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Abstract

We report the first synthesis of a conjugated TTFAQ trimer as well as two TTFAQ-anthraquinone based donor-acceptor ensembles using Sonogashira and Horner-Wadsworth-Emmons reactions. Electronic absorption and electrochemical redox properties of these compounds are described.


Key words

extended-tetrathiafulvalene - donor-acceptor - cross-coupling - olefination, heterocycles







References and Notes

	
[bookmark: RS08307ST-1][bookmark: RS08307ST-1A]1a 
             
              TTF Chemistry: Fundamentals and Applications of Tetrathiafulvalene
              
             Yamada J.-i. 
             Sugimoto T. 
            Springer; 
            New York: 
            2004. 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-1][bookmark: RS08307ST-1B]1b 
             Bryce MR. 
            Chem. Soc. Rev. 
            1991, 
            20: 
            355 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-1][bookmark: RS08307ST-1C]1c 
             Bryce MR. 
             Moore AJ. 
            Pure Appl. Chem. 
            1990, 
            62: 
            473 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-1][bookmark: RS08307ST-1D]1d 
             Wudl F. 
            Acc. Chem. Res. 
            1984, 
            17: 
            227 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-2][bookmark: RS08307ST-2A]2a 
             Yamada J.-i. 
             Akutsu H. 
             Nishikawa H. 
             Kikuchi K. 
            Chem. Rev. 
            2004, 
            104: 
            5057 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-2][bookmark: RS08307ST-2B]2b 
             Segura JL. 
             Martín N. 
            Angew. Chem. Int. Ed. 
            2001, 
            40: 
            1372 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-2][bookmark: RS08307ST-2C]2c 
             Bryce MR. 
            J. Mater. Chem. 
            2000, 
            10: 
            589 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-2][bookmark: RS08307ST-2D]2d 
             Nielsen MB. 
             Lomholt C. 
             Becher J. 
            Chem. Soc. Rev. 
            2000, 
            29: 
            153 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-3][bookmark: RS08307ST-3A]3a 
             Christensen CA. 
             Batsanov AS. 
             Bryce MR. 
            J. Org. Chem. 
            2007, 
            72: 
            1301 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-3][bookmark: RS08307ST-3B]3b 
             Díaz MC. 
             Illescas BM. 
             Martín N. 
             Perepichka IF. 
             Bryce MR. 
             Levillain E. 
             Viruela R. 
             Ortí E. 
            Chem. Eur. J. 
            2006, 
            12: 
            2709 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-3][bookmark: RS08307ST-3C]3c 
             Christensen CA. 
             Batsanov AS. 
             Bryce MR. 
            J. Am. Chem. Soc. 
            2006, 
            128: 
            10484 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-3][bookmark: RS08307ST-3D]3d 
             Sandín P. 
             Martínez-Grau A. 
             Sánchez L. 
             Seoane C. 
             Pou-Amérigo R. 
             Ortí E. 
             Martín N. 
            Org. Lett. 
            2005, 
            7: 
            295 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-3][bookmark: RS08307ST-3E]3e 
             Díaz MC. 
             Illescas BM. 
             Martín N. 
             Viruela R. 
             Viruela PM. 
             Ortí E. 
             Brede O. 
             Zilbermann I. 
             Guldi DM. 
            Chem. Eur. J. 
            2004, 
            10: 
            2067 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-3][bookmark: RS08307ST-3F]3f 
             Díaz MC. 
             Illescas B. 
             Martín N. 
            Tetrahedron Lett. 
            2003, 
            44: 
            945 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-3][bookmark: RS08307ST-3G]3g 
             Moore AJ. 
             Bryce MR. 
            Tetrahedron Lett. 
            1992, 
            33: 
            1373 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-3][bookmark: RS08307ST-3H]3h 
             Bryce MR. 
             Moore AJ. 
             Hasan M. 
             Ashwell GJ. 
             Fraser AT. 
             Clegg W. 
             Hursthouse MB. 
             Karaulov AI. 
            Angew. Chem., Int. Ed. Engl. 
            1990, 
            29: 
            1450 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-3][bookmark: RS08307ST-3I]3i 
             Yamashita Y. 
             Kobayashi Y. 
             Miyashi T. 
            Angew. Chem., Int. Ed. Engl. 
            1989, 
            28: 
            1052 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-4][bookmark: RS08307ST-4A]4a 
             Gautier N. 
             Samuel R. 
             Şahin Y. 
             Levillain E. 
             Leroy-Lhez S. 
             Hudhomme P. 
            Org. Lett. 
            2004, 
            6: 
            1569 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RS08307ST-4][bookmark: RS08307ST-4B]4b 
             Kanibolotsky AL. 
             Kanibolotskaya L. 
             Gordeyev S. 
             Skabara PJ. 
             McCulloch I. 
             Berridge R. 
             Lohr JE. 
             Marchioni F. 
             Wudl F. 
            Org. Lett. 
            2007, 
            9: 
            1601 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RS08307ST-4][bookmark: RS08307ST-4C]4c 
             Li H. 
             Lambert C. 
            Chem. Eur. J. 
            2006, 
            12: 
            1144 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RS08307ST-4][bookmark: RS08307ST-4D]4d 
             Iyoda M. 
             Hasegawa M. 
             Miyake Y. 
            Chem. Rev. 
            2004, 
            104: 
            5085 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RS08307ST-4][bookmark: RS08307ST-4E]4e 
             Frère P. 
             Boubekeur K. 
             Jubault M. 
             Batail P. 
             Gorgues A. 
            Eur. J. Org. Chem. 
            2001, 
            3741 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RS08307ST-4][bookmark: RS08307ST-4F]4f 
             Carcel C. 
             Fabre J.-M. 
             de Bonneval BG. 
             Coulon C. 
            New J. Chem. 
            2000, 
            24: 
            919 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RS08307ST-4][bookmark: RS08307ST-4G]4g 
             Lau J. 
             Simonsen O. 
             Becher J. 
            Synthesis 
            1995, 
            521 
          






Article in Thieme ConnectGoogle Scholar





	[bookmark: RS08307ST-5]5 
             Bendikov M. 
             Wudl F. 
             Perepichka DF. 
            Chem. Rev. 
            2004, 
            104: 
            4891 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RS08307ST-6][bookmark: RS08307ST-6A]6a 
             Díaz MC. 
             Illescas BM. 
             Seoane C. 
             Martín N. 
            J. Org. Chem. 
            2004, 
            69: 
            4492 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-6][bookmark: RS08307ST-6B]6b 
             Otero M. 
             Herranz M.Á. 
             Seoane C. 
             Martín N. 
             Carín J. 
             Orduna J. 
             Alcalá R. 
             Villacampa B. 
            Tetrahedron 
            2002, 
            58: 
            7463 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-6][bookmark: RS08307ST-6C]6c 
             Perepichka DF. 
             Bryce MR. 
             McInnes EJL. 
             Zhao JP. 
            Org. Lett. 
            2001, 
            3: 
            1431 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-6][bookmark: RS08307ST-6D]6d 
             Marshallsay GJ. 
             Bryce MR. 
            J. Org. Chem. 
            1994, 
            59: 
            6847 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-7][bookmark: RS08307ST-7A]7a 
             Christensen CA. 
             Bryce MR. 
             Batsanov AS. 
             Becher J. 
            Org. Biomol. Chem. 
            2003, 
            1: 
            511 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-7][bookmark: RS08307ST-7B]7b 
             Martín N. 
             Pérez I. 
             Sánchez L. 
             Seoane C. 
            J. Org. Chem. 
            1997, 
            62: 
            870 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-7][bookmark: RS08307ST-7C]7c 
             Godbert N. 
             Bryce MR. 
            J. Mater. Chem. 
            2002, 
            12: 
            27 
          






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-8][bookmark: RS08307ST-8A]8a 
             Chen G. 
             Shao M. 
             Wang L. 
             Zhao Y. 
            Asian Chem. Lett. 
            2008, in press






CrossrefGoogle Scholar





	
[bookmark: RS08307ST-8][bookmark: RS08307ST-8B]8b 
             Chen G. 
             Zhao Y. 
            Tetrahedron Lett. 
            2006, 
            47: 
            5069 
          






CrossrefGoogle Scholar





	[bookmark: RS08307ST-9]9 
             Moore AJ. 
             Bryce MR. 
            Synthesis 
            1991, 
            26 
          






Article in Thieme ConnectGoogle Scholar





	[bookmark: RS08307ST-13]13 
             Atienza C. 
             Martín N. 
             Wielopolski M. 
             Haworth N. 
             Clark T. 
             Guldi DM. 
            Chem. Commun. 
            2006, 
            3202 
          






CrossrefGoogle Scholar





	[bookmark: RS08307ST-14]14 
             Neiland OYa. 
             Tilika VZ. 
             Supe AA. 
             Édzhinya AS. 
            Chem. Heterocycl. Compd. (Engl. Transl.) 
            1996, 
            1: 
            32 
          






Google Scholar





	[bookmark: RS08307ST-15]15 
             Bryce MR. 
             de Miguel P. 
             Devonport W. 
            Chem. Commun. 
            1998, 
            2565 
          






CrossrefGoogle Scholar






[bookmark: RS08307ST-10]10  
            
Synthesis of 13: To a 100 mL round-bottom flask were added 11b (0.50 g, 0.82 mmol), 8 (0.70 g, 2.1 mmol), anhyd THF (20 mL) and Et3N (10 mL). The mixture was subjected to rigorous degassing through three freeze-pump-thaw cycles. Under N2 protection, PdCl2(PPh3)2 (0.040g, 0.057 mmol) and CuI (0.020g, 0.11 mol) were added. The solution was stirred at r.t. overnight. The solvent was removed in vacuo, and the residue was dissolved in CH2Cl2, then washed with HCl (1 M) and brine. The organic layer was dried with MgSO4 and concentrated in vacuo, affording crude product of 13. The crude compound was purified by flash column chromatography over silica gel (CH2Cl2-hexanes, 2:1) to give pure 13 (0.42 g, 0.41 mmol, 50%) as a dark brown solid; mp >300 °C (dec.). 1H NMR (500 MHz, CDCl3): δ = 8.48 (s, 2 H), 8.36 (m, 6 H), 7.96 (d, J = 8.0 Hz, 2 H), 7.84 (m, 4 H), 7.75 (s, 2 H), 7.62 (d, J = 8.5 Hz, 2 H), 7.55 (d, J = 8.0 Hz, 2 H), 2.442 (s, 6 H), 2.435 (s, 6 H). 13C NMR (125 MHz, CDCl3): δ = 182.8, 182.6, 136.8, 135.4, 134.9, 134.5, 134.4, 134.3, 133.8, 133.7, 133.6, 132.6, 130.5, 130.2, 129.7, 128.6, 127.6, 127.54, 127.50, 126.9, 126.1, 125.8, 122.1, 120.4, 94.5, 89.1, 19.5, 19.3. MALDI-TOF MS: m/z [M + H]+ calcd for C56H33O4S8: 1025.01; found: 1025.37. IR (neat): 3065, 2919, 2850, 2205, 1723, 1674, 1591 cm-1.
[bookmark: RS08307ST-11]11  
            
Synthesis of 14: To a 50 mL round-bottom flask were added anhyd THF (10 mL), 10 (0.076 g, 0.25 mmol), and n-BuLi (1.38 M in hexane, 0.18 mL, 0.25 mmol) at -78 °C, and the solution was stirred for 30 min. Compound 13 (0.050 g, 0.049 mmol) was then added slowly at -78 °C. The solution was allowed to warm up to r.t. and then stirred overnight. The solvent was removed in vacuo, and the residue was dissolved in CH2Cl2, then washed with HCl (1 M) and sat. brine. The organic layer was dried with MgSO4 and concentrated in vacuo, affording crude product of 14. The crude compound was purified by flash column chromatography over silica gel (CHCl3) to give pure 14 (0.076 g, 0.044 mmol, 90%) as an orange solid; mp >300 °C (dec). 1H NMR (500 MHz, CDCl3): δ = 7.73 (s, 4 H), 7.57 (m, 8 H), 7.51 (m, 4 H), 7.33 (m, 4 H), 2.44 (m, 36 H). Meaningful 13C NMR spectrum could not be obtained due to low solubility. MALDI-TOF MS: m/z [M + H]+ calcd for C76H57S24: 1736.77; found: 1736.56. IR (neat): 3052, 2917, 2849, 1670, 1528, 1493 cm-1.
[bookmark: RS08307ST-12]12  
            
Synthesis of 15: To a 100 mL round-bottom flask were added 12b (0.078 g, 0.13 mmol), 5 (0.015 g, 0.033 mmol), THF (15 mL), and Et3N (15 mL). The mixture was subjected to rigorous degassing through three freeze-pump-thaw cycles. Under N2 protection, Pd(PPh3)4 (0.040 g, 0.035 mmol) and CuI (0.020 g, 0.11 mol) were added. The solution was stirred at r.t. overnight. The solvent was removed in vacuo, and the residue was dissolved in CH2Cl2, then washed with HCl (1 M) and sat. brine. The organic layer was dried with MgSO4 and concentrated in vacuo, affording crude product of 15. The crude compound was purified by flash column chromatography over silica gel (CH2Cl2-hexanes, 1:1) to give pure 15 (0.035 g, 0.025 mmol, 76%) as a dark brown solid; mp >250 °C (dec). 1H NMR (500 MHz, CDCl3): δ = 8.48 (s, 2 H), 8.34 (d, J = 8.0 Hz, 2 H), 7.96 (d, J = 8.0 Hz, 2 H), 7.74 (s, 2 H), 7.59 (m, 6 H), 7.52 (d, J = 8.0 Hz, 2 H), 7.34 (m, 4 H), 2.43 (s, 6 H), 2.42 (s, 6 H), 2.412 (s, 6 H), 2.406 (s, 6 H). Meaningful 13C NMR spectrum could not be obtained due to low solubility. MALDI-TOF MS: m/z [M + H]+ calcd for C66H45O2S16: 1380.90; found: 1382.63. IR (neat): 3059, 2918, 2850, 2206, 1724, 1674, 1591 cm-1.
[bookmark: RS08307ST-16]16  The exact origins of the irreversible peaks are not clear and await further investigations. At this juncture, they are tentatively attributed to complex electrode reactions subsequent to the oxidation of 14.
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