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1. Synthesis

1.1 Synthesis of Compound 1 [1].

In the ice water bath, diethylene glycol monomethyl ether (12.01 g, 0.10 mol) was
added to the 500 mL three-neck flask, 150 mL of tetrahydrofuran (THF) and 30 mL of
deionized water were added to the reaction system and then sodium hydroxide (NaOH)
(6.00 g, 0.15 mol) was added to the reaction system. After 0.5 hours, the toluene
sulfonyl chloride (20.97 g, 0.11 mol) was dissolved in 60 mL THF and slowly added to
the reaction system with a constant pressure drop funnel. After 4 hours, the crude
product was quenched in saturated sodium chloride (NaCl) solution and repeatedly
extracted with dichloromethane (CH2Cl2) and anhydrous magnesium sulfate (MgSOs4).
After the organic solvent was removed by rotating evaporator and the crude product
was purified by silica gel column chromatography using ethyl acetate / petroleum ether
(1:1), 15.18 g of light-yellow liquid was obtained, yield: 55%. 'H NMR (300 MHz,
Chloroform-d) 6 =7.79 (d, J=8.3, 2H), 7.34 (d, /=7.2, 2H), 4.16 (m, 2H), 3.68 (m, 2H),
3.57 (m, 2H), 3.48 (m, 2H), 3.34 (s, 3H), 2.44 (s, 3H).

1.2 Synthesis of Compound 2 [2].

Triethylene glycol mono-methyl ether (16.42 g, 0.10 mol) was dissolved in 150
mL THF, and then NaOH (6.00 g, 0.15 mol) was slowly added to maintain the reaction
at 0 °C under an ice-water bath. Then, 30 mL water was added to the reaction. After the
solution was stirred for 5 minutes, the para-toluene sulfonyl chloride (20.97 g, 0.11 mol)
was dissolved in 30 mL THF and slowly added to the reaction system with a constant
pressure drop funnel. After 1 hour, the ice-cold water bath was removed and the reaction
was reacted at room temperature for 5 hours, then poured into 100 mL of saturated NaCl
solution, and the products were extracted with CH2Cl> and dried with anhydrous
MgSO4. The crude product was purified by silica gel column chromatography using
ethyl acetate / petroleum ether (1:1). Finally, 18.14 g of yellowish oily product was
obtained with a yield: 57%. 'H NMR (300 MHz, Chloroform-d) = 7.78 (d, J=8.3 Hz,
2H), 7.32 (d, J=9.3 Hz, 2H), 4.16 (m, 2H), 3.67 (m, 2H), 3.59 (m, 6H), 3.52 (m, 2H),
3.35 (s, 3H), 2.44 (s, 3H).



1.3 Synthesis of Compound 3 [3].

Benzo [1,2-b: 4,5-b '] dithiophene-4,8-diketone (2.20 g, 0.01 mol), zinc powder
(2.29 g, 0.04 mol), NaOH (6.00 g, 0.15 mol) and 100 mL of water were added to a 500
mL three-neck flask and heated under argon protection to 100 °C and the solution was
colored yellow-green. After heating for 4 hours, the reaction was cooled down to 50 °C
before adding the phase transfer catalyst tetra-butyllammonium bromide (TBAB) (0.19
g, 0.60 mmol) to the reaction system, followed by methyl para-toluene sulfonate (7.45
g, 0.04 mol) and heated overnight. The mixture was extracted three times with
trichloromethane (CHCIl3), the organic phase was merged, dried with an anhydrous
MgSOs, and the solvent was removed with a rotary evaporator. The crude product was
purified by silica gel column chromatography using dichloromethane / petroleum ether
(1:1) to obtain 1.76 g of white solid with a yield: 70%. "H NMR (300 MHz, Chloroform-
d)o=7.51(d, J=5.6, 1H), 7.40 (d, J=5.6, 1H), 4.14 (s, 3H).

1.4 Synthesis of Compound 4 [4].

Benzo [1,2-b: 4,5-b '] dithiophene-4,8-diketone (2.20 g, 10.00 mmol), zinc powder
(2.29 g, 35.00 mmol), NaOH (6.00 g, 150.00 mmol) and 100 mL of water were added
to a 500 mL three-neck flask and heated under argon protection up to 100 °C and the
solution was colored yellow-green. After heating for 4 hours, TBAB (0.19 g, 0.60 mmol)
was added backward to the reaction system, followed by compound 1 (8.78 g, 32.00
mol) and heated overnight. The mixture was extracted three times with CHCIl3, the
organic phase was merged, dried and anhydrous, and the solvent was removed with a
rotary evaporator. The crude product was purified by silica gel column chromatography
using ethyl acetate / petroleum ether (1:1) to obtain 2.40 g of a pink solid with a yield
of 56%. '"H NMR (300 MHz, Chloroform-d) & = 7.56 (d, J=5.5, 2H), 7.35 (d, J=5.5,
2H), 4.44 (m, 4H), 3.87 (m, 4H), 3.74 (m, 4H), 3.60 (m, 4H), 3.40 (s, 6H).

1.5 Synthesis of Compound 5 [4].

Benzo [1,2-b: 4,5-b '] dithiophene-4,8-dione (2.20 g, 10.00 mmol), zinc powder
(2.29 g, 35.00 mmol), sodium hydroxide (6.00 g, 150.00 mmol) and 100 mL water were



added to a 500 mL three-neck flask, heated under argon protection to 100 °C and the

solution colored yellow-green. After heating for 4 hours, TBAB (0.19 g, 0.60 mmol)
was added backward to the reaction system, followed by compound 2 (11.14 g, 35.00
mol) and heated overnight. The mixture was extracted three times with CHCIl3, the
organic phase was merged, dried with an anhydrous MgSO4, and the solvent was
removed with a rotary evaporator. The crude product was purified by silica gel column
chromatography using ethyl acetate / petroleum ether (4:1) to obtain 2.50 g of a pink
solid with a yield of 51%. 'H NMR (300 MHz, Chloroform-d) § = 7.55 (d, J=5.6, 2H),
7.35 (d, J=5.5, 2H), 4.41 (m, 4H), 3.85 (m, 4H), 3.71 (m, 12H), 3.54 (m, 4H), 3.36 (s,
6H).
1.6 Synthesis of Monomer 6 [5].

Compound 3 (2.50 g, 10.00 mmol) and 25 mL of anhydrous THF were loaded into

an argon-filled 100 mL reaction flask; the liquid nitrogen acetone bath cooled the
reaction to —78 °C for a period, 8.8 mL of n-butyllithium (22 mmol, 2.5 mol/L in

Hexanes) was injected into the system through a syringe for 40 minutes and the reaction

was allowed to continue at room temperature for one hour. After that, the liquid nitrogen
acetone bath reaction continued to cool the reaction to —78 °C for 15 minutes, and 23

mL of trimethyltin chloride (23.00 mmol, 1.0 mol/L in Hexanes) was injected with a
syringe for 30 minutes. The reaction was conducted at room temperature and the
solution turned yellow. After the overnight reaction at room temperature, the solution
became brown, and after being injected with saturated potassium fluoride (KF) solution
was quenched, the organic phase was extracted with CHClI3, the organic phase was dried
with anhydrous Na;SOg, the organic solvent was removed by the rotary evaporator, the
crude product was frozen and recrystallized with methanol, and finally 2.82 g of white
needle solid was obtained, yield: 49%. '"H NMR (300 MHz, Chloroform-d) § = 7.54 (s,
2H), 4.15 (s, 6H), 0.45 (s, 18H).

1.7 Synthesis of Monomer 7 [4].

Compound 4 (4.27 g, 10.00 mmol) and 25 mL of anhydrous THF were loaded into
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a 100 mL reaction flask filled with argon, and then liquid nitrogen acetone bath cooled
the reaction to —78 ° C. After maintaining the reaction system at —78 °C for a certain

period of time, 8.8 mL n-butyl lithium (22.00 mmol, 2.5 mol/L in Hexanes) was injected
by syringe into the reaction system. After 40 min of the reaction, the liquid nitrogen
acetone bath was removed to allow the reaction to recover to room temperature and to

react for 1 h at room temperature. After that, the liquid nitrogen acetone bath reaction
was used to cool the reaction to-78 °C for 15 minutes, 23 mL of trimethyltin chloride
(23.00 mmol, 1.0mol/L in Hexanes) was injected with a syringe and after maintaining
-78 °C for 30 minutes, the reaction was performed at room temperature and the solution

turned yellow. After that, the reaction was placed at room temperature overnight and
the solution became brown. The saturated KF solution was injected and quenched, and
the organic phase was extracted with CH2Cl,. After the organic phase was dried with
anhydrous sodium sulfate, the organic solvent was removed by the rotary evaporator,
and the crude product was recrystallized with methanol. Finally, 1.96 g of white needle
solid was obtained with a yield of 26%. 'H NMR (300 MHz, Chloroform-d) § = 7.58
(s, 2H), 4.47 (t,J=4.8, 4H), 3.89 (m, 4H), 3.76 (m, 4H), 3.63 (m, 4H), 3.41 (s, 6H), 0.44
(s, 18H).
1.8 Synthesis of Monomer 8 [4].
Compound 5 (5.15 g, 10.00 mmol) and 25 mL of anhydrous THF were loaded into

a 100 mL reaction bottle filled with argon, which was cooled to —78 °C for a while.

Then, 8.8 mL of n-butyllithium (22.00 mmol, 2.5 mol/L in Hexanes) was removed to

cool the reaction to room temperature for one hour. After that, the liquid nitrogen
acetone bath reaction was continued to cool the reaction to —78 °C for 15 minutes, 23

mL of trimethyltin chloride (23.00 mmol, 1.0 mol/L in Hexanes) was injected with a
syringe for 30 minutes, and the room temperature reaction and the solution turned
yellow. After the overnight reaction at room temperature, the solution became brown,
quenched with potassium fluoride solution. Then the organic phase was extracted with

CH2Cly, the organic phase was dried with anhydrous Na>SOs, the organic solvent was
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removed by the rotary evaporator, the crude product was frozen and recrystallized with
ethanol and it finally received a white needle: 0.76 g solid, a yield of 9%. 'H NMR (300
MHz, Chloroform-d) 6 = 7.56 (s, 2H), 4.45 (m, 4H), 3.90 (d, J=5.0, 4H), 3.78 (m, 4H),
3.73 (m, 4H), 3.67 (m, 4H), 3.55 (m, 4H), 3.37 (s, 6H), 0.44 (s, 18H).

1.9 Synthesis of Compound 9 [2].

The 3-thiophene ethanol (12.82 g, 0.10 mol) was dissolved in 150 mL DMF, tert-
butanol potassium (12.34 g, 0.11 mol) was slowly added, and the reaction temperature
was maintained at —5 °C with an ice-cold salt bath. After stirring the solution for 30
min, a solution was slowly added of compound 2 (19.10 g, 0.06 mol) in 30 mL DMF.
After 1 h, the ice-cold salt bath was removed and the mixture was stirred overnight,
before being poured and quenched in a saturated NaHCOs3 solution. Products were
extracted with CH2Cl and dried with anhydrous Na>SOs. Finally, 5.29 g of yellow oily
liquid was obtained at 230°C, with a yield of 32%. '"H NMR (300 MHz, Chloroform-d)
0 =17.24(dd, J=4.7, 3.2, 1H), 7.03 (dd, J=3.0, 0.7, 1H), 6.97 (dd, J=4.9, 1.7, 1H), 3.64
(m, 12H), 3.55 (m, 2H), 3.38 (d, J=0.5, 3H), 2.92 (t, J=7.0, 2H).

1.10 Synthesis of Compound 10.

In an anaerobic, argon atmosphere, compound 9 (5.48 g, 0.02 mol) was dissolved
in 40 mL anhydrous THF, n-butyl lithium (1.35 g, 0.02 mol) was slowly added, and the
liquid nitrogen acetone bath was kept below —78 °C. After 40 min, the mixture was
allowed to stir for 20 min at room temperature. Then, tributyl tin chloride (7.48 g, 0.02
mol) was added to the mixture, and the temperature was kept at —78 ° C. After 30
minutes, the mixture was stirred overnight, and then poured into 10 mL of saturated
potassium fluoride (KF) solution. They were then extracted three times with CH2Cl.
Finally, the organic layer was removed by anhydrous Na>SO4. The final product was
8.92 g of brown mucus. 'H NMR (300 MHz, CDCl3): §=7.53 (d, ] =4.7 Hz, 1H), 7.14
(d, J=4.7 Hz, 1H), 3.67 (s, 12H), 3.55 (s, 2H), 3.38 (s, 3H), 2.91 (s, 2H), 1.54 (s, 6H),
1.34 (s, 6H), 1.11 (s, 6H), 0.89 (s, 9H).

1.11 Synthesis of Compound 11 [6].

The 4,7-dibromine-5,6-difluoride-2,1,3-benzothiadiazole (1.00 g, 3.03 mmol) and
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three (dibenzyl acetone) dipalladium chloroform adduct (Pb> (dba)s; - CHCI3) (0.25 g,
0.24 mmol), Tris(o-tolyl) phosphine (P (o-tol)3) (0.59 g, 1.94 mmol) were added to two
flasks containing 25 mL anhydrous toluene. Immediately, tributyl(4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)thiophen-2-yl)stannane (5.12 g, 9.09 mmol) was added
to two-neck flasks. The solution was heated to 110 °C and stirred continuously for 12
hours. Then, the mixture was quenched into a saturated potassium fluoride (KF)
solution and extracted three times with CH>Clo. The crude product was purified by
silica gel column chromatography, and the eluent was MeOH / EA=1:50. Finally, the
orange-yellow oily liquid was obtained, 0.74 g, yield: 34%. 'H NMR (300 MHz,
CDCL): 6 =7.57 (d. J = 5.2 Hz, 2H), 7.22 (d, J = 5.2 Hz, 2H), 3.67-3.53 (m, 28H),
3.37(s, 1H), 2.87-2.82 (t, ] = 7.2 Hz, 4H).

1.12 Synthesis of Monomer 12 [7].

The compound 11 (1.00 g, 1.39 mmol) and N-bromoosuccinimide (NBS) (0.54 g,
3.06 mmol) were added to a 25 mL flask containing 10 mL CHCIl; and 5 mL glacial
acetic acid (AcOH). The solution was heated to 60 °C and stirred continuously for 12
hours. Then, the mixture was quenched into a saturated potassium fluoride (KF)
solution and extracted three times with CH>Cl.. Water was removed from the organic
solvents with anhydrous MgSO4. The crude product was purified by silica gel column
chromatography with the eluent MeOH / EA=1:50, and, finally, 0.24 g orange oil liquid
was produced with yield: 20%. 'H NMR (300 MHz, Chloroform-d): § = 7.22(s, 2H),
3.67-3.51 (m, 28H), 3.36 (s, 4H), 2.79-2.75 (t, J=6.8 Hz, 4H); HRMS: Found: [M+H]"
873.0313; Molecular formula: C3:H41Br2FaN20sS3; Requires: [M+H]" = 873.0354.
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Figure S1. '"H NMR spectra of compound 1.
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Figure S12. '"H NMR spectra of monomer 12.
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and (c) PBDT3-DTBF film processing from THF.

Table S1. Colorimetric analysis of the polymer films.

L*, a*, b* color coordinates(?!

polymer solvent neutral state oxidized state AE*IP]
PBDT1 49.64, 16.31, 51.03 57.39,13.26, 54.51 9.01
PBDT2 CB 55.15, 1.68, 38.37 61.73,-3.21, 44.62 10.3
PBDT3 57.47,1.32,38.39 52.74,-1.92, 36.83 59
PBDT1 35.64, 50.27, 46.98 26.15,37.54, 34.87 19.9
PBDT2 THF 3541, 43.82, 46.12 36.49, 20.01, 38.57 25.0
PBDT3 36.29, 39.63,43.71 44.78,29.16, 48.34 14.3

[a] CIE 1976 L*a*b* color standards. [b] AE*=,/(AL*)% + (Aa*)2 + (Ab*)2.
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Figure S23. Cyclical stability and switching time of (a), (b) PBDT1-DTBF and

(c), (d) PBDT2-DTBF and (e), (f) PBDT3-DTBF processing from THF.
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