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I. General Information 

Substrates 1 were synthesized according to literature method.1 Dioxane was 

distilled before use. Reactions were monitored using thin-layer chromatography (TLC) 

on commercial silica gel plates (GF 254). Visualization of the developed plates was 

performed under UV lights (254 nm). Flash column chromatography was performed 

on silica gel (200-300 mesh). 1H and 13C NMR spectra were recorded on a 400 or 500 

MHz spectrometer. Chemical shifts (δ) were reported in ppm referenced to an internal 

tetramethylsilane standard or the DMSO-d6 residual peak (δ 2.50) for 1H NMR. 

Chemical shifts of 13C NMR were reported relative to CDCl3 (δ 77.0) or DMSO-d6 (δ 

39.5). The following abbreviations were used to describe peak splitting patterns when 

appropriate: br s = broad singlet, s = singlet, d = doublet, t = triplet, q = quartet, m = 

multiplet. Coupling constant, J, was reported in Hertz unit (Hz). Infrared (IR) spectra 

were recorded using a potassium bromide pellet. Frequencies were given in reciprocal 

centimeters (cm-1) and only selected absorbance was reported. High resolution mass 

spectra (HRMS) were obtained on an ESI-LC-MS/MS spectrometer. 

  

II. General Procedure and Product Characterization 

General procedure 

 

A mixture of o-arylanilines 1 (0.2 mmol), Pd(MeCN)2Cl2 (2.6 mg, 5.0 mol %), 

Cu(TFA)2 (58 mg, 1.0 equiv ), TFA (15 µL, 1.0 equiv) in 1,4-dioxane (1.0 mL) was 

stirred at 110 oC for 12-65 h under balloon pressure of CO. The reaction was cooled 

down to room temperature after complete consumption of 1 as monitored by TLC 

analysis. EtOAc (20 mL) and H2O (20 mL) were added to the reaction mixture 

successively. The organic phase was separated, and the aqueous phase was further 

extracted with EtOAc (2 × 10 mL). The combined organic phases were washed with 

brine and dried over Na2SO4. The concentrated residue was purified by column 

chromatography over silica gel using petroleum ether/ethyl acetate as eluent to give 

the desired product 2. 

 

Product Characterization 

  

phenanthridin-6(5H)-one (2a)2 
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N
H

O
 

Pale yellow solid, 35 mg, 90% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.68 (br s, 

1H), 8.50 (d, J = 8.0 Hz, 1H), 8.38 (d, J = 8.0 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 

7.87-7.83 (m, 1H), 7.64 (t, J = 7.2 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.37 (d, J = 8.0 

Hz, 1H), 7.26 (d, J = 7.2 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): δ 160.7, 136.4, 

134.1, 132.6, 129.3, 127.7, 127.3, 125.6, 123.0, 122.4, 122.1, 117.4, 116.0; IR (KBr) 

ν 3457, 1665, 1609, 1512, 1470, 1424, 1370, 1154, 785, 751, 728, 670, 624 cm-1; 

HRMS (ESI): Exact mass calcd for C13H10NO [M+H]+ 196.0757, found 196.0758.  

 

2-methylphenanthridin-6(5H)-one (2b)3 

N
H

O
 

Gray white powder, 35 mg, 91% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.60 (br s, 

1H), 8.49 (d, J = 8.0 Hz, 1H), 8.31 (dd, J = 8.0, 0.8 Hz, 1H), 8.20 (s, 1H), 7.86-7.82 

(m, 1H), 7.62 (t, J = 7.6 Hz, 1H), 7.32-7.24 (m, 2H), 2.41 (s, 3H); 13C NMR (125 

MHz, DMSO-d6): δ 160.6, 134.4, 134.2, 132.6, 131.2, 130.5, 127.7, 127.4, 125.7, 

123.0, 122.5, 117.4, 116.0, 20.7; IR (KBr) ν 3449, 2878, 1690, 1507, 1269, 1184, 

1152, 815, 769, 655 cm-1; HRMS (ESI): Exact mass calcd for C14H12NO [M+H]+ 

210.0913, found 210.0912.  

 

2-fluorophenanthridin-6(5H)-one (2c)3 

N
H

O

F

 

Pale yellow solid, 31 mg, 73% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.74 (br s, 

1H), 8.52 (d, J = 8.0 Hz, 1H), 8.32 (dd, J = 8.0, 1.2 Hz, 1H), 8.27 (d, J = 9.2 Hz, 1H), 

7.88-7.84 (m, 1H), 7.68 (t, J = 7.6 Hz, 1H), 7.38 (d, J = 1.2 Hz, 1H), 7.37 (s, 1H); 13C 

NMR (125 MHz, DMSO-d6): δ 160.5, 158.7, 156.8, 133.5, 133.1, 132.8, 127.4, 125.8, 
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123.2, 118.84, 118.78, 117.8, 117.7, 117.2, 117.0, 109.2, 109.0; IR (KBr) ν 3415, 

2878, 1690, 1507, 1369, 1269, 1151, 815, 654 cm-1; HRMS (ESI): Exact mass calcd 

for C13H9FNO [M+H]+ 214.0663, found 214.0663.  

 

2-chlorophenanthridin-6(5H)-one (2d)3 

N
H

O

Cl

 

White solid, 37 mg, 80% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.80 (br s, 1H), 

8.55 (d, J = 8.0 Hz, 1H), 8.46 (d, J = 2.4 Hz, 1H), 8.32 (d, J = 7.2 Hz, 1H), 7.88-7.84 

(m, 1H), 7.68 (t, J = 7.6 Hz, 1H), 7.53 (dd, J = 8.8, 2.0 Hz, 1H), 7.37 (d, J = 8.8 Hz, 

1H); 13C NMR (125 MHz, DMSO-d6): δ 160.6, 135.3, 133.2, 133.0, 129.4, 128.7, 

127.5, 126.6, 125.8, 123.1, 122.8, 119.2, 117.9.; IR (KBr) ν 3419, 1690, 1497, 1364, 

819, 773 cm-1; HRMS (ESI): Exact mass calcd for C13H9ClNO [M+H]+ 230.0367, 

found 230.0368.   

 

2-(trifluoromethyl)phenanthridin-6(5H)-one (2e)4 

N
H

O

F3C

 

Gray white solid, 30 mg, 57% yield. 1H NMR (400 MHz, DMSO-d6): δ 12.01 (br s, 

1H), 8.72 (s, 1H), 8.67 (d, J = 8.0 Hz, 1H), 8.34 (d, J = 7.6 Hz, 1H), 7.91-7.87 (m, 

1H), 7.81 (dd, J = 8.1, 1.2 Hz, 1H), 7.71 (t, J = 7.6 Hz, 1H), 7.52 (d, J = 8.4 Hz, 1H); 
13C NMR (125 MHz, DMSO-d6): δ 160.9, 139.3, 133.3, 133.1, 128.8, 127.5, 125.93, 

125.90, 125.8, 125.6, 123.4, 123.2, 122.9, 122.6, 120.89, 120.85, 117.7, 116.9; IR 

(KBr) ν 3416, 1691, 1360, 1329, 1273, 1123, 777, 641 cm-1; HRMS (ESI): Exact 

mass calcd for C14H9F3NO [M+H]+ 264.0631, found 264.0629.   

 

methyl 6-oxo-5,6-dihydrophenanthridine-2-carboxylate (2f)5 
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N
H

O

MeO2C

 

Pale yellow solid, 37 mg, 61% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.86 (br s, 

1H), 8.55 (d, J = 8.0 Hz, 1H), 8.51 (d, J = 8.4 Hz, 1H), 8.34 (d, J = 8.0 Hz, 1H), 7.98 

(d, J = 1.6 Hz, 1H), 7.98-7.88 (m, 1H), 7.77 (dd, J = 8.4, 1.6 Hz, 1H), 7.12 (t, J = 7.6 

Hz, 1H), 3.89 (s, 3H); 13C NMR (100 MHz, DMSO-d6): δ 165.5, 160.5, 136.4, 133.1, 

132.8, 129.9, 128.8, 127.4, 126.2, 123.5, 123.1, 122.0, 121.2, 116.9, 52.1; IR (KBr) ν 

3417, 2956, 1727, 1679, 1608, 1393, 1357, 1283, 1222, 1103, 894, 749 cm-1; HRMS 

(ESI): Exact mass calcd for C15H12NO3 [M+H]+ 254.0812, found 254.0810.  

  

2,4-dimethylphenanthridin-6(5H)-one (2g)6 

N
H

O
 

Pale yellow solid, 31 mg, 70% yield. 1H NMR (400 MHz, DMSO-d6): δ 10.62 (br s, 

1H), 8.47 (d, J = 8.0 Hz, 1H), 8.32 (d, J = 7.6 Hz, 1H), 8.06 (s, 1H), 7.83 (t, J = 7.6 

Hz, 1H), 7.62 (t, J = 7.2 Hz, 1H), 7.17 (s, 1H), 2.43 (s, 3H), 2.37 (s, 3H); 13C NMR 

(125 MHz, DMSO-d6): δ 161.1, 134.5, 132.8, 132.6, 132.2, 130.9, 127.7, 127.5, 125.4, 

124.0, 122.7, 120.9, 117.5, 20.6, 17.5; IR (KBr) ν 3416, 1655, 1340, 1183, 772 cm-1; 

HRMS (ESI): Exact mass calcd for C15H14NO [M+H]+ 224.1070, found 224.1068. 

 

2,4-dichlorophenanthridin-6(5H)-one (2h) 

N
H

O

Cl

Cl  

White solid, 34 mg, 64% yield. 1H NMR (400 MHz, DMSO-d6): δ 10.94 (br s, 1H), 

8.60 (d, J = 7.6 Hz, 1H), 8.52 (d, J = 2.0 Hz, 1H), 8.35 (dd, J = 8.0, 0.8 Hz, 1H), 

7.92-7.88 (m, 1H), 7.79 (d, J = 2.0 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H); 13C NMR (125 

MHz, DMSO-d6): δ 160.7, 133.5, 132.7, 132.0, 129.5, 129.1, 127.6, 126.6, 125.8, 
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123.6, 122.3, 120.7, 120.3; IR (KBr) ν 3422, 1639, 1025, 667 cm-1; HRMS (ESI): 

Exact mass calcd for C13H8Cl2NO [M+H]+ 263.9977, found 263.9977.   

 

3-chlorophenanthridin-6(5H)-one (2i)7 

N
H

OCl
 

Pale yellow solid, 29 mg, 63% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.78 (br s, 

1H), 8.49 (d, J = 8.4 Hz, 1H), 8.41 (d, J = 8.8 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H), 

7.89-7.85 (m, 1H), 7.66 (t, J = 7.2 Hz, 1H), 7.39 (d, J = 2.0 Hz, 1H), 7.29 (dd, J = 8.8, 

2.0 Hz, 1H); 13C NMR (125 MHz, DMSO-d6): δ 160.8, 137.6, 133.7, 133.5, 133.0, 

128.3, 127.5, 125.5, 125.3, 122.8, 122.1, 116.5, 115.3; IR (KBr) ν 3418, 1666, 1610, 

1357, 762 cm-1; HRMS (ESI): Exact mass calcd for C13H9ClNO [M+H]+ 230.0367, 

found 230.0369.   

 

8-methylphenanthridin-6(5H)-one (2j)8 

N
H

O
 

Pray white solid, 38 mg, 91% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.62 (br s, 

1H), 8.39 (d, J = 8.0 Hz, 1H), 8.33 (d, J = 8.0 Hz, 1H), 8.12 (s, 1H), 7.67 (d, J = 8.0 

Hz, 1H), 7.45 (t, J = 7.2 Hz, 1H), 7.34 (d, J = 7.6 Hz, 1H), 7.24 (t, J = 7.2 Hz, 1H), 

2.48 (s, 3H); 13C NMR (125 MHz, DMSO-d6): δ 160.8, 137.5, 136.2, 133.9, 131.8, 

129.0, 127.2, 125.6, 122.9, 122.6, 122.1, 117.6, 116.0, 20.9; IR (KBr) ν 3419, 1676, 

1358, 747 cm-1; HRMS (ESI): Exact mass calcd for C14H12NO [M+H]+ 210.0913, 

found 210.0912.   

 

8-methoxyphenanthridin-6(5H)-one (2k)3 

N
H

O

OMe
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Pale yellow solid, 41 mg, 91% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.7 (br s, 

1H), 8.43 (d, J = 9.2 Hz, 1H), 8.29 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 2.8 Hz, 1H), 

7.45-7.40 (m, 2H), 7.34 (d, J = 8.0 Hz, 1H), 7.25-7.21 (m, 1H), 3.91 (s, 3H); 13C 

NMR (100 MHz, DMSO-d6): δ 160.3, 158.9, 135.4, 128.2, 127.5, 127.0, 124.3, 122.4, 

122.0, 121.3, 117.6, 115.8, 108.8, 55.3; IR (KBr) ν3415, 1667, 1616, 1486, 1275, 833, 

750, 628 cm-1; HRMS (ESI): Exact mass calcd for C14H12NO2[M+H]+ 226.0863, 

found 226.0862.   

 

8-hydroxyphenanthridin-6(5H)-one (2l)9 

N
H

O

OH

 

Pale yellow solid, 31 mg, 74% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.57 (br s, 

1H), 10.14 (br s, 1H), 8.33 (d, J = 8.8 Hz, 1H), 8.23 (d, J = 8.0 Hz, 1H), 7.65 (d, J = 

2.8 Hz, 1H), 7.38 (t, J = 7.2 Hz, 1H), 7.33-7.26 (m, 2H), 7.20 (t, J = 7.2 Hz, 1H); 13C 

NMR (100 MHz, DMSO-d6): δ 160.4, 157.2, 135.1, 127.7, 127.1, 126.0, 124.2, 122.0, 

121.9, 121.5, 117.9, 115.7, 111.5; IR (KBr) ν 3417, 1661, 1479, 1358, 738 cm-1; 

HRMS (ESI): Exact mass calcd for C13H10NO2 [M+H]+ 212.0706, found 212.0702.  

 

8-(dimethylamino)phenanthridin-6(5H)-one (2m) 

N
H

O

N

 

Pale yellow solid, 19 mg, 40% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.53 (br s, 

1H), 8.29 (d, J = 8.8 Hz, 1H), 8.20 (d, J = 7.6 Hz, 1H), 7.47 (d, J = 2.8 Hz, 1H), 

7.35-7.28 (m, 3H), 7.21-7.17 (m, 1H), 3.04 (s, 6H); 13C NMR (100 MHz, DMSO-d6): 

δ 160.8, 149.7, 134.6, 126.9, 126.6, 123.5, 122.9, 121.8, 121.5, 118.2, 118.0, 115.6, 

107.5; IR (KBr) ν 3443, 1653, 1521, 1429, 1373, 1234, 1091, 1002, 818, 750, 630 

cm-1; HRMS (ESI): Exact mass calcd for C15H15N2O [M+H]+ 239.1179, found 

239.1178.   
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8-fluorophenanthridin-6(5H)-one (2n)10 

N
H

O

F

 

Pale yellow solid, 19 mg, 45% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.83 (br s, 

1H), 8.60 (dd, J = 8.8, 4.8 Hz, 1H), 8.37 (d, J = 8.0 Hz, 1H), 7.97 (dd, J = 9.2, 2.8 Hz, 

1H), 7.76-7.71 (m, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.28 (t, J = 

7.6 Hz, 1H); 13C NMR (125 MHz, DMSO-d6): δ 162.6, 160.6, 160.0, 136.1, 131.14, 

131.12, 129.6, 127.7, 127.6, 126.0, 125.9, 123.3, 122.6, 121.2, 121.0, 117.1, 116.3, 

112.6, 112.5; IR (KBr) ν 3413, 1644, 1605, 1183, 744 cm-1 HRMS (ESI): Exact mass 

calcd for C13H9FNO [M+H]+ 214.0663, found 214.0663.   

 

8-chlorophenanthridin-6(5H)-one (2o)11 

N
H

O

Cl

 

Pale yellow solid, 24 mg, 53% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.85 (br s, 

1H), 8.54 (d, J = 8.8 Hz, 1H), 8.37 (d, J = 8.0 Hz, 1H), 8.24 (d, J = 2.4 Hz, 1H), 7.89 

(dd, J = 8.8, 2.4 Hz, 1H), 7.53-7.49 (m, 1H), 7.37 (d, J = 7.6 Hz, 1H), 7.29-7.25 (m, 

1H); 13C NMR (100 MHz, DMSO-d6): δ 159.5,145.9 136.3, 132.9, 132.5, 129.8, 

127.1, 126.4, 124.9, 123.2, 122.3, 116.7, 116.1; IR (KBr) ν 3417, 1675, 1606, 1469, 

1360, 1262, 818, 740, 628 cm-1; HRMS (ESI): Exact mass calcd for C13H9ClNO 

[M+H]+ 230.0367, found 230.0366.   

 

8-(trifluoromethyl)phenanthridin-6(5H)-one (2p)12 

N
H

O

CF3

 

Brown solid, 20 mg, 38% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.96 (br s, 1H), 

8.71 (d, J = 8.8 Hz, 1H), 8.53 (s, 1H), 8.43 (d, J = 8.0 Hz, 1H), 8.14 (d, J = 8.0 Hz, 
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1H), 7.56 (t, J = 7.6 Hz, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.30 (t, J = 8.0 Hz, 1H); 13C 

NMR (125 MHz, DMSO-d6): δ 160.0, 137.6, 137.3, 131.0, 128.8, 128.7, 128.1, 127.9, 

125.9, 125.1, 124.5, 124.45, 124.41, 122.9, 122.8, 116.6, 116.5; IR (KBr) ν 3423, 

1734, 1717, 1699, 1635, 1540, 1507, 1397, 1126, 668 cm-1; HRMS (ESI): Exact mass 

calcd for C14H9F3NO [M+H]+ 264.0631, found 264.0632.   

 

9-methylphenanthridin-6(5H)-one (2q)2 

N
H

O
 

Gray white powder, 35 mg, 84% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.56 (br s, 

1H), 8.35 (d, J = 8.0 Hz, 1H), 8.31 (s, 1H), 8.20 (d, J = 8.4 Hz, 1H), 7.46 (t, J = 7.6 

Hz, 2H), 7.35 (d, J = 7.6 Hz, 1H), 7.24 (t, J = 7.2 Hz, 1H), 2.53 (s, 3H); 13C NMR 

(125 MHz, DMSO-d6): δ 160.6,142.7, 136.6, 134.1, 129.1, 128.9, 127.3, 123.3, 122.9, 

122.2, 121.8, 117.3, 115.9, 21.3; IR (KBr) ν 3450, 1673, 1617, 1429, 1366, 873, 827, 

754, 674, 448 cm-1; HRMS (ESI): Exact mass calcd for C14H12NO [M+H]+ 210.0913, 

found 210.0911.   

 

9-methoxyphenanthridin-6(5H)-one (2r)13 

N
H

O

OMe

 

Pale yellow solid, 34 mg, 76% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.50 (br s, 

1H), 8.41 (d, J = 8.4 Hz, 1H), 8.23 (d, J = 8.8 Hz, 1H), 7.89 (d, J = 2.0 Hz, 1H), 7.48 

(t, J = 7.6 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.26-7.20 (m, 2H), 3.98 (s, 3H); 13C 

NMR (100 MHz, DMSO-d6): δ 162.7, 160.4, 136.9, 136.2, 129.4, 123.3, 121.7, 119.1, 

117.3, 115.92, 115.89, 105.0, 55.6; IR (KBr) ν 3002, 1658, 1609, 1509, 1458, 1428, 

1362, 1298, 1236, 1223, 1031, 907, 676 cm-1; HRMS (ESI): Exact mass calcd for 

C14H12NO2 [M+H]+ 226.0863, found 226.0862.   
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9-(hydroxymethyl)phenanthridin-6(5H)-one (2s) 

N
H

O

OH

 

White powder, 27 mg, 60% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.63 (br s, 1H), 

8.40 (s, 1H), 8.34 (d, J = 8.0 Hz, 1H), 8.28 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 8.0 Hz, 

1H), 7.48 (t, J = 7.6 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.26 (t, J = 7.6 Hz, 1H), 5.49 (t, 

J = 6.0 Hz, 1H), 4.73 (d, J = 6.0 Hz, 2H); 13C NMR (125 MHz, DMSO-d6): δ 160.8, 

147.7, 136.7, 134.1, 129.4, 127.4, 126.1, 124.3, 123.0, 122.2, 119.6, 117.6, 116.1, 

62.7; IR (KBr) ν 3416, 1656, 1620, 1421, 745 cm-1; HRMS (ESI): Exact mass calcd 

for C14H12NO2 [M+H]+ 226.0863, found 226.0862.   

 

9-chlorophenanthridin-6(5H)-one (2t)13 

N
H

O

Cl

 

Brown solid, 25 mg, 54% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.77 (br s, 1H), 

8.60 (d, J = 1.6 Hz, 1H), 8.43 (d, J = 8.0 Hz, 1H), 8.30 (d, J = 7.6 Hz, 1H), 7.66 (dd, J 

= 8.4, 1.6 Hz, 1H), 7.52 (t, J = 7.6 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.26 (t, J = 7.6 

Hz, 1H); 13C NMR (100 MHz, DMSO-d6): δ 160.0, 138.1, 136.9, 135.9, 130.1, 129.5, 

127.8, 124.3, 123.5, 122.2, 122.1, 116.4, 116.0; IR (KBr) ν 3449, 1676, 1606, 749 

cm-1 HRMS (ESI): Exact mass calcd for C13H9ClNO [M+H]+ 230.0367, found 

230.0367.   

 

10-methylphenanthridin-6(5H)-one (2u)3 

N
H

O
 

Brown solid, 18 mg, 43% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.70 (br s, 1H), 
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8.44 (d, J = 8.4 Hz, 1H), 8.31 (dd, J = 8.0, 1.2 Hz, 1H), 7.71 (d, J = 6.8 Hz, 1H), 7.54 

(t, J = 7.6 Hz, 1H), 7.51-7.46 (m, 1H), 7.41 (dd, J = 8.4, 1.6 Hz, 1H), 7.28-7.23 (m, 

1H), 2.92 (s, 3H); 13C NMR (125 MHz, DMSO-d6): δ 160.9, 137.0, 136.96, 135.2, 

133.3, 128.8, 127.4, 127.3, 127.2, 126.0, 121.7, 118.8, 116.2, 25.6; IR (KBr) ν 3415, 

2925, 1657, 1524, 1449, 1208, 1043, 755 cm-1; HRMS (ESI): Exact mass calcd for 

C14H12NO [M+H]+ 210.0913, found 210.0912.   

 

10-fluorophenanthridin-6(5H)-one (2v) 

N
H

O

F

 

Pale yellow solid, 23 mg, 55% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.87 (br s, 

1H), 8.49 (d, J = 8.0 Hz, 1H), 8.23 (dd, J = 8.0, 1.2 Hz, 1H), 7.78-7.72 (m, 1H), 

7.70-7.64 (m, 1H), 7.54 (t, J = 7.2 Hz, 1H), 7.41 (d, J = 7.2 Hz, 1H), 7.29 (t, J = 7.6 

Hz, 1H); 13C NMR (125 MHz, DMSO-d6): δ 160.6, 159.62, 159.60, 158.6, 136.6, 

129.8, 128.8, 128.7, 128.22, 128.19, 127.0, 126.8, 123.94, 123.91, 122.7, 122.6, 122.5, 

120.3, 120.1, 116.2, 114.8, 114.78; IR (KBr) ν 3449, 1671, 1561, 1460, 1374, 1226, 

825, 754, 692 cm-1; HRMS (ESI): Exact mass calcd for C13H9FNO [M+H]+ 214.0663, 

found 214.0675.   

 

5-methylphenanthridin-6(5H)-one (3a)3 

N O
 

White solid, 36 mg, 86% yield. 1H NMR (400 MHz, DMSO-d6): δ 8.50 (d, J = 8.0 Hz, 

1H), 8.47 (d, J = 7.6 Hz, 1H), 8.35 (dd, J = 8.0, 0.8 Hz, 1H), 7.86-7.81 (m, 1H), 

7.65-7.55 (m, 3H), 7.37-7.33 (m, 1H), 3.71 (s, 3H); 13C NMR (125 MHz, DMSO-d6): 

δ 160.3, 137.6, 133.2, 132.7, 129.9, 128.1, 128.0, 124.9, 123.5, 122.5, 122.4, 118.4, 

115.5, 29.7; IR (KBr) ν 3416, 1347, 1613, 1441, 1350, 744, 722, 685, 615 cm-1; 

HRMS (ESI): Exact mass calcd for C14H12NO [M+H]+ 210.0913, found 210.0912.   
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5-benzylphenanthridin-6(5H)-one (3b)14 

N O

Bn  

Gray white powder, 37 mg, 65% yield. 1H NMR (400 MHz, DMSO-d6): δ 8.57 (d, J = 

7.6 Hz, 1H), 8.51 (d, J = 8.0 Hz, 1H), 8.44 (d, J = 8.0 Hz, 1H), 7.90 (t, J = 7.2 Hz, 

1H), 7.70 (t, J = 7.6 Hz, 1H), 7.48 (t, J = 7.2 Hz, 1H), 7.41 (d, J = 7.6 Hz, 1H), 

7.33-7.28 (m, 3H), 7.25-7.21 (m, 3H), 5.65 (s, 2H); 13C NMR (125 MHz, DMSO-d6): 

δ 160.8, 136.8, 136.7, 133.4, 133.1, 129.8, 128.6, 128.3, 127.0, 126.4, 124.7, 123.8, 

122.7, 122.5, 118.7, 116.2, 45.2; IR (KBr) ν 3547, 1639, 1607, 1492, 1435, 1374, 

1333, 1173, 759, 725, 466 cm-1; HRMS (ESI): Exact mass calcd for C20H16NO 

[M+H]+ 286.1226, found 286.1224.   

 

5-(4-methoxyphenyl)phenanthridin-6(5H)-one (3c)15 

N O

OMe  

Brown solid, 46 mg, 77% yield. 1H NMR (400 MHz, DMSO-d6): δ 8.60 (d, J = 8.0 Hz, 

1H), 8.51 (d, J = 7.6 Hz, 1H), 8.34 (d, J = 7.6 Hz, 1H), 7,92-7.89 (m, 1H), 7.68 (t, J = 

7.6 Hz, 1H), 7.39 (t, J = 7.2 Hz, 1H), 7.33-7.27 (m, 3H), 7.16 (d, J = 8.8 Hz, 2H), 

6.60 (d, J = 8.0 Hz, 1H), 3.86 (s, 3H); 13C NMR (125 MHz, DMSO-d6): δ 160.7, 

159.1, 139.2, 133.7, 133.2, 130.6, 130.3, 129.5, 128.3, 128.1, 125.3, 123.6, 122.64, 

122.61, 118.3, 116.5, 115.3, 55.5; IR (KBr) ν 3421, 1657, 1514, 1318, 1251, 1029, 

824, 751, 725 cm-1; HRMS (ESI): Exact mass calcd for C20H16NO2 [M+H]+ 302.1176, 

found 302.1178   

 

5H-indolo[3,2-c]quinolin-6(11H)-one (3d)16 
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N
H

O

HN

 

Gray white solid, 36 mg, 77% yield. 1H NMR (400 MHz, DMSO-d6): δ 12.56 (br s, 

1H), 11.42 (br s, 1H), 8.20 (d, J = 8.0 Hz, 2H), 7.61 (d, J = 8.0 Hz, 1H), 7.52-7.46 (m, 

2H), 7.37 (t, J = 7.6 Hz, 1H), 7.31-7.24 (m, 2H); 13C NMR (125 MHz, DMSO-d6): δ 

159.8, 140.7, 137.9, 137.7, 129.1, 124.4, 124.0, 122.1, 121.5, 121.0, 120.7, 116.0, 

111.9, 111.7, 106.4; IR (KBr) ν 3449, 3219, 1639, 1555, 1398, 747 cm-1; HRMS 

(ESI): Exact mass calcd for C15H11N2O [M+H]+ 235.0866, found 235.0865.   

 

benzofuro[3,2-c]quinolin-6(5H)-one (3e)17 

N
H

O

O

 

Pale yellow solid, 28 mg, 60% yield. 1H NMR (400 MHz, DMSO-d6): δ 12.03 (br s, 

1H), 8.11 (d, J = 7.2 Hz, 1H), 8.07 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.4 Hz, 1H), 7.62 

(t, J = 8.0 Hz, 1H), 7.54-7.46 (m, 3H), 7.35 (t, J = 7.6 Hz, 1H); 13C NMR (100 MHz, 

DMSO-d6): δ 158.8, 157.7, 154.7, 138.3, 130.6, 126.1, 124.4, 123.7, 122.2, 121.1, 

120.9, 116.0, 111.6, 110.6, 109.9; IR (KBr) ν 3417, 1685, 1450, 1107, 736, 542 cm-1; 

HRMS (ESI): Exact mass calcd for C15H10NO2 [M+H]+ 236.0706, found 236.0707.   

 

furo[3,2-c]quinolin-4(5H)-one (3f)18 

N
H

O

O

 

Pale yellow solid, 17 mg, 46% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.76 (br s, 

1H), 8.09 (d, J = 2.0 Hz, 1H), 7.90 (d, J = 7.6 Hz, 1H), 7.53-7.45 (m, 2H), 7.30-7.36 

(m, 1H), 7.06 (d, J = 2.0 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): δ 158.6, 155.2, 

145.1, 136.9, 129.2, 122.0, 119.9, 115.8, 115.4, 111.1, 107.4; IR (KBr) ν 3416, 2852, 

1670, 1564, 1364, 1265, 1197, 887, 760, 731, 656, 453 cm-1; HRMS (ESI): Exact 

mass calcd for C11H8NO2 [M+H]+ 186.0550 found 186.0548.   
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pyrrolo[1,2-a]quinoxalin-4(5H)-one (3g)19 

N
H

N

O
 

Pale yellow solid, 28 mg, 76% yield. 1H NMR (400 MHz, DMSO-d6): δ 11.25 (br s, 

1H), 8.18 (t, J = 1.2 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.31-7.26 (m, 2H), 7.23-7.18 

(m, 1H), 7.03-7.02(m, 1H), 6.69-6.68 (m, 1H); 13C NMR (100 MHz, DMSO-d6): δ 

154.8, 128.4, 125.4, 123.2, 122.4, 122.3, 117.7, 116.3, 114.7, 112.4, 111.1; IR (KBr) 

ν 3451, 1655, 1514, 1433, 1382, 738, 651 cm-1; HRMS (ESI): Exact mass calcd for 

C11H9N2O [M+H]+ 185.0709, found 185.0711. 
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