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1. GENERAL INFORMATION

General Considerations. All syntheses were carried out using standard Schlenk or glovebox techniques under an
atmosphere of N2. Solvents were dried and degassed by passing through a column of activated alumina,
sparging with N2 gas, and, storing over dry 3 A molecular sieves for at least 72 h before use. Deuterated solvent
was purchased from Cambridge Isotope Laboratories, Inc. All reagents and starting materials were purchased
from commercial vendors and used without further purification unless otherwise noted.

Physical Methods. "H NMR spectra were collected at room temperature on Bruker 400 MHz, 500 MHz, or 800
MHz spectrometers. 'H and '*C NMR spectra are reported in parts per million relative to tetramethylsilane,
using the residual solvent resonances as an internal standard. High resolution mass data were obtained using an
Agilent 6320 LC-MS/MS for HR-APCI and an Applied Biosystems Voyager System 6270 for MALDI. Sample
dispersity and polymer molecular weights were obtained using a TOSOH GPC with THF solvent vs.
polystyrene standards at 40°C. UV-vis-NIR measurements were acquired on an Agilent Technologies Cary
60001 spectrophotometer (350-2850 nm) using a 1-cm two-window quartz cuvette. Electrochemistry was
performed using a BioLogic SP-150 and CHI-660.

Abbreviations. 3,4-propylenedioxythiophene (ProDOT), benzothiadiazole (BTD), dichloromethane (DCM),
tetrahydrofuran (THF).
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2. SYNTHESIS
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D+G=7(32%) J+K=21(9%)

Scheme S1. Synthesis of the nPB oligomers. a) n-BuLi, CH3SSCHa, b) C-H Activation Conditions: Pd(OAc)a,

(0-MeOPh)sP, pivalic acid, Cs;CO:s.
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RO OR O O
>< n-BuLi ><
O O HCSSCHy O O
@ THF @s/
A B

Compound B
To a THF solution (75 mL) of A (9.90 g, 22.5 mmol, 1.0 equiv) was added 9.88 ml of n-butyllithium (2.5 M,
24.7 mmol,1.1 equiv) in hexane at -78°C under N.. After stirring for 120 min at 0°C, dimethyldisulfide (2.22 ml,
24.7 mmol, 1.1 equiv) was added dropwise to the reaction mixture and then allowed to warm to room temperature.
After stirring overnight, the reaction mixture was guenched with water, extracted with hexane, and dried over
Na,SO4. The crude product was concentrated under vacuum and passed through a short alumina column using
hexanes:ethyl acetate (75:1). After solvent evaporation, the residue was separated by preparative HPLC
(polystyrene/divinylbenzene stationary phase) with CHCIs to give B as a light-yellow oil (8.76 g, 80% vyield).
e 'HNMR (300 MHz, CDCls, ppm) &: 6.44 (s, 1H), 4.09 (s, 2H), 4.00 (s, 2H), 3.47 (s, 4H), 3.27 (d, J = 5.7
Hz, 4H), 2.37(s, 3H), 1.35 - 1.23 (m, 20H), 0.90 — 0.84 (m, 13H).
e 1BCNMR (101 MHz, CDCls, ppm) & 150.63, 149.15, 106.15, 74.18, 73.93, 73.61, 69.73, 47.83, 39.51, 30.57,
29.03, 23.89, 23.00, 21.12, 14.02, 11.06.
e HRMS (ESI), [M+H]+ m/z calcd. for C26Ha704S,: 487.2910; found 487.2902.

General C-H Activation Conditions

In a 25 mL Schlenk tube, Pd(OAC). (4-8 mol %), (0-MeOPh)sP (8-16 mol %), pivalic acid (0.5 per C-H monomer
equivalence) and Cs,COs; (1.5 per C-H monomer equivalence) were added, vacuumed for 30 minutes, and then
subjected to N2 purge cycles three times. Anhydrous toluene (0.1 M-0.5 M) was added via needle and syringe. The
reaction was heated at 110°C in an oil bath, or until the limiting reagent was consumed per TLC analysis. Upon
completion, the reaction mixture was quenched with water and extracted with dichloromethane. The organic layer
was washed with water twice, then once with brine. The organic layer was separated and dried over MgSQO. or
Na,SQs, then filtered and concentrated under reduced pressure. The crude product was purified by SiO2 column
chromatography concentrated, and further purified by recycling preparative HPLC (polystyrene/divinylbenzene
stationary phase) with CHClIs. In cases where an excess of a compound is used, the unreacted portion is retrieved
during column chromatography as its rf value is generally higher than the generated product.

oo RR
o 0 N{S}N oﬁ%o N\'S'/N
@\S/ + Br{}Br \SME”"
B c D

Compound D
The reaction was conducted according to the general procedure without modification using compound B (3.0 g,

6.16 mmol, 1.0 equiv) , compound C (5.44 g, 18.49 mmol, 3.0 equiv) Pd(OAcC)2 (4 mol %, 55.3 mg), (0-MeOPh)3sP
(8 mol %, 173.6 mg), pivalic acid (314.6 mg, 3.08 mmol, 0.5 equiv) and Cs>COs (3.01 g, 9.24 mmol, 1.5 equiv) in
35 mL of anhydrous toluene. The product was filtered by column chromatography (CH.Cl,:hexanes, gradient of
1:1 to 2:1) and purified by preparative HPLC to provide compound D (1.72 g, 40% yield) as an orange oil.
Unreacted compound C and oligomer 3 was recovered in ~20% yield.
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e H NMR (400 MHz, CDCl3) § 8.11 (d, J = 7.9 Hz, 1H), 7.79 (d, J = 7.9 Hz, 1H), 4.18 (d, J = 6.8 Hz, 4H),
3.54 (s, 4H), 3.30 (d, J = 5.7 Hz, 4H), 2.47 (s, 3H), 1.48 (dt,J = 11.6, 5.7 Hz, 2H), 1.41 — 1.23 (m, 18H), 0.90
—0.84 (m, 13H).

e 1C NMR (101 MHz, CDCls) & 147.79, 132.40, 127.07, 125.25, 111.26, 74.21, 74.18, 73.95, 73.77, 69.84,
47.81, 39.53, 30.59, 30.56, 29.03, 23.92, 23.00, 20.33, 14.03, 11.08.

e HRMS (APCI), [M+H]+ m/z calcd. for C32H4sBrN204Ss: 699.1954; found 699.1944.

S S S. S S S
o O N\S/N N“NO ON\S/N N“NO ON“NO ON\S/N
Z/ \i - - /N /N I\
s +BrOBr Br Q s O Br . Br Q S S Q Br
A c E F

Compounds E and F
The reaction was conducted according to the general procedure using compound A (2.0 g, 4.55 mmol, 1.0 equiv),
compound C (6.67 g, 22.7 mmol, 5.0 equiv) Pd(OAc) (4 mol %, 40.77 mg), (0-MeOPh)3P (8 mol %, 127.98 mg),
pivalic acid (927.34 mg, 9.08 mmol, 2.0 equiv) and Cs,COs (4.59 g, 14.07 mmol, 3.1 equiv) in 130 ml anhydrous
toluene. After work-up, the crude material was dissolved in hexane to precipitate out and recover excess compound
C from the mixture and the filtrate was concentrated. The two products were purified by column chromatography
(CHCl3:hexanes, gradient of 1:1 to 3:1) to sequentially provide compound E as a dark red solid (1.69 g, 43% yield)
and compound F as a dark purple solid (624 mg, 10% vyield).
Compound E
e HNMR (400 MHz, CDCl3) & 8.19 (d, J = 7.8 Hz, 2H), 7.85 (d, J = 7.9 Hz, 2H), 4.28 (s, 4H), 3.60 (s, 4H),
3.34 (d, J =5.7 Hz, 4H), 1.56 — 1.46 (m, 1H), 1.44 — 1.22 (m, 17H), 0.93 — 0.84 (m, 12H).
e BCNMR (101 MHz, CDCls) 8 153.42,152.03, 148.14,132.37,127.77,125.47, 118.54, 111.85, 74.24, 73.88,
69.94, 47.78, 39.53, 30.57, 29.03, 23.92, 23.02, 14.04, 11.08.
e HRMS (APC|), [l\/|+H]+ m/z calcd. for C37H47BroN>04Ss: 865.1121; found 865.1186.

Compound F
e HNMR (400 MHz, CDCls) & 8.43 (s, 2H), 8.21 (d, J = 7.9 Hz, 2H), 7.87 (d, J = 7.9 Hz, 2H), 4.31 (d, J =
7.7 Hz, 8H), 3.62 (s, 8H), 3.35 (d, J = 5.7 Hz, 8H), 1.53 (dt, J = 12.0, 5.6 Hz, 6H), 1.42 — 1.24 (m, 38H), 0.93
—0.87 (m, 24H).
e 13C NMR (101 MHz, CDCls) & 153.46, 152.51, 152.13, 148.25, 132.40, 127.77, 127.65, 124.10, 119.74,
111.56, 74.24, 73.87, 69.99, 47.79, 39.56, 30.58, 29.60, 29.04, 23.95, 23.03, 14.05, 11.10.
e HRMS (APCI), [M+H]* m/z calcd. for CesHo1Br2NgOsSs: 1437.3863; found 1437.3866.

RR RR RR RR RR RR
£ s
(@] @] N\/N ON NO

A (o

Compound G and H
The reaction was conducted according to the general procedure without modification using compound A (10.3 g,
23.46 mmol, 6.0 equiv) , compound C (1.15 g, 3.91 mmol, 1.0 equiv), Pd(OAc). (2 mol %, 17.56 mg), (o-
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MeOPh)3P (4 mol %, 55.1 mg), pivalic acid (400 mg, 3.91 mmol, 1.0 equiv), and Cs,CO;3 (3.7 g, 11.73 mmol, 3.0
equiv) in 75 ml anhydrous toluene. The two products were purified by column chromatography (CH-Cl;:hexanes,
gradient of 1:2 to 2:1) to sequentially provide compound G as an orange oil (1.86 g, 47% yield) and compound H
as a sticky, magenta solid (1.74 g, 28% yield).

Compound G

e H NMR (400 MHz, CDCls) & 8.29 (s, 2H), 6.66 (s, 2H), 4.20 (s, 4H), 4.10 (s, 4H), 3.54 (s, 8H), 3.31 (d, J =
5.5 Hz, 8H), 1.56 — 1.45 (m, 7H), 1.40 — 1.23 (m, 42H), 0.95 — 0.84 (m, 30H).

e ¥C NMR (101 MHz, CDCls) & 152.56, 149.66, 147.75, 127.47, 124.11, 117.49, 106.38, 74.23, 73.74, 69.87,
47.81, 39.54, 30.57, 29.03, 23.92, 23.01, 14.02, 11.07.

o HRMS (APCI), [M+H]* m/z calcd. for CsgHgsN20sSs: 1013.5776; found 1013.5771.

Compound H

e HNMR (400 MHz, CDCls) 6 8.32 (q, J = 8.0 Hz, 4H), 6.64 (s, 2H), 4.38 — 4.03 (m, 12H), 3.59 (d, J = 40.8
Hz, 12H), 3.35 (dd, J = 21.8, 5.6 Hz, 12H), 1.53 (tq, J = 14.5, 8.5, 7.0 Hz, 7H), 1.47 — 1.24 (m, 51H), 1.00 —
0.83 (m, 38H).

e BCNMR (101 MHz, CDCl3) 8 152.45,152.41, 149.57, 147.89, 147.74, 127.27, 127.10, 124.00, 123.95, 119.20,
117.63,106.53, 77.28, 74.19, 74.13, 73.59, 69.97, 69.81, 47.80, 39.64, 39.60, 30.65, 29.08, 24.05, 24.00, 23.10,
23.07,14.10,11.17, 11.13.

o HRMS (APCI), [M+H]* m/z calcd. for Cg7H132N4O1.Ss: 1585.8518; found 1585.8509.

s S. s s
O ON"NO © N"NO o 0 oN\S/No ON"NO O
B i+ @_ﬂ e B B
Z}O_Z? B s s e e
G D |
Compound |

The reaction was conducted according to the general procedure without modification using compound G (761.3
mg, 0.75 mmol, 2.7 equiv) , compound D (194.7 mg, 0.28 mmol, 1.0 equiv), Pd(OAc), (8 mol %, 5.0 mg), (o-
MeOPh)3P (16 mol %, 15.7 mg), pivalic acid (14.3 mg, 0.14 mmol, 0.5 equiv), and Cs,COs3 (135.9 mg, 0.42 mmol,
1.5 equiv) in 7 ml anhydrous toluene. The product was purified by column chromatography (CH.Cl;:hexanes,
gradient of 1:3 to 1:1) to provide compound I as a sticky, magenta solid (265 mg, 58% yield).

e HNMR (400 MHz, CDCl3) & 8.40 —8.31 (m, 4H), 6.66 (s, 1H), 4.32 (s, 5H), 4.27 — 4.17 (m, 6H), 4.10 (s, 2H),
3.69 — 3.51 (m, 13H), 3.35 (dd, J = 16.2, 5.7 Hz, 13H), 2.49 (s, 3H), 1.52 (dt, J = 11.7, 5.9 Hz, 7H), 1.46 — 1.22
(m, 56H), 0.91 (m, 40H).

e BCNMR (101 MHz, CDCls3) 8 152.47, 150.00, 149.63, 148.00, 147.94, 147.80, 147.46, 127.52, 127.26, 127.16,
124.16, 124.03, 123.96, 123.57, 119.21, 119.06, 118.27, 117.58, 116.42, 106.55, 74.22, 74.16, 73.94, 73.68,
70.00, 69.85, 47.82, 39.59, 30.62, 29.06, 23.98, 23.05, 20.51, 14.07, 11.13.

e HRMS (APCI), [M+H]* m/z calcd. for CgsH13sN4012Ss: 1631.8395; found 1631.8355.
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Compound J

The reaction was conducted according to the general procedure using compound | (177.1 mg, 0.108 mmol, 1.0
equiv), compound C (127.5 mg, 0.434 mmol, 4.0 equiv) Pd(OACc): (8 mol %, 2 mg), (0-MeOPh)sP (16 mol %, 6.1
mg), pivalic acid (5.5 mg, 0.054 mmol, 0.5 equiv), and Cs,CO;3 (54.6 mg, 0.173 mmol, 1.6 equiv) in 3 ml anhydrous
toluene. After work-up, the crude material was dissolved in hexane to precipitate out and recover excess compound

C from the mixture and the filtrate was concentrated. The product was purified by column chromatography

(CH2Clz:hexanes, gradient of 1:1 to 3:1) to provide compound J as a dark purple solid (93.9 mg, 47% vyield).

e H NMR (400 MHz, CDCls) & 8.43 —8.31 (m, 4H), 8.18 (d, J = 7.9 Hz, 1H), 7.83 (d, J = 7.9 Hz, 1H), 4.38 —
4.25 (m, 8H), 4.21 (d, J = 13.5 Hz, 4H), 3.69 — 3.51 (m, 12H), 3.42 — 3.28 (m, 12H), 2.49 (s, 3H), 1.57 — 1.47
(m, 7H), 1.43 — 1.24 (m, 57H), 0.96 — 0.84 (m, 39H).

e ¥CNMR (101 MHz, CDCl3) § 153.51, 152.58, 152.51, 152.19, 150.08, 148.30, 148.17, 148.06, 147.98, 147.55,
132.44, 127.91, 127.81, 127.69, 127.28, 125.81, 124.45, 124.05, 123.89, 123.79, 119.90, 119.30, 118.25,
117.95, 116.51, 111.57, 74.28, 74.23, 74.03, 73.90, 73.80, 70.06, 69.94, 53.34, 47.87, 47.84, 39.62, 39.60,
30.62, 29.64, 29.07, 23.98, 23.96, 23.06, 20.57, 14.08, 11.13.

e HRMS (APCI), [M+H]" m/z calcd. for CesH13sBrNe¢O1,S7: 1843.7439; found 1843.7404.

R R R R R R R R R R R R R R R R
NSN O ONSN o ONSNO o voN\'S,NvoNSNvoNSNvoN\S‘,Nvo
el A e G —— W LFOOLO-F-0- 0
G K
Comgound K

The reaction was conducted according to the general procedure using compound E (950.6 mg, 0.938 mmol, 4.0
equiv), compound G (203.2 mg, 0.234 mmol, 1.0 equiv) Pd(OAc)2 (8 mol %, 4.2 mg), (0-MeOPh)sP (16 mol %,
13.2 mg), pivalic acid (24 mg, 0.234 mmol, 1.0 equiv) and Cs,COs (229.1 mg, 0.725 mmol, 3.1 equiv) in 3 ml
anhydrous toluene. The product was purified by column chromatography (CH2Cl,:hexanes, gradient of 1:2 to 2:1)
to provide compound K as a dark blue solid (233 mg, 37% yield).

e 'H NMR (500 MHz, CDCls, ppm) & 8.48 (s, 4H), 8.45 (d, J = 7.9 Hz, 2H), 8.40 (d, ] = 7.9 Hz, 2H), 6.74 (s,
2H), 4.40 (d, J = 3.9 Hz, 13H), 4.28 (s, 4H), 4.17 (s, 4H), 3.71 (s, 13H), 3.61 (s, 9H), 3.43 (d, J = 5.7 Hz, 12H),
3.38 (d, J=5.6 Hz, 8H), 1.60 (dt, J=19.2, 6.0 Hz, 12H), 1.53 — 1.29 (m, 91H), 1.04 — 0.91 (m, 67H).

e B3C NMR (126 MHz, CDCls, ppm) & 152.74, 152.70, 149.81, 148.19, 148.14, 147.95, 127.74, 127.67, 127.49,
124.32,124.30, 124.23, 119.45, 119.38, 119.34, 117.76, 106.65, 74.40, 74.34,73.94, 73.85, 70.17, 69.99, 47.96,
39.76, 39.72, 30.77, 30.74, 29.21, 24.15, 24.10, 23.20, 23.18, 14.22, 14.19, 11.28, 11.24.

e HRMS (APCI), [M+H]" m/z calcd. for CiagH221NsO20Se: 2730.4003; found 2730.3894.
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Oligomer n=3

The reaction was conducted according to the general procedure without modification using compound B (1.95 g,

4.01 mmol, 2.1 equiv) and compound C (560.8 mg, 1.907 mmol, 1.0 equiv), Pd(OAc). (5 mol %, 5.0 mg), (o-

MeOPh)3P (10 mol %, 67.2 mg), pivalic acid (97.4 mg, 0.95 mmol, 0.5 equiv) and Cs>COz (932 mg, 2.86 mmol,

1.5 equiv) in 5 ml anhydrous toluene. The product was purified by column chromatography (CH2Cl,:hexanes, 1:3)

and further purified by preparative HPLC to provide oligomer n=3 as an orange viscous oil (886 mg, 42% yield).

e HNMR (500 MHz, CD,Cl,, ppm) & 8.33 (s, 2H), 4.21 (s, 4H), 4.15 (s, 4H), 3.54 (s, 8H), 3.32 (dd, ] = 5.0 Hz,
8H), 2.45 (s, 6H), 1.43 — 1.27 (m, 34H), 0.87 (m, 22H).

e ¥C NMR (126 MHz, CD,Cl;, ppm) & 151.92, 149.69, 147.47, 126.69, 122.98, 117.32, 115.89, 109.21, 73.48,
73.38, 73.20, 69.04, 54.33, 54.11, 53.89, 53.68, 53.46, 47.58, 39.24, 30.32, 28.91, 23.60, 23.55, 23.26, 20.32,
14.23, 10.94.

e HRMS (ESI), [M+H]+ m/z calcd. for CsgHg2N20sSs: 1104.5458; found 1104.5441.

R R
N s N s o ONSNd  onSw oﬁ%o
o 0 N NO ON'N WavatatWs I\
@S/ T Br O /S\ O Br $7s O S O s~ S
B E 5 (41%)
Oligomer n=5

The reaction was conducted according to the general procedure without modification using compound B (288 mg,
0.592 mmol, 2.2 equiv) and compound E (233.2 mg, 0.269 mmol, 1.0 equiv), Pd(OAc)2 (8 mol %, 6.3 mg), (o-
MeOPh)sP (16 mol %, 15.2 mg), pivalic acid (13.7 mg, 0.135 mmol, 0.5 equiv), and Cs,COs (131.5 mg, 0.404
mmol, 1.5 equiv) in 2 ml anhydrous toluene. The product was purified by column chromatography
(CHClz:hexanes, 1:1) and further purified by preparative HPLC to provide oligomer n=5 as a magenta wax-like
solid (185 mg, 41% vyield).

e 'H NMR (400 MHz, CDCls, ppm) & 8.37 (q, J = 8.0 Hz, 4H), 4.31 (s, 4H), 4.21 (d, J = 12.6 Hz, 8H), 3.63 (s,
4H), 3.57 (d, J = 2.4 Hz, 9H), 3.34 (dd, J = 11.8, 5.6 Hz, 12H), 2.49 (s, 6H), 1.58 — 1.46 (m, 7H), 1.46 — 1.37
(m, 5H), 1.37 — 1.32 (m, 13H), 1.32 — 1.23 (m, 36H), 0.90 (dd, J = 7.3, 4.9 Hz, 39H).

e 13C NMR (101 MHz, CDCls, ppm) & 150.04, 148.01, 147.49, 127.70, 127.23, 123.69, 119.09, 74.23, 73.99,
73.74,70.01, 69.89, 47.83, 39.57, 30.59, 29.04, 23.95, 23.03, 20.54, 14.05, 11.11.

e HRMS (APCI), [M+H]* m/z calcd. for CesHis7N4O12S7: 1677.8272; found 1677.8253.
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sy Br  H-{ o H W
b G 7 (32%)
Oligomer n=7

The reaction was conducted according to the general procedure without modification using compound D (445.9

mg, 0.637 mmol, 2.7 equiv) and compound G (239.2 mg, 0.236 mmol, 1.0 equiv), Pd(OACc)2 (4 mol %, 2.7 mg),

(0-MeOPh)sP (8 mol %, 6.7 mg), pivalic acid (24.1 mg, 0.236 mmol, 1.0 equiv) and Cs,CO; (238.4 mg, 0.732
mmol, 3.1 equiv) in 3 ml anhydrous toluene. The product was purified by column chromatography
(CH2Clz:hexanes, gradient of 1:1 to 2:1) and further purified by preparative HPLC to provide oligomer 7-A as a

purple solid (170 mg, 32 % yield).

'H NMR (500 MHz, CDCls, ppm) & 8.40 (s, 3H), 8.40 — 8.32 (m, 4H), 4.33 (s, 8H), 4.21 (d, J = 17.4 Hz, 8H),
3.57 (s, 8H), 3.37 (d, J = 5.7 Hz, 8H), 3.32 (d, J = 5.8 Hz, 8H), 2.50 (s, 6H), 1.53 (s, 8H), 1.42 — 1.27 (m, 67H),
0.95 — 0.87 (m, 52H).

13C NMR (201 MHz, CDCls, ppm) 8 152.47, 152.43, 150.04, 148.05, 148.01, 147.46, 127.21, 124.12, 124.01,
123.49, 119.39, 119.17, 118.32, 116.35, 74.25, 74.18, 73.89, 73.71, 69.97, 69.77, 47.85, 47.82, 39.66, 39.62,
30.66, 30.64, 29.10, 24.05, 24.01, 23.99, 23.11, 23.08, 20.56, 14.14, 14.11, 11.19, 11.16.

HRMS (APCI), [M+H]* m/z calcd. for C120H181NsO16Se: 2250.1015; found 2250.1029.

RR RR RR RR ;& ;& ;& ;& ;&
S S. S S
F s FN s Oy s, o ON”No_ ON°No  ONSNJ ON°NO O
ON®N O ON"No_ON"NQ_ 0 A a aVatla B
A T A T S s s s s 8
s%& H=s O S O s 1
9 (27 %)
D H

Oligomer n=9

The reaction was conducted according to the general procedure without modification using compound D (135 mg,
0.277 mmol, 2.2 equiv) and compound H (200 mg, 0.126 mmol, 1.0 equiv), Pd(OAc). (8 mol %, 3.0 mg), (o-
MeOPh)3P (16 mol %, 7.1 mg), pivalic acid (12.9 mg, 0.158 mmol, 1.0 equiv) and Cs,COs (127.4 mg, 0.391 mmol,
3.1 equiv) in 2 ml anhydrous toluene. The product was purified by column chromatography (CH.Cl;:hexanes,
gradient of 2:1 to 4:1) to provide oligomer n=9 as a blue solid (96 mg, 27 % yield).

'H NMR (800 MHz, CDCls, ppm) & 8.45 —8.39 (m, 6H), 8.36 (d, J = 7.7 Hz, 2H), 4.35 (s, 10H), 4.24 (s, 4H),
4.21 (s, 4H), 3.67 (s, 11H), 3.58 (s, 8H), 3.39 (s, 12H), 3.34 (s, 8H), 2.52 (s, 6H), 1.55 (dd, J = 38.4, 5.9 Hz,
12H), 1.33 (d, J = 20.7 Hz, 88H), 0.97 — 0.89 (m, 70H).

13C NMR (201 MHz, CDCls, ppm)d 152.59, 152.53, 152.48, 150.07, 148.08, 148.05, 147.49, 127.53, 127.26,
124.18, 124.14, 124.07, 123.61, 119.37, 119.34, 119.17, 118.32, 116.40, 74.26, 74.21, 73.96, 73.81, 73.70,
70.03, 69.98, 69.86, 47.86, 47.83, 39.65, 39.61, 34.61, 31.53, 30.65, 30.63, 29.10, 25.22, 24.03, 24.00, 23.98,
23.10, 23.07, 22.60, 20.57, 14.12, 14.09, 14.06, 11.17, 11.14.

HRMS (APCI), [M+H]* m/z calcd. for Ci51H225NgO20S11: 2822.3757; found 2822.3812.

d/e696¢AUsWa|ddns-ajoiue/xgowew/Bio soe'sqnd woly papeojumoq

0 1S”€£96000 L BW/P

920z 1890300 8z Uo Jasn AINN INA¥N A4 /10



S10

Supporting Information
o ONSNO_ ON®NO_ o NNo oNSNo  ONSN
B B B B B
H™% O s O s7 B O s O s Br
| F
R R R R R R R R R R R R R R R R
W | P e
0 ON\S/N oﬁo N\'S‘/N oﬁso N\'S‘/N OAO N\'S‘/N OAO N\S/N vo N"NOo  ONTNO_ O
N B B B J 3 B B R
S7s s s s s s s s
15(13%)

Oligomer n=15

The reaction was conducted according to the general procedure without modification using compound I (264.9 mg,
0.162 mmol, 2.3 equiv) and compound F (101.5 mg, 0.071 mmol, 1.0 equiv), Pd(OAc)2 (20 mol %, 4.2 mg), (o-
MeOPh)3P (40 mol %, 10 mg), pivalic acid (8.0 mg, 0.078 mmol, 1.1 equiv), and Cs,CO;3 (71.7 mg, 0.220 mmol,
3.1 equiv) in 3 ml anhydrous toluene. The product was purified by column chromatography (CH.Cl;:hexanes,
gradient of 1:1 to 5:1) and further purified by preparative HPLC to provide oligomer n=15 as a blue solid (42 mg,

13% vyield).

e 'HNMR (800 MHz, CDCls, ppm) & 8.47 (d, J = 8.6 Hz, 10H), 8.43 — 8.36 (m, 4H), 4.36 (t, J = 8.0 Hz, 24H),
4.25 (s, 4H), 4.22 (s, 4H), 3.67 (d, J = 10.4 Hz, 24H), 3.60 (s, 8H), 3.40 — 3.38 (m, 24H), 3.34 (d, J = 5.6 Hz,

8H), 2.51 (s, 6H), 1.59 — 1.51 (m, 20H), 1.45 — 1.28 (m, 160H), 0.96 — 0.89 (m, 118H).

e BC NMR (201 MHz, CDCls, ppm) & 152.66, 152.58, 152.51, 150.08, 148.11, 148.08, 147.51, 127.68, 127.30,

124.21,124.13,123.71, 119.35, 119.31, 119.14, 118.30, 116.43, 74.28, 74.23, 74.03, 73.89, 73.78, 70.08, 69.93,
47.88, 47.85, 39.63, 39.60, 30.64, 29.09, 24.01, 23.97, 23.09, 23.06, 20.59, 14.11, 14.08, 11.16, 11.13.
e MS (MALDI+), [M+H] m/z calcd. for CossHassN14Os2S17: 4541.20; found 4536.57.

RR RR

£ s P s 00 BR

N NO ON"NO  ON"NO O 1o ON N

J

RR R R RR R R R R R R R R RR RR RR RR
W s N s IS O s O S )
0 oN\S/N vo N\'S/N OAO N\'S/N vo N\S/N vo N\S/N OAO NNO ON“No_ ON"No  oN"No  ON NOo o
N A T R /\ /\ A /\ A A
$7s S s s s S
21 (9%)
Oligomer n=21

The reaction was conducted according to the general procedure without modification using compound 10 (93.9

mg, 0.051 mmol, 2.2 equiv) and compound 11 (63.2 mg, 0.023 mmol, 1.0 equiv), Pd(OACc). (40 mol %, 2.7 mg),
(0-MeOPh)sP (80 mol %, 6.5 mg), pivalic acid (2.3 mg, 0.023 mmol, 1.0 equiv) and Cs,CO3 (23.4 mg, 0.072 mmol,
3.1 equiv) in 2 ml anhydrous toluene. The product was purified by column chromatography (CH.Cl.:hexanes,
gradient of 1:1 to 5:1) and further purified by preparative HPLC to provide oligomer 21-A as a blue solid (37 mg,
26% vyield).
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e 'HNMR (800 MHz, CDCl3) & 8.47 (s, 16H), 8.42 — 8.35 (m, 4H), 4.39 (s, 46H), 4.24 (d, J = 25.9 Hz, 8H), 3.70
(s, 48H), 3.60 (s, 14H), 3.41 (s, 52H), 3.35 (s, 16H), 2.51 (d, J = 7.5 Hz, 6H), 1.56 (d, J = 42.1 Hz, 39H), 1.35
(s, 309H), 0.94 (d, J = 8.0 Hz, 229H).
e 3CNMR (201 MHz, CDCls) § 152.57, 150.03, 148.02, 147.45, 127.56, 124.12, 119.36, 119.12, 118.30, 116.42,
74.27, 74.23, 73.90, 70.14, 69.94, 47.83, 39.65, 39.61, 30.65, 29.64, 29.10, 24.03, 23.99, 23.97, 23.10, 23.07,
20.58, 14.11, 14.09, 11.16, 11.13.

e MS (MALDI+), [M+H] m/z calcd. for Css7HassN20044S23: 6261.09; found 6260.57.

General Polymerization Condition
To a Schlenk tube charged with a stir bar, compound A (1.0 equiv), compound B (0.05 equiv.), compound C (1.0
equiv), Pd(OAC)2 (2 mol %), (0-MeOPh)sP (4 mol %), pivalic acid (1.1 equiv) and Cs2COs (3.1 equiv) were added,
vacuumed for 30 minutes, and then subjected to N2 purge cycles three times. Anhydrous toluene (3 ml) was added
via needle and  syringe. The reaction was heated at 110°C in an oil bath until completion. After polymerization
was complete, the mixture was precipitated into methanol. The solids were collected by a Soxhlet thimble and
purified by Soxhlet extraction successively with methanol, acetone, hexane, dichloromethane and chloroform. 3
separate reaction were carried out with variations in heating time; 24 h (P1, extracted from DCM fraction), 48 h
(P2, extracted form chloroform extract), and 72 h ( P3, extracted from chloroform extract). The fractions were

concentrated and precipitated into methanol. The polymer was collected and further purified by recycling HPLC.

R R

R R

R&\ A R R R R
o o0 o 0 NN o A s A
-/ C-H Activation 0 . NO o
Z—g + m\ s+ Br Br 7\ 7\
s s” S S s
1 equiv. 0.05 equiv. 1 equiv. S S"’n
Polymer Reaction Time Yield GPC Mn (Da) PDI
P1 24 h 112 mg 9,396 1.37
P2 48 h 82 mg 14,470 1.34
P3 72 h 157 mg 15,892 1.26
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Recycling Preparative HPLC Chromatograms for Polymers

Downloaded from pubs.acs.org/mamobx/article-supplement/396943/pdf/ma1c00963_si_001/ by PURDUE UNIV user on 28 October 2026
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Figure S1. Preparative HPLC chromatograms of P1, P2, and P3.
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3. PHYSICAL CHARACTERIZATIONS

Gel Permeation Chromatography (GPC)
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Figure S2. Raw GPC chromatogram for nPB series.
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Oligomer n=3

Oligomer n=5

RI[mV]
300,000 f
100,000 -oerermemmersminnn ‘|
i
0.000% T
\
-100.0004 - : :
0.000 10.000 20.000
[min]
Result of molecular weight calculation (R1)
Peak 1 Base Paak
[min) [mv] [mol] Mn 1,893
Peak start 15.383 8.395 2,139 Mw 1,914
Peak lop 15720 299621 1,936 Mz 1,935
Peak end 16.190 9.262 1,193 Mz+1 1,958
My 1914
Height [mV) 260,262 Mp. 1,937
Area [mV*sec] 4341.485 Maz/Mw 101
Areath %] 100.000 MwMn 1011
[eta] 1914.12085 Mz+ 1MW 1021

30.000

RI[mV]
300.000 'l
200.000 i
100.000+
0.000
-100.000
0,000 10.000
Result of molecular weight calculation (RI)
Peak 1 Base Poak
[min mi Jmoi] Mn 2703
Peak starl 15115 13615 3612 Mw 2732
Poak lop 15372 281530 2772 Mz 2.760
Peak end 15767 13.981 1845 Mz+1 2787
My 2732
FHeight [mV] 267 771 Mp 2773
Area [mV"sec] 3960737 Mzt 1010
Areat [%] 100.000 MwiMn 10m
[eta] 2731.85478 Mz+1iMw 1.020

30.000

Oligomer n=7

Oligomer n=9

RI[mV] RI[mV]
I A00.000H - e eereeeesemes ettt
|
400.000 ii
\ e —
200.000 S RS O
i
L) — L . 0.000~
0.000 10.000 20.000 30.000 0.000 10.000 20.000 30.000
[min] [min]
Result of molecular weight calculation (R1) Result of molecular weight calculation (RI)
Peak 1 Base Peak Peak 1 Base Peak
[min] [mV] [mol] Mn 2721 [rmin] [mv] [mol] Mn 4,272
Peak start 15.077 15954 3757 Mw 2755 Peak start 14,540 10605 6.531 Mw 4328
Peak top 15363 528.004 27% Mz 2,787 Peak top 14920 414430 4415 Mz 4,382
Peak end 15843 15444 1,705 Mz+1 2818 Peak end 15422 11195 2633 Mz+1 4435
My 2,755 My 4328
Height [mv] 512241 Mp 2,797 Height [mV] 403571 Mp 4416
Area [mV sec] 7994002 Mz/Mw 1012 Asea [mv*sac] 6403 184 Mz/Mw 1013
Areat [%] 100.000 MwiMn 1012 Areat [%] 100,000 Mw/Mn 1013
fetal 275453904 Mz+1Mw 1023 feta] 432818423 Mz+ 1w 1,025
Oligomer n=15 Oligomer n=21
Ri[mVv] RI[mV]
T =
400.00 | 9
- 1400.000 ]
200,000 Il
200.000- -
0.000+- |
0.000 Samm ra
0.000 10.000 30.000 0.000 10.000 20.000 30.000
[min] [min]
Result of molecular weight calculation (RI) Result of molecular weight calculation (RI)
Peak 1 Base Peak Peak 1 Base Peak
[min] [mV] mol] Mn 6,650 min] mv] [mol] Mn 743
Peak slart 13965 9011 11,810 Mw 6,748 Peak start 13.353 0.145 17,821 M 7,301
Paak top 14487 467 449 6,900 Mz 6,843 Peak top 14475 522107 7671 Mz 7463
Peak end 15077 9201 3,757 Mz+1 6,936 Peak end 15.183 1351 2,726 Mz+1 7619
Mv 6.748 My 7301
Height [m] 458.307 Mp 6,901 Height [mV] 521421 Mp 7671
Area [mV*sec] 7455261 MaziMw 1014 Area [m\"sec] 10922 596 Ma2iNw 1022
Areat [%] 100.000 Mwikn 1.015 Height% [%] 100.000 MwdMn 1.024
[eta] 6747 77759 Mz+ 1w 1.028 [eta) 7301 46075 Mz+1/Mw 1.043

Figure S3. Raw GPC chromatograms for nPB oligomers.
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P1
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Result of molecular weight calculation (RI)
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{min) [mv) [mo]) Mo 9,396
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Peak end 16158 11549 983 Mz+1 18,094
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Peak 1 Base Peak
{min] v [mof Mo 17470
Peak start 1,707 5115 100,641 M 23409
Peak top 13183 86399 21679 Mz 20737
Peak end 15183 10703 2710 Mzet 35,939
MW 23,409
Height [mV] 7891 Mp 21,680
Avea [V sec] 6093.209 [ 1270
Height'% [%] 100.000 MarMn 1340
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Ri[mV]
100.000
A
f\
I
\ / \
2 e ]
0.000 7
/
(M
|
1}
'
-100.000- - - -
0.000 10.000 20.000 30.000)
[min]
Result of molecular weight calculation (RI)
Peak 1 Base Peak
{min) mv]) {moi] M 15,892
Peak start 12047 8.132 70,674 Mw 19,983
Peak top 13317 93819 18873 M 24,376
Peak end 15115 12544 2,909 Mz+1 28,877
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Height (mV] 83.861 Mp 18,873
Area [mV*sec] 5645.998 Mz/Mw 1220
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Figure S3. (continued) Raw GPC chromatograms for nPB polymers.

d/c696¢Auswa|ddns-ajonie/xqowew;/B10°soe sqnd woly papeojumoq

0 1S”€£96000 L BW/P

920z 1890300 8z Uo Jasn AINN INA¥N A4 /10



Supporting Information S16

Electrochemistry

Electrochemical window stability
0.2 M TBAPF¢ — Dichloromethane electrolyte system at a Pt wire ultramicroelectrode vs. Ag/AgCI under
nitrogen. Degradation of electrolyte begins to occur at 2.2 V. All voltammetry was conducted under 2.1 V.

Electrochemical Window
54 0.2 M TBAPF4-DCM electrolyte system at Pt UME

Current (nA)

2.19

00 03 06 09 12 15 18 21 24
E.e VS. AQ/AQCI (V)

Figure S4. Electrochemical window stability of 0.2 M TBAPFs — CH,Cl, at 25 mm Pt ultramicroelectrode vs.
Ag/AgCl from 0 to 2.2 V under nitrogen atmosphere.

Voltammetry

Solution CV and DPV of the oligomer series dissolved at ~1 mM in 0.2 M TBAPF¢/ CH2Cl, was conducted under
a nitrogen atmosphere on a ultramicroelectrode (25 mm) platinum button electrode and a platinum wire counter
electrode. An Ag/AgCl wire was used as the pseudoreference electrode which was calibrated against a ferrocene/
ferrocenium as an internal standard (E12 = 0.51 V). For CV, the voltage was scanned from 0to 2.1 V vs. Ag/AgCl,
at a 10 mV/s scan rate. The second cycle is reported in the main text figure. For DPV, the voltage was scanned from
0to 2.1V vs. Ag/AgClin 0.004 V increments, at 0.05 V amplitude, with a 0.05 sec pulse width, a 0.0167 sec sample
width, and a 0.5 sec pulse period. For NDPV, all DPV parameters were kept the same with the exception of a 0.2
sec pulse period. DPV deconvolution was achieved by calculating semi-derivatives of the current-voltage
voltammograms via the CHI 660 potentiostat software.
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Figure S5. Raw and deconvoluted CV and DPV voltammograms for n=3-9.
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Figure S6. Raw and deconvoluted CV and DPV voltammograms for n=9-21 and P1.
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Spectroelectrochemistry

Solution spectroelectrochemistry was done in a three electrode honeycomb electrochemical cell supplied by Pine
Research. A 12.5 x 12.5 x 45.0 mm? quartz cuvette with a 1.7 mm path length was used as the cell, equipped with
a polished platinum honeycomb electrode (working and counter) and Ag/AgCl pseudoreference electrode calibrated
against a ferrocene/ferrocenium standard for which the E1, is taken to be 0.51 V vs. Ag/AgCl. A homemade teflon
cap was specially designed to keep the cell sealed from solvent evaporation and air contamination. In a nitrogen
filled glove box, 4 x10* M solution of PBP was prepared with 0.2 M TBAPFsin anhydrous DCM and transferred
and sealed in the electrochemical quartz cell and sealed with teflon tape. During electrochemical oxidation, the
voltage is increased from 0 to 1.2 V in 50 mV increments by linear scan voltammetry (LSV) at a 25 mV/s scan rate.

A) 15 - B) 21
20 X 15
1.5
[0 (0]
1.0
2 1.0 é
-g 05 p 08
O 7oA
2 0.0/ 2 0.0\
<5 <.05
-1.0 -1.04
-1.51 ¥ 15 i . -
400 800 1200 1600 2000 2400 2800 400 800 1200 1600 2000 2400 2800
Wavelength (nm) Wavelength (nm)

Figure S7: Spectroelectrochemistry of A) 15 and B) 21 in 0.2 M TBAPFs /CH,Cl.. This experiment was conducted
in an air-tight optically transparent thin-layer quartz cuvette equipped with a Pt honeycomb electrode under
nitrogen.

n +3 +4
(eV, nm) (eV, nm)

3 - - - -

5 NR NR -- --

7 0.94 1314 NR NR

9 0.76/0.90 1636/1375 0.90 1375
15 | 1.32/0.85/0.62-0.44® | 940/1465/2000-2800 (b) = 1.23/0.70 | 1010/1778
21 0.98/0.58 1260/2140 NR NR
P1 NR NR NR NR
(b) = broad

NR = not resolvable

Table S1. Photophysical properties (Amax) Of the +3 and +4 oxidation states of the nPB series by
spectroelectrochemistry in solution.
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Atomic Force Microscopy (AFM)

12.0 nm
10.0
8.0
6.0
4.0

0.0

Figure S8. AFM image showing crystallite formation of solution cast n=5 from chloroform as a thin film.

Small Angle Neutron Scattering (SANS)

Dilute solutions of oligomers and polymers were prepared (5 mg/mL) in chlorobenzene-d5. Chlorobenzene-d5 (D
> 99%) and was purchased from Cambridge Isotopes (Tewksbury, MA) and used as received. SANS measurements
were carried out using the Extended Q-Range Small-Angle Neutron Scattering Diffractometer (EQ-SANS) at the
Spallation Neutron Source (SNS), ORNL. The scattering wavevector g ranged from 0.003 to 0.8 A-1, by using two
different configurations (4m 12 A and 2.5m 2.5 A). The samples were contained in Hellma quartz cells with a 2
mm path length. Measurements were performed at 75 °C. The absolute intensity was obtained through data
reduction and correction. Reduced data was later fitted to a flexible cylinder model in SasView.24.

—0—3 —fit
*O 5 —flt

(
-
1

I(q) (cm™)

q (A7)

Figure S9. Comparison of scattering profiles for oligomers and polymers with different molecular weights at a
concentration of 5 mg/mL.
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Persistence Contour Radius
n Length Length (nm)
(nm) (nm)
3 1.28 +£0.2 2.10 £0.1 1.2440.02
5 1.77 +0.4 3.1940.1 1.2440.02
7 2.30 £0.4 4.04 +0.1 1.24+0.02
9 2.37 £0.2 497 +0.1 1.24+0.02
15 2.56 £0.1 7.83 £0.2 1.24+0.02
21 2.61+£0.2 11.37 £0.2 1.24+0.02
P1(~28) | 2.70+0.2 20.04 +0.1 1.24+0.02
P2(~40) 2.891+0.1 23.08 £0.2 1.24+0.02
P3(~48) 3.1240.2 24,92 +0.1 1.2440.02

Table S2. Parameters obtained from fits to SANS data with the flexible cylinder model. And contour length

dispersities are 1.
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Theoretical Calculations

5 7 9 15 19
IP | 5.00 4.88 4.84 4.82 4.82
En. | 4.64 4.34 4.12 3.88 3.94
o | 0.1112 | 0.1067 | 0.0974 | 0.0931 | 0.0985

Table S3.. Adiabatic ionization potential (IP), HOMO-LUMO gap (Ex), and optimally tuned long-range correction

parameter for n = 5-19 as determined at the OT-0B97X-D/6-31G(d,p) level of theory.

Figure S10. (top) DFT-determined energies of select spin states as a function of oxidation, and (middle, bottom)

Energy (eV)

Epsilon x1 o*

Epsilon x10*

2.0

5A
1.5

Quintet(5)
1.0
Quartet(4)

0.5 Triplet(3)

Doublet(2) Triplex(3) Doublet(2) Singlet(1)
0.0 Singlet(1)

+1 +2 +3 +4
charge
16 5
5A —
5A-Polaron
5A-Bipolaron(S) 4 4 <

12 5A-Bipolaron(T) == B

o
4 3 =
w
8T 5
4 2 (_‘E‘
g
4+
140
0 . 1 1 1 0
400 800 1200 1600 2000 2400
Wavelength (nm)

12 6
5A-P3(Doublet) =
5A-P3(Quartet)
5A-P4(Singlet) 5 =

5A-P4(Triplet) =)
8 5A-P4(Quintet) =— 1 4 <
o
Pa =
4 3 5
&
4 423
@D
O
- 1
j o
0 ! MAREA 1 N — 0
400 800 1200 1600 2000 2400

Wavelength (nm)

TDDEFT simulated optical absorption profiles [via Gaussian convolution using a FWHM=0.3 eV] for select spin
states for n = 5 as determined at the at the OT-0B97X-D/6-31G(d,p) level of theory.
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Figure S11. (top) DFT-determined energies of select spin states as a function of oxidation, and (middle, bottom)
TDDEFT simulated optical absorption profiles [via Gaussian convolution using a FWHM=0.3 eV] for select spin
states for n = 7 as determined at the at the OT-0B97X-D/6-31G(d,p) level of theory.

d/e696¢AUsWa|ddns-ajoiue/xgowew/Bio soe'sqnd woly papeojumoq

0 1S”€£96000 L BW/P

920z 1890300 8z Uo Jasn AINN INA¥N A4 /10



Supporting Information

S23

Figure S12. (top) DFT-determined energies of select spin states as a function of oxidation, and (middle, bottom)
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TDDEFT simulated optical absorption profiles [via Gaussian convolution using a FWHM=0.3 eV] for select spin
states for n = 9 as determined at the at the OT-0B97X-D/6-31G(d,p) level of theory.
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N=5

Figure S13: LUMO, HOMO, and HOMO-1 orbitals of n=5, 7, 9, 15, and 19.
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Figure S14. Bond lengths across the C-C n-conjugated backbones of n=5, 7, 9, 15, and 19 for the neutral (black)

and radical-cation (red) states as determined as determined at the at the OT-0B97X-D/6-31G(d,p) level of theory.

Note that for each oligomer, the top image is for the symmetry-broken solution (obtained by twisting the methyl-
thiol group as described in the main text), while the bottom is for the symmetric geometric orientation. The bond
numbering scheme for n =9 is provided as an example.
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Nuclear Magnetic Resonance (NMR) Spectra
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