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Experimental 

1. General considerations 

All reagents and dehydrated solvents were obtained from commercial source and used 

without further purification unless otherwise noted. 1H, 13C and 19F NMR spectra were 

recorded on JEOL JNM-ECP300 (1H: 300 MHz, 19F: 282.23 MHz) spectrometer, Bruker 

Advance III HD400 (1H: 400.13 MHz, 19F: 376.31 MHz) spectrometer and Bruker 

Advance III HD500 (13C: 125.72 MHz) spectrometer using CDCl3 as a solvent. Silicon 

oil bath was used as a heat source for the reactions. The chemical shifts for 1H, 13C and 
19F NMR spectra are given in δ (ppm) relative to internal TMS, CDCl3, and 

monofluorobenzene respectively. Fourier transform infrared (FT-IR) spectra were 

obtained on SHIMADZU IRTracer-100. High-resolution mass spectra (HRMS) were 

obtained on a JEOL JMS-700 spectrometer or a Bruker Daltonics micrOTOF II 

spectrometer. The cyclic voltammetry (CV) measurements were performed using 

ALS/DY2325 BI-POTENTIOSTAT. All CV measurements were carried out in the three-

electrode system equipped with a Pt disk working electrode ( = 1 mm), a Pt plate counter 

electrode (10 mm × 10 mm) and a SCE reference electrode in CH2Cl2 solution of n-

Bu4NPF6 (0.1 M) at scan rate of 100 mVs–1. UV-vis absorption spectra were recorded in 

CHCl3 a SHIMADZU UV-1800. Fluorescence (FL) spectra were obtained on a 

SHIMADZU RF-6000 spectrophotometer. The single crystals suitable for X-ray 

diffraction were obtained by a CHCl3 solution at room temperature. The single crystal X-

ray analyses were carried out on a Rigaku XtaLAB Synergy-DW (with) Hybrid Photon 

Counting (HPC) detector (Cu Kα radiation, = 1.54184 Å). An empirical absorption 

correction was carried out by the MULTI-SCAN method. The structures were solved by 

the SHELXT (SHELX2014) using OLEX2 software. The non-hydrogen atoms were 

refined anisotropically. Hydrogen atoms were refined using the riding model. All 

calculations were performed using Gaussian 16 software. Geometry optimizations and 

frequency calculations were performed for all compounds at the B3LYP or B97XD level 

of theory using 6-31G(d) or def2TZVP basis set for all atoms. Single point calculations 

were performed at B3LYP, B97XD or B3LYP-D3 level of theory using 6-

311G+(2df,2p) basis set for all atoms. In specific cases, the solvation of DMF was taken 

into account with the polarizable continuum model (PCM) using the integral equation 

formalism variant. Ground states and transition states were confirmed by frequencies 

analysis (no imaginary frequencies and one imaginary frequency, respectively). IRC 

analyses of transition states led to postulated ground states. Elemental analyses were 

carried out at J-SCIENCE MICRO CORDER JM10 for C, H and N, Elementar Vario 

micro cube for O, and Yanaco HSU-20+ICS-1100 for F.   
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2. Synthesis 

2-1. Synthesis of 1a-1c 

 

Scheme S1. Synthesis of 1a-c 

 

Synthesis of 1,4-dibromo-2,5-bis(methoxymethoxy)benzene (S1) 

 

To a DMF solution (15 mL) of 2,5-dibromohydroquinone (500.0 mg, 1.87 mmol) was 

added successively K2CO3 (2.064 g, 14.9 mmol) and chloromethyl methyl ether (0.42 mL, 

5.60 mmol) at 0 °C under an argon atmosphere. The mixture was stirred at room 

temperature for 20 h. After quenching by addition of distilled water, the resulting mixture 

was extracted with Et2O. The organic layer was washed with distilled water and dried 

over anhydrous Na2SO4. After filtration and removal of the solvent, the residue was 

purified by silica gel column chromatography using hexane/ethyl acetate (9/1) to give a 

white solid (544.7 mg, 82%). 

S1: white solid; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 7.37 (s, 2H, Ar), 5.17 (s, 4H, 

OCH2OCH3), 3.52 (s, 6H, OCH2OCH3); 
13C NMR (125.72 MHz, CDCl3, ppm): δ = 149.5 

(s, Ar), 121.2 (s, Ar), 112.2 (s, Ar), 96.0 (s, OCH2OCH3), 56.6 (s, OCH2OCH3). 
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Synthesis of 2,2’-(2,5-bis(methoxymethoxy)-1,4-phenylene)bis(4,4,5,5-tetramethyl-1,3,2-

dioxaborolane) (S2) 

 

A solution of S1 (3.300 g, 9.27 mmol), dried KOAc (5.458 g, 55.6 mmol), 

bis(pinacolato)diboron (5.179 g, 20.4 mmol) and [1,1’-

bis(diphenylphosphino)ferrocene]dichloropalladium(II) (678.2 mg, 0.93 mmol) in 1,4-

dioxane (70 mL) was stirred at 100 °C for 20 h under an argon atmosphere. After 

quenching by addition of distilled water, the resulting mixture was extracted with ethyl 

acetate. The organic layer was washed with distilled water and dried over anhydrous 

Na2SO4. After filtration over celite and the removal of the solvent, black oily product was 

obtained (8.512 g). Bis(pinacolato)diboron-derived residue remained as an inseparable 

impurity under any chromatographic conditions, so crude material was used for the next 

reaction. 

S2: 1H NMR (300 MHz, CDCl3, ppm): δ = 7.29 (s, 2H, Ar), 5.15 (s, 4H, OCH2OCH3), 

3.53 (s, 6H, OCH2OCH3), 1.26 (s, 24H, OC(CH3)2); HRMS (ESI) calcd for 

C22H36B2NaO8 ([M + Na]+) m/z 473.2494, found 473.2489. 

 

Synthesis of 2,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene-1,4-diol (S3) 

 

To a THF (32 mL) and MeOH (18 mL) solution of S2 (8.512 g, crude material) was 

added conc. HCl aq. (10.0 mL, 120 mmol) under an argon atmosphere. The mixture was 

stirred at room temperature for 24 h. After addition of ice water, the resulting mixture 

was extracted with CH2Cl2. The organic layer was washed with distilled water and dried 

over anhydrous Na2SO4. After filtration and removal of the solvent, black oily product 

was obtained (2.882 g). Bis(pinacolato)diboron-derived residue remained as an 

inseparable impurity under any chromatographic conditions, so crude material was used 

for the next reaction. 

S3: 1H NMR (300 MHz, CDCl3, ppm): δ = 7.30 (s, 2H, OH), 7.11 (s, 2H, Ar), 1.26 (s, 
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24H, OC(CH3)2); HRMS (ESI) calcd for C18H28B2NaO6 ([M + Na]+) m/z 385.1970, found 

385.1964. 

 

Synthesis of ((2,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,4-

phenylene)bis(oxy))bis(tert-butyldimethylsilane) (S4) 

 

To a DMF solution (40 mL) of S3 (2.882 g, crude material) and imidazole (3.597 g, 52.8 

mmol) was added tert-butyldimethylchlorosilane (3.514 g, 23.3 mmol) under an argon 

atmosphere. The mixture was stirred at room temperature for 18 h. After quenching by 

addition of distilled water, the resulting mixture was extracted with CHCl3. The organic 

layer was washed with distilled water and dried over anhydrous Na2SO4. After filtration 

and removal of the solvent, the residue was purified by silica gel column chromatography 

using hexane/CHCl3/ethyl acetate (16/2/1) and washed with hexane to give a white solid 

(1.189 g, total yield of 22% over 3 steps from S1).  

S4: white solid; m.p. 213.7–214.7 ℃; 1H NMR (300 MHz, CDCl3, ppm): δ = 7.07 (s, 2H, 

Ar), 1.30 (s, 24H, OC(CH3)2), 1.01 (s, 18H, Si(CH3)2C(CH3)3), 0.18 (s, 12H, 

Si(CH3)2C(CH3)3); 
13C NMR (125.72 MHz, CDCl3, ppm): δ = 153.9 (s, Ar), 127.3 (s, Ar), 

83.4 (s, OC(CH3)2), 26.1 (s, Si(CH3)2C(CH3)3), 25.1 (s, Si(CH3)2C(CH3)3), 18.5 (s, 

OC(CH3)2), –4.2 (s, Si(CH3)2C(CH3)3); HRMS (FAB, matrix = NBA) calcd for 

C30H56B2O6Si2 ([M]+) m/z 590.3802, found 590.3808; IR (KBr, cm–1): 2979, 2966, 2941, 

2896, 2860, 1490, 1398, 1371, 1325, 1290, 1275, 1246, 1196, 1142, 1090, 991, 964, 932, 

908, 860, 841, 812, 796, 777, 692,682. 

 

Suzuki-coupling reaction of S4 with arylbromide to give 1a-c 

 

To a toluene solution of tris(dibenzylideneacetone)dipalladium(0) (0.05 eq.) and 2-
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dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (0.1 eq.) was added S4 (1.0 eq.), 

bromofluorobenzene (2.5 eq.) and 2 M K2CO3 aq. (14 eq.) under an argon atmosphere, 

then the mixture was stirred at 100 °C for 24 h. After cooling to room temperature, the 

resulting mixture was extracted with CHCl3. The organic layer was washed with distilled 

water and dried over anhydrous Na2SO4. After filtration over celite and removal of the 

solvent, the residue was purified by silica gel column chromatography to give the desired 

product. 

 

Synthesis of 1a: Tris(dibenzylideneacetone)dipalladium(0) (15.5 mg, 17 mol), 2-

dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (13.9 mg, 34 mol), S4 (200 mg, 0.34 

mmol), bromopentafluorobenzene (214.3 mg, 0.87 mmol), 2 M K2CO3 aq. (2.4 mL, 4.8 

mmol), and toluene (3.4 mL). Hexane/CHCl3 (19/1) was used as an eluent for column 

chromatography to give a white solid (198 mg, 87%).  

1a: white solid; m.p. 180.5–181.9 ℃; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 6.81 (s, 

2H, Ar), 0.80 (s, 18H, Si(CH3)2C(CH3)3), 0.06 (s, 12H, Si(CH3)2C(CH3)3); 
13C NMR 

(125.72 MHz, CDCl3, ppm): δ = 147.5 (s, Ar), 145.6-143.5 (m, CF), 142.0-139.7 (m, CF), 

138.9-136.7 (m, CF), 122.4 (s, Ar), 120.1 (s, Ar), 112.7 (dt, J = 18.8 Hz, 3.7 Hz, Ar), 25.4 

(s, Si(CH3)2C(CH3)3), 17.9 (s, Si(CH3)2C(CH3)3), –4.6 (s, Si(CH3)2C(CH3)3); 
19F NMR 

(376.31 MHz, CDCl3, ppm): δ = –139.60 (dd, J = 23.1 Hz, 8.2 Hz, 4F), –155.50 (t, J = 

20.8 Hz, 2F), –163.12 (dt, J = 23.7 Hz, 7.3 Hz, 4F); HRMS (FAB, matrix = NBA) calcd 

for C30H32F10O2Si2 ([M]+) m/z 670.1781, found 670.1788; IR (KBr, cm–1): 2953, 2932, 

2899, 2862, 1651, 1528, 1506, 1472, 1437, 1389, 1310, 1260, 1231, 1069, 993, 941, 876, 

853, 802, 781, 691. 

 

Synthesis of 1b: Tris(dibenzylideneacetone)dipalladium(0) (16.6 mg, 18 mol), 2-

dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (14.3 mg, 35 mol), S4 (201 mg, 0.34 

mmol), 1-bromo-2,3,5,6-tetrafluorobenzene (194 mg, 0.85 mmol), 2 M K2CO3 aq. (2.4 

mL, 4.8 mmol), and toluene (3.4 mL). Hexane/CHCl3 (19/1) was used as an eluent for 

column chromatography to give a white solid (137 mg, 63% yield). 

1b: white solid; m.p. 176.0–177.1 ℃; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 7.14-

7.06 (m, 2H, Ar), 6.84 (s, 2H, Ar), 0.79 (s, 18H, Si(CH3)2C(CH3)3), 0.05 (s, 12H, 

Si(CH3)2C(CH3)3); 
13C NMR (125.72 MHz, CDCl3, ppm): δ = 147.4 (s, Ar), 147.3-145.0 

(m, CF), 145.3-143.0 (m, CF), 122.3 (s, Ar), 121.1 (s, Ar), 118.5 (t, J = 17.9 Hz, Ar), 

105.3 (t, J = 21.9 Hz, Ar), 25.4 (s, Si(CH3)2C(CH3)3), 17.9 (s, Si(CH3)2C(CH3)3), –4.7 (s, 

Si(CH3)2C(CH3)3); 
19F NMR (376.31 MHz, CDCl3, ppm): δ = –140.16 (ddd, J = 22.1 Hz, 

11.9 Hz, 4.4, 4F), –140.38 (ddd, J = 22.1 Hz, 11.9 Hz, 5.1 Hz, 4F); HRMS (FAB, matrix 
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= NBA) calcd for C30H34F8O2Si2 ([M]+) m/z 634.1970, found 634.1966; IR (KBr, cm–1) : 

2961, 2935, 2896, 2860, 1700, 1610, 1596, 1496, 1453, 1402, 1373, 1261, 1204, 1175, 

1141, 946, 888, 873, 846, 802, 781, 714, 693. 

 

Synthesis of 1c: Tris(dibenzylideneacetone)dipalladium(0) (16.3 mg, 18 mol), 2-

dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (13.9 mg, 34 mol), S4 (200 mg, 0.34 

mmol), 2-bromofluorobenzene (149 mg, 0.85 mmol), 2M K2CO3 aq. (2.4 mL, 4.8 mmol), 

and toluene (3.4 mL). Hexane/CHCl3 (19/1) was used as an eluent for column 

chromatography to give a white solid (123 mg, 69%). 

1c: white solid; m.p. 156.2–157.0 ℃; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 7.39 (t, 

J = 7.5 Hz, 2H, ArH), 7.32-7.29 (m, 2H, ArH), 7.52 (t, J = 7.5 Hz, 2H, ArH), 7.12 (t, J = 

9.0 Hz, 2H, ArH), 6.84 (s, 2H, ArH), 0.76 (s, 18H, Si(CH3)2C(CH3)3), -0.058 (s, 12H, 

Si(CH3)2C(CH3)3); 
13C NMR (125.72 MHz, CDCl3, ppm): δ =160.2 (d, J = 247.3 Hz, CF), 

147.0 (s, Ar), 132.5 (d, J = 3.8 Hz, Ar), 129.1 (d, J = 8.2 Hz, Ar), 127.9 (s, Ar), 126.5 (d, 

J = 16.0 Hz, Ar), 123.7 (d, J = 3.6 Hz, Ar), 122.4 (s, Ar), 115.7 (d, J = 22.1 Hz, Ar), 25.6 

(s, Si(CH3)2C(CH3)3), 18.1 (s, Si(CH3)2C(CH3)3), –4.6 (s, Si(CH3)2C(CH3)3); 
19F NMR 

(376.31 MHz, CDCl3, ppm): δ = –114.40 (s, 2F); HRMS (FAB, matrix = NBA) calcd for 

C30H40F2O2Si2 ([M]+) m/z 526.2535, found 526.2535; IR (KBr, cm–1): 2950, 2930, 2888, 

2860, 1700, 1616, 1579, 1514, 1480, 1448, 1390, 1363, 1253, 1233, 1198, 1105, 1047, 

1025, 925, 885, 839, 826, 802, 778, 763, 707, 691, 674. 

 

2-2. Synthesis of 1d-1f 

 

Scheme S2. Synthesis of 1d-f 
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Synthesis of tert-butyldimethyl(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)phenoxy)silane (S5) 

 

To a DMF solution (30 mL) of 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol 

(2.000 g, 9.09 mmol) and imidazole (927.3 mg, 13.6 mmol) was added tert-

butyldimethylchlorosilane (1.507 g, 10.0 mmol) under an argon atmosphere. The mixture 

was stirred at room temperature for 18 h. After quenching by addition of distilled water, 

the resulting mixture was extracted with Et2O. The organic layer was washed with 

distilled water and dried over anhydrous Na2SO4. After filtration and removal of the 

solvent, the residue was purified by silica gel column chromatography using hexane/ethyl 

acetate (8/2) to give S5 as colorless liquid (2.725 g, 90%). 

S5: colorless oil; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 7.69 (d, J = 5.8 Hz, 1H, ArH), 

7.28 (t, J = 6.9 Hz, 1H, ArH), 6.92 (t, J = 7.3 Hz, 1H, ArH), 6.78 (d, J = 8.2 Hz, 1H, ArH), 

1.32 (s, 12H, OC(CH3)2), 1.03 (s, 9H, Si(CH3)2C(CH3)3), 0.23 (s, 6H, Si(CH3)2C(CH3)3); 
13C NMR (125.72 MHz, CDCl3, ppm): δ = 160.7 (s, Ar), 137.2 (s, Ar), 132.3 (s, Ar), 120.7 

(s, Ar), 119.5 (s, Ar), 83.4 (s, OC(CH3)2), 26.0 (s, Si(CH3)2C(CH3)3), 25.1 (s, 

Si(CH3)2C(CH3)3), 18.5 (s, OC(CH3)2), –4.1 (s, Si(CH3)2C(CH3)3); HRMS (FAB, matrix 

= NBA) calcd for C18H32BO3Si ([M+H]+) m/z 335.2208, found 335.2206; IR (KBr, neat, 

cm–1): 3034, 2978, 2956, 2931, 2896, 2860, 1603, 1516, 1473, 1398, 1360, 1316, 1262, 

1145, 1091, 963, 913, 861, 838, 800, 781, 741, 717, 672, 656. 

 

Suzuki-coupling reaction of S5 with arylbromide to give 1d-f 

 

To a toluene solution of tris(dibenzylideneacetone)dipalladium(0) (0.05 eq.) and 2-
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dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (0.1 eq.) was added S5 (2.5 eq.), 

dibromofluorobenzene (1.0 eq.) and 2 M K2CO3 aq. (14 eq.) under an argon atmosphere, 

then the mixture was stirred at 100 °C for 24 h. After cooling to room temperature, the 

resulting mixture was extracted with CHCl3. The organic layer was washed with distilled 

water and dried over anhydrous Na2SO4. After filtration over celite and removal of the 

solvent, the residue was purified by silica gel column chromatography to give the desired 

product. 

 

Synthesis of 1d: Tris(dibenzylideneacetone)dipalladium(0) (65.2 mg, 0.071 mmol), 2-

dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (58.5 mg, 0.14 mmol), S5 (1.000 g, 3.0 

mmol), 1,4-dibromotetrafluorobenzene (438 mg, 1.4 mmol), 2M K2CO3 aq. (9.5 mL, 19 

mmol), and toluene (14 mL). Hexane/CHCl3 (19/1) was used as an eluent for column 

chromatography to give a white solid (756 mg, 94% yield). 

1d: white solid; m.p. 163.0–164.1 ℃; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 7.38-

7.33 (m, 2H, Ar), 7.30-7.24 (m, 2H, Ar), 7.10-7.04 (m, 2H, Ar), 7.10-7.04 (m, 2H, Ar), 

7.01-6.97 (m, 2H, Ar), 0.85 (2s, 18H, Si(CH3)2C(CH3)3), 0.15 (2s, 12H, 

Si(CH3)2C(CH3)3); 
13C NMR (125.72 MHz, CDCl3, ppm): δ = 153.8 (2s, Ar), 145.3-143.1 

(m, CF), 132.4 (s, Ar), 131.9 (s, Ar), 130.7 (2s, Ar), 121.2 (2s, Ar), 119.5 (2d, Ar), 117.6-

117.3 (m, Ar), 25.6 (2s, Si(CH3)2C(CH3)3), 18.1 (2s, Si(CH3)2C(CH3)3), –4.3 (2s, 

Si(CH3)2C(CH3)3); 
19F NMR (376.31 MHz, CDCl3, ppm): δ = –141.99 (2s, 4F); HRMS 

(FAB, matrix = NBA) calcd for C30H39F4O2Si2 ([M+H]+) m/z 563.2419, found 563.2432; 

IR (KBr, cm–1): 3063, 3036, 2964, 2937, 2895, 2859, 1602, 1581, 1517, 1465, 1447, 1410, 

1363, 1317, 1283, 1259, 1139, 1096, 1041, 978, 923, 838, 800, 780, 750, 717, 664, 637. 

 

Synthesis of 1e: Tris(dibenzylideneacetone)dipalladium(0) (15.0 mg, 0.016 mmol), 2-

dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (12.0 mg, 0.029 mmol), S5 (247 mg, 

0.73 mmol), 1,4-dibromo-2,3-difluorobenzene (80.2 mg, 0.29 mmol), 2M K2CO3 aq. (2.1 

mL, 4.2 mmol), and toluene (3.0 mL). Hexane/ethyl acetate (4/1) was used as an eluent 

for column chromatography to give a white solid (127 mg, 82% yield). 

1e: white solid; m.p. 118.6–119.6 ℃; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 7.30-7.26 

(m, 4H, ArH), 7.13-7.12 (m, 2H, ArH), 7.04 (t, J = 7.5 Hz, 2H, ArH), 6.95 (d, J = 8.5 Hz, 

2H, ArH), 0.82 (s, 18H, Si(CH3)2C(CH3)3), 0.07 (s, 12H, Si(CH3)2C(CH3)3); 
13C NMR 

(125.72 MHz, CDCl3, ppm): δ =153.3 (s, Ar), 148.5 (dd, J = 250.2 Hz, 15.5, Ar), 131.6 

(s, Ar), 129.6 (s, Ar), 127.8-127.7 (m, CF), 126.8 (s, Ar), 125.8 (t, J = 3.4 Hz, Ar), 121.3 

(s, Ar), 119.8 (s, Ar), 25.6 (s, Si(CH3)2C(CH3)3), 18.2 (s, Si(CH3)2C(CH3)3), –4.3 (s, 

Si(CH3)2C(CH3)3); 
19F NMR (376.31 MHz, CDCl3, ppm): δ = –139.73 (s, 2F); HRMS 
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(FAB, matrix = NBA) calcd for C30H41F2O2Si2 ([M+H]+) m/z 527.2608, found 527.2622; 

IR (KBr, cm–1): 3061, 3032, 2959, 2928, 2858, 1600, 1578, 1518, 1479, 1437, 1279, 1252, 

929, 886, 825, 779, 751, 686. 

 

Synthesis of 1f: Tris(dibenzylideneacetone)dipalladium(0) (27.5 mg, 0.030 mmol), 2-

dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (24.6 mg, 0.060 mmol), S5 (500 mg, 

1.5 mmol), 1,4-dibromo-2,5-difluorobenzene (163 mg, 0.60 mmol), 2M K2CO3 aq. (4.2 

mL, 8.4 mmol), and toluene (6 mL). Hexane/ethyl acetate (4/1) was used as an eluent for 

column chromatography to give a white solid (258 mg, 82% yield). 

1f: white solid; m.p. 121.5–122.5 ℃; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 7.30-7.28 

(m, 4H, ArH), 7.12 (t, J = 8.0 Hz, 2H, ArH), 7.04 (t, J = 7.4 Hz, 2H, ArH), 6.94 (d, J = 

8.4 Hz, 2H, ArH), 0.84 (s, 18H, Si(CH3)2C(CH3)3), 0.08 (s, 12H, Si(CH3)2C(CH3)3); 
13C 

NMR (125.72 MHz, CDCl3, ppm): δ =155.6 (dd, J = 244.7 Hz, 3.5 Hz, Ar), 153.3 (s, Ar), 

131.6 (s, Ar), 129.6 (s, Ar), 127.0 (q, J = 8.3 Hz, Ar), 126.8 (s, Ar), 121.3 (s, Ar), 119.8 

(s, Ar), 118.7-118.4 (m, CF), 25.7 (s, Si(CH3)2C(CH3)3), 18.2 (s, Si(CH3)2C(CH3)3), –4.3 

(s, Si(CH3)2C(CH3)3); 
19F NMR (376.31 MHz, CDCl3, ppm): δ = –121.39 (s, 2F); HRMS 

(FAB, matrix = NBA) calcd for C30H41F2O2Si2 ([M+H]+) m/z 527.2608, found 527.2611; 

IR (KBr, cm–1): 3065, 2959, 2930, 2857, 1602, 1575, 1519, 1474, 1401, 1272, 1254, 1171, 

1118, 1048, 921, 836, 800, 784, 761, 716, 672, 655. 

 

2-3. Fluoride-ion-catalyzed SNAr reaction 

 

 

General procedure for fluoride-ion-catalyzed SNAr 

To a DMF or NMP solution of aryl silyl ether derivatives (1a-f) (1.0 eq.) was added 0.05 

eq. of Bu4NF (1 M in THF) under an argon atmosphere, then the mixture was stirred at 

each temperature and time. After cooling to room temperature, the resulting mixture was 
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purified respectively to give the desired product. 

 

Synthesis of 2a: 1a (63.4 mg, 95 mol), 1 M Bu4NF in THF (4.6 L, 4.6 mol) and DMF 

(2.5 mL). Reaction condition was at 80 °C for 2 h. Purification procedure was extraction 

with CHCl3, then the organic layer was washed with distilled water and dried over 

anhydrous Na2SO4. Filtration and removal of the solvent gave a white solid (38.2 mg, 

100%). 

2a: white solid; m.p. 221.9–223.4 ℃; 1H NMR (300 MHz, CDCl3, ppm): δ = 8.23 (s, 2H, 

Ar); 13C NMR (125.72 MHz, CDCl3, ppm): δ = 153.4 (s, Ar), 142.5-140.3 (m, CF), 142.2-

140.0 (m, CF), 140.3-140.2 (m, CF), 137.4 (ddd, J = 248.7 Hz, 14.7 Hz, 14.7 Hz, CF), 

134.5 (ddd, J = 252.8 Hz, 133.9 Hz, 4.6 Hz, CF), 121.7 (s, Ar), 110.4 (d, J = 18.5 Hz, Ar), 

105.7 (s, Ar); 19F NMR (282.23 MHz, CDCl3, ppm): δ = –145.38 (t, J = 17.3 Hz, 2F), –

155.24 (t, J = 17.3 Hz, 2F), –160.34 (t, J = 17.3 Hz, 2F), –163.22 (t, J = 20.8 Hz, 2F); 

HRMS (FAB, matrix = NBA) calcd for C18H2F8O2 ([M]+) m/z 401.9927, found 401.9933; 

IR (KBr, cm–1): 3114, 3042, 2963, 2922, 2853, 1728, 1654, 1637, 1624, 1546, 1498, 1433, 

1348, 1316, 1296, 1138, 1047, 994, 885, 864, 831, 772. 

 

Synthesis of 2b: 1b (40.5 mg, 64 mol), 1 M Bu4NF in THF (3.2 L, 3.2 mol) and DMF 

(3.0 mL). Reaction condition was at 110 °C for 2 h. Purification procedure was pouring 

the resulting mixture into water, then the precipitate was filtered. The obtained residue 

was recrystallized by CHCl3 to give a white solid (22.5 mg, 96%). 

2b: white solid; m.p. 239.5–241.0 ℃; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 8.26 (s, 

2H, Ar), 7.23-7.17 (m, 2H, Ar); 13C NMR (125.72 MHz, CDCl3, ppm): δ = 153.4 (s, Ar), 

146.5-144.4 (m, CF), 144.3-142.1 (m, CF), 142.5-140.4 (m, CF), 140.8-140.7 (m, Ar), 

122.7 (s, Ar), 116.6 (d, J = 18.1 Hz), 105.8 (s, Ar), 104.7 (dd, J = 24.3 Hz, 22.4 Hz, Ar); 
19F NMR (376.31 MHz, CDCl3, ppm): δ = –137.55 (d, J = 19.0 Hz, 2F), –142.24 (d, J = 

20.4 Hz, 2F), –147.63 (dd, J = 20.4 Hz, 20.4 Hz, 2F); HRMS (FAB, matrix = NBA) calcd 

for C18H4F6O2 ([M]+) m/z 366.0115, found 366.0117; IR (KBr, cm–1): 3094, 2924, 2851, 

1659, 1612, 1537, 1493, 1435, 1414, 1344, 1325, 1271, 1163, 1136, 962, 907, 854, 814, 

725, 679. 

 

Synthesis of 2c from 1c: 1c (9.9 mg, 19 mol), 1 M Bu4NF in THF (0.95 L, 0.95 mol) 

and NMP (3.0 mL). Reaction condition was at 200 °C for 4 h. Purification procedure was 

extraction with CHCl3, then the organic layer was washed with distilled water and dried 

over anhydrous Na2SO4. After filtration and removal of the solvent, the crude product 

was reprecipitated with cold methanol to give a white solid (3.9 mg, 80%). 
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2c: white solid; m.p. 225.2–226.0 ℃; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 8.06 (s, 

2H, ArH), 8.02 (d, J = 8.6 Hz, 2H, ArH), 7.60 (d, J = 8.2 Hz, 2H, ArH), 7.49 (t, J = 7.8 

Hz, 2H, ArH), 7.38 (t, J = 7.5 Hz, 2H, ArH); 13C NMR (125.72 MHz, CDCl3, ppm): δ = 

157.4 (s, Ar), 152.9 (s, Ar), 127.6 (s, Ar), 124.7 (s, Ar), 124.3 (s, Ar), 122.8 (s, Ar), 120.9 

(s, Ar), 111.9 (s, Ar), 102.7 (s, Ar); HRMS (EI) calcd for C18H10O2 ([M]+) m/z 258.0681, 

found 258.0682; IR (KBr, cm–1): 3089, 3068, 3050, 3020, 2963, 2918, 2851, 1434, 1261, 

1225, 1219, 1143, 1099, 1048, 1018, 929, 869, 864, 854, 804, 761, 741, 686; elemental 

analysis (%): calcd. (C18H10O2): C 83.70, H 3.90, O 12.39; found: C 84.22, H 4.01, N 

0.10, O 11.98. 

 

Synthesis of 2d: 1d (53.5 mg, 95 mol), 1 M Bu4NF in THF (4.8 L, 4.8 mol) and DMF 

(2.5 mL). Reaction condition was at 90 °C for 3 h. Purification procedure was extraction 

with CHCl3, then the organic layer was washed with distilled water and dried over 

anhydrous Na2SO4. After filtration and removal of the solvent, the crude product was 

purified by silica gel column chromatography using hexane/CHCl3 (1/1) to give a white 

solid (27.7 mg, 99%). 

2d: white solid; m.p. 279.0–280.0 ℃; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 8.16 (d, 

J = 7.8 Hz, 2H, ArH), 7.70 (d, J = 8.2 Hz, 2H, ArH), 7.56 (t, J = 7.7 Hz, 2H, ArH), 7.46 

(t, J = 7.5 Hz, 2H, ArH); 13C NMR (125.72 MHz, CDCl3, ppm): δ = 156.6 (s, Ar), 140.9 

(dd, J = 248 Hz, 16 Hz, CF), 136.3 (t, J = 4.7 Hz, Ar), 128.0 (s, Ar), 124.0 (s, Ar), 122.8 

(s, Ar), 122.5 (s, Ar), 114.1 (dd, J = 13 Hz, 7.8 Hz, Ar), 112.2 (s, Ar); 19F NMR (376.31 

MHz, CDCl3, ppm): δ = –152.30 (s, 2F); HRMS (FAB, matrix = NBA) calcd for 

C18H8F2O2 ([M]+) m/z 294.0492, found 294.0496; IR (KBr, cm–1): 3444, 2921, 2854, 

1510, 1449, 1418, 1308, 1261, 1211, 1147, 1088, 1017, 992, 894, 827, 744; elemental 

analysis (%): calcd. (C18H8 F2O2): C 73.47, H 2.74, F 12.91, O 10.87; found: C 73.08, H 

3.05, F 12.56. F prevented detection of O. 

 

Synthesis of 2e: 1e (50.0 mg, 95 mol), 1 M Bu4NF in THF (4.7 L, 4.7 mol) and DMF 

(2.5 mL). Reaction condition was at 100 °C for 3 h. Purification procedure was extraction 

with CHCl3, then the organic layer was washed with distilled water and dried over 

anhydrous MgSO4. After filtration and removal of the solvent, the crude product was 

reprecipitated with cold methanol to give a white solid (24.0 mg, 98%). 

2e: white solid; m.p. 184.6–185.5 ℃; 1H NMR (400.13 MHz, CDCl3, ppm): δ = 8.03 (d, 

J = 7.6 Hz, 2H, ArH), 7.93 (s, 2H, ArH), 7.71 (d, J = 8.2 Hz, 2H, ArH), 7.52 (t, J = 4.2 

Hz, 2H, ArH), 7.41 (t, J = 7.5 Hz, 2H, ArH); 13C NMR (125.72 MHz, CDCl3, ppm): δ = 

156.7 (s, Ar), 140.9 (s, Ar), 127.3 (s, Ar), 124.8 (s, Ar), 124.7 (s, Ar), 123.4 (s, Ar), 120.8 
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(s, Ar), 115.3 (s, Ar), 112.2 (s, Ar); HRMS (EI) calcd for C18H10O2 ([M]+) m/z 258.0681, 

found 258.0675; IR (KBr, cm–1): 3057, 3050, 3044, 3090, 2932, 2880, 2863, 1450, 1433, 

1425, 1311, 1255, 1185, 1079, 937, 924, 822, 744; elemental analysis (%): calcd. 

(C18H10O2): C 83.70, H 3.90, O 12.39; found: C 83.23, H 3.94, O 12.02. 

 

Synthesis of 2c from 1f: 1f (50.0 mg, 95 mol), 1 M Bu4NF in THF (4.7 L, 4.7 mol) 

and NMP (2.0 mL). Reaction condition was at 200 °C for 5 h. Purification procedure was 

extraction with CHCl3, then the organic layer was washed with distilled water and dried 

over anhydrous Na2SO4. After filtration and removal of the solvent, the crude product 

was reprecipitated with cold methanol to give a white solid (21.0 mg, 86%). Isolated 

product showed identical spectra to 2c. 

 

3. Comparison of reaction conditions 

 

Figure S1. Comparison of reaction condition of fluoride-ion-catalyzed SNAr vs. SNAr 

with phenol derivative.1 
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4. Single crystal X-ray diffraction 

 

Figure S2. Structure of 2d obtained by single crystal X-ray analysis. 

 
Figure S3. Reported crystal structure of 2e.2 
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Table S1. Crystallographic data of 2d. 
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5. Energy diagrams of fluoride-ion-catalyzed SNAr reaction 

 

Figure S4. Energy diagram of SNAr reaction calculated at B3LYP/6-311G+(2df,2p) level. 

 

Figure S5. Energy diagram of SNAr reaction calculated at B97XD/6-311G+(2df,2p) 

level. 
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Figure S6. Energy diagram of SNAr reaction calculated at B3LYP-D3/6-311G+(2df,2p) 

level with DMF solvation. 
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6. Mulliken charge profile

 

 

Figure S7. Mulliken atomic charges of one-sided cyclized anti product of 1d calculated 

at B3LYP/6-31G(d) level. 
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Figure S8. Mulliken atomic charges of one-sided cyclized syn product of 1d calculated 

at B3LYP/6-31G(d) level. 
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7. Cyclization of 1d at higher temperature 

  Fluoride-ion-catalyzed cyclization of 1d was also performed at a higher temperature. 

To an NMP solution (2.5 mL) of 1d (53.4 mg, 95 mol) was added 0.05 eq. of Bu4NF (1 

M in THF, 4.8 L, 4.8 mol) under an argon atmosphere. The mixture was stirred at 

200 °C for 3 h. After cooling to room temperature, the mixture was extracted with CHCl3, 

then the organic layer was washed with distilled water and dried over Na2SO4. 2d was 

obtained in 96% yield determined by 19F NMR using benzotrifluoride as an internal 

standard. 

 

Scheme S3. Synthesis of 2d at 200 °C. The yield of 2d was determined by 19F NMR using 

benzotrifluoride as an internal standard. 
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8. Optical properties 

Table S2. Optical properties of 2a-e measured in CHCl3. 

Compound 
max

abs a) 

[nm] 

onset
abs 

[nm] 

ex
 b) 

[nm] 

max
em 

[nm] 

SSc) 

[nm] 
F

d) 

2a 312 340 312 352 5.0 0.57 

2b 311 350 311 348 5.0 0.58 

2c 329 350 314 359 7.0 0.64 

2d 316 325 300 342 16 0.25 

2e 317 325 303 335 4.5 0.44 

a) Wavelength for the largest absorption. b) 2c-e were excited at the second maximum 

absorption peak to avoid self-absorption. c) Stokes shift. d) Internal quantum efficiency. 

 

 

 

Figure S9. Absorption (gray) and fluorescence (green, yellow) spectra of 2c-e recorded 

with CHCl3 as a solvent. Fluorescence spectra were collected under the excitation at 

maximum absorption wavelength (green) or second maximum absorption wavelength 

(yellow). 
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Table S3. Optical properties of 2a-e measured in toluene. 

Compound 
max

abs a) 

[nm] 

onset
abs 

[nm] 

ex
 b) 

[nm] 

max
em 

[nm] 

SSc) 

[nm] 
F

d) 

2a 314 343 314 354 9.0 0.62 

2b 313 343 313 364 7.0 0.68 

2c 329 347 314 359 10 0.75 

2d 317 327 302 344 19 0.39 

2e 318 325 304 337 9.0 0.74 

a) Wavelength for the largest absorption. b) 2c-e were excited at the second maximum 

absorption peak to avoid self-absorption. c) Stokes shift. d) Internal quantum efficiency. 

 

 

Figure S10. Absorption (solid line) and FL (dashed line) spectra of 2a-e recorded with 

toluene as a solvent. Black arrows indicate the excitation wavelength for FL measurement 

measured in toluene. 
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Figure S11. Absorption (gray) and fluorescence (green, yellow) spectra of 2c-e. 

Fluorescence spectra were collected under the excitation at maximum absorption 

wavelength (green) or second maximum absorption wavelength (yellow) measured in 

toluene. 
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9. Electrochemical properties 

The electrochemical properties were evaluated by cyclic voltammetry (CV) measurement 

(Figure S11). All the compound 2a-e showed irreversible redox behavior in 0.1 M 

Bu4NPF6/CH2Cl2. In 2a-2d, the oxidation peak top and reduction peak top were not 

observed due the overlap with background current. Oxidation and reduction 

voltammograms were collected independently. 

 

Figure S12. Cyclic voltammograms of 3 mM 2a-e in 0.1 M Bu4NPF6/CH2Cl2 at a scan 

rate of 100 mV/s. 
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10. Orbital energy levels simulated at B3LYP-D3/def2TZVP level of theory  

 

Figure S13. Orbital energy levels around frontier orbital of 2a-e, dibenzo[a,h]anthracene 

and picene simulated at B3LYP-D3/def2TZVP level of theory. MOs of HOMO-1, HOMO, 

LUMO are described (iso value = 0.02). 

 

 

11. TD DFT simulations for 2a-c 

 

Figure S14. Absorption spectrum of 2a and oscillator strength calculated by DFT method 

at the B3LYP/6-311G+(2df,2p) level. 
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Figure S15. Absorption spectrum of 2b and oscillator strength calculated by DFT method 

at the B3LYP/6-311G+(2df,2p) level. 

 

 

Figure S16. Absorption spectrum of 2c and oscillator strength calculated by DFT method 

at the B3LYP/6-311G+(2df,2p) level. 
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Table S4. Summary of simulated transitions of 2a-c calculated by DFT method at the 

B3LYP/6-311G+(2df,2p) level. 

 

 

  



 S28 

12. NMR charts 

 

Figure S17. 1H NMR spectrum (400.13 MHz, CDCl3) of S1. 

 

 
Figure S18. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of S1. 
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Figure S19. 1H NMR spectrum (300 MHz, CDCl3) of S2. 

 

 

Figure S20. 1H NMR spectrum (300 MHz, CDCl3) of S3. 
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Figure S21. 1H NMR spectrum (300 MHz, CDCl3) of S4. 

 

 

Figure S22. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of S4. 
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Figure S23. 1H NMR spectrum (400.13 MHz, CDCl3) of S5. 

 

 

Figure S24. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of S5. 

 



 S32 

 

Figure S25. 1H NMR spectrum (400.13 MHz, CDCl3) of 1a. 

 

 

Figure S26. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of 1a. 
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Figure S27. 19F{1H} NMR spectrum (376.31 MHz, CDCl3) of 1a. 

 

 
Figure S28. 1H NMR spectrum (400.13 MHz, CDCl3) of 1b. 
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Figure S29. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of 1b. 

 

 

Figure S30. 19F{1H} NMR spectrum (376.31 MHz, CDCl3) of 1b. 
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Figure S31. 1H NMR spectrum (400.13 MHz, CDCl3) of 1c. 

 

 

Figure S32. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of 1c. 
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Figure S33. 19F{1H} NMR spectrum (376.31 MHz, CDCl3) of 1c. 

 

 

Figure S34. 1H NMR spectrum (400.13 MHz, CDCl3) of 1d. 
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Figure S35. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of 1d. 

 

 

Figure S36. 19F{1H} NMR spectrum (376.31 MHz, CDCl3) of 1d. 
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Figure S37. 1H NMR spectrum (400.13 MHz, CDCl3) of 1e. 

 

 

Figure S38. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of 1e. 

 



 S39 

 

Figure S39. 19F{1H} NMR spectrum (376.31 MHz, CDCl3) of 1e. 

 

 

Figure S40. 1H NMR spectrum (400.13 MHz, CDCl3) of 1f. 
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Figure S41. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of 1f. 

 

 

Figure S42. 19F{1H} NMR spectrum (376.31 MHz, CDCl3) of 1f. 
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Figure S43. 1H NMR spectrum (300 MHz, CDCl3) of 2a. 

 

 

Figure S44. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of 2a. 
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Figure S45. 19F{1H} NMR spectrum (282.23 MHz, CDCl3) of 2a. 

 

 

Figure S46. 1H NMR spectrum (400.13 MHz, CDCl3) of 2b. 
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Figure S47. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of 2b. 

 

 

Figure S48. 19F{1H} NMR spectrum (376.31 MHz, CDCl3) of 2b. 
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Figure S49. 1H NMR spectrum (400.13 MHz, CDCl3) of 2c. 

 

 

Figure S50. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of 2c. 
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Figure S51. 1H NMR spectrum (400.13 MHz, CDCl3) of 2d. 

 

 

Figure S52. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of 2d. 
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Figure S53. 19F{1H} NMR spectrum (376.31 MHz, CDCl3) of 2d. 

 

 

Figure S54. 1H NMR spectrum (400.13 MHz, CDCl3) of 2e. 
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Figure S55. 13C{1H} NMR spectrum (125.72 MHz, CDCl3) of 2e. 
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13. Cartesian coordinates for simulated structures 

Table S5. Cartesian coordinates of the optimized structure for anti-phenoxide ion (anti-

PhO) in Figure S4 and S6. 
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Table S6. Cartesian coordinates of the optimized structure for anti-Meisenheimer 

intermediate (anti-int) in Figure S4 and S6. 
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Table S7. Cartesian coordinates of the optimized structure for anti-transition state (anti-

TS) in Figure S4 and S6. 
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Table S8. Cartesian coordinates of the optimized structure for anti-product 2d’ in Figure 

S4 and S6. 
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Table S9. Cartesian coordinates of the optimized structure for syn-phenoxide ion (syn-

PhO) in Figure S4 and S6. 
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Table S10. Cartesian coordinates of the optimized structure for syn-Meisenheimer 

intermediate (syn-int) in Figure S4 and S6. 
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Table S11. Cartesian coordinates of the optimized structure for syn-transition state (syn-

TS) in Figure S4 and S6. 
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Table S12. Cartesian coordinates of the optimized structure for syn-product 2d in Figure 

S4 and S6. 
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Table S13. Cartesian coordinates of the optimized structure for anti-phenoxide ion (anti-

PhO) in Figure S5. 
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Table S14. Cartesian coordinates of the optimized structure for anti-Meisenheimer 

intermediate (anti-int) in Figure S5. 
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Table S15. Cartesian coordinates of the optimized structure for anti-transition state (anti-

TS) in Figure S5. 
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Table S16. Cartesian coordinates of the optimized structure for anti-product 2d’ in Figure 

S5. 

 

  



 S60 

Table S17. Cartesian coordinates of the optimized structure for syn-phenoxide ion (syn-

PhO) in Figure S5. 
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Table S18. Cartesian coordinates of the optimized structure for syn-Meisenheimer 

intermediate (syn-int) in Figure S5. 
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Table S19. Cartesian coordinates of the optimized structure for syn-transition state (syn-

TS) in Figure S5. 
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Table S20. Cartesian coordinates of the optimized structure for syn-product 2d in Figure 

S5. 
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Table S21. Cartesian coordinates of the optimized structure for phenoxide ion in Figure 

S7. 
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Table S22. Cartesian coordinates of the optimized structure for phenoxide ion in Figure 

S8. 
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Table S23. Cartesian coordinates of the optimized structure for 2a in Figure 5. 
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Table S24. Cartesian coordinates of the optimized structure for 2b in Figure 5. 
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Table S25. Cartesian coordinates of the optimized structure for 2c in Figure 5. 
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Table S26. Cartesian coordinates of the optimized structure for 2d in Figure 5. 
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Table S27. Cartesian coordinates of the optimized structure for 2e in Figure 5. 

 

  



 S71 

Table S28. Cartesian coordinates of the optimized structure for dibenzo[a,h]anthracene 

in Figure 5. 
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Table S29. Cartesian coordinates of the optimized structure for picene in Figure 5. 
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Table S30. Cartesian coordinates of the optimized structure for 2a in Figure S13. 
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Table S31. Cartesian coordinates of the optimized structure for 2b in Figure S13. 
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Table S32. Cartesian coordinates of the optimized structure for 2c in Figure S13. 
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Table S33. Cartesian coordinates of the optimized structure for 2d in Figure S13. 

 

  

Symbol X Y Z

C -1.388995 0.535556 -0.000036

C -0.690526 1.745058 -0.000027

C 0.690528 1.745057 -0.000029

C 1.388995 0.535553 -0.000047

C 0.68993 -0.680808 -0.000048

C -0.689931 -0.680807 -0.000051

C -2.78678 0.173776 -0.000026

C -2.807863 -1.229631 -0.00001

C -3.974107 -1.96954 0.000028

C -5.16575 -1.251594 0.000067

C -5.174755 0.148537 0.000065

C -3.992359 0.875421 0.000014

H -3.95196 -3.050278 0.000028

H -6.105196 -1.788865 0.000101

H -6.122192 0.671327 0.000104

H -3.998338 1.956584 0.000007

C 2.78678 0.173771 0.000014

C 2.807862 -1.229635 -0.000024

C 3.992357 0.87542 0.00006

C 3.974108 -1.969541 -0.000002

C 5.174754 0.148539 0.000069

H 3.998326 1.956583 0.000071

C 5.165749 -1.251592 0.000046

H 3.951967 -3.05028 -0.000017

H 6.122191 0.671328 0.000094

H 6.105195 -1.788863 0.00006

F -1.365232 2.907734 -0.000008

F 1.365237 2.907731 -0.000006

O 1.534749 -1.754874 -0.000045

O -1.534751 -1.754871 -0.000043
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Table S34. Cartesian coordinates of the optimized structure for 2e in Figure S13. 
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Table S35. Cartesian coordinates of the optimized structure for dibenzo[a,h]anthracene 

in Figure S13. 
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Table S36. Cartesian coordinates of the optimized structure for picene in Figure S13. 
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