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Scheme 1. Schematic diagram for the synthesis of TPA donor moieties.
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Scheme 2. Schematic diagram for the synthesis of a BTZ acceptor moiety.
1. Experimental Section
  1.1. Reagents
Diphenylamine, 1-bromo-4-iodobenzene, sodium tert-butoxide, palladium acetate(II), 1,1-bis(diphenylphosphino)ferrocene, dichlorobis(triphenylphosphine) palladium(II), n-butyllithium (1.6 M in hexane), trimethyl borate, triphenylphosphine, triphenylamine, phosphorus oxycloride, copper iodide, 1,2- phenylenediamine, n-bromosuccinimide, tributyltin chloride, 2-bromothiophene, hydrobromic acid, ethylnyltrimethylsilane, cyanoacetic acid, piperidine, and 18-crown-6 were used as received from Sigma-Aldrich and used without further purification. Thionyl chloride was purchased from Fluka, Inc. Tetrakis(triphenylphosphine)palladium(0) was purchased from TCI Co. Triethylamine, bromine were purchased from Junsei Inc.  Tetrahydrofuran (THF) was freshly distilled from sodium-benzophenone under a nitrogen atmosphere. Diethyl ether (CH3CH2OCH2CH3) was freshly distilled from CaH2 (Sigma-Aldrich, coarse granules, ~20mm, 95%) under a nitrogen atmosphere.
1.2 Synthesis
N,N-diphenyl-N-(4-bromophenyl)-amine (1)

 A mixture of diphenylamine (5g, 29.55mmol), Pd(OAc)2 (199mg, 0.89 mmol), dppf (491mg, 0.89mmol), 1-bromo-4-iodobenzene (8.36g, 29.55), and sodium tert-butoxide (4.26g, 44.32mmol) in dry toluene was placed in a three-necked flask under a nitrogen atmosphere and was stirred at 90°C for 15h. After cooling, the reaction was quenched by adding water and then was extracted with methylene chloride. The organic layer was dried over anhydrous MgSO4 and evaporated under vacuum. The product was purified by silica gel column chromatograph (hexane : dichloromethane = 1 : 7). White solid of 1 was obtained in 60% yield (5.8g, 17.89mmol). 1H-NMR (300 MHz; CDCl3): δ = 7.34-7.33 (m, 2H), 7.30-7.23 (m, 4H), 7.23-6.96 (m, 6H), 6.95-6.92 (m, 2H). 

4-(N,N-diphenylamino)-1-phenylboronic acid (2)

 The synthetic procedure for compound 2 was followed using 4-N,N-diphenylamino-1-bromobenzen(1, 1g, 3.08mmol), 1.6M n-butyl lithium (2.22 ml, 3.55mmol) and trimethyl borate (1.57ml, 9.25mmol). The product was purified by silica gel column chromatograph (hexane : EtOAc= 1 : 1). White solid of 2 was obtained in 48% yield (0.43g, 1.49mmol). 1H-NMR (300 MHz; DMSOd) δ = 8.02 (d, 2H), 7.31-7.25 (m, 4H), 7.17 (d, 4H), 7.11-7.08 (m. 4H). 

4-(Diphenylamino)benzaldehyde (3)

 POCl3 (4.47ml, 48.67mmol) was added dropwise to 8.5ml DMF with stirring under absolutely dry condition, and the temperature was kept below 10°C. After adding a mixture of (5.97g, 24.34mmol) triphenylamine and 2ml DMF to the reaction vessel at the temperature, the reaction mixture was maintained at 35°C for 24h. Subsequently, the reaction solution was poured into ice water and the precipitated mixture was filtered and washed with water. The product was purified by silica gel column chromatograph (dichloromethane). Yellow solid of 3 was obtained in 83% yield(5.55g, 20.3mmol). 1H-NMR (300 MHz; CDCl3): δ = 9.81 (s, 1H), 7.69-7.66 (d, 2H), 7.34-7.31 (t, 4H), 7.26-7.19 (d. 2H), 7.18-7.15(d, 2H), 7.03-7.00(d, 2H)

N,N-diphenyl-4-vinylbenzenamine (4)

 4-(N,N-diphenylamino)benzaldehyde 3 (5.46g, 20mmol) and methyltriphenylphosphonium bromide (8.57g, 24mmol) were dissolved in 100mL of dry THF. t-BuOK (3.36g, 30mmol) in 30mL of dry THF was added dropwise slowly to the resulting solution at 0°C, then the reaction mixture was warmed to room temperature and stirred under N2 for 12h. The reaction mixture was poured into water and extracted with CH2Cl2 (3x60mL). The combined organic extract was washed with brine, dried (Mg2SO4), and concentrated to dryness under vacuum. The product was purified by silica gel column chromatograph (petroleum ether : CH2Cl2=4:1). White solid of 4 was obtained in 76% yield (4.12g, 15.18mmol) 1H NMR (300MHz,CDCl3) δ = 7.28 (d, 2H), 7.23-7.26 (m, 4H), 7.09 (d, 4H), 6.98-7.03 (m, 4H), 6.63-6.69 (m, 1H), 6.63 (d, 1H), 5.15 (d, 1H)

N,N-diphenyl-4-((trimethylsilyl)ethynyl)benzenamine (5)

 To a solution of 1 (3.0g, 9.25mmol), PdCl2(PPh3)2 (390mg, 560μmol ) and PPh3 (24mg, 90μmol) in triethylamine (80ml) was added trimethylsilyacetylene (1.79ml, 12.95 mmol) and CuI (53mg, 28μmol), and the reaction mixture was refluxed overnight. After removal of the solvent, the residue was dissolved in benzene and passed through a short silica gel column. The solvent was evaporated, and the product was purified by silica gel column chromatograph (hexane : benzene = 1 : 5). Solid of 5 was obtained in 38% yield (1.2g, 3.51mmol). 1H-NMR (300 MHz; CDCl3): δ = 7.34-7.24 (m, 6H), 7.11-7.06 (m, 6H), 6.98-6.95 (d, 2H), 0.26 (s, 9H)

4-Ethynylphenyl)diphenylamine (6) 

 The crude product was placed in a round-bottom flask and dissolved in dichloromethane (6ml). The flask was cooled to 0°C, and a 1M tetrabutylammonium fluoride solution in THF (1.5ml, 1.5mmol) was added via syringe. The reaction mixture was stirred for 2h at 0°C and successively absorbed onto silica. The product was purified by silica gel column chromatograph (pentane : dichloromethane = 93 : 7). Solid of 6 was obtained in 96% yield(259mg, 9.61mmol) 1H-NMR (300 MHz; CDCl3): δ = 7.34-7.25 (m, 6H), 7.11-7.06 (m, 6H), 6.98-6.95 (d, 2H), 3.02 (s, 1H) 

2-(Tri-n-butylstannyl)thiphene (7)

A solution of n-BuLi in hexanes (2.5mL, 6.14mmol, 2.5M) was dropped into a stirred solution of 2-bromothiophene (3.07mmol) in dry ether at 0°C under an argon atmosphere. After 1h the mixture was cooled to -78°C and a solution of tributyltin chloride (1g/0.83mL, 3.07mmol) in dry ether was slowly added and the mixture was stirred overnight. The mixture was then added to water (50mL). The aqueous layer was extracted with ether (3 x 30mL). The combined organic layers were dried with magnesium sulfate, and the solvent was removed in vacuo to give the product 7 as a pale brown oil in quantitative yield. 1H-NMR (300 MHz; CDCl3): δ = 7.66 (dd, 1H), 7.29-7.25 (m, 1H), 7.20 (dd, 1H), 1.15-1.10 (m, 12H), 1.00-0.80 (m, 15H) 

2,1,3-Benzothiadiazole (8)

To a 1L flask were added commercial o-phenylenediamine (10.0g, 92.5 mmol), CH2Cl2 (300mL), and triethylamine (37.4g, 370mmol). The solution was stirred until total dissolution of diamine was observed. Thionyl chloride (184.9mmol, 2equiv.) was added dropwise very slowly, and the mixture was heated at reflux for 5h. The solvent was removed under reduced pressure, and water (700ml) was added. Concentrated HCl was added to achieve a final pH 1. Water was added to the reaction mixture, and the desired compound was purified by silica gel column chromatography (ether : hexane = 1 : 9). Solid of 8 was obtained in 93% yield(11.7g, 85.92mmol). 1H-NMR (300 MHz; CDCl3): δ = 8.03-8.00 (dd, 2H), 7.61-7.58 (dd, 2H)

4,7-Dibromobenzothiadiazole (9)

To a 500mL two-necked round-bottomed flask were added benzothiadiazole 8 (10.0g, 73.4mmol) and HBr (150mL, 48%). A solution containing Br2 (35.2g, 220.3mmol) in HBr (100mL) was added dropwise very slowly. After the total addition of Br2. the solution was heated at 130°C for 6h. Precipitation of a dark orange solid was obtained. The mixture was cooled to room temperature, and a sufficient amount of a saturated solution of NaHSO3 was added to completely consume any excess Br2. The mixture was filtered under vacuum and washed exhaustively with water. The solid was then washed once with cold Et2O and dried under vacuum for ca. 20h to afford dibrominated product 9 in 95% yield (20.5g, 69.8mmol). 1H-NMR (300 MHz; CDCl3): δ = 7.73 (s, 2H)

4,7-Di-thiophen-2-yl-benzo[1,2,5]thiadiazole (10)

To a stirred solution of 4,7-dibromo-2,1,3-benzothiadiazole 9 (2 g, 6.8 mmol) and tributyl(2-thienyl)stannane 7 (5.2 mL, 16.4 mmol) in dry THF (50 mL) was added PdCl2(PPh3)2 (97mg, 2mol%). The mixture was refluxed under a nitrogen atmosphere for 3 h. After removal of the solvent under reduced pressure, the residue was purified by column chromatography on silica gel (dichloromethane : hexane= 1 : 4 ). Recrystallization from ethanol gave solid of 10 as obtained in 88% yield(1.8g, 6mmol). 1H-NMR (300 MHz; CDCl3): δ = 8.13 (d, 2H), 7.88 (s, 2H), 7.45 (d, 2H), 7.23 (dd, 2H)
4-(5-Bromothiophen-2-yl)-7-(thiophen-2-yl)benzo[1,2,5]thiadiazole (11)

A solution of 4,7-di-2-thienyl-2,1,3-benzothiadiazole 10 (350 mg, 1.17 mmol) in acetic acid (50 mL) and CH2Cl2 (50 mL) was stirred at room temperature. Then NBS (229 mg, 1.28 mmol) was added in small portions over 30 min. The solution was stirred overnight. The mixture was poured into water (100 mL) and the separated organic layer was dried over magnesium sulfate, and the solvent was evaporated. The crude product was separated by flash column chromatography on silica gel (dichloromethane : hexane = 1 : 4). Solid of 11 as obtained in 70% yield(0.31mg, 0.8mmol). 1H NMR (CDCl3, 300 MHz, ppm): δ 8.12-8.13 (d, 1H,), 7.88-7.86 (d, 1H), 7.81-7.79 (m, 2H), 7.48-7.46 (d, 1H), 7.23-7.21 (d, 1H), 7.16-7.15 (d, 1H).

5-(7-(5-Bromothiophen-2-yl)benzo[c][1,2,5]thiadiazol-4-yl)thiophene-2-carbaldehyde (12)
To a solution of 11 (2 g, 5.27 mmol) in 150 mL 1,2-dichloroethane was added dropwise anhydrous DMF (1.93 g, 26.36 mmol) and anhydrous POCl3 (4.04 g, 26.36 mmol) under a nitrogen atmosphere. The mixture was refluxed for 5 h under a  nitrogen atmosphere. After cooling to room temperature, 1 M sodium acetate was added and the mixture was stirred vigorously for 1 h. The solution was extracted with dichloromethane, and the combined organic extract was washed with brine. The solid was then washed once with methylene chloride and dried under vacuum for ca. 20h to afford a brominated product 12 in 55% yield (1.2g, 2.94mmol). 1H-NMR (300 MHz; CDCl3): δ = 9.97 (s, 1H), 8.21-8.18 (d, 2H), 8.01-7.99 (d, 1H), 7.93-7.90 (d, 1H), 7.85-7.84 (d, 1H), 7.51-7.50 (d, 1H). MS-EI: m/z 407 (M+).
4-(5-Iodothiophen-2-yl)-7-(thiophen-2-yl)benzo[1,2,5]thiadiazole (13)

A solution of 4,7-di-2-thienyl-2,1,3-benzothiadiazole 10 (350 mg, 1.17 mmol) in acetic acid (50 mL) and CH2Cl2 (50 mL) was stirred at room temperature. Then iodosuccinimide (290 mg, 1.28 mmol) was added in small portions over 30 min. The solution was stirred overnight. The mixture was poured into water (100 mL) and the separated organic layer was dried over magnesium sulfate, and the solvent was evaporated. The crude product was separated by flash column chromatography on silica gel (dichloromethane : hexane = 1 : 4). Solid of 13 as obtained in 56% yield (0.25mg, 0.59mmol). 1H NMR (CDCl3, 300 MHz, ppm): δ 8.13-8.12 (dd, 1H,), 7.89-7.86 (d, 1H), 7.83-7.80 (d, 1H), 7.72-7.70 (d, 1H), 7.47-7.46 (dd, 1H,), 7.35-7.34 (dd, 1H), 7.22-7.20 (t, 1H).

5-(7-(5-iodothiophen-2-yl)benzo[c][1,2,5]thiadiazol-4-yl)thiophene-2-carbaldehyde (14)
To a solution of 13 (2 g, 5.27 mmol) in 150 mL 1,2-dichloroethane was added dropwise anhydrous DMF (1.93 g, 26.36 mmol) and anhydrous POCl3 (4.04 g, 26.36 mmol) under a nitrogen atmosphere. The mixture was refluxed for 5 h under a nitrogen atmosphere. After cooling to room temperature, 1 M sodium acetate was added and the mixture was stirred vigorously for 1 h. The solution was extracted with dichloromethane, and the combined organic extract was washed with brine. The solid was then washed once with dichloromethane and dried under vacuum for ca. 20h to afford an iodinated product 14 in 48% yield(1.02g, 2.2mmol). 1H-NMR (300 MHz; CDCl3): δ = 9.97 (s, 1H), 8.23-8.22 (d, 2H), 8.02-8.00 (d, 1H), 7.88-7.86 (d, 1H), 7.86-7.85 (d, 1H), 7.78-7.77 (d, 1H), 7.38-7.37 (d, 1H).
1-(2-ethylhexyloxy)-4-iodobenzene(16)
4-iodophenol(10g, 10 mmol) was dissolved in 200 ml of DMF, then K2CO3(9.42g 68.18 mmol) was added. The mixture was stirred in N2 atmosphere at 60C. After 30 minutes, 2-ethylhexylbromide (9.70ml, 54.54 mmol) was dissolved in 50 ml of DMF and added to the flask dropwise. The reaction was kept for 48 hours. K2CO3 was filtered out, and the solvent was evaporated, then the crude product was washed with water and dried with MgSO4. The pure white liquid product was obtained by silica column chromatography (eluent: hexane). (Yield: 77%). 1H NMR(300MHz in CDCl3): δ = 7.53 (d, 2H, ArH), 6.68 (d, 2H, ArH), 3.80(d, 2H, OCH2), 1.71 (m, 1H, CH), 1.29 1.46 (m, 8H, CH2),0.91 (m, 6H, CH3); 

4-bromo-N,N-bis(4-(2-ethylhexyloxy)phenyl)benzenamine(17)
4-bromoaniline(0.78g, 4.52mmol), 16(5g, 15.05mmol), cupper Chloride(I)(0.03g, 0.3mmol), 1,10-phenanthroline(0.05g, 0.3mmol), potassium hydroxide flakes (2.96g, 52.68mmol), was dissolved in dry toluene 100mL. The reaction mixture was rapidly heated over a period of 30 min to 125 °C and maintained at this temperature for 24 h. After cooling, the mixture was diluted with dichloromethane and washed with 1 N HCl and brine before being dried over MgSO4. The crude product was purified by column chromatography (silica gel, dichloromethane/petroleum ether = 1/10) to give product (2.1g, 80.1%) as colorless oil. 1H NMR (300 MHz, CDCl3): δ = 7.22 (d, 2H), 7.05 (d, 4H), 6.82 (m, 6H), 3.81 (d, 4H), 1.69 (m, 2H), 1.51−1.33 (m, 16H), 0.93 (t, 12H,). 

4-(2-ehylhexyloxy)N-(4-(2-ethylhexyloxy)-N-(4(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)benzenamine(18)
To a stirred solution of 17 (3.0g, 5.17mmol) in dry THF (100 mL) at -80°C was slowly added a 2.5 M solution of n-BuLi in hexane (6.2mmol). The mixture was allowed to react at this temperature for 1 h, then at room temperature for an additional hour. After cooling at -60 °C, 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2- dioxaborolane (2.32ml, 11.37mmol) was added by a syringe. The resulting mixture was allowed to warm to room temperature and stirred overnight before quenching with water. The product was extracted with ether (2x25 mL). The combined organic layers were dried over anhydrous sodium sulphate and the solvent was removed under reduced pressure to provide the title compound which was utilized with no further purification. Yield 96%. Dark violet oil, 1H NMR (300MHz in CDCl3): δ = 7.55(d, 2H), 7.03 (d, 4H), 6.85(m, 6H), 3.81(d, 4H), 1.70 (m, 2H), 1.49−1.32 (m, 28H), 0.93 (t, 12H,).
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Figure 2-1. MALDI-TOF spectrum of HKK-BTZ1.
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Figure 2-2. MALDI-TOF spectrum of HKK-BTZ2.
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Figure 2-3. MALDI-TOF spectrum of HKK-BTZ3.
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Figure 2-4. MALDI-TOF spectrum of HKK-BTZ4.
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Figure 2-5. UV-vis absorption spectrum for TiO2 film by dipping  in 0.3 mM HKK-BZT4 
in THF for 12 hrs . 
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