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General.  1H NMR spectra were recorded at 270 MHz, with CDCl3 or DMSO-d6 

as solvent and Me4Si or residual solvent as an internal standard. Infrared and 

electronic spectra were recorded using KBr plates on JASCO FT/IR-660M and 

Shimadzu UV/Vis-NIR scanning spectrophotometer UV-3100 PC, respectively. 

EI-MS spectra were recorded at 70 eV. Melting points were measured with a 

hot-stage apparatus and are uncorrected. Elemental analyses were performed at the 

Graduate School of Science and Osaka University. X-ray crystallographic 

measurements for single crystals of TTF-Im and TTF-Im–CHL were made on a 

Rigaku Raxis-Rapid Imaging Plate with graphite monochromated MoKα and 

CuKα radiation, respectively. The structures of TTF-Im and TTF-Im–CHL were 

determined by direct method using SIR 92 and SIR97, respectively. The direct 

current electrical-conductivity measurements were performed on the compressed 

powder pellets with the excitation of 10 µA by a conventional four-probe method 

using gold paint and gold wire (10 µm φ). The magnetic susceptibility 

measurements were performed for the polycrystalline solids on a Quantum Design 

SQUID magnetometer MPMS XL with applied field of 0.3 T in the temperature 
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range of 1.9–350 K. ESR spectra were measured on a Bruker ESP300/350 

spectrometer equipped with an Oxford ESR910 temperature controller and helium 

gas flow system. Cyclic voltammetric measurement was made with an ALS 

Electrochemical Analyzer Model 612A. Cyclic voltammogram was recorded with 

3.0 mm diameter glassy plate carbon electrode and Pt wire counter electrode in 

DMF containing 0.1 M Et4NClO4 as the supporting electrolyte at room 

temperature. The experiments employed an Ag/AgNO3 reference electrode. The 

final results were calibrated with the ferrocene/ferrocenium couple. Rf values on 

TLC were recorded on E. Merck precoated (0.25 mm) silica gel 60 F254 plates. The 

plates were sprayed with a solution of 10% phosphomolybdic acid in 95% EtOH 

and then heated until the spots became clearly visible. Silica gel 60 (100–200 

mesh) was used for column chromatography. Recycle preparative gel permeation 

chromatography (GPC) was performed using tandemly connected two polystyrene 

gel columns (JAIGEL 1H, Japan Analytical Industry) with CHCl3 as eluant. 

Solvents were dried (drying agent in parenthesis) and distilled under argon prior to 

use: THF (Na-benzophenone ketyl); DMF (CaH2). 2-Iodo-SEM-protected 

imidazole (2-Iodo-1-{[2´-(trimethylsilyl)ethoxy]methyl}imidazole)*1 was 

prepared by literature procedures. All reactions requiring anhydrous conditions 

were conducted under argon atmosphere. 

 

4-{[1´´-{[2´´´-(Trimethylsilyl)ethoxy]methyl}imidazol-2´´-yl]-1´,3´-dithiol-2´-

ylidene}-1,3-dithiole (SEM-TTF-Im). TTF (1.50 g, 7.34 mmol) was placed in a 

100-mL Schlenk tube and dissolved with THF (30-mL). To this mixture was added 

n-BuLi (1.6 M hexane solution, 4.60 mL, 7.36 mmol) at –78 °C and this solution 
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was stirred at this temperature for 1 h. Tributyltinchloride (2.00 mL, 7.37 mmol) 

was added to this mixture and the reaction mixture was gradually warmed up to 

room temperature over 2 h. After the resulting mixture was poured into pH 7.0 0.1 

M phosphate buffer solution (70 mL) and extracted with ethyl acetate (70 mL). 

The organic extract was dried over Na2SO4, then filtered and concentrated under 

reduced pressure. The residual oil was dried in vacuo at room temperature, to give 

Bu3Sn-substituted TTF (3.97 g) as a gold oil. 2-Iodo-SEM-protected imidazole 

(2.40 g, 7.40 mmol), Bu3Sn-substituted TTF (3.97 g), Pd(PPh3)4 (849 mg, 0.74 

mmol) and CuI (141 mg, 0.74 mmol) were placed in a 200-mL Schlenk tube and 

dissolved with DMF (75 mL). This mixture was stirred at 100 °C for 18 h. After 

being cooled to room temperature, the reaction mixture was poured into water 

(200 mL) and extracted with ethyl acetate (200 mL). The organic layer was 

washed with a satd NaCl aqueous solution (200 mL x 5) and dried over Na2SO4, 

then filtered and concentrated under reduced pressure. The residual oil was 

subjected to silica gel column chromatography with 10:1~3:1 mixture of hexane 

and ethyl acetate as eluant, followed by benzene~10:1 mixture of benzene and 

ethyl acetate as eluant, to give SEM-TTF-Im (1.00 g, 34%) as a black oil. TLC Rf 

0.36 (1:1 hexane/ethyl acetate); 1H NMR (270 MHz, CDCl3) δ = 0.00 (s, 9), 0.91 

(t, 2, J = 8.2 Hz), 3.49 (t, 2, J = 8.2 Hz), 5.24 (s, 2), 6.32 (s, 2), 6.68 (s, 1), 7.02 (d, 

1, J = 1.0 Hz), 7.54 ppm (d, 1, J = 1.0 Hz); IR (KBr): ν = 3069, 2951, 2892, 1081, 

836 cm–1; EI-MS (70 eV), m/z (%): 400 (100) [M+]; Elemental analysis calcd (%) 

for C15H20N2OSiS4: C, 44.96; H, 5.03; N, 6.99. Found: C, 44.56; H, 4.90; N, 6.97. 

 



 4 

 

4-[(2´´-Imidazolyl)-1´,3´-dithiol-2´-ylidene]-1,3-dithiole (TTF-Im).  

SEM-TTF-Im (1.00 g, 2.50 mmol) and tetrabutylammonium fluoride (75% in 

water, 8.75 g, 25.1 mmol) were placed in a 200-mL round-bottomed flask and 

dissolved in THF (50 mL). This mixture was stirred at 50 °C for 8 h. After being 

cooled to room temperature, the reaction mixture was concentrated under reduced 

pressure. The residual oil was subjected to silica gel column chromatography with 

ethyl acetate as eluant. The resulting mixture was washed with ethyl acetate (15 

mL), to give TTF-Im (522 mg, 77%) as a reddish orange powder. m.p. 

206–208 °C; TLC Rf 0.25 (ethyl acetate); 1H NMR (270 MHz, DMSO-d6, 80 °C) δ 

= 6.67 (s, 2), 6.77 (s, 1), 7.28 (d, 1, J = 1.0 Hz), 7.62 ppm (d, 1, J = 1.0 Hz); IR 

(KBr): ν = 3200–2700, 648 cm–1; EI-MS (70 eV), m/z (%): 270 (100) [M+]; 

Elemental analysis calcd (%) for C9H6N2S4: C, 39.97; H, 2.24; N, 10.26. Found: C, 

39.99; H, 2.24; N, 10.27. 

 

Chloranil complex of 

4-[(2´´-Imidazolyl)-1´,3´-dithiol-2´-ylidene]-1,3-dithiole {TTF-Im–CHL}. 

TTF-Im (5.4 mg, 0.02 mmol) and CHL (5.0 mg, 0.02 mmol) were placed at the 

bottom of each side of an H-shaped tube. Diffusion of them in 10 mL of MeCN 

containing 2% of EtOH at room temperature for 1 week afforded black needle-like 

crystals suitable for X-ray analysis and electrical conductivity measurement. m.p. 

205–210 °C (dec); IR (KBr): ν = 3200–2700, 1532 cm–1; UV/Vis (KBr): λmax = 

290, 386, 700, 834 nm; Elemental analysis calcd (%) for (C9H6N2S4)2(C6O2Cl4): C 

36.64, H 1.54, N 7.12. Found: C 36.77, H 1.57, N 7.22. 

*1 S. Knapp, J. Albaneze, H. J. Schugar, J. Org. Chem. 1993, 58, 997. 
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Figure S1. Cyclic voltammograms for TTF-Im (solid line) and TTF (dashed line) 

in a DMF solution (5 x 10–3 M) containing Et4NClO4 (0.1 M) as supporting 

electrolyte at room temperature versus a Ag/Ag+ reference electrode at sweep rate 

of 100 mV/s. The final results were calibrated with the ferrocene/ferrocenium 

couple. 
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Figure S2. a) Infrared and b) electronic spectra of TTF-Im–CHL measured by KBr 

pellet at room temperature. 
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Figure S3. Ortep view of TTF-Im. 
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Figure S4. Overlap mode in a π-stacking column of TTF-Im. 
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Figure S5. Ortep view of TTF-Im–CHL 
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Figure S6. Overlap modes of a) TTF-Im and b) CHL in TTF-Im–CHL complex. 

 

 


