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Fig. S1 CV of h(TC,,T),h in CH,CI, containing 0.1 M TBAPF; as a supporting electrolyte.
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Fig. S2 DPVs of oligothiophenes in CH,CI, containing 0.1 M TBAPFg as a supporting

(TC,T)y _/"\/\

electrolyte.

Fig. S3 Calculated frontier orbitals of LUMO (a) and HOMO (b) for (TC,T)s.
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Fig. S4 UV-vis-NIR spectra of the dianionic species of (TC,T),. These measurements were
performed by treatment of (TC,T), with K/graphite in THF at room temperature under inert
conditions.  According to time-dependent DFT calculations of dianionic species at the long-range
corrected (LC)-BLYP/6-31+G(d,p) level, the observed band at 1.44 eV can be mainly ascribed to

the HOMO-LUMO transition.

The calculated excited state of dianionic species of (TC,T), at LC-BLYP/6-31+G(d, p) level.
Excited State 1: 1.49 eV (831 nm): oscillator strength (f) =1.76

HOMO-1 - LUMO+1 0.18875
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Fig. S5 UV-vis-NIR spectra of h(TC,,T),h (dashed line) and h(TC,,T),h™ (black line : r.t. red line :
233K. blue line : after warming to r.t.). N, P, and D denote neutral, polaronic, and w-dimeric bands,

respectively.
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Fig. S6 UV-vis-NIR spectra of (TC,T), with successive oxidation in CH,Cl,.

S4



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

General Information. Column chromatography was performed on silica gel, KANTO
Chemical silica gel 60N (40-50 um). Thin-layer chromatography (TLC) plates were
visualized with UV light. Preparative gel-permeation chromatography (GPC) was
performed on Japan Analytical Industry LC-918 equipped with JAI-GEL 1H/2H or
2.5H/3H columns.  Analytical GPC was performed on a Hitachi High-Technologies
Corporation L-2420/L-2130 equipped with a shodex K-803L. Melting points are
uncorrected. 'H and *C NMR spectra were recorded on a JEOL ECS-400 or ECA-600
spectrometer in CDCI3 with tetramethylsilane as an internal standard. Data are reported as
follows: chemical shift in ppm (3), multiplicity (s = singlet, d = doublet, t = triplet, m =
multiplet), coupling constant (Hz), and integration. Mass spectra were obtained on a
Shimadzu GCMS-QP-5050 or a Shimadzu AXIMA-TOF. UV-vis-NIR spectra were
recorded on a Shimadzu UV-3100PC spectrophotometer equipped with nonfocused optics
in an environmental chamber Oxford Optistat-DN cryostat.  All spectra were obtained in
spectrograde solvents. Cyclic voltammetry was carried out on a BAS CV-620C
voltammetric analyzer. High resolution mass spectrum (HRMS) was obtained on Brucker
ultraflex 111. Elemental analyses were performed on Perkin Elmer LS-50B by the Elemental
Analysis Section of CAC, ISIR, Osaka University.

Materials. All reactions were carried out under a nitrogen atmosphere. Solvents of the
highest purity grade were used as received. Unless stated otherwise, all reagents were
purchased  from  commercial  sources and used  without  purification.
1,3-dibromo-4H-cyclopenta[c]thiophene-4,6(5H)-dione (1), 3,5-di-t-butylbenzylbromide?,
and 2-hexyl-5-tributylstannylthiophene® were prepared by reported procedures, and *H
NMR data of these compound were in agreement with those previously reported.
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Experimental Procedure

Synthesis of 2: 1 (1.55 g, 5.00 mmol) and 3,5-di-t-butylbenzylbromide (8.50 g, 30.0
mmol) were placed in a test tube with screw cap and dissolved in acetonitrile (25 mL). 50
wt% KF on celite (3.47 g, 29.9 mmol) was added, and the resulting mixture was stirred at
70 °C for 12 h. After being cooled to room temperature, the mixture was filtered over
celite. After removal of the solvent under reduced pressure, the residue was purified by
column chromatography on silica gel (hexane/CHCI3 = 3/1) to give 2 (2.38 g, 67%).

Colorless solid; TLC: R; = 0.16 (hexane/CHCl; = 3/1); Mp: 195-197 °C; *H NMR (400
MHz, CDCly): 8 1.19 (s, 18H), 3.25 (s, 4H), 6.82 (d, J = 2.0 Hz, 4H), 7.06 (t, J = 2.0 Hz,
2H); *C NMR (150 MHz, CDCls): & 31.3, 34.6, 42.7, 72.2, 110.6, 120.3, 124.2, 134.2
145.3, 150.6, 194.4; MS (DI): m/z = 714 (M"); Anal. Calcd for Cs;H46Br,0,S: C, 62.19; H,
6.49. Found: C, 62.06; H, 6.52.

Synthesis of (TCpT)1: 2 (970 mg, 1.36 mmol), 2-tributylstannylthiophene (1.52 g, 4.07
mmol), and Pd(PPhs)4 (155 mg, 0.135 mol) were placed in a test tube with screw cap and
dissolved in toluene (15 mL). The reaction mixture was stirred at 120 °C for 12 h.  After
removal of the solvent under reduced pressure, the residue was purified by column
chromatography on alumina (hexane/CHCI3 = 3/1) to give (TCypT)1 (910 mg, 93%).

Yellow solid; TLC: R = 0.42 (hexane/CHCl; = 3/1); Mp: 233-235 °C; *H NMR (400
MHz, CDCls): & 1.05 (s, 18H), 3.29 (s, 4H), 6.85 (d, J = 2.0 Hz, 4H), 6.99 (t, J = 2.0 Hz,
2H), 7.05 (dd, J = 4.8, 3.6 Hz, 2H), 7.35 (dd, J = 4.8, 1.2 Hz, 2H), 7.95 (dd, J = 3.6, 1.2 Hz,
2H): **C NMR (150 MHz, CDCls): & 31.1, 34.5, 43.0, 72.2, 120.2, 124.2, 128.1, 128.4,
129.5, 133.0, 134.7, 135.1, 140.6, 150.3, 195.8; MS
(MALDI-TOF,1,8,9-trihydroxyanthracene matrix) m/z 719.7 (M*, Calcd 720.3); Anal.
Calcd for Ca5H5,0,S3: C, 74.95; H, 7.27. Found: C, 74.97; H, 7.28.

Synthesis of (TC,T)n: (TCpT);1 (360 mg, 0.499 mmol), PACI;(PhCN); (19 mg, 50 umol),
and AgF (254 mg, 2.00 mmol) were placed in a test tube with screw cap and dissolved in
DMSO (1.6 mL) and CHCI3; (0.8 mL). After stirring for 12 h at 60 °C, the reaction
mixture was quenched by addition of NaCl aq.. The reaction mixture was filtered over
celite, and the organic layer was separated. The organic layer was washed with water and
dried over Na,SO,4. After removal of the solvent under reduced pressure, the residue was
filtered over alumina with CHCI; as eluent, followed by purification with preparative GPC
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(JAIGEL 2.5H/3H, CHCIs) to give (TC,T)2 (96 mg, 27%), (TC,T)s (82 mg, 23%), and
(TCpT)4 (32 mg, 9%).

(TCuT),: Red solid; Mp: > 300 °C; *H NMR (400 MHz, CDCls): § 1.08 (s, 72H), 3.31
(s, 8H), 6.87 (d, J = 2.0 Hz, 8H), 7.01 (t, J = 2.0 Hz, 4H), 7.08 (dd, J = 4.8, 3.6 Hz, 2H),
7.19 (d, J = 3.6 Hz, 2H), 7.38 (dd, J = 4.8, 1.2 Hz, 2H), 7.89 (d, J = 3.6 Hz, 2H), 7.97 (dd, J
= 3.6, 1.2 Hz, 2H); *C NMR (150 MHz, CDCls): & 31.1, 34.5, 43.0, 72.3, 120.2, 124.2,
125.3, 128.2, 128.6, 129.7, 130.5, 132.7, 132.9, 134.1, 134.6, 135.3, 139.1, 140.8, 141.0,
150.4, 195.7, 195.9; MS (MALDI-TOF,1,8,9-trihydroxyanthracene matrix) m/z 1438.1 (M",
Calcd 1438.6); Anal. Calcd for CgoH10204Se: C, 75.06; H, 7.14. Found: C, 74.67; H, 7.17.

(TCyT)s: Dark purple solid; Mp: > 300 °C; *H NMR (400 MHz, CDCls): & 1.08 (s,
72H), 1.10 (s, 36H), 3.32 (s, 8H), 3.33 (s, 4H), 6.88 (d, J = 2.0 Hz, 8H), 6.89 (d, J = 2.0 Hz,
4H ), 7.02 (t, J = 2.0 Hz, 4H), 7.03 (t, J = 2.0 Hz, 2H), 7.08 (dd, J = 4.8, 3.6 Hz, 2H), 7.21
(d, J=3.6 Hz, 4H), 7.38 (dd, J = 4.8, 1.2 Hz, 2H), 7.90 (d, J = 3.6 Hz, 2H), 7.91 (d, J = 3.6
Hz, 2H), 7.98 (dd, J = 3.6, 1.2 Hz, 2H); **C NMR (150 MHz, CDCls): & 31.3, 31.3, 34.6,
34.6,43.1,72.4,120.3, 120.4, 124.3, 125.5, 125.6, 128.4, 128.8, 129.8, 130.6, 130.8, 132.7,
132.9, 133.0, 134.1, 134.4, 134.7, 135.5, 139.1, 139.5, 140.9, 141.2, 141.2, 150.5, 150.5,
195.8, 195.9, 196.0; MS (MALDI-TOF,1,8,9-trihydroxyanthracene matrix) m/z 2156.6 (M",
Calcd 2156.9); Anal. Calcd for C135H15,06Se: C, 75.09; H, 7.10. Found: C, 74.83; H, 7.16.

(TC,T),: Dark violet solid; Mp: > 300 °C; *H NMR (400 MHz, CDCls): & 1.08 (s, 72H),
1.10 (s, 72H), 3.31 (s, 8H), 3.33 (s, 8H), 6.87 (d, J = 1.6 Hz, 8H), 6.89 (d, J = 1.6 Hz, 8H),
7.01 (t, J = 1.6 Hz, 4H), 7.03 (t, J = 1.6 Hz, 4H), 7.07 (dd, J = 4.8, 3.6 Hz, 2H), 7.21 (m,
6H), 7.37 (dd, J = 4.8, 1.2 Hz, 2H), 7.90 (m, 6H), 7.97 (dd, J = 3.6, 1.2 Hz, 2H); *C NMR
(150 MHz, CDCls): 6 31.2, 31.2, 34.5, 34.5, 43.0, 72.3, 120.2, 120.3, 124.2, 125.4, 125.5,
128.3, 128.7, 129.7, 130.5, 130.7, 132.6, 132.7, 132.8, 132.9, 134.0, 134.2, 134.3, 134.6,
135.4, 139.0, 139.3, 139.4, 140.8, 141.1, 141.2, 141.2, 150.4, 150.4, 195.7, 195.8, 195.8,
195.9; MS (MALDI-TOF,1,8,9-trihydroxyanthracene matrix) m/z 2874.6 (M*, Calcd
2875.2); Exact mass Calcd for C1g0H20208S12: 2875.205. Found: 2875.194.
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Synthesis of 3: 1 (660 mg, 2.13 mmol) and iodomethane (1.81 g, 12.8 mmol) were
placed in a test tube with screw cap and dissolved with acetonitrile (10 mL). 50 wt% KF
on celite (1.49 g, 12.8 mmol) was added and the resulting mixture was stirred at 70 °C for
12 h. After being cooled to room temperature, the mixture was filtered over celite. After
removal of the solvent under reduced pressure, the residue was purified by column
chromatography on silica gel (hexane/CHCI3 = 2/1) to give 3 (370 mg, 51%).

Colorless solid; Mp: 202-204 °C; TLC: R; = 0.40 (hexane/CHCI; = 2/1); *H NMR (400
MHz, CDCls): & 1.33 (s, 6H); *C NMR (150 MHz, CDCls): & 20.9, 59.5, 113.4, 143.1,
194.6; MS (DI): m/z = 338 (M"); Anal. Calcd for CgHsBr,0,S: C, 31.98; H, 1.79. Found: C,
31.98; H, 2.02.

Synthesis of 4: 3 (200 mg, 0.575 mmol), 2-tributylstannylthiophene (257 mg, 0.690
mmol), 2-hexyl-5-tributylstannyl thiophene (316 mg, 0.690 mmol), and Pd(PPhs), (67 mg,
58 umol) were placed in a test tube with screw cap and dissolved in toluene (6 mL). The
resulting mixture was stirred at 120 °C for 12 h. After removal of the solvent under
reduced pressure, the residue was filtered over alumina with CHCI;3 as eluent, followed by
purification with preparative GPC (JAIGEL 1H/2H, CHCI;) to give 4 (91 mg, 37 %).

Yellow solid; Mp: 99-101 °C; *H NMR (400 MHz, CDCls): § 0.90 (t, J = 7.2 Hz, 3H),
1.28-1.44(m, 6H), 1.36(s, 6H), 1.72 (m, 2H), 2.85 (t, J = 7.6 Hz, 2H), 6.81 (d, J = 3.6 Hz,
1H), 7.13 (dd, J =5.2, 3.6 Hz, 1H), 7.43 (dd, J = 5.2, 1.2 Hz, 1H), 7.93 (d, J = 3.6 Hz, 1H),
8.07 (dd, J = 3.6, 1.2 Hz, 1H); **C NMR (150 MHz, CDCls): § 14.1, 21.3, 22.6, 28.8, 30.3,
31.5, 31.5,59.6, 125.8, 128.4, 128.6, 129.7, 130.2, 130.5, 133.1, 136.4, 137.2, 138.0, 138.1,
150.9, 196.5, 196.7; MS (MALDI-TOF,1,8,9-trihydroxyanthracene matrix) m/z 427.4 (M",
Calcd 428.1); Anal. Calcd for Co3H240,S3: C, 64.45; H, 5.64. Found: C, 64.17; H, 5.58.
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Synthesis of h(TC,T);h: 4 (91 mg, 0.21 mmol), AgF (107 mg, 0.85 mmol), and
PdCI;(PhCN), (8.1 mg, 21 umol) were placed in a test tube with screw cap and dissolved in
DMSO (1.0 mL) and CHCI3 (0.5 mL). After stirring for 12 h at 60 °C, the reaction
mixture was quenched by addition of NaCl ag.. The reaction mixture was filtered over
celite, and the organic layer was separated. The organic layer was washed with water and
dried over Na,SO,4. After removal of the solvent under reduced pressure, the residue was
filtered over alumina with CHCIj3 as eluent, followed by purification with preparative GPC
(JAIGEL 1H/2H, CHCIs) to give h(TC,T)2h (30 mg, 33%).

Dark violet solid; Mp: 287-289 °C; *H NMR (400 MHz, CDCls): § 0.91 (t, J = 7.2 Hz,
6H), 1.28-1.46 (m, 12H), 1.37 (s, 12H), 1.73 (m, 4H), 2.85 (t, J=7.6 Hz, 4H ), 6.81 (d, J =
3.6 Hz, 2H), 7.26 (dd, J = 5.2, 1.2 Hz, 1H), 7.94 (d, J = 3.6 Hz, 2H), 7.99 (d, J = 3.6 Hz,
2H); *C NMR (150 MHz, CDCI4/CS; = 1/2): & 14.4, 21.4, 23.0, 29.2, 30.7, 31.8, 31.9, 59.6,
125.9, 126.2, 130.7, 131.0, 133.2, 135.5, 137.6, 138.4, 138.6, 139.5, 151.2, 196.1, 196.5;
MS (MALDI-TOF,1,8,9-trihydroxyanthracene matrix) m/z 853.4 (M*, Calcd 854.2); Exact
mass Calcd for C4gH4604Se: 854.1707, Found: 854.1720.
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GPC Charts
GPC chart of (TC,T),

S

©

>

‘»

C

9

£

| | | | | |
0 2 4 6 8 10 12 14
Time / min

GPC chart of (TCpT),

S

©

>

)

C

Q9

S J

| | | | | |
0 2 4 6 8 10 12 14
Time / min

S18



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

GPC chart of (TC,T)3
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GPC chart of h(TC,,T)2h
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Computational Details
All calculations were conducted using Gaussian 09 program. The geometry was
optimized with the restricted Becke Hybrid (B3LYP) at 6-31 G(d, p) level.

Optimized structure of (TC,T), at B3LYP/6-31G(d, p).

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -6.951581 0.046880 -1.937077
2 6 0 -7.776435 0.052368  -0.633940
3 6 0 -6.836555 0.014366 0.497091
4 6 0 -5.491763  -0.016379 0.011891
5 6 0 -5.487613  -0.015549  -1.457912
6 6 0 -6.956622 0.009529 1.876777
7 16 0 -5.332263  -0.029606 2.569813
8 6 0 -4.519782  -0.038761 1.000044
9 6 0 -8.091215 0.027680 2.767843
10 6 0 -3.082218  -0.057983 0.961639
11 6 0 -7.308112  -1.181479 -2.826091
12 6 0 -7.213636 1.344455  -2.761477
13 6 0 -6.890076 2.652038  -2.064999
14 6 0 -7.133458  -2.542824  -2.181405
15 6 0 -5.606504 3.209592  -2.170980
16 6 0 -5.284417 4.413479  -1.540913
17 6 0 -6.291116 5.055091 -0.796791
18 6 0 -7.581914 4534532  -0.670060
19 6 0 -8.060214  -4.408815 -0.906179
20 6 0 -6.816470  -5.048927  -1.003579
21 6 0 -5.726978  -4.474544  -1.674152
22 6 0 -5.909733  -3.215523  -2.261106
23 6 0 -3.885014 5.051911 -1.637239
24 6 0 -8.686595 5.235277 0.144451
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