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General: NMR spectra were recorded on a Varian Mercury-300, operating at 300 MHz for 'H NMR
and 75.46 MHz for °C NMR, or Varian Inova-500 spectrometer, operating at 500 MHz for '"H NMR
and 125.65 MHz for °C NMR. Chemical shifts were reported in the scale relative to CHCI, (7.26 ppm
for 'H NMR and 77.16 ppm for "C NMR) or CH,Cl, (5.32 ppm for 'H NMR and 54.00 ppm for °C
NMR). High-resolution mass spectra (HRMS) were obtained at the MIT Department of Chemistry
Instrumentation Facility on a Bruker Daltonics APEX 1I3 Tesla FT-ICR-MS. IR spectra were obtained
on a Nexus 870 ATR-FT-IR spectrometer. Melting point was measured with MEL-TEMP instrument.
UV-vis absorption spectra were obtained on an Agilent 8453 diode array spectrophotometer. EPR
spectra were obtained on a Bruker EMX EPR spectrometer operating as the X-band with 100kHz
modulation at room temperature. Electrochemical measurements were carried out using an Autolab
PGSTAT 20 potentionstat (Eco Chemie) in a three-electrode cell configuration consisting of a
quasi-internal Ag wire reference electrode (BioAnalytical Systems) submerged in 0.01 AgNO, /0.1 M
tetrabutylammonium hexafluorophosphate (TBAPF,) in anhydrous CH,Cl,, a Pt button (1.6 mm in
diameter) electrode as the working electrode, and a Pt coil as the counter electrode. The
ferrocene/ferrocenium (Fc/Fc*) redox couple was used as an external reference.

All reactions were performed under an argon atmosphere with dry solvents. Column chromatography
was performed with silica gel 60 (230—400 mesh) from Silicycle. Tetrahydrofuran, dichloromethane,
and toluene were purified using a solvent purification system (Innovative Technologies, Inc.). TBAPF;
was recystallized from ethanol prior to use. All other chemicals were of reagent grade and used as
received.
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1. Synthesis of Compounds:

S9 $10 1

Scheme S1.

¢ Key: (a) 3-thiophene boronic acid, Pd,(dba);*CHCI; (3 mol %), [(+-Bu);PH]BF, (7.2 mol %), KF, THF, 96% for S2, 52% for S7 (b) NBS,
CH,CI,/DMF, 89% for S3, 65% for S8 (c) 2-Methyl-5-tributylstannylthiophene, Pd(PPh;), (5 mol %), toluene/DMF, 91% for S4, 96% for S9 (d) n-BuLi,
THF, -78 °C to r.t.. then I,, =78 °C to r.t., 82% for S5, 40% for S10 (e) tributylstannylbithiophene, Pd(PPh;), (5 mol %), toluene/DMF, 74% for 2a, 93%
for 1 (f) tributylstannyl-2-thiophene, Pd(PPh;), (5 mol %), toluene/DMF, 59%

Synthesis of 2,7-di-fert-butyl-9,9-dimethyl-4,5-di(thiophen-3-yl)xanthene (S2): To the mixture of
4,5-dibromo-2,7-di-tert-butyl-9,9-dimethylxanthene (S1, 9.61 g, 20 mmol), 3-thiopheneboronic acid
(6.40 g, 50 mmol, 2.5 equiv), Pd,(dba),»CHCI,; (621 mg, 0.60 mmol, 3 mol %), [(-Bu),PH]BF, (418
mg, 1.44 mmol, 7.2 mol %), KF (7.67 g, 132 mmol, 6.6 equiv) was added THF (80 mL, 0.25 M) at O
°C. After stirring at room temperature for 3 days, the reaction mixture was filtered with Celite® pad
and concentrated. The material was purified by flash column chromatography (silica gel, eluent:
hexane only - CH,Cl,/hexane) and precipitation (CH,Cl,/MeOH) to give S2 (9.30 g, 96% yield) as a
white solid: mp 229-230 °C; ATR-FTIR (neat) v 661, 778, 856, 1238, 1279, 1367, 1447, 2869, 2905,
2933, 2966 cm™'; '"H NMR (300 MHz, CDCL,) § 1.35 (s, 18H), 1.71 (s, 6H), 7.14 (dd, J = 2.4, 3.9 Hz,
2H), 7.22 (d, J = 3.9 Hz, 2H), 7.22 (d, J = 2.4 Hz, 2H), 7.30 (d, J = 2.4 Hz, 2H), 7.41 (d, J = 2.4 Hz,
2H); "C NMR (75.46 MHz, CDCL,) & 31.7, 31.8, 34.6, 35.2, 121.5, 123.7, 124.2, 124.5, 125.5, 129.1,
130.6, 138.4, 145.4, 146.2; MS (ESI (+)) m/z 487 [M+H]", 509 [M+Na]*; HRMS (ESI): calcd. for
C;,H,,08, 509.1943 [M+Na]", found 509.1964

Synthesis of 4,5-bis(2-bromothiophen-3-yl)-2,7-di-fert-butyl-9,9-dimethylxanthene (S3): After
dissolving S2 (9.30 g, 19.1 mmol) in CH,Cl, (120 mL), DMF (60 mL) was added. To the mixture was
added dropwise the solution of N-bromosuccinimide (6.80 g, 38.2 mmol) in DMF (60 mL) at 0 °C. The
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reaction mixture was gradually warmed to room temperature and after stirring for 17 h, diluted with
Et,0, washed with H,O, extracted with Et,O, and dried over Na,SO,. After the evaporation of solvent,
the crude material was purified by flash column chromatography (silica gel, eluent: hexane only -
CH,Cl,/hexane) and precipitation (CH,Cl,/MeOH) to give S3 (10.94 g, 89% yield) as a white
crystalline solid: mp 209-211 °C; ATR-FTIR (neat) v 660, 716, 760, 831, 858, 1239, 1278, 1366, 1447,
2872, 2905, 2965 cm™'; 'H NMR (300 MHz, CDCl;) & 1.35 (s, 18H), 1.72 (s, 6H), 6.74 (d, J = 2.4 Hz,
2H), 7.03 (d, J = 2.4 Hz, 2H), 7.25 (d, J = 2.4 Hz, 2H), 7.44 (d, J = 2.4 Hz, 2H); "C NMR (75.46
MHz, CDCL,) 6 31.7, 32.0, 34.7, 35.2, 110.4, 122.2, 122.5, 124.4, 126.7, 130.0, 130.2, 138.3, 145.1,
146.0; MS (ESI (+)) m/z 667 [M+Na]"; HRMS (ESI): calcd. for C;,H;,Br,0S, 667.0139 [M+Na]",
found 667.0093

Synthesis of 2,7-di-fert-butyl-9,9-dimethyl-4,5-bis(5’-methyl-2,2’-bithiophen-3-yl)xanthene (S4):
To the mixture of S3 (4.52 g, 7.0 mmol), 2-methyl-5-tributylstannylthiophene®' (8.13 g, 21 mmol, 3
equiv), Pd(PPh,), (404 mg, 0.35 mmol, 5 mol %) were added toluene (10 mL) and DMF (7.5 mL). The
mixture was heated to 80 °C and stirred for 50 h. After cooling and dilution with Et,0, aq.NaF (ca. 20
equiv of the tin reagent) was added and stirred for a while. The organic layer was separated, dried over
Na,SO,, and concentrated. The material was purified by flash column chromatography (silica gel,
eluent: hexane only - CH,Cl,/hexane) and precipitation (CH,Cl,/MeOH) to give S4 (4.33 g, 91% yield)
as a white solid: mp 154-155 °C; ATR-FTIR (neat) v 664, 717, 788, 860, 1253, 1282, 1449, 2870, 2924
cm™'; 'TH NMR (300 MHz, CDCl;) 6 1.25 (s, 18H), 1.68 (s, 6H), 2.29 (dd, J = 0.3, 1.2 Hz, 6H), 6.43
(dd,J =1.2,3.3 Hz, 2H), 6.57 (dd, J = 0.3, 3.3 Hz, 2H), 6.72 (d, J/ =5.4 Hz, 2H), 6.96 (d, J = 5.4 Hz,
2H), 7.10 (d, J = 2.4 Hz, 2H), 7.38 (d, J = 2.4 Hz, 2 H); °C NMR (75.46 MHz, CDCl,) § 15.4, 31.6,
31.9, 34.6, 35.2, 121.6, 122.1, 123.6, 125.1, 125.6, 127.3, 130.0, 131.0, 133.3, 134.3, 134.5, 139.6,
144.9, 146.6; MS (ESI (+)) m/z 701 [M+Na]"; HRMS (ESI): calcd. for C,,H,,0S, 701.2011 [M+Na]",
found 702.2002

Synthesis of 2,7-di-tert-butyl-4,5-bis(5-iodo-5’-methyl-2,2’-bithiophen-3-yl)-9,9-dimethylxanthene
(S5): To the solution of S4 (1.36 g, 2.0 mmol) in THF (15 mL) was slowly added n-BuLi (1.6 M in
hexanes, 2.6 mL, 2.0 equiv) at —78 °C. After stirring for 20 minutes at the temperature and for 20
minutes at 0 °C, the resulting dark blue solution was cooled to —78 °C and the solution of iodine (1.12 g,
4.4 mmol, 2.2 equiv) in THF (15 mL) was added via cannula. The reaction mixture was stirred for 1.5 h
at the same temperature and for 2 h at room temperature. After diluted with Et,O, the reaction was
quenched with aq. Na,SO,, extracted with Et,O. The organic layer was washed with 1N HCI, then brine,
dried over Na,SO,, evaporated in vacuo. The resulting crude material was purified by flash column
chromatography (silica gel, eluent: hexane only - CH,Cl,/hexane) and precipitation (CH,Cl,/MeOH) to
give S5 (1.52 g, 82% yield) as a white solid: mp 210 °C (decomp.) ; ATR-FTIR (neat) v 790, 834, 883,
1272, 134, 1447, 1480, 2871, 2915, 2966 cm™'; '"H NMR (500 MHz, CDCl,) § 1.24 (s, 18H), 1.63 (s,
6H), 2.22 (d, J = 1.0 Hz, 6H), 6.34 (dq, J = 1.0 ,3.5 Hz, 2H), 6.50 (d, J = 3.5 Hz, 2H), 6.83 (s, 2H),
7.01 (d, J = 2.5 Hz, 2H), 7.36 (d, J = 2.5 Hz, 2H); "C NMR (125.65 MHz, CDCl,) § 15.3, 31.6, 32.2,
34.7, 35.0, 70.6, 122.2, 122.4, 125.0, 125.6, 127.0, 129.8, 133.4, 135.1, 139.8, 140.3, 145.2, 146.2;
HRMS (ESI): calcd. for C,H,,0LS, 952.9944 [M+Na]", found 952.9972

Synthesis of 2a: To the mixture of S5 (465 mg, 0.50 mmol), 5-(tributylstannyl)-2,2-bithiophene®* (1.5
mmol, 3.0 equiv), and Pd(PPh;), (28.9 mg, 0.025 mmol, 5 mol %) were added toluene (0.6 mL) and

St Sotgiu, G.; Zambianchi, M.; Barbarella, G.; Aruffo, F.; Cipriani, F.; Ventola, A. J. Org. Chem., 2003,
68, 1512.
$2Zhu, S. S.; Swager, T. M. J.Am. Chem. Soc. 1997, 119, 12568.
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DMEF (0.6 mL). The reaction was heated at 80 °C, stirred for 2.5 h, and quenched by the addition of aq.
NaF. The product was extracted with CH,Cl,, dried over Na,SO,, and purified by flash column
chromatography (triethylamine-treated silica gel, eluent: hexane only — CH,Cl,/hexne) to afford 2a
(375 mg, 74% yield) as an yellow solid: mp 283 °C (decomp.) ; ATR-FTIR (neat) v 679, 782, 832,
1273, 1364, 1449, 2868, 2915, 2966, 3070 cm™'; '"H NMR (500 MHz, CD,Cl,) 8 1.29 (s, 18H), 1.71 (s,
6H), 2.23 (d,J = 1.0 Hz, 6 H), 6.35 (dq, J = 1.0 ,3.5 Hz, 2 H), 6.52 (d, J/ = 3.5 Hz, 2H), 6.83-6.85 (m,
6H), 6.94 (dd, J = 3.5, 5.0 Hz, 2H), 7.00 (dd, J = 1.0, 3.5 Hz, 2H), 7.12 (d, J = 2.5 Hz, 2H), 7.17 (dd,
J = 1.0, 5.0 Hz, 2H), 7.46 (d, J = 2.5 Hz, 2H); "C NMR (125.65 MHz, CD,Cl,) § 15.4, 31.7, 32.4,
34.9, 35.5, 122.8, 123.8, 124.2, 124.6, 124.7, 125.4, 125.6, 127.2, 127.7, 128.3, 128.7, 130.3, 133.3,
133.5, 134.4, 134.6, 135.9, 136.7, 137.9, 140.0, 145.7, 146.6; HRMS (ESI): calcd. for Cs,H,,OS;
1029.1520 [M+Na]", found 1029.1529

Synthesis of 2b: According to a similar procedure of the synthesis of 2a using
2-(tributylstannyl)-thiophene instead of 5-(tributylstannyl)-2,2-bithiophene, 2b was obtained in 59%
yield as yellow solid: mp 255-256 °C (decomp.); ATR-FTIR (neat) v 683, 783, 811, 833, 1275, 1444,
2871, 2966, 3067 cm™'; 'H NMR (500 MHz, CD,Cl,) 8 1.29 (s, 18H), 1.70 (s, 6H), 2.24 (s, 6H), 6.35 (d,
J =3.5 Hz, 2H), 6.48 (d, J = 3.5 Hz, 2 H), 6.80 (s, 2H), 6.90 (dd, J = 3.5, 5.0 Hz, 2H), 6.96 (d, J =
3.5 Hz, 2H), 7.09-7.11 (m, 4 H), 7.45 (d, J = 2.5 Hz, 2H); "C NMR (125.65 MHz, CD,Cl,)
0 15.4,31.7,32.4,34.9,35.4, 122.7, 123.7, 123.9, 124.2, 125.4, 125.5, 127.2, 127.7, 128.1, 128.6, 130.
2,133.0, 133.8, 134.4, 137.9, 139.9, 145.7, 146.6; HRMS (ESI): caled. for C,H,,0OS; 865.1765
[M+Na]*, found 865.1740

Synthesis of 4-bromo-2,7-di-tert-butyl-5-butyl-9,9-dimethylxanthene (S6): To the solution of S1
(1.92 g, 4.0 mmol) in THF (20 mL) was slowly added n-BuLi (1.6 M in hexanes, 2.5 mL, 1.0 equiv) at
—78 °C. The solution was gradually warmed to room temperature and stirred for 14 h before quenched
by excess amount of H,O. After diluted with Et,O, the organic layer was washed with brine, dried over
Na,SO,, and evaporated in vacuo. The resulting crude material was purified by flash column
chromatography (silica gel, eluent: hexane only) to afford S6 (1.33 g, 73% yield) as a colorless oil:
ATR-FTIR (neat) v 736, 873, 1200, 1276, 1367, 1451, 2874, 2934, 2961 cm™'; '"H NMR (300 MHz,
CDClLy) 6 0.99 (t, J = 7.2 Hz, 3H), 1.33 (s, 9H), 1.35 (s, 9H), 1.48 (tq, J = 7.2, 8.1 Hz, 2H), 1.64-1.77
(m, 8H), 2.85 (dd, J =7.8,8.1 Hz,2 H), 7.11 (d, J =2.4Hz, 1 H), 7.25(d,J =2.4 Hz, 1 H), 7.36 (d, J
= 2.1 Hz, 1H), 7.46 (d, J = 2.1 Hz, 1H); "C NMR (75.46 MHz, CDCl;) & 14.3, 23.2, 30.8, 31.6, 31.7,
32.0, 32.8, 34.6, 34.7, 35.5, 110.4, 119.8, 121.8, 125.4, 128.1, 129.1, 130.1, 131.7, 145.6, 145.7, 146.4,
146.5; HRMS (ESI): calcd. for C,,H;,BrO 479.1920 [M+Na]", found 479.1928

Synthesis of 2,7-di-fert-butyl-4-butyl-9,9-dimethyl-5-(thiophen-3-yl)xanthene (S7): According to a
similar procedure of the synthesis of S2, S7 was obtained in 52% yield as a white solid: mp 110-112
°C; ATR-FTIR (neat) v 664, 783, 854, 1233, 1277, 1365, 1451, 2871, 2936, 2965 cm™'; 'H NMR (300
MHz, CDCl,) 8 0.83 (t, J = 7.2 Hz, 3H), 1.21-1.44 (m, 22H), 1.68 (s, 6H), 2.59 (dd, J = 7.5, 8.1 Hz, 2
H), 7.03 (d, J = 2.4 Hz, 1 H), 7.26 (d, J = 2.4 Hz, 1 H), 7.35 (d, J = 2.4 Hz, 1H), 7.37 (dd, J = 3.0,
5.1 Hz, 1H), 7.41 (d, J = 2.1 Hz, 1H), 7.48 (dd, J = 1.5, 5.1 Hz, 1H), 7.57 (dd, J = 1.5, 3.0 Hz, 1H);
C NMR (75.46 MHz, CDCl;) & 14.3, 23.0, 31.1, 31.7, 32.0, 33.0, 34.5, 34.5, 34.6, 35.1, 119.8, 121.8,
123.2, 124.0, 124.4, 125.2, 129.3, 129.5, 129.6, 130.6, 139.0, 145.1, 146.0, 146.8; HRMS (ESI): calcd.
for C;H,,0S 483.2692 [M+Na]", found 483.2700.

Synthesis of 5-(2-bromothiophen-3-yl)-2,7-di-tert-butyl-4-butyl-9,9-dimethylxanthene  (S8):
According to a similar procedure of the synthesis of S3, S8 was obtained in 65% yield as a white solid:
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mp 122-123 °C; ATR-FTIR (neat) v 731, 760, 859, 881, 1240, 1280, 1366, 1450, 2874, 2934, 2964
cm™'; '"H NMR (300 MHz, CDCl,) 8 0.81 (t, J = 7.2 Hz, 3H), 1.14 (tq, J = 7.5, 7.2 Hz, 2H), 1.21-1.44
(m, 20H), 1.67 (s, 6H), 2.45 (dd, J = 7.5, 8.1 Hz, 2 H), 7.00 (d, J = 2.1 Hz, 1 H), 7.15 (d, J = 5.7 Hz,
1 H),7.24(d,J =2.1 Hz, 1H), 7.29 (d, J = 2.4 Hz, 1H), 7.31 (d,J =5.7 Hz, 1H), 7.43 (d, J = 2.4 Hz,
1H); "C NMR (75.46 MHz, CDCl,) § 14.3, 23.1, 31.0, 31.7, 31.7, 32.0, 32.9, 34.5, 34.7, 35.1, 35.1,
110.7, 119.8, 122.4, 122.4, 124.7, 125.2, 126.5, 129.3, 129.7, 130.3, 130.5, 138.9, 144.7, 145.1, 146.2,
146.6; HRMS (ESI): calcd. for C;,H,;,BrOS 561.1797 [M+Na]", found 561.1802.

Synthesis of 2,7-di-fert-butyl-4-butyl-9,9-dimethyl-5-(5’-methyl-2,2’-bithiophen-3-yl)xanthene
(S9): According to a similar procedure of the synthesis of S4, S9 was obtained in 96% yield as a white
solid: mp 54-56 °C; ATR-FTIR (neat) v 670, 795, 856, 1247, 1278, 1366, 1449, 2873, 2934, 2959,
3070 cm™; '"H NMR (300 MHz, CDCl,) 8 0.77 (t, J = 7.2 Hz, 3H), 1.11-1.30 (m, 22H), 1.66 (s, 6H),
2.31 (d, J=0.9 Hz, 3H), 2.37 (dd, J = 7.5, 7.8 Hz, 2 H), 6.48 (dq, J = 3.6, 0.9 Hz, 1 H), 6.76 (d, J =
3.6 Hz, 1 H),6.97 (d,J =2.4 Hz, 1H), 7.10 (d, J = 5.1 Hz, 1H), 7.17 (d,J = 2.4 Hz, 1H), 7.21 (d, J =
5.1 Hz, 1H), 7.24 (d, J = 2.4 Hz, 1H), 7.41 (d, J = 2.4 Hz, 1H); "C NMR (75.46 MHz, CDCL,) § 14.3,
15.4,23.2,31.1, 31.7, 31.8, 32.0, 32.9, 34.6, 34.7, 35.2, 119.8, 122.0, 122.1, 123.7, 125.1, 125.4, 127.0,
129.4, 130.0, 130.2, 131.5, 133.9, 134.5, 134.6, 139.7, 144.9, 144.9, 146.8 (two carbons are missing
due to overlap in the aromatic region); HRMS (ESI): calcd. for C,;;H,,0S, 557.2906 [M+Na]*, found
557.2897.

Synthesis of
2,7-di-tert-butyl-4-butyl-5-(5-iodo-5’-methyl-2,2’-bithiophen-3-yl)-9,9-dimethylxanthene (S10):
According to a similar procedure of the synthesis of S5, S10 was obtained in 40% yield as a white
solid: mp 61-64 °C; ATR-FTIR (neat) v 793, 877, 1224, 1274, 1366, 1448, 2872, 2931, 2959 cm™; 'H
NMR (300 MHz, CDCl,) 6 0.82 (t, J = 7.2 Hz, 3H), 1.16-1.31 (m, 22H), 1.64 (s, 6H), 2.29 (d, / =0.9
Hz, 3H), 2.43 (dd, J = 7.2, 7.8 Hz, 2 H), 6.47 (dq, J/ = 3.6, 0.9 Hz, 1 H), 6.72 (d, J = 3.6 Hz, 1 H),
6.99 (d,J =2.4 Hz, 1H), 7.12 (d, J = 5.1 Hz, 1H), 7.23 (d, J/ = 2.4 Hz, 1H), 7.26 (s, 1H), 7.41 (d, J =
5.1 Hz, 1H); "C NMR (75.46 MHz, CDCl,) & 14.5, 15.3, 23.3, 31.1, 31.6, 31.7, 31.9, 32.9, 34.5, 34.6,
35.1, 69.9, 119.7, 122.1, 122.3, 125.2, 125.8, 126.7, 129.3, 129.9, 130.3, 133.2, 136.0, 139.7, 140.4,
140.9, 145.0, 145.0, 146.6, 146.6; HRMS (ESI): calcd. for C;H,IO0S, 705.1692 [M+Na]*, found
705.1707.

Synthesis of 1: According to a similar procedure of the synthesis of 2a, 1 was obtained in 93% yield as
an yellow solid: mp 167 °C; ATR-FTIR (neat) v 695, 793, 1219, 1275, 1454, 2871, 2931, 2957, 3071
cm™'; '"H NMR (300 MHz, CDCl,) 6 0.69 (t, J = 7.2 Hz, 3H), 1.07-1.15 (m, 2H), 1.23-1.39 (m, 20H),
1.68 (s, 6H), 2.33 (d, J = 0.6 Hz, 3H), 2.43 (dd, J = 7.5, 7.8 Hz, 2 H), 6.51 (dq, J = 3.3, 0.6 Hz, 1 H),
6.80 (d,J =3.3 Hz, 1 H), 6.99 (d, J =2.4 Hz, 1H), 7.03 (dd, J = 3.6, 5.1 Hz, 1H), 7.09-7.13 (m, 1H),
7.11 (s, 1H), 7.18 (dd, J = 1.2, 3.6 Hz, 1H), 7.20-7.23 (m, 3H), 7.26 (d, J = 2.4 Hz, 1H), 7.45 (d, J =
2.4 Hz, 1H); "C NMR (75.46 MHz, CDCl,) & 14.3, 15.4, 23.2, 31.3, 31.7, 31.8, 32.1, 33.0, 34.6, 34.7,
35.1, 119.8, 122.4, 123.2, 123.8, 124.1, 124.6, 125.2, 125.3, 125.4, 126.8, 128.1, 129.3, 130.0, 130.3,
130.3, 133.0, 133.2, 134.2, 135.0, 136.1, 136.4, 137.5, 140.1, 145.0, 145.1, 146.6, 146.7; HRMS (ESI):
caled. for C,,H,;0S, 743.2480 [M+Na]", found 743.2508.
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2. X-ray Crystal Structure of S5
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Figure S1. X-ray crystal structure of S5. Suitable crystals were grown using CH,Cl,/Et,O solutions stored in fridge for two days. One of the ¢-butyl groups
on the xanthene moiety showed disorder in the structure, however, it was omitted for clarity.

Crystallographic Data for S5
Empirical formula (observed): C,,H,,LOS,
a: 11.9286 A

b: 13.3443 A

c: 14.1759 A

alpha: 100.700 °

beta: 107.730 °

gamma: 110.300 °

space group: P-1

calculated density: 1.622 g/cm’
color: colorless

z:2

temperature: -173.0 °C

volume: 1905.63 A’

formula weight: 930.841 g/mole
R(F): 0.019

R, (F?): 0.051

goodness of fit: 1.028
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3. Equilibrium between anti- and syn-Isomers of 2a; VT NMR Experiments

a)
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Figure S2. (a) Illustration of the equilibrium between anti- and syn-isomers via all-cisoid conformation (b) '"H NMR spectra of 2a obtained in CD,Cl, at

room temperature (top) and at =90 °C (bottom) (left: aromatic region, right: aliphatic region).

The existence of equilibrium between anti- and syn-isomers of 2a was revealed by NMR measurements
at low temperature. As shown in Figure S2b, 2a afforded one set of peaks in its NMR spectrum at room
temperature (top). On the other hand, at —90 °C, the peaks were separated into two sets of peaks in the
ratio of approx. 2:1 (bottom). This result suggests that 2a can have two conformations at room
temperature and those two conformations are in the equilibrium. Probably, the conformational changes
between two isomers would occur via all-cisoid conformation as shown in Figure S2a.
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4. UV-vis Absorption

50 uL of 1 mM substrate (1, 2a, or 2b) solution (0.05 umol) in CH,Cl, was diluted with ca. 3.5 mL of
CH,CI, in a cuvette. Absorption spectra of neutral compounds were recorded with this solution. 0.05 M
of the oxidant Et;O*SbCl; solution in CH,Cl, was prepared. Each time 1 uL (0.05 umol of the oxidant)
of this solution was added and mixed well, and the absorption was recorded. This process was repeated
until one-electron oxidation of oligothiophene moieties was completed. The spectral changes for 1, 2a,
and 2b are displayed in Figure 2. Superimposed spectra are shown in Figure S3a for 1 and 2a at neutral
state, and in Figure S3b for radical cation 1™ and st-dimer 2a%,

a) b)

Absorbance (a.u.)

300 400 500 600 700 800 900 1000 1100 300 400 500 600 700 800 900 1000 1100
Wavelength (nm) Wavelength (nm)

Figure S3. Superimposed UV-vis absorption spectra (a) at neutral state of 1 (blue line) and 2a (red line) (b) of radical cation 1" (blue line) and m-dimer
2a” (red line).

5. EPR Measurement

1.0 mM of 1, 0.5 mM of 2a, and 50 mM of the oxidant solutions Et;OeSbCl, in CH,Cl, were prepared.
0.5 mL of substrate (1 or 2a) solutions were charged in a quartz EPR tube under argon atmosphere and
the specified equivalents of oxidant solution were added (for 1, 1.5 or 5 equivalents; for 2a, 3 or 10
equivalents). After recording EPR spectra (Figure 4a and 4c), small amount of sample solution was
transferred into a cuvette and diluted with some amounts of CH,Cl,. Absorption spectra of these
samples are shown in Figure 4b and 4d.

6. NMR Spectra

'H NMR and “C NMR spectra of all compounds are attached from page S-9.

S-8



£SE° T—,

6SE°T

s9g T
AT S

ppm

(203
2.0665

- 5897 TE—
QU £E8° 31
2 w9 vE—/
ozz ss—
SEL 9L,
09T LE
e85 L~/
S TZT—
6vL €2 — \
nmﬂ.qma\,,/ \
£91°921
Tes w2l
€05 52T /
LET" 62T —
£95°0ET —

gee geT—

evsesrr— /
° gvz 9v1—'
H
-

T T
180 160

TTTTTT

ppm

120 100 80 60 40 20

140

200

S-9



£roro-—'/ /
4 /
700" 0-— /
600" 0—
8HET—— = =
0551 — _u
8TL T— T
i
=]
- =
m 78T L~/

09z L—/

u 1
m m
-

ppm

Yoy
1.76 2.00

8.5322.86

.80

2.05

15

§99°TE

22026 —\

ppm

20

otL ve— 7
vegt (=]
£ST'SE -
o
)
LEL"9L—,
\
097 “,.r o
€86 LL— L
o
(=]
-
9LE OTT—
P12 22T A

0057221 —

. o
00b° 2T .,,l/ «
$OL* 92T —) -
£66°6Z1

1strost—/
/
eezroer— 4
oze 8eT—' -’
250°SBT—
156°sv1—/

TTTTTTTTT
160

180

TTrTT

T
200

S-10



£00"0—/

9T T

ppm

ETEE VI

1.86 1.94 2.00

22.51

.58

.82

1.852.022.37

962°5T
255" TE—,
LegTE
095" %€
OOu.mH{\
806°9L—,
097" LL—
are-Le—
ELS ' TZT—,
zz0"zZZ1
8IS ETT
TT0°S2ZT1
SIS"STt —\
osz- Lzt
v96°62T 7
€06 0sT—
OWN.MM&
V6T BEL ;
b per —/ /
£15°6ET—
878 pbT—

66 9pT

TTTTTTT

180

TTTT

ppm

140 120 100 80 60 40 20

160

200

S-11



T00°0-—

000°0-—'

652F

969°T

6€2°T—,

vz T~

09z L—

19z L

ppm

W

™)

20.80

.45

.00

2

.04

692° 51T
0LS TE—
§97-Z6—\
85 ¥E—
£s6°ve—'
£16°0L—,
v06°9L—, '
091 - LL -
v
891" 221,
95€ 22T —
§96°FZT l/
Sm.mﬁl.,,/
0Z6° 92T —}
089" 62T
90€"EET—
sso-ser—/

L¥L 6ET I\ /

60z 08T —/
Tzreser—
95T 99T —/

TTTT T T T TT7T]
180 160

ppm

120 100 80 60 40 20

140

200

S-12



080°0

mwN.d.l/

09z°t
SNJIV/

6Lz 1—'/
¥8Z°T
88271

TOE"T
96E°T
61S°T \
12790 S

8gT°T

ppm

[}

ki

2.272.2013 2.00

19.28

.24

80

15

2.

1.B46658

86£°ST F

6ELTTE E
62ZH°2E—. E
6%6°¥E -

09%° € =

595°€5 F
nmh.nml/ [t
- i
trzrvs—' il
1€V VS |

£9L°z2T

865" %ZT
599 %21

12 4 08 T4

L09°SZT

18T LZT
2997 LZT —

€8T°8ZT —

GE6'GET
aﬂh.o:‘\
9LB"LET

6%0°0%1 /
sy ser—' /
R

R N N R R R RN RN RS RN R

ppm

180 160 140 120 100 80 60 40 20

200

S-13



LBT T~

96971

9£Z°2

ppm

v

P

2.07185 2.20
3.77.24 2.00

.48

21.94

.91

9L TE
A\

€Iy ze

§95°€5—

eLE'ST—
stepE— :
€09 5€—

o5 szT

QE.ZAJ/
£L9°LZT—\
Lz sz —

0E6°6ET
L89°6pT—
££9° 99T/

TTTTTTTT)

T

20

TTT

TITT T I T roTT

IRBRREI
80

TTTT T T

TTTTT

T
120

IRARR RN R R RS RE R R

180

TIT T T T [T oeTT

ppm

40

60

100

140

160

200

S-14



mnn.ul/

MY

0L6"0
G66°0
6T0°T
LZE'T
—

t-Bu

t-Bu

TLE'T
[4-] Aas
9Ly T
zos'T
9zZS°T
Ly9 1

Br

n-Bu
S6

628°2Z \
958"z —/
T88°Z

ppm

R AE

Yoy
0.98.23

9.2520.22

1.01.00

€8T PIL
9oz €T /

978" 0€

765" TE

OFL 1E

920°Z€ /
185" %€

hOh.vn%
SSPTSE
LEL 9L
09T L
£85° :.l\.x
LOB 6T

s6L TITT
mnn.mna‘/
vzr-szt

ooo.mnp’

" -

06E°0TT

LBO"OET
9TL TET

SSS SHT
TOL'SBT

80V° 9P
PES 9FT

7

AR R N N R R R R N N R R R AR R AR

ppm

180 160 140 120 100 80 60 40 20

200

S-15



t-Bu

=
o
S

ozz*
oegz*
SET®
09z*
827"
£62°
S0€"
Lre”
vze"
PEE”
TS€"
Lse”
€9¢€"
69"

9z0*
PEO"
092"
Lye"

6656°2
98s°¢Z
1192

1.LN| )

ppm

Py

0.89B419

22.12

.02

6.00

0.006800.80

692" T —,
ze0°€z—,
srorte— N\ N
LTL TE—, \/ \
8EL°TE—,
«uo.anl/ \
96626
62535 —/7
wm.:d“
2697 9E—
ﬂﬂu.mﬂi\
LEL 9L—,
09T LL .\
586 LL—
8P876TT
Sm.ﬂﬁlﬂ./
vhﬁ.ﬂNaJ/ //
6£0°$ZT—Y, \
T9e° vl &f
081521
682°621—
-cm.aSJm%.
sc9 621
te9roer— \\ .
tro-ect— /
a.:.mz"K

zosovt—  /

haw.qu|\

TTTTTTTTTT7TT7T)

TTT T T [TT T T Tr| o

IEEARERERRE REREE RRR

TTTTTTT

I

140

[BARARE R RN R RRE RERRE RN

ppm

20

180 160

200

S-16



68L°0—,
£18°0—,
Leg o

t-Bu

=]
11}
<

ppm

Yy
0.676567

18.60 4.10

2.86

3.40

6.00

00560.74

9ILT BT —
\

8L0°€2— \
\
£86°0€ —,

T69°TE

0FL TE— W
766°TE E
256-25 |
(14 E

BESVE nvl

PIL PE £

gor se— [t

LEL 9L—, L
09T LL— '
£86° LL— E
699°0TT—, E

7187 6TT—, | E

18" 22T —) F

L4 An L4t E

LOL*PZT—
£sT 57T
:-.ww_l\/ =
9IPET6TT E
ZUL 67T —\ r
m-m.onu\ E
TTE7 08T F
tovoct—/ / F
Ea.mmﬂl\\
TIL BT
980" S¥T— //
voz-9pt—'/
985 9y1—'

R R R RN R R R

N

ppm

180 160 140 120 100 80 60 40 20

200

S-17



=]
11}
~

LBZ'T—

667 T~

$69°1

65T L

,|, ml 1

ppm

Yoy ey
1.08109010.99

24.03

16

.00

1

10089.03

0£T £2—
890°TE—
vz9 TE— A
E¥L'TE ,,.,.,,.
L1636 ALY
898 ze—/
wcm.:\
1093
z80°se—
SELT9L—
09T LL—
e85 LL—'
8TL 61T
596" 121
600" 221
985" €21
680°SZT—,
626" 52T —
Zm,wﬁll/
6EE" 62T
’ €16 621—F
20T 0€T
tze ter—'

PEBTEET
PZVTPET
6LYPET
699°6ET
szgTerty
€98°B%1
S89°90T

ppm

180 160 140 120 100 80 60 40 20

200

S-18



=]
11}
~

T6Z°'T \

L

|

.

9TeE" T

8ze T/

ot

#‘ )

hmw.u‘\

$0€°Z2—,

90€°Z '

[r

!

A

ppm

0ES”

- £09°TE—
SPL TEM

$06-3E

YT

—
27.32

.16

7

—
2.11
3.25

876" 69—
sEL 9L—
097" £L—)
€85 LL—'
9TL 6TT—,
S¥TZZT—
8ze"zzt
0917521 —,
8LT"SZT—

\

sLLszr
Zn.mﬁk//
0SZ" 62T —

\;
068°6ZT —

952 0ET—,

osr geT—/

° L6 seT—,
r < .
o - 0ZL6ET
T BEETOPT
©a . _/
> e $06°0FL
> Qe .
Saf L96° 1P
- 186° 551 —
- 89G°9FT
ve9 9vT—/

TTTTTTTT)

TT

20

TTTT T T T I T T I T T T T T

80

AR AR RERRE RS RRR

120

IRARR RN R RS RE RN R

TIT T T T [T oeTT

ppm

40

60

100

180 160 140

200

S-19



L2 S—

Z90°0—

T16°9—
S6L°9
1669

zro'L—f
ﬁvo.hf\

got L—'

vLrTL
z0z°L
9zZT L
o9z L—

ppm

B

DR w
0.8317.8298

28.36

.00

1

5.25

7.80

.17

103P406.97

0£Z" ¥ T —
9%E"GT I«o

697" £2—,

mON.ﬂm|/

PEOITE—

aZ.:I//

560-26

788°2¢ \
sts ve—'/;

~mm.om%\
8LO"SE

hnh.wh‘/
091" LL—
SBSTLL \
TLL 6TL

ro-vel
90S°¥Z1
z9T1°S2Z1
gze-sel

9507821

90Z° 62T

T T T

20

T

T

ppm

40

100 80 60

120

geetLer—/ /
£s0°0v1—'/
506" T

P95 9%T

509° wqa|\

T h

Al o

f

180 160 140

200

S-20



