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Synthesis, Solid State Structure and Polymerisation of a Fully Planar Cyclopentadithiophene

P. Coppo, H. Adams, D.C. Cupertino, S.G. Yeates and M.L. Turner

Supplementary Characterisation Data for 3a/3b:
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3a
3b
1H NMR in CDCl3 of 3a:  7.26 (d, J 5 Hz, H1, 1H), 7.12 (d, J 5 Hz, H2, 1H), 7.11 (d, J 5 Hz, H4, 1H), 7.07(d, J 5 Hz, H3, 1H), 6.42 (t, J 8 Hz, H5, 1H), 2.67 (q, J 8 Hz, H6, 2H), 1.61 (m, H7, 2H), 1.4-1.2 (m, H8-15, 16H), 0.87 (t, J 7 Hz, H16, 3H)

1H NMR in CDCl3 of 3b:  7.25 (s, H1, 1H), 7.11 (s, H2, 1H), 6.39 (t, J 8 Hz, H3, 1H), 2.61 (q, J 7 Hz, H4, 2H), 1.56 (m, H5, 2H), 1.4-1.2 (m, H6-13, 16H), 0.87 (t, J 7 Hz, H14, 3H)
Supplementary Characterisation Data for 4a/4b:
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4a/b

1H NMR in CDCl3 of 4a:  7.0 (br,s, H1,2, 2H), 5.0 (br,s, H3, 1H), 2.3 (br,s, H4, 2H), 1.9-0.8 (br,m, H5-14, 21H)

1H NMR in CDCl3 of 4b:  7.1 (br,m, H1,2, 2H), 6.4 (br,m, H3, 1H), 2.65 (br,s, H4, 2H), 1.7-1.0 (br,m, H5-13, 18H), 0.87 (br,m, H14, 3H).

Cyclic Voltammetry Studies
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Cyclic voltammetry (0-1.5V vs Ag/Ag+) of polymer 4b recorded in dichloromethane solution. Reversible oxidations at 0.71 V (0.62 V in reverse scan) and 1.10 V (1.00 V in reverse scan). No reduction detectable in negative voltage scan up to -1.5 V. Conditions: Distilled dry DCM, platinum electrode, Ag/Ag+ reference-electrode, Bu4NPF6 (0.1 M) as supporting electrolyte under nitrogen, scan conducted at 100 mV/s.
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Cyclic voltammetry (0-1.5V vs Ag/Ag+) of monomer 3a in dichloromethane solution. One oxidation peak (irreversible) for polymerisation at 1.14 V. No reduction detectable up to -1.8 V. Conditions: Distilled dry DCM, platinum electrode, Ag/Ag+ reference-electrode, Bu4NPF6 (0.1 M) as supporting electrolyte under nitrogen, scan recorded at 100 mV/s.
Regiochemistry of polymer 4b

The regioregularity of polymer 4b could not be estimated directly from 1HNMR spectra, due to the presence of several overlapping signals in the aromatic region, associated with the presence of different oligomers. A quenching experiment was carried out on the bromozincio-intermediate, obtained by reacting the dibromoderivative with one molar equivalent of Rieke zinc. Quenching with 0.5 M HCl, resulted in reduction of the organometallic to the mono-bromo derivative. The ratio of the two possible isomers was found to be 3 : 2 indicating poor selectivity of the Zinc reagent. The polymer (4b) prepared via Negishi cross-coupling is therefore assumed to be “regiorandom”.
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The ratio of the two isomers was determined from the  1H NMR spectrum of the reaction mixture, dissolved in d6-acetone, assigning the signal at 6.59 ppm (t, J = 8 Hz) to the olefinic proton of compound 1 (by comparison with the unbrominated monomer) and the signal at 6.70 ppm (t, J = 8 Hz) to the olefinic proton of compound 2 (by comparison with the dibrominated monomer). 

Table of Bond Lengths [Å] and Bond Angles [°] for Compound 3a.

	Bond Length

[Å]
	Bond Angles

[°]

	S(1)-C(6) 
	1.722(3)
	C(6)-S(1)-C(7)
	90.29(16)

	S(1)-C(7) 
	1.741(4)
	C(5)-S(2)-C(4)
	90.08(16)

	S(2)-C(5) 
	1.726(3)
	C(10)-C(1)-C(9)
	127.1(3)

	S(2)-C(4) 
	1.744(4)
	C(10)-C(1)-C(2)
	128.7(3)

	C(1)-C(10) 
	1.347(4)
	C(9)-C(1)-C(2)
	104.2(3)

	C(1)-C(9) 
	1.487(4)
	C(5)-C(2)-C(3)
	111.3(3)

	C(1)-C(2) 
	1.492(4)
	C(5)-C(2)-C(1)
	109.5(3)

	C(2)-C(5) 
	1.391(4)
	C(3)-C(2)-C(1)
	139.3(3)

	C(2)-C(3) 
	1.427(4)
	C(4)-C(3)-C(2)
	112.5(3)

	C(3)-C(4) 
	1.368(5)
	C(3)-C(4)-S(2)
	112.9(3)

	C(5)-C(6) 
	1.468(4)
	C(2)-C(5)-C(6)
	107.8(3)

	C(6)-C(9) 
	1.380(4)
	C(2)-C(5)-S(2)
	113.2(2)

	C(7)-C(8) 
	1.372(5)
	C(6)-C(5)-S(2)
	138.9(3)

	C(8)-C(9) 
	1.428(4)
	C(9)-C(6)-C(5)
	109.3(3)

	C(10)-C(11) 
	1.513(4)
	C(9)-C(6)-S(1)
	112.3(2)

	C(11)-C(12) 
	1.530(4)
	C(5)-C(6)-S(1)
	138.4(3)

	C(12)-C(13) 
	1.525(4)
	C(8)-C(7)-S(1)
	113.6(3)

	C(13)-C(14) 
	1.546(4)
	C(7)-C(8)-C(9)
	110.6(3)

	C(14)-C(15) 
	1.523(4)
	C(6)-C(9)-C(8)
	113.3(3)

	C(15)-C(16) 
	1.535(4)
	C(6)-C(9)-C(1)
	109.2(3)

	C(16)-C(17) 
	1.531(4)
	C(8)-C(9)-C(1)
	137.6(3)

	C(17)-C(18) 
	1.532(4)
	C(1)-C(10)-C(11)
	124.8(3)

	C(18)-C(19) 
	1.530(4)
	C(10)-C(11)-C(12)
	114.1(3)

	C(19)-C(20) 
	1.533(5)
	C(13)-C(12)-C(11)
	112.8(3)

	C(20)-C(21) 
	1.526(4)
	C(12)-C(13)-C(14)
	113.7(3)

	
	
	C(15)-C(14)-C(13)
	113.6(3)

	
	
	C(14)-C(15)-C(16)
	113.6(3)

	
	
	C(17)-C(16)-C(15)
	114.0(3)

	
	
	C(16)-C(17)-C(18)
	113.5(3)

	
	
	C(19)-C(18)-C(17)
	114.4(3)

	
	
	C(18)-C(19)-C(20)
	113.3(3)

	
	
	C(21)-C(20)-C(19)
	113.7(3)
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