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1. Materials

Anhydrous solvents (acetonitrile, dichloromethane, toluene and N,N-dimethylformamide (DMF))
and common organic solvents were purchased from Kanto Kagaku (Tokyo, Japan).
2,5-Bis(trimethylstannyl)thiophene (4), 2-(tributylstannyl)thiophene (4b),
1,4-bis(tributylstannyl)benzene (5), trimethyl(phenyl)tin (5b) and N,N-dimethyl-4-aminopyridine
(DMAP) were from Sigma-Aldrich (St. Louis, MO, USA). 4,7,10,13-Tetraoxatetradecanoic acid
was from Broadpharm (San Diego, CA, USA). 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC-HCIl) was purchased from Wako Pure Chemical Industries (Osaka, Japan).
Tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs)s) was purchased from Nacalai (Kyoto, Japan).
Tetracthylene glycol monomethyl ether was from Tokyo Kasei Kogyo (TCI) (Tokyo, Japan). Silica
supported perchloric acid (HCIO4-Si0,)%!, 5,5'-dibromo-2,2'-bithiophene-3,3'-dicarboxylic acid? and

6b-prec-152 were prepared according to literature procedures.

2. Instruments

NMR spectra were taken on a JNM-ECA 500 (JEOL, Tokyo, Japan) (500 MHz for 'H, 126 MHz
for B3C) or a JNM-ECA 600 (JEOL) (151 MHz for !3C) spectrometer in CDCl; using
tetramethylsilane as the internal standard. Recycling preparative HPLC was performed with an
LC-9201 liquid chromatography (JAI, Tokyo, Japan) equipped with a UV-2075 UV-visible
detector (JASCO, Tokyo, Japan) at room temperature. HPLC columns, JAIGEL-1H and
JAIGEL-2H, were connected in series, where chloroform was used as the eluent. IR spectra were
obtained using a JASCO IR-4700 Fourier Transform spectrophotometer with a KBr pellet. The
molecular weights (Mw) and distributions (Mw/My) of the polymers were estimated using
size-exclusion chromatography (SEC) equipped with a TSKgel MultiporeHx.-M column (Tosoh,
Tokyo, Japan), a JASCO PU-2080 Intelligent HPLC pump and a JASCO UV-970 UV/VIS detector
at 254 nm, where chloroform was used as the eluent. The molecular weight calibration curve was
obtained with polystyrene standards (Tosoh). High-resolution mass spectra (HRMS) were recorded
on a JEOL JMS-700 spectrometer with fast atom bombardment (FAB) as the ionization technique.
Absorption and circular dichroism (CD) spectra were measured using a JASCO V-570 (a scanning
rate of 200 nm min' and a bandwidth of 1.0 nm) and a JASCO J-720L (a scanning rate of 100 nm
min! and a bandwidth of 1.0 nm) spectrometers, respectively, with a quartz cell of 0.10, 1.0 or 10
mm path length (UV-grade) (GL Sciences, Tokyo, Japan). The temperature was controlled using a
JASCO ETC-505T (absorption spectroscopy) and a JASCO PTC-348WI apparatus (CD
spectroscopy). The optical rotation was measured at 25 °C with a JASCO P-1030 polarimeter. The
fluorescence quantum yields excited at 365 nm were evaluated using a JASCO FP-6600

spectrometer attached with a JASCO ILF-533 integrating sphere (diameter 10 cm).
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Photoluminescence (PL) and circularly polarized luminescence (CPL) spectra in solution states
were recorded at room temperature on a JASCO CPL-300 with 1.0 mm in path length quartz cell
(GL Sciences, UV-grade). A drop- and spin-coated films prepared on a quartz substrate (Daico
MFG, USQ-grade) from a chloroform solution of polymers (ca. 10 mg mL™') was used for
solid-state spectral measurements. A scanning rate of 100 nm min™!, an excitation slit width of 3000
pum, a monitoring slit width of 3000 pum, a response time of 4 seconds and 2 times (solution state) or

single (film state) accumulation were employed.

3. Synthesis

Model compounds (model-Tr, model-Phg and di-model-Tr), (aS)-3 and ternary copolymers
(poly-Tr' and poly-Tr"") were synthesized according to Scheme S1.
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Scheme S1 Synthesis of (A) the unimer model compounds (model-Tr and model-Phr), (B) the
dimer model compound (di-model-Tr), (C) (aS)-3 and (D) the ternary copolymers (poly-Tr" and
poly-Tr").
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(aR)-1 and (aS)-1. A diastereomeric mixture containing (aR)-1 and (aS)-1 was prepared
according to a literature procedureS? and obtained in 67% yield as a pale yellow solid. The obtained
diastereomers were resolved by recycling preparative HPLC on JAIGEL-2HR (column dimensions:
60 cm x 2.0 cm (i.d.); eluent: chloroform; flow rate 9 mL min™!; temperature ca. 20 °C) to give
(aR)-1 and (aS)-1 as a pale yellow solid. (aR)-1: 'H NMR (500 MHz, CDCls, rt): & 7.50 (br, 2H,
ArH), 7.39 (br, 4H, ArH), 7.06 (s, 1H, ArH), 5.57 (s, 1H, CH), 4.94 (br, 3H, CH), 4.34 (br, 1H, CH),
3.82-3.90 (m, 3H, CH, CH>), 3.36 (s, 3H, CH3). (aS)-1: 'H NMR (500 MHz, CDCls, rt): §7.63 (s,
1H, ArH), 7.57 (s, 1H, ArH), 7.32-7.37 (m, 5H, ArH), 5.34 (s, 1H, CH), 5.06 (t, /= 10.0 Hz, 1H,
CH), 4.79 (d, J = 3.4 Hz, 1H, CH), 4.35 (dd, J = 10.0, 3.7 Hz, 1H, CH»), 4.25 (dd, J = 10.0, 4.5 Hz,
1H, CH»), 3.75-3.80 (m, 1H, CH), 3.64 (t, J = 10.3 Hz, 1H, CH), 3.32 (s, 3H, CH3), 2.88 (t, /= 9.5
Hz, 1H, CH).

(aR)-2. To a solution of (aR)-1 (1.62 g, 2.46 mmol) in acetonitrile/water (300:1, v/v) (66 mL)
was added HC1O4—Si0; (2.2 g). After stirring at room temperature for 1 h, the reaction mixture was
diluted with ethyl acetate and passed through a short pad of silica gel using ethyl acetate as the
eluent to remove HClO4—SiO,. After removing the solvent by evaporation, the crude product was
purified by silica gel chromatography using ethyl acetate/hexane (2:1, v/v) as the eluent to give the
desired product as a yellow solid (1.23 g, 88% yield). '"H NMR (500 MHz, CDCl;, rt): §7.41 (s, 1H,
ArH), 7.15 (s, 1H, ArH), 4.70-5.10 (br, 3H, CH), 3.99 (s, 1H, CH), 3.91 (d, J = 2.9 Hz, 2H, CH>),
3.72 (s, 1H, CH), 3.36 (s, 3H, CH3), 3.05 (s, 1H, OH), 2.14 (s, 1H, OH).

(aR)-3. To a solution of (aR)-2 (0.68 g, 1.20 mmol), 4,7,10,13-tetraoxatetradecanoic acid (0.51
mL) and DMAP (0.33 g, 2.7 mmol) in dichloromethane (12 mL) was added EDC-HCI (0.51 g, 2.7
mmol) at 0 °C under a nitrogen atmosphere. After stirring at room temperature for 5 h, the reaction
system was diluted with ethyl acetate and the solution was washed with 1 N HCI aqueous solution
and water, and then dried over NaxSO4. After filtration, the solvent was removed by evaporation
and the crude product was purified by silica gel chromatography using ethyl acetate as the eluent to
give the desired product as a yellow viscous oil (0.54 g, 45% yield). [«]*’b +167.8 (¢ 0.2, CHCl5).
'"H NMR (500 MHz, CDCl3, 55 °C): §7.28 (s, 1H, ArH), 7.15 (s, 1H, ArH), 5.17 (s, 1H, CH), 5.09
(s, 1H, CH), 4.94 (d, ] = 3.4 Hz, 1H, CH), 4.85 (s, 1H, CH), 4.18-4.25 (m, 2H, CH2>), 3.98-4.00 (m,
1H, CH), 3.76 (q, J = 6.9 Hz, 4H, CH>), 3.59-3.63 (m, 20H, CH>), 3.53 (q, J = 4.6 Hz, 4H, CH>),
3.39 (s, 3H, CH3), 3.363 (s, 3H, CHz3), 3.360 (s, 3H, CH3), 2.62 (t, J = 6.6 Hz, 4H, CH>). 3C NMR
(126 MHz, CDCl3, rt): 6 171.08, 170.03, 162.68, 161.56, 138.25, 136.91, 131.45, 130.27, 114.72,
97.05, 75.82, 74.26, 72.17, 70.82, 70.76, 70.69, 70.59, 70.56, 68.00, 67.79, 66.66, 66.57, 62.15,
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59.05, 55.76, 35.31, 35.09. IR (KBr, cm'): 1742 (C=0). HRMS (FAB): m/z calcd for
C37H5179BI‘81BI‘01882 (M+H+), 1007.0858; found 1007.0894.

(aS)-2. The title compound was prepared from (aS)-1 in the same way as (aR)-2 and obtained in
51% yield as a yellow solid. '"H NMR (500 MHz, CDCls, rt): §7.58 (s, 1H, ArH), 7.53 (s, 1H, ArH),
4.69-4.73 (m, 2H, CH), 4.12 (dd, J = 10.0, 3.7 Hz, 1H, CH), 3.75-3.84 (m, 2H, CH>), 3.54-3.57 (m,
1H, CH), 3.30-3.35 (m, 4H, CH, CH3), 2.54 (d, /= 6.3 Hz, 1H, OH).

(aS)-3. The title compound was prepared from (aS)-2 in the same way as (aR)-3 and obtained in
73% vyield as a yellow viscous oil. [a]*°p +4.3 (¢ 0.2, CHCI3). '"H NMR (500 MHz, CDCls, 55 °C):
07.53 (s, IH, ArH), 7.51 (s, 1H, ArH), 4.82 (t, /= 9.7 Hz, 1H, CH), 4.71 (d, J = 3.4 Hz, 1H, CH),
4.66 (t, J=9.7 Hz, 1H, CH), 4.10-4.13 (m, 3H, CH, CH>»), 3.82-3.85 (m, 1H, CH), 3.74 (t, /= 6.6
Hz, 2H, CH), 3.49-3.65 (m, 26H, CH»), 3.37; (s, 3H, CH3), 3.365 (s, 3H, CH3), 3.31 (s, 3H, CHs),
2.62 (t, J = 6.6 Hz, 2H, CH,), 2.40-2.50 (m, 2H, CH,). *C NMR (151 MHz, CDCls, 55 °C): &
171.04, 170.12, 159.66, 158.90, 141.22, 140.12, 132.51, 132.43, 132.31, 132.23, 113.66, 113.16,
96.31, 96.21, 72.24, 70.92, 70.88, 70.86, 70.82, 70.75, 70.65, 70.58, 70.48, 69.74, 69.67, 69.62,
69.46, 69.41, 67.25, 67.15, 66.74, 66.66, 66.56, 66.52, 66.46, 66.39, 62.19, 62.11, 62.01, 59.12,
55.36, 35.15, 35.10, 35.03. IR (KBr, cm™!): 1746 (C=0), 1725 (C=0). HRMS (FAB): m/z calcd for
C37Hs1”Br?!BrOisS, (M+H"), 1007.0858; found 1007.0842.

6a. To a solution of 5,5'-dibromo-2,2'-bithiophene-3,3'-dicarboxylic acid (120 mg, 0.29 mmol),
tetracthylene glycol monomethyl ether (0.11 mL, 0.56 mmol) and DMAP (78 mg, 0.64 mmol) in
dichloromethane (3 mL) was added EDC-HCI (123 mg, 0.64 mmol) at 0 °C under a nitrogen
atmosphere. After stirring at room temperature for 16 h, the reaction system was diluted with ethyl
acetate and the solution was washed with 1 N HCI aqueous solution and water, and then dried over
NaxSO4. After filtration, the solvent was removed by evaporation and the crude product was
purified by silica gel chromatography using ethyl acetate as the eluent to give the desired product as
a colorless viscous oil (80 mg, 35% yield). '"H NMR (600 MHz, CDCl3, 55 °C): §7.49 (s, 2H, ArH),
4.23 (t, J = 5.0 Hz, 4H, CH>), 3.52-3.63 (m, 28H, CH>), 3.38 (s, 6H, CH3). 3C NMR (151 MHz,
CDCl;, 55 °C): 6161.20, 139.87, 132.68, 132.17, 113.52, 72.25, 70.92, 70.89, 70.84, 70.77, 69.04,
64.36, 59.12. IR (KBr, cm™): 1720 (C=0). HRMS (FAB): m/z calcd for C2sHa17°Br¥'BrO2S, (M"),
793.0380; found 793.0384.

6b-prec-2. To a solution of 6b-prec-1 (300 mg, 0.454 mmol) in acetonitrile/water (300:1, v/v)
(12 mL) was added HC104—SiO; (400 mg). After stirring at room temperature for 1 h, the reaction
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mixture was diluted with ethyl acetate and passed through a short pad of silica gel using ethyl
acetate as the eluent to remove HCIO4—Si0,. After concentrating in vacuo, the crude product was
passed through a short pad of silica gel using ethyl acetate/hexane (2:1, v/v) as the eluent and the
solvent was removed under a reduced pressure to give the crude 6b-prec-2 as a colorless viscous oil

(151 mg), which was used for the next step without further purification.

6b. To a solution of 6b-prec-2 (151 mg), 4,7,10,13-tetraoxatetradecanoic acid (0.14 mL, 0.58
mmol) and DMAP (71 mg, 0.58 mmol) in dichloromethane (3 mL) was added EDC-HCI (111 mg,
0.58 mmol) at 0 °C under a nitrogen atmosphere. After stirring at room temperature for 16 h, the
reaction system was diluted with ethyl acetate and the solution was washed with 1 N HCI aqueous
solution and water, and then dried over NaxSOs4. After filtration, the solvent was removed by
evaporation and the crude product was purified by silica gel chromatography using ethyl acetate as
the eluent to give the desired product as a colorless viscous oil (171 mg, 37% yield over 2 steps).
[a]*®p +77.5 (¢ 0.2, CHCI3). 'H NMR (600 MHz, CDCls, 55 °C): §7.94 (d, J = 25.8 Hz, 2H, ArH),
7.38 (d, J=10.0 Hz, 2H, ArH), 5.74 (t, /= 9.8 Hz, 1H, CH), 5.25 (t, /= 9.8 Hz, 1H, CH), 5.09 (d, J
= 3.8 Hz, 1H, CH), 5.03 (dd, J = 10.1, 3.6 Hz, 1H, CH), 4.21-4.29 (m, 2H, CH3), 4.06-4.09 (m, 1H,
CH), 3.77 (t, J = 6.5 Hz, 2H, CH>), 3.58-3.64 (m, 18H, CH>), 3.52-3.54 (m, 4H, CH>), 3.44-3.49 (m,
4H, CH»), 3.43 (s, 3H, CHs), 3.37 (s, 6H, CHs), 2.65 (t, J = 6.5 Hz, 2H, CH), 2.45-2.54 (m, 2H,
CH,). 3C NMR (126 MHz, CDCls, 55 °C): & 171.17, 170.31, 160.62, 135.31, 135.00, 133.07,
132.93, 130.52, 130.48, 130.44, 130.40, 113.38, 113.35, 97.28, 97.14, 72.25, 72.14, 71.08, 71.03,
70.96, 70.90, 70.84, 70.78, 70.67, 70.53, 68.60, 68.51, 67.80, 67.72, 66.75, 66.68, 66.59, 66.52,
66.46, 62.39, 62.33, 62.27, 59.11, 55.79, 35.32, 35.27, 35.23, 35.16. IR (KBr, cm'): 1731 (C=0).
HRMS (FAB): m/z caled for C37Hs2”Br¥!BrNaOsS, (M+Na*), 1031.0834; found 1031.0816.

model-Tr. To a solution of 2-(tributylstannyl)thiophene (4b) (35 mg, 0.094 mmol) and (aR)-3
(43 mg, 0.043 mmol) in anhydrous toluene/DMF (4:1, v/v) (2.0 mL) was added Pd(PPhs)4 (4.0 mg,
3.4 umol). The solution was stirred at 110 °C for 12 h. After cooling to room temperature, the
reaction system was diluted with ethyl acetate/hexane (3:1, v/v) and the solution was washed with
water, and then dried over Na;SOa. After filtration, the solvent was removed by evaporation and the
crude product was purified by silica gel chromatography using ethyl acetate/methanol (20:1, v/v) as
the eluent to give the desired product as a yellow viscous oil (25 mg, 57% yield). [a]*b +287.0 (¢
0.2, CHCl3). 'H NMR (500 MHz, CDCls, 55 °C): 67.35 (s, 1H, ArH), 7.31 (t, J = 4.0 Hz, 2H, ArH),
7.23-7.26 (m, 3H, ArH), 7.06 (q, J = 4.8 Hz, 2H, ArH), 5.18 (s, 2H, CH), 4.97 (d, J = 3.4 Hz, 1H,
CH), 4.92 (s, 1H, CH), 4.18-4.25 (m, 2H, CH), 3.99 (s, 1H, CH), 3.79 (t, J = 6.0 Hz, 2H, CH>),
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3.75 (t, J = 6.6 Hz, 2H, CH,), 3.55-3.63 (m, 20H, CHa), 3.50-3.54 (m, 4H, CHa), 3.39 (s, 3H, CHs),
3.36 (s, 3H, CHs), 3.35 (s, 3H, CHs), 2.61-2.66 (m, 4H, CHa). '*C NMR (126 MHz, CDCls, 55 °C):
5 171.16, 170.07, 138.99, 135.49, 135.32, 128.37, 128.32, 126.35, 126.25, 125.50, 125.45, 97.22,
72.24, 72.21, 70.87, 70.80, 70.76, 70.70, 70.65, 68.27, 67.78, 66.73, 66.64, 62.29, 59.09, 55.78,
35.40, 35.14. IR (KBr, cm'): 1742 (C=0). HRMS (FAB): m/z caled for CasHssO15Ss (MY),
1012.2344; found 1012.2366.

model-Phr. The title compound was prepared from (aR)-3 and trimethyl(phenyl)tin (5b) in the
same way as model-Tr and obtained in 43% yield as a yellow viscous oil. [a]*p +182.5 (¢ 0.2,
CHCI3). '"H NMR (500 MHz, CDCl3, 55 °C): 67.61 (dd, J=12.9, 7.7 Hz, 4H, ArH), 7.35-7.45 (m,
8H, ArH), 5.19 (s, 2H, CH), 4.97 (s, 1H, CH), 4.94 (s, 1H, CH), 4.18-4.25 (m, 2H, CHz), 3.99 (s,
1H, CH), 3.80 (t, J = 6.0 Hz, 2H, CH>), 3.74 (t, J = 6.6 Hz, 2H, CH>), 3.49-3.63 (m, 24H, CH>),
3.34-3.38 (m, 9H, CHz), 2.61-2.66 (m, 4H, CHz). *C NMR (126 MHz, CDCl;3, 55 °C): § 171.16,
170.10, 145.79, 132.92, 132.82, 129.42, 129.39, 128.97, 126.23, 126.19, 97.30, 97.24, 72.21, 70.87,
70.76, 70.65, 68.35, 67.78, 66.74, 66.63, 62.31, 59.09, 55.77, 35.41, 35.14. IR (KBr, cm!): 1741
(C=0). HRMS (FAB): m/z calcd for C49Hs1013S2 (M+H"), 1001.3294; found 1001.3290.

di-model-Tr (Inseparable mixture of model-A/model-B). To a solution of (aR)-3 (70 mg, 0.069
mmol) and 2,5-bis(trimethylstannyl)thiophene (4) (7.1 mg, 0.017 mmol) in anhydrous toluene/DMF
(4:1, v/v) (2.0 mL) was added Pd(PPhs)4 (6.4 mg, 5.5 umol). The solution was stirred at 110 °C for
24 h. After cooling to room temperature, the reaction system was diluted with ethyl acetate/hexane
(3:1, v/v) and the solution was washed with water, and then dried over Na,SOa. After filtration, the
solvent was removed by evaporation and the crude product was purified by silica gel
chromatography using dichloromethane/methanol (10:1, v/v) as the eluent to give the desired
model-A/model-B mixture as an orange viscous oil (13 mg, 10% yield). [a]*p +283.0 (¢ 0.2,
CHCI3). '"H NMR (500 MHz, CDCls, 55 °C): & 7.17-7.58 (m, 6H, ArH), 5.10-5.30 (br, 4H, CH),
4.80-5.00 (br, 4H, CH), 4.19-4.26 (m, 4H, CH>), 4.01 (s, 2H, CH), 3.74-3.79 (m, 8H, CH>), 3.61 (m,
40H, CH>), 3.52 (m, 8H, CH»), 3.41 (s, 6H, CH3), 3.35 (m, 12H, CH3), 2.63 (t, J= 6.3 Hz, 8H, CH>).
IR (KBr, cm™): 1741 (C=0). HRMS (FAB): m/z caled for C7sHi03°Br¥'BrOsSs (M+H"),
1935.3173; found 1935.3144.

poly-Tr. Copolymerization of (aR)-3 with 4 by Stille cross-coupling was carried out in a dry
Schlenk flask under nitrogen atmosphere. To a solution of (aR)-3 (55 mg, 0.054 mmol) and 4 (22
mg, 0.054 mmol) in anhydrous toluene/DMF (4:1, v/v) (1.1 mL) was added Pd(PPhs)4 (5.0 mg, 4.3
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pumol). The solution was stirred at 110 °C for 24 h. After cooling to room temperature, the reaction
mixture was poured into a large amount of hexane, and the resulting polymer was collected by
centrifugation, washed with ethanol and dried in vacuo to yield poly-Tr as an orange solid (46 mg,
91%). 'H NMR (500 MHz, CDCl3, 55 °C): & 7.00-7.80 (br, 4H, ArH), 4.60-5.50 (br, 4H, CH),
3.90-4.50 (br, 3H, CH, CH»), 3.20-3.90 (m, 37H, CH», CH3), 2.40-2.90 (br, 4H, CH»). IR (KBr, cm™
1): 1740 (C=0).

poly-Tr'. The title compound was prepared from (aR)-3, 6a and 4 ([(aR)-3]o/[6a]o/[4]o = 1/1/2) in
the same way as poly-Tr and obtained in 92% yield as an orange solid. '"H NMR (500 MHz, CDCls,
55 °C): 67.50-7.70 (br, 2H, ArH), 7.10-7.30 (br, 2H, ArH), 4.70-5.50 (br, 2H, CH), 3.90-4.40 (br,
3.5H, CH, CH>), 3.20-3.90 (m, 35.5H, CH,, CH3), 2.40-2.70 (br, 2H, CH>). IR (KBr, cm™!): 1719
(C=0).

poly-Tr". The title compound was prepared from (aR)-3, 6b and 4 ([(aR)-3]o/[6b]o/[4]0 = 1/1/2)
in the same way as poly-Tr and obtained in 89% yield as an orange solid. '"H NMR (500 MHz,
CDCls, 55 °C): 6 7.80-8.10 (m, 1H, ArH), 7.40-7.70 (m, 2H, ArH), 6.90-7.30 (m, 2H, ArH),
4.50-5.90 (br, 4H, CH), 3.90-4.50 (br, 3H, CH, CH>»), 3.20-3.90 (br, 37H, CH», CH3), 2.40-2.70 (br,
4H, CH,). IR (KBr, cm™): 1735 (C=0).

poly-Phr. The title compound was prepared from (aR)-3 and 1,4-bis(tributylstannyl)benzene (5)
in the same way as poly-Tr and obtained in 57% yield as a yellow solid. '"H NMR (500 MHz,
CDCls, 55 °C): 6 7.30-7.80 (m, 6H, ArH), 5.10-5.40 (br, 2H, CH), 4.70-5.10 (br, 2H, CH),
4.10-4.30 (br, 2H, CH>), 3.90-4.10 (br, 1H, CH), 3.34-3.82 (m, 37H, CH,, CH3), 2.50-2.70 (br, 4H,
CH»). IR (KBr, cm™): 1741 (C=0).
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4. All-atom molecular dynamics simulation

An all-atom molecular dynamics (MD) simulation was carried out using the Forcite module of the
BIOVIA Materials Studio 2018 (Dassault Systemes BIOVIA, San Diego, CA, USA) on the
supercomputer system (PRIMERGY CX2570 M4, Fujitsu, Tokyo, Japan). The MD cell was built
by means of usual procedure of the Amorphous Cell module. The MD cell length and angle were (a
=80 A,b=80A, c =280 A) and (a = 90°, B = 90°, y = 90°), respectively. Here, a single model of
poly-Tr was put in the center of the cell, and the solvent molecules of chloroform were packed in
the cell at density of 1.492 g cm™. Sequentially, the geometry of the MD cell was optimized.
Simulation in the NVT ensemble (constant number of atoms, volume and temperature) was
conducted at 298 K for 20 ps (time step of 0.2-fs, 100,000 steps) and the NPT ensemble (constant
number of atoms, pressure and temperature) was conducted at pressure of 1.013 x 10~ GPa and at
298 K for 3,000 ps (time step of 1.0-fs, 3,000,000 steps) to equilibrate the MD cell. The Nose
thermostat was used to control the temperature. The Berendsen barostat was used to control the
pressure. After the equilibration at 298 K, simulation in the NVE ensemble (constant number of
atoms, volume and energy) was conducted for 2,000 ps (time step of 1.0-fs, 1,000,000 steps) as the

production run. The Universal forcefield was used, and the charges were assigned by the Gasteiger.
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Supporting data
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Fig. S1 Concentration dependence of the absorption and CD spectra of poly-Tr in chloroform at
25 °C. Spectra indicated by green, blue and red lines were obtained from solutions with poly-Tr
concentrations of 1.0 x 10> M (cell length, 10 mm), 1.0 x 10~*M (cell length, 1.0 mm) and 1.0 x
1073 M (cell length, 0.10 mm), respectively.
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Fig. S2 Absorption and CD spectra of poly-Tr in chloroform at 25 °C before (red solid line) and
after (black dashed line) filtration through a membrane filter with a pore size of 0.20 um. [Glucose

unit] = 1.0 x 1074 M.

S-10



Fr. 1l Fr. 1 Fr. IV
(7.5—8.0 min) (8.0—8.5 min) (8.5—9.0 min)

Fr. | A BSRRE Beh e Fr.V
(7.0—7.5 min) o (9.0-9.25 min)

6 7 8 9
Elution time (min)
Fig. S3 SEC trace of as-synthesized poly-Tr (M,: 6.7 x 10° g mol™!, M,/M,: 2.3). Fractionation

intervals are also shown.
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Fig. S4 Temperature dependence of the absorption (bottom), CD (middle) and gabs (top) spectra of
poly-Tr in chloroform. [Glucose unit] = 1.0 x 104 M.
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Fig. S5 Absorption (bottom), CD (middle) and gabs (top) spectra of poly-Tr in different solvents at
25 °C. [Glucose unit] = 1.0 x 107 M.
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Fig. S6 (A) SEC trace of as-synthesized poly-Phrx (M,: 5.6 x 10° g mol™!, M, /M,: 1.2).
Fractionation intervals are also shown. (B) SEC traces of fractionated components of poly-Phr with
different molecular masses (eluent, chloroform; polystyrene standards). (C) Molecular mass

dependence of the CD and absorption spectra of poly-Phr in chloroform at 25 °C.

75
— poly-Tr
50 - — pOIY'TR’
. — poly-Tr"’
£ 25-
©
S o -
W
< 25
-0.5 §
—50 38
(@}
\A 8
0 <

300 400 500 600
Wavelength (nm)

Fig. S7 CD and absorption spectra of poly-Tr, poly-Tr" and poly-Tr"” in chloroform at 25 °C.
[3,4-Unsbstituted thiophene unit] = 1.0 x 10™* M.
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Fig. S8 (A) Top view and (B) side view of the molecular model of the left-handed helically folded
poly-Tr in chloroform at 1000 ps in an all-atom MD simulation after equilibration at 298 K,
represented by space-filling (polythiophene backbone) and stick (side chain) models. Chloroform
solvent molecules are represented by line models and their hydrogen atoms are omitted to simplify

the view. Scale bars represent 1 nm.
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B: 1000 ps

Fig. S9 Top view of the molecular model of the left-handed helically folded poly-Tr in chloroform
at (A) 0 ps, (B) 1000 ps and (C) 2000 ps in an all-atom MD simulation after equilibration at 298 K,
represented by space-filling (polythiophene backbone) and stick (side chain) models. The first 15
thiophene rings, counting from the top of the model, are shown in different colors; other repeating
units are shown in grey to clarify the number of thiophene units contained in a single helix turn.

Chloroform solvent molecules are omitted to simplify the view.
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Table S1. Average torsion angles (&) and standard
deviations (SD) of the left-handed helically folded poly-Tr
model ¢

Average
o torsion angle SD¢
(deg)’
& —50.7 8.74
s —46.3 8.41
64 —47.7 8.15
6s —46.9 7.12
Gs —42.6 7.62
& —42.6 7.56
3 —44.7 8.79
& —45.3 7.23
6o —43.0 8.05
O —44.2 8.17
Oz —40.7 8.09
O3 —40.0 7.45
Or4 —41.6 8.24
Ors —41.8 7.54
Oi6 —40.9 7.60
67 —42.0 7.89
Ors —41.8 8.24
Oro —42.9 8.21

Simulation results after equilibration at 298 K. ®Average
value during the whole calculation period (0-2000 ps). “The
number of samples is 200.
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Table S2. Average torsion angles (¢) and SD values of the
left-handed helically folded poly-Tr model “

Average
& torsion angle SD¢
(deg)’
5 211 9.70
& +18.9 9.81
b +19.0 9.92
bs +23.1 8.54
ds +18.4 9.07
& +18.9 10.67
& 116.7 9.44
& +18.0 9.75
Pro +17.7 10.07
P11 +17.6 9.91
P12 +15.9 9.74
P13 +15.9 9.71
bis +14.7 10.22
Prs +17.0 10.87
P16 +14.4 9.90
o +14.1 10.84
Pis +12.5 10.23
P19 +11.0 10.51

“Simulation results after equilibration at 298 K. ®Average
value during the whole calculation period (0-2000 ps). “The
number of samples is 200.
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Table S3. Average torsion angles () and SD values of the
left-handed helically folded poly-Tr model *

Average

Vi tors(lggg&)lglgle SD

1) +19.7 10.13
w3 +18.0 10.36
Wa +17.0 10.74
Ws +14.7 9.55
We +16.4 9.95
1 +16.1 10.36
YR +18.2 9.87
Wo +17.3 9.66
Wio +16.5 9.88
Wil +18.1 10.03
V12 +16.2 10.17
Vi3 +17.5 9.63
Wi4 +17.7 10.47
Wis +18.2 10.62
Wie +22.3 9.29
w17 +20.6 9.62
Wi +20.5 10.43
W19 +21.1 10.32

“Simulation results after equilibration at 298 K. ®Average
value during the whole calculation period (0-2000 ps). “The
number of samples is 200.
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helix model of poly-Tr
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packing Equilibration
.................... » —

Geometry Production run
optlmlzatlon for 2000 ps

Fig. S10 (A) (a) Top view and (b) side view of the initial structure of right-handed helix model of
poly-Tr, represented by space-filling (polythiophene backbone) and stick (side chain) models. (B)
Side view of the right-handed helically folded poly-Tr in chloroform at 2000 ps in an all-atom MD
simulation after equilibration at 298 K. Thiophene sequences with anti-conformations (blue arrows)
are represented by space-filling models; other parts are represented by stick models to clarify the
structural irregularity emerging in the main chain. Chloroform solvent molecules are omitted to

simplify the view.
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Fig. S11 PL (bottom), CPL (middle) and gum (top) spectra of poly-Phr and model-Phr (A) in
chloroform ([Glucose unit] = 1.0 x 10* M) and (B) the drop-cast film of poly-Phr at room
temperature. dex = 365 nm. Insets: Photographs of the corresponding solutions and film under
irradiation at 365 nm. (C) Absorption and CD spectra of the drop-cast film of poly-Phr at room

temperature.
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Fig. S12 PL (bottom), CPL (middle) and guum (top) spectra of the spin-cast film of poly-Tr at room

temperature. Spectra were measured (A) at different rotation angles and (B) by reversing the quartz

plate to an incident light/quartz/film arrangement. Aex = 365 nm.
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Fig. S13 PL (bottom), CPL (middle) and gium (top) spectra of the drop-cast film of poly-Tr at room

temperature. Spectra were measured (A) at different rotation angles and (B) by reversing the quartz

plate to an incident light/quartz/film arrangement. Aex = 365 nm.
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Fig. S15 CD and absorption spectra of the spin-cast film of poly-Tr at room temperature. Spectra

were measured at (A) different rotation angles and (B) by reversing the quartz plate to an incident

light/quartz/film arrangement.

A 200
t |
Drop-cast Quar Zj
100 - film Ingident/'\
—_ light K“‘)
(@)] -5
3 Film
E O
Q — 0
O
-1004 — 90°
— 180°
— 270°
2001 \/\ 1.0
0

300 400 500 600
Wavelength (nm)

Normalized absorbance

CD (mdeg)

200 |
Drop-cast Quartz —
film :
100 /\ «—
2\ Film 1
= \
0+—= : —
\ 7/
--- 00 \\ /
~100- [
\\ /
—200- 1.0
T T T \\r 0
300 400 500 600

Wavelength (nm)

Fig. S16 CD and absorption spectra of the drop-cast film of poly-Tr at room temperature. Spectra

were measured at (A) different rotation angles and (B) by reversing the quartz plate to an incident
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4 o 20-DEC-2018 12:16:40
] 20-DEC-2018 12:17:04
] ?z,)l\/\o/\l 1D COMPLEX
<] 13107
< 1H
] R = o] Lepml
] ECA 500
] H.CO Spectrometer JNM-ECA500
] 3 \/\o Field Strength 11.7473579(T] (500 [MHz])
] X_Acq_Duration 1.74587904[s]
4 X_Domain 1H
=] X Freq 500.15991521 [MHz]
| X Offset 5.0[ppm]
i X Points 16384
R X_Prescans 1
4 X Resolution 0.57277737 [Hz]
1 X_Sweep 9,38438438 [knz)
1 Irr_Domain
1 Irr_Freq scc 15991521 [MHz]
1 ) “offset 5.0[ppm]
o] NS Domain 10
& req 500.15991521 [Miz]
1 “offset 5.0[ppm]
1 Clipped FALSE
Scans 64
1 b Q Total_Scans 64
] 'w = Relaxation Delay = 5[s]
] en Recvr_Gain 40
] P < Temp_Get 55[dC]
<] o o 11.6[us]
—] o S 1.74587904[s]
] o 45[deg]
] - 3.6[dB]
] © 5.8[us]
o [ % j 2 [ off
] 4 < Off
s 4 ) FALSE
- ' itial Wai 1(s]
ER J o 1) | Repetition Time 6.74587904[s]
<

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 I40 \ 3.0 2.0 1.0 -1.0 -2.0
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Fig. S21 '"H NMR (500 MHz, CDCl3, 55 °C) spectrum of (aR)-3.

- PROCESSING PARAMETERS
dc_balance( 0, E‘ALS )
sexp( 2.0[Hz], 0.0[s]
trapezoid3( 0[%], som, 100[%] )

zerofill( 1 )
4 ££t( 1, TRUE, TRUE )
R machinephase
b ppm
1 Filename KR77_scans10000_55do_carbo
] Author delta - -
] Experiment single_pulse_dec
Sample_Id 111
] Solvent CHLOROFORM-D

18-DEC-2018 03:01:02
20-DEC-2018 12:26:45
20-DEC-2018 12:27:29

Creation_Time
Revision Time
Current_Time

Data_Format 1D COMPLEX

] Dim Size 26214
] Dim_Title 13c
] Dim Units [ppm]
] Dimensions
] ECA 500
] Spectrometer JNM-ECA500
Field Strength 11.7473579[T] (500 [MHz])
X_Acq Duration 0.83361792[s]
] X_Domain 3c
] X_Freq 125.76529768 [MHz]
] X Offset 100 [ppm]
] X Points 32768
] X_Prescans 4
] X Resolution 1.19959034 [Hz]
] X_Sweep 39.3081761 [kHz]
ITr_Domain 10
Irr_Freq 500.15991521 [MHz]
Irr Offset 5.0 [ppm]
] Clipped FALSE
] 5456
] Total_Scans 5456
] Relaxation Delay = 2[s]
] Recvr_Gain 54
J Temp_Get 55[dC]
X_90_Width 9[us]
X_Acq_Time 0.83361792[s]
X AngTe 30[deg]
] X Atn 6[dB]
] X_Pulse 3[us]
] ITr_Atn Dec 22.048[dB]
] Irr_Atn Noe 22.048[dB]
g Irr_Noise WALTZ
g Decoupling TRUE
s ] Initial Wait 1[s]
e ] Noe TRUE
g o A "y L Noe_Time 2[s]
g 4 Repetition Time 2.83361792([s]

220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0-20.0|
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X : parts per Million : 13C

Fig. S22 *C NMR (CDCls, 126 MHz, 55 °C) spectrum of (aR)-3.

S-26



1 ---- PROCESSING PARAMETERS ----
] dc_balance( 0, FALSE )
) sexp( 0.2[Hz], 0.0[s] )
1 1 = trapezoids( 0[3], BO[%], 100[%] )
b : zerofill( 1 )
2— RO o ££ft( 1, TRUE, TRUE )
1 y machinephase
i RO =
1 o 0 OCHj
] o (a5)-3
1 Filename = SR-105 55C 20181221-5.jdf
<] / \ 72\ Author = delta
< Br Experiment = single pulse.ex2
] S S Br Sample_Id = S#457715
B Solvent = CHLOROFORM-D
b Creation_Time = 21-DEC-2018 1.
1 0 Revision Time = 29-DEC-2018 1
1 Current_Time = 29-DEC-2018 1
] )I\/\ = 1D COMPLEX
1 .??w O = 13107
R = =18
4 Dim _Units = [ppm]
< R! = (0] Dimensions T
] Sit = ECA 500
Spectrometer = JNM-ECA500
1 3CO Field Strength = 11. 7473579[11 (500 [MHZ])
4 \/\O X_Acq Duration = 1 7455790
1 X_Domain =
] req = 500.15991521 [MHz]
X Offset = 5.0[ppm]
1 X_Points = 16384
1 X Prescans =1
B o0 X Resolution = 0.57277737[Hz]
< K X_Sweep = 9.38438438 [kHz]
| v ITr_Domain = 1H
Irr_Freq = 500.15991521 [MHz]
b Irr_Offset = 5.0[ppm]
b Tri_Domain =18
b 0 & Tri_Freq = 500.15991521 [MHz]
4 o o~ < Tri_Offset = 5.0[ppm]
1 (3 > Clipped = FALSE
i — Scans =16
] J j ﬁ / Total_Scans =16
o Relaxation Delay = 5[s]
. Recvr_Gain =56
- Temp_Get = 55[dC]
] X_90_Width = 11.6[us]
] X“Acq_Time = 1.74587904[s]
X_AngTe = 45[deg]
B X Atn = 3.6[dB’
4 X_Pulse = 5.8[us]
o 4 ITr_Mode = Off
S 1 Tri_Mode = Off
s ] Dante_Presat = FALSE
el Initial Wait = 1[s]
g 1 L . Repetition Time = 6.74587904[s]
< 7]
T T T T T T T T T T T T T T T
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
A N\ N A |
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Fig. S23 'H NMR (500 MHz, CDCl3, 55 °C) spectrum of (aS)-3.

1 ---- PROCESSING PARAMETERS ----
dc_balance( 0, nu. )
| sexp( 2. 0[Hz], 0.0
S trapezoid3( 0[%], eo[%], 100[%] )
1 zerofi.
££ft( 1, TRUE, TRUE )
| machinephase
ppm
Filename = MO18_scans10000_55do_carbo
b Author = delta
Experiment = single_pulse_dec
B Sample_Id = S#762637
Solvent = CHLOROFORM-D
b Creation Time = 17-JAN-2019 02:0
~ Revision Time = 17-JAN-2019 08:5
= Current_Time = 17-JAN-2019 09:0
B Comment = MO18_scans10000_55do_carbo
Data_Format = 1D COMPLEX
R Dim Size = 26214
Dim Title = 13c
R Dim Units = [ppm]
mmensmns =x
R Si = ECA 600
Specttometet = JNM-ECA600
Field Strength = 14.09636928[T] (600 [MHz])
1 X_Req Duration = o 59205015[ ]
X Domain =
1 X Freq 1%, 91343039 [MHz]
X Offset = 100 [ppm]
1 X_Points = 32768
X_Prescans =
4 X Resolution = 1.44496109[Hz]
X_Sweep = 47.34848485 [kz]
| Irr_Domain = 1H
< Irr_Fre = 600.1723046 [MHz]
1 Irr Offset = 5[ppm]
Clipped = FALSE
1 Scans = 10000
Total_Scans = 10000
Relaxation Delay = 1.2[s]
1 Recvr_Gai. =58
Temp_Get = 55[dc]
1 X_90_Width = 10.675[us]
X Acq_Time = 0.69206016[s]
1 X AngTe = 30[deg]
X_Atn = 8[dB]
1 X_Pulse = 3.55833333[us]
ITr_Atn Dec = 17.058[dB]
3 4 Irr_Atn_Noe = 17.058[dB]
] Irr_Noise = WALTZ
< i Decoupling = TRUE
2 i | Initial Wait =1[s]
3 " - A Noe = TRUE
2 s MW ¥ f Noe_Time =1.2[s]
= 1.89206016[s]
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Fig. S24 >*C NMR (CDCls, 151 MHz, 55 °C) spectrum of (aS)-3.
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PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s] )
trapezoid3( 0[], 80[#], 100[%] )

zerofill( 1)
£££( 1, TRUE, TRUE )
O machinephase
OR?2 Pem
S Br
Br S Filename KR105_proton_scans64_55do
Author delta
R20 Experiment single pulse.ex2

Sample_Id s#459712

O Solvent CHLOROFORM-D
Actual_Start Time = 25-MAR-2019 2
Revision_Time 25-MAR-2019 1.

R2 = CH 3 Data_Format. 1D COMPLEX
Dim Size 26214
X_Domain 1
4 DIm Title 1
Dim Units [ppm]
Dimensions b3
site ECA 600
6a Spectrometer JNM-ECA600

Field_Strength

14.09636928[T] (600 [MHz])
2.9097984[s]

10
600.1723046 [MHz]

1
0.34366642 [Hz]
11.26126126[kHz]

1H
600.1723046 [MHz]
ilppml

600.1723046 [MHz]
[ppm]
FALSE
64
Total_Scans 64
Relaxation Delay = 2[s]
Recvr_Gain 48
Temp_Get. 55[dC]
X_90_Width 13.6[us]
X“Acg_Time 2.9097984(s]
45[deg]
2[dB]
6.8[us]
L i T A L o L o L RS S gg
9.0 8.0 ! 7.0 6.0 5.0 B 4.0 =0 3.0 2.0 1.0 FALSE
1(s]
o o - - Repetiton Time = 4.9097984[s]
3 S B =
- < % i
&

X : parts per Million : 1H

Fig. S25 '"H NMR (600 MHz, CDCl3, 55 °C) spectrum of 6a.
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---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
trapezoid3( 0[], 80[¢], 100[%] )
zerofill( 1 )
£££( 1, TRUE, TRUE )
machinephase
m
Filename KR105_carbon_scans10000_5
delta
single_pulse_dec
S#730249
CHLOROFORM-D
26-MAR-2019 0.
26-MAR-2019 0
1D COMPLEX
26214
1 13¢
Dim_Title 13c
Dim Units [ppm]
Dimensions X
Site ECA 600
Spectrometer JNM-ECA600
Field Strength 14.09636928[T] (600 [MHz])
X_Acq_Duration 0.69206016[s]
X Domain 13c
X Freq 150.91343039 [MHz]
X Offset 100 [ppm]
X Points 32768
X Prescans 4
X Resolution 1.44496109[Hz]
X_Sweep 47.34848485 [kHz]
ITr_Domain 1H
Irr_Fre 600.1723046 [MHz]
Irr Offset 5 [ppm]
Clipped TRUE
Scans 10000
Total_Scans 10000
Relaxation Delay = 1.2[s]
Recvr_Gain 56
Temp_Get 55[dC]
X_90_Width 11[us]
X“Acq_Time 0.69206016(s]
X AngTe 0 [deg]
X_Atn 8[dB]
X Pulse 3.66666667 [us]
Irr_Atn_Dec 16.945[dB]
Irr_Atn_Noe 16.945[dB]
Irr_Noise WALTZ
J ) . |Decoupling TRUE
Ay t % " A " b 4 st Initial Wait 1[s]
bt L 4 y u ¥ u Noe ThoE
Noe_Time 1.2[s]
: : : : : : : : : : : : : : : : : : : Repatition Time 1.89206016(s]
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0
X : parts per Million : 13C

Fig. S26 °C NMR (CDCls, 151 MHz, rt) spectrum of 6a.

S-28



oo o TP L2238 NeNNSIC09%n C0TNra232Y E|
& ae Sl 42238 AaA8a388lEn ECIRRAaReE S 3
PG e e a <r<r<r<r<rrﬁmm B N P I PP IS ININ DN 3 D
---- PROCESSING PARAMETERS ----
dc_balance( 0, mLE)
sexp( 0.2[Hz], 0.0[
RO trapezoldi( 0[4], som, 100[%] )
zerofill
(0] £fe( 1, TRU'E TRUE )
R10 machinephase
ppm

KR108_proton_scans64_55do
delta

single pulse.ex2

S#451913

CHLOROFORM-D

AW B

O 25-MAR-2019 1!
1D COMPLEX
??., o 26214
Dim Title 1H
1 o) Dim Units [ppm]
R = Dimensions X
Site ECA 600
Spectrometer JNM-ECA600

14. 09636928['1‘] (600 [MHzZ])
2 9097984

H 3CO \/\o Field Strength

X_Acq_Duration

X Domain
X Freq suo.nz:onsmﬂx]
6b X Offset 5[ppm
X Points 32768
X Prescans 1
X Resolution 0.34366642 [Hz]
X Sweep 11.26126126 [kHz]
ITr_Domain 1
Irr_Fre 600.1723046 [MHz]
Irr_Offset 5[ppm]
Tri_Domain H
Tri_Freq 600.1723046 [MHz]
Tri_ Offset 5[ppm]
Clipped FALSE
ns 64
Total_Scans 64
Relaxation Delay = 2[s]
i 46
/ [ ” [ e
i 13.6[us]
2.9097984(s]
5[deg]
| 2[dB]
s B[ns]
T T T T T T T T T o
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 FALSE
7o PR 9o 7 ol Ci
B < < o+ ddvzines ) Repetition Time 4.9097984(s]
g 3 =y 33X 38 LedE 3
- = = —co cici

DPRPETS prpo e

X : parts per Million : 1H

Fig. S27 '"H NMR (600 MHz, CDCl3, 55 °C) spectrum of 6b.
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PROCESSING PARAMETERS ----
ac, - balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )
trapezoid3( 0[], 80[%], 100[%] )
zerofill( 1 )

££t( 1, TRUE, TRUE )
machinephase

ppm

KR108_carbon_scans10000_5
delta

single_pulse_dec
111

Data_Format 1D COMPLEX
Dim_Size 26214

X _Domain 13
Dim_Title 13c

Dim Units [ppm]
Dimensions b3

Site ECA 500
Spectrometer JNM-ECA500

Field Strength
b4 Acr.uxu:a:mn

11. 7473579[1-] (500 [MHz])
0 53361792

X Doma.
X Fro q 125 76529768 [MHz]
X _Offset 0 [ppm]

X Points 75

X Prescans 4

X_Resolution 1.19959034 [Hz]
X_Sweep 39 3081761 [kHz]
ITr_Domain

Irr_Freq 500, 15991521 [MHz]
Irr Offset E 0[ m]

Clipped

Scans T0000
Total_Scans 10000

Relaxstion Dalsy = 2[a]

Recvr_( 58

Temp,_{ o 55[dC]
X_90_Width 9[us]

XAcq_Time 0.83361792[s]
X“angTe 30[deg]

X_Atn 6[dB]

X Pulse 3[us]

Irr_Atn Dec 22.048[dB]

Irr_Atn_Noe 22.048[dB]
Irr_Noise WALTZ
Decdupling TRUE
Initial Wait 1[s]

Noe
Noe_Time
Repetition Time

2[s]
2.83361792(s]

T T T T T T T T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

X : parts per Million : 13C

Fig. S28 °*C NMR (CDCls, 126 MHz, 55 °C) spectrum of 6b.
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1 - PROCESSING PARAMETERS ----
1 de_balance( 0, FALSE )
o sexp( 0. 2[Hz], 0.0[s] )
1 & trapezoid3( 0[%], 80[%], 100[%] )
1 = zerofill( 1
N fft( 1, TRUE, TRUE )
o machinephase
= ppm
7 RO o
1 R'O
i o 0 OCHj3
1 Filename = KRB4_scans64_S5do_proton2-
model-Tr Author = delta e
1 Experiment = smg1e pulse.ex2
R Sample ! = S#1150
Solvent = CHLOROE‘ORM D
o] Creation_Time = 18-DEC-2018 O:
s Revision Time = 20-DEC-2018 1
1 Current_Time = 20-DEC-2018 1
1 = 1D COMPLEX
1 = 13107
= 1H
7 = [ppm]
4 =X
= ECA 500
b Spectrometer = JNM-ECA500
1 Field Strength = 11. 7473579[1] (500 [MHZ])
X Aoq Duration = 1.74587904]
! X_Domain =
<_| X Freq < 500.15991521 [MBz]
o X_Offset = 5.0[ppm]
b X Points = 16384
B X_Prescans =
X_Resolution = 0.57277737[Hz]
1 X_Sweep = 9.38438438[kHz]
B Irr_Domain = 1H
| Irr_Freq = 500.15991521 [MHz]
Irr Offset = 5.0[ppm]
1 Tri_Domain = 1
1 TriFreq = 500.15991521 [MHz]
Tri Offset = 5.0[ppm]
1 Clipped = FALSE
1 ans =64
=3 5 E g Total_Scans =64
4 “ 1 = Relaxation Delay = 5[s]
i 2R Recvr_Gain =44
= Temp_Get = 55[dC]
R I - . o X_90 Width = 11.6[us]
1 M ) S X Acq_Time = 1.74587904[s]
o - o = 45[deg]
b - = 3.6[dB]
1 3 = 5.8[us]
g 4 / jE = f = off
Q = Off
s 4 _Presat = FALSE
=} Initial Wait = 1[s]
g ] Jb Lﬁ ALY L Repetiton Time = 6.74587904[s]
=)
<
T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 3.0 2.0
N AN N
~ 0 — A0 == Qo= IR =DOSV AR %
NE-o8emEoin S B~ dAoox—omnamad a
momaqddeSSS —9% e¥nmninanacted "
N e e L S VY cenmmmamadcan —
X : parts per Million : 1H
Fig. S29 'H NMR (500 MHz, CDCls, 55 °C t f model-T
12. Z, 3, Specirum O model-1R.
1 ---- PROCESSING PAR]\METERS ———-
1 dc_balance( 0, ru )
1 sexp( 2.0[Hz], 0.0
b trapezoid3( 0[%], sn[%], 100(%] )
b zerofill( 1
4 ££ft( 1, TRUE, TRUE )
] machinephase
] ppm
<]
] Filename = KR84_scans_55do_carbon2-4.
] Author = delta
] Experiment = single_pulse_dec
<] Sample_Id =111
=3 Solvent = CHLOROFORM-D
1 Coastion mina = 18-Dac-2018 08:30:04
1 Revision_Time = 20-DEC-2018 11:4
1 Current_Time = 20-DEC-2018 11:4:
1 Data_Format = 1D COMPLEX
1 Dim_Size = 26214
N Dim Title = 13c
4 Dim Units = [ppm]
] Dimensions =X
2| i = ECA 500
<] Spectrometer = JNM-ECA500
i Field Strength = 11.7473579[T] (500 [MHz])
] X Acq Duration = 0.83361792[s]
] X_Domain = 13C
] X Freq = 125.76529768 [MHz]
] X Offset = 100[ppm]
X Points = 32768
] X_Prescans =
ISh X Resolution = 1.19959034 [Hz]
ST X_Sweep = 39.3081761 [kHz]
1 Irr_Domain = 1H
1 Irr_Freq = 500.15991521 [MHz]
N Irr Offset = 5.0(ppm]
b Clipped = FALSE
1 Scan = 6500
R Total_Scans = 6500
] Relaxation Delay = 2[s]
] Recvr_Gain =56
Get = 55[dC]
X_90_Width = 9[us]
] X“Acq_Time = 0.83361792(s]
X AngTe = 30[deg]
] X_Atn = 6[dB]
] X_Pulse = 3[us]
1 ITr_Atn_Dec = 22.048[dB]
7] Irr_Atn_Noe = 22.048[dB]
8 Irr_Noise = WALTZ
2 B Decoupling = TRUE
£ J‘ Initial Wait = 1[s]
1 ) Noe = TRUE
= B Noe_Time = 2[s]
3 4 Repetition Time = 2.83361792[s]
R e R R R L R R R A R AA RS S AARE
170.0  160.0 150.0 140.0 130.0 120.0 110.0 100.0 ~ 90.0 80.0 70.0 60.0 50.0 0
oo v ~t T o™ =) SRXOFTXDONVMOTUVLAO TV — <
o= WL~ TS = CASC ISR O DR DB S
= AL NN N bl B Bl Ry Ll B < =
=S Bl i 08 08\ S Wi N FaaSsSSSoxsE Ay v
== mma dagaada 2N EREERRRERRS0E S onn @A
X : parts per Million : 13C

Fig. S30 *C NMR (CDCls, 126 MHz, 55 °C) spectrum of model-Tr.
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PROCESSING PARAMETERS ----
dc _balance( 0, FALSE )
sexp( 0.2[Hz], 0.0

24.17

trapezoid3( 0[%], eo[%], 100(%] )

zerofill( 1 )

££t( 1, TRUE, TRUE )

8.77

S

abundance

12.0 11.0 10.0 9.0 8.0 7.0 6.0

N

3
)
el
=~

\

7.628
7.613
7.603
7.587
7.432
7.417
7.402
7.377
7.364
7.249
4.972

X : parts per Million : 1H

Fig. S31 '"H NMR (500 MHz, CDCl3, 55 °C) spectrum of model-Phg.

0.3

0.1

abundance

—_

0.000 — <

4.940

Creation_Time

Revision_Time

Current_Time

Data_Format

Spectrometer

Field Strength
X_Acq Duration
X_Domain

X Freq

X Offset
X_Points
X_Prescans
X_Resolution

Total_Scans

Relaxation Delay

Recvr_Gain
Temp_Get

Repetition Time

machinephase
Filename KR85_scans64_55do_proton2-
Author delta

Experiment single pulse.ex2

Sample_Id S#553051

Solvent CHLOROFORM-D

18-DEC-2018 15:26:22
21-DEC-2018 22:25:03
21-DEC-2018 22:25:22

1D COMPLEX
13107

1H

[ppm]

X

ECA 500
JNM-ECA500

11.7473579[T] (500 [MHz])
1.74587904[s]

10

500.15991521 [MHz]
5.0[ppm]

6384

1

0.57277737[Hz]

9 38438438[kﬂz]

500 15991521 [MHz]

5. 0ippm]

5oo 15991521 [MHz]
0 [ppm]

ALSE

64

64

5[s]

50

ssidc)

11.

6[us]
1.74587904[s]
45[deg

1
6.74587904[s]

PRO
de_balance( 0,
sexp( 2.0[Hz],

CESSING PARAMETERS ----
FALSE

)

0.0[s]

)
trapezoid3( 0[%], 80[%], 100[%] )

zerofill( 1 )

££t( 1, TRUE, TRUE )

A

N

AN

145.788 ——
132.921

o= C oo
o —~ Q=%
- = YR A=
=3 ]
~ (RS ES RS EsEs]

2
X : parts per Million : 13C

Fig. S32 *C NMR (CDCls, 126 MHz, 55 °C) spectrum of model-Phg.
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---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s] )
trapezoid3( 0[], 80[%], 100[%] )
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Fig. S33 'H NMR (500 MHz, CDCl3, 55 °C) spectrum of di-model-Tr.
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Fig. S34 '"H NMR (500 MHz, CDCl3, 55 °C) spectrum of poly-Tr.
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Fig. S35 'H NMR (500 MHz, CDCl3, 55 °C) spectrum of poly-Tr'.
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Fig. S36 'H NMR (500 MHz, CDCl3, 55 °C) spectrum of poly-Tr"

S-33




---- PROCESSING PARAMETERS ----
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Fig. S37 'H NMR (500 MHz, CDCl3, 55 °C) spectrum of poly-Phg.
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Captions for supporting videos

Video S1. Animation of all-atom MD simulation in the NVE ensemble (after equilibration at 298
K) of the left-handed helically folded model of poly-Tr (space-filling model for backbone; line
model for side chain) in chloroform (line model) at 02000 ps as the production run. The poly-Tr
backbone is highlighted in purple.

Video S2. As Video S1, except that solvent molecules (chloroform) are omitted to simplify the

view. The side-view of helical poly-Tr is shown.

Video S3. Animation of all-atom MD simulation in the NVE ensemble (after equilibration at 298
K) of the right-handed helically folded model of poly-Tr (space-filling model for backbone; line
model for side chain) in chloroform (line model) at 02000 ps as the production run. The poly-Tr
backbone is highlighted in purple.

Video S4. As Video S3, except that solvent molecules (chloroform) are omitted to simplify the

view. The side-view of helical poly-Tr is shown.
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