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1. General Experimental 

The preparation experiments were performed under air or an argon atmosphere in oven dried 

glassware. Anhydrous solvents were purchased from commercial sources. All reagents were purchased 

at the highest commercial quality and used without further purification. Reactions were monitored by 

thin layer chromatography (TLC) using ultra violet light (UV) as the visualizing agent. Nuclear 

magnetic resonance spectra (NMR) were recorded on Bruker AV-400, or QUANTUM 400 or Bruker 

Avance NEO 600 instruments and were calibrated using residual undeuterated solvent as an internal 

reference (1H NMR: CHCl3 7.26 ppm, 13C NMR: CHC13 77.16 ppm). High resolution mass spectra 

(HRMS) were recorded on a ThermoFisher Scientific Ultimate 3000/Q-Exactive spectrometer 

(quadrupole mass analyzer) using electron spray ionization source (ESI). Melting points were recorded 

on a Buchi Melting Point M-560. The following abbreviations were used to indicate multiplicities: s = 

singlet, d = doublet, t = triplet, q = quartet, quin = quintet, sex = sextet, sep = septet, dd = doublet of 

doublets, dt = doublet of triplets, ddd = doublet of doublet of doublets, ddt = doublet of doublet of 

triplets, m = multiplet). 

 

2. Initial attempts 

  

We employed 7-chloro-2-methylquinoline and 2-substituted pyridine N-oxides as substrates to react 

with amines. Referring to the reported C2–H amination of quinoline N-oxides1, we found that this 

protocol failed to achieve amination at the 4-position of quinolines/pyridines. 
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Meanwhile, referring to the literature reported by our group2, we found that amination at the 4-

position of pyridines could not be achieved either. These results indicate that C4–H amination is much 

more challenging than C2–H amination. 

3. Challenges and limitations 

The results reveal that electron-withdrawing substituents at the para-position of aniline substrates 

markedly inhibit the reaction process, thus resulting in low yields of the target products. 2-Methoxy 

quinoline N-oxide is not compatible with the developed method. In terms of pyridine-based substrates, 

bulky amine derivatives as well as pyridines bearing large steric substituents at the C2 and C3 positions 

greatly reduce the reaction conversion efficiency and distinctly decrease the isolated yields of products. 
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4. General Procedure 

General Procedure 1: Amination of Quinoline/Pyridine N-oxide. To a solution of a 

quinoline/pyridine N-oxide derivative (1.0 equiv) in dry EA (0.75 M) is added amine (3.0 equiv) and 

DIEA (2.0 equiv). The resulting solution is cooled to 0 °C, followed by the dropwise addition of Tf2O 

(3.0 equiv). The reaction mixture is then warmed to room temperature and stirred until the reaction is 

complete as indicated by TLC. Finally, it is quenched with saturated ammonium chloride solution and 

extracted with EA three times. The combined organic phases are dried over Na2SO4, and concentrated 

in vacuo to give the crude product. Purification by flash column chromatography furnishes the desired 

pure product.  

General Procedure 2: Amination of Quinoline/Pyridine N-oxide. To a solution of a 

quinoline/pyridine N-oxide derivative (1.0 equiv.) in dry DCE (0.75 M) is added amine (3.0 equiv) and 

DIEA (2.0 equiv). The resulting solution is cooled to 0 °C, followed by the dropwise addition of Tf2O 

(3.0 equiv). The reaction mixture is then warmed to room temperature and stirred until the reaction is 

complete as indicated by TLC. Finally, it is quenched with saturated ammonium chloride solution and 
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extracted with EA three times. The combined organic phases are dried over Na2SO4, and concentrated 

in vacuo to give the crude product. Purification by flash column chromatography furnishes the desired 

pure product.  

 

5. Preparation of Azine N-oxides 

All of N-oxides were prepared following the reported procedure.3  

 

6. List of compounds 
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7. Preparation Procedure 

 

7-chloro-2-methyl-4-(pyrrolidin-1-yl)quinoline (3a). Following GP1, using pyrrolidine (111 mg, 

1.56 mmol). the title compound was obtained (94 mg, 70% yield) as a yellow solid. TLC: Rf= 0.42 

(DCM:MeOH = 20:1). Melting point: 81.4-82.0 ℃. 1H NMR (600 MHz, CDCl3) δ 8.08 (d, J = 9.0 Hz, 

1H), 7.88 (d, J = 1.8 Hz, 1H), 7.21 (dd, J = 9.6, 2.4 Hz, 1H), 6.34 (s, 1H), 3.67-3.64 (m, 4H), 2.58 (s, 

3H), 2.05-2.03 (m, 4H). 13C NMR (150 MHz, CDCl3) δ 159.7, 152.8, 150.9, 134.4, 127.8, 126.4, 123.1, 

118.3, 103.3, 52.2, 26.1, 25.6. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C14H16ClN2 247.0997(35Cl), 

249.0967(37Cl); Found 247.0997, 249.0697. 

 

Gram scale synthesis: 

To a 15 mL pressure tube equipped with a magnetic stir bar were added 2-methyl-7-chloroquinoline 

N-oxide (1.0 g, 5.16 mmol) and anhydrous ethyl acetate (7 mL), followed by pyrrolidine (1.1 g, 15.5 

mmol) and N,N-diisopropylethylamine (DIEA) (1.33 g, 10.3 mmol). The resulting solution was cooled 

to 0 °C, and trifluoromethanesulfonic anhydride (Tf₂O) (4.37 g, 15.5 mmol) was added dropwise 

slowly.The reaction mixture was then warmed to room temperature and stirred until completion as 

monitored by TLC. The reaction was quenched with saturated ammonium chloride solution (30 mL), 

and the organic phase was separated. The aqueous phase was extracted once with ethyl acetate (30 

mL*5). The combined organic phases were dried over sodium sulfate and concentrated under reduced 

pressure to afford the crude product. Purification by flash column chromatography (PE:EA = 10:1-

1:1～DCM:MeOH = 60:1-20:1) gave the desired pure product (789 mg, 62% yield). 

 

 

7-chloro-2-methyl-N-(prop-2-yn-1-yl)quinolin-4-amine (3b). Following GP1, using prop-2-yn-
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1-amine (86 mg, 1.56 mmol), the title compound was obtained (61 mg, 52% yield) as a yellow solid. 

TLC: Rf = 0.34 (DCM:MeOH = 40:1). Melting point: 169.5-170.0 ℃. 1H NMR (600 MHz, CD3OD) 

δ 8.06 (d, J = 9.0 Hz, 1H), 7.76 (d, J = 1.8 Hz, 1H), 7.46 (dd, J = 9.6, 2.4 Hz, 1H), 6.65 (s, 1H), 4.24 

(d, J = 2.4 Hz, 3H), 2.73 (t, J = 2.4 Hz, 1H), 2.62 (s, J = 2.4 Hz, 3H). 13C NMR (150 MHz, CD3OD) δ 

159.5, 154.1, 145.2, 138.4, 127.2, 127.0, 124.7, 123.8, 116.9, 100.9, 73.6, 33.1, 22.9. HRMS (+ESI-

TOF) m/z: [M+H]+ calcd for C13H12ClN2 231.0684 (35Cl), 233.0654 (37Cl); Found 231.0681, 233.0653. 

 

 

N-(tert-butyl)-7-chloro-2-methylquinolin-4-amine (3c). Following GP1, using 2-methylpropan-

2-amine (92 mg, 1.56 mmol), the title compound was obtained (55 mg, 43% yield) as a brown oil. 

TLC: Rf = 0.32 (DCM:MeOH = 20:1). 1H NMR (600 MHz, CDCl3) δ 7.87 (d, J = 2.4 Hz, 1H), 7.64-

7.66 (m, 1H), 7.29-7.29 (m, 1H), 6.50 (s, 1H), 2.60 (s, 3H), 1.56 (s, 10H). 13C NMR (100 MHz, CDCl3) 

δ 154.7, 152.6, 137.7, 126.0, 124.1, 115.2, 106.8, 100.8, 86.7, 54.1, 29.1, 22.2. HRMS (+ESI-TOF) 

m/z: [M+H]+ calcd for C14H18ClN2 249.1153 (35Cl), 251.1124(37Cl); Found 249.1151, 251.1122. 

 

 

7-chloro-N-isopropyl-2-methylquinolin-4-amine (3d). Following GP2, using propan-2-amine (92 

mg, 1.56 mmol), the title compound was obtained (83 mg, 58% yield) as a brown solid. TLC: Rf = 

0.75 (DCM:MeOH = 40:1). Melting point: 130.4-131.3 ℃. 1H NMR (600 MHz, CDCl3) δ 7.87 (d, J 

= 1.8 Hz, 1H), 7.59 (d, J = 9.0 Hz, 1H), 7.28 (dd, J = 9.0, 2.4 Hz, 1H), 6.31 (s, 1H), 4.81 (s, 1H), 3.87-

3.82 (m,1H), 2.59 (s, 3H), 1.34(d, J = 9.0, 2.4 Hz, 6H). 13C NMR (150 MHz, CDCl3) δ 159.6, 149.8, 

135.7, 126.4, 124.8, 121.7, 115.6, 99.3, 87.1, 44.6, 24.8, 22.5. HRMS (+ESI-TOF) m/z: [M+H]+ calcd 

for C13H16ClN2 235.0997 (35Cl), 237.0967 (37Cl); Found 235.0995, 237.0963. 
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N-butyl-7-chloro-2-methylquinolin-4-amine (3e). Following GP2, using butan-1-amine (114 mg, 

1.56 mmol), the title compound was obtained (63 mg, 48% yield) as a yellow solid. TLC: Rf = 0.58 

(DCM:MeOH = 40:1). Melting point: 141.9-143.0 ℃. 1H NMR (600 MHz, CDCl3) δ 7.86 (d, J = 1.8 

Hz, 1H), 7.59 (d, J = 9.0 Hz, 1H), 7.26 (dd, J = 9.0, 2.4 Hz, 1H), 6.27 (s, 1H), 3.29-3.25 (m, 2H), 2.58 

(s, 3H), 1.75-1.70 (m, 2H), 1.51-1.47 (m, 2H), 1.00 (t, J = 7.2 Hz, 3H) 13C NMR (150 MHz, CDCl3) δ 

160.7, 150.0, 148.7, 135.0, 127.9, 124.6, 120.9, 115.8, 99.3, 43.1, 31.1, 25.7, 20.4, 14.0. HRMS (+ESI-

TOF) m/z: [M+H]+ calcd for C14H18ClN2 249.1153 (35Cl), 251.1124 (37Cl); Found 249.1151, 251.1122. 

 

 

7-chloro-N-cyclohexyl-2-methylquinolin-4-amine (3f). Following GP2, using cyclohexanamine 

(155 mg, 1.56 mmol), the title compound was obtained (83 mg, 58% yield) as a yellow solid. TLC: Rf 

= 0.72 (DCM:MeOH = 40:1). Melting point: 133.9-134.1 ℃. 1H NMR (600 MHz, CDCl3) δ 7.86 (d, 

J = 1.8 Hz, 1H), 7.59 (d, J = 9.0 Hz, 1H), 7.28 (dd, J = 9.0, 2.4 Hz, 1H), 6.32 (s, 1H), 2.59 (s, 3H), 

2.15-2.13 (m, 2H), 1.86-1.82(m, 2H), 1.74-1.70 (m, 1H), 1.48-1.44 (m, 2H), 1.34-1.25 (m, 4H). 13C 

NMR (150 MHz, CDCl3) δ 160.6, 148.8, 135.1, 128.0, 124.5, 120.8, 115.9, 115.0, 99.5, 51.4, 32.9, 

25.8, 25.7, 25.0. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C16H20ClN2 275.1310 (35Cl), 277.1280 

(37Cl); Found 275.1306.  
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7-chloro-2-methyl-4-(2-methylpiperidin-1-yl) quinoline (3g). Following GP2, using 2-

methylpiperidine (155 mg, 1.56 mmol), the title compound was obtained (64 mg, 45% yield) as a 

brown oil. TLC: Rf = 0.75 (DCM:MeOH = 40:1). 1H NMR (600 MHz, CDCl3) δ 7.96 (d, J = 9.0 Hz, 

2H), 7.34 (dd, J = 9.0, 1.8 Hz, 1H), 6.75 (s, 1H), 3.73-3.70 (m, 1H), 3.32-3.28 (m, 1H), 2.89-2.86 (m, 

1H), 2.66 (s, 3H), 2.03-1.98 (m, 1H), 1.82-1.73 (m, 3H), 1.64-1.56 (m, 2H), 0.98 (d, J = 6.6 Hz, 3H) 

13C NMR (150 MHz, CDCl3) δ 160.4, 157.8, 149.9, 141.0, 135.0, 127.8, 125.5, 125.4, 121.9, 112.6, 

54..5, 32.5, 26.4, 25.6, 21.1, 15.8. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C16H20ClN2 275.1310 

(35Cl), 277.1280 (37Cl); Found 275.1309, 277.1280. 

 

 

7-chloro-2-methyl-4-(3-methylpiperidin-1-yl)quinoline (3h). Following GP2, using 3-

methylpiperidine (155 mg, 1.56 mmol), the title compound was obtained (80 mg, 56% yield) as a 

brown oil. TLC: Rf = 0.64 (PE:EA = 3:1). 1H NMR (600 MHz, CDCl3) δ 8.00 (s, 1H), 7.85 (d, J = 9.0 

Hz, 1H), 7.35 (dd, J =9.0, 2.4 Hz, 1H), 6.68 (s, 1H), 3.53-3.45 (m, 2H), 2.80-2.76 (m, 1H), 2.66 (s, 

3H), 2.48 (t, J = 9.0 Hz, 1H), 2.00-1.92 (m, 2H), 1.87-1.83 (m, 2H), 1.17-1.13 (m, 1H), 0.98 (d, J = 

6.0 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 160.3, 158.3, 135.3, 127.4, 125.4, 125.3, 120.4, 109.4, 

67.2, 60.5, 53.3, 33.1, 31.5, 25.7, 25.2, 19.4. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C16H20ClN2 

275.1310 (35Cl), 277.1280 (37Cl); Found 275.1309, 277.1279. 
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4-(7-chloro-2-methylquinolin-4-yl)morpholine (3i). Following GP2, using morpholine (136 mg, 

1.56 mmol), the title compound was obtained (51 mg, 38% yield) as a yellow oil. TLC: Rf = 0.70 

(DCM:MeOH = 40:1). 1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 2.0 Hz, 1H), 7.63 (d, J = 8.8 Hz, 

1H), 7.54 (s, 1H), 7.40 (dd, J = 8.4, 2.4 Hz, 1H), 3.93-3.91 (m, 4H), 3.02-3.00 (m, 4H), 2.72 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ 158.2, 145.9, 144.6, 133.4, 128.0, 127.5, 127.0, 126.2, 122.6, 67.3, 

52.4, 22.1. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C14H16ClN2O 263.0946 (35Cl), 265.0916 (37Cl); 

Found 263.0946, 265.0916. 

 

 

7-chloro-2-methyl-4-(1H-pyrrol-1-yl)quinolin (3j). Following GP2, using 1H-pyrrole (105 mg, 

1.56 mmol), the title compound was obtained (60 mg, 48% yield) as a black solid. TLC: Rf = 0.51 

(PE:EA = 1:1). Melting point: 53.1-54.3 ℃. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.4 Hz, 1H), 

8.00-7.99 (m, 1H), 7.70 (d, J = 8.8 Hz, 1H), 7.43 (dd, J = 8.8, 2.4 Hz, 1H), 7.30-7.27 (m, 2H), 7.22-

7.21 (m, 1H), 6.50-6.49 (m, 1H), 2.73 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 160.4, 148.2, 136.3, 

135.5, 128.9, 128.4, 127.6, 126.9, 122.5, 122.4, 112.8, 25.3. HRMS (+ESI-TOF) m/z: [M+H]+ calcd 

for C14H12ClN2 243.0684 (35Cl), 245.0654 (37Cl); Found 243.0683, 245.0652. 
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7-chloro-2-methyl-4-(1H-pyrazol-1-yl)quinoline (3k). Following GP1, using 1H-pyrazole (106 

mg, 1.56 mmol), the title compound was obtained (60 mg, 48% yield) as a yellowish-brown solid. 

TLC: Rf = 0.43 (PE:EA = 1:1). Melting point: 114.1-115.2 ℃. 1H NMR (600 MHz, CDCl3) δ 8.46 (d, 

J = 2.4 Hz, 1H), 8.07 (s, 1H), 7.99 (d, J = 1.8 Hz, 1H), 7.80 (d, J = 1.8 Hz, 1H), 7.71 (d, J = 9.0 Hz, 

1H), 7.46 (dd, J = 9.0, 2.4Hz, 1H), 6.51-6.50 (m, 1H), 2.74 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 

150.9, 145.7, 141.8, 140.2, 135.3, 130.3, 128.0, 127.7, 127.6, 126.0, 125.9, 107.2, 20.8. HRMS (+ESI-

TOF) m/z: [M+H]+ calcd for C13H11ClN3 244.0636 (35Cl), 246.0607 (37Cl); Found 244.0636 246.0606. 

 

 

7-chloro-2-methyl-N-phenylquinolin-4-amine (3l). Following GP2, using aniline (145 mg, 1.56 

mmol), the title compound was obtained (80 mg, 58% yield) as a yellowish-brown solid. TLC: Rf = 

0.78 (DCM:MeOH = 40:1) . Melting point: 172.8-173.2 ℃. 1H NMR (600 MHz, CDCl3) δ 7.99 (d, J 

= 9.0 Hz, 1H), 7.84 (d, J = 1.8 Hz, 1H), 7.42-7.39 (m, 2H), 7.31-7.29 (m, 3H), 7.23-7.20 (m, 1H), 6.77 

(s, 1H), 2.50 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 159.6, 149.6, 147.3, 139.1, 136.4, 129.9, 125.9, 

125.7, 125.5, 123.5, 122.4, 116.5, 102.2, 24.4. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C16H14ClN2 

269.0840 (35Cl), 271.0811 (37Cl); Found 269.0836, 271.0807. 
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7-chloro-2-methyl-N-(p-tolyl)quinolin-4-amine (3m). Following GP1, using p-toluidine (167 mg, 

1.56 mmol), the title compound was obtained (101 mg, 69% yield) as a pale yellow solid. TLC: Rf  = 

0.77 (DCM:MeOH = 20:1). Melting point: 192.9-193.0 ℃. 1H NMR (600 MHz, CDCl3) δ 7.94 (d, J 

= 2.4 Hz, 1H), 7.79 (d, J = 9.04 Hz, 1H), 7.38 (dd, J = 9.0, 2.4 Hz, 1H), 7.25-7.24 (m, 2H, AA′ of 

AA′BB), 7.19-7.17 (m, 2H, BB′ of AA′BB′), 6.75 (s, 1H), 6.51 (br s, 1H), 2.53 (s, 3H), 2.40 (s, 3H). 

13C NMR (150 MHz, CDCl3) δ 161.0, 149.6, 148.3, 136.9, 135.4, 135.1, 130.5, 128.4, 125.3, 123.7, 

121.0, 116.6, 102.3, 25.7, 21.1. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C17H16ClN2 283.0997 

(35Cl), 285.0967 (37Cl); Found 283.0997, 285.0967. 

 

 

 

7-chloro-N-(4-methoxyphenyl)-2-methylquinolin-4-amine (3n). Following GP1, using 4-

methoxyaniline (192 mg, 1.56 mmol), the title compound was obtained (83 mg, 54% yield) as a yellow 

solid. TLC: Rf = 0.53 (PE:EA = 3:1). Melting point: 170.1-170.7 ℃. 1H NMR (600 MHz, CDCl3) δ 

8.07 (d, J = 9.0 Hz, 1H), 7.78 (d, J = 1.8 Hz, 1H), 7.31-7.28 (m, 3H), 7.00-6.99 (m, 2H, BB′ of AA′BB′), 

6.48 (s, 1H), 3.86 (s, 3H), 2.52 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 158.5, 157.5, 152.3, 137.6, 

130.5, 126.5, 126.1, 123.3, 115.3, 100.9, 55.7, 32.1, 29.8, 22.9, 14.3. HRMS (+ESI-TOF) m/z: [M+H]+ 

calcd for C17H16ClN2O 299.0946 (35Cl), 301.0916 (37Cl); Found 299.0944, 301.0915. 
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7-chloro-N-(4-fluorophenyl)-2-methylquinolin-4-amine (3o). Following GP2, using 4-

fluoroaniline (173 mg, 1.56 mmol), the title compound was obtained (48 mg, 17% yield) as a brown 

solid. TLC: Rf = 0.43 (DCM:MeOH = 20:1). Melting point: 185.4-185.6 ℃. 1H NMR (400 MHz, 

CDCl3) δ 7.93 (d, J = 2.0 Hz, 1H), 7.80 (d, J = 8.8, 1H), 7.35 (dd, J = 8.8, 2.4 Hz, 1H), 7.27-7.23 (m, 

2H, AA′ of AA′BB′), 7.14-7.10 (m, 2H, BB′ of AA′BB′), 6.69 (s, 1H), 6.64 (s, 1H), 2.52 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 161.0, 160.3 (d, J = 244.9 Hz), 149.5, 148.5, 135.5 (d, J = 3.0 Hz), 135.46, 

128.3, 125.8 (d, J = 8.2 Hz), 125.4, 121.1, 116.7 (d, J = 22.7 Hz), 116.5, 102.3, 25.7. HRMS (+ESI-

TOF) m/z: [M+H]+ calcd for C16H13ClFN2 287.0746 (35Cl), 289.0716 (37Cl); Found 287.0743, 

289.0716. 

 

 

7-chloro-N-(4-chlorophenyl)-2-methylquinolin-4-amine (3p). Following GP1, using 4-

chloroaniline (199 mg, 1.56 mmol), the title compound was obtained (25 mg, 16% yield) as a yellow 

solid. TLC: Rf = 0.65 (PE:EA = 1:1). Melting point: 193.6-193.9 ℃. 1H NMR (400 MHz, CDCl3) δ 

7.95 (d, J = 1.2 Hz, 1H), 7.80 (d, J = 6.0 Hz, 1H), 7.39-7.36 (m, 3H, AA′ of AA′BB′), 7.22-7.21 (m, 

2H, BB′ of AA′BB′), 6.79 (s, 1H), 2.55 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 161.0, 149.6, 147.5, 

138.5, 135.6, 130.03, 130.00, 128.4, 125.6, 124.2, 121.2, 116.8, 103.1, 25.7. HRMS (+ESI-TOF) m/z: 

[M + H]+ calcd for C16H13Cl2N2 303.0450 (35Cl35Cl), 305.0421 (35Cl37Cl) or 307.0391 (37Cl37Cl); found 

303.0448, 305.0421 or 307.0391. 
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N-(4-bromophenyl)-7-chloro-2-methylquinolin-4-amine (3q). Following GP2, using 4-

bromoaniline (268 mg, 1.56 mmol), the title compound was obtained (23 mg, 13% yield) as a yellow 

solid. TLC: Rf = 0.65 (PE:EA = 1:1). Melting point: 195.97-196.67 ℃. 1H NMR (400 MHz, CDCl3) δ 

7.96 (d, J = 1.6 Hz, 1H), 7.79 (d, J = 6.0 Hz, 1H), 7.54-7.53 (m, 2H, AA′ of AA′BB′), 7.39 (dd, J = 

6.0, 2.4 Hz, 1H), 7.17-7.15 (m, 2H, BB′ of AA′BB′), 6.83 (s, 1H), 2.56 (s, 3H). 13C NMR (150 MHz, 

CDCl3) δ 161.0, 149.7, 147.3, 139.0, 135.6, 133.0, 128.5, 125.7, 124.3, 121.1, 117.5, 116.9, 103.3, 

25.8. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C16H13BrClN2 346.9945 (35Cl79Br), 348.9925 

(37Cl79Br) or (35Cl81Br) or 350.9895 (37Cl81Br); found 346.9943, 348.9923 or 350.9893. 

 

 

N-benzyl-7-chloro-2-methylquinolin-4-amine (3r). Following GP2, using phenylmethanamine 

(167 mg, 1.56 mmol), the title compound was obtained (64 mg, 43% yield) as a yellow solid. TLC: Rf 

= 0.52 (PE:EA = 3:1). Melting point: 162.5-163.0 ℃. 1H NMR (600 MHz, CDCl3) δ 7.91 (d, J = 1.8 

Hz, 1H), 7.63 (d, J = 8.4 Hz, 1H), 7.37-7.40 (m, 4H), 7.33-7.36 (m, 1H), 7.29 (dd, J = 9.0, 2.4 Hz, 1H), 

6.36 (s, 1H), 5.31 (s, 1H), 4.50 (d, J = 4.8 Hz, 2H), 2.57 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 161.0, 

149.6, 149.0, 137.5, 135.1, 129.1, 128.2, 128.1, 127.8, 124.8, 120.9, 115.9, 99.9, 47.7, 25.8. HRMS 

(+ESI-TOF) m/z: [M+H]+ calcd for C17H16ClN2 283.0997 (35Cl), 285.0967 (37Cl); Found 283.0996, 

285.0966. 
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7-chloro-N,2-dimethyl-N-phenylquinolin-4-amine (3s). Following GP2, using N-methylaniline 

(167 mg, 1.56 mmol), the title compound was obtained (84 mg, 58% yield) as a brown solid. TLC: Rf 

= 0.55 (PE:EA = 3:1). Melting point: 149.1-149.3 ℃. 1H NMR (600 MHz, CDCl3) δ 7.97 (d, J = 1.8 

Hz, 1H), 7.54 (d, J = 9.0 Hz, 1H), 7.25-7.22 (m, 2H), 7.16 (dd, J = 9.0, 2.4 Hz, 1H), 6.99 (s, 1H), 6.98-

6.96 (m, 1H), 6.87-6.86 (m, 2H), 3.44 (s, 3H), 2.70 (s,3H). 13C NMR (150 MHz, CDCl3) δ 161.2, 153.8, 

150.4, 149.8, 135.1, 129.5, 128.2, 126.1, 125.7, 122.1, 121.2, 119.8, 114.7, 42.1, 25.7. HRMS (+ESI-

TOF) m/z: [M+H]+ calcd for C17H16ClN2 283.0997 (35Cl), 285.0967 (37Cl); Found 283.0995, 285.0965. 

 

 

N-benzyl-7-chloro-N,2-dimethylquinolin-4-amine (3t). Following GP1, using N-methyl-1-

phenylmethanamine (189 mg, 1.56 mmol), the title compound was obtained (92 mg, 59% yield) as a 

brown solid. TLC: Rf = 0.52 (PE:EA = 3:1). Melting point: 149.4-149.7 ℃. 1H NMR (600 MHz, CDCl3) 

δ 7.97 (d, J = 2.4 Hz, 1H), 7.94 (d, J = 9.0 Hz, 1H), 7.41-7.36 (m, 4H), 7.34-7.31 (m, 1H), 7.29 (dd, J 

= 9.0, 2.4 Hz, 1H), 6.71 (s, 1H), 4.47 (s, 2H), 2.88 (s, 3H), 2.65 (s, 3H). 13C NMR (150 MHz, CDCl3) 

δ 160.5, 157.3, 150.2, 137.4, 135.0, 128.9, 128.2, 127.7, 127.6, 125.2, 125.1, 120.2, 109.3, 60.5, 40.3, 

25.7. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C18H18ClN2 297.1153 (35Cl), 299.1124 (37Cl); Found 

297.1152, 299.1124. 
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N,N-dibenzyl-7-chloro-2-methylquinolin-4-amine (3u). Following GP2, using dibenzylamine 

(308 mg, 1.56 mmol), the title compound was obtained (82 mg, 43% yield) as a brown oil. TLC: Rf = 

0.72 (PE:EA = 1:1). 1H NMR (600 MHz, CDCl3) δ 8.14 (d, J = 9.0 Hz, 1H), 7.99 (d, J = 1.8 Hz, 1H), 

7.37 (dd, J = 9.0, 1.8 Hz, 1H), 7.32-7.27 (m, 5H), 7.25-7.21 (m, 5H), 6.60 (s, 1H), 4.43 (s, 4H), 2.55 

(s, 3H). 13C NMR (150 MHz, CDCl3) δ 160.4, 155.7, 150.3, 137.0, 135.1, 128.7, 128.4, 128.1, 127.6, 

125.6, 125.1, 120.9, 112.4, 56.5, 25.7. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C24H22ClN2 

373.1466 (35Cl), 375.1437 (37Cl); Found 373.1466, 375.1433. 

 

 

2-methyl-4-(pyrrolidin-1-yl)quinoline (3v). Following GP2, using pyrrolidine (134 mg, 1.89 

mmol), the title compound was obtained (110 mg, 83% yield) as a brown solid. TLC: Rf = 0.28 (PE:EA 

= 1:1). Melting point: 165.5-165.8 ℃. 1H NMR (600 MHz, CDCl3) δ 8.29 (d, J = 9.6 Hz, 1H), 8.00 (d, 

J = 8.4 Hz, 1H), 7.70-7.67 (m, 1H), 7.47-7.44 (m, 1H), 6.34 (s, 1H), 3.92-3.90 (m, 4H), 2.64 (s, 3H), 

2.17-2.15 (m, 4H). 13C NMR (150 MHz, CDCl3) δ 155.7, 152.4, 140.3, 132.9, 126.0, 125.2, 120.9, 

117.3, 102.0, 53.6, 25.8, 20.3. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C14H17N2 213.1386; Found 

213.1385. 
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2-(tert-butyl)-4-(pyrrolidin-1-yl)quinoline (3w). Following GP1, using pyrrolidine (107 mg, 1.50 

mmol), the title compound was obtained (45 mg, 35% yield) as a yellow oil. TLC: Rf = 0.24 

(DCM:MeOH = 40:1). 1H NMR (600 MHz, CDCl3) δ 8.41 (d, J = 9.0 Hz, 1H), 8.29 (d, J = 9.0 Hz, 

1H), 7.72 (t, J = 7.8 Hz, 1H), 7.47 (t, J = 7.8 Hz, 1H), 6.44 (s, 1H), 3.96 (s, 4H), 2.20-2.18 (m, 4H), 

1.51 (s, 9H). 13C NMR (150 MHz, CDCl3) δ 163.0, 156.2, 140.7, 133.2, 125.7, 125.4, 121.9, 121.5, 

119.7, 117.0, 98.2, 36.7, 29.2. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C17H23N2 255.1856, 

257.1923; Found 255.1853, 257.1917. 

 

 

2-phenyl-4-(pyrrolidin-1-yl)quinoline (3y). Following GP2, using pyrrolidine (134 mg, 1.56 

mmol), the title compound was obtained (75 mg, 60% yield) as a yellow oil. The spectroscopic data 

are consistent with previously reported.4 TLC: Rf = 0.81 (DCM:MeOH = 40:1).1H NMR (600 MHz, 

CDCl3) δ 8.23 (d, J = 7.4, 1.2 Hz, 1H), 8.08-8.05 (m, 3H), 7.62-7.59 (m, 1H), 7.50-7.47 (m, 2H), 7.44-

7.41 (m, 1H), 7.34-7.32 (m, 1H), 6.90 (s, 1H), 3.77-3.75 (m, 4H), 2.09-2.05 (m, 4H). 

 

 

4-(pyrrolidin-1-yl)-2-(p-tolyl)quinoline (3z). Following GP2, using pyrrolidine (92 mg, 1.29 

mmol), the title compound was obtained (85 mg, 68% yield) as a yellow oil. TLC: Rf = 0.78 (PE:EA 
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= 1:1). Melting point: 119.8-119.9 ℃. 1H NMR (400 MHz, CDCl3) δ 8.22-8.20 (m, 1H), 8.15-8.12 (m, 

1H), 7.80-7.78 (m, 2H, AA′ of AA′BB′), 7.60-7.56 (m, 1H), 7.38-7.34 (m, 1H), 7.22-7.20 (m, 2H, BB′ 

of AA′BB′), 6.64 (s, 1H), 3.86-3.83 (m, 4H), 2.30 (s, 3H), 2.12-2.09 (m, 4H). 13C NMR (100 MHz, 

CDCl3) δ 154.8, 153.0, 143.4, 141.5, 131.63, 131.55, 129.9, 127.7, 125.7, 124.6, 123.8, 118.2, 100.2, 

53.3, 25.8, 21.5. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C20H21N2 289.1699; Found 289.1699. 

 

 

2,3-dimethyl-4-(pyrrolidin-1-yl)quinoline (3aa). Following GP1, using pyrrolidine (123 mg, 1.73 

mmol), the title compound was obtained (75 mg, 57% yield) as a brown oil. TLC: Rf = 0.34 

(DCM:MeOH = 40:1). 1H NMR (600 MHz, CDCl3) δ 8.0 (d, J = 9.6 Hz, 1H), 7.94 (d, J = 9.6 Hz, 1H), 

7.59-7.56 (m, 1H), 7.43-7.40 (m, 1H), 3.46-3.42 (m, 4H), 2.68 (s, 3H), 2.33 (s, 3H), 2.15-2.13 (m, 4H). 

13C NMR (150 MHz, CDCl3) δ 171.7, 159.9, 151.7, 147.1, 128.6, 128.4, 126.4, 125.0, 124.0, 52.1, 

26.7, 24.3, 15.2. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C15H19N2 227.1543; Found 227.1541. 

 

 

 

4-(1H-benzo[d]imidazol-1-yl)-7-chloroquinoline (3ab). Following GP2, using 1H-

benzo[d]imidazole (185 mg, 1.56 mmol), the title compound was obtained (129 mg, 85% yield) as a 

brown oil. TLC: Rf = 0.78 (PE:EA = 10:1). 1H NMR (600 MHz, CDCl3) δ 8.20 (s, 2H), 7.87-7.85 (m, 

2H), 7.82-7.80 (m, 2H), 7.49-7.47 (m, 4H). 13C NMR (150 MHz, CDCl3) δ 143.8, 141.0, 131.1, 128.9, 

128.6, 127.7, 127.5, 127.0, 126.4, 124.2, 124.1, 121.8, 121.0, 117.8, 114.5, 112.9. HRMS (+ESI-TOF) 

m/z: [M+H]+ calcd for C16H11ClN3 280.0636 (35Cl), 282.0607 (37Cl); Found 280.0633, 282.0603. 
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2-(pyrrolidin-1-yl)quinoline (3ac). Following GP1, using pyrrolidine (111 mg, 1.56 mmol), the 

title compound was obtained (45 mg, 30% yield) as a yellow oil. The spectroscopic data are consistent 

with previously reported.5 TLC: Rf = 0.53 (PE:EA = 1:1).1H NMR (600 MHz, CDCl3) δ 7.84 (d, J = 

9.0 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.58-7.57 (m, 1H), 7.53-7.50 (m, 1H), 7.18-7.15 (m, 1H), 6.73-

6.71 (m, 1H), 3.64-3.62 (m, 4H), 2.05-2.03 (m, 4H). 

 

 

2-methoxy-4-(pyrrolidin-1-yl)pyridine (5a). Following GP1, using pyrrolidine (171 mg, 2.40 

mmol), the title compound was obtained (73 mg, 51% yield) as a yellow oil. The spectroscopic data 

are consistent with previously reported.6 TLC: Rf = 0.81 (DCM:MeOH = 20:1).1H NMR (600 MHz, 

CDCl3) δ 7.83 (d, J = 6.0 Hz, 1H), 6.13 (dd, J = 6.0, 2.4 Hz, 1H), 5.76 (d, J = 1.8 Hz, 1H), 3.89 (s, 

3H), 3.29-3.27 (m, 4H), 2.01-1.99 (m, 4H). 

 

 

Gram scale synthesis: 

To a 15 mL pressure tube equipped with a magnetic stir bar were added 2‑methoxypyridine N‑oxide 

(1.0 g, 7.99 mmol) and anhydrous ethyl acetate (11 mL), followed by pyrrolidine (1.7 g, 23.97 mmol) 

and N,N-diisopropylethylamine (DIEA) (2.07 g, 15.98 mmol). The resulting solution was cooled to 

0 °C, and trifluoromethanesulfonic anhydride (Tf₂O) (6.76 g, 23.97 mmol) was added dropwise 

slowly.The reaction mixture was then warmed to room temperature and stirred until completion as 

monitored by TLC. The reaction was quenched with saturated ammonium chloride solution (30 mL), 

and the organic phase was separated. The aqueous phase was extracted once with ethyl acetate (30 

mL*5). The combined organic phases were dried over sodium sulfate and concentrated under reduced 
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pressure to afford the crude product. Purification by flash column chromatography (PE:EA = 10:1-

1:1～DCM:MeOH = 60:1-20:1) gave the desired pure product (754 mg, 53% yield). 

 

 

2-methoxy-6-(pyrrolidin-1-yl)pyridine (6a). Following GP2, using pyrrolidine (170 mg, 2.39 

mmol), the title compound was obtained (102 mg, 72% yield) as a yellow oil. The spectroscopic data 

are consistent with previously reported.7 TLC: Rf = 0.83 (PE:EA = 10:1).1H NMR (400 MHz, CDCl3) 

δ 7.35 (t, J = 8.0 Hz, 1H), 5.95 (d, J = 8.0 Hz, 1H), 5.88 (d, J = 8.0 Hz, 1H), 3.87 (s, 3H), 3.46-3.42 

(m, 4H), 1.99-1.96 (m, 4H). 

 

 

2-methoxy-4-(2-methylpiperidin-1-yl)pyridine (5b). Following GP1, using 2-methylpiperidine 

(238 mg, 2.40 mmol), the title compound (5b) was obtained (74 mg, 45% yield) as a brown oil. 

Additionally, 6b was isolated (53 mg, 32% yield) as a brown oil. TLC(5b): Rf = 0.52 (DCM:MeOH = 

60:1). 1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 6.6 Hz, 1H), 6.36 (dd, J = 4.0, 1.6 Hz, 1H), 5.99 (d, 

J = 1.6 Hz, 1H), 4.15-4.13 (m, 1H), 3.87 (s, 3H), 3.54-3.51 (m, 1H), 2.92-2.87 (m, 1H), 1.78-1.73 (m, 

2H), 1.65-1.59 (m, 3H), 1.55-1.50 (m, 1H), 1.10 (d, J = 4.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 

166.1, 157.3, 146.94 104.1, 92.5, 53.3, 48.5, 40. 9, 30.5, 25.5, 18.6, 13.5. HRMS (+ESI-TOF) m/z: 

[M+H]+ Calcd for C12H19N2O 207.1492; found 207.1492. 

2-methoxy-6-(2-methylpiperidin-1-yl)pyridine (6b). The spectroscopic data are consistent with 

previously reported.8 TLC: Rf = 0.34 (PE:EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 7.36 (t, J = 8.0 

Hz, 1H), 6.12 (d, J = 8.0 Hz, 1H), 5.98 (d, J = 7.6 Hz, 1H), 4.66-4.61 (m, 1H)3.86 (s, 3H), 2.91-2.86 

(m, 1H), 1.79-1.51 (m, 7H), 1.12 (d, J = 4.8 Hz, 3H). 
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2-methoxy-4-(3-methylpiperidin-1-yl)pyridine (5c). Following GP1, using 3-methylpiperidine 

(238 mg, 2.40 mmol), the title compound was obtained (58 mg, 35% yield) as a colorless oil. 

Additionally, 6c was isolated (54 mg, 38% yield) as a brown oil. The spectroscopic data are consistent 

with previously reported.9 TLC(5c): Rf = 0.34 (PE:EA = 10:1).1H NMR (400 MHz, CDCl3) δ 7.84 (d, 

J = 6.4 Hz, 1H), 6.37 (dd, J = 6.4, 2.4 Hz, 1H), 6.02 (d, J = 2.4 Hz, 1H), 3.88 (s, 3H), 3.75-3.64 (m, 

2H), 2.79-2.72 (m, 1H), 2.48-2.42 (m, 1H), 1.84-1.78 (m, 1H), 1.71-1.52 (m, 3H), 1.16-1.06 (m, 1H), 

0.92 (d, J = 6.8 Hz, 3H). 

2-methoxy-6-(3-methylpiperidin-1-yl)pyridine (6c). TLC: Rf = 0.98 (PE:EA = 10:1). 1H NMR 

(600 MHz, CDCl3) δ 7.33 (t, J = 7.8 Hz, 1H), 6.14 (d, J = 8.4 Hz, 1H), 5.96 (d, J = 7.8 Hz, 1H), 3.83 

(s, 3H), 1.62-1.54 (m, 8H), 0.91 (s, 3H), 0.90 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 140.1, 98.3, 97.0, 

53.3, 53.1, 45.9, 33.6, 30.74, 25.1, 19.6. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for C12H19N2O 

207.1492; found 207.1492. 

 

 

4-(6-methoxypyridin-2-yl)morpholine (6d). Following GP2, using morpholine (209 mg, 2.40 

mmol), the title compound was obtained (50 mg, 32% yield) as a yellow solid. The spectroscopic data 

are consistent with previously reported.10 TLC: Rf = 0.43 (PE:EA = 10:1). 1H NMR (600 MHz, CDCl3) 

δ 7.42 (t, J = 8.4 Hz, 1H), 6.14-6.11 (m, 2H), 3.86 (s, 3H), 3.82-3.81 (m, 4H), 3.49-3.47 (m, 4H). 
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N,N-diethyl-6-methoxypyridin-2-amine (6e). Following GP2, using diethylamine (176 mg, 2.40 

mmol), the title compound was obtained (59 mg, 41% yield) as a colorless oil. The spectroscopic data 

are consistent with previously reported.11 TLC: Rf = 0.92 (PE:EA = 10:1).1H NMR (600 MHz, CDCl3) 

δ 7.33 (t, J = 7.8 Hz, 1H), 5.99 (d, J = 7.8 Hz, 1H), 5.94 (d, J = 7.8 Hz, 1H), 3.86 (s, 3H), 3.49 (q, J = 

7.2 Hz, 4H), 1.18 (t, J = 7.2 Hz, 6H). 

 

 

N-butyl-6-methoxypyridin-2-amine (6f). Following GP2, using butan-1-amine (176 mg, 2.40 

mmol), the title compound was obtained (40 mg, 28% yield) as a light yellow oil. The spectroscopic 

data are consistent with previously reported.12 TLC: Rf = 0.81 (PE:EA = 10:1).1H NMR (600 MHz, 

CDCl3) δ 7.34 (t, J = 7.8 Hz, 1H), 6.01 (d, J = 7.8 Hz, 1H), 5.92 (d, J = 7.8 Hz, 1H), 3.84 (s, 3H), 3.33 

(t, J = 9.0 Hz, 2H), 1.62-1.58 (m, 2H), 1.44-1.41 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H). 

 

 

N-isopropyl-6-methoxypyridin-2-amine (6g). Following GP1, using propan-2-amine (142 mg, 

2.40 mmol), the title compound was obtained (56 mg, 42% yield) as a yellow oil. TLC: Rf = 0.52 

(DCM:MeOH = 60:1). 1H NMR (400 MHz, CDCl3) δ 7.33 (t, J = 7.6 Hz, 1H), 5.99 (d, J = 7.6 Hz, 

1H), 5.90 (d, J = 8.0 Hz, 1H), 4.22 (s, 1H), 3.90-3.86 (m, 1H), 3.84 (s, 3H), 1.23 (d, J = 6.4 Hz, 6H).13C 

NMR (100 MHz, CDCl3) δ 163.8, 157.3, 140.1, 97.9, 97.0, 53.2, 43.3, 23.2. HRMS (+ESI-TOF) m/z: 

[M+H]+ Calcd for C9H15N2O 167.1179; found 167.1179. 

 

 

N-(tert-butyl)-6-methoxypyridin-2-amine (6h). Following GP2, using 2-methylpropan-2-amine 

(176 mg, 2.40 mmol), the title compound was obtained (84 mg, 58% yield) as a brown oil. TLC: Rf = 
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0.71 (PE:EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 7.26 (t, J = 8.0 Hz, 1H), 5.97 (d, J = 8.0 Hz, 1H), 

5.93 (d, J = 8.0 Hz, 1H), 4.30 (s, 1H), 3.85 (s, 3H), 1.44 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 163.4, 

157.4, 139.5, 100.3, 96.7, 53.4, 51.0, 29.7. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for C10H17N2O 

181.1335; found 181.1337. 

 

 

2-methoxy-N-phenylpyridin-4-amine (5i). Following GP2, using aniline (225 mg, 2.40 mmol), 

the title compound was obtained (61 mg, 38% yield) as a brown oil. TLC: Rf = 0.64 (DCM:MeOH = 

60:1). 1H NMR (400 MHz, CDCl3) δ 8.95 (s, 1H), 7.62 (s, 1H), 7.35-7.30 (m, 2H), 7.26-7.21 (m, 2H), 

6.66-6.50 (m, 2H), 3.87 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 140.9, 134.2, 129.6, 127.5, 123.8, 

121.1, 118.9, 112.9, 110.3, 53.9. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for C12H13N2O 201.1022; 

found 201.1023. 

 

2-methoxy-N-(4-methoxyphenyl)pyridin-4-amine (5j). Following GP1, using 4-methoxyaniline 

(296 mg, 2.40 mmol), the title compound was obtained (70 mg, 38% yield) as a white solid. TLC: Rf 

= 0.38 (DCM:MeOH = 60:1). Melting point: 123.4-123.8 ℃. 1H NMR (600 MHz, CDCl3) δ 7.83 (d, 

J = 6.0 Hz, 1H), 7.11-7.08 (m, 2H, AA′ of AA′BB′), 6.89-6.86 (m, 2H, BB′ of AA′BB′), 6.31 (dd, J = 

6.0, 2.4 Hz, 1H), 6.08 (d, J = 1.8 Hz, 1H), 3.86 (s, 3H), 3.79 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 

165.9, 157.1, 154.4, 147.4, 132.6, 125.3, 114.9, 105.1, 92.7, 55.7, 53.4. HRMS (+ESI-TOF) m/z: 

[M+H]+ Calcd for C13H15N2O2 231.1128; found 231.1129. 
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4-((2-methoxypyridin-4-yl)amino)benzonitrile (5k). Following GP2, using p-toluidine (284 mg, 

2.40 mmol), the title compound was obtained (94 mg, 52% yield) as a white solid. Additionally, 6k 

was isolated (41 mg, 23% yield) as a yellow oil. TLC(5k): Rf = 0.25 (DCM:MeOH = 60:1). Melting 

point: 135.2-135.7 ℃. 1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 5.4 Hz, 1H), 7.77-7.75 (m, 2H, AA′ 

of AA′BB′), 7.53-7.50 (m, 2H, BB′ of AA′BB′), 6.81 (dd, J = 5.6, 2.0 Hz, 1H), 6.64 (d, J = 2.0 Hz, 

1H), 3.94 (s, 3H), 2.88 (d, J = 4.8 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 165.6, 148.9, 148.7, 142.1, 

134.0, 129.53 113.8, 113.6, 112.0, 108.1, 54.2. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for  

C13H12N3O 225.1022; found 225.1016. 

4-((6-methoxypyridin-2-yl)amino)benzonitrile (6k). TLC: Rf = 0.73 (PE:EA = 10:1). 1H NMR 

(600 MHz, CDCl3) δ 7.73-7.71 (m, 2H, AA′ of AA′BB′), 7.68-7.65 (m, 2H, BB′ of AA′BB′), 7.62 (t, J 

= 7.8 Hz, 1H), 6.83 (d, J = 7.8 Hz, 2H), 6.76 (d, J = 8.4 Hz, 1H), 3.88 (s, 3H). 13C NMR (150 MHz, 

CDCl3) δ 163.8, 149.2, 142.3, 141.1, 133.5, 130.0, 117.8, 113.6, 113.3, 111.5, 54.1 . HRMS (+ESI-

TOF) m/z: [M+H]+ Calcd for C13H12N3O 225.1022. 

 

 

2-methoxy-N-methyl-N-phenylpyridin-4-amine (5l). Following GP2, using N-methylaniline 

(258 mg, 2.40 mmol), the title compound was obtained (96 mg, 56% yield) as a brown oil. Additionally, 

6l was isolated (38 mg, 22% yield) as a calarless oil. TLC(5l): Rf = 0.42 (DCM:MeOH = 60:1). 1H 

NMR (600 MHz, CDCl3) δ 7.79 (d, J = 6.0 Hz, 1H), 7.42-7.38 (m, 2H), 7.26-7.23 (m, 1H), 7.21-7.19 

(m, 2H), 6.23 (dd, J = 6.6, 2.4 Hz, 1H), 5.98 (d, J = 1.8 Hz, 1H), 3.88 (s, 3H), 3.29 (s, 3H). 13C NMR 
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(150 MHz, CDCl3) δ 165.7, 156.5, 146.7, 146.6, 130.0, 126.9, 126.3, 104.6, 92.7, 53.4, 39.7. HRMS 

(+ESI-TOF) m/z: [M+H]+ Calcd for C13H15N2O 215.1179; found 215.1179. 

6-methoxy-N-methyl-N-phenylpyridin-2-amine (6l). The spectroscopic data are consistent with 

previously reported.13 TLC: Rf = 0.88 (PE:EA = 10:1).1H NMR (600 MHz, CDCl3) δ 7.65 (d, J = 7.2 

Hz, 1H), 7.48 (t, J = 7.8 Hz, 2H), 7.38 (t, J = 7.8 Hz, 1H), 7.19-7.18 (m, 2H), 6.27-6.26 (m, 1H), 6.07 

(s, 1H), 3.96 (s, 3H), 3.47 (s, 3H). 

 

 

N-benzyl-2-methoxy-N-methylpyridin-4-amine (5m). Following GP2, using N-methyl-1-

phenylmethanamine (290 mg, 2.40 mmol), the title compound was obtained (100 mg, 55% yield) as a 

brown oil. Additionally, 6m was isolated (58 mg, 32% yield) as a yellow solid. TLC(5m): Rf = 0.62 

(DCM:MeOH = 40:1). 1H NMR (600 MHz, CDCl3) δ 7.84 (d, J = 6.0 Hz, 1H), 7.32 (t, J = 7.8 Hz, 

2H), 7.26-7.24 (m, 1H), 7.16 (d, J = 7.2 Hz, 2H), 6.29 (dd, J = 6.6, 2.4 Hz, 1H), 5.95 (d, J = 1.8 Hz, 

1H), 4.55 (s, 2H), 3.88 (s, 3H), 3.04 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 165.9, 156.7, 147.0, 137.6, 

128.9, 127.4, 126.6, 103.0, 91.0, 55.4, 53.3, 38.1. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for 

C14H17N2O 229.1335; found 229.1335. 

N-benzyl-6-methoxy-N-methylpyridin-2-amine (6m). The spectroscopic data are consistent with 

previously reported.14 TLC: Rf = 0.85 (PE:EA = 10:1).1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 7.8 

Hz, 1H), 7.33-7.32 (m, 2H), 7.29-7.27 (m, 1H), 7.14-7.13 (m, 2H), 6.48 (dd, J = 4.8, 1.6 Hz, 1H), 6.07 

(d, J = 1.6 Hz, 1H), 4.71 (s, 2H), 3.94 (s, 3H), 3.25 (s, 3H). 

 

 

2-phenoxy-4-(pyrrolidin-1-yl)pyridine (5n). Following GP1, using pyrrolidine (114 mg, 1.60 

mmol), the title compound was obtained (34 mg, 26% yield) as a brown oil. Additionally, 6n was 
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isolated (45 mg, 40% yield) as a colorless oil. TLC(5n): Rf = 0.46 (DCM:MeOH = 40:1). 1H NMR 

(600 MHz, CDCl3) δ 7.86 (d, J = 6.0 Hz, 1H), 7.37-7.34 (m, 2H), 7.15-7.10 (m, 3H), 6.19 (dd, J = 6.0, 

2.4 Hz, 1H), 5.93 (d, J = 2.4 Hz, 1H), 3.30-3.28 (m, 4H), 2.02-2.00 (m, 4H). 13C NMR (150 MHz, 

CDCl3) δ 142.7, 140.0, 130.94 130.0, 127.6, 125.5, 121.4, 105.9, 90.6, 49.5, 48.9. HRMS (+ESI-TOF) 

m/z: [M+H]+ Calcd for C15H17N2O 241.1335; found 241.1336. 

2-phenoxy-6-(pyrrolidin-1-yl)pyridine (6n). TLC: Rf = 0.77 (PE:EA = 10:1). 1H NMR (400 MHz, 

CDCl3) δ 7.40-7.33 (m, 3H), 7.18-7.13 (m, 3H), 6.02 (d, J = 8.0 Hz, 1H), 5.91 (d, J = 7.6 Hz, 1H), 

3.41-3.37 (m, 4H), 1.98-1.92 (s, 4H). 13C NMR (100 MHz, CDCl3) δ 163.2, 156.7, 154.8, 140.0, 129.4, 

124.1, 121.3, 100.4, 95.73 46.7, 25.5. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for C15H17N2O 

241.1335; found 241.1335. 

 

 

 

 

2-phenyl-4-(pyrrolidin-1-yl)pyridine (5o). Following GP2, using pyrrolidine (124 mg, 1.75 

mmol), the title compound was obtained (48 mg, 38% yield) as a yellow solid. Additionally, 6o was 

isolated (31 mg, 23% yield) as a yellow oil. The spectroscopic data are consistent with previously 

reported.15 TLC: Rf = 0.38 (DCM:MeOH = 40:1).1H NMR (400 MHz, DMSO-d6) δ 8.20 (d, J = 7.2 

Hz, 1H), 7.91-7.88 (m, 2H), 7.64-7.61 (m, 3H), 7.06 (d, J = 2.8 Hz, 1H), 6.84 (dd, J = 7.2, 2.8 Hz, 1H), 

3.58 (s, 4H), 2.04-2.03 (m, 4H). 

2-phenyl-6-(pyrrolidin-1-yl)pyridine (6o). The spectroscopic data are consistent with previously 

reported.16 TLC: Rf = 0.83 (PE:EA = 10:1).1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 7.6 Hz, 2H), 

7.51 (t, J = 8.0 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H), 7.38-7.35 (m, 1H), 7.02 (d, J = 7.2 Hz, 1H), 6.32 (d, 

J = 8.4 Hz, 1H), 3.58-3.55 (m, 4H), 2.04-2.01 (m, 4H). 
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N-butyl-6-phenylpyridin-2-amine (6p). Following GP1, using pyrrolidine (165 mg, 2.32 mmol), 

the title compound was obtained (42 mg, 32% yield) as a yellow solid. The spectroscopic data are 

consistent with previously reported.17 TLC: Rf = 0.72 (PE:EA = 10:1).1H NMR (400 MHz, CDCl3) δ 

8.03-8.00 (m, 2H), 7.83 (t, J = 8.0 Hz, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.52-7.46 (m, 3H),7.38 (d, J = 

7.6 Hz, 1H), 4.18 (t, J = 7.6 Hz, 2H),1.57-1.50 (m, 2H), 1.40-1.34 (m, 2H). 0.90 (t, J = 7.6 Hz, 3H). 

 

 

 

2-chloro-4-(pyrrolidin-1-yl)pyridine (5q). Following GP2, using pyrrolidine (165 mg, 2.32 

mmol), the title compound was obtained (35 mg, 25% yield) as a yellow solid. Additionally, 6q was 

isolated (39 mg, 28% yield) as a yellow solid. The spectroscopic data are consistent with previously 

reported.18 TLC(5q): Rf = 0.38 (DCM:MeOH = 40:1).1H NMR (600 MHz, CDCl3) δ 7.96 (d, J = 6.0 

Hz, 1H), 6.38 (s, 1H), 6.32 (d, J = 7.8 Hz, 1H), 3.33-3.31 (m, 4H), 2.05-2.03 (m, 4H). 

2-chloro-6-(pyrrolidin-1-yl)pyridine (6q). The spectroscopic data are consistent with previously 

reported.19 TLC: Rf = 0.52 (PE:EA = 10:1).1H NMR (400 MHz, CDCl3) δ 7.33-7.27 (m, 1H), 6.47 (d, 

J = 7.2 Hz, 1H), 6.18 (d, J = 8.4 Hz, 1H), 3.42 (t, J = 6.4 Hz, 4H), 1.99-1.96 (m, 4H). 

 

 

2-bromo-6-(pyrrolidin-1-yl)pyridine (6r). Following GP1, using pyrrolidine (122 mg, 1.72 

mmol), the title compound was obtained (90 mg, 70% yield) as a white solid. The spectroscopic data 

are consistent with previously reported.20 TLC: Rf = 0.78 (PE:EA = 10:1).1H NMR (400 MHz, CDCl3) 
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δ 7.22 (t, J = 8.8 Hz, 1H), 6.64 (d, J = 7.2 Hz, 1H), 6.23 (d, J = 8.0 Hz, 1H), 3.45-3.41 (m, 4H), 2.00-

1.97 (m, 4H). 

 

 

2-iodo-6-(pyrrolidin-1-yl)pyridine (6s). Following GP2, using pyrrolidine (97 mg, 1.36 mmol), 

the title compound was obtained (53 mg, 43% yield) as a black oil. TLC: Rf = 0.73 (PE:EA = 10:1). 

1H NMR (400 MHz, CDCl3) δ 6.98 (t, J = 8.0 Hz, 1H), 6.89 (d, J = 7.6 Hz, 1H), 6.24 (d, J = 8.4 Hz, 

1H), 3.42-3.39 (m, 4H), 1.99-1.96 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 157.3, 138.1, 121.4, 117.0, 

105.1, 46.9, 25.6. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for C9H12IN 274.1551; found 274.1552. 

 

 

6-(pyrrolidin-1-yl)picolinonitrile (6t). Following GP2, using pyrrolidine (178 mg, 2.50 mmol), 

the title compound was obtained (101 mg, 75% yield) as a white solid. The spectroscopic data are 

consistent with previously reported.21 TLC: Rf = 0.24 (DCM:MeOH = 40:1).1H NMR (600 MHz, 

CDCl3) δ 7.45-7.42 (m, 1H), 6.87 (d, J = 7.2 Hz, 1H), 6.51 (d, J = 9.0 Hz, 1H), 3.44-3.42 (m, 4H), 

2.02-1.99 (m, 4H). 

 

 

2-methyl-4-(pyrrolidin-1-yl)pyridine (5u). Following GP2, using pyrrolidine (196 mg, 2.75 

mmol), the title compound was obtained (45 mg, 30% yield) as a white solid. The spectroscopic data 

are consistent with previously reported.22 TLC: Rf = 0.56 (DCM:MeOH = 20:1).1H NMR (600 MHz, 
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CDCl3) δ 7.94 (d, J = 7.2 Hz, 1H), 6.53 (dd, J = 7.2, 2.4 Hz, 1H), 6.39 (d, J = 2.4 Hz, 1H), 3.51-3.47 

(m, 4H), 2.55 (s, 3H), 2.14-2.12 (m, 4H). 

 

 

N-(4-methoxyphenyl)-2-methylpyridin-4-amine (5v). Following GP1, using pyrrolidine (196 mg, 

2.75 mmol), the title compound was obtained (124 mg, 63% yield) as a yellow solid. The spectroscopic 

data are consistent with previously reported.23 TLC: Rf = 0.32 (DCM:MeOH = 60:1).1H NMR (400 

MHz, CDCl3) δ 7.99 (d, J = 6.8 Hz, 1H), 7.25 (d, J = 8.8 Hz, 2H), 7.06-7.04 (m, 2H, AA′ of AA′BB′), 

6.86-6.85 (m, 1H, BB′ of AA′BB′), 6.79 (s, 1H), 4.93 (s, 3H), 3.85 (s, 3H), 2.49 (s, 1H). 

 

 

2-ethyl-6-(pyrrolidin-1-yl)pyridine (6w). Following GP1, using pyrrolidine (153 mg, 2.16 mmol), 

the title compound was obtained (42 mg, 24% yield) as a yellow solid. TLC: Rf = 0.62 (PE:EA = 10:1). 

Melting point: 72.4-72.5 ℃. 1H NMR (600 MHz, CDCl3) δ 8.00 (d, J = 7.2 Hz, 1H), 6.52 (dd, J = 7.2, 

4.2 Hz, 1H), 6.37 (d, J = 2.4 Hz, 1H), 3.51-3.49 (m, 4H), 2.83 (q, J = 7.8 Hz, 2H), 2.15-2.12 (m, 4H), 

1.33 (t, J = 7.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 156.1, 139.4, 106.1, 105.3, 48.7, 48.5, 27.0, 

25.3, 13.0. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for C11H17N2 177.1386; found 177.1386. 

 

 

phenyl(6-(pyrrolidin-1-yl)pyridin-2-yl)methanone (6x). Following GP2, using pyrrolidine (107 

mg, 1.51 mmol), the title compound was obtained (57 mg, 45% yield) as a yellow oil. TLC: Rf = 0.58 

(PE:EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 6.0 Hz, 2H), 7.24-7.19 (m, 2H), 7.11 (t, J 
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= 7.6 Hz, 2H), 6.91 (d, J = 7.2 Hz, 1H), 6.17 (d, J = 8.4 Hz, 1H), 3.31-3.09 (m, 4H), 1.67-1.63 (m, 

4H). 13C NMR (100 MHz, CDCl3) δ 194.4, 156.2, 153.5, 137.5, 137.1, 132.4, 131.3, 127.7, 112.1, 

109.3, 46.8, 25.6. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for C16H17N2O 253.1335; found 253.1335. 

 

 

2-(pyrrolidin-1-yl)-6,7-dihydro-5H-cyclopenta[b]pyridine (6y). Following GP1, using 

pyrrolidine (158 mg, 2.22 mmol), the title compound was obtained (42 mg, 30% yield) as a brown 

solid. TLC: Rf = 0.83 (PE:EA = 5:1). Melting point: 83.2-83.4 ℃. 1H NMR (400 MHz, CDCl3) δ 7.29-

7.26 (m, 1H), 6.12 (d, J = 8.4 Hz, 1H), 3.46-3.42 (m, 4H), 2.88 (t, J = 7.6 Hz, 2H), 2.79 (t, J = 7.6 Hz, 

2H), 2.08-2.03 (m, 2H), 2.00-1.96 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 133.6, 103.9, 47.2, 34.9, 

30.1, 25.7, 23.5. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for C12H17N2 189.1386; found 189.1386. 

 

 

N-(4-methoxyphenyl)-6,7-dihydro-5H-cyclopenta[b]pyridin-4-amine (5z). Following GP1, 

using pyrrolidine (158 mg, 2.22 mmol), the title compound was obtained (94 mg, 53% yield) as a 

yellow solid. The spectroscopic data are consistent with previously reported.24 TLC: Rf = 0.83 (PE:EA 

= 5:1).1H NMR (400 MHz, CDCl3) δ 8.92 (d, J = 7.2 Hz, 1H), 8.27-8.25 (m, 2H, AA′ of AA′BB′), 

8.06-8.04 (m, 2H, BB′ of AA′BB′), 7.71 (d, J = 6.8 Hz, 1H), 5.94 (s, 3H), 4.12 (t, J = 7.6 Hz, 2H), 3.95 

(t, J = 7.6 Hz, 2H), 3.35-3.27 (m, 2H). 
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2-methyl-6-(pyrrolidin-1-yl)nicotinonitrile (6aa). Following GP1, using pyrrolidine (159 mg, 

2.24 mmol), the title compound was obtained (75 mg, 53% yield) as a yellow solid. TLC: Rf = 0.38 

(PE:EA = 10:1). Melting point: 90.6-91.1 ℃. 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 8.4 Hz, 1H), 

6.16 (d, J = 8.4 Hz, 1H), 3.48 (s, 4H), 2.55 (s, 3H), 2.02-1.99 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 

162.2, 157.4, 140.0, 119.84 103.7, 94.0, 46.9, 25.5, 23.9. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for  

C11H14N3 188.1182; found 188.1182. 

 

 

 

2,3-dichloro-6-(pyrrolidin-1-yl)pyridine (6ab). Following GP1, using pyrrolidine (218 mg, 3.06 

mmol), the title compound was obtained (48 mg, 36% yield) as a brown solid. TLC: Rf = 0.66 (PE:EA 

= 1:1). Melting point: 78.0-78.2 ℃. 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.8 Hz, 1H), 6.19 (d, J 

= 8.4 Hz, 1H), 3.43-3.39 (m, 4H), 2.01-1.98 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 155.3, 142.8, 

139.2, 115.1, 105.9, 47.1, 25.6. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C9H11Cl2N2 217.0294 

(35Cl35Cl), 219.0264 (35Cl37Cl) or 221.0235 (37Cl37Cl); found 217.0294, 219.0264 or 221.0233.  

 

 

ethyl 2-chloro-6-(pyrrolidin-1-yl)nicotinate (6ac). Following GP1, using pyrrolidine (107 mg, 

1.50 mmol), the title compound was obtained (67 mg, 53% yield) as a yellow oil. TLC: Rf = 0.31 

(PE:EA = 1:1).1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 2.8 Hz, 1H), 7.76 (d, J = 3.2 Hz, 1H), 4.34 

(q, J = 7.2 Hz, 2H), 3.41-3.38 (m, 4H), 1.96-1.92 (m, 4H), 1.37 (t, J = 7.2 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ 165.6, 154.7, 143.2, 136.7, 132.5, 110.38, 61.7, 50.1, 25.7, 14.4. HRMS (+ESI-TOF) 

m/z: [M + H]+ calcd for C12H16ClN2O2 255.0895 (35Cl), 257.0865 (37Cl); found 255.0893, 257.0864.  
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1-(6-(pyrrolidin-1-yl)pyridin-3-yl)ethan-1-one (6ad). Following GP2, using pyrrolidine (155 mg, 

2.19 mmol), the title compound was obtained (35 mg, 25% yield) as a light yellow solid. The 

spectroscopic data are consistent with previously reported.25 TLC: Rf = 0.38 (PE:EA = 10:1).1H NMR 

(600 MHz, CDCl3) δ 8.22 (dd, J = 3.2, 1.8 Hz, 1H), 7.76 (dd, J = 5.2, 1.6 Hz, 1H), 6.59-6.57 (m, 1H), 

3.28-3.26 (m, 4H), 2.52 (s, 3H), 1.91-1.89 (m, 4H). 

 

 

5-phenyl-2-(pyrrolidin-1-yl)pyridine (6ae). Following GP2, using pyrrolidine (125 mg, 1.75 

mmol), the title compound was obtained (20 mg, 15% yield) as a yellow oil. TLC: Rf = 0.71 (PE:EA 

= 1:1). 1H NMR (600 MHz, CDCl3) δ 8.45 (d, J = 1.6 Hz, 1H), 7.69 (dd, J = 8.8, 2.4 Hz, 1H), 7.51 (d, 

J = 7.6 Hz, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.30-7.28 (m, 1H), 6.47 (d, J = 8.8 Hz, 1H), 3.52-3.49 (m, 

4H), 2.04-2.02 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 156.7, 146.6, 139.0, 135.8, 129.0, 126.5, 126.1, 

124.3, 106.5, 46.9, 25.7. HRMS (+ESI-TOF) m/z: [M+H]+ Calcd for C15H17N2 225.1386; found 

225.1383. 

 

 

5-methyl-2-(pyrrolidin-1-yl)pyridine (6af). Following GP1, using pyrrolidine (196 mg, 2.75 

mmol), the title compound was obtained (22 mg, 15% yield) as a light-yellow oil. The spectroscopic 

data are consistent with previously reported.26 TLC: Rf = 0.23 (PE:EA = 10:1).1H NMR (600 MHz, 

CDCl3) δ 7.98 (s, 1H), 7.27 – 7.25 (m, 1H), 6.29 (d, J = 8.4 Hz, 1H), 3.43-3.41 (m, 4H), 2.17 (s, 3H), 

2.00-1.98 (m, 4H). 
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2,6-di(pyrrolidin-1-yl)nicotinonitrile (6ag). Following GP2, using pyrrolidine (138 mg, 1.94 

mmol), the title compound was obtained (27 mg, 20% yield) as a yellow oil. TLC: Rf = 0.36 

(DCM:MeOH = 60:1). 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 6.0 Hz, 1H), 5.90 (d, J = 6.0 Hz, 

1H), 3.68-3.65 (m, 4H), 3.60-3.56 (m, 4H), 2.00-1.98 (m, 4H), 1.97-1.93 (m, 4H). 13C NMR (100 MHz, 

CDCl3) δ 162.5, 157.8, 150.3, 120.81, 98.7, 74.4, 50.5, 50.0, 25.9, 25.8. HRMS (+ESI-TOF) m/z: 

[M+H]+ calcd for C14H19N4 243.1604; Found 243.1604. 

 

 

3-chloro-2,6-di(pyrrolidin-1-yl)pyridine (6ah). Following GP2, using pyrrolidine (102 mg, 1.44 

mmol), the title compound was obtained (34 mg, 27% yield) as a yellow oil. TLC: Rf = 0.31 

(DCM:MeOH = 60:1). 1H NMR (600 MHz, CDCl3) δ 7.79 (d, J = 6.0 Hz, 1H), 5.89 (d, J = 6.0 Hz, 

1H), 3.67-3.66 (m, 4H), 3.58 – 3.56 (m, 4H), 1.99-1.97 (m, 4H), 1.95-1.93 (m, 4H). 13C NMR (100 

MHz, CDCl3) δ 154.8, 140.8, 136.9, 116.4, 114.7, 50.1, 25.8. HRMS (+ESI-TOF) m/z: [M+H]+ calcd 

for C13H19ClN3 252.1262 (35Cl), 254.1233 (37Cl); Found 252.1257, 254.1226. 

 

 

2-(pyrrolidin-1-yl)pyridine (6ai). Following GP2, using pyrrolidine (130 mg, 1.84 mmol), the title 

compound was obtained (43 mg, 32% yield) as a yellow oil. The spectroscopic data are consistent with 

previously reported.26 TLC: Rf = 0.35 (PE:EA = 10:1).1H NMR (600 MHz, CDCl3) δ 8.04 (d, J = 8.4 

Hz, 1H), 7.88-7.87 (m, 2H), 6.71 (d, J = 7.8 Hz, 1H), 3.20-3.18 (m, 4H), 1.80-1.78 (m, 4H). 
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(E)-2-(2-methoxystyryl)-N-phenylquinolin-4-amine (7). Following GP2, using aniline (100.74 

mg, 1.08 mmol), the title compound was obtained (79 mg, 62% yield) as a yellow oil. TLC: Rf = 0.28 

(DCM:MeOH = 60:1). 1H NMR (400 MHz, CDCl3) δ 8.21 (d, J = 8.4 Hz, 1H), 7.87 (d, J = 8.4 Hz, 

1H), 7.73 (m, 1H), 7.52 (d, J = 6.4 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.40-7.39 (m, 4H), 7.34 (t, J = 

7.6 Hz, 1H), 7.27-7.25 (m, 2H), 7.22 (d, J = 3.6 Hz, 1H), 7.01 (s, 1H), 6.89 (t, J = 7.6 Hz, 1H), 6.83 

(d, J = 8.4 Hz, 1H), 3.81 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 158.1, 153.2, 152.0, 141.8, 138.3, 

134.2, 132.2, 131.3, 129.9, 128.8, 126.3, 126.1, 124.0, 123.8, 123.1, 122.5, 122.0, 120.98, 117.6, 111.2, 

97.52 55.6. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C24H21N2O 352.1570; Found 352.1570. 

 

 

(E)-N-(4-methoxyphenyl)-2-(2-methoxystyryl)quinolin-4-amine (8). Following GP2, using 4-

methoxyaniline (133 mg, 1.08 mmol), the title compound was obtained (73 mg, 53% yield) as a yellow 

oil. TLC: Rf = 0.38 (PE:EA = 1:1). 1H NMR (400 MHz, CDCl3) δ 8.13 (d, J = 8.4 Hz, 1H), 7.83 (d, J 

= 8.8 Hz, 1H), 7.69-7.60 (m, 3H), 7.42 (t, J = 7.6 Hz, 1H), 7.10 (t, J = 8.0 Hz, 1H), 6.96 (d, J = 7.6 Hz, 

1H), 6.81-6.76 (m, 4H), 6.50-6.48 (m, 3H), 3.71 (s, 3H), 3.42 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

196.5, 184.5, 183.5, 182.5, 171.7, 157.0, 148.1, 135.8, 133.8, 132.5, 132.4, 129.8, 129.4, 129.2, 127.3, 
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125.6, 121.1, 119.4, 113.4, 110.1, 55.6, 54.7. HRMS (+ESI-TOF) m/z: [M+H]+ calcd for C25H23N2O2 

383.1754; Found 383.1754. 

 

 

4-(5-chloro-6'-methyl-3-(4-(methylsulfonyl)phenyl)-[2,3'-bipyridin]-2'-yl)morpholine (9). 

Following GP2, using morpholine (70 mg, 0.80 mmol), the title compound was obtained (38 mg, 32% 

yield) as a brown oil. TLC: Rf = 0.28 (PE:EA = 1:1). 1H NMR (400 MHz, CDCl3) δ 8.68-8.67 (m, 1H), 

7.78 (d, J = 8.0 Hz, 2H), 7.73-7.72 (m, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 6.83 (d, 

J = 7.6 Hz, 1H), 3.31-3.29 (m, 4H), 2.99 (s, 3H), 2.82-2.51 (m, 4H), 2.41 (s, 3H). 13C NMR (100 MHz, 

DMSO-d6) δ 157.4, 156.5, 154.4, 147.9, 143.0, 141.3, 139.9, 137.4, 135.2, 129.9, 129.4, 126.3, 121.6, 

116.3, 65.4, 48.8, 43.3, 24.0. HRMS (+ESI-TOF) m/z: [M+K]+ calcd for C22H23ClN3O3S 444.1143 

(35Cl), 446.1114 (37Cl); Found 444.1140, 446.1103. 

 

 

5-chloro-N-(4-methoxyphenyl)-6'-methyl-3-(4-(methylsulfonyl)phenyl)-[2,3'-bipyridin]-2'-

amine (10). Following GP2, using 4-methoxyaniline (100 mg, 0.80 mmol), the title compound was 

obtained (17 mg, 35% yield) as a brown oil. TLC: Rf = 0.34 (DCM:MeOH = 40:1). 1H NMR (400 

MHz, CDCl3) δ 8.47 (s, 1H), 7.84 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 2.4 Hz, 1H), 7.47-7.43 (m, 1H), 
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7.26-7.13 (m, 3H), 6.94 (d, J = 9.2 Hz, 2H), 6.67 (d, J = 8.8 Hz, 2H), 3.74 (s, 3H), 3.02 (s, 3H), 2.59 

(s, 3H). 13C NMR (100 MHz, CDCl3) δ 159.5, 158.9, 151.1, 149.8, 148.0, 142.3, 141.6, 140.5, 137.2, 

136.6, 131.8, 131.0, 130.0, 129.4, 128.2, 123.0, 114.0, 55.9, 55.6, 44.7, 24.0. HRMS (+ESI-TOF) m/z: 

[M+H]+ calcd for C25H23ClN3O3S 480.1143 (35Cl), 482.1114 (37Cl); Found 480.1143, 482.1114. 

 

 

((6-(pyrrolidin-1-yl)pyridin-2-yl)methylene)bis(4,1-phenylene) diacetate (11). Following GP2, 

using pyrrolidine (49 mg, 0.79 mmol), the title compound was obtained (38 mg, 43% yield) as a yellow 

oil. TLC: Rf = 0.83 (PE:EA = 1:1). 1H NMR (400 MHz, CDCl3) δ 7.35-7.33 (m, 1H), 7.32-7.30 (m, 

4H), 6.99-6.97 (m, 3H), 6.37 (d, J = 7.2 Hz, 1H), 6.18 (d, J = 8.4 Hz, 1H), 5.36 (s, 1H), 3.41-3.37 (m, 

4H), 2.27 (s, 6H), 1.97-1.93 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 169.7, 160.3, 157.1, 149.1, 141.3, 

137.4, 130.6, 130. 5, 130.4, 121.0, 120.9, 111.1, 104.2, 58.2, 58.0, 46.7, 25.6, 21.3. HRMS (+ESI-

TOF) m/z: [M+H]+ calcd for C26H27N2O4 431.1965; Found 431.1965. 

 

8. Green Chemistry Metrics Analysis 

The following formula were used for calculating Atom Economy (AE). 

AE =
𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠
 100 

Process A-our developed method 
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AE =
246.74

193.63 + 71.12
𝑋 100 = 93% 

 

 

AE =
178.24

125.13 + 71.12
𝑋 100 = 91% 

 

Process B-previous method[7] 

 

AE =
178.24

188.02 + 71.12
𝑋 100 = 68% 

 

9. X-ray crystallographic analysis 

The single crystal of compound 3a (CCDC 2535858) was obtained by vapor diffusion from 

tetrahydrofuran and cyclohexane. The atoms are depicted with 50% probability ellipsoids. The 

crystallographic data are summarized in the following table.  
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Table S1. Crystal data and structure refinement for 3a. 

Crystal data 

Chemical 

formula 
C14H15ClN2 

Mr 246.73 

Crystal system, 

space group 
monoclinic, P21/c 

Temperature (K) 296.15 

a, b, c (Å) 9.6537(11), 15.3596(18), 8.5643(9) 

α, β, γ (°) 90, 96.813(2), 90 

V (Å3) 1260.9(2) 

Z 4 

Radiation type MoKα (λ = 0.71073) 

µ (mm-1) 0.282 

Crystal size 

(mm) 
0.2 × 0.15 × 0.1 

Data collection 

Diffractometer Bruker D8VENTUR 

2Θ range for 

data collection/° 
5.304 to 55.206 

Index ranges -12 ≤ h ≤ 6, -19 ≤ k ≤ 18, -10 ≤ l ≤ 11 
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Reflections collected  7495 

Independent 

reflections 
2789 [Rint = 0.0213, Rsigma = 0.0260] 

Refinement 

Data 2789 

Restraints 0 

Parameters 155 

 

10. References 

1. Londregan, A. T.; Jennings, S.; Wei, L., General and Mild Preparation of 2-Aminopyridines. Org. Lett. 2010, 12 

(22), 5254-5257. 

2. Bu, C.; Wang, K.; Gong, C.; Wang, D., Green and fast 2-aryloxylation/amination of quinolines. Green Chemistry 

2024, 26, 4659-4664. 

3. Wang, D.; Liu, Z.; Wang, Z.; Ma, X.; Yu, P., Metal- and base-free regioselective thiolation of the methyl C(sp3)–

H bond in 2-picoline N-oxides. Green Chemistry 2018, 21, 157-163. 

4. Wolf, C.; Lerebours, R., Use of highly active palladium-phosphinous acid catalysts in Stille, Heck, amination, 

and thiation reactions of chloroquinolines. The Journal of Organic Chemistry 2003, 68, 7077-7084. 

5. Manolikakes, G.; Gavryushin, A.; Knochel, P., An Efficient Silane-Promoted Nickel-Catalyzed Amination of 

Aryl and Heteroaryl Chlorides. The Journal of Organic Chemistry 2008, 73 (4), 1429-1434. 

6. Han, D.; Li, S.; Xia, S.; Su, M.; Jin, J., Nickel-Catalyzed Amination of (Hetero)aryl Halides Facilitated by a 

Catalytic Pyridinium Additive. Chemistry - A European Journal 2020, 56 (54), 12349-12354. 

7. Chatani, N.; Asaumi, T.; Yorimitsu, S.; Ikeda, T.; Kakiuchi, F.; Murai, S., Ru3(CO)12-Catalyzed Coupling 

Reaction of sp3C−H Bonds Adjacent to a Nitrogen Atom in Alkylamines with Alkenes. Journal of the American 

Chemical Society 2001, 123 (44), 10935-10941. 

8. Khadra, A.; Mayer, S.; Mitchell, D.; Rodriguez, M. J.; Organ, M. G., A General Protocol for the Broad-Spectrum 

Cross-Coupling of Nonactivated Sterically Hindered 1° and 2° Amines. Organometallics 2017, 36 (18), 3573-

3577. 

9. Dong, Z.; Lu, G.; Wang, J.; Liu, P.; Dong, G., Modular ipso/ortho Difunctionalization of Aryl Bromides via 

Palladium/Norbornene Cooperative Catalysis. Journal of the American Chemical Society 2018, 140 (27), 8551-

8562. 

10. Huang, F.-D.; Xu, C.; Lu, D.-D.; Shen, D.-S.; Li, T.; Liu, F.-S., Pd-PEPPSI-IPentAn Promoted Deactivated 

Amination of Aryl Chlorides with Amines under Aerobic Conditions. The Journal of Organic Chemistry 2018, 

83 (16), 9144-9155. 

11. Bhunia, S.; Kumar, S. V.; Ma, D., N,N′-Bisoxalamides Enhance the Catalytic Activity in Cu-Catalyzed Coupling 

of (Hetero)Aryl Bromides with Anilines and Secondary Amines. The Journal of Organic Chemistry 2017, 82 



41 

 

(23), 12603-12612. 

12. Song, G.; Li, Q.; Song, J.; Nong, D.-Z.; Dong, J.; Li, G.; Fan, J.; Wang, C.; Xue, D., Light-Promoted Efficient 

Generation of Fe(I) to Initiate Amination. ACS Catalysis 2024, 14 (7), 4968-4974. 

13. Maiti, D.; Fors, B. P.; Henderson, J. L.; Nakamura, Y.; Buchwald, S. L., Palladium-Catalyzed Coupling of 

Functionalized Primary and Secondary Amines with Aryl and Heteroaryl Halides: Two Ligands Suffice in Most 

Cases. Chemical Science 2011, 2, 57-68. 

14. Withbroe, G. J.; Singer, R. A.; Sieser, J. E., Streamlined Synthesis of the Bippyphos Family of Ligands and 

Cross-Coupling Applications. Organic Process Research & Development 2008, 12 (3), 480-489. 

15. Zhang, J.-W.; Xiong, Y.; Wang, F.; Zhang, F.-M.; Yang, X.; Lin, G.-Q.; Tian, P.; Ge, G.; Gao, D., Discovery of 

9,10-dihydrophenanthrene derivatives as SARS-CoV-2 3CLpro inhibitors for treating COVID-19. European 

Journal of Medicinal Chemistry 2021, 228 (15), 114030. 

16. Bolliger, J. L.; Oberholzer, M.; Frech, C. M., Access to 2‐Aminopyridines – Compounds of Great Biological 

and Chemical Significance. Advanced Synthesis & Catalysis 2011, 353 (6), 945-954. 

17. Martineau, D.; Beley, M.; Gros, P. C., Pyrrolidine-Containing Polypyridines: New Ligands for Improved Visible 

Light Absorption by Ruthenium Complexes. The Journal of Organic Chemistry 2005, 71 (2), 566-571. 

18. Gerber, R.; Frech, C. M., Negishi Cross‐Coupling Reactions Catalyzed by an Aminophosphine‐Based Nickel 

System: A Reliable and General Applicable Reaction Protocol for the High‐Yielding Synthesis of Biaryls. 

Chemistry - A European Journal 2011, 17 (42), 11893-11904. 

19. Huang, X.; You, L.; Nepovimova, E.; Psotka, M.; Malinak, D.; Valko, M.; Sivak, L.; Korabecny, J.; Heger, Z.; 

Adam, V.; Wu, Q.; Kuca, K., Inhibitors of phosphoinositide 3-kinase (PI3K) and phosphoinositide 3-kinase-

related protein kinase family (PIKK). Journal of Enzyme inhibition and Medicinal Chemistry 2023, 38 (1), 

2237209. 

20. Climova, A.; Pivovarova, E.; Szczesio, M.; Olczak, A.; Wojciechowski, J.; Gobis, K.; Ziembicka, D.; Korga-

Plewko, A.; Kubik, J.; Iwan, M.; Korona-Głowniak, I.; Czylkowska, A., Design of new Zn(II) pyrazine and 

pyridine derivatives based complexes as potential anticancer agents: from synthesis to structure. Polyhedron 

2023, 245 (15), 116634. 

21. Hansen, H. B.; Wadepohl, H.; Enders, M., The Stronger the Better: Donor Substituents Push Catalytic Activity 

of Molecular Chromium Olefin Polymerization Catalysts. Chemistry - A European Journal 2021, 27 (43), 

11084-11093. 

22. Ma, Q.; Wang, W.; Fu, C.; Li, S.; Zhou, W., Synthesis and Application of Diaryl Ether-Derived Monodentate 

Phosphine Ligands for the Pd-Catalyzed Arylation of Amines. Synlett 2025, 36 (18), 3071-3074. 

23. Podkowa, K.; Czarnacki, K.; Borończyk, A.; Borończyk, M.; Paprocka, J., The NMDA receptor antagonists 

memantine and ketamine as anti-migraine agents. Naunyn-Schmiedeberg's Archives of Pharmacology 2023, 396, 

1371-1398. 

24. Zheng, G. Z.; Lee, C.-H.; Pratt, J. K.; Perner, R. J.; Jiang, M. Q.; Gomtsyan, A.; Matulenko, M. A.; Mao, Y.; 

Koenig, J. R.; Kim, K. H.; Muchmore, S.; Yu, H.; Kohlhaas, K.; Alexander, K. M.; McGaraughty, S.; Chu, K. 

L.; Wismer, C. T.; Mikusa, J.; Jarvis, M. F.; Marsh, K.; Kowaluk, E. A.; Bhagwat, S. S.; Stewart, A. O., 

Pyridopyrimidine analogues as novel adenosine kinase inhibitors. Bioorganic & Medicinal Chemistry Letters 

2001, 11 (16), 2071-2074. 

25. Prabhu, R. N.; Ramesh, R., Synthesis and structural characterization of palladium(II) thiosemicarbazone 

complex: application to the Buchwald–Hartwig amination reaction. Tetrahedron Letters 2012, 54 (9), 1120-1124. 

26. Sahoo, S.; Rit, A., Adaptive Defluoroamination of Aryl Fluorides: Harnessing the Catalytic Potential of a Unique 

Zinc Amide Compound. Angewandte Chemie International Edition 2025, 64 (26), e202504156. 

 



42 

 

 

11. NMR Spectra 

Spectra data are shown from the next page. 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CD3OD): 
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13C NMR (150 MHz, CD3OD): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 

 



54 

 

13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3):  
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13C NMR (150 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 

 



66 

 

13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 

 



92 

 

1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 

 

CDCl3 
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1H NMR (400 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, DMSO-d6): 
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1H NMR (400 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (150 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 

 



159 

 

13C NMR (100 MHz, CDCl3): 
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1H NMR (600 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 

 



166 

 

13C NMR (100 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (100 MHz, DMSO-d6): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (400 MHz, CDCl3): 
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1H NMR (400 MHz, CDCl3): 
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13C NMR (400 MHz, CDCl3): 
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12. HRMS Spectra 

Spectra data are shown from the next page. 

 

wangdong-15 #59 RT: 0.26 AV: 1 NL: 3.30E7
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wangdong-15 #170-171 RT: 0.76-0.76 AV: 2 NL: 1.65E7
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wangdong-15 #1 RT: 0.01 AV: 1 NL: 2.13E7
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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030-52 #56 RT: 0.31 AV: 1 NL: 5.13E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-52 #64 RT: 0.35 AV: 1 NL: 4.82E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-52 #1 RT: 0.00 AV: 1 NL: 4.91E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-54 #64 RT: 0.36 AV: 1 NL: 5.14E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-54 #56 RT: 0.32 AV: 1 NL: 3.12E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-54 #1 RT: 0.00 AV: 1 NL: 3.59E2
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030--37 #45 RT: 0.24 AV: 1 NL: 2.37E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030--37 #45 RT: 0.24 AV: 1 NL: 8.00E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030--37 #1 RT: 0.00 AV: 1 NL: 3.48E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

236.0718

217.1048
261.1310

301.1410
174.5614

349.1831

111.0570

413.2658 689.1580469.3284 615.1395 764.1764 1236.3304833.8683 1346.7534968.8295 1165.82801075.2153



185 

 

 

030-38 #96 RT: 0.50 AV: 1 NL: 2.35E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-38 #100 RT: 0.52 AV: 1 NL: 5.16E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]

250.6 250.7 250.8 250.9 251.0 251.1 251.2 251.3 251.4

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

251.1122

251.1362

251.1444

251.1539

251.1616

251.0898 251.1982



187 

 

  

030-38 #1 RT: 0.00 AV: 1 NL: 1.02E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

373.1479

236.0723

301.1420

414.9822

356.9769

610.9783

454.9747
708.9763552.9728217.1054

650.9709

806.9746
904.9730178.0425 1002.9717 1135.2706 1210.2928

120.9879

1290.9211



188 

 

 

030-35 #44 RT: 0.23 AV: 1 NL: 8.75E4
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-35 #1 RT: 0.00 AV: 1 NL: 5.61E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-36 #74 RT: 0.40 AV: 1 NL: 8.65E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-36 #74 RT: 0.40 AV: 1 NL: 2.69E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-36 #1 RT: 0.00 AV: 1 NL: 5.85E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-42 #96 RT: 0.51 AV: 1 NL: 2.03E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-42 #104 RT: 0.55 AV: 1 NL: 8.55E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-42 #1 RT: 0.00 AV: 1 NL: 5.80E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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wd-1 #97 RT: 0.44 AV: 1 NL: 3.07E7
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-1 #104 RT: 0.47 AV: 1 NL: 1.58E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-1 #104 RT: 0.47 AV: 1 NL: 1.37E7
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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030-46 #115 RT: 0.60 AV: 1 NL: 1.28E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-46 #70 RT: 0.37 AV: 1 NL: 7.41E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-46 #1 RT: 0.00 AV: 1 NL: 3.70E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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WD-1 #33 RT: 0.15 AV: 1 NL: 2.75E9
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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WD-1 #199 RT: 0.89 AV: 1 NL: 2.68E7
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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WD-1 #199 RT: 0.89 AV: 1 NL: 9.04E7
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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030-32 #59 RT: 0.31 AV: 1 NL: 1.89E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]

268.95 269.00 269.05 269.10 269.15 269.20 269.25

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

269.0836

269.2037268.9597 268.9747



206 

 

 

030-32 #95 RT: 0.49 AV: 1 NL: 7.92E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-32 #1 RT: 0.00 AV: 1 NL: 1.26E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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WD-2 #56 RT: 0.25 AV: 1 NL: 1.66E9
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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WD-2 #161 RT: 0.72 AV: 1 NL: 3.23E7
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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WD-2 #161 RT: 0.72 AV: 1 NL: 1.27E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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030-39 #56 RT: 0.31 AV: 1 NL: 2.06E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-39 #107 RT: 0.58 AV: 1 NL: 3.79E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-39 #1 RT: 0.00 AV: 1 NL: 1.15E3
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-34 #78 RT: 0.43 AV: 1 NL: 1.01E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-34 #62 RT: 0.35 AV: 1 NL: 9.36E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-34 #1 RT: 0.00 AV: 1 NL: 1.98E4
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-45 #107 RT: 0.56 AV: 1 NL: 2.98E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-45 #81 RT: 0.42 AV: 1 NL: 1.04E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-45 #95 RT: 0.50 AV: 1 NL: 2.16E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-45 #1 RT: 0.00 AV: 1 NL: 3.59E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-44 #63 RT: 0.34 AV: 1 NL: 3.40E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-44 #161 RT: 0.85 AV: 1 NL: 3.11E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-44 #153 RT: 0.81 AV: 1 NL: 9.95E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-44 #1 RT: 0.00 AV: 1 NL: 4.97E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-43 #105 RT: 0.55 AV: 1 NL: 7.16E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]

282.6 282.8 283.0 283.2 283.4 283.6 283.8 284.0 284.2 284.4 284.6

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

283.0996

284.1029

282.9718 283.2321



226 

 

 

030-43 #43 RT: 0.23 AV: 1 NL: 3.73E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-43 #1 RT: 0.00 AV: 1 NL: 8.75E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-40 #142 RT: 0.74 AV: 1 NL: 1.16E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-40 #162 RT: 0.85 AV: 1 NL: 3.78E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-40 #1 RT: 0.00 AV: 1 NL: 5.52E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-41 #64 RT: 0.35 AV: 1 NL: 1.09E10
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-41 #53 RT: 0.29 AV: 1 NL: 1.58E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-41 #53 RT: 0.29 AV: 1 NL: 4.77E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-50 #48 RT: 0.26 AV: 1 NL: 3.67E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-50 #154-156 RT: 0.81-0.82 AV: 3 NL: 1.12E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-50 #155-157 RT: 0.82-0.83 AV: 3 NL: 3.64E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-57 #77 RT: 0.43 AV: 1 NL: 6.62E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-57 #123 RT: 0.68 AV: 1 NL: 2.54E4
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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030-57 #123 RT: 0.68 AV: 1 NL: 9.34E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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WD-22 #219 RT: 0.98 AV: 1 NL: 6.43E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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WD-22 #219 RT: 0.98 AV: 1 NL: 9.83E6
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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WD-22 #219 RT: 0.98 AV: 1 NL: 6.43E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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wd-2 #154 RT: 0.69 AV: 1 NL: 5.45E8
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-2 #154 RT: 0.69 AV: 1 NL: 5.45E8
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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WD-24 #215 RT: 0.96 AV: 1 NL: 8.78E7
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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WD-24 #215 RT: 0.96 AV: 1 NL: 8.78E7
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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WD-41 #20 RT: 0.09 AV: 1 NL: 4.99E6
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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WD-41 #28 RT: 0.13 AV: 1 NL: 1.28E6
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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WD-41 #28 RT: 0.13 AV: 1 NL: 1.01E9
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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H-154 #80 RT: 0.43 AV: 1 NL: 1.70E10
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-154 #80 RT: 0.43 AV: 1 NL: 1.70E10
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-155 #40 RT: 0.21 AV: 1 NL: 1.74E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-155 #40 RT: 0.21 AV: 1 NL: 1.74E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-157 #102 RT: 0.52 AV: 1 NL: 1.25E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-157 #102 RT: 0.52 AV: 1 NL: 1.04E10
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-162 #47 RT: 0.24 AV: 1 NL: 2.87E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-162 #47 RT: 0.24 AV: 1 NL: 9.89E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-161 #45 RT: 0.23 AV: 1 NL: 4.61E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-161 #45 RT: 0.23 AV: 1 NL: 4.61E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-181 #50 RT: 0.26 AV: 1 NL: 9.18E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-181 #50 RT: 0.26 AV: 1 NL: 9.18E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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wd-5 #22 RT: 0.10 AV: 1 NL: 3.02E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-5 #22 RT: 0.10 AV: 1 NL: 7.05E9
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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H-160 #41 RT: 0.21 AV: 1 NL: 5.05E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-160 #41 RT: 0.21 AV: 1 NL: 5.05E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-165 #34 RT: 0.17 AV: 1 NL: 1.05E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-165 #35 RT: 0.18 AV: 1 NL: 1.34E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-144-2 #59 RT: 0.30 AV: 1 NL: 3.30E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-144-2 #59 RT: 0.30 AV: 1 NL: 3.30E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-144-1 #208 RT: 1.07 AV: 1 NL: 4.70E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-144-1 #208 RT: 1.07 AV: 1 NL: 1.29E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-172 #49 RT: 0.25 AV: 1 NL: 2.93E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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H-172 #49 RT: 0.25 AV: 1 NL: 7.09E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

177.1388

263.1312

229.1338

282.1967

336.1708 839.5854
421.0886 685.4360

503.2302 1347.8846615.4449 792.6056 911.5625 993.0462 1118.9441 1179.4561



274 

 

  

wd-7 #45 RT: 0.20 AV: 1 NL: 1.80E7
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-7 #45 RT: 0.20 AV: 1 NL: 1.07E8
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-9 #168 RT: 0.76 AV: 1 NL: 1.60E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-9 #168 RT: 0.76 AV: 1 NL: 1.16E7
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-10 #205 RT: 0.92 AV: 1 NL: 1.31E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-10 #205 RT: 0.92 AV: 1 NL: 1.15E7
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-11 #97 RT: 0.44 AV: 1 NL: 3.41E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-11 #97 RT: 0.44 AV: 1 NL: 8.33E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-12 #100 RT: 0.45 AV: 1 NL: 4.39E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-12 #111 RT: 0.50 AV: 1 NL: 6.63E5
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-11 #188 RT: 0.85 AV: 1 NL: 2.52E5
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-11 #188 RT: 0.85 AV: 1 NL: 5.92E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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WD-10 #47 RT: 0.46 AV: 1 NL: 4.29E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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WD-10 #47 RT: 0.46 AV: 1 NL: 8.55E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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WD-11 #47 RT: 0.46 AV: 1 NL: 6.35E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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WD-11 #47 RT: 0.46 AV: 1 NL: 6.35E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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WD-8 #57 RT: 0.25 AV: 1 NL: 6.34E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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WD-8 #57 RT: 0.25 AV: 1 NL: 6.34E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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wd-12 #31 RT: 0.14 AV: 1 NL: 3.12E7
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-12 #129 RT: 0.58 AV: 1 NL: 6.50E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-9 #86 RT: 0.39 AV: 1 NL: 9.96E4
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-9 #86 RT: 0.39 AV: 1 NL: 1.21E7
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-10 #72 RT: 0.33 AV: 1 NL: 2.56E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-10 #72 RT: 0.33 AV: 1 NL: 3.75E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

262.1337

383.1754

279.1590

318.0349

183.0377

512.7254425.1860

642.2753

445.1202 667.1766
741.1955

523.2626

1321.9857903.3906588.4097 1221.99151024.4443 1421.97791121.9960



298 

 

  

WD-9 #49 RT: 0.49 AV: 1 NL: 5.37E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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WD-9 #49 RT: 0.49 AV: 1 NL: 1.22E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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wd-7 #21 RT: 0.10 AV: 1 NL: 3.31E9
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-7 #110 RT: 0.50 AV: 1 NL: 3.99E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-7 #110 RT: 0.50 AV: 1 NL: 1.13E7
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-12 #59 RT: 0.27 AV: 1 NL: 6.52E5
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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wd-12 #59 RT: 0.27 AV: 1 NL: 3.31E6
T: FTMS + p ESI Full ms [150.0000-1500.0000]
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