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General Remarks: Column chromatography was carried out on silica gel. Unless noted 1H NMR 

spectra were recorded on 400 MHz or 300 MHz in CDCl3, 
13C NMR spectra were recorded on 100 

MHz or 75 MHz in CDCl3. IR spectra were recorded on an FT-IR spectrometer and only major 

peaks are reported in cm-1. Melting points were determined on a microscopic apparatus and were 

uncorrected. All products were further characterized by HRMS (high resolution mass spectra); 

copies of their 1H NMR and 13C NMR spectra are provided. Commercially available reagents and 

solvents were used without further purification. Some starting metarials such as 1a, 1b, 1c, 1d, 1e, 

1g, 1h, 1j, 1l, 1n, 1o, 1p, 1s, 1z have been reported in our previous work.1  

 

Characterization data of compound 1.  

N

1f 

1H NMR (400 MHz, CDCl3): δ 7.48-7.51 (m, 2 H), 7.12-7.25 (m, 4 H), 6.86-6.92 (m, 2 H), 2.98 (s, 

6 H), 2.53 (s, 3 H); 13C NMR (100 MHz, CDCl3): 154.5, 139.7, 134.3, 131.6, 129.4, 129.1, 127.9, 

125.5, 123.6, 120.5, 116.9, 115.6, 93.6, 92.7, 43.5, 20.7; IR (neat): 2943, 2916, 2784, 1592, 1489, 

1452, 1328, 1049, 947, 764;  

1i 

1H NMR (400 MHz, CDCl3): δ 7.52-7.57 (m, 2 H), 7.39-7.42 (m, 1 H), 7.20-7.28 (m, 3 H), 

6.87-6.92 (m, 2 H), 3.01 (s, 6 H); 13C NMR (100 MHz, CDCl3): 154.7, 135.5, 134.7, 133.0, 129.6, 

129.2, 128.9, 126.3, 123.8, 120.3, 116.9, 114.5, 94.0, 91.4, 43.6; IR (neat): 2944, 2837, 2787, 

1590, 1495, 1052, 947, 753; HRMS (APCI) m/z: calcd for C16H15NCl: M+H = 256.0888; found: 

256.0888. 

1k 
1H NMR (400 MHz, CDCl3): δ 7.46-7.48 (m, 1 H), 7.20-7.31 (m, 4 H), 7.00-7.02 (m, 1 H), 

6.86-6.99 (m, 2 H), 2.98 (s, 6 H); 13C NMR (100 MHz, CDCl3): 163.6, 161.2, 154.9, 134.4, 129.8, 

129.6, 127.1, 125.8, 125.7, 120.4, 118.0, 117.8, 116.9, 115.3, 115.1, 114.4, 93.3, 89.9, 43.4; IR 

(neat): 2919, 2851, 1579, 1383, 1065, 1017, 774, 679; HRMS (ESI) m/z: calcd for C16H15NF: 

M+H = 240.1183; found: 240.1182.  
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1m 
1H NMR (400 MHz, CDCl3): δ 7.92-7.94 (m, 2 H), 7.59-7.61 (m, 2 H), 7.48-7.50 (m, 1 H), 

7.25-7.29 (m, 1 H), 6.88-6.94 (m, 2 H), 3.01 (s, 6 H), 2.60 (s, 3 H); 13C NMR (100 MHz, CDCl3): 

197.2, 154.9, 135.9, 134.5, 131.2, 129.8, 128.8, 128.2, 120.4, 116.9, 114.2, 93.9, 92.5, 43.5, 26.5; 

IR (neat): 2920, 2853, 2787, 1681, 1596, 1263, 951, 835, 760, 635;  

1q 
1H NMR (400 MHz, CDCl3): δ 7.51-7.53 (m, 2 H), 7.44 (s, 1 H), 7.32-7.37 (m, 3 H), 7.16-7.19 (m, 

1 H), 6.81-6.83 (m, 1 H), 2.97 (s, 6 H); 13C NMR (100 MHz, CDCl3): 153.3, 133.5, 131.3, 129.0, 

128.3, 125.0, 123.4, 118.1, 116.4, 95.6, 87.6, 43.4; IR (neat): 2919, 2848, 1634, 1493, 1391, 811, 

758, 689; HRMS (APCI) m/z: calcd for C16H15NCl: M+H = 256.0888; found: 256.0887. 

N

S

1r 
1H NMR (400 MHz, CDCl3): δ 7.43-7.45 (m, 1 H), 7.19-7.23 (m, 3 H), 6.95-6.97 (m, 1 H), 

6.83-6.88 (m, 2 H), 2.95 (s, 6 H); 13C NMR (100 MHz, CDCl3): 154.6, 133.3, 131.1, 129.3, 126.9, 

126.8, 123.8, 120.2, 116.8, 114.4, 92.6, 87.7, 43.3; IR (neat, cm-1): 3099, 3066, 2942, 2862, 2835, 

2787, 1592, 1489, 1452, 1427, 1330, 1271, 1207, 945, 752, 700; HRMS (APCI) m/z: calcd for 

C14H14NS: M+H = 228.0841; found: 228.0842. 

1t 

1H NMR (400 MHz, CDCl3): δ 7.46-7.48 (m, 3 H), 7.21-7.25 (m, 1 H), 6.86-6.94 (m, 4 H), 3.81 (s, 

3 H), 3.16-3.19 (m, 4 H), 1.76-1.82 (m, 4 H), 1.56-1.62 (m, 2 H); 13C NMR (100 MHz, CDCl3): 

159.4, 155.1, 133.6, 132.8, 128.9, 121.1, 117.7, 117.1, 116.1, 113.9, 94.4, 86.9, 55.2, 52.8, 26.4, 

24.3; IR (neat): 2919, 2850, 1582, 1443, 1382, 1027, 831, 769; HRMS (APCI) m/z: calcd for 

C20H22NO: M+H = 292.1696; found: 292.1696. 
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1u 
1H NMR (400 MHz, CDCl3): δ 7.52-7.54 (m, 1 H), 7.42-7.44 (m, 2 H), 7.27-7.31 (m, 2 H), 

7.19-7.25 (m, 7 H), 6.88-6.95 (m, 2 H), 4.59 (s, 2 H), 2.78 (s, 3 H); 13C NMR (100 MHz, CDCl3): 

153.9, 139.0, 134.5, 131.2, 129.2, 128.2, 128.1, 127.9, 127.8, 126.9, 123.6, 120.5, 117.8, 115.2, 

94.7, 88.7, 60.1, 39.1; IR (neat): 3059, 3027, 2850, 2797, 1593, 1490, 1446, 1362, 754, 693; 

HRMS (APCI) m/z: calcd for C22H20N: M+H = 298.1590; found: 298.1595. 

1v 

1H NMR (400 MHz, CDCl3): δ 7.58-7.59 (m, 1 H), 7.55-7.57 (m, 1 H), 7.42-7.51 (m, 2 H), 

7.21-7.32 (m, 3 H), 7.15-7.18 (m, 1 H), 7.02-7.07 (m, 3 H), 6.88-6.96 (m, 2 H), 4.58 (s, 2 H), 2.77 

(s, 3 H); 13C NMR (100 MHz, CDCl3): 154.0, 139.1, 138.7, 134.5, 133.7, 132.4, 130.5, 129.5, 

128.4, 128.3, 127.7, 126.9, 122.1, 120.5, 117.7, 114.6, 93.5, 89.6, 60.1, 38.9; IR (neat): 3060, 

2922, 2850, 2797, 1591, 1490, 1090, 826, 751, 699; HRMS (APCI) m/z: calcd for C22H19NCl: 

M+H = 332.1201; found: 332.1202. 

1w 
1H NMR (400 MHz, CDCl3): δ 8.02-8.05 (m, 2 H), 7.52-7.54 (m, 1 H), 7.44-7.46 (m, 2 H), 

7.27-7.35 (m, 4 H), 7.10-7.14 (m, 2 H), 6.98-6.99 (m, 1 H), 6.90-6.94 (m, 1 H), 4.63 (s, 2 H), 2.82 

(s, 3 H); 13C NMR (100 MHz, CDCl3): 154.4, 146.5, 139.1, 134.9, 131.7, 130.6, 130.4, 128.4, 

128.2, 127.5, 127.0, 123.3, 120.3, 117.5, 113.2, 94.4, 92.9, 60.2, 38.9; IR (neat): 2919, 2851, 1589, 

1383, 1075, 1024, 771; HRMS (APCI) m/z: calcd for C22H19N2O2: M+H = 343.1441; found: 

343.1443. 

1x 

1H NMR (400 MHz, CDCl3): δ 7.51-7.53 (m, 1 H), 7.35-7.37 (m, 2 H), 7.18-7.25 (m, 8 H), 

6.89-6.93 (m, 2 H), 4.51 (s, 2 H), 2.75 (s, 3 H); 13C NMR (100 MHz, CDCl3): 153.7, 137.6, 134.5, 

132.5, 131.2, 129.3, 128.4, 128.2, 127.9, 123.5, 120.8, 117.9, 115.3, 94.8, 88.5, 59.5, 39.1; IR 
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(neat): 3059, 2921, 2851, 2797, 1592, 1489, 1443, 1360, 1090, 754, 690; HRMS (APCI) m/z: 

calcd for C22H19NCl: M+H = 332.1201; found: 332.1208. 

1y 
1H NMR (400 MHz, CDCl3): δ 7.87 (s, 1 H), 7.73-7.80 (m, 3 H), 7.54-7.59 (m, 2 H), 7.40-7.43 (m, 

2 H), 7.09-7.25 (m, 6 H), 6.90-6.98 (m, 2 H), 4.70 (s, 2 H), 2.80 (s, 3 H); 13C NMR (100 MHz, 

CDCl3): 154.1, 136.7, 134.5, 133.5, 132.8, 131.2, 129.3, 128.0, 127.9, 127.8, 127.7, 126.5, 126.4, 

125.9, 125.4, 123.6, 120.7, 117.9, 115.4, 94.8, 88.7, 60.4, 39.2; IR (neat, cm-1): 2923, 2846, 1592, 

1487, 939, 811, 749; HRMS (ESI) m/z: calcd for C26H22N: M+H = 348.1747; found: 348.1752. 

 
1H NMR (400 MHz, CDCl3): δ 7.55-7.57 (m, 2 H), 7.32-7.40 (m, 8 H), 7.03-7.25 (m, 8 H), 

6.83-6.85 (m, 1 H), 5.63-5.66 (m, 1 H), 4.74-4.78 (m, 1 H); 13C NMR (100 MHz, CDCl3): 170.9, 

144.3, 137.1, 136.2, 132.7, 131.6, 129.7, 129.5, 129.2, 128.7, 128.6, 128.4, 128.2, 127.4, 127.3, 

127.2, 122.8, 122.7, 95.1, 86.1, 52.8; IR (neat): 3061, 3030, 2925, 1642, 1495, 1446, 1384, 1299, 

911, 764, 695; HRMS (APCI) m/z: calcd for C28H22NO: M+H = 388.1696; found: 388.1698. 

3 

1H NMR (400 MHz, CDCl3): δ 7.53-7.55 (m, 1 H), 7.42-7.44 (m, 2 H), 7.16-7.31 (m, 6 H), 

7.02-7.06 (m, 1 H), 6.68 (s, 1 H), 6.04 (s, 1 H), 3.57 (s, 3 H); 13C NMR (100 MHz, CDCl3): 143.7, 

137.2, 128.3, 128.1, 127.4, 127.3, 126.8, 126.3, 126.2, 121.8, 119.6, 119.2, 118.2, 109.2, 69.9, 

32.5; IR (neat, cm-1): 3055, 2922, 2873, 1617, 1545, 1464, 1377, 1329, 1056, 739, 701;  

 2-(hept-1-ynyl)-N,N-dimethylaniline (1z) 
1H NMR (400 MHz, CDCl3): δ 7.34-7.36 (m, 1 H), 7.13-7.17 (m, 1 H), 6.80-6.86 (m, 2 H), 2.89 (s, 

6 H), 2.44-2.47 (m, 2 H), 1.58-1.66 (m, 2 H), 1.30-1.48 (m, 4 H), 0.89-0.93 (m, 3 H); 13C NMR 

(100 MHz, CDCl3): 154.4, 134.1, 128.1, 120.5, 116.7, 116.4, 95.5, 79.4, 43.3, 31.0, 28.3, 22.1, 

19.7, 13.8;  
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1H NMR (400 MHz, CDCl3): δ 7.44-7.50 (m, 3 H), 7.18-7.32 (m, 6 H), 6.94-6.96 (m, 1 H), 

6.85-6.89 (m, 1 H), 6.80-6.82 (m, 2 H), 6.58 (d, J = 7.8 Hz, 1 H), 6.32-6.39 (m, 1 H), 4.09 (d, J = 

6.0 Hz, 2 H), 3.76 (s, 3 H), 3.39 (dd, J = 13.4, 6.4 Hz, 2 H), 1.12-1.16 (m, 3 H); 13C NMR (100 

MHz, CDCl3): 159.3, 152.4, 137.1, 134.3, 132.7, 131.6, 128.6, 128.4, 127.9, 127.2, 126.3, 120.5, 

119.2, 116.4, 116.0, 113.9, 94.1, 87.7, 55.2, 54.9, 45.1, 12.5; HRMS (APCI) m/z: calcd for 

C26H26NO: M+H = 368.2009; found: 368.2024. 

Typical procedure for the synthesis of product 2 

To a solution of N,N-dimethyl-2-(phenylethynyl)aniline (1a) (44.2 mg, 0.200 mmol) in toluene (2 

mL) was added PdBr2 (5.3 mg, 10 mol%), CuI (3.8 mg, 10 mol%), LiCl (17 mg, 2.0 equiv.) and 

120 uL TBHP (5 M in decane). The reaction mixture was then stirred in air at 100 ºC for 8 h. The 

resulting mixture was quenched with water and extracted twice with EtOAc. The combined 

organic extracts were washed with brine, dried over MgSO4 and concentrated. Purification of the 

crude product by flash column chromatography afforded 2a in 61% yield (28.7 mg). 

Characterization data of compound 2.  

N

O

2a, m.p. = 114-116 oC 
1H NMR (400 MHz, CDCl3): δ 8.42-8.44 (m, 1 H), 7.79-7.82 (m, 2 H), 7.46-7.56 (m, 4 H), 

7.33-7.38 (m, 3 H), 3.83 (s, 3 H); 13C NMR (100 MHz, CDCl3): 190.8, 140.9, 137.9, 137.5, 131.0, 

128.6, 128.5, 128.2, 127.1, 126.9, 123.6, 122.7, 115.6, 109.6, 33.5; IR (neat, cm-1): 2957, 2926, 

1732, 1617, 1524, 1465, 1368, 1233, 1073, 873, 748, 718, 669; HRMS (APCI) m/z: calcd for 

C16H14NO: M+H = 236.1070; found: 236.1080. 

N

O

2b, m.p. = 134-135 oC 

1H NMR (400 MHz, CDCl3): δ 8.40-8.42 (m, 1 H), 7.71-7.74 (m, 2 H), 7.52 (s, 1 H), 7.25-7.52 (m, 

5 H), 3.82 (s, 3 H), 2.43 (s, 3 H); 13C NMR (100 MHz, CDCl3): 190.6, 141.5, 138.1, 137.5, 128.8, 

127.2, 123.5, 122.7, 122.5, 115.6, 109.5, 33.5, 21.5; IR (neat, cm-1): 2919, 1617, 1524, 1465, 1368, 

1234, 1072, 878, 748; HRMS (APCI) m/z: calcd for C17H16NO: M+H = 250.1226; found: 

250.1237. 

2c, m.p. = 114-116 oC 
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1H NMR (400 MHz, CDCl3): δ 8.36-8.38 (m, 1 H), 7.81-7.84 (m, 2 H), 7.52-7.57 (m, 1 H), 

7.29-7.34 (m, 3 H), 6.86-6.98 (m, 2 H), 3.87 (s, 3 H), 3.82 (s, 3 H); 13C NMR (100 MHz, 

CDCl3):189.7, 162.1, 137.4, 137.0, 133.4, 130.8, 127.3, 123.4, 122.6, 122.4, 113.5, 109.5, 55.4, 

33.4; IR (neat, cm-1): 2930, 1740, 1608, 1465, 1367, 1255, 1233, 1174, 1124, 1028, 878, 844, 751; 

HRMS (APCI) m/z: calcd for C17H16NO2: M+H = 266.1176; found: 266.1181. 

2d 
1H NMR (400 MHz, CDCl3): δ 8.41-8.44 (m, 1 H), 7.75-7.77 (m, 2 H), 7.54 (s, 1 H), 7.31-7.35 (m, 

5 H), 3.82 (s, 3 H), 2.95-3.02 (m, 1 H), 1.29-1.31 (m, 6 H); 13C NMR (100 MHz, CDCl3): 190.6, 

152.3, 138.5, 137.6, 137.5, 128.9, 127.2, 126.3, 123.5, 122.7, 122.5, 115.7, 109.5, 34.1, 33.4, 23.8; 

IR (neat, cm-1): 2960, 2922, 1705, 1612, 1524, 1464, 1381, 1234, 1073, 878, 749; HRMS (APCI) 

m/z: calcd for C19H20NO: M+H = 278.1539; found: 278.1551. 

2e, m.p. = 102-104 oC 

1H NMR (400 MHz, CDCl3): δ 8.41-8.43 (m, 1 H), 7.58-7.62 (m, 2 H), 7.52 (s, 1 H), 7.32-7.38 (m, 

5 H), 3.83 (s, 3 H), 2.43 (s, 3 H); 13C NMR (100 MHz, CDCl3): 191.0, 140.9, 138.1, 137.8, 137.5, 

131.8, 129.1, 128.5, 128.0, 127.6, 127.2, 126.9, 125.8, 123.6, 122.7, 122.6, 115.7, 109.6, 33.5, 

21.4; IR (neat, cm-1): 2921, 1697, 1621, 1580, 1524, 1464, 1368, 1243, 1123, 1074, 750; HRMS 

(APCI) m/z: calcd for C17H16NO: M+H = 250.1226; found: 250.1234. 

2f, m.p. = 130-132 oC 
1H NMR (400 MHz, CDCl3): δ 8.36-8.38 (m, 1 H), 7.32-7.39 (m, 5 H), 7.28-7.30 (m, 1 H), 

7.22-7.26 (m, 2 H), 3.78 (s, 3 H), 2.38 (s, 3 H); 13C NMR (100 MHz, CDCl3): 192.8, 141.1, 138.5, 

137.7, 135.8, 130.7, 129.2, 127.4, 126.6, 125.0, 123.6, 122.8, 122.6, 117.1, 109.7, 33.5, 19.5; IR 

(neat, cm-1): 2920, 1621, 1524, 1464, 1370, 1232, 1126, 1071, 879, 752, 660; HRMS (APCI) m/z: 

calcd for C17H16NO: M+H = 250.1226; found: 250.1232. 

2g, m.p. = 99-100 oC 

1H NMR (400 MHz, CDCl3): δ 8.35-8.38 (m, 1 H), 7.72-7.74 (m, 2 H), 7.48 (s, 1 H), 7.42-7.44 (m, 

2 H), 7.34-7.35 (m, 3 H), 3.82 (s, 3 H); 13C NMR (100 MHz, CDCl3): 189.4, 139.1, 137.7, 137.5, 

137.2, 130.0, 128.5, 128.4, 127.5, 127.0, 126.9, 123.7, 122.8, 122.6, 115.3, 109.7, 33.5; IR (neat, 

cm-1): 2919, 1617, 1524, 1463, 1381, 1233, 1088, 1014, 771, 753; HRMS (APCI) m/z: calcd for 

C16H13NOCl: M+H = 270.0680; found: 270.0689. 
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2h, m.p. = 130-132 oC 

1H NMR (400 MHz, CDCl3): δ 8.38-8.40 (m, 1 H), 7.76 (s, 1 H), 7.64-7.66 (m, 1 H), 7.48 (s, 1 H), 

7.34-7.41 (m, 5 H), 3.82 (s, 3 H); 13C NMR (100 MHz, CDCl3): 188.9, 142.5, 137.8, 137.6, 134.3, 

130.9, 129.6, 128.5, 127.5, 127.0, 126.9, 126.7, 123.8, 122.9, 122.6, 115.2, 109.7, 33.5; IR (neat, 

cm-1): 2919, 1613, 1521, 1370, 1226, 1075, 880, 749, 726; HRMS (APCI) m/z: calcd for 

C16H13NOCl: M+H = 270.0680; found: 270.0688. 

2i, m.p. = 150-152 oC 

1H NMR (400 MHz, CDCl3): δ 8.35-8.38 (m, 1 H), 7.40-7.48 (m, 3 H), 7.34-7.38 (m, 4 H), 7.29 (s, 

1 H), 3.79 (s, 3 H); 13C NMR (100 MHz, CDCl3): 188.8, 140.5, 138.8, 137.8, 130.9, 130.3, 130.0, 

128.7, 128.5, 126.9, 126.4, 123.8, 123.0, 122.6, 116.4, 109.7, 33.6; IR (neat, cm-1): 2920, 1627, 

1526, 1464, 1378, 1229, 1078, 770, 751; HRMS (APCI) m/z: calcd for C16H13NOCl: M+H = 

270.0680; found: 270.0687. 

2j, m.p. = 130-132 oC 
1H NMR (400 MHz, CDCl3): δ 8.37-8.39 (m, 1 H), 7.83-7.86 (m, 2 H), 7.52 (s, 1 H), 7.36-7.38 (m, 

3 H), 7.14-7.18 (m, 2 H), 3.86 (s, 3 H); 13C NMR (100 MHz, CDCl3): 189.3, 137.5, 137.1, 131.0, 

130.9, 128.5, 127.1, 126.9, 123.7, 122.7, 115.5, 115.4, 115.2, 109.6, 33.6; IR (neat, cm-1): 2919, 

1620, 1595, 1464, 1380, 1231, 1072, 771; HRMS (APCI) m/z: calcd for C16H13NOF: M+H = 

254.0976; found: 254.0982. 

2k 

1H NMR (400 MHz, CDCl3): δ 8.39-8.42 (m, 1 H), 7.51-7.59 (m, 1 H), 7.41-7.50 (m, 3 H), 

7.34-7.37 (m, 3 H), 7.20-7.25 (m, 1 H), 3.83 (s, 3 H); 13C NMR (100 MHz, CDCl3): 189.0, 163.7, 

161.3, 142.9, 137.8, 137.5, 129.9, 127.0, 124.3, 123.8, 122.9, 122.6, 118.0, 117.8, 115.6, 115.4, 

115.2, 109.7, 33.5; IR (neat, cm-1): 3065, 2924, 1618, 1580, 1523, 1465, 1368, 1242, 1120, 747; 

HRMS (ESI) m/z: calcd for C16H13NFO: M+H = 254.0976; found: 254.0973.  
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N

O

2l, m.p. = 160-162 oC 
1H NMR (400 MHz, CDCl3): δ 8.40-8.42 (m, 1 H), 7.62 (s, 1 H), 7.54-7.57 (m, 2 H), 7.32-7.36 (m, 

3 H), 7.22-7.24 (m, 1 H), 3.84 (s, 3 H), 2.34 (s, 6 H); 13C NMR (100 MHz, CDCl3): 190.8, 140.2, 

138.6, 137.5, 136.6, 129.9, 129.3, 127.3, 126.4, 123.5, 122.8, 122.5, 115.8, 109.5, 33.5, 19.8; IR 

(neat, cm-1): 2919, 1609, 1570, 1523, 1463, 1382, 1071, 1023, 773, 750; HRMS (APCI) m/z: 

calcd for C18H18NO: M+H = 264.1383; found: 264.1390. 

2m, m.p. = 120-122 oC  

1H NMR (400 MHz, CDCl3): δ 8.39-8.41 (m, 1 H), 8.01-8.03 (m, 2 H), 7.82-7.84 (m, 2 H), 7.48 (s, 

1 H), 7.33-7.36 (m, 3 H), 3.83 (s, 3 H), 2.64 (s, 3 H); 13C NMR (100 MHz, CDCl3): 197.6, 189.7, 

144.6, 138.6, 138.1, 137.5, 128.6, 128.2, 126.9, 123.8, 122.9, 122.5, 115.3, 109.7, 33.5, 26.7; IR 

(neat, cm-1): 3010, 2919, 1683, 1616, 1524, 1464, 1377, 1264, 1233, 1075, 749, 706; HRMS 

(APCI) m/z: calcd for C18H16NO2: M+H = 278.1176; found: 278.1189. 

 

2n, m.p. = 192-194 oC 

1H NMR (400 MHz, CDCl3): δ 8.38-8.40 (m, 1 H), 8.30-8.32 (m, 2 H), 7.91-7.93 (m, 2 H), 7.49 (s, 

1 H), 7.35-7.40 (m, 3 H), 3.87 (s, 3 H); 13C NMR (100 MHz, CDCl3): 188.3, 149.1, 146.2, 138.1, 

137.7, 129.3, 128.5, 127.6, 126.9, 126.8, 124.1, 123.5, 123.2, 122.6, 115.2, 109.8, 33.7; IR (neat, 

cm-1): 2920, 1737, 1596, 1383, 1070, 1026, 770; HRMS (APCI) m/z: calcd for C16H13N2O3: M+H 

= 281.0921; found: 281.0923. 

2o, m.p. = 180-182 oC 
1H NMR (400 MHz, CDCl3): δ 8.49-8.51 (m, 1 H), 8.15-8.17 (m, 1 H), 7.88-7.96 (m, 2 H), 

7.62-7.64 (m, 1 H), 7.50-7.53 (m, 3 H), 7.34-7.49 (m, 3 H), 7.29 (s, 1 H), 3.73 (s, 3 H); 13C NMR 

(100 MHz, CDCl3): 191.9, 139.0, 138.9, 137.7, 133.7, 130.7, 129.9, 128.5, 128.1, 127.6, 126.9, 

126.8, 126.7, 126.2, 125.9, 125.6, 124.5, 123.7, 122.9, 122.8, 117.6, 109.7, 33.5; IR (neat, cm-1): 

2920, 1614, 1523, 1464, 1367, 1233, 1089, 887, 791, 751; HRMS (APCI) m/z: calcd for 

C20H16NO: M+H = 286.1226; found: 286.1235. 
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2p 

1H NMR (400 MHz, CDCl3): δ 8.26 (s, 1 H), 7.79-7.81 (m, 2 H), 7.45-7.54 (m, 4 H), 7.25-7.27 (m, 

1 H), 7.17-7.19 (m, 1 H), 3.81 (s, 3 H), 2.51 (s, 3 H); 13C NMR (100 MHz, CDCl3): 190.9, 141.0, 

138.0, 135.9, 132.4, 130.9, 128.6, 128.2, 127.4, 125.2, 122.4, 115.1, 109.2, 33.5, 21.5; IR (neat, 

cm-1): 2920, 1618, 1524, 1459, 1364, 1237, 1068, 760, 718, 669; HRMS (APCI) m/z: calcd for 

C17H16NO: M+H = 250.1226; found: 250.1236. 

2q, m.p. = 140-142 oC 
1H NMR (400 MHz, CDCl3): δ 8.43 (s, 1 H), 7.77-7.79 (m, 2 H), 7.46-7.57 (m, 4 H), 7.25-7.30 (m, 

2 H), 3.82 (s, 3 H); 13C NMR (100 MHz, CDCl3): 190.4, 140.5, 138.5, 135.9, 131.2, 128.8, 128.6, 

128.3, 128.2, 124.0, 122.3, 115.2, 110.6, 33.7; IR (neat, cm-1): 2924, 1690, 1610, 1522, 1458, 

1363, 1232, 1080, 806, 709, 667; HRMS (APCI) m/z: calcd for C16H13NOCl: M+H = 270.0680; 

found: 270.0684. 

2r 
1H NMR (400 MHz, CDCl3): δ 8.39-8.43 (m, 1 H), 7.79 (s, 1 H), 7.73-7.74 (m, 1 H), 7.58-7.59 (m, 

1 H), 7.25-7.36 (m, 3 H), 7.13-7.15 (m, 1 H), 3.85 (s, 3 H); 13C NMR (100 MHz, CDCl3): 181.3, 

145.4, 137.4, 136.0, 131.2, 130.9, 127.4, 127.2, 123.7, 122.6, 115.4, 109.6, 33.5; IR (neat, cm-1): 

3108, 2926, 1729, 1600, 1521, 1464, 1420, 1368, 1233, 1123, 809, 748; HRMS (APCI) m/z: calcd 

for C14H12NOS: M+H = 242.0634; found: 242.0635. 

2s, m.p. = 190-192 oC 

1H NMR (400 MHz, CDCl3): δ 7.96-7.98 (m, 1 H), 7.71-7.73 (m, 2 H), 7.19-7.27 (m, 3 H), 

6.93-6.96 (m, 2 H), 4.09-4.12 (m, 2 H), 3.87 (s, 3 H), 2.95-2.98 (m, 2 H), 2.54-2.58 (m, 2 H); 13C 

NMR (100 MHz, CDCl3): 190.7, 161.9, 152.7, 134.0, 132.9, 131.4, 130.5, 122.1, 121.9, 113.3, 

109.7, 109.4, 55.3, 44.4, 26.9; IR (neat, cm-1): 2924, 1712, 1604, 1510, 1456, 1418, 1382, 1251, 

1220, 1163, 1028, 751; HRMS (APCI) m/z: calcd for C19H18NO2: M+H = 292.1332; found: 

292.1337. 

2t 
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1H NMR (400 MHz, CDCl3): δ 7.75-7.77 (m, 1 H), 7.34-7.38 (m, 2 H), 7.29-7.31 (m, 1 H), 

7.16-7.20 (m, 1 H), 7.07-7.11 (m, 1 H), 6.92-6.94 (m, 2 H), 4.09-4.13 (m, 2 H), 3.88 (s, 3 H), 

3.15-3.19 (m, 2 H), 2.09-2.15 (m, 2 H), 1.87-1.93 (m, 2 H); 13C NMR (100 MHz, CDCl3): 191.2, 

162.2, 145.5, 135.9, 134.1, 131.1, 128.5, 127.0, 126.9, 121.5, 120.9, 113.3, 112.2, 108.9, 55.3, 

42.5, 25.0, 22.5, 20.2; IR (neat, cm-1): 2922, 1601, 1506, 1456, 1420, 1379, 1253, 1162, 1027, 750; 

HRMS (APCI) m/z: calcd for C20H20NO2: M+H = 306.1489; found: 306.1493. 

2u, m.p. = 118-120 oC 

1H NMR (400 MHz, CDCl3): δ 8.01-8.03 (m, 1 H), 7.51-7.52 (m, 2 H), 7.42-7.44 (m, 1 H), 

7.33-7.37 (m, 1 H), 7.28-7.30 (m, 1 H), 7.23-7.26 (m, 6 H), 7.09-7.13 (m, 2 H), 3.67 (s, 3 H); 13C 

NMR (100 MHz, CDCl3): 192.8, 146.3, 140.1, 137.2, 130.9, 130.8, 130.7, 129.1, 128.7, 127.9, 

127.6, 127.5, 123.2, 122.3, 121.8, 114.7, 109.7, 31.2; IR (neat, cm-1): 2920, 1616, 1468, 1392, 

1212, 751, 698, 661; HRMS (APCI) m/z: calcd for C22H18NO: M+H = 312.1383; found: 

312.1390. 

N
Ph

O Cl

2v, m.p. = 110-112 oC 

1H NMR (400 MHz, CDCl3): δ 8.03-8.05 (m, 1 H), 7.42-7.44 (m, 3 H), 7.20-7.38 (m, 7 H), 

7.06-7.08 (m, 2 H), 3.68 (s, 3 H); 13C NMR (100 MHz, CDCl3): 191.4, 146.5, 138.5, 137.2, 136.9, 

130.9, 130.6, 130.5, 130.1, 129.2, 128.8, 128.3, 128.1, 127.7, 127.5, 123.4, 122.5, 121.8, 114.5, 

109.8, 31.3; IR (neat, cm-1): 2920, 1617, 1578, 1467, 1387, 1087, 750, 701; HRMS (APCI) m/z: 

calcd for C22H17NOCl: M+H = 346.0993; found: 346.1000. 

2w, m.p. = 206-208 oC 
1H NMR (400 MHz, CDCl3): δ 8.23-8.25 (m, 1 H), 7.87-7.89 (m, 2 H), 7.50-7.52 (m, 2 H), 

7.34-7.47 (m, 4 H), 7.14-7.34 (m, 4 H), 3.68 (s, 3 H); 13C NMR (100 MHz, CDCl3): 190.6, 148.3, 

147.4, 145.9, 137.3, 130.9, 130.2, 129.5, 129.4, 129.2, 129.1, 128.2, 127.3, 126.9, 123.9, 123.6, 

123.2, 122.6, 122.0, 114.3, 109.9, 31.4; IR (neat, cm-1): 2920, 1618, 1598, 1521, 1466, 1387, 1345, 

845, 750, 704; HRMS (APCI) m/z: calcd for C22H17N2O3: M+H = 357.1234; found: 357.1238. 

2x, m.p. = 154-156 oC 
1H NMR (400 MHz, CDCl3): δ 7.90-7.92 (m, 1 H), 7.51-7.54 (m, 2 H), 7.41-7.43 (m, 1 H), 

7.21-7.37 (m, 4 H), 7.15-7.19 (m, 5 H), 3.66 (s, 3 H); 13C NMR (100 MHz, CDCl3): 192.6, 144.8, 

140.0, 137.2, 135.0, 132.1, 131.1, 129.2, 128.3, 127.7, 127.4, 123.4, 122.3, 121.9, 115.0, 109.8, 
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31.2; IR (neat, cm-1): 2919, 1608, 1465, 1387, 1090, 1017, 827, 750, 695; HRMS (APCI) m/z: 

calcd for C22H17NOCl: M+H = 346.0993; found: 346.0997. 

2y 

1H NMR (400 MHz, CDCl3): δ 7.99-8.01 (m, 1 H), 7.70-7.79 (m, 4 H), 7.45-7.54 (m, 5 H), 

7.37-7.39 (m, 2 H), 7.25-7.35 (m, 1 H), 6.97-7.07 (m, 3 H), 3.72 (s, 3 H); 13C NMR (100 MHz, 

CDCl3): 192.9, 146.4, 140.2, 137.3, 132.9, 132.5, 131.1, 130.7, 128.9, 128.1, 127.7, 127.6, 127.4, 

126.8, 126.4, 123.3, 122.3, 121.9, 115.1, 109.8, 31.3; IR (neat, cm-1): 2926, 2842, 1726, 1615, 

1464, 1395, 1228, 750, 698; HRMS (ESI) m/z: calcd for C26H19NNaO: M+Na = 384.1359; found: 

384.1363. 

2z (1: 1.3) 
1H NMR (400 MHz, CDCl3): δ 8.41-8.43 (m, 1 H), 7.80-7.82 (m, 2 H), 7.74-7.76 (m, 1.6 H), 7.59 

(s, 1 H), 7.40-7.74 (m, 8 H), 7.29-7.39 (m, 4.3 H), 7.18-7.22 (m, 1.3 H), 7.04-7.08 (m, 1 H), 

4.18-4.24 (m, 2.2 H), 3.74 (s, 2.4 H), 2.58 (s, 2.4 H), 1.51 (t, J = 7.2 Hz, 3.3 H); 13C NMR (100 

MHz, CDCl3): 192.8, 190.8, 144.7, 141.5, 141.0, 136.6, 136.1, 131.4, 131.0, 129.0, 128.7, 128.2, 

127.4, 127.1, 123.5, 122.9, 122.6, 122.0, 121.4, 120.9, 115.7, 109.7, 109.1, 41.7, 29.7, 15.2, 12.5;  

IR (neat, cm-1): 2924, 1673, 1619, 1519, 1462, 1383, 1223, 1056, 1021, 869, 747; HRMS (ESI) 

m/z: calcd for C17H15NNaO: M+Na = 272.1046; found: 272.1047. 

 

 

Crystal Data and Structure Refinement for 2b.  

Datablock: p21n  
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Bond precision: C-C = 0.0068 A Wavelength=0.71073 

Cell: a=11.180(9) b=7.292(6) c=16.780(13) 

 alpha=90 beta=100.945(7) gamma=90 

Temperature: 296 K   

 Calculated Reported 

Volume 1343.1(19)  1343.1(19) 

Space group P 21/n  P2(1)/n  

Hall group -P 2yn  ?  

Moiety formula C17 H15 N O  ?  

Sum formula C17 H15 N O  C17 H15 N O  

Mr 249.30 249.30  

Dx,g cm-3 1.233 1.233  

Z 4 4  

Mu (mm-1) 0.077 0.077  

F000 528.0 528.0 

F000' 528.21   

h,k,lmax 13,8,20 13,8,20 

Nref 2500  2470  

Tmin,Tmax 0.981,0.988 0.981,0.988 

Tmin' 0.981  

Correction method= MULTI-SCAN  
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Data completeness= 0.988 Theta(max)= 25.500 

R(reflections)= 0.0774( 1613) wR2(reflections)= 0.2290( 2470) 

S = 1.187 Npar= 175 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S1. Screening optimal conditions.a 

 

Entry [Pd] (mol %) [Cu] (mol 

%) 

[O] (equiv) Additive 

(equiv) 

solvent Yield 

(%)b 

1 PdCl2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) toluene 30 

2 PdCl2(CH3CN)2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) toluene 34 

3 PdI2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) toluene 34 

4 PdBr2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) toluene 51 

5 Pd(OAc)2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) toluene 20 

6 Pd(OCOCF3)2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) toluene 15 

7 PdBr2 (10) CuBr (20) TBHP (3eq) LiCl (2 eq) toluene 35 

8 PdBr2 (10) CuCl (20) TBHP (3eq) LiCl (2 eq) toluene 30 

9 PdBr2 (10) CuCl2 

(20) 

TBHP (3eq) LiCl (2 eq) toluene 33 
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10 PdBr2 (10) CuBr2 

(20) 

TBHP (3eq) LiCl (2 eq) toluene 25 

11 PdBr2 (10) CuI (20) TBHP (3eq) LiBr (2 eq) toluene 36 

12 PdBr2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) 

+ NaI 

(20%) 

toluene 31 

13 PdBr2 (10) CuI (20) TBHP (3eq) NaCl (2 eq) toluene 15 

14 PdBr2 (10) CuI (20) TBHP (3eq) LiI (2 eq) toluene 20 

15c PdBr2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) CH3CN _ 

16 PdBr2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) DMF _ 

17c PdBr2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) DCE 15 

18 PdBr2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) anisole 40 

19 PdBr2 (10) CuI (20) TBHP (3eq) LiCl (2 eq) PhCF3 38 

20 PdBr2 (10) CuI (10) TBHP (3eq) LiCl (2 eq) toluene 61 

21 PdBr2 (10) CuI (10) tBuOOtBu 

(3eq) 

LiCl (2 eq) toluene _ 

22 PdBr2 (10) CuI (10) H2O2 (3eq) LiCl (2 eq) toluene _ 

23 PdBr2 (10) CuI (10) (PhCO)2O2 (3 

eq) 

LiCl (2 eq) toluene 30 

24 PdBr2 (10) CuI (10) O2 (1 atm) LiCl (2 eq) toluene _ 

25 PdBr2 (10) CuI (10) TBHP (4eq) LiCl (2 eq) toluene 48 

26 PdBr2 (10) _ TBHP (3eq) LiCl (2 eq) toluene <5 

27 _ CuI (10) TBHP (3eq) LiCl (2 eq) toluene <5 
a Reaction conditions: 1a, [Pd], [Cu], oxidant, additive, solvent (2 mL), and 100 oC for 8 h. b Yield 

of isolated product. c under 80 oC. 

 

 

 

Analytical data of ESI-MS:  

To a solution of N,N-dimethyl-2-(phenylethynyl)aniline (1a) (44.2 mg, 0.200 mmol) in toluene (2 

mL) was added PdBr2 (5.3 mg, 10 mol%), CuI (3.8 mg, 10 mol%), LiCl (17 mg, 2.0 equiv.) and 

120 uL TBHP (5 M in decane). The reaction mixture was then stirred under air atmosphere at 100 

oC for 2 h. The reaction was cooled to room temperature and diluted with CH3CN (1/100) prior to 

the injection into the mass spectrometer. The positive-ion mode of ESI-MS spectrum showed the 

signals corresponding to the iminium intermediate B (m/z 220.1124) and peroxide A (M+ Na, 

m/z =332.1623). 
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For the Labeling experiment and Control experiments: 

To a solution of N,N-dimethyl-2-(phenylethynyl)aniline (1a) (44.2 mg, 0.200 mmol) in toluene (2 

mL) was added PdBr2 (5.3 mg, 10 mol%), CuI (3.8 mg, 10 mol%), LiCl (17 mg, 2.0 equiv.), 

H2
18O (10 equiv., 40 uL) and 120 uL TBHP (5 M in decane). The reaction mixture was then 

stirred in air at 100 ºC for 8 h. The resulting mixture was quenched with water and extracted twice 

with EtOAc. The combined organic extracts were washed with brine, dried over MgSO4 and 

concentrated. Purification of the crude product by flash column chromatography afforded 2a in 50 

% yield. 
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Add H2
18O in the reaction system, data of MS: 
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No H2
18O in the reaction system, data of MS: 

 

 

 

 

 

 

Reference: 1. Xia, X.-F.; Wang, N.; Zhang, L.-L.; Song, X.-R.; Liu, X.-Y.; Liang, Y.-M. J. Org. 

Chem. 2012, 77, 9163−9170. 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 20 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 21 

 

 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 22 

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 23 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 24 

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 25 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 26 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 27 

 

 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 28 

N

Cl

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 29 

N

Cl

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 30 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 31 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 32 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 33 

 

 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 34 

N

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 35 

N

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 36 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 37 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 38 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 39 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 40 

N

Cl
 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 41 

N

Cl
 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 42 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 43 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 44 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 45 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 46 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 47 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 48 

 

 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 49 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 50 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 51 

 

 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 52 

N

O

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 53 

N

O

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 54 

N

O

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 55 

N

O

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 56 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 57 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 58 

 

 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 59 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 60 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 61 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 62 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 63 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 64 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 65 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 66 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 67 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 68 

 

 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 69 

 

 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 70 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 71 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 72 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 73 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 74 

N

O

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 75 

N

O

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 76 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 77 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 78 

 

 
 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 79 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 80 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 81 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 82 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 83 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 84 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 85 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 86 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 87 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 88 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 89 

 

 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 90 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 91 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 92 

N
Ph

O
Ph

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 93 

N
Ph

O
Ph

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 94 

N
Ph

O Cl

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 95 

N
Ph

O Cl

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 96 

 

 
 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 97 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 98 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 99 

 

 
 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 100 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 101 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 102 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 103 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013


