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1. General Information 

All moisture or air sensitive reactions were carried out under an argon atmosphere in oven-dried 

flasks. Except for commercially available ultradry solvents, all solvents were purified by standard 

methods as indicated and were transferred under argon. Toluene and THF were distilled from 

sodium, while DCM was distilled from CaH2. All other commercially available reagents were used 

as received without further purification unless otherwise noted. All reactions were monitored by 

thin-layer chromatography (TLC) on silica gel F254 plates using UV light as visualizing agent (if 

applicable). The products were purified by flash column chromatography on silica gel (200-300 

meshes). 

1H NMR, 13C NMR and 19F NMR spectra were recorded in CDCl3 or DMSO-d6 solution on 

Bruker AVANCEIII 400 MHz, Bruker AVANCEIII HD 400 MHz or Bruker AVANCE NEO 600 

MHz instrument. Chemical shifts were denoted in ppm (δ) and calibrated by using residual 

undeuterated solvent (CHCl3 (7.26 ppm), tetramethylsilane (0.00 ppm)) as Sernal reference for 1H 

NMR and the deuterated solvent (CDCl3 (77.0 ppm), DMSO-d6 (39.5 ppm)) as Sernal standard for 

13C NMR. The following abbreviations were used to represent the multiplicities: s = singlet, d = 

doublet, t = triplet, q = quartet, quint = quintet, hept = heptet, dd = doublet of doublets, dt = doublet 

of triplet, td= triplet of doublets, qd = quartet of doublets, brs = broad singlet, ddd = doublet of 

doublet of doublets, m = multiplet. High-resolution mass spectral analysis (HRMS) data were 

measured on a Bruker ApexII mass spectrometer by means of the ESI technique. The FT-IR spectra 

were recorded on Nicolet Nexus 670 FT-IR spectrometer using neat thin film technique with 

potassium bromide (KBr) salt plates. The X-ray single-crystal data were recorded on Bruker APEXII 

X-ray single crystal diffractometer. 

Optical rotations were measured using a 0.1 mL cell with a 1 cm path length on Rudolph 

AutopolIV automatic polarimeter, and concentrations (c) were reported in g × (100 mL)-1. 

Enantiomeric excesses (ee) were determined by UPC2 and HPLC equipped with Waters 2998 

Photodiode Array Detector.   
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2. Experimental Details for the Synthesis of Pyridinone-Fused Lactones. 

Table S1. Pyridinone-fused lactones 

 

 

Procedure A: 

 

Note：2-Pyridinone-fused lactones 1a-1i, 1m, 1p-1t were synthesized following literature procedure 

A.4,5 

Synthesis of compound S1 (S1a, or S1p-S1t): To a stirred solution of amide1,2 (20 mmol, 1.0 

equiv.) and diester3 (24 mmol, 1.2 equiv.) in methanol (30 mL) was added triethylamine (24 mmol, 

1.2 equiv.). The resultant solution was refluxed for 29 h. Then, the solvent was evaporated, and 

dichloromethane was added followed by addition of water (3 × 50 mL). The organic phase was 

separated, dried over Na2SO4, and evaporated. The residue was purified by flash chromatography 

on silica gel to give S1 (S1a, or S1p-S1t). 

 

Synthesis of compound S2 (S2a-S2i, or S2m, or S2p-S2t): Under an argon atmosphere, NaH (60%, 

11 mmol, 1.1 equiv.) was dissolved in dry THF followed by portion-wise addition of S1 (S1a, or 

S1p-S1t) (10 mmol, 1.0 equiv.). After being stirred for 30 min at room temperature, the mixture was 

added a solution of iodide (30 mmol, 3.0 equiv.) in THF (10 ml) dropwise over a course of 10 min. 

The resulting mixture was stirred for another 40 h until consumption of S1 (S1a, or S1p-S1t) 
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indicated by TLC. The reaction was quenched with 20 mL of 0.1 M HCl and extracted with 

chloroform (4 × 25 mL). The combined organic layers were dried over Na2SO4 and concentrated in 

vacuo. The residue was purified by flash chromatography on silica gel to give S2 (S2a-S2i, or S2m, 

or S2p-S2t). 

 

Synthesis of compound S3 (S3a-S3i, or S3m, or S3p-S3t): A stirred mixture of S2 (S2a-S2i, or 

S2m, or S2p-S2t) (10 mmol), acetic acid (17.2 mL), concentrated HCl (5.7 mL) and formalin (8 

mL, 37%) was heated at 80 ℃ for 72 h. The mixture was cooled to 0 ℃. Then, the reaction was 

neutralized with 10% NaOH and extracted with DCM (3×30 mL). The combined organic phases 

were washed with brine (100 mL), dried over Na2SO4, filtered, and concentrated in vacuo. The crude 

products were purified by flash chromatography on silica gel to give S3 (S3a-S3i, or S3m, or S3p-

S3t). 

 

Synthesis of compound 1 (1a-1i, or 1m, or 1p-1t): A stirred solution of S3 (S3a-S3i, or S3m, or 

S3p-S3t) (10 mmol) in 40% hydrobromic acid (30 mL) was heated at 90 ℃ for 10 h. Then, the 

mixture was cooled to room temperature followed by removement of the solvent in vacuo. The 

residue was neutralized with saturated aqueous NaHCO3 solution (20 mL) and extracted with 

chloroform (3 × 50 mL). The organic phases were washed with brine (30 mL), dried over Na2SO4, 

filtered, and concentrated in vacuo. The crude product was purified by flash chromatography on 

silica gel to give the lactone products. 

 

 
Synthesis of compound 1j: A solution of 1i (10 mmol, 1.0 equiv.) in THF (10 mL) was added to a 

solution of sodium azide (10 mmol, 1.0 equiv.) in water (0.5 mL) in a round bottomed flask equipped 

with a stirring bar and reflux condenser. The mixture was pumped and refilled with argon three 

times. The resulting solution was heated at 80 °C for 5 h. When 1i was consumed completely, the 

reaction mixture was allowed to cool to room temperature and extracted with DCM (3×50 mL). The 

combined organic phases were washed with brine (100 mL), dried over Na2SO4, filtered, and 

concentrated in vacuo. The crude product was purified by flash chromatography to give 1j. 

 

 

Synthesis of compound 1u: To a solution of 1i (4 mmol, 1.0 equiv.) in THF/toluene (10 mL/5 mL) 

was added t-BuOK (8 mmol, 2.0 equiv.) under an argon atmosphere. The resultant solution was 

stirred for 8 h at room temperature. Then, the mixture was evaporated and purified by flash 

chromatography on silica gel (DCM: MeOH = 30:1). The resulting solution was concentrated under 

vacuum followed by addition of MeOH (5 mL) and 0.1M HCl (1 mL). After being stirred for 24 h 
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at room temperature, the solution was evaporated and purified by flash chromatography on silica 

gel to give 1u. 

 

Synthesis of compound 1k: To a stirred solution of 1u (1 mmol, 1.0 equiv.) in dry DCM (10 mL) 

was added imidazole (2 mmol, 2.0 equiv.), followed by addition of tert-butyldimethylsilyl 

chloride (1.2 mmol, 1.2 equiv.). After being stirred for an additional 6 h, the reaction mixture was 

quenched with saturated aqueous NH4Cl and extracted with DCM (3 × 25 mL). The combined 

organic layers were dried over Na2SO4 and concentrated in vacuo. The residue was purified by flash 

chromatography on silica gel to give 1k. 

 

 

Synthesis of compound 1l: To a solution of 1u (1mmol, 1.0 equiv.), DMAP (4-

dimethylaminepyridine) (0.2 mmol, 0.2 equiv.) and triethylamine (1.5 mmol, 1.5 equiv.) was added 

benzoyl chloride (1 mmol, 1.2 equiv.) in DCM (10 mL) at 0 °C. The reaction mixture was warmed 

to room temperature, stirred for 6 h, and quenched with H2O (2 mL). The water phase was extracted 

three times with DCM (20 mL). The combined organic layers were dried over Na2SO4 and 

concentrated in vacuo. The residue was purified by flash chromatography on silica gel to give 1l. 

 

 

Synthesis of compound 1v: To a solution of 1u (3 mmol, 1.0 equiv.) in DCM (20 mL) was added 

Dess-Martin periodinane (4.5 mmol, 1.5 equiv.) and NaHCO3 (15 mmol, 5.0 equiv.). The resultant 

solution was stirred for 40 min at room temperature. After completion of the reaction, the mixture 

was quenched with sodium thiosulfate, and the solvent was removed under reduced pressure. The 

residue was purified by flash chromatography on silica gel to give 1v.  

 

Synthesis of compound 1n: Ethylene glycol (1.3 mmol, 1.3 equiv.) was added to a solution of 1v 

(1 mmol, 1.0 equiv.) in toluene (10 mL), followed by addition of phosphoric acid (0.04 mmol, 0.04 

equiv.). The reaction mixture was heated at reflux (110 ℃) for 4 h, cooled to room temperature, and 

evaporated under reduced pressure. The residue was purified by flash chromatography on silica gel 

to give 1n. 
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Synthesis of compound 1o: Under an argon atmosphere, 1v (1 mmol, 1.0 equiv.) and ethyl 

(triphenylphosphoranylidene) acetate (1.1 mmol, 1.1 equiv.) were dissolved in toluene and heated 

at 112 ℃ for 12 h. After completion of the reaction, the solvent was evaporated under reduced 

pressure. The residue was purified by flash chromatography on silica gel to give 1o. 

 

 

S1a was a known compound according to the literature.4 

 

 

S1p was obtained in 68% yield as a pale yellow solid. 

m.p.: 85.0-86.5 °C. 

TLC: Rf = 0.5 (DCM: MeOH = 40:1). 
1H NMR (400 MHz, Chloroform-d): δ 6.19 (s, 1H), 3.78 (s, 3H), 3.73 (s, 2H), 3.71 (s, 3H), 3.35 (t, 

J = 7.6 Hz, 2H), 2.04 (t, J = 8.0 Hz, 2H), 1.68 (s, 6H). 
13C NMR (100 MHz, Chloroform-d): δ 170.9, 166.1, 161.4, 157.2, 145.9, 121.7, 105.9, 69.1, 51.9, 

51.4, 40.7, 37.2, 30.7, 25.5. 

HRMS (ESI): m/z calcd for C15H19NNaO5 [M+Na]+: 316.1155, found 316.1155. 

FT-IR (cm-1): 1741, 1525, 1438, 1343, 1283, 863, 797, 675. 

 

 

S1q was obtained in 76% yield as a yellow solid. 

m.p.: 57.8-58.9 °C. 

TLC: Rf = 0.4 (DCM: MeOH = 40:1). 
1H NMR (600 MHz, Chloroform-d): δ 6.32 (s, 1H), 4.28 (q, J = 7.2 Hz, 1H), 4.03 (t, J = 6.4 Hz, 

2H), 3.81 (s, 1H), 3.69 (s, 3H), 3.63 (d, J = 8. 4 Hz, 2H), 3.03-2.97 (m, 2H), 1.93 (quint, J = 6.6 Hz, 

2H), 1.81 (quint, J = 6.6 Hz, 2H), 1.34 (t, J = 6.6 Hz, 2H). 
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13C NMR (150 MHz, Chloroform-d): δ 170.3, 170.2, 167.0, 166.6, 161.9, 150.9, 150.6, 143.9, 143.8, 

118.4, 111.4, 110.9, 61.2, 52.0, 51.8, 41.7, 40.2, 40.0, 27.0, 21.2, 18.2, 13.9. 

HRMS (ESI): m/z calcd for C14H18NO5 [M+H]+: 280.1179, found 280.1177. 

FT-IR (cm-1): 1740, 1518, 1436, 1288, 1141, 1015, 857, 743. 

  

 

S1r was obtained in 75% yield as a pale yellow solid. 

m.p.: 55.6-56.9 °C. 

TLC: Rf = 0.4 (DCM: MeOH = 40:1). 
1H NMR (600 MHz, Chloroform-d): δ 6.33 (s, 1H), 4.41 (s, 2H), 3.81 (s, 3H), 3.70 (s, 3H), 3.57 (s, 

2H), 2.94-2.90 (m, 2H), 1.85-1.78 (m, 4H), 1.77-1.74 (m, 2H). 
13C NMR (150 MHz, Chloroform-d): δ 170.1, 167.7, 162.0, 153.8, 119.2, 43.4, 39.8, 29.0, 27.1, 

25.8. 

HRMS (ESI): m/z calcd for C15H19NNaO5 [M+Na]+: 316.1155, found 316.1159. 

FT-IR (cm-1): 1739, 1721, 1657, 1435, 1131, 870, 725, 636. 

 

 

S1s was obtained in 82% yield as a white solid. 

m.p.: 129.5-131.9 °C. 

TLC: Rf = 0.4 (DCM: MeOH = 100:1). 
1H NMR (600 MHz, Chloroform-d): δ 8.24 (s, 1H), 3.82 (s, 2H), 3.81 (s, 3H), 3.72 (s, 3H), 3.59 (s, 

3H). 
13C NMR (150 MHz, Chloroform-d): δ 170.5, 164.6, 162.1, 146.4, 144.6, 121.8, 108.9, 52.0, 51.8, 

40.1, 37.7. 

HRMS (ESI): m/z calcd for C11H13NNaO5 [M+Na]+: 262.0686, found 262.0677. 

FT-IR (cm-1): 1736, 1667, 1461, 1346, 1139, 1054, 769, 664. 

 

 

S1t was obtained in 51% yield as a light yellow oil. 

TLC: Rf = 0.5 (DCM: MeOH = 100:1). 
1H NMR (600 MHz, Chloroform-d): δ 8.25 (s, 1H), 6.37 (s, 1H), 5.22 (quint, J = 6.8 Hz, 1H), 3.81 

(s, 3H), 3.80 (s, 2H), 3.72 (s, 3H), 1.41 (s, 3H), 1.40 (s, 3H), 1.39 (s, 3H). 
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13C NMR (100 MHz, Chloroform-d): δ 170.6, 164.8, 161.4, 145.3, 139.7, 121.9, 109.2, 52.0, 51.7, 

47.0, 40.1, 21.9. 

HRMS (ESI): m/z calcd for C13H17NNaO5 [M+Na]+: 290.0999, found 290.1005. 

FT-IR (cm-1): 1716, 1659, 1460, 1297, 1160, 1038, 964, 770, 655. 

 

 

S2a was known compounds according to the literature. 4 

 

 

S2b was obtained from S1a in 61% yield as a saffron yellow oil. 

TLC: Rf = 0.5 (DCM: MeOH = 40:1). 
1H NMR (600 MHz, Chloroform-d): δ 6.39 (s, 1H), 4.16 (td, J = 12.6, 6.6 Hz, 2H), 4.09 (t, J = 7.2 

Hz, 1H), 3.83 (s, 3H), 3.66 (s, 3H), 3.47-3.36 (m, 2H), 2.21 (q, J = 7.8 Hz, 2H), 2.09-2.03 (m, 1H), 

1.75-1.69 (m, 1H), 1.34-1.25(m, 4H), 0.88 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, Chloroform-d): δ 173.0, 166.0, 161.0, 156.1, 151.6, 117.2, 106.8, 52.0, 51.6, 

49.0, 48.0, 34.3, 31.8, 29.8, 22.4, 20.6, 13.7. 

HRMS (ESI): m/z calcd for C17H24NO5 [M+H]+: 322.1649, found 322.1647. 

FT-IR (cm-1): 1736, 1657, 1587, 1436, 1291, 1020, 865, 791. 

 

 

S2c was obtained from S1a in 91% yield as a brownish oil. 

TLC: Rf = 0.5 (DCM: MeOH = 40:1). 
1H NMR (600 MHz, Chloroform-d): δ 6.31 (s, 1H), 4.13-4.06 (m, 2H), 4.02 (t, J = 7.2 Hz, 1H), 

3.76 (s, 3H), 3.59 (s, 3H), 3.35 (td, J = 18.6, 10.8 Hz, 2H), 2.20-2.10 (m, 2H), 2.04-1.95 (m, 1H), 

1.68-1.60 (m, 1H), 1.31-1.15 (m, 8H), 0.82-0.77 (m, 3H). 
13C NMR (150 MHz, Chloroform-d): δ 172.9, 160.9, 156.0, 151.6, 51.9, 51.5, 48.9, 48.0, 34.2, 

32.0, 31.3, 28.9, 27.5, 22.3, 20.5, 13.8. 

HRMS (ESI): m/z calcd for C19H27NNaO5 [M+Na]+: 372.1781, found 372.1778. 

FT-IR (cm-1): 1713, 1660, 1436, 1291, 1090, 863, 791. 
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S2d was obtained from S1a in 54% yield as a yellow oil. 

TLC: Rf = 0.6 (DCM: MeOH = 40:1). 
1H NMR (600 MHz, Chloroform-d): δ 6.36 (s, 1H), 4.18 (t, J = 7.2 Hz, 1H), 4.11 (td, J = 10.8, 5.4 

Hz, 2H), 3.79 (s, 3H), 3.61 (s, 3H), 3.43-3.30 (m, 2H), 2.16 (quint, J = 7.8 Hz, 2H), 1.92-1.84 (m, 

1H), 1.49-1.47 (m, 2H), 0.86 (d, J = 6.6 Hz, 3H), 0.84 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, Chloroform-d): δ 173.1, 166.0, 161.0, 156.0, 151.6, 117.2, 52.0, 51.6, 49.0, 

45.8, 41.0, 34.2, 25.8, 22.5, 22.0, 20.6. 

HRMS (ESI): m/z calcd for C17H23NNaO5 [M+Na]+: 344.1468, found 344.1471. 

FT-IR (cm-1): 1642, 1461, 1123, 1090, 1040, 749. 

 

 
S2e was obtained from S1a in 45% yield as a colorless oil. 

TLC: Rf = 0.5 (DCM: MeOH = 40:1). 
1H NMR (600 MHz, Chloroform-d): δ 6.42 (s, 1H), 4.20-4.10(m, 3H), 3.83 (s, 3H), 3.66 (s, 3H), 

3.47-3.50 (m, 2H), 2.20 (quint, J = 7.8 Hz, 2H), 2.09-2.03 (m, 1H), 1.77-1.71 (m, 4H), 1.64-1.57 

(m, 2H), 1.53- 1.45 (m, 2H), 1.15-1.05 (m, 2H). 
13C NMR (150 MHz, Chloroform-d): δ 173.1, 166.1, 161.1, 156.1, 151.7, 117.5, 106.9, 52.1, 51.7, 

49.1, 47.4, 38.3, 37.9, 34.3, 32.6, 32.2, 25.0, 24.9, 20.6. 

HRMS (ESI): m/z calcd for C19H25NNaO5 [M+Na]+: 370.1625, found 370.1627. 

FT-IR (cm-1): 1714, 1659, 1436, 1289, 1090, 863. 

 

 
S2f was obtained from S1a in 48% yield as a colorless oil. 

TLC: Rf = 0.6 (DCM: MeOH = 40:1). 
1H NMR (600 MHz, Chloroform-d): δ 6.26 (s, 1H), 4.14 (t, J = 7.2 Hz, 1H), 4.09-4.00 (m, 2H), 

3.70 (s, 3H), 3.54 (s, 3H), 3.36-3.23 (m, 2H), 2.08 (quint, J = 7.6 Hz, 2H), 1.80 (quint, J = 7.2, 1H), 

1.63-1.52 (m, 4H), 1.51-1.42 (m, 2H), 1.15-0.99 (m, 4H), 0.83-0.72(m, 2H). 
13C NMR (150 MHz, Chloroform-d): δ 172.9, 165.7, 160.7, 155.8, 151.6, 116.7, 116.7, 106.6, 51.7, 

51.4, 48.8, 44.7, 39.4, 35.0, 34.0, 32.9, 32.6, 26.1, 25.7, 25.7, 20.3. 

HRMS (ESI): m/z calcd for C20H27NNaO5 [M+Na]+: 384.1781, found 384.1780. 

FT-IR (cm-1): 1714, 1660, 1436, 1288, 1127, 862. 
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S2g was obtained from S1a in 90% yield as a colorless oil. 

TLC: Rf = 0.5 (DCM: MeOH = 40:1). 
1H NMR (600 MHz, Chloroform-d): δ 6.37 (s, 1H), 4.21 (q, J = 7.2 Hz, 1H), 4.16 (td, J = 7.2, 4.4 

Hz, 2H), 3.81 (s, 3H), 3.68 (s, 3H), 3.50-3.40 (m, 2H), 2.23-2.18 (m, 2H), 1.49 (dd, J = 7.2, 3.4 Hz, 

3H). 

13C NMR (150 MHz, Chloroform-d): δ 173.6, 166.0, 161.2, 156.4, 152.8, 116.8, 106.5, 51.5, 49.0, 

42.9, 20.6, 17.0, 14.5. 

HRMS (ESI): m/z calcd for C14H18NO5 [M+H]+: 280.1179, found 280.1179. 

FT-IR (cm-1): 1649, 1437, 1111, 1061, 998, 668. 

 

 
S2h was obtained from S1a in 64% yield as a saffron yellow oil. 

TLC: Rf = 0.5 (DCM: MeOH = 40:1). 
1H NMR (400 MHz, Chloroform-d): δ 7.29-7.22 (m, 2H), 7.20-7.10 (m, 3H), 6.40 (s, 1H), 4.16 (td, 

J = 7.4, 3.2 Hz, 2H), 4.09 (t, J = 7.2 Hz, 1H), 3.80 (s, 3H), 3.65 (s, 3H), 3.49-3.32 (m, 2H), 2.58 (t, 

J = 7.8 Hz, 2H), 2.19 (quint, J = 7.6 Hz, 2H), 2.13-2.03 (m, 1H), 1.84-1.71 (m, 1H), 1.67-1.54 (m, 

2H), 1.41-1.30 (m, 2H). 
13C NMR (150 MHz, Chloroform-d): δ 170.3, 164.8, 157.7, 157.6, 146.1, 118.5, 104.2, 64.8, 52.0, 

49.5, 41.7, 35.0, 32.2, 32.0, 31.8, 31.6, 23.7, 20.6. 

HRMS (ESI): m/z calcd for C23H27NNaO5 [M+Na]+: 420.1781, found 420.1778. 

FT-IR (cm-1): 1736, 1658, 1436, 1291, 749, 700. 

 

  
S2i was obtained from S1a in 79% yield as a yellow oil. 

TLC: Rf = 0.5 (DCM: MeOH = 40:1). 
1H NMR (600 MHz, Chloroform-d): δ 6.36 (s, 1H), 4.49 (s, 1H), 4.41 (s, 1H), 4.24-4.10 (m, 3H), 

3.84 (s, 3H), 3.68 (s, 3H), 3.50-3.36 (m, 2H), 2.25-2.14 (m, 3H), 1.90-1.82 (m, 1H), 1.81-1.64 (m, 

2H). 
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13C NMR (150 MHz, Chloroform-d): δ 172.5, 165.8, 160.9, 156.5, 151.3, 117.0, 106.5, 83.9, 82.8, 

52.1, 51.6, 49.0, 47.4, 34.4, 28.5, 28.3, 28.0, 27.9, 20.5. 

19F NMR (376 MHz, Chloroform-d): δ 18.37. 

HRMS (ESI): m/z calcd for C16H20FNNaO5 [M+Na]+: 348.1218, found 348.1221. 

FT-IR (cm-1): 1736, 1659, 1519,1437, 1293, 1211, 1095, 999, 864. 

 

 

S2m was obtained from S1a in 55% yield as a yellow oil. 

TLC: Rf = 0.4 (DCM: MeOH = 40:1). 
1H NMR (600 MHz, Chloroform-d): δ 6.35 (s, 1H), 4.25-4.11 (m, 3H), 3.84 (s, 3H), 3.69 (s, 3H), 

3.52-3.46(m, 1H), 3.45-3.38 (m, 1H), 2.37-2.28 (m, 1H), 2.27-2.16 (m, 3H), 2.15-2.06 (m, 1H), 

2.03-1.94 (m, 1H). 
13C NMR (150 MHz, Chloroform-d): δ 172.0, 165.7, 160.8, 157.1, 150.7, 126.7 (q, J = 400.5 Hz), 

117.2, 106.2, 52.3, 51.8, 49.2, 46.7, 34.7, 31.9 (q, J = 28.5 Hz), 24.5, 20.5. 

19F NMR (376 MHz, Chloroform-d) δ -66.33. 

HRMS (ESI): m/z calcd for C16H18F3NNaO5 [M+Na]+: 384.1029, found 384.1016. 

FT-IR (cm-1): 1736, 1713, 1655, 1293, 1138, 1022, 865, 653. 

 

 

S2p was obtained from S1p in 80% yield as a light yellow oil. 

TLC: Rf = 0.7 (DCM: MeOH = 40:1). 
1H NMR (400 MHz, Chloroform-d): δ 6.29 (s, 1H), 3.93 (t, J = 7.2 Hz, 1H), 3.83 (s, 3H), 3.68 (s, 

3H), 3.35-3.18 (m, 2H), 2.10 (dd, J = 14.4, 7.0 Hz, 1H), 2.03 (d, J = 7.8 Hz, 2H), 1.76 (dd, J = 14.2, 

7.2 Hz, 1H), 1.69 (s, 3H), 1.67 (s, 3H), 0.94 (t, J = 7.4 Hz, 3H). 
13C NMR (100 MHz, Chloroform-d): δ 172.9, 166.3, 161.5, 155.8, 150.2, 118.7, 106.5, 69.1, 51.9, 

51.5, 49.4, 37.2, 30.4, 25.5, 25.3, 25.2, 12.3. 

HRMS (ESI): m/z calcd for C17H24NO5 [M+H]+: 322.1649, found 322.1642. 

FT-IR (cm-1): 1713, 1659, 1519, 1437, 1293, 1133, 999, 864. 

 

 

S2q was obtained from S1q in 75% yield as a light yellow oil. 

TLC: Rf = 0.5 (DCM: MeOH = 40:1). 



S12 
 

1H NMR (600 MHz, Chloroform-d): δ 6.47 (s, 1H), 4.35 (t, J = 7.2 Hz, 1H), 4.01 (t, J = 6.6 Hz, 

2H), 3.86 (s, 1H), 3.67 (s, 3H), 3.48 (dt, J = 20.4, 7.4 Hz, 1H), 2.92-2.80 (m, 2H), 2.04 (hept, J = 

7.8 Hz, 1H), 1.99-1.91 (m, 2H), 1.85-1.72(m, 3H), 1.37 (t, J = 7.2 Hz, 2H), 0.92 (t, J = 7.4 Hz, 3H). 
13C NMR (150 MHz, Chloroform-d): δ 172.4, 167.5, 167.1, 162.3, 148.3, 147.9, 147.8, 115.4, 115.2, 

112.8, 112.3, 61.5, 52.2, 49.7, 49.4, 41.9, 26.9, 25.6, 25.3, 21.4, 18.3, 14.0, 12.2. 

HRMS (ESI): m/z calcd for C16H21NNaO5 [M+Na]+: 330.1312, found 330.1315. 

FT-IR (cm-1): 1737, 1656, 1517, 1435, 1290, 1140, 859, 789, 651. 

 

 

S2r was obtained from S1r in 64% yield as a light yellow oil. 

TLC: Rf = 0.5 (DCM: MeOH = 40:1) 
1H NMR (400 MHz, Chloroform-d): δ 6.47 (s, 1H), 4.48-4.39 (m, 1H), 4.36-4.31 (m, 1H), 3.85 (s, 

3H), 3.68 (s, 3H), 3.38 (t, J = 6.8 Hz, 3H 1H), 2.85-2.77 (m, 2H), 2.07-1.97 (m, 1H), 1.82-1.74 (m, 

7H), 0.92 (t, J = 7.4 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 172.3, 168.0, 162.2, 151.6, 147.6, 116.2, 113.1, 108.1, 52.3, 

52.2, 49.6, 43.4, 31.7, 29.0, 27.1, 25.9, 25.5, 12.2. 

HRMS (ESI): m/z calcd for C17H23NNaO5 [M+Na]+: 344.1468, found 344.1478. 

FT-IR (cm-1): 1736, 1659, 1589, 1526, 1437, 1297, 1131, 997, 862. 

 

 

S2s was obtained from S1s in 48% yield as a saffron yellow oil. 

TLC: Rf = 0.7 (DCM: MeOH = 100:1). 
1H NMR (400 MHz, Chloroform-d): δ 8.24 (s, 1H), 6.50 (s, 1H), 4.31 (t, J = 7.2 Hz, 1H), 3.83 (s, 

3H), 3.68 (s, 3H), 3.59 (s, 3H), 2.09 (hept, J = 7.2, 1H), 1.79 (hept, J = 7.6, 1H), 0.95 (t, J = 7.4 Hz, 

3H). 

13C NMR (100 MHz, Chloroform-d): δ 172.8, 164.6, 162.3, 151.4, 144.8, 119.2, 108.7, 52.0, 51.8, 

48.9, 37.7, 25.1, 12.3. 

HRMS (ESI): m/z calcd for C13H17NNaO5 [M+Na]+: 290.0999, found 290.0999. 

FT-IR (cm-1): 1720, 1667, 1453, 1293, 1138, 1053, 776, 664. 

 

 

S2t was obtained from S1t in 41% yield as a pale yellow oil. 



S13 
 

TLC: Rf = 0.7 (DCM: MeOH = 100:1). 

1H NMR (600 MHz, Chloroform-d): δ 8.24 (s, 1H), 6.48 (s, 1H), 5.21 (quint, J = 6.8 Hz, 1H), 4.33-

4.26 (m, 1H), 3.84 (s, 3H), 3.68 (s, 3H), 2.09 (hept, J = 7.2 Hz, 1H), 1.78 (hept, J = 6.6 Hz, 1H), 

1.41 (d, J = 2.4 Hz, 3H), 1.40 (d, J = 2.4 Hz, 3H), 0.96 (t, J = 7.4 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 173.0, 164.9, 161.6, 150.3, 139.9, 119.3, 109.0, 52.0, 51.9, 

49.0, 47.1, 25.2, 21.9, 21.9, 12.4. 

HRMS (ESI): m/z calcd for C15H21NNaO5 [M+Na]+: 318.1312, found 318.1307. 

FT-IR (cm-1): 1720, 1666, 1521, 1455, 1297, 1195, 1046, 871, 774. 

 

 

S3a was known compounds according to the literature.4 

 

 

S3b was obtained from S2b in 76% yield as a colorless oil. 

TLC: Rf = 0.6 (DCM: MeOH = 40:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.50 (d, J = 15.6 Hz, 1H), 5.15 (d, J = 15.6 Hz, 1H), 4.42 

(dd, J = 9.6, 5.4 Hz, 1H), 4.24-4.15 (m, 2H), 3.87 (s, 3H), 3.55-3.44 (m, 2H), 2.30-2.21 (m, 2H), 

1.90-1.84 (m, 1H), 1.78-1.72 (m, 1H), 1.49-1.44 (m, 2H), 1.42-1.36 (m, 1H), 1.35-1.29 (m, 1H), 

0.90 (t, J = 7.2 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 171.4, 165.1, 157.9, 156.9, 147.5, 118.4, 104.7, 64.8, 51.9, 

49.3, 43.0, 34.7, 31.3, 29.2, 22.2, 20.6, 13.7. 

HRMS (ESI): m/z calcd for C17H21NNaO5 [M+Na]+: 342.1312, found 342.1309. 

FT-IR (cm-1): 1635, 1417, 1308, 1122, 664. 

 

 

S3c was obtained from S2c in 64% yield as a saffron yellow oil. 

TLC: Rf = 0.6 (DCM: MeOH = 40:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.33 (d, J = 15.6 Hz, 1H), 5.01 (d, J = 15.6 Hz, 1H), 4.29 

(dd, J = 9.0, 4.8 Hz, 1H), 4.12-4.03 (m, 2H), 3.75 (s, 3H), 3.46-3.30 (m, 2H), 2.18-2.07 (m, 2H), 

1.78-1.68 (m, 1H), 1.66-1.57 (m, 1H), 1.38-1.29 (m, 2H), 1.26-1.20 (m, 1H), 1.19-1.09 (m, 5H), 

0.74 (t, J = 6.8 Hz, 3H). 



S14 
 

13C NMR (150 MHz, Chloroform-d): δ 171.3, 165.0, 157.8, 157.0, 147.4, 118.1, 104.6, 64.7, 51.8, 

49.3, 42.9, 34.7, 31.5, 31.4, 28.7, 27.0, 22.4, 20.6, 13.9. 

HRMS (ESI): m/z calcd for C19H25NNaO5 [M+Na]+: 370.1625, found 370.1616. 

FT-IR (cm-1): 1714, 1650, 1306, 1113, 788. 

 

 

S3d was obtained from S2d in 65% yield as a white solid. 

m.p.: 232.9-235.8 °C. 

TLC: Rf = 0.7 (DCM: MeOH = 40:1). 

1H NMR (400 MHz, Chloroform-d): δ 5.47 (d, J = 15.6 Hz, 1H), 5.12 (d, J = 15.6 Hz, 1H), 4.50 

(dd, J = 11.6, 4.8 Hz, 1H), 4.23-4.06 (m, 2H), 3.83 (s, 1H), 3.57-3.35 (m, 2H), 2.30-2.11 (m, 2H), 

1.83-1.63 (m, 2H), 1.54-1.42 (m, 1H), 1.05 (d, J = 6.4 Hz, 3H), 0.89 (d, J = 6.6 Hz, 3H).  
13C NMR (100 MHz, Chloroform-d): δ 171.0, 164.9, 157.8, 157.0, 147.8, 118.4, 104.6, 64.5, 51.8, 

49.3, 41.5, 39.4, 34.6, 26.0, 23.2, 21.0, 20.6. 

HRMS (ESI): m/z calcd for C17H21NNaO5 [M+Na]+: 342.1312, found 342.1315. 

FT-IR (cm-1): 1645, 1437, 1308, 1116, 763, 636. 

 

 

S3e was obtained from S2e in 65% yield as a yellow solid. 

m.p.: 113.2-115.1 °C. 

TLC: Rf = 0.6 (DCM: MeOH = 40:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.52 (d, J = 15.6 Hz, 1H), 5.17 (d, J = 15.6 Hz, 1H), 4.48 

(dd, J = 11.4, 4.8 Hz, 1H), 4.28-4.15 (m, 2H), 3.87 (s, 3H), 3.60-3.41 (m, 2H), 2.28-2.17 (m, 2H), 

2.07-2.00 (m, 1H), 1.98-1.91 (m, 1H), 1.92-1.83 (m, 1H), 1.82-1.75 (m, 1H), 1.70-1.55 (m, 5H), 

1.28-1.24 (m, 1H), 1.17-1.06 (m, 1H). 
13C NMR (150 MHz, Chloroform-d): δ 171.3, 165.1, 158.0, 156.9, 148.0, 118.6, 104.9, 51.9, 49.4, 

42.9, 37.8, 37.0, 34.7, 33.0, 31.8, 25.1, 25.0, 20.7. 

HRMS (ESI): m/z calcd for C19H23NNaO5 [M+Na]+: 368.1468, found 368.1466. 

FT-IR (cm-1): 1740, 1649, 1545, 1307, 1125, 734, 627. 

 

 

S3f was obtained from S2f in 71% yield as a colorless oil. 



S15 
 

TLC: Rf = 0.7 (DCM: MeOH = 40:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.49 (d, J = 15.6 Hz, 1H), 5.16 (d, J = 15.6 Hz, 1H), 4.58 

(dd, J = 11.2, 4.8 Hz, 1H), 4.27-4.13 (m, 2H), 3.88 (s, 3H), 3.57-3.50 (m, 1H), 3.50-3.42 (m, 1H), 

2.31-2.18 (m, 2H), 2.13 (d, J = 12.6 Hz, 1H), 1.74 (d, J = 12.6 Hz, 1H), 1.71-1.54 (m, 5H), 1.45 (qd, 

J = 10.8, 3.6 Hz, 1H), 1.34-1.21 (m, 2H), 1.19-1.10 (m, 1H), 0.99-0.89 (m, 2H). 

13C NMR (150 MHz, Chloroform-d): δ 171.0, 164.8, 156.9, 147.9, 118.3, 64.3, 51.7, 49.2, 40.6, 

38.1, 35.0, 34.6, 33.7, 31.7, 26.1, 25. 9, 25.7, 20.5. 

HRMS (ESI): m/z calcd for C20H25NNaO5 [M+Na]+: 382.1625, found 382.1614. 

FT-IR (cm-1): 1713, 1650, 1307, 1080, 793, 734. 

 

 

S3g was obtained from S2g in 76% yield as a white solid. 

m.p.: 151.2-152.9 °C.  

TLC: Rf = 0.7 (DCM: MeOH = 40:1). 

1H NMR (400 MHz, Chloroform-d): δ 5.53 (d, J = 15.6 Hz, 1H), 5.15 (d, J = 15.6 Hz, 1H), 4.46 (q, 

J = 7.4 Hz, 1H), 4.27-4.16 (m, 2H), 3.88 (s, 3H), 3.60-3.42 (m, 2H), 2.31-2.20 (m, 2H), 1.55 (dd, J 

= 7.4, 3.2 Hz, 3H). 

13C NMR (100 MHz, Chloroform-d): δ 157.1, 118.0, 104.5, 64.4, 51.9, 49.5, 37.8, 34.7, 20.5, 16.9. 

HRMS (ESI): m/z calcd for C14H16NO5 [M+H]+: 278.1023, found 278.1024. 

FT-IR (cm-1): 1711, 1642, 1311, 1138, 1047, 630. 

 

 

S3h was obtained from S2h in 72% yield as a light yellow oil. 

TLC: Rf = 0.6 (DCM: MeOH = 40:1). 

1H NMR (600 MHz, Chloroform-d): δ 7.26 (t, J = 7.2 Hz, 2H), 7.15 (t, J = 5.6 Hz, 3H), 5.49 (d, J 

= 15.6 Hz, 1H), 5.12 (d, J = 15.6 Hz, 1H), 4.42 (dd, J = 9.6, 5.0 Hz, 1H), 4.28-4.11 (m, 2H), 3.82 

(s, 3H), 3.59-3.41 (m, 2H), 2.61 (t, J = 7.8 Hz, 2H), 2.33-2.15 (m, 2H), 1.92-1.83 (m, 1H), 1.80-

1.73 (m, 1H), 1.68 (dt, J = 14.6, 7.2 Hz, 1H), 1.61-1.57 (m, 1H), 1.58-1.47 (m, 2H). 

13C NMR (100 MHz, Chloroform-d): δ 171.2, 165.0, 157.8, 156.9, 147.3, 142.0, 128.2, 128.2, 125.6, 

118.3, 104.6, 64.7, 51.8, 49.3, 42.9, 35.5, 34.7, 31.3, 30.9, 26.7, 20.5. 

HRMS (ESI): m/z calcd for C23H25NNaO5 [M+Na]+: 418.1625, found 418.1620. 

FT-IR (cm-1): 1709, 1646, 1437, 1307, 1090, 750, 701. 

 



S16 
 

 
S3i was obtained from S2i in 79% yield as a yellow oil. 

TLC: Rf = 0.6 (DCM: MeOH = 40:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.53 (d, J = 15.8 Hz, 1H), 5.17 (d, J = 15.8 Hz, 1H), 4.62-

4.44 (m, 3H), 4.27-4.16 (m, 2H), 3.88 (s, 3H), 3.63-3.51 (m, 1H), 3.51-3.43 (m, 1H), 2.34-2.22 (m, 

2H), 2.06-1.84 (m, 4H). 
13C NMR (150 MHz, Chloroform-d): δ 171.0, 165.0, 157.8, 157.3, 147.0, 118.4, 104.5, 83.3, 82.2, 

64.8, 52.0, 49.4, 42.3, 34.8, 28.2, 28.0, 27.1, 27.1, 20.6. 
19F NMR (376 MHz, Chloroform-d): δ 16.69. 

HRMS (ESI): m/z calcd for C16H18FNNaO5 [M+Na]+: 346.1061, found 346.1062. 

FT-IR (cm-1): 1713, 1657, 1438, 1293, 1133, 999, 864, 792.  

 

 

S3m was obtained from S2m in 77% yield as a saffron yellow oil. 

TLC: Rf = 0.6 (DCM: MeOH = 40:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.54 (d, J = 16.2 Hz, 1H), 5.17 (d, J = 16.2 Hz, 1H), 4.38 

(dd, J = 10.8, 4.2 Hz, 1H), 4.28-4.22 (m, 1H), 4.20-4.13 (m, 1H), 3.88 (s, 3H), 3.62-3.54 (m , 1H), 

3.52-3.42 (m, 1H), 2.47-2.37 (m, 2H), 2.30-2.21 (m, 2H), 2.17-2.10 (m, 1H), 1.93 (qd, J = 11.6, 5.4 

Hz, 1H). 

13C NMR (150 MHz, Chloroform-d): δ 170.3, 164.8, 157.7, 157.6, 146.1, 125.7 (d, J = 226.5 Hz), 

118.5, 104.2, 64.8, 52.0, 49.5, 41.7, 35.0, 31.9 (q, J = 30.0 Hz), 23.7, 20.6. 

19F NMR (376 MHz, Chloroform-d): δ -66.57. 

HRMS (ESI): m/z calcd for C16H16F3NNaO5 [M+Na]+: 382.0873, found 382.0873. 

FT-IR (cm-1): 1649, 1440, 1308, 1126, 979, 636. 

 

 

S3p was obtained from S2p in 80% yield as a colorless oil. 

TLC: Rf = 0.7 (DCM: MeOH = 60:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.48 (d, J = 15.8 Hz, 1H), 5.13 (d, J = 15.8 Hz, 1H), 4.25 

(dd, J = 9.6, 4.8 Hz, 1H), 3.86 (s, 3H), 3.42-3.26 (m, 2H), 2.07 (t, J = 7.8 Hz, 2H), 1.96 (td, J = 13.2, 

7.2 Hz, 1H), 1.80 (td, J = 14.4, 7.8 Hz, 1H), 1.71 (s, 3H), 1.68 (s, 3H), 1.09 (t, J = 7.4 Hz, 3H). 



S17 
 

13C NMR (150 MHz, Chloroform-d): δ 171.4, 165.4, 158.4, 156.7, 146.3, 119.5, 104.6, 69.9, 65.0, 

51.9, 44.1, 37.2, 30.8, 25.8, 25.4, 25.2, 11.8. 

HRMS (ESI): m/z calcd for C17H21NNaO5 [M+Na]+: 342.1312, found 342.1312. 

FT-IR (cm-1): 1711, 1650, 1543. 1438, 1303, 1191, 794, 730. 

 

 

S3q was obtained from S2q in 65% yield as a light yellow oil. 

TLC: Rf = 0.6 (DCM: MeOH = 40:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.49 (d, J = 17.6 Hz, 1H), 5.17 (d, J = 17.6 Hz, 1H), 4.40-

4.31 (m, 1H), 4.15-4.07 (m, 1H), 4.07-4.00 (m, 1H), 3.75-3.70 (m, 1H), 2.95 (t, J = 6.6 Hz, 2H), 

2.04-1.93 (m, 3H), 1.87-1.74 (m, 3H), 1.39 (t, J = 7.2 Hz, 2H), 1.05 (td, J = 7.4, 2.8 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 170.7, 165.8, 158.8, 149.5, 143.5, 116.8, 109.9, 65.7, 61.7, 

52.4, 44.0, 42.0, 27.0, 25.4, 21.2, 14.1. 

HRMS (ESI): m/z calcd for C16H19NNaO5 [M+Na]+: 328.1155, found 328.1158. 

FT-IR (cm-1): 1717, 1651, 1537, 1299, 1170, 1048, 786, 732, 580. 

 

 

S3r was obtained from S2r in 69% yield as a colorless oil. 

TLC: Rf = 0.6 (DCM: MeOH = 40:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.46 (d, J = 16.0 Hz, 1H), 5.15 (d, J = 16.0 Hz, 1H), 4.55 

(dd, J = 14.6, 7.2 Hz, 1H), 4.31 (dd, J = 14.4, 8.4 Hz, 1H), 3.88 (s, 3H), 3.60 (dd, J = 9.0, 4.8 Hz, 

1H), 2.96-2.89 (m, 1H), 2.89-2.80 (m, 1H), 2.02-1.93 (m, 1H), 1.88-1.72 (m, 7H), 1.05 (td, J = 7.4, 

2.2 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 170.6, 166.8, 158.7, 152.9, 143.2, 117.7, 110.3, 66.0, 52.5, 

43.9, 43.5, 31.6, 28.8, 27.0, 25.8, 25.5, 11.5. 

HRMS (ESI): m/z calcd for C17H23NNaO5 [M+Na]+: 344.1468, found 344.1478. 

FT-IR (cm-1): 1722, 1654, 1545, 1438, 1301, 1168, 906, 795, 732. 

 

 

S3s was obtained from S2s in 37% yield as a white solid. 

m.p.: 167.2-168.5 °C. 

TLC: Rf = 0.8 (DCM: MeOH = 100:1). 



S18 
 

1H NMR (600 MHz, Chloroform-d): δ 8.29 (s, 1H), 5.48 (d, J = 16.2 Hz, 1H), 5.16 (d, J = 16.2 Hz, 

1H), 4.57 (dd, J = 9.0, 5.4 Hz, 1H), 3.86 (s, 3H), 3.63 (s, 3H), 1.99-1.93 (m, 1H), 1.87-1.80 (m, 1H), 

1.64 (s, 1H), 1.09 (t, J = 7.4 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 170.7, 163.9, 159.1, 146.6, 144.6, 120.6, 106.9, 65.3, 52.1, 

43.0, 37.9, 25.6, 11.6. 

HRMS (ESI): m/z calcd for C13H15NNaO5 [M+Na]+: 288.0842, found 288.0836. 

FT-IR (cm-1): 1714, 1657, 1310, 1017, 856, 660. 

 

 

S3t was obtained from S2t in 38% yield as a white solid. 

m.p.: 110.4-112.7 °C. 

TLC: Rf = 0.8 (DCM: MeOH = 100:1). 

1H NMR (600 MHz, Chloroform-d): δ 8.30 (s, 1H), 5.49 (d, J = 16.2 Hz, 1H), 5.24 (quint, J = 6.8 

Hz, 1H), 5.16 (d, J = 16.2 Hz, 1H), 4.56 (dd, J = 9.0, 4.8 Hz, 1H), 3.88 (s, 3H), 2.00-1.94 (m, 1H), 

1.87-1.79 (m, 1H), 1.43 (d, J = 4.2 Hz, 3H), 1.42 (d, J = 4.2 Hz, 3H), 1.10 (t, J = 7.4 Hz, 3H). 
13C NMR (150 MHz, Chloroform-d): δ 170.9, 164.1, 158.4, 145.7, 139.7, 120.5, 107.2, 65.5, 52.1, 

47.7, 43.0, 25.6, 21.9, 21.8, 11.7. 

HRMS (ESI): m/z calcd for C15H19NNaO5 [M+Na]+: 316.1155, found 316.1166. 

FT-IR (cm-1): 1720, 1657, 1455, 1260, 1089, 1018, 798, 661. 

  

 

1a was known compounds according to the literature.4 

 

 

1b was obtained from S3b in 54% yield as a yellow oil. 

TLC: Rf = 0.4 (DCM: MeOH = 30:1). 

1H NMR (600 MHz, Chloroform-d): δ 6.00 (s, 1H), 5.42 (d, J = 15.6 Hz, 1H), 5.23 (d, J = 15.6 Hz, 

1H), 4.15 (t, J = 7.2 Hz, 2H), 3.42 (t, J = 6.8 Hz, 1H), 3.12 (t, J = 7.8 Hz, 2H), 2.24 (quint, J = 7.6 

Hz, 2H), 1.89-1.82 (m, 2H), 1.47-1.32 (m, 4H), 0.90 (t, J = 7.0 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 171.4, 158.3, 150.4, 146.9, 116.9, 100.1, 65.9, 48.5, 44.6, 

31.7, 31.3, 28.8, 22.3, 21.3, 13.7. 

HRMS (ESI): m/z calcd for C15H19NNaO3 [M+Na]+: 284.1257, found 284.1253. 

FT-IR (cm-1): 1740, 1653, 1574, 1233, 1072, 733. 

 



S19 
 

 

1c was obtained from S3c in 58% yield as a pale yellow solid. 

m.p.: 77.9-79.2 °C. 

TLC: Rf = 0.4 (DCM: MeOH = 30:1). 

1H NMR (600 MHz, Chloroform-d): δ 6.00 (s, 1H), 5.39 (d, J = 15.6 Hz, 1H), 5.20 (d, J = 15.6 Hz, 

1H), 4.12 (t, J = 7.4 Hz, 2H), 3.39 (t, J = 6.6 Hz, 1H), 3.09 (t, J = 7.8 Hz, 2H), 2.25-2.17 (m, 2H), 

1.88 -1.81 (m, 2H), 1.40-1.31 (m, 2H), 1.30-1.20 (m, 6H), 0.84 (t, J = 6.6 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 171.5, 150.4, 146.9, 100.1, 65.9, 48.5, 44.6, 31.7, 31.6, 31.4, 

28.9, 26.6, 22.4, 21.3, 13.9. 

HRMS (ESI): m/z calcd for C17H23NNaO3 [M+Na]+: 312.1570, found 312.1566. 

FT-IR (cm-1): 1655, 1579, 1460, 1121, 1040, 858, 669. 

 

 

1d was obtained from S3d in 44% yield as a light yellow oil. 

TLC: Rf = 0.4 (DCM: MeOH = 30:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.96 (s, 1H), 5.43 (d, J = 15.6 Hz, 1H), 5.20 (d, J = 15.6 Hz, 

1H), 4.12 (t, J = 7.2 Hz, 2H), 3.46 (t, J = 7.4 Hz, 1H), 3.09 (t, J = 7.8 Hz, 2H), 2.21 (quint, J = 7.6 

Hz, 2H), 1.78-1.66 (m, 2H), 1.57-1.49 (m, 1H), 0.96 (t, J = 6.0 Hz, 6H). 

13C NMR (150 MHz, Chloroform-d): δ 171.5, 150.6, 147.6, 117.0, 100.1, 65.6, 48.6, 43.2, 40.1, 

31.7, 25.5, 22.3, 22.1, 21.3. 

HRMS (ESI): m/z calcd for C15H19NNaO3 [M+Na]+: 284.1257, found 284.1253. 

FT-IR (cm-1): 1734, 1653, 1576, 1465, 1074, 750, 669. 

 

 

1e was obtained from S3e in 43% yield as a saffron yellow solid. 

m.p.: 110.1-111.5 °C. 

TLC: Rf = 0.4 (DCM: MeOH = 30:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.99 (s, 1H), 5.46 (d, J = 15.6 Hz, 1H), 5.22 (d, J = 15.6 Hz, 

1H), 4.15 (t, J = 7.2 Hz, 1H), 3.44 (t, J = 7.2 Hz, 1H), 3.11 (t, J = 7.8 Hz, 2H), 2.24 (q, J = 7.6 Hz, 

2H), 1.94-1.87 (m, 3H), 1.86-1.75 (m, 2H), 1.86-1.76 (m, 2H), 1.75-1.71 (m, 1H), 1.66-1.61 (m, 

2H), 1.58-1.51 (m, 2H), 1.19-1.11 (m, 2H). 

13C NMR (100 MHz, Chloroform-d): δ 171.6, 158.5, 150.5, 147.5, 116.9, 100.2, 65.7, 48.6, 44.6, 

37.7, 37.2, 32.6, 32.4, 31.7, 25.1, 25.1, 21.4. 

HRMS (ESI): m/z calcd for C17H21NNaO3 [M+Na]+: 310.1414, found 310.1402. 



S20 
 

FT-IR (cm-1): 1640, 1462, 1121, 1039, 662. 

 

 

1f was obtained from S3f in 51% yield as a white foam. 

TLC: Rf = 0.4 (DCM: MeOH = 30:1). 

1H NMR (400 MHz, Chloroform-d): δ 5.95 (s, 1H), 5.43 (d, J = 15.6 Hz, 1H), 5.21 (d, J = 15.6 Hz, 

1H), 4.13 (t, J = 7.2 Hz, 2H), 3.50 (t, J = 7.6 Hz, 1H), 3.10 (t, J = 7.8 Hz, 2H), 2.22 (quint, J = 7.6 

Hz, 2H), 1.82 (d, J = 10.8 Hz, 1H), 1.77-1.62 (m, 5H), 1.59-1.49 (m, 1H), 1.45-1.32 (m, 1H), 1.30-

1.09 (m, 3H), 1.01-0.84 (m, 2H). 

13C NMR (100 MHz, Chloroform-d): δ 171.6, 158.5, 150.6, 147.8, 117.0, 100.1, 65.6, 48.6, 42.4, 

38.6, 34.7, 33.1, 32.8, 31.7, 26.2, 25.9, 25.8, 21.3. 

HRMS (ESI): m/z calcd for C18H23NNaO3 [M+Na]+:324.1570, found 324.1581. 

FT-IR (cm-1): 1740, 1647, 1576, 1448, 1074, 669. 

 

 

1g was obtained from S3g in 52% yield as a white solid. 

m.p.: 177.7-179.8 °C. 

TLC: Rf = 0.4 (DCM: MeOH = 30:1). 

1H NMR (600 MHz, Chloroform-d): δ 6.11 (s, 1H), 5.42 (d, J = 15.0 Hz, 1H), 5.22 (d, J = 15.0 Hz, 

1H), 4.16 (t, J = 7.8 Hz, 2H), 3.48 (q, J = 7.4 Hz, 1H), 3.13 (t, J = 7.8 Hz, 2H), 2.24 (quint, J = 7.8 

Hz, 2H), 1.55 (dd, J = 7.4, 1.4 Hz, 3H). 
13C NMR (150 MHz, Chloroform-d): δ 172.2, 158.2, 151.0, 147.8, 117.2, 98.6, 65.0, 48.6, 38.6, 

31.8, 21.3, 14.3. 

HRMS (ESI): m/z calcd for C12H14NO3 [M+H]+: 220.0968, found 220.0968. 

FT-IR (cm-1): 1738, 1649, 1572, 1243, 1033, 636. 

 

 

1h was obtained from S3h in 56% yield as a brownish oil. 

TLC: Rf = 0.4 (DCM: MeOH = 30:1). 

1H NMR (600 MHz, Chloroform-d): δ 7.27 (t, J = 7.4 Hz, 2H), 7.20-7.11 (m, 3H), 5.92 (s, 1H), 

5.41 (d, J = 15.6 Hz, 1H), 5.21 (d, J = 15.6 Hz, 1H), 4.14 (t, J = 7.4 Hz, 2H), 3.40 (t, J = 6.8 Hz, 
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1H), 3.08 (t, J = 7.8 Hz, 2H), 2.60 (td, J = 7.6, 3.8 Hz, 2H), 2.23 (quint, J = 7.4 Hz, 2H), 1.92-1.83 

(m, 2H), 1.70-1.59 (m, 2H), 1.45 (quint, J = 7.8 Hz, 2H). 

13C NMR (150 MHz, Chloroform-d): δ 171.4, 158.3, 150.5, 146., 141.9, 128.3, 128.2, 125.7, 117.0, 

100.0, 65.8, 48.5, 44.5, 35.4, 31.7, 31.3, 30.9, 26.2, 21.3. 

HRMS (ESI): m/z calcd for C21H23NNaO3 [M+Na]+: 360.1570, found 360.1581. 

FT-IR (cm-1): 1634, 1417, 1121, 673. 

 

 

1i was obtained from S3i in 48% yield as a yellow oil. 

TLC: Rf = 0.4 (DCM: MeOH = 30:1). 

1H NMR (400 MHz, Chloroform-d): δ 6.06 (s, 1H), 5.40 (d, J = 15.6 Hz, 1H), 5.28 (d, J = 15.6 Hz, 

1H), 4.16 (t, J = 7.2 Hz, 2H), 3.47 (q, J = 6.8 Hz, 3H), 3.14 (t, J = 7.8 Hz, 2H), 2.25 (quint, J = 7.6 

Hz, 2H), 2.09-1.94 (m, 4H). 

13C NMR (100 MHz, Chloroform-d): δ 170.8, 158.2, 150.9, 146.1, 117.0, 99.6, 65.8, 48.5, 43.2, 

32.7, 31.7, 29.3, 29.2, 21.3. 

HRMS (ESI): m/z calcd for C14H16BrNNaO3 [M+Na]+: 348.0217, found 348.0206. 

FT-IR (cm-1): 1712, 1649, 1260, 668, 530. 

 

 

1m was obtained from S3m in 64% yield as a light yellow solid. 

m.p.: 105.6-106.4 °C. 

TLC: Rf = 0.4 (DCM: MeOH = 30:1). 

1H NMR (600 MHz, Chloroform-d): δ 6.04 (s, 1H), 5.38 (s, 2H), 4.17 (t, J = 7.2 Hz, 2H), 3.47 (t, J 

= 6.8 Hz, 1H), 3.14 (t, J = 7.8 Hz, 2H), 2.44-2.23 (m, 4H), 2.21-2.09 (m, 2H). 

13C NMR (150 MHz, Chloroform-d): δ 170.2, 151.4, 145.1, 126.5 (d, J = 274.5 Hz), 65.7, 48.8, 

42.6, 31.9, 31.1 (q, J = 28.5 Hz), 22.7, 22.7, 21.3. 

19F NMR (564 MHz, Chloroform-d): δ -66.33. 

HRMS (ESI): m/z calcd for C14H14F3NNaO3 [M+Na]+: 324.0818, found 324.0810. 

FT-IR (cm-1): 1650, 1441, 1257, 1140, 736. 

 

 

1p was obtained from S3p in 65% yield as a pale yellow solid. 
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m.p.: 129.3-131.9 °C. 

TLC: Rf = 0.7 (DCM: MeOH = 30:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.92 (s, 1H), 5.38 (d, J = 15.6 Hz, 1H), 5.22 (d, J = 15.6 Hz, 

1H), 3.35 (t, J = 6.6 Hz, 1H), 3.00 (t, J = 7.8 Hz, 2H), 2.08 (t, J = 7.8 Hz, 2H), 2.00-1.89 (m, 2H), 

1.70 (s, 3H), 1.68 (s, 3H), 1.02 (t, J = 7.4 Hz, 3H). 

13C NMR (100 MHz, Chloroform-d): δ 171.4, 158.8, 150.4, 146.0, 118.2, 99.9, 68.7, 66.0, 45.3, 

37.6, 28.3, 25.5, 25.3, 24.8, 11.2. 

HRMS (ESI): m/z calcd for C15H19NNaO3 [M+Na]+: 284.1257, found284.1260. 

FT-IR (cm-1): 1738, 1656, 1573, 1226, 1046, 733. 

 

 

1q was obtained from S3q in 54% yield as a pale yellow solid. 

m.p.: 140.1-142.6 °C. 

TLC: Rf = 0.6 (DCM: MeOH = 30:1). 

1H NMR (400 MHz, Chloroform-d): δ 5.89 (s, 1H), 5.41 (d, J = 16.8 Hz, 1H), 5.24 (d, J = 16.8 Hz, 

1H), 4.10-3.92 (m, 2H), 3.35 (t, J = 6.4 Hz, 1H), 2.81 (t, J = 6.8 Hz, 2H), 2.09-1.90 (m, 4H), 1.83 

(quint, J = 6.8 Hz, 2H), 1.01 (t, J = 7.4 Hz, 3H). 

13C NMR (100 MHz, Chloroform-d): δ 171.3, 159.5, 147.6, 144.7, 116.3, 103.6, 66.4, 45.0, 41.5, 

28.8, 25.1, 21.9, 18.4, 11.5. 

HRMS (ESI): m/z calcd for C14H18NO3 [M+H]+: 248.1281, found 248.1288. 

FT-IR (cm-1): 1739, 1650, 1566, 1454, 1042, 668. 

 

 

1r was obtained from S3r in 63% yield as a pale yellow solid. 

m.p.: 188.3-189.4 °C. 

TLC: Rf = 0.6 (DCM: MeOH = 30:1). 

1H NMR (600 MHz, Chloroform-d): δ 5.87 (s, 1H), 5.38 (d, J = 15.8 Hz, 1H), 5.23 (d, J = 15.8 Hz, 

1H), 4.50-4.42 (dd, J = 14.4, 8.6 Hz, 1H), 4.27 (dd, J = 14.4, 8.6 Hz, 1H), 3.34 (t, J = 6.6 Hz, 1H), 

2.83-2.78 (m, 2H), 2.03-1.95 (m, 1H), 1.95-1.90 (m, 1H), 1.85-1.73 (m, 6H), 1.01 (t, J = 7.4 Hz, 

3H). 

13C NMR (100 MHz, Chloroform-d): δ 171.2, 159.5, 152.3, 144.8, 117.1, 104.1, 66.7, 44.9, 43.4, 

35.0, 29.5, 27.6, 27.0, 25.1, 11.1. 

HRMS (ESI): m/z calcd for C15H20NO3 [M+H]+: 262.1438, found 262.1443. 

FT-IR (cm-1): 1648, 1055, 1014, 743. 
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1s was obtained from S3s in 15% yield as a white solid. 

m.p.: 98.5-100.1 °C. 

TLC: Rf = 0.5 (DCM: MeOH = 30:1). 

1H NMR (600 MHz, Chloroform-d): δ 7.31 (d, J = 7.2 Hz, 1H), 6.05 (d, J = 7.2 Hz, 1H), 5.43 (d, J 

= 16.2 Hz, 1H), 5.26 (d, J = 16.2 Hz, 1H), 3.57 (s, 3H), 3.41 (t, J = 6.6 Hz, 1H), 2.04-1.97 (m, 1H), 

1.96-1.90 (m, 1H), 1.01 (t, J = 7.4 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 170.8, 159.3, 145.6, 137.9, 120.5, 104.8, 66.3, 44.9, 37.3, 

25.2, 11.0. 

HRMS (ESI): m/z calcd for C11H13NNaO3 [M+Na]+: 230.0788, found 230.0798. 

FT-IR (cm-1): 1737, 1656, 1410, 1124, 658. 

 

 

1t was obtained from S3t in 17% yield as a white solid. 

m.p.: 102.5-103.3 °C. 

TLC: Rf = 0.4 (DCM: MeOH = 30:1). 

1H NMR (400 MHz, Chloroform-d): δ 7.35 (d, J = 7.2 Hz, 1H), 6.10 (d, J = 7.2 Hz, 1H), 5.43 (d, J 

= 16.4 Hz, 1H), 5.26 (d, J = 16.4 Hz, 1H), 5.27-5.22 (m, 1H), 3.40 (t, J = 6.4 Hz, 1H), 2.08-1.88 (m, 

2H), 1.38 (d, J = 5.6 Hz, 1H), 1.35 (d, J = 5.6 Hz, 1H)1.02 (t, J = 7.4 Hz, 3H). 
13C NMR (150 MHz, Chloroform-d): δ 171.0, 158.5, 144.6, 132.5, 120.3, 105.1, 66.5, 46.5, 44.8, 

25.1, 21.9, 11.1. 

HRMS (ESI): m/z calcd for C13H18NO3 [M+H]+: 236.1281, found 236.1293 

FT-IR (cm-1): 1738, 1652, 1600, 1461, 1230, 1048, 657. 

 

 

1j was obtained in 73% yield as a light yellow oil. 

TLC: Rf = 0.4 (DCM: MeOH = 30:1). 

1H NMR (400 MHz, Chloroform-d): δ 6.03 (s, 1H), 5.40 (d, J = 16.0 Hz, 1H), 5.28 (d, J = 16.0 Hz, 

1H), 4.17 (t, J = 7.2 Hz, 2H), 3.45 (t, J = 6.8 Hz, 1H), 3.37 (t, J = 6.4 Hz, 2H), 3.12 (t, J = 7.8 Hz, 

2H), 2.24 (quint, J = 7.6 Hz, 3H), 2.01-1.93 (m, 2H), 1.79-1.65 (m, 2H). 
13C NMR (150 MHz, Chloroform-d): δ 170.8, 158.2, 150.9, 146.1, 117.1, 99.5, 99.5, 65.8, 50.7, 

48.6, 43.6, 31.7, 28.1, 26.0, 21.3. 
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HRMS (ESI): m/z calcd for C14H16N4NaO3 [M+Na]+: 311.1115, found 311.1114. 

FT-IR (cm-1): 1649, 1573, 1440, 1236, 1074, 643. 

 

 

1u was obtained in 32% yield as a green oil. 

TLC: Rf = 0.2 (DCM: MeOH = 15:1). 

1H NMR (600 MHz, Chloroform-d): δ 6.06 (s, 1H), 5.39 (d, J = 15.6 Hz, 1H), 5.25 (d, J = 15.6 

Hz, 1H), 4.15 (t, J = 7.8 Hz, 2H), 3.69 (td, J = 10.2, 4.8 Hz, 2H), 3.49 (t, J = 6.6 Hz, 1H), 3.11 (t, J 

= 7.8 Hz, 2H), 2.24 (quint, J = 7.6 Hz, 2H), 1.99 (quint, J = 7.0 Hz, 2H), 1.69 (hept, J = 7.4 Hz, 

2H). 
13C NMR (150 MHz, Chloroform-d): δ 171.4, 158.4, 150.7, 146.7, 117.0, 100.0, 65.8, 61.9, 48.6, 

44.1, 31.7, 29.5, 27.8, 21.3. 

HRMS (ESI): m/z calcd for C14H17NNaO4 [M+Na]+: 286.1050, found 286.1050. 

FT-IR (cm-1): 3443, 2923, 1633, 1421, 703. 

 

 
1k was obtained in 81% yield as a light yellow oil. 

TLC: Rf = 0.5 (DCM: MeOH = 15:1). 

1H NMR (400 MHz, Chloroform-d): δ 6.03 (s, 1H), 5.39 (d, J = 15.6 Hz, 1H), 5.25 (d, J = 15.6 

Hz, 1H), 4.14 (t, J = 7.2 Hz, 2H), 3.63 (t, J = 6.0 Hz, 2H), 3.45 (t, J = 6.8 Hz, 1H), 3.10 (t, J = 5.2 

Hz, 2H), 2.22 (quint, J = 7.6 Hz, 2H), 1.96 (q, J = 7.0 Hz, 2H), 1.73-1.53 (m, 3H), 0.87 (s, 9H), 

0.03 (s, 6H). 
13C NMR (150 MHz, Chloroform-d): δ 171.4, 158.4, 150.5, 146.9, 117.2, 100.0, 65.8, 62.1, 48.6, 

31.8, 29.6, 27.6, 25.8, 21.4, 18.2, -5.3. 

HRMS (ESI): m/z calcd for C20H31NNaO4Si [M+Na]+: 400.1915, found 400.1913. 

FT-IR (cm-1): 1633, 1467, 1411, 1076, 703. 

 

 
1l was obtained in 78% yield as a pale yellow solid. 

m.p.: 141.9-143.5 °C. 

TLC: Rf = 0.4 (DCM: MeOH = 15:1). 
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1H NMR (600 MHz, Chloroform-d): δ 8.02 (d, J = 8.4 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.46 (d, J 

= 7.6 Hz, 2H), 6.02 (s, 1H), 5.41 (d, J = 15.6 Hz, 1H), 5.29 (d, J = 15.6 Hz, 1H), 4.42-4.31 (m, 2H), 

4.14 (t, J = 7.2 Hz, 2H), 3.51 (t, J = 6.8 Hz, 1H), 3.08 (t, J = 7.8 Hz, 2H), 2.22 (quint, J = 7.8 Hz, 

2H), 2.09-2.00 (m, 2H), 1.97-1.86 (m, 2H). 

13C NMR (150 MHz, Chloroform-d): δ 170.9, 166.4, 158.3, 150.8, 146.3, 133.0, 130.0, 129.5, 128.4, 

117.3, 99.7, 65.9, 63.9, 48.6, 43.9, 31.7, 27.7, 26.1, 21.3. 

HRMS (ESI): m/z calcd for C21H21NNaO5 [M+Na]+: 390.1312, found 390.1302. 

FT-IR (cm-1): 1715, 1651, 1574, 1276, 1115, 715. 

 

 

1v was obtained in 43% yield as a pale yellow oil. 

TLC: Rf = 0.3 (DCM: MeOH = 15:1). 

1H NMR (600 MHz, Chloroform-d): δ 9.82 (s, 1H), 6.08 (s, 1H), 5.38 (d, J = 15.6 Hz, 1H), 5.30 (d, 

J = 15.6 Hz, 1H), 4.15 (t, J = 7.2 Hz, 2H), 3.45 (dd, J = 9.2, 4.8 Hz, 1H), 3.12 (t, J = 7.2 Hz, 2H), 

2.84-2.77 (m, 1H), 2.73-2.67 (m, 1H), 2.24 (quint, J = 7.2 Hz, 3H), 2.11-2.05 (m, 1H). 
13C NMR (150 MHz, Chloroform-d): δ 200.5, 170.7, 158.3, 151.1, 146.1, 117.2, 99.4, 65.8, 48.6, 

42.9, 40.6, 31.8, 22.9, 21.4. 

HRMS (ESI): m/z calcd for C14H16NO4 [M+H]+: 262.1074, found 262.1075. 

FT-IR (cm-1): 1727, 1647, 1574, 1237, 1039, 750. 

 

 

1n was obtained in 38% yield as a yellow oil. 

TLC: Rf = 0.4 (DCM: MeOH = 15:1). 

1H NMR (600 MHz, Chloroform-d): δ 6.08 (s, 1H), 5.40 (d, J = 15.6 Hz, 1H), 5.27 (d, J = 15.6 Hz, 

1H), 4.90 (t, J = 4.2 Hz, 1H), 4.15 (m, 2H), 3.98-3.94 (m, 2H), 3.88-3.83 (m, 2H), 3.49 (t, J = 7.0 

Hz, 1H), 3.11 (t, J = 7.8 Hz, 2H), 2.24 (quint, J = 7.8 Hz, 2H), 2.06-1.98 (m, 2H), 2.12-2.04 (m, 

2H). 

13C NMR (150 MHz, Chloroform-d): δ 171.2, 158.4, 150.6, 146.6, 117.3, 103.5, 100.1, 65.8, 64.9, 

48.6, 44.1, 31.8, 30.6, 25.0, 21.4. 

HRMS (ESI): m/z calcd for C16H19NNaO5 [M+Na]+: 328.1155, found 328.1141. 

FT-IR (cm-1): 1737, 1650, 1573, 1440, 1235, 1139, 1036, 749. 
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1o was obtained in 51% yield as a white oil. 

TLC: Rf = 0.2 (DCM: MeOH = 15:1). 

1H NMR (600 MHz, Chloroform-d): δ 7.01-6.83 (m, 1H), 5.88 (d, J = 16.2 Hz, 1H), 5.40 (d, J = 

15.6 Hz, 1H), 5.27 (d, J = 15.6 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 4.15 (t, J = 7.8 Hz, 3H), 3.44 (t, J 

= 6.6 Hz, 1H), 3.12 (t, J = 7.8 Hz, 2H), 2.36 (q, J = 7.2 Hz, 2H), 2.24 (quint, J = 7.8 Hz, 2H), 2.09-

1.97 (m, 2H), 1.29 (t, J = 7.2 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 170.7, 166.2, 158.3, 150.9, 146.2, 146.0, 122.8, 117.3, 99.5, 

65.9, 60.3, 48.6, 43.5, 31.8, 29.3, 29.0, 21.4, 14.2. 

HRMS (ESI): m/z calcd for C18H21NNaO5 [M+Na]+: 354.1312, found 354.1304. 

FT-IR (cm-1): 1717, 1651, 1576, 1369, 1038, 749. 

 

3. Experimental Details for the Synthesis of Catalysts 

Table S2. Chiral SPA-triazolium bromide catalysts 

 

 

General procedure for the preparation of catalysts 
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Note: cat. 2 and S5-S8 were prepared according to our previous work.6 

 

 

Synthesis of compound S9: To a stirred solution of methyl 4-amino-2,6-dimethoxybenzoate (10 

mmol, 1.0 equiv.) in 40 mL CHCl3 was slowly added NBS (10 mmol, 1.0 equiv.) in 1 hour at 0 °C. 

Then, the reaction mixture was stirred at 0 °C for another 30 minutes, quenched with water, and 

extracted with DCM (3 × 50 mL). The combined organic layers were dried over Na2SO4 and 

concentrated in vacuo. The residue was purified by flash chromatography on silica gel to give S9. 

 

Synthesis of compound S10:7 An oven-dried round-bottom flask was charged with arylboronic 

acid (3 mmol, 1.5 equiv.), potassium fluoride (6 mmol, 3.0 equiv.), Pd2(dba)3 (2 mol%), BI-DIME 

(4 mol%), and degassed n-butanol/water (12 mL/3 mL) under argon. The mixture was pumped and 

refilled with argon three times before aryl halide (2 mmol, 1.5 equiv.) was added. The resulting 

mixture was stirred at 100 °C for 24 h, cooled to room temperature, partitioned with water (20 mL) 

and dichloromethane (40 mL). The organic layer was separated, dried over Na2SO4, concentrated, 

and purified by silica gel column chromatography to provide biaryl compound S10. 

 

 

Synthesis of compound S11: To a mixture of arylboronic acid (2.6 mmol, 1.3 equiv.), potassium 

carbonate (8 mmol, 4.0 equiv.), Pd(PPh3)4 (1 mol%), was charged degassed toluene/H2O/EtOH (9 

mL/6 mL/3 mL). The mixture was pumped and refilled with nitrogen three times before aryl halide 

(2 mmol, 1.0 equiv.) was added. The resulting mixture was stirred at 95 °C under nitrogen for 24 h, 

and then cooled to room temperature, partioned with water (20 mL) and dichloromethane (40 mL). 

The organic layer was separated, dried over Na2SO4, concentrated, and purified by silica gel column 

chromatography to provide biaryl compound S11.  
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Note: Compound S12 and S13 were prepared following the procedure of literature,8 other azides 

were known compounds according to the literature.9 

 

 

S9 was obtained in 44% yield as a white solid. 

m.p.: 122.6-125.1 °C. 

TLC: Rf = 0.6 (DCM: EA = 4:1). 

1H NMR (400 MHz, Chloroform-d): δ 6.11 (s, 1H), 4.36 (brs, 2H), 3.88 (s, 3H), 3.85 (s, 3H), 3.76 

(s, 3H). 

13C NMR (100 MHz, Chloroform-d): δ 166.1, 157.4, 156.1, 147.1, 108.9, 95.0, 93.9, 61.9, 55.9, 

52.3. 

HRMS (ESI): m/z calcd for C10H12BrNNaO4 [M+Na]+: 311.9842, found 311.9842. 

FT-IR (cm-1): 3473, 3373, 2944, 1719, 1619, 1407, 1269, 1224, 1105, 814, 664. 

 

 

S10 was obtained in 82% yield as a white solid. 

m.p.: 198.3-199.9 °C. 

TLC: Rf = 0.6 (DCM: EA = 4:1). 

1H NMR (600 MHz, Chloroform-d): δ 7.36-7.22 (m, 3H), 6.98 (d, J = 8.6 Hz, 2H), 3.89 (s, 3H), 

3.85 (s, 3H), 3.80 (s, 3H), 3.34 (s, 3H). 
13C NMR (100 MHz, Chloroform-d): δ 167.2, 158.8, 157.3, 157.1, 147.6, 131.7, 125.8, 114.3, 113.0, 

107.9, 93.7, 61.2, 55.8, 55.2, 52.2. 

HRMS (ESI): m/z calcd for C17H19NNaO5 [M+Na]+: 340.1155 found 340.1166. 

FT-IR (cm-1): 3470, 2923, 2851, 1721, 1602, 1573, 1463, 1245, 1105, 1027, 801, 635, 539. 

 

 

S11 was obtained in 85% yield as a light yellow oil. 

TLC: Rf = 0.3 (PE: EA = 3:1). 

1H NMR (600 MHz, Chloroform-d): δ 7.49-7.39 (m, 4H), 7.34-7.29 (m, 1H), 6.71 (s, 1H), 6.37 (s, 

1H), 3.86 (s, 3H), 3.82 (s, 3H), 3.54 (brs, 2H). 
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13C NMR (150 MHz, Chloroform-d): δ 149.3, 142.1, 139.4, 137.2, 129.1, 128.7, 126.8, 119.1, 114.4, 

100.7, 56.5, 55.8. 

HRMS (ESI): m/z calcd for C14H15NNaO2 [M+Na]+: 252.0995 found 252.0985. 

FT-IR (cm-1): 3443, 3363, 2934, 1613, 1516, 1490, 1441, 1405, 1283, 1217, 1153, 1022, 767, 568. 

 

 

S12 was obtained in 83% yield as a colorless oil. 

TLC: Rf = 0.5 (PE: EA = 2:1) 

1H NMR (600 MHz, Chloroform-d): δ 7.37-7.21 (m, 3H), 6.96 (d, J = 7.2 Hz, 2H), 3.92 (s, 3H), 

3.89 (s, 3H), 3.85 (s, 3H), 3.32 (s, 3H). 
13C NMR (150 MHz, Chloroform-d): δ 166.3, 159.0, 157.0, 156.6, 140.8, 131.7, 124.8, 120.0, 115.1, 

113.5, 97.2, 61.3, 56.1, 55.1, 52.5. 

HRMS (ESI): m/z calcd for C17H17N3NaO5 [M+Na]+: 366.1060 found 366.1054. 

FT-IR (cm-1): 2940, 2838, 2112, 1734, 1598, 1482, 1338, 1246, 1110, 1029, 950, 797, 628, 532. 

 

 

S13 was obtained in 87% yield as a yellow oil. 

TLC: Rf = 0.3 (PE). 

1H NMR (600 MHz, Chloroform-d): δ 7.50-7.38 (m, 4H), 7.37-7.30 (m, 1H), 6.84 (s, 1H), 6.73 (s, 

1H), 3.95 (s, 3H), 3.88 (s, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 149.2, 146.4, 138.0, 129.4, 128.9, 128.1, 127.2, 125.9, 113.9, 

102.4, 56.2, 56.1. 

HRMS (ESI): m/z calcd for C14H13N3NaO2 [M+Na]+: 278.0900 found 278.0888.  

FT-IR (cm-1): 2845, 2102, 1608, 1524, 1490, 1441, 1390, 1355, 1237, 1209, 1176, 1113, 1039, 862, 

826, 770, 750, 700, 662. 

 

Note: Compounds S14a-S14e were synthesized following the literature procedure.6 

 

S14a was obtained in 47% yield as a pale yellow solid. 

TLC: Rf = 0.4 (DCM: MeOH = 20:1). 
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m.p.: 93.3-94.5 °C. 

[𝜶]𝑫
𝟐𝟔 = +18.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 7.94 (s, 1H), 7.37 (s, 1H), 7.34-7.29 (m, 3H), 7.06 (dd, J = 

6.4, 3.0 Hz, 2H), 7.04 (s, 1H), 6.52 (t, J = 2.6 Hz, 1H), 5.60 (s, 1H), 4.01 (s, 3H), 3.93 (s, 3H), 2.53-

2.48 (m, 1H), 2.45-2.39 (m, 1H), 2.37-2.30 (m, 1H), 2.24 (ddd, J = 13.2, 7.8, 2.6 Hz, 1H), 2.02-1.90 

(m, 3H), 1.76-1.68 (m, 1H). 

13C NMR (150 MHz, Chloroform-d): δ 177.0, 165.3, 159.1, 141.0, 138.1, 136.4, 134.8, 134.4, 131.6, 

128.8, 128.7, 127.9, 127.6, 121.2, 120.8, 109.5, 71.0, 56.5, 52.3, 39.5, 30.9, 29.8, 29.1. 

HRMS (ESI): m/z calcd for C25H24N4NaO4 [M+Na]+: 467.1681, found 467.1690. 

FT-IR (cm-1): 2950, 2849, 1641, 1468, 1297, 1235, 1090, 705. 

 

 

S14b was obtained in 37% yield as a white solid. 

TLC: Rf = 0.4 (DCM: MeOH = 20:1). 

m.p.: 94.5-95.8 °C. 

[𝜶]𝑫
𝟐𝟔 = +7.5 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 7.09 (s, 1H), 6.97 (s, 1H), 6.86 (d, J = 8.4 Hz, 2H), 6.53 (t, 

J = 2.6 Hz, 1H), 5.28 (s, 1H), 3.96 (s, 3H), 3.92 (s, 3H), 3.83 (s, 3H), 3.37 (s, 3H), 2.50 (ddt, J = 

17.4, 9.0, 3.0 Hz, 1H), 2.45-2.33 (m, 2H), 2.25 (ddd, J = 13.2, 7.8, 2.4 Hz, 1H), 2.10 (ddd, J = 17.2, 

9.8, 2.4 Hz, 1H), 1.96-1.88 (m, 2H), 1.71 (dt, J = 13.2, 9.6 Hz, 1H). 

13C NMR (150 MHz, Chloroform-d): δ 176.9, 165.8, 159.2, 156.4, 156.4, 140.7, 137.5, 134.8, 131.4, 

131.0, 124.1, 122.6, 121.3, 119.5, 114.2, 104.7, 71.0, 61.7, 56.4, 55.2, 52.7, 39.3, 30.9, 29.6, 29.1. 

HRMS (ESI): m/z calcd for C27H28N4NaO6 [M+Na]+: 527.1902 found 527.1901. 

FT-IR (cm-1): 2937, 2850, 1643, 1464, 1298, 1248, 1108, 793. 

 

 

S14c was obtained in 45% yield as a white solid. 

TLC: Rf = 0.4 (DCM: MeOH = 20:1). 

m.p.: 87.5-89.9 °C. 

[𝜶]𝑫
𝟐𝟔 = +12.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 7.92 (s, 1H), 7.36 (s, 1H), 7.08 (s, 1H), 6.98 (d, J = 8.6 Hz, 

2H), 6.85 (d, J = 8.6 Hz, 2H), 6.56 (t, J = 2.6 Hz, 1H), 5.38 (s, 1H), 4.00 (s, 3H), 3.93 (s, 3H), 3.83 
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(s, 3H), 2.55-2.48 (m, 1H), 2.47-2.41 (m, 1H), 2.35 (dt, J = 17.4, 9.6 Hz, 1H), 2.26 (ddd, J = 13.2, 

7.8, 2.4 Hz, 1H), 2.03 (ddd, J = 10.8, 9.6, 3.0 Hz, 1H), 1.98-1.91 (m, 2H), 1.79 (dt, J = 13.2, 9.8 Hz, 

1H). 

13C NMR (150 MHz, Chloroform-d): δ 177.0, 165.5, 159.3, 158.8, 141.0, 138.1, 134.9, 134.5, 131.6, 

129.8, 128.6, 127.4, 121.2, 120.8, 114.3, 109.4, 71.1, 56.5, 55.2, 52.3, 39.5, 31.0, 29.6, 29.2. 

HRMS (ESI): m/z calcd for C26H26N4NaO5 [M+Na]+: 497.1795 found 497.1773. 

FT-IR (cm-1): 2947, 2844, 1657, 1498, 1433, 1235, 1089, 1026, 687. 

 

 

S14d was obtained in 49% yield as a brownish solid. 

TLC: Rf = 0.4 (DCM: MeOH = 20:1). 

m.p.: 85.4-86.7 °C. 

[𝜶]𝑫
𝟐𝟔 = +12.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 7.87 (d, J = 8.4 Hz, 1H), 7.81 (d, J = 8.4 Hz, 1H), 7.77 (s, 

1H), 7.40-7.35 (m, 3H), 7.26 (s, 1H), 7.13-7.09 (m, 2H), 7.07 (s, 1H), 6.56 (t, J = 3.0 Hz, 1H), 5.45 

(s, 1H), 2.55-2.48 (m, 1H), 2.46-2.41 (m, 1H), 2.38-2.31 (m, 1H), 2.27-2.23 (m, 1H), 2.03-1.92 (m, 

3H), 1.74-1.70 (m, 1H). 

13C NMR (150 MHz, Chloroform-d): δ 177.0, 141.1, 137.1, 136.2, 134.8, 131.7, 129.0, 128.6, 128.5, 

128.2 (d, J = 4.5 Hz), 126.6, 125.7 (d, J = 4.5 Hz), 121.1, 71.1, 39.5, 31.0, 29.8, 29.2. 

19F NMR (376 MHz, Chloroform-d) δ -62.07, -73.37. 

HRMS (ESI): m/z calcd for C23H20F3N4O [M+H]+: 425.1584 found 425.1563. 

FT-IR (cm-1): 2921, 2343, 1642, 1416, 1140, 1042, 668. 

 

 

S14e was obtained in 57% yield as a white solid. 

TLC: Rf = 0.4 (DCM: MeOH = 20:1). 

m.p.: 90.0-91.5 °C. 

[𝜶]𝑫
𝟐𝟔 = +18.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 7.32-7.27 (m, 3H), 7.18 (s, 1H), 7.09-7.05 (m, 2H), 7.04 (s, 

1H), 6.93 (s, 1H), 6.52 (t, J = 2.6 Hz, 1H), 5.52 (s, 1H), 3.97 (d, J = 1.2 Hz, 6H), 2.52-2.48 (m, 1H), 

2.46-2.37 (m, 2H), 2.35-2.31 (m, 1H), 2.25-2.22 (m, 1H), 1.99-1.90 (m, 3H), 1.75-1.67 (m, 2H). 
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13C NMR (150 MHz, Chloroform-d): δ 177.0, 149.8, 148.9, 140.7, 137.5, 135.1, 131.1, 129.1, 128.7, 

128.6, 127.6, 121.9, 112.8, 109.2, 71.1, 56.3, 56.2, 39.6, 31.0, 29.8, 29.2. 

HRMS (ESI): m/z calcd for C24H24N4NaO3 [M+Na]+: 439.1741 found 439.1722. 

FT-IR (cm-1): 2923, 2062, 1642, 1217, 1015, 703. 

 

Note: Compounds cat. 3-cat. 7 were synthesized following the literature procedure.6 

 

cat. 3 was obtained in 74% yield as a pale yellow solid. 

TLC: Rf = 0.2 (DCM: MeOH = 10:1) 

m.p.: 137.8-138.5 °C. 

[𝜶]𝑫
𝟐𝟔 = +40.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 8.97 (s, 1H), 8.08 (s, 1H), 7.92 (s, 1H), 7.41-7.29 (m, 6H), 

7.14 (d, J = 7.4 Hz, 3H), 6.92 (d, J = 8.4 Hz, 2H), 6.66 (s, 1H), 5.97 (d, J = 15.2 Hz, 1H), 5.78 (d, J 

= 15.2 Hz, 1H), 4.07 (s, 3H), 3.93 (s, 3H), 2.67-2.60 (m, 1H), 2.44 (dt, J = 18.2, 7.8 Hz, 1H), 2.20-

2.14 (m, 1H), 2.12-2.03 (m, 2H), 1.99-1.92 (m, 1H), 1.74-1.67 (m, 1H), 1.45-1.39 (m, 1H). 

13C NMR (150 MHz, Chloroform-d): δ 159.1, 137.1, 135.8, 135.1, 133.9, 131.7, 130.8, 129.5, 129.3, 

129.0, 128.6, 128.3, 128.2, 127.9, 123.5, 57.8, 56.0, 30.6, 30.0. 

HRMS (ESI): m/z calcd for C32H31N4O4 [M-Br]+: 535.2340 found 535.2318. 

FT-IR (cm-1): 2923, 2851, 1640, 1185, 1083, 705. 

 

 

cat. 4 was obtained in 65% yield as a yellow solid. 

TLC: Rf = 0.2 (DCM: MeOH = 10:1). 

m.p.: 132.1-133.3 °C. 

[𝜶]𝑫
𝟐𝟔 = +35.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 8.84 (s, 1H), 7.74 (s, 1H), 7.42-7.37 (m, 2H), 7.35-7.32 (m, 

2H), 7.15-7.03 (m, 2H), 6.88 (d, J =7.2 Hz, 2H), 6.84 (d, J = 6.0 Hz, 2H), 6.65 (s, 1H), 5.94 (d, J = 

15.0 Hz, 1H), 5.78 (d, J = 15.0Hz, 1H), 3.99 (s, 2H), 3.97 (d, J = 5.4 Hz, 6H), 3.91 (s, 1H), 3.82 (s, 

3H), 3.39 (s, 3H), 2.64-2.59 (m, 1H), 2.46-2.41 (m, 1H), 2.21-2.12 (m, 2H), 2.12-2.04 (m, 2H), 1.64 

(ddd, J = 13.0, 9.2, 3.6 Hz, 1H), 1.31-1.20 (m, 1H). 
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13C NMR (150 MHz, Chloroform-d): δ 176.7, 165.2, 159.6, 158.2, 156.8, 156.2, 144.4, 136.8, 135.3, 

131.7, 131.1, 131.0, 129.5, 129.4, 129.2, 128.1, 127.9, 127.6, 124.5, 122.7, 121.8, 114.3, 106.9, 

98.8, 72.3, 61.9, 57.4, 55.8, 55.2, 52.8, 46.0, 38.3, 31.4, 30.5, 29.8. 

HRMS (ESI): m/z calcd for C32H31N4O4 [M-Br]+: 595.2551 found 595.2533. 

FT-IR (cm-1): 2923, 2852, 1640, 1314, 1108, 668. 

 

 

cat. 5 was obtained in 72% yield as a brownish solid. 

TLC: Rf = 0.2 (DCM: MeOH = 10:1). 

m.p.: 135.9-136.4 °C. 

[𝜶]𝑫
𝟐𝟔 = +46.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 8.96 (s, 1H), 8.01 (s, 1H), 7.88 (s, 1H), 7.38 (d, J = 7.3 Hz, 

1H), 7.35 (d, J = 7.8 Hz, 2H), 7.03 (d, J = 8.6 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 6.82 (d, J = 7.2 Hz, 

2H), 5.98 (d, J = 15.2 Hz, 1H), 5.80 (d, J = 15.2 Hz, 1H), 4.04 (s, 3H), 3.93 (s, 3H), 3.81 (s, 3H), 

2.67-2.59 (m, 1H), 2.48-2.41 (m, 1H), 2.19-2.13 (m, 1H), 2.12-2.05 (m, 2H), 1.98 (ddd, J = 17.0, 

9.4, 3.2 Hz, 1H), 1.72-1.66 (m, 1H), 1.46-1.40 (m, 1H). 

13C NMR (150 MHz, Chloroform-d): δ 176.9, 165.2, 159.6, 158.7, 144.5, 137.1, 135.8, 133.9, 131.7, 

130.9, 129.8, 129.5, 129.3, 128.2, 127.9, 127.1, 123.4, 112.1, 72.5, 57.7, 56.0, 55.3, 52.5, 38.4, 31.5, 

30.6, 29.8. 

HRMS (ESI): m/z calcd for C33H33N4O5 [M-Br]+: 565.2445 found 565.2419. 

FT-IR (cm-1): 2922, 2851, 1692, 1247, 696. 

 

 

cat. 6 was obtained in 54% yield as a brownish solid. 

TLC: Rf = 0.2 (DCM: MeOH = 10:1). 

m.p.: 124.6-125.8 °C.  

[𝜶]𝑫
𝟐𝟔 = +76.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 9.21 (s, 1H), 8.39 (d, J = 8.4 Hz, 1H),7.89 (d, J = 8.4 Hz, 

1H), 7.80 (s, 1H), 7.42 (t, J = 7.4 Hz, 2H), 7.37 (q, J = 7.8 Hz, 3H), 7.33 (t, J = 7.8 Hz, 2H), 7.21 

(d, J = 7.2 Hz, 2H), 6.88 (d, J = 8.4 Hz, 2H), 6.60 (s, 1H), 5.97 (d, J = 15.6 Hz, 1H), 5.79 (d, J = 

15.6 Hz, 1H), 2.68-2.60 (m, 1H), 2.49-2.42 (m, 1H), 2.23-2.18 (m, 1H), 2.14-2.10 (m, 2H), 1.79-

1.72 (m, 1H), 1.58-1.49 (m, 1H), 0.91-0.86 (m, 1H). 
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13C NMR (150 MHz, Chloroform-d): δ 137.4, 135.4, 134.8, 134.2 (q, J = 33.0 Hz), 131.8, 131.1, 

129.4, 129.3, 129.2, 129.0, 128.8, 128.5, 128.2 (d, J = 4.5 Hz), 127.7, 126.4 (d, J = 4.5 Hz), 123.9, 

122.0, 72.5, 56.2, 31.4, 30.6, 30.1, 29.6, 22.6. 

19F NMR (564 MHz, Chloroform-d): δ -62.90. 

HRMS (ESI): m/z calcd for C30H26F3N4O [M-Br]+: 515.2053 found 515.2051. 

FT-IR (cm-1): 2925, 2853, 1649, 1414, 1336, 1134, 728. 

 

 

cat. 7 was obtained in 79% yield as a brownish solid. 

TLC: Rf = 0.2 (DCM: MeOH = 10:1). 

m.p.: 135.0-136.4 °C. 

[𝜶]𝑫
𝟐𝟔 = +32.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 8.73 (s, 1H), 7.78 (s, 1H), 7.41-7.28 (m, 6H), 7.15 (d, J = 

8.6 Hz, 2H), 6.96-6.87 (m, 3H), 5.98 (d, J = 15.0 Hz, 1H), 5.79 (d, J = 15.0 Hz, 1H), 4.02 (s, 3H), 

3.97 (s, 3H), 2.66-2.58 (m, 1H), 2.48-2.40 (m, 1H), 2.22-2.15 (m, 1H), 2.10-2.07 (m, 1H), 1.91 (ddd, 

J = 17.2, 9.0, 3.4 Hz, 1H), 1.71-1.64 (m, 1H), 1.35-1.30 (m, 1H), 1.26 (t, J = 7.2 Hz, 1H). 

13C NMR (150 MHz, Chloroform-d): δ 144.4, 136.2, 131.9, 130.9, 130.6, 129.4, 129.3, 129.0, 128.6, 

128.2, 128.2, 127.9, 125.2, 112.6, 110.4, 56.3, 55.9, 31.5, 30.5, 30.0. 

HRMS (ESI): m/z calcd for C31H31N4O3 [M-Br]+: 507.2391 found 507.2380. 

FT-IR (cm-1): 2923, 1642, 1453, 1215, 1013, 748. 
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4. Optimization Studies of α-Hydroxylation of Pyridinone-Fused Lactones 

Table S3. Optimization of catalystsa, b, c 

 

 
aUnless otherwise noted, the reaction was conducted with 1a (0.1 mmol, 1.0 equiv.), cat. (10 mol%), 

CHP (1.5 equiv.), K2CO3 (1.0 equiv.) in 2 mL toluene at 0 ℃ for 48 h. bIsolated yield. cee determined 

by UPC2. 
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Table S4. Optimization of temperaturesa 

 

entry T (℃) time (hour) yield (%)b ee (%)c 

1 20 24 93 68 

2 0 48 93 73 

3 -35 100 92 81 

aUnless otherwise noted, the reaction was conducted with 1a (0.1 mmol, 1.0 equiv.), cat. 4 (10 

mol%), CHP (1.5 equiv.), K2CO3 (1.0 equiv.) in 2 mL toluene. bIsolated yield. cee determined by 

UPC2. 

 

  



S37 
 

Table S5. Optimization of solvent and oxidanta 

 

entry solvent oxidant yield (%)b ee (%)c 

1 toluene CHP  92 81 

2 ethylbenzene CHP  81 74 

3 m-xylene CHP  63 56 

4 mesitylene CHP  85 80 

5 1,2-difluorobenzene CHP  54 69 

6 chlorobenzene CHP  75 78 

7 DCM CHP  15 21 

8 THF CHP  trace 6 

9 MTBE CHP  trace 17 

10 EA CHP  trace 0 

11 toluene t-BuOOH  21 31 

12 toluene H2O2  -- NR 

13 toluene Oxone  11 3 

14 toluene UHP trace 17 

15d toluene CHP  92 83 

16e toluene CHP  85 80 

aUnless otherwise noted, the reaction was conducted with 1a (0.1 mmol, 1.0 equiv.), cat. 4 (10 

mol%), CHP (0.15 mmol, 1.5 equiv.), K2CO3 (0.1 mmol, 1.0 equiv.) in 2 mL solvent. bIsolated yield. 

cee determined by UPC2. dCHP (0.12 mmol, 1.2 equiv.) was used. eCHP (0.2 mmol, 2.0 equiv.) was 

used. 
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Table S6. Optimization of base and additivesa 

 

entry base additive yield(%)b ee%c 

1 K2HPO4 -- 34 54 

2 K3PO4 -- 91 84 

3 K3PO4·H2O -- 85 83 

4 Cs2CO3 -- 31 60 

5 CsOH·H2O -- trace 17 

6 K2CO3 -- 92 83 

7 Na2CO3 -- 54 80 

8 DBU -- -- ND 

9 K3PO4 DMF(20µl)  30 50 

10 K3PO4 DMSO(20µl)  30 33 

11 K3PO4 1,4-Dioxane(20µl) 42 55 

12 K3PO4 18-Crown-6(3mg) 92 0 

13 K3PO4 MgSO4(5mg) 90 83 

14 K3PO4 Phenol(3mg) 33 25 

15 K3PO4 Span 20(4mg) 87 80 

16 K3PO4 CHCl3(50µl) 91 87 
d
22 K3PO4 CHCl3(50µl) +4Å MS(5mg) 92 90, 99c 

21 K3PO4 CHCl3(200µl)+4Å MS(5mg) 81 83 

aUnless otherwise noted, the reaction was conducted with 1a (0.1 mmol, 1.0 equiv.), cat. 4 (10 

mol%), CHP (0.12 mmol, 1.2 equiv.), base (0.1 mmol, 1.0 equiv.), and additive in 2 mL toluene. 

bIsolated yield. cee determined by UPC2. dee increased to 99% after a single recrystallization 
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5. Experimental Details for the Synthesis of Lactones 2a-2t 

To a solution of 1a (0.1 mmol, 1.0 equiv.) in toluene (1 mL) was added CHCl3 (50 µl), K2CO3 (0.1 

mmol, 1.0 equiv.), and 4 Å MS (activated powder, 5 mg) at room temperature. The mixture was 

stirred at room temperature for 5 min and cooled to -35 ℃ followed by dropwise addition of a 

suspension of cat. 4 (10 mol%) in toluene (1 mL) over a course of 5 min. The mixture was stirred 

for another 30 min and was added cumene hydroperoxide (0.12 mmol, 1.2 equiv.). The resulting 

mixture was stirred at -35 ℃ for 100 h. The reaction was quenched by Na2S2O3 and NH4Cl solution 

and stirred at room temperature for 1 h. The organic phase was separated, and the aqueous phase 

was extracted with chloroform (30 mL × 3). The organic layers were combined, dried over Na2SO4, 

and concentrated in vacuo. The residue was purified by flash chromatography on silica gel to give 

2a-2t 

 

 

2a was obtained in 92% yield as a white solid.4 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

[𝜶]𝑫
𝟐𝟑 = +123.3 (c = 0.3, CHCl3). 

Enantiomeric excess was 90% and increased to >99% after a single recrystallization determined by 

the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH = 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor 

= 2.848 min, tminor = 4.317 min). 
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2b was obtained in 89% yield as a white solid. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

m.p.: 186.0-187.0 °C. 

[𝜶]𝑫
𝟐𝟓 = +74.0 (c = 0.5, CHCl3). 

1H NMR (400 MHz, Chloroform-d): δ 6.49 (s, 1H), 5.59 (d, J = 15.8 Hz, 1H), 5.17 (d, J = 15.8 

Hz, 1H), 4.17 (td, J = 7.2, 3.2 Hz, 2H), 3.73 (s, 1H), 3.14 (t, J = 8.8 Hz, 1H), 2.23 (q, J = 7.6 Hz, 

2H), 1.79-1.69 (m, 2H), 1.38-1.26 (m, 4H), 0.88 (t, J = 7.2 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 174.3, 158.2, 151.1, 149.6, 115.3, 98.1, 72.3, 66.3, 48.8, 

37.9, 31.9, 25.2, 22.4, 21.4, 13.7. 

HRMS (ESI): m/z calcd for C15H19NNaO4 [M+Na]+: 300.1206, found 300.1214. 

FT-IR (cm-1): 3396, 2924, 1743, 1649, 1572, 1119, 669. 

Enantiomeric excess was 91% determined by the chiral HPLC analysis (IA-3, Hexane/Isopropanol 

= 80/20, v = 1.0 mL/min, λ = 235.0 nm, tminor = 12.448 min, tmajor = 15.347). 
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2c was obtained in 80% yield as a yellow oil. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

[𝜶]𝑫
𝟐𝟓 = +33.3 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.46 (s, 1H), 5.55 (d, J = 15.8 Hz, 1H), 5.13 (d, J = 15.8 Hz, 

1H), 4.19-4.10 (m, 2H), 3.83 (s, 1H), 3.12 (t, J = 7.8 Hz, 2H), 2.21 (quint, J = 7.2 Hz, 2H), 1.73 (td, 

J = 14.4, 5.4 Hz, 1H), 1.68 (td, J = 11.4, 5.4 Hz, 1H), 1.42-1.29 (m, 2H), 1.29-1.16 (m, 6H), 0.83 (t, 

J = 6.6 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 174.2, 158.1, 151.0, 149.5, 115.2, 97.9, 72.3, 66.3, 48.7, 

38.1, 31.9, 31.4, 28.9, 23.1, 22.4, 21.4, 13.9. 

HRMS (ESI): m/z calcd for C17H23NNaO4 [M+Na]+: 328.1519, found 328.1513. 

FT-IR (cm-1): 3375, 2928, 2856, 1747, 1650, 1573, 1467, 1149, 828, 726. 

Enantiomeric excess was 89% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 2.718 min, tminor = 4.737 min). 

 

 
 

 

2d was obtained in 53% yield as a white solid. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

m.p.: 151.5-153.2 °C. 
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[𝜶]𝑫
𝟐𝟓 = +26.7 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.51 (s, 1H), 5.61 (d, J = 15.6 Hz, 1H), 5.15 (d, J = 15.6 Hz, 

1H), 4.21-4.10 (m, J = 6.8 Hz, 2H), 3.70 (s, 1H), 3.14 (t, J = 7.8 Hz, 2H), 2.23 (quint, J = 7.6 Hz, 

2H), 1.86-1.77 (m, 1H), 1.73 (dd, J = 14.4, 5.0 Hz, 1H), 1.57 (dd, J = 14.4, 6.9 Hz, 1H), 0.96 (d, J 

= 6.6 Hz, 3H), 0.89 (d, J = 6.6 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 174.7, 158.2, 151.2, 150.3, 115.3, 97.8, 72.7, 66.2, 48.8, 

46.3, 31.9, 24.4, 23.9, 23.3, 21.4. 

HRMS (ESI): m/z calcd for C15H19NNaO4 [M+Na]+: 300.1206, found 300.1218. 

FT-IR (cm-1): 3442, 2923, 1746, 1650, 1573, 1468, 1125, 1039, 751, 637. 

Enantiomeric excess was 90% determined by the chiral HPLC analysis (IA-3, Hexane/Isopropanol 

= 80/20, v = 1.0 mL/min, λ = 305.0 nm, tminor = 12.291, tmajor = 15.428 min). 

 

 

 

 
2e was obtained in 65% yield as a pale yellow solid. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

m.p.: 168.2-169.5 °C. 

[𝜶]𝑫
𝟐𝟓 = +17.5 (c = 0.4, CHCl3). 

1H NMR (400 MHz, Chloroform-d): δ 6.50 (s, 1H), 5.61 (d, J = 15.6 Hz, 1H), 5.16 (d, J = 15.6 Hz, 

1H), 4.16 (td, J = 7.2, 2.4 Hz, 2H), 3.69 (s, 1H), 3.14 (t, J = 7.8 Hz, 2H), 2.24 (quint, J = 7.6 Hz, 

2H), 1.96-1.82 (m, 3H), 1.79-1.71 (m, 2H), 1.66-1.43 (m, 5H), 1.13-1.03 (m, 2H). 

13C NMR (150 MHz, Chloroform-d): δ 174.7, 158.2, 151.2, 150.2, 115.3, 97.8, 72.7, 66.2, 48.7, 

44.3, 35.2, 33.9, 33.3, 31.9, 25.0, 24.9, 21.4. 

HRMS (ESI): m/z calcd for C17H21NNaO4 [M+Na]+: 326.1363, found 326.1360. 

FT-IR (cm-1): 3443, 2923, 2853, 1745, 1650, 1573, 1467, 1141, 1075, 751, 669. 
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Enantiomeric excess was 77% determined by the chiral HPLC analysis (IA-3, Hexane/Isopropanol 

= 80/20, v = 1.0 mL/min, λ = 305.0 nm, tminor = 15.054, tmajor = 22.853 min). 

 

 

 

 

2f was obtained in 71% yield as a pale yellow solid. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

m.p.: 170.0-171.6 °C. 

[𝜶]𝑫
𝟐𝟓 = +20.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.50 (s, 1H), 5.58 (d, J = 15.6 Hz, 1H), 5.13 (d, J = 15.6 Hz, 

1H), 4.15 (h, J = 5.8 Hz, 2H), 3.81 (s, 1H), 3.12 (t, J = 7.8 Hz, 2H), 2.22 (quint, J = 7.5 Hz, 2H), 

1.77 (d, J = 12.4 Hz, 1H), 1.71-1.55 (m, 6H), 1.52-1.44 (m, 1H), 1.25-1.16 (m, 2H), 1.13-1.04 (m, 

1H), 0.96-0.86 (m, 2H). 

13C NMR (150 MHz, Chloroform-d): δ 174.6, 151.2, 115.3, 97.8, 72.5, 66.1, 48.8, 45.2, 34.8, 33.8, 

32.9, 31.9, 26.0, 25.9, 21.4. 

HRMS (ESI): m/z calcd for C18H23NNaO4 [M+Na]+: 340.1519, found 340.1529. 

FT-IR (cm-1): 3441, 2923, 2850, 1746, 1650, 1573, 1447, 1221, 1147, 1037, 948, 828, 733. 

Enantiomeric excess was 81% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 3.569 min, tminor = 7.302 min). 
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2g was obtained in 45% yield as a white solid. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

m.p.: 207.0-208.4 °C. 

[𝜶]𝑫
𝟐𝟓 = +10.0 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.52 (s, 1H), 5.62 (d, J = 15.8 Hz, 1H), 5.15 (d, J = 15.8 Hz, 

1H), 4.17 (h, J = 5.6 Hz, 2H), 3.14 (t, J = 7.8 Hz, 2H), 2.24 (quint, J = 7.2 Hz, 2H), 1.55 (s, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 174.8, 158.1, 151.6, 149.9, 115.1, 97.1, 69.3, 66.2, 48.8, 

32.0, 26.0, 21.4. 

HRMS (ESI): m/z calcd for C12H13NO4 [M+H]+: 236.0917, found 236.0917. 

FT-IR (cm-1): 3448, 2923, 2851, 1737, 1641, 1552, 1258, 1075, 749, 668. 

Enantiomeric excess was 74% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 85/15, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 4.769 min, tminor = 6.706 min). 
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2h was obtained in 83% yield as a white oil. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

[𝜶]𝑫
𝟐𝟓 = +13.3 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 7.28-7.24 (m, 3H), 7.17 (t, J = 7.8 Hz, 1H), 7.12 (d, J = 7.8 

Hz, 1H), 6.45 (s, 1H), 5.59 (d, J = 15.8 Hz, 1H), 5.14 (d, J = 15.8 Hz, 1H), 4.16 (d, J = 7.2 Hz, 2H), 

3.66 (s, 1H), 3.12 (t, J = 8.4 Hz, 2H), 2.57 (t, J = 8.4 Hz, 2H), 2.23 (t, J = 8.0 Hz, 2H), 1.83-1.70 

(m, 2H), 1.65-1.52 (m, 3H), 1.49-1.37 (m, 2H). 

13C NMR (150 MHz, Chloroform-d): δ 174.2, 158.1, 151.1, 149.4, 141.9, 128.3, 128.3, 125.8, 115.3, 

97.9, 72.2, 66.4, 48.7, 37.8, 35.6, 31.9, 31.1, 22.9, 21.4. 

HRMS (ESI): m/z calcd for C21H23NNaO4 [M+Na]+: 376.1519, found 376.1525. 

FT-IR (cm-1): 3450, 2967, 2924, 1737, 1657, 1572, 1460, 1366, 1225, 1045, 796, 663. 

Enantiomeric excess was 90% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 6.193 min, tminor = 10.483 min). 
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2i was obtained in 81% yield as a yellow oil. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

[𝜶]𝑫
𝟐𝟓 = +20.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.47 (s, 1H), 5.63 (d, J = 15.6 Hz, 1H), 5.20 (d, J = 15.6 Hz, 

1H), 4.17 (h, J = 7.2 Hz, 2H), 3.71 (s, 1H), 3.40 (t, J = 6.0 Hz, 2H), 3.15 (t, J = 7.8 Hz, 2H), 2.24 

(q, J = 7.8 Hz, 2H), 2.03-1.98 (m, 1H), 1.96-1.87 (m, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 174.0, 158.1, 151.4, 149.0, 115.4, 97.7, 71.8, 66.4, 48.8, 

36.3, 32.8, 32.0, 26.4, 21.4. 

HRMS (ESI): m/z calcd for C14H16BrNNaO4 [M+Na]+: 364.0155, found 364.0168. 

FT-IR (cm-1): 3563, 2962, 2851, 1745, 1580, 1468, 1180, 1029, 799, 668. 

Enantiomeric excess was 94% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 4.195 min, tminor = 6.603 min). 
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2j was obtained in 85% yield as a white oil. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

[𝜶]𝑫
𝟐𝟓 = +14.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.47 (s, 1H), 5.61 (d, J = 15.6 Hz, 1H), 5.17 (d, J = 15.6 Hz, 

1H), 4.19-4.10 (m, 2H), 3.76 (s, 1H), 3.36-3.26 (m, 2H), 3.15 (t, J = 7.8 Hz, 2H), 2.24 (quint, J = 

7.8 Hz, 2H), 1.87-1.76 (m, 2H), 1.75-1.66 (m, 2H). 

13C NMR (150 MHz, Chloroform-d): δ 174.0, 158.1, 151.4, 148.9, 115.4, 97.7, 71.8, 66.4, 50.9, 

48.7, 34.9, 32.0, 23.0, 21.4. 

HRMS (ESI): m/z calcd for C14H16N4NaO4 [M+Na]+: 327.1064, found 327.1063. 

FT-IR (cm-1): 3444, 2926, 2098, 1744, 1648, 1573, 1466, 1231, 1142, 1035, 795, 665. 

Enantiomeric excess was 78% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 3.565 min, tminor = 5.532 min). 

 

 
 

 

2k was obtained in 88% yield as a light yellow oil. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

[𝜶]𝑫
𝟐𝟓 = +38.0 (c = 0.5, CHCl3). 
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1H NMR (600 MHz, Chloroform-d): δ 6.51 (s, 1H), 5.60 (d, J = 15.8 Hz, 1H), 5.16 (d, J = 15.8 Hz, 

1H), 4.22-4.13 (m, 2H), 4.04 (s, 1H), 3.61 (t, J = 6.0 Hz, 2H), 3.14 (t, J = 7.8 Hz, 2H), 2.24 (quint, 

J = 7.2 Hz, 2H), 1.90-1.78 (m, 2H), 1.68-1.60 (m, 2H), 0.87 (s, 9H), 0.03 (s, 6H). 

13C NMR (150 MHz, Chloroform-d): δ 171.4, 158.4, 150.5, 146.9, 117.2, 100.0, 65.8, 62.1, 48.6, 

44.1, 31.8, 29.6, 27.6, 25.8, 21.4, 18.2, -5.3. 

HRMS (ESI): m/z calcd for C20H31NNaO5Si [M+Na]+: 416.1864, found 416.1854. 

FT-IR (cm-1): 3441, 2923, 1734, 1653, 1576, 1465, 1410, 1088, 1035, 798, 750. 

Enantiomeric excess was 90% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 1.992 min, tminor = 3.638 min). 

 

 

 

 

2l was obtained in 40% yield as a pale yellow solid. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

m.p.: 141.9-143.5 °C. 

[𝜶]𝑫
𝟐𝟓 = +6.7 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 7.99 (d, J = 6.6 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.44 (t, J 

= 7.8 Hz, 2H), 6.50 (s, 1H), 5.63 (d, J = 15.6 Hz, 1H), 5.18 (d, J = 15.6 Hz, 1H), 4.32 (t, J = 4.4 Hz, 

2H), 4.16 (td, J = 7.2, 3.0 Hz, 2H), 3.73 (s, 1H), 3.15 (t, J = 8.4 Hz, 2H), 2.24 (quint, J = 7.2 Hz, 

3H), 1.93-1.87 (m, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 174.1, 151.4, 133.1, 129.5, 128.4, 71.9, 66.4, 64.0, 48.8, 

34.5, 32.0, 22.9, 21.4. 

HRMS (ESI): m/z calcd for C21H21NNaO6 [M+Na]+: 406.1261, found 406.1250. 
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FT-IR (cm-1): 3447, 1645, 1455, 1276, 1119, 1040, 714. 

Enantiomeric excess was 74% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 10.647 min, tminor = 13.572 min). 

 

 
 

 

2m was obtained in 84% yield as a white solid. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

m.p.: 213.7-214.8 °C. 

[𝜶]𝑫
𝟐𝟓 = +26.7 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.45 (s, 1H), 5.64 (d, J = 16.0 Hz, 1H), 5.19 (d, J = 16.0 Hz, 

1H), 4.17 (td, J = 7.2, 4.8 Hz, 2H), 3.78 (s, 1H), 3.16 (t, J = 7.4 Hz, 2H), 2.35-2.23 (m, 3H), 2.22-

2.14 (m, 1H), 1.98 (dtd, J = 26.2, 13.6, 6.8 Hz, 1H). 

13C NMR (150 MHz, Chloroform-d): δ 173.4, 158.1, 151.8, 148.1, 126.6 (q, J = 273.0 Hz), 115.6, 

97.5, 70.7, 66.5, 48.9, 32.0, 30.1, 28.3 (d, J = 28.5 Hz), 21.4. 

19F NMR (564 MHz, Chloroform-d): δ -66.16. 

HRMS (ESI): m/z calcd for C14H14F3NNaO4 [M+Na]+: 340.0767, found 340.0774. 

FT-IR (cm-1): 3440, 2924, 2853, 1749, 1652, 1576, 1448, 1256, 1140,1103, 751, 636. 

Enantiomeric excess was 90% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 1.162 min, tminor = 1.925 min). 
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2n was obtained in 79% yield as a light yellow solid. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

m.p.: 192.4-193.5 °C. 

[𝜶]𝑫
𝟐𝟓 = +70.0 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.47 (s, 1H), 5.60 (d, J = 15.8 Hz, 1H), 5.18 (d, J = 15.8 Hz, 

1H), 4.87 (t, J = 4.2 Hz, 1H), 4.20-4.11 (m, 2H), 3.94 (s, 2H), 3.84 (d, J = 7.4 Hz, 3H), 3.13 (t, J = 

7.8 Hz, 2H), 2.24 (q, J = 7.6 Hz, 2H), 1.91-1.83 (m, 3H), 1.73-1.68 (m, 1H). 

13C NMR (150 MHz, Chloroform-d): δ 174.1, 158.2, 151.1, 149.1, 115.6, 103.3, 97.9, 71.7, 66.3, 

65.0, 48.7, 31.9, 31.6, 27.5, 21.4. 

HRMS (ESI): m/z calcd for C16H19NNaO6 [M+Na]+: 344.1105, found 344.1104. 

FT-IR (cm-1): 3442, 1642, 1467, 1413, 1141, 1033, 749. 

Enantiomeric excess was 80% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 4.870 min, tminor = 7.788 min). 
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2o was obtained in 82% yield as a white oil. 

TLC: Rf = 0.3 (DCM: MeOH =30:1). 

[𝜶]𝑫
𝟐𝟖 = +28.0 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.87 (dt, J = 14.4, 6.8 Hz, 1H), 6.48 (s, 1H), 5.80 (d, J = 15.6 

Hz, 1H), 5.62 (d, J = 16.0 Hz, 1H), 5.17 (d, J = 16.0 Hz, 1H), 4.17 (q, J = 7.0 Hz, 4H), 3.77 (s, 1H), 

3.15 (t, J = 8.4 Hz, 2H), 2.39-2.28 (m, 2H), 2.24 (quint, J = 7.4 Hz, 2H), 1.92 (td, J = 13.8, 5.4 Hz, 

1H), 1.84 (td, J = 10.8, 6.0Hz, 1H), 1.27 (t, J = 7.2 Hz, 4H). 

13C NMR (150 MHz, Chloroform-d): δ 173.8, 166.2, 158.1, 151.4, 148.8, 146.3, 122.4, 115.4, 97.9, 

71.8, 66.5, 60.3, 48.9, 36.0, 32.0, 26.1, 21.4, 14.2. 

HRMS (ESI): m/z calcd for C18H21NNaO6 [M+Na]+: 406.1261, found 406.1250. 

FT-IR (cm-1): 3448, 2061, 1639, 1260, 1036, 749. 

Enantiomeric excess was 80% determined by the chiral HPLC analysis (IA-3, Hexane/Isopropanol 

= 80/20, v = 1.0 mL/min, λ = 305.0 nm, tmajor = 24.127, tminor = 32.420 min). 
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2p was obtained in 91% yield as a white solid. 

TLC: Rf = 0.6 (DCM: MeOH =30:1). 

m.p.: 66.5-68.0 °C. 

[𝜶]𝑫
𝟐𝟓 = +58.3 (c = 0.5, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.38 (s, 1H), 5.58 (d, J = 15.8 Hz, 1H), 5.15 (d, J = 15.8 Hz, 

1H), 3.63 (s, 1H), 3.02 (t, J = 7.8 Hz, 2H), 2.08 (t, J = 5.4 Hz, 2H), 1.83-1.76 (m, 2H), 1.71 (s, 3H), 

1.67 (s, 3H), 0.97 (t, J = 7.4 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 174.3, 158.8, 151.2, 148.9, 116.7, 97.8, 72.4, 69.1, 66.5, 

37.8, 31.3, 28.6, 25.6, 25.4, 7.7. 

HRMS (ESI): m/z calcd for C15H20NO4 [M+H]+: 278.1387, found 278.1379. 

FT-IR (cm-1): 3393, 2971, 2935, 1745, 1650, 1570, 1456, 1229, 1148, 1045, 798, 734, 668. 

Enantiomeric excess was 92% determined by the chiral HPLC analysis (IA-3, Hexane/Isopropanol 

= 80/20, v = 1.0 mL/min, λ = 240.0 nm, tmajor = 31.188, tminor = 42.323 min). 
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2q was obtained in 65% yield as a light yellow oil. 

TLC: Rf = 0.5 (DCM: MeOH =30:1). 

[𝜶]𝑫
𝟐𝟓 = +20.0 (c = 0.3, CHCl3). 

1H NMR (400 MHz, Chloroform-d): δ 6.36 (s, 1H), 5.58 (d, J = 16.0 Hz, 1H), 5.16 (d, J = 16.0 Hz, 

1H), 4.10-3.94 (m, 2H), 3.63 (s, 1H), 2.85 (t, J = 6.4 Hz, 2H), 2.04-1.91 (m, 2H), 1.87-1.76 (m, 4H), 

0.97 (t, J = 7.4 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 174.2, 159.5, 148.4, 147.5, 114.6, 101.5, 72.2, 66.8, 41.8, 

31.6, 29.1, 22.0, 18.5, 7.7. 

HRMS (ESI): m/z calcd for C14H17NNaO4 [M+Na]+: 286.1050, found 286.1061. 

FT-IR (cm-1): 3448, 2924, 1740, 1644, 1560, 1464, 1156, 1036, 840, 667. 

Enantiomeric excess was 87% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 2.566 min, tminor = 4.100 min). 
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2r was obtained in 51% yield as a white solid. 

TLC: Rf = 0.5 (DCM: MeOH =30:1). 

m.p.: 79.6-81.0 °C. 

[𝜶]𝑫
𝟐𝟓 = +43.3 (c = 0.3, CHCl3). 

1H NMR (400 MHz, Chloroform-d): δ 6.35 (s, 1H), 5.55 (d, J = 16.0 Hz, 1H), 5.15 (d, J = 16.0 Hz, 

1H), 4.50 (dd, J = 14.4, 7.4 Hz, 1H), 4.25 (dd, J = 14.4, 8.8 Hz, 1H), 3.60 (s, 1H), 2.90-2.78 (m, 

2H), 1.88-1.66 (m, 9H), 0.96 (t, J = 7.4 Hz, 3H). 

13C NMR (100 MHz, Chloroform-d): δ 174.1, 159.5, 153.0, 147.6, 115.4, 101.9, 72.1, 67.1, 43.7, 

35.3, 31.6, 29.6, 27.6, 26.9, 7.7. 

HRMS (ESI): m/z calcd for C15H20NO4 [M+H]+: 278.1387, found 278.1390. 

FT-IR (cm-1): 3448, 2056, 1638, 1122, 710. 

Enantiomeric excess was 90% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 210.0 nm, tmajor = 2.345 min, tminor = 3.608 min). 

 

 

 

 

2s was obtained in 35% yield as a white solid. 

TLC: Rf = 0.4 (DCM: MeOH =30:1). 

m.p.: 150.0-151.7 °C. 
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[𝜶]𝑫
𝟐𝟓 = +20.0 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 7.38 (d, J = 6.6 Hz, 1H), 6.51 (d, J = 7.2 Hz, 1H), 5.60 (d, J 

= 16.2 Hz, 1H), 5.18 (d, J = 16.2 Hz, 1H), 3.62 (s, 1H), 3.59 (s, 3H), 1.83-1.76 (m, 2H), 0.97 (t, J = 

7.4 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 148.5, 138.4, 118.7, 102.7, 72.1, 66.6, 37.6, 31.6, 7.6. 

HRMS (ESI): m/z calcd for C11H14NO4 [M+H]+: 224.0917, found 224.0917. 

FT-IR (cm-1): 3448, 2921, 2851, 1641, 1412, 1118, 668. 

Enantiomeric excess was 66% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 1.699 min, tminor = 2.095 min). 

 

 

 

 

2t was obtained in 31% yield as a white solid. 

TLC: Rf = 0.4 (DCM: MeOH =30:1). 

m.p.: 155.7-157.6 °C. 

[𝜶]𝑫
𝟐𝟓 = +40.0 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 7.43 (d, J = 7.2 Hz, 1H), 6.57 (d, J = 7.2 Hz, 1H), 5.61 (d, J 

= 16.2 Hz, 1H), 5.28 (quint, J = 6.6 Hz, 1H), 5.18 (d, J = 16.2 Hz, 1H), 3.59 (s, 1H), 1.84-1.76 (m, 

2H), 1.39 (d, J = 6.8 Hz, 3H), 1.37 (d, J = 6.8 Hz, 3H), 0.98 (t, J = 7.4 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 173.9, 158.3, 147.5, 133.1, 118.5, 102.9, 72.0, 66.9, 46.8, 

31.5, 22.0, 21.9, 7.7. 

HRMS (ESI): m/z calcd for C13H17NNaO4 [M+Na]+: 274.1050, found 274.1053. 

FT-IR (cm-1): 3442, 2977, 2853, 1744, 1651, 1562, 1462, 1154, 1044, 882, 796, 659. 



S56 
 

Enantiomeric excess was 75% determined by the chiral UPC2 analysis (Trefoil® CEL 2, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 0.996 min, tminor = 1.336 min) 
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6. Experimental Details for Transformations of the Products 

 

Synthesis of compound 3: To a stirred solution of 2h (0.1 mmol, 1.0 equiv.) in toluene (1 mL) was 

added K2CO3 (0.1mmol, 1.0 equiv.) under an argon atmosphere. The resultant solution was stirred 

for 24 h at room temperature. Then, the mixture was evaporated and purified by flash 

chromatography on silica gel (DCM: MeOH = 50:1) to give 3. 

 

 

Synthesis of compound 4: To a stirred solution of 2o (0.1 mmol, 1.0 equiv.) in Et2O (1 mL) was 

added t-BuOK (0.1mmol, 1.0 equiv.) under an argon atmosphere. The resultant solution was stirred 

for 1 h at room temperature. Then, the mixture was evaporated and purified by flash chromatography 

on silica gel (DCM: MeOH = 50:1) to give 4. 

 

 

Synthesis of compound 5:4 A mixture of 2a (1 mmol, 1.0 equiv.) and SeO2 (3 mmol, 3.0 equiv.) in 

dioxane/H2O (8 mL/0.3 mL) was heated together in a sealed tube at 110 °C for 24 h. The solution 

was then poured So water and extracted with trichloromethane (4 × 30 mL). The combined extracts 

were dried over MgSO4, filtered, and concentrated. The dark solid residue was then 

chromatographed (DCM/MeOH = 40:1) to afford 7-Hydroxy-de-AB-camptothecin. To the 

suspension of 7-Hydroxy-de-AB-camptothecin (0.7 mmol, 1.0 equiv.) and Å MS (415 mg) in 

DCM (5 mL) at 0 °C was added pyridinium dichromate (1.4 mmol, 2.0 equiv.). After 3.5h, 30 mL 

of EtOAc was added to the mixture, and the slurry was filtered through a plug of silica gel and 

Celite. Evaporation of the filtrate and chromatography (CHCl3/EtOAc = 1:1) gave 4. 
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Note: SN-38 and Irinotecan were synthesized following the literature procedure.12 

Synthesis of SN-38: A solution of ketone 4 (0.3 mmol, 1.0 equiv.) and amino ketone 510 (0.39 mmol, 

1.3 equiv.) in 5 mL of toluene were heated together for 30 min before the addition of 3 mg of p-

TsOH. The resulting red solution was heated at 120 °C with Dean-Stark apparatus for 7.25 h. The 

solvent was removed, and the residue was purified by flash chromatography on silica gel to give 

SN-38. (CHCl3/ MeOH = 40:1) 

 

Synthesis of Irinotecan: To a solution of SN-38 (0.1 mmol, 1.0 equiv.) in 0.4 mL pyridine was 

added carbonyl chloride 611 (0.15 mmol, 1.0 equiv.) in 5 mL DCM. After stirring for 2 h, the solution 

was quenched with a saturated aqueous solution of NaHCO3 (1 mL) and extracted by DCM (2×5 

mL). The organic phase was dried with Na2SO4 and concentrated in vacuum. The residue was 

purified by silica gel column chromatography (DCM/MeOH＝20:1) to afford Irinotecan. 

 

 

3 was obtained in 88% yield as a light yellow solid. 

TLC: Rf = 0.4 (DCM: MeOH =30:1). 

m.p.: 152.0-153.8 °C. 

[𝜶]𝑫
𝟐𝟓 = +30.0 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.40 (s, 1H), 5.56 (d, J = 15.6 Hz, 1H), 5.10 (d, J = 15.6 Hz, 

1H), 4.41 (q, J = 7.8 Hz, 1H), 4.26 (q, J = 6.6 Hz, 1H), 4.16 (td, J = 6.6, 2.8 Hz, 2H), 3.12 (t, J = 

7.8 Hz, 2H), 2.53-2.47 (m, 1H), 2.23 (quint, J = 7.2 Hz, 2H), 2.21-2.16 (m, 1H), 2.11-2.05 (m, 1H), 

1.92 -1.87 (m, 1H). 

13C NMR (150 MHz, Chloroform-d): δ 171.9, 158.2, 151.3, 150.2, 116.7, 96.7, 80.1, 71.1, 65.3, 

48.8, 36.6, 32.0, 25.2, 21.4. 

HRMS (ESI): m/z calcd for C14H15NO4 [M+H]+: 262.1074, found 262.1075. 

FT-IR (cm-1): 1747, 1572, 1439, 1069, 798, 568. 

Enantiomeric excess was 86% determined by the chiral UPC2 analysis (Trefoil® CEL 1, CO2/MeOH 

= 80/20, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 2.109 min, tminor = 3.887 min) 
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4 was obtained in 75% yield as a white oil. 

TLC: Rf = 0.4 (DCM: MeOH =30:1). 

[𝜶]𝑫
𝟐𝟓 = +20.0 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 6.47 (s, 1H), 5.55 (d, J = 15.6 Hz, 1H), 5.08 (d, J = 15.6 Hz, 

1H), 4.99 (quint, J = 6.6 Hz, 1H), 4.21-4.14 (m, 5H), 3.13 (t, J = 7.6 Hz, 2H), 2.82 (dd, J = 14.8, 

6.2 Hz, 1H), 2.67 (dd, J = 15.0, 6.6 Hz, 1H), 2.51-2.47 (m, 1H), 2.40-2.35 (m, 1H), 2.23 (quint, J = 

7.6 Hz, 3H), 1.97-1.93 (m, 1H), 1.90-1.85 (m, 1H), 1.30 (t, J = 7.2 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 171.6, 170.5, 158.2, 151.4, 149.6, 116.7, 96.8, 80.6, 79.1, 

78.2, 60.6, 40.6, 40.2, 36.9, 35.8, 32.1, 30.9, 29.9. 

HRMS (ESI): m/z calcd for C18H21NNaO6 [M+Na]+: 370.1261, found 370.1252. 

FT-IR (cm-1): 1732, 1650, 1466, 1260, 1033, 799, 704. 

Enantiomeric excess was 70% determined by the chiral UPC2 analysis (Trefoil® CEL 1, CO2/MeOH 

= 90/10, v = 2.0 mL/min, λ = 205.0 nm, tmajor = 5.717 min, tminor = 7.207 min) 
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5 was known compound according to the literature.4 

[𝜶]𝑫
𝟐𝟓 = +112.0 (c = 0.3, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 7.22 (s, 1H), 5.68 (d, J = 17.4 Hz, 1H), 5.25 (d, J = 17.4 Hz, 

1H), 4.38-4.30 (m, 2H), 3.65 (s, 1H), 2.97 (dd, J = 7.8, 6.0 Hz, 2H), 1.85-1.78 (m, 2H), 0.98 (t, J = 

7.4 Hz, 3H). 

 

 

SN-38 was obtained in 66% yield as a light yellow solid. 

TLC: Rf = 0.4 (DCM: MeOH =20:1). 

m.p.: 228.1-229.2 °C. 

[𝜶]𝑫
𝟐𝟓 = +26.0 (c = 0.3, CHCl3/MeOH= 4:1). 

1H NMR (600 MHz, DMSO-d6): δ 10.29 (s, 1H), 8.03 (dt, J = 8.6, 4.2 Hz, 1H), 7.43-7.38 (m, 2H), 

7.25 (s, 1H), 6.49 (s, 1H), 5.42 (s, 2H), 5.30-5.25 (m, 2H), 3.14-3.03 (m, 1H), 1.91-1.82 (m, 2H), 

1.30 (t, J = 7.6 Hz, 3H), 0.88 (t, J = 7.2 Hz, 3H). 

13C NMR (150 MHz, DMSO-d6): δ 172.6, 156.8, 156.7, 150.0, 148.8, 146.4, 143.6, 142.7, 131.5, 

128.2, 128.0, 122.4, 118.0, 104.8, 95.8, 72.4, 65.2, 49.4, 40.0, 30.2, 22.2, 13.3, 7.7. 

HRMS (ESI): m/z calcd for C22H21N2O5 [M+H]+: 393.1445, found 393.1446. 

FT-IR (cm-1): 3576, 1732, 1650, 1566, 1466, 1246, 1189, 1033, 852, 833, 719. 

Enantiomeric excess was >99% determined by the chiral UPC2 analysis (Trefoil® Amy-1 

CO2/MeOH = 80/20, v = 2.0 mL/min, λ = 220.0 nm, tminor = 3.935 min, tmajor = 5.360 min) 
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Irinotecan was obtained in 84% yield as a light yellow solid. 

TLC: Rf = 0.2 (DCM: MeOH =10:1). 

m.p.: 215.0-217.0 °C. 

[𝜶]𝑫
𝟐𝟓 = +25.0 (c = 0.6, CHCl3). 

1H NMR (600 MHz, Chloroform-d): δ 8.18 (d, J = 9.0 Hz, 1H), 7.82 (d, J = 2.4 Hz, 1H), 7.62 (s, 

1H), 7.54 (dd, J = 9.0, 2.6 Hz, 1H), 5.73 (d, J = 16.2 Hz, 1H), 5.29 (d, J = 16.2 Hz, 1H), 5.24 (s, 

2H), 4.53 (dd, J = 46.2, 14.4 Hz, 2H), 4.07 (brs, 1H), 3.29 (t, J = 11.4 Hz, 1H), 3.20-3.09 (m, 6H), 

3.05 (q, J = 7.2 Hz, 1H), 2.96 (t, J = 13.2 Hz, 1H), 2.47 (d, J = 11.8 Hz, 1H), 2.29 (d, J = 12.0 Hz, 

1H), 2.10 (s, 4H), 2.00-1.80 (m, 5H), 1.48 (t, J = 7.2 Hz, 1H), 1.40 (d, J = 7.0 Hz, 3H), 1.03 (t, J = 

7.4 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d): δ 173.8, 157.6, 152.9, 151.7, 150.2, 150.0, 147.2, 146.8, 145.2, 

131.8, 127.4, 127.2, 125.5, 118.5, 114.5, 97.9, 72.7, 66.3, 63.4, 50.1, 49.4, 45.8, 43.4, 42.2, 31.6, 

26.7, 25.8, 23.1, 140, 11.2, 8.6, 7.8. 

HRMS (ESI): m/z calcd for C33H39N4O6 [M+H]+: 587.2864, found 587.2854. 

FT-IR (cm-1): 3443, 2925, 2852, 2363, 1648, 1447, 1408, 1309, 1077, 1024, 905, 752. 
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7. X-ray Crystal Structures of Compounds 2a 

X-Ray data for (+)-2a (CCDC: 2362885) 

 

Table S7. Crystal Data and Structure Refinement for (+)-2a  

Empirical formula C13H15NO4 

Formula weight 249.26 

Temperature/K 302.44(10) 

Crystal system monoclinic 

Space group P21 

a/Å 7.5054(2) 

b/Å 10.0086(2) 

c/Å 8.5104(2) 

α/° 90 

β/° 110.518(2) 

γ/° 90 

Volume/Å3 598.73(3) 

Z 2 

ρcalcg/cm3 1.383 

μ/mm‑1 0.858 

F(000) 264.0 

Crystal size/mm3 0.18 × 0.15 × 0.12 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 11.1 to 151.992 

Index ranges -8 ≤ h ≤ 9, -10 ≤ k ≤ 12, -10 ≤ l ≤ 10 

Reflections collected 7782 

Independent reflections 2258 [RS = 0.0256, Rsigma = 0.0183] 

Data/restraSs/parameters 2258/1/165 

Goodness-of-fit on F2 1.067 

Final R indexes [I>=2σ (I)] R1 = 0.0316, wR2 = 0.0822 

Final R indexes [all data] R1 = 0.0323, wR2 = 0.0832 

Largest diff. peak/hole / e Å-3 0.19/-0.14 

Flack parameter 0.06(6) 
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9. Copies of NMR Spectra 
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