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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. 'H NMR spectra were recorded on a 400 MHz spectrometer in
deuterated chloroform. The chemical shifts (8) 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. BC NMR spectra were
recorded using a 100 MHz spectrometer. The chemical shifts are reported relative
to residual CHCl; (8= 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. '
2. General Procedures for the Synthesis of Compound 3.

The quinoline N-oxides (0.2 mmol), aldehydes (0.6 mmol), PdCl, (10 mol%),
TBHP (0.9 mmol, 5-6 M in decane), H,O (100 uL) and anhydrous DCE (1.5 mL)
were mixed in a dry reaction tube. The mixture was stirred at 140 °C 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
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8-Benzoylquinolin-2(1H)-one (3a): Pale yellow solid (44.9 mg, 90% yield); m.p. 132-134 °C. IR

(KBr): 3254, 3139, 2926, 1649, 1416, 1261, 1042, 916, 746, 486 cm’'. 'H NMR (400 MHz,
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CDCls): & 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, ] = 9.63 Hz,
1.97 Hz, 1H) ppm. *C NMR (100 MHz, CDCls): § 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) Caled. for
C16HNO,: [M+H]", 250.0863. Found: m/z 250.0865.

“1
07 >N
H
T
CHs

8-(4-Methylbenzoyl)quinolin-2(1H)-one (3b): (50.0 mg, 95% yield); Pale yellow solid; m.p.
115-117 °C. IR (KBr): 3426, 3141, 1645, 1402, 1278, 1122 cm™. "H NMR (400 MHz, CDCL): &
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, ] =
7.90 Hz, 2H), 7.22 (t, J = 7.74 Hz, 1H), 6.74 (d, T = 9.60 Hz, 1H), 2.46 (s, 3H) ppm. °C NMR
(100 MHz, CDCl5): 6 197.89, 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 C;;H;;NO,: [M+H]",
264.1019. Found: m/z 264.1021.
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8-(4-Methoxybenzoyl)quinolin-2(1H)-one (3¢): (50.2 mg, 90% yield); Pale yellow solid; m.p.
116-117 °C. IR (KBr): 3430, 3149, 1658, 1409, 1261, 1154, 1027, 827, 762 cm™ . "H NMR (400
MHz, CDCl;): 6 11.55 (s, 1H), 7.84 (d, J =7.64 Hz, 1H), 7.81-7.74 (m, 4H), 7.22 (t, ] = 7.81 Hz,
1H), 7.00 (d, ] = 8.51 Hz, 2H), 6.74 (d, ] = 9.58 Hz, 1H), 3.91 (s, 3H) ppm. °C NMR (100 MHz,
CDCl3): 6 196.43, 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 C7H3NO;: [M+H]+, 280.0968. Found: m/z
280.0969.
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8-(4-fluorobenzoyl)quinolin-2(1H)-one (3d): (37.9 mg, 71% yield); Pale yellow solid; m.p.
124-126 °C. IR (KBr): 3421, 3141, 1642, 1402, 1242, 1143, 836, 595 cm™. '"H NMR (400 MHz,
CDCl;): 6 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. °C NMR (100 MHz, CDCl;): &
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. '°F
NMR (376 MHz, CDCls): —105.52 (s) ppm. HRMS (ESI) Calcd. for C;¢H;oFNO,: [M+H]',
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268.0768. Found: m/z 268.0771.
“ 10
O~ 'N
H
g
Cl

8-(4-Chlorobenzoyl)quinolin-2(1H)-one (3e): (29.4 mg, 52% yield); Pale yellow solid; m.p.
118-120 °C. IR (KBr): 3426, 3141, 2935, 1643, 1402, 1281, 1101, 912, 792 cm™. "H NMR (400
MHz, CDCly):  11.74 (s, 1H), 7.81 (d, J = 8.21 Hz, 3H), 7.66 (d, J = 8.36 Hz, 2H), 7.50 (d, ] =
8.36 Hz, 2H), 7.23 (t, ] = 7.74 Hz, 1H), 6.75 (d, J = 9.45 Hz, 1H) ppm. °C NMR (100 MHz,
CDCls): & 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 C1¢H;oCINO,: [M+H]", 284.0473. Found:
m/z 284.0474.

Br

8-(4-Bromobenzoyl)quinolin-2(1H)-one (3f): (42.4 mg, 65% yield); Pale yellow solid; m.p.
114-116 °C. IR (KBr): 3425, 3139, 1655, 1401, 1283, 1136, 766 cm”. '"H NMR (400 MHz,
CDCl;): 8 11.70 (s, 1H), 7.79-7.77 (m, 3H), 7.64 (d, J = 8.41 Hz, 2H), 7.56 (d, ] = 8.41 Hz, 2H),
7.21 (t, ] = 7.88 Hz, 1H), 6.73 (d, ] = 9.63 Hz, 1H) ppm. *C NMR (100 MHz, CDCl;): & 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 C¢H;oBrNO,: [M+H]", 327.9968. Found: m/z 327.9968.
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8-(2-Methylbenzoyl)quinolin-2(1H)-one (3g): (41.1 mg, 78% yield); Pale yellow solid; m.p.
125-127 °C. IR (KBr): 3427, 3139, 1662, 1402, 1283, 1246, 1132, 1043, 906, 767, 629 cm™. 'H
NMR (400 MHz, CDCls): 6 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, T =9.62 Hz, 2.02 Hz, 1H), 2.30 (s, 3H) ppm. °C NMR (100 MHz, CDCly): & 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 C7H3NO;: [M+H]+, 264.1019. Found: m/z
264.1021.

sS4



O
o}

N
H
"1
Hs;CO

8-(2-Methoxybenzoyl)quinolin-2(1H)-one (3h): (39.1 mg, 70% yield); Pale yellow solid; m.p.
121-123 °C. IR (KBr): 3425, 3138, 1654, 1402, 1251, 1124, 1037, 764 cm™."H NMR (400 MHz,
CDCly): 8 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. °C NMR (100 MHz, CDCl;): &
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 C;H;3sNO5: [M+H]",
280.0968. Found: m/z 280.0970.
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8-(2-Fluorobenzoyl)quinolin-2(1H)-one (3i): (27.8 mg, 52% yield); Pale yellow solid; m.p.
148-150 °C. IR (KBr): 3140, 1655, 1402, 1286, 838, 763, 622 cm™ . '"H NMR (400 MHz, CDCL):
§ 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. °C NMR (100
MHz, CDCl;): & 195.65, 162.46, 160.46, 157.97, 139.97, 139.57, 136.41, 134.49, 133.12 (d, ] =
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 =213 Hz) ppm. "’F NMR (376 MHz, CDCl;): —111.71 (s) ppm. HRMS (ESI) Calcd. for
Ci6HoFNO,: [M+H]+, 268.0768. Found: m/z 268.0770.
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8-(2-Chlorobenzoyl)quinolin-2(1H)-one (3j): (31.1 mg, 55% yield); Pale yellow solid; m.p.
119-121 °C. IR (KBr): 3421, 3139, 1655, 1403, 1290, 1129, 763 cm. '"H NMR (400 MHz,
CDCly): 6 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, ] = 7.73 Hz, 1H), 6.76 (dd, ] = 9.66 Hz, 2.07 Hz, 1H) ppm. °C
NMR (100 MHz, CDCl;): 6 198.26, 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
Ci6H1oCINO,: [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 °C. IR (KBr): 3420, 3139, 1655, 1402, 1256, 1155, 1054, 838, 764, 625. cm™". '"H NMR
(400 MHz, CDCl;): & 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. °*C NMR (100 MHz,
CDCl3): 6 198.44, 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 C;¢H;(BrNO,: [M+H]", 327.9968.
Found: m/z 327.9969.
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8-(3-Methylbenzoyl)quinolin-2(1H)-one (31): (43.1 mg, 82% yield); Pale yellow solid; m.p.
126-128 °C. IR (KBr): 3428, 3279, 3142, 1658, 1402, 1272, 1054, 758 cm™. '"H NMR (400 MHz,
CDCl3): 8 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. “C NMR (100 MHz,
CDCl): 6 198.60, 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 C;;H;3NO,: [M+H]",
264.1019. Found: m/z 264.1020.

OCHj,

8-(3-Methoxybenzoyl)quinolin-2(1H)-one (3m): (42.4 mg, 76% yield); Pale yellow solid; m.p.
114-116 °C. IR (KBr): 3422, 3139, 1661, 1402. 827, 762 cm™. '"H NMR (400 MHz, CDCl;): &
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. *C NMR (100 MHz, CDCL): 8 198.14, 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 C;;H,;3NO;: [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 °C. IR (KBr): 3421, 3140, 1657, 1402, 1280, 1149, 850, 770, 618, 487 cm™. 'H NMR
(400 MHz, CDCl;): & 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. *C NMR (100 MHz, CDCLy): & 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. °’F NMR (376 MHz, CDCl;): —111.35 (s) ppm.
HRMS (ESI) Caled. for C;¢H;(FNO,: [M+H]", 268.0768. Found: m/z 268.0769.
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8-(3-Chlorobenzoyl)quinolin-2(1H)-one (30): (33.9 mg, 60% yield); Pale yellow solid; m.p.
133-135 °C. IR (KBr): 3427, 3143, 2930, 1659, 1404, 1251, 762 cm”. 'H NMR (400 MHz,
CDCly): 6 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, ] = 7.79 Hz, 1H), 6.75 (dd, J = 9.66 Hz, 1.79 Hz, 1H) ppm. °C NMR
(100 MHz, CDCl3): 6 196.91, 162.44, 140.10, 139.70, 135.95, 134.78, 134.07, 132.35, 129.83,
129.46, 128.16, 127.64, 123.34, 12296, 120.90, 119.16 ppm. HRMS (ESI) Calcd. for
Ci6H1oCINO,: [M+H]", 284.0473. Found: m/z 284.0475.
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8-(3-Bromobenzoyl)quinolin-2(1H)-one (3p): (43.8 mg, 67% yield); Pale yellow solid; m.p.
185-187 °C. IR (KBr): 3417, 3139, 1659, 1402, 1251, 1072, 763, 484 cm™. '"H NMR (400 MHz,
CDCly): 6 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, ] = 7.84 Hz, 1H), 6.75 (dd, ] = 9.62 Hz, 1.60 Hz, 1H) ppm. >C NMR (100
MHz, CDCl,): 6 196.73, 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 C;¢H;(BrNO,:
[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 °C. IR (KBr): 3425, 3140, 1662, 1401, 1259, 1161, 771, 627, 484 cm™. 'H
NMR (400 MHz, CDCly): & 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, ] = 7.74 Hz, 1H), 7.23 (d, J = 7.74 Hz, 1H), 6.76 (dd,
J=9.68 Hz, 1.56 Hz, 1H) ppm. °C NMR (100 MHz, CDCly): & 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. '°’F NMR (376 MHz, CDCl3): -62.75 (s) ppm. HRMS (ESI) Calcd. for C;7H;oF5NO,:
[M+H]", 318.0736. Found: m/z 318.0738.
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8-(3,4-Dimethylbenzoyl)quinolin-2(1H)-one (3r): (49.9 mg, 90% yield); Pale yellow solid; m.p.
129-131 °C. IR (KBr): 3431, 3141, 1651, 1401, 1275, 1133, 778 cm”. 'H NMR (400 MHz,
CDCly): 6 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, ] = 9.00 Hz, 1H), 2.36 (s, 3H), 2.34 (s, 3H) ppm. °C
NMR (100 MHz, CDCls): & 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 CsH;sNO,: [M+H]", 278.1176. Found: m/z 278.1177.
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8-(2,4-Dichlorobenzoyl)quinolin-2(1H)-one (3s): (41.2 mg, 65% yield); Pale yellow solid; m.p.
144-146 °C. IR (KBr): 3427, 3140, 1651, 1401, 1126 cm™. "H NMR (400 MHz, CDCl;): & 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. *C NMR (100 MHz, CDCl;): & 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 CsHyCLNO,: [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
°C. IR (KBr): 3415, 3143, 1655, 1402, 1241, 1121, 774, 624, 476 cm™”. 'H NMR (400 MHz,
CDCly): & 12.43 (s, 1H), 8.02 (d, J = 7.89 Hz, 1H), 7.94 (d, J = 7.55 Hz, 1H), 7.87 (d, ] = 8.45 Hz,
1H), 7.82-7.77 (m, 2H), 7.66 (dd , ] = 7.86 Hz, 1.85 Hz, 1H), 7.56-7.47 (m, 4H), 7.08 (t, ] = 7.78
Hz, 1H), 6.78 (dd, J = 9.64 Hz, 2.03 Hz, 1H) ppm. *C NMR (100 MHz, CDCl;): § 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 CooH3sNO,: [M+H]",
300.1019. Found: m/z 300.1022.
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8-Benzoyl-3-methylquinolin-2(1H)-one (3u): (28.9 mg, 55% vyield); Pale yellow solid; m.p.
98-100 °C. IR (KBr): 3424, 3139, 1654, 1401, 1261, 778 cm™. "H NMR (400 MHz, CDCl;): &
11.80 (s, 1H), 7.76 (d, T =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, T = 7.23 Hz, 2H), 7.18 (t, ] = 7.54 Hz, 1H), 2.27 (s, 3H) ppm. °C NMR (100 MHz,
CDCl;): 6 198.43, 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 C;;H;3NO,: [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 °C. IR (KBr): 3422, 3141, 1663, 1402, 1310, 1235, 1063, 778 cm™. '"H NMR (400 MHz,
CDCl3): 6 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, ] = 7.43 Hz, 2H), 6.72 (d, ] = 9.91 Hz, 1H), 2.40 (s, 3H) ppm. °C NMR (100 MHz,
CDCl): 6 198.34, 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 C;;H;3NO,: [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 °C. IR (KBr): 3422, 3141, 1659, 1402, 1278, 1113, 798 cm™. '"H NMR (400 MHz,
CDCl3): 6 12.23 (s, 1H), 8.17 (d, J = 9.81 Hz, 1H), 7.82 (d, ] = 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. C NMR (100 MHz, CDCl;): § 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) Caled. for C,,H,3NOs: [M+H]', 280.0968. Found: m/z 280.0970.

Br/l
O~ 'N
H
O

8-Benzoyl-3-bromoquinolin-2(1H)-one (3x): (39.2 mg, 60% yield); Pale yellow solid; m.p.
141-143 °C. IR (KBr): 3421, 3140, 1661, 1401, 1289, 771 cm™. '"H NMR (400 MHz, CDCLy): &
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, ] = 7.76 Hz, 1H), 7.54 (t, ] = 7.60 Hz, 2H), 7.27-7.24 (m, 2H) ppm. °C NMR
(100 MHz, CDCl3): 6 198.22, 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) Caled. for CiH,oBrNO,: [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 °C. IR (KBr): 3420, 3142, 1656, 1403, 1303, 1222, 1118, 1057, 986, 776, 713, 580 cm™.
'H NMR (400 MHz, CDCly): & 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. °C NMR (100 MHz, CDCl;): & 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, ] = 22.3 Hz) ppm. ’F NMR
(376 MHz, CDCl;): —120.26 (s) ppm. HRMS (ESI) Calcd. for C;H;(FNO;: [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 °C. IR (KBr): 3424, 3142, 1668, 1403, 1273, 778 cm™. '"H NMR (400 MHz, CDCL): &
11.64 (s, 1H), 7.778-7.775 (m, 2H), 7.74-7.70 (m , 3H), 7.66 (t , ] =7.43 Hz, 1H), 7.55 (t, 1 =7.59
Hz, 2H), 6.78 (d, J = 9.60 Hz, 1H) ppm. *C NMR (100 MHz, CDCls): & 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 CH,(CINO,: [M+H]", 284.0473. Found: m/z 284.0475.

8-Benzoylquinoline-1-oxide (4a): Pale yellow solid; m.p. 155-157 °C. IR (KBr): 3420, 3134,
1661, 1402, 1308, 1227, 892, 774, 707, 590 cm™. '"H NMR (400 MHz, CDCly): & 8.34 (dd, J =
6.04Hz, 0.79 Hz, 1H), 8.00 (dd, ] = 8.22 Hz, 1.19 Hz, 1H), 7.84 (d, ] = 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. °C NMR
(100 MHz, CDCl;): & 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 C¢H;;NO,: [M+H]",
250.0863. Found: m/z 250.0871.

4. Optimization for C-H Bond Functionalization

Table S1. Optimization of the Reaction Conditions.”

(0] = X
@ conditions | y
—_—
e S DO
o 07 >Ph 07 “Ph
2a 3a 4a

1a
yield(%)°

entry catalyst oxidant additive T(°C) 3a 4a

1 PdCl, TBHP® 100 52 45

2 Pd(OAc), TBHP® 100 trace 30

3 Pd(TFA), TBHP* 100 trace 21

4 CuCl, TBHP® 100 nd® nd®

5 Cul TBHP® 100 nd® nd®

6 PdClz K2 SzOg 100 l’ldg 48
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7 PdCl, AgOAc 100 nd® nd®

8 PdCl, BQ 100 nd® nd®
9 PdCl, DTBP 100 nd® 48
10 PdCl, TBHP* 100 nd® 80
11 PdCl, TBHP’ H,0° 100 76 nd®
12 PdCl, TBHP? H,0° 80 70 nd®
13 PdCl, TBHP’ H,0° 120 80 nd®
14 PdCl, TBHP? H,0° 140 90 nd®
15" PdCl, TBHP* H,0° 140 85 nd®

*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. ® Isolated yield.  TBHP (70 aq.%). ¢ TBHP (5-6 M in decane). ©
H,O (100 uL). fNitrogen protection. ®nd is not detected.

5. Mechanistic Studies
KIE Studies

D D

X
D D
@ = standard condition (12 h)

N + o+ + = 3b+ 3b-d,
(')_ D N D

|_

(0] D CHO

The quinoline N-oxide (1a/l1a-d; = 1/1, 0.2 mmol in total), 2b (0.6 mmol), PdCI, (10

mol %), TBHP (0.9 mmol, 5-6 M in decane), H,O (100 uL) and anhydrous DCE (1.5
mL) were mixed in a dry reaction tube. The mixture was stirred at 140 °C 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 ky/kp = 3.4 was obtained on the basis of 'H

NMR analysis.
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LX“lzL -1

11.740
2.462

”DC13
180/Ccui

3.061>—

o PdCl, (1.0 equi PPhs (1.5 equiv) |
| p > (1.0 equiv) NG 3 i
N DCE, 140 °C - CHZCIZ rt 5

L O R Pd CI Pd
(0] p \CI
A ] |2 D PPh,
1a (1.0 equiv) X-ray, HRMS

2a (3.0 equiv) ‘
TBHP (4.5 equiv)
DCE/H,0 = 15:1
140 °C

3a (65%) =

A mixture of quinoline N-oxide 1a (0.5 mmol), PdCI, (0.5 mmol), H,O (100 uL)
and anhydrous DCE (1.5 mL) were mixed in a dry reaction tube. The mixture was
stirred at 140 °C under air for 12 hours. The precipitate obtained was filtered, washed
with CH,Cl,, and dried in vacuo. The red solid A (0.21 mmol, 121.1 mg, 85% yield)
was obtained.

The complex A (0.2 mmol) was treated with PPhs (0.5 mmol) in CH,Cl, (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: CH,Cl,-EtOAc) to give

the monomer yellow solid D (192 mg, 88%). Single crystals of X-ray quality was
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obtained by slow diffusion in a CH,Cl, solution of D at room temperature after two
days. "H NMR (400 MHz, CDCl3) ppm: & 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, T = 7.79, 1H), 6.64 (d, ] = 7.17 Hz, 1H). °C NMR (100 MHz, CDCLy): &
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 Co;Hy CINOPPd: [M-CI]",
512.0390, found: m/z 512.0402.

D Pph,

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), H,O (100 uL) and anhydrous DCE (1.5 mL) were mixed in a dry reaction
tube. The mixture was stirred at 140 °C 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
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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

1441425S.

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

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pre

y/°

Volume/A®

Z

Pealeg/cm’

201412267
Ci6H11NO>
249.26
291.15
orthorhombic
Pna2,
7.0519(3)
23.5069(9)
7.5339(3)
90.00
90.00
90.00
1248.89(9)
4

1.326
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wmm™ 0.713

F(000) 520.0

Crystal size/mm’ 0.2x0.2x0.16

Radiation CuKa (A =1.54184)

20 range for data collection/°12.34 to 134.12

Index ranges -8<h<5,-28<k<15,-6<1<8
Reflections collected 2492

Independent reflections 1570 [Rin = 0.0146, Rgigma = 0.0263]
Data/restraints/parameters ~ 1570/1/176

Goodness-of-fit on F? 1.039

Final R indexes [I>=20 (I)] R; =0.0391, wR, =0.0961
Final R indexes [all data] R;=0.0467, wR,=0.1018
Largest diff. peak/hole / ¢ A~ 0.12/-0.18

Flack parameter -0.1(4)

Table S3. Fractional Atomic Coordinates (x10*) and Equivalent Isotropic
Displacement Parameters (A2><103) for 3a. U.q is defined as 1/3 of of the trace of

the orthogonalised Uyj; tensor.

Atom X y b4

Ol 2861(3) 8659.4(8) 2741(4)
02 4007(3) 6986.3(8) 702(3)
N1 2739(3) 7710.2(10) 3171(4)
Cl 2523(4) 8264.4(11) 3750(5)
C2 1879(4) 8318.8(12) 5568(5)
C3 1518(4) 7863.6(13) 6571(5)
C4 1785(4) 7294.8(12) 5904(4)
Cs 2420(4) 7230.6(10) 4145(4)
C6 2681(4) 6677.5(11) 3420(4)
C7 2375(4) 6214.2(11) 4544(4)
C8 1774(4) 6279.5(14) 6279(4)
C9 1465(4) 6816.4(13) 6932(4)
C10 3358(4) 6593.9(10) 1583(4)
Cl1 3278(4) 6013.2(11) 752(4)
C12 4836(5) 5826.4(12) -199(4)
C13 4766(7) 5305.5(13) -1064(5)
Cl4 3157(8) 4980.0(14) -1006(6)
C15 1609(7) 5168.7(13) -89(5)

Cl16 1647(5) 5684.8(12) 806(4)

516

U(eq)

68.5(7)
58.9(5)
45.7(5)
51.7(7)
57.9(8)
55.8(8)
46.2(6)
41.1(6)
42.8(6)
51.9(7)
57.3(7)
54.5(7)
46.2(6)
50.5(7)
61.0(8)
78.6(11)
86.9(14)
80.2(12)
63.1(8)



Table S4. Anisotropic Displacement Parameters (A*x10%) for 3a. The

Anisotropic displacement factor exponent takes the form:

2’ [h*a**U+2hka*b*Uppt...].

Atom
o1
02
N1
Cl
C2
C3
C4
C5
Co6
C7
C8
C9
C10
Cl1
Cl12
C13
Cl4
C15
Cl6

Table SS. Bond Lengths for 3a.

Un
83.2(15)
87.1(14)
52.8(13)
47.5(15)
52.3(15)
46.8(14)
38.9(11)
38.9(12)
46.7(13)
66.6(18)
69.5(17)
53.6(15)
57.6(15)
73.6(17)

85(2)
122(3)
155(4)
1273)

88(2)

Uz
38.1(10)

42.509)
40.2(11)
40.0(13)
51.5(15)
65.3(17)
55.1(14)
39.2(13)
39.8(13)
39.9(13)
57.9(15)
71.1(18)
38.0(12)
40.2(13)
48.0(14)
53.3(16)
42.1(15)
49.4(16)
48.7(14)

Usz

84.2(16)

47(1)
44.1(13)

67(2)

70Q2)
55.2(17)
44.7(16)
45.1(15)
42.1(14)
49.3(16)
44.6(15)
38.8(14)
42.9(16)
37.7(13)
50.2(16)

61(2)

64(2)

64(2)
52.2(18)

Uz
1.6(11)
22.3(9)

-3.9(10)

-4.4(14)

220.6(16)
222.0(16)

-6.9(13)

20.6(11)

:3.5(12)
2.4(13)

12.6(14)

20.9(15)

-1.1(12)

-13(12)

-1.7(14)

-7.1(16)

“11.3(16)
1.7(16)
-1.3(14)

AtomAtom Length/A AtomAtom Length/A

01
02
N1
N1
Cl1
C2
(OX]
C4
C4

Cl

C10

Cl
Cs5
C2
C3
C4
Cs5
C9

1.223(4) C6
1.225(3) C7
1.382(4) C8
1.364(3) C10
1.449(5) C11
1.335(5) Cl1
1.441(4) CI12
1.407(4) C13
1.384(4) Cl4

C10
C8

C9

Cll1
Cl12
Cle
CI13
Cl4
CI15

S17

1.477(4)
1.382(5)
1.372(4)
1.503(3)
1.384(4)
1.386(4)
1.388(4)
1.369(6)
1.366(6)

Uz
-7.6(13)
6.4(12)
-4.9(12)
11.5(15)
-5.9(17)
-5.8(14)
27.1(12)
-8.2(12)
-8.2(12)
11.1(14)
27.3(14)
23.5(13)
-9.2(14)
-8.5(14)
23.0(17)
102)
11(3)
1502)
-7.4(17)

Uz
0.5(10)
25.4(10)
3.2(10)
2.7(12)
7.0(13)
4.5(13)
1.4(11)
1.9(10)
2.2(11)
J1.1(13)
-4.8(15)
1.3(14)
3.8(12)
5.1(12)
13.8(15)
29(2)
72)
-26.7(19)
S11.4(15)



Cs Co6 1.422(3) C15 Cl6 1.388(4)

c6 C7

Table S6. Bond Angles for 3a.

Atom Atom Atom Angle/® Atom Atom Atom Angle/®

C5 NI (1 126.2(3) C8 C7 C6 122.3(3)
Ol ClI NI 119.8(3) C9 C8 (7 119.3(3)
01 C1 cC2 125.6(3) C8 C9 C4 121.4(3)
N1 C1 C2 114.6(3) 02 C10 Cé6 121.9(2)
c3 C2 (1 121.6(3) 02 Cl10 Cl11 118.2(2)
C2 C3 C4 121.53) C6 C10 Cl11 119.9(2)
C5s C4 C3 118.03) C12 C11 CI10 118.3(3)
c9 C4 C3 122.5(3) C12 Cl11 Cl6 119.8(3)
c9 C4 Cs 119.5(3) Cl16 Cl11 CI10 121.7(3)
N1 C5 C4 118.1(2) C11 Cl12 Ci13 119.6(4)
NI C5 Cé6 121.8(2) C14 C13 Cl12 120.5(4)
C4 C5 Co6 120.1(2) C15 Cl14 CI13 119.8(3)
cs Cé6 Cl10 121.6(2) C14 C15 Cl6 120.9(4)
Cc7 C6 C5 117.43) C11 Cl6 CI15 119.2(3)
Cc7 Cé6 Cl10 121.0(2)

Table S7. Hydrogen Bonds for 3a.

D H A dD-HyA d(H-A)/A d(D-A)/A D-H-A/°

NI1H102 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/®

O1Cl1 C2 C3 179.03) C5 C6 C1002 11.8(4)
02C10C11C12 43.6(4) C5 Co6 Cl10Cl11 -168.8(2)
02C10C11C16 -131.5(3) C6 C7 C8 C9 -0.1(4)

NICIl C2 C3 -0.6(4) C6 Cl10C11Cl12 -135.9(3)

NICS Co6 C7 178.0(2) C6 Cl10C11Cl16 49.0(4)

NICS C6 Cl10 1.54) C7 C6 C1002 -164.6(3)
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CINI C5 C4 0.9(4) C7 C6 C10Cl11 14.9(4)

CINI C5 C6 179.8(3) C7 C8 C9 C4 -1.5(5)
CIC2 C3 C4 1.2(5) C9 C4 C5 NI -179.4(3)
C2C3 C4 C5 -0.8(4) C9 C4 C5 C6 1.6(4)
C2C3 C4 C9 178.4(3) C10C6 C7 C8 178.8(3)
C3C4 C5 NI -0.2(3) C10C11CI12CI13  -176.5(3)
C3C4 C5 C6 -179.2(3) C10C11C16CI15 175.5(3)
C3C4 C9 C8 -178.4(3) C11C12C13C14 1.0(5)
C4C5 C6 C7 -3.1(4) C12C11C16C15 0.5(5)
C4C5 C6 C10  -179.5(2) C12C13C14Cl15 0.0(6)
C5N1 C1 Ol 179.9(3) C13C14C15C16 -0.7(6)
C5NI Cl C2 -0.5(4) C14C15C16C11 0.5(5)
C5C4 C9 C8 0.8(4) C16C11C12C13 -1.3(5)
C5C6 C7 C8 2.3(4)

Table S9. Hydrogen Atom Coordinates (Ax10% and Isotropic Displacement
Parameters (A2x10°) for 3a.

Atom X y b4 U(eq)

Hl 3130(40) 7655(11) 2160(40) 37(8)
H2 1714 8680 6048 70
H3 1084 7915 7726 67
H7 2582 5849 4111 62
HS8 1581 5963 6996 69
H9 1032 6860 8090 65
HI12 5925 6049 -259 73
H13 5819 5177 -1688 94
H14 3119 4631 -1589 104
HI15 514 4948 -64 96
H16 589 5809 1434 76

Crystal structure determination of 3a: Crystal Data for C;sH;iNO, (M =249.26 g/mol):
orthorhombic, space group Pna2; (no. 33), a = 7.0519(3) A, b =23.5069(9) A, ¢ =7.53393) A, V
= 1248.89(9) A’, Z = 4, T = 291.15 K, pw(CuKa) = 0.713 mm™, Dcale = 1.326 g/lem’, 2492
reflections measured (12.34° <20 < 134.12°), 1570 unique (Riy = 0.0146, Ryjgma = 0.0263) which
were used in all calculations. The final R, was 0.0391 (>2sigma(I)) and wR, was 0.1018 (all data).
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8. X-Ray Crystallographic Data of 4a
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Single-crystal X-ray Structure of 4a
The structure of 4a was determined by the X-ray diffraction. Recrystallized from
CH,Cl,. 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 CisH11NO,
Formula weight 249.26
Temperature/K 293(2)
Crystal system orthorhombic
Space group Pna2,

a/A 17.8024(9)
b/A 7.7552(4)
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c/A

o/°

pre

v/°
Volume/A®
Z
Pealeg/cm’
w/mm’”
F(000)
Crystal size/mm’
Radiation

17.7401(12)

90

90

90

2449.2(2)

8

1.352

0.090

1040.0

0.38 x 0.25 x 0.2
MoKa (A = 0.71073)

20 range for data collection/° 6.968 to 52.744

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters
Goodness-of-fit on F*
Final R indexes [I>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A~ 0.13/-0.15

Flack parameter

22<h<16,-9<k<9,-22<1<21
7073

3815 [Ring = 0.0426, Rjgma = 0.0695]
3815/1/344

1.023

R, = 0.0506, wR, = 0.0903

R, = 0.0969, wR, = 0.1113

0(2)

Table S11. Fractional Atomic Coordinates (x10*) and Equivalent Isotropic
Displacement Parameters (AZXI03) for 4a. U, is defined as 1/3 of of the trace of
the orthogonalised Uyj; tensor.

Atom X

Cl
C2
C3
C4
C5
Cé6
C7
C8
C9
C10
Cll1
Cl12

3114(3)
2560(3)
2707(3)
3435(3)
4003(2)
4750(2)
4898(3)
4340(3)
3637(3)
5396(2)
5723(2)
5548(3)

y z
3411(6) 3791(3)
4098(7) 4263(4)
4521(6) 4984(4)
4297(6) 5270(3)
3692(5) 4783(3)
3454(5) 5038(3)
3751(6) 5779(3)
4323(6) 6279(3)
4611(6) 6020(3)
3051(6) 4519(3)
4515(5) 4090(3)
6207(6) 4244(3)

S21

U(eq)

56.6(14)
66.9(16)
59.8(15)
47.6(12)
41.8(11)
42.8(11)
55.4(12)
61.5(14)
56.3(14)
46.1(12)
43.3(11)
52.8(13)



C13
Cl4
C15
Cl6
N1
Ol
02
C1'
c2
C3'
c4
C5'
Ceo'
c7
Cg'
co
C10'
C1r
C12'
C13'
C14'
C15'
Cl6é'
N1'
or'
02'

Table S12. Anisotropic Displacement Parameters (A*x10%) for 4a. The

5882(3)
6410(3)
6597(3)
6263(3)
3821(2)

4351.9(17)
5700.3(18)

9397(3)
9977(3)
9845(3)
9096(3)
8507(3)
7750(3)
7602(3)
8190(3)
8914(3)
7089(3)
6756(2)
7023(3)
6706(3)
6130(3)
5864(3)
6161(3)
8677(2)

8125.1(18)
6803.4(19)

7558(6)
7224(7)
5527(8)
4205(6)
3225(4)
2581(4)
1646(4)
6170(6)
6080(6)
5899(6)
5840(5)
5955(5)
5954(5)
5848(6)
5705(6)
5696(6)
6196(6)
4666(6)
3020(6)
1623(7)
1885(8)
3505(9)
4901(7)
6098(5)
6176(5)
7604(4)

3859(4)
3323(3)
3155(3)
3537(3)
4044(2)
3614(2)
4532(2)
7125(4)
6608(4)
5866(4)
5608(3)
6133(3)
5892(3)
5139(3)
4614(3)
4836(3)
6421(3)
6796(3)
6678(4)
7032(4)
7551(3)
7673(3)
7294(3)
6897(2)
7379(2)
6467(3)

Anisotropic displacement factor exponent takes the form:

-2n*[h’a**Uy+2hka*b* Uy +...].
Atom

Cl1
C2
(OX]
C4
(O8]
Cé6
C7

Un

40(3)
34(3)
40(3)
42(3)
39(2)
34(3)
46(3)

Uz,
69(3)
76(4)
55(3)
44(3)
36(2)
34(2)
65(3)

Us;
61(3)
90(5)
85(5)
57(3)
5003)
60(3)
55(3)

S22

Uzs
19(3)
27(3)
12(3)
10(2)

32)
42)
-6(3)

Uss
-16(3)
-12(3)

11(3)
5(3)
3(2)

-3(2)

-903)

63.7(15)
66.8(16)
66.1(15)
52.4(12)
47.4(10)

57.7(9)
65.5(11)
61.4(15)
62.4(15)
58.8(13)
47.3(12)
42.0(11)
49.6(12)
61.4(14)
67.1(15)
58.9(14)
54.0(14)
46.7(12)
61.6(15)
73.7(18)
70.1(17)
71.1(17)
58.6(14)
50.1(11)
68.1(11)
90.5(16)

Un

-14(3)
-33)
2(2)

0(2)
-4(2)
1(2)
-1(2)



C8 58(3) 713)  56(3) -8(3) 2(3)

C9 50(3) 573)  62(4) 3(3) 16(3)
C10 36(3) 48(3)  54(3) 7(2) 9(3)
Cl1 35(2) 443)  5103) 7(2) -5(2)
C12 46(3) 48(3)  64(4) 7(2) 12(3)
C13 72(4) 483)  72(4) -5(3) 3(3)
Cl4 69(4) 63(4)  64(4) 3(3) 0(4)
Cl15 62(3) 89(4)  47(3) -5(3) 5(3)
C16 55(3) 55(3)  48(3) 9(3) -103)
N1 42(2) 472)  5303) 6(2) -5(2)
01 49.5(19) 69(2)  54(2)  -3.5(17)  -1.1(19)
02 542)  48.9(19)  93(3) 2(2) 10Q2)
cr 50(3) 583)  76(4) -4(3) -15(3)
c2' 35(3) 60(3)  93(5) 13(3) 3(3)
c3' 43(3) 56(3)  77(4) 5(3) 9(3)
c4' 44(3) 38(3)  60(3) -5(2) 3(3)
cs' 38(3) 35(2)  53(3) “12(2) 4(2)
C6' 40(3) 43(3)  66(4) -13(2) 0(3)
c7' 48(3) 65(3)  71(4) -10(3) “12(3)
Cs' 77(4) 66(3)  59(3) -10(3) 2(4)
co' 61(4) 56(3)  60(4) -6(3) 13(3)
c1o' 39(3) 45(3)  78(4) -16(3) 0(3)
Cl1' 31(2) 513)  58(3) -17(3) -5(2)
C12' 44(3) 55(3)  85(4) 24(3) 5(3)
C13' 69(4) 56(3)  96(5) -10(3) 5(4)
cl4' 76(4) 75(4)  60(4) -103) -10(4)
Cl1s' 59(4) 98(5)  57(4) -18(4) 8(3)
Cl16' 48(3) 66(3)  61(3) 22(3) 5(3)
NI 41(2) 482)  62(3) -8(2) -1(2)
or' 47(2) 99(3)  59(2) 31(2) 11(2)
02’ 67(3) 48(2)  156(5) -14(2) 36(3)

Table S13. Bond Lengths for 4a.

Atom Atom Length/A Atom  Atom  Length/A
cl @ 1.400(7) crooc 1.383(7)
Cl NI 1.344(5) cl' NI 1.345(5)
2 C3 1.346(8) 2 3 1.344(3)
C3  C4 1.402(7) cy 4 1.411(6)

Cc4 Cs 1.410(6) c4  CS 1.405(6)

S23

-8(3)
-2(3)
-12)
-12)
-3(2)
-11(3)
-23(3)
-13(3)
5G)
-5.0(19)
0.8(17)
12.1(17)
-303)
32)
5(2)
0(2)
-12)
2(2)
1(3)
203)
-403)
5(2)
0(2)
-6(3)
90)
-30(3)
-14(3)
30)
-3.8(18)
-18.0(18)
14.6(19)



C4
C5
C5
Co6
Co6
C7
C8
C10
C10
Cl1
Cll1
Cl12
C13
Cl4
C15
N1

Table S14. Bond Angles for 4a.
Angle/*

Atom Atom
N1 C1
C3 C2
c2 C3
C3 4
co9 4
c9 4
C4 G5
N1 C5
N1 C5
C5 Cé6
C7 Cé6
C7 Cé6
c6 C7
Cc9 C8
cg8 C9
Cl1 C10
02 C10
02 Cl10
C12 Cl11

C9
Cé6
N1
Cc7
C10
C8
C9
Cl11
02
C12
Cleé
CI13
Cl14
C15
Cle6
01

1.399(7)
1.416(6)
1.399(6)
1.362(7)
1.505(6)
1.403(7)
1.352(7)
1.486(6)
1.217(5)
1.376(6)
1.395(6)
1.384(7)
1.362(7)
1.390(7)
1.365(7)
1.313(4)

Atom
C2
Cl
C4
C5
C3
C5
Cé6
C4
C6
C10
Cs
C10
C8
C7
C4
Cé6
C6
Cll1
C10

C4'
C5'
C5'
Co'
Co'
c7
Cg'
C10'
C10'
cir
cir
C12'
C13'
ci14'
C1s'
N1

C9'
Co'
N1’
CT
C10'
C8'
co'
c1r
02'
C12
Cleé'
C13'
c14'
C1s'
Cleé'
or

120.0(5)
121.6(5)
119.6(5)
118.8(5)
124.0(5)
117.1(4)
121.5(5)
119.6(4)
118.9(4)
123.4(4)
117.8(5)
118.5(4)
121.8(5)
119.5(5)
122.1(5)
116.9(4)
121.0(4)
121.3(4)
122.6(4)

S24

Atom
N1
C3'
Cc2'
C3'
Cs'
C5'
c4'
N1
N1
C5'
Cc7
Cc7
Co'
C9'
C8'
C11
02
02
C12'

1.412(7)
1.413(6)
1.393(6)
1.364(7)
1.517(7)
1.406(7)
1.348(6)
1.485(7)
1.207(5)
1.378(6)
1.391(6)
1.373(7)
1.393(8)
1.360(8)
1.379(8)
1.303(5)

Atom
Cc1'
c2'
C3'
Cc4'
c4'
Cc4'
Cs'
C5'
C5'
Co'
Co'
Co'
Cc7
C8'
Cc9'
c10'
cilo
clo
C11

Atom Angle/®

C2'
CI'
4
C9'
c3'
C9'
Ce'
4
Co'
C10'
Ccs'
C10'
Cg'
cr
c4'
Ce'
Co'
c1r
C10'

120.7(5)
121.5(5)
119.1(5)
122.3(5)
119.3(5)
118.4(4)
120.7(4)
119.2(4)
120.0(4)
123.5(4)
118.7(5)
117.6(4)
120.7(5)
121.2(5)
120.2(5)
119.3(4)
118.7(5)
121.6(5)
122.3(4)



Cl12 Cl11 Cl16
Cl6 Cl11 C10
Cl1 C12 C13
Cl14 Ci13 C12
Cl13 Cl4 C15
Cl6 CI15 Cl4
C15 Cl6 Cll1
Cl NI Cs
Ol NI C1
Ol NI Cs
Table S15. Torsion Angles for 4a.
A B C D Angle/*
Cl C2 C3 C4 1.0(7)
C2 CI N1 G5 1.0(6)
C2 CI N1 01 179.9(4)
C2 C3 C4 G5 2.4(7)
C2 (C3 C4 C9 -176.6(5)
C3 C4 C5 Co 179.5(4)
C3 C4 C5 N1 -4.1(6)
C3 C4 C9 C8 177.7(5)
C4 C5 Co C7 3.0(6)
C4 C5 Co6 Cl10 -171.2(4)
C4 C5 N1 C1 2.4(6)
C4 C5 N1 O1 -176.5(3)
C5 C4 C9 C8 -1.2(7)
C5 Co6 C7 C8 -1.8(7)
C5 C6 CloCl11 78.8(5)
C5 C6 C1002 -111.1(5)
C6 C5 N1 Cl1 178.9(4)
C6 C5 N1 O1 0.0(6)
C6 C7 C8 C9 -0.8(7)
C6 Cl10CI11CI12 11.4(6)
C6 Cl10CI11Cl16 -172.7(4)
C7 C6 Cl0Cl11 -95.4(5)
C7 C6 C1002 74.8(6)
C7 C8 C9 C4 2.4(7)
C9 C4 C5 Co6 -1.5(6)
C9 C4 C5 N1 174.9(4)
C10 C6 C7 C8 172.7(4)

117.4(4)
119.9(4)
121.8(5)
119.8(5)
119.7(5)
120.0(5)
121.3(4)
120.2(4)
121.4(4)
118.4(4)

A
cr
c2
c2
c2
c2
Cc3'
c3'
Cc3'
c4'
c4'
c4
c4'
Cs'
Cs'
Cs'
Cs'
Co'
Co'
Co'
Co'
Co'
CT
CT
CT
C9'
C9'

C12
Clé'
C13'
C12'
C1s'
C14'
C1s'
cr

or'

or'

B C
C2' C3'
CI' NI'
CI' NI'
C3' C4'
C3' C4'
C4' C5'
C4' C5'
Cc4 CY
Cs' Ce'
Cs' Ce'
Cs5' NI
C5S' NI'
c4' C9
Ce' CT7'

cir
C1r'
C12'
C13'
ci14
C15'
Cleé'
N1'

N1'

N1'

c4
Cs'
or'
cs'
c9'
Ce'
NI'
csg'
cr
C10'
cr
or'
csg'
csg'

Co6' C10'C11"
Ce6' C10'02'

CS5' NI'
CS5' NI'
C7 C¥8

C1'
or
CcY'

C10'C11'ci2’
C10'C11'C16'
Co6' C10'C11"
Co6' C10'02'

c8' C9
c4' C5
c4' C5

Cc10'Ceé' C7'

S25

Cc4'
Co'
N1
C8'

Cleé'
C10'
C11'
C14'
C13'
Cl6'
c1r
Ccs'

cr

Ccs'

Angle/®
1.5(7)
-0.9(7)
179.8(4)
-0.6(7)
178.4(4)
178.0(4)
-1.0(6)
-177.7(4)
-0.3(6)
-175.7(4)
1.8(6)
-178.9(4)
1.3(7)
1.3(7)
-88.1(5)
99.1(6)
-177.3(4)
2.0(6)
-1.1(8)
-0.4(7)
178.5(4)
96.5(6)
-76.4(6)
-0.3(8)
-1.0(6)
-180.0(4)
177.0(4)

118.7(5)
119.0(4)
121.3(5)
119.3(5)
119.7(5)
121.0(5)
119.8(5)
120.1(4)
121.3(4)
118.6(4)



C10
C10
Cl1
C12
C12
C13
Cl4
Cl6
N1
N1
N1
02
02

C11C12C13
C11C16CI15
C12C13C14
Cl11C16CI15
C13C14CI15
Cl14C15Cl16
C15C16Cl11
C11C12C13
Cl C2 C3
C5 Co6 C7
C5 C6 Cl10
C10CI11C12
Cl1oCl11Cl16

177.1(5)

-177.2(5)

-1.2(8)
-1.0(6)
1.2(8)
-1.2(8)
1.1(7)
1.1(7)
2.8(7)

-173.5(4)

12.3(6)

-158.8(5)

17.2(7)

C10'Cc11'ciz2'cis
C10'C11'C16'C15'
C11'C12'C13'C14'
C12'C11'C16'C15'
C12'C13'C14'C15'
C13'C14'C15'C16'
Cl4'C15'Cle'C11"
Clé6'C11'C12'C13!
NI' CI' C2' C3
NI' C5' C6'" C7'
NI' C5' C6' C10'
02" C10'C11'C12'
02' C10'C11'C16'

180.0(5)
-177.3(5)
-3.6(8)
1.7(7)
3.4(8)
-0.6(8)
-1.9(8)
1.1(7)
-0.8(8)
178.7(4)
3.3(6)
172.2(5)
-8.9(7)

Table S16. Hydrogen Atom Coordinates (Ax10% and Isotropic Displacement
Parameters (AZX 103) for 4a.

Atom
H1
H2
H3
H7
HS
H9
H12
H13
H14
H15
H16
H1'
H2'
H3'
HT'
HE'
H9'
H12'
H13'
H14'
H15'

X

2993
2078
2329
5382
4453
3275
5195
5747
6643
6950
6399
9505
10471
10242
7107
8078
9295
7426
6873
5928
5477

y

3082 3301
4268 4075
4958 5290
3570 5960
4503 6784
5032 6350
6450 4615
8689 3967
8127 3070
5292 2783
3075 3427
6281 7635
6146 6778
5815 5527
5870 4972
5615 4103
5595 4480
2852 6353
514 6926
956 7814
3675 8016

526

U(eq)

68
80
72
67
74
68
63
76
80
79
63
74
75
71
74
81
71
74
88
84
85



H16' 5964 5998 7371 70
Crystal Data for C;cH;1NO, (M = 249.26 g/mol): orthorhombic, space group Pna2; (no. 33), a =
17.8024(9) A, b = 7.7552(4) A, ¢ = 17.7401(12) A, V = 24492(2) A’, Z =8, T = 293(2) K,
n(MoKa) = 0.090 mm™, Dcale = 1.352 g/em?®, 7073 reflections measured (6.968° < 20 < 52.744°),
3815 unique (Rjy = 0.0426, Rgigma = 0.0695) which were used in all calculations. The final R,was
0.0506 (I > 2o(I)) and wR, was 0.1113 (all data).

9. X-Ray Crystallographic Data of Complex D
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Single-crystal X-ray Structure of D
The structure of D was determined by the X-ray diffraction. Recrystallized from
CH,Cl,. 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 C23H23CI3NOPPd
Formula weight 633.19
Temperature/K 293(2)

S27



Crystal system
Space group
a/A

b/A

c/A

o

o/
pre

v/°
Volume/A®
Z
Pealeg/cm’
u/mm'1
F(000)

Crystal size/mm’

Radiation

monoclinic
P21/Il

10.2608(5)
16.6441(9)
15.6634(8)
90.00

92.089(4)

90.00

2673.2(2)

4

1.573

1.076

1272.0

0.21 x0.2 x 0.18
MoKa (A =0.71073)

20 range for data collection/°5.76 to 50

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters
Goodness-of-fit on F*

Final R indexes [I>=20c (I)]

Final R indexes [all data]
Largest diff. peak/hole / ¢ A~ 0.37/-0.38

-12<h<12,-17<k<19,-18<1<18
15534

4708 [Rine = 0.0334, Ryigma = 0.0335]
4708/0/316

1.029

R;=0.0292, wR, =0.0636
R;=0.0390, wR, = 0.0670

Table S18. Fractional Atomic Coordinates (><104) and Equivalent Isotropic
Displacement Parameters (A*x10%) for D. Ueq is defined as 1/3 of of the trace of
the orthogonalised Uyj; tensor.

Atom X

Pd1 7317.76(18)
P1 8581.2(7)
Cll1 8554.0(6)
C1 4986(2)
C2 6078(2)
C3 3935(3)
C4 6068(3)
Cs 5063(3)
Co6 4015(3)
C7 3988(3)
C8 2901(3)
C9 2930(3)

y 3z
1948.58(12) 277.10(12)
3038.4(4) 275.1(4)
1190.5(4) -687.7(4)
1899.6(15) 1190.9(17)
2416.0(16) 1102.2(16)
2063.5(17) 1726.5(18)
3089.6(16) 1598.6(17)
3258.8(17) 2159.0(19)
2765.7(18) 2219.6(19)
663.5(18) 776(2)
1508(2) 1748(2)
822(2) 1280(2)

528

U(eq)

30.07(8)
31.52(16)
40.46(18)
32.0(6)
32.2(6)
38.1(7)
36.2(6)
42.4(7)
42.9(7)
45.8(8)
51.1(8)
54.0(9)



N1

Ol

C10
Cl1
C12
C13
Cl4
C15
Cl6
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C12
C28
C13

4954(2)
5963.0(17)
9929(3)
9968(3)
12032(4)
12077(5)
11062(4)
9449(2)
9981(3)
9294(3)
10811(3)
10326(3)
10985(3)
10965(3)
7598(3)
6716(3)
7714(3)
6002(4)
6983(4)
6140(4)
7906.2(11)
6541(3)
5664.2(12)

1191.1(13)
1028.5(11)
3060.5(18)
3612(2)
2575(3)
3128(3)
3632(3)
3287.7(17)
2998(2)
2817.3(19)
3641(3)
3924(2)
4098(2)
2542(2)
3898.2(18)
3768(2)
4659.3(19)
4390(3)
5281(2)
5144(3)
4514.9(8)
4883(2)
5564.5(8)

736.6(14)
241.6(12)
-455.3(19)
-1122.5(19)
-824(3)
-1475(3)
-1628(2)
1276.1(17)
2744(2)
1992.7(18)
2791(2)
1325(2)
2078(2)
-316(2)
-62.1(18)
~739(2)
272(2)
-1085(3)
-79(3)
-751(3)
3359.9(8)
3863(2)
3231.5(8)

35.8(5)
41.4(5)
42.4(7)
56.7(9)
83.9(13)
89.9(16)
77.9(13)
35.5(6)
59.2(10)
43.9(7)
65.5(11)
51.2(8)
64.1(10)
60.2(9)
39.4(7)
61.009)
53.0(8)
88.1(14)
76.5(11)
90.0(15)
100.9(4)
58.4(9)
102.1(4)

Table S19. Anisotropic Displacement Parameters (AZXIOS) for D. The
Anisotropic displacement factor exponent takes the form:
-2n*[h’a**U+2hka*b* U +...].

Atom Un Uz Uss Uz Uss Un

Pdl  31.68(12) 27.15(12) 31.62(13) -3.75(10)  4.44(8)  -2.86(8)
Pl 34.0(4)  30.1(4)  30.6(4)  -1.003) 26(3)  -4.03)
Ccli 40.4(4)  41.8(4)  39.94)  -7.83)  10.03)  -0.93)
Cl 34.1(14)  283(14)  33.5(15)  -1.7(13)  0.8(11)  2.8(11)
C2 32.0(14)  31.8(16)  33.015)  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)
Cs 53.4(18)  30.2(16)  43.8(17)  -9.8(14)  4.8(14)  6.9(13)
Cé6 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)
Cs 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 327(12)  333(13)  41.6(13)  -5.8(11)  5.5(10)  -2.2(10)
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01 36.2(10)  37.6(11)  51.7(12) -16.1(10)  18.3(9)
C10 447(17)  40.9(18)  42.1(17) -10.9(15)  8.9(13)

Cl1 66(2) 63(2) 42.1(19) -5.3(18)  12.2(16)
Cl12 61(2) 74(3) 119(4) -33(3) 40(2)
C13 81(3) 101(4) 91(3) -43(3) 50(3)
Cl4 97(3) 90(3) 48(2) -13(2) 27(2)
C15 30.2(14) 39.7(16) 36.7(16) -5.1(14) 0.7(12)
Cl6 49.7(19) 86(3) 40.9(19) 7.4(19) -6.6(15)
C17 40.4(16) 51.2(19) 39.8(17) 3.7(16) -1.7(13)
C18 39.8(18) 102(3) 54(2) -23(2)  -16.4(16)
C19 45.6(18) 54(2) 53.1(19) -2.1(17) -3.8(15)
C20 47.0(19) 74(3) 70(2) -18(2)  -11.8(17)
C21 55(2) 48(2) 792) -11.6(19)  18.5(18)
C22 39.7(15) 39.9(17) 38.8(16) 8.5(14) 2.9(13)
C23 68(2) 61(2) 53(2) 4.0(19) -18.2(17)
C24 51.2(18) 38.5(19) 69(2) 2.5(17) -0.3(16)
C25 81(3) 109(4) 72(3) 24(3) -27(2)
C26 80(3) 42(2) 108(3) 14(2) 3(2)
C27 80(3) 83(3) 108(4) 47(3) 7(3)
CI2 82.9(7) 94.9(9) 127.1(10) -32.9(8) 34.8(7)
C28 56(2) 60(2) 59(2) -7.5(19) 3.1(16)
C13 99.4(8) 100.0(9) 104.9(9) 22.2(8) -24.3(7)
Table S20. Bond Lengths for D.

AtomAtom Length/A AtomAtom Length/A
Pdl Pl 2.2296(7) C10 cC21 1.380(4)
Pd1 Cl1 2.3716(7) Cll1 Cl4 1.398(5)
Pdl C2 2.003(3) Cl12 C13 1.376(6)
Pdl1 Ol 2.0676(17) Cl12 cC21 1.378(5)
P1  C10 1.827(3) Cl13 Cl4 1.352(6)
P1 C15 1.822(3) C15 C17 1.382(4)
P1 C22 1.818(3) C15 C19 1.390(4)
Cl C2 1.423(4) Cl6 C17 1.383(4)
Cl C3 1.417(4) Cl6 C18 1.368(5)
Cl NI 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 G5 1.407(4) C23 C25 1.369(5)
Cs Cé6 1.359(4) C24 C26 1.380(5)

Cc7 9 1.389(4) C25 C27 1.365(6)
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-6.8(8)

-15.1(14)
24.2(17)

-8(2)
-28(3)
-45(3)

1.5(12)
12.1(19)
1.4(13)
12.0(19)

-13.0(15)
-11.6(18)

-3.5(16)
-5.4(12)
-0.2(18)
-1.9(14)
12(3)
7.0(19)
29(3)
0.8(6)
-6.4(16)
7.5(7)



C7 NI 1.328(3)
c8  C9 1.359(4)
N1 Ol 1.344(3)
C10 C11 1.392(4)
Table S21. Bond Angles for D.
Atom Atom Atom Angle/®
P1  Pdl CIl 96.17(3)
C2 Pdl Pl 93.89(8)
C2 Pdl Cll 169.93(8)
C2 Pdl Ol 82.12(9)
O1 Pdl Pl 173.17(6)
Ol Pdl Cl 87.91(5)
C10 P1  Pdl 118.08(9)
C15 P1  Pdl 116.73(9)
C15 P1 CI10 100.20(13)
C22 P1 Pdl 108.92(9)
C22 P1 CI10 103.12(14)
C22 P1 CI5 108.61(13)
C3 Cl1 (2 124.1(2)
N1 Cl1 2 118.1(2)
N1 Cl1 (3 117.8(2)
Cl C2 Pdl 110.43(19)
C4 C2 Pdl 134.8(2)
C4 C2 (I 114.7(2)
C6 C3 ClI 117.1(3)
C6 C3 C8 124.3(3)
C8 C3 (I 118.6(3)
C2 C4 G5 122.7(3)
C6 C5 (4 121.5(3)
C5 C6 (3 119.7(3)
N1 C7 C9 120.1(3)
c9 C8 (3 120.5(3)
cg8 CY C7 119.9(3)
C7 N1 (I 123.1(2)
Table S22. Torsion Angles for D.

A B C D Angle/*
Pd1P1 CI10Cl11 115.4(2)
Pd1P1 C10C21 -67.7(3)
Pd1P1 CI15C17 -0.93)
Pd1P1 CI15C19 175.7(2)

C26 C27 1.357(6)
Cl2 C28 1.743(3)
C28 CI3 1.734(4)
Atom Atom Atom Angle/®
C7 NI Ol 119.1(2)
Ol NI (1 117.8(2)
NI Ol Pdl 111.52(14)
Cll Cl10 PI 121.7(3)
C21 C10 P1 119.0(2)
C21 Cl10 Cl11 119.2(3)
C10 C11 Cl4 119.1(4)
C13 Cl12 C21 120.2(4)
Cl4 Cl13 Cl12 120.0(4)
C13 Cl14 Cl11 120.9(4)
C17 C15 PI 120.2(2)
C17 C15 C19 118.7(3)
C19 C15 PI 121.0(2)
C18 Cl6 C17 120.8(3)
C15 C17 Cleé 119.8(3)
Cl6 C18 C20 119.4(3)
C20 C19 Ci5 120.5(3)
C18 C20 C19 120.6(3)
C12 C21 cC10 120.5(4)
C23 C22 PI 116.0(2)
C24 C22 PI 125.1(2)
C24 C22 (23 118.8(3)
C25 C23 (C22 120.6(4)
C22 C24 C26 120.1(3)
C27 C25 (23 119.9(4)
C27 C26 C24 120.3(4)
C26 C27 C25 120.4(4)
CI3 C28 CI2 112.4(2)
A B C D Angle/*
C7 N1 O1 Pdl 179.2(2)
C8 C3 C6 C5 179.3(3)
C9 C7 N1 Cl1 1.4(5)
C9 C7 N1 O1 -179.6(3)
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Pd1P1 C22C23
Pd1P1 C22C24

Pd1C2 C4
P1 Pdl C2
P1 Pdl C2

C5
Cl
C4

P1 Cl10C11C14
P1 C10C21C12
P1 CI5C17Cl6
P1 C15C19C20
P1 C22C23C25
P1 C22C24C26

Cl1 Pd1 P1
Cll1 Pd1 P1
Cl1 Pd1 P1
Cl1 Pd1 C2
Cl1 Pd1 C2
Cl1 Pd1 O1
Cl C2 C4
Cl C3 Cé6
Cl C3 C8
Cl N1 Ol
C2 Pdl1 P1
C2 Pdl1 P1
C2 Pdl P1
C2 Pdl1 O1
C2 C1 C3
C2 Cl C3
C2 C1 NI
C2 C1 NI
C2 C4 C5
C3 Cl C2
C3 Cl1 C2
C3 C1 NI
C3 C1 NI
C3 C8 C9
C4 C5 C6
C6 C3 C8

Table S23. Hydrogen Atom Coordinates (Ax10* and Isotropic Displacement

C10
C15
C22
Cl1
C4
N1
(O8]
(O]
C9
Pd1
C10
C15
C22
N1
Co
C8
C7
Ol
Co
Pd1
C4
C7
01
C7
C3
C9

-41.9(3)
141.5(2)
-177.5(2)
172.94(18)
-9.1(3)
176.1(2)
-176.1(3)
178.3(2)
-179.1(3)
-174.9(3)
175.0(3)
5.27(12)
-114.29(10)
122.32(10)
-9.3(6)
168.6(3)
-179.57(16)
0.4(4)
0.9(4)
1.6(5)
-1.8(3)
-175.13(14)
65.30(12)
-58.08(12)
1.80(17)
2.5(4)
179.0(3)
179.5(3)
0.5(3)
-1.9(5)
-179.8(2)
1.8(4)
0.3(4)
-178.7(2)
0.1(5)
1.2(5)
-176.7(3)

Parameters (A?x10%) for D.

Atom

X

NI Cl1 C2 Pdl
N1 C1 C2 C4
N1 C1 C3 Cé6
N1 C1 C3 C8
N1 C7 C9 C8
O1 Pd1C2 C1
O1 Pd1 C2 C4
C10P1 Cl15C17
CI0P1 CI5C19
C10P1 C22C23
CIOP1 C22C24
C10C11C14C13
Cl11C10C21C12
C12C13C14Cl11
CI13C12C21C10
CI15P1 Cl10Cl11
CI5P1 Cl10C21
CI5P1 C22C23
CI5P1 C22C24
CI15C19C20C18
C16C18C20C19
C17C15C19C20
C17C16C18C20
CI18C16C17C15
CI9C15C17C16
C21C10C11C14
C21C12C13C14
C22P1 Cl10Cl11
C22P1 Cl10C21
C22P1 CI15C17
C22P1 Cl15C19
C22C23C25C27
C22C24C26C27
C23C22C24C26
C23C25C27C26
C24C22C23C25
C24C26C27C25

S32

1.03)
-177.4Q2)
176.7(2)
-1.7(4)
-1.6(5)
-1.49(18)
176.5(3)
-129.6(2)
46.9(3)
84.3(3)
-92.3(3)
-0.2(5)
0.8(5)
1.2(6)
0.1(6)
-116.7(2)
60.1(3)
-170.1(2)
13.4(3)
1.3(5)
0.7(5)
2.5(5)
-1.6(5)
0.3(5)
1.7(4)
-0.8(5)
-1.1(7)
-4.7(3)
172.2(2)
122.7(2)
-60.8(3)
-1.2(6)
0.4(6)
-1.5(5)
0.1(7)
1.9(5)
0.3(7)

U(eq)



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
HI11 9274 3961 -1230 68
HI2 12725 2222 =726 101
HI13 12805 3155 -1810 108
H14 11092 3998 -2076 93
Hl16 9877 2679 3224 71
H17 8729 2380 1969 53
HI8 11253 3766 3302 79
HI19 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 CygHp;CI3NOPPd (M =633.19 g/mol):
monoclinic, space group P2,/n (no. 14), a = 10.2608(5) A, b = 16.6441(9) A, ¢ = 15.6634(8) A,
=92.089(4), ¥=2673.2(2) A’, Z=4, T=293(2) K, pq(MoKa) = 1.076 mm™', Dcalc = 1.573 g/em’,
15534 reflections measured (5.76° < 20 < 50°), 4708 unique (Rin = 0.0334, Ryigma = 0.0335)
which were used in all calculations. The final R, was 0.0292 (>2sigma(I)) and wR, was 0.0670 (all
data).

10. HRMS data of 32-0"®
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%10 2 +ES&| Scan (0.268-0.610 min, 30 Scana) Frag=180.0V axp 1231 -0 1ul.d Subtract

1.7 252.0909

0.7

0.4l 250.0862
253.0940

251.0904

Y2abls NS0 2ss o asv o Esim 282 Zszs ozs3 2538
HRMS of O'¥-labelled 3a-0". m/z caled. for Ci¢H;;NO, [M+H]" 252.0911, found
252.0909 (ESI).
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H NMR spectrum of compound 3a

1

299°6TT
i
,owﬁuy(
702"
£9p°
919"
00%"
TEET-
£80°

A
.WmN

2L
AR

566

L8y
679

LEF”

96€"

expl079-2
136

3

CDCL
5297/Cui

ARG
8¢ZT

62T~
ZET—

"6ET
gLo”

07T

AT

g6 T—

T T T T T T T T
190 180 170 & 140 130 120

T

110

0

160 1

210 200

C NMR spectrum of compound 3a

€97 c—

ZEL”
95L"
€0e”
€CT”
zZve”
zLe”
y0e”
gce”

Leg"

0 ©

A N
/

s

==\

~ o~

p

05L 11—

|

F e

=2L0 €

pom

ey &

A

F o

=000°T

/9ETT

=

Ummo.m
t4404

IJﬂJu\ 6¢1°¢
= =.b<l ¢
Fo \ELO'T

"H NMR spectrum of compound 3b

S35



Eo
4 3 o
S M‘ﬂmm
T =R
o B
o 5 H o
659" TZ— - N
— Lo
=
-
Eo
=
Ea o F
o
Eg o
=S L6 E— — = [ =<000E
o =}
Lo 2,
g FE
354 S al En
G L=
o =} e
&
g 6ZL79 o &
& 5 Z5L°9 i
Fe g £66°9
151 P10 L o
L& e
o ] STZ" b ~ = 26610
LL6"6TT e w sez L P =g¥0°2
£99°021 ¥SZ L L3 =870 T
0sL°0eT _ Eg 2 TLEL £
0L0"E2T~— _ - ] M THL L - ol 4LV
LOT 62T~ Z €9LL ok Feo N220°T
126'62T—~x —= ES 88L"L
66T EET— - o @] £18°L ©
Zh9-GET - 5 ) £E8°L [
69L7GET - — Fe £587L B o
moq.mmﬁ\ S L
So.u:.\w =
T9E"EPT ) Ea
5 o Eg
7 o
ThE g9T— AR E— =
= o
N -2
V—={ o L
zT ES =
A/“JA it 088" 11— %160
o i=] o
=4 i
a
568" L6T— -—3 =4
ES
o~ [ ™
&
o

'"H NMR spectrum of compound 3¢
S36



=
& mB
o~
080
grgr
[
0L6 56—
THLTETT
TLET0TT
mmm.owMW.
T5L°02T
SOT gET—"
SSLTOET
ferezer o>
Nmm.NMHuun
88T GET
mmw.mﬁ\
290°0FT
PSE 9T~
8EETE€9T—
PER96T

o

20 10

30

180 170

T
1%0

3C NMR spectrum of compound 3¢

3

CXP1126
1H
CcDCl
84/Cui

=}
@
o

B SRR AT

O O -
N 00N m
e

Lol e e e e e o e e e

o 0 o
o
oo e
=

L9L"
Gl li”
98L"
86L°
208"
608"
LI
18"

899 TT—

Luw

"H NMR spectrum of compound 3d

S37



€98°

881"

FTL”

CXP-1126

136
C¢DC13
5444/cui

96T —

100 90 80

110

180 170 160 150

190

3C NMR spectrum of compound 3d

CXP1126
19F
DC13

€25°S0T——

-160 -180 -200  ppm

-140

=129

"F NMR spectrum of compound 3d

S38



l\o
o
MCUW
© BORS
< = | I X o2
Sund — 5 o
phga 3
a
% O
o w
Eo
P &
Q ™
- Q
o
o en
[ - 9
=)
L 7% =3
= ~ mr
< Lo
- m
o
U ©
Lo Gy
= =}
ShLO ) [ w Fe g
/g [ o B —
89L°3 i =) ZHE"6TT
mﬁm.w _ <000 T U SELT02T
mmw F% - - S 3 Sm,omm/.
tse L Fe vt
ARATER T 0T =y Loz €2T~C B
- —Js66°1 @ go0 Brl.
oA = b0 TET =
- - T I~ EPO TET~ =
Mww\ - =2 SeTE Z8LTEET~L
m.o.r o Nt M 199°SE1—7
.mw.ﬁ Z ¥99°951
wwmx P26 8ET
128" L jan) YLS 6ET =
E oy - LTO 0BT =
ra N,
LpE 29T — ¢ Uv
Fo S —
= x fTAM
%\ /
J hY O
! -
- q
Ve
oy [@]
0FL TT— \IJ ST 786°96T— N
w
e
w

0 100
S39

T
120 1

140 130

3C NMR spectrum of compound 3e

0

T

T
60 15

180 170

T

0 190

T

T

0 210 2




quo
n .58
P
a i
ammw
4703
] [&] 1y
d Fw
)| g
o,
- g
S
o Eay )
N kel
=
Lw
= g
= Q
== it
STL'9 — & £ o
8€L°9 -
mmﬁé/ _ g
i AR _—— =000 B 562°6T1T
\ f - g
Lez L [ PpLT0ZT
19270\ -— =001 3 mmm.oﬁ%
SEGTL _ _/8v0°¢ Q. E0E"ETT~F
916" L— == =0z 0 897°L2T~
6€9 ﬁ\ - \9sTUE o ZeT TET
099°L re LitTETS =
vLL L) = 616" 61—
esL L Z. vm@AmMH\
ok 0ZT°LET
Fo lH 765 6ET .
810" 0FT @
F2 09€°29T— N
S
/4 N
4 Yy
= / o
/.f =L
STL TT— = 500°T W
Lo o
8y LET—

C NMR spectrum of compound 3f
S$40




I
& oE
- DD
o Hoos
bl o
(&} —
SE9 6T —
562 - =% B
5 1)
al e
ZVL 9 9
. =]
LPL 94 =
. o
99L°9 L' Ein Q
TLL™ 94 P (=¥
TET L o g
0GT" L+ - ]
OLT" LA JU o o rw
9z L == [
. =}
S9Z°L -
mwm# nM ~ /000" T g 568°6TT
. = GLL0ZT
vOE"L © E 0S0°1 =] gt o
€761 M [y T e E=] vLE"0CT
T0b°L - EGI o Lrzrezt
S0P L © - —\B20"T 1 82p°GZT
o p c
0Zh L ~ - £00°1 173 6SS LTI~
. e 5 LLZOET
gEV L R I~ 800" 16T~
ZhyTL T
mmm.p.\ S LEZ FET—F —
9694 Z Sm.mi\ ,”/
cco Fo PZL 9ET .
669 L4 SgL gET /
ciL i lH 7687 6ET
veL L R SE6°6ET
T6L LA Fa
808" L 225" 29T —
F o
a
Lo
A
PLE ZT— |¢ —¥86°0
o SZp 10—
A

100

110
S41

140 130 120

C NMR spectrum of compound 3g

15

160

170

80

190

210 200

)



o

L

Fo

12

13

026°0

"H NMR spectrum of compound 3h

5

CXP-112

3

I3c
CDC13
482/cui

0Lags—
8LE TTT
qna.omq)/r
££9°021
1617021
pS6° 02T
280 €21 —
T6L° 87T
56 mwﬁmww
9% 0 Nmﬁg\u
moo.wmﬁk\\
LS8 9€T
595" 6€T
620°0pT
£59795T—
z£9° 29T —
082" 66T—

C NMR spectrum of compound 3h

542



@

10

11

12

666°0

H NMR spectrum of compound 3i

1

Ccxpllos

T8T"
v6E"
TEL”
BTIL"
860"
0gz”
996"
109°
GTT"
08e”
680"
9IT"
£80°
ot
06F"
6TIF”
ELG™
pLe”
0L6*
89F"
89%°

09T
09T
N@T\

e —

70 &0

80

=
o

120 110 100

130

200 130

210

C NMR spectrum of compound 3i

543



@ Bl
o ;o
A0
Hov O~
pHA0
X Ow
] o~

BIL TTIT-

200

180

160

140

o

1c0

40

20

F NMR spectrum of compound 3i

19

L

8LT TT—

o
-

11

— = I¥6°0

H NMR spectrum of compound 3j

1

S44



CXP-1127

13C
CDC13
446/cui

5

SOp 61T
z1z°121
z09° 121
0oL €2T
oLE hmﬂa//
600 mmw)/r
01s RHV
952" 1E1—7
LiL 2.‘“
FET S Hg\\
EHI LET
789°8€1
£12°0%1
S8E°0FT
$06°29T—
0LZ"86T—

¢ N
7N \ \
()4 &

T T T T
130 120 110 100 90 80

T
140

T
170 160 150

T
180

T
210 z00 190

0

i

C NMR spectrum of compound 3

8FL”
€GL7

=~
~
<

e e e e R i i i e e e e e S e e N e R R AR

018"

I8¢ °CT1—

8k6°0

"H NMR spectrum of compound 3k

545



€18"

81T
61T
"0ZT
.HNH/

612
8p8
LT
£IE
=14
615
T6E
302
889
8LL
b443
€Eg

(3747

Xpll9
13
CDC13
110/Cui

C

2T~
TR

“BET——
B .o et

iy

“BET
“BET
A

gL —

“B6T—

90 80

100

o

200 190 180 170 160 150 140 130 120

210

C NMR spectrum of compound 3k

¥rrTe—

9eL”
09L"
L0Z"
9ze*
SvZ L
LT L
oLe”
68€"
LOF®
TZ% "
6EY "
GSh -
€Ly
€28”
G8L"L
£6L"
€08"
LT8"
178"
198"

8E8 TT—

J

= £80°¢

—~FAR T
=000"T

/TE0°T

H NMR spectrum of compound 31

1

S46



CxPll23
CDC13
5570/Cui

€geIe—

809°86T—

CH;
170 160

180

190

210 200

C NMR spectrum of compound 31

9L8"
8EL”
chL”
zoL”
99L"
8eT”
oPT”
428
9%T"
8GT"
091"
PoT”
BT
G1T”
GET”
Lez”
%"
8y
(4t
06¢€”
oTk”
0Ew "
8LL"
98L"
PeL”
LeL®
018"
GG8°
658"
GLe”
8Lg”

~r~ 00w m

[ e e e

96L TT—

L

.4

<Il°¢

—/000"T
660°T
926°0

Ee

J

i

H NMR spectrum of compound 3m

S€0°¢
T90°T

[ N\§00'T

10

11

L¥6°0

1

S47



5485/cui

81E"

FIT
@@W.mﬂa/
TeL6TT
www.mMﬁH/

TPT°86T—

40

50

70

C NMR spectrum of compound 3m

CXP1200
1H
CDC13
75/Cui

6EL”
ZhL"
goL”
99L"
Cheds
gee”
88g"
g9¢”
¥6¢C”
0og*
90e”
8TE"
¥ZE"
SEE”
BEE"
[1i4 0
PPE"
LEE"
€0p”

R R =R ]

==

L e

=}
o
=

e e

5} O o
™ O WA
o s
=~ L Ao S SN

ppm

8T0°T

H NMR spectrum of compound 3n

1

548



20
0

Cxp1200
13C
CDC13
58/Cui

-180

-160

CXP1200
19F
CDC13
744/Cui

=3

=1

v
'

80

a

9

EYE"OTT
6987911
Z0Z 611
08Z°6TT
Z6h 61T
6287021 =
qum.omﬂuyr E
192 E2T~" o

062521 - —

-100

120

€CESCT _ ) E&
8STT0ET ~
mMN.oma\ — .
Em.mﬂ\ =
£68°6ET a
8297651
28070V 1
6SE°0FT
b2E 071
G6T TOT—
6ZF 29T
699°€91

C NMR spectrum of compound 3n

T
190

098°96T— =

.
200

T
210

F NMR spectrum of compound 3n
549

19



06L"
€08"
18"
2z8”

BLL TT——=

n

Cl

H NMR spectrum of compound 30

1

% 8
WACSAM
i
4mES
o w
99T 61T
LO6°02T
696°2ZT
OFE EZT
679" LZT
onnﬁmma/
hww.mwav
ZEB"BZT
Nmm.NMH\
Wha.vMH\
ZBL FET
85967 GET
TOLTBET
€0T 0PI
IPe 29T —
816°96T—

10

20

60 50 40

70

30 120

150 140

90 180 170 1e0

oo

o

C NMR spectrum of compound 30

S50



CXp1199
1H
CDC13
74/Cui

gEL”

=
)
i

L e e e e e e O N e e e R R R ]

45

BLLTTT—

ppm

10

12

856°0

"H NMR spectrum of compound 3p

114/Cui

£69°9L
TT0°LL -
L1eLL
82€"LL

SO0T 611

6087021
wﬁm‘omﬂ/
mmw&mm./

662°0¥%T

6ELT96T—

Br

»

|

P

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

3C NMR spectrum of compound 3p

S51



40

50

60

70

-
3 o e
6 B o ™m3
R QOO
3 — O~
X Ok oo 0w
3 e w et

Eo
]
Q
Iy
Ereg =
o
-2 (32
E
Eo W
n

BSL°9 P g

85L"9 S £86°81T

BLL™Y Fo — TF8° 02T

z8L"9 1) 770121

0ETTL ¥SbTEZT

6vE°L LS g mmu.mmﬂ/

e b = =000 T 2 Soz 871\

L9 L b = 86L°821—

£69°L —TEE 0 3 PET EZT-7

s JE60° 1 o, 109°zET7

T B 52071 173 DZ.;\

ok = AT SEES
S - = S0T°2 o EPL SET

<y = =ped il e
LeLot Fo Noroz 8ST"6ET
£08°L - = Z18°6ET
: 200" T

Lzt Z 996651

ZheL

S8 L lH

pL8 L /m ® Fo PZE ZIT—

£68° L W&

568" L ©

LS6° L =

to
a
(o]
ZT
P 6987967 —
Q
c6L TT— -= T ieo
B
o

110 100 90 80

1
120
S52

‘Il
L
130

|

140

3C NMR spectrum of compound 3q

I
180 180 170 160

200




CXP1201
19F
CDC13
745/Cui

T6L1T9-— -

-180

20 -140 -160

-12

T
-60

F NMR spectrum of compound 3q

19

Fre e
oom.mv

LeL”

==\ =

<
o
=
R e e e S SRRt
s

0
e
©
e

pem

0

Fin

€20 ¢
R L70°€

L e
S
B e )
=
=)
=
2
ko g
Q
[5)
[
F o o
g
=
- =001 w.uv
L 3
= o
— 17
. 3 = [
Fo NeroT =
Z
o s

T -
3) Fo

S53



CXP1124
13C
CDC13
5569/Cui

-

© o
oo
o ®
> o
o

£L0°0ZT
7£9° 02T
STL"0ZT
£90°£2T
mmm.hmﬁ)/f
mom.meHUN

68L 0ET~X
69T EET—
9T8°SET
omc,mMH\
9T0°LET
TTIF 6€T
L90°0FT
LLO"EFT

LT® 29T —

180 170 160 150 140 130 120

190

C NMR spectrum of compound 3r

129
1H
€DC13
87/Cui

CXP

8FL™9
reLT 9
€LL™D
BLL™9
09T L
08T L
66T" L

L

oFe"
107"
907"
A4
9z

L
L
I
L
L
L
28T L
TLS L
SLSTL
1667 L
S6G°L
ZOLTL
908" L
zz8 L

=

68T el —

192

7.2 7.0

.4

7

7.8 1.8

Ew

986°0

H NMR spectrum of compound 3s

1

S54



CXp-1129
13C

ELE"

[5:1 A

608

Gpels
5484/cul

"96T—

T T T T T T
130 120 110 100 %0

150 140

T
70 1e

T T T T
210 200 190 180

0

)

3C NMR spectrum of compound 3s

193

CXP1
18
CDC13
80/Cui

o
o
o

L S R R0

o1
n
L

L e e e e e e e

@
o
~
e o S

—
0
o

@ 0=~~~ 1~

EEFP TT—

Q
o

e

o

H NMR spectrum of compound 3t

1

S55



3

CxXpP1193
13C
cDel

111/Cui

LTR 02T
88L"0zZT
EL6°02T
98Z°€Z1
(4153 A8 AA
992°5¢1
TTI"9TT
wa.wmﬂ/
Tk hmr\

ThS 82T
gmm.cmﬁumw
£60°T€T

9FP97EET
9LE"PET
6987 9¢€T
LBOTLET
TSE6ET
P20 0PI
PLSTZOT—

68L°00T—

110

T T T
180

190

T

200

90 80 70 60 50 40 30 20 10

100

160 150 140 130 120

70

210

C NMR spectrum of compound 3t

CXP-1136
1H
CDC13
5596/Cui

gL 8 =

s

208" TT—

A

ppm

T
—=000°¢

"H NMR spectrum of compound 3u

S56



CxXp-1136
13

cLs

opg"
cpe”
pEE"
68T
ELE"
LB8G"

L8’ 1

09zg"
£€99°
ree”
8EF”
£65°

160"

LER”®

13

CD
5597/Cui

*9T—

E9T-—

86T —

=1
—

T
20

30

T
40

170

3C NMR spectrum of compound 3u

90F°z—

i
906" L
7ZCL
£¥GTL
L6GL
6097 L
629°L
PP L
889°L
90L°L
€ELTL
wm\u.n\

LOL TT—

L

{8

Fo

10

11

=Ces1¢
=000"T

/6112
=ETIT°¢

\elot

996°0

H NMR spectrum of compound 3v

1

S57



CXP1138

6L9°

859"
0p8*
811"
9Zk "
£6G6"

Lize"

{4}
696"
T06°
€967
CES"
828"

8FE

13¢C
CDCL13
5568/Cui

‘86T —

210 200

170 160 150 140 130 120 110 100 90

190 180

C NMR spectrum of compound 3v

96579
819°9
199°9
98979
09z L
69%°L
L8V L
LOG L
6857 L
&
t
L
E
L

==
Lke®

965"

729"

059" Qﬁ

608" L

reg L

8cT 5

ze1 g

we e1T—

SS0°T

H NMR spectrum of compound 3w

1

S58



.-
PDono
MO S
0
5 O3
i
5 8
852795 —
§£9°T0T—
255 0TT—
TS e
FEE TZT~
£2£°821
mmﬁ,mSV
ETL TET~—
LTIZ EET—F
605551
_&m.m:“
£59°T¥1
BEP 09T —
219°29T—
P89 LET—

18

o

~

C NMR spectrum of compound 3w

(-4

o

o

n
N e
\J//);/) )

= i

Lol b

~
\:
~
e e

©
©
~
® -~

670" 2T —

J_MMMJKLJK_

H NMR spectrum of compound 3x

1

S59



‘1
P
H0a8
—m ”bs
ua8
g =
0217611
ai.mﬂ/
560°12T
osE-TET N
18%°92T
ST9°6TT~
665" ZET
z89° 25T
mqﬂ.mmﬂuwn
mmﬁ.mmﬁk\\
06L" 85T
F AR A
TST 85T —
527" 96T —

30 20

40

180 180 170 160

200

C NMR spectrum of compound 3x

CXP-1168
1H
CDC13
5779/Cui

SP9TIT—

M

ppm

F o

—EEE T
= 000°T

_SBETF
]
180°T

L, \woe

Fo

S¥6°0

12

H NMR spectrum of compound 3y

1

S60



8LL”
200
6%9
80L

906
LLL

681"
ceL”
GG0°
780"

9€0°

8E6°T

901"

CXP-1168

13¢5
CDC13
5787/Cui

8TT
.maa/
"02T
"0CT

121
.Hﬁ/
Teel~X

L6T—

I
I

I

|1

210

30 20 10

40

I

130 120 110 100 90 80 70 60

150 140

190 180 170 160

200

C NMR spectrum of compound 3y

w gl
[CH-
0
ST a~
AN
3O
dJ =

ZHE" LRI m— =

-14¢C -260 -189 -2cc

=129

F NMR spectrum of compound 3y

19

S61



oLL*o
¥6L79
cLZ L
TES LA\
065"
695"
BN
199"
089"
zot”
TeL®
Gl *
oLLtL
6LL™L

>

==

o

o~

SR

8%9° 11—

I

= 000°T

=0 L

\mwﬁ4w

081"

Sesre

T10°T

H NMR spectrum of compound 3z

1

CXP1141
13C
DC1

67/

658"
LEQ®
Feh -
80T"
EL9”
129°

CER”
168"
TLT®
089"
010"
8€6°

AT

3
ui

5

5

T
110 100

130 120

T

150 140

160

C NMR spectrum of compound 3z

562



'H NMR spectrum of compound 4a

0€6° 12T~

§2T°92T4)
T6£782T //
zLs 82T

mqm.mﬁ%.
£60°621~\
2687621

ey

P80 FET
F0EGET
98F"8ET

901" 6T

100 90 80 0 60 50 40 30 20

110

190 180 170 160

200

C NMR spectrum of compound 4a

S63



10
CDC13
319/Cui

CXP1306-1

= o ‘ﬂ
©
@
7
Q,
k]
5
Lo
el
- m €8y
Q
g
Q
S
Fw G
G89°T ©
|5}
F @ 3
o,
wn
=T S
N Z
—%5z°9 IH mmw
00z°6 a8
T 690
5 —Z30°9 8LT
_ [ o =C000°1 wmw
o 0s8
o 19¢
: 196
S 69¢
i =660 e
_ Fe ev*
z—oO 345
981
fo
3

10

20

13C
CDC13
337/Cui

60 50 40 30

70

80

S64

CH,Cl,

Sen

C NMR spectrum of compound D

Ph’//T
Pi
110

0--------Pd—cl
120

AN
W
|

150 140

160




