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1. General and materials 
Melting points were uncorrected. 1H and 13C NMR spectra were taken on a Bruker DPX400 spectrometer, and 
chemical shifts were reported in parts per million (ppm) using CHCl3 (7.26 ppm) in CDCl3 for 1H NMR, and CDCl3 
(77.01 ppm) for 13C NMR as an internal standard, respectively. Mass spectra were recorded by a Micromass LCT 
(ESI-TOF) or a Micromass Auto Spec (EI). Column chromatography was performed on silica gel (Kanto Chemical, 
neutral, 75-150 μm). Medium-pressure liquid chromatography (MPLC) was performed on a 30 x 4 cm i.d. 
prepacked column (Kusano pre-packed column Si-10, 40 x 300 mm I. D., silica gel, 50 μm) with UV and RI 
detectors. Ionic liquids were commercially available. 
 
 
2. Preparation of triene ester (1) 
(E)-Hexa-3,5-dienyl acrylate 1a,1 (E)-4-methylhexa-3,5-dienyl acrylate 1f,1 (3E,5E)-nona-3,5-dienyl acrylate 1g,2 
and ethyl (E)-hexa-3,5-dienyl fumarate 1h3 were prepared by the reported procedure. 
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1b  
To a solution of 3-phenylpropionaldehyde (1.61 g, 12 mmol) and trimethylpenta-2,4-dienylsilane4 (1.40 g, 10 mmol) 
in CH2Cl2 (10 mL), TiCl4 (0.55 mL, 5.0 mmol) was slowly added at –60 °C. After being stirred at -40 °C for 15 min, 
the reaction mixture was quenched with 1M HCl solution (20 mL), extracted with Et2O (20 mL x 3) and dried over 
anhydrous MgSO4. After the concentration of combined organic layer under reduced pressure, the resultant residue 
was purified by column chromatography on silica gel (hexane/EtOAc = 10 : 1) to give 
(E)-1-phenylocta-5,7-dien-3-ol 1b-sm in 41% yield (888 mg, 4.1 mmol).  Colorless oil;  IR (neat) Q 3388, 3027, 
2928, 1005, 699 cm–1;  1H NMR (400 MHz, CDCl3) G 2.52-2.57 (2H, m), 4.73 (1H, dd, J = 7.1, 5.8 Hz), 5.03 (1H, 
d, J = 10.5 Hz), 5.15 (1H, d, J = 16.7 Hz), 5.69 (1H, dt, J = 15.1, 7.5 Hz), 6.18 (1H, dd, J = 15.1, 10.5 Hz), 6.32 
(1H, dt, J = 16.7, 10.5 Hz), 7.26-7.32 (1H, m), 7.33-7.39 (4H, m);  13C NMR (100 MHz, CDCl3) G 42.6, 73.6, 
116.2, 125.8, 127.6, 128.4, 130.0, 134.4, 136.7, 143.8;  MS (ESI-TOF) m/z 225 [M+Na]+;  HRMS calcd for 
C14H18NaO [M+Na]+, 225.1255; found, 225.1235. 
To a solution of alcohol 1b-sm (0.61 g, 3.0 mmol) and Et3N (0.63 mL, 6.0 mmol) in CH2Cl2 (10 mL), acryloyl 
chloride (0.62 mL, 4.5 mmol) was added at 0 °C. After being stirred at room temperature for 20 h, the reaction 
mixture was quenched with H2O (15 mL), extracted with Et2O (20 mL x 3) and dried over anhydrous MgSO4. The 
organic layer was evaporated and purified by column chromatography on silica gel to give acrylate 1b in 88 % yield 
(678 mg, 2.65 mmol).  Colorless oil;  IR (neat) Q 3028, 2951, 1722, 1404, 1271, 1195, 1004, 700 cm–1;  1H 
NMR (400 MHz, CDCl3) G 1.93-2.09 (2H, m), 2.50 (2H, t, J = 6.6 Hz), 2.65-2.82 (2H, m), 5.08 (1H, d, J = 10.4 
Hz), 5.09-5.16 (1H, m), 5.20 (1H, d, J = 17.0 Hz), 5.71 (1H, dt, J = 15.2, 7.4 Hz), 5.90 (1H, dd, J = 10.4, 1.4 Hz), 
6.12-6.22 (1H, m), 6.21 (1H, dd, J = 17.3, 10.4 Hz), 6.38 (1H, dd, J = 17.0, 10.4 Hz), 6.49 (1H, dd, J = 17.3, 1.4 
Hz), 7.22-7.29 (3H, m), 7.32-7.39 (2H, m);  13C NMR (100 MHz, CDCl3) G  31.7, 35.3, 37.3, 73.2, 116.0, 126.0, 
128.3, 128.4, 128.7, 129.0, 130.5, 134.1, 136.8, 141.4, 165.8;  MS (ESI-TOF) m/z 225 [M+Na]+;  HRMS calcd 
for C14H18NaO [M+Na]+, 225.1255; found, 225.1270. 

 
(E)-1-Phenylhexa-3,5-dienyl acrylate (1c) 
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According to the synthetic procedure for 1b-sm, (E)-1-phenylhexa-3,5-dien-1-ol 1c-sm was prepared in 51% yield 
(885 mg, 5.1 mmol) by the reaction of benzaldehyde (1.27 g, 12 mmol) with trimethylpenta-2,4-dienylsilane4 (1.40 g, 
10 mmol) in the presence of TiCl4 (0.55 mL, 5.0 mmol).  Colorless oil;  IR (neat) Q 3388, 3031, 2899, 1005, 701 
cm–1;  1H NMR (400 MHz, CDCl3) G 2.52-2.57 (2H, m), 4.73 (1H, dd, J = 7.1, 5.8 Hz), 5.03 (1H, d, J = 10.5 Hz), 
5.15 (1H, d, J = 16.7 Hz), 5.69 (1H, dt, J = 15.1, 7.5 Hz), 6.18 (1H, dd, J = 15.1, 10.5 Hz), 6.32 (1H, dt, J = 16.7, 
10.5 Hz), 7.26-7.32 (1H, m), 7.33-7.39 (4H, m);  13C NMR (100 MHz, CDCl3) G 42.6, 73.6, 116.2, 125.8, 127.6, 
128.4, 130.0, 134.4, 136.7, 143.8;  MS (ESI-TOF) m/z 197 [M+Na]+;  HRMS calcd for C12H14NaO [M+Na]+, 
197.0942; found, 197.0947. 



- S3 - 

According to the synthetic procedure for 1b, acrylate 1c was prepared in 76% yield (519 mg, 2.27 mmol) by the 
reaction of alcohol 1c-sm (0.52 g, 3.0 mmol) with acryloyl chloride (0.62 mL, 4.5 mmol) in the presence of Et3N 
(0.63 mL, 6.0 mmol).  Colorless oil;  IR (neat) Q 3034, 2946, 1725, 1404, 1267, 1189, 1004, 700 cm–1;  1H 
NMR (400 MHz, CDCl3) G 2.59-2.67 (1H, m), 2.68-2.78 (1H, m), 4.99 (1H, d, J = 10.2 Hz), 5.11 (1H, d, J = 16.9 
Hz), 5.52-5.61 (1H, m), 5.83 (1H, dd, J = 10.4, 0.9 Hz), 5.84-5.89 (1H, m), 6.04-6.12 (1H, m), 6.15 (1H, dd, J = 
17.4, 10.4 Hz), 6.26 (1H, dt, J = 16.9, 10.2 Hz), 6.42 (1H, dd, J = 17.4, 0.9 Hz), 7.26-7.38 (5H, m);  13C NMR 
(100 MHz, CDCl3) G 39.6, 75.5, 116.1, 126.5, 128.0, 128.5, 128.6, 128.8, 130.8, 134.2, 136.7, 139.9, 165.3;  MS 
(ESI-TOF) m/z 251 [M+Na]+;  HRMS calcd for C15H16NaO2 [M+Na]+, 251.1048; found, 251.1057. 

 
(E)-1-(4-Bromophenyl)hexa-3,5-dienyl acrylate (1d) 

O

O

Br1d  
According to the synthetic procedure for 1b-sm, (E)-1-(4-bromophenyl)hexa-3,5-dien-1-ol 1d-sm was prepared in 
49% yield (1.24 g, 4.9 mmol) by the reaction of 4-bromobenzaldehyde (2.22 g, 12 mmol) with 
trimethylpenta-2,4-dienylsilane4 (1.40 g, 10 mmol) in the presence of TiCl4 (0.55 mL, 5.0 mmol).  Colorless oil;  
IR (neat) Q 3376, 3011, 2899, 1070, 1009, 822 cm–1;  1H NMR (400 MHz, CDCl3) G 2.12 (1H, brs, OH), 
2.44-2.54 (2H, m), 4.69 (1H, dd, J = 7.4, 5.4 Hz), 5.04 (1H, d, J = 10.2 Hz), 5.16 (1H, d, J = 16.9 Hz), 5.64 (1H, 
dt, J = 15.1, 7.5 Hz), 6.15 (1H, dd, J = 15.1, 10.2 Hz), 6.31 (1H, dt, J = 16.9, 10.2 Hz), 7.22 (2H, d, J = 8.4 Hz), 
7.48 (2H, d, J = 8.4 Hz);  13C NMR (100 MHz, CDCl3) G 42.5, 72.9, 116.5, 121.3, 127.5, 129.4, 131.5, 134.7, 
136.5, 142.8;  MS (EI) m/z 252 [M]+;  HRMS calcd for C12H12Br [M-H2O+H]+, 235.0122; found, 235.0111. 
According to the synthetic procedure for 1b, acrylate 1d was prepared in 80% yield (0.74 g, 2.41 mmol) by the 
reaction of alcohol 1d-sm (0.76 g, 3.0 mmol) with acryloyl chloride (0.62 mL, 4.5 mmol) in the presence of Et3N 
(0.63 mL, 6.0 mmol).  Colorless oil;  IR (neat) Q 3011, 2952, 1725, 1406, 1281, 1187, 1112 cm–1;  1H NMR 
(400 MHz, CDCl3) G 2.58-2.67 (1H, m), 2.68-2.78 (1H, m), 5.04 (1H, d, J = 10.2 Hz), 5.14 (1H, d, J = 16.6 Hz), 
5.56 (1H, dt, J = 15.2, 7.2 Hz), 5.82 (1H, t, J = 6.8 Hz), 5.88 (1H, dd, J = 10.4, 1.4 Hz), 6.06-6.15 (1H, m), 6.18 
(1H, dd, J = 17.3, 10.4 Hz), 6.29 (1H, dt, J = 16.9, 10.2 Hz), 6.45 (1H, dd, J = 17.3, 1.4 Hz), 7.25 (2H, d, J = 8.5 
Hz), 7.30 (2H, d, J = 8.5 Hz);  13C NMR (100 MHz, CDCl3) G 39.3, 74.8, 116.5, 122.0, 128.18, 128.24, 128.3, 
131.2, 131.6, 134.5, 136.6, 139.0, 165.2;  MS (ESI-TOF) m/z 329 [M+Na]+;  HRMS calcd for C15H15BrNaO2 
[M+Na]+, 329.0153; found, 329.0144. 
 
Methyl (E)-4-(1-(acryloyloxy)hexa-3,5-dienyl)benzoate (1e) 

O

O

CO2Me1e  
According to the synthetic procedure for 1b-sm, methyl (E)-4-(1-hydroxyhexa-3,5-dienyl)benzoate 1e-sm was 
prepared in 68% yield (1.57 g, 6.8 mmol) by the reaction of methyl 4-formylbenzoate (1.97 g, 12 mmol) with 
trimethylpenta-2,4-dienylsilane4 (1.40 g, 10 mmol) in the presence of TiCl4 (0.55 mL, 5.0 mmol).  Colorless 
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crystals;  Mp. 41.0-42.5 °C;  IR (neat) Q 3446, 3011, 2952, 1722, 1281 cm–1;  1H NMR (400 MHz, CDCl3) G 
2.09 (1H, brs, OH), 2.45-2.60 (2H, m), 3.91 (3H, s), 4.80 (1H, dd, J = 7.7, 5.0 Hz), 5.04 (1H, d, J = 10.1 Hz), 5.16 
(1H, d, J = 16.6 Hz), 5.65 (1H, dt, J = 15.1, 7.3 Hz), 6.15 (1H, dd, J = 15.1, 10.1 Hz), 6.30 (1H, dt, J = 16.6, 10.1 
Hz), 7.42 (2H, d, J = 8.2 Hz), 8.02 (2H, d, J = 8.2 Hz);  13C NMR (100 MHz, CDCl3) G 42.6, 52.1, 73.1, 116.6, 
125.7, 129.2, 129.4, 129.8, 134.9, 136.5, 148.9, 166.9;  MS (ESI-TOF) m/z 255 [M+Na]+;  HRMS calcd for 
C14H16NaO3 [M+Na]+, 255.0997; found, 255.0976.  Anal. Calcd for C14H16O3: C, 72.39; H, 6.94. Found: 72.35; H, 
6.92. 
According to the synthetic procedure for 1b, acrylate 1e was prepared in 83% yield (714 mg, 2.49 mmol) by the 
reaction of alcohol 1e-sm (0.69 g, 3.0 mmol) with acryloyl chloride (0.62 mL, 4.5 mmol) in the presence of Et3N 
(0.63 mL, 6.0 mmol).  Colorless oil;  IR (neat) Q 3011, 2929, 1726, 1404, 1266, 1188 cm–1;  1H NMR (400 
MHz, CDCl3) G 2.52-2.60 (1H, m), 2.60-2.69 (1H, m), 3.83 (3H, s), 4.93 (1H, d, J = 10.3 Hz), 5.03 (1H, d, J = 
16.9 Hz), 5.47 (1H, dt, J = 15.4, 7.2 Hz), 5.79 (1H, dd, J = 10.5, 1.4 Hz), 5.81 (1H, t, J = 6.5 Hz), 5.99 (1H, dd, J 
= 15.4, 10.3 Hz), 6.09 (1H, dd, J = 17.4, 10.5 Hz), 6.18 (1H, dt, J = 16.9, 10.3 Hz), 6.36 (1H, dd, J = 17.4, 1.4 Hz), 
7.32 (2H, d, J = 8.4 Hz), 7.95 (2H, d, J = 8.4 Hz);  13C NMR (100 MHz, CDCl3) G 39.4, 52.1, 78.0, 116.5, 126.3, 
128.0, 128.3, 129.8, 131.2, 134.6, 136.5, 144.9, 165.2, 166.7;  MS (ESI-TOF) m/z 309 [M+Na]+;  HRMS calcd 
for C17H18NaO4 [M+Na]+, 309.1103; found, 309.1099 
 
Ethyl (E)-4-Methylhexa-3,5-dienyl fumarate (1i) 

O

O

EtO2C

Me 1i  
To a suspension of EDC·HCl (1.92 g, 10 mmol) in CH2Cl2 (5.0 mL), (E)-4-methylhexa-3,5-dien-1-ol (0.56 g, 5.0 
mmol) and fumaric acid mono-ethyl ester (1.44 g, 10 mmol) were added at 0 °C. After being stirred at room 
temperature for 2 h, the reaction mixture was quenched with H2O (25 mL), extracted with Et2O (25 mL x 3) and 
dried over anhydrous MgSO4. After evaporation of the combined organic layer, resultant residue was purified by 
column chromatography (hexane/Et2O = 25 : 1) on silica gel to give 1i in 88% yield (1.04 g, 4.39 mmol).  Colorless 
oil;  IR (neat) Q 2980, 1730, 1298, 1258, 1156 cm–1;  1H NMR (400 MHz, CDCl3) G 1.31 (3H, t, J = 7.1 Hz), 
1.76 (3H, s), 2.49-2.58 (2H, m), 4.22 (2H, t, J = 7.0 Hz), 4.26 (2H, t, J = 7.1 Hz), 4.98 (1H, d, J = 10.7 Hz), 5.13 
(1H, d, J = 17.4 Hz), 5.46 (1H, t, J = 7.3 Hz), 6.36 (1H, dd, J = 17.4, 10.7 Hz), 6.84 (2H, brs);  13C NMR (100 
MHz, CDCl3) G 11.8, 14.1, 27.6, 61.3, 64.5, 111.8, 126.7, 133.4, 133.8, 136.8, 140.9, 164.9, 165.0;  MS 
(ESI-TOF) m/z 261 [M+Na]+;  HRMS calcd for C13H18NaO4 [M+Na]+, 261.1103; found, 261.1108. 
 
tert-Butyl (E)-hexa-3,5-dienyl fumarate (1j) 

O

O

t-BuO2C

1j  
According to the synthetic procedure for 1i, this compound was obtained in 50% yield (504.5 mg, 2.00 mmol) by the 
reaction of fumaric acid mono-tert-butyl ester5 (392 mg, 4.0 mmol), EDC·HCl (1.15 g, 6.0 mmol) in CH2Cl2 (5.0 
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mL) at rt for 48 h.  Colorless oil;  IR (neat) Q 2979, 1718, 1301, 1260, 1147 cm–1;  1H NMR (400 MHz, CDCl3) 
G 1.50 (9H, s Hz), 2.42-2.52 (2H, m), 4.23 (2H, t, J = 6.7 Hz), 5.03 (1H, d, J = 10.0 Hz), 5.14 (1H, d, J = 16.7 Hz), 
5.66 (1H, dt, J = 15.1, 7.3 Hz), 6.14 (1H, dd, J = 15.1, 10.0 Hz), 6.31 (1H, dt, J = 16.7, 10.0 Hz), 6.74 (1H, d, J = 
15.8 Hz), 6.78 (1H, d, J = 15.8 Hz);  13C NMR (100 MHz, CDCl3) G 28.0, 31.8, 64.3, 81.9, 116.3, 129.2, 132.4, 
133.6, 135.8, 136.6, 164.1, 165.2;  MS (ESI-TOF) m/z 275 [M+Na]+;  HRMS calcd for C14H20NaO4 [M+Na]+, 
275.1259; found, 275.1276. 
 
 
2. Intramolecular Diels-Alder reaction of triene ester (1) in [emim]BF4 
(4aS*,8aR*)-3,4,4a,7,8,8a-Hexahydro-1H-isochromen-1-one (2a) 

O

O
H

H

2a   
A suspension of triene ester 1a (76.5 mg, 0.50 mmol) in 1-ethyl-3-methylimidazolium tetrafluoroborate ([emim]BF4, 
7.0 mL) was warmed to 100 °C over 30 min. After being stirred at 100 °C for 6 h, the reaction mixture was cooled 
to room temperature, then extracted with Et2O (20 mL x 5). After concentration of the combined organic layer under 
reduced pressure, resultant mixture was purified by column chromatography (hexane/EtOAc = 3 : 1) on silica gel 
and by additional MPLC (hexane/EtOAc = 1 : 1) to give 2a in 80% yield (61.3 mg, 0.402 mmol). The structure was 
confirmed by comparison of spectrum data with the authentic sample1 and with the literature.6 
 

(3S*,4aS*,8aR*)-3-Phenethyl-3,4,4a,7,8,8a-hexahydro-1H-isochromen-1-one (2b) 

O

O
H

H
Ph

2b   
According to the synthetic procedure for 2a, this compound was obtained in 81% yield (103.6 mg, 0.404 mmol) by 
the reaction of 1b (128.0 mg, 0.50 mmol) in [emim]BF4 (7.0 mL).  Colorless oil;  IR (neat) Q 3022, 2941, 2926, 
1738, 1203, 1148, 758, 705 cm–1;  1H NMR (400 MHz, CDCl3) G 1.43 (1H, dt, J = 14.1, 11.6 Hz), 1.81-2.15 (6H, 
m), 2.16-2.27 (1H, m), 2.60-2.70 (1H, m), 2,71-2,81 (2H, m), 2.86 (1H, ddd, J = 14.0, 9.2, 5.3 Hz), 4.21-4.30 (1H, 
m), 5.50-5.57 (1H, m), 5.74-5.57 (1H, m), 7.17-7.24 (3H, m), 7.26-7.33 (2H, m);  13C NMR (100 MHz, CDCl3) G 
22.7, 23.5, 31.0, 31.4, 33.7, 37.3, 38.3, 77.8, 126.0, 127.5, 128.2, 128.5, 141.1, 174.6;  MS (ESI-TOF) m/z 279 
[M+Na]+;  HRMS calcd for C17H20NaO2 [M+Na]+, 279.1361; found, 279.1351. 
 

(3R*,4aS*,8aR*)-3-Phenyl-3,4,4a,7,8,8a-hexahydro-1H-isochromen-1-one (2c) 

O

O
H

H
Ph

2c  
According to the synthetic procedure for 2a, this compound was obtained in 73% yield (83.3 mg, 0.365 mmol) by the 
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reaction of 1c (113.9 mg, 0.50 mmol) in [emim]BF4 (7.0 mL).  Colorless oil;  IR (neat) Q 3025, 2922, 1732, 1234, 
700 cm–1;  1H NMR (400 MHz, CDCl3) G 1.71 (1H, dt, J = 14.4, 12.0 Hz), 1.91-2.05 (2H, m), 2.07-2.18 (1H, m), 
2.20-2.31 (2H, m), 2.80-2.94 (1H, m), 2.92 (1H, td, J = 8.2, 4.6 Hz), 5.31 (1H, dd, J = 12.0, 2.7 Hz), 5.55-5.61 
(1H, m), 5.77-5.84 (1H, m), 7.29-7.43 (5H, m);  13C NMR (100 MHz, CDCl3) G 22.8, 23.5, 31.8, 36.4, 38.3, 80.3, 
125.8, 127.8, 127.9, 128.3, 128.6, 139.5, 174.3;  MS (ESI-TOF) m/z 229 [M+H]+;  HRMS calcd for C15H17O2 
[M+H]+, 229.1229; found, 229.1216. 
 

(3R*,4aS*,8aR*)-3-(4-Bromophenyl)-3,4,4a,7,8,8a-hexahydro-1H-isochromen-1-one (2d) 

O

O
H

H
Br2d  

According to the synthetic procedure for 2a, this compound was obtained in 72% yield (110.9 mg, 0.361 mmol) by 
the reaction of 1d (153.9 mg, 0.50 mmol) in [emim]BF4 (7.0 mL).  Colorless oil;  IR (neat) Q 3023, 2923, 1731, 
1233 1072, 1010 cm–1;  1H NMR (400 MHz, CDCl3) G 1.64 (1H, dt, J = 14.4, 12.0 Hz), 1.90-2.03 (2H, m), 
2.05-2.17 (1H, m), 2.18-2.30 (2H, m), 2.79-2.91 (1H, m), 2.89 (1H, td, J = 8.2, 4.4 Hz), 5.27 (1H, dd, J = 12.0, 2.6 
Hz), 5.52-5.59 (1H, m), 5.77-5.83 (1H, m), 7.23 (2H, d, J = 8.5 Hz), 7.49 (2H, d, J = 8.5 Hz);  13C NMR (100 
MHz, CDCl3) G 22.7, 23.4, 31.7, 36.3, 38.3, 79.5, 122.2, 127.4, 127.7, 127.9, 131.7, 138.5, 174.1;  MS 
(ESI-TOF) m/z 307 [M+H]+;  HRMS calcd for C15H16BrO2 [M+H]+, 307.0334; found, 307.0337. 
 

Methyl 4-((3R*,4aS*,8aR*)-1-oxo-3,4,4a,7,8,8a-hexahydro-1H-isochromen-3-yl)benzoate (2e) 

O

O
H

H
CO2Me2e   

According to the synthetic procedure for 2a, this compound was obtained in 83% yield (118.9 mg, 0.415 mmol) by 
the reaction of 1e (143.4 mg, 0.50 mmol) in [emim]BF4 (7.0 mL).  Colorless crystals;  Mp. 103-104.5 °C;  IR 
(neat) Q 2950, 2919, 1735, 1709, 1278, 769, 709 cm–1;  1H NMR (400 MHz, CDCl3) G 1.65 (1H, dt, J = 14.4, 11.9 
Hz), 1.89-2.02 (2H, m), 2.04-2.16 (1H, m), 2.19-2.29 (2H, m), 2.81-2.93 (1H, m), 2.91 (1H, td, J = 7.9, 4.5 Hz), 
3.90 (3H, s), 5.35 (1H, dd, J = 11.9, 2.5 Hz), 5.52-5.58 (1H, m), 5.76-5.81 (1H, m), 7.42 (2H, d, J = 8.2 Hz), 8.02 
(2H, d, J = 8.2 Hz);  13C NMR (100 MHz, CDCl3) G 22.7, 23.4, 31.7, 36.3, 38.3, 52.1, 79.5, 125.6, 127.7, 127.8, 
129.9, 130.0, 144.3, 166.6, 173.9;  MS (ESI-TOF) m/z 287 [M+H]+;  HRMS calcd for C17H19O4 [M+H]+, 
287.1283; found, 287.1297. 
 

(4aR*,8aR*)-5-Methyl-3,4,4a,7,8,8a-hexahydro-1H-isochromen-1-one (2f) 

O

O
H

H
Me

2f   
According to the synthetic procedure for 2a, this compound was obtained in 83% yield (69.4 mg, 0.417 mmol) by the 
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reaction of 1f (83.6 mg, 0.50 mmol) in [emim]BF4 (7.0 mL). The structure was confirmed by comparison of 
spectrum data with the authentic sample.1 
 

(4aS*,7S*,8aR*)-7-Propyl-3,4,4a,7,8,8a-hexahydro-1H-isochromen-1-one (2g) 

O

O
H

H
2g  

According to the synthetic procedure for 2a, this compound was obtained in 48% yield (46.9 mg, 0.241 mmol) by the 
reaction of 1g (97.2 mg, 0.50 mmol) in [emim]BF4 (7.0 mL).  Colorless oil;  IR (neat) Q 2956, 2927, 1728, 1249, 
1217, 1080 cm–1;  1H NMR (400 MHz, CDCl3) G 0.90 (3H, t, J = 7.0 Hz), 1.19-1.46 (5H, m), 1.69-1.79 (1H, m), 
1.82-1.89 (1H, m), 2.09-2.16 (1H, m), 2.16-2.26 (1H, m), 2.49-2.58 (1H, m), 3.01 (1H, ddd, J = 12.3, 6.3, 3.5 Hz) 
4.26 (1H, dt, J = 11.5, 3.4 Hz), 4.41 (1H, ddd, J = 11.5, 4.6, 2.7 Hz), 5.58 (1H, ddd, J = 10.0, 4.2, 2.7 Hz), 
5.66-5.71 (1H, m);  13C NMR (100 MHz, CDCl3) G 14.1, 19.7, 27.3, 30.1, 32.8, 35.4, 38.1, 40.1, 69.2, 127.1, 
133.7, 174.3;  MS (ESI-TOF) m/z 195 [M+H]+;  HRMS calcd for C12H19O2 [M+H]+, 195.1385; found, 195.1395. 
 

(4aS*,8S*,8aS*)-Ethyl 1-oxo-3,4,4a,7,8,8a-hexahydro-1H-isochromene-8-carboxylate (cis-2h) and 
(4aS*,8R*,8aR*)-ethyl 1-oxo-3,4,4a,7,8,8a-hexahydro-1H-isochromene-8-carboxylate (trans-2h) 

O

O
H

H

EtO2C

O

O
H

H

EtO2C

cis-2h trans-2h  
According to the synthetic procedure for 2a, these compounds were obtained in 86% yield (cis-2h, 82.8 mg, 0.369 
mmol; trans-2h, 13.6 mg, 0.061 mmol; cis/trans = 6 : 1) by the reaction of 1h (112.0 mg, 0.50 mmol) in [emim]BF4 
(7.0 mL). The structure of trans-2h was confirmed by comparison of spectrum data with the literature.3 

For cis-2h.  Colorless oil;  IR (neat) Q 2980, 2906, 1727, 1274, 1197, 1155 cm–1;  1H NMR (400 MHz, CDCl3) 
G 1.24 (3H, t, J = 7.1 Hz), 1.68-1.77 (1H, m), 2.16 (1H, ddd, J = 19.3, 9.6, 5.0 Hz), 2.24-2.35 (1H, m), 2.48-2.58 
(1H, m), 2.86-2.95 (1H, m), 3.27 (1H, dd, J = 6.9, 3.1 Hz), 3.45 (1H, dt, J = 6.4, 3.1 Hz), 4.16 (2H, q, J = 7.1 Hz), 
4.21-4.34 (2H, m), 5.51 (1H, brd, J = 10.1 Hz), 5.81-5.88 (1H, m);  13C NMR (100 MHz, CDCl3) G 14.1, 22.9, 
28.3, 28.6, 39.0, 40.4, 60.9, 66.4, 127.6, 128.0, 172.2, 173.3;  MS (ESI-TOF) m/z 247 [M+Na]+;  HRMS calcd 
for C12H16NaO4 [M+Na]+, 247.0946; found, 247.0951.  Anal. Calcd for C12H16O4: C, 64.27; H, 7.19. Found: 
64.40; H, 7.28. 
 

(4aR*,8S*,8aS*)-Ethyl 5-methyl-1-oxo-3,4,4a,7,8,8a-hexahydro-1H-isochromene-8-carboxylate (cis-2i) and 
(4aR*,8R*,8aR*)-ethyl 5-methyl-1-oxo-3,4,4a,7,8,8a-hexahydro-1H-isochromene-8-carboxylate (trans-2i) 

O

O
H

H

EtO2C

Me

O

O
H

H

EtO2C

Me
cis-2i trans-2i  

According to the synthetic procedure for 2a, these compounds were obtained in 84% yield (99.6 mg, 0.418 mmol) as 
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an inseparatable mixture of cis-/trans-isomers in a ratio of 3.6 : 1 by the reaction of 1i (118.8 mg, 0.50 mmol) in 
[emim]BF4 (7.0 mL). 
For cis-2i.  Colorless oil;  IR (neat) Q 2965, 2911, 1728, 1271, 1163 cm–1;  1H NMR (400 MHz, CDCl3) G 1.24 
(3H, t, J = 7.1 Hz), 1.65 (3H, s), 1.79-1.89 (1H, m), 2.09-2.20 (1H, m), 2.25-2.37 (1H, m), 2.45-2.54 (1H, m), 
2.78-2.87 (1H, m), 3.32 (1H, dd, J = 7.4, 3.2 Hz), 3.37 (1H, dt, J = 5.9, 3.2 Hz), 4.15 (2H, q, J = 7.1 Hz), 
4.16-4.32 (2H, m), 5.52-5.57 (1H, m);  13C NMR (100 MHz, CDCl3) G 14.1, 20.6, 23.8, 26.7, 32.8, 39.1, 41.2, 
60.8, 66.2, 123.1, 132.7, 172.5, 173.5;  MS (ESI-TOF) m/z 261 [M+Na]+;  HRMS calcd for C13H18NaO4 
[M+Na]+, 261.1103; found, 261.1105. 
 

(4aR*,8S*,8aS*)-tert-Butyl 5-methyl-1-oxo-3,4,4a,7,8,8a-hexahydro-1H-isochromene-8-carboxylate (cis-2j) 
and (4aR*,8R*,8aR*)-tert-butyl 5-methyl-1-oxo-3,4,4a,7,8,8a-hexahydro-1H-isochromene-8-carboxylate 
(trans-2j) 

O

O
H

H

t-BuO2C

O

O
H

H

t-BuO2C

cis-2j trans-2j  
According to the synthetic procedure for 2a, these compounds were obtained in 70% yield (cis-2j, 78.0 mg, 0.309 
mmol; trans-2j, 10.2 mg, 0.04 mmol; cis/trans = 7.6 : 1) by the reaction of 1j (126.3 mg, 0.50 mmol) in [emim]BF4 
(7.0 mL). 
For cis-2j.  Colorless oil;  IR (neat) Q 2977, 2928, 1725, 1277, 1152 cm–1;  1H NMR (400 MHz, CDCl3) G 1.44 
(9H, s), 1.68-1.77 (1H, m), 2.16 (1H, ddd, J = 19.8, 9.8, 4.7 Hz), 2.20-2.29 (1H, m), 2.43-2.53 (1H, m), 2.89-2.94 
(1H, m), 3.23 (1H, dd, J = 6.8, 3.0 Hz), 3.36-3.41 (1H, m), 4.21-4.32 (2H, m), 5.51 (1H, brd, J = 10.1 Hz), 
5.82-5.89 (1H, m);  13C NMR (100 MHz, CDCl3) G 23.0, 28.0, 28.4, 28.6, 39.9, 40.6, 66.3, 80.9, 127.5, 128.2, 
172.4, 172.6;  MS (ESI-TOF) m/z 275 [M+Na]+;  HRMS calcd for C14H20NaO4 [M+Na]+, 275.1259; found, 
275.1247.  Anal. Calcd for C14H20O4: C, 66.65; H, 7.99. Found: 66.55; H, 7.91. 
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4. 1H and 13C NMR spectra of triene ester (1) 
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5. 1H and 13C NMR spectra of DA adduct (2) 
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