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Synthetic procedures and characterization data for the compound 3 

OMe

OO

3

MeO

 

Hex-5-en-1-yl 2-(3,5-dimethoxyphenyl)acetate (3) 

 

A flame-dried 100 mL round-bottom flask equipped with a magnetic stir bar was charged 

with anhydrous DCM (10 mL), 3,5-Dimethoxyphenylacetic Acid (1) (1.0 g, 5.1 mmol), 5-

Hexen-1-ol (2) (721 μL, 6.1 mmol), and Mukaiyama reagent (2-Chloro-1-methylpyridinium 

iodide) (1.56 g, 6.1 mmol). The mixture was stirred at room temperature for 15 min. Then, 

TEA (2.13 mL, 15.3 mmol) was slowly added to the mixture, and the mixture was stirred at 

room temperature for 20 h. The reaction mixture was filtered and purified by flash column 

chromatography (hexane/EtOAc, 9:1) to give 3 (1.08 g, 76%).  

TLC Rf= 0.57 (hexane/EtOAc, 7:3). 1H NMR (400 MHz, CD3OD) δ 6.43 (d, J = 2.3 Hz, 1H, 

H-4; 1H, H-8), 6.37 (t, J = 2.3 Hz, 1H, H-6), 5.77 (m, 1H, H-5′), 4.98 (m, 2H, H-6′), 4.93 (m, 

2H, H-6′), 4.09 (t, J = 6.4 Hz, 2H, H-1′), 3.75 (s, 3H, H-5 OMe; 3H, H-7 OMe), 3.52 (s, 2H, 

H-2), 2.04 (m, 2H, H-4′), 1.62 (m, 2H, H-2′), 1.40 (m, 2H, H-3′); 13C NMR (100 MHz, CD3OD) 

δ 173.4, 162.4, 162.4, 139.5, 137.7, 115.2, 108.3, 108.3, 100.0, 65.8, 55.7, 55.7, 42.3, 

34.3, ,29.1, 26.3; HRESIMS m/z 279.1596 [M + H]+ (calcd for C16H23O4, 279.1596). 
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Figure S1. NMR spectrums of Hex-5-en-1-yl 2-(3,5-dimethoxyphenyl)acetate (3) 
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Synthetic procedures and characterization data for the compound 4 

OMe

OO

4

MeO

ClO

 

Hex-5-en-1-yl 2-(2-(3-chloropropanoyl)-3,5-dimethoxyphenyl)acetate (4) 

 

A flame-dried 50 mL round-bottom flask equipped with a magnetic stir bar was charged with 

anhydrous DCM (3 mL), and 3-chloropropanoyl chloride (9) (87 μL, 0.9 mmol) was added. 

After cooling to –78 °C, SnCl4 (1 M in DCM, 906 μL, 0.9 mmol) was added and stirred for 15 

min. Compound 3 (194 mg, 0.7 mmol) was dissolved in DCM (3 mL) and added to the reaction 

mixture. The reaction temperature was then raised to –20 °C and stirred for 2 h. After 

completion of the reaction, the reactant was poured into a separatory funnel filled with ice (3 

g) and H2O (3 mL), and extraction was performed by adding DCM. The obtained organic layer 

was washed with sat. aq. NaHCO3 (4 mL) and H2O (4 mL), dried with MgSO4, filtered, and 

concentrated using a rotary evaporator. The reaction mixture was purified using flash column 

chromatography (hexane/EtOAc, 9:1) to obtain 4 (144 mg, 56%). 

TLC Rf= 0.42 (hexane/EtOAc, 7:3). 1H NMR (400 MHz, CDCl3) δ 6.41 (d, J = 2.3 Hz, 1H, 

H-6), 6.37 (d, J = 2.3 Hz, 1H, H-4), 5.78 (m, 1H, H-5′), 5.00 (m, 2H, H-6′), 4.95 (m, 2H, H-6′), 

4.08 (t, J = 6.9 Hz, 2H, H-1′), 3.84 (s, 3H, H-5 OMe), 3.82 (s, 3H, H-7 OMe), 3.82 (m, 2H, H-

11), 3.67 (s, 2H, H-2), 3.35 (t, J = 7.1 Hz, 2H, H-10), 2.05 (m, 2H, H-4′), 1.64 (m, 2H, H-2′), 

1.43 (m, 2H, H-3′); 13C NMR (100 MHz, CDCl3) δ 202.5, 171.5, 162.0, 159.5, 138.5, 135.8, 

122.8, 114.9, 108.6, 97.6, 65.0, 55.8, 55.6, 47.1, 39.5, 39.2, 33.4, 28.1, 25.5; HRESIMS m/z 

369.1476 [M + H]+ (calcd for C19H26ClO5, 369.1469). 
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Figure S2. NMR spectrums of Hex-5-en-1-yl 2-(2-(3-chloropropanoyl)-3,5-

dimethoxyphenyl) acetate (4) 
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Synthetic procedures and characterization data for the compound 5 

OMe

OO

5

MeO

O

 

Hex-5-en-1-yl 2-(2-acryloyl-3,5-dimethoxyphenyl)acetate (5) 

 

A flame-dried 500 mL round-bottom flask equipped with a magnetic stir bar was charged 

with anhydrous DCM (170 mL), and compound 4 (2.96 g, 8.0 mmol) was added. TEA (2.24 

mL, 16 mmol) was added, and the mixture was stirred at room temperature overnight. The 

reaction mixture, to which sat. aq. NH4Cl was added, was extracted with DCM (3 × 75 mL) 

using a separatory funnel. The obtained organic layer was dried over MgSO4, filtered, and 

concentrated using a rotary evaporator. The reaction mixture was purified using flash column 

chromatography (hexane/EtOAc, 8:2) to obtain 5 (2.37 g, 89%). 

TLC Rf= 0.42 (hexane/EtOAc, 7:3). 1H NMR (400 MHz, CDCl3) δ 6.68 (dd, J = 17.4, 10.5 

Hz, 1H, H-10), 6.42 (d, J = 2.3 Hz, 1H, H-4), 6.40 (d, J = 2.3 Hz, 1H, H-6), 6.09 (dd, J = 17.4, 

1.4 Hz, 2H, H-11), 5.79 (m, 2H, H-11), 5.76 (m, 1H, H-5′), 4.99 (m, 2H, H-6′), 4.94 (m, 2H, 

H-6′), 4.05 (t, J = 6.9 Hz, 2H, H-1′), 3.82 (s, 3H, H-5 OMe), 3.77 (s, 3H, H-7 OMe), 3.61 (s, 

2H, H-2), 2.04 (m, 2H, H-4′), 1.40 (m, 2H, H-3′); 13C NMR (100 MHz, CDCl3) δ 195.8, 171.2, 

161.8, 159.3, 138.5, 138.2, 135.5, 128.5, 122.3, 114.9, 107.9, 97.7, 64.9, 55.8, 38.9, 33.3, 28.1, 

25.2; HRESIMS m/z 333.1632 [M + H]+ (calcd for C19H25O5, 333.1702). 

 

  



S16 

 

 

 

  

 



S17 

 

 

 



S18 

 

 

 



S19 

 

 

 



S20 

 

 

 



S21 

 

 

 

Figure S3. NMR spectrums of Hex-5-en-1-yl 2-(2-acryloyl-3,5-dimethoxyphenyl)acetate (5) 
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Synthetic procedures and characterization data for the compound 6 

OMe

OO

6

MeO

O

 

(E)-11,13-dimethoxy-4,5,6,7-tetrahydro-2H-benzo[d][1]oxacyclododecine-2,10(1H)-

dione (6) 

 

Anhydrous toluene (790 mL) was charged into a flame-dried 2000 mL round-bottom flask 

equipped with a magnetic stir bar, and compound 5 (1.04 g, 3.15 mmol) was added. Argon gas 

was bubbled through the mixture for 2h. After bubbling, Grubbs II (534 mg, 20 mol%) catalyst 

dissolved in toluene (40 mL) was added and stirred at 80 °C for 1 h. The reaction mixture was 

concentrated using a rotary evaporator and purified using flash column chromatography 

(hexane/EtOAc, 8:2) to obtain a separated mixture of 6 (335 mg, 35%) and 7 (95 mg, 10%). 

(35%, E-isomer)  

TLC Rf= 0.38 (hexane/EtOAc, 6:4). 1H NMR (400 MHz, CDCl3) δ 6.55 (d, J = 1.8, 1H, H-

4), 6.53 (d, J = 2.3, 1H, H-6), 6.46 (dd, J = 15.8, 7.8, 1H, H-11), 6.21 (dt, J = 15.6, 1.2 Hz, 1H, 

H-10), 4.06 (t, J = 4.6, 2H, H-15), 3.83 (s, 3H, H-5 OMe), 3.75 (s, 3H, H-7 OMe), 3.40 (s, 2H, 

H-2), 2.31 (m, 2H, H-14), 1.71 (m, 2H, H-12; 2H, H-13); 13C NMR (100 MHz, CDCl3) δ 201.3, 

172.2, 162.8, 159.4, 159.0, 133.9, 133.7, 125.6, 108.3, 98.5, 68.1, 56.2, 56.0, 40.1, 34.8, 28.3, 

27.2; HRESIMS m/z 305.1378 [M + H]+ (calcd for C17H21O5, 305.1389). 
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Figure S4. NMR spectrums of (E)-11,13-dimethoxy-4,5,6,7-tetrahydro-2H-

benzo[d][1]oxacyclododecine-2,10(1H)-dione (6) 
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Synthetic procedures and characterization data for the compound 7 

OMe

OO

7

MeO

O

 

11,13-dimethoxy-4,5,6,7-tetrahydro-2H-benzo[d][1]oxacyclododecine-2,10(1H)-dione 

(7) 

 

Anhydrous toluene (790 mL) was charged into a flame-dried 2000 mL round-bottom flask 

equipped with a magnetic stir bar, and compound 5 (1.04 g, 3.15 mmol) was added. Argon gas 

was bubbled through the mixture for 2h. After bubbling, Grubbs II (534 mg, 20 mol%) catalyst 

dissolved in toluene (40 mL) was added and stirred at 80 °C for 1 h. The reaction mixture was 

concentrated using a rotary evaporator and purified using flash column chromatography 

(hexane/EtOAc, 8:2) to obtain a separated mixture of 6 (335 mg, 35%) and 7 (95 mg, 10%). 

(10%, Z-isomer)  

TLC Rf= 0.48 (hexane/EtOAc, 6:4). 1H NMR (400 MHz, CDCl3) δ 6.47 (m, 1H, H-10), 6.41 

(m, 1H, H-4), 6.37 (m, 1H, H-6), 5.90 (dt, J = 11.9, 8.2 Hz, 1H, H-11), 4.01 (m, 2H, H-15), 

3.83 (s, 3H, H-5 OMe), 3.74 (s, 3H, H-7 OMe), 3.41 (s, 2H, H-2), 2.29 (m, 2H, H-12), 1.60 (m, 

2H, H-13), 1.60 (m, 2H, H-14); 13C NMR (100 MHz, CDCl3) δ 197.6, 170.7, 161.7, 159.3, 

144.1, 134.4, 133.1, 124.5, 108.0, 97.9, 67.6, 56.0, 55.6, 39.3, 28.2, 27.6, 24.8; HRESIMS m/z 

305.1378 [M + H]+ (calcd for C17H21O5, 305.1389). 
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Figure S5. NMR spectrums of 11,13-dimethoxy-4,5,6,7-tetrahydro-2H-benzo[d][1] 

oxacyclododecine-2,10(1H)-dione (7) 
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Synthetic procedures and characterization data for the compound 8 

OH

OO

8

O

O

 

(E)-11-hydroxy-13-methoxy-4,5,6,7-tetrahydro-2H-benzo[d][1]oxacyclododecine-

2,10(1H)-dione (8) 

 

A flame-dried 50 mL round-bottom flask equipped with a magnetic stir bar was charged with 

anhydrous ACN (10 mL), followed by adding compound 6 (200 mg, 0.66 mmol), Al powder 

(178 mg, 6.57 mmol), and DMSO (233 μL, 3.29 mmol). Iodine (551 mg, 2.17 mmol) was 

added, and the mixture was stirred at 80 °C for 1 h. After completion of the reaction, the mixture 

was cooled to room temperature and diluted with aq. HCl (2 M, 5 mL). The mixture was 

extracted with EtOAc (3 × 20 mL) using a separatory funnel, and the organic layer was dried 

over MgSO4. After filtration, the mixture was concentrated using a rotary evaporator, and the 

reaction mixture was purified using flash column chromatography (hexane/EtOAc, 7:3) to 

obtain 8 (140 mg, 73%). 

TLC Rf= 0.53 (hexane/EtOAc, 1:1). 1H NMR (600 MHz, CDCl3) δ 6.70 (m, 1H, H-10), 6.60 

(m, 1H, H-11), 6.42 (d, J = 2.6 Hz, 1H, H-6), 6.33 (t, J = 2.9 Hz, 1H, H-4), 4.17 (dd, J = 6.2, 

2.5 Hz,, 2H, H-15), 3.83 (s, 3H, OMe), 3.82 (s, 2H, H-2), 2.45 (m, 2H, H-14), 1.83 (m, 2H, H-

12; 2H, H-13); 13C NMR (150 MHz, CDCl3) δ 196.0, 171.3, 167.0, 164.3, 148.1, 137.4, 131.7, 

114.0, 113.6, 100.4, 66.3, 55.5, 43.9, 32.8, 27.1, 26.7; HRESIMS m/z 291.1223 [M + H]+ (calcd 

for C16H19O5, 291.1232). 
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Figure S6. NMR spectrums of (E)-11-hydroxy-13-methoxy-4,5,6,7-tetrahydro-2H-

benzo[d][1]oxacyclododecine-2,10(1H)-dione (8) 

 

 

 

 

 

  



S39 

 

 

Synthetic procedures and characterization data for the compound 11 

O

OO

11

O

 

pent-4-en-1-yl 2-(3,5-dimethoxyphenyl)acetate (11) 

 

A flame-dried 100 mL round-bottom flask equipped with a magnetic stir bar was charged 

with anhydrous DCM (10 mL), 3,5-Dimethoxyphenylacetic Acid (1) (1.0 g, 5.1 mmol), 4-

Penten-1-ol (10) (620 μL, 6.1 mmol), and Mukaiyama reagent (2-Chloro-1-methylpyridinium 

iodide) (1.56 g, 6.1 mmol). The mixture was stirred at room temperature for 15 min. Then, 

TEA (2.13 mL, 15.3 mmol) was slowly added to the mixture, and the mixture was stirred at 

room temperature for 20 h. The reaction mixture was filtered and purified by flash column 

chromatography (hexane/EtOAc, 9:1) to give 11 (876 mg, 65%). 

TLC Rf= 0.60 (hexane/EtOAc, 7:3). 1H NMR (400 MHz, CDCl3) δ 6.44 (d, J = 2.3 Hz, 1H, 

H-4; 1H, H-8), 6.37 (t, J = 2.3 Hz, 1H, H-6), 5.77 (m, 1H, H-4′), 5.00 (m, 2H, H-5′), 4.97 (m, 

2H, H-5′), 4.10 (t, J = 6.6 Hz, 2H, H-1′), 3.78 (s, 3H, H-5 OMe; 3H, H-7 OMe), 3.55 (s, 2H, 

H-2′), 2.09 (m, 2H, H-3′), 1.72 (m, 2H, H-2′); 13C NMR (100 MHz, CDCl3) δ 171.5, 161.0, 

161.0, 137.5, 136.3, 115.4, 107.4, 107.4, 99.3, 64.4, 55.4, 55.4, 41.8, 30.1, 27.9; HRESIMS 

m/z 265.1437 [M + H]+ (calcd for C15H21O4, 265.1440). 
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Figure S7. NMR spectrums of pent-4-en-1-yl 2-(3,5-dimethoxyphenyl)acetate (11) 
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Synthetic procedures and characterization data for the compound 12 

O

OO

12

O

ClO

 

pent-4-en-1-yl 2-(2-(3-chloropropanoyl)-3,5-dimethoxyphenyl)acetate (12) 

 

A flame-dried 500 mL round-bottom flask equipped with a magnetic stir bar was charged 

with anhydrous DCM (156 mL), and 3-chloropropanoyl chloride (9) (3.5 mL, 36.9 mmol) was 

added. After cooling to –78 °C, SnCl4 (1 M in DCM, 37 mL, 36.9 mmol) was added, and the 

mixture was stirred for 15 min. Compound 11 (7.5 g, 28.4 mmol) was dissolved in DCM (156 

mL) and added to the reaction mixture. The reaction temperature was then raised to –20 °C and 

stirred for 1 h 30 min. After completion of the reaction, the reactant was poured into a 

separatory funnel filled with ice (150 g) and H2O (150 mL), and extraction was performed by 

adding DCM. The obtained organic layer was washed with sat. aq. After washing with NaHCO3 

(100 mL) and H2O (100 mL), the mixture was dried with MgSO4, filtered, and concentrated 

using a rotary evaporator. The reaction mixture was purified using flash column 

chromatography (hexane/EtOAc, 9:1) to obtain 12 (7.85 g, 78%). 

TLC Rf= 0.5 (hexane/EtOAc, 7:3). 1H NMR (400 MHz, CDCl3) δ 6.41 (d, J = 2.3 Hz, 1H, 

H-6), 6.37 (d, J = 2.3 Hz, 1H, H-4), 5.78 (m, 1H, H-4′), 5.02 (m, 2H, H-5′), 4.97 (m, 2H, H-5′), 

4.09 (t, J = 6.6 Hz, 2H, H-1′), 3.84 (s, 3H, H-5 OMe), 3.82 (s, 3H, H-7 OMe), 3.81 (m, 2H, H-

11), 3.67 (s, 2H, H-2), 3.35 (t, J = 7.1 Hz, 2H, H-10), 2.10 (m, 2H, H-3′), 1.72 (m, 2H, H-2′); 

13C NMR (100 MHz, CDCl3) δ 202.5, 171.5, 162.1, 159.5, 137.6, 135.8, 122.8, 115.4, 108.6, 

97.6, 64.5, 55.8, 55.6, 47.1, 39.5, 39.2, 30.1, 27.9; HRESIMS m/z 355.1286 [M + H]+ (calcd 

for C18H24ClO5, 355.1312). 
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Figure S8. NMR spectrums of pent-4-en-1-yl 2-(2-(3-chloropropanoyl)-3,5-

dimethoxyphenyl)acetate (12) 
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Synthetic procedures and characterization data for the compound 13 

O

OO

13

O

O

 

pent-4-en-1-yl 2-(2-acryloyl-3,5-dimethoxyphenyl)acetate (13) 

 

A flame-dried 500 mL round-bottom flask equipped with a magnetic stir bar was charged 

with anhydrous DCM (214 mL), and compound 12 (3.61 g, 10.2 mmol) was added. TEA (2.84 

mL, 20.4 mmol) was then added, and the mixture was stirred at room temperature overnight. 

The reaction mixture, to which sat. aq. NH4Cl was added, was extracted with DCM (3 × 100 

mL) using a separatory funnel. The obtained organic layer was dried over MgSO4, filtered, and 

concentrated using a rotary evaporator. The reaction mixture was purified using flash column 

chromatography (hexane/EtOAc, 8:2) to obtain 13 (2.85 g, 88%). 

TLC Rf= 0.78 (hexane/EtOAc, 6:4). 1H NMR (400 MHz, CDCl3) δ 6.69 (dd, J = 17.4, 10.5 

Hz, 1H, H-10), 6.42 (d, J = 2.3 Hz, 1H, H-4), 6.41 (d, J = 2.3 Hz, 1H, H-6), 6.09 (dd, J = 17.4, 

1.4 Hz, 2H, H-11), 5.79 (m, 2H, H-11), 5.76 (m, 1H, H-4′), 4.97 (m, 2H, H-5′), 4.05 (t, J = 6.6 

Hz, 2H, H-1′), 3.82 (s, 3H, H-5 OMe), 3.77 (s, 3H, H-7 OMe), 3.61 (s, 2H, H-2), 2.07 (m, 2H, 

H-3′), 1.69 (m, 2H, H-2′); 13C NMR (100 MHz, CDCl3) δ 195.8, 171.2, 161.8, 159.3, 138.2, 

137.6, 135.5, 128.5, 122.3, 115.3, 107.9, 97.7, 64.4, 55.8, 55.5, 38.9, 30.1, 27.8; HRESIMS 

m/z 319.1517 [M + H]+ (calcd for C18H23O5, 319.1545). 
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Figure S9. NMR spectrums of pent-4-en-1-yl 2-(2-acryloyl-3,5-dimethoxyphenyl)acetate 

(13) 
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Synthetic procedures and characterization data for the compound 14 

O

OO

14

O

O

 

(E)-10,12-dimethoxy-5,6-dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-dione (14) 

 

Anhydrous toluene (1084 mL) was charged into a flame-dried 2000 mL round-bottom flask 

equipped with a magnetic stir bar, and compound 13 (1.38 g, 4.33 mmol) was added. Argon 

gas was bubbled through the mixture for 2h. After bubbling, Grubbs II (735 mg, 20 mol%) 

catalyst dissolved in toluene (40 mL) was added and stirred at 80 °C for 1 h. The reaction 

mixture was concentrated using a rotary evaporator and purified using flash column 

chromatography (hexane/EtOAc, 8:2) to obtain a separated mixture of 14 (502 mg, 40%) and 

15 (163 mg, 13%). (40%, E-isomer)  

TLC Rf= 0.44 (hexane/EtOAc, 6:4). 1H NMR (400 MHz, CDCl3) δ 6.43 (s, 1H, H-4; 1H, H-

6), 6.38 (m, 1H, H-11), 6.25 (td, J = 16.0, 1.4 Hz, 1H, H-10), 4.29 (m, 2H, H-14), 3.84 (s, 3H, 

H-5 OMe), 3.76 (s, 3H, H-7 OMe), 3.36 (s, 2H, H-2), 2.45 (m, 2H, H-12), 2.36 (m, 2H, H-12), 

2.02 (m, 2H, H-13), 1.78 (m, 2H, H-13); 13C NMR (100 MHz, CDCl3) δ 197.9, 171.1, 161.3, 

157.8, 155.8, 133.2, 132.5, 122.9, 108.4, 97.9, 65.1, 56.1, 55.6, 40.3, 31.1, 26.9; HRESIMS 

m/z 291.1132 [M + H]+ (calcd for C16H19O5, 291.1232). 

 

  



S61 

 

 

 

 

 



S62 

 

 

 



S63 

 

 

 



S64 

 

 

 



S65 

 

 

 



S66 

 

 

 

Figure S10. NMR spectrums of (E)-10,12-dimethoxy-5,6-

dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-dione (14) 
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Synthetic procedures and characterization data for the compound 15 

O

OO

O

O

15  

10,12-dimethoxy-5,6-dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-dione (15) 

 

Anhydrous toluene (1084 mL) was charged into a flame-dried 2000 mL round-bottom flask 

equipped with a magnetic stir bar, and compound 13 (1.38 g, 4.33 mmol) was added. Argon 

gas was bubbled through the mixture for 2h. After bubbling, Grubbs II (735 mg, 20 mol%) 

catalyst dissolved in toluene (40 mL) was added and stirred at 80 °C for 1 h. The reaction 

mixture was concentrated using a rotary evaporator and purified using flash column 

chromatography (hexane/EtOAc, 8:2) to obtain a separated mixture of 14 (502 mg, 40%) and 

15 (163 mg, 13%). (13%, Z-isomer);  

TLC Rf= 0.58 (hexane/EtOAc, 6:4). 1H NMR (400 MHz, CDCl3) δ 6.49 (s, 1H, H-4; 1H, H-

6), 6.38 (m, 1H, H-11), 5.93 (m, 1H, H-10), 4.29 (m, 2H, H-14), 3.84 (s, 3H, H-5 OMe), 3.76 

(s, 3H, H-7 OMe), 3.36 (s, 2H, H-2), 2.45 (m, 2H, H-12), 2.36 (m, 2H, H-12), 2.02 (m, 2H, H-

13), 1.80 (m, 2H, H-13); 13C NMR (100 MHz, CDCl3) δ 197.9, 171.1, 161.3, 157.8, 140.4, 

133.2, 132.5, 122.9, 108.4, 97.9, 65.1, 56.1, 55.6, 40.3, 31.1, 26.9; HRESIMS m/z 291.1132 

[M + H]+ (calcd for C16H19O5, 291.1232). 
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Figure S11. NMR spectrums of 10,12-dimethoxy-5,6-

dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-dione (15) 
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Synthetic procedures and characterization data for the compound 16 

OH

OO

16

O

O

 

(E)-10-hydroxy-12-methoxy-5,6-dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-

dione (16) 

 

A flame-dried 50 mL round-bottom flask equipped with a magnetic stir bar was charged with 

anhydrous ACN (10 mL), followed by adding compound 14 (204 mg, 0.70 mmol), Al powder 

(190 mg, 7.03 mmol), and DMSO (250 μL, 3.51 mmol). Iodine (589 mg, 2.32 mmol) was 

added, and the mixture was stirred at 80 °C for 30 min. After completion of the reaction, the 

mixture was cooled to room temperature and diluted with aq. HCl (2 M, 5 mL). The mixture 

was extracted with EtOAc (3 × 20 mL) using a separatory funnel, and the organic layer was 

dried over MgSO4. After filtration, the mixture was concentrated using a rotary evaporator, and 

the reaction mixture was purified using flash column chromatography (hexane/EtOAc, 7:3) to 

obtain 16 (77 mg, 40%). 

TLC Rf= 0.55 (hexane/EtOAc, 1:1). 1H NMR (600 MHz, CDCl3) δ 6.45 (d, J = 2.5 Hz, 1H, 

H-4), 6.40 (d, J = 2.5 Hz, 1H, H-6), 6.36 (dt, J = 16.3, 1.5 Hz, 1H, H-10), 5.91 (dt, J = 16.2, 

7.0 Hz, 1H, H-11), 4.31 (t, J = 6.0 Hz, 2H, H-14), 3.83 (s, 3H, OMe), 3.46 (s, 2H, H-2), 2.40 

(m, 2H, H-12), 1.97 (m, 2H, H-13); 13C NMR (150 MHz, CDCl3) δ 200.6, 171.7, 164.4, 163.6, 

147.0, 137.3, 131.7, 116.1, 113.5, 100.3, 64.8, 55.7, 42.2, 30.5, 24.6; HRESIMS m/z 277.0906 

[M + H]+ (calcd for C15H17O5, 277.1076). 
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Figure S12. NMR spectrums of (E)-10-hydroxy-12-methoxy-5,6-

dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-dione (16) 
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Synthetic procedures and characterization data for the compound 18 

O

OO

18

O

 

(S)-hept-6-en-2-yl 2-(3,5-dimethoxyphenyl)acetate (18) 

 

A flame-dried 100 mL round-bottom flask equipped with a magnetic stir bar was charged 

with anhydrous DCM (10 mL), 3,5-Dimethoxyphenylacetic Acid (1) (4.0 g, 20.4 mmol), (S)-

hept-6-en-2-ol (17) (2.87 mL, 21.4 mmol), and Mukaiyama reagent (2-Chloro-1-

methylpyridinium iodide) (5.47 g, 21.4 mmol). The mixture was stirred at room temperature 

for 15 min. Then, TEA (8.53 mL, 61.2 mmol) was slowly added to the mixture, and the mixture 

was stirred at room temperature for 20 h. The reaction mixture was filtered and purified by 

flash column chromatography (hexane/EtOAc, 95:5) to obtain 18 (3.88 g, 65%). 

TLC Rf= 0.67 (hexane/EtOAc, 7:3). 1H NMR (400 MHz, CD3OD) δ 6.43 (d, J = 2.3 Hz, 1H, 

H-4; 1H, H-8), 6.37 (t, J = 2.3 Hz, 1H, H-6), 5.74 (m, 1H, H-5′), 4.96 (m, 2H, H-6′), 4.93 (m, 

1H, H-1′), 4.90 (m, 2H, H-6′), 3.75 (s, 3H, H-5 OMe; 3H, H-7 OMe), 3.52 (s, 2H, H-2), 1.99 

(m, 2H, H-4′), 1.54 (m, 2H, H-2′), 1.34 (m, 2H, H-3′), 1.20 (d, J = 6.4 Hz, 3H, H-7′); 13C NMR 

(100 MHz, CD3OD) δ 173.1, 162.4, 162.4, 139.6, 137.8, 115.1, 108.3, 108.3, 100.0, 72.7, 55.7, 

55.7, 42.8, 36.4, 34.5, 25.7, 20.2; HRESIMS m/z 293.1761 [M + H]+ (calcd for C17H25O4, 

293.1753). 
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Figure S13. NMR spectrums of (S)-hept-6-en-2-yl 2-(3,5-dimethoxyphenyl)acetate (18) 
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Synthetic procedures and characterization data for the compound 19 

O

OO

19

O

ClO

 

(S)-hept-6-en-2-yl 2-(2-(3-chloropropanoyl)-3,5-dimethoxyphenyl)acetate (19) 

 

A flame-dried 500 mL round-bottom flask equipped with a magnetic stir bar was charged 

with anhydrous DCM (89 mL), and 3-chloropropanoyl chloride (9) (2 mL, 21 mmol) was added. 

After cooling to –78 °C, SnCl4 (1 M in DCM, 21 mL, 21 mmol) was added and stirred for 15 

min. Compound 18 (4.73 g, 16.2 mmol) was dissolved in DCM (89 mL) and added to the 

reaction mixture. The reaction temperature was then raised to –20 °C and stirred for 2 h 30 min. 

After completion of the reaction, the reactant was poured into a separatory funnel filled with 

ice (100 g) and H2O (100 mL), and extraction was performed by adding DCM. The obtained 

organic layer was washed with sat. aq. After washing with NaHCO3 (70 mL) and H2O (70 mL), 

the mixture was dried with MgSO4, filtered, and concentrated using a rotary evaporator. The 

reaction mixture was purified using flash column chromatography (hexane/EtOAc, 9:1) to 

obtain 19 (4.5 g, 72%). 

TLC Rf= 0.5 (hexane/EtOAc, 7:3). 1H NMR (600 MHz, CDCl3) δ 6.40 (d, J = 2.3 Hz, 1H, 

H-6), 6.37 (d, J = 2.3 Hz, 1H, H-4), 5.78 (m, 1H, H-5′), 5.00 (m, 2H, H-6′), 4.95 (m, 2H, H-6′), 

4.89 (m, 2H, H-1′), 3.83 (s, 3H, H-5 OMe), 3.82 (m, 2H, H-11), 3.81 (s, 3H, H-7 OMe), 3.67 

(s, 2H, H-2), 3.35 (t, J = 7.1 Hz, 2H, H-10), 2.03 (m, 2H, H-4′), 1.58 (m, 2H, H-2′), 1.49 (m, 

2H, H-2′), 1.38 (m, 2H, H-3′), 1.21 (d, J = 6.4 Hz, 3H, H-7′); 13C NMR (150 MHz, CDCl3) δ 

202.3, 170.9, 161.8, 159.2, 138.4, 135.6, 122.6, 114.6, 108.2, 97.3, 71.4, 55.6, 55.3, 46.9, 39.3, 

39.2, 35.2, 33.4, 24.5, 19.8; HRESIMS m/z 383.1616 [M + H]+ (calcd for C20H28ClO5, 

383.1625). 
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Figure S14. NMR spectrums of (S)-hept-6-en-2-yl 2-(2-(3-chloropropanoyl)-3,5-

dimethoxyphenyl)acetate (19) 
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Synthetic procedures and characterization data for the compound 20 

O

OO

20

O

O

 

(S)-hept-6-en-2-yl 2-(2-acryloyl-3,5-dimethoxyphenyl)acetate (20) 

 

A flame-dried 250 mL round-bottom flask equipped with a magnetic stir bar was charged 

with anhydrous DCM (176 mL), and compound 19 (2.7 g, 8.48 mmol) was added. TEA (2.36 

mL, 16.96 mmol) was then added, and the mixture was stirred at room temperature overnight. 

The reaction mixture, to which sat. aq. NH4Cl was added, was extracted with DCM (3 × 80 

mL) using a separatory funnel. The obtained organic layer was dried over MgSO4, filtered, and 

concentrated using a rotary evaporator. The reaction mixture was purified using flash column 

chromatography (hexane/EtOAc, 9:1) to obtain 20 (1.55 g, 63%). 

TLC Rf= 0.60 (hexane/EtOAc, 6:4). 1H NMR (600 MHz, CDCl3) δ 6.68 (dd, J = 17.4, 10.5 

Hz, 1H, H-10), 6.43 (d, J = 2.3 Hz, 1H, H-4), 6.41 (d, J = 2.3 Hz, 1H, H-6), 6.09 (dd, J = 17.4, 

1.4 Hz, 2H, H-11), 5.79 (m, 2H, H-11), 5.76 (m, 1H, H-5′), 4.96 (m, 2H, H-6′), 4.94 (m, 2H, 

H-6′), 4.88 (m, 2H, H-1′), 3.83 (s, 3H, H-5 OMe), 3.78 (s, 3H, H-7 OMe), 3.60 (s, 2H, H-2), 

2.03 (m, 2H, H-4′), 1.57 (m, 2H, H-2′), 1.36 (m, 2H, H-3′), 1.18 (d, J = 6.4 Hz, 3H, H-7′); 13C 

NMR (150 MHz, CDCl3) δ 195.8, 170.7, 161.6, 159.1, 138.5, 138.1, 135.4, 128.5, 122.2, 114.6, 

107.6, 97.5, 71.4, 55.6, 55.4, 38.9, 35.2, 33.4, 24.5, 19.9; HRESIMS m/z 347.1882 [M + H]+ 

(calcd for C20H27O5, 347.1858). 
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Figure S15. NMR spectrums of (S)-hept-6-en-2-yl 2-(2-acryloyl-3,5-

dimethoxyphenyl)acetate (20) 
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Synthetic procedures and characterization data for the compound 21 

O

OO

21

O

O

 

(S,E)-11,13-dimethoxy-4-methyl-4,5,6,7-tetrahydro-2H-benzo[d][1]oxacyclododecine-

2,10(1H)-dione (21) 

 

Anhydrous toluene (909 mL) was charged into a flame-dried 2000 mL round-bottom flask 

equipped with a magnetic stir bar, and compound 20 (1.26 g, 3.64 mmol) was added. Argon 

gas was bubbled through the mixture for 2h. After bubbling, Grubbs II (618 mg, 20 mol%) 

catalyst dissolved in toluene (40 mL) was added and stirred at 80 °C for 1 h. The reaction 

mixture was concentrated using a rotary evaporator and purified using flash column 

chromatography (hexane/EtOAc, 8:2) to obtain a separated mixture of 21 (475 mg, 41%) and 

22 (185 mg, 16%). (41%, E-isomer)  

TLC Rf= 0.38 (hexane/EtOAc, 6:4). 1H NMR (400 MHz, CD3OD) δ 6.54 (d, J = 2.3 Hz, 1H, 

H-4), 6.53 (d, J = 2.3 Hz, 1H, H-6), 6.48 (dd, J = 15.6, 7.8 Hz, 1H, H-11), 6.21 (dt, J = 15.6, 

1.2 Hz, 1H, H-10), 4.89 (m, 1H, H-15), 3.83 (s, 3H, H-5 OMe), 3.75 (s, 3H, H-7 OMe), 3.37 

(s, 2H, H-2), 2.33 (m, 2H, H-12), 2.20 (m, 2H, H-12), 1.90 (m, 2H, H-13), 1.80 (m, 2H, H-14), 

1.49 (m, 2H, H-14), 1.42 (m, 2H, H-13), 1.15 (d, J = 6.4 Hz, 3H, H-16); 13C NMR (100 MHz, 

CD3OD) δ 201.2, 172.0, 162.8, 159.4, 159.0, 134.1, 133.8, 123.4, 108.3, 98.5, 74.5, 56.3, 56.0, 

40.2, 35.1, 35.0, 25.5, 20.5; HRESIMS m/z 319.1466 [M + H]+ (calcd for C18H23O5, 319.1545). 
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Figure S16. NMR spectrums of (S,E)-11,13-dimethoxy-4-methyl-4,5,6,7-tetrahydro-2H-

benzo[d][1]oxacyclododecine-2,10(1H)-dione (21) 
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Synthetic procedures and characterization data for the compound 22 

O

OO

22

O

O

 

(S)-11,13-dimethoxy-4-methyl-4,5,6,7-tetrahydro-2H-benzo[d][1]oxacyclododecine-

2,10(1H)-dione (22) 

 

Anhydrous toluene (909 mL) was charged into a flame-dried 2000 mL round-bottom flask 

equipped with a magnetic stir bar, and compound 20 (1.26 g, 3.64 mmol) was added. Argon 

gas was bubbled through the mixture for 2h. After bubbling, Grubbs II (618 mg, 20 mol%) 

catalyst dissolved in toluene (40 mL) was added and stirred at 80 °C for 1 h. The reaction 

mixture was concentrated using a rotary evaporator and purified using flash column 

chromatography (hexane/EtOAc, 8:2) to obtain a separated mixture of 21 (475 mg, 41%) and 

22 (185 mg, 16%). (16%, Z-isomer)  

TLC Rf= 0.45 (hexane/EtOAc, 6:4). 1H NMR (400 MHz, CD3OD) δ 6.53 (d, J = 1.8 Hz, 1H, 

H-4), 6.51 (d, J = 2.3 Hz, 1H, H-6), 6.37 (dt, J = 12.4, 1.6 Hz, 1H, H-10), 5.99 (dt, J = 12.4, 

8.2 Hz, 1H, H-11), 4.80 (m, 1H, H-15), 3.83 (s, 3H, H-5 OMe), 3.78 (s, 3H, H-7 OMe), 3.37 

(s, 2H, H-2), 1.40−2.25 (m, 2H, H-12; 2H, H-13; 2H, H-14), 1.13 (d, J = 6.4 Hz, 3H, H-16); 

13C NMR (100 MHz, CD3OD) δ 199.9, 171.8, 163.6, 160.6, 146.3, 135.2, 133.8, 125.4, 109.4, 

98.5, 75.2, 56.5, 56.0, 40.1, 31.9, 28.4, 26.0, 19.8; HRESIMS m/z 319.1466 [M + H]+ (calcd 

for C18H23O5, 319.1545). 
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Figure S17. NMR spectrums of (S)-11,13-dimethoxy-4-methyl-4,5,6,7-tetrahydro-2H-

benzo[d][1]oxacyclododecine-2,10(1H)-dione (22) 
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Synthetic procedures and characterization data for the compound 23 

OH

OO

23

O

O

 

(S,E)-11-hydroxy-13-methoxy-4-methyl-4,5,6,7-tetrahydro-2H-

benzo[d][1]oxacyclododecine-2,10(1H)-dione (23) 

 

A flame-dried 50 mL round-bottom flask equipped with a magnetic stir bar was charged with 

anhydrous ACN (15 mL), followed by adding compound 21 (163 mg, 0.51 mmol), Al powder 

(138 mg, 5.12 mmol), and DMSO (181 μL, 2.55 mmol). Iodine (427 mg, 1.68 mmol) was 

added, and the mixture was stirred at 80 °C for 30 min. After completion of the reaction, the 

mixture was cooled to room temperature and diluted with aq. HCl (2 M, 5 mL). The mixture 

was extracted with EtOAc (3 × 20 mL) using a separatory funnel, and the organic layer was 

dried over MgSO4. After filtration, the mixture was concentrated using a rotary evaporator, and 

the reaction mixture was purified using flash column chromatography (hexane/EtOAc, 7:3) to 

obtain 23 (70 mg, 45%). 

TLC Rf= 0.64 (hexane/EtOAc, 1:1). 1H NMR (400 MHz, CDCl3) δ 6.67 (dd, J = 16.5, 1.0 

Hz, 1H, H-10), 6.62 (ddd, J = 15.1, 8.2, 3.6 Hz, 1H, H-11), 6.41 (d, J = 2.8 Hz, 1H, H-6), 6.32 

(d, J = 2.8 Hz, 1H, H-4), 4.85 (m, 1H, H-15), 4.04 (d, J = 17.9 Hz, 2H, H-2), 3.82 (s, 3H, OMe), 

3.54 (d, J = 17.9 Hz, 2H, H-2), 2.47 (m, 2H, H-12), 2.32 (m, 2H, H-12), 1.97 (m, 2H, H-14), 

1.89 (m, 2H, H-13), 1.65 (m, 2H, H-14), 1.64 (m, 2H, H-13), 1.24 (d, J = 6.4 Hz, 3H, H-16); 

13C NMR (100 MHz, CDCl3) δ 196.4, 171.3, 166.9, 164.4, 148.3, 137.6, 131.5, 114.3, 113.6, 

100.6, 72.7, 55.6, 44.2, 34.1, 32.8, 24.2, 20.1; HRESIMS m/z 305.1411 [M + H]+ (calcd for 

C17H21O5, 305.1389). 
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Figure S18. NMR spectrums of (S,E)-11-hydroxy-13-methoxy-4-methyl-4,5,6,7-

tetrahydro-2H-benzo[d][1]oxacyclododecine-2,10(1H)-dione (23) 

 


