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1. General information 
 
1
H NMR and 

13
C NMR were recorded at room temperature on a Bruker™ DPX 300 at 300 and 

75 MHz, respectively. Chemical shifts are in parts per million (ppm). The assignments were 

made using one dimensional (1D) 
1
H and 

13
C spectra or two-dimensional (2D) HSQC and COSY 

spectra. Melting points were determined on a Büchi B-540 apparatus and are uncorrected. Mass 

spectra were recorded with a LCMS-MS analysis was performed on a Waters Alliance 

Micromass ZQ 2000, using a C18 X-Bridge 5 μm particle size column, dimensions 50 mm * 4.6 

mm. A gradient starting from 100% H2O/0.1% formic acid and reaching 5% H2O/95% 

CH3CN/0.1% formic acid within 3 min at a flow rate of 2 mL/min was used. Purity (%) was 

determined by reversed phase HPLC, using UV detection (215 nm), and all compound showed 

purity greater than 95%. All commercial reagents and solvents were used without further 

purification. HRMS analysis was performed on a LCT Premier XE Micromass, using a C18 X-

Bridge 3.5 μm particle size column, dimensions 50 mm * 4.6 mm. A gradient starting from 98% 

H2O 5 mM Ammonium Formate pH=9.2 and reaching 100% CH3CN 5 mM Ammonium Formate 

pH=9.2 within 3  min at a flow rate of 1 mL/min was used. Reactions were performed using a 

Discover™ microwave from CEM™. 

 

2. General Procedure for Friedländer reaction promoted by 
Propylphosphonic Anhydride (T3P®). 

 

To a mixture of 2-Aminoaryl Ketone (0.5 mmol) and Ketone (0.5 mmol) was added T3P® (50% 

in EtOAc) (0.5 mmol) in drops. The mixture was heated to 60°C without added solvent for 0.5-1h 

in air. After completion the reaction observed by LC-MS, water (3 ml) was added to the reaction 

mixture and was shaken to dissolve the T3P®. The crude product was easily purified and isolated 

by recrystallization from hot methanol (2 ml) for more purification to give the pure 

polysubstituted quinolines. In all cases, the resulting products were isolated in total purity, as 

determined by LC-MS and afforded analytically pure products in excellent to good yields in 85-

96% as a off-white or light yellow solid.  
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3. Characterization of compounds. 
2-chloro-5,6,7,8-tetrahydro-9-phenylacridine (1): 

 

N

Ph

Cl

 

Yield (137 mg, 94%); white solid; mp= 165-167 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.94 (d, J = 9.0 Hz, 1H), 7.55-7.45 (m, 4H), 7.28 (d, J = 

2.1 Hz, 1H), 7.19 (dd, J = 7.8, 1.5 Hz, 2H), 3.17 (t, J = 6.6 Hz, 2H), 2.58 (t, J 

= 6.6 Hz, 2H), 1.99-1.91 (m, 2H), 1.80-173 (m, 2H); 13C NMR  (75 MHz, 

CDCl3): δ 159.47 (Cq), 145.72 (Cq), 144.68 (Cq), 136.37 (Cq), 131.14 (Cq), 

130.08, 129.44 (Cq), 129.24, 129.01, 128.83, 128.06, 127.38 (Cq), 124.53, 

34.21, 28.13, 22.90, 22.81; rt(LCMS) = 3.83 min (5 min, PH = 3.8); HRMS-

ESI (m/z): [M+H]+ calcd. for C19H17NCl 294.1050; found 294.1057. 

 

7-chloro-2,3-dihydro-9-phenyl-1H-cyclopenta[b]quinoline (2):  

 

N

Ph

Cl

 

Yield (126 mg, 90%); white solid; mp= 96-98 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.96 (d, J = 8.7 Hz, 1H), 7.56 (d, J = 2.1 Hz, 1H); 7.51-

7.40 (m, 4H), 7.29 (dd, J = 7.8, 1.5 Hz, 2H), 3.18 (t, J = 7.5 Hz, 2H), 2.85 (t, J 

= 7.5 Hz, 2H), 2.16-2.06 (m, 2H); 13C NMR  (75 MHz, CDCl3): δ 167.80 

(Cq), 146.33 (Cq), 141.84 (Cq), 135.98 (Cq), 134.65 (Cq), 131.30 (Cq), 

130.37, 129.15, 128.96, 128.70, 128.28, 126.98 (Cq), 124.46, 35.11, 30.36, 

23.41; rt(LCMS) = 3.64 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ 

calcd. for C18H15NCl 280.0893; found 280.0893. 

 

7-chloro-3,4-dihydro-3,3-dimethyl-9-phenylacridin-1(2H)-one (3): 

 

N

Ph

Cl

O

 

Yield (151 mg, 90%); white solid; mp= 211-213 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.98 (d, J = 9.0 Hz, 1H), 7.64 (dd, J = 9.0, 2.1 Hz, 1H), 

7.53-7.47 (m, 3H), 7.43 (d, J = 2.4 Hz, 1H), 7.18-7.14 (m, 2H),  3.24 (s, 2H), 

2.55 (s, 2H), 1.14 (s, 6H); 13C NMR  (75 MHz, CDCl3): δ 197.59 (Cq), 

161.45 (Cq), 150.04 (Cq), 147.39 (Cq), 136.82 (Cq), 132.46, 132.39 (Cq), 

130.25, 128.37, 128.24, 128.04 (Cq), 127.91, 126.76, 123.30, 54.17, 48.31, 

32.25, 28.37; rt(LCMS) = 3.58 min (5 min, PH = 3.8); HRMS-ESI (m/z): 

[M+H]+ calcd. for C21H19NOCl 336.1155; found 336.1149. 

 

ethyl 7-chloro-1,2,3,4-tetrahydro-9-phenylacridine-2-carboxylate (4): 

 

N

Ph

Cl
OEt

O

 

Yield (170 mg, 93%); white solid; mp= 114-116 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.93 (d, J = 9.0 Hz, 1H), 7.55-7.47 (m, 4H), 7.27 (d, J = 

2.4 Hz, 1H), 7.24-7.17 (m, 2H), 4.18-4.03 (m, 2H), 3.34-3.12 (m, 2H), 2.93-

2.71 (m, 3H), 2.36-2.26 (m, 1H), 2.17-2.03 (m, 1H), 1.21 (t, J = 7.2 Hz,3H); 
13C NMR  (75 MHz, CDCl3): δ 174.76 (Cq), 157.92 (Cq), 146.19 (Cq), 
144.83 (Cq), 135.87 (Cq), 131.43 (Cq),  130.11, 129.58, 129.11, 129.06. 

128.86, 128.82, 128.28, 127.39, 127.30 (Cq), 124.63, 60.67, 39.63, 32.78, 

30.04, 25.65, 14.19; rt(LCMS) = 3.66 min (5 min, PH = 3.8); HRMS-ESI 

(m/z): [M+H]+ calcd. for C22H21NO2Cl 366.1261; found 366.1261. 
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tert-butyl 8-chloro-3,4-dihydro-10-phenylbenzo[b][1,6]naphthyridine-2(1H)-carboxylate (5): 

 

N

N

Ph

Cl Boc

 

Yield (187 mg, 95%); white solid; mp= 183-185 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.92 (d, J = 9.0 Hz, 1H), 7.53-7.46 (m, 4H), 7.31 (d, J = 

1.5 Hz, 1H), 7.21 (dd, J = 7.8, 1.5 Hz, 2H), 4.40 (s, 2H), 3.79 (t, J = 6.0 Hz, 

2H), 3.21 (t, J = 6.0 Hz, 2H), 1.40 (s, 9H); 13C NMR  (75 MHz, CDCl3): δ 

156.37 (Cq), 154.51 (Cq), 145.06 (Cq), 134.64 (Cq), 131.80 (Cq), 130.23, 

129.94, 129.10, 128.75, 128.64, 127.25 (Cq), 125.95 (Cq), 124.56, 80.08 

(Cq), 44.28, 41.45, 33.50, 28.34; rt(LCMS) = 3.80 min (5 min, PH = 3.8); 

HRMS-ESI (m/z): [M+H]+ calcd. for C23H24N2O2Cl 395.1526; found 

395.1538. 

 

6-chloro-2-(4-chlorophenyl)-3,4-diphenylquinoline (6): 

 

N

Ph

Cl

Cl  

Yield (199 mg, 94%); white solid; mp= 213-215 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.19 (d, J = 9.0 Hz, 1H), 7.69 (dd, J = 9.0, 2.4 Hz, 1H), 

7.58 (d, J = 2.4 Hz, 1H), 7.37-7.28 (m, 5H), 7.24-7.19 (m, 2H), 7.15-7.12 (m, 

2H), 7.09-7.05 (m, 3H), 6.92-6.89 (m, 2H); 13C NMR  (75 MHz, CDCl3): δ 

157.88 (Cq), 147.23 (Cq), 145.77 (Cq), 139.27 (Cq), 137.72 (Cq), 136.10 

(Cq), 134.06 (Cq), 133.61 (Cq), 132.71 (Cq), 131.35, 131.32, 131.18, 130.49, 

130.16, 128.08, 127.98, 127.69, 127.52 (Cq), 126.80, 125.41; rt(LCMS) = 

4.22 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ calcd. for C27H18NCl2 

426.0816; found 426.0823. 

 

ethyl 6-chloro-2-(4-methoxyphenyl)-4-phenylquinoline-3-carboxylate (7): 

 

N

Ph

Cl
OEt

O

OMe  

Yield (198 mg, 95%); white solid; mp= 133-135 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.15 (d, J = 9.0 Hz, 1H), 7.75 (d, J = 8.7 Hz, 2H), 7.67 

(dd, J = 8.7, 2.4 Hz, 1H), 7.56 (d, J = 2.4 Hz, 1H), 7.54-7.50 (m, 3H), 7.42-

7.39 (m, 2H), 7.01 (d, J = 8.7 Hz, 2H), 3.93 (q, J = 7.2 Hz, 2H), 3.85 (s, 3H), 

0.87 (t, J = 7.2 Hz, 3H); 13C NMR  (75 MHz, CDCl3): δ 168.13 (Cq), 160.52 

(Cq), 155.69 (Cq), 146.28 (Cq), 134.95 (Cq), 132.74 (Cq), 132.32 (Cq), 
131.36, 130.04, 129.35, 128.83, 128.46, 127.85 (Cq), 126.15 (Cq), 125.25, 

114.01, 61.43, 55.37, 13.55; rt(LCMS) = 3.95 min (5 min, PH = 3.8); HRMS-

ESI (m/z): [M+H]+ calcd. for C25H21NO3Cl 418.1210; found 418.1227. 

                                                              

ethyl 6-chloro-2-methyl-4-phenylquinoline-3-carboxylate (8): 

 

N

Ph

Cl
OEt

O

 

Yield (151 mg, 93%); white solid; mp= 101-103 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.96 (d, J = 9.0 Hz, 1H), 7.59 (dd, J = 9.0, 2.4 Hz, 1H), 

7.50 (d, J = 2.4 Hz, 1H), 7.47-7.45 (m, 3H), 7.33 (d, J = 4.2 Hz, 1H), 7.30 (d, 

J = 1.8 Hz, 1H), 4.04 (q, J = 7.2 Hz, 2H), 2.74 (s, 3H), 0.91 (t, J = 7.2 Hz, 

3H); 13C NMR  (75 MHz, CDCl3): δ 168.03 (Cq), 154.96 (Cq), 146.04 (Cq), 

145.33 (Cq), 135.02 (Cq), 132.31 (Cq), 131.06, 130.53, 129.28, 128.75, 

128.43, 128.14 (Cq), 125.90 (Cq), 125.16, 61.43, 23.75, 13.63; rt(LCMS) = 

3.65 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ calcd. for 

C19H17NO2Cl 326.0984; found 326.0964. 
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tert-butyl 6-chloro-2-methyl-4phenylquinoline-3-carboxylate (9):  
 

N

Ph

Cl
Ot-Bu

O

 

Yield (162 mg, 92%); white solid; mp= 142-144 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.94 (d, J = 9.0 Hz, 1H), 7.56 (dd, J = 9.0, 2.4 Hz, 1H), 

7.45-7.42 (m, 4H), 7.35-7.30 (m, 2H), 2.75 (s, 3H), 1.20 (s, 9H); 13C NMR  

(75 MHz, CDCl3): δ 167.05 (Cq), 154.87 (Cq), 145.79 (Cq), 144.51 (Cq), 

135.02 (Cq), 132.13 (Cq), 130.77, 130.44, 129.51, 129.26 (Cq), 128.63, 

128.35, 126.14 (Cq), 125.08, 82.54 (Cq), 27.55, 23.60; rt(LCMS) = 3.93 min 

(5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ calcd. for C21H21NO2Cl 

354.1261; found 354.1269. 

 

ethyl 6-chloro-2-(chloromethyl)-4-phenylquinoline-3-carboxylate (10): 

 

N
Cl

OEt

Ph

Cl

O

 

Yield (162 mg, 90%); white solid; mp= 107-109 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.03 (d, J = 9.0 Hz, 1H), 7.64 (dd, J = 9.0, 2.1 Hz, 1H), 

7.57 (d, J = 2.1 Hz, 1H), 7.51-7.47 (m, 3H), 7.35-7.31 (m, 2H), 5.00 (s, 2H), 

4.04 (q, J = 7.2 Hz, 2H), 0.89 (t, J = 7.2 Hz, 3H); 13C NMR  (75 MHz, 

CDCl3): δ 167.26 (Cq), 153.41 (Cq), 147.30 (Cq), 145.68 (Cq), 135.00 (Cq), 

133.85 (Cq), 131.67, 131.22, 129.19, 128.91, 128.52, 127.00 (Cq), 125.37, 

61.72, 45.76, 13.49; rt(LCMS) = 3.82 min (5 min, PH = 3.8); HRMS-ESI 

(m/z): [M+H]+ calcd. for C19H16NO2Cl2 360.0558; found 360.0568. 

 

ethyl 2-(6-chloro-2-methyl-4-phenylquinolin-3-yl)acetate (11): 

 

N

Ph

Cl OEt

O

 

Yield (154 mg, 91%); white solid; mp= 135-137 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.97 (d, J = 9.0 Hz, 1H), 7.57-7.49 (m, 4H), 7.28-7.23 

(m, 3H), 4.11 (q, J = 7.2 Hz, 2H), 3.59 (s, 2H), 2.72 (s, 3H), 1.19 (t, J = 7.2 

Hz, 3H); 13C NMR  (75 MHz, CDCl3): δ 170.68 (Cq), 158.91 (Cq), 147.31 

(Cq), 145.15 (Cq), 136.06 (Cq), 131.57 (Cq), 130.27, 129.84, 129.16, 

128.79, 128.49, 127.52 (Cq), 125.70 (Cq), 125.24, 61.10, 36.55, 24.12, 

14.17; rt(LCMS) = 3.51 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ 

calcd. for C20H19NO2Cl 340.1104; found 340.1103. 
 

ethyl 2-((ethoxycarbonyl)methyl)-6-chloro-4-phenylquinoline-3-carboxylate (12): 

. 

N

OPh

Cl
OEt

O OEt  

Yield (181 mg, 91%); yellow solid; mp= 57-59 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.99 (d, J = 9.0 Hz, 1H), 7.60 (dd, J = 9.0, 2.4 Hz, 1H), 

7.52 (d, J = 2.4 Hz, 1H), 7.46-7.42 (m, 3H), 7.31-7.28 (m, 2H), 4.18 (s, 2H), 

4.13 (q, J = 7.2 Hz, 2H), 3.94 (q, J = 7.2 Hz, 2H), 1.23 (t, J = 7.2 Hz, 3H), 

1.21 (t, J = 7.2 Hz, 3H); 13C NMR  (75 MHz, CDCl3): δ 169.92 (Cq), 167.66 

(Cq), 151.97 (Cq), 146.84 (Cq), 146.05 (Cq), 135.48 (Cq), 133.02 (Cq), 

131.32, 131.01, 129.19, 128.65, 128.39, 127.31 (Cq), 126.58(Cq), 125.32, 

61.39, 48.93, 43.25, 14.10, 13.36 rt(LCMS) = 3.70 min (5 min, PH = 3.8); 

HRMS-ESI (m/z): [M+H]+ calcd. for C22H21NO4Cl 398.1159; found 

398.1160. 
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(6-chloro-2-methyl-4-phenylquinolin-3-yl)(phenyl)methanone (13): 

 

N

Ph

Cl

O

 

Yield (168 mg, 94%); white solid; mp= 216-218 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.05 (d, J = 9.0 Hz, 1H), 7.63 (dd, J = 9.0, 2.4 Hz, 1H), 

7.58-7.54 (m, 3H), 7.44-7.38 (m, 1H), 7.28-7.14 (m, 7H), 2.60 (s, 3H); 13C 

NMR  (75 MHz, CDCl3): δ 197.34 (Cq), 155.09 (Cq), 146.24 (Cq), 144.74 

(Cq), 136.89 (Cq), 134.16 (Cq), 133.73, 133.24 (Cq), 132.46 (Cq), 130.98, 

130.64, 129.93, 129.24, 128.55, 128.27, 126.12 (Cq), 125.00, 24.04; 

rt(LCMS) = 3.64 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ calcd. for 

C23H17NOCl 358.0999; found 358.1014. 

 
9-chloro-5,6-dihydro-7-phenylbenzo[c]acridine (14): 

 

N

Ph

Cl

 

Yield (163 mg, 96%); white solid; mp= 146-148 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.63 (dd, J = 7.5, 1.2 Hz, 1H), 8.13 (d, J = 9.0 Hz, 1H), 

7.61-7.54 (m, 4H), 7.49-7.37 (m, 3H), 7.33-7.24 (m, 3H), 2.91-2.83 (m, 4H); 
13C NMR  (75 MHz, CDCl3): δ 153.41 (Cq), 145.61 (Cq), 144.62 (Cq), 

139.30 (Cq), 136.24 (Cq), 134.80 (Cq), 131.75 (Cq), 131.26, 129.92, 129.46, 

129.41, 129.09 (Cq), 128.83, 128.27, 128.02 (Cq), 127.80, 127.36, 126.39, 

124.88, 28.14, 26.56; rt(LCMS) = 4.42 min (5 min, PH = 3.8); HRMS-ESI 

(m/z): [M+H]+ calcd. for C23H17NCl 342.1050; found 342.1059. 

 

9-chloro-7-phenyl-6H-chromeno[4,3-b]quinoline (15):  

 

N

O

Ph

Cl

 

Yield (163 mg, 95%); white solid; mp= 181-183 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.50 (dd, J = 7.8, 1.8 Hz, 1H), 8.08 (d, J = 9.0 Hz, 1H), 

7.60-7.54 (m, 4H), 7.45 (d, J = 2.1 Hz, 1H), 7.40-7.34 (m, 1H), 7.31-7.27 (m, 

2H), 7.20-7.15 (m, 1H), 6.97 (dd, J = 8.4, 0.9 Hz, 1H), 5.07 (s, 2H); 13C NMR  

(75 MHz, CDCl3): δ 157.26 (Cq), 148.93 (Cq), 146.41 (Cq), 142.83 (Cq), 

134.21 (Cq), 132.09, 132.01 (Cq), 131.22, 130.18, 129.20, 129.01, 128.87, 

127.74 (Cq), 125.79, 124.93, 123.62 (Cq), 123.16 (Cq), 122.54, 117.24, 

66.61; rt(LCMS) = 4.42 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ 

calcd. for C22H15NOCl 344.0842; found 344.0840. 

 

8-chloro-4,5-dihydro-6phenylfuro[2,3-c]acridine (16): 

 



Ph
Cl


 

Yield (155 mg, 94%); white solid; mp= 144-146 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.99 (d, J = 9.0 Hz, 1H), 7.59-7.50 (m, 4H), 7.44 (d, J = 

1.8 Hz, 1H), 7.29-7.26 (m, 3H), 7.11 (d, J = 2.1 Hz, 1H), 2.98-2.85 (m, 4H); 
13C NMR  (75 MHz, CDCl3): δ 158.01 (Cq), 151.57 (Cq), 145.33 (Cq), 

144.41 (Cq), 142.84, 136.38 (Cq), 131.01 (Cq), 130.30, 129.26, 129.20, 

128.87,128.24, 127.62 (Cq), 126.38 (Cq), 124.99, 120.78 (Cq), 107.34, 26.51, 

21.72; rt(LCMS) = 3.87 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ 

calcd. for C21H15NOCl 332.0842; found 332.0838. 
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8-chloro-4,5-dihydro-6-phenylthieno[2,3-c]acridine (17): 

 



Ph
Cl

S
 

Yield (161 mg, 93%); white solid; mp= 182-184 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.02 (d, J = 9.0 Hz, 1H), 7.92 (d, J = 5.4 Hz, 1H), 7.59-

7.51 (m, 4H), 7.34 (d, J = 2.4 Hz, 1H), 7.31-7.27 (m, 2H), 7.21 (d, J = 5.4 Hz, 

1H), 2.93 (s, 4H); 13C NMR  (75 MHz, CDCl3): δ 151.43 (Cq), 145.42 (Cq), 

144.55 (Cq), 143.47 (Cq), 137.47 (Cq), 136.38 (Cq), 131.30 (Cq), 130.79, 

129.37, 128.87, 128.27, 127.75 (Cq), 126.87 (Cq), 125.29, 124.95, 123.29, 

27.34, 23.25; rt(LCMS) = 4.22 min (5 min, PH = 3.8); HRMS-ESI (m/z): 

[M+H]+ calcd. for C21H15NSCl 348.0614; found 348.0621. 

 

6-chloro-2-(4-methoxyphenyl)-4-phenylquinoline (18): 

 



Ph
Cl

OMe

 

Yield (159 mg, 93%); white solid; mp= 116-118 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.18-8.13 (m, 3H), 7.85 (d, J = 2.4 Hz, 1H), 7.80 (s, 

1H), 7.65 (dd, J = 9.0, 2.4 Hz, 1H), 7.58-7.53 (m, 5H), 7.05 (dd, J = 6.9, 2.1 

Hz, 2H), 3.89 (s, 3H); 13C NMR  (75 MHz, CDCl3): δ 161.04 (Cq), 156.60 
(Cq), 148.25 (Cq), 147.25 (Cq), 137.88 (Cq), 131.75 (Cq), 131.53, 130.33, 

129.46, 128.89, 128.81, 128.66, 126.23 (Cq), 124.47, 119.54, 114.29, 55.41; 

rt(LCMS) = 3.89 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ calcd. for 

C22H17NOCl 346.0999; found 346.0997. 

 

3-bromo-6-chloro-2,4-diphenylquinoline (19): 

 



Ph
Cl Br

 

Yield (189 mg, 96%); yellow solid; mp= 151-153 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.14 (d, J = 9.0 Hz, 1H), 7.77 (dd, J = 7.8, 2.1 Hz, 2H), 

7.67 (dd, J = 9.0, 2.4 Hz, 1H), 7.64-7.50 (m, 6H), 7.43 (d, J = 2.4 Hz, 1H), 

7.37 (dd, J =7.8, 2.1 Hz, 2H); 13C NMR  (75 MHz, CDCl3): δ 159.26 (Cq), 

148.95 (Cq), 144.91 (Cq), 140.68 (Cq), 137.48 (Cq), 133.34 (Cq), 131.31, 

130.80, 129.44, 129.22, 128.92, 128.83, 128.58 (Cq), 128.09, 125.15, 119.76 

(Cq); rt(LCMS) = 3.85 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ 

calcd. for C21H14NClBr 393.9998; found 394.0013. 

 

3-bromo-6-chloro-4-phenyl-2-p-tolylquinoline (20): 

 



Ph
Cl Br

 

Yield (194 mg, 95%); light yellow solid; mp= 160-162 °C; Purity: 100%; 1H 

NMR (300 MHz, CDCl3): δ 8.12 (d, J = 9.0 Hz, 1H), 7.68-7.56 (m, 6H), 

7.40-7.27 (m, 5H), 2.46 (s, 3H); 13C NMR  (75 MHz, CDCl3): δ 159.27 (Cq), 

148.84 (Cq), 144.92 (Cq), 138.88 (Cq), 137.83 (Cq), 137.56 (Cq), 133.15 

(Cq), 131.26, 130.69, 129.35, 129.20, 128.79, 128.75, 128.49 (Cq), 125.10, 

119.84 (Cq), 21.44; rt(LCMS) = 3.97 min (5 min, PH = 3.8); HRMS-ESI 

(m/z): [M+H]+ calcd. for C22H16NClBr 408.0155; found 408.0162. 
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ethyl 2,4-dimethylquinoline-3-carboxylate (21): 

 

N

OEt

O

 

Yield (108 mg, 95%); white solid; mp= 205-207 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.68 (d, J = 8.4 Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.83 

(t, J = 7.8 Hz, 1H), 7.71 (t, J = 7.8 Hz, 1H), 4.44 (q, J = 7.2 Hz, 2H), 2.95 (s, 

3H), 2.76 (s, 3H), 1.35 (t, J = 7.2 Hz, 3H); 13C NMR  (75 MHz, CDCl3): δ 

165.51 (Cq), 153.46 (Cq), 150.94 (Cq), 139.01 (Cq), 133.84, 129.23, 128.61 

(Cq), 126.25 (Cq), 124.87, 123.28, 62.88, 19.70, 17.06, 14.13; rt(LCMS) = 

2.30 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ calcd. for C14H16NO2 

230.1181; found 230.1188. 
 

tert-butyl 2,4-dimethylquinoline-3-carboxylate (22): 
 

N

Ot-Bu

O

 

Yield (114 mg, 89%); white solid; mp= 223-225 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.88 (d, J = 8.4 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 7.91 

(t, J = 7.8 Hz, 1H), 7.80 (t, J = 7.8 Hz, 1H), 3.07 (s, 3H), 2.84 (s, 3H), 1.60 (s, 

9H); 13C NMR  (75 MHz, CDCl3): δ 164.01 (Cq), 153.07 (Cq), 151.80 (Cq), 
137.39 (Cq), 134.35, 130.00 (Cq), 129.71, 126.50 (Cq), 124.93, 122.24, 85.44 

(Cq), 28.08, 18.73, 17.00; rt(LCMS) = 3.11 min (5 min, PH = 3.8); HRMS-

ESI (m/z): [M+H]+ calcd. for C16H20NO2 258.1494; found 258.1490. 
 

 

ethyl 2-(chloromethyl)-4-methylquinoline-3-carboxylate (23): 

 

N

O

OEt

Cl
 

Yield (126 mg, 95%);  deliquescent yellow solid; mp= 105-107 °C; Purity: 

100%; 1H NMR (300 MHz, CDCl3): δ 8.00 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 

8.4 Hz, 1H), 7.67 (t, J = 8.4 Hz, 1H), 7.51 (t, J = 7.8 Hz, 1H), 4.92 (s, 2H), 

4.47 (q, J = 7.2 Hz, 2H), 2.64 (s, 3H), 1.41 (t, J = 7.2 Hz, 3H); 13C NMR  (75 

MHz, CDCl3): δ 167.83 (Cq), 152.70 (Cq), 146.36 (Cq), 144.17 (Cq), 130.63, 

129.71, 127.68, 126.78 (Cq), 126.49 (Cq), 124.13, 62.05, 46.10, 15.86, 14.10; 

rt(LCMS) = 2.88 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ calcd. for 

C14H15NO2Cl 264.0791; found 264.0802. 

 

5,6-dihydro-7-methylbenzo[c]acridine (24): 

 

N

 

Yield (115 mg, 94%); grey solid; mp= 92-94 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.68 (d, J = 7.5 Hz, 1H), 8.22 (d, J = 8.4 Hz, 1H), 7.95 

(d, J = 8.4 Hz, 1H), 7.68 (dd, J = 9.6, 6.9 Hz, 1H), 7.53-7.38 (m, 3H), 7.28 

(d, J = 7.5 Hz, 1H), 3.11-2.95 (m, 4H), 2.59 (s, 3H); 13C NMR  (75 MHz, 

CDCl3): δ 152.62 (Cq), 146.88 (Cq), 139.77 (Cq), 139.11 (Cq), 135.28 (Cq), 

130.25, 129.49, 128.40 (Cq), 128.26, 127.76 (Cq), 127.61, 127.25, 126.48, 

125.83, 123.68, 28.17, 25.35, 13.91; rt(LCMS) = 3.33 min (5 min, PH = 3.8); 

HRMS-ESI (m/z): [M+H]+ calcd. for C18H16N 246.1283; found 246.1295. 
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5,6-dihydro-7-methylbenzo[c]acridin-3-ol (25): 

 

N

OH  

Yield (113 mg, 86%); grey solid; mp= 185-187 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.95 (d, J = 7.5 Hz, 1H), 7.68 (dd, J = 6.9, 1.5 Hz, 1H), 

7.64 (dd, J = 6.9, 1.5 Hz, 1H), 7.53 (dd, J = 6.9, 1.5 Hz, 1H), 7.50 (dd, J = 6.9, 

1.5 Hz, 1H), 6.81 (dd, J = 8.4, 1.5 Hz, 1H), 6.72 (d, J = 2.1 Hz, 1H), 3.01-3.05 

(m, 2H), 2.90-2.85 (m, 2H), 2.63 (s, 3H); 13C NMR  (75 MHz, CDCl3): δ 

159.54 (Cq), 152.52 (Cq), 146.31 (Cq), 141.54 (Cq), 140.35 (Cq), 129.39, 

128.87, 128.24, 128.11 (Cq), 127.29 (Cq), 126.12 (Cq),  125.87, 124.53, 

114.77, 114.45, 28.01, 25.19, 14.16; rt(LCMS) = 2.35 min (5 min, PH = 3.8); 

HRMS-ESI (m/z): [M+H]+ calcd. for C18H16NO 262.1232; found 262.1229. 

 

7-methyl-6H-chromeno[4,3-b]quinoline (26): 
 

N

O

 

Yield (113 mg, 92%); yellow solid; mp= 111-113 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 8.48 (dd, J = 7.8, 1.8 Hz, 1H), 8.11 (dd, J = 8.7, 0.9 

Hz, 1H), 7.91 (dd, J = 8.7, 0.9 Hz, 1H), 7.69-7.64 (m, 1H), 7.51-7.45 (m, 

1H), 7.40-7.34 (m, 1H), 7.16 (dt, J = 8.7, 1.2 Hz, 1H), 7.01 (dd, J = 8.1, 1.2 

Hz, 1H), 5.37 (s, 2H), 2.50 (s, 3H); 13C NMR  (75 MHz, CDCl3): δ 157.03 

(Cq), 148.12 (Cq), 147.54 (Cq), 138.04, 131.61, 130.12, 129.04, 127.53 (Cq), 

125.98, 125.74, 123.60, 123.38 (Cq), 123.20 (Cq), 122.40, 117.00, 66.21, 

13.03; rt(LCMS) = 3.48 min (5 min, PH = 3.8); HRMS-ESI (m/z): [M+H]+ 

calcd. for C17H14NO 248.1075; found 248.1081. 

 

ethyl 6,7-dimethoxy-2,4-dimethylquinoline-3-carboxylate (27): 

 

N

OEt

O

MeO

MeO

 

Yield (138 mg, 96%); yellow solid; mp= 128-130 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 7.87 (s, 1H), 7.19 (s, 1H), 4.43 (q, J = 7.2 Hz, 2H), 4.03 

(s, 3H), 4.00 (s, 3H), 2.82 (s, 3H), 2.69 (s, 3H), 1.38 (t, J = 7.2 Hz, 3H); 13C 

NMR  (75 MHz, CDCl3): δ 166.51 (Cq), 155.24 (Cq), 150.97 (Cq), 149.92 

(Cq), 146.70 (Cq), 138.10 (Cq), 126.34 (Cq), 121.95 (Cq), 102.64, 102.35, 

62.39, 56.83, 56.39, 19.93, 16.97, 14.15; rt(LCMS) = 2.28 min (5 min, PH = 

3.8); HRMS-ESI (m/z): [M+H]+ calcd. for C16H20NO4 290.1392; found 

290.1404. 
 

9,10-dimethoxy-7-methyl-6H-chromeno[4,3-b]quinoline (28): 

 

N

MeO
O

MeO

 

Yield (140 mg, 92%); yellow solid; mp= 273-275 °C; Purity: 100%; 1H NMR 

(300 MHz, CDCl3): δ 9.25 (d, J = 7.8 Hz, 1H), 9.06 (s, 1H), 7.49 (t, J = 7.8 

Hz, 1H), 7.29 (t, J = 7.8 Hz, 1H), 7.14 (s, 1H), 7.00 (d, J = 7.8 Hz, 1H), 5.40 

(s, 2H), 4.14 (s, 3H), 4.04 (s, 3H), 2.72 (s, 3H); 13C NMR  (75 MHz, CDCl3): 

δ 157.16 (Cq), 155.55 (Cq), 151.27 (Cq), 146.96 (Cq), 140.98 (Cq), 135.71 

(Cq), 135.35, 128.33, 123.73, 123.37 (Cq), 121.88 (Cq), 117.69, 115.02 (Cq), 
101.90, 101.83, 65.01, 57.40, 56.36, 15.44; rt(LCMS) = 2.91 min (5 min, PH 

= 3.8); HRMS-ESI (m/z): [M+H]+ calcd. for C19H18NO3 308.1287; found 

308.1277. 
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ethyl 2-methyl-1,8-naphthyridine-3-carboxylate (29): 

 

N N

OEt

O

 

Yield (93 mg, 87%); light red solid; mp= 152-154 °C; Purity: 100%; 1H 

NMR (300 MHz, CDCl3): δ 9.14 (dd, J = 4.2, 1.8 Hz, 1H), 8.76 (s, 1H), 8.25 

(dd, J = 8.1, 1.8 Hz, 1H), 7.49 (dd, J = 8.1, 4.2 Hz, 1H), 4.47 (q, J = 7.2 Hz, 

2H), 3.08 (s, 3H), 1.47 (t, J = 7.2 Hz, 3H); 13C NMR  (75 MHz, CDCl3): δ 

165.57 (Cq), 162.23 (Cq), 155.92 (Cq), 155.24, 140.65, 137.51, 124.81 (Cq), 

122.08, 119.95 (Cq), 61.49, 25.84, 14.14; rt(LCMS) = 2.00 min (5 min, PH = 

3.8); HRMS-ESI (m/z): [M+H]+ calcd. for C12H13N2O2 217.0977; found 

217.0986. 

 

ethyl 2-(chloromethyl)-1,8-naphthyridine-3-carboxylate (30): 
 

N N

OEt

O

Cl
 

Yield (107 mg, 85%); light red solid; mp= 203-205 °C; Purity: 100%; 1H 

NMR (300 MHz, CDCl3): δ 9.22 (dd, J = 4.2, 1.8 Hz, 1H), 8.85 (s, 1H), 8.31 

(dd, J = 8.1, 1.8 Hz, 1H), 7.59 (dd, J = 8.1, 4.2 Hz, 1H), 5.32 (s, 2H), 4.51 (q, 

J = 7.2 Hz, 2H), 1.49 (t, J = 7.2 Hz, 3H); 13C NMR  (75 MHz, CDCl3): δ 

165.00 (Cq), 159.33 (Cq), 156.00, 155.76 (Cq), 142.01, 137.61, 124.62 (Cq), 

123.39, 121.39 (Cq), 62.22, 46.39, 14.17; rt(LCMS) = 2.26 min (5 min, PH = 

3.8); HRMS-ESI (m/z): [M+H]+ calcd. for C12H12N2O2Cl 251.0587; found 

251.0598. 
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4. XNMR Spectra 
(1): 

1
H NMR (300 MHz, CDCl3) 
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(2): 
1
H NMR (300 MHz, CDCl3) 
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(3): 
1
H NMR (300 MHz, CDCl3) 
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1
H NMR (300 MHz, CDCl3) 
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(5): 
1
H NMR (300 MHz, CDCl3) 
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H NMR (300 MHz, CDCl3) 
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H NMR (300 MHz, CDCl3) 
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1
H NMR (300 MHz, CDCl3) 
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(30): 
1
H NMR (300 MHz, CDCl3) 
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(30): 
13

C NMR (75 MHz, CDCl3) 
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5. HRMS-ESI (m/z): [M+H]
+
 for all compounds 
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