
Supporting Information 

Yb(OTf)3 and Visible Light Relay Catalyzed [3+2] Cycloaddition 

/[3,3]-Rearrangement/[4+2] Cycloaddition in One Pot to Prepare 

Oxazonine-Fused Endoperoxides 

Xiao-Pan Ma†, Cai-Mei Nong†, Yu-Feng Liang, Pei-Pei Xu, Xiu-Yun Guo, Cui Liang, 

Cheng-Xue Pan, 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 and 

Pharmaceutical Sciences, Guangxi Normal University, 15 Yu Cai Road, Guilin 

541004, China. E-mail: GFS: gfysglgx@163.com; DLM: 

moeastlight@mailbox.gxnu.edu.cn 

Contents 

1. General experimental information S2 

2. General procedure for the synthesis of endoperoxides 3 S2 

3. Synthesis of compound trans-3aa S17 

4. Trapping experiment of cis-4aa to cis-3aa S18 

5. Synthesis of compounds 6 S18 

6. Synthesis of compounds 7 S23 

7. Gram scale preparation of 3aa S28 

8. Synthesis of compounds 8-10 from 3aa S29 

9. Asymmetric synthesis of endoperoxide 9 by chiral auxiliary S31 

10. Asymmetric synthesis of 3aa by PyBox S33 

11. Biological activity studies of endoperoxides 3, 4, 6 S33 

12. References S35 

13. X-ray structure for compounds 3aa S36 

14. NMR spectra for compounds 3, 5-10 and HPLC for 9 and 3aa S37 

 

S1

Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2020



1. General experimental information 

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

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. The N-vinyl nitrones 1a-1o[1] 

methylenecyclopropanes 2a-2l[2], nine-membered heterocycles cis-4aa[3] and 

trans-4aa[3] and were prepared according the literature methods and their spectral data 

matched literature values. 

 

2. General procedure for the synthesis of endoperoxides 3 
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General procedure A: An oven-dried glass vial equipped with a magnetic stirrer was 

charged with the corresponding N-vinyl nitrone 1 (0.2 mmol), Yb(OTf)3 (20 mol%, 

0.04 mmol, 0.025 g), Eosin Y (5 mol%, 0.01 mmol, 0.006 g) and TBME (2 mL). 

Methylenecyclopropane 2 (0.4 mmol, 2.0 equiv.) was added to the mixture. The vial 

was closed with a plastic film. Then, the reaction mixture was stirred and irradiated 

(17 W white LED) at room temperature for 36−72 h (monitored by TLC). At this time, 

the solvent was removed under reduced pressure and the crude product was purified 
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by flash column chromatography (the crude residue was dry loaded with silica gel, 

1/20 to 1/10, ethyl acetate/petroleum ether) to afford endoperoxide 3. 

 

3aa 

Oxazonine-fused endoperoxide 3aa, a light yellow solid, 0.090 g, 82% yield. Mp: 

166–167 °C; 1H NMR (400 MHz, CDCl3): δ 7.29 (d, J = 7.2 Hz, 2H), 7.19–7.09 (m, 

11H), 6.93 (d, J = 6.8 Hz, 2H), 6.56 (d, J = 15.6 Hz, 1H), 6.12 (dt, J = 15.6 Hz, 6.8 

Hz, 1H), 5.80–5.76 (m, 1H), 5.62–5.58 (m, 1H), 5.46–5.42 (m, 1H), 4.70–4.58 (m, 

2H), 3.95 (s, 1H), 3.29–3.28 (m, 1H), 2.69–2.64 (m, 1H), 1.87 (s, 3H), 1.44 (d, J = 7.2 

Hz, 3H), 1.19–1.18 (m, 1H), 1.12–1.07 (m, 1H), 1.01–0.96 (m, 1H), 0.80–0.73 (m, 

1H); 13C NMR (100 MHz, CDCl3): δ 172.4, 169.4, 142.8, 136.4, 135.8, 135.4, 135.3, 

129.3, 128.5, 128.4, 128.2, 128.1, 127.9, 127.8, 126.6, 126.4, 124.9, 122.2, 79.8, 77.5, 

65.4, 62.8, 50.8, 49.4, 46.0, 21.7, 12.4, 11.2, 9.3; IR (thin film) 3022, 2964, 1737, 

1641, 1450, 1148, 1001, 695 cm−1; HRMS (ESI) m/z calcd for C35H36NO5 [M + H]+: 

550.2588, found: 550.2608. 

 

3ba 

Oxazonine-fused endoperoxide 3ba, a light yellow solid, 0.096 g, 79% yield. Mp: 

150–151 °C; 1H NMR (400 MHz, CDCl3): δ 7.27–7.25 (m, 7H), 6.98 (d, J = 8.4 Hz, 

2H), 6.80 (d, J = 8.0 Hz, 2H), 6.72 (d, J = 8.4 Hz, 2H), 6.64 (d, J = 16.0 Hz, 1H), 

6.21–6.14 (m, 1H), 5.80–5.76 (m, 1H), 5.70–5.62 (m, 1H), 5.50–5.41 (m, 1H), 

4.80–4.64 (m, 2H), 4.01 (s, 1H), 3.72 (s, 6H), 3.34–3.29 (m, 1H), 2.77–2.72 (m, 1H), 
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1.94 (s, 3H), 1.47 (d, J = 7.2 Hz, 3H), 1.29–1.25 (m, 1H), 1.18–1.13 (m, 1H), 

1.08–1.04 (m, 1H), 0.87–0.81 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 172.6, 169.5, 

159.8, 158.0, 135.8, 135.6, 135.3, 135.0, 130.2, 129.6, 128.5, 128.3, 128.1, 126.5, 

125.1, 122.2, 113.6, 113.2, 79.4, 77.6, 65.4, 62.8, 55.1, 55.0, 50.1, 49.4, 46.0, 21.7, 

12.4, 11.3, 9.4; IR (thin film) 3003, 2938, 1739, 1610, 1512, 1147, 1028, 694 cm−1; 

HRMS (ESI) m/z calcd for C37H40NO7 [M + H]+: 610.2799, found: 610.2794. 

 

3ca 

Oxazonine-fused endoperoxide 3ca, a light yellow solid, 0.110 g, 80% yield. Mp: 

163–164 °C; 1H NMR (400 MHz, CDCl3): δ 7.52 (d, J = 8.0 Hz, 2H), 7.44 (d, J = 7.6 

Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.31–7.25 (m, 5H), 7.02 (d, J = 8.0 Hz, 2H), 6.66 (d, 

J = 16.0 Hz, 1H), 6.23–6.16 (m, 1H), 5.90–5.85 (m, 1H), 5.71–5.67 (m, 1H), 

5.58–5.50 (m, 1H), 4.81–4.66 (m, 2H), 4.02 (s, 1H), 3.39–3.38 (m, 1H), 2.65–2.60 (m, 

1H), 1.97 (s, 3H), 1.52 (d, J = 7.2 Hz, 3H), 1.31–1.17 (m, 2H), 1.10–1.04 (m, 1H), 

0.87–0.82 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 171.7, 169.2, 146.7, 140.3, 136.1, 

135.8, 135.7, 131.2 (q, J = 32.0 Hz), 129.5, 129.0, 128.7, 128.5, 127.7, 126.6, 125.5 

(d, J = 36.4 Hz), 125.3 (q, J = 3.6 Hz), 124.9 (q, J = 3.6 Hz), 124.0, 122.8, 122.0, 78.9, 

77.3, 65.6, 62.9, 50.4, 49.3, 46.0, 21.8, 12.1, 11.2, 9.3; 19F NMR (100 MHz, CDCl3): 

δ -62.4, -62.6; IR (thin film) 3023, 2966, 1732, 1617, 1325, 1122, 692 cm−1; HRMS 

(ESI) m/z calcd for C37H34F6NO5 [M + H]+: 686.2336, found: 686.2331. 
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Oxazonine-fused endoperoxide 3da, a light yellow solid, 0.090 g, 78% yield. Mp: 

162–163 °C; 1H NMR (400 MHz, CDCl3): δ 7.19–7.16 (m, 7H), 6.99 (d, J = 7.6 Hz, 

2H), 6.92 (d, J = 8.0 Hz, 2H), 6.85 (d, J = 7.6 Hz, 2H), 6.56 (d, J = 16.0 Hz, 1H), 

6.12–6.05 (m, 1H), 5.74–5.70 (m, 1H), 5.59–5.55 (m, 1H), 5.40–5.35 (m, 1H), 

4.70–4.56 (m, 2H), 3.95 (s, 1H), 3.27–3.26 (m, 1H), 2.67–2.62 (m, 1H), 2.18 (s, 6H), 

3.14 (s, 3H), 1.41 (d, J = 7.2 Hz, 3H), 1.21–1.14 (m, 1H), 1.12–1.05 (m, 1H), 

1.00–0.94 (m, 1H), 0.78–0.73 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 172.5, 169.4, 

139.8, 138.4, 135.9, 135.8, 135.4, 135.3, 133.3, 129.2, 128.9, 128.6, 128.5, 128.1, 

128.0, 126.5, 125.1, 122.2, 79.6, 77.5, 65.4, 62.7, 50.5, 49.3, 46.1, 21.7, 21.1, 20.9, 

12.4, 11.3, 9.3; IR (thin film) 3006, 2918, 1735, 1514, 1156, 1023, 725 cm−1; HRMS 

(ESI) m/z calcd for C37H40NO5 [M + H]+: 578.2901, found: 578.2900. 
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3ea 

Oxazonine-fused endoperoxide 3ea, a light yellow solid, 0.093 g, 66% yield. Mp: 

136–137 °C; 1H NMR (400 MHz, CDCl3): δ 7.38 (d, J = 8.4 Hz, 2H), 7.33–7.24 (m, 

7H), 7.21 (d, J = 8.0 Hz, 2H), 6.85 (d, J = 8.0 Hz, 2H), 6.64 (d, J = 15.6 Hz, 1H), 

6.20–6.14 (m, 1H), 5.84–5.73 (m, 1H), 5.65–5.58 (m, 1H), 5.50–5.40 (m, 1H), 

4.81–4.63 (m, 2H), 4.00 (s, 1H), 3.28–3.27 (m, 1H), 2.62–2.60 (m, 1H), 1.96 (s, 3H), 

1.48 (d, J = 7.2 Hz, 3H), 1.27–1.23 (m, 1H), 1.19–1.13 (m, 1H), 1.07–1.03 (m, 1H), 

0.86–0.81 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 171.9, 169.2, 141.8, 135.9, 135.8, 

135.7, 131.6, 131.5, 131.0, 130.9, 129.5, 128.6, 128.4, 126.5, 124.3, 122.8, 122.0, 

120.5, 79.0, 77.2, 65.5, 62.7, 50.1, 49.1, 46.2, 21.8, 12.0, 11.2, 9.3; IR (thin film) 

3024, 2948, 1736, 1488, 1155, 1009, 789 cm−1; HRMS (ESI) m/z calcd for 

C35H34Br2NO5 [M + H]+: 706.0798, found: 706.0796. 
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3fa 

Oxazonine-fused endoperoxide 3fa, a light yellow solid, 0.106 g, 75% yield. Mp: 

75–76 °C; 1H NMR (400 MHz, CDCl3): δ 7.40 (s, 1H), 7.27–7.18 (m, 8H), 7.12 (t, J 

= 7.6 Hz, 1H), 7.03 (s, 1H), 6.99 (t, J = 7.6 Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), 6.58 (d, 

J = 16.0 Hz, 1H), 6.15–6.07 (m, 1H), 5.80–5.71 (m, 1H), 5.58–5.53 (m, 1H), 

5.37–5.32 (m, 1H), 4.73–4.59 (m, 2H), 3.93 (s, 1H), 3.20–3.18 (m, 1H), 2.61–2.56 (m, 

1H), 1.90 (s, 3H), 1.46 (d, J = 7.2 Hz, 3H), 1.18–1.10 (m, 2H), 0.99–0.98 (m, 1H), 

0.80–0.75 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 171.9, 169.2, 144.9, 138.5, 135.7, 

135.6, 132.2, 131.7, 130.6, 130.0, 129.6, 129.5, 128.6, 128.2, 127.7, 126.5, 126.4, 

126.3, 124.1, 122.3, 122.0, 121.9, 78.9, 77.1, 65.6, 62.8, 50.0, 49.1, 46.2, 21.8, 12.2, 

11.1, 9.2; IR (thin film) 3021, 2963, 1734, 1594, 1261, 1023, 803 cm−1; HRMS (ESI) 

m/z calcd for C35H34Br2NO5 [M + H]+: 706.0798, found: 706.0799. 

 

3ga 

Oxazonine-fused endoperoxide 3ga, a light yellow solid, 0.073 g, 52% yield. Mp: 

181–182 °C; 1H NMR (400 MHz, CDCl3): δ 7.52 (d, J = 7.6 Hz, 1H), 7.46 (d, J = 8.0 

Hz, 1H), 7.30 (d, J = 7.2 Hz, 1H), 7.20–7.18 (m, 6H), 7.01–6.91 (m, 4H), 6.55 (d, J = 

16.0 Hz, 1H), 6.11–6.04 (m, 1H), 5.90–5.85 (m, 1H), 5.83–5.76 (m, 1H), 5.64–5.57 

(m, 1H), 4.72–4.57 (m, 2H), 4.15–4.09 (m, 2H), 2.44–2.39 (m, 1H), 1.96 (s, 3H), 1.46 

(d, J = 7.2 Hz, 3H), 1.26–1.11 (m, 2H), 0.98–0.94 (m, 1H), 0.82–0.78 (m, 1H); 13C 
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NMR (100 MHz, CDCl3): δ 171.8, 169.2, 142.2, 135.9, 135.6, 134.9, 132.5, 132.1, 

131.0, 129.7, 129.4, 128.5, 128.4, 128.0, 127.9, 127.1, 127.0, 126.5, 126.4, 124.7, 

123.4, 122.2, 78.3, 76.8, 65.2, 62.9, 49.0, 46.5, 46.3, 21.8, 11.7, 11.1, 9.4; IR (thin 

film) 3024, 2945, 1730, 1466, 1162, 1025, 747 cm−1; HRMS (ESI) m/z calcd for 

C35H34Br2NO5 [M + H]+: 706.0798, found: 706.0797. 

 

3ha 

Oxazonine-fused endoperoxide 3ha, a light yellow solid, 0.064 g, 57% yield. Mp: 

151–152 °C; 1H NMR (400 MHz, CDCl3): δ 7.21–7.17 (m, 5H), 7.10–7.04 (m, 2H), 

6.90–6.75 (m, 4H), 6.59 (d, J = 16.0 Hz, 1H), 6.17–6.10 (m, 1H), 5.72–5.70 (m, 3H), 

4.76–4.58 (m, 2H), 3.92 (s, 1H), 3.70–3.69 (m, 1H), 2.73–2.68 (m, 1H), 1.89 (s, 3H), 

1.42 (d, J = 7.2 Hz, 3H), 1.21–1.16 (m, 1H), 1.12–1.06 (m, 1H), 0.98–0.93 (m, 1H), 

0.80–0.74 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 171.7, 169.1, 143.8, 138.3, 135.8, 

135.5, 135.4, 128.5, 128.1, 127.9, 126.7, 126.6, 126.4, 126.0, 125.9, 124.5, 123.7, 

122.2, 77.6, 74.6, 65.5, 62.7, 48.9, 46.4, 46.0, 21.8, 12.3, 11.3, 9.4; IR (thin film) 

3010, 2962, 1738, 1640, 1445, 1147, 1027, 692 cm−1; HRMS (ESI) m/z calcd for 

C31H32S2NO5 [M + H]+: 562.1716, found: 562.1716. 

 

3ia 

Oxazonine-fused endoperoxide 3ia, a light yellow solid, 0.076 g, 66% yield. Mp: 

121–122 °C; 1H NMR (400 MHz, CDCl3): δ 7.30–7.25 (m, 2H), 7.21–7.15 (m, 7H), 

7.11–7.04 (m, 4H), 6.88 (d, J = 7.2 Hz, 2H), 6.55 (d, J = 16.0 Hz, 1H), 6.11 (dt, J = 
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15.6 Hz, 6.8 Hz, 1H), 5.80–5.76 (m, 1H), 5.60–5.53 (m, 1H), 5.40–5.35 (m, 1H), 

4.70–4.56 (m, 2H), 4.01 (s, 1H), 3.15–3.14 (m, 1H), 2.41–2.28 (m, 3H), 2.14–1.99 (m, 

2H), 1.22–1.16 (m, 2H), 1.10 (t, J = 7.2 Hz, 3H), 0.97–0.91 (m, 1H), 0.87 (t, J = 7.2 

Hz, 3H), 0.80–0.73 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 175.1, 169.3, 142.9, 

136.5, 135.8, 135.4, 135.3, 129.3, 128.5, 128.4, 128.2, 128.1, 127.9, 127.8, 126.5, 

126.4, 124.3, 122.2, 79.6, 77.5, 65.4, 62.6, 53.4, 51.2, 48.6, 30.8, 20.8, 13.2, 11.2, 

11.1, 9.3; IR (thin film) 3028, 2970, 1737, 1599, 1453, 1154, 1023, 698 cm−1; HRMS 

(ESI) m/z calcd for C37H40NO5 [M + H]+: 578.2901, found: 578.2901. 

 

3ja 

Oxazonine-fused endoperoxide 3ja, a light yellow solid, 0.084 g, 67% yield. Mp: 

169–170 °C; 1H NMR (400 MHz, CDCl3): δ 7.44 (d, J = 7.2 Hz, 2H), 7.35–7.34 (m, 

2H), 7.26–7.01 (m, 14H), 6.86 (d, J = 6.8 Hz, 2H), 6.50 (d, J = 16.0 Hz, 1H), 

6.04–5.97 (m, 1H), 5.90–5.86 (m, 1H), 5.58–5.54 (m, 1H), 5.39–5.35 (m, 1H), 

4.65–4.50 (m, 2H), 4.09 (s, 1H), 3.42–3.41 (m, 1H), 3.09–3.06 (m, 1H), 2.48–2.40 (m, 

1H), 2.14–2.09 (m, 1H), 1.28–1.17 (m, 2H), 1.04–1.01 (m, 1H), 0.82–0.81 (m, 1H), 

0.78 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 172.0, 169.2, 143.0, 136.7, 

136.4, 135.7, 135.3, 129.8, 129.3, 128.6, 128.5, 128.4, 128.2, 128.1, 128.0, 127.8, 

126.9, 126.5, 126.4, 126.3, 124.5, 122.0, 79.5, 77.6, 65.3, 63.4, 53.6, 51.6, 49.1, 21.3, 

13.4, 11.1, 9.3; IR (thin film) 3027, 2951, 1735, 1493, 1155, 966, 694 cm−1; HRMS 

(ESI) m/z calcd for C41H40NO5 [M + H]+: 626.2901, found: 626.2899. 

 

3ka 
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Oxazonine-fused endoperoxide 3ka, a light yellow solid, 0.097 g, 74% yield. Mp: 

135–136 °C; 1H NMR (400 MHz, CDCl3): δ 7.44 (d, J = 7.6 Hz, 2H), 7.35–7.19 (m, 

8H), 7.17–7.03 (m, 8H), 6.88 (d, J = 7.2 Hz, 2H), 6.52 (d, J = 15.6 Hz, 1H), 6.07–5.99 

(m, 1H), 5.95–5.89 (m, 1H), 5.60–5.55 (m, 1H), 5.40–5.35 (m, 1H), 4.67–4.52 (m, 

2H), 4.10 (s, 1H), 3.41–3.40 (m, 1H), 3.15–3.13 (m, 1H), 2.45–2.38 (m, 1H), 

2.10–2.04 (m, 1H), 1.23–1.16 (m, 4H), 1.05–1.00 (m, 2H), 0.82–0.79 (m, 2H), 0.72 (d, 

J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 172.3, 169.2, 142.9, 136.6, 136.5, 

135.7, 135.4, 129.8, 129.3, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.8, 

126.9, 126.6, 126.5, 124.5, 122.1, 79.6, 77.8, 65.4, 63.4, 51.8, 51.7, 49.2, 31.1, 28.1, 

22.8, 13.7, 11.2, 9.4; IR (thin film) 3021, 2959, 1734, 1493, 1156, 694 cm−1; HRMS 

(ESI) m/z calcd for C43H44NO5 [M + H]+: 654.3214, found: 654.3205. 

 

3la 

Oxazonine-fused endoperoxide 3la, a light yellow oil, 0.037 g, 32% yield. 1H NMR 

(400 MHz, CDCl3): δ 7.43–7.42 (m, 5H), 7.38–7.30 (m, 8H), 7.28–7.25 (m, 2H), 6.65 

(d, J = 16.0 Hz, 1H), 6.50–6.47 (m, 1H), 6.26 (dt, J = 16.0 Hz, 6.0 Hz, 1H), 5.78–5.75 

(m, 1H), 4.80–4.79 (m, 1H), 4.74 (d, J = 6.0 Hz, 2H), 4.34 (s, 1H), 3.92–3.85 (m, 2H), 

2.22–2.18 (m, 1H), 1.92–1.90 (m, 2H), 1.78–1.75 (m, 1H), 1.59–1.57 (m, 2H), 

1.28–1.20 (m, 2H), 1.15–1.10 (m, 2H), 0.86–0.82 (m, 2H); 13C NMR (150MHz, 

CDCl3): δ 176.6, 169.8, 142.8, 135.9, 135.4, 134.8, 134.3, 130.5, 129.5, 129.2, 128.9, 

128.6, 128.5, 128.1, 128.0, 127.0, 126.6, 122.3, 87.9, 81.3, 65.5, 63.0, 60.6, 48.2, 37.3, 

34.1, 31.5, 27.1, 22.0, 10.5, 10.4; IR (thin film) 3027, 2919, 1738, 1452, 1261, 1090, 

697 cm−1; HRMS (ESI) m/z calcd for C37H38NO5 [M + H]+: 576.2744, found: 

576.2741. 
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3ma 

Oxazonine-fused endoperoxide 3ma, a light yellow oil, 0.062 g, 49% yield. 1H 

NMR (400 MHz, CDCl3): δ 7.54–7.53 (m, 3H), 7.40–7.28 (m, 11H), 7.22–7.18 (m, 

1H), 6.72 (d, J = 16.0 Hz, 1H), 6.34 (dt, J = 16.0 Hz, 6.0 Hz, 1H), 6.15–6.10 (m, 1H), 

5.84–5.80 (m, 1H), 4.96–4.95 (m, 1H), 4.86–4.75 (m, 2H), 3.98–3.74 (m, 6H), 3.35 (s, 

1H), 2.42–2.37 (m, 1H), 2.22–2.17 (m, 1H), 1.76–1.68 (m, 4H), 1.42–1.37 (m, 2H), 

1.16–1.10 (m, 1H), 0.77–0.74 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 173.1, 171.3, 

141.9, 136.1, 135.5, 134.1, 133.8, 129.9, 129.7, 129.6, 129.5, 128.8, 128.6, 128.2, 

128.1, 126.6, 126.5, 122.9, 108.2, 86.8, 81.4, 65.8, 64.4, 64.3, 62.1, 57.0, 52.5, 39.9, 

38.9, 33.7, 29.6, 13.0, 11.3; IR (thin film) 3023, 2930, 1731, 1457, 1263, 1091, 698 

cm−1; HRMS (ESI) m/z calcd for C39H40NO7 [M + H]+: 634.2799, found: 634.2787. 

 

3na 

Oxazonine-fused endoperoxide 3na, a light yellow solid, 0.059 g, 51% yield. Mp: 

165–166 °C; 1H NMR (400 MHz, CDCl3): δ 7.41–7.35 (m, 5H), 7.31–7.22 (m, 10H), 

6.67 (d, J = 16.0 Hz, 1H), 6.26 (dt, J = 16.0 Hz, 6.4 Hz, 1H), 5.83–5.78 (m, 2H), 

5.20–5.18 (m, 1H), 4.77–4.69 (m, 2H), 4.06–4.02 (m, 2H), 3.88–3.83 (m, 1H), 

3.74–3.72 (m, 1H), 3.50–3.43 (m, 1H), 3.27 (d, J = 7.2 Hz, 1H), 3.08–3.04 (m, 1H), 

2.66–2.63 (m, 2H), 1.25–1.20 (m, 2H), 1.06–1.02 (m, 1H), 0.67–0.63 (m, 1H); 13C 

NMR (100 MHz, CDCl3): δ 170.6, 169.8, 140.9, 135.8, 135.6, 135.4, 134.9, 129.5, 

129.4, 128.9, 128.6, 128.5, 128.4, 128.3, 126.9, 126.8, 126.6, 122.0, 85.3, 81.0, 71.4, 

66.6, 65.7, 61.3, 52.0, 50.7, 43.7, 32.1, 10.0, 9.9; IR (thin film) 3025, 2963, 1735, 
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1618, 1260, 1018, 703 cm−1; HRMS (ESI) m/z calcd for C36H36NO6 [M + H]+: 

578.2537, found: 578.2536.  

 

3oa 

Oxazonine-fused endoperoxide 3oa, a light yellow solid, 0.053 g, 45% yield. Mp: 

113–114 °C; 1H NMR (400 MHz, CDCl3): δ 7.36–7.22 (m, 14H), 7.19 (d, J = 7.2 Hz, 

1H), 6.71 (d, J = 15.6 Hz, 1H), 6.30–6.23 (m, 1H), 5.95–5.88 (m, 1H), 5.69–5.67 (m, 

1H), 5.65–5.63 (m, 1H), 4.82 (d, J = 6.4 Hz, 2H), 3.76–3.74 (m, 1H), 3.53 (s, 1H), 

3.45–3.43 (m, 1H), 2.29–2.26 (m, 1H), 1.98–1.60 (m, 7H), 1.35–1.14 (m, 5H), 

0.74–0.71 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 179.9, 170.5, 141.1, 136.1, 136.0, 

135.9, 134.5, 129.7, 129.1, 128.6, 128.5, 128.4, 128.2, 128.0, 127.9, 126.6, 126.5, 

122.6, 82.2, 81.0, 65.5, 64.1, 56.1, 54.6, 45.8, 32.8, 31.1, 29.6, 28.7, 28.1, 10.9, 9.3; 

IR (thin film) 3028, 2930, 1733, 1494, 1148, 1022, 696 cm−1; HRMS (ESI) m/z calcd 

for C38H40NO5 [M + H]+: 590.2901, found: 590.2901. 

 

3ab 

Oxazonine-fused endoperoxide 3ab, a light yellow solid, 0.077 g, 69% yield. Mp: 

138–139 °C; 1H NMR (400 MHz, CDCl3): δ 7.37 (d, J = 7.6 Hz, 2H), 7.32–7.14 (m, 

11H), 7.00 (d, J = 7.2 Hz, 2H), 6.51 (s, 1H), 5.87–5.83 (m, 1H), 5.68–5.63 (m, 1H), 

5.51–5.46 (m, 1H), 4.70 (d, J = 12.0 Hz, 1H), 4.57 (d, J = 12.0 Hz, 1H), 4.02 (s, 1H), 

3.39–3.38 (m, 1H), 2.79–2.74 (m, 1H), 1.94 (s, 3H), 1.76 (s, 3H), 1.51 (d, J = 7.2 Hz, 

3H), 1.30–1.25 (m, 1H), 1.19–1.15 (m, 1H), 1.10–1.06 (m, 1H), 0.85–0.81 (m, 1H); 

13C NMR (100 MHz, CDCl3): δ 172.4, 169.5, 142.8, 136.6, 136.4, 135.5, 131.9, 129.6, 
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129.3, 128.8, 128.5, 128.2, 128.1, 127.9, 127.8, 126.8, 126.4, 125.0, 79.8, 77.6, 70.8, 

62.8, 50.9, 49.8, 45.9, 21.6, 15.6, 12.5, 11.1, 9.3; IR (thin film) 3023, 2965, 1736, 

1492, 1148, 1026, 699 cm−1; HRMS (ESI) m/z calcd for C36H38NO5 [M + H]+: 

564.2744, found: 564.2738.  

 
3ac  

Oxazonine-fused endoperoxide 3ac, a light yellow solid, 0.084 g, 77% yield. Mp: 

150–151 °C; 1H NMR (400 MHz, CDCl3): δ 7.37 (d, J = 7.6 Hz, 2H), 7.30–7.24 (m, 

7H), 7.18–7.13 (m, 4H), 7.00 (d, J = 6.4 Hz, 2H), 5.86–5.83 (m, 1H), 5.75–5.72 (m, 

1H), 5.50–5.47 (m, 1H), 4.93–4.83 (m, 2H), 4.11 (s, 1H), 3.36–3.35 (m, 1H), 

2.75–2.70 (m, 1H), 1.96 (s, 3H), 1.52 (d, J = 7.2 Hz, 3H), 1.26–1.16 (m, 2H), 

1.09–1.04 (m, 1H), 0.89–0.85 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 172.4, 168.9, 

142.8, 136.3, 135.2, 131.7, 129.3, 128.7, 128.5, 128.3, 128.2, 127.9, 127.8, 126.4, 

124.8, 121.7, 86.8, 82.1, 79.8, 77.3, 62.7, 53.0, 50.8, 48.9, 46.1, 21.7, 12.2, 11.2, 9.3; 

IR (thin film) 3021, 2954, 2217, 1735, 1490, 1145, 1026, 693 cm−1; HRMS (ESI) m/z 

calcd for C35H34NO5 [M + H]+: 548.2431, found: 548.2432. 

 

3ad 

Oxazonine-fused endoperoxide 3ad, a light yellow solid, 0.070 g, 76% yield. Mp: 

133–134 °C; 1H NMR (400 MHz, CDCl3): δ 7.37 (d, J = 7.2 Hz, 2H), 7.29–7.16 (m, 

6H), 7.03–7.02 (m, 2H), 5.85–5.80 (m, 1H), 5.65–5.62 (m, 1H), 5.54–5.48 (m, 1H), 

4.14 (q, J = 6.8 Hz, 2H), 3.97 (s, 1H), 3.36–3.35 (m, 1H), 2.78–2.72 (m, 1H), 1.95 (s, 

3H), 1.51 (d, J = 6.8 Hz, 3H), 1.28–1.25 (m, 1H), 1.23 (t, J = 7.2 Hz, 3H), 1.18–1.13 
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(m, 1H), 1.07–1.02 (m, 1H), 0.82–0.76 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 

172.4, 169.6, 142.9, 136.5, 135.4, 129.3, 128.5, 128.2, 127.9, 127.8, 126.4, 124.8, 

79.8, 77.6, 62.8, 60.8, 50.8, 49.5, 45.9, 21.6, 14.0, 12.4, 11.2, 9.3; IR (thin film) 3023, 

2968, 1725, 1651, 1452, 1248, 1035, 697 cm−1; HRMS (ESI) m/z calcd for 

C28H32NO5 [M + H]+: 462.2275, found: 462.2272.  

 

3ae 

Oxazonine-fused endoperoxide, a light yellow solid, 0.059 g, 60% yield. Mp: 

120–121 °C; 1H NMR (400 MHz, CDCl3): δ 7.37 (d, J = 7.6 Hz, 2H), 7.29–7.16 (m, 

6H), 7.02–7.01 (m, 2H), 5.85–5.80 (m, 1H), 5.63–5.60 (m, 1H), 5.50–5.47 (m, 1H), 

4.12–3.99 (m, 2H), 3.96 (s, 1H), 3.37–3.36 (m, 1H), 2.79–2.73 (m, 1H), 1.95 (s, 3H), 

1.60–1.54 (m, 3H), 1.51 (d, J = 7.2 Hz, 3H), 1.32–1.23 (m, 4H), 1.19–1.04 (m, 2H), 

0.86 (t, J = 7.6 Hz, 3H), 0.80–0.76 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 172.4, 

169.7, 142.9, 136.5, 135.5, 129.3, 128.5, 128.2, 128.0, 127.9, 126.4, 124.9, 79.8, 77.6, 

64.7, 62.8, 50.9, 49.8, 45.9, 30.4, 21.6, 19.0, 13.5, 12.5, 11.1, 9.3; IR (thin film) 3024, 

2955, 1732, 1637, 1261, 1083, 698 cm−1; HRMS (ESI) m/z calcd for C30H36NO5 [M + 

H]+: 490.2588, found: 490.2590.  

 

3af 

Oxazonine-fused endoperoxide 3af, a light yellow solid, 0.073 g, 70% yield. Mp: 

88–89 °C; 1H NMR (400 MHz, CDCl3): δ 7.35 (d, J = 7.6 Hz, 2H), 7.27–7.16 (m, 

11H), 6.98 (d, J = 6.8 Hz, 2H), 5.84–5.80 (m, 1H), 5.55–5.53 (m, 1H), 5.46–5.42 (m, 

1H), 5.13 (d, J = 12.0 Hz, 1H), 5.03 (d, J = 12.0 Hz, 1H), 4.02 (s, 1H), 3.34–3.33 (m, 
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1H), 2.74–2.69 (m, 1H), 1.92 (s, 3H), 1.49 (d, J = 7.2 Hz, 3H), 1.27–1.15 (m, 1H), 

1.13–1.10 (m, 1H), 1.06–1.01 (m, 1H), 0.80–0.74 (m, 1H); 13C NMR (100 MHz, 

CDCl3): δ 172.3, 169.5, 142.8, 136.4, 135.4, 135.0, 129.3, 128.6, 128.5, 128.4, 128.3, 

128.2, 127.9, 127.8, 126.4, 124.8, 79.7, 77.4, 66.7, 62.7, 50.8, 49.3, 45.9, 21.6, 12.3, 

11.1, 9.3; IR (thin film) 3032, 2955, 1733, 1493, 1149, 1000, 699 cm−1; HRMS (ESI) 

m/z calcd for C33H34NO5 [M + H]+: 524.2431, found: 524.2429. 

ON
Me

Me

Ph

O

O i-Pr

O
O Ph  

3ag 

Oxazonine-fused endoperoxide 3ag, a light yellow solid, 0.061 g, 64% yield. Mp: 

139–140 °C; 1H NMR (400 MHz, CDCl3): δ 7.37 (d, J = 7.2 Hz, 2H), 7.28–7.15 (m, 

6H), 7.03–7.02 (m, 2H), 5.85–5.80 (m, 1H), 5.65–5.63 (m, 1H), 5.53–5.48 (m, 1H), 

5.01–4.95 (m, 1H), 3.92 (s, 1H), 3.37–3.36 (m, 1H), 2.78–2.73 (m, 1H), 1.95 (s, 3H), 

1.51 (d, J = 7.2 Hz, 3H), 1.25 (d, J = 6.4 Hz, 3H), 1.23–1.24 (m, 1H), 1.17–1.16 (m, 

1H), 1.13 (d, J = 6.4 Hz, 3H), 1.05–1.01 (m, 1H), 0.85–0.82 (m, 1H); 13C NMR (100 

MHz, CDCl3): δ 172.3, 169.1, 142.9, 136.5, 135.7, 129.3, 128.5, 128.2, 127.9, 127.8, 

126.4, 124.8, 79.8, 77.6, 68.4, 62.7, 50.8, 49.5, 45.9, 21.8, 21.7, 21.6, 12.4, 11.0, 9.3; 

IR (thin film) 3025, 2916, 1724, 1493, 1166, 1095, 699 cm−1; HRMS (ESI) m/z calcd 

for C29H34NO5 [M + H]+: 476.2431, found: 476.2432. 

 

3ah 

Oxazonine-fused endoperoxide 3ah, a light yellow solid, 0.055 g, 56% yield. Mp: 

134–135 °C; 1H NMR (400 MHz, CDCl3): δ 7.36 (d, J = 7.6 Hz, 2H), 7.28–7.15 (m, 

6H), 7.04–7.03 (m, 2H), 5.83–5.78 (m, 1H), 5.70–5.68 (m, 1H), 5.52–5.50 (m, 1H), 

3.82 (s, 1H), 3.36–3.35 (m, 1H), 2.79–2.73 (m, 1H), 1.94 (s, 3H), 1.50 (d, J = 7.2 Hz, 
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3H), 1.40 (s, 9H), 1.29–1.21 (m, 1H), 1.18–1.12 (m, 1H), 1.06–1.00 (m, 1H), 

0.88–0.83 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 172.3, 168.9, 142.9, 136.5, 136.1, 

129.3, 128.5, 128.2, 127.9, 127.4, 126.3, 124.6, 81.7, 79.7, 77.7, 62.8, 50.8, 50.2, 45.8, 

27.9, 21.6, 12.5, 10.9, 9.3; IR (thin film) 3022, 2968, 1725, 1491, 1142, 1072, 700 

cm−1; HRMS (ESI) m/z calcd for C30H36NO5 [M + H]+: 490.2588, found: 490.2587.  

 

3ai 

Oxazonine-fused endoperoxide 3ai, a light yellow oil, 0.073 g, 74% yield. 1H NMR 

(400 MHz, CDCl3): δ 7.97 (d, J = 7.6 Hz, 2H), 7.60 (t, J = 7.2 Hz, 1H), 7.51–7.47 (m, 

2H), 7.38 (d, J = 7.6 Hz, 2H), 7.30–7.25 (m, 2H), 7.20–7.17 (m, 1H), 7.15–7.07 (m, 

3H), 6.86 (d, J = 7.2 Hz, 2H), 5.95–5.91 (m, 1H), 5.64–5.60 (m, 1H), 5.50–5.45 (m, 

1H), 5.11 (s, 1H), 3.44–3.43 (m, 1H), 2.77–2.72 (m, 1H), 2.05 (s, 3H), 1.61 (d, J = 7.2 

Hz, 3H), 1.25–1.23 (m, 1H), 1.15–1.03 (m, 2H), 0.82–0.79 (m, 1H); 13C NMR (100 

MHz, CDCl3): δ 197.2, 172.3, 142.8, 138.3, 136.5, 135.9, 133.3, 129.2, 128.8, 128.3, 

128.2, 128.1, 127.9, 127.8, 126.5, 125.7, 79.8, 77.3, 63.0, 50.8, 47.0, 46.7, 22.0, 12.1, 

11.4, 9.1; IR (thin film) 3022, 2963, 1683, 1449, 1251, 1019, 697 cm−1; HRMS (ESI) 

m/z calcd for C32H32NO4 [M + H]+: 494.2326, found: 494.2341. 

N
Me

Me

Ph O
O Ph

O

O

H

 

3aj 

Oxazecine-fused endoperoxide 3aj, a light yellow oil, 0.033 g, 39% yield. 1H NMR 

(400 MHz, CDCl3): δ 9.88 (s, 1H), 7.36–7.32 (m, 3H), 7.30–7.25 (m, 5H), 7.24–7.18 

(m, 2H), 5.81–5.76 (m, 1H), 5.54–5.51 (m, 2H), 3.20–3.11 (m, 2H), 2.96–2.91 (m, 

2H), 2.90–2.84 (m, 2H), 2.46–2.42 (m, 1H), 1.83 (s, 3H), 0.92 (d, J = 7.2 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ 206.1, 200.0, 140.0, 139.1, 138.3, 133.3, 132.7, 128.4, 
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128.3, 128.2, 128.1, 126.7, 119.0, 80.7, 73.2, 46.4, 42.6, 36.9, 36.8, 36.0, 19.1, 14.1; 

IR (thin film) 3023, 2963, 2825, 2720, 1710, 1699, 1452, 1261, 698 cm−1; HRMS 

(ESI) m/z calcd for C26H28NO4 [M + H]+: 418.2013, found: 418.1991. 

 

3ak (dr = 1:1) 

Oxazonine-fused endoperoxide 3ak, dr = 1:1, a light yellow oil, 0.077 g, 48% yield. 

one isomer: 1H NMR (400 MHz, CDCl3): δ 7.38 (d, J = 7.2 Hz, 2H), 7.28–7.18 (m, 

7H), 7.03–7.02 (m, 2H), 5.85–5.80 (m, 1H), 5.65–5.62 (m, 1H), 5.54–5.48 (m, 1H), 

4.58–4.57 (m, 1H), 3.93 (s, 1H), 3.36–3.35 (m, 1H), 2.76–2.74 (m, 1H), 2.32–2.25 (m, 

3H), 2.10–2.00 (m, 2H), 1.96 (s, 3H), 1.86–1.78 (m, 3H), 1.65–1.54 (m, 6H), 1.51 (d, 

J = 7.2 Hz, 3H), 1.45–1.39 (m, 4H), 1.37–1.20 (m, 7H), 1.14–1.02 (m, 7H), 0.99 (s, 

3H), 0.91 (d, J = 6.4 Hz, 3H), 0.86 (d, J = 6.0 Hz, 6H), 0.66 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ 172.3, 169.0, 142.9, 139.2, 136.5, 135.6, 129.3, 128.6, 128.2, 127.9, 

127.8, 126.4, 124.9, 122.9, 79.8, 77.7, 74.7, 62.8, 56.6, 56.1, 50.8, 49.9, 49.5, 46.0, 

42.2, 39.6, 39.5, 37.9, 36.8, 36.5, 36.1, 35.7, 31.9, 31.8, 28.2, 28.0, 27.7, 24.2, 23.8, 

22.8, 21.7, 20.9, 19.2, 18.6, 12.5, 11.8, 11.1, 9.4; another isomer: 1H NMR (400 MHz, 

CDCl3): δ 7.38 (d, J = 7.2 Hz, 2H), 7.28–7.18 (m, 7H), 7.03–7.02 (m, 2H), 5.85–5.80 

(m, 1H), 5.65–5.62 (m, 1H), 5.54–5.48 (m, 1H), 4.58–4.57 (m, 1H), 3.93 (s, 1H), 

3.36–3.35 (m, 1H), 2.76–2.74 (m, 1H), 2.32–2.25 (m, 3H), 2.10–2.00 (m, 2H), 1.96 (s, 

3H), 1.86–1.78 (m, 3H), 1.65–1.54 (m, 6H), 1.51 (d, J = 7.2 Hz, 3H), 1.45–1.39 (m, 

4H), 1.37–1.20 (m, 7H), 1.14–1.02 (m, 7H), 0.99 (s, 3H), 0.91 (d, J = 6.4 Hz, 3H), 

0.86 (d, J = 6.0 Hz, 6H), 0.66 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 172.3, 169.0, 

142.9, 139.2, 136.5, 135.6, 129.3, 128.6, 128.2, 127.9, 127.8, 126.4, 124.9, 122.8, 

79.8, 77.7, 74.7, 62.8, 56.6, 56.1, 50.8, 49.9, 49.5, 45.9, 42.2, 39.6, 39.5, 37.8, 36.8, 

36.5, 36.1, 35.7, 31.9, 31.8, 28.2, 28.0, 27.5, 24.2, 23.8, 22.5, 21.7, 20.9, 19.2, 18.6, 

S16



12.4, 11.8, 11.1, 9.4; IR (thin film) 3021, 2959, 1732, 1454, 1261, 1026, 698 cm−1; 

HRMS (ESI) m/z calcd for C53H72NO5 [M + H]+: 802.5405, found: 802.5410.  

 

3. Synthesis of compound trans-3aa 

ON

O
O Ph

Ph

Me

Me

O

O

Ph

t rans-3aa

ON

Ph
Ph

Me

Me

O

O

Ph

trans-4aa

white LED (17W)

TBME, air, rt, 7 days

43%

Eosin Y (5 mol%)

 

An oven-dried glass vial equipped with a magnetic stirrer was charged with the 

trans-4aa (0.2 mmol, 0.103 g), Eosin Y (5 mol%, 0.01 mmol, 0.006 g) and TBME (2 

mL). The vial was closed with a plastic wrap. Afterwards, the reaction mixture was 

stirred and irradiated (17 W white LED) at room temperature for 7 days until 

trans-4aa was consumed completely (monitored by TLC). At this time, the solvent 

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

column chromatography (the crude residue was dry loaded with silica gel, 1/20, ethyl 

acetate/petroleum ether) to provide compound trans-3aa as a light yellow oil (0.047 g, 

43%). 1H NMR (400 MHz, CDCl3): δ 7.40–7.25 (m, 15H), 6.67 (d, J = 16.0 Hz, 1H), 

6.52–6.50 (m, 1H), 6.28–6.21 (m, 1H), 5.75–5.74 (m, 1H), 5.03–5.01 (m, 1H), 4.76 (d, 

J = 6.0 Hz, 2H), 4.39 (s, 1H), 3.88–3.87 (m, 1H), 3.77–3.76 (m, 1H), 1.29 (s, 3H), 

1.22–1.18 (m, 1H), 1.17 (d, J = 7.2 Hz, 3H), 1.12–1.08 (m, 1H), 0.88–0.82 (m, 2H); 

13C NMR (100 MHz, CDCl3): δ 174.5, 169.7, 140.7, 136.0, 135.6, 135.2, 134.4, 130.0, 

129.4, 129.1, 128.8, 128.6, 128.5, 128.1, 127.8, 127.0, 126.6, 122.3, 85.7, 81.1, 65.5, 

63.2, 59.1, 48.2, 35.7, 18.0, 17.3, 10.6, 10.1; IR (thin film) 3021, 2964, 1734, 1643, 

1451, 1148, 1001, 697 cm−1; HRMS (ESI) m/z calcd for C35H36NO5 [M + H]+: 

550.2588, found: 550.2601. 
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4. Trapping experiment of cis-4aa to cis-3aa  

 

An oven-dried glass vial equipped with a magnetic stirrer was charged with the 

cis-4aa (0.2 mmol, 0.103 g), 9,10-dimethylanthracene (2 equiv., 0.082 g), Eosin Y (5 

mol%, 0.01 mmol, 0.006 g) and TBME (2 mL). The vial was closed with a plastic 

wrap. Afterwards, the reaction mixture was stirred and irradiated (17 W white LED) 

at room temperature for 72 h. At this time, the solvent was removed under reduced 

pressure and the crude product was purified by flash column chromatography (the 

crude residue was dry loaded with silica gel, 1/30-1/20, ethyl acetate/petroleum ether) 

to provide compound cis-3aa (0.059 g, 54%) and compound 5 as a white solid (0.084 

g, 84%). Compound 5: 1H NMR (400 MHz, CDCl3): δ 7.38–7.36 (m, 4H), 7.26–7.24 

(m, 4H), 2.12 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 140.7, 127.3, 120.6, 79.4, 13.6. 

The spectral data matched literature values.[4]  

 

5. Synthesis of compounds 6 

General procedure B: In a 25 mL round-bottom flask was charged with N-vinyl 

nitrone 1a (0.2 mmol, 0.061 g), Yb(OTf)3 (20 mol%, 0.04 mmol, 0.025 g) and TBME 

(2.0 mL) under an air atmosphere. And then, methylenecyclopropane 2a (0.4 mmol, 

2.0 equiv., 0.086 g) was added in one portion at room temperature. The mixture was 

stirred vigorously at room temperature for 36−48 h until nitrone 1a was consumed 

completely (monitored by TLC). At this time, LiAlH4 (0.4 mmol, 2.0 equiv. 0.030 g) 
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was added at 0 °C. Then, the reaction mixture was stirred vigorously at 0 °C for 0.5 h 

until substrate disappeared (monitored by TLC). At this time, the reaction was 

quenched 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 solvents 

were removed under the reduced pressure. The crude product was used directly in the 

next step. 

In a round-bottom flask was charged with the above alcohol and MeCN (2 mL). 

NaH (60% in mineral oil, 5 equiv., 1.0 mmol, 0.040 g) was added at 0 ℃ and allowed 

to stir for 30 min at 0 ℃, After adding MeI or RBr (5 equiv. 1 mmol), the solution 

was then allowed to stir at room temperature for 3-12 h minutes until the substrate 

disappeared (monitored by TLC). At this time, the reaction was quenched 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 solvents were removed 

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

[Alternative method: to a solution of the above alcohol in CH2Cl2 (2 mL) were added 

Et3N (2.0 equiv., 0.4 mmol), 4-DMAP (1.0 equiv, 0.2 mmol) and anhydride R2O (5 

equiv, 1 mmol) at rt. The reaction mixture was stirred for 12-24 h until the mixture 

was consumed completely (monitored by TLC). At this time, the reaction was 

quenched with H2O (10 mL) and exacted with CH2Cl2 (20 mL). The combined 

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

solvents were removed under the reduced pressure and the crude product was used 

directly in the next step.]  

An oven-dried glass vial equipped with a magnetic stirrer was charged with the 

above crude mixture, Eosin Y (5 mol%, 0.01 mmol, 0.006 g) and TBME (2 mL). The 

vial was closed with a plastic film. Then, the reaction mixture was stirred and 

irradiated (17 W white LED) at room temperature for 36−72 h until the mixture was 

consumed completely (monitored by TLC). At this time, the solvent was removed 

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

chromatography (the crude residue was dry loaded with silica gel, 1/20 to 1/10, ethyl 

acetate/petroleum ether) to provide compounds 6. 
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6aa 

Oxazonine-fused endoperoxide 6aa, a light yellow solid, 0.056 g, 65% yield. Mp: 

162–163 °C; 1H NMR (400 MHz, CDCl3): δ 7.26 (d, J = 7.2 Hz, 2H), 7.20–7.17 (m, 

5H), 7.11–7.08 (m, 1H), 7.04–7.03 (m, 2H), 5.69–5.65 (m, 1H), 5.58–5.54 (m, 1H), 

5.48–5.46 (m, 1H), 3.58 (dd, J = 9.6 Hz, 6.4 Hz, 1H), 3.40–3.38 (m, 2H), 3.19 (s, 3H), 

2.98–2.97 (m, 1H), 2.86–2.84 (m, 1H), 1.79 (s, 3H), 1.36 (d, J = 7.2 Hz, 3H), 

1.09–1.03 (m, 1H), 0.97–0.92 (m, 1H), 0.87–0.82 (m, 1H), 0.75–0.70 (m, 1H); 13C 

NMR (100 MHz, CDCl3): δ 172.6, 142.6, 137.9, 136.9, 129.4, 128.5, 128.2, 128.1, 

127.8, 126.4, 123.9, 80.2, 78.5, 71.2, 64.6, 58.7, 51.6, 43.9, 43.6, 20.9, 13.4, 11.4, 9.5; 

IR (thin film) 3023, 2935, 1732, 1601, 1452, 1116, 1019, 698 cm−1; HRMS (ESI) m/z 

calcd for C27H32NO4 [M + H]+: 434.2326, found: 434.2327. 

 

 
6ab 

Oxazonine-fused endoperoxide 6ab, a light yellow oil, 0.066 g, 64% yield. 1H NMR 

(400 MHz, CDCl3): δ 7.26–7.25 (m, 12H), 7.18–7.15 (m, 1H), 7.12–7.10 (m, 2H), 

5.81–5.78 (m, 1H), 5.58–5.55 (m, 2H), 4.49 (d, J = 12.0 Hz, 1H), 4.40 (d, J = 12.0 Hz, 

1H), 3.72–3.60 (m, 2H), 3.48–3.47 (m, 1H), 3.08–3.06 (m, 1H), 2.97–2.92 (m, 1H), 

1.83 (s, 3H), 1.40 (d, J = 7.2 Hz, 3H), 1.12–1.00 (m, 2H), 0.92–0.80 (m, 2H); 13C 

NMR (100 MHz, CDCl3): δ 172.7, 142.6, 137.7, 137.5, 136.9, 129.4, 128.5, 128.4, 

128.3, 128.2, 127.9, 127.8, 127.6, 126.3, 124.5, 80.3, 78.5, 73.3, 68.8, 64.8, 51.7, 44.0, 

43.6, 20.8, 13.5, 11.3, 9.7; IR (thin film) 3029, 2912, 1454, 1255, 1018, 698 cm−1; 

HRMS (ESI) m/z calcd for C33H36NO4 [M + H]+: 510.2639, found: 510.2655. 
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6ac 

Oxazonine-fused endoperoxide 6ac, a light yellow solid, 0.062 g, 68% yield. Mp: 

121–122 °C; 1H NMR (400 MHz, CDCl3): δ 7.33–7.24 (m, 7H), 7.19–7.12 (m, 3H), 

5.89–5.79 (m, 2H), 5.63–5.62 (m, 1H), 5.56–5.54 (m, 1H), 5.25 (d, J = 17.2 Hz, 1H), 

5.17 (d, J = 10.0 Hz, 1H), 3.96–3.85 (m, 2H), 3.71–3.55 (m, 2H), 3.50–3.49 (m, 1H), 

3.09–3.08 (m, 1H), 2.95–2.90 (m, 1H), 1.86 (s, 3H), 1.43 (d, J = 7.2 Hz, 3H), 

1.14–1.10 (m, 1H), 1.06–1.01 (m, 1H), 0.95–0.90 (m, 1H), 0.84–0.79 (m, 1H); 13C 

NMR (100 MHz, CDCl3): δ 172.7, 142.6, 137.8, 136.9, 134.2, 129.5, 128.5, 128.3, 

128.2, 127.8, 126.4, 124.3, 117.3, 80.3, 78.6, 72.1, 68.8, 64.7, 51.7, 44.1, 43.7, 20.9, 

13.6, 11.3, 9.5; IR (thin film) 3024, 2901, 1600, 1453, 1106, 1015, 704 cm−1; HRMS 

(ESI) m/z calcd for C29H34NO4 [M + H]+: 460.2482, found: 460.2496. 

 

6ad 

Oxazonine-fused endoperoxide 6ad, a light yellow solid, 0.056 g, 61% yield. Mp: 

124–125 °C; 1H NMR (400 MHz, CDCl3): δ 7.35 (d, J = 7.2 Hz, 2H), 7.28–7.24 (m, 

5H), 7.20–7.16 (m, 1H), 7.12–7.11 (m, 2H), 5.83–5.80 (m, 1H), 5.65–5.64 (m, 1H), 

5.57–5.54 (m, 1H), 4.09 (s, 2H), 3.85–3.81 (m, 1H), 3.67–3.64 (m, 1H), 3.48–3.47 (m, 

1H), 3.07–3.05 (m, 1H), 2.97–2.95 (m, 1H), 2.36 (s, 1H), 1.88 (s, 3H), 1.44 (d, J = 7.2 

Hz, 3H), 1.14–1.12 (m, 1H), 1.04–1.01 (m, 2H), 0.84–0.81 (m, 1H); 13C NMR (100 

MHz, CDCl3): δ 172.6, 142.6, 137.6, 136.9, 129.5, 128.5, 128.2, 128.1, 127.8, 126.4, 

124.3, 80.2, 79.1, 78.4, 74.9, 68.3, 64.7, 58.1, 51.6, 43.8, 43.4, 21.0, 13.4, 11.3, 9.6; 

IR (thin film) 3451, 3032, 2865, 2110, 1634, 1453, 1254, 1055, 700 cm−1; HRMS 

(ESI) m/z calcd for C29H32NO4 [M + H]+: 458.2326, found: 458.2337. 
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6ae 

Oxazonine-fused endoperoxide 6ae, a light yellow solid, 0.074 g, 80% yield. Mp: 

147–148 °C; 1H NMR (400 MHz, CDCl3): δ 7.32 (d, J = 7.2 Hz, 2H), 7.28–7.24 (m, 

5H), 7.19–7.15 (m, 1H), 7.12–7.11 (m, 2H), 5.70–5.67 (m, 1H), 5.58–5.57 (m, 1H), 

5.54–5.50 (m, 1H), 4.42–4.37 (m, 1H), 4.21–4.18 (m, 1H), 3.51–3.50 (m, 1H), 

3.11–3.09 (m, 1H), 2.98–2.95 (m, 1H), 2.00 (s, 3H), 1.86 (s, 3H), 1.42 (d, J = 7.2 Hz, 

3H), 1.18–1.08 (m, 2H), 0.86–0.73 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 173.3, 

170.6, 142.5, 137.1, 136.4, 129.4, 128.7, 128.3, 128.1, 127.8, 126.4, 125.0, 80.2, 78.6, 

64.2, 63.0, 51.8, 44.0, 43.6, 20.8, 20.7, 13.8, 11.0, 8.8; IR (thin film) 3032, 2883, 

1736, 1456, 1230, 1026, 698 cm−1; HRMS (ESI) m/z calcd for C28H32NO5 [M + H]+: 

462.2275, found: 462.2284. 

 

6af 

Oxazonine-fused endoperoxide 6af, a light yellow solid, 0.065 g, 63% yield. Mp: 

163–164 °C; 1H NMR (400 MHz, CDCl3): δ 7.32 (d, J = 7.6 Hz, 2H), 7.27–7.24 (m, 

5H), 7.19–7.15 (m, 1H), 7.13–7.12 (m, 2H), 5.76–5.73 (m, 1H), 5.54–5.52 (m, 2H), 

4.51 (dd, J = 11.2 Hz, 8.4 Hz, 1H), 4.18 (dd, J = 11.6 Hz, 4.4 Hz, 1H), 3.54–3.53 (m, 

1H), 3.16–3.15 (m, 1H), 2.94–2.92 (m, 1H), 1.84 (s, 3H), 1.43 (s, 9H), 1.41 (d, J = 7.2 

Hz, 3H), 1.14–1.12 (m, 2H), 0.85–0.73 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 

173.5, 153.2, 142.5, 136.9, 136.5, 129.5, 128.7, 128.3, 128.2, 127.8, 126.4, 125.4, 

82.2, 80.3, 78.7, 65.5, 64.4, 52.1, 45.0, 43.2, 27.6, 20.5, 14.1, 11.1, 8.8; IR (thin film) 

3011, 2922, 1737, 1454, 1279, 996, 759, 698 cm−1; HRMS (ESI) m/z calcd for 

C31H38NO6 [M + H]+: 520.2694, found: 520.2713. 
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6. Synthesis of compounds 7 

General procedure C: In a 25 mL round-bottom flask was charged with N-vinyl 

nitrone 1a (0.2 mmol, 0.061 g), Yb(OTf)3 (20 mol%, 0.04 mmol, 0.025 g) and TBME 

(2.0 mL) under an air atmosphere. And then, methylenecyclopropane 2a (0.4 mmol, 

2.0 equiv., 0.086 g) was added in one portion at room temperature. The mixture was 

stirred vigorously at room temperature for 36−48 h until nitrone 1a was consumed 

completely (monitored by TLC). At this time, LiAlH4 (0.4 mmol, 2.0 equiv. 0.030 g) 

was added at 0 °C. Then, the reaction mixture was stirred vigorously at 0 °C for 0.5 h 

until substrate disappeared (monitored by TLC). At this time, the reaction was 

quenched 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 solvents 

were removed under the reduced pressure. The crude product was used directly in the 

next step. 

In a round-bottom flask was charged with the above alcohol and CH2Cl2 (2 mL). 

Dess-Martin Periodinane (DMP) (2.5 equiv., 0.5 mmol, 0.212 g) was added at room 

temperature. The resulting mixture was stirred at room temperature for 2 h until the 

substrate disappeared (monitored by TLC). Then Ph3P=CHEWG (2 equiv., 0.4 mmol) 

was added at room temperature. The resulting mixture was stirred at room 

temperature for 1-2 h until the substrate disappeared (monitored by TLC). The 

solvents were removed under the reduced pressure and the crude product was used 

directly in the next step.  

An oven-dried glass vial equipped with a magnetic stirrer was charged with the 

above crude olefin product, Eosin Y (5 mol%, 0.01 mmol, 0.006 g) and TBME (2 

mL). The vial was closed with a plastic film. Then, the reaction mixture was stirred 

and irradiated (17 W white LED) at room temperature for 36−72 h until the olefin was 
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consumed completely (monitored by TLC). At this time, the solvent was removed 

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

chromatography (the crude residue was dry loaded with silica gel, 1/20 to 1/10, ethyl 

acetate/petroleum ether) to provide compounds 7. 

 

7aa 

Oxazonine-fused endoperoxide 7aa, a light yellow solid, 0.051 g, 52% yield. Mp: 

167–168 °C; 1H NMR (400 MHz, CDCl3): δ 7.35 (d, J = 7.6 Hz, 2H), 7.29–7.18 (m, 

6H), 7.01–6.99 (m, 2H), 6.47 (dd, J = 15.6 Hz, 10.0 Hz, 1H), 6.03 (d, J = 15.6 Hz, 

1H), 5.83–5.78 (m, 1H), 5.55–5.50 (m, 1H), 5.47–5.45 (m, 1H), 4.19 (q, J = 6.8 Hz, 

2H), 3.79 (d, J = 9.6 Hz, 1H), 3.38–3.37 (m, 1H), 2.77–2.72 (m, 1H), 1.96 (s, 3H), 

1.52 (d, J = 7.2 Hz, 3H), 1.28 (t, J = 6.8 Hz, 3H), 1.13–1.05 (m, 2H), 0.89–0.73 (m, 

2H); 13C NMR (100 MHz, CDCl3): δ 172.1, 165.6, 143.2, 142.9, 139.1, 136.7, 129.3, 

128.5, 128.3, 128.0, 127.9, 126.5, 126.4, 124.7, 80.0, 77.9, 64.1, 60.5, 51.6, 46.0, 45.6, 

21.6, 14.1, 12.5, 10.7, 8.4; IR (thin film) 3033, 2929, 1720, 1455, 1262, 1026, 700 

cm−1; HRMS (ESI) m/z calcd for C30H34NO5 [M + H]+: 488.2431, found: 488.2434. 

 

7ab 

Oxazonine-fused endoperoxide 7ab, a light yellow solid, 0.078 g, 71% yield. Mp: 

141–142 °C; 1H NMR (400 MHz, CDCl3): δ 7.35–7.32 (m, 7H), 7.28–7.16 (m, 6H), 

7.00–6.98 (m, 2H), 6.53 (dd, J = 15.6 Hz, 10.0 Hz, 1H), 6.09 (d, J = 15.6 Hz, 1H), 

5.80–5.78 (m, 1H), 5.55–5.50 (m, 1H), 5.47–5.45 (m, 1H), 5.15 (s, 2H), 3.80–3.77 (m, 

1H), 3.37–3.36 (m, 1H), 2.77–2.72 (m, 1H), 1.96 (s, 3H), 1.52 (d, J = 7.2 Hz, 3H), 
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1.14–1.05 (m, 2H), 0.79–0.71 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 172.1, 165.4, 

143.9, 142.8, 139.0, 136.6, 135.6, 129.3, 128.6, 128.5, 128.3, 128.2, 128.0, 127.9, 

127.8, 126.4, 126.1, 124.8, 80.0, 77.9, 66.3, 64.0, 51.5, 45.9, 45.7, 21.6, 12.5, 10.8, 

8.4; IR (thin film) 3031, 2917, 1719, 1454, 1252, 1018, 697 cm−1; HRMS (ESI) m/z 

calcd for C35H36NO5 [M + H]+: 550.2588, found: 550.2602. 

 

7ac 

Oxazonine-fused endoperoxide 7ac, a light yellow solid, 0.073 g, 70% yield. Mp: 

147–148 °C; 1H NMR (400 MHz, CDCl3): δ 7.94 (d, J = 7.6 Hz, 2H), 7.59 (t, J = 7.2 

Hz, 1H), 7.48 (t, J = 7.6 Hz, 2H), 7.37–7.35 (m, 2H), 7.30 (d, J = 7.2 Hz, 2H), 

7.20–7.18 (m, 4H), 7.15 (d, J = 14.8 Hz, 1H), 6.99–6.98 (m, 2H), 6.61 (dd, J = 15.2 

Hz, 10.0 Hz, 1H), 5.86–5.84 (m, 1H), 5.59–5.56 (m, 1H), 5.49–5.47 (m, 1H), 3.94 (d, 

J = 9.6 Hz, 1H), 3.41–3.40 (m, 1H), 2.79–2.74 (m, 1H), 2.00 (s, 3H), 1.55 (d, J = 7.2 

Hz, 3H), 1.15–1.10 (m, 2H), 0.88–0.78 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 

189.2, 172.1, 143.2, 142.9, 139.1, 137.2, 136.7, 133.1, 130.1, 129.3, 128.7, 128.6, 

128.5, 128.2, 127.9, 127.7, 126.4, 125.0, 80.0, 77.9, 64.2, 51.5, 46.1, 46.0, 21.7, 12.4, 

10.8, 8.6; IR (thin film) 3063, 2921, 1671, 1454, 1259, 1015, 699 cm−1; HRMS (ESI) 

m/z calcd for C34H34NO4 [M + H]+: 520.2482, found: 520.2500. 

 

7ad 

Oxazonine-fused endoperoxide 7ad, a light yellow solid, 0.051 g, 58% yield. Mp: 

56–57 °C; 1H NMR (400 MHz, CDCl3): δ 7.34–7.17 (m, 8H), 6.99–6.98 (m, 2H), 

S25



6.25 (dd, J = 16.4 Hz, 9.6 Hz, 1H), 5.76–5.73 (m, 1H), 5.58 (d, J = 16.0 Hz, 1H), 

5.49–5.48 (m, 2H), 3.74 (d, J = 8.8 Hz, 1H), 3.34–3.33 (m, 1H), 2.76–2.71 (m, 1H), 

1.94 (s, 3H), 1.50 (d, J = 7.2 Hz, 3H), 1.18–1.10 (m, 2H), 0.73–0.70 (m, 2H); 13C 

NMR (100 MHz, CDCl3): δ 172.5, 150.5, 142.6, 138.3, 136.2, 129.2, 128.7, 128.3, 

127.9, 127.6, 126.5, 125.5, 116.4, 104.8, 79.8, 77.6, 63.6, 51.6, 47.2, 45.9, 21.5, 12.4, 

10.6, 8.3; IR (thin film) 3012, 2925, 1736, 1454, 1261, 1019, 698 cm−1; HRMS (ESI) 

m/z calcd for C28H29N2O3 [M + H]+: 441.2173, found: 441.2186. 

 

7ae 

Oxazonine-fused endoperoxide 7ae, a white solid, 0.081 g, 74% yield. Mp: 

75–76 °C; 1H NMR (400 MHz, CDCl3): δ 7.41–7.35 (m, 3H), 7.31–7.15 (m, 8H), 

7.11 (d, J = 6.8 Hz, 2H), 6.96–6.94 (m, 2H), 6.40 (dd, J = 15.2 Hz, 9.6 Hz, 1H), 5.90 

(d, J = 15.2 Hz, 1H), 5.79–5.77 (m, 1H), 5.50–5.48 (m, 1H), 5.44–5.41 (m, 1H), 

3.61–3.59 (m, 1H), 3.30 (s, 3H), 3.27–3.26 (m, 1H), 2.64–2.62 (m, 1H), 1.90 (s, 3H), 

1.50 (d, J = 6.8 Hz, 3H), 1.06–1.00 (m, 2H), 0.83–0.70 (m, 2H); 13C NMR (100 MHz, 

CDCl3): δ 171.7, 164.9, 143.3, 143.1, 140.4, 139.1, 136.9, 129.6, 129.2, 128.4, 128.2, 

127.8, 127.7, 127.5, 127.3, 126.3, 126.2, 124.9, 79.9, 77.8, 64.0, 51.2, 46.3, 45.0, 37.5, 

21.7, 12.2, 10.6, 8.4; IR (thin film) 3032, 2911, 1658, 1454, 1276, 1008, 697 cm−1; 

HRMS (ESI) m/z calcd for C35H37N2O4 [M + H]+: 549.2748, found: 549.2754. 

 

7af 

Oxazonine-fused endoperoxide 7af, a light yellow solid, 0.082 g, 58% yield. Mp: 
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89–90 °C; 1H NMR (400 MHz, CDCl3): δ 7.36 (d, J = 7.2 Hz, 2H), 7.30–7.17 (m, 7H), 

7.04–7.03 (m, 2H), 6.87 (d, J = 7.6 Hz, 1H), 6.83 (s, 1H), 6.68 (dd, J = 15.2 Hz, 9.6 

Hz, 1H), 6.24 (d, J = 15.2 Hz, 1H), 5.83–5.77 (m, 1H), 5.60–5.57 (m, 1H), 5.50–5.48 

(m, 1H), 3.86–3.84 (m, 1H), 3.42–3.41 (m, 1H), 2.90–2.88 (m, 2H), 2.82–2.77 (m, 

1H), 2.53–2.47 (m, 1H), 2.41–2.38 (m, 1H), 2.30–2.25 (m, 1H), 2.16–2.01 (m, 3H), 

1.97 (s, 3H), 1.64–1.56 (m, 5H), 1.53 (d, J = 6.8 Hz, 3H), 1.48–1.44 (m, 2H), 

1.19–1.09 (m, 2H), 0.90 (s, 3H), 0.82–0.80 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 

220.7, 172.3, 164.2, 148.3, 145.4, 142.8, 138.9, 137.9, 137.4, 136.6, 129.3, 128.6, 

128.3, 128.0, 127.9, 126.4, 126.3, 125.7, 125.0, 121.4, 118.6, 80.0, 78.0, 64.1, 51.7, 

50.3, 47.8, 46.1, 45.8, 44.1, 37.9, 35.8, 31.5, 29.3, 26.2, 25.7, 21.5, 21.4, 13.7, 12.6, 

10.8, 8.5; IR (thin film) 3028, 2928, 1737, 1649, 1492, 1153, 1015, 698 cm−1; HRMS 

(ESI) m/z calcd for C46H50NO6 [M + H]+: 712.3633, found: 712.3650. 

 

7ag 

Oxazonine-fused endoperoxide 7ag, a light yellow solid, 0.052 g, 49% yield. Mp: 

183–184 °C; 1H NMR (400 MHz, CDCl3): δ 7.34 (d, J = 7.2 Hz, 2H), 7.28–7.16 (m, 

6H), 7.01–6.99 (m, 2H), 6.46 (dd, J = 15.2 Hz, 9.6 Hz, 1H), 6.02 (d, J = 15.6 Hz, 1H), 

5.80–5.78 (m, 1H), 5.56–5.53 (m, 1H), 5.47–5.45 (m, 1H), 5.38–5.35 (m, 1H), 

4.85–4.62 (m, 1H), 3.78–3.75 (m, 1H), 3.38–3.37 (m, 1H), 2.77–2.75 (m, 1H), 

2.32–2.30 (m, 2H), 2.02–1.98 (m, 2H), 1.95 (s, 3H), 1.87–1.83 (m, 3H), 1.61–1.56 (m, 

5H), 1.52 (d, J = 7.2 Hz, 3H), 1.46–1.32 (m, 7H), 1.12–1.08 (m, 11H), 1.01 (s, 3H), 

0.92 (d, J = 6.0 Hz, 3H), 0.87 (d, J = 6.4 Hz, 6H), 0.78–0.75 (m, 2H), 0.67 (s, 3H); 

13C NMR (100 MHz, CDCl3): δ 172.1, 165.0, 143.0, 142.8, 139.5, 139.0, 136.7, 129.3, 
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128.5, 128.2, 128.0, 127.9, 126.9, 126.4, 124.7, 122.7, 80.0, 77.9, 74.2, 64.1, 56.6, 

56.0, 51.5, 49.9, 45.9, 45.7, 42.2, 39.6, 39.4, 38.0, 36.9, 36.5, 36.1, 35.7, 31.9, 31.8, 

28.1, 27.9, 27.7, 24.2, 23.7, 22.7, 22.5, 21.5, 20.9, 19.2, 18.6, 12.5, 11.8, 10.8, 8.4; IR 

(thin film) 3032, 2937, 1709, 1455, 1270, 1018, 699 cm−1; HRMS (ESI) m/z calcd for 

C55H74NO5 [M + H]+: 828.5562, found: 828.5549. 

7. Gram scale preparation of 3aa 

ON

O
O Ph

Ph

Me

Me

O

O

Ph

Ph

N

Ph

O

Me

Me

1a
2a

3aa (1.1 g, 62%, flash column chromatography
(1.0 g, 3.3 mmol)

3aa (1.2 g, 65%, extraction and recrystallization

white LED (17 W)

TBME, air, rt

Eosin Y (5 mol%)

Yb(OTf)3 (20 mol%)O
O

Ph

+

 An oven-dried 100 mL round bottom flak equipped with a magnetic stirrer was 

charged with the corresponding N-vinyl nitrone 1a (1.0 g, 3.3 mmol), Yb(OTf)3 (20 

mol%, 0.66 mmol, 0.409 g), Eosin Y (5 mol%, 0.165 mmol, 0.099 g) and TBME (40 

mL). Methylenecyclopropane 2a (1.42 g, 6.6 mmol, 2.0 equiv.) was added to the 

mixture. The flask was closed with a plastic film. Then, the reaction mixture was 

stirred and irradiated (17 W white LED) at room temperature for 72 h (monitored by 

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

product was purified by flash column chromatography (the crude residue was dry 

loaded with silica gel, 1/20 to 1/10, ethyl acetate/petroleum ether) to afford 

endoperoxide 3aa (1.1 g, 62% yield).  

  Alternatively, when the reaction was completed, the reaction was quenched with 

water (40 mL). Then, the water layer was extracted with Et2O (3  30 mL). The 

organic layers were combined and dried with Na2SO4. The mixture was then filtered 

and the solvent was removed under reduced pressure. The crude product was 

recrystallized with petroleum ether to afford endoperoxide 3aa (1.2 g, 65% yield). 
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8. Synthesis of compounds 8-10 from 3aa 

 

In a 25 mL round-bottom flask was charged with 3aa (0.2 mmol), Zn dust (10 

equiv., 2 mmol) under an air atmosphere. And then, CH2Cl2 (2 mL) and HOAc (10 

equiv., 2 mmol) was added at room temperature. The mixture was stirred vigorously 

at room temperature for 1 h until 3aa was consumed completely (monitored by TLC). 

At this time, the reaction was diluted with H2O (10 mL) and exacted with CH2Cl2 (20 

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 purified by flash column chromatography (the crude residue was dry 

loaded with silica gel, petroleum ether-EtOAc: 4/1) to provide compound 8 as a white 

solid (0.077 g, 70%). Mp: 146–147 °C; 1H NMR (400 MHz, CDCl3): δ 7.39 (d, J = 

7.6 Hz, 2H), 7.27–7.15 (m, 12H), 6.57 (d, J = 15.6 Hz, 1H), 6.13–6.06 (m, 1H), 5.95 

(d, J = 8.8 Hz, 1H), 5.75 (d, J = 8.8 Hz, 1H), 4.94 (d, J = 11.2 Hz, 1H), 4.67–4.51 (m, 

2H), 4.03 (s, 1H), 3.87–3.86 (m, 1H), 3.54–3.50 (m, 1H), 3.26–3.23 (m, 1H), 2.95 

(brs, 1H), 1.74–1.70 (m, 1H), 1.24 (s, 3H), 1.16–1.11 (m, 1H), 0.91–0.87 (m, 1H), 

0.83 (d, J = 7.2 Hz, 3H), 0.70–0.64 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 172.0, 

170.6, 143.7, 141.0, 138.8, 135.8, 135.7, 135.6, 129.2, 128.6, 128.4, 128.3, 128.1, 

127.3, 127.0, 126.6, 125.7, 121.6, 71.0, 69.9, 65.9, 62.3, 59.7, 55.1, 34.1, 18.7, 15.7, 

10.2, 9.9; IR (thin film) 3480, 3030, 2921, 1708, 1494, 1169, 1021, 699 cm−1; HRMS 

(ESI) m/z calcd for C35H38NO5 [M + H]+: 552.2744, found: 552.2763.  
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In a 25 mL round-bottom flask was charged with 3aa (0.2 mmol) and THF (2 mL). 

DIBAL-H (0.4 mmol, 2.0 equiv., 1M) was added at 0 °C. Then, the reaction mixture 

was stirred vigorously at 0 °C for 0.5 h until 3aa was consumed completely 

(monitored by TLC). At this time, the reaction was quenched 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 solvents were removed under the reduced 

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

was dry loaded with silica gel, petroleum ether-EtOAc: 4/1) to give alcohol 9 as a 

light yellow oil (0.075 g, 90%). 1H NMR (400 MHz, CDCl3): δ 7.33–7.24 (m, 7H), 

7.20–7.12 (m, 3H), 5.81–5.79 (m, 1H), 5.58–5.57 (m, 2H), 3.99–3.83 (m, 2H), 

3.56–3.55 (m, 1H), 3.14–3.12 (m, 1H), 2.66–2.64 (m, 1H), 1.81 (s, 3H), 1.42 (d, J = 

7.2 Hz, 3H), 1.15–1.13 (m, 2H), 0.88–0.75 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 

174.1, 142.6, 137.8, 136.5, 129.4, 128.7, 128.4, 128.2, 127.9, 126.5, 125.3, 80.4, 79.1, 

64.6, 62.0, 52.2, 48.9, 43.5, 20.5, 14.4, 10.8, 8.6; IR (thin film) 3420, 3031, 2937, 

1496, 1161, 1002, 697 cm−1; HRMS (ESI) m/z calcd for C26H30NO4 [M + H]+: 

420.2169, found: 420.2182. 

 

To a solution of 3aa (0.2 mmol) in CH2Cl2 (2 mL) at 0 °C was added NEt3 (2 

equiv., 0.4 mmol). Then, the reaction mixture was stirred vigorously at 0 °C for 10 h 

until 3aa was consumed completely (monitored by TLC). The resulting mixture was 

allowed to warm to room temperature and SiO2 was added stirring for 2 h. The 

solvents were removed under the reduced pressure. The crude product was purified by 

flash chromatography (the crude residue was dry loaded with silica gel, petroleum 

ether-EtOAc: 10/1) to give compound 10 as a white solid (0.070 g, 64%). Mp: 

146–147 °C; 1H NMR (400 MHz, CDCl3): δ 7.57–7.52 (m, 4H), 7.41–7.37 (m, 4H), 
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7.33–7.23 (m, 5H), 7.22–7.16 (m, 2H), 7.02 (s, 1H), 6.70 (d, J = 16.0 Hz, 1H), 6.32 

(dt, J = 15.6 Hz, 6.8 Hz, 1H), 4.81–4.70 (m, 2H), 4.26 (s, 1H), 4.23–4.22 (m, 1H), 

3.00–2.95 (m, 1H), 1.98 (s, 3H), 1.38 (d, J = 7.2 Hz, 3H), 1.33–1.25 (m, 2H), 

0.95–0.87 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 170.0, 169.5, 151.9, 150.8, 141.9, 

135.9, 135.1, 130.9, 128.6, 128.5, 128.4, 128.3, 128.2, 127.0, 126.9, 126.6, 123.4, 

122.4, 119.7, 105.8, 65.5, 65.4, 47.3, 45.8, 43.7, 22.4, 14.6, 11.0, 9.9; IR (thin film) 

3022, 2924, 1730, 1480, 1125, 697 cm−1; HRMS (ESI) m/z calcd for C35H34NO5 [M + 

H]+: 548.2431, found: 548.2455. 

9. Asymmetric synthesis of endoperoxide 9 by chiral auxiliary. 

 

An oven-dried glass vial equipped with a magnetic stirrer was charged with the 

corresponding N-vinyl nitrone 1a (0.2 mmol, 0.061 g), Yb(OTf)3 (20 mol%, 0.04 

mmol, 0.025 g), Eosin Y (5 mol%, 0.01 mmol, 0.006 g) and TBME (2 mL). 

Methylenecyclopropane 2l (0.4 mmol, 2.0 equiv., 0.094 g) was added to the vial. The 

vial was closed with a plastic film. Then, the reaction mixture was stirred and 

irradiated (17 W white LED) at room temperature for 72 h until N-vinyl nitrone 1a 

was consumed completely (monitored by TLC). At this time, the solvent was removed 

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

chromatography (the crude residue was dry loaded with silica gel, 1/20, ethyl 

acetate/petroleum ether) to afford endoperoxide 3al (dr = 5:1). A light yellow solid, 

(0.094 g, 82% yield).  
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Then, 3al (dr = 5:1) was further recrystallized with petroleum ether to afford 3al 

(61% yield, dr >20:1). Major isomer: Mp: 131–132 °C; 1H NMR (400 MHz, CDCl3): 

δ 7.38 (d, J = 7.6 Hz, 2H), 7.28–7.16 (m, 6H), 7.02–7.01 (m, 2H), 5.83–5.80 (m, 1H), 

5.64–5.63 (m, 1H), 5.49–5.48 (m, 1H), 4.71–4.64 (m, 1H), 3.92 (s, 1H), 3.37–3.36 (m, 

1H), 2.78–2.72 (m, 1H), 1.94 (s, 3H), 1.93–1.92 (m, 1H), 1.72–1.59 (m, 3H), 1.51 (d, 

J = 7.2 Hz, 3H), 1.41–1.28 (m, 3H), 1.17–1.12 (m, 1H), 1.05–0.98 (m, 2H), 0.90 (d, J 

= 7.2 Hz, 3H), 0.82–0.79 (m, 3H), 0.75 (d, J = 6.4 Hz, 3H), 0.71 (d, J = 6.8 Hz, 3H); 

13C NMR (100 MHz, CDCl3): δ 172.2, 169.3, 143.0, 136.4, 135.6, 129.3, 128.5, 128.2, 

127.9, 127.8, 126.4, 125.0, 79.8, 77.7, 74.9, 62.6, 50.7, 49.9, 46.7, 46.0, 40.6, 34.0, 

31.2, 25.7, 22.9, 21.8, 21.7, 20.8, 15.7, 12.5, 10.9, 9.5; IR (thin film) 3021, 2981, 

1730, 1451, 1222, 1054, 670 cm−1; HRMS (ESI) m/z calcd for C36H46NO5 [M + H]+: 

572.3371, found: 572.3388.  

In a 25 mL round-bottom flask was charged with 3al (dr >20:1) (0.2 mmol) and 

THF (2 mL). DIBAL-H (0.4 mmol, 2.0 equiv., 1M) was added at 0 °C. Then, the 

reaction mixture was stirred vigorously at 0 °C for 0.5 h until 3al was consumed 

completely (monitored by TLC). At this time, the reaction was quenched 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 solvents were removed 

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

(the crude residue was dry loaded with silica gel, petroleum ether-EtOAc: 4/1) to give 

alcohol 9 as a light yellow oil (0.074 g, 88%). The characteristic data matched with 

above racemic-9. The enantiomeric excess (ee) values of 9 were determined by chiral 

HPLC analysis. Ee = 97%, conditions: AD-H, hexane/i-PrOH = 65/35, flow rate 0.8 

mL/min, λ = 254 nm, t (major) = 11.5 min, t (minor) = 6.4 min. [α]D
20 = –315.0 (c 

0.125, CH2Cl2). 
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10. Asymmetric synthesis of 3aa by PyBox 

 

An oven-dried glass vial equipped with a magnetic stirrer was charged with N-vinyl 

nitrone 1a (0.2 mmol, 0.061 g), methylenecyclopropane 2a (0.4 mmol, 2 equiv., 0.086 

g) Yb(OTf)3 (20 mol %, 0.025 g) and PyBox (20 mol %, 0.012 g), Eosin Y (5 mol%, 

0.01 mmol, 0.006 g) and TBME (2 mL). The vial was closed with a plastic film. Then, 

the reaction mixture was stirred and irradiated (17 W white LED) at room temperature 

for 3 days until the mixture was consumed completely (monitored by TLC). At this 

time, the solvent was removed under reduced pressure and the crude product was 

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

silica gel, petroleum ether-EtOAc: 10/1) to provide endoperoxide 3aa as a light 

yellow solid (0.078 g, 70%). The characteristic data matched with above racemic-3aa. 

The enantiomeric excess (ee) values of 3aa were determined by chiral HPLC analysis. 

Ee = 73%, conditions: AD-H, hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm, t (major) = 20.6 min, t (minor) = 24.6 min.  

 

11. Biological activity studies of endoperoxides 3, 4, 6 

Cell Cuture: Murine monocyte-macrophage RAW264.7 cells maintained 

inDMEM (Gibco, USA) incubated at 37 °C in a humidified atmosphere containing 

5% CO2. Mouse peritoneal macrophages purchased from Procell Life 

Science&Technology Co., Ltd. 

   Cell viability assay: Cell cytotoxicity was evaluated by MTT. The MTT solution 

was added into each well and after incubation at 37 °C for 4 h, the culture media 
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containing MTT were removed, and then DMSO was added into each well and the 

absorbance at 570 nm was measured by a microplate reader[5]. 

Assay for NO production NO production was quantified by nitrite accumulation 

in the culture medium using the Griess reaction. Briefly, RAW264.7 cells were 

pretreated with compounds for 1 h, and then stimulated with or without LPS (1 

mg/mL) for 24 h. The isolated supernatants were mixed with an equal volume of 

Griess reagent (Beyotime Biotechnology, China). NaNO2 was used to generate a 

standard curve, and nitrite production was determined by measuring the optical 

density at 540 nm by a microplate reader [5]. 

Table S1. The effects of the target compounds on the cell viability of RAW 264.7 

at the concentration of 100 μM (the MTT assay) 

Compounds   Cell survival (% of 

normal) 

Compounds   Cell survival (% of 

normal)） 

cis-3aa 45±0.02 cis-3ah 39±0.08 

cis-3ba 94±0.03 cis-6aa 64±0.04 

cis-3ca 32±0.05 cis-4aa 910.42 

cis-3ha 62±0.02 trans-4aa 860.35 

cis-3ja 58±0.09 trans-3aa 750.25 

cis-3ac 59±0.03 cis-4ba 740.18 

  Indometacin 70±0.07 
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The Effect of the compounds cis-3ba、cis-3ha、cis-6aa on the inhibition of NO 

produced by RAW 264.7 cells induced by LPS. In the 6.25 μΜ compound 

concentration, LPS concentration (1 ug/mL). 

Table S2 The effect of compounds  cis-3ba、cis-3ha、cis-6aa on LPS-induced NO 

production. 

Compounds Concentration of NO 

(μmol/L) 

   Compounds   Concentration of 

NO (μmol/L) 

con 0.38±0.07 cis-3ha 3.07±0.99 

LPS 9.16±0.26 cis-6aa 8.27±0.69 

cis-3ba 3.25±1.03 Indometacin 3.51±1.30 
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13. X-ray structure for compound cis-3aa. 

      

ON
Me

Me

Ph

O

O

O
O Ph

Ph

cis-3aa   

Figure S1: ORTEP diagram of cis-3aa at 50% ellipsoid probability 

 

14. NMR spectra for compounds 3, 5-10 and HPLC for 9 and 3aa 
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Peak ReTime
[min]

Type Width
[min]

Area
[MAU*s]

Height
[MAU]

Area
%

1 6.450 MM 0.1608 3523.64258 365.31042 50.0481
2 11.637 MM 0.3410 3516.87134 171.90103 49.9519

Peak ReTime
[min]

Type Width
[min]

Area
[MAU*s]

Height
[MAU]

Area
%

1 6.476 BV 0.2005 61.45310 4.65779 1.5311
2 11.598 BB 0.3381 3952.20190 179.73181 98.4689
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Peak ReTime
[min]

Type Width
[min]

Area
[MAU*s]

Height
[MAU]

Area
%

1 21.526 BB 0.6926 1646.56970 37.62419 50.0341
2 25.655 BB 0.8721 1644.32373 29.74473 49.9659

Peak ReTime
[min]

Type Width
[min]

Area
[MAU*s]

Height
[MAU]

Area
%

1 20.669 BB 0.6651 6590.16113 154.96255 86.2521
2 24.601 BB 0.8345 1050.41870 19.65747 13.7479
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