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General. All melting points are uncorrected. 'H, °C and *'P NMR spectra were recorded using
CDCl; as the solvent unless otherwise noted. Chemical shifts are reported as the relative value vs.
tetramethylsilane (‘H and ">C) and phosphoric acid *'P). MALDI-TOF mass spectra were
measured using CHCA as a matrix. All solvents were distilled from sodium benzophenone ketyl
(ether), or calcium hydride (CH,Cl,, toluene, Et;N, iPr,NH) before use. All the reactions were
performed under an argon or nitrogen atmosphere. 3,3’-Dibromo-2,2’-bithiophene, "
3,3’-bis(phenylethynyl)-2,2’-bithiophene 1a,"'! 3,3’-diethynyl-2,2’-bithiophene, "’
4,4’-dibromo-3,3 ’-bithiophene,[z] 3-bromo-2-iod0thiophene,[3] and
3-bromo-2-[(trimethylsilyl)ethynyl]thiophene™ were prepared according to the reported procedure.
Other chemicals were of reagent grade quality, purchased commercially, and used without further

purification unless otherwise noted.

3,3’-Bis[(2-thienyl)ethynyl]-2,2’-bithiophene 1b: A mixture of 3,3’-bis(ethynyl)-2,2’-bithiophene
(214 mg, 1.0 mmol), 2-iodothiopnene (0.33 mL, 3.0 mmol), PdCI,(PPhs), (28 mg, 0.04 mmol), Cul

(4 mg, 0.02 mol), and triethylamine (20 mL) was stirred for 4 h at room temperature. After filtration
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and solvent removal, the residue was subjected to silica-gel column chromatography
(hexane/CH,Cl, = 5/1, R¢= 0.4). After recrystallization from MeOH, pure 1b was obtained as a
yellow solid (270 mg, 71%). Mp 154-155 °C; "H NMR (300 MHz, CDCl3) 6 7.04 (dd, J=5.2, 3.9
Hz, 2H), 7.14 (d, J= 5.2 Hz, 2H), 7.26 (d, J = 5.2 Hz, 2H), 7.30-7.37 (m, 4H); C{'H} NMR (75
MHz, CDCls) 6 89.1, 89.5, 118.9, 123.3, 124.3, 127.2, 127.7, 130.1, 131.8, 138.4; MS
(MALDI-TOF) m/z 378 (M"); Anal. Calcd for Cy0H;0S4: C, 63.46; H, 2.66. Found: C, 63.19; H,
2.63.
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3-Bromo-2-(phenylethynyl)thiophene: A mixture of 3-bromo-2-iodothiophene (1.45 g, 5.0 mmol),
phenylacetylene (0.66 mL, 6.0 mmol), PdCl,(PPhs), (35 mg, 0.05 mmol), Cul (19 mg, 0.10 mmol),
diisopropylamine (50 mL), and toluene (100 mL) was stirred for 3 h at room temperature. After
filtration and solvent removal, the residue was subjected to silica-gel column chromatography
(hexane, Ry = 0.3) to give the title compound as a pale yellow oil (1.0 g, 76%). '"H NMR (300 MHz,
CDCls) 67.00 (d, J=5.6 Hz, 1H), 7.23 (d, J= 5.6 Hz, 1H), 7.32-7.39 (m, 3H), 7.52-7.58 (m, 2H);
PC{'H} NMR (75 MHz, CDCls,) §81.0, 96.9, 116.0, 120.8, 122.5, 127.0, 128.3, 128.7, 130.1,
131.5; MS (MALDI-TOF) m/z 263 (M"); Anal. Calcd for C,H;BrS: C, 54.77; H, 2.68. Found: C,
54.49; H, 2.78.

2,2°-Bis(phenylethynyl)-3,3’-bithiophene 2a: nBuLi (1.58 M x 1.33 mL, 2.1 mmol) was slowly
added to a solution of 3-bromo-2-(phenylethynyl)thiophene (530 mg, 2.0 mmol) in Et,O (5 mL) at
—78 °C. The mixture was kept at this temparature for 1 h, and then CuCl, (350 mg, 2.6 mmol) was
added. The resulting mixture was stirred at =50 °C for 15 min, then at room temparature for 9 h.
After filtration and solvent removal, the residue was subjected to silica-gel column chromatography

(hexane/CHCLs) to give 2a as a pale yellow solid (190 mg, 52%). Mp 4849 °C; 'H NMR (400



MHz, CDCls) 8 7.28-7.37 (m, 8H), 7.43-7.51 (m, 4H), 7.73 (d, J= 5.6 Hz, 2H); "C{'H} NMR
(100 MHz, CDCl3) 6 83.2, 96.2, 119.5, 122.9, 125.8, 125.8, 128.2, 128.3, 131.1, 138.9; MS
(MALDI-TOF) m/z 366 (M"); Anal. Calcd for C4H 4S,: C, 78.65; H, 3.85. Found: C, 78.49; H,
3.85.

2,2’-Diethynyl-3,3’-bithiophene: This compound was prepared from
3-bromo-2-[(trimethylsilyl)ethynyl]thiophene according to the similar procedure described for 2a.
Yield 49 %, colorless solid. Mp 84-85 °C; "H NMR (400 MHz, CDCl3) 6 3.48 (s, 2H), 7.27 (d, J =
5.2 Hz, 2H), 7.61 (d, J= 5.2 Hz, 2H); >C{'H} NMR (100 MHz, CDCl3) 6 77.1, 84.6, 118.5, 126.2,
128.2, 139.6; MS (MALDI-TOF) m/z 214 (M"); Anal. Calcd for C1,HS,: C, 67.25; H, 2.82. Found:
C, 67.38; H, 2.88.

2,2’-Bis[(2-thienyl)ethynyl]-3,3’-bithiophene 2b: This compound was prepared from
2,2’-diethynyl-3,3’-bithiophene according to the similar procedure described for 1b. Yield 76%,
colorless solid. Mp 132-133 °C; '"H NMR (400 MHz, CDCL,) § 7.00 (dd, J = 5.2, 3.6 Hz, 2H), 7.24
(dd, J=3.6, 1.0 Hz, 2H), 7.30 (dd, J = 5.2, 1.0 Hz, 2H), 7.32 (d, / = 5.4 Hz, 2H), 7.65 (d, / = 5,4
Hz, 2H); "C{'H} NMR (100 MHz, CDCl,) & 86.8, 89.6, 119.3, 123.0, 126.4, 127.2, 127.8, 128.3,
132.1, 139.1; MS (MALDI-TOF) m/z 378 (M"); Anal. Calcd for C,,H,,S,: C, 63.46; H, 2.66.
Found: C, 63.34; H, 2.54.
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4,4’-Bis(phenylethynyl)-3,3’-bithiopnene 3a: A mixture of 4,4’-dibromo-3,3’-bithiophene (390
mg, 1.2 mmol), phenylacetylene (0.44 mL, 4.0 mmol), PACI,(PPh;), (120 mg, 0.17 mmol), Cul (27
mg, 0.17 mol), and diisopropylamine (45 mL) was stirred for 15 h at 70 °C. After filtration and
solvent removal, the residue was subjected to silica-gel column chromatography (hexane/CH,Cl, =
5/1, Ry = 0.35). After recrystallization from cold MeOH (-78 °C), pure 3a was obtained as a
colorless solid (250 mg, 57%). Mp 60-61 °C; '"H NMR (300 MHz, CDCl3) 6 7.24-7.38 (m, 6H),



7.40-7.50 (m, 4H), 7.61 (d, J= 3.3, Hz, 2H), 7.87 (d, J = 3.3 Hz, 2H); "C{'H} NMR (75 MHz,
CDCl3) 6 85.0,91.1, 122.3, 123.2, 123.3, 128.2, 128.4, 129.3, 131.4, 136.1; MS (MALDI-TOF) m/z
366 (M"); Anal. Calcd for Cp4H14S,: C, 78.65; H, 3.85. Found: C, 78.91; H, 3.84.
4,4’-Diethynyl-3,3’-bithiophene: A mixture of 4,4’-dibromo-3,3’-bithiophene (490 mg, 1.5 mmol),
trimethylsilylacetylene (1.1 mL, 7.7 mmol), PdCIy(PPhs), (170 mg, 0.24 mmol), Cul (46 mg, 0.24
mmol), and diisopropylamine (45 mL) was stirred for 20 h at 90 °C. After filtration and solvent
removal, the residue was subjected to silica gel column chromatography (hexane, Ry = 0.15) to give
trimethylsilyl-substituted product as a pale brown oil. To the solution of above obtained compound
in MeOH (150 mL) was added saturated aq K,COs (5 mL) and stirred at room temperature. After 5
h, CHCl; (200 mL) was added. The mixture and washed with water (100 ml x 2), and dried over
anhydrous Na;SOj,. After silica-gel column chromatography (hexane/ CH,Cl, = 10:1, R¢= 0.25) and
recrystallization from cold MeOH (—78 °C), the title compound was obtained as a colorless solid
(190 mg, 58%). Mp 99-100 °C; 'H NMR (300 MHz, CDCl3) 8 3.13 (s, 2H), 7.61 (d, J = 3.3 Hz,
2H), 7.78 (d, J = 3.3 Hz, 2H); *C{'H} NMR (75 MHz, CDCl;) 679.1, 79.4, 121.0, 123.4, 131.2,
135.8; MS (MALDI-TOF) m/z 214 (M"); Anal. Calcd for C,HeS2: C, 67.25; H, 2.82. Found: C,
67.33; H, 2.80.

4,4’-Bis[(2-thienyl)ethynyl]-3,3’-bithiopnene 3b: This compound was prepared from
4,4’-diethynyl-3,3’-bithiophene according to the similar procedure described for 1b. Yield 74%,
colorless solid. Mp 94-95 °C; "H NMR (300 MHz, CDCl;) 6 6.99 (dd, J= 5.1, 3.9 Hz, 2H), 7.22
(dd, J=3.9, 1.1 Hz, 2H), 7.28 (dd, J= 5.1, 1.1 Hz, 2H), 7.60 (d, J= 3.3 Hz, 2H), 7.81 (d, J=3.3 Hz,
2H); C{'H} NMR (75 MHz, CDCl3) 6 84.5, 88.7, 121.9, 123.3, 123.4, 127.1, 127.3, 129.5, 131.7,
135.9; MS (MALDI-TOF) m/z 378 (M"); Anal. Calcd for C20H;0S4: C, 63.46; H, 2.66. Found: C,
63.57; H, 2.68.
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7b: Yield 57 %, purple solid. Mp 230 °C (dec); '"H NMR (400 MHz, CD,Cl,) 8 7.00 (d, J= 5.2 Hz,
2H), 7.03-7.08 (m, 2H), 7.08-7.13 (m, 4H), 7.35-7.46 (m, 4H), 7.48-7.61 (m, 3H);>'P{'H} NMR
(162 MHz, CD,Cl,) § +48.1; MS (MALDI-TOF) m/z 719 (M"); HRMS (FAB): Calcd for
Ca6HisAuCIPS, (M), 717.9148; Found, 717.9128.

8a: Yield 52%, red solid. Mp 210 °C (dec); 'H NMR (300 MHz, CD,Cl,) 8 7.30 (d, J = 5.1 Hz, 2H),
7.33 (d, J= 5.1 Hz, 2H), 7.32-7.55 (m, 13H), 7.55-7.66 (m, 2H);*'P{'"H} NMR (162 MHz,
CD,Cl,) 8 +46.3; MS (MALDI-TOF) m/z 707 (M"); HRMS (FAB): Calcd for C30H;9AuCIPS, (M),
706.0020; Found, 706.0002.

8b: Yield 54%, purple solid. Mp 210 °C (dec); '"H NMR (300 MHz, CD>Cl,) 6 7.06-7.14 (m, 2H),
7.16-7.24 (m, 2H), 7.35 (d, J = 5.1 Hz, 2H), 7.43 (d J = 5.1 Hz, 2H,), 7.35-7.45 (m, 2H), 7.47-7.53
(m, 3H), 7.54-7.65 (m, 2H); *'P{'"H} NMR (162 MHz, CD,Cl,) 6 +48.2; MS (MALDI-TOF) m/z
719 (M"); HRMS (FAB): Calcd for Co6H;sAuCIPS; (M), 717.9148; Found, 717.9130.

9a: Yield 54%, pale yellow solid. Mp 220 °C (dec); 'H NMR (400 MHz, CD,Cl,) 6 6.96 (d, J = 3.0
Hz, 2H), 7.03 (br-s, 2H), 7.32 (br, 2H), 7.37-7.45 (m, 4H), 7.45-7.68 (m, 5H), 7.56 (d, J = 3.0 Hz,
2H) 7.78 (br-s, 2H);*'P{'"H} NMR (162 MHz, CD,Cl,) 8 +50.2; MS (MALDI-TOF) m/z 707 (M");
HRMS (FAB): Caled for C30H;9AuCIPS, (M"), 706.0020; Found, 706.0013.

9b: Yield 60%, yellow solid. Mp 240 °C (dec); 'H NMR (400 MHz, CD,Cl,) 6 7.05-7.12 (m, 4H),
7.39-7.48 (m, 6H), 7.50—7.56 (m, 1H), 7.58-7.66 (m, 4H);*'P{'H} NMR (162 MHz, CD,Cl,) §
+51.4; MS (MALDI-TOF) m/z 719 (M"); HRMS (FAB): Calcd for CosH;sAuCIPSs (M), 717.9148;
Found, 717.9164.

4b: Yield 86%, red solid. Mp 175 °C (dec); "H NMR (400 MHz, CD,Cl,) 8 6.96-7.02 (m, 2H),
7.03-7.08 (m, 2H), 7.11 (d, J = 5.2 Hz, 2H), 7.15 (d, J = 5.2 Hz, 2H), 7.17-7.28 (m, 4H), 7.28-7.37
(m, 3H); PC{'H} NMR (100 MHz, CD,CL) 6123.2, 126.2, 126.9 (d, Joc= 1.6 Hz), 127.2 (d, Jpc =
5.8 Hz), 128.1, 128.5 (d, Joc= 9.9 Hz), 129.1 (d, Joc = 9.1 Hz), 130.7 (d, Joc= 1.6 Hz), 132.2 (d,
Joc=2.5Hz), 135.1 (d, Jpc= 18.9 Hz), 135.2 (d, Joc = 1.7 Hz), 138.0 (2.5 Hz), 138.3 (d, Jpc =

14.1 Hz), 138.5 (d, Jpc= 18.3 Hz);>'P{'"H} NMR (162 MHz, CD,Cl,) § +28.5; MS (MALDI-TOF)
m/z 486 (M"); HRMS (EI): Calcd for Co6H,sPSs (M), 485.9794; Found, 485.9789.

5a: Yield 91%, orange solid. Mp 200 °C (dec); '"H NMR (400 MHz, CD>Cl,) 6 7.12-7.26 (m, 7H),
7.30-7.42 (m, 8H); C{'H} NMR (100 MHz, CD,Cl,) 6122.7, 126.6 (d, Joc= 1.6 Hz), 127.9 (d,
Joc=1.6 Hz), 128.5 (d, Jpc= 9.9 Hz), 128.9, 129.0 (d, Joc= 9.1 Hz), 130.3 (d, Jpc= 6.6 Hz), 130.4



(d, Jec=2.1Hz), 131.9 (d, Joc= 2.4 Hz), 134.8 (d, Joc= 19.0 Hz), 135.4 (d, Joc= 1.7 Hz), 135.6
(d, Joc=15.7 Hz), 136.7 (d, Joc= 15.7 Hz), 143.8 (d, Joc= 1.6 Hz);*'P{'H} NMR (162 MHz,
CD,Cly) 6+24.2; MS (MALDI-TOF) m/z 474 (M"); HRMS (EI): Calcd for C30H;9PS; (M),
474.0666; Found, 474.0656.

5b: Yield 90 %, red solid. Mp 190 °C (dec); "H NMR (400 MHz, CD,Cl,) 8 7.08-7.14 (m, 4H),
7.20-7.36 (m, 7H), 7.38-7.45 (m, 4H); "C{'H} NMR (100 MHz, CD,Cl,) 6 122.7, 127.4 (d, Jp.c =
1.7 Hz), 127.8 (d, Joc = 2.5 Hz), 128.2, 128.3 (d, Joc = 5.8 Hz), 129.1 (d, Joc = 9.1 Hz), 130.8 (d,
Joc=1.7Hz), 131.4 (d, Joc= 1.7 Hz), 134.9 (d, Joc= 19.0 Hz), 135.9 (d, Joc= 1.7 Hz), 136.0 (d,
Joc=23.3 Hz), 136.9 (d, Jo.c= 18.1 Hz), 137.8 (d, Jo.c = 14.8 Hz); >'P{'H} NMR (162 MHz,
CD,Cly) 6+29.2; MS (MALDI-TOF) m/z 486 (M"); HRMS (EI): Calcd for C,6H;5sPSs (M),
485.9794; Found, 485.9790. One of the carbons could not be detected clearly in the BC NMR.

6a: Yield 88%, pale yellow solid. Mp 210 °C (dec); '"H NMR (400 MHz, CD,Cl,) 6 6.97 (d, J=3.0
Hz, 2H), 7.12-7.22 (m, 2H), 7.22-7.46 (m, 13H), 7.54 (d, 2H, J= 3.0 Hz); >C{'H} NMR (75 MHz,
CD,Cly) 8 116.8, 122.9 (d, Joc= 1.9 Hz), 127.7, 128.9 (d, Joc= 8.7 Hz), 129.2, 129.3 (d, Joc= 6.2
Hz), 129.6 (d, Joc= 13.0 Hz), 130.3 (d, Joc= 1.9 Hz), 132.9 (d, Jpc = 2.5 Hz), 133.9, 134.9 (d, Jpc
=19.8 Hz), 135.2 (d, Jo.c= 14.3 Hz), 138.3 (d, Joc= 16.1 Hz), 145.9;*>'P{'H} NMR (162 MHz,
CD,Cl,) 6 +26.3; MS (MALDI-TOF) m/z 474 (M"); HRMS (EI): Calcd for C30H;oPS, (M),
474.0666; Found, 474.0653.

6b: Yield 86%, pale yellow solid. Mp 215 °C (dec); 'H NMR (400 MHz, CD,Cl,) 8 6.96-7.00 (m,
2H), 7.03-7.08 (m, 2H), 7.24-7.28 (m, 2H), 7.28-7.38 (m, 7H), 7.57 (d, J= 3.0 Hz, 2H); “C{'H}
NMR (75 MHz, CD,Cl,) 8 117.0, 123.7 (d, Jo.c = 2.5 Hz), 126.7 (d, Jpc= 5.6 Hz), 127.0 (d, Jpc =
2.5 Hz), 128.2,129.1 (d, Joc= 8.7 Hz), 129.5 (d, Jo.c = 15.0 Hz), 130.7 (d, Jo.c = 1.3 Hz), 132.3 (d,
Joc=1.3 Hz), 133.9, 134.9 (d, Joc=19.8 Hz), 137.7 (d, Joc= 14.3 Hz), 138.4, 138.7 (d, Joc= 18.6
Hz);*'P{'H} NMR (162 MHz, CD,Cl,) 6 +29.6; MS (MALDI-TOF) m/z 486 (M"); HRMS (EI):
Calcd for Cy6H sPSs (M), 485.9794; Found, 485.9796.

X-ray Crystal Structure Analysis: Single crystals of 4a and 7a were grown from CH,Cl,—MeOH.

All measurements were made on a Rigaku Saturn CCD area detector with graphite monochromated



MoK radiation. The structures were solved by direct methods,™* and expanded using Fourier
techniques.”™ Non-hydrogen atoms were refined anisotropically, and hydrogen atoms were refined
using the rigid model. All calculations were performed using Crystal Structure!® crystallographic
software package except for refinement, which was performed using SHELXL-97.""! CCDC-660029
(4a) and CCDC-660028 (7a) contain the supplementary crystallographic data for this paper. These
data can be obtained free of charge from the Cambridge Crystallographic Data Center via
www.ccdc.cam.ac.uk/data_request/cif.

Electrochemical measurements: These were performed using a glassy carbon working electrode, a
platinum wire counter electrode, and an Ag/Ag” [0.01 M AgNO3, 0.1 M nBusNPFs (MeCN)]
reference electrode. The potentials were calibrated with ferrocene/ferrocenium as an internal
standard.

Density Functional Theory (DFT) Calculations: All calculations were performed using the
Gaussian 03'*! suite of programs with the 6-31G* basis set and the B3LYP functional. The
geometries were fully optimized without any symmetry constraints. The molecular orbital diagrams

were drawn using MolStudio R3.0 (NEC Corp., Japan).
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Figure S1. ORTEP diagram of 7a (50% probability ellipsoids). Solvent molecule and hydrogen
atoms are omitted for clarity. Selected bond lengths [A] and angles [°]: P1-C1 1.787(4), P1-C4
1.792(4), P1-C25 1.811(4), C1-C2 1.374(5), C2-C3 1.502(7), C3—C4 1.353(6), P1-Aul

2.2283(10), Aul-Cl1 2.2833(10), C1-P1-C4 94.1(2), C1-P1-C25 109.9(2), C4-P1-C25 106.9(2),
P1-Aul-Cl1 177.27(4).
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Figure S2. UV-vis absorption and fluorescence spectra of (a) 4b, Sb and 6b and (b) 7a, 8a, and 9a
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Figure S3. Differential pulse voltammograms of (a) 4a, Sa and 6a and (b) 7a, 8a, and 9a. Asterisk
indicates the Fc/Fc' couple.
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Figure S4. Bond lengths [A] and angles [°] of the model compounds 4m, Sm, and 6m.
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Figure S6. 'H NMR spectrum of 4b in CD,CL,.
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Figure S8. '"H NMR spectrum of 5b in CD,CL,.
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Figure S9. 'H NMR spectrum of 6a in CD,Cl,.
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Figure S10. '"H NMR spectrum of 6b in CD,CL,.
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Figure S11. '"H NMR spectrum of 7a in CD,CL,.
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Figure S12. '"H NMR spectrum of 7b in CD,Cl,.
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Figure S13. '"H NMR spectrum of 8a in CD,Cl,.
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Figure S14. '"H NMR spectrum of 8b in CD,Cl,.
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Figure S15. '"H NMR spectrum of 9a in CD,Cl,.
IIVllY|lIII|'-rrﬁ_'_(_r|4'4rY1’1T'TﬁTrY:ﬁ'ﬁ_l_l.ﬁ_ijm_thjw|l(||||_7

1

PR

0000°b /}|.“f\

e S~ 7

008L'z .

T08L°1 / A,

X 1

19°L | ol ———
¥b9°L [ 00

6v9°L
\— 199°¢L
el YIRS

L) L L L L L |

4

8

Figure S16. '"H NMR spectrum of 9b in CD,CL,.




