
 Supporting Information 

Construction of 2,3-Quaternary Fused Indolines from Alkynyl 

tethered Oximes and Diaryliodonium Salts through A Cascade 

Strategy of N-Arylation/Cycloaddition/[3,3]-Rearrangement  

Xiao-Pan Ma, Kun Li, Si-Yi Wu, Cui Liang, Gui-Fa Su*, and Dong-Liang Mo* 

State Key Laboratory for Chemistry and Molecular Engineering of Medicinal 
Resources, Ministry of Science and Technology of China; School of Chemistry & 
Pharmaceutical Sciences, Guangxi Normal University, 15 Yu Cai Road, Guilin 
541004, China 

Contents 

1. General experimental information S2

2. Synthesis of fused indoline 4 and 5oa S2

3. One-pot synthesis of compound 6 from 4aa S18

4. Synthesis of compounds 7-13 from 4aa S22

5. Proposed mechanisms for formation of 10 and 13 S26

6. Synthesis of nitrone 3aa S27

7. Synthesis of alkynyl tethered oximes 1 S27

8. Synthesis of diaryliodonium salts 2 S37

9. References S38

10. X-ray structures for compound 4aa, 5oa and 12 S39

11. NMR spectra for compounds 4, 5oa, 6-13, 3aa, and 1 S40

 

 

S1

Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2017



1. General Experimental Information: 

1H NMR and 13C NMR spectra were recorded at ambient temperature using 400, 500 

or 600 MHz spectrometers. The data are reported as follows: chemical shift in ppm 

from internal tetramethylsilane on the  scale, multiplicity (br = broad, s = singlet, d 

= doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz), and 

integration. High resolution mass spectra were acquired on an LTQ FT spectrometer, 

and were obtained by peak matching. Melting points are reported uncorrected. 

Analytical thin layer chromatography was performed on 0.25 mm extra hard silica 

gel plates with UV254 fluorescent indicator. Chromatography was performed using 

with 300-400 mesh silica gel (SiO2). Unless otherwise noted, all reactions were 

performed under air atmosphere. All reagents and solvents were obtained from 

commercial sources and, where appropriate, purified prior to use.   

2. Synthesis of fused indoline 4 and 5oa 
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General procedure A: In a Teflon-sealed reaction flask was charged with alkynyl 

tethered oximes 1 (0.2 mmol), diaryliodonium salts 2 (0.4 mmol, 2.0 equiv) and KOH 

(0.24 mmol, 1.2 equiv) under an air atmosphere, CCl4 (2.0 mL) was added. The 

reaction vessel was sealed with a Teflon cap and stirred vigorously at 25 °C for 3–12 

h until the substrate 1 disappeared (monitored by TLC). And then, the reaction 

mixture was stirred vigorously at 80 °C for 3–6 h until the substrate 3 disappeared 

(monitored by TLC). At this time, the solvent was removed under reduced pressure 

and the crude product was purified by flash chromatography (the crude residue was 

dry loaded with silica gel, 1/50 to 1/10, ethyl acetate/petroleum ether) to provide 

product 4. 

 

4aa 

4aa was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 3 h at 25 °C, and then stirring for 3 
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h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4aa as a light yellow solid (0.051 g, 72%). Mp: 161–162 °C; 
1H NMR (400 MHz, CDCl3): δ 9.50 (s, 1H), 7.29 (d, J = 7.2 Hz, 2H), 7.24 (t, J = 7.2 

Hz, 2H), 7.19–7.15 (m, 1H), 7.11 (d, J = 7.6 Hz, 1H), 7.07–7.03 (m, J = 6.8 Hz, 3H), 

6.90–6.86 (m, 2H), 6.76–6.73 (m, 2H), 6.63 (d, J = 8.0 Hz, 1H), 6.40 (d, J = 16.0 Hz, 

1H), 4.66 (d, J = 12.8 Hz, 1H), 4.30 (brs, 1H), 4.27 (d, J = 12.4 Hz, 1H); 13C NMR 

(100 MHz, CDCl3): δ 197.0, 154.2, 149.9, 135.7, 132.7, 130.1, 129.1, 129.0, 128.6, 

128.2, 127.4, 126.9, 126.8, 124.6, 122.7, 122.1, 120.3, 117.6, 110.8, 69.9, 63.0, 61.6; 

IR (thin film) 3367, 2925, 2848, 1709, 1602, 1482, 1214, 1059, 755 cm−1; HRMS 

(ESI) m/z calcd for C24H20NO2 [M + H]+: 354.1494, found: 354.1495.  

 

 4ab 

4ab was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2b (0.196 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 0.5 h at 25 °C, and then stirring for 

2 h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ab as a light yellow solid (0.052 g, 67%). Mp: 51–52 °C; 
1H NMR (400 MHz, CDCl3): δ 9.51 (s, 1H), 7.29 (d, J = 7.2 Hz, 2H), 7.24–7.21 (m, 

2H), 7.19–7.15 (m, 1H), 7.12 (d, J = 7.6 Hz, 1H), 7.08–7.04 (m, 1H), 6.90–6.86 (m, 

2H), 6.77 (d, J = 8.4 Hz, 1H), 6.64 (d, J = 6.4 Hz, 3H), 6.40 (d, J = 16.0 Hz, 1H), 4.65 

(d, J = 16.4 Hz, 1H), 4.28 (d, J = 12.4 Hz, 1H), 4.10 (brs, 1H), 3.64 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 202.2, 154.6, 144.3, 139.6, 136.2, 131.5, 129.8, 128.6, 128.5, 

128.4, 127.9, 127.7, 127.5, 126.6, 122.1, 117.5, 115.4, 111.9, 110.4, 71.0, 66.5, 64.9, 

55.3; IR (thin film) 3433, 3025, 2924, 1709, 1638, 1459, 1272, 752 cm−1; HRMS (ESI) 

m/z calcd for C25H22NO3 [M + H]+: 384.1600, found: 384.1594. 

 

4ac 

4ac was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2c (0.183 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 4 h at 25 °C, and then stirring for 3 
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h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ac as a light yellow solid (0.046 g, 63%). Mp: 186–188 °C; 
1H NMR (400 MHz, CDCl3): δ 9.49 (s, 1H), 7.30 (d, J = 7.6 Hz, 2H), 7.25–7.21 (m, 

2H), 7.19–7.15 (m, 1H), 7.11 (d, J = 7.2 Hz, 1H), 7.08–7.04 (m, 1H), 7.90–6.86 (m, 

4H), 6.77 (d, J = 8.4 Hz, 1H), 6.55 (d, J = 8.4 Hz, 1H), 6.40 (d, J = 15.6 Hz, 1H), 4.66 

(d, J = 12.4 Hz, 1H), 4.29 (d, J = 12.8 Hz, 1H), 4.20 (brs, 1H), 2.17 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 197.1, 154.2, 147.6, 135.8, 132.6, 130.7, 129.9, 129.3, 128.9, 

128.6, 128.1, 127.5, 127.1, 126.8, 125.1, 122.8, 122.1, 117.6, 110.7, 70.0, 63.0, 61.7, 

20.8; IR (thin film) 3360, 3028, 2923, 1709, 1614, 1493, 1263, 821, 748 cm−1; HRMS 

(ESI) m/z calcd for C25H22NO2 [M + H]+: 368.1651, found: 368.1664. 

 

4ad 

4ad was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2d (0.217 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 3 h at 25 °C, and then stirring for 3 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ad as a light yellow solid (0.049 g, 60%). Mp: 163–164 °C; 
1H NMR (400 MHz, CDCl3): δ 9.50 (s, 1H), 7.30 (d, J = 7.2 Hz, 2H), 7.25–7.21 (m, 

2H), 7.19–7.16 (m, 1H), 7.11–7.03 (m, 4H), 6.89–6.85 (m, 2H), 6.77 (d, J = 8.0 Hz, 

1H), 6.59 (d, J = 8.4 Hz, 1H), 6.41 (d, J = 16.0 Hz, 1H), 4.67 (d, J = 12.4 Hz, 1H), 

4.31 (d, J = 12.4 Hz, 1H), 4.19 (brs, 1H), 1.18 (s, 9H); 13C NMR (100 MHz, CDCl3): 

δ 197.3, 154.3, 147.5, 143.6, 135.8, 132.5, 129.5, 128.9, 128.6, 128.1, 127.5, 127.2, 

127.1, 126.8, 122.4, 122.0, 121.3, 117.7, 110.4, 70.0, 63.1, 61.9, 34.3, 31.5; IR (thin 

film) 3376, 3033, 2960, 1716, 1613, 1490, 1270, 824, 749 cm−1; HRMS (ESI) m/z 

calcd for C28H28NO2 [M + H]+: 410.2120, found: 410.2115. 

 

4ae 

4ae was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2e (0.199 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 5 h at 25 °C, and then stirring for 4 
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h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ae as a light yellow solid (0.041 g, 53%). Mp: 167–168 °C; 
1H NMR (400 MHz, CDCl3): δ 9.50 (s, 1H), 7.29–7.17 (m, 5H), 7.10 (t, J = 7.2 Hz, 

2H), 7.02 (d, J = 8.4 Hz, 2H), 6.90–6.84 (m, 2H), 6.79 (d, J = 8.0 Hz, 1H), 6.55 (d, J 

= 8.0 Hz, 1H), 6.38 (d, J = 15.6 Hz, 1H), 4.62 (d, J = 12.4 Hz, 1H), 4.32 (brs, 1H), 

4.28 (d, J = 15.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 196.4, 154.2, 148.4, 135.5, 

133.0, 130.1, 129.2, 128.7, 128.6, 128.3, 127.4, 126.8, 126.5, 125.0, 124.9, 124.6, 

122.3, 117.7, 111.7, 70.4, 62.8, 61.6; IR (thin film) 3360, 2923, 2854, 1713, 1602, 

1482, 756, 690 cm−1; HRMS (ESI) m/z calcd for C24H19ClNO2 [M + H]+: 388.1104, 

found: 388.1087. 

 

4af 

4af was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2f (0.186 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 3 h at 25 °C, and then stirring for 5 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ag as a light yellow solid (0.045 g, 60%). Mp: 169–170 °C; 
1H NMR (400 MHz, CDCl3): δ 9.52 (s, 1H), 7.30 (d, J = 7.2 Hz, 2H), 7.26–7.18 (m, 

3H), 7.12–7.06 (m, 2H), 6.91–6.86 (m, 2H), 6.80–6.75 (m, 3H), 6.57 (dd, J = 8.4 Hz, 

4.0 Hz, 1H), 6.39 (d, J = 16.0 Hz, 1H), 4.63 (d, J = 12.4 Hz, 1H), 4.28 (d, J = 12.4 Hz, 

1H), 4.20 (brs, 1H); 13C NMR (100 MHz, CDCl3): δ 196.7, 158.8 (d, J = 237.0 Hz), 

154.2, 145.9, 135.6, 132.9, 129.1, 128.8, 128.6, 128.3, 127.4, 126.8, 126.7, 124.4 (d, J 

= 8.0 Hz), 122.3, 117.7, 116.8 (d, J = 23.3 Hz), 112.1 (d, J = 24.1 Hz), 111.4 (d, J = 

8.1 Hz), 70.6, 62.8, 61.8; IR (thin film) 3359, 2925, 2853, 1708, 1608, 1487, 1221, 

757 cm−1; HRMS (ESI) m/z calcd for C24H19FNO2 [M + H]+: 372.1400, found: 

372.1385. 

 

4ag 
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4ag was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2g (0.226 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 2 h at 25 °C, and then stirring for 

for 6 h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl 

acetate: petroleum ether) afforded 4ag as a light yellow solid (0.034 g, 40%). Mp 

122–123 °C; 1H NMR (400 MHz, CDCl3): δ 9.60 (s, 1H), 7.40–7.24 (m, 7H), 

7.19–7.15 (m, 2H), 6.99–6.96 (m, 1H), 6.94 (d, J = 15.6 Hz, 1H), 6.88 (d, J = 8.4 Hz, 

1H), 6.74 (d, J = 8.4 Hz, 1H), 6.47 (d, J = 16.0 Hz, 1H), 4.71 (d, J = 12.8 Hz, 1H), 

4.66 (brs, 1H), 4.40 (d, J = 12.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 196.2, 

154.2, 152.5, 135.4, 133.1, 129.3, 128.7, 128.5, 128.4, 128.1, 128.0, 127.4, 126.8, 

126.1, 123.3, 122.4, 122.2, 122.1, 117.9, 110.0, 70.3, 63.1, 61.3; IR (thin film) 3339, 

2923, 2853, 1710, 1623, 1274, 1104, 758 cm−1; HRMS (ESI) m/z calcd for 

C25H19F3NO2 [M + H]+: 422.1368, found: 422.1368. 

O

N
H

CHO

Ph

OMe

O

HN

CHO

Ph

OMe

+

a b  

4ah (a/b = 1:1) 

4ah was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2h (0.196 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 3 h at 25 °C, and then stirring for 3 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ah as a light yellow solid (0.048 g, 63%). Mp: 43–44 °C; 

4ah-a: 1H NMR (400 MHz, CDCl3): δ 9.48 (s, 1H), 7.30 (d, J = 7.2 Hz, 2H), 7.24 (t, J 

= 7.2 Hz, 2H), 7.19–7.16 (m, 1H), 7.11–7.03 (m, 2H), 6.95–6.83 (m, 3H), 6.77 (d, J = 

8.0 Hz, 1H), 6.58 (d, J = 7.6 Hz, 1H), 6.47–6.36 (m, 2H), 4.97 (d, J = 12.4 Hz, 1H), 

4.28–4.19 (m, 2H), 2.20 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 197.0, 155.0, 150.2, 

140.4, 135.8, 132.6, 129.2, 128.9, 128.6, 128.2, 127.4, 127.2, 126.9, 126.7, 122.8, 

122.0, 119.8, 117.7, 111.6, 70.4, 63.0, 62.6, 21.3; 4ah-b: 1H NMR (400 MHz, CDCl3): 

δ 9.46 (s, 1H), 7.30 (d, J = 7.2 Hz, 2H), 7.24 (t, J = 7.2 Hz, 2H), 7.19–7.16 (m, 1H), 

7.11–7.03 (m, 2H), 6.95–6.83 (m, 3H), 6.77 (d, J = 8.0 Hz, 1H), 6.51 (d, J = 7.6 Hz, 

1H), 6.47–6.36 (m, 2H), 4.65 (d, J = 12.0 Hz, 1H), 4.28–4.19 (m, 2H), 2.16 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ 196.3, 154.2, 150.0, 137.0, 133.0, 130.1, 129.0, 128.8, 

128.5, 128.1, 127.3, 127.0, 126.8, 124.3, 122.1, 121.2, 119.5, 117.5, 108.6, 70.0, 62.9, 

61.4, 18.5; IR (thin film) 3368, 3025, 2924, 1708, 1614, 1459, 1272, 752 cm−1; 

HRMS (ESI) m/z calcd for C25H22NO3 [M + H]+: 384.1600, found: 384.1583. 
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4ai (a/b = 1:1) 

4ai was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2i (0.208 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 10 h at 25 °C, and then stirring for 

6 h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ai as a light yellow solid (0.038 g, 48%). Mp: 187–188 °C; 

4ai-a: 1H NMR (400 MHz, CDCl3): δ 9.67 (s, 1H), 7.69 (d, J = 8.0 Hz, 1H), 

7.49–7.48 (m, 1H), 7.36–7.25 (m, 5H), 7.20–7.17 (m, 2H), 6.99–6.84 (m, 3H), 6.79 (d, 

J = 15.6 Hz, 1H), 6.47 (d, J = 15.6 Hz, 1H), 4.75–4.67 (m, 2H), 4.64–4.58 (m, 1H); 
13C NMR (100 MHz, CDCl3): δ 196.4, 154.6, 152.8, 150.6, 135.5, 133.5, 130.9, 129.5, 

128.9, 128.7, 128.4, 127.9, 127.4, 126.8, 125.9, 122.6, 117.8, 115.4, 105.1, 71.0, 63.9, 

62.9; 4ai-b: 1H NMR (400 MHz, CDCl3): δ 9.61 (s, 1H), 7.49–7.48 (m, 1H), 

7.36–7.25 (m, 6H), 7.20–7.17 (m, 2H), 6.99–6.84 (m, 4H), 6.35 (d, J = 15.6 Hz, 1H), 

4.75–4.67 (m, 1H), 4.64–4.58 (m, 1H), 4.39 (d, J = 12.4 Hz, 1H), 13C NMR (100 

MHz, CDCl3): δ 195.6, 154.1, 150.0, 147.7, 135.3, 132.8, 130.0, 129.3, 138.9, 128.7, 

128.6, 128.4, 127.6, 126.8, 125.0, 122.3, 118.3, 115.7, 105.1, 70.8, 63.2, 61.5; IR 

(thin film) 3349, 2923, 2852, 1716, 1529, 1351, 802, 759 cm−1; HRMS (ESI) m/z 

calcd for C24H19N2O4 [M + H]+: 399.1345, found: 399.1339. 

 

4aj 

4aj was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2j (0.194 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 5 h at 25 °C, and then stirring for 4 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4aj as a light yellow solid (0.046 g, 60%). Mp: 78–79 °C; 
1H NMR (400 MHz, CDCl3): δ 9.42 (s, 1H), 7.26 (d, J = 7.2 Hz, 2H), 7.21–7.13 (m, 

3H), 7.05–6.98 (m, 2H), 6.84 (s, 1H), 6.82 (d, J = 8.4 Hz, 1H), 6.74 (d, J = 8.0 Hz, 

1H), 6.40 (d, J = 16.0 Hz, 1H), 6.29 (d, J = 18.8 Hz, 2H), 4.93 (d, J = 12.8 Hz, 1H), 

4.24 (brs, 1H), 4.19 (d, J = 12.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 196.2, 

154.9, 150.4, 140.3, 136.5, 135.7, 132.9, 129.1, 128.7, 128.6, 128.1, 127.4, 127.3, 
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126.7, 123.7, 122.0, 117.4, 116.5, 109.4, 70.4, 62.9, 62.3, 21.3, 18.2; IR (thin film) 

3358, 3023, 2919, 2862, 1707, 1592, 1451, 1059, 754 cm−1; HRMS (ESI) m/z calcd 

for C26H24NO2 [M + H]+: 382.1807, found: 382.1784. 

 

4ak 

4ak was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2k (0.183 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 5 h at 25 °C, and then stirring for 3 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ak as a light yellow solid (0.050 g, 68%). Mp: 220–221 °C; 
1H NMR (400 MHz, CDCl3): δ 9.50 (s, 1H), 7.30 (d, J = 7.6 Hz, 2H), 7.25–7.21 (m, 

2H), 7.19–7.13 (m, 2H), 7.08–7.04 (m, 1H), 6.89–6.86 (m, 4H), 6.77 (d, J = 8.0 Hz, 

1H), 6.72 (t, J = 7.6 Hz, 1H), 6.43 (d, J = 16.0 Hz, 1H), 4.64 (d, J = 12.4 Hz, 1H), 

4.31 (d, J = 12.4 Hz, 1H), 4.09 (brs, 1H), 2.07 (s, 3H); 13C NMR (100MHz, CDCl3): δ 

197.1, 154.3, 148.5, 135.8, 132.6, 131.1, 129.4, 128.9, 128.6, 128.5, 128.2, 127.4, 

127.2, 126.8, 122.2, 122.0, 120.5, 120.2, 117.7, 69.7, 63.2, 62.0, 16.7; IR (thin film) 

3352, 3023, 2926, 1705, 1582, 1485, 1058, 762, 688 cm−1; HRMS (ESI) m/z calcd for 

C25H22NO2 [M + H]+: 368.1651, found: 368.1640. 

 

                               4al 

4al was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2l (0.215 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 3 h at 25 °C, and then stirring for 4 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4al as a light yellow solid (0.050 g, 58%). Mp: 214–215 °C; 
1H NMR (400 MHz, CDCl3): δ 9.62 (s, 1H), 7.38 (d, J = 7.2 Hz, 2H), 7.33–7.26 (m, 

4H), 7.24–7.21 (m, 1H), 7.18–7.14 (m, 1H), 7.07 (d, J = 7.6 Hz, 1H), 7.00–6.93 (m, 

2H), 6.86 (d, J = 8.0 Hz, 1H), 6.73–6.69 (m, 1H), 6.47 (d, J = 16.0 Hz, 1H), 4.69 (d, J 

= 12.4 Hz, 1H), 4.59 (brs, 1H), 4.37 (d, J = 12.8 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ 196.4, 154.1, 148.4, 135.5, 133.1, 132.6, 129.2, 128.6, 128.5, 128.3, 127.5, 
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126.8, 126.3, 124.0, 123.6, 122.4, 121.4, 117.7, 104.5, 69.6, 63.1, 62.7; IR (thin film) 

3453, 3041, 2966, 2864, 1707, 1604, 1451, 1058, 751 cm−1; HRMS (ESI) m/z calcd 

for C24H19BrNO2 [M + H]+: 432.0599, found: 432.0596. 

 

4am  

4am was prepared by general procedure A. 1a (0.055 g, 0.20 mmol), 2m (0.195 g, 

0.40 mmol) and KOH (0.013 g, 0.24 mmol) stirring for 6 h at 25 °C, and then stirring 

for 6 h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl 

acetate: petroleum ether) afforded 4am as a light yellow solid (0.040 g, 49%). Mp: 

73–74 °C; 1H NMR (400 MHz, CDCl3): δ 9.51 (s, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.75 

(s, 1H), 7.30–7.18 (m, 5H), 7.11–7.07 (m, 2H), 6.91–6.83 (m, 2H), 6.79 (d, J = 8.4 Hz, 

1H), 6.63 (d, J = 8.0 Hz, 1H), 6.39 (d, J = 16.0 Hz, 1H), 4.71 (brs, 1H), 4.67 (d, J = 

12.4 Hz, 1H), 4.33 (d, J = 12.8 Hz, 1H), 3.77 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

196.2, 166.5, 154.2, 153.7, 135.4, 133.0, 132.9, 129.3, 128.7, 128.4, 128.0, 127.4, 

126.8, 126.6, 126.2, 122.8, 122.3, 122.0, 117.9, 109.6, 70.4, 63.1, 61.2, 51.7; IR (thin 

film) 3345, 3025, 2924, 1708, 1518, 1285, 753 cm−1; HRMS (ESI) m/z calcd for 

C26H22NO4 [M + H]+: 412.1549, found: 412.1552. 

 

4ba 

4ba was prepared by general procedure A. 1b (0.061 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 2 h at 25 °C, and then stirring for 3 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ba as a light yellow solid (0.058 g, 75%). Mp: 59–60 °C; 
1H NMR (400 MHz, CDCl3): δ 9.58 (s, 1H), 7.30 (d, J = 8.8 Hz, 2H), 7.19 (d, J = 8.0 

Hz, 1H), 7.14–7.10 (m, 3H), 6.96–6.92 (m, 1H), 6.85–6.80 (m, 4H), 6.70 (d, J = 8.0 

Hz, 1H), 6.34 (d, J = 16.0 Hz, 1H), 4.73 (d, J = 12.4 Hz, 1H), 4.37 (brs, 1H), 4.34 (d, 

S9



J = 12.4 Hz, 1H), 3.78 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 197.0, 159.6, 154.2, 

149.9, 132.2, 130.1, 128.9, 128.5, 128.0, 127.5, 127.1, 126.8, 124.6, 122.7, 122.1, 

120.2, 117.6, 114.0, 110.7, 70.0, 62.9, 61.6, 55.2; IR (thin film) 3360, 3032, 2924, 

1709, 1606, 1257, 809, 753 cm−1; HRMS (ESI) m/z calcd for C25H22NO3 [M + H]+: 

384.1600, found: 384.1586. 

 

4ca 

4ca was prepared by general procedure A. 1c (0.059 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 3 h at 25 °C, and then stirring for 4 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ca as a light yellow solid (0.035 g, 47%). Mp: 168–169 °C; 
1H NMR (400 MHz, CDCl3): δ 9.57 (s, 1H), 7.34 (dd, J = 8.0 Hz, 5.6 Hz, 2H), 

7.18–7.11 (m, 4H), 7.01–6.95 (m, 3H), 6.93 (d, J = 16.0 Hz, 1H), 6.85–6.82 (m, 2H), 

6.72 (d, J = 8.4 Hz, 1H), 6.40 (d, J = 16.0 Hz, 1H), 4.74 (d, J = 12.0 Hz, 1H), 4.37 

(brs, 1H), 4.34 (d, J = 12.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 197.0, 163.8 (d, 

J = 246.5 Hz), 154.2, 149.8, 131.9 (d, J = 3.7 Hz), 131.5, 130.1, 129.0 (d, J = 3.6 Hz), 

128.4, 128.3, 127.3, 126.8, 124.6, 122.6, 122.1, 120.4, 117.7, 115.7 (d, J = 21.9 Hz), 

110.8, 69.9, 62.9, 61.6; IR (thin film) 3356, 3054, 2956, 2840, 1711, 1600, 1483, 

1223, 822, 756 cm−1; HRMS (ESI) m/z calcd for C24H19NO2 [M + H]+: 372.1400, 

found: 372.1387. 

O

HN

CHO

F3C  

4da 

4da was prepared by general procedure A. 1d (0.069 g, 0.20 mmol), 2a (0.172 g, 0.40 
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mmol) and KOH (0.013 g, 0.24 mmol) stirring for 5 h at 25 °C, and then stirring for 5 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4da as a light yellow solid (0.048 g, 57%). Mp: 60–61 °C; 
1H NMR (400 MHz, CDCl3): δ 9.56 (s, 1H), 7.57 (d, J = 8.0 Hz, 2H), 7.47 (d, J = 8.0 

Hz, 2H), 7.17–7.13 (m, 4H), 7.03–6.96 (m, 2H), 6.87–6.83 (m, 2H), 6.73 (d, J = 7.6 

Hz, 1H), 6.58 (d, J = 16.0 Hz, 1H), 4.75 (d, J = 12.4 Hz, 1H), 4.38 (brs, 1H), 4.35 (d, 

J = 12.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 196.9, 154.3, 149.7, 139.2, 131.9, 

131.2, 130.2, 129.2, 127.3, 126.9, 126.4, 125.7, 125.6, 124.7, 122.6, 122.2, 120.6, 

117.8, 111.0, 69.9, 63.0, 61.7; IR (thin film) 3352, 3050, 2925, 2867, 1712, 1607, 

1325, 1065, 754 cm−1; HRMS (ESI) m/z calcd for C25H19F3NO2 [M + H]+: 422.1368, 

found: 422.1347. 

 

4ea 

4ea was prepared by general procedure A. 1e (0.061 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 2 h at 25 °C, and then stirring for 4 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ea as a light yellow oil (0.048 g, 62%). 1H NMR (400 

MHz, CDCl3): δ 9.57 (s, 1H), 7.25 (d, J = 9.2 Hz, 1H), 7.19–7.16 (m, 2H), 7.14 (d, J 

= 7.2 Hz, 2H), 6.97–6.89 (m, 4H), 6.86–6.81 (m, 3H), 6.72 (d, J = 8.0 Hz, 1H), 6.47 

(d, J = 16.0 Hz, 1H), 4.75 (d, J = 12.4 Hz, 1H), 4.38 (brs, 1H), 4.35 (d, J = 12.4 Hz, 

1H), 3.79 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 196.9, 159.8, 154.2, 149.8, 137.1, 

132.6, 130.1, 129.6, 129.3, 129.0, 127.4, 126.9, 124.6, 122.6, 122.1, 120.4, 119.4, 

117.7, 113.9, 112.0, 110.8, 69.9, 63.0, 61.6, 55.2; IR (thin film) 3362, 3029, 2924, 

2851, 1711, 1604, 1159, 752 cm−1; HRMS (ESI) m/z calcd for C25H22NO3 [M + H]+: 

384.1600, found: 384.1605. 
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4fa 

4fa was prepared by general procedure A. 1f (0.071 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 3 h at 25 °C, and then stirring for 3 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4fa as a light yellow solid (0.056 g, 65%). Mp: 56–57 °C; 
1H NMR (400 MHz, CDCl3): δ 9.49 (s, 1H), 7.44 (s, 1H), 7.31 (d, J = 7.6 Hz, 1H), 

7.21–7.18 (m, 2H), 7.12–7.05 (m, 4H), 6.91 (t, J = 7.2 Hz, 1H), 6.85 (d, J = 16.0 Hz, 

1H), 6.79–6.75 (m, 2H), 6.65 (d, J = 7.6 Hz, 1H), 6.41 (d, J = 15.6 Hz, 1H), 4.67 (d, J 

= 12.4 Hz, 1H), 4.35 (brs, 1H), 4.30 (d, J = 12.8 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ 196.9, 154.2, 149.7, 137.9, 131.2, 131.0, 130.8, 130.2, 130.1, 129.6, 129.1, 

127.3, 126.5, 125.4, 124.7 122.8, 122.6, 122.2, 120.5, 117.8, 110.9, 69.8, 63.0, 61.7; 

IR (thin film) 3368, 2925, 2854, 1709, 1606, 1483, 1261, 1022, 752 cm−1; HRMS 

(ESI) m/z calcd for C24H19BrNO2 [M + H]+: 432.0599, found: 432.0583. 

 

4ha 

4ga was prepared by general procedure A. 1g (0.071 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 3 h at 25 °C, and then stirring for 4 

h at 80 °C . Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ga as a light yellow solid (0.052 g, 60%). Mp: 54–55 °C; 
1H NMR (400 MHz, CDCl3): δ 9.46 (s, 1H), 7.49 (d, J = 7.6 Hz, 1H), 7.34 (d, J = 7.6 

Hz, 1H), 7.28 (d, J = 15.6 Hz, 1H), 7.18–7.13 (m, 2H), 7.09–7.02 (m, 4H),  

6.92–6.89 (m, 1H), 6.79 (t, J = 7.6 Hz, 2H), 6.67 (d, J = 8.0 Hz, 1H), 6.29 (d, J = 16.0 

Hz, 1H), 4.69 (d, J = 12.4 Hz, 1H), 4.35 (brs, 1H), 4.31 (d, J = 12.4 Hz, 1H); 13C 

NMR (100 MHz, CDCl3): δ 197.1, 154.2, 149.9, 136.2, 132.8, 132.2, 131.8, 130.2, 

129.4, 129.1, 127.5, 127.4, 127.3, 126.6, 124.6, 123.9, 122.6, 122.2, 120.4, 117.7, 
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110.9, 69.9, 63.0, 61.5; IR (thin film) 3360, 2923, 2852, 1703, 1609, 1465, 1259, 741 

cm−1; HRMS (ESI) m/z calcd for C24H19BrNO2 [M + H]+: 432.0599, found: 432.0583. 

O

HN

CHO

O

 

4ha 

4ha was prepared by general procedure A. 1h (0.053 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 2 h at 25 °C, and then stirring for 4 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ha as a light yellow solid (0.038 g, 55%). Mp: 59–60 °C; 
1H NMR (400 MHz, CDCl3): δ 9.50 (s, 1H), 7.27–7.24 (m, 1H), 7.11–7.04 (m, 4H), 

6.90–6.86 (m, 1H), 6.78–6.74 (m, 2H), 6.69–6.61 (m, 2H), 6.37 (d, J = 15.6 Hz, 1H), 

6.31–6.28 (m, 1H), 6.21 (m, 1H), 4.65 (d, J = 12.4 Hz, 1H), 4.28 (brs, 1H), 4.25 (d, J 

= 12.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 196.8, 154.3, 151.5, 149.8, 142.5, 

130.1, 129.0, 127.6, 127.4, 126.7, 124.7, 122.7, 122.1, 121.0, 120.4, 117.6, 111.4, 

110.8, 109.5, 69.8, 63.0, 61.7; IR (thin film) 3364, 2924, 2853, 1714, 1604, 1261, 

1016, 752 cm−1; HRMS (ESI) m/z calcd for C22H18NO3 [M + H]+: 344.1287, found: 

344.1275.  

 

4ia 

4ia was prepared by general procedure A. 1i (0.071 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 3 h at 25 °C, and then stirring for 3 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ia as a light yellow solid (0.057 g, 66%). Mp: 208–209 °C; 
1H NMR (400 MHz, CDCl3): δ 7.24–7.08 (m, 9H), 7.06 (dd, J = 17.6 Hz, 8.0 Hz, 5H), 

6.87–6.83 (m, 1H), 6.77–6.72 (m, 2H), 6.60–6.56 (m, 2H), 6.31 (d, J = 16.0 Hz, 1H), 

4.72 (d, J = 12.0 Hz, 1H), 4.60 (d, J = 12.0 Hz, 1H), 4.07 (brs, 1H); 13C NMR (100 

MHz, CDCl3): δ 201.9, 154.7, 150.5, 139.7, 136.1, 131.5, 131.4, 129.7, 129.0, 128.6, 

128.5, 128.4, 127.9, 127.8, 127.5, 127.4, 126.8, 126.6, 124.6, 122.1, 120.4, 117.7, 
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111.1, 70.9, 67.1, 64.6; IR (thin film) 3329, 2924, 2852, 1651, 1484, 1238, 744 cm−1; 

HRMS (ESI) m/z calcd for C30H24NO2 [M + H]+: 430.1807, found: 430.1803. 

 

4ja 

4ja was prepared by general procedure A. 1j (0.038 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 2 h at 25 °C, and then stirring for 4 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4ja as a light yellow solid (0.024 g, 46%). Mp: 123–124 °C; 
1H NMR (400 MHz, CDCl3): δ 9.72 (s, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.15–7.09 (m, 

3H), 7.00–6.96 (m, 1H), 6.83 (dd, J = 13.2 Hz, 7.6 Hz, 2H), 6.65 (d, J = 7.6 Hz, 1H), 

4.55 (d, J = 12.4 Hz, 1H), 4.36 (brs, 1H), 4.34 (d, J = 12.0 Hz, 1H); 13C NMR (100 

MHz, CDCl3): δ 198.7, 153.5, 149.8, 129.9, 129.4, 128.7, 125.6, 124.8, 123.4, 121.9, 

120.0, 117.5, 110.7, 65.5, 62.7, 60.9, 24.5; IR (thin film) 3365, 3072, 2952, 1707, 

1606, 1251, 1094, 804 cm−1; HRMS (ESI) m/z calcd for C17H16NO2 [M + H]+: 

266.1181, found: 266.1208. 

 

4ka 

4ka was prepared by general procedure A. 1k (0.041 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 2 h at 25 °C, and then stirring for 

for 3 h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl 

acetate: petroleum ether) afforded 4ka as a light yellow solid (0.025 g, 44%). Mp: 

138–139 °C; 1H NMR (400 MHz, CDCl3): δ 7.25 (d, J = 7.6 Hz, 1H), 7.05–6.98 (m, 

3H), 6.89 (t, J = 7.2 Hz, 1H), 6.76–6.72 (m, 1H), 6.65 (d, J = 8.0 Hz, 1H), 6.53 (d, J = 

7.6 Hz, 1H), 4.53 (d, J = 12.4 Hz, 1H), 4.26 (d, J = 12.8 Hz, 1H), 4.23 (brs, 1H), 2.00 

(s, 3H), 1.60 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 209.1, 153.7, 150.1, 130.0, 

129.3, 128.3, 127.2, 125.7, 123.9, 121.7, 120.1, 117.3, 110.9, 66.1, 64.1, 62.7, 28.7, 

24.3; IR (thin film) 3434, 3013, 2925, 1697, 1607, 1464, 1093, 755, 630 cm−1; HRMS 

(ESI) m/z calcd for C18H18NO2 [M + H]+: 280.1338, found: 280.1325. 
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O

HNMe

CHO
Me

Me  

4la 

4la was prepared by general procedure A. 1l (0.043 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 1 h at 25 °C, and then stirring for 3 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4la as a light yellow solid (0.028 g, 48%). Mp: 187–188 °C; 
1H NMR (400 MHz, CDCl3): δ 9.71 (s, 1H), 7.15–7.08 (m, 2H), 7.03 (s, 1H), 

6.82–6.78 (m, 1H), 6.65 (d, J = 7.6 Hz, 1H), 6.57 (s, 1H), 4.46 (d, J = 12.4 Hz, 1H), 

4.26 (brs, 1H), 4.21 (d, J = 12.0, 1H), 2.12 (s, 3H), 2.07 (s, 3H), 1.67 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ 198.9, 151.4, 149.9, 137.5, 130.1, 129.8, 126.1, 125.7, 

124.8, 123.7, 120.0, 118.1, 110.7, 65.4, 62.8, 61.1, 24.6, 19.4, 19.1; IR (thin film) 

3368, 3021, 2924, 1717, 1604, 1463, 1261, 1094, 803 cm−1; HRMS (ESI) m/z calcd 

for C19H20NO2 [M + H]+: 294.1494, found: 294.1475. 

 

4ma 

4ma was prepared by general procedure A. 1m (0.053 g, 0.20 mmol), 2a (0.172 g, 

0.40 mmol) and KOH (0.013 g, 0.24 mmol) stirring for 4 h at 25 °C, and then stirring 

for 3 h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl 

acetate: petroleum ether) afforded 4ma as a light yellow solid (0.026 g, 38%). Mp: 

187–188 °C; 1H NMR (400 MHz, CDCl3): δ 9.69 (s, 1H), 7.19 (d, J = 8.8 Hz, 1H), 

7.14–7.08 (m, 3H), 6.96 (s, 1H), 6.84–6.80 (m, 1H), 6.65 (d, J = 7.6 Hz, 1H), 4.57 (d, 

J = 12.0 Hz, 1H), 4.32 (brs, 1H), 4.29 (d, J = 12.0, 1H), 1.74 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ 198.2, 154.4, 149.6, 130.1, 127.9, 127.0, 125.0, 124.8, 123.1, 121.6, 

120.5, 120.2, 110.7, 65.4, 62.8, 60.7, 24.3; IR (thin film) 3350, 2925, 1709, 1597, 

1261, 1034, 832 cm−1; HRMS (ESI) m/z calcd for C17H15BrNO2 [M + H]+: 344.0286, 

found: 344.0274. 
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4na 

4na was prepared by general procedure A. 1n (0.059 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 4 h at 25 °C, and then stirring for 3 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4na as a light yellow solid (0.039 g, 52%). Mp: 204–205 °C; 
1H NMR (400 MHz, CDCl3): δ 9.50 (s, 1H), 7.31–7.18 (m, 5H), 7.10 (dd, J = 18.4 Hz, 

7.6 Hz, 2H), 6.91 (d, J = 16.0 Hz, 1H), 6.81–6.71 (m, 4H), 6.67 (d, J = 7.6 Hz, 1H), 

6.37 (d, J = 15.6 Hz, 1H), 4.66 (d, J = 12.4 Hz, 1H), 4.28 (brs, 1H), 4.25 (d, J = 12.0 

Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 196.7, 158.9 (d, J = 239.1 Hz), 150.4, 149.6, 

135.5, 133.1, 130.2, 128.8, 128.7, 128.4, 128.1 (d, J = 5.8 Hz), 126.8, 124.6, 122.4, 

120.5, 119.1 (d, J = 8 Hz), 116.4 (d, J = 23.3 Hz), 113.2 (d, J = 23.3 Hz), 110.8, 70.0, 

63.3, 61.4; IR (thin film) 3351, 3034, 2961, 2832, 1721, 1598, 1491, 1260, 749 cm−1; 

HRMS (ESI) m/z calcd for C24H19FNO2 [M + H]+: 372.1400, found: 372.1395. 

 

4jj 

4jj was prepared by general procedure A. 1j (0.038 g, 0.20 mmol), 2j (0.194 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 4 h at 25 °C, and then stirring for 3 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4jj as a light yellow solid (0.022 g, 37%). Mp: 125–126 °C; 
1H NMR (400 MHz, CDCl3): δ 9.65 (s, 1H), 7.32 (d, J = 7.6 Hz, 1H), 7.25 (s, 1H), 

7.13–7.10 (m, 1H), 7.00 (d, J = 7.2 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.44 (s, 1H), 

4.87 (d, J = 12.4 Hz, 1H), 4.57 (brs, 1H), 4.22 (d, J = 12.8, 1H), 2.21 (s, 3H), 2.20 (s, 

3H), 1.74 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 197.7, 154.1, 147.4, 137.2, 134.5, 

129.1, 128.6, 125.5, 124.4, 122.1, 119.0, 117.3, 114.2, 66.3, 62.9, 62.5, 24.4, 19.3, 

18.0; IR (thin film) 3350, 3012, 2967, 2874, 1702, 1609, 1448, 1067, 758 cm−1; 

HRMS (ESI) m/z calcd for C19H20NO2 [M + H]+: 294.1494, found: 294.1481. 

 

4oa 
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4oa was prepared by general procedure A. 1o (0.058 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 4 h at 25 °C, and then stirring for 3 

h at 80 °C . Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4oa as a yellow solid (0.032 g, 44%). Mp: 121–122 °C; 1H 

NMR (400 MHz, CDCl3): δ 9.58 (s, 1H), 7.36 (d, J = 7.2 Hz, 2H), 7.31–7.27 (m, 2H), 

7.24–7.21 (m, 1H), 7.12–7.08 (m, 3H), 7.01 (d, J = 7.2 Hz, 1H), 6.96 (d, J = 16.0 Hz, 

1H), 6.80–6.76 (m, 1H), 6.74–6.69 (m, 2H), 6.63 (d, J = 8.4 Hz, 1H), 6.47 (d, J = 15.6 

Hz, 1H), 4.38 (brs, 1H), 3.65 (dd, J = 22.8 Hz, 12.8 Hz, 2H), 2.93 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 197.5, 150.1, 146.5, 136.0, 131.3, 130.5, 129.7, 128.5, 128.4, 

127.9, 127.8, 127.5, 126.7, 124.6, 124.1, 119.9, 118.0, 112.4, 110.7, 71.1, 62.4, 49.3, 

39.7; IR (thin film) 3365, 3025, 2927, 2830, 1710, 1603, 1502, 980, 744 cm−1; HRMS 

(ESI) m/z calcd for C25H23N2O [M + H]+: 367.1810, found: 367.1819. 

 

5oa 

5oa was prepared by general procedure A. 1o (0.058 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 4 h at 25 °C, and then stirring for 3 

h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 5oa as a yellow solid (0.040 g, 55%). Mp: 197–198 °C; 1H 

NMR (400 MHz, CDCl3): δ 9.45 (s, 1H), 7.38–7.24 (m, 6H), 7.18–7.09 (m, 3H), 6.73 

(t, J = 7.2 Hz, 1H), 6.67–6.59 (m, 4H), 6.11 (s, 1H), 5.83 (s, 1H), 4.59 (d, J = 12.0 Hz, 

1H), 3.88 (d, J = 11.6 Hz, 1H), 3.13 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 197.7, 

144.5, 144.3, 142.0, 131.7, 130.4, 129.2, 129.0, 127.7, 125.9, 125.4, 125.0, 118.4, 

116.4, 114.5, 113.8, 111.4, 74.5, 72.2, 57.0, 39.4; IR (thin film) 3022, 2924, 2851, 

1725, 1599, 1498, 748, 695 cm−1; HRMS (ESI) m/z calcd for C25H23N2O [M + H]+: 

367.1810, found: 367.1788. 

N
Me

N
H

CHO

Me  

4pa 

4pa was prepared by general procedure A. 1p (0.040 g, 0.20 mmol), 2a (0.172 g, 0.40 

mmol) and KOH (0.013 g, 0.24 mmol) stirring for 3 h at 25 °C, and then stirring for 4 
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h at 80 °C. Purification using medium pressure chromatography (1:50; ethyl acetate: 

petroleum ether) afforded 4pa as a yellow oil (0.033 g, 59%). 1H NMR (400 MHz, 

CDCl3): δ 9.73 (brs, 1H), 7.26 (d, J = 7.6 Hz, 1H), 7.12–7.02 (m, 3H), 6.80–6.74 (m, 

2H), 6.63 (d, J = 7.6 Hz, 1H), 6.58 (d, J = 8.0 Hz, 1H), 4.43 (brs, 1H), 3.46 (s, 2H), 

2.89 (s, 3H), 1.71 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 199.5, 149.9, 145.8, 129.6, 

129.4, 128.2, 125.6, 125.5, 124.3, 119.7, 117.6, 112.1, 110.6, 66.7, 61.7, 49.3, 39.5, 

25.6; IR (thin film) 3369, 3050, 2968, 1712, 1606, 1464, 909, 748 cm−1; HRMS (ESI) 

m/z calcd for C18H19N2O [M + H]+: 279.1497, found: 279.1498. 

3. One-pot synthesis of compound 6 from 4aa 

O

N
H

CHO

Ph
4aa

O

N
H

Ph

O
R

1) RMgBr, Et2O, 0 °C

6ab-ad

2) DMP, DCM, rt

 

General procedure B: To a solution of 4aa (0.3 mmol) in Et2O (3 mL) at 0 °C was 

added slowly a solution of Grignard reagent magnesium bromide (2.5 equiv, 0.75 

mmol). The resulting mixture was allowed to warm to room temperature and stirred 

for 1-5 h. Upon completion, the reaction was quenched with a saturated solution of 

NH4Cl, extracted with diethylether (10 mL), The combined organic layers were 

washed with brine (10 mL), dried over Na2SO4 and filtered. The solvent was removed 

under reduced pressure and the crude product was used directly in the next step. 

In a round-bottle flask was charged with the above crude mixture and CH2Cl2 (3 

mL). Deiss Martin reagent (2.5 equiv.) was added at room temperature. The resulting 

mixture was stirred for 3-6 h at room temperature until the substrate disappeared 

(monitored by TLC). Then the solid was filtered, and solvents were removed under 

the reduced pressure. The crude product was purified by flash chromatography (the 

crude residue was dry loaded with silica gel, 1/30 to 1/10, ethyl acetate/petroleum 

ether) to provide product 6ab-ad. 

 

6ab 
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6ab was prepared by general procedure B. 4aa (0.106 g, 0.30 mmol), 

methylmagnesium bromide (0.25 mL, 0.75 mmol, 3.0 M solution in Et2O) and Deiss 

Martin reagent (0.318 g, 0.75 mmol). Purification using medium pressure 

chromatography (1:20; ethyl acetate: petroleum ether) afforded 6ab as a light yellow 

solid (0.087 g, 79%). Mp: 68–69 °C; 1H NMR (400 MHz, CDCl3): δ 7.38 (d, J = 7.2 

Hz, 2H), 7.32–7.28 (m, 2H), 7.26–7.22 (m, 1H), 7.19 (d, J = 7.2 Hz, 1H), 7.11–7.03 

(m, 4H), 6.92–6.88 (m, 1H), 6.85 (t, J = 7.2 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.68 (d, 

J = 8.0 Hz, 1H), 6.39 (d, J = 15.6 Hz, 1H), 4.71 (d, J = 12.8 Hz, 1H), 4.46 (d, J = 12.4 

Hz, 1H), 4.24 (s, 1H), 1.96 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 207.4, 154.3, 

150.0, 136.1, 130.7, 129.5, 129.1, 128.7, 128.6, 128.0, 127.6, 126.7, 126.5, 126.4, 

123.8, 122.0, 120.3, 117.6, 111.2, 70.3, 64.8, 64.0, 28.2; IR (thin film) 3453, 3040, 

2924, 1686, 1483, 1373, 730 cm−1; HRMS (ESI) m/z calcd for C25H22NO2 [M + H]+: 

368.1650, found: 368.1645. 

 

6ac 

6ac was prepared by general procedure B. 4aa (0.106 g, 0.30 mmol), vinylmagnesium 

bromide (0.75 mL, 0.75 mmol, 1.0 M solution in THF) and Deiss Martin reagent 

(0.318 g, 0.75 mmol). Purification using medium pressure chromatography (1:20; 

ethyl acetate: petroleum ether) afforded 6ac as a light yellow solid (0.078 g, 69%). 

Mp: 94–95 °C; 1H NMR (400 MHz, CDCl3): δ 7.30–7.18 (m, 6H), 7.13 (dd, J = 14.2 

Hz, 7.2 Hz, 3H), 6.93–6.89 (m, 2H), 6.84–6.79 (m, 2H), 6.69 (d, J = 7.6 Hz, 1H), 

6.55–6.48 (m, 1H), 6.40 (d, J = 15.6 Hz, 1H), 6.14 (d, J = 16.8 Hz, 1H), 5.41 (d, J = 

10.0 Hz, 1H), 4.80 (d, J = 12.4 Hz, 1H), 4.48 (d, J = 12.0 Hz, 1H), 4.30 (brs, 1H); 13C 

NMR (100 MHz, CDCl3): δ 196.9, 154.5, 150.2, 136.2, 133.4, 131.9, 129.7, 129.6, 

128.7, 128.5, 128.1, 128.0, 127.9, 127.6, 126.7, 125.5, 124.2, 122.0, 120.4, 117.6, 

111.0, 70.7, 64.8, 62.7; IR (thin film) 3344, 3024, 2921, 1676, 1607, 1485, 759, 693 

cm−1; HRMS (ESI) m/z calcd for C26H22NO2 [M + H]+: 380.1650, found: 380.1642. 
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6ad 

6ad was prepared by general procedure B. 4aa (0.106 g, 0.30 mmol), 

ethynylmagnesium bromide (1.5 mL, 0.75 mmol, 0.5 M solution in THF) and Deiss 

Martin reagent (0.318 g, 0.75 mmol). Purification using medium pressure 

chromatography (1:20; ethyl acetate: petroleum ether) afforded 6ad as a light yellow 

solid (0.077 g, 68%). Mp: 132–133 °C; 1H NMR (400 MHz, CDCl3): δ 7.38 (d, J = 

7.6 Hz, 2H), 7.32–7.29 (m, 2H), 7.26–7.10 (m, 5H), 6.96–6.91 (m, 2H), 6.87–6.80 (m, 

2H), 6.71 (d, J = 8.0 Hz, 1H), 6.55 (d, J = 15.6 Hz, 1H), 4.67 (d, J = 12.4 Hz, 1H), 

4.48 (d, J = 12.4 Hz, 1H), 4.28 (brs, 1H), 3.03 (s, 1H); 13C NMR (100 MHz, CDCl3): 

δ 185.1, 154.2, 150.4, 136.1, 133.1, 130.0, 129.2, 128.8, 128.6, 128.0, 127.8, 127.7, 

126.8, 124.8, 124.5, 122.2, 120.1, 117.5, 111.0, 80.6, 80.2, 70.8, 64.6, 64.0; IR (thin 

film) 3431, 3296, 3021, 2923, 2847, 2187, 1657, 1483, 745 cm−1; HRMS (ESI) m/z 

calcd for C26H20NO2 [M + H]+: 378.1494, found: 378.1488. 

O

N
H

CHO

Ph
4aa

O

N
H

Ph

O
R

1) alkyne, nBuLi, -78 °C, THF

6ae-af

2) DMP, DCM, rt

 

General procedure C: To a stirred solution of alkyne (0.75 mmol) in dry THF (3 mL) 

under argon was added n-BuLi (0.3 mL, 0.75 mmol, 2.5 M solution in hexane) via a 

syringe at -78 °C. The mixture was allowed to stir for 30 min at -78 °C. Then 4aa (0.3 

mmol) was added. The mixture was allowed to stir for an additional 30 min at -78 °C, 

and then for 0.5 h at room temperature. The reaction was quenched with a saturated 

solution of NH4Cl, extracted with diethylether (10 mL). The combined organic layers 

were washed with brine (10 mL), dried over Na2SO4 and filtered. The solvent was 

removed under reduced pressure and the crude product was used directly in the next 

step. 

In a round-bottle flask was charged with the above crude mixture and CH2Cl2 (3 mL). 

Deiss Martin reagent (2.5 equiv.) was added at room temperature. The resulting 

mixture was stirred for 3-6 h at room temperature until the substrate disappeared 

(monitored by TLC). Then the solid was filtered, and the solvents were removed 

under reduced pressure. the crude product was purified by flash chromatography (the 

crude residue was dry loaded with silica gel, 1/30 to 1/10, ethyl acetate/petroleum 

ether) to provide product 6ae-af. 

S20



 

6ae 

6ae was prepared by general procedure C. 4aa (0.106 g, 0.30 mmol), phenylacetylene 

(0.08 mL, 0.75 mmol) and Deiss Martin reagent (0.318 g, 0.75 mmol). Purification 

using medium pressure chromatography (1:20; ethyl acetate: petroleum ether) 

afforded 6ae as a light yellow solid (0.105 g, 77%). Mp: 82–83 °C; 1H NMR (400 

MHz, CDCl3): δ 7.40–7.36 (m, 1H), 7.31–7.10 (m, 12H), 6.96–6.82 (m, 5H), 6.75 (d, 

J = 7.6 Hz, 1H), 6.58 (d, J = 15.6 Hz, 1H), 4.72 (d, J = 12.4 Hz, 1H), 4.56 (d, J = 12.4 

Hz, 1H), 4.34 (brs, 1H); 13C NMR (100 MHz, CDCl3): δ 186.1, 154.3, 150.6, 136.3, 

133.4, 132.5, 130.7, 129.8, 129.6, 128.7, 128.5, 128.4, 128.1, 127.8, 127.7, 126.8, 

125.9, 124.6, 122.0, 120.1, 119.8, 117.5, 110.7, 93.2, 87.7, 71.0, 64.9, 64.3; IR (thin 

film) 3367, 3010, 2927, 2195, 1650, 1485, 1271, 750 cm−1; HRMS (ESI) m/z calcd for 

C32H24NO2 [M + H]+: 454.1807, found: 454.1802. 

 

6af 

6af was prepared by general procedure C. 4aa (0.106 g, 0.30 mmol), 1-hexyne (0.09 

mL, 0.75 mmol) and Deiss Martin reagent (0.318 g, 0.75 mmol). Purification using 

medium pressure chromatography (1:20; ethyl acetate: petroleum ether) afforded 6af 

as a light yellow oil (0.083 g, 64%). 1H NMR (400 MHz, CDCl3): δ 7.37 (d, J = 7.2 

Hz, 2H), 7.31–7.27 (m, 2H), 7.24–7.19 (m, 3H), 7.16 (d, J = 7.6 Hz, 1H), 7.12 (t, J = 

7.6 Hz, 2H), 6.94–6.91 (m, 1H), 6.87–6.79 (m, 2H), 6.66 (d, J = 7.6 Hz, 1H), 6.55 (d, 

J = 15.6 Hz, 1H), 4.64 (d, J = 12.0 Hz, 1H), 4.49 (d, J = 12.4 Hz, 1H), 4.24 (brs, 3H), 

2.14–2.11 (m, 2H), 1.27–1.20 (m, 4H), 0.83–0.79 (m, 3H); 13C NMR (100 MHz, 

CDCl3): δ 185.9, 154.3, 150.3, 136.3, 132.4, 129.8, 129.5, 128.6, 128.5, 128.0, 127.9, 

127.8, 126.7, 125.9, 124.4, 122.0, 119.8, 117.5, 110.7, 97.2, 80.4, 70.6, 64.6, 64.4, 

29.3, 21.6, 18.6, 13.4; IR (thin film) 364, 3030, 2930, 2827, 2209, 1652, 1464, 1221, 
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746 cm−1; HRMS (ESI) m/z calcd for C30H28NO2 [M + H]+: 434.2120, found: 

434.2114. 

4. Synthesis of compounds 7-13 from 4aa 

O

N
H

CN

Ph

7

T3P, NH2OH•HCl

O

N
H

CHO

Ph

4aa

NEt3, DMF, 100 °C

 

To a mixture of 4aa (0.2 mmol), hydroxylamine hydrochloride (0.22 mmol), and 

Et3N (0.22 mmol) in DMF (2 mL) was added T3P (1.2 mmol, 50% in DMF), and the 

mixture was stirred at 100 °C for 12 h. The completion of reaction was monitored by 

TLC. The mixture was cooled and extracted with Et2O (10 mL). The combined 

organic phase was washed with brine (10 mL). The organic layer was dried over 

anhydrous Na2SO4, filtrated and concentrated in vacuo. The crude product was 

purified by flash chromatography (petroleum-EtOAc: 10/1) to afford compound 7 

(0.057 g, 81%) as a light yellow solid. Mp: 66–67 °C; 1H NMR (400 MHz, CDCl3): δ 

7.36 (t, J = 7.2 Hz, 3H), 7.28–7.17 (m, 6H), 7.02–6.98 (m, 2H), 6.88 (d, J = 7.6 Hz, 

1H), 6.76–6.69 (m, 2H), 6.51 (d, J = 16.0 Hz, 1H), 4.53 (brs, 1H), 4.40 (d, J = 11.2 

Hz, 1H), 4.13 (d, J = 11.2 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 153.4, 148.2, 

135.6, 132.5, 130.5, 129.9, 129.5, 129.1, 128.5, 128.2, 126.9, 124.4, 123.5, 122.9, 

122.5, 120.4, 117.9, 117.8, 110.4, 67.9, 67.3, 49.6; IR (thin film) 3363, 3030, 2926, 

2868, 2245, 1609, 972, 746 cm−1; HRMS (ESI) m/z calcd for C24H19N2O [M + H]+: 

351.1497, found: 351.1500. 

PPh3MeO2C

O

N
H

CHO

Ph

4aa

O

N
H

Ph

CO2Me

8

CH2Cl2, 60 °C

 

In a Teflon-sealed flask charged with 4aa (0.2 mmol), methyl 

2-(triphenylphosphoranylidene)acetate (0.22 mmol) and CH2Cl2 (4 mL). Then, the 

reaction mixture was stirred vigorously at 60 °C for 3 days until the substrate 4aa 

disappeared (monitored by TLC). The solvent was removed under reduced pressure 

and the crude product was purified by flash chromatography (petroleum-EtOAc: 20/1) 

to afford compound 8 (0.075 g, 91%) as a white solid. Mp: 92–93 °C; 1H NMR (400 
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MHz, CDCl3): δ 7.31–7.25 (m, 4H), 7.22–7.13 (m, 3H), 7.10–7.04 (m, 3H), 6.94 (t, J 

= 7.6 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 6.81 (t, J = 7.6 Hz, 1H), 6.69–6.61 (m, 2H), 

6.31 (d, J = 16.4 Hz, 1H), 5.94 (d, J = 16.0 Hz, 1H), 4.43 (brs, 1H), 4.31–4.21 (m, 

2H), 3.66 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 166.4, 153.9, 149.0, 146.1, 136.2, 

131.6, 131.5, 129.1, 128.9, 128.5, 127.8, 127.7, 126.6, 125.8, 124.5, 122.5, 121.8, 

119.7, 117.4, 110.1, 70.0, 66.7, 54.0, 51.5; IR (thin film) 3364, 3029, 2951, 2863, 

1713, 1606, 1486, 1220, 744 cm−1; HRMS (ESI) m/z calcd for C27H24NO3 [M + H]+: 

410.1756, found: 410.1749. 

O

N
H

Ph

1) NaBH4, MeOH

2) PPh3, CBr4

Br

9

O

N
H

CHO

Ph

4aa  

In a round-bottle flask charged with 4aa (0.2 mmol) and MeOH (2 mL), NaBH4 (0.4 

mmol, 2.0 equiv) was added. Then, the reaction mixture was stirred vigorously at 

25 °C for 0.5 h until the substrate 4aa disappeared (monitored by TLC). At this time, 

the reaction was diluted with H2O (10 mL) and exacted with Et2O H2O (20 mL). The 

combined organic layers were washed with brine H2O (10 mL), dried over Na2SO4, 

and filtered. The solvent was removed under reduced pressure to give crude alcohol as 

a yellow oil which was used directly without purification for the next step. 

To the mixture of crude alcohol in CH2Cl2 (2 mL) was added PPh3 (0.5 mmol), CBr4 

(0.5 mmol) and the mixture was stirred at 60 °C for 12 h. The solvent was removed 

under reduced pressure and the crude product was purified by flash chromatography 

(petroleum-EtOAc: 20/1) to afford compound 9 (0.078 g, 94%) as a white solid. Mp: 

191–192 °C; 1H NMR (400 MHz, CDCl3): δ 7.43 (t, J = 8.0 Hz, 3H), 7.34–7.31 (m, 

2H), 7.28–7.25 (m, 1H), 7.17–7.07 (m, 3H), 6.94–6.90 (m, 1H), 6.86–6.81 (m, 3H), 

6.65 (d, J = 7.6 Hz, 1H), 6.47 (d, J = 15.6 Hz, 1H), 4.70 (d, J = 11.6 Hz, 1H), 4.23 

(brs, 1H), 4.20 (d, J = 11.6 Hz, 1H), 3.63 (d, J = 10.4 Hz, 1H), 3.56 (d, J = 10.4 Hz, 

1H); 13C NMR (100 MHz, CDCl3): δ 154.6, 148.4, 136.1, 131.8, 129.5, 129.0, 128.8, 

128.7, 128.2, 128.0, 127.9, 127.1, 126.7, 125.5, 121.8, 119.3, 117.4, 110.3, 70.3, 66.8, 

50.7, 36.2; IR (thin film) 3353, 3068, 2966, 2854, 1605, 1463, 1222, 747 cm−1; 

HRMS (ESI) m/z calcd for C24H21BrNO [M + H]+: 418.0806, found: 418.0801. 
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1) NaBH4, MeOH

2) TsCl, DMAP, Et3N

10

O

N

PhO

N
H

CHO

Ph

4aa  

In a round-bottle flask charged with 4aa (0.2 mmol) and MeOH (2 mL), NaBH4 (0.4 

mmol, 2.0 equiv) was added. Then, the reaction mixture was stirred vigorously at 

25 °C for 0.5 h until the substrate 4aa disappeared (monitored by TLC). At this time, 

the reaction was diluted with H2O (10 mL) and exacted with Et2O (20 mL). The 

combined organic layers were washed with brine (10 mL), dried over Na2SO4, and 

filtered. The solvent was removed under reduced pressure to give crude alcohol as a 

yellow oil which was used directly without purification for the next step. 

The crude alcohol, Et3N (0.4 mmol), and TsCl (3.5 mmol) were dissolved in DCM 

(4 mL), followed by addition of catalytic amount of DMAP (3.5 mmol). The reaction 

was stirred for 48 hours at 70 °C, then the solution was washed with water (10 mL) 

and brine (10 mL). The organic layer was dried over anhydrous Na2SO4, filtrated and 

concentrated in vacuo. The crude product was purified by flash chromatography 

(petroleum-EtOAc: 30/1) to afford compound 10 (0.053 g, 79%) as a white solid. Mp: 

156–157 °C; 1H NMR (400 MHz, CDCl3): δ 8.39 (d, J = 8.0 Hz, 1H), 7.44 (d, J = 7.6 

Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 7.26–7.22 (m, 1H), 7.15–7.03 (m, 8H), 6.90 (d, J = 

8.0 Hz, 1H), 6.35 (d, J = 16.4 Hz, 1H), 6.14 (d, J = 16.0 Hz, 1H), 4.46 (d, J = 10.8 Hz, 

1H), 4.30 (d, J = 10.8 Hz, 1H), 2.94 (d, J = 15.6 Hz, 1H), 2.73 (d, J = 16.0 Hz, 1H); 
13C NMR (100 MHz, CDCl3): δ 160.0, 158.5, 144.2, 136.4, 132.7, 131.7, 128.2, 127.9, 

127.9, 127.5, 127.0, 126.8, 126.5, 126.4, 126.3, 124.7, 121.7, 120.3, 117.5, 74.7, 41.7, 

32.5; IR (thin film) 3453, 3016, 2926, 2876, 1609, 1477, 1207, 757 cm−1; HRMS (ESI) 

m/z calcd for C24H20NO [M + H]+: 338.1544, found: 338.1541. 

OH

N
H

Ph

NaH, DMSO

O

N
H

CHO

Ph
4aa 11

rt

 

To a mixture of 4aa (0.2 mmol) in DMSO (2 mL) was added NaH (0.4 mmol), and 

the mixture was stirred at 25 °C for 2 h. The mixture was extracted with Et2O. The 

combined organic phase was washed with brine, The organic layer was dried over 

anhydrous Na2SO4, filtrated and concentrated in vacuo. The crude product was 

purified by flash chromatography (petroleum-EtOAc: 10/1) to yield 11 (0.058 g, 89%) 
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as a light yellow solid. Mp: 165–166 °C; 1H NMR (400 MHz, CDCl3): δ 9.98 (brs, 

1H), 7.50 (d, J = 7.6 Hz, 1H), 7.36 (d, J = 7.2 Hz, 2H), 7.30–7.16 (m, 6H), 6.96–6.93 

(m, 1H), 6.90–6.84 (m, 3H), 6.60 (d, J = 15.6 Hz, 1H), 6.46 (d, J = 15.6 Hz, 1H), 5.70 

(s, 1H), 4.70 (s, 1H), 4.43 (brs, 1H); 13C NMR (100MHz, CDCl3): δ 156.7, 148.1, 

147.0, 135.9, 131.2, 130.3, 130.1, 129.4, 129.0, 128.7, 128.6, 128.0, 126.7, 126.4, 

121.9, 121.3, 119.1, 117.9, 113.6, 106.6, 74.5; IR (thin film) 3432, 3323, 3031, 2930, 

2856, 1602, 1250, 876, 751 cm−1; HRMS (ESI) m/z calcd for C23H20NO [M + H]+: 

326.1544, found: 326.1528. 

 

To a mixture of 4aa (0.2 mmol) in DCE (2 mL) was added NBS (0.4 mmol), and the 

mixture was stirred at 60 °C for 2 h. The solvent was removed under reduced pressure 

and the crude product was purified by flash chromatography (petroleum-EtOAc: 10/1) 

to afford 12 (0.080 g, 78%) as a light yellow solid. Mp: 224–225 °C; 1H NMR (400 

MHz, CDCl3): δ 9.61 (brs, 1H), 7.41 (s, 1H), 7.36–7.23 (m, 5H), 7.21–7.16 (m, 3H), 

7.00–6.96 (m, 1H), 6.93–6.95 (m, 2H), 6.44 (d, J = 16.0 Hz, 1H), 4.63–4.59 (m, 2H), 

4.34 (d, J = 12.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 195.9, 154.0, 147.6, 135.3, 

134.7, 133.4, 129.4, 128.7, 128.5, 127.9, 127.4, 126.9, 126.8, 125.8, 125.7, 122.6, 

117.8, 111.7, 104.8, 69.9, 63.1, 62.6; IR (thin film) 3336, 3079, 2923, 1708, 1460, 

1056, 758, 688 cm−1; HRMS (ESI) m/z calcd for C24H18BrNO2 [M + H]+: 509.9704, 

found: 509.9704. 

O

N

AuCl (10%)

13

O

N
H

CHO

Ph

4aa

t-BuOOH

Ph

 

To a mixture of 4aa (0.2 mmol) in H2O:CH2Cl2 (2:1) (2 mL) was added AuCl (10% 

mol), Neocuproine Hydrochloride Monohydrate (10% mol), tBuOOH (1 mmol), and 

the mixture was stirred at 90 °C for 10 h. The mixture was extracted with CH2Cl2. The 

combined organic phase was washed with brine. The organic layer was dried over 

anhydrous Na2SO4, filtrated and concentrated in vacuo. The crude product was 

purified by flash chromatography (petroleum-CH2Cl2: 1/1) to afford 13 (0.042 g, 64%) 
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as a light yellow oil. 1H NMR (400 MHz, CDCl3): δ 8.02 (d, J = 7.6 Hz, 1H), 7.75 (d, 

J = 7.6 Hz, 1H), 7.46–7.37 (m, 4H), 7.28–7.21 (m, 5H), 7.08 (t, J = 7.2 Hz, 1H), 7.02 

(d, J = 8.4 Hz, 1H), 6.43–6.33 (m, 2H), 4.94 (d, J = 10.8 Hz, 1H), 4.10 (d, J = 10.8 Hz, 

1H); 13C NMR (100MHz, CDCl3): δ 175.5, 156.9, 156.8, 137.5, 136.3, 133.3, 131.3, 

129.3, 128.4, 127.8, 126.4, 125.8, 125.7, 124.3, 123.7, 121.8, 121.1, 118.2, 117.1, 

72.8, 56.7; IR (thin film) 3060, 2959, 2869, 2248, 1608, 1212, 755, 694 cm−1; HRMS 

(ESI) m/z calcd for C23H18NO [M + H]+: 324.1388, found: 324.1386. 

 

5. Proposed mechanisms for formation of 10 and 13 

5.1 Possible mechanism for formation of compound 10 

O

N
H

CHO

Ph

NaBH4

O

N
H

Ph

HO

TsCl
O

N
H

Ph

TsO

O

N
H

Ph

TsO

O

N

Ph
H

O

N

Ph

10

A
B

CD

1,2-migration1,2-migration

4aa

H

 

We proposed a possible reaction pathway: Reduction of 4aa with NaBH4 provided 

A, which was converted to B by reaction with TsCl. The B could be isolated in high 

yield and converted to C by C-O bond cleavage. The C took place with aryl migration 

to provide more stable carbon cation D. Then D continued to proceed 1,2-styrenyl 

migration to afford more stable compound 10. The driving force for the migration was 

the stability of the carbon cation. We performed two controlled experiments. When B 

was isolated and then heated at 70 °C directly, the compound 10 was observed. 

Treatment of B wtih TEMPO at 70 °C, the compound 10 was also observed. These 

results suggested that the fomration of compound 10 did not involve a radical process. 

5.2 Possible mechanism for formation of compound 13 
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We proposed a possible reaction pathway: Compound 4aa was oxidized by 

t-BuOOH under gold-catalyst to provide compound E, which formed F by t-BuO• and 

went through decarboxyaltion to give G. The G udnerwent 1,2-migration to afford H, 

which then converted to stable compound 13. We also performed a controlled reaction. 

When the E was added with radical trapping reagents TEMPO, compound 13 could 

not be obtained, which suggested that formation of 13 involved a radical process. 

6. Synthesis of nitrone 3aa 

 

General procedure D: In a round-bottle flask was charged with 1a (0.2 mmol), 2a 

(0.4 mmol), KOH (0.24 mmol) and CCl4 (2 mL). And then, the reaction mixture was 

stirred vigorously at 25 °C for 3 h until the substrate 1a disappeared (monitored by 

TLC). At this time, the solvent was removed under reduced pressure and the crude 

product was purified by flash chromatography (the crude residue was dry loaded with 

silica gel, 1/10 to 1/2, ethyl acetate/petroleum ether) to provide 3aa as a yellow oil 

(0.028 g, 40%). 1H NMR (400 MHz, CDCl3): δ 8.08 (d, J = 16.4 Hz, 1H), 7.46−7.36 

(m, 2H), 7.23−7.22 (m, 2H), 7.15−7.7.12 (m, 4H), 7.02−6.98 (m, 4H), 6.81−6.76 (m, 

2H), 6.49 (d, J = 16.4 Hz, 1H), 4.46−4.36 (m, 2H), 2.34 (s, 1H); 13C NMR (100 MHz, 

CDCl3): δ 154.4, 146.9, 146.1, 139.2, 136.1, 131.7, 130.6, 128.8, 128.4, 127.9, 127.2, 

126.6, 124.3, 123.7, 121.7, 121.0, 112.1, 77.6, 75.7, 55.2; IR (thin film) 3429, 3060, 

2925, 2869, 2221, 1601, 1451, 753. 693 cm−1; HRMS (ESI) m/z calcd for C24H20NO2 

(M+H)+ 354.1494, found 354.1495. 

7. Synthesis of Alkynyl tethered Oximes 1: 
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General Procedure E: To a well stirred solution of anhydrous DMF (25 mL) was 

added S-1 (10 mmol), K2CO3 (1.67 g, 12 mmol) and S-2 (12 mmol). The reaction 

mixture was stirred at 60 °C for 12 h (monitored by TLC) before it was slowly poured 

into water. Extracted with Et2O (30 mL), then the combined organic layers were 

washed with brine (30 mL), dried over Na2SO4, and filtered. The solvent was 

removed under reduced pressure to give product S-3 as a brown oil, which was used 

directly without purification for the next step.  

To the stirred solution of S-3 in methanol was added dropwise aqueous solution of 

sodium hydroxide (2.6 mL, 40%). Then, the resulting mixture was further treated with 

S-4 (10 mmol) and stirred at room temperature until the conversion was complete 

(disappearance of acetophenone, monitored by TLC). The solvent was removed by 

evaporation, and the residue was treated with water (20 mL) and extracted with ethyl 

acetate (20 mL). The combined organic layer was dried over anhydrous Na2SO4, 

concentrated to give a yellow oil S-5 which was used directly without purification for 

the next step. 

To a solution of S-3 or S-5 in MeOH (20 mL) was added hydroxylamine 

hydrochloride (1.03 g, 15 mmol) and pyridine (2.4 mL, 2.5 equiv). The reaction 

mixture was then stirred at 25 °C until the S-3 was consumed. The solvent was 

evaporated and the residue was diluted with water (20 mL) and ethyl acetate (20 mL). 

The aqueous layer was extracted with ethyl acetate (20 mL). The combined organic 

layers were washed with brine (30 mL), dried over Na2SO4, and concentrated. 

Purification of the crude product by flash column chromatography (petroleum/EtOAc: 

6/1) afforded the corresponding oxime 1. 
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1a (E/Z = 3/1) 

1a was prepared by general procedure E. 2-Hydroxyacetophenone (1.2 mL, 10 mmol), 

3-bromo-1-propyne (0.93 mL, 12 mmol) and benzaldehyde (1.0 mL, 10 mmol). 

Purification using medium pressure chromatography (1:6; ethyl acetate: petroleum 

ether) afforded 1a as a white solid (1.17 g, 42%). Mp: 85–86 °C; major isomer: 1H 

NMR (500 MHz, CDCl3): δ 9.62 (brs, 1H), 7.71 (d, J = 16.5 Hz, 1H), 7.43–7.39 (m, 

3H), 7.33 (d, J = 7.5 Hz, 1H), 7.30–7.24 (m, 3H), 7.13 (d, J = 17.5 Hz, 1H), 7.08–7.05 

(m, 1H), 6.55 (d, J = 16.0 Hz, 1H), 4.66 (s, 2H), 2.41 (s, 1H); 13C NMR (125MHz, 

CDCl3): δ 155.6, 155.5, 138.6, 136.4, 131.5, 130.1, 128.8, 128.5, 127.5, 126.9, 124.4, 

121.6, 113.1, 78.5, 75.5, 56.0; minor isomer: 1H NMR (500 MHz, CDCl3): δ 9.62 (brs, 

1H), 7.43–7.39 (m, 1H), 7.37–7.35 (m, 3H), 7.33 (d, J = 7.5 Hz, 1H), 7.18–7.15 (m, 

3H), 7.13 (d, J = 17.5 Hz, 1H), 7.08–7.05 (m, 1H), 6.42 (d, J = 16.0 Hz, 1H), 4.66 (s, 

2H), 3.01 (s, 1H); 13C NMR (125 MHz, CDCl3): δ 156.8, 154.3, 136.3, 136.0, 130.0, 

129.7, 128.3, 128.2, 126.6, 125.2, 121.6, 116.7, 113.5, 78.6, 75.5, 56.3; IR (thin film) 

3280, 3021, 2917, 1599, 1492, 1450, 1220, 951, 748 cm−1; HRMS (ESI) m/z calcd for 

C18H16NO2 [M + H]+: 278.1181, found: 278.1173. 

 

1b (E/Z = 1.2/1) 

1b was prepared by general procedure E. 2-Hydroxyacetophenone (1.2 mL, 10 mmol), 

3-bromo-1-propyne (0.93 mL, 12 mmol) and 4-methoxybenzaldehyde (1.2 mL, 10 

mmol). Purification using medium pressure chromatography (1:6; ethyl acetate: 

petroleum ether) afforded 1b as a white solid (1.36 g, 45%). Mp: 51–52 °C; major 

isomer: 1H NMR (400 MHz, CDCl3): δ 7.52 (d, J = 12.4 Hz, 1H), 7.36–7.30 (m, 2H), 

7.24–7.17 (m, 1H), 7.12–6.96 (m, 2H), 6.77–6.76 (m, 1H), 6.75–6.73 (m, 2H), 6.42 (d, 

J = 12.4 Hz, 1H), 4.62 (s, 2H), 3.71 (s, 3H), 2.35 (s, 1H) (the N−OH resonance was 

too broad to be observed); 13C NMR (100 MHz, CDCl3): δ 160.3, 157.2, 155.6, 138.4, 
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131.5, 130.0, 129.7, 128.9, 128.2, 123.0, 121.5, 114.0, 113.2, 78.6, 75.5, 56.0, 55.2; 

minor isomer: 1H NMR (400 MHz, CDCl3): δ 7.36–7.30 (m, 2H), 7.24–7.17 (m, 2H), 

7.12–6.96 (m, 2H), 6.90 (d, J = 16.0 Hz, 1H), 6.75–6.73 (m, 2H), 6.30 (d, J = 16.0 Hz, 

1H), 4.59 (s, 2H), 3.71 (s, 3H), 2.34 (s, 1H) (the N−OH resonance was too broad to be 

observed); 13C NMR (100MHz, CDCl3): δ 159.8, 155.9, 154.3, 135.7, 130.1, 129.1, 

128.9, 128.2, 124.6, 122.0, 121.7, 114.5, 113.5, 78.7, 75.5, 56.4, 55.2; IR (thin film) 

3285, 3051, 2930, 2840, 1601, 1453, 1253, 972 cm−1; HRMS (ESI) m/z calcd for 

C19H18NO3 [M + H]+: 308.1286, found: 308.1278. 

 

1c (E/Z = 2/1) 

1c was prepared by general procedure E. 2-Hydroxyacetophenone (1.2 mL, 10 mmol), 

3-bromo-1-propyne (0.93 mL, 12 mmol) and 4-fluorobenzaldehyde (1.1 mL, 10 

mmol). Purification using medium pressure chromatography (1:6; ethyl acetate: 

petroleum ether) afforded 1c as a light yellow oil (1.1 g, 36%). Major isomer: 1H 

NMR (600 MHz, CDCl3): δ 7.55 (d, J = 16.2 Hz, 1H), 7.36–7.33 (m, 2H), 7.27–7.22 

(m, 2H), 7.11–7.07 (m, 1H), 7.05–7.02 (m, 1H), 7.00–6.97 (m, 1H), 6.93–6.88 (m, 

1H), 6.43 (d, J = 16.8 Hz, 1H), 4.60 (s, 2H), 2.35 (s, 1H) (the N−OH resonance was 

too broad to be observed); 13C NMR (150 MHz, CDCl3): δ 163.9 (d, J = 248.2 Hz), 

156.8, 155.5, 137.4, 132.6, 131.5, 130.2, 129.7, 129.2 (d, J = 7.3 Hz), 121.6, 116.4, 

115.7 (d, J = 22.0 Hz), 113.1; minor isomer: 1H NMR (400 MHz, CDCl3): δ 

7.36–7.33 (m, 2H), 7.27–7.22 (m, 2H), 7.15–7.14 (m, 1H), 7.05–7.02 (m, 1H), 

6.93–6.88 (m, 3H), 6.30 (d, J = 16.2 Hz, 1H), 4.59 (s, 2H), 2.34 (s, 1H) (the N−OH 

resonance was too broad to be observed); 13C NMR (100 MHz, CDCl3): δ 163.5 (d, J 

= 247.2 Hz), 155.5, 154.3, 134.8, 132.5, 130.1, 129.7, 128.5 (d, J = 8.8 Hz), 124.3, 

121.7, 116.4, 115.6 (d, J = 21.9 Hz, 1H), 113.4; IR (thin film) 3293, 3070, 2932, 2871, 

1599, 1445, 1225, 1020, 755 cm−1; HRMS (ESI) m/z calcd for C18H15FNO2 [M + H]+: 

296.1086, found: 296.1075. 
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1d (E/Z = 3.3/1) 

1d was prepared by general procedure E. 2-Hydroxyacetophenone (1.2 mL, 10 mmol), 

3-bromo-1-propyne (0.93 mL, 12 mmol) and 4-(trifluoromethyl)benzaldehyde (1.3 

mL, 10 mmol). Purification using medium pressure chromatography (1:6; ethyl 

acetate: petroleum ether) afforded 1d as a light yellow oil (1.03 g, 30%). major isomer: 
1H NMR (400 MHz, CDCl3): δ 7.78 (d, J = 16.0 Hz, 1H), 7.55–7.54 (m, 3H), 

7.47–7.43 (m, 2H), 7.33 (d, J = 7.2 Hz, 1H), 7.21–7.07 (m, 2H), 6.57 (d, J = 16.4 Hz, 

1H), 4.69 (s, 2H), 2.42 (s, 1H) (the N−OH resonance was too broad to be observed); 
13C NMR (100 MHz, CDCl3): δ 156.7, 155.5, 154.4, 139.8, 134.4, 131.4, 130.4, 127.6, 

125.9, 125.5, 122.7, 121.6, 118.8, 113.0; minor isomer: 1H NMR (400 MHz, CDCl3): 

δ 7.55–7.54 (m, 3H), 7.47–7.43 (m, 2H), 7.33 (d, J = 7.2 Hz, 1H), 7.21–7.05 (m, 3H), 

6.45 (d, J = 16.4 Hz, 1H), 4.70 (s, 2H), 2.42 (s, 1H) (the N−OH resonance was too 

broad to be observed); 13C NMR (100 MHz, CDCl3): δ 156.7, 155.3, 154.2, 142.1, 

136.9, 131.8, 130.3, 127.0, 125.6, 124.0, 121.7, 121.3, 113.4, 112.9; IR (thin film) 

3297, 3070, 2927, 2870, 1600, 1488, 1121, 754 cm−1; HRMS (ESI) m/z calcd for 

C19H15F3NO2 [M + H]+: 346.1054, found: 346.1047. 

 

1e (E/Z = 2.5/1) 

1e was prepared by general procedure E. 2-Hydroxyacetophenone (1.2 mL, 10 mmol), 

3-bromo-1-propyne (0.93 mL, 1.2 mmol) and 3-methoxybenzaldehyde (1.2 mL, 10 

mmol). Purification using medium pressure chromatography (1:6; ethyl acetate: 

petroleum ether) afforded 1e as a light yellow oil (0.97 g, 32%). Major isomer: 1H 

NMR (400 MHz, CDCl3): δ 7.61 (d, J = 16.4 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.23 

(d, J = 7.2 Hz, 1H), 7.11–7.06 (m, 1H), 7.02 (d, J = 7.6 Hz, 1H), 6.98 (d, J = 7.6 Hz, 

1H), 6.94–6.91 (m, 1H), 6.87–6.81 (m, 1H), 6.73–6.68 (m, 1H), 6.43 (d, J = 16.4 Hz, 

1H), 4.55 (s, 2H), 3.65 (s, 3H), 2.32 (s, 1H) (the N−OH resonance was too broad to be 

observed); 13C NMR (100 MHz, CDCl3): δ 159.7, 156.8, 155.6, 138.6, 137.7, 131.5, 

130.1, 129.7, 125.4, 121.5, 120.2, 116.8, 114.9, 113.4, 112.2, 78.6, 75.5, 55.9, 55.1; 

minor isomer: 1H NMR (400 MHz, CDCl3): δ 7.32 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 7.2 

Hz, 1H), 7.11–7.06 (m, 1H), 7.02 (d, J = 7.6 Hz, 2H), 6.98 (d, J = 7.6 Hz, 1H), 

6.94–6.91 (m, 1H), 6.87–6.81 (m, 1H), 6.73–6.68 (m, 1H), 6.30 (d, J = 16.0 Hz, 1H), 

4.55 (s, 2H), 3.65 (s, 3H), 2.32 (s, 1H) (the N−OH resonance was too broad to be 
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observed); 13C NMR (100 MHz, CDCl3): δ 159.7, 155.4, 154.3, 137.7, 135.9, 130.0, 

129.4, 124.4, 121.8, 121.6, 119.6, 116.8, 114.4, 131.1, 111.6, 78.5, 75.5, 56.3, 53.3; 

IR (thin film) 3288, 3006, 2937, 2870, 1598, 1490, 1222, 1022, 756 cm−1; HRMS 

(ESI) m/z calcd for C19H18NO3 [M + H]+: 308.1286, found: 308.1273. 

 

1f (E/Z = 1/1) 

1f was prepared by general procedure E. 2-Hydroxyacetophenone (1.2 mL, 10 mmol), 

3-bromo-1-propyne (0.93 mL, 12 mmol) and 3-bromobenzaldehyde (1.2 mL, 10 

mmol). Purification using medium pressure chromatography (1:6; ethyl acetate: 

petroleum ether) afforded 1f as a light yellow oil (1.0 g, 28%). Major isomer: 1H 

NMR (400 MHz, CDCl3): δ 7.63 (d, J = 16.4 Hz, 1H), 7.52 (s, 1H), 7.39–7.29 (m, 

2H), 7.24 (d, J = 7.2 Hz, 1H), 7.13–6.96 (m, 4H), 6.40 (d, J = 16.4 Hz, 1H), 4.63 (s, 

2H), 2.36 (s, 1H) (the N−OH resonance was too broad to be observed); 13C NMR (100 

MHz, CDCl3): δ 156.9, 154.3, 138.5, 137.0, 131.6, 131.1, 130.4, 130.0, 129.7, 126.6, 

125.2, 122.7, 121.6, 117.8, 113.4, 78.5, 75.5, 56.3; minor isomer: 1H NMR (400 MHz, 

CDCl3): δ 7.43 (s, 1H), 7.39–7.29 (m, 2H), 7.24 (d, J = 7.2 Hz, 1H), 7.18–7.17 (m, 

1H), 7.13–6.96 (m, 4H), 6.27 (d, J = 16.4 Hz, 1H), 4.61 (s, 2H), 2.36 (s, 1H) (the 

N−OH resonance was too broad to be observed); 13C NMR (100 MHz, CDCl3): δ 

156.5, 138.5, 134.4, 131.4, 131.0, 130.3, 129.9, 129.6, 125.9, 121.7, 124.1, 117.8, 

121.7, 121.4, 113.1, 78.4, 75.5, 55.9; IR (thin film) 3257, 3021, 2966, 2871, 1598, 

1449, 1233, 1023, 753 cm−1; HRMS (ESI) m/z calcd for C18H15BrNO2 [M + H]+: 

356.0286, found: 356.0291. 

 

1g (E/Z = 2.5/1) 

1g was prepared by general procedure F. 2-hydroxyacetophenone (1.2 mL, 10 mmol), 

3-bromo-1-propyne (0.93 mL, 12 mmol) and 2-bromobenzaldehyde (1.2 mL, 10 

mmol). Purification using medium pressure chromatography (1:6; ethyl acetate: 
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petroleum ether) afforded 1g as a light yellow oil (0.92 g, 26%). Mp: 120–121 °C; 

major isomer: 1H NMR (500 MHz, CDCl3): δ 9.31 (brs, 1H), 7.70 (d, J = 7.5 Hz, 1H), 

7.63–7.60 (m, 1H), 7.50–7.48 (m, 1H), 7.43–7.40 (m, 1H), 7.35 (d, J = 7.0 Hz, 1H), 

7.29–7.24 (m, 1H), 7.15–7.06 (m, 3H), 6.93 (d, J = 16.0 Hz, 1H), 4.68 (s, 2H), 2.43 (s, 

1H); 13C NMR (100 MHz, CDCl3): δ 155.8, 155.4, 137.2, 134.8, 132.9, 130.4, 129.8, 

127.6, 127.5, 127.0, 124.7, 124.3, 121.6, 119.2, 113.4, 78.5, 75.7, 56.3; minor isomer: 
1H NMR (125 MHz, CDCl3): δ 7.63–7.60 (m, 1H), 7.50–7.48 (m, 1H), 7.43–7.40 (m, 

1H), 7.29–7.24 (m, 1H), 7.20 (d, J = 7.5 Hz, 1H), 7.15–7.06 (m, 3H), 7.02 (d, J = 16.5 

Hz, 1H), 6.80 (d, J = 16.5 Hz, 1H), 4.68 (s, 2H), 2.43 (s, 1H) (the N−OH resonance 

was too broad to be observed); 13C NMR (100 MHz, CDCl3): δ 156.8, 154.4, 136.3, 

136.2, 131.4, 130.3, 129.8, 129.7, 129.4, 127.8, 127.0, 124.1, 121.6, 121.5, 113.4, 

78.6, 75.6, 56.5; IR (thin film) 3289, 3041, 2983, 2891, 1601, 1459, 1216, 757 cm−1; 

HRMS (ESI) m/z calcd for C18H15BrNO2 [M + H]+: 356.0286, found: 356.0279. 

 

1h (E/Z = 2.5/1) 

1h was prepared by general procedure E. 2-Hydroxyacetophenone (1.2 mL, 10 mmol), 

3-bromo-1-propyne (0.93 mL, 12 mmol) and 2-furanylaldehyde (0.85 mL, 10 mmol). 

Purification using medium pressure chromatography (1:6; ethyl acetate: petroleum 

ether) afforded 1h as a light yellow solid (0.80 g, 30%). Mp: 114–115 °C; major 

isomer: 1H NMR (400 MHz, CDCl3): δ 9.62 (brs, 1H), 7.57 (d, J = 16.4 Hz, 1H), 

7.39–7.36 (m, 2H), 7.29 (d, J = 7.2 Hz, 1H), 7.17–6.97 (m, 2H), 6.35–6.32 (m, 2H), 

6.28 (d, J = 16.8 Hz, 1H), 4.65 (s, 2H), 2.41 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 

155.5, 155.0, 152.4, 143.5, 131.5, 130.1, 125.5, 123.4, 121.6, 124.8, 113.2, 111.9, 

111.8, 78.6, 75.5, 56.3; minor isomer: 1H NMR (400 MHz, CDCl3): δ 9.63 (brs, 1H), 

7.39–7.36 (m, 2H), 7.17–6.97 (m, 4H), 6.35–6.32 (m, 2H), 6.23 (d, J = 14.4 Hz, 1H), 

4.65 (s, 2H), 2.41 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 156.3, 154.3, 152.4, 142.8, 

130.0, 129.7, 124.1, 123.3, 121.7, 121.6, 113.5, 111.7, 110.3, 78.6, 75.5, 56.3; IR 

(thin film) 3294, 3031, 2927, 1602, 1452, 1221, 935, 742 cm−1; HRMS (ESI) m/z 

calcd for C16H14NO3 [M + H]+: 268.0973, found: 268.0964. 
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1i (E/Z = 3.3/1) 

1i was prepared by general procedure E. 2-Hydroxyacetophenone (1.2 mL, 10 mmol), 

(3-bromoprop-1-yn-1-yl)benzene (2.33 g, 12 mmol) and Benzaldehyde (1.0 mL, 10 

mmol). Purification using medium pressure chromatography (1:6; ethyl acetate: 

petroleum ether) afforded 1i as a light yellow oil (1.2 g, 35%). Major isomer: 1H 

NMR (400 MHz, CDCl3): δ 7.66 (d, J = 16.4 Hz, 1H), 7.38–7.31 (m, 4H), 7.24–7.10 

(m, 8H), 7.06–6.98 (m, 2H), 6.50 (d, J = 16.4 Hz, 1H), 4.83 (s, 2H) (the N−OH 

resonance was too broad to be observed); 13C NMR (100MHz, CDCl3): δ 155.9, 155.8, 

138.9, 136.3, 131.8, 130.2, 128.8, 128.7, 128.5, 128.3, 127.6, 126.9, 124.3, 122.2, 

121.4, 116.5, 113.3, 83.9, 56.8; minor isomer: 1H NMR (400 MHz, CDCl3): δ 7.66 (d, 

J = 16.4 Hz, 1H), 7.38–7.31 (m, 4H), 7.24–7.10 (m, 8H), 7.06–6.98 (m, 2H), 6.37 (d, 

J = 16.4 Hz, 1H), 4.85 (s, 2H) (the N−OH resonance was too broad to be observed); 
13C NMR (100 MHz, CDCl3): δ 157.3, 154.5, 136.3, 136.2, 131.4, 130.1, 129.7, 129.8, 

128.7, 128.4, 126.9, 125.1, 124.3, 122.2, 121.5, 116.5, 113.8, 87.1, 57.2; IR (thin film) 

3212, 3059, 2925, 1599, 1450, 1221, 999, 753 cm−1; HRMS (ESI) m/z calcd for 

C24H20NO2 [M + H]+: 354.1494, found: 354.1489. 

 

1j 

1j was prepared by general procedure E. 2-Hydroxyacetophenone (1.2 mL, 10 mmol), 

3-bromo-1-propyne (0.93 mL, 12 mmol). Purification using medium pressure 

chromatography (1:6; ethyl acetate: petroleum ether) afforded 1j as a white solid (1.1 

g, 59%). Mp: 82–83 °C; 1H NMR (400 MHz, CDCl3): δ 10.0 (brs, 1H), 7.33–7.29 (m, 

2H), 7.02–6.96 (m, 2H), 4.68 (brs, 2H), 2.48 (s, 1H), 2.24 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ 156.3, 155.1, 129.9, 129.5, 127.3, 121.5, 112.7, 78.2, 75.6, 55.9, 15.3; 

IR (thin film) 3266, 3011, 2915, 2871, 1652, 1493, 1235, 1024, 754 cm−1; HRMS 

(ESI) m/z calcd for C11H12NO2 [M + H]+: 190.0868, found: 190.0859. 
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1k 

1k was prepared by general procedure E. 2-hydroxyacetophenone (1.2 mL, 10 mmol), 

1-bromobut-2-yne (1.1 mL, 12 mmol). Purification using medium pressure 

chromatography (1:6; ethyl acetate: petroleum ether) afforded 1k as a white solid (1.1 

g, 52%). Mp: 100–101 °C; 1H NMR (400 MHz, CDCl3): δ 9.92 (brs, 1H), 7.34 (t, J = 

7.2 Hz, 2H), 7.04 (d, J = 8.4 Hz, 1H), 6.98 (t, J = 7.2 Hz, 1H), 4.66 (s, 2H), 2.25 (s, 

3H), 1.82 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 156.6, 155.6, 129.9, 129.4, 127.3, 

121.1, 112.8, 83.7, 73.9, 56.6, 15.3, 3.5; IR (thin film) 3306, 3084, 2918, 2864, 1648, 

1447, 1227, 738 cm−1; HRMS (ESI) m/z calcd for C12H14NO2 [M + H]+: 204.1024, 

found: 204.1017. 

O

Me

N
OH

 

1l 

1l was prepared by general procedure E. 1-(2-Hydroxy-4,5-dimethylphenyl)ethanone 

(1.64 g, 10 mmol), 3-bromo-1-propyne (0.93 mL, 12 mmol). Purification using 

medium pressure chromatography (1:6; ethyl acetate: petroleum ether) afforded 1l as 

a white solid (0.889 g, 41%). Mp: 126–127 °C; 1H NMR (400 MHz, CDCl3): δ 7.09 (s, 

1H), 6.82 (s, 1H), 4.68 (s, 2H), 2.48 (s, 1H), 2.27 (s, 3H), 2.23 (s, 3H), 2.19 (s, 3H) 

(the N−OH resonance was too broad to be observed); 13C NMR (100 MHz, CDCl3): δ 

156.8, 153.3, 138.5, 130.5, 129.6, 124.8, 114.6, 78.6, 75.4, 56.3, 20.0, 18.6, 15.3; IR 

(thin film) 3270, 3062, 2973, 2857, 1608, 1454, 1245, 912, 729 cm−1; HRMS (ESI) 

m/z calcd for C13H16NO2 [M + H]+: 218.1181, found: 218.1174. 
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1m 

1m was prepared by general procedure E. 1-(4-Bromo-2-hydroxyphenyl)ethanone 

(2.14 g, 10 mmol), 3-bromo-1-propyne (0.93 mL, 12 mmol). Purification using 

medium pressure chromatography (1:6; ethyl acetate: petroleum ether) afforded 1m as 

a white solid (0.889 g, 41%). Mp: 125–126 °C; 1H NMR (500 MHz, CDCl3): δ 8.98 

(brs, 1H), 7.25–7.05 (m, 3H), 4.71 (s, 2H), 2.55 (s, 1H), 2.21 (s, 3H). 13C NMR (125 

MHz, CDCl3): δ 156.0, 155.8, 130.6, 126.5, 124.7, 123.3, 116.3, 77.5, 76.3, 56.3, 21.1, 

15.2; IR (thin film) 3270, 3081, 2931, 2864, 1590, 1489, 1241, 1025, 817 cm−1; 

HRMS (ESI) m/z calcd for C11H11BrNO2 [M + H]+: 267.9973, found: 267.9967. 

 
1n (E/Z = 3.3/1) 

1n was prepared by general procedure E. 1-(5-Fluoro-2-hydroxyphenyl)ethanone (1.5 

g, 10 mmol), 3-bromo-1-propyne (0.93 mL, 12 mmol) and benzaldehyde (1.0 mL, 10 

mmol). Purification using medium pressure chromatography (1:6; ethyl acetate: 

petroleum ether) afforded 1n as a yellow oil (0.92 g, 31%). Major isomer: 1H NMR 

(400 MHz, CDCl3): δ 7.78 (d, J = 16.4 Hz, 1H), 7.56–7.52 (m, 2H), 7.46 (t, J = 8.0 

Hz, 2H), 7.33 (d, J = 7.2 Hz, 1H), 7.24–7.07 (m, 3H), 6.57 (d, J = 16.4 Hz, 1H), 4.69 

(s, 2H), 2.42 (s, 1H) (the N−OH resonance was too broad to be observed); 13C NMR 

(100 MHz, CDCl3): δ 155.5, 155.2, 139.8, 136.9, 131.5, 130.4, 130.3, 129.7, 127.5, 

125.5, 124.0, 118.8, 113.0, 78.4, 75.6, 56.2; minor isomer: 1H NMR (400 MHz, 

CDCl3): δ 7.78 (d, J = 16.4 Hz, 1H), 7.56–7.52 (m, 5H), 7.24–7.07 (m, 3H), 6.45 (d, J 

= 16.4 Hz, 1H), 4.69 (s, 2H), 2.42 (s, 1H) (the N−OH resonance was too broad to be 

observed); 13C NMR (100 MHz, CDCl3): δ 156.6, 154.2, 139.7, 134.3, 130.5, 130.2, 

127.5, 127.0, 125.5, 121.7, 121.3, 118.8, 113.4, 78.5, 75.6, 56.2. IR (thin film) 3292, 

3030, 2929, 2869, 1598, 1492, 1190, 1023, 695 cm−1; HRMS (ESI) m/z calcd for 

C18H15FNO2 [M + H]+: 296.1086, found: 296.1078. 

 

1o (E/Z = 1/1) 
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1o was prepared by general procedure E. 1-(2-(Methylamino)phenyl)ethanone (1.49 g, 

10 mmol), 3-bromo-1-propyne (0.93 mL, 12 mmol) and benzaldehyde (1.0 mL, 10 

mmol). Purification using medium pressure chromatography (1:6; ethyl acetate: 

petroleum ether) afforded 1o as a yellow oil (0.98 g, 34%). One isomer: 1H NMR 

(500 MHz, CDCl3): δ 9.82 (brs, 1H), 7.73 (d, J = 16.5 Hz, 1H), 7.44 (d, J = 7.0 Hz, 

1H), 7.40–7.35 (m, 1H), 7.31–7.22 (m, 5H), 7.15–7.04 (m, 2H), 6.59 (d, J = 16.5 Hz, 

1H), 3.80 (s, 2H), 2.78 (s, 3H), 2.18 (s, 1H); 13C NMR (125 MHz, CDCl3): δ 159.8, 

150.1, 138.4, 136.3, 131.8, 129.5, 128.8, 128.5, 128.1, 126.4, 125.2, 122.7, 120.0, 

79.4, 72.9, 45.2, 40.1; another isomer: 1H NMR (500 MHz, CDCl3): δ 9.82 (brs, 1H), 

7.44 (d, J = 7.0 Hz, 1H), 7.40–7.35 (m, 2H), 7.31–7.22 (m, 5H), 7.15–7.04 (m, 2H), 

6.42 (d, J = 16.0 Hz, 1H), 3.78 (s, 2H), 2.77 (s, 3H), 2.15 (s, 1H); 13C NMR (125MHz, 

CDCl3): δ 157.3, 149.4, 136.4, 135.7, 130.1, 129.5, 128.2, 127.4, 126.8, 123.8, 122.3, 

120.4, 116.3, 79.3, 72.7, 45.0, 40.1; IR (thin film) 3291, 3061, 2864, 1595, 1491, 

1330, 969, 756 cm−1; HRMS (ESI) m/z calcd for C19H19N2O [M + H]+: 291.1497, 

found: 291.1490. 

Me

NNMe
OH

 

1p (E/Z = 20/1) 

1p was prepared by general procedure E. 1-(2-(Methylamino)phenyl)ethanone (1.49 g, 

10 mmol), and 3-bromo-1-propyne (0.93 mL, 12 mmol). Purification using medium 

pressure chromatography (1:6; ethyl acetate: petroleum ether) afforded 1p as a yellow 

oil (1.32 g, 66%). E- isomer: 1H NMR (400 MHz, CDCl3): δ 9.54 (brs, 1H), 7.33–7.24 

(m, 2H), 7.17 (d, J = 7.6 Hz, 1H), 7.04–7.00 (m, 1H), 3.79 (s, 2H), 2.81 (s, 3H), 2.25 

(s, 3H), 2.22 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 158.9, 149.3, 131.7, 129.9, 

129.4, 122.7, 119.8, 79.1, 73.0, 45.3, 39.8, 14.3; IR (thin film) 3293, 3066, 2924, 

2109, 1595, 1492, 1012, 755, 646 cm−1; HRMS (ESI) m/z calcd for C12H15N2O [M + 

H]+: 203.1184, found: 203.1178. 

8. Synthesis of Diaryliodonium Salts 2:  

Aryl boronic acid (10 mmol, 1.0 equiv) and CH2Cl2 (40 mL) were combined in a 

dried round-bottom flask. The mixture was cooled to 0 °C for 5 min, BF3•OEt2 (1.12 

mL, 1.10 equiv) was added, and the mixture was stirred for 10 min. A solution of 

2-(diacetoxyiodo)arene (1.05 equiv) in CH2Cl2 (20 mL) was added slowly for 10-15 

min and stirred for additional 10 min. The mixture was warmed to room temperature 

and stirred for 1 h. The reaction was cooled to 0 °C again and TfOH (1.67 mL, 1.1 
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equiv) was dropped into the mixture. Then, the mixture was stirred for 10 min at 0 °C 

and warmed to room temperature for additional 10 min. At this time, the solvent was 

removed under reduced pressure and the residual ran through a short silica gel column 

(about 5 cm) with 5% of MeOH in CH2Cl2 quickly. The mixture was concentrated 

under vacuum and Et2O (100 mL) was added to the residual to form a white solid. 

Filtrated and obtained the diaryliodonium salts 2 as white solid. 

The diaryliodonium salts 2a-f[1], 2i-m[1] and 2g[2], 2h[3] were prepared according to 

literature methods and their spectral data matched literature values. 

9. Reference 

[1] X.-P. Ma, W.-M. Shi, X.-L. Mo, X.-H. Li, L.-G. Li, C.-X. Pan, B. Chen, G.-F. Su, 

D.-L. Mo, J. Org. Chem. 2015, 80, 10098. 

[2] Y. Gu, D. Cheng, X. Leng, Y. Gu, Q. Shen, Organometallics. 2015, 34, 3065.  

[3] D. Wang, B. Ge, L. Li, J. Shan, Y. Ding, J. Org. Chem. 2014, 79, 8607.  
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10. X-ray structures for compound 4aa, 5oa and 12 

    

O

N
H

CHO

Ph

4aa     

Figure S1: ORTEP diagram of 4aa at 50% ellipsoid probability. 

N

N
Ph

Ph

Me
CHO

5oa         

Figure S2: ORTEP diagram of 5oa at 50% ellipsoid probability. 

O

N
H

CHO

Ph

Br

12
Br

         

Figure S3: ORTEP diagram of 12 at 50% ellipsoid probability. 

 

 

11. NMR spectra for compounds 4, 5oa, 6-13, 3aa, and 1 
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