N-Arylation of amines, amides, imides and sulfonamides with arylboroxine catalyzed by simple copper salt/EtOH system
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SUPPORTING INFORMATION
Experimental Section

General information: Chemicals and solvents were either purchased or purified by standard techniques. 1H NMR spectra were recorded on a Bruker AC 400 instrument at room temperature; CDCl3 was used as solvent and TMS as internal standard; chemicals shifts (δ) are reported relative to TMS. Mass spectra were obtained using an Agilent 6890 GC-MS apparatus at 70 eV ionization voltage. Electrospray ionization (ESI) mass spectrometry was performed on a Bruker Daltonics Bio TOF mass spectrometer.
Arylboroxines 1b–3b; General Procedure

A solution of arylboronic acid (40 mmol) in benzene (100 mL) was refluxed for 2 h, during which H2O was removed azeotropically. The mixture was concentrated under reduced pressure into ca. 30 mL, and it was cooled to room temperature. The precipitate obtained by filtration was washed five times with hexane to give arylboroxine as white crystals.
2,4,6-Triphenyl-1,3,5,2,4,6-trioxatriborinane (1b) 

1H NMR (400 MHz, CDCl3, TMS): δ = 7.49–7.52 (m, 6 H), 7.58–7.60 (m, 3 H), 8.23–8.24 (m, 6 H); MS (EI, 70 eV): m/z = 312 [M] +.

2,4,6-Tri-p-tolyl-1,3,5,2,4,6-trioxatriborinane (2b) 

1H NMR (400 MHz, CDCl3, TMS): δ = 2.44 (m, 9 H), 7.30–7.32 (m, 6 H), 8.12–8.14 (m, 6 H); ESI-MS: m/z = 354 [M]+.

2,4,6-Tris(4-bromophenyl)-1,3,5,2,4,6-trioxatriborinane (3b)

1H NMR (400 MHz, CDCl3, TMS): δ = 7.64–7.66 (m, 6 H), 8.04–8.06 (m, 6 H); ESI-MS: m/z = 383 [M−2Br]+.
Cross-coupling reaction of N-nucleophiles (preparation of 1c–19c); General Procedure

N-nucleophile (0.5 mmol), (ArBO)3 (0.25 mmol), Cu(OTf)2 (0.018 g, 0.05 mmol) and anhydrous EtOH (5 mL) were placed in a 25 mL vial. The reaction mixture was vigorously stirred under an atmosphere of air at 40 °C for the appropriate time. After completion of the reaction, as monitored by TLC, the reaction mixture was concentrated and the residue was purified by flash column chromatography on silica gel with n-hexane-EtOAc (4 : 1) as the eluent to afford the N-arylated product. The identity and purity of the known products was confirmed by GC-MS, 1H NMR. And all their data correspond exactly with those published.
2-Phenylisoindoline-1,3-dione (1c) [1]
White solid; yield: 109 mg (98%); 1H NMR (400 MHz, CDCl3, TMS): δ = 7.40–7.46 (m, 3 H), 7.50–7.54 (m, 2 H), 7.79–7.82 (m, 2 H), 7.97 (m, 2 H); MS (EI, 70 eV): m/z = 223 [M]+.
2-p-Tolylisoindoline-1,3-dione (2c) [1]
White solid; yield: 114 mg (96%); 1H NMR (400 MHz, CDCl3, TMS): δ = 2.41 (s, 3 H), 7.31 (m, 4 H), 7.77–7.80 (m, 2 H), 7.94–7.95 (m, 2 H); ESI-MS: m/z = 238 [M+H]+.

2-(4-Bromophenyl)isoindoline-1,3-dione (3c) [2]
Colorless solid; yield: 148 mg (98%); 1H NMR (400 MHz, CDCl3, TMS): δ = 7.34–7.38 (m, 2 H), 7.62–7.66 (m, 2 H), 7.80–7.81 (m, 2 H), 7.98 (m, 2 H); ESI-MS: m/z = 325 [M+Na]+.

1-Phenylpyrrolidine-2,5-dione (4c) [3]
Colorless solid; yield: 86 mg (98%); 1H NMR (400 MHz, CDCl3, TMS): δ = 2.90 (m, 4 H), 7.26–7.30 (m, 2 H), 7.40–7.42 (m, 1 H), 7.47–7.51 (m, 2 H); MS (EI, 70 eV): m/z = 175 [M]+.

1-Phenyl-1H-imidazole (5c) [4]
White solid; yield: 66 mg (92%); 1H NMR (400 MHz, CDCl3, TMS): δ = 7.21 (s, 1 H), 7.27–7.29 (m, 1 H), 7.35–7.40 (m, 3 H), 7.47–7.51 (m, 2 H), 7.86 (s, 1 H); MS (EI, 70 eV): m/z = 144 [M]+.

1-Phenyl-1H-benzo[d]imidazole (6c) [5]
White solid; yield: 96 mg (99%); 1H NMR (400 MHz, CDCl3, TMS): δ = 7.32–7.36 (m, 2 H), 7.46–7.61 (m, 6 H), 7.89–7.93 (m, 1 H), 8.13 (s, 1 H); MS (EI, 70 eV): m/z = 194 [M]+.

2-Methyl-1-phenyl-1H-imidazole (7c) [6]
White solid; yield: 74 mg (93%); 1H NMR (400 MHz, CDCl3, TMS): δ = 2.36 (s, 3 H), 7.00–7.03 (m, 2 H), 7.28–7.30 (m, 2 H), 7.40–7.50 (m, 3 H); MS (EI, 70 eV): m/z = 158 [M]+.

4-Methyl-1-phenyl-1H-imidazole (8c) [7] 

White solid; yield: 73 mg (92%); 1H NMR (400 MHz, CDCl3, TMS): δ = 2.30 (m, 3 H), 7.01 (s, 1 H), 7.30–7.36 (m, 3 H), 7.46 (m, 2 H), 7.78 (s, 1 H); MS (EI, 70 eV): m/z = 158 [M]+.

1-Phenyl-1H-pyrazole (9c) [5]
Colorless oil; yield: 29 mg (40%); 1H NMR (400 MHz, CDCl3, TMS): δ = 6.47 (m, 1 H), 7.26–7.31 (m, 1 H), 7.44–7.48 (m, 2 H), 7.69–7.73 (m, 3 H), 7.93 (d, 1 H); MS (EI, 70 eV): m/z = 144 [M]+.

1-Phenylpiperidine (10c) [5]
Yellow oil; yield: 34 mg (42%); 1H NMR (400 MHz, CDCl3, TMS): δ = 1.55–1.59 (m, 2 H), 1.67–1.73 (m, 4 H), 3.13–3.15 (m, 4 H), 6.79–6.83 (m, 1 H), 6.92–6.94 (m, 2 H), 7.22–7.26 (m, 2 H); MS (EI, 70 eV): m/z = 161 [M]+.

Diphenylamine (11c) [8]
Black solid; yield: 52 mg (62%); 1H NMR (400 MHz, CDCl3, TMS): δ = 5.70 (s, 1 H), 6.93 (m, 2 H), 7.06–7.08 (m, 4 H), 7.25–7.28 (m, 4 H); MS (EI, 70 eV): m/z = 169 [M]+.

N-(4-Chlorophenyl)benzenamine (12c) [9]
Pale yellow solid; yield: 61 mg (60%); 1H NMR (400 MHz, CDCl3, TMS): δ = 5.67 (s, 1 H), 6.95–6.70 (m, 3 H), 7.03–7.05 (m, 2 H), 7.19–7.21 (m, 2 H), 7.27–7.29 (m, 2 H); MS (EI, 70 eV): m/z = 203 [M]+.

N-(4-Bromophenyl)benzenamine (13c) [9]
Pale red solid; yield: 72 mg (58%); 1H NMR (400 MHz, CDCl3, TMS): δ = 5.67 (s, 1 H), 6.92–6.98 (m, 3 H), 7.04–7.06 (m, 2 H), 7.289–7.30 (m, 2 H), 7.33–7.35 (m, 2 H); MS (EI, 70 eV): m/z = 247 [M]+.

N-[4-(Trifluoromethyl)phenyl]benzenamine (14c) [10]
Pale yellow solid; yield: 65 mg (55%); 1H NMR (400 MHz, CDCl3, TMS): δ = 5.80 (s, 1 H), 7.03–7.08 (m, 3 H), 7.13–7.16 (m, 2 H), 7.30–7.35 (m, 2 H), 7.45–7.48 (m, 2 H); MS (EI, 70 eV): m/z = 237 [M]+. 

N-Dodecylbenzenamine (15c) [11]
Pale yellow solid; yield: 82 mg (63%); 1H NMR (400 MHz, CDCl3, TMS): δ = 0.86–0.90 (m, 3 H), 1.26–1.32 (m, 18 H), 1.57–1.63 (m, 2 H), 3.08–3.11 (m, 2 H), 3.59 (s, 1 H), 6.59–6.61 (m, 2 H), 6.66–6.70 (m, 1 H), 7.15–7.19 (m, 2 H); MS (EI, 70 eV): m/z = 261 [M]+.

N-Phenylacetamide (16c) [12]
White solid; yield: 27 mg (40%); 1H NMR (400 MHz, CDCl3, TMS): δ = 2.15 (m, 3 H), 7.08–7.11 (m, 2 H), 7.26–7.3 (m, 2 H), 7.49–7.51 (m, 2 H), 7.78 (s, 1 H); MS: m/z = 135 [M]+.

N-Phenylnicotinamide (17c) [13]
White solid; yield: 56 mg (56%); 1H NMR (400 MHz, CDCl3, TMS): δ = 7.17–7.21 (m, 1 H), 7.37–7.41 (m, 2 H), 7.43–7.46 (m, 1 H), 7.64–7.69 (m, 2 H), 8.09 (s, 1 H), 8.21–8.24 (m, 1 H), 8.76 (m, 1 H), 9.10 (s, 1 H); MS (EI, 70 eV): m/z = 198 [M]+. 

N-Phenylbenzamide (18c) [14]
White solid; yield: 40 mg (41%); 1H NMR (400 MHz, CDCl3, TMS): δ = 7.14–7.17 (m, 1 H), 7.37–7.39 (m, 2 H), 7.48–7.51 (m, 2 H), 7.55–7.57 (m, 1 H), 7.64–7.65 (m, 2 H), 7.82 (s, 1 H), 7.87–7.88 (m, H); MS (EI, 70 eV): m/z = 197 [M]+. 

4-Methyl-N-phenylbenzenesulfonamide (19c) [15]
White solid; yield: 37 mg (30%); 1H NMR (400 MHz, CDCl3, TMS): δ = 2.37 (m, 3 H), 6.68 (s, 1 H), 7.05–7.13 (m, 3 H), 7.21–7.26 (m, 4 H), 7.64–7.66 (m, 2 H); MS (EI, 70 eV): m/z = 247 [M]+.
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Copy of H NMR spectra for the products and starting materials
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Figure S1 1H NMR of compound 1c
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Figure S2 1H NMR of compound 2c
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Figure S3 1H NMR of compound 3c
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Figure S4 1H NMR of compound 4c
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Figure S5 1H NMR of compound 5c
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Figure S6 1H NMR of compound 6c
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Figure S7 1H NMR of compound 7c
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Figure S8 1H NMR of compound 8c
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Figure S9 1H NMR of compound 9c
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Figure S10 1H NMR of compound 10c
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Figure S11 1H NMR of compound 11c
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Figure S12 1H NMR of compound 12c
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Figure S13 1H NMR of compound 13c
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Figure S14 1H NMR of compound 14c
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Figure S15 1H NMR of compound 15c
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Figure S16 1H NMR of compound 16c
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Figure S17 1H NMR of compound 17c
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Figure S18 1H NMR of compound 18c
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Figure S19 1H NMR of compound 19c
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Figure S20 1H NMR of compound 1b
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Figure S21 1H NMR of compound 2b
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Figure S22 1H NMR of compound 3b

PAGE  
8

[image: image1]