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Scheme S1. Synthesis route of intermediates and target compounds. 
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General. Nuclear magnetic resonance spectra were taken on a 300 MHz spectrometer. 

Chemical shifts are reported relative to internal tetramethylsilane. Molecular mass 

was measured with MALDI-TOF mass spectrometer or Gas Chromatography-Mass 

spectrometer. The purity of the compounds was characterized with High Performance 

Liquid Chromatography (HPLC). 

Materials. All chemical reagents and solvents were used as received from 
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commercial sources without further purification except ethyl ether, tetrahydrofuran 

(THF) and toluene that had been distilled over sodium/benzophenone. 

2,7-Dibromo-9,9-dioctylfluorene and 2,7-diodo-9,9-dioctylfluorene[1]; thienyl 

magnesium bromide[2]; 2-Tributylstannylthiophene, 5-tributylstannyl-2,2’-bithiophene, 

5,5’-bis(tributylstannyl)-2,2’-bithiophene and 4-tributylstannylbiphenyl[3]; 

4-phenylbenzaldehyde [4], 4-phenylstyrene [5] and 2,7’’-dibromo-[9,9,9’,9’,9’’,9’’- 

hexahexyl] –7,2’;7’,2’’-terfluorene (10) [6] were synthesized according to the reported 

methods. 1H NMR spectra of these compounds are identical to those reported in the 

references. 

 

7’-Bromo-9’,9’-dioctyl-fluoren-2’-yl-4,4,5,5,-tetramethyl-[1,3,2]dioxaborolane 

(1a) 

Into a solution of 2,7-dibromo-9,9-dioctylfluorene (7.27 g, 13.3 mmol) in anhydrous 

THF (130 ml) was added n-BuLi (2.86 M in hexane, 4.80 ml, 13.3 mmol) at –78 oC. 

The reaction mixture was stirred for 1 h before triisopropyl borate (2.51 g, 3.10 mL, 

13.3 mmol) was added in one portion. The mixture was warmed to room temperature, 

stirred over night and then quenched with aqueous HCl (2.0 M, 40 mL) before adding 

a large amount of water for extraction with ethyl ether. The organic extracts were 

washed with brine and dried over MgSO4. Upon evaporating off the solvent, the crude 

product of 7-bromo-9,9-dioctyl-fluoren-2-yl-boronic acid was obtained.  The crude 

product was refluxed with Pinacol (1.80 g, 14.6 mmol) in anhydrous THF (100 mL) 

overnight. The mixture was cooled to room temperature, extracted with ethyl ether, 
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washed with water and dried over MgSO4. Upon evaporating off the solvent, the 

residue was purified with column chromatography on silica gel with petroleum ether: 

ethyl acetate (8:1) as the eluent to afford 1a (5.94 g, 75%) as a light-yellow oil.  1H 

NMR (300 MHz, CDCl3): δ(ppm) 7.81 (d, J=7.14 Hz, 1H), 7.72 (s, 1H), 7.66 (d, 

J=7.68 Hz, 1H), 7.58 (dd, J=6.97 Hz, J=1.92 Hz, 1H), 7.44-7.46 (m, 2H), 1.94-1.97 

(m, 4H), 1.39 (s, 12H), 1.03-1.27 (m, 20H), 0.80-0.88 (m, 6H), 0.48-0.63 (m, 4H). 13C 

NMR (75 MHz, CDCl3): δ(ppm) 154.0, 150.0, 143.4, 140.4, 134.3, 130.3, 129.3, 

126.6, 121.9, 119.4, 84.2, 77.5, 55.9, 40.5, 32.2, 30.3, 29.6, 25.3, 24.0, 23.0, 14.4. 

Anal. Calcd. for C35H52BBrO2: C, 70.59; H, 8.80. Found: C, 70.85; H, 8.48. 

Molecular Mass: Calcd for C35H52BBrO2: 596. Found: 596. (GC-MS: 98.89%). 

 

7’-Iodo-9’,9’-dioctyl-fluoren-2’-yl-4,4,5,5,-tetramethyl-[1,3,2]dioxaborolane (1b) 

The procedure for the synthesis of 7’-bromo-9’,9’-dioctyl-fluoren-2’-yl-4,4,5,5,- 

tetramethyl-[1,3,2]dioxaborolane (1a) was followed to prepare 1b as a light-yellow oil 

in a 54% yield.  1H NMR (300 MHz, CDCl3): δ(ppm) 7.80 (d, J=7.62 Hz, 1H), 

7.72 (s, 1H), 7.64-7.67 (m, 3H), 7.46 (d, J=8.46 Hz, 1H), 1.91-1.97 (m, 4H), 1.39 (s, 

12H), 1.03-1.22 (m, 20H), 0.80-0.85 (m, 6H), 0.46-0.66 (m, 4H). Anal. Calcd. For 

C35H52BIO2: C, 65.43; H, 8.16. Found: C, 65.65; H, 7.96. Molecular Mass: Calcd for 

C35H52BIO2: 642. Found: 642. (GC-MS: 96.91%). 

 

2,7-Bis (2,2’-bithien-5-yl)-9,9-dioctylfluorene 

A solution of 2,7-dibromo-9,9-bis(n-octyl)-fluorene (2.70 g, 5.00 mmol), 
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5-tributylstannyl-2,2’-bithiophene (4.60 g, 10.0 mmol), and Pd(PPh3)4 (230 mg, 0.200 

mmol) in 100 mL of anhydrous DMF and Toluene (1:1) was stirred for 24 h at 85 oC. 

The mixture was cooled to room temperature then poured into a large amount of water 

for extraction with methylene chloride. The organic extracts were washed with KF 

aqueous solution and brine before dried over MgSO4. Upon evaporating off the 

solvent, the residue was purified with column chromatography on silica gel with 

petroleum/methylene chloride (10:1) as the eluent to afford 2,7-bis 

(2,2’-bithien-5-yl)-9,9-dioctylfluorene (2.60 g, 72%) as a yellow solid. 1H NMR (300 

MHz, CDCl3): δ (ppm) 7.70 (d, J=3.96 Hz, 2H), 7.55-7.62 (m, 4H), 7.30 (d, J=1.88 

Hz, 2H), 7.23-7.25 (m, 4H), 7.19 (d, J=1.89 Hz, 2H), 7.04-7.07 (m, 2H), 2.00-2.05 (m, 

4H), 1.08-1.17 (m, 20H), 0.77-0.81 (m, 6H), 0.70 (m, 4H). Anal. Calcd. For C45H50S4: 

C, 75.16; H, 7.01. Found: C, 75.30; H, 7.04. 

 

2,7-Bis (5-tributylstannyl -2,2’-bithien-5’-yl)-9,9-dioctylfluorene (8) 

Into a solution of 2,7-bis (2,2’-bithien-5-yl)-9,9-dioctylfluorene (1.00 g, 1.40 mmol) 

in anhydrous THF (28 mL) was added n-BuLi (2.50 M in hexane, 1.20 mL, 3.00 

mmol) at -78 oC. The reaction mixture was stirred for 1 h before tributyltin chloride 

(1.10 g, 0.90 mL, 3.30 mmol) was added in one portion. The mixture was warmed to 

room temperature, stirred over night and then poured into a large amount of water for 

extraction with methylene chloride. The organic extracts were washed with Na2CO3 

aqueous solution and brine before dried over MgSO4. Upon evaporating off the 

solvent, the crude product of 8 was obtained for next step without further purification. 
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1H NMR (300 MHz, CDCl3): δ(ppm) 7.68 (d, J=3.96 Hz, 2H), 7.60 (dd, J=3.96 Hz, 

J=0.72 Hz, 2H), 7.55 (d, J=0.71 Hz, 2H), 7.35 (d, J=1.67 Hz, 2H), 7.30 (d, J=1.91 Hz, 

2H), 7.18 (d, J=1.86 Hz, 2H), 7.10 (d, J=1.67 Hz, 2H), 2.00-2.02 (m, 4H), 1.57-1.61 

(m, 6H), 1.33-1.41 (m, 6H), 1.07-1.17 (m, 26H), 0.80-0.95(m, 15H), 0.70 (m, 4H). 

  

7’-(Thien-2-yl)-9’,9’-dioctyl-fluoren-2’-yl-4,4,5,5,-tetramethyl-[1,3,2]dioxaborola

ne (2)  

A. From 1a by Stille reaction 

In absence of light, a solution of 2-tributylstannyl thiophene (1.45 g, 3.90 mmol), 1a 

(2.32 g, 3.90 mmol), and Pd(PPh3)4 (135 mg, 0.120 mmol) in 80 mL of anhydrous 

DMF and Toluene (1:1) was stirred for 24 h at 85 oC. The mixture was cooled to room 

temperature then poured into a large amount of water for extraction with methylene 

chloride. The organic extracts were washed with brine before dried over Na2SO4. 

Upon evaporating off the solvent, the residue was purified with column 

chromatography on silica gel with petroleum ether:ethyl acetate (16:1) as the eluent to 

afford 2 (1.80 g, 77%) as a light yellow oil.  1H NMR (300 MHz, CDCl3): δ(ppm) 

7.84 (d, J=7.56 Hz, 1H), 7.11-7.78 (m, 3H), 7.59-7.65 (m, 2H), 7.42 (dd, J=7.20 Hz, 

J=1.05 Hz, 1H ), 7.33 (dd, J=10.2 Hz, J=1.02Hz, 1H), 7.15 (m, 1H), 2.02-2.05 (m, 

4H), 1.43 (s, 12H), 1.06-1.20 (m, 20H), 0.81-0.98 (m, 6H), 0.55-0.71 (m, 4H). 

Molecular Mass: Calcd for C39H55BO2S: 598.4016. Found: 598.4020 (MALDI-TOF 

MS). (HPLC: 95.67%) 

B. From 1b by Stille reaction 
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The procedure for the synthesis of 2 from 1a was followed to prepare 2 (0.22 g, 

58.4%) from 1b and 2-tributylstannyl thiophene. (HPLC: 92.27%) 

C. From 1a by Kumada reaction 

A solution of thienyl magnesium bromide (1.1 mL, 0.8 M/L, 0.88 mmol), 1a (0.50 g, 

0.84 mmol), and Pd(dppf)Cl2 (7.0 mg, 0.0086 mmol) in 10 mL of anhydrous THF was 

stirred for 48 h at room temperature. The mixture was poured into a large amount of 

water for extraction with methylene chloride. The organic extracts were washed with 

brine and dried over Na2SO4. Upon evaporating off the solvent, the residue was 

purified with column chromatography on silica gel with petroleum ether:ethyl acetate 

(16:1) as the eluent to afford 2 (0.42 g, 86%) as a light yellow oil. (HPLC: 96.30%) 

D. From 1b by Kumada reaction 

The procedure for the synthesis of 2 from 1a by Kumada reaction was followed to 

prepare 2 (0.12 g, 22%) as a yellow oil from 1b and thienyl magnesium bromide. 

(HPLC: 52.35%) 

 

7’-(2,2’-bithien-5-yl)-9’,9’-dioctyl-fluoren-2’-yl-4,4,5,5,-tetramethyl-[1,3,2]dioxab

orolane (3)  

A. From 1a by Stille reaction 

The procedure for the synthesis of 2 from 1a by Stille reaction was followed to 

prepare 3 from 1a and 5-tributylstannyl-2,2’-bithiophene in a yield of 79%.  1H 

NMR (300 MHz, CDCl3): δ(ppm) 7.85 (d, J=7.59 Hz, 1H), 7.71-7.78 (m, 3H), 

7.58-7.64 (m, 2H), 7.33 (d, J=3.72 Hz, 1H), 7.26-7.27 (m, 2H), 7.21 (d, J=3.81 Hz, 
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1H), 7.06-7.09 (m, 1H), 2.01-2.08 (m, 4H), 1.43 (s, 12H), 1.07-1.23 (m, 20H), 

0.80-0.90 (m, 6H), 0.61-0.71 (m, 4H). 13C NMR (75 MHz, CDCl3): δ(ppm) 152.6, 

150.5, 144.3, 143.9, 141.1, 137.9, 136.9, 134.2, 133.7, 129.3, 128.3, 127.9, 125.0, 

124.9, 124.7, 124.0, 120.9, 120.3, 119.4, 84.1, 77.8, 77.6, 77.4, 74.0, 55.6, 40.6, 32.2, 

30.3, 29.6, 28.3, 27.3, 25.3, 24.1, 23.0, 17.9, 14.4, 14. Anal. Calcd. for C43H57BO2S2: 

C, 75.85; H, 8.44. Found: C, 75.63; H, 8.11. Molecular Mass: Calcd for C43H57BO2S2: 

680.3893. Found: 680.3808 (MALDI-TOF MS).  

B. From 2b by Stille reaction 

The procedure for the synthesis of 3 from 1a by Stille reaction was followed to 

prepare 3 from 1b and 5-tributylstannyl-2,2’-bithiophene in a yield of 60%. 

 

7’-(4,4’-Diphenyl)-9’,9’-dioctyl-fluoren-2’-yl-4,4,5,5,-tetramethyl-[1,3,2]dioxabor

olane (4)  

The procedure for the synthesis of 3 by Stille reaction was followed to prepare 4 from 

1a and 4-tributylstannyl-biphenyl in a yield of 45%.1H NMR (300 MHz, CDCl3): δ

(ppm) 7.60-7.84 (m, 15H), 7.31-7.50 (m, 4H), 2.02-2.05 (m, 4H), 1.43 (s, 12H), 

1.07-1.23 (m, 20H), 0.80-0.90 (m, 6H), 0.61-0.71 (m, 4H). 13C NMR (75 MHz, 

CDCl3): δ(ppm) 152.1, 150.2, 143.8, 140.8, 140.6, 140.0, 133.9, 128.9, 127.6, 127.4, 

127.1, 121.5, 120.5, 120.5, 119.1, 83.8, 77.5, 77.0, 76.6, 55.4, 31.8, 30.1, 29.2, 25.0, 

23.8, 22.6, 16.2, 14.1. Molecular Mass: Calcd for C47H61BO2: 668.4765. Found: 

668.4766 (MALDI-TOF MS). 
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7’-(4-Phenyl-styrenyl)-9’,9’-dioctyl-fluoren-2’-yl-4,4,5,5,-tetramethyl-[1,3,2]dioxa

borolane (5)  

A. From 1a 

In absence of light, a solution of 4-phenylstyrene (0.21 g, 1.16 mmol), 1a (0.69 g, 

1.16 mmol), tris(o-tolyl)phosphine (77 mg, 0.25 mmol), and Pd(OAc)2 (13 mg, 0.057 

mmol) in 10 mL of anhydrous DMF and 10 mL of Et3N was stirred for 24 h at 110 oC. 

The mixture was cooled to room temperature and then poured into a large amount of 

water for extraction with methylene chloride. The organic extracts were washed with 

brine and dried over Na2SO4. Upon evaporating off the solvent, the residue was 

purified with column chromatography on silica gel with petroleum ether:ethyl acetate 

(16:1) as the eluent to afford 5 (0.44g, 55%) as a light yellow solid. 1H NMR (300 

MHz, CDCl3): δ(ppm) 7.82 (d, J= 7.92 Hz, 1H), 7.64-7.76 (m, 9H), 7.34-7.55 (m, 

4H), 7.24 (d, J=4.44 Hz, 2H), 1.99-2.05 (m, 4H), 1.40 (s, 12H), 1.05-1.25 (m, 20H), 

0.79-0.83 (m, 6H), 0.63 (m, 4H). 13C NMR (75 MHz, CDCl3): δ(ppm) 152.3, 150.6, 

144.2, 141.3, 141.1, 140.6, 137.2, 137.0, 134.2, 129.8, 129.2, 128.0, 127.8, 127.3, 

126.0, 121.3, 119.4, 84.1, 77.9, 77.4, 77.0, 66.3, 55.5, 40.7, 32.2, 30.4, 29.6, 25.4, 

24.1, 23.0, 15.7, 14.5. Anal. Calcd. for C49H63BO2: C, 84.70; H, 9.14. Found: C, 84.92; 

H, 9.15. Molecular Mass: Calcd for C49H63BO2: 694.4921. Found: 694.5467 

(MALDI-TOF MS). 

B. From 1b 

The procedure for the synthesis of 5 from 1a by Heck reaction was followed to 

prepare 5 from 1b in a yield of 50%. 
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UV-vis absorption spectra of compound 7, 9, and 11 in CHCl3 solution with the concentration 

of 3.5±0.5 × 10-6 M. 

 

 


