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Experimental Section 

Measurements. 1H (400 MHz), 13C (100 MHz) NMR spectra were recorded on JEOL ECS-400 

and ECZ-400 spectrometers. All NMR spectra were measured in CDCl3. IR spectra were measured 

on a JASCO FT/IR-4100 spectrophotometer. Melting points (mp) were measured on a Yanaco 

micro melting points apparatus. ESI-TOF mass spectra were measured on a Shimadzu LCMS-IT-

TOF. Number-average molecular weight (Mn) and polydispersity (Đ) values of polymers were 

determined by a size exclusion chromatography (SEC) system consisting of Shodex GPC KF-805L 

× 3, JASCO RI-4030, UV-4075, PU4180, CO-4060, AS-2055 Plus and LC-Net II/AD, using THF 

as an eluent at a flow rate of 1.0 mL/min, calibrated by polystyrene standards at 40 °C. CD and 

UV–vis spectra were recorded in a quartz cell (optical path length: 1cm) on a JASCO J-800 

spectropolarimeter. Dynamic light scattering (DLS) measurements were performed using a square 

glass cell (PCS1115) on a Malvern Instruments Zetasizer Nano ZSP at 20 °C. The measured 

autocorrelation function was analyzed using a cumulant method, and the Z-average values were 

calculated from the Stokes-Einstein equations. Atomic force microscope (AFM) images were 

obtained using a commercial AFM system (MPF-3D, Oxford Instruments, UK). For the preparation 

of the sample for AFM, a silicon substrate was first cleaned by ultrasonication in acetone, then in 

ethanol, and finally in pure water (18.2 MW) (15 minutes in each solvent), followed by drying 

under nitrogen flow. Then, a drop of a solution of poly(1-2) in CHCl2CHCl2 (0.02 µM) was placed 

on the silicon substrate and dried under ambient conditions. The image in Figs. S14–S17 was 

obtained by fast force mapping using a sharp tetrahedral tip (tip radius < 10 nm, nominal spring 

constant = 0.2 N/m, ATEC-CONT, Nanosensors) at a scan size of 500 nm2 with 256 × 256 scan 

points. Computational time was provided by the Supercomputer Systems, Academic Center for 

Computing and Media Studies, Kyoto University, and “Fugaku General Access Project” 
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(hp220357) from MEXT. Quantum mechanical calculations were performed with Gaussian 16,S1 

ES64L-G16 Rev B.01. The energies were calculated by the DFT method with the ωB97X-D 

functionals in conjunction with the basis sets, 6-31G* for C, H, N, O, and the semiempirical PM7 

molecular orbital method. Molecular dynamics simulations were performed with GROMACS 

2020.5,S2 using the Universal Force FieldS3 modified by OBGMX.S4 Solvent boxes for MD 

simulations were constructed using PACKMOL.S5 The MD trajectories were analyzed using the 

GROMACS Analysis tools. 

 

Materials. All solvents for the reaction were degassed by Ar bubbling and desiccated with 

molecular sieve 4A. All other reagents were commercially obtained and used as received without 

purification. ʟ-Alanine dodecyl ester hydrochloride and 3,5-diethynyl benzoic acid were 

synthesized according to the literature.S6,S7 

 

N-(3,5-Diethynylbenzoyl)-L-alanine dodecyl ester (1) EDC•HCl (5.34 g, 28.0 mmol) and DMAP 

(0.17 g, 1.40 mmol) were added to a solution of 3,5-diethynylbenzoic acid (2.36 g, 14.0 mmol) and 

ʟ-alanine dodecyl ester hydrochloride (4.11 g, 14.0 mmol) in CHCl3 (80 mL) and Et3N (10 mL). 

The resulting solution was stirred at r.t. overnight. CHCl3 (100 mL) was added to the mixture, and 

the mixture was washed with pure water. The organic layer was separated from the water layer, 

dried over MgSO4, concentrated, and the residual mass was purified by silica gel column 

chromatography eluted with CHCl3/CH3COOC2H5 = 30/1 to obtain 1 as off-white solid (2.42 g, 

3.63 mmol). Yield 26%. Mp 92 °C. 1H NMR (400 MHz, CDCl3): δ 0.88 (t, 3H, –CH3, J = 6.9 Hz), 

1.26–1.37 (m, 18H, –C9H18–), 1.53 (t, 3H, –CH3, J = 7.5 Hz), 1.59 (s, 2H, –CH2–), 3.15 (s, 2H, –

C≡CH), 4.14–4.22 (m, 2H, –CH2–), 4.73–4.80 (m, 1H, –CH<), 6.74 (d, 1H, –NH–, J = 7.3 Hz), 
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7.72 (t, 1H, Ar, J = 1.6 Hz), 7.84–7.88 (m, 2H, Ar) ppm. 13C NMR (100 MHz, CDCl3): δ14.2, 18.7, 

22.8, 25.9, 28.6, 29.3, 29.4, 29.6 (2), 29.7, 32.0, 48.8, 66.0, 79.1, 81.7, 123.2, 130.9, 134.7, 138.3, 

165.1, 173.2 ppm. IR (KBr): 3302, 3285, 3242, 2963, 2919, 2850, 2111 (C≡C), 1741 (ester C=O), 

1632 (amide C=O), 1586 (N–H), 1541, 1356, 1309, 1200, 1155, 1121, 890, 678, 644 cm-1. ESI-

MS (m/z): [M+H]+ calcd for C26H34NO3, 410.2690; found 410.2698. 

 

Scheme 1. Synthetic route of 1. 

 

 

Polymerizations. All polymerizations were carried out in a Schlenk tube under Ar. Typical 

procedure: A solution of PdCl2(PPh3)2 (35.1 mg, 0.005 mmol) and PPh3 (13.1 mg, 0.005 mmol) in 

DMF (0.5 mL) and CuI (19.0 mg, 0.005 mmol) in Et3N (0.1 mL) was added to a solution of 1 (205 

mg, 0.500 mmol) and 4,4′-dibromo-2,2′-bipyridine (2, 157 mg, 0.500 mmol) in DMF (2.0 mL) and 

Et3N (2.4 mL) under Ar, and the resulting solution was stirred at 80 °C for 18 h. The mixture was 

concentrated, and the residual mass was dissolved in CHCl2CHCl2 (10.0 mL). The resulting 

solution was poured into a large amount of MeOH to precipitate a solid mass. It was separated by 

filtration using a membrane filter (ADVANTEC H100A047A), washed with large amount of 

MeOH, and dried in vacuo to obtain poly(1-2) as greenish solid. Yield 72%. 
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Spectroscopic Data for the Polymers. Poly(1-2): 1H NMR: (400 MHz, CDCl3) δ 0.86–0.96 (m, 

3H), 1.25 (m, 18H), 1.58–1.69 (m, 4H), 4.22 (br, 2H), 4.82 (br, 1H), 6.94 (br, 1H), 7.26–7.52 (br, 

3H), 7.95 (br, 2H), 8.51–8.74 (br, 4H) ppm. IR (KBr): 3314, 3060, 2952, 2923, 2852, 2683, 2460, 

2217, 1922, 1809, 1739 (ester C=O), 1650 (amide C=O), 1590 (N–H), 1567, 1533, 1457, 1392, 

1354, 1202, 1166, 1100, 1053, 988, 890, 835 cm-1. Poly(1-3): 1H NMR: (400 MHz, CDCl3) δ 0.86 

(br, 3H), 1.10–1.40 (m, 18H), 1.40–1.80 (m, 4H), 4.18 (br, 2H), 4.81 (br, 1H), 6.82–7.00 (br, 2H), 

7.42–7.61 (m, 7H), 7.76–7.88 (m, 3H), 7.94–7.99 (m, 2H) ppm. IR (KBr): 3339, 3060, 2974, 2928, 

2877, 2853, 2802, 2755, 2738, 2677, 2600, 2571, 2527, 2491, 2352, 2236, 1739 (ester C=O), 1651 

(amide C=O), 1591 (N–H), 1558, 1529, 1469, 1434, 1397, 1204, 1170, 1036, 890, 784, 691 cm-1 
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Fig. S1  (a) 1H (400 MHz) and (b) 13C NMR (100 MHz) spectra of 1 measured in CDCl3. 

X : parts per Million : Proton

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0

7.
91

7
7.

88
1

7.
87

7
7.

84
3

7.
72

4
7.

72
1

7.
71

6
7.

52
3

7.
30

2
7.

26
4

7.
22

6
7.

00
0

6.
75

3
6.

73
4

5.
30

3

4.
78

2
4.

76
5

4.
74

7
4.

19
9

4.
19

2
4.

18
3

4.
17

6
3.

21
2

3.
18

6
3.

14
9

3.
11

2
3.

08
6

2.
83

1

2.
17

5

1.
58

9
1.

53
3

1.
51

5
1.

30
0

1.
26

1
0.

89
8

0.
88

1
0.

86
4

0.
25

6
0.

14
8

0.
14

3
0.

03
8

0.
00

8
0.

00
0

-0
.0

08
-0

.0
17

-0
.0

37
-0

.1
49

18
.0

1

3.
05

2.
97

2.
05

2.
01

1.
94

1.
96

1.
00

0.
96

0.
94

Ha

Hb

Hc

Hd

He

HfHg

NO Hg

O

O
CHd2 CHc2 CHb29

He3C
Hf

Hh

CHa3

Hh
H2O

TMS

CHCl3

Ar

NO H

O
C12H25

O

(a) 

(b) 



 S7 

 
Fig. S2  1H NMR (400 MHz) spectrum of poly(1-2) measured in CDCl3. 
 

 

Fig. S3  1H NMR (400 MHz) spectrum of poly(1-3) measured in CDCl3. 
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Fig. S4  IR absorption spectrum of 1 measured by KBr method. 
 
 
 
 
 
 
 
 
 

 

Fig. S5  IR absorption spectrum of poly(1-2) measured by KBr method. 

 

 

 

 

 

 

Fig. S6  IR absorption spectrum of poly(1-3) measured by KBr method.  

ピーク検出 - 20221124_otoba_monomer_re_tr.jwsピーク検出 - 20221124_otoba_monomer_re_tr.jwsピーク検出 - 20221124_otoba_monomer_re_tr.jwsピーク検出 - 20221124_otoba_monomer_re_tr.jws

1 559.738 81.8035 2 621.448 72.4882
3 644.108 43.8318 4 678.338 47.9529
5 720.765 72.0298 6 767.048 71.3248
7 781.511 70.6629 8 890.47 45.914
9 932.414 85.8431 10 962.305 70.3184
11 983.518 82.9909 12 1016.78 81.5544
13 1029.32 82.5612 14 1071.26 75.5321

[ ピーク検出結果 ]
No. 位置 強度 No. 位置 強度

[測定情報]
機種名 FT/I -4200typeA
シリアル番号 B010461018

測定日時 2022/11/24 18:00

光源 標準光源
検出器 TG
積算回数 64
分解 2 cm-1
ゼロフィリング On
アポダイゼーション Cosine
ゲイン Auto (16)
アパーチャー Auto (5 mm)
スキャンスピード Auto (2 mm/sec)
フィルタ Auto (30000 Hz)

[データ情報]
作成日時 2022/11/24 18:03

データタイプ 等間隔データ
横軸 Wavenumber [cm-1]
縦軸 %T
スタート 499.955 cm-1
エンド 4000.12 cm-1
データ間隔 0.482117 cm-1
データ数 7261    

[コメント情報]
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コメント
測定者
所属
会社 Kansai University
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Fig. S7  SEC traces of poly(1-2) and poly(1-3) eluted with THF. The peak at 36 min is a ghost. 
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Fig. S8  CD and UV–vis absorption spectra of poly(1-2) measured in CHCl2CHCl2 (c = 0.02 mM) 
before and after filtration using a syringe filter (pore size = 200 nm) at 20 °C. 

 

 

Fig. S9  Dependence of g (= Δε/ε) values of poly(1-2) at 330 nm on concentration measured in 
CHCl2CHCl2 (c = 0.004–0.4 mM) at 20 °C. 
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Fig. S10  CD and UV–vis absorption spectra of poly(1-2) measured in CHCl2CHCl2/CH3CN = 
1/1 (v/v), CHCl2CHCl2 and CHCl2CHCl2/DMF = 1/1 (v/v) (c = 0.02 mM) at 20 °C, corresponding 
to Fig. 3.  
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Fig. S11  Temperature-dependent CD and UV–vis absorption spectra of poly(1-2) measured in 
(a) CHCl2CHCl2, (b) CHCl2CHCl2/CH3CN = 1/1 (v/v) and (c) CHCl2CHCl2/DMF = 1/1 (v/v) (c = 
0.02 mM). 
  

-20

-10

0

10

20

30

40

-10
   0
 10
 20
 30
 40
 50
 60

 (M
-1

cm
-1

)

Temperature (ºC)

-20

-10

0

10

20

30

40

-10
   0
 10
 20
 30
 40
 50
 60

 (M
-1

cm
-1

)

Temperature (ºC)

300 350 400 450 500
0

1

2

3

4

5

 
 1

0-4
 (M

-1
cm

-1
)

Wavelength (nm)

-20

-10

0

10

20

30

40

-10
   0
 10
 20
 30
 40
 50
 60

 (M
-1

cm
-1

)

Temperature (ºC)

300 350 400 450 500
0

0.5
1

1.5
2

2.5
3

 
 1

0-4
 (M

-1
cm

-1
)

Wavelength (nm)

(a) (b) (c)

300 350 400 450 500
0

1

2

3

4

Wavelength (nm)

 
 1

0-4
 (M

-1
cm

-1
)



 S13 

 
Fig. S12  CD and UV–vis absorption spectra of Pt(COD)(C≡C–Ph)2 and poly(1-2) (c = 0.02 mM) 
with 0–0.5 equiv of Pt(COD)(C≡C–Ph)2 in CHCl2CHCl2 at 20 °C. 
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Fig. S13  Photoluminescence spectra of poly(1-2) and poly(1-3) excited at 308 nm measured in 
CHCl2CHCl2 (c = 0.04 mM).  
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Fig. S14  Concentration-dependent DLS plots of poly(1-2) measured in (a) CHCl2CHCl2, (b) 
CHCl2CHCl2/CH3CN = 1/1 (v/v) and (c) CHCl2CHCl2/DMF = 1/1 (v/v) (c = 0.020–2.000 mM) at 
20 °C. 
 
 
 

 
 
Fig. S15  Concentration-dependent DLS plots of poly(1-3) measured in (a) CHCl2CHCl2, (b) 
CHCl2CHCl2/CH3CN = 1/1 (v/v) and (c) CHCl2CHCl2/DMF = 1/1 (v/v) (c = 0.020–2.000 mM) at 
20 °C. 
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Fig. S16  Temperature-dependent DLS plots of poly(1-2) measured in (a) CHCl2CHCl2, (b) 
CHCl2CHCl2/CH3CN = 1/1 (v/v) and (c) CHCl2CHCl2/DMF = 1/1 (v/v) (c = 0.020 mM) at 10–
60 °C. 
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Fig. S17  (A) AFM images of poly(1-2). Force mapping by ATEC-cont. k = 0.3 N/m, resonance 
freq = 15 kHz, tip radius < 10 nm. Z-rate: 100 Hz, points & lines: 256×256 set point: 5.24 nN. 
Orange box = zoomed region 1. [Fig. S17 (B)]. (B) Zoomed region 1. Red box = zoomed region 2. 
[Fig. S17, (C)]. (C) Zoomed region 2. 
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Fig. S18  (A) AFM images of poly(1-2). Force mapping by ATEC-cont. k = 0.3 N/m, resonance 
freq = 15 kHz, tip radius < 10 nm. Z-rate: 100 Hz, points & lines: 256×256 set point: 5.24 nN. 
Orange box = zoomed region 1. [Fig. S18 (B)]. (B) Zoomed region 1. Red box = zoomed region 2. 
[Fig. S18 (C)]. (C) Zoomed region 2. 
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