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1. Experimental Section 

1.1 General 

All reagents and starting materials were purchased from commercial sources and used without further purification. Anhydrous 

dichloromethane (DCM) was distilled from CaH2. Anhydrous THF and toluene were distilled from sodium-benzophenone 

immediately prior to use. 1,5-Dibromo-2,6-dimethylnaphthalene (J. Am. Chem. Soc. 1942, 64, 2875), 2-methyl-1-naphthylboronic 

acid (Synlett, 2003, 5, 705), 4-tert-butyl-2,6-dimethylbromobenzene (J. Org. Chem. 2003, 68, 6071) and 2-bromo-7-(tert-butyl)pyrene 

(Chem. Eur. J. 2013, 19, 16295) were prepared according to the literatures. 1H and 13C NMR spectra were recorded using 300 MHz, 

400 MHz and 500 MHz Bruker spectrometer in CDCl3, CD2Cl2, CD3CN, DMSO or THF-d8 with tetramethylsilane (TMS) as the 

internal standard. The chemical shift was recorded in ppm and the following abbreviations were used to explain the multiplicities: s 

= singlet, d = doublet, t = triplet, m = multiplet, br = broad. HR ESI and APCI mass spectra were recorded on a MicrOTOF-QII 

instrument. UV-vis absorption spectra were recorded on a Shimadzu UV-3600 spectrophotometer. Cyclic voltammetry measurements 

were performed in dry dichloromethane on a CHI 620C electrochemical analyzer with a three-electrode cell, using 0.1 M Bu4NPF6 as 

supporting electrolyte, AgCl/Ag as reference electrode, gold disk as working electrode, Pt wire as counter electrode, and scan rate at 

50 mV s-1 . The potential was externally calibrated against the ferrocene/ferrocenium couple. The single crystal was measured at low 

temperature (T = 100K) on a four circles goniometer Kappa geometry Bruker AXS D8 Venture equipped with a Photon 100 CMOS 

active pixel sensor detector using a Copper monochromatized (λ = 1.54178 Å ) X-ray radiation. Continuous wave X-band ESR spectra 

were obtained with a Bruker ELEXSYS E500 spectrometer using a variable temperature Bruker liquid nitrogen cryostat. 

1.2 Synthetic procedures and characterization data 

 

                                     1 

A solution of 2-bromo-7-(tert-butyl) pyrene (1mmol, 337 mg) in 100 mL of freshly distilled THF was cooled to -78 oC, and n-

butyllithium solution (1.1 mmol, 0.55 mL, 2M) was carefully added under nitrogen atmosphere. After stirring for 1h, pure 

iodomethane (1.5 mmol, 0.1 mL) was added. The mixture was stirred at -78 oC and was allowed to warm to room temperature through 

overnight. The mixture was quenched with Na2S2O3 solution, and was extracted with ether. The extract was dried over anhydrous 

Na2SO4. After removal of the solvent under vacuum, the crude product was purified by column chromatography (silica gel, 

hexanes/DCM =9/1) to afford white compound 1 in 95% yield (258 mg). 1H NMR (500 MHz, Chloroform-d): δ 8.20 (s, 2H), 8.03 (d, 

J = 8.9 Hz, 2H), 7.98 (d, J = 9.0 Hz, 2H), 7.97 (s, 2H), 2.80 (s, 3H), 1.59 (s, 9H). 13C NMR (126 MHz, Chloroform-d): δ 131.17 , 

130.83 , 127.73 , 127.09 , 125.62 , 122.26 , 77.16 , 32.12 , 22.22 . HRMS analysis (APCI): calcd for C21H21 (M+H)+: 273.1645; found: 

273.1638 (error: -2.7 ppm). 
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A solution of bromine (0.15 mL, 3 mmol) in anhydrous DCM (16 mL) was add dropwise to a degassed solution of compound 1 (1.62 

g, 6 mmol) in anhydrous DCM (50 mL) at -78 ℃ under nitrogen atmosphere. The resulting mixture was allowed to slowly warmed 

up to room temperature and stirred overnight. Br2 was neutralized with Na2S2O3 solution. The organic layer was washed with saturated 

NaCl solution, dried over Na2SO4, filtered and evaporated to dryness. The residue was purified by column chromatography (silica gel, 

hexane) to give the compound 2 as white solid in 90% yield (1.9 g). 1H NMR (500 MHz, Methylene Chloride-d2): δ 8.47 (d, J = 9.3 

Hz, 1H), 8.28 – 8.25 (m, 2H), 8.15 (d, J = 9.3 Hz, 1H), 8.06 (d, J = 8.9 Hz, 1H), 8.04 (s, 1H), 7.95 (d, J = 8.9 Hz, 1H), 2.85 (s, 3H), 

1.57 (s, 9H). 13C NMR (126 MHz, Methylene Chloride-d2): δ 130.76 , 130.21 , 129.55 , 128.32 , 126.96 , 126.88 , 126.32 , 123.47 , 

123.11 , 53.84 , 32.03 , 24.86 . HRMS analysis (APCI): calcd for C21H20Br (M+H)+: 351.0735; found: 351.0743 (error: 2.3 ppm). 

 

 

                                     3 

An oven-dried two-neck round bottom flask was charged with compound 2 (4.8 mmol, 1.68 g), 2-methyl-1-naphthylboronic acid 

(14.4 mmol, 2.68 g), Pd-PEPPSI-IPent (8 mmol%, 300 mg), tBuOK (14.4 mmol, 1.61g), 4 Å molecular sieve and purged with argon 

for 5 min. Dioxane (11.5 mL) and tBuOH (26.9 mL) were added subsequently under argon, then the mixture was purged with argon 

under -78 ℃ for 3 times. The resultant mixture was heated at 90 ℃ for 24h. After cooling to room temperature, water was added 

and the reaction mixture was extracted with dichloromethane. The organic layer was dried over sodium sulfate and then the solvent 

was removed under vacuum. The crude mixture was subjected to silica gel column chromatography (hexane/DCM=9/1) to afford the 

title product 3 as white solid in 90% yield (1.78 g). 1H NMR (400 MHz, Methylene Chloride-d2): δ 8.25 (d, J = 1.8 Hz, 1H), 8.20 (s, 

1H), 8.15 (d, J = 1.8 Hz, 1H), 8.10 (s, 2H), 7.94 (dd, J = 8.3, 3.7 Hz, 2H), 7.80 (d, J = 9.2 Hz, 1H), 7.59 (d, J = 8.4 Hz, 1H), 7.41 – 

7.37 (m, 1H), 7.23 (d, J = 9.2 Hz, 1H), 7.16 (ddd, J = 8.2, 6.8, 1.2 Hz, 1H), 6.93 (d, J = 9.0 Hz, 1H), 2.27 (s, 3H), 2.03 (s, 3H), 1.56 

(s, 9H). 13C NMR (126 MHz, Methylene Chloride-d2): δ 131.31 , 131.00 , 129.21 , 128.38 , 128.09 , 127.96 , 127.91 , 127.33 , 126.71 , 

126.52 , 125.91 , 125.39 , 125.35 , 122.77 , 122.58 , 53.84 , 35.51 , 32.06 , 20.74 , 20.30 . HRMS analysis (APCI): calcd for C32H29 

(M+H)+: 413.2260; found: 413.2264 (error: 1.0 ppm). 

 

 



Chemical Communications          

S4 
 

 

               4 

Compound 3 (1.76 g, 4.4 mmol), N-bromosuccinimide (8.8 mmol, 1.566 g) and benzoyl peroxide (0.88 mmol, 213 mg) were dissolved 

in 40 mL of CCl4 and heated at 95 ℃ under nitrogen atmosphere. After 12 hours, the mixture was cooled to room temperature and 

the solvent was removed under reduced pressure. The reside was subjected to silica gel column chromatography using 

hexane/dichloromethane (9/1) as eluent to afford compound 4 as light yellow solid in 70% yield (1.0 g). 1H NMR (500 MHz, 

Methylene Chloride-d2): δ 8.47 (s, 1H), 8.31 (d, J = 1.8 Hz, 1H), 8.21 (d, J = 1.8 Hz, 1H), 8.17 (d, J = 2.7 Hz, 2H), 8.11 (d, J = 8.6 

Hz, 1H), 7.99 (d, J = 8.2 Hz, 1H), 7.87 (d, J = 9.2 Hz, 1H), 7.82 (d, J = 8.6 Hz, 1H), 7.52 – 7.48 (m, 1H), 7.27 (d, J = 9.2 Hz, 1H), 

7.22 (ddd, J = 8.2, 6.8, 1.2 Hz, 1H), 6.97 (d, J = 9.1 Hz, 1H), 4.56 (d, J = 10.4 Hz, 1H), 4.48 (d, J = 10.4 Hz, 1H), 4.34 (d, J = 10.3 

Hz, 1H), 4.24 (d, J = 10.3 Hz, 1H), 1.56 (s, 9H). 13C NMR (126 MHz, Methylene Chloride-d2): δ 150.46 , 135.17 , 135.01 , 133.80 , 

131.26 , 130.59 , 129.81 , 128.96 , 128.49 , 128.23 , 127.31 , 127.27 , 127.22 , 127.16 , 127.11 , 123.51 , 123.31 , 122.91 ,  53.84 , 

33.37 , 33.25 , 32.00 . HRMS analysis (APCI): calcd for C32H27Br2 (M+H)+: 569.0461; found: 569.0474 (error: 2.3 ppm). 

 

 

                                      5 

The compound 4 (1.14 g, 2 mmol), KOAc (1.96 g, 20 mmol) and n-butylammonium bromide (1.288 g, 4 mmol) were dissolved in 30 

mL DMF under nitrogen atmosphere. The mixture was heated at 100 °C overnight. After cooling to room temperature, 30 mL 

ammonium chloride solution was added into the reaction mixture. The mixture was extracted with ethyl acetate (2*30 mL). The 

combined organic extract was dried over Na2SO4. The solvent was removed under vacuum and the residue was purified by column 

chromatography (silica gel, hexane/EA = 8/2) to afford the target compound 5 (880 mg) in 84% yield. 1H NMR (500 MHz, Methylene 

Chloride-d2): δ 8.38 (s, 1H), 8.31 (d, J = 1.8 Hz, 1H), 8.20 (d, J = 1.7 Hz, 1H), 8.18 (s, 2H), 8.09 (d, J = 8.6 Hz, 1H), 7.99 (d, J = 8.2 

Hz, 1H), 7.86 (d, J = 9.3 Hz, 1H), 7.76 (d, J = 8.6 Hz, 1H), 7.49 (t, J = 7.5 Hz, 1H), 7.26 (s, 1H), 7.22 – 7.18 (m, 1H), 6.97 (d, J = 8.6 

Hz, 1H), 5.07 – 4.98 (m, 2H), 4.80 (s, 2H), 1.83 (s, 3H), 1.82 (s, 3H), 1.57 (s, 9H). 13C NMR (126 MHz, Methylene Chloride-d2): δ 

150.18 , 131.50 , 129.11 , 128.68 , 128.67 , 128.50 , 127.53 , 126.97 , 126.71 , 126.63 , 125.37 , 125.35 , 123.35 , 123.12 , 65.31 , 

64.93 , 53.84 , 32.03 , 20.83 , 20.77 . HRMS analysis (APCI): calcd for C36H32O4 (M)+: 528.2305; found: 528.2295 (error: -1.8 ppm). 
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           6 

The compound 5 (880 mg, 1.67 mmol), KOH (1.87 g, 33.4 mmol) were dissolved in 50 mL methanol under nitrogen atmosphere. The 

mixture was refluxed overnight. After cooling down to room temperature, the solvent was removed under vacuum and the residue 

was added with 100 mL water, which was then filtered to give pure white compound 6 (660 mg) in 90% yield. 1H NMR (500 MHz, 

DMSO-d6): δ 8.59 (s, 1H), 8.39 (s, 1H), 8.29 (d, J = 9.0 Hz, 1H), 8.25 (d, J = 8.8 Hz, 2H), 8.15 (d, J = 8.6 Hz, 1H), 8.05 (d, J = 8.3 

Hz, 1H), 7.94 (dd, J = 8.9, 4.6 Hz, 2H), 7.48 (t, J = 7.6 Hz, 1H), 7.22 (t, J = 7.6 Hz, 1H), 7.11 (d, J = 9.2 Hz, 1H), 6.80 (d, J = 8.5 Hz, 

1H), 4.41 (d, J = 14.2 Hz, 1H), 4.26 (d, J = 14.2 Hz, 1H), 4.11 (d, J = 3.4 Hz, 2H), 1.53 (s, 9H). 13C NMR (126 MHz, DMSO-d6): δ 

148.85 , 138.65 , 138.51 , 130.11 , 130.07 , 128.14 , 128.01 , 127.93 , 127.66 , 127.37 , 126.43 , 125.55 , 125.34 , 124.86 , 124.17 , 

122.91 , 122.45 , 122.17 , 61.09 , 60.85 , 39.52 , 35.00 , 31.64 . HRMS analysis (APCI): calcd for C32H28O2 (M)+: 444.2073; found: 

444.2084 (error: 2.4 ppm). 

 

 

           7 

A solution of oxalyl chloride (3.2 mL, 37.5 mmol) in 100 mL of freshly distilled CH2Cl2 was cooled to -78 °C, and DMSO (5.35 mL, 

75 mmol) was carefully added under nitrogen atmosphere. After stirring for 15 min, a solution of compound 6 (660 mg, 1.5 mmol) in 

CH2Cl2 (50 mL) was added and the mixture was stirred at -78 °C for 2h. Et3N (10.4 mL) was added successively and the solution was 

stirred at -78 °C for 1h. Then the cooling bath was removed, and the reaction mixture was allowed to warm up to room temperature 

and stirred for 30 min. The solvent was removed under vacuum and the residue was extracted with ethyl acetate (2*30 mL). The 

extract was washed with saturated aqueous Na2CO3 solution, brine and dried over anhydrous Na2SO4. After removal of the solvent 

under vacuum, the crude product was purified by column chromatography (silica gel, hexane/EA =4/1) to afford yellow compound 7 

(528 mg) in 80% yield. 1H NMR (500 MHz, Methylene Chloride-d2): δ 9.87 (s, 1H), 9.58 (s, 1H), 8.89 (s, 1H), 8.37 (d, J = 1.8 Hz, 

1H), 8.30 (d, J = 9.0 Hz, 1H), 8.25 (d, J = 8.9 Hz, 2H), 8.20 (d, J = 3.9 Hz, 2H), 8.16 (s, 1H), 8.07 (d, J = 8.2 Hz, 1H), 7.95 (d, J = 

9.3 Hz, 1H), 7.65 (ddd, J = 8.1, 6.8, 1.1 Hz, 1H), 7.37 (d, J = 9.2 Hz, 1H), 7.33 – 7.30 (m, 1H), 7.15 (d, J = 8.5 Hz, 1H), 1.57 (s, 9H). 

13C NMR (126 MHz, Methylene Chloride-d2): δ 192.07 , 191.59 , 141.33 , 134.30 , 134.00 , 132.92 , 132.91 , 131.94 , 131.76 , 130.11 , 

129.95 , 129.76 , 129.66 , 128.92 , 128.18 , 128.07 , 127.85 , 127.65 , 125.12 , 124.26 , 124.21 , 123.89 , 122.69 , 53.84 . HRMS 

analysis (APCI): calcd for C32H25O2 (M+H)+: 441.1845; found: 441.1849 (error: 1.0 ppm). 
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     7-a                          8                            TT-Ar 

n-BuLi in hexane (2M, 3 mL, 6 mmol) was added to a solution of 4-tert-butyl-2,6-dimethylbromobenzene (1.446 g, 6 mmol) in 

anhydrous THF (50 mL) at -78 °C and the mixture was stirred at -78 °C for one and half hours. Then the reaction mixture was added 

with compound 7 (450 mg, 1 mmol) and allowed to warm up to room temperature overnight. The resulting mixture was quenched 

with water and extracted with ether (3*50 mL). The combined organic extract was dried over Na2SO4 and evaporated in vacuum. The 

crude product was washed by hexane to afford compound 7-a as a yellow solid (900 mg, quantitative yield), which was used for the 

next step directly. Boron trifluoride diethyl etherate (0.5 mL) was added to a solution of compound 7-a (327 mg, 0.3 mmol) in DCM 

(50 mL) and the yellow solution turned purple immediately. After 30 min, water was added to quench the reaction. The organic layer 

was separated and dried over Na2SO4. The solvent was removed under vacuum and the residue was washed with methanol to afford 

compound 8 (270 mg) in 90% yield, which was used directly to the next step. Compound 8 (270 mg, 0.27 mmol) was dissolved in 50 

mL toluene under nitrogen, p-chloranil (246 mg, 1 mmol) was added and the mixture was stirred for 1h at 80 °C. The color of the 

solution turned to red-orange. The solvent was removed under vacuum and the residue was purified by column chromatography (silica 

gel, hexane/toluene = 4/1) to give the compound TT-Ar as red solid in 50% yield (135 mg). 1H NMR (500 MHz, THF-d8): δ 8.74 (s, 

1H), 8.44 (s, 1H), 8.41 (s, 1H), 8.28 (s, 1H), 8.17 (d, J = 6.8 Hz, 1H), 8.05 (d, J = 7.5 Hz, 1H), 8.00 – 7.96 (m, 4H), 7.61 (d, J = 9.4 

Hz, 1H), 7.51 (d, J = 4.7 Hz, 4H), 1.99 (s, 6H), 1.87 (s, 7H), 1.59 (s, 9H), 1.56 (d, J = 3.4 Hz, 18H). HRMS analysis (APCI): calcd 

for C56H55 (M+H)+: 727.4313; found: 727.4298 (error: -2.1 ppm). 

 

10 

An oven-dried two-neck round bottom flask was charged with 1,5-dibromo-2,6-dimethylnaphthalene (126 mg, 0.4 mmol), 1,2-methyl-

1-naphthylboronic acid (372 mg, 2 mmol), Pd-PEPPSI-IPent (8 mmol%, 26 mg), tBuOK (269 mg, 2.4 mmol), 4 Å molecular sieve 

and purged with argon for 5 min. Dioxane (1.0 mL) and tBuOH (2.2 mL) were added subsequently under argon, then the mixture was 

purged under -78 ℃ for three times. The resultant mixture was heated at 90 ℃ for 24h. After cooling to room temperature, water 

was added and the reaction mixture was extracted with dichloromethane. The organic layer was dried over sodium sulfate and the 

solvent as removed under vacuum. The crude mixture was subjected to silica gel column chromatography (hexane /DCM=9/1) to 

afford the compound 10 (104 mg) as white solid in 60% yield. 1H NMR (500 MHz, Methylene Chloride-d2): δ 7.92 (t, J = 7.5 Hz, 

2H), 7.58 – 7.54 (m, 1H), 7.43 (t, J = 7.0 Hz, 1H), 7.28 (t, J = 8.1 Hz, 1H), 7.23 (d, J = 8.6 Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 7.08 (d, 

J = 8.4 Hz, 0H), 7.04 (d, J = 8.6 Hz, 1H), 2.12 (s, 1H), 2.08 (s, 2H), 1.95 (s, 3H). 13C NMR (75 MHz, Methylene Chloride-d2): δ 

133.68 , 133.31 , 132.78 , 131.91 , 129.23 , 128.38 , 127.77 , 126.48 , 126.46 , 126.09 , 125.97 , 125.39 , 125.33 , 125.31 , 53.84 , 

20.21 , 19.88 . HRMS analysis (APCI): calcd for C34H29 (M+H)+: 437.2259; found: 437.2264 (error: 1.1 ppm). 
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11 

Compound 10 (1.0 g, 2.3 mmol), N-bromosuccinimide (1.637 g, 9.2 mmol) and benzoyl peroxide (222 mg, 0.92 mmol) were 

dissolved in 80 mL of CCl4 and heated at 95 ℃ under nitrogen atmosphere. After 12 hours, the mixture was cooled to room 

temperature and the solvent was removed under reduced pressure. The residue was subjected to silica gel column 

chromatography using hexane/dichloromethane (4/1) as eluent to afford compound 11 (692 mg) in 40% yield. 1H NMR (500 

MHz, Methylene Chloride-d2): δ 8.10 (d, J = 8.5 Hz, 1H), 7.99 (d, J = 8.1 Hz, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.58 – 7.50 (m, 

2H), 7.36 (t, J = 8.2 Hz, 1H), 7.24 (d, J = 8.7 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 4.39 – 4.33 (m, 2H), 4.25 – 4.18 (m, 2H). 13C 

NMR (126 MHz, Methylene Chloride-d2): δ 133.85 , 129.99 , 129.01 , 128.55 , 128.47 , 128.22 , 127.48 , 127.33 , 127.14 , 

53.84 , 33.19 , 32.55 . HRMS analysis (APCI): calcd for C34H24Br4 (M)+: 747.8586; found: 747.8606 (error: 2.7 ppm). 

 

 

11-a 

The compound 11 (2.4 g, 3.2 mmol), KOAc (12.56 g, 128 mmol) and n-butylammonium bromide (4.0 g, 12.8 mmol) were dissolved 

in 40 mL DMF under nitrogen atmosphere. The mixture was heated at 100 °C overnight. After cooling to room temperature, 30 mL 

ammonium chloride solution was added into the reaction mixture. The mixture was extracted with ethyl acetate (2*30 mL). The 

combined organic extract was dried over Na2SO4. The solvent was removed under vacuum and the residue was purified by column 

chromatography (silica gel, hexane/EA = 7/3) to afford the target compound 11-a (1.8 g) in 84% yield. 1H NMR (300 MHz, Methylene 

Chloride-d2): δ 8.07 (d, J = 8.5 Hz, 1H), 7.99 (d, J = 8.1 Hz, 1H), 7.73 (d, J = 8.5 Hz, 1H), 7.52 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H), 7.46 

(d, J = 8.7 Hz, 1H), 7.34 (ddd, J = 8.2, 6.8, 1.2 Hz, 1H), 7.23 (d, J = 8.7 Hz, 1H), 7.12 (d, J = 8.6 Hz, 1H), 4.93 (d, J = 12.6 Hz, 1H), 

4.83 (d, J = 12.6 Hz, 1H), 4.74 (s, 2H), 1.90 (s, 3H), 1.76 (s, 3H). 13C NMR (75 MHz, Methylene Chloride-d2): δ 170.64 , 170.57 , 

135.11 , 133.81 , 133.63 , 133.27 , 133.20 , 133.09 , 129.23 , 128.51 , 127.29 , 127.25 , 127.16 , 126.86 , 126.79 , 126.68 , 64.92 , 

64.64 , 53.84 , 20.91 , 20.69 . HRMS analysis (APCI): calcd for C42H36O8 (M)+: 668.2417; found: 668.2405 (error: -1.8 ppm). 
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11-b 

The compound 11-a (2.14 g, 3.2 mmol), KOH (7.168 g, 128 mmol) were dissolved in 100 mL methanol under nitrogen atmosphere. 

The mixture was refluxed overnight. After cooling down to room temperature, the solvent was removed under vacuum and the residue 

was added with 100 mL water, which was then filtered to give pure white compound 11-b (1.4 g) in 87.5% yield. 1H NMR (500 MHz, 

DMSO-d6): δ 8.12 (d, J = 8.5 Hz, 1H), 8.05 (d, J = 8.1 Hz, 1H), 7.92 (d, J = 8.5 Hz, 1H), 7.61 (d, J = 8.8 Hz, 1H), 7.55 – 7.49 (m, 

1H), 7.36 (dd, J = 8.3, 1.2 Hz, 1H), 7.06 (d, J = 8.7 Hz, 1H), 7.02 (d, J = 8.5 Hz, 1H), 5.19 (t, J = 5.0 Hz, 1H), 5.02 (t, J = 5.0 Hz, 

1H), 4.15 (qd, J = 13.7, 4.5 Hz, 2H), 4.09 – 3.97 (m, 2H). 13C NMR (75 MHz, DMSO-d6): δ 138.31 , 137.81 , 132.33 , 131.88 , 131.70 , 

131.05 , 128.10 , 127.81 , 126.45 , 125.81 , 125.53 , 125.29 , 125.10 , 124.93 , 60.75 , 60.60 , 39.52 . HRMS analysis (APCI): calcd 

for C34H28O4 (M)+: 500.1981; found: 500.1982 (error: 0.2 ppm). 

 

 

 

12 

A solution of oxalyl chloride (6.0 mL, 70 mmol) in 200 mL of freshly distilled CH2Cl2 was cooled to -78 °C, and DMSO (9.8 mL, 

138 mmol) was carefully added under nitrogen atmosphere. After stirring for 15 min, a solution of compound 11-b (700 mg, 1.4 mmol) 

in CH2Cl2 (200 mL) was added and the mixture was stirred at -78 °C for 2h. Et3N (19 mL) was added successively and the solution 

was stirred at -78 °C for 1h. Then the cooling bath was removed, and the reaction mixture was allowed to warm up to room temperature 

and stirred for 30 min. The solvent was removed under vacuum and the residue was extracted with ethyl acetate (2*30 mL). The 

extract was washed with saturated aqueous Na2CO3 solution, brine and dried over anhydrous Na2SO4. After removal of the solvent 

under vacuum, the crude product was purified by column chromatography (silica gel, hexane/EA =7/3) to afford light yellow 

compound 12 (485 mg) in 70% yield. 1H NMR (500 MHz, Methylene Chloride-d2) δ 9.73 (s, 1H), 9.61 (s, 1H), 8.24 (s, 2H), 8.11 (d, 

J = 8.2 Hz, 1H), 8.01 (d, J = 8.8 Hz, 1H), 7.72 (ddd, J = 8.1, 6.8, 1.1 Hz, 1H), 7.56 (d, J = 9.0 Hz, 1H), 7.48 (ddd, J = 8.2, 6.8, 1.2 Hz, 

1H), 7.33 (d, J = 8.5 Hz, 1H). 13C NMR (126 MHz, Methylene Chloride-d2) δ 190.96 , 190.83 , 136.46 , 135.70 , 133.88 , 133.82 , 

130.69 , 130.00 , 129.19 , 129.05 , 128.57 , 127.52 , 124.59 , 123.21 , 53.84 . HRMS analysis (APCI): calcd for C34H21O4 (M+H)+: 

493.1436; found: 493.1434 (error: -0.3 ppm). 

 



Chemical Communications          

S9 
 

 

      12-a                         13                          PP-Ar 

n-BuLi in hexane (2M, 3.0 mL, 6 mmol) was added to a solution of 4-tert-butyl-2,6-dimethylbromobenzene (1.446 g, 6 mmol) in 

anhydrous THF (20 mL) at -78 °C and the mixture was stirred at -78 °C for one hour. Then the reaction mixture was added with 

compound 12 (250 mg, 0.5 mmol) and allowed to warm up to room temperature overnight. The resulting mixture was quenched with 

water and extracted with ether (3*50 mL). The combined organic extract was dried over Na2SO4 and evaporated in vacuum. The crude 

product was washed by hexane to afford compound 12-a as a yellow solid (542 mg, quantitative yield), which was used for the next 

step directly. Boron trifluoride diethyl etherate (0.5 mL) was added to a solution of compound 12-a (342 mg, 0.3 mmol) in DCM (50 

mL) and the yellow solution turned green immediately. After 30 min, water was added to quench the reaction. The organic layer was 

separated and dried over Na2SO4. The solvent was removed under vacuum and the residue was washed with methanol to afford 

compound 13 (270 mg) in 90% yield, which was used directly to the next step. Compound 13 (270 mg, 0.27 mmol) was dissolved in 

50 mL toluene under nitrogen, p-chloranil (246 mg, 1 mmol) was added and the mixture was stirred for 2h at 80 °C. The color of the 

solution turned to dark green. The solvent was removed under vacuum and the residue was purified by column chromatography (silica 

gel, hexane/toluene = 4/1) to give the compound PP-Ar as green solid in 50% yield (135 mg). 1H NMR (500 MHz, THF-d8) δ 8.71 

(s, 1H), 8.05 (d, J = 6.8 Hz, 1H), 7.88 (dt, J = 10.2, 5.6 Hz, 2H), 7.81 (d, J = 8.5 Hz, 1H), 7.43 (d, J = 9.3 Hz, 1H), 7.32 (d, J = 6.5 

Hz, 4H), 1.96 (s, 6H), 1.76 (s, 6H), 1.49 (s, 18H). 13C NMR (126 MHz, THF-d8) δ 151.26 , 137.82 , 137.77 , 131.25 , 130.07 , 129.07 , 

126.96 , 126.68 , 125.28 , 125.02 , 124.96 , 124.87 , 123.57 , 123.46 , 35.00 , 31.94 , 20.41 . HRMS analysis (APCI): calcd for C82H81 

(M+H)+: 1065.6335; found: 1065.6333 (error: -0.2 ppm).  

 

 

1.3 Chemical oxidation of PP-Ar 

NO•SbF6 (5.3 mg, 0.02 mmol) dissolved in dry acetonitrile (50 μl) was added into the 2 mL dry DCM solution of PP-Ar (10.6 mg, 

0.01 mmol). The oxidized compound was formed in 5 min leading to deep brown color, and the solvent was removed under vacuum 

to give the dication PP-Ar2+ without further purification. 1H NMR (500 MHz, Methylene Chloride-d2): δ 9.35 (s, 1H), 8.86 (d, J = 

7.5 Hz, 1H), 8.34 (d, J = 9.2 Hz, 1H), 8.20 (d, J = 7.9 Hz, 1H), 8.08 (t, J = 7.8 Hz, 1H), 7.94 (d, J = 9.1 Hz, 1H), 7.29 (d, J = 14.3 Hz, 

4H), 1.97 (s, 6H), 1.87 (s, 6H), 1.43 (d, J = 6.2 Hz, 18H). Due to its instability under ambient condition, its mass spectrum was not 

recorded.  
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2. Fluorescence spectra of TT-AR and PP-AR 
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Fig. S1. Normalized absorption (Abs) and fluorescence (Flu) spectra of AA-Ar, TT-Ar and PP-Ar measured in DCM. The excitation wavelength for fluorescence 

measurements was 400 nm, 580 nm and 702 nm, respectively.  
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3. Electrochemical data  

-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0

-2.27

-2.18

Potential (V) vs Fc+/Fc

 

 

C
u

rr
e
n

t

TT-Ar

-1.94
0.07

0.74

-1.72 0.55-0.09

PP-Ar

-2.22 0.42

AA-Ar

 

Fig. S2. Differential pulse voltammograms (1×10-3 M) of AA-Ar, TT-Ar and PP-Ar in dry dichloromethane with 0.1 M Bu4NPF6 as the supporting electrolyte, 

AgCl/Ag as reference electrode, Au as working electrode (surface area = 12.6 mm2), Pt wire as counter electrode (potential step = 0.004 V, pulse amplitude = 0.05 

V, pulse width = 0.05 s in the oxidation mode). The electrode potential was externally calibrated by Fc+/Fc couple. 

4. ESR spectra of the radical cations and radical anions 

 
Fig. S3. (a) ESR spectrum of TT-Ar·+ recorded in DCM (radical cation) at room temperature together with its simulated spectrum and (b) hyperfine coupling 

constants (in mT) of TT-Ar·+. 
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Fig. S4. (a) ESR spectrum of TT-Ar·- recorded in THF (radical anion) at room temperature together with its simulated spectrum and (b) hyperfine coupling 

constants (in mT) of TT-Ar·-. 

 

 

 

Fig. S5. (a) ESR spectra of PP-Ar·+ recorded in DCM (radical cation) at room temperature together with its simulated spectrum and (b) hyperfine coupling (in 

mT) constants of PP-Ar·+. 

 

 

Fig. S6. (a) ESR spectra of PP-Ar·- recorded in THF (radical anion) at room temperature together with its simulated spectrum and (b) hyperfine coupling constants 

(in mT) of PP-Ar·-. 
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5. DFT calculations 

Theoretical calculations were performed with the Gaussian09 rev. D program suite.[1] All calculations were carried out using the 

density functional theory (DFT) method with Becke’s three-parameter hybrid exchange functionals and the Lee-Yang-Parr correlation 

functional (B3LYP) employing the 6-31G(d,p) basis set for all atoms.[2] NOON (natural orbital occupation number) calculations were 

done by spin unrestricted UCAM-B3LYP/6-31G(d,p) method and the diradical character (y0) was calculated according to 

Yamaguchi’s scheme: y0 = 1 − (2T/(1 + T2)), and T = (nHOMO – nLUMO)/2 (nHOMO is the occupation number n of the HOMO, nLUMO is 

the occupation number n of the LUMO).[3] Time-dependent DFT (TD-DFT) calculations have been performed at the B3LYP/6-

31G(d,p) level of theory. ACID plot was calculated by using the method developed by Herges.[4] 

 

Fig. S7. The calculated (UCAM-B3LYP/6-31G(d,p)) diradical character of a series of [n,2]peri-acenoacenes: (a) n=4, (b) n=5, (c) n=6, (d) n=7, (e) n=8, (f) n=9. 

 

 

 

Fig. S8. ACID plots of TT with different isovalues.  
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Fig. S9. ACID plots of PP with different isovalues.  

 

 

 

Fig. S10. ACID plots of PP2+ with isovalue of 0.025.  

Table S1. Total Energies (a.u.) of compounds AA-Ar, TT-Ar, and PP-Ar calculated at the B3LYP/6-31G level of DFT (Energy of AA-Ar was set as 0). 

Compound Energy (Hartree) 

AA-Ar -1543.29 

TT-Ar -2166.72 

PP-Ar -3173.25 

 

Table S2. The Cartesian coordinates of optimized structure of TT-Ar 

 X Y Z 

C 

C 

C 

C 

C 

C 

C 

C 

C 

4.60259589 

5.28519597 

6.62920501 

7.32675546 

6.62307757 

5.28407669 

4.58778729 

8.80260445 

8.91410337 

-0.6159037 

-0.44315746 

-0.04631407 

0.18904166 

0.00969184 

-0.38605531 

-0.67686974 

0.62880649 

2.00446299 

-0.00966458 

-1.22913204 

-1.21563671 

-0.02749505 

1.17203222 

1.20555151 

-2.55045307 

0.00442627 

0.70381159 
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4.58242049 

3.16261379 

2.8255576 

3.82356628 

3.48215315 

2.13339863 
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Table S2. The Cartesian coordinates of optimized structure of PP-Ar 
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-1.08894676 
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Fig. S11. Frontier molecular orbital profiles and energy diagram of TT-Ar obtained by B3LYP/6-31G(d,p) level calculation. 

 

                                                        

Table S4. Selected TD-DFT (B3LYP/6-31G (d,p)) calculated wavelength, oscillator strength and compositions of major transitions of TT-Ar. 

Wavelength 

(nm) 

Osc.  

Strength  

 

Major contributions 

620.5 0.5278 HOMO->LUMO (99%) 

464.2 0.0008 H-1->LUMO (62%), HOMO->L+1 (38%) 

438.7 0.0026 H-1->LUMO (36%), HOMO->L+1 (60%) 

417.4 0.0013 H-2->LUMO (52%), HOMO->L+2 (47%) 

385.6 0.0001 H-4->LUMO (10%), H-3->LUMO (88%) 

368.4 0.0013 H-5->LUMO (97%)  

367.3 0.0015 H-6->LUMO (97%) 
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348.8 1.1336 H-2->LUMO (40%), HOMO->L+2 (45%) 

340.7 0.0717 H-7->LUMO (53%), HOMO->L+3 (40%) 

327.5 0.0095 H-8->LUMO (62%), HOMO->L+4 (28%) 

316.4 0.0648 H-7->LUMO (33%), HOMO->L+3 (44%), HOMO->L+4 (15%) 

314.4 0.2146 H-8->LUMO (27%), H-1->L+1 (17%), HOMO->L+4 (38%) 

310.2 0.0089 HOMO->L+5 (12%), HOMO->L+6 (83%) 

309.3 0.0041 HOMO->L+5 (87%), HOMO->L+6 (10%) 

302.2 0.001 H-9->LUMO (35%), H-2->L+1 (18%), H-1->L+2 (34% 

299.3 0.5776 H-1->L+1 (68%), HOMO->L+4 (13%) 

290.9 0.0275 H-9->LUMO (28%), H-2->L+1 (22%), H-1->L+2 (13%), HOMO->L+7 (17%) 

287.9 0.0011 HOMO->L+8 (85%) 
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Fig. S12. Calculated (B3LYP/6-31G (d,p)) absorption spectrum of TT-Ar along with the experimental spectrum. 

 

Table S5. Selected TD-DFT (UB3LYP/6-31G (d,p)) calculated wavelength, oscillator strength and compositions of major transitions of TT-Ar+.. 

Wavelength 

(nm) 

Osc.  

Strength  

 

Major contributions 

947.2 0.2365 HOMO(A)->LUMO(A) (91%) 

820.2 0.1888 HOMO(B)->LUMO(B) (95%) 

484.4 0.2405 H-6(B)->LUMO(B) (72%) 

459.6 0.0487 H-5(A)->LUMO(A) (10%), H-4(A)->LUMO(A) (45%), H-8(B)->LUMO(B) (16%), H-5(B)-

>L+1(B) (10%) 

406.0 0.1554 H-4(A)->LUMO(A) (10%) 

398.9 0.0368  H-7(A)->LUMO(A) (14%), H-1(A)->LUMO(A) (19%), HOMO(B)->L+1(B) (22%) 

380.0 0.1455 H-8(B)->LUMO(B) (32%), HOMO(B)->L+2(B) (10%) 
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Figure S13. Calculated (UB3LYP/6-31G (d,p)) absorption spectrum of TT-Ar+. along with the experimental spectrum. 

Table S6. Selected TD-DFT (UB3LYP/6-31G (d,p)) calculated wavelength, oscillator strength and compositions of major transitions of TT-Ar-.. 

Wavelength 

(nm) 

Osc.  

Strength  

 

Major contributions 

1006.6 0.2545 HOMO(B)->LUMO(B) (92%) 

786.7 0.1668 HOMO(A)->LUMO(A) (96%) 

485.0 0.1966 HOMO(A)->L+2(A) (77%) 

445.0 0.1234 HOMO(B)->L+2(B) (61%) 

407.1 0.0206 HOMO(A)->L+5(A) (10%), H-1(B)->LUMO(B) (17%), HOMO(B)->L+1(B) (18%), HOMO(B)-

>L+5(B) (17%) 

402.5 0.1311 H-2(B)->LUMO(B) (11%), H-1(B)->L+1(B) (11%), HOMO(B)->L+2(B) (14%) 

370.2 0.097 H-1(A)->L+1(A) (14%), HOMO(A)->L+8(A) (12%), HOMO(A)->L+9(A) (16%), H-2(B)-

>LUMO(B) (15%) 

369.5 0.0121 HOMO(A)->L+4(A) (72%) 

334.2 0.0156 HOMO(A)->L+6(A) (38%), HOMO(A)->L+7(A) (24%) 

333.1 0.0625 HOMO(A)->L+6(A) (10%), HOMO(A)->L+7(A) (12%), H-2(B)->LUMO(B) (18%), 

HOMO(B)->L+8(B) (11%) 

328.0 0.0533 HOMO(A)->L+5(A) (11%), HOMO(A)->L+6(A) (39%), HOMO(A)->L+7(A) (34%) 
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Figure S13. Calculated (UB3LYP/6-31G (d,p)) absorption spectrum of TT-Ar-. along with the experimental spectrum. 

 

 
Fig. S14. Frontier molecular orbital profiles and energy diagram of PP-Ar obtained by B3LYP/6-31G(d,p) level calculation. 

 

Table S7. Selected TD-DFT (B3LYP/6-31G (d,p)) calculated wavelength, oscillator strength and compositions of major transitions of PP-Ar.  

Wavelength  

(nm) 

Osc.  

Strength  

 

Major contributions 

815.7 0.4808 HOMO->LUMO (99%) 

444.9 0.001 H-4->LUMO (22%), H-2->LUMO (21%), HOMO->L+2 (50%) 

421.0 0.001 H-6->LUMO (15%), H-4->LUMO (26%), H-2->LUMO (57%) 

414.5 0.0013  H-6->LUMO (74%), H-4->LUMO (21%) 

402.3 0.002 H-11->LUMO (14%), H-9->LUMO (15%), H-8->LUMO (66%) 

401.0 0.0091 H-11->LUMO (50%), H-8->LUMO (25%) 

396.7 0.0006 H-11->LUMO (15%), H-9->LUMO (78%)  

388.6 0.3453 H-1->L+1 (49%), HOMO->L+2 (14%), HOMO->L+4 (17%) 
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373.1 0.6408 H-4->LUMO (14%), HOMO->L+2 (21%), HOMO->L+4 (52%) 

358.9 1.6036 H-11->LUMO (11%), H-1->L+1 (48%), HOMO->L+2 (12%), HOMO->L+4 (16%) 

324.7 0.0024 HOMO->L+6 (99%)  
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Fig. S15. Calculated (B3LYP/6-31G (d,p)) absorption spectrum of PP-Ar along with the experimental spectrum. 

Table S8. Selected TD-DFT (UB3LYP/6-31G (d,p)) calculated wavelength, oscillator strength and compositions of major transitions of PP-Ar+..  

Wavelength  

(nm) 

Osc.  

Strength  

 

Major contributions 

1528.0 0.2899 HOMO(A)->LUMO(A) (95%) 

945.3 0.2353 HOMO(B)->LUMO(B) (95%) 

538.6 0.0116 H-11(A)->LUMO(A) (13%), H-1(A)->L+1(A) (17%), H-10(B)->LUMO(B) (15%), HOMO(B)-

>L+2(B) (24%) 

476.0 0.0816 H-8(A)->LUMO(A) (44%), H-10(B)->LUMO(B) (17%) 

450.9 0.0945 H-6(B)->LUMO(B) (15%), H-4(B)->LUMO(B) (37%) 

445.6 0.2045 H-11(A)->LUMO(A) (11%), H-10(B)->LUMO(B) (37%), H-4(B)->LUMO(B) (10%) 

419.0 0.0002 H-1(B)->LUMO(B) (82%) 

409.3 0.0033 H-8(B)->LUMO(B) (63%), H-4(B)->LUMO(B) (20%) 

400.3 0.1834 H-11(A)->LUMO(A) (14%), H-10(B)->LUMO(B) (12%), HOMO(B)->L+2(B) (19%) 

389.8 0.003 H-8(B)->LUMO(B) (12%), H-6(B)->LUMO(B) (60%), H-4(B)->LUMO(B) (12%) 
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Figure S16. Calculated (UB3LYP/6-31G (d,p)) absorption spectrum of PP-Ar+. along with the experimental spectrum. 

 

Table S9. Selected TD-DFT (B3LYP/6-31G (d,p)) calculated wavelength, oscillator strength and compositions of major transitions of PP-Ar2+.  

Wavelength  

(nm) 

Osc.  

Strength  

 

Major contributions 

1097.1 0.2623 HOMO->LUMO (99%) 

962.2 0.002 H-1->LUMO (94%)  

924.7 0.0053 H-6->LUMO (51%), H-3->LUMO (39%) 

909.5 0.0048 H-6->LUMO (31%), H-3->LUMO (56%) 

877.1 0.0029 H-8->LUMO (82%), H-6->LUMO (14%) 

551.9 0.0011 H-2->L+1 (94%) 

537.8 0.0012 H-4->L+1 (93%) 

531.7 0.0025 H-5->L+1 (89%) 

529.4 0.3869 H-11->LUMO (91%) 

517.9 0.0003 H-7->L+1 (91%)  
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Figure S17. Calculated (B3LYP/6-31G (d,p)) absorption spectrum of PP-Ar2+ along with the experimental spectrum. 

 

Table S10. Selected TD-DFT (UB3LYP/6-31G (d,p)) calculated wavelength, oscillator strength and compositions of major transitions of PP-Ar-..  

Wavelength  

(nm) 

Osc.  

Strength  

 

Major contributions 

865.8 0.2467 HOMO(A)->LUMO(A) (95%) 

529.5 0.0195 H-2(A)->LUMO(A) (26%), HOMO(A)->L+2(A) (14%), H-1(B)->L+1(B) (20%) 

482.1 0.0465 HOMO(A)->L+2(A) (27%), HOMO(B)->L+2(B) (56%) 

447.0 0.3413 HOMO(A)->L+2(A) (39%), HOMO(B)->L+2(B) (28%) 

391.7 0.1871 H-2(A)->LUMO(A) (13%), H-1(A)->L+1(A) (14%), HOMO(A)->L+2(A) (11%), HOMO(A)-

>L+13(A) (11%), H-2(B)->LUMO(B) (11%) 

374.6 0.1115 H-2(B)->LUMO(B) (14%), HOMO(B)->L+4(B) (26%) 

356.9 0.0005 H-6(A)->L+6(A) (14%), H-5(A)->L+7(A) (10%), H-6(B)->L+8(B) (13%), H-5(B)->L+7(B) 

(14%) 

356.3 0.0002 H-8(A)->L+5(A) (13%), H-7(A)->L+4(A) (12%), H-8(B)->L+6(B) (13%), H-7(B)->L+5(B) 

(14%) 

348.0 0.0731 H-1(A)->L+3(A) (10%), HOMO(A)->L+10(A) (11%), HOMO(A)->L+12(A) (28%) 

345.5 0.4112 H-3(B)->LUMO(B) (13%), H-2(B)->LUMO(B) (14%), HOMO(B)->L+4(B) (10%) 



Chemical Communications          

S28 
 

500 1000 1500

0

2

4

6

8

10

Wavelength (nm)

 
(1

0
4
M

-1
c
m

-1
)

0.0

0.1

0.2

0.3

0.4

0.5

 

 
O

s
c
. 
S

tr
e

n
g

th

 

Figure S18. Calculated (UB3LYP/6-31G (d,p)) absorption spectrum of PP-Ar-. along with the experimental spectrum. 

 

6. Appendix Ⅰ: X-ray crystallographic data  

Table S11. Sample and crystal data for TT-Ar.  

__________________________________________________________________________  

Formula weight  896.84 

Temperature  100(2) K 

Wavelength  1.54178 Å 

Crystal system  Triclinic 

Space group  P-1 

Unit cell dimensions a = 12.2300(4) Å a= 76.3090(10)°.  

b = 12.6110(4) Å b= 83.0330(10)°. 
 

c = 16.0096(5) Å g = 87.2420(10)°. 

Volume 2380.85(13) Å3 

 

Z 2 

Density (calculated) 1.251 Mg/m3 

Absorption coefficient 2.538 mm-1 

F(000) 948 

Crystal size 0.480 x 0.478 x 0.234 mm3 

Theta range for data collection 2.859 to 66.572°. 
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Index ranges -14<=h<=14, -14<=k<=14, -19<=l<=19 

Reflections collected 28278 

Independent reflections 8240 [R(int) = 0.0368] 

Completeness to theta = 66.572° 98.0 %  

Absorption correction None 

Max. and min. transmission 0.7533 and 0.5786 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 8240 / 122 / 660 

Goodness-of-fit on F2 1.005 

Final R indices [I>2sigma(I)] R1 = 0.0883, wR2 = 0.2578 

R indices (all data) R1 = 0.0905, wR2 = 0.2602 

Extinction coefficient n/a 

Largest diff. peak and hole 0.837 and -1.195 e.Å-3 

 

Table S12.  Crystal data and structure refinement for PP-Ar. 

 

Formula weight  1249.72  

Temperature  100(2) K  

Wavelength  1.54178 Å  

Crystal system  Monoclinic  

Space group  P21/c  

Unit cell dimensions a = 13.8073(9) Å a= 90°. 

 b = 15.3067(11) Å b= 97.551(4)°. 

 c = 17.2865(12) Å g = 90°. 

Volume 3621.7(4) Å3  

Z 2  

Density (calculated) 1.146 Mg/m3  

Absorption coefficient 0.480 mm-1  

F(000) 1344  

Crystal size 0.352 x 0.268 x 0.080 mm3  

Theta range for data collection 3.229 to 66.595°.  

Index ranges -16<=h<=16, -16<=k<=18, -20<=l<=19  

Reflections collected 25252  

Independent reflections 6289 [R(int) = 0.0810]  

Completeness to theta = 66.595° 98.1 %   

Absorption correction Semi-empirical from equivalents  
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Max. and min. transmission 0.7533 and 0.4002  

Refinement method Full-matrix least-squares on F2  

Data / restraints / parameters 6289 / 30 / 475  

Goodness-of-fit on F2 1.056  

Final R indices [I>2sigma(I)] R1 = 0.0925, wR2 = 0.2383  

R indices (all data) R1 = 0.1149, wR2 = 0.2693  

Extinction coefficient n/a  

Largest diff. peak and hole 0.603 and -0.537 e.Å-3  

 

7. Appendix Ⅱ: 1H NMR, 13C NMR and Mass spectra of all new compounds  

 

 

 

Fig. S19. 1H NMR spectrum of compound 1 (500 MHz, Chloroform-d). 
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Fig. S20. 13C NMR spectrum of compound 1 (126 MHz, Chloroform-d). 
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Fig. S21. HR APCI mass spectrum of compound [1+H]+ 
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Fig. S22. 1H NMR spectrum of compound 2 (500 MHz, Methylene Chloride-d2). 

 

Fig. S23. 13C NMR spectrum of compound 2 (126 MHz, Methylene Chloride-d2). 
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Fig. S24. HR APCI mass spectrum of compound [2+H]+ 
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Fig. S25. 1H NMR spectrum of compound 3 (400 MHz, Methylene Chloride-d2). 

 

Fig. S26. 13C NMR spectrum of compound 3 (126 MHz, Methylene Chloride-d2). 
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Fig. S27. HR APCI mass spectrum of compound [3+H]+ 
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Fig. S28. 1H NMR spectrum of compound 4 (500 MHz, Methylene Chloride-d2). 

 

Fig. S29. 13C NMR spectrum of compound 4 (126 MHz, Methylene Chloride-d2). 
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Fig. S30. HR APCI mass spectrum of compound [4+H]+ 
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Fig. S31. 1H NMR spectrum of compound 5 (500 MHz, Methylene Chloride-d2). 

 

Fig. S32. 13C NMR spectrum of compound 5 (126 MHz, Methylene Chloride-d2). 
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Fig. S33. HR APCI mass spectrum of compound [5+H]+ 
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Fig. S34. 1H NMR spectrum of compound 6 (500 MHz, DMSO-d6). 

 

Fig. S35. 13C NMR spectrum of compound 6 (126 MHz, DMSO-d6). 
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Fig. S36. HR APCI mass spectrum of compound [6+H]+ 
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Fig. S37. 1H NMR spectrum of compound 7 (500 MHz, Methylene Chloride-d2). 

 

Fig. S38. 13C NMR spectrum of compound 7 (126 MHz, Methylene Chloride-d2). 
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Fig. S39. HR APCI mass spectrum of compound [7+H]+ 
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Fig. S40. 1H NMR spectrum of compound TT-Ar (500 MHz, THF-d8). 
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Fig. S41. 2D ROESY NMR spectrum of compound TT-Ar (500 MHz, THF-d8). 
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Fig. S42. 2D ROESY NMR spectrum of compound TT-Ar (500 MHz, THF-d8). 
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Fig. S43. HR APCI mass spectrum of compound [TT-Ar+H]+. 
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Fig. S44. 1H NMR spectrum of compound 10 (500 MHz, Methylene Chloride-d2). 

 

Fig. S45. 13C NMR spectrum of compound 10 (75 MHz, Methylene Chloride-d2). 
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Fig. S46. HR APCI mass spectrum of compound [10+H]+ 
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Fig. S47. 1H NMR spectrum of compound 11 (500 MHz, Methylene Chloride-d2). 

 

Fig. S48. 13C NMR spectrum of compound 11 (126 MHz, Methylene Chloride-d2). 
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Fig. S49. HR APCI mass spectrum of compound [11+H]+ 
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Fig. S50. 1H NMR spectrum of compound 11-a (300 MHz, Methylene Chloride-d2). 

 

Fig. S51. 13C NMR spectrum of compound 11-a (75 MHz, Methylene Chloride-d2). 
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Fig. S52. HR APCI mass spectrum of compound [11-a+H]+ 
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Fig. S53. 1H NMR spectrum of compound 11-b (500 MHz, DMSO-d6). 

 

Fig. S54. 13C NMR spectrum of compound 11-b (75 MHz, DMSO-d6). 
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Fig. S55. HR APCI mass spectrum of compound [11-b+H]+ 
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Fig. S56. 1H NMR spectrum of compound 12 (500 MHz, Methylene Chloride-d2). 

 

Fig. S57. 13C NMR spectrum of compound 12 (126 MHz, Methylene Chloride-d2). 
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Fig. S58. HR APCI mass spectrum of compound [12+H]+. 
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Fig. S59. 1H NMR spectrum of compound PP-Ar (500 MHz, THF-d8). 
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Fig. S60. 2D ROESY NMR spectrum of compound PP-Ar (500 MHz, THF-d8). 
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Fig. S61. 13C NMR spectrum of compound PP-Ar (126 MHz, THF-d8). 
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Fig. S62. HR APCI mass spectrum of compound [PP-Ar+H]+ 
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Fig. S63. 1H NMR spectrum of compound PP-Ar2+ (500 MHz, Methylene Chloride-d2, 298K, containing 10% CD3CN). 
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Fig. S64. 2D ROESY NMR spectrum of compound PP-Ar2+ (500 MHz, Methylene Chloride-d2, 298K, containing 10% CD3CN). 
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Fig. S65. 2D ROESY NMR spectrum of compound PP-Ar2+ (500 MHz, Methylene Chloride-d2, 298K, containing 10% CD3CN). 
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