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General Information 

All reactions were carried out under an argon atmosphere with dry solvents 

under anhydrous conditions, unless otherwise noted. DCM, DMF, MeCN and 

Toluene were distilled from calcium hydride under argon; THF and Et2O were 

distilled from sodium-benzophenone under argon. All the other chemicals were 

purchased commercially and used without further purification, unless 

otherwise stated. Flash chromatography was performed using silica gel 

(200-300 mesh). Reactions were monitored by thin layer chromatography (TLC). 

Visualization was achieved under a UV lamp (254 nm and 365 nm), I2 and by 

developing the plates with p-anisaldehyde or phosphomolybdic acid. 1H and 13C 

NMR were recorded on Bruker DRX-400 MHz NMR spectrometer or Bruker 

AV-II 600 MHz NMR spectrometer with TMS as the internal standard and were 

calibrated using residual undeuterated solvent as an internal reference (CDCl3: 

1H NMR = 7.26, 13C NMR = 77.16; C6D6: 1H NMR = 7.16, 13C NMR = 128.06; 

DMSO-d6: 1H NMR = 3.33, 13C NMR = 39.52). The following abbreviations were 

used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, 

m = multiplet, br = broad. Coupling constants (J) are reported in Hertz (Hz). 

High resolution mass spectra (HRMS) were recorded by using FTMS-7 

spectrometers. Infrared (IR) spectra were recorded on a NEXUS 670 FT-IR 

Fourier transform infrared spectrophotometer and are reported in 

wavenumbers (cm-1). 
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Experimental Procedures 

Procedure for the Preparation of Compound 5a and 5b 

 

 

Synthesis of compound 7 

 

To a solution of 1,3-Dimethoxybenzene (10.0 mL, 75.6 mmol) in dry THF (350 ml) at 0℃ 

was slowly added n-BuLi (2.5 M in hexane, 40.0 mL, 98.3 mmol). The solution was allowed to 

warm to room temperature and stirred for 1 h. The mixture was recooled to 0℃ and was 

treated with 6-Bromo-1-hexene (13.2 mL, 98.3 mmol). The solution was allowed to room 

temperature and stirred for 12 h. The reaction was quenched by saturated NH4Cl solution 

(100 mL). And then extracted with EtOAc (200 mL x 3), dried over Na2SO4, filtered and 

concentrated under reduced pressure. The crude product was purified by column 

chromatography (EtOAc/petroleum ether = 1:100) to afford the corresponding compound 7 

(14.55 g) in 87% yield as a colorless oil. 

1H NMR (400 MHz, CDCl3) δ 7.13 (t, J = 8.4 Hz, 1H), 6.54 (d, J = 8.4 Hz, 2H), 5.86 (ddt, J = 6.8, 

10.4, 17.2 Hz, 1H), 5.02 (ddd, J = 1.6, 3.2, 16.8 Hz, 1H), 4.94 (dt, J = 1.2, 10.4 Hz, 1H), 3.82 (s, 

6H), 2.67 (t, J = 7.2 Hz, 2H), 2.11 (dd, J = 6.8, 14.0 Hz, 2H), 1.57 – 1.43 (m, 4H). 
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13C NMR (100 MHz, CDCl3) δ 158.4, 139.5, 126.6, 119.4, 114.1, 103.7, 55.7, 33.9, 29.1, 28.9, 

22.8. 

IR (neat, cm-1): 3073, 2932, 2843, 1639, 1593, 1483, 1252, 910. 

HRMS (ESI): m/z calcd for C14H20NaO2 [M+Na] +: 243.1361; Found: 243.1363. 

 

Synthesis of compound 16 and 17 

 

To a solution of compound 7 (11.02 g, 50.0 mmol) in dry DCM (150 mL) at -20℃ was slowly 

added BBr3 (2.1 mL, 21.6 mmol) in DCM (20 mL). The mixture was stirred at the same 

temperature for 20 min, and then warm to 0℃ and stirred for 10 h. The reaction was 

quenched by saturated NaHCO3 solution (50 mL). And then extracted with EtOAc (200 mL x 

3), dried over Na2SO4, filtered and concentrated under reduced pressure. The crude product 

was purified by column chromatography (EtOAc/petroleum ether = 1:10) to afford the 

corresponding compound 17 (5.67 g) in 55% yield as a light yellow oil and compound 16 

(3.67 g) in 38% yield as a yellow oil. 

Compound 17: 

1H NMR (400 MHz, CDCl3) δ 7.03 (t, J = 8.0 Hz, 1H), 6.49 (d, J = 8.4 Hz, 1H), 6.44 (dd, J = 0.8, 

8.4 Hz, 1H), 5.85 (ddt, J = 6.8, 10.0, 16.8 Hz, 1H), 5.03 (ddd, J = 1.6, 3.6, 17.2 Hz, 1H), 4.96 (ddt, 

J = 1.2, 3.6, 10.4 Hz, 1H), 4.89 (s, 1H), 3.82 (s, 3H), 2.66 (t, J = 7.2 Hz, 2H), 2.12 (dd, J = 7.2, 

14.4 Hz, 2H), 1.60 – 1.44 (m, 4H). 

13C NMR (100 MHz, CDCl3) δ 158.7, 154.4, 139.4, 126.8, 117.2, 114.3, 108.4, 103.3, 55.8, 33.8, 

29.0, 28.7, 22.9. 

IR (neat, cm-1): 3075, 2857, 1599, 1466, 1277, 1248, 1119, 1084. 

HRMS (ESI): m/z calcd for C13H18NaO2 [M+Na] +: 229.1204; Found: 229.1203. 
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Compound 16: 

1H NMR (400 MHz, CDCl3) δ 6.92 (t, J = 8.4 Hz, 1H), 6.38 (d, J = 8.0 Hz, 2H), 5.82 (ddt, J = 6.4, 

10.0, 16.8 Hz, 1H), 5.01 (ddd, J = 1.6, 3.6, 17.2 Hz, 1H), 4.95 (dt, J = 1.2, 10.4 Hz, 1H), 4.78 (s, 

2H), 2.63 (t, J = 7.2 Hz, 2H), 2.11 (dd, J = 6.8, 14.0 Hz, 2H), 1.62 – 1.45 (m, 4H). 

13C NMR (100 MHz, CDCl3) δ 154.8, 139.2, 126.9, 115.5, 114.5, 108.1, 33.8, 28.9, 28.6, 23.0. 

IR (neat, cm-1): 3075, 2930, 2859, 1607, 1356, 1288, 1109, 1068. 

HRMS (ESI): m/z calcd for C12H16NaO2 [M+Na] +: 215.1048; Found: 215.1042. 

 

Synthesis of compound 7 

 

To a solution of compound 16 (3.67 g, 19.0 mmol) in DMF (100 mL) at room temperature 

was added K2CO3 (7.96 g, 57.0 mmol). The mixture was stirred for 10 min at room 

temperature and then added MeI (6.0 mL, 95.0 mmol). The mixture was stirred at the same 

temperature for 11 h. The reaction was quenched by saturated NH4Cl solution (50 mL). And 

then extracted with EtOAc (50 mL x 3), dried over Na2SO4, filtered and concentrated under 

reduced pressure. The crude product was purified by column chromatography 

(EtOAc/petroleum ether = 1:100) to afford the corresponding compound 7 (3.97 g) in 95% 

yield as a colorless oil. 

 

Synthesis of compound 6a 

 

To a solution of compound 17 (4.17 g, 20.2 mmol) in MeOH (100 mL) was added PhI(OAc)2 

(16.63 g, 50.5 mmol) at room temperature. The mixture was stirred for 4 h at the same 

temperature. The reaction mixture was quenched by saturated NaHCO3 solution (100 mL) 
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and Na2SO3 solution (100 mL), followed by extraction with EtOAc (200 mL x 3). The 

combined organic layers dried over anhydrous Na2SO4, filtered and concentrated under 

reduced pressure. The crude product was purified by column chromatography 

(EtOAc/petroleum ether = 1:10) to afford the product 6a (3.94 g) in 74% yield as a light 

yellow oil. 

1H NMR (400 MHz, CDCl3) δ 6.37 (d, J = 10.4 Hz, 1H), 6.31 (d, J = 10.0 Hz, 1H), 5.79 (ddt, J = 

6.4, 10.0, 16.8 Hz, 1H), 4.98 (ddd, J = 1.6, 3.6, 17.2 Hz, 1H), 4.91 (ddd, J = 1.2, 2.0, 10.0 Hz, 1H), 

4.14 (s, 3H), 3.30 (s, 6H), 2.35 (t, J = 7.2 Hz, 2H), 2.05 (q, J = 6.8 Hz, 2H), 1.38 (t, J = 3.6 Hz, 

4H). 

13C NMR (100 MHz, CDCl3) δ 186.4, 161.3, 139.6, 139.2, 132.0, 124.5, 114.3, 96.7, 59.0, 51.5, 

33.7, 29.1, 28.3, 22.4. 

IR (neat, cm-1): 2936, 1665, 1602, 1456, 1304, 1212, 1066, 914. 

HRMS (ESI): m/z calcd for C15H22NaO4 [M+Na]+: 289.1416; Found: 289.1413. 

 

Synthesis of compound 6b 

6b prepared according to the similar procedure for the preparation of 6a as a light-yellow oil 

(561.9 mg, 67% yield). 

 

1H NMR (400 MHz, CDCl3) δ 6.45 (dd, J = 0.8, 10.0 Hz, 1H), 6.27 (dd, J = 0.8, 10.0 Hz, 1H), 5.90 

(ddd, J = 5.6, 10.4, 21.6 Hz, 2H), 5.79 (ddd, J = 3.6, 6.8, 16.8 Hz, 1H), 5.29 (dd, J = 1.2, 17.2 Hz, 

2H), 5.18 (dd, J = 0.8, 10.4 Hz, 2H), 4.98 (d, J = 17.2 Hz, 1H), 4.91 (d, J = 10.4 Hz, 1H), 4.16 (d, J 

= 1.2 Hz, 3H), 4.06 (dd, J = 1.2, 5.2 Hz, 2H), 3.96 (dd, J = 1.2, 5.6 Hz, 2H), 2.35 (t, J = 6.8 Hz, 2H), 

2.05 (d, J = 5.6 Hz, 2H), 1.38 (t, J = 2.8 Hz, 4H). 

13C NMR (100 MHz, CDCl3) δ 186.3, 161.8, 139.7, 139.2, 133.6, 131.3, 123.8, 117.5, 114.3, 

95.8, 65.0, 59.2, 33.7, 29.0, 28.2, 22.4. 

IR (neat, cm-1): 2929, 2854, 1742, 1666, 1603, 1466, 1304, 1050. 
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HRMS (ESI): m/z calcd for C19H26NaO4 [M+Na] +: 341.1729; Found: 341.1728. 

Synthesis of compound 5a1 

 

Condition A: 

To a suspension of FeCl3 (1.15 g, 6.95 mmol, 2.0 equiv.) in dry DCM (350 mL) was added a 

solution of 6a (910.0 mg, 3.47 mmol, 1.0 equiv.) in DCM (7.5 mL) dropwise at 0℃. The 

mixture was stirred for 10 min at the same temperature. The reaction mixture was quenched 

by saturated NaHCO3 solution (50 mL), the layers were diluted with DCM (100 mL), H2O (200 

mL) and separated. Then the aqueous layer was extracted with DCM (100 mL x 3). The 

combined organic layers dried over anhydrous Na2SO4, filtered and concentrated under 

reduced pressure. The crude product was purified by column chromatography 

(EtOAc/petroleum ether = 1:1.5) to afford the product 5a (609.9 mg) in 80% yield as a 

yellow oil. 

 

Condition B: 

To a suspension of FeCl3 (24.8 mg, 0.15 mmol, 0.5 equiv.) in DCM (30 mL) was added 

PhCO3tBu (0.3 M in DCM, 1 mL, 0.3 mmol, 1.0 equiv.) at 0℃. And then added a solution of 6a 

(80.0 mg, 0.3 mmol, 1.0 equiv.) in DCM (5 mL) dropwise. The mixture was stirred for 10 min 

at the same temperature. The reaction mixture was quenched by saturated NaHCO3 solution 

(10 mL). The layers were diluted with DCM (10 mL), H2O (10 mL) and separated. Then the 

aqueous layer was extracted with DCM (15 mL x 3). The combined organic layers dried over 

anhydrous Na2SO4, filtered and concentrated under reduced pressure. The crude product 

was purified by column chromatography (EtOAc/petroleum ether = 1:1.5) to afford the 

product 5a (53.6 mg) in 81% yield as a yellow oil. 

1H NMR (400 MHz, CDCl3 with a drop of D2O) δ 6.41 (d, J = 8.8 Hz, 1H), 3.62 (s, 3H), 3.20 (dd, 

J = 6.8, 8.8 Hz, 1H), 2.22 (ddd, J = 5.2, 12.8, 14.8 Hz, 1H), 2.01 –1.91 (m, 3H), 1.87 – 1.78 (m, 
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2H), 1.68 (dt, J = 4.0, 12.8 Hz, 1H), 1.58 (dt, J =4.0, 12.0 Hz, 1H), 1.31 – 1.12 (m, 2H), 1.00 – 

0.90 (m, 1H).  

13C NMR (100 MHz, CDCl3) δ 205.0, 194.6, 153.3, 120.5, 66.8, 55.6, 44.2, 37.5, 33.5, 33.0, 23.3, 

21.2, 20.7. 

IR (neat, cm-1): 2933, 1758, 1683, 1612, 1456, 1353, 1234, 1173. 

HRMS (ESI): m/z calcd for C13H16NaO3 [M+Na] +: 243.0997; Found: 243.0990. 

 

Synthesis of compound 5b 

 

5b prepared according to the similar procedure for the preparation of 5a as a yellow oil 

(condition A: 58.5 mg, 79%; condition B: 53.2 mg, 72%). 

1H NMR (400 MHz, CDCl3) δ 6.45 (d, J = 9.2 Hz, 1H), 5.95 (ddt, J = 5.2, 10.4, 16.8 Hz, 1H), 5.33 

(dd, J = 1.2, 17.2 Hz, 1H), 5.27 (dd, J = 1.2, 10.4 Hz, 1H), 4.33 (dd, J = 1.2, 5.2 Hz, 2H), 3.20 (dd, 

J = 7.2, 8.8 Hz, 1H), 2.24 (ddd, J = 5.2, 12.4, 14.4 Hz, 1H), 2.01 – 1.93 (m, 3H), 1.88 – 1.78 (m, 

2H), 1.71 – 1.67 (m, 1H), 1.62 – 1.58 (m, 1H), 1.33 – 1.13 (m, 2H), 1.01 – 0.91 (m, 1H). 

13C NMR (100 MHz, CDCl3) δ 205.0, 194.6, 152.1, 132.1, 122.2, 118.8, 69.4, 66.9, 44.3, 37.5, 

33.5, 33.0, 23.4, 21.3, 20.8. 

IR (neat, cm-1): 2930, 2358, 2342, 1755, 1680, 1528, 1432, 1070. 

HRMS (ESI): m/z calcd for C15H18NaO3 [M+Na] +: 269.1154; Found: 269.1153. 
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Procedure for the Preparation of Compound 11 

 

Synthesis of compound 8 

 

To a solution of 5a (173.7 mg, 0.79 mmol) in THF (10.0 mL) at -78℃ was added HMPA (2.5 

mL), and then added allylmagnesium bromide (1.0 M in Et2O, 1.2 mL, 1.2 mmol) dropwise. 

The mixture was stirred at the same temperature for 45 min. The reaction mixture was 

quenched by saturated NH4Cl solution (2.5 mL), The mixture was stirred at the room 

temperature for 5 min, then added 2N HCl (5.0 mL) dropwise, stirred at room temperature 

for 4 h. The reaction mixture was quenched by saturated NaHCO3 solution (20 mL), followed 

by extraction with EtOAc (20 mL x 3). The combined organic layers dried over anhydrous 

Na2SO4, filtered and concentrated under reduced pressure. The crude product was purified 

by column chromatography (EtOAc/petroleum ether = 1:8) to afford the product 8 (146.9 

mg) in 75% yield as a colorless oil. 

1H NMR (400 MHz, CDCl3) δ 5.46 (ddd, J = 5.6, 9.6, 12.8 Hz,1H), 4.99 (d, J = 4.8 Hz, 1H), 4.96 

(d, J = 11.6 Hz, 1H), 3.93 (s, 1H), 2.76 (dt, J = 2.4, 14.0 Hz, 1H), 2.65 – 2.60 (m, 1H), 2.58 – 2.51 

(m, 2H), 2.24 – 2.15 (m, 2H), 2.10 (dd, J = 8.8, 14.4 Hz, 1H), 1.88 (ddd, J = 2.4, 6.4, 13.2 Hz, 

1H), 1.75 (dd, J = 9.6, 14.4 Hz, 1H), 1.64 (d, J = 13.2 Hz, 1H), 1.55 (dd, J = 5.2, 12.8 Hz, 1H), 
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1.52 – 1.45 (m, 2H), 1.12 (ddt, J = 4.0, 12.8, 26.4 Hz, 1H), 1.04 (ddt, J = 2.4, 12.4, 25.2 Hz, 1H), 

0.76 (ddd, J = 2.8, 12.8, 25.6 Hz, 1H). 

13C NMR (100 MHz, CDCl3) δ 214.7, 209.9, 131.0, 119.0, 84.3, 58.5, 44.9, 42.0, 39.1, 34.9, 32.0, 

31.1, 23.8, 23.0, 21.4. 

IR (neat, cm-1): 2565, 1746, 1720, 1640, 1441, 1188, 1093, 1002. 

HRMS (ESI): m/z calcd for C15H20NaO3 [M+Na] +: 271.1310; Found: 271.1308. 

 

Synthesis of compound 18 

 

To a solution of compound 8 (146.9 mg) in DCM (10.0 mL) at 0℃ was added 2,6-lutidine 

(0.2 mL, 1.8 mmol), TMSOTf (0.3 mL, 2.1 mmol) in sequence. The mixture was stirred at 

room temperature for 3 h. The reaction mixture was quenched by saturated NH4Cl solution 

(15 mL), followed by extraction with DCM (20 mL x 3). The combined organic layers dried 

over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The crude 

product was purified by column chromatography (EtOAc/petroleum ether = 1:15) to afford 

the product 18 (180.8 mg) in 94% yield as a white solid. 

mp 67 - 69℃ 

1H NMR (400 MHz, CDCl3) δ 5.56 – 5.43 (m, 1H), 4.96 (d, J = 10.4 Hz, 1H), 4.92 (dd, J = 0.8, 

17.2 Hz, 1H), 2.61 – 2.55 (m, 2H), 2.45 (t, J = 4.0 Hz, 1H), 2.41 (dt, J = 1.6, 4.8 Hz, 1H), 2.19 

(ddd, J = 2.8, 5.6, 12.0 Hz, 1H), 2.14 (d, J = 8.4 Hz, 1H), 2.10 (d, J = 8.0 Hz, 1H), 1.86 (td, J = 2.4, 

6.4 Hz, 1H), 1.74 (dd, J = 9.2, 14.0 Hz, 1H), 1.62 (dt, J = 2.8, 10.4 Hz, 1H), 1.57 – 1.46 (m, 3H), 

1.12 (ddt, J = 4.4, 12.8, 25.6 Hz, 1H), 0.98 (ddt, J = 2.8, 12.8, 25.6 Hz, 1H), 0.77 (ddd, J = 3.2, 

13.2, 25.6 Hz, 1H), 0.19 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ 215.2, 207.8, 132.1, 118.5, 89.0, 59.8, 45.0, 41.6, 41.0, 34.8, 33.0, 

30.9, 24.1, 23.0, 21.5, 3.2. 
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IR (neat, cm-1): 1734, 1442, 1252, 1169, 1128, 1034, 997, 845. 

HRMS (ESI): m/z calcd for C18H28NaO3Si [M+Na] +: 343.1705; Found: 343.1701. 

Synthesis of compound 9 

 

To a solution of compound 18 (180.8 mg) in DMF/H2O (v/v = 7:1, 8 mL) at room 

temperature was added CuCl (85.7 mg, 0.84 mmol), PdCl2 (20.2 mg, 0.11 mmol) in sequence. 

An oxygen-filled balloon was placed over one neck, the mixture was stirred at room 

temperature for overnight. The reaction mixture was quenched by saturated NH4Cl solution 

(10 mL), followed by extraction with EtOAc (20 mL x 3). The combined organic layers dried 

over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The crude 

product was purified by column chromatography (EtOAc/petroleum ether = 1:8) to afford 

the product 9 (180.8 mg) in 73% yield as a white solid. 

mp 112 - 114℃ 

1H NMR (400 MHz, CDCl3) δ 3.00 (d, J = 14.8 Hz, 1H), 2.92 (dd, J = 1.6, 14.4 Hz, 1H), 2.57 (d, J 

= 3.2 Hz, 1H), 2.50 (d, J = 5.2 Hz, 1H), 2.47 (d, J = 6.0 Hz, 1H), 2.16 – 2.10 (m, 1H), 2.10 (s, 3H), 

2.05 (dd, J = 4.0, 11.6 Hz, 1H), 1.87 (dd, J = 2.0, 6.8 Hz, 1H), 1.81 (dd, J = 9.6, 14.0 Hz, 1H), 1.69 

– 1.41 (m, 4H), 1.15 – 1.03 (m, 1H), 0.95 (ddd, J = 1.6, 12.8, 25.2 Hz, 1H), 0.75 (ddd, J = 2.0, 

12.4, 24.8 Hz, 1H), 0.14 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ 215.0, 206.5, 206.0, 87.4, 60.0, 49.5, 43.8, 42.4, 34.8, 32.8, 32.5, 

31.0, 23.6, 23.0, 21.6, 3.2. 

IR (neat, cm-1): 1732, 1414, 1362, 1250, 1186, 1159, 1030, 843. 

HRMS (ESI): m/z calcd for C18H28NaO4Si [M+Na] +: 359.1655; Found: 359.1656. 
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Synthesis of compound 19 

 

To a solution of KHMDS (1.0 M in THF, 0.5 mL, 0.5 mmol) in dry THF (5 mL) at -78℃ was 

slowly added compound 9 (75.7 mg, 0.22 mmol) in THF (1.5 mL). The mixture was stirred at 

the same temperature for 30 min. The reaction was quenched by saturated NH4Cl solution 

(2.5 mL). And then addition H2O (10 mL), followed by extraction with EtOAc (20 mL x 3), 

dried over Na2SO4, filtered and concentrated under reduced pressure. The crude product was 

purified by column chromatography (EtOAc/petroleum ether = 1:3) to afford the 

corresponding compound 19 (61.7 mg) in 82% yield as a white solid. 

mp 149 - 151℃ 

1H NMR (400 MHz, C6D6) δ 2.47 (ddd, J = 1.6, 2.8, 17.2 Hz, 1H), 2.37 (d, J = 16.4 Hz, 1H), 2.32 

(dd, J = 5.2, 17.2 Hz, 1H), 2.23 (dd, J = 2.0, 16.4 Hz, 1H), 2.06 – 1.80 (m, 5H), 1.68 – 1.66 (m, 

1H), 1.59 (dt, J = 3.2, 12.0 Hz, 1H), 1.52 – 1.45 (m, 4H), 1.38 (dd, J = 9.6, 12.4 Hz, 1H), 1.29 – 

1.11 (m, 2H), 0.73 (brs, 1H), 0.30 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ 208.8, 206.0, 86.2, 84.1, 52.6, 48.6, 48.3, 46.6, 43.1, 37.5, 36.4, 

35.4, 24.3, 23.5, 23.2, 2.8. 

IR (neat, cm-1): 1724, 1254, 1171, 1038, 882, 845, 756, 687. 

HRMS (ESI): m/z calcd for C18H28NaO4Si [M+Na] +: 359.1655; Found: 359.1655. 

 

Synthesis of compound 10 
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To a solution of compound 19 (60.0 mg, 0.18 mmol) in MeCN (3.0 mL) at 0℃ was slowly 

added HF.Pyr (0.5 mL, 30% Pyridine/70%HF). The mixture was stirred at room temperature 

for overnight. The reaction was quenched by saturated NaHCO3 solution (10 mL), followed 

by extraction with EtOAc (20 mL x 3), dried over Na2SO4, filtered and concentrated under 

reduced pressure. The crude product was purified by column chromatography 

(EtOAc/petroleum ether = 1:3) to afford the corresponding compound 10 (45.2 mg) in 96% 

yield as a colorless oil. 

1H NMR (400 MHz, CDCl3) δ 4.05 (s, 1H), 2.97 (dd, J = 1.6, 17.6 Hz, 1H), 2.88 (dd, J = 15.2, 

16.8 Hz, 2H), 2.38 (d, J = 2.8 Hz, 2H), 2.29 (dt, J = 3.6, 6.8 Hz, 1H), 2.09 (dd, J = 1.6, 16.8 Hz, 

1H), 2.05 – 1.89 (m, 4H), 1.82 – 1.77 (m, 3H), 1.67 (dd, J = 8.8, 13.6 Hz, 1H), 1.62 (dt, J = 3.6, 

12.4 Hz, 1H), 1.56 – 1.42 (m, 1H), 1.28 (ddd, J = 3.2, 13.6, 28.0 Hz, 1H), 1.14 (ddd, J = 3.2, 12.8, 

25.6 Hz, 1H). 

13C NMR (100 MHz, CDCl3) δ 211.0, 206.1, 84.2, 81.8, 51.9, 48.4, 48.1, 47.1, 42.5, 37.3, 35.8, 

35.2, 24.1, 23.5, 23.3. 

IR (neat, cm-1): 2926, 2862, 1719, 1657, 1373, 1250, 1109, 1044. 

HRMS (ESI): m/z calcd for C15H20NaO4 [M+Na] +: 287.1254; Found: 287.1261. 

 

Synthesis of compound 11 

 

To a solution of LiAlH4 (56.1 mg, 1.4 mmol) in THF (2.0 mL) at 0℃ was added compound 10 

(38.3 mg, 0.14 mmol) in THF (2.0 mL). The mixture was stirred at room temperature for 2.5 

h. The reaction mixture was quenched by saturated NH4Cl solution (0.5 mL). The reaction 

was filtered through a pad of Celite and washed with EtOAc, The solvent was removed in 

vacuo to afford crude product, which was used in the next step without further purification. 
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To a solution of Pb(OAc)4 (155.2 mg, 0.28 mmol) in THF (3.0 mL) at 0℃ was added the 

above product in THF (3.0 mL) and stirred for 3.5 h. The solvent was removed in vacuo. The 

crude product was purified by column chromatography (EtOAc) to afford the product 11 

(22.9 mg) in 60% yield for 2 steps as a colorless oil. 

1H NMR (400 MHz, CDCl3) δ 9.79 (s, 1H), 4.17 (tt, J = 5.2, 10.8 Hz, 1H), 3.17 (brs, 1H), 2.77 – 

2.68 (m, 4H), 2.65 – 2.56 (m, 2H), 2.43 (brs, 1H), 2.12 – 2.02 (m, 1H), 1.99 (d, J = 13.6 Hz, 1H), 

1.86 (ddd, J = 1.6, 4.8, 13.2 Hz, 1H), 1.82 (d, J = 10.4 Hz, 1H), 1.65 (s, 2H), 1.52 – 1.42 (m, 3H), 

1.35 – 1.21 (m, 3H). 

13C NMR (100 MHz, CDCl3) δ 212.2, 203.2, 85.6, 67.1, 59.6, 47.3, 45.5, 41.9, 39.5, 38.7, 31.6, 

26.2, 24.4, 22.7, 20.0. 

IR (neat, cm-1): 2934, 2862, 2737, 2251, 1699, 1447, 1238, 1059. 

HRMS (ESI): m/z calcd for C15H22NaO4 [M+Na] +: 289.1410; Found: 289.1415. 

 

Synthesis of compound 20 

 

To a solution of LiAlH4 (195.4 mg, 5.0 mmol) in THF (10.0 mL) at 0℃ was added compound 

10 (133.4 mg, 0.5 mmol) in THF (5.0 mL). The mixture was stirred at room temperature for 

5 h. The reaction mixture was quenched by saturated NH4Cl solution (0.5 mL). The reaction 

was filtered through a pad of Celite and washed with EtOAc, The solvent was removed in 

vacuo to afford crude product, which was used in the next step without further purification. 

 

To a solution of the above product in DCM (10.0 mL) at 0℃ was added DMAP (118.8 mg, 1.0 

mmol), TEA (0.5 mL, 3.6 mmol), 4-Nitrobenzoyl chloride (235.3 mg, 1.2 mmol) in sequence. 

The mixture was stirred at room temperature for 30 min. The reaction mixture was 

quenched by saturated NH4Cl solution (10 mL), followed by extraction with DCM (10 mL x 3). 
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The combined organic layers dried over anhydrous Na2SO4, filtered and concentrated under 

reduced pressure. The crude product was purified by column chromatography 

(EtOAc/petroleum ether = 1:2) to afford the product 20 (109.2 mg) in 52% yield for 2 steps 

as a white solid. 

mp 200 - 202℃ 

1H NMR (400 MHz, DMSO-d6) δ 8.41 (d, J = 3.6 Hz, 2H), 8.39 (d, J = 3.6 Hz, 2H), 8.19 (d, J = 1.2 

Hz, 2H), 8.16 (d, J = 1.2 Hz, 2H), 5.44 (t, J = 8.0 Hz, 1H), 5.08 (d, J = 5.6 Hz, 1H), 4.67 (s, 1H), 

4.33 (s, 1H), 2.87 (d, J = 15.6 Hz, 1H), 2.68 (d, J = 3.6 Hz, 1H), 2.38 (dd, J = 8.8, 17.2 Hz, 1H), 

2.34 (dd, J = 7.2, 16.0 Hz, 1H), 2.10 (d, J = 16.8 Hz, 1H), 2.02 – 1.90 (m, 3H), 1.80 – 1.37 (m, 

9H), 1.08 – 1.06 (m, 1H). 

13C NMR (100 MHz, DMSO-d6) δ 163.8, 163.6, 150.3, 150.1, 136.1, 135.5, 130.6, 130.4, 124.1, 

123.9, 83.2, 76.6, 75.7, 69.5, 49.1, 43.8, 38.8, 38.0, 36.3, 35.5, 34.0, 31.9, 24.4, 23.8, 23.4. 

IR (neat, cm-1): 2936, 1864, 1719, 1607, 1530, 1350, 1281, 1109. 

HRMS (ESI): m/z calcd for C29H30N2NaO10 [M+Na] +: 589.1793; Found: 589.1788.     

 

Procedure for the Preparation of Compound 24 

 

 

To a solution of 5b (33.5 mg, 0.14 mmol) in THF (5.0 mL) at -78℃  was added 

Vinylmagnesium bromide (1.0 M in THF, 0.5 mL, 0.5 mmol) dropwise. The mixture was 

stirred at the same temperature for 3.5 h. The reaction mixture was quenched by saturated 

NH4Cl solution (10 mL), followed by extraction with EtOAc (15 mL x 3). The combined 

organic layers dried over anhydrous Na2SO4, filtered and concentrated under reduced 

pressure. The crude product was purified by column chromatography (EtOAc/petroleum 

ether = 1:10) to afford the product 21 (33.0 mg) in 86% yield as a light yellow oil. 
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1H NMR (400 MHz, CDCl3 with a drop of D2O) δ 5.92 – 5.83 (m, 1H), 5.68 (dd, J = 10.8, 17.2 Hz, 

1H), 5.29 – 5.16 (m, 4H), 4.97 (d, J = 7.6 Hz, 1H), 4.27 – 4.14 (m, 2H), 2.85 – 2.81 (m, 1H), 2.66 

– 2.63 (m, 1H), 2.09 (dd, J = 10.0, 12.4 Hz, 1H), 1.86 – 1.80 (m, 2H), 1.62 – 1.07 (m, 7H).  

13C NMR (100 MHz, CDCl3) δ 212.0, 153.7, 138.6, 132.6, 117.8, 114.8, 100.5, 84.5, 68.6, 55.1, 

43.5, 36.7, 31.7, 30.9, 20.5, 20.4, 20.0. 

IR (neat, cm-1): 2926, 2855, 1741, 1455, 1373, 1242, 1046, 998. 

HRMS (ESI): m/z calcd for C17H22NaO3 [M+Na] +: 297.1467; Found: 297.1461. 

 

To a solution of 21 (22.3 mg, 0.08 mmol) in toluene (0.5 mL) at 170℃ and stirred for 

overnight. The solvent was removed in vacuo to afford crude product, which was used in the 

next step without further purification. 

 

To a solution of Grubbs 2st (17.5 mg, 0.02 mmol) in DCM (8.0 mL) at room temperature was 

added the above product in DCM (2.5 mL) and stirred for 10 h. The solvent was removed in 

vacuo. The crude product was purified by column chromatography (EtOAc/petroleum ether 

= 1:5) to afford the product 24 (12.1 mg) in 60% yield for 2 steps as a white solid. 

mp 119 - 121℃ 

1H NMR (400 MHz, CDCl3) δ 5.65 – 5.59 (m, 2H), 3.87 (s, 1H), 2.88 (t, J = 5.2 Hz, 1H), 2.73 – 

2.60 (m, 2H), 2.46 (dd, J = 5.2, 7.2 Hz, 1H), 2.04 – 1.98 (m, 2H), 1.90 – 1.81 (m, 2H), 1.70 (dd, J 

= 5.2, 13.2 Hz, 1H), 1.66 – 1.59 (m, 1H), 1.52 – 1.47 (m, 1H), 1.42 (ddd, J = 2.8, 7.6, 14.0 Hz, 

1H), 1.15 (dddd, J = 2.8, 4.0, 12.4, 25.2 Hz, 1H), 1.03 (ddt, J = 2.8, 12.8, 25.6 Hz, 1H), 0.72 (ddd, 

J = 3.2, 13.2, 25.6 Hz, 1H).  

13C NMR (100 MHz, CDCl3) δ 211.8, 211.0, 132.7, 127.9, 78.9, 60.5, 50.6, 48.5, 35.2, 34.8, 31.6, 

30.6, 24.0, 22.7, 20.6. 

IR (neat, cm-1): 2925, 2850, 1735, 1448, 1369, 1239, 1141, 1030. 

HRMS (ESI): m/z calcd for C15H18NaO3 [M+Na] +: 269.1154; Found: 269.1151. 

 

 

 



 

18 

 

Procedure for the Preparation of Compound 14 

 

To a solution of 5b (47.7 mg, 0.19 mmol) in THF (4.0 mL) at -78℃ was added HMPA (1.0 

mL), and then added allylmagnesium bromide (1.0 M in Et2O, 0.5 mL, 0.5 mmol) dropwise. 

The mixture was stirred at the same temperature for 1 h. The reaction mixture was 

quenched by saturated NH4Cl solution (1 mL), followed by extraction with EtOAc (20 mL x 3). 

The combined organic layers dried over anhydrous Na2SO4, filtered and concentrated under 

reduced pressure. The crude product was purified by column chromatography 

(EtOAc/petroleum ether = 1:15) to afford the product 12 (45.9 mg) in 84% yield as a light 

yellow oil. 

1H NMR (400 MHz, CDCl3) δ 5.92 (ddd, J = 5.2, 10.4, 16.0 Hz, 1H), 5.76 – 5.66 (m, 1H), 5.30 

(dd, J = 1.2, 17.6 Hz, 1H), 5.22 (dd, J = 1.2, 10.4 Hz, 1H), 4.99 (d, J = 7.2 Hz, 1H), 4.96 (s, 1H), 

4.92 (d, J = 7.2 Hz, 1H), 4.23 (AB, J = 5.2, 12.8 Hz, AB of A, 1H), 4.13 (AB, J = 5.2, 12.8 Hz, AB of 

B, 1H), 2.83 – 2.75 (m, 1H), 2.61 – 2.57 (m, 2H), 2.48 (A’B’, J = 8.0, 14.0 Hz, A’B’ of A’, 1H), 2.40 

(A’B’, J = 6.8, 14.0 Hz, A’B’ of B’, 1H), 2.08 – 2.02 (m, 1H), 1.98 (dd, J = 9.6, 12.4 Hz, 1H), 1.84 – 

1.76 (m, 1H), 1.65 – 1.56 (m, 2H), 1.51 – 1.45 (m, 1H), 1.40 – 1.23 (m, 3H), 1.14 – 1.06 (m, 

1H). 

13C NMR (100 MHz, CDCl3) δ 211.9, 154.6, 133.7, 132.8, 117.8, 117.7, 99.6, 82.9, 68.4, 54.7, 

43.5, 41.9, 36.1, 32.1, 30.1, 20.1, 19.9, 19.6. 

IR (neat, cm-1): 2936, 2860, 1743, 1642, 1456, 1210, 1043, 919. 

HRMS (ESI): m/z calcd for C18H24NaO3 [M+Na] +: 311.1623; Found: 311.1618. 
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To a solution of 12 (33.5 mg, 0.12 mmol) in toluene (0.5 mL) at 170℃ and stirred for 

overnight. The solvent was removed in vacuo. The crude product was purified by column 

chromatography (EtOAc/petroleum ether = 1:20) to afford the product 23 (27.0 mg) in 80% 

yield as a colorless oil. 

1H NMR (400 MHz, C6D6) δ 5.52 – 5.38 (m, 2H), 5.07 (ddd, J = 1.6, 3.2, 17.2 Hz, 1H), 4.97 (dt, J 

= 0.8, 10.0 Hz, 1H), 4.89 (d, J = 10.0 Hz, 1H), 4.80 (ddd, J = 1.6, 2.8, 17.2 Hz, 1H), 3.94 (s, 1H), 

2.51 – 2.44 (m, 2H), 2.27 – 2.12 (m, 6H), 1.59 – 1.50 (m, 3H), 1.35 – 1.14 (m, 3H), 1.10 (ddd, J 

= 2.8, 8.4, 14.4 Hz, 1H), 0.92 (ddt, J = 2.8, 12.8, 25.6 Hz, 1H), 0.52 (ddd, J = 3.2, 13.2, 25.6 Hz, 

1H). 

13C NMR (100 MHz, C6D6) δ 213.0, 211.9, 134.5, 132.2, 119.1, 118.3, 84.5, 59.0, 58.5, 44.9, 

39.8, 34.8, 33.6, 31.8, 31.7, 24.0, 23.3, 22.2. 

IR (neat, cm-1): 2931, 2858, 1743, 1710, 1641, 1445, 1364, 1036. 

HRMS (ESI): m/z calcd for C18H24NaO3 [M+Na] +: 311.1623; Found: 311.1618. 

 

To a solution of Grubbs 2st (24.2 mg, 0.03 mmol) in DCM (14.0 mL) was added 23 (40.5 mg, 

0.14 mmol) in DCM (2.0 mL) at 50℃ and stirred for 90 min. The solvent was removed in 

vacuo. The crude product was purified by column chromatography (EtOAc/petroleum ether 

= 1:7) to afford the product 13 (29.0 mg) in 79% yield as a white solid. 

mp 72 - 74℃ 

1H NMR (400 MHz, CDCl3) δ 5.82 – 5.64 (m, 2H), 4.06 (s, 1H), 2.96 (q, J = 4.0 Hz, 1H), 2.65 (dd, 

J = 8.4, 16.0 Hz, 1H), 2.49 (ddd, J = 4.0, 7.6, 16.4 Hz 1H), 2.39 (dd, J = 3.6, 7.6 Hz, 1H), 2.31 – 

2.23 (m, 1H), 2.22 – 2.14 (m, 1H), 2.07 – 2.03 (m, 1H), 1.80 – 1.58 (m, 5H), 1.50 – 1.39 (m, 

2H), 1.32 – 1.21 (m, 1H), 1.01 (ddt J = 2.8, 13.2, 26.0 Hz, 1H), 0.73 (ddd, J = 2.8, 12.4, 25.6 Hz, 

1H). 

13C NMR (100 MHz, CDCl3) δ 214.0, 211.4, 131.3, 126.7, 82.9, 55.7, 55.1, 46.4, 35.9, 33.7, 30.5, 

30.3, 28.5, 23.7, 22.7, 21.5. 

IR (neat, cm-1): 2931, 1742, 1709, 1630, 1440, 1057, 923, 797. 

HRMS (ESI): m/z calcd for C16H20NaO3 [M+Na] +: 283.1310; Found: 283.1306. 
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To a solution of 13 (10.1 mg, 0.04 mmol) in MeOH (1.0 mL) at 0℃ was added NaBH4 (47.9 

mg, 1.24 mmol). The mixture was stirred at the same temperature for 20 min. The reaction 

mixture was quenched by water (2 mL), followed by extraction with EtOAc (10 mL x 3). The 

combined organic layers dried over anhydrous Na2SO4, filtered and concentrated under 

reduced pressure. The crude product was purified by column chromatography 

(EtOAc/petroleum ether = 1:5 to 1:3) to afford the product as a colorless oil. 

 

To a solution of the above product in DCM (2.0 mL) at 0℃ was added DMAP (23.7 mg, 0.2 

mmol), TEA (0.3 mL, 2.1 mmol), 4-Nitrobenzoyl chloride (72.8 mg, 0.38 mmol) in sequence. 

The mixture was stirred at room temperature for 90 min. The reaction mixture was 

quenched by saturated NH4Cl solution (2 mL), followed by extraction with DCM (10 mL x 3). 

The combined organic layers dried over anhydrous Na2SO4, filtered and concentrated under 

reduced pressure. The crude product was purified by column chromatography 

(EtOAc/petroleum ether = 1:5) to afford the product 14 (10.3 mg) in 63% yield for 2 steps as 

a white solid. 

mp 185 - 187℃ 

1H NMR (400 MHz, CDCl3 with a drop of D2O) δ 8.35 (dd, J = 2.4, 8.8 Hz, 2H), 8.21 (dd, J = 2.0, 

8.4 Hz, 2H), 5.63 – 5.59 (m, 1H), 5.49 – 5.43 (m, 1H), 5.34 (s, 1H), 2.75 (ddd, J = 2.4, 8.4, 16.8 

Hz, 1H), 2.54 – 2.37 (m, 5H), 2.28 – 2.27 (m, 1H), 2.12 (d, J = 16.4 Hz, 1H), 2.01 (brs, 2H), 1.73 

– 1.62 (m, 2H), 1.50 (d, J = 9.6 Hz, 1H), 1.40 – 1.35 (m, 1H), 1.26 – 1.17 (m, 1H), 0.99 (ddd J = 

2.0, 12.8, 25.6 Hz, 1H), 0.86 – 0.77 (m, 1H). 

13C NMR (100 MHz, CDCl3) δ 212.8, 164.8, 150.9, 135.4, 130.8, 129.5, 124.2, 124.1, 81.0, 79.0, 

54.2, 47.1, 43.4, 38.8, 35.2, 32.5, 30.8, 30.4, 23.8, 23.3, 22.1. 

IR (neat, cm-1): 2929, 2857, 1728, 1529, 1277, 1102, 1043, 719. 

HRMS (ESI): m/z calcd for C23H25 NNaO6 [M+Na] +: 434.1580; Found: 434.1586. 

 

References: 

(1) Liu, Y.; Wang, X.; Chen, S.; Fu, S.; Liu, B. Org. Lett. 2018, 20, 2934. 
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X-ray crystallographic analysis of compound 19 (CCDC 1842252) 

 

Table Crystal data and structure refinement for 19 

Identification code 19 

Empirical formula C18H28O4Si 

Formula weight 336.49 

Temperature/K 293.15 

Crystal system orthorhombic 

Space group Pbca 

a/Å 9.2091(5) 

b/Å 12.7627(7) 

c/Å 32.2949(14) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 3795.7(4) 

Z 8 

ρcalcg/cm3 1.178 

μ/mm-1 0.140 

F(000) 1456.0 
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Crystal size/mm3 0.35 × 0.3 × 0.25 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 6.01 to 52.742 

Index ranges -11 ≤ h ≤ 8, -12 ≤ k ≤ 15, -26 ≤ l ≤ 40 

Reflections collected 10295 

Independent reflections 3864 [Rint = 0.0413, Rsigma = 0.0603] 

Data/restraints/parameters 3864/0/215 

Goodness-of-fit on F2 0.957 

Final R indexes [I>=2σ (I)] R1 = 0.0508, wR2 = 0.1026 

Final R indexes [all data] R1 = 0.1073, wR2 = 0.1205 

Largest diff. peak/hole / e Å-3 0.23/-0.22 

 

X-ray crystallographic analysis of compound 20 (CCDC1856089) 

 

Table Crystal data and structure refinement for 20 

Identification code 20 

Empirical formula C29H30N2O10 

Formula weight 566.55 

Temperature/K 296.0(8) 

Crystal system triclinic 

Space group P-1 

a/Å 11.4254(5) 
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b/Å 12.6087(6) 

c/Å 12.6497(7) 

α/° 65.320(5) 

β/° 68.680(5) 

γ/° 64.069(4) 

Volume/Å3 1452.16(15) 

Z 2 

ρcalcg/cm3 1.385 

μ/mm-1 0.877 

F(000) 636.0 

Crystal size/mm3 0.5 × 0.4 × 0.3 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 7.888 to 145.974 

Index ranges -14 ≤ h ≤ 12, -15 ≤ k ≤ 15, -15 ≤ l ≤ 15 

Reflections collected 16365 

Independent reflections 5703 [Rint = 0.0316, Rsigma = 0.0266] 

Data/restraints/parameters 5703/0/372 

Goodness-of-fit on F2 1.050 

Final R indexes [I>=2σ (I)] R1 = 0.0583, wR2 = 0.1669 

Final R indexes [all data] R1 = 0.0665, wR2 = 0.1786 

Largest diff. peak/hole / e Å-3 0.36/-0.31 

 

X-ray crystallographic analysis of compound 24 (CCDC 1524268) 
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Table  Crystal data and structure refinement for 24 

Identification code  24 

Empirical formula  C15H18O3  

Formula weight  246.29  

Temperature/K  293.15  

Crystal system  triclinic  

Space group  P-1  

a/A   7.1658(6)  

b/A   8.0997(5)  

c/A   11.1352(7)  

α/°  83.180(5)  

β/°  88.881(6)  

γ/°  80.694(6)  

Volume/A 3  633.28(8)  

Z  2  

ρcalcg/cm3  1.292  

μ/mm-1  0.089  

F(000)  264.0  

Crystal size/mm3  0.4 × 0.3 × 0.3  

Radiation  MoKα (λ = 0.71073)  

2Θ range for data collection/°  5.958 to 52.74  

Index ranges  -8 ≤ h ≤ 8, -10 ≤ k ≤ 9, -13 ≤ l ≤ 8  

Reflections collected  5188  

Independent reflections  2585 [Rint = 0.0184, Rsigma = 0.0363]  

Data/restraints/parameters  2585/0/164  

Goodness-of-fit on F2  1.040  

Final R indexes [I>=2σ (I)]  R1 = 0.0466, wR2 = 0.1031  

Final R indexes [all data]  R1 = 0.0692, wR2 = 0.1171  

Largest diff. peak/hole / e A -3  0.15/-0.19  
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X-ray crystallographic analysis of compound 14 (CCDC 1524267) 

 

 

Table  Crystal data and structure refinement for 14  

Identification code  14 

Empirical formula  C23H25NO6  

Formula weight  411.44  

Temperature/K  293.15  

Crystal system  monoclinic  

Space group  P21/c  

a/A   7.941(3)  

b/A   34.688(11)  
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c/A   7.185(3)  

α/°  90  

β/°  105.71(5)  

γ/°  90  

Volume/A 3  1905.2(14)  

Z  4  

ρcalcg/cm3  1.434  

μ/mm-1  0.104  

F(000)  872.0  

Crystal size/mm3  0.35 × 0.35 × 0.3  

Radiation  MoKα (λ = 0.71073)  

2Θ range for data collection/°  5.824 to 52.734  

Index ranges  -9 ≤ h ≤ 9, -43 ≤ k ≤ 41, -8 ≤ l ≤ 7  

Reflections collected  11738  

Independent reflections  3853 [Rint = 0.1247, Rsigma = 0.1003]  

Data/restraints/parameters  3853/0/272  

Goodness-of-fit on F2  1.215  

Final R indexes [I>=2σ (I)]  R1 = 0.1412, wR2 = 0.3486  

Final R indexes [all data]  R1 = 0.1760, wR2 = 0.3863  

Largest diff. peak/hole / e A -3  0.56/-0.66  
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NMR Spectra
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