br, 19H,
Si(CHz3).). (Figures 3 3) and 4 d)) Other addition polymerizations of the precursor polymer (polyp(2)) were
carried out similarly.

3.5 Synthesis of polyaps(1)-polyaps(3) by one-pot simultaneous two-mode homopolymerization(S) of 1-3
(Schemes 1, 2 and S8)

q

~ "H
S|— 'R= %%@—% 1
_ [Rh(nbd)Cil/amine ; g
i none : :
\ R R/ toluene | '
~si “Si— 1 :
1-3 [ e AN ;
R~ YR R4~
D1\7\_/1/ \\_/pz
P =pitp2

polyaps(1)-polyaps(3)
Scheme S8. Synthesis of polyaps(1) - polyaps(3) by suimaltaneous homopolymerization of AB; type
monomers(1-3).

A typical polymerization procedure was as follows: A solution of [RhCl(nbd)]> (0.37 mg, 8.0 umol) and
triethylamine (TEA) (40 mg, 0.40 mmol) in toluene (1.0 mL) was added to a toluene solution (1.0 mL) of 1
(84 mg, 0.20 mmol). The reaction solution was stirred at room temperature for 12h. The crude polymer was
purified by reprecipitation of the toluene solution into a large amount of methanol and the formed solid was
dried in vacuo for 24h to give polyaps(1) as a red solid. Yield: 76%. Mn = 2.4x10° (Table 3, no. 1).'H
NMR (CDCls, 400 MHz, ppm): ¢ 8.0-5.5 (several broad peaks for aromatic and olefinic protons), 4.41 (br,
2.0H, SiH), 4.21 (br, 2.7H, SiH), 0.55-0.40 (br, 16H, Si(CHs3)2), 0.40-0.22 (br, 12H, Si(CHs)2), 0.22-0.03
(br, 16H, Si(CHs)2). Other simultaneous two-mode homopolymerization(S) of the monomers( 2 and 3)

were carried out similarly.

4. Model reactions of phenylacetylene with dimethylsilylbenzene in different catalytic systems (Figure
5 and Scheme 3)

A typical procedure was as follows: A solution of [RhCl(nbd)]. (0.37 mg, 8.0 mol) and triethylamine
(TEA) (40 mg, 0.40 mmol) in toluene (1.0 mL) was added to a toluene solution (1.0 mL) of
phenylacetylene (10 mg, 0.10 mmol) and dimethylsilylbenzene (14 mg, 0.10 mmol). The reaction solution

was stirred at room temperature for 12h. Other model reactions by using different cocatalysts were carried
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out similarly.

5. Membrane preparation
A toluene solution (1.0 mL) of the polymer (50 mg) was casted on a poly(tetrafluoroethylene) sheet.
After the solvent was evaporated for 24h at room temperature, the membrane was detached from the

poly(tetrafluoroethylene) sheet and dried in vacuo for 24h at room temperature.

6. Measurements of oxygen and nitrogen permeation

Oxygen and nitrogen permeability coefficients (Poz and Pny: ¢cm3 (STP)-cm / cm?-s-cmHg) of mixed
gases of oxygen and nitrogen ( O2/ N2 = 20 / 80 (v/v)) were measured by gas chromatographic method
using YANACO GTR-10. The permeability coefficients (P), the oxygen separation factors (o) and the
diffusion coefficients (D) (cm? / s) were calculated by the following equations:

p-__QxI
A AP =i

o = Po, / PN,
D= [12/6T

where Q (cm?), I (cm), A (cm?), Ap (cmHg), t (s), and T (s) are the amount of the permeated gas, the
thickness of the membrane, the permeation area of the membrane, the pressure difference across the
membrane, the permeation time and the time lag, respectively. The A and | of the membranes were 1.77 cm?

and 60-120 pm, respectively.

7. Other measurements

7.1 Density of of polyaps(1)s
Density of the polymers were determined by floating method in ethanol / water as follows. A polymer
was immersed into ethanol / water with a certain ratio and the ratio was changed until the polymer was

floating in the middle of the mixed liquid. The density of the polymer was that of the mixed liquid.

7.2 Fractional free volume (FFV) of polyaps(1)s

The FFV values were calculated using the following relationship:
Vi =Vgp- 1.3V
FFV =V / Ve
where Vs (cm3/g) is the free volume, Vs, (cm?/g) = 1 / density (g / cm?) is the specific volume, and Vy
(cmd/g) is the specific van der Waals volume. Vi (cm?/g) = 0.5407 was calculated from Vi = Vi (cm3/mol) /
M(molecular weight)(g/mol). Vwi (cm3/mol) is the molar van der Waals volume of polyaps(1). M was

495.8 and the Vi value was 268.08 which was calculated by using the group contribution method of Bondi.
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Table S1. Fractional free volume (FFV) of polyaps(1)

No.2  Density (g/cm3)P Vs (cm3/g) Vt (cm®/g) FFV
1 0.9823 1.017 0.3140 0.3081
2 0.9758 1.025 0.3221 0.3142
3 0.9680 1.033 0.3301 0.3195

aThe numbers correspond to those in Table 2; ® Determined by floating
method in ethanol / water.

8. Apparatus

'H NMR (400 MHz) spectra were recorded on a VARIAN-400 spectrometer. The average molecular
weights (Mn and Mw) were evaluated by gel permeation chromatography (GPC) using JASCO liquid
chromatography instruments with PU-2080, DG-2080-53, CO-2060, UV-2070, CD-2095, and two
polystyrene gel columns (Shodex KF-807 L, THF eluent, polystyrene calibration).
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Supporting charts and figures
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Chart S1. Chemical structures of polymers showing the best permselectivity in the literatures.

For their permselectivities and permeabilities, see Table 6 and Figures 5 and S1, nos. 11-16.
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Chart S2. Chemical structures of polymers showing the best permselectivity in the literature.
For their permselectivities and permeabilities, see Figure S1, nos. 17-19.
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Figure S1. Actual upper plots for oxygen permeation of homopolymer membranes in the literature
searched by our group. The numbers in the figure correspond to those of the following papers we
searched. For nos.11-16, see Table 6, Figure 5, and Chart S1, and for nos.17-19 see Chart S2. (*Robeson’s

upper bounds from refs. 6 and 7)
Note: As shown in Figures 5 and S1, judging from Robeson’s paper in 2008, there are not many
polymers over the upper bound 1991. Also judging from our searching this time, there are only a few

polymers over the upper bound 1991 especially at the region of Po, =40 - 150 and > 3000 barrer.
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Figure S2. Plots of o (= P0O2/Pn2) versus RBnwvr Of polyaps(1). For the numbers, see Table 6.
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Figure S3. Plots of RBnmr Of polyaps(1) versus the ratio of the products by hydrosilation and
polymerization for phenylacetylene and dimethylsilylbenzene in the model reaction. For the model

reaction, see Figure 4 and Scheme 3. For the numbers see Tables 2 and 6.
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