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1. General Methods.  

Unless otherwise noted, all of the reagents were purchased from commercial 

suppliers and used without purification. Dichloroethane was distilled from 

calcium hydride. Melting points were measured on a microscopic apparatus and 

were uncorrected. 1H NMR spectra were recorded on a 400 MHz spectrometer in 

deuterated chloroform. The chemical shifts (δ) are reported in parts per million 

relative to tetramethylsilane. The multiplicities of signals are designated by the 

following abbreviations: s (singlet), d (doublet), t (triplet), q (quartet), m 

(multiplet). Coupling constants (J) are reported in hertz. 13C NMR spectra were 

recorded using a 100 MHz spectrometer. The chemical shifts are reported relative 

to residual CHCl3 (δc= 77.00 ppm). High-resolution mass spectrometry (HRMS) 

was performed on a Q-TOF spectrometer with micromass MS software using 

electrospray ionization (ESI). IR data were recorded on a Perkin-Elmer 

SPECTRUM ONE FTIR spectrometer. X-ray analysis was performed with a 

single-crystal X-ray diffractometer. Quinoline N-oxides were prepared according 

to literature. 1 

2. General Procedures for the Synthesis of Compound 3. 

The quinoline N-oxides (0.2 mmol), aldehydes (0.6 mmol), PdCl2 (10 mol%), 

TBHP (0.9 mmol, 5-6 M in decane), H2O (100 uL) and anhydrous DCE (1.5 mL) 

were mixed in a dry reaction tube. The mixture was stirred at 140 oC under air for 

24 hours. When the reaction was completed, the crude mixture was cooled to room 

temperature. The mixture was purified by column chromatography on silica gel. 

(Elute: petroleum ether - EtOAc). 

3. Characterization of the Products 

 

8-Benzoylquinolin-2(1H)-one (3a): Pale yellow solid (44.9 mg, 90% yield)；m.p. 132-134 oC. IR 

(KBr): 3254, 3139, 2926, 1649, 1416, 1261, 1042, 916, 746, 486 cm-1. 1H NMR (400 MHz, 
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CDCl3): δ 11.82 (s, 1H), 7.84 (dd, J = 7.77 Hz, 1.30 Hz, 1H), 7.80-7.78 (m, 2H), 7.71-7.69 (m, 

2H), 7.64-7.60 (m, 1H), 7.51 (t, J = 7.38Hz, 2H), 7.21 (t, J = 7.77 Hz, 1H), 6.73 (dd, J = 9.63 Hz, 

1.97 Hz, 1H) ppm. 13C NMR (100 MHz, CDCl3): δ 198.39, 162.43, 140.07, 139.64, 138.48, 

136.08, 133.59, 132.40, 129.61, 128.46, 123.20, 120.72, 119.66 ppm. HRMS (ESI) Calcd. for 

C16H11NO2: [M+H]+, 250.0863. Found: m/z 250.0865. 

  

8-(4-Methylbenzoyl)quinolin-2(1H)-one (3b): (50.0 mg, 95% yield); Pale yellow solid; m.p. 

115-117 oC. IR (KBr): 3426, 3141, 1645, 1402, 1278, 1122 cm-1. 1H NMR (400 MHz, CDCl3): δ 

11.74 (s, 1H), 7.84 (d, J = 7.59 Hz, 1H), 7.81-7.77 (m, 2H), 7.62 (d, J = 7.90 Hz, 2H), 7.31 (d, J = 

7.90 Hz, 2H), 7.22 (t, J = 7.74 Hz, 1H), 6.74 (d, J = 9.60 Hz, 1H), 2.46 (s, 3H) ppm. 13C NMR 

(100 MHz, CDCl3): δ 197.89, 162.44, 143.36, 140.09, 139.40, 135.76, 135.64, 133.25, 129.92, 

129.10, 123.07, 120.75, 120.66, 119.97, 21.65 ppm. HRMS (ESI) Calcd. for C17H13NO2: [M+H]+, 

264.1019. Found: m/z 264.1021. 

  

8-(4-Methoxybenzoyl)quinolin-2(1H)-one (3c): (50.2 mg, 90% yield); Pale yellow solid; m.p. 

116-117 oC. IR (KBr): 3430, 3149, 1658, 1409, 1261, 1154, 1027, 827, 762 cm-1. 1H NMR (400 

MHz, CDCl3): δ 11.55 (s, 1H), 7.84 (d, J =7.64 Hz, 1H), 7.81-7.74 (m, 4H), 7.22 (t, J = 7.81 Hz, 

1H), 7.00 (d, J = 8.51 Hz, 2H), 6.74 (d, J = 9.58 Hz, 1H), 3.91 (s, 3H) ppm. 13C NMR (100 MHz, 

CDCl3): δ 196.43, 163.33, 162.35, 140.06, 139.22, 135.18, 132.86, 130.75, 123.10, 120.75, 120.37, 

120.37, 113.74, 55.57 ppm. HRMS (ESI) Calcd. for C17H13NO3: [M+H]+, 280.0968. Found: m/z 

280.0969. 

 

8-(4-fluorobenzoyl)quinolin-2(1H)-one (3d): (37.9 mg, 71% yield); Pale yellow solid; m.p. 

124-126 oC. IR (KBr): 3421, 3141, 1642, 1402, 1242, 1143, 836, 595 cm-1. 1H NMR (400 MHz, 

CDCl3): δ 11.66 (s, 1H), 7.82-7.78 (m, 3H), 7.77-7.73 (m, 2H), 7.24 (d, J = 7.73 Hz, 1H), 

7.22-7.17 (m, 2H), 6.74 (dd, J = 9.59 Hz, 2.00 Hz, 1H) ppm. 13C NMR (100 MHz, CDCl3): δ 

196.95, 167.75, 167.01, 163.11, 140.71, 135.95, 133.98, 133.14 (d, J = 9.40 Hz) 132.76 (d, J = 

9.08 Hz), 123.46, 121.34, 120.26, 116.15 (d, J = 13.61 Hz), 115.93 (d, J = 13.60 Hz) ppm. 19F 

NMR (376 MHz, CDCl3): −105.52 (s) ppm. HRMS (ESI) Calcd. for C16H10FNO2: [M+H]+, 
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268.0768. Found: m/z 268.0771. 

  

8-(4-Chlorobenzoyl)quinolin-2(1H)-one (3e): (29.4 mg, 52% yield); Pale yellow solid; m.p. 

118-120 oC. IR (KBr): 3426, 3141, 2935, 1643, 1402, 1281, 1101, 912, 792 cm-1. 1H NMR (400 

MHz, CDCl3): δ 11.74 (s, 1H), 7.81 (d, J = 8.21 Hz, 3H), 7.66 (d, J = 8.36 Hz, 2H), 7.50 (d, J = 

8.36 Hz, 2H), 7.23 (t, J = 7.74 Hz, 1H), 6.75 (d, J = 9.45 Hz, 1H) ppm. 13C NMR (100 MHz, 

CDCl3): δ 196.98, 162.34, 140.01, 139.57, 138.92, 136.66, 135.66, 133.78, 121.04, 128.79, 123.29, 

120.88, 120.73, 119.34 ppm. HRMS (ESI) Calcd. for C16H10ClNO2: [M+H]+, 284.0473. Found: 

m/z 284.0474. 

  

8-(4-Bromobenzoyl)quinolin-2(1H)-one (3f): (42.4 mg, 65% yield); Pale yellow solid; m.p. 

114-116 oC. IR (KBr): 3425, 3139, 1655, 1401, 1283, 1136, 766 cm-1. 1H NMR (400 MHz, 

CDCl3): δ 11.70 (s, 1H), 7.79-7.77 (m, 3H), 7.64 (d, J = 8.41 Hz, 2H), 7.56 (d, J = 8.41 Hz, 2H), 

7.21 (t, J = 7.88 Hz, 1H), 6.73 (d, J = 9.63 Hz, 1H) ppm. 13C NMR (100 MHz, CDCl3): δ 197.14, 

162.35, 140.01, 139.59, 137.12, 135.68, 133.81, 131.77, 131.12, 127.46, 123.30, 120.89, 119.29 

ppm. HRMS (ESI) Calcd. for C16H10BrNO2: [M+H]+, 327.9968. Found: m/z 327.9968. 

  

8-(2-Methylbenzoyl)quinolin-2(1H)-one (3g): (41.1 mg, 78% yield); Pale yellow solid; m.p. 

125-127 oC. IR (KBr): 3427, 3139, 1662, 1402, 1283, 1246, 1132, 1043, 906, 767, 629 cm-1. 1H 

NMR (400 MHz, CDCl3): δ 12.37 (s, 1H), 7.80-7.77 (m, 2H), 7.64 (dd, J = 7.72 Hz, 1.07 Hz, 1H), 

7.44-7.40 (m, 1H), 7.31 (d, J = 7.31 Hz, 1H), 7.28-7.24 (m, 2H), 7.15 (t, J = 7.78 Hz, 1H), 6.75 

(dd, J = 9.62 Hz, 2.02 Hz, 1H), 2.30 (s, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 201.42, 162.52, 

139.93, 139.89, 138.72, 136.72, 135.81, 134.22, 131.00, 130.27, 127.55, 125.42, 123.24, 120.97, 

120.77, 119.85, 19.63 ppm. HRMS (ESI) Calcd. for C17H13NO2: [M+H]+, 264.1019. Found: m/z 

264.1021. 
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8-(2-Methoxybenzoyl)quinolin-2(1H)-one (3h): (39.1 mg, 70% yield); Pale yellow solid; m.p. 

121-123 oC. IR (KBr): 3425, 3138, 1654, 1402, 1251, 1124, 1037, 764 cm-1.1H NMR (400 MHz, 

CDCl3): δ 12.34 (s, 1H), 7.79-7.74 (m, 2H), 7.68 (dd, J = 7.84 Hz, 1.29 Hz, 1H), 7.52-7.47 (m , 

1H), 7.32 (dd, J = 7.48 Hz, 1.63 Hz, 1H), 7.14 (t, J = 7.81 Hz, 1H), 7.07 (m, 1H), 7.00 (d, J= 8.40 

Hz, 1H), 6.73 (dd, J = 9.60 Hz, 2.12 Hz, 1H), 3.73 (s, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 

199.27, 162.63, 156.65, 140.02, 139.56, 136.85, 134.00, 132.04, 128.95, 128.79, 123.08, 120.95, 

120.79, 120.63, 120.17, 111.47, 55.66 ppm. HRMS (ESI) Calcd. for C17H13NO3: [M+H]+, 

280.0968. Found: m/z 280.0970. 

  

8-(2-Fluorobenzoyl)quinolin-2(1H)-one (3i): (27.8 mg, 52% yield); Pale yellow solid; m.p. 

148-150 oC. IR (KBr): 3140, 1655, 1402, 1286, 838, 763, 622 cm-1. 1H NMR (400 MHz, CDCl3): 

δ 12.15 (s, 1H), 7.81-7.78 (m, 2H), 7.77-7.74 (m, 1H), 7.59-7.53 (m, 1H), 7.52-7.48 (m, 1H), 7.31 

(t, J = 7.49 Hz, 1H), 7.22-7.17 (m, 2H), 6.75 (dd, J = 9.62 Hz, 1.78 Hz, 1H) ppm. 13C NMR (100 

MHz, CDCl3): δ 195.65, 162.46, 160.46, 157.97, 139.97, 139.57, 136.41, 134.49, 133.12 (d, J = 

8.3 Hz), 130.10 (d, J = 2.7 Hz), 127.20 (d, J = 15.6 Hz), 123.24, 121.09, 120.71, 119.73, 116.29 (d, 

J = 21.3 Hz) ppm. 19F NMR (376 MHz, CDCl3): −111.71 (s) ppm. HRMS (ESI) Calcd. for 

C16H10FNO2: [M+H]+, 268.0768. Found: m/z 268.0770. 

  

8-(2-Chlorobenzoyl)quinolin-2(1H)-one (3j): (31.1 mg, 55% yield); Pale yellow solid; m.p. 

119-121 oC. IR (KBr): 3421, 3139, 1655, 1403, 1290, 1129, 763 cm-1. 1H NMR (400 MHz, 

CDCl3): δ 12.27 (s, 1H), 7.80-7.78 (m, 2H), 7.60 (dd, J = 7.79 Hz, 1.31 Hz, 1H), 7.49-7.47 (m, 

2H), 7.43-7.36 (m, 2H), 7.17 (t, J = 7.73 Hz, 1H), 6.76 (dd, J = 9.66 Hz, 2.07 Hz, 1H) ppm. 13C 

NMR (100 MHz, CDCl3): δ 198.26, 162.90, 140.38, 140.21, 138.68, 137.14, 135.13, 131.77, 

131.25, 130.51, 129.00, 127.36, 123.69, 121.60, 121.21, 119.46 ppm. HRMS (ESI) Calcd. for 

C16H10ClNO2: [M+H]+, 284.0473. Found: m/z 284.0475. 
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8-(2-Bromobenzoyl)quinolin-2(1H)-one (3k): (37.9 mg, 58% yield); Pale yellow solid; m.p. 

123-125 oC. IR (KBr): 3420, 3139, 1655, 1402, 1256, 1155, 1054, 838, 764, 625. cm-1. 1H NMR 

(400 MHz, CDCl3): δ 12.28 (s, 1H), 7.81-7.78 (m, 2H), 7.67 (dd, J = 7.89 Hz, 1.07 Hz, 1H), 7.58 

(dd, J = 7.83 Hz, 1.35 Hz, 1H), 7.48-7.44 (m, 1H), 7.42-7.37 (m, 1H), 7.35 (dd, J = 7.38 Hz, 1.80 

Hz, 1H), 7.16 (t, J = 7.77 Hz, 1H), 6.76 (dd, J = 9.63 Hz, 2.03 Hz, 1H) ppm. 13C NMR (100 MHz, 

CDCl3): δ 198.44, 162.48, 140.33, 139.94, 136.77, 134.68, 133.20, 131.39, 128.51, 127.45, 123.31, 

121.17, 120.84, 119.21, 118.81 ppm. HRMS (ESI) Calcd. for C16H10BrNO2: [M+H]+, 327.9968. 

Found: m/z 327.9969. 

  

8-(3-Methylbenzoyl)quinolin-2(1H)-one (3l): (43.1 mg, 82% yield); Pale yellow solid; m.p. 

126-128 oC. IR (KBr): 3428, 3279, 3142, 1658, 1402, 1272, 1054, 758 cm-1. 1H NMR (400 MHz, 

CDCl3): δ 11.83 (s, 1H), 7.85 (d, J = 7.64 Hz, 1H), 7.81-7.78 (m, 2H), 7.52 (s, 1H), 7.47-7.37 (m, 

3H), 7.22 (t, J = 7.72Hz, 1H), 6.75 (d, J = 9.56Hz, 1H), 2.44 (s, 3H) ppm. 13C NMR (100 MHz, 

CDCl3): δ 198.60, 162.43, 140.05, 139.55, 138.48, 138.42, 136.08, 133.47, 129.97, 128.19, 126.82, 

123.12, 120.74, 120.68, 119.75, 21.38 ppm. HRMS (ESI) Calcd. for C17H13NO2: [M+H]+, 

264.1019. Found: m/z 264.1020. 

  

8-(3-Methoxybenzoyl)quinolin-2(1H)-one (3m): (42.4 mg, 76% yield); Pale yellow solid; m.p. 

114-116 oC. IR (KBr): 3422, 3139, 1661, 1402. 827, 762 cm-1. 1H NMR (400 MHz, CDCl3): δ 

11.80 (s, 1H), 7.86 (dd, J = 7.73 Hz, 1.31 Hz, 1H), 7.80-7.77 (m, 2H), 7.40 (t, J = 7.86 Hz, 1H), 

7.25-7.23 (m , 2H), 7.21 (s, 1H), 7.16-7.13 (m, 1H), 6.75 (dd, J = 9.66 Hz, 1.72 Hz, 1H), 3.87 (s, 

3H) ppm. 13C NMR (100 MHz, CDCl3): δ 198.14, 162.55, 159.65, 140.18, 139.73, 139.56, 136.11, 

133.65, 129.43, 123.14, 122.20, 119.86, 118.56 ,114.31, 77.40, 77.09 ppm. HRMS (ESI) Calcd. 

for C17H13NO3: [M+H]+, 280.0968. Found: m/z 280.0970. 
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8-(3-Fluorobenzoyl)quinolin-2(1H)-one (3n): (33.1 mg, 62% yield); Pale yellow solid; m.p. 

127-129 oC. IR (KBr): 3421, 3140, 1657, 1402, 1280, 1149, 850, 770, 618, 487 cm-1. 1H NMR 

(400 MHz, CDCl3): δ 11.77 (s, 1H), 7.84-7.78 (m, 3H), 7.52-7.45 (m, 2H), 7.41 (dd, J = 8.91 Hz, 

2.32 Hz, 1H), 7.34-7.29 (m, 1H), 7.23 (t, J = 7.78 Hz, 1H), 6.75 (dd, J = 9.57 Hz, 1.07 Hz, 1H) 

ppm. 13C NMR (100 MHz, CDCl3): δ 196.86, 163.66, 162.42, 161.19, 140.38 (d, J = 6.5 Hz), 

140.08, 139.62, 135.89, 133.96, 130.19 (d, J = 7.6 Hz), 125.30 (d, J = 3.3 Hz), 123.26, 119.49, 

119.24 (d, J = 7.9 Hz), 116.56, 116.34 ppm. 19F NMR (376 MHz, CDCl3): −111.35 (s) ppm. 

HRMS (ESI) Calcd. for C16H10FNO2: [M+H]+, 268.0768. Found: m/z 268.0769. 

  

8-(3-Chlorobenzoyl)quinolin-2(1H)-one (3o): (33.9 mg, 60% yield); Pale yellow solid; m.p. 

133-135 oC. IR (KBr): 3427, 3143, 2930, 1659, 1404, 1251, 762 cm-1. 1H NMR (400 MHz, 

CDCl3): δ 11.77 (s, 1H), 7.82-7.78 (m, 3H), 7.67 (t, J = 1.72 Hz, 1H), 7.60-7.55 (m, 2H), 7.46 (t, J 

= 7.79 Hz, 1H), 7.22 (d, J = 7.79 Hz, 1H), 6.75 (dd, J = 9.66 Hz, 1.79 Hz, 1H) ppm. 13C NMR 

(100 MHz, CDCl3): δ 196.91, 162.44, 140.10, 139.70, 135.95, 134.78, 134.07, 132.35, 129.83, 

129.46, 128.16, 127.64, 123.34, 122.96, 120.90, 119.16 ppm. HRMS (ESI) Calcd. for 

C16H10ClNO2: [M+H]+, 284.0473. Found: m/z 284.0475. 

 

8-(3-Bromobenzoyl)quinolin-2(1H)-one (3p): (43.8 mg, 67% yield); Pale yellow solid; m.p. 

185-187 oC. IR (KBr): 3417, 3139, 1659, 1402, 1251, 1072, 763, 484 cm-1. 1H NMR (400 MHz, 

CDCl3): δ 11.77 (s, 1H), 7.83-7.78 (m, 4H), 7.75-7.73 (m, 1H), 7.60 (d, J = 7.72 Hz, 1H), 7.39 (t, J 

= 7.84 Hz, 1H), 7.24 (t, J = 7.84 Hz, 1H), 6.75 (dd, J = 9.62 Hz, 1.60 Hz, 1H) ppm. 13C NMR (100 

MHz, CDCl3): δ 196.73, 162.32, 140.29, 139.97, 139.72, 135.86, 135.19, 134.00, 132.27, 129.99, 

128.00, 123.35, 122.69, 120.91, 120.80, 119.10 ppm. HRMS (ESI) Calcd. for C16H10BrNO2: 

[M+H]+, 327.9968. Found: m/z 327.9970. 
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8-(3-(Trifluoromethyl)benzoyl)quinolin-2(1H)-one (3q): (27.3 mg, 43% yield); Pale yellow 

solid; m.p. 112-114 oC. IR (KBr): 3425, 3140, 1662, 1401, 1259, 1161, 771, 627, 484 cm-1. 1H 

NMR (400 MHz, CDCl3): δ 11.79 (s, 1H), 7.95 (s, 1H), 7.89-7.87 (m, 2H), 7.84-7.80 (m. 2H), 

7.77 (dd, J = 7.85 Hz, 1.85 Hz, 1H), 7.67 (t, J = 7.74 Hz, 1H), 7.23 (d, J = 7.74 Hz, 1H), 6.76 (dd, 

J = 9.68 Hz, 1.56 Hz, 1H) ppm. 13C NMR (100 MHz, CDCl3): δ 196.86, 162.32, 139.96, 139.81, 

139.15, 135.74, 134.17, 132.60, 129.13, 128.79, 128.75, 126.26, 126.22, 123.45, 121.02, 120.84, 

118.98 ppm. 19F NMR (376 MHz, CDCl3): -62.75 (s) ppm. HRMS (ESI) Calcd. for C17H10F3NO2: 

[M+H]+, 318.0736. Found: m/z 318.0738. 

 

8-(3,4-Dimethylbenzoyl)quinolin-2(1H)-one (3r): (49.9 mg, 90% yield); Pale yellow solid; m.p. 

129-131 oC. IR (KBr): 3431, 3141, 1651, 1401, 1275, 1133, 778 cm-1. 1H NMR (400 MHz, 

CDCl3): δ 11.73 (s, 1H), 7.85 (d, J = 7.75 Hz, 1H), 7.78 (t, J = 8.36 Hz, 2H), 7.51 (s, 1H), 7.42 (d, 

J = 7.64 Hz, 1H), 7.27-7.20 (m, 2H), 6.73 (d, J = 9.00 Hz, 1H), 2.36 (s, 3H), 2.34 (s, 3H) ppm. 13C 

NMR (100 MHz, CDCl3): δ 198.11, 162.41, 142.07, 140.06, 139.41, 137.01, 136.06, 135.81, 

133.16, 130.78, 129.50, 127.58, 123.06, 120.71, 120.63, 120.07, 20.02, 19.80 ppm. HRMS (ESI) 

Calcd. for C18H15NO2: [M+H]+, 278.1176. Found: m/z 278.1177. 

  

8-(2,4-Dichlorobenzoyl)quinolin-2(1H)-one (3s): (41.2 mg, 65% yield); Pale yellow solid; m.p. 

144-146 oC. IR (KBr): 3427, 3140, 1651, 1401, 1126 cm-1. 1H NMR (400 MHz, CDCl3): δ 12.19 

(s, 1H), 7.80 (t, J = 6.64 Hz, 2H), 7.58 (dd, J = 7.79 Hz, 1.24Hz, 1H), 7.51 (d, J = 1.79Hz, 1H), 

7.41(dd, J = 8.21 Hz, 1.86 Hz, 1H), 7.32 (d, J = 8.21 Hz, 1H), 7.18 (t, J = 7.79 Hz, 1H), 6.76 (dd, J 

= 9.66 Hz, 2.07 Hz, 1H) ppm. 13C NMR (100 MHz, CDCl3): δ 196.80, 162.46, 139.97, 136.98, 

136.52, 134.99, 131.99, 130.11, 129.65, 127.48, 126.83, 123.48, 122.82, 121.24, 120.93, 118.88, 

ppm. HRMS (ESI) Calcd. for C16H9Cl2NO2: [M+H]+, 318.0083. Found: m/z 318.0085. 
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8-(1-Naphthoyl)quinolin-2(1H)-one (3t): (17.9 mg, 30% yield); Pale yellow solid; m.p. 165-167 
oC. IR (KBr): 3415, 3143, 1655, 1402, 1241, 1121, 774, 624, 476 cm-1. 1H NMR (400 MHz, 

CDCl3): δ 12.43 (s, 1H), 8.02 (d, J = 7.89 Hz, 1H), 7.94 (d, J = 7.55 Hz, 1H), 7.87 (d, J = 8.45 Hz, 

1H), 7.82-7.77 (m, 2H), 7.66 (dd , J = 7.86 Hz, 1.85 Hz, 1H), 7.56-7.47 (m, 4H), 7.08 (t, J = 7.78 

Hz, 1H), 6.78 (dd, J = 9.64 Hz, 2.03 Hz, 1H) ppm. 13C NMR (100 MHz, CDCl3): δ 200.78, 162.57, 

140.02, 139.95, 137.08, 136.56, 134.37, 133.64, 131.09, 130.55, 128.54, 127.41, 126.68, 126.62, 

125.26, 124.44, 123.25, 120.97, 120.78, 120.41 ppm. HRMS (ESI) Calcd. for C20H13NO2: [M+H]+, 

300.1019. Found: m/z 300.1022. 

 

8-Benzoyl-3-methylquinolin-2(1H)-one (3u): (28.9 mg, 55% yield); Pale yellow solid; m.p. 

98-100 oC. IR (KBr): 3424, 3139, 1654, 1401, 1261, 778 cm-1. 1H NMR (400 MHz, CDCl3): δ 

11.80 (s, 1H), 7.76 (d, J = 7.71 Hz, 1H), 7.73-7.68 (m, 3H), 7.64 (s, 1H), 7.59 (d, J = 7.08 Hz, 1H), 

7.50 (t, J = 7.23 Hz, 2H), 7.18 (t, J = 7.54 Hz, 1H), 2.27 (s, 3H) ppm. 13C NMR (100 MHz, 

CDCl3): δ 198.43, 163.05, 138.55, 136.43, 134.83, 132.66, 132.26, 131.87, 129.58, 128.37, 128.14, 

131.33, 120.54, 119.34, 16.87 ppm. HRMS (ESI) Calcd. for C17H13NO2: [M+H]+, 264.1019. 

Found: m/z 264.1021. 

 

8-Benzoyl-6-methylquinolin-2(1H)-one (3v): (34.2 mg, 65% yield); Pale yellow solid; m.p. 

150-152 oC. IR (KBr): 3422, 3141, 1663, 1402, 1310, 1235, 1063, 778 cm-1. 1H NMR (400 MHz, 

CDCl3): δ 11.69 (s, 1H), 7.74 (d, J = 9.60 Hz, 1H), 7.69 (d, J = 7.36 Hz, 2H), 7.64-7.59 (m, 3H), 

7.52 (t, J = 7.43 Hz, 2H), 6.72 (d, J = 9.91 Hz, 1H), 2.40 (s, 3H) ppm. 13C NMR (100 MHz, 

CDCl3): δ 198.34, 162.40, 139.82, 138.53, 137.56, 136.90, 133.56, 132.30, 130.32, 129.55, 128.42, 

123.11, 120.83, 119.65, 20.67 ppm. HRMS (ESI) Calcd. for C17H13NO2: [M+H]+, 264.1019. 

Found: m/z 264.1020 
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8-Benzoyl-5-methoxyquinolin-2(1H)-one (3w): (40.7 mg, 73% yield); Pale yellow solid; m.p. 

126-128 oC. IR (KBr): 3422, 3141, 1659, 1402, 1278, 1113, 798 cm-1. 1H NMR (400 MHz, 

CDCl3): δ 12.23 (s, 1H), 8.17 (d, J = 9.81 Hz, 1H), 7.82 (d, J = 8.76 Hz, 1H), 7.63 (d, J = 7.36 Hz, 

2H), 7.57 (t, J = 7.30 Hz, 1H), 7.49 (t, J = 7.60 Hz, 2H), 6.67 (d, J = 9.98 Hz, 1H), 6.60 (d, J = 

8.76 Hz, 1H), 4.02 (s, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 197.68, 162.61, 160.43, 141.65, 

138.99, 134.50, 133.21, 131.71, 129.18, 128.32, 121.39, 113.17, 110.55, 101.63, 56.25 ppm. 

HRMS (ESI) Calcd. for C17H13NO3: [M+H]+, 280.0968. Found: m/z 280.0970. 

  

8-Benzoyl-3-bromoquinolin-2(1H)-one (3x): (39.2 mg, 60% yield); Pale yellow solid; m.p. 

141-143 oC. IR (KBr): 3421, 3140, 1661, 1401, 1289, 771 cm-1. 1H NMR (400 MHz, CDCl3): δ 

12.06 (s, 1H), 8.23 (s, 1H), 7.88 (d, J = 7.60 Hz, 1H), 7.75 (d, J = 7.60 Hz, 1H), 7.69 (d, J = 8.32 

Hz, 2H), 7.63 (t, J = 7.76 Hz, 1H), 7.54 (t, J = 7.60 Hz, 2H), 7.27-7.24 (m, 2H) ppm. 13C NMR 

(100 MHz, CDCl3): δ 198.22, 158.15, 141.24, 138.79, 138.15, 136.14, 132.68, 132.54, 129.61, 

128.48, 121.34, 121.09, 119.73, 119.11 ppm. HRMS (ESI) Calcd. for C16H10BrNO2: [M+H]+, 

327.9968. Found: m/z 327.9969. 

  

8-Benzoyl-6-fluoroquinolin-2(1H)-one (3y): (33.1 mg, 62% yield); Pale yellow solid; m.p. 

123-125 oC. IR (KBr): 3420, 3142, 1656, 1403, 1303, 1222, 1118, 1057, 986, 776, 713, 580 cm-1. 
1H NMR (400 MHz, CDCl3): δ 11.63 (s, 1H), 7.75-7.70 (m, 3H), 7.65 (t, J = 7.28 Hz, 1H), 

7.59-7.49 (m, 4H), 6.80 (d, J = 9.51 Hz, 1H) ppm. 13C NMR (100 MHz, CDCl3): δ 197.10, 161.93, 

157.03, 139.07 (d, J = 28.6 Hz), 137.73, 136.18, 132.83, 129.56, 128.63, 124.58, 122.89 (d, J = 

24.6 Hz), 121.86 (d, J = 7.8 Hz), 120.67 (d, J = 5.8 Hz), 118.88 (d, J = 22.3 Hz) ppm. 19F NMR 

(376 MHz, CDCl3): −120.26 (s) ppm. HRMS (ESI) Calcd. for C16H10FNO2: [M+H]+, 268.0768. 

Found: m/z 268.0771. 
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8-Benzoyl-6-chloroquinolin-2(1H)-one (3z): (38.6 mg, 68% yield); Pale yellow solid; m.p. 

137-139 oC. IR (KBr): 3424, 3142, 1668, 1403, 1273, 778 cm-1. 1H NMR (400 MHz, CDCl3): δ 

11.64 (s, 1H), 7.778-7.775 (m, 2H), 7.74-7.70 (m , 3H), 7.66 (t , J =7.43 Hz, 1H), 7.55 (t , J = 7.59 

Hz, 2H), 6.78 (d, J = 9.60 Hz, 1H) ppm. 13C NMR (100 MHz, CDCl3): δ 197.11, 161.92, 138.93, 

138.00, 137.68, 135.17, 132.89, 129.62, 128.67, 126.10, 124.42, 122.03, 120.85 ppm. HRMS (ESI) 

Calcd. for C16H10ClNO2: [M+H]+, 284.0473. Found: m/z 284.0475. 

  

8-Benzoylquinoline-1-oxide (4a): Pale yellow solid; m.p. 155-157 oC. IR (KBr): 3420, 3134, 

1661, 1402, 1308, 1227, 892, 774, 707, 590 cm-1. 1H NMR (400 MHz, CDCl3): δ 8.34 (dd, J = 

6.04Hz, 0.79 Hz, 1H), 8.00 (dd, J = 8.22 Hz, 1.19 Hz, 1H), 7.84 (d, J = 8.22 Hz, 1H), 7.76-7.70 (m, 

3H), 7.65 (dd, J = 7.13 Hz, 1.29 Hz, 1H), 7.51-7.46 (m, 1H), 7.39-7.34 (m, 3H) ppm. 13C NMR 

(100 MHz, CDCl3): δ 193.50, 139.10, 138.48, 135.30, 134.08, 132.29, 130.99, 129.89, 129.09, 

128.64, 128.57, 128.35, 126.12, 121.92 ppm. HRMS (ESI) Calcd. for C16H11NO2: [M+H]+, 

250.0863. Found: m/z 250.0871. 

4. Optimization for C-H Bond Functionalization 

Table S1. Optimization of the Reaction Conditions.a 

 

     yield(%)b 

entry catalyst oxidant additive T(oC) 3a 4a 

1 PdCl2 TBHPc  100 52 45 

2 Pd(OAc)2 TBHPc  100 trace 30 

3 Pd(TFA)2 TBHPc  100 trace 21 

4 CuCl2 TBHPc  100 ndg ndg 

5 CuI TBHPc  100 ndg ndg 

6 PdCl2 K2S2O8  100 ndg 48 
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7 PdCl2 AgOAc  100 ndg ndg 

8 PdCl2 BQ  100 ndg ndg 

9 PdCl2 DTBP  100 ndg 48 

10 PdCl2 TBHPd  100 ndg 80 

11 PdCl2 TBHPd H2O
e 100 76 ndg 

12 PdCl2 TBHPd H2O
e 80 70 ndg 

13 PdCl2 TBHPd H2O
e 120 80 ndg 

14 PdCl2 TBHPd H2O
e 140 90 ndg 

15f PdCl2 TBHPd H2O
e 140 85 ndg 

a Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), catalyst (10 mol %), oxidant (4.5 equiv), 

DCE (1.5 mL), under air, 24 h. b Isolated yield. c TBHP (70 aq.%). d TBHP (5-6 M in decane). e 

H2O (100 uL). f Nitrogen protection. g nd is not detected. 

 
5. Mechanistic Studies 
KIE Studies 

 

The quinoline N-oxide (1a/1a-d7 = 1/1, 0.2 mmol in total), 2b (0.6 mmol), PdCl2 (10 

mol %), TBHP (0.9 mmol, 5-6 M in decane), H2O (100 uL) and anhydrous DCE (1.5 

mL) were mixed in a dry reaction tube. The mixture was stirred at 140 oC under air 

for 12 hours. When the reaction was completed, the crude mixture was cooled to room 

temperature. The mixture was purified by column chromatography on silica gel. (elute: 

petroleum ether-EtOAc). A KIE value of kH/kD = 3.4 was obtained on the basis of 1H 

NMR analysis. 
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Synthesis and Observation of Palladium Complexes A and D. 

 

A mixture of quinoline N-oxide 1a (0.5 mmol), PdCl2 (0.5 mmol), H2O (100 uL) 

and anhydrous DCE (1.5 mL) were mixed in a dry reaction tube. The mixture was 

stirred at 140 oC under air for 12 hours. The precipitate obtained was filtered, washed 

with CH2Cl2, and dried in vacuo. The red solid A (0.21 mmol, 121.1 mg, 85% yield) 

was obtained.2 

The complex A (0.2 mmol) was treated with PPh3 (0.5 mmol) in CH2Cl2 (10 mL) at 

room temperature for 2 h and the mixture was concentrated in vacuo. The mixture 

was purified by column chromatography on silica gel. (elute: CH2Cl2-EtOAc) to give 

the monomer yellow solid D (192 mg, 88%). Single crystals of X-ray quality was 



S14 

 

obtained by slow diffusion in a CH2Cl2 solution of D at room temperature after two 

days. 1H NMR (400 MHz, CDCl3) ppm: δ 8.84 (dd, J = 10.47, 5.24 Hz, 1H), 7.96 (d, J 

= 8.03 Hz, 1H), 7.77 (dd, J = 10.91, 8.42 Hz, 6H), 7.50-7.42 (m, 5H), 7.38-7.34 (m, 

6H), 6.96 (t, J = 7.79, 1H), 6.64 (d, J = 7.17 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 

146.18, 142.52, 139.48, 135.48, 135.36, 133.96, 132.36, 130.85, 130.47, 128.49, 

128.17, 128.06, 123.25, 120.32. HRMS (ESI) Calcd. for C27H21ClNOPPd: [M-Cl]+, 

512.0390, found: m/z 512.0402. 

 

Figure S1. The X-ray Molecular Structures of D. 

The complex A (0.1 mmol), benzaldehyde (0.6 mmol), TBHP (0.9 mmol, 5-6 M in 

decane), H2O (100 uL) and anhydrous DCE (1.5 mL) were mixed in a dry reaction 

tube. The mixture was stirred at 140 oC under air for 24 hours. When the reaction was 

completed, the crude mixture was cooled to room temperature. The mixture was 

purified by column chromatography on silica gel. (elute: petroleum ether-EtOAc). 

Yield of 3a: 32.4 mg (0.13 mmol, 65%). 
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7. X-Ray Crystallographic Data of 3a 

 
Single-crystal X-ray Structure of 3a 

The structure of 3a was determined by the X-ray diffraction. Recrystallized from 
EtOAc/pentane. Further information can be found in the CIF file. This crystal was 
deposited in the Cambridge Crystallographic Data Centre and assigned as CCDC 
1441425. 

Table S2. Crystal data and structure refinement for 3a. 

Identification code 201412267 

Empirical formula C16H11NO2 

Formula weight 249.26 

Temperature/K 291.15 

Crystal system orthorhombic 

Space group Pna21 

a/Å 7.0519(3) 

b/Å 23.5069(9) 

c/Å 7.5339(3) 

α/° 90.00 

β/° 90.00 

γ/° 90.00 

Volume/Å3 1248.89(9) 

Z 4 

ρcalcg/cm3 1.326 
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µ/mm-1 0.713 

F(000) 520.0 

Crystal size/mm3 0.2 × 0.2 × 0.16 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 12.34 to 134.12 

Index ranges -8 ≤ h ≤ 5, -28 ≤ k ≤ 15, -6 ≤ l ≤ 8 

Reflections collected 2492 

Independent reflections 1570 [Rint = 0.0146, Rsigma = 0.0263] 

Data/restraints/parameters 1570/1/176 

Goodness-of-fit on F2 1.039 

Final R indexes [I>=2σ (I)] R1 = 0.0391, wR2 = 0.0961 

Final R indexes [all data] R1 = 0.0467, wR2 = 0.1018 

Largest diff. peak/hole / e Å-3 0.12/-0.18 

Flack parameter -0.1(4) 

 

Table S3. Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for 3a. Ueq is defined as 1/3 of of the trace of 
the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

O1 2861(3) 8659.4(8) 2741(4) 68.5(7) 

O2 4007(3) 6986.3(8) 702(3) 58.9(5) 

N1 2739(3) 7710.2(10) 3171(4) 45.7(5) 

C1 2523(4) 8264.4(11) 3750(5) 51.7(7) 

C2 1879(4) 8318.8(12) 5568(5) 57.9(8) 

C3 1518(4) 7863.6(13) 6571(5) 55.8(8) 

C4 1785(4) 7294.8(12) 5904(4) 46.2(6) 

C5 2420(4) 7230.6(10) 4145(4) 41.1(6) 

C6 2681(4) 6677.5(11) 3420(4) 42.8(6) 

C7 2375(4) 6214.2(11) 4544(4) 51.9(7) 

C8 1774(4) 6279.5(14) 6279(4) 57.3(7) 

C9 1465(4) 6816.4(13) 6932(4) 54.5(7) 

C10 3358(4) 6593.9(10) 1583(4) 46.2(6) 

C11 3278(4) 6013.2(11) 752(4) 50.5(7) 

C12 4836(5) 5826.4(12) -199(4) 61.0(8) 

C13 4766(7) 5305.5(13) -1064(5) 78.6(11) 

C14 3157(8) 4980.0(14) -1006(6) 86.9(14) 

C15 1609(7) 5168.7(13) -89(5) 80.2(12) 

C16 1647(5) 5684.8(12) 806(4) 63.1(8) 
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Table S4. Anisotropic Displacement Parameters (Å2×103) for 3a. The 
Anisotropic displacement factor exponent takes the form: 
-2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

O1 83.2(15) 38.1(10) 84.2(16) 1.6(11) -7.6(13) 0.5(10) 

O2 87.1(14) 42.5(9) 47(1) -2.3(9) 6.4(12) -5.4(10) 

N1 52.8(13) 40.2(11) 44.1(13) -3.9(10) -4.9(12) 3.2(10) 

C1 47.5(15) 40.0(13) 67(2) -4.4(14) -11.5(15) 2.7(12) 

C2 52.3(15) 51.5(15) 70(2) -20.6(16) -5.9(17) 7.0(13) 

C3 46.8(14) 65.3(17) 55.2(17) -22.0(16) -5.8(14) 4.5(13) 

C4 38.9(11) 55.1(14) 44.7(16) -6.9(13) -7.1(12) 1.4(11) 

C5 38.9(12) 39.2(13) 45.1(15) -0.6(11) -8.2(12) 1.9(10) 

C6 46.7(13) 39.8(13) 42.1(14) -3.5(12) -8.2(12) 2.2(11) 

C7 66.6(18) 39.9(13) 49.3(16) 2.4(13) -11.1(14) -1.1(13) 

C8 69.5(17) 57.9(15) 44.6(15) 12.6(14) -7.3(14) -4.8(15) 

C9 53.6(15) 71.1(18) 38.8(14) -0.9(15) -3.5(13) 1.3(14) 

C10 57.6(15) 38.0(12) 42.9(16) -1.1(12) -9.2(14) 3.8(12) 

C11 73.6(17) 40.2(13) 37.7(13) -1.3(12) -8.5(14) 5.1(12) 

C12 85(2) 48.0(14) 50.2(16) -1.7(14) -3.0(17) 13.8(15) 

C13 122(3) 53.3(16) 61(2) -7.1(16) -1(2) 29(2) 

C14 155(4) 42.1(15) 64(2) -11.3(16) -11(3) 7(2) 

C15 127(3) 49.4(16) 64(2) 1.7(16) -15(2) -26.7(19) 

C16 88(2) 48.7(14) 52.2(18) -1.3(14) -7.4(17) -11.4(15) 

 

Table S5. Bond Lengths for 3a. 

Atom Atom Length/Å   Atom Atom Length/Å 

O1 C1 1.223(4)   C6 C10 1.477(4) 

O2 C10 1.225(3)   C7 C8 1.382(5) 

N1 C1 1.382(4)   C8 C9 1.372(4) 

N1 C5 1.364(3)   C10 C11 1.503(3) 

C1 C2 1.449(5)   C11 C12 1.384(4) 

C2 C3 1.335(5)   C11 C16 1.386(4) 

C3 C4 1.441(4)   C12 C13 1.388(4) 

C4 C5 1.407(4)   C13 C14 1.369(6) 

C4 C9 1.384(4)   C14 C15 1.366(6) 
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C5 C6 1.422(3)   C15 C16 1.388(4) 

C6 C7 1.397(4)         

 

Table S6. Bond Angles for 3a. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

C5 N1 C1 126.2(3)   C8 C7 C6 122.3(3) 

O1 C1 N1 119.8(3)   C9 C8 C7 119.3(3) 

O1 C1 C2 125.6(3)   C8 C9 C4 121.4(3) 

N1 C1 C2 114.6(3)   O2 C10 C6 121.9(2) 

C3 C2 C1 121.6(3)   O2 C10 C11 118.2(2) 

C2 C3 C4 121.5(3)   C6 C10 C11 119.9(2) 

C5 C4 C3 118.0(3)   C12 C11 C10 118.3(3) 

C9 C4 C3 122.5(3)   C12 C11 C16 119.8(3) 

C9 C4 C5 119.5(3)   C16 C11 C10 121.7(3) 

N1 C5 C4 118.1(2)   C11 C12 C13 119.6(4) 

N1 C5 C6 121.8(2)   C14 C13 C12 120.5(4) 

C4 C5 C6 120.1(2)   C15 C14 C13 119.8(3) 

C5 C6 C10 121.6(2)   C14 C15 C16 120.9(4) 

C7 C6 C5 117.4(3)   C11 C16 C15 119.2(3) 

C7 C6 C10 121.0(2)           

 

Table S7. Hydrogen Bonds for 3a. 

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 

N1 H1 O2 0.82(3) 2.01(3) 2.675(3) 137(3) 

 

Table S8. Torsion Angles for 3a. 

A B C D Angle/˚ 
 

A B C D Angle/˚ 

O1 C1 C2 C3 179.0(3)   C5 C6 C10 O2 11.8(4) 

O2 C10 C11 C12 43.6(4)   C5 C6 C10 C11 -168.8(2) 

O2 C10 C11 C16 -131.5(3)   C6 C7 C8 C9 -0.1(4) 

N1 C1 C2 C3 -0.6(4)   C6 C10 C11 C12 -135.9(3) 

N1 C5 C6 C7 178.0(2)   C6 C10 C11 C16 49.0(4) 

N1 C5 C6 C10 1.5(4)   C7 C6 C10 O2 -164.6(3) 
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C1 N1 C5 C4 0.9(4)   C7 C6 C10 C11 14.9(4) 

C1 N1 C5 C6 179.8(3)   C7 C8 C9 C4 -1.5(5) 

C1 C2 C3 C4 1.2(5)   C9 C4 C5 N1 -179.4(3) 

C2 C3 C4 C5 -0.8(4)   C9 C4 C5 C6 1.6(4) 

C2 C3 C4 C9 178.4(3)   C10 C6 C7 C8 178.8(3) 

C3 C4 C5 N1 -0.2(3)   C10 C11 C12 C13 -176.5(3) 

C3 C4 C5 C6 -179.2(3)   C10 C11 C16 C15 175.5(3) 

C3 C4 C9 C8 -178.4(3)   C11 C12 C13 C14 1.0(5) 

C4 C5 C6 C7 -3.1(4)   C12 C11 C16 C15 0.5(5) 

C4 C5 C6 C10 -179.5(2)   C12 C13 C14 C15 0.0(6) 

C5 N1 C1 O1 179.9(3)   C13 C14 C15 C16 -0.7(6) 

C5 N1 C1 C2 -0.5(4)   C14 C15 C16 C11 0.5(5) 

C5 C4 C9 C8 0.8(4)   C16 C11 C12 C13 -1.3(5) 

C5 C6 C7 C8 2.3(4)             

 

Table S9. Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for 3a. 

Atom x y z U(eq) 

H1 3130(40) 7655(11) 2160(40) 37(8) 

H2 1714 8680 6048 70 

H3 1084 7915 7726 67 

H7 2582 5849 4111 62 

H8 1581 5963 6996 69 

H9 1032 6860 8090 65 

H12 5925 6049 -259 73 

H13 5819 5177 -1688 94 

H14 3119 4631 -1589 104 

H15 514 4948 -64 96 

H16 589 5809 1434 76 

Crystal structure determination of 3a: Crystal Data for C16H11NO2 (M =249.26 g/mol): 

orthorhombic, space group Pna21 (no. 33), a = 7.0519(3) Å, b = 23.5069(9) Å, c = 7.5339(3) Å, V 

= 1248.89(9) Å3, Z = 4, T = 291.15 K, µ(CuKα) = 0.713 mm-1, Dcalc = 1.326 g/cm3, 2492 

reflections measured (12.34° ≤ 2Θ ≤ 134.12°), 1570 unique (Rint = 0.0146, Rsigma = 0.0263) which 

were used in all calculations. The final R1 was 0.0391 (>2sigma(I)) and wR2 was 0.1018 (all data). 
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8. X-Ray Crystallographic Data of 4a 

 
Single-crystal X-ray Structure of 4a 

The structure of 4a was determined by the X-ray diffraction. Recrystallized from 

CH2Cl2. Further information can be found in the CIF file. This crystal was deposited 
in the Cambridge Crystallographic Data Centre and assigned as CCDC 1443773. 

Table S10.Crystal data and structure refinement for 4a. 

Identification code 201512165 

Empirical formula C16H11NO2 

Formula weight 249.26 

Temperature/K 293(2) 

Crystal system orthorhombic 

Space group Pna21 

a/Å 17.8024(9) 

b/Å 7.7552(4) 
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c/Å 17.7401(12) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 2449.2(2) 

Z 8 

ρcalcg/cm3 1.352 

µ/mm-1 0.090 

F(000) 1040.0 

Crystal size/mm3 0.38 × 0.25 × 0.2 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 6.968 to 52.744 

Index ranges -22 ≤ h ≤ 16, -9 ≤ k ≤ 9, -22 ≤ l ≤ 21 

Reflections collected 7073 

Independent reflections 3815 [Rint = 0.0426, Rsigma = 0.0695] 

Data/restraints/parameters 3815/1/344 

Goodness-of-fit on F2 1.023 

Final R indexes [I>=2σ (I)] R1 = 0.0506, wR2 = 0.0903 

Final R indexes [all data] R1 = 0.0969, wR2 = 0.1113 

Largest diff. peak/hole / e Å-3 0.13/-0.15 

Flack parameter 0(2) 

 

 

Table S11. Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for 4a. Ueq is defined as 1/3 of of the trace of 
the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

C1 3114(3) 3411(6) 3791(3) 56.6(14) 

C2 2560(3) 4098(7) 4263(4) 66.9(16) 

C3 2707(3) 4521(6) 4984(4) 59.8(15) 

C4 3435(3) 4297(6) 5270(3) 47.6(12) 

C5 4003(2) 3692(5) 4783(3) 41.8(11) 

C6 4750(2) 3454(5) 5038(3) 42.8(11) 

C7 4898(3) 3751(6) 5779(3) 55.4(12) 

C8 4340(3) 4323(6) 6279(3) 61.5(14) 

C9 3637(3) 4611(6) 6020(3) 56.3(14) 

C10 5396(2) 3051(6) 4519(3) 46.1(12) 

C11 5723(2) 4515(5) 4090(3) 43.3(11) 

C12 5548(3) 6207(6) 4244(3) 52.8(13) 
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C13 5882(3) 7558(6) 3859(4) 63.7(15) 

C14 6410(3) 7224(7) 3323(3) 66.8(16) 

C15 6597(3) 5527(8) 3155(3) 66.1(15) 

C16 6263(3) 4205(6) 3537(3) 52.4(12) 

N1 3821(2) 3225(4) 4044(2) 47.4(10) 

O1 4351.9(17) 2581(4) 3614(2) 57.7(9) 

O2 5700.3(18) 1646(4) 4532(2) 65.5(11) 

C1' 9397(3) 6170(6) 7125(4) 61.4(15) 

C2' 9977(3) 6080(6) 6608(4) 62.4(15) 

C3' 9845(3) 5899(6) 5866(4) 58.8(13) 

C4' 9096(3) 5840(5) 5608(3) 47.3(12) 

C5' 8507(3) 5955(5) 6133(3) 42.0(11) 

C6' 7750(3) 5954(5) 5892(3) 49.6(12) 

C7' 7602(3) 5848(6) 5139(3) 61.4(14) 

C8' 8190(3) 5705(6) 4614(3) 67.1(15) 

C9' 8914(3) 5696(6) 4836(3) 58.9(14) 

C10' 7089(3) 6196(6) 6421(3) 54.0(14) 

C11' 6756(2) 4666(6) 6796(3) 46.7(12) 

C12' 7023(3) 3020(6) 6678(4) 61.6(15) 

C13' 6706(3) 1623(7) 7032(4) 73.7(18) 

C14' 6130(3) 1885(8) 7551(3) 70.1(17) 

C15' 5864(3) 3505(9) 7673(3) 71.1(17) 

C16' 6161(3) 4901(7) 7294(3) 58.6(14) 

N1' 8677(2) 6098(5) 6897(2) 50.1(11) 

O1' 8125.1(18) 6176(5) 7379(2) 68.1(11) 

O2' 6803.4(19) 7604(4) 6467(3) 90.5(16) 

 

Table S12. Anisotropic Displacement Parameters (Å2×103) for 4a. The 
Anisotropic displacement factor exponent takes the form: 
-2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

C1 40(3) 69(3) 61(3) 19(3) -16(3) -14(3) 

C2 34(3) 76(4) 90(5) 27(3) -12(3) -3(3) 

C3 40(3) 55(3) 85(5) 12(3) 11(3) 2(2) 

C4 42(3) 44(3) 57(3) 10(2) 5(3) 0(2) 

C5 39(2) 36(2) 50(3) 3(2) 3(2) -4(2) 

C6 34(3) 34(2) 60(3) 4(2) -3(2) 1(2) 

C7 46(3) 65(3) 55(3) -6(3) -9(3) -1(2) 
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C8 58(3) 71(3) 56(3) -8(3) 2(3) -8(3) 

C9 50(3) 57(3) 62(4) -3(3) 16(3) -2(3) 

C10 36(3) 48(3) 54(3) -7(2) -9(3) -1(2) 

C11 35(2) 44(3) 51(3) -7(2) -5(2) -1(2) 

C12 46(3) 48(3) 64(4) -7(2) 12(3) -3(2) 

C13 72(4) 48(3) 72(4) -5(3) -3(3) -11(3) 

C14 69(4) 68(4) 64(4) 3(3) 0(4) -23(3) 

C15 62(3) 89(4) 47(3) -5(3) 5(3) -13(3) 

C16 55(3) 55(3) 48(3) -9(3) -1(3) 5(3) 

N1 42(2) 47(2) 53(3) 6(2) -5(2) -5.0(19) 

O1 49.5(19) 69(2) 54(2) -3.5(17) -1.1(19) 0.8(17) 

O2 54(2) 48.9(19) 93(3) 2(2) 10(2) 12.1(17) 

C1' 50(3) 58(3) 76(4) -4(3) -15(3) -3(3) 

C2' 35(3) 60(3) 93(5) 13(3) -3(3) 3(2) 

C3' 43(3) 56(3) 77(4) 5(3) 9(3) 5(2) 

C4' 44(3) 38(3) 60(3) -5(2) 3(3) 0(2) 

C5' 38(3) 35(2) 53(3) -12(2) -4(2) -1(2) 

C6' 40(3) 43(3) 66(4) -13(2) 0(3) -2(2) 

C7' 48(3) 65(3) 71(4) -10(3) -12(3) 1(3) 

C8' 77(4) 66(3) 59(3) -10(3) -2(4) -2(3) 

C9' 61(4) 56(3) 60(4) -6(3) 13(3) -4(3) 

C10' 39(3) 45(3) 78(4) -16(3) 0(3) 5(2) 

C11' 31(2) 51(3) 58(3) -17(3) -5(2) 0(2) 

C12' 44(3) 55(3) 85(4) -24(3) 5(3) -6(3) 

C13' 69(4) 56(3) 96(5) -10(3) 5(4) -9(3) 

C14' 76(4) 75(4) 60(4) -1(3) -10(4) -30(3) 

C15' 59(4) 98(5) 57(4) -18(4) 8(3) -14(3) 

C16' 48(3) 66(3) 61(3) -22(3) 5(3) 3(3) 

N1' 41(2) 48(2) 62(3) -8(2) -1(2) -3.8(18) 

O1' 47(2) 99(3) 59(2) -31(2) 11(2) -18.0(18) 

O2' 67(3) 48(2) 156(5) -14(2) 36(3) 14.6(19) 

 

Table S13. Bond Lengths for 4a. 

Atom Atom Length/Å   Atom Atom Length/Å 

C1 C2 1.400(7)   C1' C2' 1.383(7) 

C1 N1 1.344(5)   C1' N1' 1.345(5) 

C2 C3 1.346(8)   C2' C3' 1.344(8) 

C3 C4 1.402(7)   C3' C4' 1.411(6) 

C4 C5 1.410(6)   C4' C5' 1.405(6) 
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C4 C9 1.399(7)   C4' C9' 1.412(7) 

C5 C6 1.416(6)   C5' C6' 1.413(6) 

C5 N1 1.399(6)   C5' N1' 1.393(6) 

C6 C7 1.362(7)   C6' C7' 1.364(7) 

C6 C10 1.505(6)   C6' C10' 1.517(7) 

C7 C8 1.403(7)   C7' C8' 1.406(7) 

C8 C9 1.352(7)   C8' C9' 1.348(6) 

C10 C11 1.486(6)   C10' C11' 1.485(7) 

C10 O2 1.217(5)   C10' O2' 1.207(5) 

C11 C12 1.376(6)   C11' C12' 1.378(6) 

C11 C16 1.395(6)   C11' C16' 1.391(6) 

C12 C13 1.384(7)   C12' C13' 1.373(7) 

C13 C14 1.362(7)   C13' C14' 1.393(8) 

C14 C15 1.390(7)   C14' C15' 1.360(8) 

C15 C16 1.365(7)   C15' C16' 1.379(8) 

N1 O1 1.313(4)   N1' O1' 1.303(5) 

Table S14. Bond Angles for 4a. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

N1 C1 C2 120.0(5)   N1' C1' C2' 120.7(5) 

C3 C2 C1 121.6(5)   C3' C2' C1' 121.5(5) 

C2 C3 C4 119.6(5)   C2' C3' C4' 119.1(5) 

C3 C4 C5 118.8(5)   C3' C4' C9' 122.3(5) 

C9 C4 C3 124.0(5)   C5' C4' C3' 119.3(5) 

C9 C4 C5 117.1(4)   C5' C4' C9' 118.4(4) 

C4 C5 C6 121.5(5)   C4' C5' C6' 120.7(4) 

N1 C5 C4 119.6(4)   N1' C5' C4' 119.2(4) 

N1 C5 C6 118.9(4)   N1' C5' C6' 120.0(4) 

C5 C6 C10 123.4(4)   C5' C6' C10' 123.5(4) 

C7 C6 C5 117.8(5)   C7' C6' C5' 118.7(5) 

C7 C6 C10 118.5(4)   C7' C6' C10' 117.6(4) 

C6 C7 C8 121.8(5)   C6' C7' C8' 120.7(5) 

C9 C8 C7 119.5(5)   C9' C8' C7' 121.2(5) 

C8 C9 C4 122.1(5)   C8' C9' C4' 120.2(5) 

C11 C10 C6 116.9(4)   C11' C10' C6' 119.3(4) 

O2 C10 C6 121.0(4)   O2' C10' C6' 118.7(5) 

O2 C10 C11 121.3(4)   O2' C10' C11' 121.6(5) 

C12 C11 C10 122.6(4)   C12' C11' C10' 122.3(4) 
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C12 C11 C16 117.4(4)   C12' C11' C16' 118.7(5) 

C16 C11 C10 119.9(4)   C16' C11' C10' 119.0(4) 

C11 C12 C13 121.8(5)   C13' C12' C11' 121.3(5) 

C14 C13 C12 119.8(5)   C12' C13' C14' 119.3(5) 

C13 C14 C15 119.7(5)   C15' C14' C13' 119.7(5) 

C16 C15 C14 120.0(5)   C14' C15' C16' 121.0(5) 

C15 C16 C11 121.3(4)   C15' C16' C11' 119.8(5) 

C1 N1 C5 120.2(4)   C1' N1' C5' 120.1(4) 

O1 N1 C1 121.4(4)   O1' N1' C1' 121.3(4) 

O1 N1 C5 118.4(4)   O1' N1' C5' 118.6(4) 

Table S15. Torsion Angles for 4a. 

A B C D Angle/˚   A B C D Angle/˚ 

C1 C2 C3 C4 1.0(7)   C1' C2' C3' C4' 1.5(7) 

C2 C1 N1 C5 1.0(6)   C2' C1' N1' C5' -0.9(7) 

C2 C1 N1 O1 179.9(4)   C2' C1' N1' O1' 179.8(4) 

C2 C3 C4 C5 2.4(7)   C2' C3' C4' C5' -0.6(7) 

C2 C3 C4 C9 -176.6(5)   C2' C3' C4' C9' 178.4(4) 

C3 C4 C5 C6 179.5(4)   C3' C4' C5' C6' 178.0(4) 

C3 C4 C5 N1 -4.1(6)   C3' C4' C5' N1' -1.0(6) 

C3 C4 C9 C8 177.7(5)   C3' C4' C9' C8' -177.7(4) 

C4 C5 C6 C7 3.0(6)   C4' C5' C6' C7' -0.3(6) 

C4 C5 C6 C10 -171.2(4)   C4' C5' C6' C10' -175.7(4) 

C4 C5 N1 C1 2.4(6)   C4' C5' N1' C1' 1.8(6) 

C4 C5 N1 O1 -176.5(3)   C4' C5' N1' O1' -178.9(4) 

C5 C4 C9 C8 -1.2(7)   C5' C4' C9' C8' 1.3(7) 

C5 C6 C7 C8 -1.8(7)   C5' C6' C7' C8' 1.3(7) 

C5 C6 C10 C11 78.8(5)   C5' C6' C10' C11' -88.1(5) 

C5 C6 C10 O2 -111.1(5)   C5' C6' C10' O2' 99.1(6) 

C6 C5 N1 C1 178.9(4)   C6' C5' N1' C1' -177.3(4) 

C6 C5 N1 O1 0.0(6)   C6' C5' N1' O1' 2.0(6) 

C6 C7 C8 C9 -0.8(7)   C6' C7' C8' C9' -1.1(8) 

C6 C10 C11 C12 11.4(6)   C6' C10' C11' C12' -0.4(7) 

C6 C10 C11 C16 -172.7(4)   C6' C10' C11' C16' 178.5(4) 

C7 C6 C10 C11 -95.4(5)   C7' C6' C10' C11' 96.5(6) 

C7 C6 C10 O2 74.8(6)   C7' C6' C10' O2' -76.4(6) 

C7 C8 C9 C4 2.4(7)   C7' C8' C9' C4' -0.3(8) 

C9 C4 C5 C6 -1.5(6)   C9' C4' C5' C6' -1.0(6) 

C9 C4 C5 N1 174.9(4)   C9' C4' C5' N1' -180.0(4) 

C10 C6 C7 C8 172.7(4)   C10' C6' C7' C8' 177.0(4) 
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C10 C11 C12 C13 177.1(5)   C10' C11' C12' C13' 180.0(5) 

C10 C11 C16 C15 -177.2(5)   C10' C11' C16' C15' -177.3(5) 

C11 C12 C13 C14 -1.2(8)   C11' C12' C13' C14' -3.6(8) 

C12 C11 C16 C15 -1.0(6)   C12' C11' C16' C15' 1.7(7) 

C12 C13 C14 C15 1.2(8)   C12' C13' C14' C15' 3.4(8) 

C13 C14 C15 C16 -1.2(8)   C13' C14' C15' C16' -0.6(8) 

C14 C15 C16 C11 1.1(7)   C14' C15' C16' C11' -1.9(8) 

C16 C11 C12 C13 1.1(7)   C16' C11' C12' C13' 1.1(7) 

N1 C1 C2 C3 -2.8(7)   N1' C1' C2' C3' -0.8(8) 

N1 C5 C6 C7 -173.5(4)   N1' C5' C6' C7' 178.7(4) 

N1 C5 C6 C10 12.3(6)   N1' C5' C6' C10' 3.3(6) 

O2 C10 C11 C12 -158.8(5)   O2' C10' C11' C12' 172.2(5) 

O2 C10 C11 C16 17.2(7)   O2' C10' C11' C16' -8.9(7) 

 

Table S16. Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for 4a. 

Atom x y z U(eq) 

H1 2993 3082 3301 68 

H2 2078 4268 4075 80 

H3 2329 4958 5290 72 

H7 5382 3570 5960 67 

H8 4453 4503 6784 74 

H9 3275 5032 6350 68 

H12 5195 6450 4615 63 

H13 5747 8689 3967 76 

H14 6643 8127 3070 80 

H15 6950 5292 2783 79 

H16 6399 3075 3427 63 

H1' 9505 6281 7635 74 

H2' 10471 6146 6778 75 

H3' 10242 5815 5527 71 

H7' 7107 5870 4972 74 

H8' 8078 5615 4103 81 

H9' 9295 5595 4480 71 

H12' 7426 2852 6353 74 

H13' 6873 514 6926 88 

H14' 5928 956 7814 84 

H15' 5477 3675 8016 85 
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H16' 5964 5998 7371 70 

Crystal Data for C16H11NO2 (M = 249.26 g/mol): orthorhombic, space group Pna21 (no. 33), a = 

17.8024(9) Å, b = 7.7552(4) Å, c = 17.7401(12) Å, V = 2449.2(2) Å3, Z = 8, T = 293(2) K, 

µ(MoKα) = 0.090 mm-1, Dcalc = 1.352 g/cm3, 7073 reflections measured (6.968° ≤ 2Θ ≤ 52.744°), 

3815 unique (Rint = 0.0426, Rsigma = 0.0695) which were used in all calculations. The final R1was 

0.0506 (I > 2σ(I)) and wR2 was 0.1113 (all data). 

 

 
 
 
 
 
 

9. X-Ray Crystallographic Data of Complex D 

 
Single-crystal X-ray Structure of D 

The structure of D was determined by the X-ray diffraction. Recrystallized from 

CH2Cl2. Further information can be found in the CIF file. This crystal was deposited 
in the Cambridge Crystallographic Data Centre and assigned as CCDC 1441432. 

Table S17. Crystal data and structure refinement for D.  

Identification code  1  

Empirical formula  C28H23Cl3NOPPd  

Formula weight  633.19  

Temperature/K  293(2)  
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Crystal system  monoclinic  

Space group  P21/n  

a/Å  10.2608(5)  

b/Å  16.6441(9)  

c/Å  15.6634(8)  

α/°  90.00  

β/°  92.089(4)  

γ/°  90.00  

Volume/Å3  2673.2(2)  

Z  4  

ρcalcg/cm3  1.573  

µ/mm-1  1.076  

F(000)  1272.0  

Crystal size/mm3  0.21 × 0.2 × 0.18  

Radiation  MoKα (λ = 0.71073)  

2Θ range for data collection/° 5.76 to 50  

Index ranges  -12 ≤ h ≤ 12, -17 ≤ k ≤ 19, -18 ≤ l ≤ 18 

Reflections collected  15534  

Independent reflections  4708 [Rint = 0.0334, Rsigma = 0.0335]  

Data/restraints/parameters  4708/0/316  

Goodness-of-fit on F2  1.029  

Final R indexes [I>=2σ (I)]  R1 = 0.0292, wR2 = 0.0636  

Final R indexes [all data]  R1 = 0.0390, wR2 = 0.0670  

Largest diff. peak/hole / e Å-3 0.37/-0.38  

 

Table S18. Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for D. Ueq is defined as 1/3 of of the trace of 
the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

Pd1 7317.76(18) 1948.58(12) 277.10(12) 30.07(8) 

P1 8581.2(7) 3038.4(4) 275.1(4) 31.52(16) 

Cl1 8554.0(6) 1190.5(4) -687.7(4) 40.46(18) 

C1 4986(2) 1899.6(15) 1190.9(17) 32.0(6) 

C2 6078(2) 2416.0(16) 1102.2(16) 32.2(6) 

C3 3935(3) 2063.5(17) 1726.5(18) 38.1(7) 

C4 6068(3) 3089.6(16) 1598.6(17) 36.2(6) 

C5 5063(3) 3258.8(17) 2159.0(19) 42.4(7) 

C6 4015(3) 2765.7(18) 2219.6(19) 42.9(7) 

C7 3988(3) 663.5(18) 776(2) 45.8(8) 

C8 2901(3) 1508(2) 1748(2) 51.1(8) 

C9 2930(3) 822(2) 1280(2) 54.0(9) 
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N1 4954(2) 1191.1(13) 736.6(14) 35.8(5) 

O1 5963.0(17) 1028.5(11) 241.6(12) 41.4(5) 

C10 9929(3) 3060.5(18) -455.3(19) 42.4(7) 

C11 9968(3) 3612(2) -1122.5(19) 56.7(9) 

C12 12032(4) 2575(3) -824(3) 83.9(13) 

C13 12077(5) 3128(3) -1475(3) 89.9(16) 

C14 11062(4) 3632(3) -1628(2) 77.9(13) 

C15 9449(2) 3287.7(17) 1276.1(17) 35.5(6) 

C16 9981(3) 2998(2) 2744(2) 59.2(10) 

C17 9294(3) 2817.3(19) 1992.7(18) 43.9(7) 

C18 10811(3) 3641(3) 2791(2) 65.5(11) 

C19 10326(3) 3924(2) 1325(2) 51.2(8) 

C20 10985(3) 4098(2) 2078(2) 64.1(10) 

C21 10965(3) 2542(2) -316(2) 60.2(9) 

C22 7598(3) 3898.2(18) -62.1(18) 39.4(7) 

C23 6716(3) 3768(2) -739(2) 61.0(9) 

C24 7714(3) 4659.3(19) 272(2) 53.0(8) 

C25 6002(4) 4390(3) -1085(3) 88.1(14) 

C26 6983(4) 5281(2) -79(3) 76.5(11) 

C27 6140(4) 5144(3) -751(3) 90.0(15) 

Cl2 7906.2(11) 4514.9(8) 3359.9(8) 100.9(4) 

C28 6541(3) 4883(2) 3863(2) 58.4(9) 

Cl3 5664.2(12) 5564.5(8) 3231.5(8) 102.1(4) 

Table S19. Anisotropic Displacement Parameters (Å2×103) for D. The 
Anisotropic displacement factor exponent takes the form: 
-2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

Pd1 31.68(12) 27.15(12) 31.62(13) -3.75(10) 4.44(8) -2.86(8) 

P1 34.0(4) 30.1(4) 30.6(4) -1.0(3) 2.6(3) -4.0(3) 

Cl1 40.4(4) 41.8(4) 39.9(4) -7.8(3) 10.0(3) -0.9(3) 

C1 34.1(14) 28.3(14) 33.5(15) -1.7(13) 0.8(11) 2.8(11) 

C2 32.0(14) 31.8(16) 33.0(15) 1.9(13) 3.7(11) 2.8(11) 

C3 36.1(15) 39.8(17) 38.8(16) -3.0(14) 5.8(12) 4.1(12) 

C4 40.2(15) 29.1(15) 39.2(16) -4.9(13) 1.7(12) -1.5(12) 

C5 53.4(18) 30.2(16) 43.8(17) -9.8(14) 4.8(14) 6.9(13) 

C6 39.7(16) 44.9(18) 44.8(17) -5.5(15) 11.1(13) 10.1(13) 

C7 41.6(16) 38.1(18) 58(2) -12.0(16) 9.0(14) -10.5(13) 

C8 34.3(16) 58(2) 62(2) -8.4(18) 17.4(14) -4.8(14) 

C9 43.6(17) 53(2) 67(2) -9.1(19) 16.4(16) -14.9(15) 

N1 32.7(12) 33.3(13) 41.6(13) -5.8(11) 5.5(10) -2.2(10) 
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O1 36.2(10) 37.6(11) 51.7(12) -16.1(10) 18.3(9) -6.8(8) 

C10 44.7(17) 40.9(18) 42.1(17) -10.9(15) 8.9(13) -15.1(14) 

C11 66(2) 63(2) 42.1(19) -5.3(18) 12.2(16) -24.2(17) 

C12 61(2) 74(3) 119(4) -33(3) 40(2) -8(2) 

C13 81(3) 101(4) 91(3) -43(3) 50(3) -28(3) 

C14 97(3) 90(3) 48(2) -13(2) 27(2) -45(3) 

C15 30.2(14) 39.7(16) 36.7(16) -5.1(14) 0.7(12) 1.5(12) 

C16 49.7(19) 86(3) 40.9(19) 7.4(19) -6.6(15) 12.1(19) 

C17 40.4(16) 51.2(19) 39.8(17) 3.7(16) -1.7(13) 1.4(13) 

C18 39.8(18) 102(3) 54(2) -23(2) -16.4(16) 12.0(19) 

C19 45.6(18) 54(2) 53.1(19) -2.1(17) -3.8(15) -13.0(15) 

C20 47.0(19) 74(3) 70(2) -18(2) -11.8(17) -11.6(18) 

C21 55(2) 48(2) 79(2) -11.6(19) 18.5(18) -3.5(16) 

C22 39.7(15) 39.9(17) 38.8(16) 8.5(14) 2.9(13) -5.4(12) 

C23 68(2) 61(2) 53(2) 4.0(19) -18.2(17) -0.2(18) 

C24 51.2(18) 38.5(19) 69(2) 2.5(17) -0.3(16) -1.9(14) 

C25 81(3) 109(4) 72(3) 24(3) -27(2) 12(3) 

C26 80(3) 42(2) 108(3) 14(2) 3(2) 7.0(19) 

C27 80(3) 83(3) 108(4) 47(3) 7(3) 29(3) 

Cl2 82.9(7) 94.9(9) 127.1(10) -32.9(8) 34.8(7) 0.8(6) 

C28 56(2) 60(2) 59(2) -7.5(19) 3.1(16) -6.4(16) 

Cl3 99.4(8) 100.0(9) 104.9(9) 22.2(8) -24.3(7) 7.5(7) 

Table S20. Bond Lengths for D. 

Atom Atom Length/Å 
 

Atom Atom Length/Å 

Pd1 P1 2.2296(7) 
 

C10 C21 1.380(4) 

Pd1 Cl1 2.3716(7) 
 

C11 C14 1.398(5) 

Pd1 C2 2.003(3) 
 

C12 C13 1.376(6) 

Pd1 O1 2.0676(17) 
 

C12 C21 1.378(5) 

P1 C10 1.827(3) 
 

C13 C14 1.352(6) 

P1 C15 1.822(3) 
 

C15 C17 1.382(4) 

P1 C22 1.818(3) 
 

C15 C19 1.390(4) 

C1 C2 1.423(4) 
 

C16 C17 1.383(4) 

C1 C3 1.417(4) 
 

C16 C18 1.368(5) 

C1 N1 1.377(3) 
 

C18 C20 1.368(5) 

C2 C4 1.365(4) 
 

C19 C20 1.370(4) 

C3 C6 1.402(4) 
 

C22 C23 1.386(4) 

C3 C8 1.408(4) 
 

C22 C24 1.374(4) 

C4 C5 1.407(4) 
 

C23 C25 1.369(5) 

C5 C6 1.359(4) 
 

C24 C26 1.380(5) 

C7 C9 1.389(4) 
 

C25 C27 1.365(6) 
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C7 N1 1.328(3) 
 

C26 C27 1.357(6) 

C8 C9 1.359(4) 
 

Cl2 C28 1.743(3) 

N1 O1 1.344(3) 
 

C28 Cl3 1.734(4) 

C10 C11 1.392(4) 
    

Table S21. Bond Angles for D. 

Atom Atom Atom Angle/˚ 
 

Atom Atom Atom Angle/˚ 

P1 Pd1 Cl1 96.17(3) 
 

C7 N1 O1 119.1(2) 

C2 Pd1 P1 93.89(8) 
 

O1 N1 C1 117.8(2) 

C2 Pd1 Cl1 169.93(8) 
 

N1 O1 Pd1 111.52(14) 

C2 Pd1 O1 82.12(9) 
 

C11 C10 P1 121.7(3) 

O1 Pd1 P1 173.17(6) 
 

C21 C10 P1 119.0(2) 

O1 Pd1 Cl1 87.91(5) 
 

C21 C10 C11 119.2(3) 

C10 P1 Pd1 118.08(9) 
 

C10 C11 C14 119.1(4) 

C15 P1 Pd1 116.73(9) 
 

C13 C12 C21 120.2(4) 

C15 P1 C10 100.20(13) 
 

C14 C13 C12 120.0(4) 

C22 P1 Pd1 108.92(9) 
 

C13 C14 C11 120.9(4) 

C22 P1 C10 103.12(14) 
 

C17 C15 P1 120.2(2) 

C22 P1 C15 108.61(13) 
 

C17 C15 C19 118.7(3) 

C3 C1 C2 124.1(2) 
 

C19 C15 P1 121.0(2) 

N1 C1 C2 118.1(2) 
 

C18 C16 C17 120.8(3) 

N1 C1 C3 117.8(2) 
 

C15 C17 C16 119.8(3) 

C1 C2 Pd1 110.43(19) 
 

C16 C18 C20 119.4(3) 

C4 C2 Pd1 134.8(2) 
 

C20 C19 C15 120.5(3) 

C4 C2 C1 114.7(2) 
 

C18 C20 C19 120.6(3) 

C6 C3 C1 117.1(3) 
 

C12 C21 C10 120.5(4) 

C6 C3 C8 124.3(3) 
 

C23 C22 P1 116.0(2) 

C8 C3 C1 118.6(3) 
 

C24 C22 P1 125.1(2) 

C2 C4 C5 122.7(3) 
 

C24 C22 C23 118.8(3) 

C6 C5 C4 121.5(3) 
 

C25 C23 C22 120.6(4) 

C5 C6 C3 119.7(3) 
 

C22 C24 C26 120.1(3) 

N1 C7 C9 120.1(3) 
 

C27 C25 C23 119.9(4) 

C9 C8 C3 120.5(3) 
 

C27 C26 C24 120.3(4) 

C8 C9 C7 119.9(3) 
 

C26 C27 C25 120.4(4) 

C7 N1 C1 123.1(2) 
 

Cl3 C28 Cl2 112.4(2) 

Table S22. Torsion Angles for D. 

A B C D Angle/˚ 
 

A B C D Angle/˚ 

Pd1 P1 C10 C11 115.4(2) 
 

C7 N1 O1 Pd1 179.2(2) 

Pd1 P1 C10 C21 -67.7(3) 
 

C8 C3 C6 C5 179.3(3) 

Pd1 P1 C15 C17 -0.9(3) 
 

C9 C7 N1 C1 1.4(5) 

Pd1 P1 C15 C19 175.7(2) 
 

C9 C7 N1 O1 -179.6(3) 
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Pd1 P1 C22 C23 -41.9(3) 
 

N1 C1 C2 Pd1 1.0(3) 

Pd1 P1 C22 C24 141.5(2) 
 

N1 C1 C2 C4 -177.4(2) 

Pd1 C2 C4 C5 -177.5(2) 
 

N1 C1 C3 C6 176.7(2) 

P1 Pd1 C2 C1 172.94(18) 
 

N1 C1 C3 C8 -1.7(4) 

P1 Pd1 C2 C4 -9.1(3) 
 

N1 C7 C9 C8 -1.6(5) 

P1 C10 C11 C14 176.1(2) 
 

O1 Pd1 C2 C1 -1.49(18) 

P1 C10 C21 C12 -176.1(3) 
 

O1 Pd1 C2 C4 176.5(3) 

P1 C15 C17 C16 178.3(2) 
 

C10 P1 C15 C17 -129.6(2) 

P1 C15 C19 C20 -179.1(3) 
 

C10 P1 C15 C19 46.9(3) 

P1 C22 C23 C25 -174.9(3) 
 

C10 P1 C22 C23 84.3(3) 

P1 C22 C24 C26 175.0(3) 
 

C10 P1 C22 C24 -92.3(3) 

Cl1 Pd1 P1 C10 5.27(12) 
 

C10 C11 C14 C13 -0.2(5) 

Cl1 Pd1 P1 C15 -114.29(10) 
 

C11 C10 C21 C12 0.8(5) 

Cl1 Pd1 P1 C22 122.32(10) 
 

C12 C13 C14 C11 1.2(6) 

Cl1 Pd1 C2 C1 -9.3(6) 
 

C13 C12 C21 C10 0.1(6) 

Cl1 Pd1 C2 C4 168.6(3) 
 

C15 P1 C10 C11 -116.7(2) 

Cl1 Pd1 O1 N1 -179.57(16) 
 

C15 P1 C10 C21 60.1(3) 

C1 C2 C4 C5 0.4(4) 
 

C15 P1 C22 C23 -170.1(2) 

C1 C3 C6 C5 0.9(4) 
 

C15 P1 C22 C24 13.4(3) 

C1 C3 C8 C9 1.6(5) 
 

C15 C19 C20 C18 1.3(5) 

C1 N1 O1 Pd1 -1.8(3) 
 

C16 C18 C20 C19 0.7(5) 

C2 Pd1 P1 C10 -175.13(14) 
 

C17 C15 C19 C20 -2.5(5) 

C2 Pd1 P1 C15 65.30(12) 
 

C17 C16 C18 C20 -1.6(5) 

C2 Pd1 P1 C22 -58.08(12) 
 

C18 C16 C17 C15 0.3(5) 

C2 Pd1 O1 N1 1.80(17) 
 

C19 C15 C17 C16 1.7(4) 

C2 C1 C3 C6 -2.5(4) 
 

C21 C10 C11 C14 -0.8(5) 

C2 C1 C3 C8 179.0(3) 
 

C21 C12 C13 C14 -1.1(7) 

C2 C1 N1 C7 179.5(3) 
 

C22 P1 C10 C11 -4.7(3) 

C2 C1 N1 O1 0.5(3) 
 

C22 P1 C10 C21 172.2(2) 

C2 C4 C5 C6 -1.9(5) 
 

C22 P1 C15 C17 122.7(2) 

C3 C1 C2 Pd1 -179.8(2) 
 

C22 P1 C15 C19 -60.8(3) 

C3 C1 C2 C4 1.8(4) 
 

C22 C23 C25 C27 -1.2(6) 

C3 C1 N1 C7 0.3(4) 
 

C22 C24 C26 C27 0.4(6) 

C3 C1 N1 O1 -178.7(2) 
 

C23 C22 C24 C26 -1.5(5) 

C3 C8 C9 C7 0.1(5) 
 

C23 C25 C27 C26 0.1(7) 

C4 C5 C6 C3 1.2(5) 
 

C24 C22 C23 C25 1.9(5) 

C6 C3 C8 C9 -176.7(3) 
 

C24 C26 C27 C25 0.3(7) 

Table S23. Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for D. 

Atom x y z U(eq) 
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H4 6754 3452 1565 43 

H5 5118 3719 2496 51 

H6 3354 2894 2587 51 

H7 4018 187 467 55 

H8 2192 1613 2085 61 

H9 2244 458 1297 65 

H11 9274 3961 -1230 68 

H12 12725 2222 -726 101 

H13 12805 3155 -1810 108 

H14 11092 3998 -2076 93 

H16 9877 2679 3224 71 

H17 8729 2380 1969 53 

H18 11253 3766 3302 79 

H19 10467 4233 842 61 

H20 11557 4532 2106 77 

H21 10942 2168 124 72 

H23 6608 3252 -961 73 

H24 8286 4756 734 64 

H25 5424 4300 -1546 106 

H26 7069 5796 147 92 

H27 5653 5567 -985 108 

H28A 5978 4438 4002 70 

H28B 6818 5143 4393 70 

Crystal structure determination of D. Crystal Data for C28H23Cl3NOPPd (M =633.19 g/mol): 

monoclinic, space group P21/n (no. 14), a = 10.2608(5) Å, b = 16.6441(9) Å, c = 15.6634(8) Å, β 

= 92.089(4), V = 2673.2(2) Å3, Z = 4, T = 293(2) K, µ(MoKα) = 1.076 mm-1, Dcalc = 1.573 g/cm3, 

15534 reflections measured (5.76° ≤ 2Θ ≤ 50°), 4708 unique (Rint = 0.0334, Rsigma = 0.0335) 

which were used in all calculations. The final R1 was 0.0292 (>2sigma(I)) and wR2 was 0.0670 (all 

data). 

10. HRMS data of 3a-O18 
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HRMS of O18-labelled 3a-O18. m/z calcd. for C16H11NO2 [M+H]+ 252.0911, found 

252.0909 (ESI). 

 

 

 

11. Copies of 1H and 13C NMR Spectra 
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1H NMR spectrum of compound 3a 

 
13C NMR spectrum of compound 3a 

 
1H NMR spectrum of compound 3b 
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13C NMR spectrum of compound 3b 

 
1H NMR spectrum of compound 3c 
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13C NMR spectrum of compound 3c 

 
1H NMR spectrum of compound 3d 
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13C NMR spectrum of compound 3d 

 
19F NMR spectrum of compound 3d 
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1H NMR spectrum of compound 3e 

 
13C NMR spectrum of compound 3e 
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1H NMR spectrum of compound 3f 

 
13C NMR spectrum of compound 3f 
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1H NMR spectrum of compound 3g 

 
13C NMR spectrum of compound 3g 
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1H NMR spectrum of compound 3h 

 
13C NMR spectrum of compound 3h 
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1H NMR spectrum of compound 3i 

 
13C NMR spectrum of compound 3i 
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19F NMR spectrum of compound 3i 

 
1H NMR spectrum of compound 3j 
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13C NMR spectrum of compound 3j 

 
1H NMR spectrum of compound 3k 
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13C NMR spectrum of compound 3k 

 
1H NMR spectrum of compound 3l 
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13C NMR spectrum of compound 3l 

 
1H NMR spectrum of compound 3m 
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13C NMR spectrum of compound 3m 

 
1H NMR spectrum of compound 3n 
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13C NMR spectrum of compound 3n 

 
19F NMR spectrum of compound 3n 



S50 

 

 
1H NMR spectrum of compound 3o 

 
13C NMR spectrum of compound 3o 
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1H NMR spectrum of compound 3p 

 
13C NMR spectrum of compound 3p 
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1H NMR spectrum of compound 3q 

 
13C NMR spectrum of compound 3q 



S53 

 

 
19F NMR spectrum of compound 3q 

 
1H NMR spectrum of compound 3r 
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13C NMR spectrum of compound 3r 

 
1H NMR spectrum of compound 3s 
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13C NMR spectrum of compound 3s 

 
1H NMR spectrum of compound 3t 
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13C NMR spectrum of compound 3t 

 
1H NMR spectrum of compound 3u 
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13C NMR spectrum of compound 3u 

 
1H NMR spectrum of compound 3v 
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13C NMR spectrum of compound 3v 

 
1H NMR spectrum of compound 3w 
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13C NMR spectrum of compound 3w 

 
1H NMR spectrum of compound 3x 
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13C NMR spectrum of compound 3x 

 
1H NMR spectrum of compound 3y 
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13C NMR spectrum of compound 3y 

 
19F NMR spectrum of compound 3y 
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1H NMR spectrum of compound 3z 

 
13C NMR spectrum of compound 3z 
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1H NMR spectrum of compound 4a 

 
13C NMR spectrum of compound 4a 
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1H NMR spectrum of compound D 

 
13C NMR spectrum of compound D 

 


