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General Considerations

All manipulations were carried out using standard Schlenk techniques. Unless otherwise
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stated, analytical grade solvents and commercially available reagents were used to conduct the
reactions. Thin layer chromatography (TLC) employed glass 0.25 mm silica gel plates. Flash
chromatography columns were packed with 200-300 mesh silica gel in petroleum ether (bp.
60-90 °C). Gradient flash chromatography was conducted eluting with a continuous gradient from
petroleum ether to the ethyl acetate. All new compounds were characterized by 'H NMR, 3C
NMR and HRMS. The known compounds were characterized by *H NMR and *C NMR. The 'H and
13C NMR spectra were recorded on a Bruker 400 MHz NMR spectrometer. The chemical shifts (5)
were given in part per million relative to internal tetramethyl silane (TMS, 0 ppm for *H), CDCls
(77.3 ppm for 3C). High resolution mass spectra (HRMS) were measured with a Waters
Micromass GCT instrument and accurate masses were reported for the molecular ion + Hydrogen

(M+H).
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Experimental Procedures

1. Preparation of substituted a-oxocarboxylic acids:

All kinds of substituted o-oxocarboxylic acids were prepared from oxidation of
corresponding methyl ketones with SeO> according to the reported procedure.?
2. Preparation of substituted a-oxocarboxylates:

All the substituted a-oxocarboxylic acids were reacted with KOH (1:1) in iPrOH for 3h, and
the desired a-oxocarboxylates was obtained by removing the iPrOH.?
3. General procedure for synthesis of 2-isocyanobiaryls:

All the 2-isocyanobiaryls were prepared according to the following procedure in Angew

Chem Int Ed, 2013, 51, 11363.3
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R R
NH, Pd(PPhj;),Cl,, NH, //l 1. HCOOH, Ac,0 NC //|
Br K,CO5, DME, 80 °C \ THF, rt, 2h
Z + ArB(OH), S 2. POCI3, Et3N, Z

THF, rt, 2h
4. General procedure for synthesis of 6-Acyl Phenanthridines:

General procedure: A mixture of 2-isocyanobiphenyl 1a (0.75 mmol) and potassium
oxophenylacetate 2a (0.5 mmol), Ag>COs3 (0.05 mmol) and NaS;0s (1.0 mmol) under an N3
atmosphere at 100 °C for 6 h. After completion of the reaction, it was quenched by water and
extracted with ethyl acetate (3 x 10 mL). The combined organic layers were dried over anhydrous
Na,SO; and evaporated under vacuum. The pure product was obtained by flash column
chromatography on silica gel (eluent: petroleum ether/ethyl acetate= 50:1) to afford 3a in 71%

yield.

Radical trapping experiments

Procedure: to a 25 mL schlenk tube equipped with a stir bar, a mixture of potassium
oxophenylacetate 2a (0.25 mmol), Ag,COs (0.025 mmol), Na,S,0s (0.5 mmol) and radical trapping
reagent (TEMPO or BHT 0.5 mmol) were under N, atmosphere, then 1.5 mL DMSO was injected

to the tube. After 5 min, 2-isocyanobiphenyl 1a (0.75 mmol) was added to the tube under N..
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Then the reaction was conducted at 100 °C for 6 h. After completion of the reaction, it was

analysis by GC using biphenyl as the internal standard.

EPR experiments

Procedure: X band, 9.4 GHz, at 160 K

1. Blank experiment: to a 25 mL schlenk tube equipped with a stir bar, 0.025 mmol AgOTf was
added under N2 atmosphere, then 1.5 mL DMSO was injected to the tube. The reaction was
conducted at 80 °C for 2 h. Then sample 0.5 mL from it and preserved in liquid nitrogen for
EPR exam.
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2. Experiment: to a 25 mL schlenk tube equipped with a stir bar, a mixture of 0.025 mmol AgOTf
and 0.5 mmol Na;S;0s was added under N, atmosphere, then 1.5 mL DMSO was injected to
the tube. The reaction was conducted at 80 °C for 2 h. Then sample 0.5 mL from it and
preserved in liquid nitrogen for EPR exam.
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Characterization of Products

phenanthridin-6-yl(phenyl)methanone

100.5 mg (0.5 mmol scale) for 71% isolated yield, white solid, PE:EA = 50:1. *H NMR (400 Mhz, in
CDCls): 8.73-8.71 (m, 1H), 8.67-8.65 (m, 1H), 8.23-8.21 (m, 1H), 8.15-8.13 (m, 1H), 8.05-8.03 (m,
2H), 7.92-7.88 (m, 1H), 7.81-7.75 (m, 2H), 7.69-7.61 (m, 2H), 7.50-7.46 (m, 2H); 13C NMR (101
MHz, in CDCl3): 195.09, 157.75, 142.91, 136.39, 134.28, 133.54, 131.55, 131.09, 130.90, 129.38,
128.86, 128.46, 128.08, 127.59, 124.74, 124.05, 122.59, 122.44 ppm. HRMS (ESI) calculated

[M+H]*: 284.1070; found [M+H]*: 284.1071.
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phenanthridin-6-yl(p-tolyl)methanone

109.9 mg (0.5 mmol scale) for 74% isolated yield, white solid, PE:EA = 50:1. *H NMR (400 MHz, in
CDCl3): 8.74-8.72 (m, 1H), 8.68-8.66 (m, 1H), 8.26-8.24 (m, 1H), 8.16-8.14 (m, 1H), 7.97-7.95 (m,
2H), 7.93-7.89 (m, 1H), 7.83-7.76 (m, 2H), 7.70-7.65 (m, 1H), 7.31-7.29 (m, 2H), 2.46 (s, 3H); 13C
NMR (101 MHz, in CDCl3): 194.80, 158.08, 145.37, 142.95, 133.93, 133.48, 131.47, 131.17,
130.84, 129.58, 129.31, 129.04, 128.32, 128.00, 127.62, 124.67, 124.04, 122.53, 122.40, 22.11.

HRMS (ESI) calculated [M+H]*: 298.1226; found [M+H]*: 298.1230.

phenanthridin-6-yl(o-tolyl)methanone

105.4 mg (0.5 mmol scale) for 71% isolated yield, white solid, PE:EA = 50:1. *H NMR (400 MHz, in
CDCl3): 8.70-8.67 (m, 1H), 8.62-8.60 (m, 1H), 8.26-8.24 (m, 1H), 8.20-8.18 (m, 1H), 7.89-7.85 (m,
1H), 7.77-7.70 (m, 2H), 7.69-7.65 (m, 1H), 7.56-7.54 (m, 1H), 7.47-7.43 (m, 1H), 7.37-7.35 (m, 1H),
7.20-7.16 (m, 1H), 2.72 (s, 3H); 3C NMR (101 MHz, in CDCl3): 197.56, 158.65, 142.92, 140.98,
136.14, 133.49, 133.28, 132.83, 132.31, 131.36, 130.82, 129.21, 128.35, 128.04, 127.51, 125.79,

124.64, 123.98, 122.50, 122.32, 22.19. HRMS (ESI) calculated [M+H]*: 298.1226; found [M+H]*:

298.1230.

(4-methoxyphenyl)(phenanthridin-6-yl)methanone

111.1 mg (0.5 mmol scale) for 71% isolated yield, white solid, PE:EA = 20:1. 'H NMR (400 MHz, in
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CDCls): 8.68 (d, J = 8.0 Hz, 1H), 8.63-8.61 (m, 1H), 8.23-8.21 (m, 1H), 8.12-8.10 (m, 1H), 8.01 (d, J =
9.2 Hz, 2H), 7.88-7.84 (m, 1H), 7.79-7.71 (m, 2H), 7.65-7.61 (m, 1H), 6.93 (d, J = 9.2 Hz, 2H), 3.84
(s, 3H); 13C NMR (101 MHz, in CDCls): 193.68, 164.56, 158.22, 142.90, 133.41, 131.42, 130.72,
129.38, 129.25, 128.22, 127.93, 127.61, 124.57, 123.99, 122.48, 122.37, 114.11, 55.76. HRMS

(ESI) calculated [M+H]*: 314.1176; found [M+H]*: 314.1176.

(2-methoxyphenyl)(phenanthridin-6-yl)methanone

112.7 mg (0.5 mmol scale) for 72% isolated yield, white solid, PE:EA = 20:1. *H NMR (400 M, in
CDCl3): 8.66 (d, J = 8.4 Hz, 1H), 8.59 (d, J = 7.2 Hz, 1H), 8.22 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 7.2 Hz,
1H), 8.03-8.02 (m, 1H), 7.87-7.83 (m, 1H), 7.73-7.63 (m, 3H), 7.56-7.51 (m, 1H), 7.13-7.09 (m, 1H),
6.88 (d, J = 8.4 Hz, 1H), 3.25 (s, 3H); 13C NMR (101 MHz, in CDCls): 195.65, 160.11, 159.80, 143.03,
135.17, 133.28, 131.83, 130.99, 130.56, 128.94, 127.84, 127.75, 127.54, 127.45, 122.30, 121.13,

112.62, 55.91. HRMS (ESI) calculated [M+H]*: 314.1176; found [M+H]*: 314.1176.

(2,4-difluorophenyl)(8-methylphenanthridin-6-yl)methanone

69.9 mg (0.5 mmol scale) for 42% isolated yield, yellow solid, PE:EA = 50:1. 'H NMR (400 MHz, in
CDCl3): 8.56-8.54 (m, 2H), 8.08-8.02 (m, 3H), 7.70-7.67 (m, 3H), 7.05-7.00 (m, 1H), 6.82-6.77 (m,
1H), 2.53 (s, 3H); 13C NMR (101 MHz, in CDCls): 191.80, 166.57 (dd, Jer: = 258.56 Hz, Jerz = 12.22
Hz), 163.32 (dd, Jerz = 261.39 Hz, Jer = 12.73 Hz), 156.75, 142.59, 138.35, 134.07 (dd, Jcrz = 10.81
Hz, Jer2 = 3.23 Hz), 133.27, 131.65, 130.80, 129.94, 128.82, 128.60, 126.53, 125.14, 123.45,
122.46, 122.26, 112.36 (dd, Jcr1 = 21.72 Hz, Jer2 = 3.64 Hz), 105.15 (t, Jor = 25.86 Hz), 22.02. 1°F
NMR (376 MHz, in CDCl3): -100.48 (d, Jer = 12.41 Hz), -102.79 (d, Jrr = 12.41 Hz) ppm. HRMS (ESI)

calculated [M+H]*: 334.1038; found [M+H]*: 334.1033.
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(8-methylphenanthridin-6-yl)(thiophen-2-yl)methanone

80.3 mg (0.5 mmol scale) for 53% isolated yield, white solid, PE:EA = 50:1. 'H NMR (400 MHz, in
CDCls): 8.58-8.54 (m, 2H), 8.28-8.24 (m, 2H), 7.93-7.92 (m, 1H), 7.80-7.79 (m, 1H), 7.76-7.73 (m,
2H), 7.70-7.68 (m, 1H), 7.17-7.15 (m, 1H), 2.55 (s, 3H); 3C NMR (101 MHz, in CDCls): 186.58,
155.45, 142.88, 142.26, 138.32, 136.98, 136.48, 133.25, 131.61, 130.77, 128.85, 128.71, 128.41,
126.99, 125.17,123.84, 122.30, 122.25, 22.00 ppm. HRMS (ESI) calculated [M+H]*: 304.0791; found

[M+H]*: 304.0790.

1-(phenanthridin-6-yl)ethan-1-one

40.9 mg (0.5 mmol scale) for 37% isolated yield, white solid, PE:EA = 50:1. *H NMR (400 MHz, in
CDCls): 8.89 (d, J = 8.4 Hz, 1H), 8.59 (d, J = 8.4 Hz, 1H), 8.53 (d, J = 7.6 Hz, 1H), 8.22-8.20 (m, 1H),
7.84-7.80 (m, 1H), 7.78-7.68 (m, 3H), 2.95 (s, 3H); 13C NMR (101 MHz, in CDCls): 202.99, 153.97,
142.61, 133.67, 131.18, 130.93, 129.08, 129.01, 128.26, 128.03, 125.50, 123.18, 122.26, 122.16,

28.82. HRMS (ESI) calculated [M+H]*: 222.0913; found [M+H]*: 222.0922.

(8-methoxyphenanthridin-6-yl)(phenyl)methanone
133.0 mg (0.5 mmol scale) for 85% isolated yield, white solid, PE:EA = 20:1. 'H NMR (400 MHz, in

CDCls): 8.60 (d, J = 8.8 Hz, 1H), 8.55-8.53 (m, 1H), 8.20-8.17 (m, 1H), 8.07-8.04 (m, 2H), 7.73-7.70
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(m, 2H), 7.65-7.61 (m, 1H), 7.54-7.47 (m, 4H), 3.87 (s, 3H); 133C NMR (101 MHz, in CDCls): 195.16,
159.18, 156.31, 141.98, 136.52, 134.16, 131.14, 130.79, 128.78, 128.57, 128.31, 128.06, 125.37,
124.93, 124.20, 122.73, 121.92, 106.79, 55.78 ppm. HRMS (ESI) calculated [M+H]*: 314.1176; found

[M+H]*: 314.1182.

(8-methylphenanthridin-6-yl)(phenyl)methanone

74.3 mg (0.5 mmol scale) for 50% isolated yield, white solid, PE:EA = 50:1. 'H NMR (400 MHz, in
CDCls): 8.60-8.57 (m, 2H), 8.21-8.19 (m, 1H), 8.07-8.04 (m, 2H), 7.91 (s, 1H), 7.76-7.68 (m, 3H),
7.65-7.60 (m, 1H), 7.50-7.46 (m, 2H), 2.51 (s, 3H); 3C NMR (101 MHz, in CDCls): 195.18, 157.41,
142.53, 138.17, 136.39, 134.20, 133.32, 131.39, 131.05, 130.70, 128.83, 128.80, 128.29, 126.73,
124.76, 124.13, 122.42, 122.22, 21.89 ppm. HRMS (ESI) calculated [M+H]*: 298.1226; found [M+H]*:

298.1230.

(4-methoxyphenyl)(10-methylphenanthridin-6-yl)methanone

107.9 mg (0.5 mmol scale) for 66% isolated yield, white solid, PE:EA = 20:1. 'H NMR (400 MHz, in
CDCls): 8.89-8.87 (m, 1H), 8.27-8.24 (m, 1H), 7.98-7.95 (m, 3H), 7.79-7.69 (m, 3H), 7.54-7.50 (m,
1H), 6.93-6.91 (m, 2H), 3.84 (s, 3H), 3.16 (s, 3H); 3C NMR (101 MHz, in CDCls): 194.33, 164.58,
159.29, 144.24, 135.81, 135.62, 133.44, 133.31, 132.79, 131.02, 129.43, 128.48, 127.35, 126.85,
126.29, 126.01, 125.39, 114.15, 55.79, 27.09 ppm. HRMS (ESI) calculated [M+H]*: 328.1332; found

[M+H]*: 328.1332.
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(2-methylphenanthridin-6-yl)(phenyl)methanone

65.3 mg (0.5 mmol scale) for 44% isolated yield, white solid, PE:EA = 50:1. 'H NMR (400 MHz, in
CDCl3): 8.68-8.65 (m, 1H), 8.40 (s, 1H), 8.15-8.10 (m, 2H), 8.06-8.04 (m, 2H), 7.86-7.82 (m, 1H),
7.64-7.58 (m, 3H), 7.49-7.45 (m, 2H), 2.64 (s, 3H); 13C NMR (101 MHz, in CDCl3): 195.08, 156.63,
141.15, 138.56, 136.57, 134.06, 133.19, 131.18, 131.02, 130.54, 128.74, 127.83, 127.42, 124.54,

124.11, 122.47, 121.98, 22.29 ppm. HRMS (ESI) calculated [M+H]*: 298.1226; found [M+H]*:

298.1232.

(3-methylphenanthridin-6-yl)(phenyl)methanone

69.8 mg (0.5 mmol scale) for 47% isolated yield, white solid, PE:EA = 50:1. 'H NMR (400 MHz, in
CDCl3): 8.65 (d, J = 8.4 Hz, 1H), 8.52-8.50 (m, 1H), 8.16-8.14 (m, 1H), 8.08-8.03 (m, 3H), 7.88-7.84
(m, 1H), 7.66-7.60 (m, 2H), 7.57 (d, J = 8.4 Hz, 1H), 7.51-7.47 (m, 2H), 2.60 (s, 3H); 3C NMR (101
MHz, in CDCl3): 195.06, 157.57, 142.93, 139.52, 136.45, 134.11, 133.50, 131.34, 130.99, 130.25,
130.15, 128.75, 127.49, 127.41, 123.67, 122.31, 122.14, 21.71 ppm. HRMS (ESI) calculated [M+H]*:

298.1226; found [M+H]*: 298.1227.

(10-methoxyphenanthridin-6-yl)(phenyl)methanone
103.3 mg (0.5 mmol scale) for 66% isolated yield, white solid, PE:EA = 20:1. 'H NMR (400 MHz, in

CDCls): 8.26-8.24 (m, 1H), 8.12-8.10 (m, 1H), 8.02-8.00 (m, 2H), 7.79-7.71 (m, 2H), 7.70-7.67 (m,
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1H), 7.62-7.55 (m, 2H), 7.48-7.44 (m, 2H), 7.33-7.31 (m, 1H), 4.14 (s, 3H); 3C NMR (101 MHz, in
CDCls): 195.47, 158.39, 157.90, 143.44, 136.30, 134.25, 133.87, 130.89, 130.35, 128.82, 128.63,
128.62, 128.30, 128.25, 128.16, 125.89, 124.49, 123.81, 119.68, 112.35, 56.07 ppm. HRMS (ESI)

calculated [M+H]*: 314.1176; found [M+H]*: 314.1176.

(8-fluoro-2-methylphenanthridin-6-yl)(phenyl)methanone

85.1 mg (0.5 mmol scale) for 54% isolated yield, white solid, PE:EA = 50:1. 'H NMR (400 MHz, in
CDCl3): 8.69-8.65 (m, 1H), 8.34 (s, 1H), 8.10-8.05 (m, 3H), 7.89-7.86 (m, 1H), 7.65-7.58 (m, 3H),
7.51-7.47 (m, 2H), 2.66 (s, 3H); 13C NMR (101 MHz, in CDCls): 194.52, 161.68 (d, Jcr = 250.08 Hz),
155.19 (d, Jer = 4.14 Hz), 140.75, 140.74, 139.28, 136.38, 134.21, 131.19, 130.99, 130.77, 130.01,
129.99, 128.79, 125.28 (d, Jcr = 8.59 Hz), 125.10 (d, Jer = 8.59 Hz), 124.29, 121.78, 120.59 (d, Jer =
24.14 Hz), 112.04 (d, Jer = 22.42 Hz), 22.40. **F NMR (376 MHz, in CDCl3): -111.20 ppm. HRMS (ESI)

calculated [M+H]*: 316.1132; found [M+H]*: 316.1133.

i Cl
=z
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|

N

O

3p

(8-chloro-2-methylphenanthridin-6-yl)(phenyl)methanone
67.9 mg (0.5 mmol scale) for 41% isolated yield, white solid, PE:EA = 50:1. *H NMR (400 MHz, in
CDCl3): 8.61-8.57 (m, 2H), 8.24-8.22 (m, 2H), 7.81-7.71 (m, 5H), 7.40-7.39 (m, 1H), 6.63-6.62 (m,
1H), 2.57 (s, 3H); 3C NMR (101 MHz, in CDCls): 181.83, 155.24, 152.31, 148.62, 142.39, 138.36,
133.31, 131.53, 130.85, 128.88, 128.71, 126.83, 125.18, 124.03, 123.88, 122.32, 122.27, 112.93, 22.00

ppm. HRMS (ESI) calculated [M+H]*: 332.0837; found [M+H]*: 332.0838.
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(2-fluoro-8-methylphenanthridin-6-yl)(phenyl)methanone

88.2 mg (0.5 mmol scale) for 56% isolated yield, white solid, PE:EA = 50:1. *H NMR (400 MHz, in
CDCls): 8.48 (d, J = 8.4 Hz, 1H), 8.22-8.18 (m, 2H), 8.07-8.05 (m, 2H), 7.95 (s, 1H), 7.75-7.73 (m,
1H), 7.68-7.64 (m, 1H), 7.53-7.47 (m, 3H), 2.55 (s, 3H); 3C NMR (101 MHz, in CDCls): 194.98,
162.28 (d, Jcr = 249.67 Hz), 156.61 (d, Jcr = 2.83 Hz), 139.34, 139.03, 136.37, 134.29, 133.41, 133.05
(d, Jer = 9.39 Hz), 131.07, 128.85, 126.31 (d, Jor = 9.49 Hz), 126.88, 124.21, 122.62, 117.89 (d, Jcr =
24.54 Hz), 107.23 (d, Jer = 23.53 Hz), 21.98; 1°F NMR (376 MHz, in CDCls): -110.77 ppm. HRMS (ESI)

calculated [M+H]*: 316.1132; found [M+H]*: 316.1136.

(4-methoxyphenyl)(8-(trifluoromethyl)phenanthridin-6-yl)methanone

75.1 mg (0.5 mmol scale) for 39% isolated yield, yellow solid, PE:EA = 20:1. *H NMR (400 MHz, in
CDCl3): 8.80 (d, J = 8.8 Hz, 1H), 8.65-8.63 (m, 1H), 8.48 (s, 1H), 8.25-8.23 (m, 1H), 8.07-8.05 (m,
3H), 7.87-7.78 (m, 2H), 6.98-6.96 (m, 2H), 3.88 (s, 3H); 13C NMR (101 MHz, in CDCl3): 192.72,
164.82, 157.50, 143.40, 135.67, 133.67, 131.06, 130.50, 129.79 (t, Jer = 33.23 Hz), 129.11, 129.01,
127.25 (t, Jor = 3.13 Hz), 125.36, 125.26 (t, Jcr = 4.24 Hz), 123.75, 123.68, 123.43, 122.77, 114.24, 55.86;
1%F NMR (376 MHz, CDCl3): -62.26 ppm. HRMS (ESI) calculated [M+H]*: 382.1049; found [M+H]*:

382.1052.
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