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1. General experimental details 

Commercially available reagents were used without further purification. THF was distilled from 

sodium. Infrared (FT-IR) spectra were recorded on a BRUKER VERTEX 70, νmax in cm-1. 

1H-NMR spectra were recorded on a BRUKER AVANCE III HD (400 MHz) spectrometer. 

Chemical shifts are reported in ppm from tetramethylsilane with the solvent resonance as internal 

standard (CDCl3: δ 7.26, CD3OD: 3.31). Data are reported as follows: chemical shift, multiplicity 

(s = singlet, d = doublet, t = triplet, dd = doublet of doublets, q = quadruplet, br = broad, m = 

multiplet), coupling constants (Hz) and integration. 13C-NMR spectra were recorded on a 

BRUKER AVANCE III HD (100 MHz) spectrometer with complete proton decoupling. Chemical 

shifts are reported in ppm from tetramethylsilane with the solvent resonance as the internal 

standard (CDCl3: δ 77.00, CD3OD: 49.00). 19F-NMR spectra were recorded on a BRUKER 

AVANCE III HD (376 MHz) spectrometer. Mass spectra were measured with an Agilent 

Technologies 6120 Quadrupole LC/MS. High resolution mass spectrometry (HRMS) were 

measured with a GCT PremierTM and BRUKER micrOTF-Q III. Melting points were measured 

using INESA WRR and values are uncorrected.  

Peristaltic pump of continuous-flow system was manufactured by Nanjing Runze Fluid Control 

Equipment Co. Ltd (LM60B-RZ1030-4 type), and was set at 65 rpm. Microreactor was used 

commercially available PFA (perfluoroalkoxyalkane) tube with an inner diameter of 760 μm (3.5 

mL). Blue LED lamp parameters: rated power 50 W, rated voltage 220 V, rated current 300 mA, 

rated frequency 50 Hz, λmax = 450 nm. The distance between light source and the reaction is 10 

cm. 

2. Reaction conditions survey 

Table S1 Reaction conditions survey about 1,5-HAT pathwaya 

 

Entry x (equiv.) y (equiv.) Yieldb (%) 

1 5.0 2.3 68 
2
c
 5.0 2.3 62 

3 5.0 2.5 68 
4 5.0 2.1 75 
5 5.0 1.9 72 
6 4.0 2.1 69 
7 6.0 2.1 72 
8d 5.0 2.1 58 
9e 5.0 2.1 0 
10f 5.0 2.1 0 

aReaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2a (5.0 equiv.), PIFA (2.1 equiv.) in MeCN (1.0 

mL), irradiated by 2 × 50 W blue LEDs at rt for 12 h. bIsolated yield. cMeCN (2.0 mL). d2 × 30 W 

blue LEDs. e30 W green LEDs. fIn dark. PIFA = Bis(trifluoroacetoxy)iodobenzene. 
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Table S2 Reaction conditions survey about β-C-C scission pathwaya 

 

Entry x (equiv.) y (equiv.) Yieldb (%) 

1 5.0 2.1 75 
2c 5.0 2.1 70 
3 5.0 1.9 70 
4 5.0 2.3 68 
5 4.0 2.1 69 
6 6.0 2.1 71 
7d 5.0 2.1 56 
8e 5.0 2.1 0 
9f 5.0 2.1 0 

aReaction conditions: 1a (0.2 mmol, 1.0 equiv.), 4a (5.0 equiv.), PIFA (2.1 equiv.) in MeCN (1.0 

mL), irradiated by 2 × 50 W blue LEDs at rt for 12 h. bIsolated yield. cMeCN (2.0 mL). d2 × 30 W 

blue LEDs. e30 W green LEDs. fIn dark. PIFA = Bis(trifluoroacetoxy)iodobenzene. 

3. General procedure for synthesizing 3 and 5 

 

Figure S1 Reaction equipment 

Heteroarene 1 (0.2 mmol, 1.0 equiv.), alcohol 2 or 4 (1.0 mmol, 5.0 equiv.) and PIFA 

(Bis(trifluoroacetoxy)iodobenzene, 0.42 mmol, 2.1 equiv.) were dissolved in MeCN (1.0 mL). 

Then the solution was transferred into the microreactor (PFA tube, ID = 760 μm) via syringe. The 

reaction was irradiated with 2 x 50 W blue LEDs at room temperature. After 12 hours, the reaction 

solution was collected in a flask and the microreactor was washed with EtOAc and water via 

syringe. The mixture was quenched by addition of aq. KOH until pH > 8 and then extracted with 

EtOAc. The combined organic extracts were washed by brine, dried over Na2SO4, filtered, 
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concentrated, and purified by flash column chromatography on silica gel to give the desired 

product 3 or 5.   

4. Gram-scale preparations 

  

Figure S2 Reaction equipment of gram-scale reactions 

Heteroarene 1c (8.0 mmol, 1.0 equiv.) and alcohol 2a (40.0 mmol, 5.0 equiv.) were loaded in a 

tin foil wrapped flask. Then MeCN (40 mL) followed by PIFA (4.2 mmol, 0.525 equiv.) was 

added to the mixture (PIFA was added in four batches, one batch every 12 hours, 4.2 mmol per 

batch). Then the solution was injected to the microreactor (PFA tube, ID = 760 μm) by a 

peristaltic pump, flow rate (3.0 mL/min). The reaction was irradiated with 2 x 50 W blue LEDs at 

room temperature. After 48 hours, the reaction solution was collected in a flask and the 

microreactor was washed with EtOAc and water via syringe. The mixture was quenched by 

addition of aq. KOH until pH > 8 and then extracted with EtOAc. The combined organic extracts 

were washed by brine, dried over Na2SO4, filtered, concentrated, and purified by flash column 

chromatography on silica gel to give the desired product product 3c (1.16 g, 63% yield). 

Heteroarene 1a (7.0 mmol, 1.0 equiv.) and alcohol 4t (35.0 mmol, 5.0 equiv.) were loaded in a 

tin foil wrapped flask. Then MeCN (35 mL) followed by PIFA (14.7 mmol, 2.1 equiv.) was added 

to the mixture. Then the solution was injected to the microreactor (PFA tube, ID = 760 μm) by a 

peristaltic pump, flow rate (3.0 mL/min). The reaction was irradiated with 2 x 50 W blue LEDs at 

room temperature. After 12 hours, the reaction solution was collected in a flask and the 

microreactor was washed with EtOAc and water via syringe. The mixture was quenched by 

addition of aq. KOH until pH > 8 and then extracted with EtOAc. The combined organic extracts 

were washed by brine, dried over Na2SO4, filtered, concentrated, and purified by flash column 

chromatography on silica gel to give the desired product product 5t (1.27 g, 82% yield). 
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5. Characterization of products1 

3a: 37.3 mg, 75% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/4-1/1). 1H 

NMR (400 MHz, CDCl3) δ 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 

8.06-8.02 (m, 1H), 7.75-7.69 (m 1H), 7.60-7.54 (m, 1H), 7.40 (s, 

1H), 3.68-3.56 (m, 2H), 3.16-3.05 (m, 1H), 2.37 (br, 1H), 

1.98-1.87 (m, 1H), 1.82-1.71 (m, 1H), 1.68-1.56 (m, 1H), 1.54-1.42 (m, 1H), 1.37 (d, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 166.6, 148.4, 142.9, 130.3, 129.1, 126.8, 125.1, 123.9, 119.8, 

62.6, 42.3, 32.8, 30.6, 20.8. 

 

3b: 31.9 mg, 70% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/4-1/1). 1H 

NMR (400 MHz, CDCl3) δ 8.03 (dd, J = 8.4, 0.8 Hz, 1H), 7.94 

(dd, J = 8.4, 0.8 Hz, 1H), 7.69-7.62 (m, 1H), 7.53-7.46 (m, 1H), 

7.15 (s, 1H), 3.67-3.55 (m, 2H), 3.15-3.04 (m, 1H), 2.68 (d, J = 

0.8 Hz, 3H), 2.58 (br, 1H), 2.00-1.89 (m, 1H), 1.82-1.71 (m, 1H), 1.69-1.57 (m, 1H), 1.54-1.42 (m, 

1H), 1.37 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 166.2, 147.3, 144.6, 129.3, 129.1, 

127.0, 125.5, 123.6, 120.3, 62.6, 42.2, 32.9, 30.7, 21.1, 18.8. 

 

3c: 36.7 mg, 80% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether/MeOH = 1/1/0-4/4/1). 

1H NMR (400 MHz, CDCl3) δ 8.04-7.99 (m, 2H), 7.65-7.60 (m, 1H), 

7.48-7.43 (m, 1H), 7.14 (s, 1H), 3.62 (t, J = 6.4 Hz, 2H), 3.59-3.51 (m, 

1H), 2.89 (br, 1H), 2.68 (s, 3H), 1.89-1.71 (m, 2H), 1.65-1.49 (m, 2H), 1.35 (d, J = 6.8 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 158.6, 153.6, 147.8, 129.2, 128.9, 125.4, 125.4, 122.7, 118.4, 62.4, 

33.4, 33.1, 30.6, 25.2, 21.2.  

 

3d: 38.5 mg, 68% yield, yellow oil. Purification by flash 

column chromatography (eluent: EtOAc/Petroleum ether = 

1/4-1/1). 1H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 8.8 Hz, 

1H), 8.04 (d, J = 2.0 Hz, 1H), 7.51 (dd, J = 8.8, 2.0 Hz, 1H), 

7.38 (s, 1H), 3.67-3.57 (m, 2H), 3.13-3.02 (m, 1H), 2.16 (br, 

1H), 1.96-1.86 (m, 1H), 1.81-1.71 (m, 1H), 1.66-1.55 (m, 1H), 1.52-1.42 (m, 1H), 1.36 (d, J = 6.8 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 167.9, 148.8, 142.8, 136.3, 128.2, 127.7, 125.3, 123.6, 

120.1, 62.6, 42.3, 32.8, 30.6, 20.7. FT-IR: ν (cm-1) δ 2931, 2869, 1608, 1588, 1490, 1405, 1301, 

1159, 1072. HRMS [ESI] calcd for C14H15Cl2NNaO [M+Na]+ 306.0423, found 306.0428. 

 

3e: 20.7 mg, 43% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/4-1/1). 1H NMR 

 
1 Characterization of product 3a-3c and 3e-3m refers to: X. Wu, H. Zhang, N. Tang, Z. Wu, D. Wang, M. Ji, Y. 

Xu, M. Wang and C. Zhu, Nat. Commun., 2018, 9, 3343. Characterization of product 5ae refers to: Y. Wang, L. 

Yang, S. Liu, L. Huang and Z.-Q. Liu, Adv. Synth. Catal., 2019, 361, 4568. 
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(400 MHz, CDCl3) δ 8.20-8.14 (m, 2H), 7.84-7.79 (m, 1H), 7.73-7.68 (m, 1H), 7.59 (s, 1H), 

3.71-3.63 (m, 3H), 1.94-1.78 (m, 2H), 1.67-1.50 (m, 3H), 1.42 (d, J = 6.8 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 155.8, 148.4, 133.7, 131.0, 130.6, 129.1, 127.7, 123.0, 120.1, 117.8, 62.5, 33.5, 

33.4, 30.4, 21.1. 

 

3f: 26.7 mg, 62% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/1-2/1). 1H NMR 

(400 MHz, CDCl3) δ 8.46 (d, J = 6.0 Hz, 1H), 8.22 (d, J = 8.4 Hz, 1H), 

7.81 (d, J = 8.0 Hz, 1H), 7.68-7.63 (m, 1H), 7.61-7.55 (m, 1H), 7.49 (d, 

J = 5.6 Hz, 1H), 3.87-3.77 (m, 1H), 3.63-3.50 (m, 2H), 2.21-2.11 (m, 2H), 1.87-1.76 (m, 1H), 

1.70-1.58 (m, 1H), 1.54-1.43 (m, 1H), 1.40 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

165.4, 141.7, 136.4, 129.7, 127.5, 127.0, 126.7, 124.6, 119.1, 62.7, 36.0, 31.9, 30.9, 21.2. 

 

3g: 33.9 mg, 62% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/1-3/2). 1H NMR 

(400 MHz, CDCl3) δ 8.41 (s, 1H), 8.29-8.25 (m, 1H), 7.97-7.93 (m, 1H), 

7.76-7.69 (m, 2H), 4.02 (s, 3H), 3.84-3.76 (m, 1H), 3.59-3.53 (m, 1H), 

3.46-3.39 (m, 1H), 2.54 (br, 1H), 2.49-2.39 (m, 1H), 1.87-1.70 (m, 2H), 1.51-1.43 (m, 1H), 1.41 (d, 

J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 166.5, 165.7, 140.2, 136.1, 130.3, 129.3, 129.1, 

128.1, 124.9, 122.6, 62.1, 52.6, 36.9, 31.2, 30.4, 21.8. 

 

3h: 30.4 mg, 52% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/6-1/2). 1H NMR 

(400 MHz, CDCl3) δ 8.65 (s, 1H), 8.24-8.16 (m, 2H), 7.80-7.74 (m, 1H), 

7.68-7.62 (m, 1H), 3.84-3.73 (m, 1H), 3.64-3.52 (m, 2H), 2.17-2.06 (m, 

1H), 1.92 (br, 1H), 1.85-1.74 (m, 1H), 1.67-1.55 (m, 1H), 1.53-1.42 (m, 

1H), 1.39 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 165.0, 143.5, 134.9, 130.9, 128.1, 

127.9, 126.9, 125.0, 117.6, 62.7, 35.9, 32.0, 30.8, 21.1. 

 

3i: 36.1 mg, 68% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/2-2/3). 1H NMR 

(400 MHz, CDCl3) δ 8.66 (d, J = 8.4 Hz, 1H), 8.54 (d, J = 8.0 Hz, 1H), 

8.32 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 8.0 Hz, 1H), 7.86-7.80 (m, 1H), 

7.74-7.67 (m, 2H), 7.64-7.59 (m, 1H), 3.92-3.82 (m, 1H), 3.66-3.49 (m, 

2H), 2.45-2.34 (m, 2H), 1.92-1.82 (m, 1H), 1.81-1.69 (m, 1H), 

1.63-1.52 (m, 1H), 1.47 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 165.0, 143.5, 133.1, 

130.1, 129.6, 128.6, 127.2, 126.3, 125.6, 125.0, 123.4, 122.6, 121.8, 62.6, 36.6, 31.0, 30.9, 21.3. 

 

3j: 22.8 mg, 43% yield, yellow solid, m.p. 156-157 oC. Purification by 

flash column chromatography (eluent: EtOAc/Petroleum ether = 

2/3-3/2). 1H NMR (400 MHz, CDCl3) δ 8.52-8.32 (m, 2H), 8.22 (d, J = 

8.8 Hz, 2H), 7.77-7.67 (m, 2H), 7.56-7.43 (m, 2H), 4.40-4.27 (m, 1H), 
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3.57 (t, J = 6.4 Hz, 2H), 2.36-2.20 (m, 2H), 1.90 (br, 1H), 1.73 (d, J = 7.2 Hz, 3H), 1.71-1.59 (m, 

1H), 1.39-1.26 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 150.8, 148.9, 148.7, 130.8, 130.5, 129.5, 

126.0, 125.8, 125.5, 125.4, 124.5, 124.3, 123.6, 62.5, 34.0, 33.6, 31.9, 21.3. 

3k: 21.2 mg, 44% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether/MeOH = 1/1/0-6/6/1). 

1H NMR (400 MHz, CDCl3) δ 8.57 (d, J = 5.2 Hz, 1H), 7.65-7.60 (m, 

2H), 7.51-7.40 (m, 3H), 7.37-7.35 (m, 1H), 7.34-7.31 (m, 1H), 

3.68-3.58 (m, 2H), 3.05-2.95 (m, 1H), 2.09 (br, 1H), 1.94-1.83 (m, 1H), 

1.78-1.68 (m, 1H), 1.67-1.55 (m, 1H), 1.54-1.44 (m, 1H), 1.36 (d, J = 6.8 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 166.6, 149.4, 149.0, 138.5, 129.0, 128.9, 127.0, 119.6, 119.4, 62.7, 41.6, 33.2, 

30.7, 21.0. 

 

3l: 21.0 mg, 30% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/3-1/1). 1H NMR 

(400 MHz, CDCl3) δ 8.57 (d, J = 5.2 Hz, 1H), 8.46 (d, J = 1.2 Hz, 1H), 

8.20 (d, J = 1.6 Hz, 1H), 7.29-7.26 (m, 1H), 7.13 (d, J = 2.0 Hz, 1H), 

3.69-3.58 (m, 2H), 3.07-2.98 (m, 1H), 1.96-1.87 (m, 2H), 1.78-1.69 (m, 

2H), 1.65-1.56 (m, 1H), 1.39-1.36 (m, 21H); 13C NMR (100 MHz, 

CDCl3) δ 165.2, 161.3, 160.7, 156.9, 155.5, 148.9, 120.5, 118.4, 118.4, 

115.7, 63.1, 41.5, 35.0, 34.9, 33.5, 30.7, 30.6, 21.2. 

 

3m: 15.1 mg, 32% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/2-2/3). 1H 

NMR (400 MHz, CDCl3) δ 8.30 (s, 1H), 3.65-3.59 (m, 2H), 3.14 

(q, J = 7.2 Hz, 2H), 3.06-2.95 (m, 1H), 2.68 (s, 3H), 1.91-1.83 (m, 

1H), 1.78-1.68 (m, 1H), 1.61-1.52 (m, 2H), 1.48-1.39 (m, 1H), 

1.33 (d, J = 7.2 Hz, 3H), 1.27 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 201.3, 163.0, 

158.0, 144.4, 139.1, 62.7, 39.4, 32.5, 30.5, 28.9, 28.1, 20.4, 13.2. 

 

3n: 17.3 mg, 40% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 2/1-4/1). 1H NMR 

(400 MHz, CDCl3) δ 9.24 (s, 1H), 8.18 (d, J = 8.4 Hz, 1H), 8.03 (d, J = 

8.4 Hz, 1H), 7.90-7.84 (m, 1H), 7.66-7.60 (m, 1H), 3.86-3.77 (m, 1H), 

3.66-3.56 (m, 2H), 2.17-2.07 (m, 1H), 1.96 (br, 1H), 1.87-1.77 (m, 1H), 

1.68-1.56 (m, 1H), 1.54-1.44 (m, 1H), 1.41 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

175.2, 154.6, 150.0, 133.5, 129.3, 127.5, 124.1, 123.7, 62.6, 35.9, 31.9, 30.7, 20.6. FT-IR: ν (cm-1) 

δ 2932, 2870, 1569, 1496, 1346, 1268, 1057, 1029. HRMS [ESI] calcd for C13H16N2NaO 

[M+Na]+ 239.1155, found 239.1150. 

 

3o: 33.2 mg, 42% yield, yellow oil. Purification by flash 

column chromatography (eluent: EtOAc/Petroleum ether = 

1/4-1/1). 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 2.0 Hz, 

1H), 7.51 (d, J = 2.0 Hz, 1H), 7.19-7.07 (m, 4H), 6.51 (s, 1H), 

3.63-3.52 (m, 2H), 2.95-2.86 (m, 1H), 2.04 (br, 1H), 
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1.84-1.74 (m, 1H), 1.68-1.51 (m, 2H), 1.45-1.37 (m, 1H), 1.23 (d, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 169.4, 162.5, 159.9 (d, JC-F = 242.9 Hz), 151.2, 150.2 (d, JC-F = 2.7 Hz), 134.9, 

129.9, 128.8, 127.4, 121.9 (d, JC-F = 8.4 Hz), 117.0 (d, JC-F = 23.4 Hz), 117.0, 105.7, 62.6, 42.2, 

32.4, 30.5, 20.6; 19F NMR (376 MHz, CDCl3) δ -117.2 (s). FT-IR: ν (cm-1) δ 2930, 2870, 1599, 

1501, 1427, 1361, 1193, 1100, 1057. HRMS [ESI] calcd for C20H19Cl2FNO2 [M+H]+ 394.0771, 

found 394.0778. 

 

 3p: 47.1 mg, 60% yield, colorless oil. Purification by flash 

column chromatography (eluent: EtOAc/Petroleum ether = 

1/2-1/1). 1H NMR (400 MHz, CDCl3) δ 8.13-8.09 (m, 1H), 

7.87-7.84 (m, 1H), 7.79-7.74 (m, 1H), 7.51-7.46 (m, 1H), 

7.39-7.35 (m, 2H), 7.31-7.27 (m, 2H), 4.81-4.74 (m, 2H), 

3.68-3.58 (m, 2H), 3.18 (t, J = 7.2 Hz, 2H), 3.14-3.04 (m, 1H), 

2.41 (br, 1H), 2.07-1.97 (m, 1H), 1.80-1.69 (m, 1H), 1.68-1.60 (m, 

1H), 1.56-1.46 (m, 1H), 1.38 (d, J = 6.8 Hz, 3H), 1.33 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 

170.1, 166.7, 151.1, 149.4, 134.9, 133.3, 128.7, 127.0, 126.0, 125.4, 123.4, 115.0, 67.4, 62.8, 42.9, 

34.7, 34.4, 32.0, 31.4, 30.7, 20.2. FT-IR: ν (cm-1) δ 3032, 2920, 1620, 1469, 1368, 1298, 1174, 

1150, 1087. HRMS [ESI] calcd for C25H32N2NaO2 [M+Na]+ 415.2356, found 415.2346. 

 

3q: 34.4 mg, 65% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/4-1/1). 1H 

NMR (400 MHz, CDCl3) δ 8.17 (dd, J = 8.4, 1.2 Hz, 1H), 8.05 (d, 

J = 8.4 Hz, 1H), 7.75-7.69 (m, 1H), 7.60-7.54 (m, 1H), 7.37 (s, 

1H), 3.63-3.53 (m, 2H), 2.92-2.84 (m, 1H), 2.36 (br, 1H), 

1.88-1.74 (m, 4H), 1.59-1.50 (m, 1H), 1.44-1.33 (m, 1H), 0.83 (t, J = 7.6 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 165.6, 148.5, 142.8, 130.2, 129.2, 126.7, 125.1, 123.9, 120.2, 62.6, 49.8, 31.2, 

30.6, 28.6, 12.0. FT-IR: ν (cm-1) δ 2931, 2872, 1616, 1554, 1457, 1374, 1218, 1151, 1059. HRMS 

[ESI] calcd for C15H18ClNNaO [M+Na]+ 286.0969, found 286.0974. 

 

3r: 34.7 mg, 66% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/6-1/3). 1H 

NMR (400 MHz, CDCl3) δ 8.17 (dd, J = 8.4, 1.2 Hz, 1H), 8.05 (d, 

J = 8.4 Hz, 1H), 7.75-7.69 (m, 1H), 7.60-7.54 (m, 2H), 3.55 (t, J = 

6.0 Hz, 2H), 2.33 (br, 1H), 1.96-1.90 (m, 2H), 1.50-1.44 (m, 2H), 

1.43 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 168.2, 148.0, 142.6, 130.1, 129.4, 126.8, 124.6, 123.7, 

118.9, 63.0, 41.0, 38.1, 28.1. FT-IR: ν (cm-1) δ 2945, 2869, 1684, 1588, 1492, 1365, 1289, 1209, 

1102. HRMS [ESI] calcd for C15H19ClNO [M+H]+ 264.1150, found 264.1158. 

 

3s: (d.r. = 1:1): 31.7 mg, 60% yield, yellow oil. Purification by 

flash column chromatography (eluent: EtOAc/Petroleum ether = 

1/4-1/2). 1H NMR (400 MHz, CDCl3) δ 8.20-8.15 (m, 2H, two 

isomers), 8.06-8.02 (m, 2H, two isomers), 7.76-7.70 (m, 2H, two 

isomers), 7.61-7.55 (m, 2H, two isomers), 7.43 (s, 1H, one 

isomer), 7.41 (s, 1H, one isomer), 3.54-3.44 (m, 2H, two isomers), 3.44-3.36 (m, 2H, two isomers), 
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3.34-3.24 (m, 1H, one isomer), 3.24-3.15 (m, 1H, one isomer), 2.89 (br, 1H, one isomer), 2.62 (br, 

1H, one isomer), 2.21-2.13 (m, 1H, one isomer), 1.78-1.64 (m, 3H, two isomers), 1.56-1.47 (m, 

1H, one isomer), 1.46-1.38 (m, 1H, one isomer), 1.36 (d, J = 6.8 Hz, 3H, one isomer), 1.36 (d, J = 

7.2 Hz, 3H, one isomer), 0.97 (d, J = 6.4 Hz, 3H, one isomer), 0.89 (d, J = 6.8 Hz, 3H, one 

isomer); 13C NMR (100 MHz, CDCl3) δ 166.9 & 166.5 (two isomers), 148.4 & 148.2 (two 

isomers), 143.1 & 142.9 (two isomers), 130.4 & 130.4 (two isomers), 129.1 (overlap, two 

isomers), 126.8 & 126.8 (two isomers), 125.1 & 125.1 (two isomers), 123.9 (overlap, two 

isomers), 120.3 & 119.6 (two isomers), 68.2 & 67.8 (two isomers), 40.8 & 40.3 (two isomers), 

39.6 & 39.5 (two isomers), 34.3 & 33.5 (two isomers), 22.4 & 20.8 (two isomers), 17.3 & 17.2 

(two isomers). FT-IR: ν (cm-1) δ 2926, 2871, 1588, 1495, 1377, 1223, 1150, 1031. HRMS [ESI] 

calcd for C15H19ClNO [M+H]+ 264.1150, found 264.1155. 

 

3t: 40.4 mg, 70% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/9-1/3). 1H NMR 

(400 MHz, CDCl3) δ 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.03 (d, J = 8.4 Hz, 

1H), 7.75-7.69 (m, 1H), 7.60-7.55 (m, 1H), 7.40 (s, 1H), 3.56-3.49 (m, 

2H), 2.75-2.63 (m, 2H), 2.12-2.01 (m, 1H), 2.01-1.91 (m, 2H), 1.88-1.78 

(m, 2H), 1.58-1.14 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 166.0, 148.3, 

143.0, 130.4, 129.0, 126.8, 125.1, 123.9, 120.8, 60.4, 52.7, 37.6, 37.5, 34.6, 32.5, 26.4, 26.2. 

FT-IR: ν (cm-1) δ 2925, 2853, 1733, 1699, 1588, 1494, 1373, 1223, 1083. HRMS [ESI] calcd for 

C17H20ClNNaO [M+Na]+ 312.1126, found 312.1118. 

 

3u: 33.7 mg, 53% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/6-1/1). 1H 

NMR (400 MHz, CDCl3) δ 8.18 (dd, J = 8.4, 1.2 Hz, 1H), 8.05 (d, 

J = 8.4 Hz, 1H), 7.75-7.69 (m, 1H), 7.61-7.54 (m, 1H), 7.36 (s, 

1H), 5.79-5.67 (m, 1H), 4.97-4.85 (m, 2H), 3.65-3.53 (m 2H), 

3.00-2.91 (m, 1H), 2.23 (br, 1H), 2.01-1.93 (m, 2H), 1.88-1.69 (m, 4H), 1.60-1.49 (m, 1H), 

1.45-1.25 (m, 4H), 1.21-1.11 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 165.7, 148.5, 142.8, 138.8, 

130.2, 129.2, 126.7, 125.1, 123.9, 120.2, 114.3, 62.6, 48.2, 35.5, 33.5, 31.6, 30.6, 28.9, 27.0. 

FT-IR: ν (cm-1) δ 2928, 2856, 1638, 1588, 1494, 1375, 1220, 1150, 1057. HRMS [ESI] calcd for 

C19H25ClNO [M+H]+ 318.1619, found 318.1627. 

 

3v: 35.0 mg, 51% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/5-2/3). 1H 

NMR (400 MHz, CDCl3) δ 8.17 (dd, J = 8.4, 1.2 Hz, 1H), 8.07 (d, 

J = 8.4 Hz, 1H), 7.76-7.71 (m, 1H), 7.61-7.56 (m, 1H), 7.27 (s, 

1H), 7.23-7.17 (m, 2H), 7.17-7.08 (m, 3H), 3.60-3.49 (m, 2H), 

3.31-3.23 (m, 1H), 3.20-3.12 (m, 1H), 3.03-2.96 (m, 1H), 

2.02-1.91 (m, 2H), 1.90-1.80 (m, 1H), 1.58-1.46 (m, 1H), 1.46-1.35 (m, 1H); 13C NMR (100 MHz, 

CDCl3) δ 164.6, 148.6, 142.5, 139.8, 130.3, 129.3, 129.1, 128.2, 126.8, 126.1, 125.1, 123.9, 121.0, 

62.6, 49.9, 42.0, 30.5, 30.5. FT-IR: ν (cm-1) δ 2931, 2858, 1616, 1587, 1474, 1374, 1221, 1151, 

1057. HRMS [ESI] calcd for C20H21ClNO [M+H]+ 326.1306, found 326.1311. 
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3w: 23.2 mg, 46% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/3-1/1). 1H 

NMR (400 MHz, CDCl3) δ 8.21 (dd, J = 8.4, 0.8 Hz, 1H), 8.08 (d, 

J = 8.4 Hz, 1H), 7.79-7.73 (m, 1H), 7.65-7.59 (m, 2H), 4.74 (q, J 

= 6.8 Hz, 1H), 3.84-3.77 (m, 1H), 3.77-3.65 (m, 2H), 3.55-3.49 

(m, 1H), 2.92 (br, 1H), 1.57 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.4, 148.2, 

143.7, 130.6, 129.3, 127.4, 125.7, 124.0, 118.2, 79.3, 70.8, 61.9, 22.3. FT-IR: ν (cm-1) δ 2927, 

2867, 1616, 1589, 1457, 1342, 1258, 1175, 1110, 1059. HRMS [ESI] calcd for C13H14ClNNaO2 

[M+Na]+ 274.0605, found 274.0601. 

 

3x: 39.5 mg, 71% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/10-1/6). 1H 

NMR (400 MHz, CDCl3) δ 8.17 (dd, J = 8.0, 0.8 Hz, 1H), 8.06 (d, 

J = 8.4 Hz, 1H), 7.75-7.69 (m, 1H), 7.60-7.55 (m, 2H),  

3.77-3.68 (m, 1H), 2.68 (br, 1H), 2.07-1.99 (m, 1H), 1.96-1.87 (m, 

1H), 1.42 (s, 3H), 1.42 (s, 3H), 1.40-1.27 (m, 2H), 1.13 (d, J = 6.0 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 168.2, 148.0, 142.7, 130.2, 129.4, 126.8, 124.6, 123.7, 119.1, 68.1, 41.1, 37.6, 34.5, 28.4, 

28.2, 23.4. FT-IR: ν (cm-1) δ 2964, 2929, 1616, 1588, 1473, 1366, 1209, 1103. HRMS [ESI] calcd 

for C16H21ClNO [M+H]+ 278.1306, found 278.1297. 

 

3y: (d.r. = 1:1): 37.4 mg, 67% yield, yellow oil. Purification by 

flash column chromatography (eluent: EtOAc/Petroleum ether = 

1/8-1/2). 1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 8.4 Hz, 2H, 

two isomers), 8.06 (d, J = 8.4 Hz, 2H, two isomers), 7.77-7.70 (m, 

2H, two isomers), 7.62-7.55 (m, 2H, two isomers), 7.37 (s, 1H, 

one isomer), 7.37 (s, 1H, one isomer), 3.83-3.75 (m, 1H, one isomer), 3.73-3.65 (m, 1H, one 

isomer), 2.91-2.82 (m, 2H, two isomers), 2.19 (br, 1H, one isomer), 1.95-1.74 (m, 9H, two 

isomers), 1.51-1.40 (m, 2H, two isomers), 1.33-1.20 (m, 2H, two isomers), 1.13 (d, J = 5.6 Hz, 3H, 

one isomer), 1.11 (d, J = 6.0 Hz, 3H, one isomer), 0.84 (t, J = 7.2 Hz, 6H, two isomers); 13C NMR 

(100 MHz, CDCl3) δ 165.7 & 165.6 (two isomers), 148.5 & 148.4 (two isomers), 142.7 & 142.7 

(two isomers), 130.2 & 130.2 (two isomers), 129.3 & 129.2 (two isomers), 126.7 & 126.7 (two 

isomers), 125.1 (overlap, two isomers), 123.9 (overlap, two isomers), 120.3 (overlap, two isomers), 

67.9 & 67.8 (two isomers), 50.0 & 50.0 (two isomers), 37.1 & 37.0 (two isomers), 30.9 & 30.8 

(two isomers), 28.7 (overlap, two isomers), 23.5 & 23.4 (two isomers), 12.0 & 12.0 (two isomers). 

FT-IR: ν (cm-1) δ 2962, 2929, 1616, 1588, 1457, 1373, 1219, 1122, 1028. HRMS [ESI] calcd for 

C16H21ClNO [M+H]+ 278.1306, found 278.1310. 

 

3z: 36.5 mg, 66% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/9-1/3). 1H 

NMR (400 MHz, CDCl3) δ 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 

8.07-8.03 (m, 1H), 7.75-7.69 (m, 1H), 7.60-7.55 (m, 1H), 7.40 (s, 

1H), 3.11-3.01 (m, 1H), 1.99-1.88 (m, 2H), 1.83-1.73 (m, 1H), 

1.61-1.52 (m, 1H), 1.37 (d, J = 7.2 Hz, 3H), 1.36-1.28 (m, 1H), 1.18 (s, 3H), 1.18 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 166.6, 148.5, 142.8, 130.2, 129.2, 126.7, 125.1, 123.9, 119.9, 70.7, 
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42.7, 41.4, 31.0, 29.3, 29.2, 21.0. FT-IR: ν (cm-1) δ 2966, 2931, 1589, 1494, 1375, 1281, 1220, 

1053. HRMS [ESI] calcd for C16H21ClNO [M+H]+ 278.1306, found 278.1310. 

 

3aa: 32.8 mg, 56% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/20-1/10). 1H 

NMR (400 MHz, CDCl3) δ 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.06 (d, 

J = 8.4 Hz, 1H), 7.75-7.70 (m, 1H), 7.61-7.55 (m, 2H), 2.80 (br, 

1H), 2.02-1.96 (m, 2H), 1.42 (s, 6H), 1.41-1.35 (m, 2H), 1.19 (s, 

6H); 13C NMR (100 MHz, CDCl3) δ 168.1, 148.0, 142.7, 130.2, 129.3, 126.8, 124.6, 123.7, 119.2, 

70.7, 41.1, 38.6, 35.9, 29.3, 28.4. FT-IR: ν (cm-1) δ 2966, 2930, 1617, 1589, 1458, 1365, 1268, 

1192, 1091. HRMS [ESI] calcd for C17H22ClNNaO [M+Na]+ 314.1282, found 314.1284. 

 

3ab: (d.r. = 1:1): 41.8 mg, 72% yield, yellow oil. Purification by 

flash column chromatography (eluent: EtOAc/Petroleum ether = 

1/2-1/1). 1H NMR (400 MHz, CDCl3) δ 8.17 (dd, J = 8.0, 0.8 Hz, 

2H, two isomers), 8.04 (d, J = 8.4 Hz, 2H, two isomers), 7.76-7.70 

(m, 2H, two isomers), 7.60-7.54 (m, 2H, two isomers), 7.40 (s, 1H, 

one isomer), 7.37 (s, 1H, one isomer), 4.06-3.95 (m, 2H, two 

isomers), 3.16-3.03 (m, 2H, two isomers), 2.17-1.55 (m, 26H, two isomers); 13C NMR (100 MHz, 

CDCl3) δ 168.0 & 167.8 (two isomers), 148.4 & 148.4 (two isomers), 142.7 & 142.6 (two 

isomers), 130.2 & 130.2 (two isomers), 129.3 & 129.3 (two isomers), 126.7 (overlap, two 

isomers), 125.0 & 125.0 (two isomers), 123.9 & 123.9 (two isomers), 120.2 & 120.0 (two 

isomers), 72.2 & 71.3 (two isomers), 48.1 & 47.8 (two isomers), 34.7 & 34.2 (two isomers), 33.9 

& 33.2 (two isomers), 31.6 & 31.4 (two isomers), 29.2 & 28.3 (two isomers), 26.5 & 26.4 (two 

isomers), 22.9 & 22.3 (two isomers). FT-IR: ν (cm-1) δ 2924, 2855, 1616, 1588, 1494, 1375, 1218, 

1150, 1044. HRMS [ESI] calcd for C17H21ClNO [M+H]+ 290.1306, found 290.1301. 

 

5a: 30.9 mg, 75% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR (400 

MHz, CDCl3) δ 8.17 (dd, J = 8.4, 1.2 Hz, 1H), 8.08-8.04 (m, 1H), 7.75-7.69 

(m, 1H), 7.59-7.54 (m, 1H), 7.43 (s, 1H), 3.29-3.17 (m, 1H), 1.39 (d, J = 6.8 

Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 167.6, 148.6, 142.6, 130.1, 129.3, 

126.6, 125.1, 123.9, 119.4, 37.2, 22.3. FT-IR: ν (cm-1) δ 2963, 1615, 1553, 1409, 1328, 1253, 

1217, 1148, 1024. HRMS [ESI] calcd for C12H13ClN [M+H]+ 206.0731, found 206.0739. 

 

5b: 28.5 mg, 77% yield, colorless oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/60). 1H NMR 

(400 MHz, CDCl3) δ 8.05 (dd, J = 8.4, 0.4 Hz, 1H), 7.94 (dd, J = 8.0, 0.8 Hz, 

1H), 7.69-7.64 (m, 1H), 7.52-7.46 (m, 1H), 7.19-7.16 (m, 1H), 3.28-3.16 (m, 

1H), 2.68 (d, J = 0.8 Hz, 3H), 1.39 (d, J = 7.2 Hz, 6H); 13C NMR (100 MHz, 

CDCl3) δ 167.3, 147.6, 144.3, 129.5, 128.9, 127.0, 125.4, 123.5, 119.7, 37.2, 22.5, 18.8. FT-IR: ν 

(cm-1) δ 2962, 1603, 1561, 1471, 1412, 1341, 1261, 1188, 1152, 1089, 1033. HRMS [ESI] calcd 

for C13H16N [M+H]+ 186.1277, found 186.1270. 
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5c: 35.1 mg, 73% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR 

(400 MHz, CDCl3) δ 8.08 (d, J = 9.2 Hz, 1H), 8.05 (d, J = 2.0 Hz, 1H), 

7.50 (dd, J = 9.2, 2.4 Hz, 1H), 7.40 (s, 1H), 3.25-3.14 (m, 1H), 1.37 (d, J 

= 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 168.9, 149.0, 142.5, 

136.2, 128.3, 127.5, 125.2, 123.5, 119.7, 37.1, 22.2. FT-IR: ν (cm-1) δ 2964, 1607, 1547, 1458, 

1386, 1302, 1265, 1146, 1091, 1048. HRMS [ESI] calcd for C12H12Cl2N [M+H]+ 240.0341, found 

240.0344. 

 

5d: 26.9 mg, 60% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR (400 

MHz, CDCl3) δ 8.05 (dd, J = 9.2, 5.2 Hz, 1H), 7.78 (dd, J = 9.2, 2.8 Hz, 

1H), 7.51-7.45 (m, 1H), 7.44 (s, 1H), 3.27-3.15 (m, 1H), 1.38 (d, J = 6.8 

Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 166.9 (d, JC-F = 2.5 Hz), 160.7 (d, 

JC-F = 246.5 Hz), 145.6, 141.8 (d, JC-F = 5.6 Hz), 131.9 (d, JC-F = 9.1 Hz), 125.9 (d, JC-F = 10.0 Hz), 

120.3 (d, JC-F = 25.5 Hz), 120.1, 107.7 (d, JC-F = 24.3 Hz), 37.0, 22.3; 19F NMR (376 MHz, CDCl3) 

δ -112.5 (s). FT-IR: ν (cm-1) δ 2965, 1626, 1560, 1459, 1386, 1313, 1224, 1146, 1088, 1046. 

HRMS [ESI] calcd for C12H12ClFN [M+H]+ 224.0637, found 224.0632. 

 

5e: 33.6 mg, 68% yield, colorless oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/80). 1H NMR 

(400 MHz, CDCl3) δ 8.25-8.20 (m, 1H), 8.20-8.15 (m, 2H), 8.13-8.09 (m, 

1H), 7.80 (s, 1H), 7.75-7.69 (m, 1H), 7.58-7.52 (m, 3H), 7.51-7.45 (m, 

1H), 3.86-3.75 (m, 1H), 1.48 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, 

CDCl3) δ 157.3, 154.9, 148.5, 140.2, 130.7, 129.1, 129.0, 128.7, 127.6, 

125.9, 125.8, 122.9, 114.9, 28.5, 23.0. FT-IR: ν (cm-1) δ 2902, 1615, 1550, 1508, 1458, 1364, 

1292, 1181, 1058. HRMS [ESI] calcd for C18H18N [M+H]+ 248.1434, found 248.1432. 

 

5f: 29.8 mg, 60% yield, yellow oil. Purification by flash column chromatography 

(eluent: EtOAc/Petroleum ether = 1/100). 1H NMR (400 MHz, CDCl3) δ 8.67 (s, 

1H), 8.23-8.17 (m, 2H), 7.79-7.73 (m, 1H), 7.67-7.61 (m, 1H), 3.97-3.85 (m, 1H), 

1.43 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 165.9, 143.6, 134.9, 

130.8, 127.7, 127.5, 126.8, 125.1, 117.6, 31.0, 22.1. FT-IR: ν (cm-1) δ 2964, 1616, 

1563, 1467, 1387, 1285, 1189, 1124, 1065, 1008. HRMS [ESI] calcd for C12H13BrN [M+H]+ 

250.0226, found 250.0217. 

 

5g: 35.2 mg, 80% yield, colorless oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR (400 MHz, 

CDCl3) δ 8.68-8.63 (m, 1H), 8.54 (dd, J = 8.4, 1.2 Hz, 1H), 8.35-8.30 (m, 1H), 

8.17 (dd, J = 8.4, 1.2 Hz, 1H), 7.85-7.78 (m, 1H), 7.75-7.66 (m, 2H), 7.65-7.58 

(m, 1H), 4.07-3.95 (m, 1H), 1.54 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, 

CDCl3) δ 165.8, 143.8, 133.0, 129.9, 129.9, 128.3, 127.0, 126.1, 125.6, 124.7, 
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123.4, 122.5, 121.8, 31.4, 21.9. FT-IR: ν (cm-1) δ 2964, 1611, 1526, 1486, 1382, 1289, 1211, 1162, 

1110, 1006. HRMS [ESI] calcd for C16H16N [M+H]+ 222.1277, found 222.1286. 

 

5h: 19.0 mg, 43% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/50-1/10). 1H NMR (400 

MHz, CDCl3) δ 8.44 (d, J = 9.2 Hz, 2H), 8.24 (dd, J = 8.8, 0.4 Hz, 2H), 

7.77-7.71 (m, 2H), 7.55-7.49 (m, 2H), 4.60-4.47 (m, 1H), 1.76 (d, J = 7.6 Hz, 

6H); 13C NMR (100 MHz, CDCl3) δ 152.0, 149.0, 130.8, 129.4, 125.0, 124.5, 28.4, 22.8. FT-IR: ν 

(cm-1) δ 2929, 1626, 1590, 1458, 1384, 1274, 1158, 1026. HRMS [ESI] calcd for C16H16N 

[M+H]+ 222.1277, found 222.1285. 

 

5i: 12.7 mg, 30% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR (400 

MHz, CDCl3) δ 7.95 (d, J = 2.0 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.31 

(dd, J = 8.8, 2.0 Hz, 1H), 3.47-3.35 (m, 1H), 1.47 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, 

CDCl3) δ 180.6, 154.0, 133.0, 131.8, 125.0, 122.5, 122.2, 34.2, 22.8. FT-IR: ν (cm-1) δ 2967, 1589, 

1510, 1462, 1384, 1247, 1144, 1095, 1004. HRMS [ESI] calcd for C10H10ClNNaS [M+Na]+ 

234.0115, found 234.0106. 

 

5j: 25.2 mg, 61% yield, white solid, m.p. 61-62 oC. Purification by flash 

column chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR 

(400 MHz, CDCl3) δ 8.07-8.03 (m, 1H), 7.98-7.94 (m, 1H), 7.75-7.66 (m, 

2H), 3.76-3.64 (m, 1H), 1.41 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, 

CDCl3) δ 159.8, 147.3, 141.1, 140.7, 129.9, 129.8, 128.8, 128.0, 32.6, 21.0. FT-IR: ν (cm-1) δ 

2967, 1610, 1562, 1467, 1443, 1359, 1311, 1266, 1159, 1020. HRMS [ESI] calcd for C11H12ClN2 

[M+H]+ 207.0684, found 207.0691. 

 

5k: 15.3 mg, 40% yield, colorless oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/80). 1H NMR 

(400 MHz, CDCl3) δ 8.33 (s, 1H), 3.19-3.07 (m, 3H), 2.68 (s, 3H), 1.34 (d, J 

= 6.8 Hz, 6H), 1.27 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 201.3, 

163.9, 157.9, 144.3, 138.4, 34.3, 28.9, 28.1, 21.9, 13.2. FT-IR: ν (cm-1) δ 

2968, 1698, 1552, 1459, 1386, 1281, 1147, 1100, 1017. HRMS [ESI] calcd for C11H17N2O 

[M+H]+ 193.1335, found 193.1337. 

 

5l: 16.3 mg, 36% yield, white solid, m.p. 57-58 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/60). 1H NMR (400 

MHz, CDCl3) δ 8.79 (s, 1H), 3.56-3.45 (m, 1H), 1.30 (d, J = 6.8 Hz, 6H); 13C 

NMR (100 MHz, CDCl3) δ 175.3, 159.4, 143.1, 123.8, 115.4, 34.2, 20.4. FT-IR: ν 

(cm-1) δ 2929, 1590, 1470, 1430, 1382, 1330, 1219, 1095, 1007. HRMS [EI] calcd 

for C8H8BrN3 [M]+ 224.9896, found 224.9899. 

 

5m: 15.4 mg, 36% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/80). 1H NMR 
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(400 MHz, CDCl3) δ 8.11 (d, J = 8.4 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.81-7.76 (m, 1H), 

7.55-7.50 (m, 1H), 3.94-3.82 (m, 1H), 3.37-3.26 (m, 1H), 1.42 (d, J = 6.8 Hz, 12H); 13C NMR 

(100 MHz, CDCl3) δ 175.3, 170.9, 150.4, 132.7, 128.9, 126.1, 123.9, 121.3, 38.0, 30.9, 21.8, 21.7. 

FT-IR: ν (cm-1) δ 2965, 1616, 1558, 1456, 1391, 1240, 1163, 1131, 1094, 1009. HRMS [ESI] 

calcd for C14H19N2 [M+H]+ 215.1543, found 215.1534. 

 

5n: 11.3 mg, 30% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/30-1/15). 1H NMR (400 

MHz, CDCl3) δ 8.18 (dd, J = 8.0, 1.6 Hz, 1H), 7.67-7.61 (m, 1H), 7.45-7.42 

(m, 1H), 7.40-7.34 (m, 1H), 6.19 (s, 1H), 2.92-2.81 (m, 1H), 1.32 (d, J = 6.8 

Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 178.7, 174.2, 156.5, 133.4, 125.6, 

124.8, 123.7, 117.8, 107.6, 33.2, 20.1. FT-IR: ν (cm-1) δ 2970, 1633, 1569, 1464, 1395, 1247, 

1210, 1123, 1037. HRMS [ESI] calcd for C12H13O2 [M+H]+ 189.0910, found 189.0916. 

 

5o: 37.5 mg, 54% yield, yellow solid, m.p. 49-50 oC. Purification by 

flash column chromatography (eluent: EtOAc/Petroleum ether = 

1/100-1/80). 1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 2.0 Hz, 1H), 

7.51 (d, J = 2.0 Hz, 1H), 7.18-7.08 (m, 4H), 6.54 (s, 1H), 3.09-2.97 

(m, 1H), 1.25 (d, J = 7.2 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 

170.4, 162.4, 159.8 (d, JC-F = 242.6 Hz), 151.4, 150.3 (d, JC-F = 2.8 

Hz), 134.8, 129.9, 128.6, 127.5, 121.9 (d, JC-F = 8.3 Hz), 117.0 (d, 

JC-F = 23.5 Hz), 117.0, 105.3, 37.0, 22.0; 19F NMR (376 MHz, CDCl3) δ -117.4 (s). FT-IR: ν (cm-1) 

δ 2966, 1599, 1502, 1426, 1342, 1318, 1235, 1142, 1091, 1012. HRMS [ESI] calcd for 

C18H15Cl2FNO [M+H]+ 350.0509, found 350.0508. 

 

5p: 24.5 mg, 31% yield, colorless oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/2-1/1). 1H NMR 

(400 MHz, CD3OD) δ 8.87 (d, J = 1.6 Hz, 1H), 8.29 (s, 1H), 7.57-7.49 

(m, 2H), 7.01-6.93 (m, 1H), 6.90-6.83 (m, 1H), 4.81 (d, J = 14.4 Hz, 

1H), 4.38 (d, J = 14.0 Hz, 1H), 4.19-4.12 (m, 1H), 3.51-3.39 (m, 1H), 

1.34 (d, J = 6.8 Hz, 3H), 1.32 (d, J = 6.8 Hz, 3H), 1.11 (d, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CD3OD) δ 164.7 (d, J = 14.1 Hz), 164.2 (dd, 

J = 246.8, 12.6 Hz), 160.4 (dd, J = 245.1, 11.8 Hz), 158.8 (d, J = 14.5 

Hz), 155.0 (d, J = 260.5 Hz), 154.2 (d, J = 9.7 Hz), 150.9, 145.8, 131.7 (dd, J = 9.4, 5.7 Hz), 125.4 

(dd, J = 12.0, 3.7 Hz), 112.1 (dd, J = 20.7, 3.3 Hz), 105.0 (dd, J = 27.9, 26.0 Hz), 78.5 (d, J = 5.0 

Hz), 58.1 (d, J = 5.0 Hz), 38.4 (d, J = 5.4 Hz), 30.4, 20.9 (d, J = 6.3 Hz), 15.9; 19F NMR (376 

MHz, CD3OD) δ -109.5 (d, J = 8.6 Hz, 1F), -112.8 (d, J = 8.6 Hz, 1F), -140.7 (s, 1F). FT-IR: ν 

(cm-1) δ 2974, 1618, 1591, 1500, 1408, 1337, 1205, 1137, 1054. HRMS [EI] calcd for 

C19H20F3N5O [M]+ 391.1620, found 391.1618. 

 

5q: 24.3 mg, 55% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR (400 

MHz, CDCl3) δ 8.17 (dd, J = 8.0, 0.8 Hz, 1H), 8.09-8.04 (m, 1H), 

7.75-7.69 (m, 1H), 7.59-7.54 (m, 1H), 7.39 (s, 1H), 3.03-2.93 (m, 1H), 
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1.91-1.79 (m, 1H), 1.77-1.65 (m, 1H), 1.36 (d, J = 6.8 Hz, 3H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 167.0, 148.6, 142.6, 130.1, 129.3, 126.6, 125.1, 123.9, 119.7, 44.5, 29.8, 

20.2, 12.1. FT-IR: ν (cm-1) δ 2962, 1615, 1589, 1456, 1376, 1283, 1148, 1084, 1025. HRMS [ESI] 

calcd for C13H15ClN [M+H]+ 220.0888, found 220.0889. 

 

5r: 26.3 mg, 56% yield, colorless oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR (400 

MHz, CDCl3) δ 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.10-8.06 (m, 1H), 7.74-7.68 

(m, 1H), 7.58-7.52 (m, 1H), 7.35 (s, 1H), 2.80-2.70 (m, 1H), 1.83-1.73 (m, 

4H), 0.83 (t, J = 7.6 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 166.0, 148.7, 

142.4, 130.0, 129.4, 126.5, 125.1, 123.8, 120.2, 52.1, 28.1, 12.1. FT-IR: ν (cm-1) δ 2961, 1615, 

1553, 1458, 1410, 1372, 1286, 1169, 1104, 1057. HRMS [EI] calcd for C14H16ClN [M]+ 233.0966, 

found 233.0965. 

 

5s: 43.6 mg, 67% yield, colorless oil. Purification by flash 

column chromatography (eluent: EtOAc/Petroleum ether = 1/100). 

1H NMR (400 MHz, CDCl3) δ 8.19 (dd, J = 8.4, 0.8 Hz, 1H), 

8.13-8.09 (m, 1H), 7.78-7.72 (m, 1H), 7.62-7.56 (m, 1H), 7.35 (s, 

1H), 7.14-7.08 (m, 4H), 3.42-3.32 (m, 1H), 3.22 (dd, J = 13.6, 6.4 

Hz, 1H), 2.93-2.83 (m, 2H), 1.37 (d, J = 7.2 Hz, 3H), 1.24 (d, J = 

6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 166.3, 148.7, 146.5, 

142.4, 137.4, 130.1, 129.4, 129.0, 126.6, 126.3, 125.1, 123.9, 

120.4, 44.4, 42.4, 33.6, 24.0, 24.0, 19.9. FT-IR: ν (cm-1) δ 2960, 1615, 1553, 1493, 1363, 1220, 

1162, 1094. HRMS [ESI] calcd for C21H23ClN [M+H]+ 324.1514, found 324.1510. 

 

5t: 39.7 mg, 90% yield, colorless oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR (400 

MHz, CDCl3) δ 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.07 (d, J = 8.4 Hz, 1H), 

7.75-7.69 (m, 1H), 7.60 (s, 1H), 7.60-7.54 (m, 1H), 1.46 (s, 9H); 13C NMR 

(100 MHz, CDCl3) δ 169.4, 148.3, 142.3, 129.9, 129.7, 126.6, 124.7, 123.7, 

118.5, 38.3, 30.0. FT-IR: ν (cm-1) δ 2957, 1617, 1551, 1461, 1364, 1302, 1245, 1148, 1024. 

HRMS [ESI] calcd for C13H15ClN [M+H]+ 220.0888, found 220.0884. 

 

5u: 49.7 mg, 80% yield, colorless oil. Purification by flash 

column chromatography (eluent: EtOAc/Petroleum ether = 

1/100). 1H NMR (400 MHz, CDCl3) δ 8.20 (dd, J = 8.4, 0.8 Hz, 

1H), 8.16-8.10 (m, 1H), 7.79-7.73 (m, 1H), 7.64-7.57 (m, 1H), 

7.46 (s, 1H), 7.08-7.01 (m, 1H), 7.00-6.95 (m, 1H), 6.76 (s, 1H), 

6.73-6.68 (m, 1H), 3.10 (s, 2H), 2.23 (s, 3H), 1.47 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 168.1, 

148.3, 142.0, 138.6, 137.0, 131.4, 129.9, 129.8, 127.5, 127.4, 126.7, 126.7, 124.6, 123.7, 119.2, 

48.9, 42.4, 27.3, 21.3. FT-IR: ν (cm-1) δ 2921, 1607, 1586, 1492, 1406, 1386, 1290, 1221, 1141, 

1101, 1050. HRMS [EI] calcd for C20H20ClN [M]+ 309.1279, found 309.1277. 
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5v: 18.6 mg, 40% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/30-1/15). 1H NMR 

(400 MHz, CDCl3) δ 8.22-8.18 (m, 1H), 8.07-8.03 (m, 1H), 7.76-7.71 (m, 

1H), 7.71 (s, 1H), 7.61-7.56 (m, 1H), 5.17-5.12 (m, 1H), 4.20-4.13 (m, 1H), 

4.07-4.00 (m, 1H), 2.56-2.46 (m, 1H), 2.13-1.97 (m, 3H); 13C NMR (100 

MHz, CDCl3) δ 163.8, 148.4, 143.2, 130.3, 129.3, 127.0, 125.5, 124.0, 118.2, 81.5, 69.3, 33.3, 

25.9. FT-IR: ν (cm-1) δ 2872, 1615, 1553, 1461, 1363, 1262, 1201, 1107. HRMS [ESI] calcd for 

C13H13ClNO [M+H]+ 234.0680, found 234.0674. 

 

5w: 30.0 mg, 65% yield, colorless oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR (400 

MHz, CDCl3) δ 8.17 (dd, J = 8.0, 0.8 Hz, 1H), 8.07-8.02 (m, 1H), 

7.75-7.69 (m, 1H), 7.59-7.54 (m, 1H), 7.43 (s, 1H), 3.40-3.30 (m, 1H), 

2.24-2.12 (m, 2H), 1.94-1.83 (m, 4H), 1.80-1.68 (m, 2H); 13C NMR (100 

MHz, CDCl3) δ 166.3, 148.5, 142.4, 130.1, 129.3, 126.5, 125.0, 123.8, 120.2, 48.6, 33.5, 25.9. 

FT-IR: ν (cm-1) δ 2950, 1696, 1588, 1493, 1364, 1277, 1149, 1043. HRMS [ESI] calcd for 

C14H15ClN [M+H]+ 232.0888, found 232.0880. 

 

5x: 31.5 mg, 64% yield, colorless oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR (400 

MHz, CDCl3) δ 8.17 (dd, J = 8.4, 1.2 Hz, 1H), 8.08-8.03 (m, 1H), 

7.74-7.69 (m, 1H), 7.58-7.53 (m, 1H), 7.42 (s, 1H), 2.93-2.84 (m, 1H), 

2.06-1.98 (m, 2H), 1.94-1.85 (m, 2H), 1.83-1.74 (m, 1H), 1.67-1.55 (m, 

2H), 1.52-1.40 (m, 2H), 1.38-1.26 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 166.8, 148.7, 142.6, 

130.1, 129.3, 126.5, 125.1, 123.8, 119.8, 47.4, 32.7, 26.4, 26.0. FT-IR: ν (cm-1) δ 2925, 1598, 

1493, 1410, 1372, 1214, 1149, 1119, 1039. HRMS [ESI] calcd for C15H17ClN [M+H]+ 246.1044, 

found 246.1037. 

 

5y: 21.4 mg, 41% yield, colorless oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR (400 

MHz, CDCl3) δ 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.07-8.02 (m, 1H), 

7.75-7.69 (m, 1H), 7.59-7.53 (m, 1H), 7.39 (s, 1H), 3.09-3.01 (m, 1H), 

2.08-2.00 (m, 2H), 1.92-1.60 (m, 10H); 13C NMR (100 MHz, CDCl3) δ 

168.3, 148.4, 142.6, 130.1, 129.2, 126.5, 125.0, 123.9, 119.8, 49.4, 34.9, 27.9, 27.3. FT-IR: ν 

(cm-1) δ 2920, 1588, 1492, 1409, 1375, 1303, 1282, 1216, 1116, 1025. HRMS [ESI] calcd for 

C16H19ClN [M+H]+ 260.1201, found 260.1206. 

 

5z: 21.3 mg, 41% yield, white solid, m.p. 66-67 oC. Purification by 

flash column chromatography (eluent: EtOAc/Petroleum ether = 1/100). 

1H NMR (400 MHz, CDCl3) δ 8.20-8.16 (m, 1H), 8.08-8.03 (m, 1H), 

7.76-7.70 (m, 1H), 7.60-7.55 (m, 1H), 7.43 (s, 1H), 5.54-5.49 (m, 1H), 

3.14-3.04 (m, 1H), 2.42-2.35 (m, 2H), 2.28-2.15 (m, 1H), 2.14-2.02 (m, 

2H), 1.98-1.86 (m, 1H), 1.73 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.3, 148.6, 142.6, 134.0, 

130.2, 129.3, 126.6, 125.1, 123.9, 120.1, 119.9, 42.9, 31.4, 30.3, 28.8, 23.6. FT-IR: ν (cm-1) δ 
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2927, 1590, 1493, 1436, 1375, 1312, 1273, 1215, 1163, 1120, 1017. HRMS [ESI] calcd for 

C16H17ClN [M+H]+ 258.1044, found 258.1050. 

 

5aa: 35.5 mg, 62% yield, colorless oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/100). 1H NMR 

(400 MHz, CDCl3) δ 8.16 (dd, J = 8.4, 0.8 Hz, 1H), 8.06 (d, J = 8.4 Hz, 

1H), 7.75-7.68 (m, 1H), 7.59-7.53 (m, 1H), 7.42 (s, 1H), 3.58-3.51 (m, 

1H), 2.29-2.16 (m, 3H), 2.05-1.91 (m, 4H), 1.86-1.82 (m, 1H), 1.29 (s, 

3H), 1.02 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.7, 148.5, 142.5, 130.0, 129.4, 126.5, 125.1, 

123.8, 120.2, 45.9, 43.9, 40.0, 39.8, 26.7, 24.5, 24.0, 20.8, 20.3. FT-IR: ν (cm-1) δ 2909, 1726, 

1615, 1553, 1460, 1302, 1260, 1165, 1117, 1025. HRMS [ESI] calcd for C18H21ClN [M+H]+ 

286.1357, found 286.1352. 

 

5ab: 27.5 mg, 53% yield, yellow oil. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 1/80-1/15). 1H 

NMR (400 MHz, CDCl3) δ 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.03 (d, 

J = 8.0 Hz, 1H), 7.76-7.70 (m, 1H), 7.60-7.55 (m, 1H), 7.39 (s, 

1H), 2.95 (t, J = 7.6 Hz, 2H), 2.49 (t, J = 7.2 Hz, 2H), 2.13 (s, 

3H), 1.87-1.78 (m, 2H), 1.73-1.64 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 208.8, 162.2, 148.7, 

142.6, 130.3, 129.1, 126.7, 124.9, 123.9, 121.3, 43.4, 38.7, 29.9, 29.0, 23.4. FT-IR: ν (cm-1) δ 

2929, 1713, 1615, 1589, 1459, 1358, 1292, 1164, 1073, 1024. HRMS [ESI] calcd for 

C15H16ClNNaO [M+Na]+ 284.0813, found 284.0806. 

 

5ac: 18.8 mg, 35% yield, white solid, m.p. 133-134 oC. Purification by 

flash column chromatography (eluent: EtOAc/Petroleum ether = 

1/100-1/50). 1H NMR (400 MHz, CDCl3) δ 8.34-8.30 (m, 1H), 

8.27-8.20 (m, 4H), 7.87-7.82 (m, 1H), 7.79-7.74 (m, 1H), 7.67-7.61 (m, 

1H), 7.55-7.50 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 192.5, 154.4, 

147.6, 143.8, 135.7, 133.3, 131.4, 130.9, 129.4, 128.2, 127.1, 124.1, 121.0. FT-IR: ν (cm-1) δ 2923, 

1661, 1514, 1447, 1323, 1263, 1207, 1158, 1077. HRMS [ESI] calcd for C16H10ClNNaO [M+Na]+ 

290.0343, found 290.0340. 

 

5ad: 12.2 mg, 30% yield, white solid, m.p. 89-90 oC. Purification by flash 

column chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/50). 1H 

NMR (400 MHz, CDCl3) δ 8.30-8.26 (m, 1H), 8.24-8.21 (m, 1H), 8.20 (s, 

1H), 7.87-7.82 (m, 1H), 7.78-7.73 (m, 1H), 2.85 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 199.5, 152.9, 148.0, 143.7, 130.9, 130.8, 129.6, 127.6, 124.2, 118.2, 

25.4. FT-IR: ν (cm-1) δ 2921, 1654, 1577, 1496, 1406, 1306, 1242, 1155, 1086. HRMS [ESI] calcd 

for C11H9ClNO [M+H]+ 206.0367, found 206.0366. 

 

5ae: (d.r. > 20:1): 19.7 mg, 31% yield, colorless oil. Purification by 

flash column chromatography (eluent: EtOAc/Petroleum ether = 

1/80-1/40). 1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 8.0 Hz, 1H), 

7.96 (dd, J = 8.4, 0.8 Hz, 1H), 7.71-7.65 (m, 1H), 7.56-7.49 (m, 2H), 
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5.76 (dd, J = 6.0, 1.2 Hz, 1H), 5.42 (brs, 1H), 5.16 (brs, 1H), 4.64 (d, J = 6.0 Hz, 1H), 3.29 (s, 3H), 

2.71 (d, J = 0.8 Hz, 3H), 1.60 (s, 3H), 1.42 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.5, 147.1, 

144.2, 130.1, 129.0, 127.3, 126.1, 123.5, 119.6, 112.5, 110.5, 88.8, 85.3, 83.6, 55.4, 26.7, 25.3, 

18.8.  

 

6. 1H, 13C and 19F NMR spectra 
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