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1. General remarks

1H NMR (400MHz) spectra were recorded on a Bruker Avance 400 spectrometers in CDCl3 

[using (CH3)4Si (for 1H, δ = 0.00) as internal standard]. 13C NMR (100 MHz) spectra on a Bruker 

Avance 400 spectrometers in CDCl3 [using CDCl3 (for 13C, δ = 77.00) as internal standard]. The 

following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, dd = 

doublet of doublet, t = triplet, dt = doublet of triplet, td = triplet of doublet, q = quartet, m = 

multiplet, ddd = doublet of doublet of doublet. High-resolution mass spectra were obtained with 

an AB Triple 5600 mass spectrometer by ESI on a TOF mass analyzer. N-Arylacrylamides 1 were 

prepared according to our previous procedures.1

2. General procedure for the synthesis of products 3

N-Arylacrylamides 1 (0.2 mmol) and azo compounds 2 (0.4 mmol, 2.0 equiv.) were added to 

a 25 mL sealed tube with a Teflon lined cap, and the internal atmosphere were exchanged with 

argon gas via three repeated cycle of vacuum-refill. Then 1,4-dioxane (2 mL) was added. The 

mixture was heated at 60 oC under vigorous stirring for 24 h. After the reaction was completed, 

the reaction mixture was cooled to room temperature and extracted with EtOAc (15 × 3 mL). The 

combined organic layers were washed with brine (15 mL), dried over anhydrous Na2SO4, filtered 

and concentrated in vacuo. The residue was purified by silica gel chromatography using 

hexane/ethyl acetate (5:1) as eluent to afford the pure products 3.

3aa

N

N

O

CN

3-(4,6-Dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3aa). Yellow solid (55.6 mg, 81% yield); mp 200–201 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.56 (dd, J = 8.2, 1.1 Hz, 1H), 8.31 (d, J = 8.2 Hz, 1H), 8.15 (d, J = 8.0 Hz, 1H), 

7.86 (t, J = 8.1 Hz, 1H), 7.78 (ddd, J = 8.3, 7.1, 1.3 Hz, 1H), 7.68 (ddd, J = 8.3, 7.1, 1.3 Hz, 1H), 7.30–

7.26 (m, 1H), 3.64 (s, 3H), 3.02 (d, J = 13.7 Hz, 1H), 2.81 (d, J = 13.7 Hz, 1H), 1.78 (s, 3H), 1.32 (s, 

3H), 1.06 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.1, 158.1, 144.5, 138.6, 133.5, 132.1, 

129.6, 129.3, 126.9, 124.2, 123.0, 122.7, 116.4, 112.4, 111.1, 50.1, 49.6, 32.9, 30.8, 29.9, 29.3, 

29.2; HRMS (ESI) m/z: calcd for C22H22N3O [M + H]+ 344.1757, found 344.1758.
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3ba

N

N

O

CN
Et

3-(9-Ethyl-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3ba). Yellow solid (46.8 mg, 63% yield); mp 125–126 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.47 (d, J = 8.4 Hz, 1H), 8.28 (d, J = 8.2 Hz, 1H), 7.96 (s, 1H), 7.84 (t, J = 8.1 Hz, 

1H), 7.55 (dd, J = 8.4, 1.6 Hz, 1H), 7.24 (d, J = 7.9 Hz, 1H), 3.63 (s, 3H), 3.00 (d, J = 13.8 Hz, 1H), 

2.93 (q, J = 7.6 Hz, 2H), 2.81 (d, J = 13.7 Hz, 1H), 1.78 (s, 3H), 1.42 (t, J = 7.6 Hz, 3H), 1.32 (s, 3H), 

1.04 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.1, 158.0, 145.8, 144.7, 138.5, 133.5, 132.0, 

127.8, 127.7, 124.3, 122.6, 120.9, 116.3, 112.1, 110.7, 50.1, 49.7, 32.9, 30.8, 29.9, 29.2, 29.2, 

28.9, 15.4; HRMS (ESI) m/z: calcd for C24H26N3O [M + H]+ 372.2070, found 372.2070.

3ca

N

N

O

CN
tBu

3-(9-(tert-Butyl)-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-

2,2-dimethylpropanenitrile (3ca). Yellow solid (52.7 mg, 66% yield); mp 123–124 °C; 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.50 (d, J = 8.7 Hz, 1H), 8.28 (d, J = 8.3 Hz, 1H), 8.10 (s, 1H), 7.85 (t, J = 

7.9 Hz, 1H), 7.77 (d, J = 8.6 Hz, 1H), 7.25 (d, J = 7.9 Hz, 1H), 3.64 (s, 3H), 3.00 (d, J = 13.0 Hz, 1H), 

2.81 (d, J = 13.7 Hz, 1H), 1.78 (s, 3H), 1.51 (s, 9H), 1.34 (s, 3H), 1.02 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ (ppm) 173.1, 158.0, 152.7, 144.6, 138.6, 133.4, 132.0, 125.4, 124.3, 122.4, 120.6, 116.3, 

112.2, 110.7, 50.1, 49.7, 35.1, 32.9, 31.3, 30.9, 29.9, 29.4, 29.1; HRMS (ESI) m/z: calcd for 

C26H30N3O [M + H]+ 400.2383, found 400.2381.

3da

N

N

O

CN
MeO

3-(9-Methoxy-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3da). Yellow solid (47.8 mg, 64% yield); mp 147–149 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.44 (d, J = 9.1 Hz, 1H), 8.20 (d, J = 8.3 Hz, 1H), 7.82 (t, J = 8.0 Hz, 1H), 7.53 
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(d, J = 11.8 Hz, 1H), 7.36–7.29 (m, 1H), 7.20 (d, J = 7.9 Hz, 1H), 4.03 (s, 3H), 3.63 (s, 3H), 2.97 (d, J 

= 13.6 Hz, 1H), 2.80 (d, J = 13.7 Hz, 1H), 1.78 (s, 3H), 1.30 (s, 3H), 1.04 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ (ppm) 173.1, 160.6, 158.4, 146.3, 138.5, 133.6, 132.1, 124.2, 123.9, 118.2, 117.1, 116.0, 

111.6, 110.0, 109.1, 55.6, 49.9, 32.9, 30.8, 29.7, 29.2, 29.0; HRMS (ESI) m/z: calcd for C23H24N3O2 

[M + H]+ 374.1863, found 374.1861.

3ea

N

N

O

CN
Ph

3-(4,6-Dimethyl-5-oxo-9-phenyl-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3ea). Yellow solid (58.7 mg, 70% yield); mp 261–262 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.63 (d, J = 8.6 Hz, 1H), 8.39 (s, 1H), 8.33 (d, J = 8.3 Hz, 1H), 7.96 (dd, J = 8.5, 

1.4 Hz, 1H), 7.93–7.82 (m, 3H), 7.55 (t, J = 7.6 Hz, 2H), 7.45 (t, J = 7.3 Hz, 1H), 7.29 (d, J = 7.9 Hz, 

1H), 3.65 (s, 3H), 3.03 (d, J = 13.5 Hz, 1H), 2.82 (d, J = 13.7 Hz, 1H), 1.80 (s, 3H), 1.34 (s, 3H), 1.07 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.1, 158.6, 144.9, 142.0, 140.2, 138.7, 133.3, 132.2, 

129.0, 127.9, 127.5, 126.1, 124.2, 123.3, 122.1, 116.4, 112.3, 111.1, 50.2, 49.6, 33.0, 30.8, 29.9, 

29.3, 29.3; HRMS (ESI) m/z: calcd for C28H26N3O [M + H]+ 420.2070, found 420.2070.

3fa

N

N

O

CN
PhO

3-(4,6-Dimethyl-5-oxo-9-phenoxy-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3fa). Brown solid (56.6 mg, 65% yield); mp 156–157 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 9.18 (d, J = 1.7 Hz, 1H), 8.59 (d, J = 9.1 Hz, 1H), 8.33 (d, J = 8.1 Hz, 1H), 8.20 

(t, J = 7.8 Hz, 1H), 7.56 (dd, J = 8.9, 1.6 Hz, 1H), 7.49 (t, J = 7.8 Hz, 2H), 7.40 (d, J = 7.6 Hz, 1H), 7.31 

(d, J = 7.4 Hz, 1H), 7.18 (d, J = 7.8 Hz, 2H), 4.29 (d, J = 15.0 Hz, 1H), 3.65 (s, 3H), 2.95 (d, J = 15.0 

Hz, 1H), 2.31 (s, 3H), 1.31 (s, 3H), 1.08 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 170.2, 161.0, 

159.8, 154.6, 141.8, 139.1, 136.9, 135.6, 130.5, 125.6, 124.9, 123.5, 121.6, 120.4, 119.0, 116.4, 

112.2, 110.0, 109.0, 50.4, 48.6, 32.3, 30.7, 30.5, 28.4, 28.4; HRMS (ESI) m/z: calcd for C28H26N3O2 

[M + H]+ 436.2020, found 436.2018.
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3ga

N

N

O

CN
F

3-(9-Fluoro-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3ga). Yellow solid (52.8 mg, 73% yield); mp 170–171 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.53 (dd, J = 9.1, 5.9 Hz, 1H), 8.23 (d, J = 8.3 Hz, 1H), 7.86 (t, J = 8.1 Hz, 1H), 

7.79 (dd, J = 9.7, 1.9 Hz, 1H), 7.43 (ddd, J = 9.0, 8.2, 2.7 Hz, 1H), 7.29–7.25 (m, 1H), 3.63 (s, 3H), 

3.00 (d, J = 13.7 Hz, 1H), 2.79 (d, J = 13.7 Hz, 1H), 1.77 (s, 3H), 1.31 (s, 3H), 1.09 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ (ppm) 173.0, 163.0 (d, J = 247.4 Hz), 159.5, 145.8 (d, J = 12.1 Hz), 138.7, 133.3, 

132.5, 124.8 (d, J = 9.7 Hz), 124.2, 119.7 (d, J = 1.9 Hz), 116.2, 116.1 (d, J = 23.8 Hz), 114.0 (d, J = 

20.2 Hz), 112.1 (d, J = 1.1 Hz), 110.9, 50.2, 49.6, 32.9, 30.8, 29.9, 29.4, 29.0; HRMS (ESI) m/z: 

calcd for C22H21FN3O [M + H]+ 362.1663, found 362.1661.

3ha

N

N

O

CN
Cl

3-(9-Chloro-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3ha). Yellow solid (54.4 mg, 72% yield); mp 192–193 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.47 (d, J = 8.8 Hz, 1H), 8.25 (d, J = 8.3 Hz, 1H), 8.15 (s, 1H), 7.88 (t, J = 8.1 Hz, 

1H), 7.62 (dd, J = 8.8, 2.0 Hz, 1H), 7.29 (d, J = 7.8 Hz, 1H), 3.63 (s, 3H), 2.99 (d, J = 13.7 Hz, 1H), 

2.79 (d, J = 13.7 Hz, 1H), 1.76 (s, 3H), 1.32 (s, 3H), 1.08 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 

172.9, 159.6, 145.1, 138.7, 135.0, 133.1, 132.6, 128.8, 127.5, 124.2, 121.5, 116.3, 112.4, 111.4, 

50.2, 49.6, 33.0, 30.8, 29.9, 29.5, 29.0; HRMS (ESI) m/z: calcd for C22H21ClN3O [M + H]+ 378.1368, 

found 378.1368.

3ia

N

N

O

CN
Br

3-(9-Bromo-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-
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dimethylpropanenitrile (3ia). Yellow solid (43.1 mg, 51% yield); mp 210–211 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.41 (d, J = 8.8 Hz, 1H), 8.33 (s, 1H), 8.25 (d, J = 8.3 Hz, 1H), 7.88 (t, J = 8.1 Hz, 

1H), 7.76 (dd, J = 8.8, 1.3 Hz, 1H), 7.32–7.29 (m, 1H), 3.63 (s, 3H), 2.99 (d, J = 13.7 Hz, 1H), 2.78 (d, 

J = 13.7 Hz, 1H), 1.76 (s, 3H), 1.32 (s, 3H), 1.08 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.9, 

159.6, 145.3, 138.8, 133.1, 132.6, 131.9, 130.1, 124.2, 124.1, 123.2, 121.9, 116.2, 112.4, 111.5, 

50.2, 49.6, 32.9, 30.7, 29.9, 29.5, 29.1; HRMS (ESI) m/z: calcd for C22H21BrN3O [M + H]+ 422.0863, 

found 422.0862.

3ja

N

N

O

CN
EtO2C

Ethyl 6-(2-cyano-2-methylpropyl)-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]

phenanthridine-9-carboxylate (3ja). Yellow solid (61.5 mg, 74% yield); mp 198–199 °C; 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.80 (d, J = 1.0 Hz, 1H), 8.53 (d, J = 8.6 Hz, 1H), 8.29–8.21 (m, 2H), 7.84 

(t, J = 8.1 Hz, 1H), 7.31 (d, J = 7.9 Hz, 1H), 4.51–4.43 (m, 2H), 3.61 (s, 3H), 3.01 (d, J = 13.7 Hz, 1H), 

2.78 (d, J = 13.7 Hz, 1H), 1.77 (s, 3H), 1.47 (t, J = 7.1 Hz, 3H), 1.31 (s, 3H), 1.07 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ (ppm) 172.9, 166.3, 159.2, 143.9, 138.7, 132.8, 132.5, 131.5, 131.0, 126.7, 

126.2, 124.1, 123.0, 116.9, 112.9, 112.9, 61.4, 50.2, 49.7, 32.9, 30.8, 29.9, 29.5, 29.1, 14.5; HRMS 

(ESI) m/z: calcd for C25H26N3O3 [M + H]+ 416.1969, found 416.1968.

3ka

N

N

O

CN
MeO2S

3-(4,6-Dimethyl-9-(methylsulfonyl)-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-

yl)-2,2-dimethylpropanenitrile (3ka). Yellow solid (44.7 mg, 53% yield); mp 213–214 °C; 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.74–8.70 (m, 2H), 8.33 (d, J = 8.3 Hz, 1H), 8.12 (dd, J = 8.6, 2.0 Hz, 1H), 

7.95 (t, J = 8.1 Hz, 1H), 7.40 (d, J = 8.0 Hz, 1H), 3.64 (s, 3H), 3.21 (s, 3H), 3.02 (d, J = 13.7 Hz, 1H), 

2.78 (d, J = 13.7 Hz, 1H), 1.75 (s, 3H), 1.33 (s, 3H), 1.13 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 

172.7, 160.8, 143.9, 140.6, 138.9, 133.1, 132.4, 129.7, 126.8, 124.6, 124.1, 123.7, 116.9, 113.2, 

112.9, 50.4, 49.5, 44.6, 33.0, 30.7, 30.0, 29.7, 29.0; HRMS (ESI) m/z: calcd for C23H24N3O3S [M + 
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H]+ 422.1533, found 422.1533.

3la

N

N

O

CN
NC

6-(2-Cyano-2-methylpropyl)-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-

gh]phenanthridine-9-carbonitrile (3la). Yellow solid (37.6 mg, 51% yield); mp 225–226 °C; 1H 

NMR (400 MHz, CDCl3) δ (ppm) 8.60 (d, J = 8.5 Hz, 1H), 8.47 (d, J = 1.5 Hz, 1H), 8.29 (d, J = 8.3 Hz, 

1H), 7.94 (t, J = 8.1 Hz, 1H), 7.81 (d, J = 8.5 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H), 3.64 (s, 3H), 3.01 (d, J = 

13.8 Hz, 1H), 2.78 (d, J = 13.8 Hz, 1H), 1.76 (s, 3H), 1.31 (s, 3H), 1.14 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ (ppm) 172.8, 160.6, 143.7, 138.9, 134.7, 133.1, 132.4, 128.2, 126.3, 124.2, 124.1, 118.6, 

116.8, 113.1, 112.8, 112.5, 50.4, 49.5, 33.0, 30.7, 30.0, 29.7, 28.7; HRMS (ESI) m/z: calcd for 

C23H21N4O [M + H]+ 369.1710, found 369.1709.

3ma

N

N

O

CN
F3C

3-(4,6-Dimethyl-5-oxo-9-(trifluoromethyl)-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-

yl)-2,2-dimethylpropanenitrile (3ma). White solid (46.1 mg, 56% yield); mp 169–170 °C; 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.65 (d, J = 8.6 Hz, 1H), 8.44 (s, 1H), 8.32 (d, J = 8.3 Hz, 1H), 7.92 (dd, J = 

10.2, 6.0 Hz, 1H), 7.85 (dd, J = 8.6, 1.6 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 3.65 (s, 3H), 3.02 (d, J = 

13.7 Hz, 1H), 2.80 (d, J = 13.7 Hz, 1H), 1.78 (s, 3H), 1.34 (s, 3H), 1.11 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ (ppm) 172.9, 160.0, 143.8, 138.8, 132.8, 132.7, 131.0 (q, J = 32.6 Hz), 127.1 (q, J = 4.1 Hz), 

125.3, 124.1, 124.0 (q, J = 274.7 Hz), 123.9, 122.6 (q, J = 3.3 Hz), 116.6, 113.0, 112.2, 50.3, 49.6, 

32.9, 30.7, 30.0, 29.5, 29.1; HRMS (ESI) m/z: calcd for C23H21F3N3O [M + H]+ 412.1631, found 

412.1632.

3na + 3na'

N

N

O

CN

N

N

O

CN
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2,2-Dimethyl-3-(4,6,8-trimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-

yl)propanenitrile (3na) and 2,2-dimethyl-3-(4,6,10-trimethyl-5-oxo-5,6-dihydro-4H-pyrido

[4,3,2-gh]phenanthridin-6-yl)propanenitrile (3na’). Yellow solid (40.8 mg, 57% yield); mp 147–

148 °C; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.41 (d, J = 8.1 Hz, 0.67H), 8.34 (s, 0.33H), 8.29 (d, J = 

8.3 Hz, 1H), 8.06 (d, J = 8.1 Hz, 0.3H), 7.82 (t, J = 8.1 Hz, 1H), 7.66–7.59 (m, 1H), 7.58–7.54 (m, 

0.67H), 7.25 (d, J = 7.9 Hz, 1H), 3.64 (d, J = 3.8 Hz, 3H), 3.08–2.97 (m, 1H), 2.90 (s, 2H), 2.83 (t, J = 

13.8 Hz, 1H), 2.64 (s, 1H), 1.78 (d, J = 7.0 Hz, 3H), 1.32 (d, J = 9.2 Hz, 3H), 1.06 (d, J = 9.7 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ (ppm) 173.3, 173.2, 156.9, 156.4, 143.1, 142.9, 138.6, 138.5, 137.4, 

136.8, 133.8, 133.2, 131.8, 131.1, 129.8, 129.4, 126.5, 124.2, 122.8, 122.8, 122.3, 120.6, 116.7, 

116.4, 112.5, 112.2, 111.0, 110.9, 50.4, 50.0, 49.8, 49.7, 33.6, 32.9, 30.8, 30.8, 29.9, 29.9, 29.6, 

29.3, 29.3, 29.1, 22.0, 18.4; HRMS (ESI) m/z: calcd for C23H24N3O [M + H]+ 358.1914, found 

358.1914.

3oa

N

N

O

CN

3-(4,6-Dimethyl-5-oxo-5,6-dihydro-4H-benzo[a]pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3oa). Yellow solid (59.0 mg, 75% yield); mp 136–137 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 9.09 (d, J = 8.4 Hz, 1H), 8.81 (d, J = 8.6 Hz, 1H), 8.12–8.02 (m, 3H), 7.89 (t, J = 

8.2 Hz, 1H), 7.77–7.66 (m, 2H), 7.30 (d, J = 7.9 Hz, 1H), 3.68 (s, 3H), 3.00 (d, J = 13.7 Hz, 1H), 2.85 

(d, J = 13.8 Hz, 1H), 1.85 (s, 3H), 1.31 (s, 3H), 1.00 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 

173.0, 157.2, 144.5, 138.4, 133.5, 133.2, 131.7, 130.3, 129.9, 128.8, 128.0, 127.6, 126.7, 126.4, 

124.2, 121.1, 119.6, 113.7, 110.3, 50.0, 49.8, 32.8, 30.8, 30.0, 29.2, 29.0; HRMS (ESI) m/z: calcd 

for C26H24N3O [M + H]+ 394.1914, found 394.1913.

3pa

N

N

O

CN

3-(4,6-Dimethyl-5-oxo-5,6-dihydro-4H-benzo[c]pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3pa). Brown solid (41.7 mg, 53% yield); mp 209–210 °C; 1H NMR (400 
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MHz, CDCl3) δ (ppm) 9.43 (d, J = 8.1 Hz, 1H), 8.54 (d, J = 9.0 Hz, 1H), 8.38 (d, J = 8.4 Hz, 1H), 8.06–

8.00 (m, 2H), 7.90 (t, J = 8.1 Hz, 1H), 7.83–7.71 (m, 2H), 7.29 (t, J = 3.9 Hz, 1H), 3.67 (s, 3H), 3.14 

(d, J = 13.7 Hz, 1H), 2.93 (d, J = 13.7 Hz, 1H), 1.88 (s, 3H), 1.34 (s, 3H), 0.98 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ (ppm) 173.2, 156.7, 141.6, 138.6, 133.7, 133.6, 132.0, 131.6, 127.7, 127.7, 127.0, 

124.8, 124.1, 120.3, 119.9, 116.7, 113.1, 110.4, 50.3, 50.3, 33.5, 30.9, 29.9, 29.5, 29.3; HRMS (ESI) 

m/z: calcd for C26H24N3O [M + H]+ 394.1914, found 394.1918.

3qa

N

N
CN

O

O

O

3-(4,6-Dimethyl-5-oxo-5,6-dihydro-4H-[1,3]dioxolo[4,5-b]pyrido[4,3,2-gh]phenanthridin-6-

yl)-2,2-dimethylpropanenitrile (3qa). Brown solid (51.9 mg, 67% yield); mp 199–200 °C; 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.08 (d, J = 8.4 Hz, 1H), 7.85 (s, 1H), 7.79 (t, J = 8.1 Hz, 1H), 7.50 (s, 1H), 

7.18 (d, J = 7.9 Hz, 1H), 6.17 (d, J = 6.5 Hz, 2H), 3.61 (s, 3H), 2.95 (d, J = 12.0 Hz, 1H), 2.77 (d, J = 

13.7 Hz, 1H), 1.77 (s, 3H), 1.27 (s, 3H), 1.04 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.2, 

155.4, 149.9, 148.2, 138.5, 133.3, 131.5, 124.7, 124.1, 119.0, 116.2, 111.8, 109.9, 107.1, 101.9, 

99.7, 49.9, 49.6, 32.9, 30.8, 29.8, 29.3, 28.7; HRMS (ESI) m/z: calcd for C23H22N3O3 [M + H]+ 

388.1656, found 388.1654.

3ra

N

N
CN

O

2,2-Dimethyl-3-(4,6,8,10-tetramethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-

6-yl)propanenitrile (3ra). Yellow solid (52.0 mg, 70% yield); mp 149–150 °C; 1H NMR (400 MHz, 

CDCl3) δ (ppm) 8.30 (d, J = 8.3 Hz, 1H), 8.21 (s, 1H), 7.82 (dd, J = 10.1, 6.2 Hz, 1H), 7.49 (s, 1H), 

7.25 (d, J = 7.8 Hz, 1H), 3.64 (s, 3H), 3.03 (d, J = 13.6 Hz, 1H), 2.85 (s, 3H), 2.82 (d, J = 13.7 Hz, 1H), 

2.60 (s, 3H), 1.77 (s, 3H), 1.31 (s, 3H), 1.04 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.3, 

155.2, 141.4, 138.5, 137.0, 136.3, 133.5, 131.7, 131.6, 124.2, 122.7, 120.0, 116.7, 112.2, 110.7, 

50.1, 49.8, 33.6, 30.8, 29.9, 29.5, 29.2, 22.0, 18.3; HRMS (ESI) m/z: calcd for C24H26N3O [M + H]+ 

372.2070, found 372.2074.
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3sa

N

N
CN

OO

3-(11-Methoxy-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-

2,2-dimethylpropanenitrile (3sa). Yellow solid (62.0 mg, 83% yield); mp 115–116 °C; 1H NMR 

(400 MHz, CDCl3) δ (ppm) 9.30 (d, J = 8.3 Hz, 1H), 7.84–7.78 (m, 2H), 7.69 (t, J = 8.1 Hz, 1H), 7.28 

(d, J = 7.8 Hz, 1H), 7.15–7.11 (m, 1H), 4.12 (s, 3H), 3.63 (s, 3H), 3.00 (d, J = 13.7 Hz, 1H), 2.80 (d, J 

= 13.7 Hz, 1H), 1.77 (s, 3H), 1.31 (s, 3H), 1.06 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.9, 

158.4, 158.3, 146.5, 137.9, 133.4, 131.8, 128.8, 124.3, 122.5, 122.4, 114.0, 112.8, 111.0, 107.8, 

55.9, 49.9, 49.5, 32.9, 30.8, 30.0, 29.3, 29.2; HRMS (ESI) m/z: calcd for C23H24N3O2 [M + H]+ 

374.1863, found 374.1865.

3ta

N

N

iBu

O

CN

3-(4-Isobutyl-6-methyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3ta). Yellow solid (46.3 mg, 60% yield); mp 139–140 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.56 (d, J = 7.5 Hz, 1H), 8.30 (d, J = 8.3 Hz, 1H), 8.14 (d, J = 7.9 Hz, 1H), 7.84 

(t, J = 8.1 Hz, 1H), 7.81–7.75 (m, 1H), 7.71–7.65 (m, 1H), 7.27 (d, J = 8.0 Hz, 1H), 4.48 (dd, J = 14.1, 

9.4 Hz, 1H), 3.74 (dd, J = 14.3, 5.4 Hz, 1H), 3.10 (d, J = 13.6 Hz, 1H), 2.80 (d, J = 13.7 Hz, 1H), 2.40–

2.25 (m, 1H), 1.73 (s, 3H), 1.35 (s, 3H), 1.22 (s, 3H), 1.13 (d, J = 6.7 Hz, 3H), 1.04 (d, J = 6.6 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ (ppm) 173.5, 158.2, 144.4, 138.2, 133.7, 131.9, 129.6, 129.3, 126.8, 

124.5, 123.1, 122.7, 116.2, 112.6, 111.6, 50.7, 49.3, 47.9, 33.6, 30.7, 29.8, 29.3, 26.6, 20.6, 20.2; 

HRMS (ESI) m/z: calcd for C25H28N3O [M + H]+ 386.2227, found 386.2229.

3ua

N

N

O

CN

nBu

3-(4-Butyl-6-methyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3ua). Yellow solid (44.7 mg, 58% yield); mp 98–99 °C; 1H NMR (400 MHz, 

CDCl3) δ (ppm) 8.56 (d, J = 7.7 Hz, 1H), 8.31 (d, J = 8.3 Hz, 1H), 8.14 (d, J = 4.8 Hz, 1H), 7.86 (t, J = 
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8.0 Hz, 1H), 7.78 (t, J = 7.4 Hz, 1H), 7.68 (t, J = 7.5 Hz, 1H), 7.27 (d, J = 8.0 Hz, 1H), 4.33–4.24 (m, 

1H), 4.15–4.05 (m, 1H), 3.08 (d, J = 13.0 Hz, 1H), 2.79 (d, J = 13.7 Hz, 1H), 1.85–1.69 (m, 5H), 

1.58–1.51 (m, 2H), 1.32 (s, 3H), 1.20 (s, 3H), 1.06 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

(ppm) 172.9, 158.1, 144.4, 137.7, 133.8, 132.0, 129.6, 129.3, 126.8, 124.4, 123.1, 122.7, 116.2, 

112.5, 111.1, 50.2, 48.5, 42.7, 33.3, 30.8, 29.7, 29.0, 28.4, 20.4, 13.9; HRMS (ESI) m/z: calcd for 

C25H28N3O [M + H]+ 386.2227, found 386.2226.

3va

N

N

O

CN

nBu

Me

3-(4-Butyl-6,9-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3va). Yellow solid (66.3 mg, 83% yield); mp 115–116 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.44 (d, J = 8.4 Hz, 1H), 8.25 (d, J = 8.3 Hz, 1H), 7.95 (s, 1H), 7.82 (t, J = 8.1 Hz, 

1H), 7.50 (d, J = 8.4 Hz, 1H), 7.22 (d, J = 8.0 Hz, 1H), 4.33–4.24(m, 1H), 4.14–4.05 (m, 1H), 3.07 (d, 

J = 13.6 Hz, 1H), 2.79 (d, J = 13.7 Hz, 1H), 2.62 (s, 3H), 1.83–1.76 (m, 2H), 1.72 (s, 3H), 1.54 (ddd, J 

= 8.9, 7.1, 1.9 Hz, 2H), 1.32 (s, 3H), 1.20 (s, 3H), 1.06 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ (ppm) 172.9, 158.0, 144.6, 139.5, 137.6, 133.8, 131.9, 129.1, 128.7, 124.4, 122.5, 120.7, 116.1, 

112.3, 110.6, 50.2, 48.6, 42.7, 33.3, 30.8, 29.7, 29.0, 28.4, 21.6, 20.4, 13.9; HRMS (ESI) m/z: calcd 

for C26H30N3O [M + H]+ 400.2383, found 400.2385.

3wa

N

N

Bn

O

CN

3-(4-Benzyl-6-methyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3wa). Yellow solid (64.6 mg, 77% yield); mp 159–160 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.57–8.53 (m, 1H), 8.28 (d, J = 8.3 Hz, 1H), 8.17 (d, J = 6.4 Hz, 1H), 7.82–7.76 

(m, 1H), 7.75–7.66 (m, 2H), 7.39–7.35 (m, 4H), 7.33–7.29 (m, 1H), 7.18 (d, J = 8.0 Hz, 1H), 5.97 (d, 

J = 16.4 Hz, 1H), 5.02 (d, J = 16.5 Hz, 1H), 3.16 (d, J = 13.3 Hz, 1H), 2.87 (d, J = 13.7 Hz, 1H), 1.82 (s, 

3H), 1.40 (s, 3H), 1.24 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.6, 158.1, 144.4, 137.8, 

136.3, 133.6, 132.0, 129.6, 129.3, 128.9, 127.3, 126.9, 126.5, 124.6, 123.1, 122.7, 116.5, 112.5, 

112.3, 50.8, 48.2, 46.6, 33.5, 30.8, 29.8, 29.4; HRMS (ESI) m/z: calcd for C28H26N3O [M + H]+ 
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420.2070, found 420.2074.

3xa

N

N

Bn

O

CN
Me

3-(4-Benzyl-6,9-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3xa). Yellow solid (61.6 mg, 71% yield); mp 156–157 °C; 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.43 (d, J = 8.4 Hz, 1H), 8.22 (d, J = 8.3 Hz, 1H), 7.99 (s, 1H), 7.68 (t, J = 8.1 Hz, 

1H), 7.51 (dd, J = 8.4, 1.5 Hz, 1H), 7.41–7.35 (m, 4H), 7.30 (dt, J = 8.3, 2.9 Hz, 1H), 7.15 (d, J = 7.9 

Hz, 1H), 5.97 (d, J = 16.4 Hz, 1H), 5.03 (d, J = 16.5 Hz, 1H), 3.17 (d, J = 13.6 Hz, 1H), 2.88 (d, J = 

13.7 Hz, 1H), 2.64 (s, 3H), 1.83 (s, 3H), 1.41 (s, 3H), 1.25 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 

173.6, 157.9, 144.6, 139.5, 137.8, 136.4, 133.6, 131.9, 129.1, 128.9, 128.7, 127.3, 126.5, 124.6, 

122.5, 120.8, 116.4, 112.2, 111.8, 50.7, 48.3, 46.6, 33.5, 30.8, 29.8, 29.5, 21.7; HRMS (ESI) m/z: 

calcd for C29H28N3O [M + H]+ 434.2227, found 434.2227.

3ya

N

N

Bn

O

CN
Cl

3-(4-Benzyl-9-chloro-6-methyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-

2,2-dimethylpropanenitrile (3ya). White solid (31.8 mg, 35% yield); mp 154–155 °C; 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.45 (d, J = 8.8 Hz, 1H), 8.20 (d, J = 8.3 Hz, 1H), 8.16 (d, J = 2.1 Hz, 1H), 

7.72 (t, J = 8.2 Hz, 1H), 7.62 (dd, J = 8.8, 2.2 Hz, 1H), 7.36 (d, J = 4.4 Hz, 4H), 7.31–7.29 (m, 1H), 

7.19 (d, J = 8.0 Hz, 1H), 5.94 (d, J = 16.4 Hz, 1H), 5.02 (d, J = 16.4 Hz, 1H), 3.12 (d, J = 13.7 Hz, 1H), 

2.84 (d, J = 13.7 Hz, 1H), 1.80 (s, 3H), 1.40 (s, 3H), 1.25 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 

173.4, 159.5, 145.1, 138.0, 136.2, 135.0, 133.2, 132.4, 128.9, 128.8, 127.5, 127.4, 126.4, 124.5, 

124.1, 121.6, 116.4, 112.5, 50.9, 48.2, 46.6, 33.5, 30.7, 29.9, 29.4; HRMS (ESI) m/z: calcd for 

C28H25ClN3O [M + H]+ 454.1681, found 454.1680.

3za

N

N CN

O
Ph

2,2-Dimethyl-3-(4-methyl-5-oxo-6-phenyl-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-
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yl)propanenitrile (3za). White solid (43.8 mg, 54% yield); mp 224–225 °C; 1H NMR (400 MHz, 

CDCl3) δ (ppm) 8.60 (dd, J = 8.2, 1.1 Hz, 1H), 8.32 (d, J = 8.2 Hz, 1H), 8.24 (d, J = 8.0 Hz, 1H), 7.86–

7.79 (m, 2H), 7.75–7.70 (m, 1H), 7.25 (d, J = 7.9 Hz, 1H), 7.19–7.12 (m, 5H), 3.67 (s, 3H), 3.50 (d, J 

= 13.4 Hz, 1H), 3.16 (d, J = 13.4 Hz, 1H), 1.58 (s, 3H), 1.52 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

(ppm) 171.3, 156.6, 144.2, 143.1, 138.7, 133.3, 132.1, 129.9, 129.3, 128.6, 127.4, 127.2, 126.6, 

125.0, 123.3, 122.8, 116.5, 113.5, 111.5, 59.9, 47.2, 30.9, 30.7, 30.4, 30.4; HRMS (ESI) m/z: calcd 

for C27H24N3O [M + H]+ 406.1914, found 406.1914.

3ab

N

N
O
CN
Et

2-((4,6-Dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)methyl)-2-

methylbutanenitrile (3ab, two inseparable diastereoisomers, d.r. = 1:1). Brown solid (55.8 mg, 

78% yield); mp 123–124 °C; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.56 (d, J = 7.7 Hz, 1H), 8.30 (dd, J 

= 8.3, 4.1 Hz, 1H), 8.15 (t, J = 8.5 Hz, 1H), 7.84 (td, J = 8.1, 3.5 Hz, 1H), 7.80–7.75 (m, 1H), 7.70–

7.64 (m, 1H), 7.27 (dd, J = 7.7, 3.7 Hz, 1H), 3.64 (d, J = 1.2 Hz, 3H), 3.18 (d, J = 13.7 Hz, 0.5H), 2.91 

(q, J = 13.7 Hz, 1H), 2.69 (d, J = 13.8 Hz, 0.5H), 1.76 (d, J = 6.9 Hz, 3H), 1.69 (dt, J = 13.2, 6.6 Hz, 

0.5H), 1.62–1.50 (m, 1H), 1.45–1.35 (m, 0.5H), 1.25 (s, 1.5H), 1.02 (t, J = 7.4 Hz, 1.5H), 0.96–0.90 

(m, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.4, 173.0, 158.5, 158.0, 144.5, 144.4, 138.8, 138.5, 

133.5, 133.4, 132.2, 131.9, 129.7, 129.5, 129.3, 126.9, 126.8, 123.4, 123.4, 123.0, 122.8, 122.7, 

116.5, 116.2, 112.4, 112.4, 111.2, 111.1, 50.3, 50.1, 47.9, 47.3, 35.7, 35.5, 35.1, 34.8, 33.2, 33.1, 

29.9, 25.8, 25.3, 9.2, 9.1; HRMS (ESI) m/z: calcd for C23H24N3O [M + H]+ 358.1914, found 358.1912.

3gb

N

N
O
CN
Et

F

2-((9-Fluoro-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)methyl)-

2-methylbutanenitrile (3gb, two inseparable diastereoisomers, d.r. = 1:1). White solid (56.3 mg, 

75% yield); mp 157–158 °C; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.55–8.49 (m, 1H), 8.21 (dd, J = 8.3, 

3.5 Hz, 1H), 7.85 (td, J = 8.1, 3.6 Hz, 1H), 7.78 (ddd, J = 9.9, 7.6, 2.6 Hz, 1H), 7.45–7.37 (m, 1H), 
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7.26 (dd, J = 7.9, 3.3 Hz, 1H), 3.63 (s, 3H), 3.13 (d, J = 13.8 Hz, 0.5H), 2.93–2.83 (m, 1H), 2.67 (d, J 

= 13.8 Hz, 0.5H), 1.75 (d, J = 3.9 Hz, 3H), 1.71–1.66 (m, 0.5H), 1.60–1.51 (m, 1H), 1.41 (dd, J = 13.8, 

7.4 Hz, 0.5H), 1.24 (s, 1.5H), 1.01 (t, J = 7.4 Hz, 1.5H), 0.96–0.91 (m, 3H); 13C NMR (100 MHz, 

CDCl3) δ (ppm) 173.3, 172.9, 163.0 (d, J = 247.2 Hz), 160.0, 159.5, 145.9 (d, J = 12.9 Hz), 145.7 (d, 

J = 12.5 Hz), 138.9, 138.6, 133.3, 133.2, 132.6, 132.4, 124.8 (d, J = 9.6 Hz), 124.8 (d, J = 9.6 Hz), 

123.4, 123.3, 119.8 (d, J = 1.6 Hz), 119.8 (d, J = 1.6 Hz), 116.3, 116.0 (d, J = 23.8 Hz), 116.0 (d, J = 

23.8 Hz), 116.0, 114.0 (d, J = 20.2 Hz), 113.9 (d, J = 20.0 Hz), 112.1 (d, J = 0.9 Hz), 112.0 (d, J = 0.9 

Hz), 111.0, 110.9, 50.4, 50.1, 47.9, 47.4, 35.7, 35.4, 35.0, 34.0, 33.2, 33.1, 29.9, 25.8, 25.2, 9.2, 9.0; 

HRMS (ESI) m/z: calcd for C23H23FN3O [M + H]+ 376.1820, found 376.1818.

3jb

N

N
O
CN
Et

EtOOC

Ethyl 6-(2-cyano-2-methylbutyl)-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]

phenanthridine-9-carboxylate (3jb, two inseparable diastereoisomers, d.r. = 1:1). White solid 

(60.1 mg, 70% yield); mp 180–181 °C; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.82 (dd, J = 5.9, 1.2 Hz, 

1H), 8.59 (dd, J = 8.6, 3.4 Hz, 1H), 8.35–8.26 (m, 2H), 7.90 (td, J = 8.1, 4.0 Hz, 1H), 7.34 (dd, J = 7.9, 

3.6 Hz, 1H), 4.55–4.46 (m, 2H), 3.64 (s, 3H), 3.17 (d, J = 13.8 Hz, 0.5H), 2.90 (q, J = 13.7 Hz, 1H), 

2.68 (d, J = 13.8 Hz, 0.5H), 1.77 (d, J = 2.0 Hz, 3H), 1.72–1.68 (m, 0.5H), 1.61–1.53 (m, 1H), 1.53–

1.47 (m, 3H), 1.41 (dd, J = 13.9, 7.3 Hz, 0.5H), 1.26 (s, 1.5H), 1.01 (t, J = 7.4 Hz, 1.5H), 0.95–0.90 

(m, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.2, 172.8, 166.4, 166.3, 159.8, 159.2, 143.9, 143.8, 

139.0, 138.7, 132.9, 132.8, 132.6, 132.4, 131.6, 131.4, 131.1, 131.1, 126.7, 126.2, 123.3, 123.0, 

123.0, 116.9, 116.7, 113.1, 112.9, 112.2, 112.0, 61.4, 61.3, 50.4, 50.2, 48.0, 47.7, 35.7, 35.5, 35.1, 

34.9, 33.2, 33.1, 29.9, 25.9, 25.3, 14.4, 9.1, 9.0; HRMS (ESI) m/z: calcd for C26H28N3O3 [M + H]+ 

430.2125, found 430.2124.

3ac

N

N
O

CN

1-((4,6-Dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-

yl)methyl)cyclohexane-1-carbonitrile (3ac). White solid (44.5 mg, 58% yield); mp 143–144 °C; 1H 
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NMR (400 MHz, CDCl3) δ (ppm) 8.57 (d, J = 7.5 Hz, 1H), 8.31 (d, J = 8.3 Hz, 1H), 8.14 (d, J = 7.9 Hz, 

1H), 7.86 (t, J = 8.1 Hz, 1H), 7.80–7.75 (m, 1H), 7.70–7.65 (m, 1H), 7.30–7.26 (m, 1H), 3.64 (s, 3H), 

3.07 (d, J = 13.6 Hz, 1H), 2.76 (d, J = 13.7 Hz, 1H), 1.98–1.92 (m, 1H), 1.73 (s, 3H), 1.55 (dt, J = 6.9, 

4.7 Hz, 3H), 1.47–1.39 (m, 3H), 1.30–1.16 (m, 2H), 1.06 (ddd, J = 15.7, 12.0, 5.9 Hz, 1H); 13C NMR 

(100 MHz, CDCl3) δ (ppm) 173.3, 158.5, 144.5, 138.8, 133.4, 132.0, 129.6, 129.2, 126.7, 123.1, 

122.7, 122.5, 116.3, 112.4, 111.1, 50.2, 48.9, 37.8, 37.7, 37.1, 33.1, 29.9, 24.9, 23.0, 22.8; HRMS 

(ESI) m/z: calcd for C25H26N3O [M + H]+ 384.2070, found 384.2072.

3gc

N

N
O

CN

F

1-((9-Fluoro-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-

yl)methyl)cyclohexane-1-carbonitrile (3gc). White solid (37.7 mg, 47% yield); mp 198–199 °C; 1H 

NMR (400 MHz, CDCl3) δ (ppm) 8.53 (dd, J = 8.9, 6.0 Hz, 1H), 8.22 (d, J = 8.3 Hz, 1H), 7.85 (t, J = 

8.1 Hz, 1H), 7.78 (d, J = 9.7 Hz, 1H), 7.46–7.38 (m, 1H), 7.30–7.24 (m, 1H), 3.63 (d, J = 1.4 Hz, 3H), 

3.05 (d, J = 13.7 Hz, 1H), 2.75 (d, J = 13.7 Hz, 1H), 1.96–1.90 (m, 1H), 1.73 (s, 3H), 1.58 (dd, J = 

23.8, 10.4 Hz, 3H), 1.45 (dd, J = 13.9, 5.1 Hz, 3H), 1.31–1.18 (m, 2H), 1.13–1.03 (m, 1H); 13C NMR 

(100 MHz, CDCl3) δ 173.2, 163.0 (d, J = 247.2 Hz), 160.0, 145.8 (d, J = 12.1 Hz), 138.9, 133.3, 132.4, 

124.7 (d, J = 9.6 Hz), 122.4, 119.8 (d, J = 1.8 Hz), 116.0, 116.0 (d, J = 23.7 Hz), 113.9 (d, J = 20.3 Hz), 

112.1, 110.9, 50.3, 49.0, 37.9, 37.6, 37.1, 33.1, 29.9, 24.9, 22.9, 22.8; HRMS (ESI) m/z: calcd for 

C25H25FN3O [M + H]+ 402.1976, found 402.1974.

3ad

N

N
O
COOMe

Methyl 3-(4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-di

methylpropanoate (3ad). Yellow oil (55.0 mg, 73% yield); 1H NMR (400 MHz, CDCl3) δ (ppm) 8.53 

(d, J = 7.7 Hz, 1H), 8.27 (d, J = 8.3 Hz, 1H), 8.13 (d, J = 6.6 Hz, 1H), 7.83 (t, J = 8.1 Hz, 1H), 7.77–

7.72 (m, 1H), 7.66–7.61 (m, 1H), 7.23 (d, J = 7.9 Hz, 1H), 3.57 (s, 3H), 3.18 (s, 3H), 3.12 (d, J = 13.9 

Hz, 1H), 2.83 (d, J = 14.0 Hz, 1H), 1.76 (s, 3H), 1.02 (s, 3H), 0.86 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ (ppm) 177.6, 173.6, 159.2, 144.5, 138.8, 133.3, 131.9, 129.6, 129.1, 126.6, 122.8, 122.6, 116.1, 
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112.3, 110.8, 51.5, 50.8, 49.6, 41.7, 33.3, 29.7, 27.1, 25.7; HRMS (ESI) m/z: calcd for C23H25N2O3 

[M + H]+ 377.1860, found 377.1860;

3a'd

N

N
O
COOMe

Me

Methyl 2,2-dimethyl-3-(4,6,9-trimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenan

thridin-6-yl)propanoate (3a’d). Yellw oil (55.4 mg, 71% yield); 1H NMR (400 MHz, CDCl3) δ (ppm) 

8.39 (d, J = 8.4 Hz, 1H), 8.21 (d, J = 8.2 Hz, 1H), 7.92 (s, 1H), 7.78 (t, J = 8.1 Hz, 1H), 7.45 (dd, J = 

8.4, 1.5 Hz, 1H), 7.18 (d, J = 7.8 Hz, 1H), 3.56 (s, 3H), 3.18 (s, 3H), 3.09 (d, J = 14.0 Hz, 1H), 2.82 (d, 

J = 14.0 Hz, 1H), 2.59 (s, 3H), 1.74 (s, 3H), 1.02 (s, 3H), 0.85 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

(ppm) 177.6, 173.7, 159.1, 144.7, 139.3, 138.7, 133.3, 131.7, 129.1, 128.4, 122.4, 120.4, 115.9, 

112.0, 110.3, 51.5, 50.9, 49.6, 41.7, 33.3, 29.7, 27.0, 25.9, 21.6; HRMS (ESI) m/z: calcd for 

C24H27N2O3 [M + H]+ 391.2016, found 391.2015.

3gd

N

N
O
COOMe

F

Methyl 3-(9-fluoro-4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-

6-yl)-2,2-dimethylpropanoate (3gd). White solid (60.0 mg, 76% yield); mp 140–141 °C; 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.49 (dd, J = 9.1, 5.9 Hz, 1H), 8.18 (d, J = 8.2 Hz, 1H), 7.82 (t, J = 8.1 Hz, 

1H), 7.75 (dd, J = 9.9, 2.6 Hz, 1H), 7.38 (ddd, J = 9.0, 8.1, 2.7 Hz, 1H), 7.22 (d, J = 7.9 Hz, 1H), 3.57 

(s, 3H), 3.21 (s, 3H), 3.07 (d, J = 14.0 Hz, 1H), 2.82 (d, J = 14.0 Hz, 1H), 1.73 (s, 3H), 1.01 (s, 3H), 

0.85 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 177.6, 173.5, 162.9 (d, J = 247.2 Hz), 160.7, 145.8 

(d, J = 12.0 Hz), 138.9, 133.1, 132.3, 124.7 (d, J = 9.6 Hz), 119.5 (d, J = 1.9 Hz), 115.8, 115.8 (d, J = 

23.8 Hz), 113.9 (d, J = 20.1 Hz), 111.9 (d, J = 0.9 Hz), 110.6, 51.5, 50.8, 49.7, 41.7, 33.3, 29.7, 27.1, 

25.8; HRMS (ESI) m/z: calcd for C23H24FN2O3 [M + H]+ 395.1765, found 395.1763.

3ae

N

N
O

CN COOH

Me

4-Cyano-5-(4,6-dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-4-
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methylpentanoic acid (3ae, two inseparable diastereoisomers, d.r. = 1.25:1). White solid (50.0 

mg, 61% yield); mp 202–203 °C; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.57 (dd, J = 7.8, 3.7 Hz, 1H), 

8.33 (dd, J = 8.3, 2.0 Hz, 1H), 8.20–8.11 (m, 1H), 7.87 (td, J = 8.1, 3.2 Hz, 1H), 7.78 (t, J = 7.2 Hz, 

1H), 7.69 (dt, J = 11.0, 5.5 Hz, 1H), 7.29 (dd, J = 8.4, 2.6 Hz, 1H), 3.64 (s, 3H), 3.19 (d, J = 13.7 Hz, 

0.54H), 3.02 (d, J = 13.6 Hz, 0.43H), 2.88 (d, J = 13.7 Hz, 0.44H), 2.74 (d, J = 13.8 Hz, 0.53H), 2.68–

2.38 (m, 2.22H), 2.04–1.79 (m, 1.78H), 1.74 (d, J = 9.6 Hz, 3H), 1.32 (s, 1.62H), 1.07 (s, 1.30H); 13C 

NMR (100 MHz, CDCl3) δ (ppm) 177.8, 177.8, 173.2, 173.1, 158.0, 157.8, 144.3, 138.7, 138.5, 

133.6, 133.5, 132.3, 132.1, 129.5, 129.5, 129.4, 129.3, 127.0, 123.1, 122.8, 122.7, 122.6, 116.6, 

116.4, 112.4, 112.3, 111.3, 111.2, 50.4, 50.4, 47.2, 46.4, 36.0, 34.6, 34.4, 33.3, 33.2, 30.0, 29.7, 

29.5, 26.6, 26.3; HRMS (ESI) m/z: calcd for C24H24N3O3 [M + H]+ 402.1812, found 402.1810.

3a'e

N

N
O

CN COOH

Me

Me

4-Cyano-4-methyl-5-(4,6,9-trimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-

6-yl)pentanoic acid (3a’e, two inseparable diastereoisomers, d.r. = 1:1). White solid (47.4 mg, 57% 

yield); mp 189–190 °C; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.44 (dd, J = 8.3, 4.1 Hz, 1H), 8.27 (d, J 

= 8.2 Hz, 1H), 7.96 (d, J = 13.7 Hz, 1H), 7.84 (td, J = 8.1, 3.3 Hz, 1H), 7.51 (dd, J = 7.0, 4.0 Hz, 1H), 

7.25 (dd, J = 7.8, 3.6 Hz, 1H), 3.63 (s, 3H), 3.17 (d, J = 13.7 Hz, 0.5H), 3.00 (d, J = 13.7 Hz, 0.5H), 

2.88 (d, J = 13.7 Hz, 0.5H), 2.77–2.39 (m, 5.5H), 1.96 (ddd, J = 15.7, 10.3, 4.7 Hz, 1H), 1.90–1.66 

(m, 4H), 1.31 (s, 1.5H), 1.06 (s, 1.5H); 13C NMR (100 MHz, CDCl3) δ (ppm) 177.9, 177.8, 173.3, 

173.1, 157.9, 157.6, 144.5, 139.6, 138.6, 138.4, 133.6, 133.5, 132.1, 132.0, 129.0, 128.9, 128.8, 

122.7, 122.6, 122.5, 122.5, 120.8, 116.5, 116.3, 112.1, 112.0, 110.9, 110.7, 50.3, 50.3, 47.2, 46.5, 

36.0, 35.9, 34.6, 34.4, 33.2, 33.1, 30.0, 29.7, 29.5, 26.5, 26.2, 21.6; HRMS (ESI) m/z: calcd for 

C25H26N3O3 [M + H]+ 416.1969, found 416.1968.

3. Reduction of the product 3aa

3-(4,6-Dimethyl-5-oxo-5,6-dihydro-4H-pyrido[4,3,2-gh]phenanthridin-6-yl)-2,2-

dimethylpropanenitrile (3aa) (0.2 mmol) was added to a 25 mL sealed tube with a Teflon lined 

cap, and the internal atmosphere were exchanged with argon gas for three times. Then 

methanol (4 mL) was added. The mixture was cooled to 0 oC and NaBH4 (0.6 mmol) was added in 
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portions. The mixture was stirred at room temperature for 12 h. After the reaction was 

completed, the reaction mixture was quenched by water and extracted with EtOAc (15 × 3 mL). 

The combined organic layers were washed with brine (15 mL), dried over anhydrous Na2SO4, 

filtered and concentrated in vacuo. The residue was purified by silica gel chromatography using 

hexane/ethyl acetate (2:1) as eluent to afford the pure product 4aa.

N

N
O

4aa

NH2

6-(3-Amino-2,2-dimethylpropyl)-4,6-dimethyl-4H-pyrido[4,3,2-gh]phenanthridin-5(6H)-one 

(4aa). Yellow oil (38.2 mg, 55% yield); 1H NMR (400 MHz, CDCl3) δ 8.50 (d, J = 8.0 Hz, 1H), 8.19–

8.04 (m, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.77–7.54 (m, 3H), 6.80 (d, J = 8.0 Hz, 1H), 6.05 (s, 1H), 5.48 

(s, 1H), 3.44 (d, J = 11.6 Hz, 1H), 3.34–3.26 (m, 1H), 3.10 (s, 3H), 2.46 (s, 2H), 1.55 (s, 3H), 1.14 (s, 

3H), 1.08 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 181.1, 162.0, 157.5, 147.8, 134.2, 128.7, 128.6, 

126.3, 123.8, 122.7, 111.9, 109.9, 109.1, 107.9, 61.7, 46.7, 41.9, 41.8, 39.6, 30.0, 29.7, 26.2; 

HRMS (ESI) m/z: calcd for C22H26N3O [M + H]+ 348.2070, found 348.2072.

4. References
1 X. Li, X. Fang, S. Zhuang, P. Liu and P. Sun, Org. Lett., 2017, 19, 3580.
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5. NMR spectra of the products 3 and 4aa
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6. Crystal structure and data of 3za

Figure S1 Crystal structures of 3za (CCDC: 1572151).

Table S1 Crystal data and structure refinement for 3za.
Compound 3za

Formula C27H23N3O
Crystal system Tetragonal
Formula weight 405.48
Space group I41cd
a/Å 31.825(9)
b/Å 31.825(9)
c/Å 8.303(2)
α/° 90
β/° 90
γ/° 90
V/Å3 8409.0(5)
Z 16
Dc/g cm-3 1.281
μ/mm-1 0.08
F(000) 3424
Observed reflection/unique 22708 / 3034
Rint 0.049
Goodness-of-fit on F2 1.126
R1

a,  wR2
b [I > 2σ(I)] 0.0329,0.0924

R1, wR2 (all data) 0.0381,0.0969

Table S2 Bond lengths (Å) and angles (˚) for compound 3za.

C1—C2 1.412(3) C14—O1 1.222(3)
C1—C6 1.408(4) C15—C16 1.524(3)
C1—N2 1.392(3) C15—C17 1.558(4)
C15—C23 1.535(4) C17—C18 1.388(4)
C2—C3 1.371(4) C16—N2 1.304(3)
C3—C4 1.390(4) C17—C22 1.388(4)
C4—C5 1.369(4) C18—C19 1.389(4)
C5—C6 1.411(4) C19—C20 1.372(4)
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C6—C7 1.448(4) C21—C22 1.382(4)
C7—C8 1.406(4) C20—C21 1.390(4)
C7—C12 1.411(4) C23—C24 1.571(4)
C8—C9 1.371(4) C9—C10 1.393(4)
C10—C11 1.378(4) C24—C25 1.531(4)
C11—C12 1.418(3) C24—C26 1.542(4)
C11—N1 1.415(4) C24—C27 1.482(4)
C12—C16 1.426(4) C27—N3 1.147(4)
C13—N1 1.470(3) C12—C16—C15 118.3(2)
C14—C15 1.532(3) N2—C16—C12 124.1(2)
C14—N1 1.363(3) N2—C16—C15 117.6(2)
C6—C1—C2 120.1(2) C18—C17—C15 122.5(2)
N2—C1—C2 117.0(2) C22—C17—C15 119.2(2)
N2—C1—C6 122.9(2) C22—C17—C18 118.3(3)
C3—C2—C1 119.9(3) C17—C18—C19 120.8(2)
C5—C4—C3 120.8(3) C2—C3—C4 120.3(2)
C4—C5—C6 120.7(3) C20—C19—C18 120.4(3)
C1—C6—C5 118.1(2) C19—C20—C21 119.4(3)
C1—C6—C7 118.2(2) C15—C23—C24 117.8(2)
C5—C6—C7 123.6(2) C22—C21—C20 120.2(3)
C8—C7—C6 123.6(2) C21—C22—C17 120.9(3)
C8—C7—C12 119.1(2) C7—C12—C11 120.0(2)
C12—C7—C6 117.2(2) C7—C12—C16 119.1(2)
C9—C8—C7 119.7(3) C11—C12—C16 120.9(2)
C11—C10—C9 120.4(2) N1—C14—C15 118.4(2)
C8—C9—C10 121.5(3) C25—C24—C23 110.4(2)
C10—C11—C12 119.2(2) C25—C24—C26 109.7(3)
C10—C11—N1 121.4(2) C26—C24—C23 110.9(2)
N1—C11—C12 119.4(2) C27—C24—C23 111.3(2)
O1—C14—C15 119.5(2) C27—C24—C25 107.1(2)
O1—C14—N1 121.9(2) C27—C24—C26 107.3(2)
C14—C15—C17 106.6(2) C23—C15—C17 108.96(19)
C14—C15—C23 109.0(2) N3—C27—C24 178.6(3)
C16—C15—C14 112.86(19) C11—N1—C13 118.2(2)
C16—C15—C17 107.8(2) C14—N1—C11 123.57(19)
C16—C15—C23 111.4(2) C14—N1—C13 117.6(2)
C16—N2—C1 118.0(2)
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