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	1.	General Information
Melting points were uncorrected. IR spectra were recorded on a Shimadzu IR Spirit FTIR system. 1H and 13C NMR were recorded on a Bruker AV-250, AV-400, and AV-500 instruments. The residual solvent protons (1H) or the solvent carbon atoms were used as internal standards. The 1H NMR spectroscopic data are presented as follows: chemical shift in parts per million relative to tetrametylsilane (multiplicity, coupling constant, integration). The following abbreviations are used: s, singlet; d, doublet; t, triplet; q, quartet; dd, double of doublets; ddd, double of doublet of doublets; m, multiplet. High resolution mass was determined using ES ionization techniques on a Thermo LTQ Orbitrap XL. TLC analysis was conducted on precoated silica gel plates (Merck TLC glass plates). The spots were visualized either by UV irradiation (254 nm) or with a KMnO4 solution.  Merck silica gel (0.040 – 0.063 m) was used for flash chromatography. All commercial reagents were used without further purification.  Solvents were dried by standard methods and purified by distillation before use.  

Preparation of 2,4-diallyl-6-methoxy phenol (1b).
[image: ]
A mixture of eugenol 1a (5.03 g, 30.63 mmol), allyl bromide (7.53 g, 62.24 mmol) and anhydrous K2CO3 (8.55 g, 61.87 mmol) in acetone (50 mL) was reflux for 18 h. 
The reaction mixture was diluted with H2O (50 mL) and extracted with Et2O (2 x 
50 mL). The combined organic layers were washed with an aqueous NaOH solution (10%, 2 x 50 mL) and dried (MgSO4). The solvent was removed under reduced pressure to obtain 4-allyl-1-(allyloxy)-2-methoxybenzene (5.42 g, 87%) as a  yellow oil. 1H NMR (250 MHz, CDCl3): δ = 6.85 (d, J = 7.9 Hz, 1H), 6.75 – 6.70 (m, 2H), 6.19 – 5.91 (m, 2H), 5.47 – 5.38 (m, 1H), 5.32 – 5.27 (m, 1H), 5.16 – 5.07 (m, 2H), 4.63 – 4.60 (m, 2H), 3.89 (s, 3H), 3.36 (d, J = 6.7 Hz, 2H).  13C NMR (62.5 MHz, CDCl3): δ = 149.4, 146.4, 137.7, 133.6, 133.1, 120.4, 117.8, 115.6, 113.7, 112.3, 70.1, 55.9, 39.8. When 4-allyl-1-(allyloxy)-2-methoxybenzene 6a (5.42 g, 22.58 mmol) was heated under reflux for 15 min, it quantitively converted in 2,4-diallyl-6-methoxy phenol (1b) (5.42 g, ca. 100%) as a yellow oil. 1H NMR (250 MHz, CDCl3): δ = 6.79 (s, 1H), 6.76 (s, 1H), 6.30 – 6.08 (m, 2H), 5.96 (br.s, 1H), 5.33 – 5.24 (m, 4H), 3.97 (s, 3H), 3.61 (d, J = 6.3 Hz, 2H), 3.49 (d, J = 6.6 Hz, 2H). 13C NMR (62.5 MHz, CDCl3): δ = 146.5, 141.9, 138.2, 137.0, 131.2, 125.9, 122.3, 115.6, 115.5, 109.2, 56.0, 40.2, 34.1.

Preparation of 6-allyl-dehydrozingerone 1c. 
[image: ]
An aqueous NaOH solution  (5%, 50 mL) was added in a solution of vanillin (5.00 g, 32.86 mmol) in acetone (50 mL). The resulting solution was stirred at room temperature for 45 h. The solvent was evaporated under reduced pressure, and the 
residue was diluted with H2O (50 mL), acidified with HCl and extracted with CH2Cl2 
(3 x 50 mL). The combined organic layers were washed with brine (50 mL), and 
dried (MgSO4). The solvent was removed under reduced pressure, and the solid residue was recrystallized from (1:2) EtOAc/hexane to afford (E)-4-(4-hydroxy-3- methoxyphenyl)but-3-en-2-one (5.15 g, 81%) as yellow crystals. 1H NMR (250 MHz, CDCl3):  = 7.46 (d, J = 16.2 Hz, 1H), 7.10 – 7.06 (m, 2H), 6.94 (d, J= 8.0 Hz, 
1H), 6.59 (d, J= 16.2 Hz, 1H), 6.37 (br.s, 1H), 3.92 (s, 3H), 2.37 (s, 3H).  13C NMR 
(62.5 MHz, CDCl3): δ _= 198.7, 148.4, 147.0, 144.0 (+), 126.8, 124.9 (+), 123.5 (+), 115.0 (+), 109.5 (+), 55.9 (+), 27.2 (+). 
A mixture of dehydrozingerone 1a (4.91 g, 25.54 mmol), allyl bromide (6.21 g, 51.33 mmol) and anhydrous K2CO3 (7.06 g, 51.09 mmol) in acetone (50 mL) was reflux for 16 h. The reaction mixture was diluted with H2O (50 mL) and extracted with Et2O (2 x 50 mL). The combined organic layers were washed with an aqueous NaOH solution (10%, 2 x 50 mL) and dried (MgSO4). The solvent was removed under reduced pressure to obtain (E)-4-(4-(allyloxy)-3-methoxyphenyl)but-3-en-2-one 
(5.67 g, 96%) as a yellowish oil. 1H NMR (250 MHz, CDCl3): δ = 7.47 (d, J = 16.2 Hz, 1H), 7.13 – 7.10 (m, 2H), 6.90 (d, J = 8.6 Hz, 1H), 6.62 (d, J = 16.2 Hz, 1H), 6.18 – 
6.02 (m, 1H), 5.48 – 5.41 (m, 1H), 5.36 – 5.32 (m, 1H), 4.67 (d, J = 5.3 Hz, 2H), 3.93 
(s, 3H), 2.39 (s, 3H). 13C NMR (62.5 MHz, CDCl3): δ = 198.3, 150.4, 149.6, 143.5, 132.7, 127.5, 125.3, 122.8, 118.4, 112.9, 110.1, 69.8, 56.0, 27.3. 
When (E)-4-(4-(allyloxy)-3-methoxyphenyl)but-3-en-2-one 6b (5.67 g, 23.36 mmol) was heated under reflux for 10 min, it quantitively converted in 6-allyldehydrozingerone 1c (5.67 g, ca. 100%) as a yellow oil. 1H NMR (250 MHz, CDCl3): δ = 7.42 (d, J = 16.2 Hz, 1H), 6.95 (s, 1H), 6.92 (s, 1H), 6.60 – 6.53 (m, 2H), 6.05 – 
5.89 (m, 2H), 5.12 – 5.04 (m, 2H), 3.86 (s, 3H), 3.39 (d, J =6.6 Hz, 2H), 2.34 (s, 3H).  
13C NMR (62.5 MHz, CDCl3): δ = 198.6, 146.8, 146.2, 144.3, 136.0, 126.4, 126.0, 124.7, 124.2, 116.0, 107.6, 56.0, 33.6, 27.1.
Cycloaddition of eugenol 1a with alkenes 
Preparation of (1R,4R,4aR,8aS)-3,8a-diallyl-5,5,9,9-tetramethoxy-1,4a,5,8atetrahydro-1,4-ethanonaphthalene-6,10(4H)-dione (3a)
[image: ]
A solution of eugenol 1a (0.33 g, 2.01 mmol) in MeOH (10 mL) was slowly added in a solution of PhI(OAc)2 (0.84 g, 2.61 mmol) in MeOH (10 mL). The resulting solution was stirred at room temperature for 18 h. The solvent was removed under reduced pressure, the residue was column chromatographed (flash silica gel, CH2Cl2/EtOAc) to afford (1R,4R,4aR,8aS)-3,8a-diallyl-5,5,9,9-tetramethoxy1,4a,5,8a-tetrahydro-1,4-ethanonaphthalene-6,10(4H)-dione (3a) (0.36 g, 92%) as white crystals. M.p. = 100 – 102 o C.  1H NMR (250 MHz, CDCl3): δ = 6.29 (d, J = 10.3 Hz, 1H), 6.00 – 5.83 (m, 1H), 5.96 (d, J = 10.3 Hz, 1H), 5.75 - 5.58 (m, 1H), 5.46 – 5.42 (m, 1H), 5.19 – 5.03 (m, 4H), 3.40 (s, 3H), 3.39 (s, 3H), 3.30 (s, 3H), 3.06 (s, 3H), 3.02 (d, J = 6.7 Hz, 1H), 2.90 - 2.85 (m, 2H), 2.80 – 2.78 (m, 2H), 2.56 (dd, J = 14.0, 7.6 Hz, 1H), 2.33 (dd, J = 14.0, 7.2 Hz, 1H).  13C NMR (62.5 MHz, CDCl3): δ = 201.7, 193.4, 149.8, 146.3, 133.6, 132.6, 127.0, 121.3, 119.5, 117.8, 98.4, 94.7, 56.8, 50.4, 50.2, 49.9, 48.8, 47.7, 45.5, 44.9, 43.8, 39.0.

Cycloaddition of eugenol 1a with alkenes. 
[image: ]
General Method A
A solution of eugenol 1a (1.52 – 2.07 mmol) in methanol (5-10 mL) was slowly added to a stirred solution of PhI(OAc)2 (1.80 - 2.67 mmol) and alkene 4 (6.03 – 15.57 mmol) in methanol (5 – 10 mL). The resulting solution was stirred at room temperature for 3 – 72 h. The solvent was removed under reduced pressure, and the residue was column chromatographed on flash silica gel (CH2Cl2-EtOAc) to afford cycloadduct 5. 
(1R,4R,4aR,9aS)-2-allyl-11,11-dimethoxy-4,4a,9,9a-tetrahydro-1H-1,4ethanofluoren-10-one (5c)
[image: ]By following the general procedure A, cycloadduct 5c (0.10 g, 21%) was obtained as colorless oil starting with eugenol 1a (0.25 g, 1.52 mmol) PhI(OAc)2 (0.58 g, 1.80 mmol) and indene 4c (0.70 g, 6.03 mmol) after stirring at room temperature for 72 h. 1H NMR (250 MHz, CDCl3): δ = 7.17 – 7.14 (m, 4H), 5.77 – 5.61 (m, 1H), 5.46 (d, J = 5.9 Hz, 1H), 5.10 – 5.05 (m, 2H), 3.90 – 3.78 (m, 2H), 3.42 (s, 3H), 3.39 (s, 3H), 3.22 – 3.14 (m, 3H), 3.01 – 2.82 (m, 2H), 2.72 – 2.60 (m, 1H). 13C NMR (62.5 MHz, CDCl3): δ = 203.2, 144.5, 144.1, 142.8, 134.6, 127.1, 126.6, 124.2, 124.1, 119.2, 117.3, 94.7, 53.6, 50.6, 49.8, 47.7, 47.6, 41.5, 37.0, 34.9. HRMS (ESI+): m/z calc. for C20H22O3Na [M + Na]+ : 333.1461, found: 333. 1459

(1R,4R,7R)-7-acetyl-5-allyl-3,3-dimethoxybicyclo[2.2.2]oct-5-en-2-one (5d)
[image: ]By following the general procedure A, cycloadduct 5d (0.41 g, 77%) was obtained as colorless oil starting with eugenol 1a (0.33 g, 2.01 mmol), PhI(OAc)2 (0.71 g, 2.20 mmol), and methyl vinyl ketone 4d (0.65 g, 9.27 mmol) after stirring at room temperature for 20 h. 1H NMR (250 MHz, CDCl3): δ = 5.78 – 5.61 (m, 2H), 5.10 – 5.03 (m, 2H), 3.35 – 3.26 (m, 7H), 3.01 – 2.85 (m, 4H), 2.16 – 2.02 (m, 4H), 1.62 (ddd, J= 12.8, 6.2, 2.6 Hz, 1H). 13C NMR (62.5 MHz, CDCl3): δ = 205.8, 201.2, 147.4, 134.2, 117.43, 117.41, 94.2, 50.4, 49.7, 49.4, 47.1, 42.1, 39.5, 28.2, 23.1. HRMS (ESI+): m/z calc. for C15H20O4Na [M + Na]+ : 287.1254, found: 287.1250 

Methyl (1R,2R,4R)-5-allyl-8,8-dimethoxy-7-oxobicyclo[2.2.2]oct-5-ene-2carboxylate (5e)
[image: ]By following the general procedure A, cycloadduct 5e (0.29 g, 50%) was obtained as colorless oil starting with eugenol 1a (0.34 g, 2.07 mmol), PhI(OAc)2 (0.86 g, 2.67 mmol), and methyl acrylate 4e (1.34 g, 15.57 mmol) after stirring at room temperature for 22 h. 1H NMR (250 MHz, CDCl3): δ = 5.83 - 5.68 (m, 2H), 5.14 – 5.06 (m, 2H), 3.64 (s, 3H), 3.41 (dd, J = 6.4, 1.6 Hz, 1H), 3.30 (s, 3H), 3.27 (s, 3H), 3.04 – 2.83 (m, 4H), 2.23 – 2.13 (m, 1H), 1.68 (ddd, J = 13.2, 5.9, 2.9 Hz, 1H). 
13C NMR (62.5 MHz, CDCl3): δ = 200.9, 173.4, 147.8, 134.3, 117.7, 117.4, 94.0, 52.1, 50.5, 49.9, 49.7, 42.0, 39.6, 39.1, 24.3. HRMS (ESI+): m/z calc. for C15H20O5Na [M + Na]+ : 303.1203, found: 303.1206.

General Method B
A solution of eugenol 1a (2.01 – 2.07 mmol) in methanol (10 mL) was slowly added to a stirred solution of PhI(OAc)2 (2.67 mmol) and alkene 4 (14.22 - 15.57 mmol) in methanol (5 – 10 mL) at room temperature. The resulting solution was refluxed for 20 – 24 h. The solvent was removed under reduced pressure, and the residue was column chromatographed on flash silica gel (CH2Cl2-EtOAc) to afford cycloadduct 5. 

(1R,4R,7R)-5-allyl-3,3-dimethoxy-7-phenylbicyclo[2.2.2]oct-5-en-2-one 
(5a)
[image: ]By following the general procedure B, cycloadduct 5a (0.13 g, 21%) was obtained as colorless oil starting with eugenol 1a (0.34 g, 2.07 mmol), PhI(OAc)2 (0.86 g, 2.67 mmol), and styrene 4a (1.59 g, 15.27 mmol) after refluxing for 24 h. 
1H NMR (250 MHz, CDCl3): δ = 7.33 – 7.23 (m, 3H), 7.20 – 7.17 (m, 2H), 6.01 – 5.85 (m, 1H), 5.79 (d, J= 6.2 Hz, 1H), 5.27 – 5.17 (m, 2H), 3.42 – 3.38 (m, 7H), 3.20 
(dd, J = 6.2, 1.2 Hz, 1H), 3.12 – 3.00 (m, 3H), 2.58 – 2.48 (m, 1H), 1.55 (ddd, J = 
13.2, 6.7, 2.5 Hz, 1H).  13C NMR (62.5 MHz, CDCl3): δ = 201.8, 147.5, 144.4, 134.3, 128.5, 127.5, 126.6, 117.9, 117.5, 94.1, 54.8, 50.5, 49.9, 43.0, 39.86, 39.85, 30.2. 
HRMS (ESI+): m/z calc. for C19H22O3Na [M + Na]+ : 321.1461, found: 321.1460

(1R,4R,7R)-5-allyl-3,3-dimethoxy-7-(p-tolyl)bicyclo[2.2.2]oct-5-en-2-one (5b)
[image: ]By following the general procedure B, cycloadduct 5b (0.39 g, 62%) was obtained as colorless oil starting with eugenol 1a (0.33 g, 2.01 mmol), PhI(OAc)2 (0.86 
g, 2.67 mmol), and methyl acrylate 4e (1.68 g, 14.22 mmol) after refluxing for 24 h. 1H NMR (250 MHz, CDCl3): δ = 7.12 and 7.07 (ΑΑ΄ΒΒ΄ system, 4H), 6.01 – 5.85 (m, 1H), 5.79 (d, J = 6.4 Hz, 1H), 5.28 – 5.17 (m, 2H), 3.42 – 3.35 (m, 7H), 3.19 (dd, J = 6.4, 1.6 Hz, 1H), 3.12 – 3.07 (m, 3H), 2.57 -2.47 (m, 1H), 2.35 (s, 3H), 1.54 (ddd, J = 13.2, 6.7, 2.6 Hz, 1H).  13C NMR (62.5 MHz, CDCl3): δ = 201.9, 147.4, 141.4, 136.2, 134.4, 129.2, 127.4, 117.9, 117.5, 94.2, 55.0, 50.5, 49.9, 43.0, 39.9, 39.5, 30.2, 21.0. HRMS (ESI+): m/z calc. for C20H24O3Na [M + Na]+ :335.1618 , found:335.1620.
Cycloaddition of 2,4-diallyl-6-methoxyphenol 1b with alkenes. 
Preparation of (1R,4R,4aR,8aR)-1,3,7,8a-tetraallyl-5,5,9,9-tetramethoxy-1,4a,5,8a-tetrahydro-1,4-ethanonaphthalene-6,10(4H)-dione (3b)
[image: ]
A solution of 4,6-diallyl-2methoxyphenol 1b (0.41 g, 2.01 mmol) in MeOH (10 mL) was slowly added in a solution of PhI(OAc)2 (0.84 g, 2.61 mmol) in MeOH (10 mL). The resulting solution was stirred at room temperature for 2 h. The solvent was removed under reduced pressure, the residue was column chromatographed (flash silica gel, CH2Cl2/EtOAc) to afford (1R,4R,4aR,8aR)-1,3,7,8a-tetraallyl-5,5,9,9-tetramethoxy-1,4a,5,8a-tetrahydro-1,4-ethanonaphthalene-6,10(4H)-dione (3b) as colorless oil (0.5 g, 45% yield). 1H NMR (250 MHz, CDCl3): δ = 6.10 (s, 1H), 5.93 – 5.57 (m, 4H), 5.22 – 5.21 (m,1H), 5.12 – 5.02 (m, 8H), 3.41 (s, 3H), 3.38 (s, 3H), 3.28 (s, 3H), 3.03 – 2.97 (m, 1H), 2.99 (s, 3H), 2.93 – 2.86 (m, 4H), 2.81 – 2.79 (m, 2H), 2.55 (dd, J = 14.1, 7.1 Hz, 1H), 2.23 – 2.04 (m, 2H).  13C NMR (62.5 MHz, CDCl3): δ = 202.7, 193.1, 145.4, 145.2, 137.5, 135.0, 134.9, 134.6, 133.7, 123.9, 118.0, 117.7, 117.4, 117.1, 98.5, 93.8, 61.6, 50.3, 50.1, 50.0, 49.7, 48.9, 44.1, 44.0, 41.1, 39.1, 33.9, 31.4. HRMS (ESI+): m/z calc. for C28H36O6Na [M + Na]+ :491.2404, found: 491.2406.
Cycloaddition of 2,4-diallyl-6-methoxyphenol 1b with alkenes.
[image: ]
General Method A
A solution of 2,4-diallyl-6-methoxyphenol 1b (1.22 – 2.07 mmol) in methanol (510 mL) was slowly added to a stirred solution of PhI(OAc)2 (1.65- 2.67 mmol) and alkene 4 (11.73 – 15.27 mmol) in methanol (5 – 10 mL). The resulting solution was stirred at room temperature for 18 - 20 h. The solvent was removed under reduced pressure, and the residue was column chromatographed on flash silica gel (CH2Cl2-EtOAc) to afford cycloadduct 5. 
(1R,4R,7S)-1,5-diallyl-3,3-dimethoxy-7-phenylbicyclo[2.2.2]oct-5-en-2-one 
(5f)
[image: ] By following the general procedure A, cycloadduct 5f 
(0.18 g, 44%)was obtained as colorless oil starting with 
2,4-diallyl-6-methoxyphenol 1b (0.34 g, 2.07 mmol), PhI(OAc)2 (0.86 g, 2.67 mmol), and styrene 4a (1.59 g, 
15.27 mmol) after stirring at room temperature for 20 h. 
1H NMR (250 MHz, CDCl3):d = 7.28 – 7.25 (m, 3H), 7.15 – 7.12 (m, 2H), 6.04 – 5.88 
(m, 1H), 5.80 – 5.66 (m, 1H), 5.62 (br.s, 1H), 5.29 – 5.18 (m, 2H), 4.94 (d, J = 10.0 
Hz, 1H), 4.81 (d, J = 17.1 Hz, 1H), 3.42 (s, 3H), 3.40 (s, 3H), 3.22 – 3.01 (m, 4H), 
2.65 – 2.55 (m, 1H), 2.31 (dd, J = 14.2, 6.0 Hz, 1H), 1.83 (dd, J = 14.2, 7.9 Hz, 1H), 
1.57 (ddd, J = 13.2, 6.7, 2.5 Hz, 1H).   13C NMR (62.5 MHz, CDCl3): δ = 202.6, 146.3, 
143.3, 134.7, 134.3, 128.8, 128.3, 126.8, 121.1, 117.7, 117.5, 94.3, 55.7, 50.6, 49.7, 
45.0, 42.4, 40.1, 34.6, 33.5. HRMS (ESI+): m/z calc. for C22H26O3Na [M + Na]+ :361.1774, found: 361.1778.
(1R,4R,7S)-1,5-diallyl-3,3-dimethoxy-7-(p-tolyl)bicyclo[2.2.2]oct-5-en-2one (5g) 
[image: ]By following the general procedure A, cycloadduct 5g (0.26 g, 61%) was obtained as colorless oil starting with 2,4-diallyl-6-methoxyphenol 1b (0.25 g, 1.22 mmol), PhI(OAc)2 (0.55 g, 1.65 mmol), and p-methylstyrene 4b (1.00 g, 8.46 mmol) after stirring at room temperature for 18 h. 1H NMR (250 MHz, CDCl3): d =7.09 and 7.02 (ΑΑ΄ΒΒ΄ system, 4H), 6.04 - 5.88 (m, 1H), 5.82 – 5.66 (m, 1H), 5.62 (br.s, 1H), 5.30 – 5.18 (m, 2H), 4.95 (d, J = 9.4 Hz, 1H), 4.84 (d, J = 17.1 Hz, 1H), 3.42 (s, 3H), 3.40 (s, 3H), 3.22 – 2.98 (m, 4H), 2.64 – 2.53 (m, 1H), 2.35 (s, 3H), 2.35 – 2.28 (m, 1H), 1.83 (dd, J = 14.3, 8.0 Hz, 1H), 1.55 (ddd, J = 13.3, 6.7, 2.7 Hz, 1H). 13C NMR (62.5 MHz, CDCl3): δ = 202.7, 146.1, 140.2, 136.4, 134.8, 134.3, 129.0, 128.7, 121.1, 117.6, 117.5, 94.3, 55.7, 50.6, 49.7, 44.7, 42.4, 40.1, 34.6, 33.5, 21.0. HRMS (ESI+): m/z calc. for C23H28O3Na [M + Na]+ :375.1931, found: 375.1934.
(1R,4R,4aS,9aS)-2,4-diallyl-11,11-dimethoxy-4,4a,9,9a-tetrahydro-1H-1,4ethanofluoren-10-one (5h)
[image: ]By following the general procedure A, cycloadduct 5h 
(0.04 g, 9%) was obtained as colorless oil starting with 
2,4-diallyl-6-methoxyphenol 1b (0.25 g, 1.22 mmol), 
PhI(OAc)2 (0.54 g, 1.65 mmol), and indene 4c (1.03 g, 8.87 mmol) after stirring at room temperature for 18 h. 1H NMR (250 MHz, CDCl3):d = 7.34 – 7.31 (m, 1H), 7.24 – 7.13 (m, 3H), 6.10 – 5.93 (m, 1H), 5.83 – 5.66 (m, 1H), 5.30 (br.s, 1H), 5.22 – 5.07 (m, 4H), 3.53 (d, J = 9.1 Hz, 1H), 3.43 (s, 3H), 3.38 (s, 3H), 3.33 - 3.22 (m, 1H), 3.16 – 3.09 (m, 2H), 2.97 – 2.91 (m, 2H), 2.80 – 2.61 (m, 3H). 13C NMR (62.5 MHz, CDCl3): δ = 203.8, 144.9, 143.9, 141.5, 135.1, 134.5, 127.3, 126.7, 125.9, 124.4, 122.5, 117.9, 117.3, 94.4, 55.8, 50.8, 50.7, 49.7, 46.7, 41.6, 37.0, 36.9, 34.1. HRMS (ESI+): m/z calc. for C23H26O3Na [M + Na]+ 
: 373.1774, found: 373.1770

(1R,4R,7R)-7-acetyl-1,5-diallyl-3,3-dimethoxybicyclo[2.2.2]oct-5-en-2-one (5i)
[image: ]By following the general procedure A, cycloadduct 5i 
(0.15 g, 41% ) was obtained as colorless oil starting with 
2,4-diallyl-6-methoxyphenol 1b (0.25 g, 1.22 mmol), 
PhI(OAc)2 (0.53 g, 1.65 mmol), and methyl vinyl ketone 
4d (1.00 g, 14.27 mmol) after stirring at room temperature  for 18 h. 1H NMR (250 MHz, CDCl3):d = 5.90 – 5.67 (m, 2H), 5.57 (s, 1H), 5.15 – 4.97 (m, 4H), 3.33 (s, 3H), 3.32 (s, 3H), 3.02 – 2.83 (m, 4H), 2.60 (dd, J = 13.8, 6.1 Hz, 1H), 2.49 (dd, J = 13.8, 8.5 Hz, 1H), 2.42 – 2.32 (m, 1H), 2.06 (s, 3H), 1.25 (ddd, J = 12.5, 7.1, 2.6 Hz, 1H). 13C NMR (62.5 MHz, CDCl3): δ = 207.1, 200.7, 144.3, 134.6, 134.4, 123.3, 118.1, 117.4, 94.2, 53.7, 50.4, 49.9, 48.4, 41.6, 39.5, 33.6, 30.6, 27.8.  HRMS 
(ESI+): m/z calc. for C18H24O4Na [M + Na]+ :327.1567, found: 327.1570.

Methyl (1R,2R,4R)-1,5-diallyl-8,8-dimethoxy-7-oxobicyclo[2.2.2]oct-5-ene-
2-carboxylate (5j)
[image: ]By following the general procedure A, cycloadduct 5j 
(0.31 g, 79%) was obtained as colorless oil starting with 
2,4-diallyl-6-methoxyphenol 1b (0.25 g, 1.22 mmol), 
PhI(OAc)2 (0.55 g, 1.71 mmol), and methyl acrylate 4e 
(1.01 g, 11.73 mmol) after stirring at room temperature for 18 h. 1H NMR (250 MHz, CDCl3): δ = 5.93 – 5.74 (m, 2H), 5.55 (br.s, 1H), 5.21 – 5.03 (m, 4H), 3.65 (s, 3H), 3.34 (s, 3H), 3.31 (s, 3H), 3.07 – 2.89 (m, 3H), 2.82 (dd, J = 9.7, 6.7 Hz, 1H), 2.60 – 2.51 (m, 1H), 2.56 (dd, J = 14.2, 7.4 Hz, 1H), 2. (dd, J = 14.2, 7.2 Hz, 1H), 1.51 (ddd, J = 12.7, 6.6, 2.6 Hz, 1H). 13C NMR (62.5 MHz, CDCl3): δ = 200.6, 173.8, 145.7, 134.4, 134.0, 121.8, 118.1, 117.4, 94.1, 53.4, 51.6, 50.4, 49.9, 42.4, 41.7, 39.7, 34.1, 28.4. HRMS (ESI+): m/z calc. for C18H24O5Na [M + Na]+ :343.1516 , found: 343.1518.

General Method B
A solution of 2,4-diallyl-6-methoxyphenol 1b (1.22 – 2.07 mmol) in methanol (10 mL) was slowly added to a stirred solution of PhI(OAc)2 (1.58 - 2.61 mmol) in methanol (10 mL) at room temperature. The solvent was evaporated under reduced pressure, a solution of alkene 4 (7.85 – 11.62 mmol) in o-xylene (2 mL) was added to the residue and the resulting suspension was heated at 200 o C for 17 – 20 h in a closed test tube with heavy walls. The solvent was removed under reduced pressure, and the residue was column chromatographed on flash silica gel (CH2Cl2-EtOAc) to afford cycloadduct 5. 

(1R,4R,7S)-1,5-diallyl-3,3-dimethoxy-7-phenylbicyclo[2.2.2]oct-5-en-2-one 
(5f)
[image: ] By following the general procedure B, cycloadduct 5f 
(0.43 g, 63%) was obtained as colorless oil starting with 
2,4-diallyl-6-methoxyphenol 1b (0.34 g, 2.07 mmol), 
PhI(OAc)2 (0.84 g, 2.61 mmol), and styrene 4a (1.00 g, 9.62 mmol) after heating at  200 o C for 20 h in a closed test tube with heavy walls. 

(1R,4R,7S)-1,5-diallyl-3,3-dimethoxy-7-(p-tolyl)bicyclo[2.2.2]oct-5-en-2one (5g) 
[image: ]By following the general procedure B, cycloadduct 5g (0.53 g, 91%) was obtained as colorless oil starting with 2,4-diallyl-6-methoxyphenol 1b (0.34 g, 1.66 mmol), PhI(OAc)2 (0.70 g, 2.17 mmol), and p-methylstyrene 4b (1.00 g, 8.46 mmol) after heating at  200 o C for 18 h in a closed test tube with heavy walls. 

(1R,4R,4aS,9aS)-2,4-diallyl-11,11-dimethoxy-4,4a,9,9a-tetrahydro-1H-1,4- ethanofluoren-10-one (5h)
[image: ]By following the general procedure B, cycloadduct 5h 
(0.21 g, 36% ) was obtained as colorless oil starting with 
2,4-diallyl-6-methoxyphenol 1b (0.34 g, 1.66 mmol), 
PhI(OAc)2 (0.70 g, 2.17 mmol), and indene 4c (1.00 g, 8.62 mmol) after heating at 200 o C for 18 h in a closed test tube with heavy walls. 

(1R,4R,7R)-7-acetyl-1,5-diallyl-3,3-dimethoxybicyclo[2.2.2]oct-5-en-2-one 
(5i)
[image: ]By following the general procedure B, cycloadduct 5i 
(0.067 g, 18%) was obtained as colorless oil starting with 
2,4-diallyl-6-methoxyphenol 1b (0.25 g, 1.22 mmol), 
PhI(OAc)2 (0.51 g, 1.58 mmol), and methyl vinyl ketone 4d (0.55 g, 7.85 mmol) after heating at 200 o C for 17 h in a closed test tube with heavy walls. 

Methyl (1R,2R,4R)-1,5-diallyl-8,8-dimethoxy-7-oxobicyclo[2.2.2]oct-5-ene-
2-carboxylate (5j)
[image: ]By following the general procedure B, cycloadduct 5j 
(0.06 g, 10% ) was obtained as colorless oil starting with 
2,4-diallyl-6-methoxyphenol 1b (0.39 g, 1.91 mmol), 
PhI(OAc)2 (0.80 g, 2.48 mmol), and methyl acrylate 4e 
(1.0 g, 11.62 mmol) after heating at  200 o C for 18 h in a closed test tube with heavy walls. 

Cycloaddition of 6-allyl-dehydrozingerone 1c with alkenes. 
[image: ]
General Method A
A solution of 6-allyl-dehydrozingerone 1c (0.90 – 1.55 mmol) in methanol (5-10 mL) was slowly added to a stirred solution of PhI(OAc)2 (1.30 - 2.08mmol) and alkene 4 (8.61 – 11.96 mmol) in methanol (5 – 10 mL). The resulting solution was stirred at room temperature for 18 - 20 h. The solvent was removed under reduced pressure, and the residue was column chromatographed on flash silica gel (CH2Cl2-EtOAc) to afford cycloadduct 5. 
 (1R,4R,7S)-1-allyl-3,3-dimethoxy-5-((E)-3-oxobut-1-en-1-yl)-7-phenylbicyclo[2.2.2]oct-5-en-2-one (5k)
[image: ]By following the general procedure A, cycloadduct 5k (0.12 g, 30 %) was obtained as colorless oil starting with 6-allyl-dehydrozingerone 1c (0.25 g, 1.08 mmol), PhI(OAc)2 (0.44 g, 1.37 mmol), and styrene 4a (1.01 g, 
9.70 mmol) after stirring at room temperature for 18 h.

(1R,4R,7S)-1-allyl-3,3-dimethoxy-5-((E)-3-oxobut-1-en-1-yl)-7-(p-tolyl)bicyclo[2.2.2]oct-5-en-2-one (5l)
[image: ]By following the general procedure A, cycloadduct 5k (0.17 g, 50 %) was obtained as colorless oil starting with 6-allyl-dehydrozingerone 1c (0.21 g, 0.90 mmol), 
PhI(OAc)2 (0.42 g, 1.30 mmol), and p-methylstyrene  
4b (1.06 g, 9.97 mmol) after stirring at room temperature for 18 h.

(1R,4R,4aS,9aS)-4-allyl-11,11-dimethoxy-2-((E)-3-oxobut-1-en-1-yl)-
4,4a,9,9a-tetrahydro-1H-1,4-ethanofluoren-10-one (5m)
[image: ]By following the general procedure A, cycloadduct 5m (0.09 g, 22 %) was obtained as colorless oil starting with 6-allyl-dehydrozingerone 1c (0.25 g, 1.08 mmol), 
PhI(OAc)2 (0.46 g, 1.43 mmol), and indene 4c (0.71 g, 
8.61 mmol) after stirring at room temperature for 24 h.

Methyl (1R,2R,4R)-1-allyl-8,8-dimethoxy-7-oxo-5-((E)-3-oxobut-1-en-1yl)bicyclo[2.2.2]oct-5-ene-2-carboxylate (5o)
[image: ]By following the general procedure A, cycloadduct 5o (0.04 g, 7 %) was obtained as colorless oil starting with 6-allyl-dehydrozingerone 1c (0.36 g, 1.55 mmol), PhI(OAc)2 (0.67 g, 2.08 mmol), and methyl acrylate 4e 
(1.03 g, 11.96 mmol) after stirring at room temperature for 19 h.

General Method B
A solution of 6-allyl-dehydrozingerone 1c (1.08 – 1.85 mmol) in methanol (10 mL) was slowly added to a stirred solution of PhI(OAc)2 (1.37 - 2.39 mmol) in methanol (10 mL) and alkene 4 (8.78 – 12.56 mmol) at room temperature, stirred at room temperature for 18 h, and heated at 200 o C for 0.33 – 0.5 h in a closed test tube with heavy walls. The solvent was removed under reduced pressure, and the residue was column chromatographed on flash silica gel (CH2Cl2-EtOAc) to afford cycloadduct 5
. 
(1R,4R,7S)-1-allyl-3,3-dimethoxy-5-((E)-3-oxobut-1-en-1-yl)-7-phenylbicyclo[2.2.2]oct-5-en-2-one (5k)
[image: ]By following the general procedure B, cycloadduct 5j (0.13 g, 33 %) was obtained as colorless oil starting with 6-allyl-dehydrozingerone 1c (0.43 g, 1.85 mmol), 
PhI(OAc)2 (0.77 g, 2.39 mmol), and styrene 4a (1.24 g, 11.91 mmol) after heating at 200 o C for 0.5 h in a closed test tube with heavy walls. 1H NMR (250 MHz, CDCl3): δ = 7.33 (d, J = 16.3 Hz, 1H), 7.28 – 7.26 (m, 3H), 7.05 – 7.02 (m, 2H), 6.43 (d, J = 16.3 Hz, 1H), 6.36 (br.s, 1H), 5.76 – 5.59 (m, 1H), 4.98 (d, J = 9.9 Hz, 1H), 4.86 (d, J = 17.1 Hz, 1H), 3.57 – 3.56 (m, 1H), 3.47 (s, 3H), 3.34 (s, 3H), 3.14 (dd, J = 9.4, 6.9 Hz, 1H), 2.75 – 2.65 (m, 1H), 2.47 – 2.40 (m, 1H), 2.40 (s, 3H), 1.77 (dd, J = 14.3, 8.4 Hz, 1H), 1.63 (ddd, J = 13.5, 6.6, 2.5 Hz, 1H). 13C NMR (62.5 MHz, CDCl3): δ = 201.0, 198.5, 142.9, 142.2, 140.1, 135.4, 134.2, 128.6, 128.5, 127.2, 126.7, 118.3, 93.8, 57.8, 50.8, 49.8, 46.4, 38.6, 34.2, 32.8, 27.4. HRMS (ESI+): m/z calc. for C23H26O4Na [M + Na]+ :389.1723, found:389.1725. 

(1R,4R,7S)-1-allyl-3,3-dimethoxy-5-((E)-3-oxobut-1-en-1-yl)-7-(p-tolyl)bicyclo[2.2.2]oct-5-en-2-one (5l)
[image: ]By following the general procedure B, cycloadduct 5j (0.25 g, 61 %) was obtained as colorless oil starting with 6-allyl-dehydrozingerone 1c (0.25 g, 1.08 mmol), PhI(OAc)2 (0.45 g, 1.40 mmol), and p-methylstyrene 4b (1.11 g, 9.39 mmol) after heating at 200 o C for 0.5 h in a closed test tube with heavy walls. 1H NMR (250 MHz, CDCl3): δ = 7.32 (d, J = 16.6 Hz, 1H), 7.08 and 6.92 (ΑΑ΄ΒΒ΄ system, 4H), 6.42 (d, J = 16.6 Hz, 1H), 6.39 – 6.35 (m, 1H), 5.77 – 5.61 (m, 1H), 4.98 (d, J = 9.9 Hz, 1H), 4.88 (d, J = 17.2 Hz, 1H), 3.55 – 3.54 (m, 1H), 3.46 (s, 3H), 3.33 (s, 3H), 3.10 (dd, J = 9.4, 6.8 Hz, 1H), 2.73 – 2.62 (m, 1H), 2.46 – 2.40 (m, 1H), 2.40 (s, 3H), 2.34 (s, 3H), 1.77 (dd, J = 14.3, 8.4 Hz, 1H), 1.61 (ddd, J = 13.4, 6.6, 2.4 Hz, 1H).  13C NMR (62.5 MHz, CDCl3): δ = 201.2, 198.6, 142.8, 140.2, 139.1, 136.9, 135.6, 134.3, 129.2, 128.5, 126.6, 118.3, 93.8, 57.9, 50.9, 49.8, 46.2, 38.6, 34.1, 32.8, 27.4, 21.0.  HRMS (ESI+): m/z calc. for C24H28O4Na [M + Na]+ : 403.1880, found: 403.1883
(1R,4R,4aS,9aS)-4-allyl-11,11-dimethoxy-2-((E)-3-oxobut-1-en-1-yl)-
4,4a,9,9a-tetrahydro-1H-1,4-ethanofluoren-10-one (5m)
[image: ]By following the general procedure B, cycloadduct 5m (0.13 g, 33 %) was obtained as colorless oil starting with 6-allyl-dehydrozingerone 1c (0.25 g, 1.08 mmol),  
PhI(OAc)2 (0.49 g, 1.52 mmol), and indene 4c (1.02 g, 8.78 mmol) after heating at 200 o C for 0.5 h in a closed test tube with heavy walls. 1H NMR (250 MHz, CDCl3): δ = 7.33 – 7.30 (m, 1H), 7.20 – 7.09 (m, 4H), 6.34 (d, J = 16.1 Hz, 1H), 6.10 (s, 1H), 6.05 – 5.89 (m, 1H), 5.23 – 5.15 (m, 2H), 3,66 - 3,64 (m, 1H), 3.60 – 3.57 (m, 1H), 3.49 (s, 3H), 3.39 (br.s, 1H), 3.31 (s, 3H), 3.11 (dd, J = 16.8, 10.3 Hz, 1H), 2.88 (dd, J = 14.1, 5.4 Hz, 1H), 2.69 (dd, J = 14.1, 8.1 Hz, 1H), 2.57 (dd, J = 16.8, 5.9 Hz, 1H), 2.33 (s, 3H).  13C NMR (62.5 MHz, CDCl3):
δ = 202.1, 198.8, 144.4, 142.4, 140.7, 140.3, 137.0, 134.4, 127.7, 127.0, 126.6, 126.2, 124.7, 118.6, 93.9, 58.0, 52.1, 50.9, 49.8, 42.9, 36.7, 36.6, 33.9, 27.0. HRMS (ESI+): m/z calc. for C24H26O4Na [M + Na]+ :401.1723, found: 401.1726

(1R,4R,7R)-7-acetyl-1-allyl-3,3-dimethoxy-5-((E)-3-oxobut-1-en-1yl)bicyclo[2.2.2]oct-5-en-2-one (5n)
[image: ]By following the general procedure B, cycloadduct 5n (0.05 g, 14 % ) was obtained as colorless oil starting with 6-allyl-dehydrozingerone 1c (0.25 g, 1.08 mmol), PhI(OAc)2 (0.44 g, 1.37 mmol), and methyl vinyl 
ketone 4c (0.88 g, 12.56 mmol) after heating at 200 o C for 0.5 h in a closed test tube with heavy walls. 1H NMR (250 MHz, CDCl3): δ = 7.15 (d, J = 16.2 Hz, 1H), 6.36 (br.s, 1H), 6.24 (d, J = 16.2 Hz, 1H), 5.91 – 5.74 (m, 1H), 5.09 – 5.01 (m, 2H), 3.47 – 3.46 (m, 1H), 3.38 (s, 3H), 3.29 (s, 3H), 3.09 (dd, J = 10.1, 7.1 Hz, 1H), 2.67 (dd, J = 13.7, 6.1 Hz, 1H), 2.60 – 2.46 (m, 2H), 2.32 (s, 3H), 2.09 (s, 3H), 1.30 (ddd, J = 12.7, 7.1, 2.6 Hz, 1H).  13C NMR (62.5 MHz, CDCl3): δ = 206.3, 199.5, 198.7, 140.5, 140.3, 137.6, 134.0, 126.6, 118.7, 93.8, 55.7, 50.8, 50.0, 49.5, 37.7, 33.2, 30.6, 27.4, 26.8.  HRMS (ESI+): m/z calc. for C19H24O5Na [M + Na]+ :355.1516, found:355.1519

Methyl (1R,2R,4R)-1-allyl-8,8-dimethoxy-7-oxo-5-((E)-3-oxobut-1-en-1yl)bicyclo[2.2.2]oct-5-ene-2-carboxylate (5o)
[image: ]By following the general procedure B, cycloadduct 5j (0.11 g, 29 %) was obtained as colorless oil starting with 6-allyl-dehydrozingerone 1c (0.25 g, 1.08 mmol), PhI(OAc)2 (0.44 g, 1.37 mmol), and methyl acrylate 4e (1.06 g, 12.31 mmol) after heating at  200 o C for 0.5 h in a closed test tube with heavy walls. 1H NMR (250 MHz, CDCl3): δ = 7.19 (d, J = 16.2 
Hz, 1H), 6.33 – 6.26 (m, 2H), 5.92 – 5.76 (m, 1H), 5.14 – 5.08 (m, 2H), 3.66 (s, 3H), 
3.48 – 3.47 (m, 1H), 3.38 (s, 3H), 3.30 (s, 3H), 2.92 (dd, J = 10.0, 6.5 Hz, 1H), 2.64 
(dd, J = 14.1, 7.1 Hz, 1H), 2.53 – 2.44 (m, 2H), 2.34 (s, 3H), 1.55 (ddd, J = 13.0, 6.5, 
2.7 Hz, 1H).  13C NMR (62.5 MHz, CDCl3): δ = 199.3, 198.7, 173.3, 142.0, 140.2, 
135.7, 133.4, 126.9, 118.8, 93.7, 55.2, 52.0, 50.8, 50.0, 43.5, 37.9, 33.7, 28.0, 26.9.  
HRMS (ESI+): m/z calc. for C19H24O6Na [M + Na]+ :371.1465, found: 371.1466
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