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I. General information 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6) was prepared as described by Malliaras and Bernhard.1 MeCN, ether, THF, and 
CH2Cl2 were purified by elution through alumina as described by Grubbs.2  A 23W (1380 lumen) compact 
fluorescent lamp was used for all photochemical reactions. Flash column chromatography was performed with 
Silicycle 40-63Å silica (230-400 mesh) using the method of Still.3 Diastereomeric ratios for all compounds were 
determined by GC or 1H NMR analysis of the unpurified reaction mixture. 1H and 13C NMR data for all previously 
uncharacterized compounds were obtained using Varian Inova-500 and Varian Unity-500 spectrometers and are 
referenced to TMS (0.0 ppm) and CDCl3 (77.0 ppm), respectively. IR spectral data were obtained using a Bruker 
Vector 22 spectrometer (thin film on NaCl). Melting points were obtained using a Mel-Temp II (Laboratory Devices, 
Inc., USA) melting point apparatus. Mass spectrometry was performed with a Waters (Micromass) AutoSpec®. 
These facilities are funded by the NSF (CHE-9974839, CHE-9304546) and the University of Wisconsin. 
 
II. Synthesis of cycloaddition subtrates 
 

[(E)-3-(3-Methyl-but-2-enyloxy)-propenyl]-benzene: A flame-dried 50 mL round-bottomed 
flask was charged with 60% NaH (240 mg, 6.0 mmol) and dry THF (5 mL). (E)-Cinnamyl 
alcohol (0.67 g, 5.0 mmol) in THF (4 mL) was added dropwise, and the reaction was stirred 
for an additional 30 min at room temperature. The flask was then cooled to 0 °C, and a 

solution of 3,3-dimethylallyl bromide (1.0 g, 90% purity, 6.0 mmol) in 6 mL THF was added dropwise. The mixture 
was allowed to warm slowly to room temperature.  After stirring for 12 h, the reaction was quenched by slow 
addition of saturated NH4Cl.  The phases were separated, and the aqueous phase was extracted two times with Et2O. 
The combined organic phases were then washed with brine, dried over MgSO4, and concentrated by rotary 
evaporation. The residue was purified by flash-column chromatography using 40:1 hexanes/ethyl acetate as the 
eluent to afford 0.901 g (4.5 mmol, 89% yield) of a colorless oil. IR(neat) 3026, 2972, 2915, 2852, 1600, 1496, 
1449, 1073 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.39 (d, J = 7.4 Hz, 2H), 7.31 (t, J = 7.8 Hz, 2H), 7.23 (t, J = 7.4 
Hz, 1H), 6.61 (d, J = 15.7 Hz, 1H), 6.31 (dt, J = 15.7, 6.3 Hz, 1H), 5.42-5.37 (m, 1H), 4.14 (dd, J = 6.1, 1.4 Hz, 2H), 
4.02 (d, J = 6.9 Hz, 2H), 1.76 (s, 3H), 1.69 (s, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 137.2, 136.8, 132.3, 128.5, 
127.6, 126.45, 126.39, 121.0, 70.6, 66.6, 25.8, 18.0. HRMS (EI) calculated for [C14H18O]+(M+) requires m/z 
202.1353, found m/z 202.1345. 
 

[(Z)-3-(3-Methyl-but-2-enyloxy)-propenyl]-benzene: A flame-dried 50 mL round-bottomed 
flask was charged with (Z)-cinnamyl alcohol4 (670 mg, 5.0 mmol), 3,3-dimethylallyl bromide (1.0 
g, 90% purity, 6.0 mmol) and  DMF (5 mL). The flask was then cooled to 0 °C, and 60% NaH 
(240 mg, 6 mmol) was added. The mixture was warmed to room temperature, and the reaction 

was monitored by TLC.  After stirring for 4 h, the reaction was quenched by the slow addition of saturated NH4Cl.  
The phases were separated, and the aqueous phase was extracted two times with Et2O. The combined organic phases 
were then washed with brine, dried over MgSO4, and concentrated by rotary evaporation. The crude mixture could 
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then be purified by flash-column chromatography using 40:1 hexanes/ethyl acetate as the eluent to afford 821 mg 
(4.1 mmol, 81%) of a colorless oil. IR(neat) 3024, 2972, 2914, 2957, 1676, 1495, 1448, 1085 cm-1. 1H NMR: (499.9 
MHz, CDCl3) δ 7.36-7.31 (m, 2H), 7.27-7.23 (m, 1H), 7.23-7.20 (m, 2H), 6.59 (d, J = 11.9 Hz, 1H), 5.87 (dt, J = 
11.9, 6.4 Hz, 1H), 5.39-5.34 (m, 1H), 4.24 (dd, J = 6.4, 1.8 Hz, 2H), 3.97 (d, J = 7.0 Hz, 2H), 1.73 (s, 3H), 1.65 (s, 
3H); 13C NMR: (125.7 MHz, CDCl3) δ 137.3, 136.7, 131.4, 129.3, 128.8, 128.1, 127.1, 120.9, 66.74, 66.69, 25.8, 
17.9. HRMS (EI) calculated for [C14H18O]+(M+) requires m/z 202.1353, found m/z 202.1348. 
 

1-Methoxy-4-[(E)-3-(3-Methyl-but-2-enyloxy)-propenyl]-benzene: A flame-dried 50 
mL round-bottomed flask was charged with 60% NaH (144 mg, 3.6 mmol) and dry 
THF (5 mL). (E)-4-Methoxycinnamyl alcohol5 (492 mg, 3.0 mmol) in THF (4 mL) was 
added dropwise, and the reaction was stirred for an additional 30 min at room 
temperature. The flask was then cooled to 0 °C, and a solution of 3,3-dimethylallyl 

bromide (546 mg, 90% purity, 3.3 mmol) in 6 mL THF was added dropwise. The mixture was allowed to warm 
slowly to room temperature.  After stirring for 12 h, the reaction was quenched by slow addition of saturated NH4Cl.  
The phases were separated, and the aqueous phase was extracted two times with Et2O. The combined organic phases 
were then washed with brine, dried over MgSO4, and concentrated by rotary evaporation. The residue was purified 
by flash-column chromatography using 40:1 hexanes/ethyl acetate as the eluent to afford 571 mg (2.5 mmol, 82%) 
of a colorless oil. IR(neat) 2915, 2836, 1577, 1462, 1249, 1174 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.32 (d, J = 
8.7 Hz, 2H), 6.85 (d, J = 8.7 Hz, 2H), 6.55 (d, J = 15.9 Hz, 1H), 6.17 (dt, J = 15.9, 6.4 Hz, 1H), 5.42-5.36 (m, 1H), 
4.11 (dd, J = 5.0, 1.2 Hz, 2H), 4.01 (d, J = 7.1 Hz, 2H), 3.80 (s, 3H), 1.76 (s, 3H), 1.69 (s, 3H); 13C NMR: (125.7 
MHz, CDCl3) δ 159.2, 137.1, 132.0, 129.6, 127.6, 124.1, 121.1, 113.9, 70.8, 66.5, 55.2, 25.8, 18.0. HRMS (EI) 
calculated for [C15H20O2]+(M +) requires m/z 232.1458, found m/z 232.1462. 
 

1-Chloro-4-[(E)-3-(3-Methyl-but-2-enyloxy)-propenyl]-benzene: A flame-dried 50 
mL round-bottomed flask was charged with (E)-4-chlorocinnamyl alcohol6 (843 mg, 
5.0 mmol), 3,3-dimethylallyl bromide (1.0g, purity: 90%, 6.0 mmol), and dry DMF (5 
mL). The mixture was cooled to 0 oC and added with 60% NaH (240 mg, 6.0 mmol), 
then allowed to warm slowly to room temperature.  After stirring for 12 h, the reaction 

was quenched by slow addition of saturated NH4Cl.  The phases were separated, and the aqueous phase was 
extracted two times with Et2O. The combined organic phases were then washed with brine, dried over MgSO4, and 
concentrated by rotary evaporation. The residue was purified by flash-column chromatography using 40:1 
hexanes/ethyl acetate as the eluent to afford 1.072 g (4.5 mmol, 91%) of a colorless oil. IR(neat) 2972, 2915, 2864, 
1675, 1594, 1491, 1448, 1090 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.32-7.25 (m, 4H), 6.56 (d, J = 15.9 Hz, 1H), 
6.28 (dt, J = 15.9, 6.0 Hz, 1H), 5.41-5.36 (m, 1H), 4.12 (dd, J = 5.9, 1.5 Hz, 2H), 4.02 (d, J = 7.1 Hz, 2H), 1.76 (s, 
3H), 1.69 (s, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 137.3, 135.3, 133.2, 130.9, 128.7, 127.6, 127.1, 121.0, 70.4, 
66.7, 25.8, 18.0. HRMS (EI) calculated for [C14H17ClO]+(M+) requires m/z 236.0963, found m/z 236.0954. 
 

 1-Nitro-4-[(E)-3-(3-Methyl-but-2-enyloxy)-propenyl]-benzene: A flame-dried 50 
mL round-bottomed flask was charged with (E)-4-nitrocinnamyl alcohol (895 mg, 5.0 
mmol), 3,3-dimethylallyl bromide (1.0g, purity: 90%, 6.0 mmol), and dry DMF (5 
mL). The mixture was cooled to 0 oC and added with 60% NaH (240 mg, 6.0 mmol), 
then allowed to warm slowly to room temperature.  After stirring for 12 h, the reaction 

was quenched by slow addition of saturated NH4Cl.  The phases were separated, and the aqueous phase was 
extracted two times with Et2O. The combined organic phases were then washed with brine, dried over MgSO4, and 
concentrated by rotary evaporation. The residue was purified by flash-column chromatography using 10:1 
hexanes/ethyl acetate as the eluent to afford 986 mg (4.0 mmol, 80%) of a yellow oil. IR(neat) 2972, 2915, 2851, 
1596, 1517, 1342 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 8.17 (d, J = 8.8 Hz, 2H), 7.51 (d, J = 8.8 Hz, 2H), 6.69 (d, J 
= 16.0 Hz, 1H), 6.49 (dt, J = 16.0, 5.4 Hz, 1H), 5.42-5.37 (m, 1H), 4.18 (dd, J = 5.4, 1.5 Hz, 2H), 4.05 (d, J = 7.1 Hz, 
2H), 1.77 (s, 3H), 1.70 (s, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 146.9, 143.3, 137.6, 131.6, 129.4, 126.9, 124.0, 
120.7, 69.9, 67.1, 25.8, 18.0; HRMS (EI) calculated for [C14H17NO3]+ (M +) requires m/z 247.1203, found m/z 
247.1213. 

 
2-[(E)-3-(3-Methyl-but-2-enyloxy)-propenyl]-pyridine: A flame-dried 50 mL round-
bottomed flask was charged with (E)-3-(2’-pyridinyl)allyl alcohol7 (675 mg, 5.0 mmol), 
3,3-dimethylallyl bromide (1.0g, purity: 90%, 6.0 mmol), and dry DMF (5 mL). The 
mixture was cooled to 0 oC and added with 60% NaH (240 mg, 6.0 mmol), then allowed to 
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warm slowly to room temperature.  After stirring for 12 h, the reaction was quenched by slow addition of saturated 
NH4Cl.  The phases were separated, and the aqueous phase was extracted two times with Et2O. The combined 
organic phases were then washed with brine, dried over MgSO4, and concentrated by rotary evaporation. The 
residue was purified by flash-column chromatography using 2:1 hexanes/ethyl acetate as the eluent to afford 701 mg 
(3.5 mmol, 69%)  of a colorless oil. IR(neat) 2972, 2914, 2853, 1659, 1587, 1565, 1470, 1431, 1115 cm-1. 1H NMR: 
(500.2 MHz, CDCl3) δ 8.55 (d, J = 4.6 Hz, 1H), 7.64-7.59 (m, 1H), 7.29 (d, J = 7.9 Hz, 1H), 7.14-7.09 (m, 1H), 6.79 
(dt, J = 16.0, 5.4 Hz, 1H), 6.72 (d, J = 16.0 Hz, 1H), 5.42-5.37 (m, 1H), 4.20 (dd, J = 5.4, 1.4 Hz, 2H), 4.04 (d, J = 
7.1 Hz, 2H), 1.76 (s, 3H), 1.69 (s, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 155.3, 149.4, 137.1, 136.4, 131.2, 131.1, 
122.0, 121.4, 121.0, 69.9, 66.8, 25.7, 18.0. HRMS (EI) calculated for [C13H17NO]+(M+) requires m/z 203.1305, 
found m/z 203.1311. 
 

2-[(E)-3-(3-Methyl-but-2-enyloxy)-propenyl]-furan: : A flame-dried 50 mL round-
bottomed flask was charged with (E)-3-(2’-furyl)allyl alcohol8 (620 mg, 5.0 mmol), 3,3-
dimethylallyl bromide (1.0g, purity: 90%, 6.0 mmol), and dry DMF (5 mL). The mixture 
was cooled to 0 oC and added with 60% NaH (240 mg, 6.0 mmol), then allowed to warm 
slowly to room temperature.  After stirring for 12 h, the reaction was quenched by slow 

addition of saturated NH4Cl.  The phases were separated, and the aqueous phase was extracted two times with Et2O. 
The combined organic phases were then washed with brine, dried over MgSO4, and concentrated by rotary 
evaporation. The residue was purified by flash-column chromatography using 40:1 hexanes/ethyl acetate as the 
eluent to afford 654 mg (3.4 mmol, 68%) of a colorless oil. IR(neat) 2972, 2916, 2854, 1675, 1490, 1377, 1113 cm-1. 
1H NMR: (500.2 MHz, CDCl3) δ 7.34 (d, J = 1.4 Hz, 1H), 6.43 (d, J = 15.9 Hz, 1H), 6.36-6.34 (m, 1H), 6.26-6.20 
(m, 2H), 5.41-5.36 (m, 1H), 4.10 (dd, J = 5.9, 1.5 Hz, 2H), 4.00 (d, J = 7.1 Hz, 2H), 1.76 (s, 3H), 1.68 (s, 3H); 13C 
NMR: (125.7 MHz, CDCl3) δ 152.5, 141.9, 137.1, 125.1, 121.0, 120.3, 111.2, 107.7, 70.0, 66.6, 25.8, 18.0. HRMS 
(EI) calculated for [C12H16O2]+(M+) requires m/z 192.1145, found m/z 192.1146. 
 

[(E)-2-Methyl-3-(3-methyl-but-2-enyloxy)-propenyl]-benzene: A flame-dried 50 mL 
round-bottomed flask was charged with (E)-2-methylcinnamyl alcohol (740 mg, 5.0 mmol), 
3,3-dimethylallyl bromide (1.0g, purity: 90%, 6.0 mmol), and dry DMF (5 mL). The mixture 
was cooled to 0 oC and added with 60% NaH (240 mg, 6.0 mmol), then allowed to warm 

slowly to room temperature.  After stirring for 12 h, the reaction was quenched by slow addition of saturated NH4Cl.  
The phases were separated, and the aqueous phase was extracted two times with Et2O. The combined organic phases 
were then washed with brine, dried over MgSO4, and concentrated by rotary evaporation. The residue was purified 
by flash-column chromatography using 40:1 hexanes/ethyl acetate as the eluent to afford 807 mg (3.7 mmol, 75%) 
of a colorless oil. IR(neat) 2972, 2915, 2855, 1676, 1600, 1491, 1445, 1073 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 
7.33 (t, J = 7.9 Hz, 2H), 7.30-7.27 (m, 2H), 7.21 (t, J = 7.1 Hz, 1H), 6.51 (s, 1H), 5.43-5.38 (m, 1H), 4.02 (s, 2H), 
3.99 (d, J = 7.1 Hz, 2H), 1.90 (d, J = 1.2 Hz, 3H), 1.77 (s, 3H), 1.69 (s, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 
137.6, 137.0, 135.5, 128.9, 128.1, 126.8, 126.3, 121.2, 76.2, 66.3, 25.8, 18.0, 15.5. HRMS (EI) calculated for 
[C14H17O]+([M-CH3]+) requires m/z 201.1274, found m/z 201.1265. 
 

2,6-Di(4-methoxyphenyl)-1,6-heptdiene: 9  A solution of methyltriphenyl-
phosphonium bromide (5.36 mg, 15 mmol) in dry THF (20 mL) was placed in 
a flame-dried 50 mL round-bottomed flask. n-Butyllithium (6 mL, 2.5 M in 
hexanes, 15 mmol) was then added dropwise at 0 °C, and the reaction was 

stirred for an additional 30 min. 1,5-Bis-(4-methoxy-phenyl)-pentane-1,5-dione10 (1.56 g, 5 mmol) was added to 
the reaction mixture, and the reaction was stirred for an additional 4 h at room temperature. The reaction was cooled 
to 0 °C, quenched with 1 mL water, and eluted through a plug of silica gel with diethyl ether. The filtrate was 
concentrated by rotary evaporation. The crude mixture was then purified by flash-column chromatography using 
20:1 hexanes/EtOAc as the eluent to give 1.070 g (3.5 mmol, 69%) of a white solid. Mp: 48-50 oC (hexane/EtOAc). 
IR(neat) 2955, 2935, 2837, 1607, 1513, 1248 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.29 (d, J = 8.8 Hz, 4H), 6.83 
(d, J = 8.8 Hz, 4H), 5.20 (d, J = 1.4 Hz, 2H), 4.96 (d, J = 1.4 Hz, 2H), 3.80 (s, 6H), 2.50 (t, J = 7.9 Hz, 4H), 1.64-
1.57 (m, 2H); 13C NMR: (125.8 MHz, CDCl3) δ 158.9, 147.5, 133.5, 127.2, 113.6, 110.9, 55.2, 34.8, 26.7. HRMS 
(EI) calculated for [C21H24O2]+(M+) requires m/z 308.1771, found m/z 308.1773. 
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 (E,E’)-Dicinnamyl ether: A flame-dried 50 mL round-bottomed flask was charged with 
60% NaH (480 mg, 12 mmol) and dry THF (10 mL). (E)-Cinnamyl alcohol (1.34 g, 10 
mmol) in THF (8 mL) was added dropwise, and the reaction was stirred for an additional 30 
min at room temperature. The flask was then cooled to 0 °C, and a solution of (E)-cinnamyl 

bromide (2.17 g, 11 mmol) in THF (12 mL) was added dropwise. The mixture was allowed to warm slowly to room 
temperature.  After stirring for 12 h, the reaction was quenched by slow addition of saturated NH4Cl.  The phases 
were separated, and the aqueous phase was extracted two times with Et2O. The combined organic phases were then 
washed with brine, dried over MgSO4, and concentrated by rotary evaporation. The residue was purified by flash-
column chromatography using 40:1 hexanes/ethyl acetate as the eluent to afford 2.07 g (8.3 mmol, 83% yield) of a 
white solid. Mp: 40-41 oC (hexane/EtOAc). All analytical data were consistent with previously reported values.11 
 

(2E,7Z)-8-Phenyl-octa-2,7-dienoic acid methyl ester: A solution of (Z)-6-phenylhex-5-enal 
(528 mg, 3.0 mmol) and (methoxycarbonylmethylene)triphenylphosphorane12 (1.20 g, 3.6 
mmol) in CH2Cl2 (5 mL) was placed in a round-bottomed flask.  The mixture was stirred 12 h 
and then concentrated in vacuo. The crude residue was purified by flash column 

chromatography (20:1 hexanes/EtOAc) to afford 0.61 g (2.7 mmol, 88% yield) of the title compound as an oil. 
IR(neat) 3009, 2948, 2858, 1725, 1658, 1436, 1271 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.35-7.30 (m, 2H), 7.26-
7.20 (m, 3H), 6.95 (dt, J = 15.6, 7.3 Hz, 1H), 6.45 (d, J = 11.6 Hz, 1H), 5.79 (dt, J = 15.6, 1.7 Hz, 1H), 5.63 (dt, J = 
11.6, 7.3 Hz, 1H), 3.71 (s, 3H), 2.36 (2, J = 7.3, 1.7 Hz, 2H), 2.22 (qd, J = 7.3, 1.4 Hz, 2H), 1.65-1.58 (m, 2H); 13C 
NMR: (125.7 MHz, CDCl3) δ 167.0, 149.0, 137.5, 131.8, 129.6, 128.7, 128.1, 126.6, 121.2, 51.4, 31.7, 28.2, 27.9. 
HRMS (EI) calculated for [C15H18O2]+(M+) requires m/z 230.1302, found m/z 230.1290. 
 

(2E,7Z)-1-(4-Methoxy-phenyl)-8-phenyl-octa-2,7-dien-1-one: A solution of (Z)-6-
phenylhex-5-enal18 (528 mg, 3.0 mmol) and ((4-methoxyphenyl)carbonylmethylene) 
triphenylphosphorane13 (1.48 g, 3.6 mmol), in CH2Cl2 (5 mL) was placed in a round-
bottomed flask.  The mixture was stirred 4 days and then concentrated in vacuo. The 
crude residue was purified by flash column chromatography (30:1 hexanes/EtOAc) to 

afford 0.704 g (2.3 mmol, 77% yield) of the title compound as an oil. IR(neat) 3007, 2932, 2839, 1664, 1617, 1597, 
1509, 1258 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.90 (d, J = 9.1 Hz, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.28-7.24 (m, 
2H), 7.20 (t, J = 7.4 Hz, 1H), 7.01 (dt, J = 15.3, 6.9 Hz, 1H), 6.92 (d, J = 9.1 Hz, 2H), 6.84 (dt, J = 15.3, 1.6 Hz, 1H), 
6.46 (d, J = 11.7 Hz, 1H), 5.66 (dt, J = 11.7, 7.4 Hz, 1H), 3.86 (s, 3H), 2.40 (qd, J = 7.5, 1.7 Hz, 2H), 2.33 (qt, J = 
7.0, 1.3 Hz, 2H), 1.72-1.64 (m, 2H); 13C NMR: (125.7 MHz, CDCl3) δ 189.0, 163.2, 148.1, 137.5, 132.0, 130.8, 
129.5, 128.7, 128.1, 126.6, 125.8, 113.7, 55.4, 32.2, 28.4, 28.0. HRMS (EI) calculated for [C21H22O2]+(M+) requires 
m/z 306.1615, found m/z 306.1619. 
 

((E)-3-Buta-2,3-dienyloxy-propenyl)-benzene: A flame-dried 50 mL round-bottomed flask was 
charged with 60% NaH (240 mg, 6.0 mmol) and dry THF (5 mL). Allenol14 (350 mg, 5.0 mmol) 
in THF (4 mL) was added dropwise, and the reaction was stirred for an additional 30 min at room 
temperature. The flask was then cooled to 0 °C, and a solution of (E)-cinnamyl bromide (1.2 g, 

6.0 mmol) in THF (6 mL) was added dropwise. The mixture was allowed to warm slowly to room temperature.  
After stirring for 12 h, the reaction was quenched by slow addition of saturated NH4Cl.  The phases were separated, 
and the aqueous phase was extracted two times with Et2O. The combined organic phases were then washed with 
brine, dried over MgSO4, and concentrated by rotary evaporation. The residue was purified by flash-column 
chromatography using 40:1 hexanes/ethyl acetate as the eluent to afford  594 mg (3.2 mmol, 64% yield) of a 
colorless oil. IR(neat) 3026, 2852, 1955, 1599, 1495, 1449, 1360, 1114, 1080 cm-1. 1H NMR: (499.9 MHz, CDCl3) δ 
7.40-7.36 (m, 2H), 7.33-7.29 (m, 2H), 7.26-7.21 (m, 1H), 6.61 (d, J = 16.0 Hz, 1H), 6.29 (dt, J = 16.0, 6.0 Hz, 1H), 
5.28 (dt, J = 13.5, 6.7 Hz, 1H), 4.80 (dt, J = 6.4, 2.5 Hz, 2H), 4.17 (dd, J = 6.2, 1.6 Hz, 2H), 4.07 (dt, J = 6.7, 2.5 Hz, 
2H); 13C NMR: (125.7 MHz, CDCl3) δ 209.4, 136.7, 132.7, 128.5, 127.7, 126.5, 125.9, 87.7, 75.7, 70.4, 67.8. 
HRMS (EI) calculated for [C13H13O]+([M-H]+) requires m/z 185.0961, found m/z 185.0962. 
 

((Z)-7,7-Dichloro-hepta-1,6-dienyl)-benzene: A flame-dried 50 mL round-bottomed flask was 
charged with triphenylphosphine (1.044 g, 4 mmol), magnesium turnings (48 mg, 2 mmol), and 
dry THF (10 mL). Carbon tetrachloride (616 mg, 4 mmol) was then added dropwise and the 
reaction was stirred for an additional 30 min. A solution of (Z)-6-phenylhex-5-enal (352 mg, 2.0 

mmol) in THF (2 mL) was added to the reaction mixture, and the reaction was stirred for an additional 4 h at room 
temperature. The reaction was cooled to 0 °C, quenched with water (1 mL), and filtered through a plug of silica gel 
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with diethyl ether. The filtrate was concentrated by rotary evaporation. The crude mixture was then purified by 
flash-column chromatography using 100:1 hexanes/EtOAc as the eluent to give 341 mg (1.42 mmol, 71% yield) of 
an oil. IR(neat) 3010, 2927, 2859, 1621, 1494, 1447 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.34 (t, J = 7.3 Hz, 2H), 
7.28-7.20 (m, 3H), 6.45 (d, J = 11.5 Hz, 1H), 5.83 (t, J = 7.3 Hz, 1H), 5.63 (dt, J = 11.5, 7.3 Hz, 1H), 2.36 (qd, J = 
7.6, 1.7 Hz, 2H), 2.19 (q, J = 7.6 Hz, 2H), 1.61-1.53 (m, 2H); 13C NMR: (125.8 MHz, CDCl3) δ 137.5, 131.8, 129.6, 
129.5, 128.7, 128.2, 126.6, 120.2, 29.2, 28.4, 28.0. HRMS (EI) calculated for [C13H14Cl2]+(M+) requires m/z 
240.0468, found m/z 240.0457. 
 

N-((E)-3-Iodo-allyl)-4-methyl-N-((E)-3-phenyl-allyl)-benzenesulfonamide: A flame-dried 
50 mL round-bottomed flask was charged 60% NaH (96 mg, 2.4 mmol) and dry THF (3 mL). 
(E)-Cinnamyl p-tosylamide15 (574 mg, 2.0 mmol) in THF (4 mL) was added dropwise, and the 
reaction was stirred for an additional 30 min at room temperature. The flask was then cooled to 

0 °C, and a solution of (E)-3-iodolallyl bromide16 (590 mg, 2.4 mmol) in THF (3 mL) was added dropwise. The 
mixture was allowed to warm slowly to room temperature.  After stirring for 12 h, the reaction was quenched by 
slow addition of saturated NH4Cl.  The phases were separated, and the aqueous phase was extracted two times with 
Et2O. The combined organic phases were then washed with brine, dried over MgSO4, and concentrated by rotary 
evaporation. The residue was purified by flash-column chromatography using 10:1 hexanes/ethyl acetate as the 
eluent to afford  674.0 mg (1.5 mmol, 74% yield) of a white solid. Mp: 94-95 oC (hexane/EtOAc). IR(neat) 3056, 
3026, 2920, 2854, 1598, 1495, 1447, 1338, 1156 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.70 (d, J = 8.3 Hz, 2H), 
7.33-7.22 (m, 7H), 6.41 (d, J = 16.1 Hz, 1H), 6.35 (dt, J = 14.7 Hz, 1H), 6.27 (dt, J = 14.9, 1.0 Hz, 1H), 5.92 (dt, J = 
15.5, 6.5 Hz, 1H), 3.94 (d, J = 6.5 Hz, 2H), 3.78 (d, J = 6.5 Hz, 2H), 2.43 (s, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 
143.5, 140.1, 136.9, 135.9, 134.3, 129.7, 128.5, 128.0, 127.1, 126.4, 123.3, 80.2, 50.6, 49.4, 21.5. HRMS (ESI) 
calculated for [C19H24IN2O2S]+([M+NH4]+) requires m/z 471.0598, found m/z 471.0600. 
 

N-((E)-3-phenoxy-allyl)-N-((E)-3-phenyl-allyl)-p-toluenesulfonamide: N-((E)-3-Iodo-
allyl)-4-methyl-N-((E)-3-phenyl-allyl)-benzenesulfonamide (906 mmol, 2.0 mmol), PhOH 
(310 mg, 2.5 mmol), CuCl (198 mg, 2 mmol), N-methylmorphine (252 mg, 2.5 mmol), 
Cs2CO3 (815 mg, 2.5 mmol), and toluene (2 mL) were placed in a round-bottomed flask 

equipped with a reflux condenser. The mixture was stirred and refluxed 12 h and then concentrated in vacuo. The 
crude residue was purified by flash column chromatography (10:1 to 5:1 hexanes/EtOAc) to afford 0.381 g (0.9 
mmol, 45% yield) of the title compound as an oil. IR(neat) 3028, 2922, 2858, 1672, 1595, 1490, 1339, 1229, 1160 
cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.74 (d, J = 8.3 Hz, 2H), 7.31-7.19 (m, 9H), 7.06 (t, J = 7.3 Hz, 1H), 6.91-
6.87 (m, 2H), 6.52 (d, J = 12.2 Hz, 1H), 6.48 (d, J = 15.9 Hz, 1H), 6.01 (dt, J = 15.9, 6.6 Hz, 1H), 5.09 (dt, J = 12.2, 
7.6 Hz, 1H), 4.01 (d, J = 6.6 Hz, 2H), 3.88 (d, J = 7.6 Hz, 2H), 2.41 (s, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 156.5, 
146.4, 143.3, 137.4, 136.1, 133.8, 129.7, 129.6, 128.6, 127.9, 127.2, 126.4, 124.1, 123.3, 116.9, 105.6, 48.6, 44.6, 
21.5. HRMS (ESI) calculated for [C25H26NO3S]+([M+H]+) requires m/z 420.1628, found m/z 420.1616. 
 

1-Methoxy-4-[1-((E)-3-phenyl-allyloxy)-allyl]-benzene: A flame-dried 50 mL round-bottomed 
flask was charged with 1-(4’-methoxyphenyl)allyl alcohol17 (324 mg, 2.0 mmol), and (E)-cinnamyl 
bromide (0.50 g, 2.4 mmol), and dry DMF (5 mL). The mixture was cooled to 0 °C and treated 
with 60% NaH (96 mg, 2.4 mmol), then allowed to warm slowly to room temperature.  After 
stirring for 12 h, the reaction was quenched by slow addition of saturated NH4Cl.  The phases were 
separated, and the aqueous phase was extracted two times with Et2O. The combined organic phases 
were then washed with brine, dried over MgSO4, and concentrated by rotary evaporation. The 
residue was purified by flash-column chromatography using 20:1 hexanes/ethyl acetate as the 

eluent to afford  0.440 mg (1.6 mmol, 79% yield) of a colorless oil. IR(neat) 3026, 2836, 1610, 1511, 1247 cm-1. 1H 
NMR: (500.2 MHz, CDCl3) δ 7.39-7.36 (m, 2H), 7.33-7.27 (m, 4H), 7.25-7.21 (m, 1H), 6.90 (d, J = 8.6 Hz, 2H), 
6.58 (d, J = 15.9 Hz, 1H), 6.30 (dt, J = 15.9, 6.1 Hz, 1H), 5.98 (ddd, J = 16.9, 10.4, 6.7 Hz, 1H), 5.27 (d, J = 16.9 Hz, 
1H), 5.20 (d, J = 10.4 Hz, 1H), 4.82 (d, J = 6.7 Hz, 1H), 4.17-4.08 (m, 2H), 3.81 (s, 3H); 13C NMR: (125.7 MHz, 
CDCl3) δ 159.2, 139.0, 136.8, 133.0, 132.2, 128.5, 128.2, 127.6, 126.4, 126.3, 116.0, 113.9, 81.6, 68.7, 55.3. HRMS 
(EI) calculated for [C19H20O2]+(M+) requires m/z 280.1458, found m/z 280.1454. 
 

((Z)-7-Methyl-octa-1,6-dienyl)-benzene: A flame-dried 50 mL round-bottomed flask was 
charged with isopropyl(triphenyl)phosphonium iodide (1.30 g, 3.0 mmol) and dry THF (10 mL). 
n-Butyllithium (1.2 mL, 2.5 M in hexanes, 3.0 mmol) was then added dropwise at 0 °C, and the 
reaction was stirred for an additional 30 min. (Z)-6-Phenylhex-5-enal18 (352 mmol, 2.0mmol) in 
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THF (2 mL) was added to the reaction mixture and the reaction was stirred for an additional 3 h at room 
temperature. The reaction was cooled to 0 °C, quenched with water (1 mL), and filtered through a plug of silica gel 
with diethyl ether. The filtrate was concentrated by rotary evaporation.  The crude mixture was then purified by 
flash-column chromatography using hexanes as the eluent to give 354 mg (1.77 mmol, 89% yield) of a colorless oil. 
IR(neat) 2966, 2925, 2856, 1600, 1494, 1447, 1376 cm-1. 1H NMR: (499.9 MHz, CDCl3) δ 7.32 (t, J = 7.1 Hz, 2H), 
7.29-7.26 (m, 2H), 7.23-7.18 (m, 1H), 6.40 (d, J = 11.5 Hz, 1H), 5.66 (dt, J = 11.5, 7.3 Hz, 1H), 5.13-5.08 (m, 1H), 
2.33 (qd, J = 7.3, 1.9 Hz, 2H), 2.01 (q, J = 7.3 Hz, 2H), 1.67 (s, 3H), 1.57 (s, 3H), 1.52-1.45 (m, 2H); 13C NMR: 
(125.7 MHz, CDCl3) δ 137.8, 133.0, 131.7, 128.8, 128.7, 128.1, 126.4, 124.3, 30.1, 28.2, 27.7, 25.7, 17.6. HRMS 
(EI) calculated for [C15H20]+(M+) requires m/z 200.1560, found m/z 200.1562. 
 

4-Methyl-N-(3-methyl-but-2-enyl)-N-((E)-3-phenyl-allyl)-benzenesulfonamide: A flame-
dried 50 mL round-bottomed flask was charged with 60% NaH (96 mg, 2.4 mmol) and dry 
THF (3 mL). (E)-Cinnamyl p-tosylamide15 (574 mg, 2.0 mmol) in THF (4 mL) was added 
dropwise, and the reaction was stirred for an additional 30 min at room temperature. The flask 

was then cooled to 0 °C, and a solution of 3,3-dimethylallyl bromide (400 g, 90% purity, 2.4 mmol) in 3 mL THF 
was added dropwise. The mixture was allowed to warm slowly to room temperature.  After stirring for 12 h, the 
reaction was quenched by slow addition of saturated NH4Cl.  The phases were separated, and the aqueous phase was 
extracted two times with Et2O. The combined organic phases were then washed with brine, dried over MgSO4, and 
concentrated by rotary evaporation. The residue was purified by flash-column chromatography using 10:1 
hexanes/ethyl acetate as the eluent to afford 497 mg (1.4 mmol, 70% yield) of a white solid. Mp: 69-70 
oC(hexane/EtOAc). IR(neat) 2971, 2919, 1598, 1495, 1449, 1341, 1159 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.72 
(d, J = 8.5 Hz, 2H), 7.31-7.27 (m, 4H), 7.27-7.21 (m, 3H), 6.40 (d, J = 15.8 Hz, 1H), 5.97 (dt, J = 15.8, 6.8 Hz, 1H), 
5.05-5.00 (m, 1H), 3.93 (d, J = 6.8 Hz, 2H), 3.82 (d, J = 7.1 Hz, 2H), 2.43 (s, 3H), 1.66 (s, 3H), 1.57 (s, 3H); 13C 
NMR: (125.7 MHz, CDCl3) δ 143.1, 137.7, 136.9, 136.4, 133.5, 129.6, 128.5, 127.8, 127.3, 126.4, 124.4, 119.0, 
48.8, 44.6, 25.7, 21.4, 17.9. HRMS (ESI) calculated for [C21H26NO2S]+([M+H]+) requires m/z 356.1679, found m/z 
356.1671. 
 

 (2E,8E)-2-Methyl-9-phenyl-nona-2,8-dienethioic acid S-ethyl ester: To a stirred 
solution of S-ethyl 2-(diethoxyphosphoryl)propanethioate 19  (0.635 g, 2.5 mmol) in 
dimethoxyethane (6 mL) under an atmosphere of N2 was added 60% NaH (80 mg, 2.0 
mmol). After 30 min, the reaction was cooled to 0 °C, (Z)-6-phenylhept-5-enal18, 20 (0.38 
g, 2.0 mmol) was added, and the mixture was stirred at room temperature for an 

additional 3 h. The reaction was cooled to 0 °C, quenched with water (10 ml), and extracted with ethyl acetate (20 
mL × 3). The combined organic layers were dried over MgSO4 and concentrated in vacuo. The crude residue was 
purified by column chromatography (50:1 hexanes/EtOAc) to afford 0.402 g (1.4 mmol, 70% yield) of the title 
compound as a colorless oil. IR(neat) 2929, 2857, 1654, 1623, 1447 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.33 (t, J 
= 7.2 Hz, 2H), 7.28-7.24 (m, 2H), 7.24-7.19 (m, 1H), 6.70 (tq, J = 7.3, 1.3 Hz, 1H), 6.43 (d, J = 11.7 Hz, 1H), 5.64 
(dt, J = 11.7, 7.3 Hz, 1H), 2.91 (q, J = 7.3 Hz, 2H), 2.38-2.32 (m, 2H), 2.20-2.15 (m, 2H), 1.83 (d, J = 1.3 Hz, 3H), 
1.52-1.47 (m, 4H), 1.26 (t, J = 7.4 Hz, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 193.8, 140.5, 137.6, 136.1, 132.5, 
129.1, 128.7, 128.1, 126.5, 29.5, 28.4, 28.2, 28.1, 23.2, 14.7, 12.4. HRMS (EI) calculated for [C18H24OS]+(M+) 
requires m/z 288.1543, found m/z 288.1533. 
 

[(E)-3-(Cyclopent-1-enylmethoxy)-propenyl]-benzene: A flame-dried 50 mL round-
bottomed flask was charged with cyclopent-1-enyl-methanol21 (490 mg, 5.0 mmol), (E)-
cinnamyl bromide (1.18 g, 6.0 mmol), and dry DMF (5 mL). The mixture was cooled to 0 oC 

and treated with 60% NaH (240 mg, 6.0 mmol), and then allowed to warm slowly to room temperature.  After 
stirring for 12 h, the reaction was quenched by slow addition of saturated NH4Cl.  The phases were separated, and 
the aqueous phase was extracted two times with Et2O. The combined organic phases were then washed with brine, 
dried over MgSO4, and concentrated by rotary evaporation. The residue was purified by flash-column 
chromatography using 40:1 hexanes/ethyl acetate as the eluent to afford 744 mg (3.5 mmol, 70% yield) of a 
colorless oil. IR(neat) 3026, 2926, 2846, 1599, 1495, 1448, 1357, 1074 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.40-
7.37 (m, 2H), 7.33-7.29 (m, 2H), 7.25-7.21 (m, 1H), 6.61 (d, J = 15.9 Hz, 1H), 6.30 (dt, J = 15.9, 5.9 Hz, 1H), 5.68-
5.65 (m, 1H), 4.14 (dd, J = 6.1, 1.4 Hz, 2H), 4.09-4.07 (m, 2H), 2.39-2.32 (m, 4H), 1.95-1.88 (m, 2H); 13C NMR: 
(125.7 MHz, CDCl3) δ 141.5, 136.8, 132.2, 128.5, 127.7, 127.6, 126.5, 126.3, 70.7, 69.0, 33.0, 32.4, 23.3. HRMS 
(EI) calculated for [C15H18O]+(M+) requires m/z 214.1353, found m/z 214.1353. 
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[(E)-3-(Cyclohex-2-enyloxy)-propenyl]-benzene: A flame-dried 50 mL round-bottomed flask 
was charged with 2-cyclohexen-1-ol (490 mg, 5.0 mmol), (E)-cinnamyl bromide (1.18 g, 6.0 
mmol), and dry DMF (5 mL). The mixture was cooled to 0 oC and treated with 60% NaH (240 
mg, 6.0 mmol), then allowed to warm slowly to room temperature.  After stirring for 12 h, the 
reaction was quenched by slow addition of saturated NH4Cl.  The phases were separated, and 
the aqueous phase was extracted two times with Et2O. The combined organic phases were then 

washed with brine, dried over MgSO4, and concentrated by rotary evaporation. The residue was purified by flash-
column chromatography using 40:1 hexanes/ethyl acetate as the eluent to afford 647 mg (3.0 mmol, 60% yield) of a 
colorless oil. IR(neat) 3026, 2935, 2862, 1653, 1599, 1496, 1449, 1073 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.38 
(d, J = 7.1 Hz, 2H), 7.30 (t, J = 7.1 Hz, 2H), 7.22 (t, J = 7.1 Hz, 1H), 6.61 (d, J = 16.1 Hz, 1H), 6.32 (dt, J = 16.1, 6.1 
Hz, 1H), 5.88 (dtd, J = 10.0, 3.4, 0.9 Hz, 1H), 5.81 (ddd, J = 10.0, 4.9, 1.9 Hz, 1H), 4.24 (ddd, J = 12.7, 6.1, 1.5 Hz, 
1H), 4.18 (ddd, J = 12.7, 6.1, 1.5 Hz, 1H), 3.99-3.94 (m, 1H), 2.11-2.02 (m, 1H), 2.00-1.92 (m, 1H), 1.89-1.68 (m, 
3H), 1.61-1.52 (m, 1H); 13C NMR: (125.7 MHz, CDCl3) δ 136.8, 131.8, 131.0, 128.5, 127.7, 127.5, 126.9, 126.4, 
72.2, 68.7, 28.4, 25.2, 19.2. HRMS (EI) calculated for [C15H18O]+(M+) requires m/z 214.1353, found m/z 214.1344. 
 

1-But-3-enyl-1H-inden-1-ol: Inden-1-one22 (650 mg, 5.0 mmol) and THF (10 mL) were placed 
in a round-bottomed flask.  A solution of homoallylmagnesium bromide in THF (10 mL, 1M, 10 
mmol) was added dropwise at 0 °C. After 30 min, the mixture was quenched with water (5 mL), 
the phases were separated, and the aqueous phase was extracted an additional two times with 

Et2O.  The combined organics were then washed with brine, dried over MgSO4 and the solvent was removed by 
rotary evaporation.  The crude mixture could then be purified by flash-column chromatography using 10:1 
hexanes/ethyl acetate as the eluent to afford 0.417 g (2.2 mmol, 45% yield) of the title compound as a white solid. 
Mp: 51-52 oC (hexane/Et2O). IR(neat) 3363, 3069, 2926, 2855, 1640, 1457, 1067 cm-1. 1H NMR: (500.2 MHz, 
CDCl3) δ 7.37 (d, J = 7.0 Hz, 1H), 7.27-7.22 (m, 1H), 7.22-7.17 (m, 2H), 6.63 (d, J = 5.8 Hz, 1H), 6.31 (d, J = 5.5 
Hz, 1H), 5.84-5.74 (m, 1H), 5.02-4.90 (m, 2H), 2.23-2.06 (m, 2H), 1.96-1.83 (m, 3H); 13C NMR: (125.7 MHz, 
CDCl3) δ 148.4, 141.9, 141.2, 138.4, 131.4, 128.5, 126.3, 121.9, 121.5, 114.4, 84.8, 36.6, 28.8. HRMS (EI) 
calculated for [C13H14O]+ (M+) requires m/z 186.1040, found m/z 186.1042. 
 
III.  [2+2] Photocycloadditions 
General Procedure: A solution of 1 mol% of Ir(dF(CF3)ppy)2(dtbbpy)(PF6) and 1 equiv of styrene substrate in 
DMSO (0.01 M) was placed in a test tube (20 x 150 mm).  The reaction was stirred in front of a 23 W (1380 lumen) 
compact fluorescent lamp at a distance of 10 cm. Upon consumption of starting material, the reaction mixture was 
diluted with Et2O (60 mL) and water (10 mL). The aqueous layer was separated and extracted with ether (60 mL x 
2). The combined organic layers were washed with water (10 mL x 2), brine (20 mL), dried over Na2SO4, filtered, 
and concentrated in vacuo. The residue was purified by column chromatography on silica gel. 
 

(1R*,5R*,7S*)-6,6-Dimethyl-7-phenyl-3-oxa-bicyclo[3.2.0]heptane (4), from (E)-3. Experiment 1: 
Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 60.6 mg (0.3 mmol) of [(E)-3-(3-methyl-but-2-enyloxy)-propenyl]-
benzene, and 30 mL (0.01 M) of DMSO. After 15 h, the reaction mixture was worked up and 
purified by flash column chromatography using 40:1 hexanes/EtOAc as the eluent to give 48.6 mg 
(0.24 mmol, 81% yield, dr: >10:1) of cycloadduct as an oil.  Experiment 2: 3.3 mg (0.003 mmol) of 

Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 60.6 mg (0.3 mmol) of [(E)-3-(3-methyl-but-2-enyloxy)-propenyl]-benzene, and 30 
mL (0.01 M) of DMSO. Isolated 50.7 mg (0.25 mmol, 84% yield, dr: >10:1). IR(neat) 2955, 2846, 1497, 1457, 1076 
cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.32-7.28 (m, 2H), 7.20 (d, J = 7.3 Hz, 1H), 7.16-7.12 (m, 2H), 4.17 (d, J = 
10.0 Hz, 1H), 3.79 (d, J = 9.1 Hz, 1H), 3.51 (dd, J = 10.0, 6.6 Hz, 1H), 3.44 (dd, J = 9.1, 4.5 Hz, 1H), 3.27 (td, J = 
7.8, 4.5 Hz, 1H), 2.99 (d, J = 7.2 Hz, 1H), 2.40 (dd, J = 7.8, 7.2 Hz, 1H), 1.11 (s, 3H), 0.74 (s, 3H); 13C NMR: (125.8 
MHz, CDCl3) δ 140.6, 128.0, 127.6, 125.9, 72.1, 69.1, 51.9, 46.6, 38.0, 37.2, 26.2, 24.2. HRMS (EI) calculated for 
[C14H18O]+(M+) requires m/z 202.1353, found m/z 202.1364. 
 

 (1R*,5R*,7S*)-6,6-Dimethyl-7-phenyl-3-oxa-bicyclo[3.2.0]heptane (4), from (Z)-3. Experiment 
1:  Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 60.6 mg (0.3 mmol) of [(Z)-3-(3-methyl-but-2-enyloxy)-propenyl]-
benzene, and 30 mL (0.01 M) of DMSO. After 15 h, the reaction mixture was worked up and 
purified by flash column chromatography using 40:1 hexanes/EtOAc as the eluent to give 52.1 mg 
(0.26 mmol, 86% yield, dr: >10:1) of cycloadduct as an oil.  Experiment 2: 3.3 mg (0.003 mmol) of 
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Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 61.4 mg (0.3 mmol) of [(Z)-3-(3-Methyl-but-2-enyloxy)-propenyl]-benzene, and 30 
mL (0.01 M) of DMSO. Isolated 50.6 mg (0.25 mmol, 82% yield, dr: >10:1).  All spectroscopic properties were 
identical to those of the product from the (E) alkene. 
 

(1R*,5R*,7S*)-7-(4-Methoxyphenyl)-6,6-dimethyl-3-oxa-bicyclo[3.2.0]heptane (8):  
Experiment 1: Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 70.4 mg (0.3 mmol) of 1-methoxy-4-[(E)-3-(3-methyl-but-
2-enyloxy)-propenyl]-benzene, and 30 mL (0.01 M) of DMSO. After 15 h, the reaction 
mixture was worked up and purified by flash column chromatography using 40:1 
hexanes/EtOAc as the eluent to give 61.5 mg (0.27 mmol, 87% yield, dr: >10:1) of 
cycloadduct as an oil.  Experiment 2: 3.3 mg (0.003 mmol) of 

Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 69.6 mg (0.3 mmol) of 1-methoxy-4-[(E)-3-(3-methyl-but-2-enyloxy)-propenyl]-
benzene, and 30 mL (0.01 M) of DMSO. Isolated 62.4 mg (0.27 mmol, 90% yield, dr: >10:1). IR(neat) 2954, 2838, 
1611, 1582, 1513, 1458, 1247 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.06 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz, 
2H), 4.16 (d, J = 10.1 Hz, 1H), 3.80 (s, 3H), 3.78 (d, J = 9.1 Hz, 1H), 3.50 (dd, J = 10.1, 7.0 Hz, 1H), 3.43 (dd, J = 
9.1, 4.3 Hz, 1H), 3.24-3.18 (m, 1H), 2.91 (d, J = 7.4 Hz, 1H), 2.39 (t, J = 7.5 Hz, 1H), 1.08 (s, 3H), 0.73 (s, 3H); 13C 
NMR: (125.7 MHz, CDCl3) δ 157.9, 132.7, 128.6, 113.4, 72.0, 69.1, 55.2, 51.2, 46.5, 38.4, 37.2, 26.2, 24.1. HRMS 
(EI) calculated for [C15H20O2]+(M+) requires m/z 232.1458, found m/z 232.1462. 
 

(1R*,5R*,7S*)-7-(4-Chlorophenyl)-6,6-dimethyl-3-oxa-bicyclo[3.2.0]heptane (9):  
Experiment 1: Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 71.8 mg (0.3 mmol) of 1-chloro-4-[(E)-3-(3-methyl-but-2-
enyloxy)-propenyl]-benzene, and 30 mL (0.01 M) of DMSO. After 10 h, the reaction mixture 
was worked up and purified by flash column chromatography using 60:1 hexanes/EtOAc as 
the eluent to give 58.9 mg (0.25 mmol, 87% yield, dr: >10:1) of cycloadduct as an oil.  
Experiment 2: 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 71.8 mg (0.3 mmol) 

of 1-chloro-4-[(E)-3-(3-methyl-but-2-enyloxy)-propenyl]-benzene, and 30 mL (0.01 M) of DMSO. Isolated 58.5 mg 
(0.25 mmol, 82% yield, dr: >10:1). IR(neat) 2955, 2848, 1493, 1458, 1081 cm-1. 1H NMR: (499.9 MHz, CDCl3) δ 
7.27 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 4.16 (d, J = 10.1 Hz, 1H), 3.77 (d, J = 9.1 Hz, 1H), 3.50 (dd, J = 
10.1, 6.8 Hz, 1H), 3.43 (dd, J = 9.1, 4.5 Hz, 1H), 3.24-3.18 (m, 1H), 2.95 (d, J = 7.5 Hz, 1H), 2.40 (t, J = 7.5 Hz, 
1H), 1.09 (s, 3H), 0.73 (s, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 139.1, 131.6, 128.9, 128.1, 71.9, 69.0, 51.3, 46.5, 
38.1, 37.2, 26.1, 24.1. HRMS (EI) calculated for [C14H17ClO]+(M+) requires m/z 236.0953, found m/z 236.0956. 

 
 (1R*,5R*,7S*)-6,6-Dimethyl-7-(4-nitrophenyl)-3-oxa-bicyclo[3.2.0]heptane (10):  
Experiment 1: Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 74.1 mg (0.3 mmol) of 1-nitro-4-[(E)-3-(3-methyl-but-2-
enyloxy)-propenyl]-benzene, and 30 mL (0.01 M) of DMSO. After 12 h, the reaction mixture 
was worked up and purified by flash column chromatography using 20:1 to 10:1 to 5:1 
hexanes/Et2O as the gradient to give 52.6 mg (0.21 mmol, 71% yield, dr: >10:1) of 
cycloadduct as a white solid.  Experiment 2: 3.3 mg (0.003 mmol) of 

Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 74.1 mg (0.3 mmol) of 1-nitro-4-[(E)-3-(3-methyl-but-2-enyloxy)-propenyl]-
benzene, and 30 mL (0.01 M) of DMSO. Isolated 51.7 mg (0.21 mmol, 70% yield, dr: >10:1). Mp: 87-88 oC 
(Hexane/CHCl3). IR(neat) 2945, 2872, 1596, 1510, 1346 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 8.17 (d, J = 8.9 Hz, 
2H), 7.29 (d, J = 8.9 Hz, 2H), 4.19 (d, J = 10.2 Hz, 1H), 3.81 (d, J = 9.1 Hz, 1H), 3.53 (d, J = 10.2, 6.7 Hz, 1H), 3.47 
(d, J = 9.1, 4.5 Hz, 1H), 3.31 (td, J = 7.7, 4.5 Hz, 1H), 3.10 (d, J = 7.3 Hz, 1H), 2.48-2.43 (m, 1H), 1.16 (s, 3H), 0.75 
(s, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 148.6, 146.3, 128.2, 123.3, 71.8, 69.0, 51.8, 46.6, 37.98, 37.96, 38.0, 26.2, 
24.2. HRMS (EI) calculated for [C14H17NO3]+(M+) requires m/z 247.1203, found m/z 247.1196. 
 

2-((1R*,5R*,6R*)-7,7-Dimethyl-3-oxa-bicyclo[3.2.0]hept-6-yl)-pyridine (11): Experiment 1: 
Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 60.9 mg (0.3 mmol) of 2-[(E)-3-(3-methyl-but-2-enyloxy)-
propenyl]-pyridine, and 30 mL (0.01 M) of DMSO. After 12 h, the reaction mixture was worked 
up and purified by flash column chromatography using 2:1 hexanes/EtOAc as the eluent to give 
42.7 mg (0.21 mmol, 70% yield, dr: 10:1) of cycloadduct as an oil.  Experiment 2: 3.3 mg (0.003 
mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 61.3 mg (0.3 mmol) of 2-[(E)-3-(3-methyl-but-2-

enyloxy)-propenyl]-pyridine, and 30 mL (0.01 M) of DMSO. Isolated 43.6 mg (0.21 mmol, 71% yield, dr: 10:1). 
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IR(neat) 2952, 2845, 1590, 1567, 1473, 1433, 1080 cm-1. 1H NMR: (499.9 MHz, CDCl3) δ 8.58 (ddd, J = 4.9, 1.8, 
0.9 Hz, 1H), 7.57 (td, J = 7.6, 1.8 Hz, 1H), 7.10 (ddd, J = 7.4, 4.9, 0.9 Hz, 1H), 7.03 (d, J = 7.6 Hz, 1H), 4.17 (d, J = 
10.1 Hz, 1H), 3.81 (d, J = 9.2 Hz, 1H), 3.67 (ddd, J = 7.9, 7.3, 4.6 Hz, 1H), 3.51 (dd, J = 10.1, 6.4 Hz, 1H), 3.46 (dd, 
J = 9.2, 4.6 Hz, 1H), 3.06 (d, J = 6.8 Hz, 1H), 2.43 (dd, J = 7.6, 7.0 Hz, 1H), 1.16 (s, 3H), 0.74 (s, 3H); 13C NMR: 
(125.8 MHz, CDCl3) δ 160.3, 148.9, 135.5, 122.9, 120.9, 72.2, 69.1, 53.5, 46.5, 37.5, 36.5, 25.8, 24.1. HRMS (EI) 
calculated for [C13H17NO]+(M+) requires m/z 203.1305, found m/z 203.1315. 
 

(1S*,5R*,7R*)-7-Furan-2-yl-6,6-dimethyl-3-oxa-bicyclo[3.2.0]heptane (12): Experiment 1:  
Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 59.1 mg (0.3 mmol) of 2-[(E)-3-(3-methyl-but-2-enyloxy)-
propenyl]-furan, and 30 mL (0.01 M) of DMSO. After 10 h, the reaction mixture was worked up 
and purified by flash column chromatography using 60:1 hexanes/EtOAc as the eluent to give 
38.7 mg (0.20 mmol, 65% yield, dr: 8:1) of cycloadduct as an oil.  Experiment 2: 3.3 mg (0.003 

mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 58.0 mg (0.3 mmol) of 2-[(E)-3-(3-methyl-but-2-enyloxy)-propenyl]-furan, 
and 30 mL (0.01 M) of DMSO. Isolated 36.5 mg (0.19 mmol, 63% yield, dr: 8:1). IR(neat) 2956, 2848, 1592, 1506, 
1458, 1076 cm-1. 1H NMR: (499.9 MHz, CDCl3) δ 7.33 (dd, J = 1.8, 0.6 Hz, 1H), 6.31 (dd, J = 3.2, 1.8 Hz, 1H), 6.03 
(dt, J = 3.2, 0.9 Hz, 1H), 4.11 (d, J = 10.0 Hz, 1H), 3.79 (d, J = 9.1 Hz, 1H), 3.45 (dd, J = 10.0, 6.7 Hz, 1H), 3.40 
(dd, J = 9.1, 4.4 Hz, 1H), 3.18-3.13 (m, 1H), 2.86 (d, J = 7.0 Hz, 1H), 2.40 (dd, J = 7.6, 7.0 Hz, 1H), 1.06 (s, 3H), 
0.88 (s, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 156.1, 141.2, 109.9, 105.6, 71.9, 69.1, 46.5, 45.8, 38.4, 37.6, 25.9, 
23.6. HRMS (EI) calculated for [C12H16O2]+(M+) requires m/z 192.1145, found m/z 192.1140. 
 

1,6,6-Trimethyl-7-phenyl-3-oxa-bicyclo[3.2.0]heptane (13) Experiment 1:  Prepared according to 
the general procedure using 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 65.3 mg (0.3 
mmol) of [(E)-2-methyl-3-(3-methyl-but-2-enyloxy)-propenyl]-benzene, and 30 mL (0.01 M) of 
DMSO. After 72 h, the reaction mixture was worked up and purified by flash column 
chromatography using 40:1 hexanes/EtOAc as the eluent to give 51.2 mg (0.24 mmol, 78% yield, 

dr: 1:1) of cycloadduct as an oil.  Experiment 2: 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 65.7 mg 
(0.3 mmol) of [(E)-2-methyl-3-(3-methyl-but-2-enyloxy)-propenyl]-benzene, and 30 mL (0.01 M) of DMSO. 
Isolated 48.5 mg (0.22 mmol, 74% yield, dr: 1:1). (1R*,5S*,7S*) Diastereomer: IR(neat) 2954, 2926, 2866, 2841, 
1603, 1496, 1456, 1064 cm-1. 1H NMR: (499.9 MHz, CDCl3) δ 7.30-7.24 (m, 4H), 7.23-7.18 (m, 1H), 4.14 (d, J = 
10.1 Hz, 1H), 3.74 (d, J = 8.8 Hz, 1H), 3.61 (dd, J = 10.1, 6.7 Hz, 1H), 3.15 (s, 1H), 3.06 (d, J = 8.8 Hz, 1H), 2.01 
(d, J = 6.7 Hz, 1H), 1.39 (s, 3H), 1.20 (s, 3H), 1.08 (s, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 139.6, 129.4, 127.8, 
125.9, 79.2, 69.6, 54.5, 53.5, 47.2, 36.9, 27.1, 24.9, 19.0. HRMS (EI) calculated for [C15H20O]+(M+) requires m/z 
216.1509, found m/z 216.1499. (1R*,5S*,7R*) Diastereomer: IR(neat) 2949, 2862, 1602, 1495, 1451, 1068 cm-1. 
1H NMR: (499.9 MHz, CDCl3) δ 7.30-7.25 (m, 4H), 7.23-7.18 (m, 1H), 4.11 (d, J = 9.8 Hz, 1H), 4.10 (d, J = 9.8 Hz, 
1H), 3.65 (dd, J = 9.8, 5.6 Hz, 1H), 3.14 (d, J = 9.8 Hz, 1H), 3.10 (s, 1H), 2.18 (d, J = 5.6 Hz, 1H), 1.40 (s, 3H), 1.31 
(s, 3H), 0.94 (s, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 139.2, 130.0, 127.9, 126.1, 74.3, 69.9, 59.2, 54.0, 45.6, 35.6, 
34.9, 26.2, 18.9. HRMS (EI) calculated for [C15H20O]+(M+) requires m/z 216.1509, found m/z 216.1506. 
 

(1S*,5R*,6S*)-6-Phenyl-3-oxa-bicyclo[3.2.0]heptane (14): Experiment 1: Prepared according to the 
general procedure using 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 52.4 mg (0.3 mmol) 
of [(E)-3-(prop-2-enyloxy)-propenyl]-benzene23, and 30 mL (0.01 M) of DMSO. After 28 h, the 
reaction mixture was worked up and purified by flash column chromatography using 50:1 
hexanes/EtOAc as the eluent to give 43.3 mg (0.25 mmol, 83% yield, dr: 7:1) of cycloadduct as an 

oil. Experiment 2: 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 52.0 mg (0.3 mmol) of [(E)-3-(prop-2-
enyloxy)-propenyl]-benzene, and 30 mL (0.01 M) of DMSO. Isolated 40.1 mg (0.23 mmol, 77% yield, dr: 7:1). All 
analytical data data were consistent with previously reported values.23 
 

(1R*,5S*)-1,5-Bis-(4-methoxy-phenyl)-bicyclo[3.2.0]heptane (16): 
Experiment 1:  Prepared according to the general procedure using 3.3 mg 
(0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 92.4 mg (0.3 mmol) of 2,6-
di(4-methoxyphenyl)-1,6-heptdiene, and 30 mL (0.01 M) of DMSO. After 20 

h, the reaction mixture was worked up and purified by flash column chromatography using 30:1 hexanes/EtOAc as 
the eluent to give 82.5 mg (0.27 mmol, 89% yield, dr: >10:1) of cycloadduct as an oil.  Experiment 2: 3.3 mg (0.003 
mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 92.4 mg (0.3 mmol) of 2,6-di(4-methoxyphenyl)-1,6-heptdiene, and 30 mL 

O
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(0.01 M) of DMSO. Isolated 84.5 mg (0.27 mmol, 91% yield, dr: >10:1). All analytical data data were consistent 
with previously reported values. 9 
 

6,7-Diphenyl-3-oxabicyclo[3.2.0]heptane (17): Experiment 1:  Prepared according to the general 
procedure using 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 75.0 mg (0.3 mmol) of 
(E,E’)-dicinnamyl ether, and 30 mL (0.01 M) of DMSO. After 4 h, the reaction mixture was worked 
up and purified by flash column chromatography using 40:1 hexanes/EtOAc as the eluent to give 63.8 
mg (0.26 mmol, 85% yield, dr: 3:1) of cycloadduct.  Experiment 2: 3.3 mg (0.003 mmol) of 

Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 75.0 mg (0.3 mmol) of (E,E’)-dicinnamyl ether, and 30 mL (0.01 M) of DMSO. 
Isolated 65.4 mg (0.27 mmol, 87% yield, dr: 3:1). (1R*,5S*,6R*,7S*) Diastereomer (major): solid. Mp: 73-75 oC 
(hexane/EtOAc). IR(neat) 3027, 2958, 2846, 1602, 1496, 1453, 1072 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.09-
7.05 (m, 4H), 7.01-6.97 (m, 2H), 6.95-6.92 (m, 4H), 4.10 (d, J = 9.4 Hz, 2H), 3.75 (d, J = 4.1 Hz, 2H), 3.73-3.69 (m, 
2H), 3.33-3.28 (m, 2H); 13C NMR: (125.8 MHz, CDCl3) δ 140.8, 128.1, 127.7, 125.6, 74.0, 47.2, 42.1. HRMS (EI) 
calculated for [C18H18O]+(M+) requires m/z 250.1353, found m/z 250.1354. (1R*,5S*,6S*,7S*) Diastereomer 
(minor): Oil. IR(neat) 3026, 2961, 2849, 1602, 1495, 1447, 1082 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.35-7.28 
(m, 4H), 7.28-7.24 (m, 4H), 7.23-7.17 (m, 2H), 4.04 (d, J = 9.2 Hz, 1H), 3.85-3.78 (m, 2H), 3.67 (dd, J = 9.6, 6.6 
Hz, 1H), 3.54 (dd, J = 9.2, 4.1 Hz, 1H), 3.48 (dd, J = 10.1, 7.0 Hz, 1H), 3.28-3.22 (m, 1H), 3.12 (td, J = 7.0, 4.4 Hz, 
1H); 13C NMR: (125.8 MHz, CDCl3) δ 144.4, 140.3, 128.5, 128.4, 127.7, 126.4, 126.3, 126.2, 72.9, 68.4, 45.9, 45.5, 
44.1, 40.7. HRMS (EI) calculated for [C18H18O]+(M+) requires m/z 250.1353, found m/z 250.1349. 
 

(1S*,5R*,6S*,7R*)-7-Phenyl-bicyclo[3.2.0]heptane-6-carboxylic acid methyl ester (18):  
Experiment 1: Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 70.1 mg (0.3 mmol) of (2E,7Z)-8-phenyl-octa-2,7-dienoic acid 
methyl ester, and 30 mL (0.01 M) of DMSO. After 11 h, the reaction mixture was worked up and 
purified by flash column chromatography using 100:1 hexanes/EtOAc as the eluent to give 60.2 

mg (0.26 mmol, 86% yield, dr: 4:1) of cycloadduct as an oil.  Experiment 2: 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 69.0 mg (0.3 mmol) of (2E,7Z)-8-phenyl-octa-2,7-dienoic acid methyl ester, and 30 
mL (0.01 M) of DMSO. Isolated 61.4 mg (0.27 mmol, 89% yield, dr: 4:1). IR(neat) 2948, 2855, 1733, 1494, 1434, 
1172 cm-1. 1H NMR: (499.9 MHz, CDCl3) δ 7.29-7.25 (m, 2H), 7.24-7.20 (m, 2H), 7.19-7.15 (m, 1H), 3.30 (dd, J = 
10.6, 5.5 Hz, 1H), 3.27-3.21 (m, 1H), 3.15 (s, 3H), 3.06-3.01 (m, 2H), 1.95-1.88 (m, 2H), 1.72-1.57 (m, 4H); 13C 
NMR: (125.7 MHz, CDCl3) δ 173.3, 141.6, 128.0, 127.7, 126.3, 50.9, 47.3, 45.9, 42.1, 36.8, 32.8, 32.1, 25.4. HRMS 
(EI) calculated for [C15H18O2]+(M+) requires m/z 230.1302, found m/z 230.1295. 
 

(4-Methoxy-phenyl)-((1S*,5R*,6S*,7R*)-7-phenyl-bicyclo[3.2.0]hept-6-yl)-
methanone (19): Experiment 1:  Prepared according to the general procedure using 3.3 
mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 92.0 mg (0.3 mmol) of (2E,7Z)-1-
(4-methoxy-phenyl)-8-phenyl-octa-2,7-dien-1-one, and 30 mL (0.01 M) of DMSO. 
After 11 h, the reaction mixture was worked up and purified by flash column 
chromatography using 40:1 hexanes/EtOAc as the eluent to give 66.1 mg (0.22 mmol, 

72% yield, dr: 6:1) of cycloadduct as a white solid.  Experiment 2: 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 91.8 mg (0.3 mmol) of (2E,7Z)-1-(4-methoxy-phenyl)-8-phenyl-octa-2,7-dien-1-one, 
and 30 mL (0.01 M) of DMSO. Isolated 70.2 mg (0.23 mmol, 76% yield, dr: 6:1). Mp: 110-111 oC (hexane/CHCl3). 
IR(neat) 2946, 2853, 1666, 1601, 1510, 1245, 1169 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.52 (d, J = 8.9 Hz, 2H), 
7.06-7.00 (m, 4H), 6.95-6.91 (m, 1H), 6.69 (d, J = 8.9 Hz, 2H), 3.83 (ddd, J = 10.8, 5.7, 1.0 Hz, 1H), 3.75 (s, 3H), 
3.69-3.63 (m, 1H), 3.42 (dd, J = 10.9, 4.8 Hz, 1H), 2.87 (td, J = 7.6, 4.8 Hz, 1H), 2.09-1.93 (m, 2H), 1.77 (dd, J = 
12.9, 6.5 Hz, 1H), 1.74-1.61 (m, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 197.8, 162.6, 141.5, 130.11, 130.05, 128.1, 
127.7, 126.0, 113.0, 55.2, 49.8, 48.9, 43.5, 35.6, 32.9, 32.6, 25.5. HRMS (EI) calculated for [C21H22O]+(M+) requires 
m/z 306.1615, found m/z 306.1609. 
 

(1R*,5R*,7S*)-6-Methylene-7-phenyl-3-oxa-bicyclo[3.2.0]heptane (20): Experiment 1: Prepared 
according to the general procedure using 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 56.0 
mg (0.3 mmol) of ((E)-3-buta-2,3-dienyloxy-propenyl)-benzene, and 30 mL (0.01 M) of DMSO. 
After 20 h, the reaction mixture was worked up and purified by flash column chromatography using 
50:1 hexanes/EtOAc as the eluent to give 44.5 mg (0.24 mmol, 80% yield, dr: 7:1) of cycloadduct as 

an oil.  Experiment 2: 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 55.8 mg (0.3 mmol) of ((E)-3-buta-
2,3-dienyloxy-propenyl)-benzene, and 30 mL (0.01 M) of DMSO. Isolated 41.7 mg (0.22 mmol, 75% yield, dr: 7:1). 
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IR(neat) 2962, 2846, 1672, 1602, 1494, 1451, 1072 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.34-7.30 (m, 2H), 7.29-
7.25 (m, 2H), 7.24-7.20 (m, 1H), 5.00 (t, J = 2.4 Hz, 1H), 4.83 (t, J = 2.4 Hz, 1H), 4.10 (t, J = 9.2 Hz, 2H), 3.81-3.77 
(m, 1H), 3.63 (dd, J = 8.6, 5.9 Hz, 1H), 3.59-3.52 (m, 2H), 2.97 (dt, J = 7.6, 5.1 Hz, 1H); 13C NMR: (125.7 MHz, 
CDCl3) δ 153.1, 142.8, 128.5, 127.2, 126.4, 108.6, 74.0, 73.6, 52.8, 46.7, 45.3. HRMS (EI) calculated for 
[C13H14O]+(M+) requires m/z 186.1040, found m/z 186.1043. 
  

6-Phenoxy-7-phenyl-3-(toluene-4-sulfonyl)-3-aza-bicyclo[3.2.0]heptane (21): Experiment 1: 
Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 125.7 mg (0.3 mmol) of 4-methyl-N-((E)-3-phenoxy-allyl)-N-((E)-3-
phenyl-allyl)-benzenesulfonamide, and 30 mL (0.01 M) of DMSO. After 4 h, the reaction mixture 
was worked up and purified by flash column chromatography using 9:1 hexanes/EtOAc as the 
eluent to give 102.2 mg (0.24 mmol, 81% yield, dr: 2:1) of cycloadduct as a white solid. 

Experiment 2: 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 125.7 mg (0.3 mmol) of 4-methyl-N-((E)-3-
phenoxy-allyl)-N-((E)-3-phenyl-allyl)-benzenesulfonamide, and 30 mL (0.01 M) of DMSO. Isolated 91.7 mg (0.22 
mmol, 73% yield, dr: 2:1). (1R*,5S*,6R*,7S*) Diastereomer (major): Mp: 162-165 oC (hexane/EtOAc). IR(neat) 
3061, 3029, 2976, 2918, 2855, 1599, 1495, 1346, 1240, 1170 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.74 (d, J = 8.2 
Hz, 2H), 7.36 (d, J = 8.3 Hz, 2H), 7.26-7.17 (m, 4H), 7.14-7.06 (m, 3H), 6.80 (t, J = 7.2 Hz, 1H), 6.56 (d, J = 8.3 Hz, 
2H), 4.82 (dd, J = 7.5, 2.4 Hz, 1H), 3.78 (d, J = 10.1 Hz, 1H), 3.70 (dd, J = 7.5, 3.7 Hz, 1H), 3.63 (d, J = 10.1 Hz, 
1H), 3.07-3.01 (m, 2H), 2.76-2.66 (m, 2H), 2.45 (s, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 156.7, 143.9, 137.9, 
131.4, 129.7, 129.05, 129.04, 128.1, 127.8, 126.5, 120.7, 115.1, 75.6, 53.6, 52.4, 49.0, 43.9, 41.3, 21.5. HRMS (ESI) 
calculated for [C25H25NO3SNa]+([M+Na]+) requires m/z 442.1453, found m/z 442.1454. (1R*,5S*,6S*,7S*)-
Diastereomer (minor): Mp: 139-140 oC (hexane/EtOAc). IR(neat) 3028, 2973, 2922, 2857, 1597, 1495, 13444, 
1233, 1169 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.74 (d, J = 8.3 Hz, 2H), 7.35-7.30 (m, 4H), 7.26-7.18 (m, 5H), 
6.92 (t, J = 7.2 Hz, 1H), 6.75-6.71 (m, 2H), 4.64 (t, J = 7.3 Hz, 1H), 3.82 (dd, J = 10.5, 2.1 Hz, 1H), 3.62 (d, J = 9.8 
Hz, 1H), 3.51 (t, J = 7.3 Hz, 1H), 3.29-3.22 (m, 1H), 2.90 (dd, J = 9.8, 5.2 Hz, 1H), 2.87 (dd, J = 10.5, 8.8 Hz, 1H), 
2.72 (td, J = 7.3, 5.2 Hz, 1H), 2.43 (s, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 156.9, 143.6, 141.4, 132.7, 129.6, 
129.5, 128.6, 127.9, 126.9, 126.7, 121.1, 115.1, 73.7, 53.4, 50.1, 46.3, 40.9, 39.2, 21.5. HRMS (ESI) calculated for 
[C25H25NO3SNa]+([M+Na]+) requires m/z 442.1453, found m/z 442.1447. 
 

(1S*,5R*,7S*)-6,6-Dichloro-7-phenyl-bicyclo[3.2.0]heptane (22): Experiment 1: Prepared 
according to the general procedure using 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 72.0 
mg (0.3 mmol) of ((Z)-7,7-dichloro-hepta-1,6-dienyl)-benzene, and 30 mL (0.01 M) of DMSO. After 
20 h, the reaction mixture was worked up and purified by flash column chromatography using 
hexanes as the eluent to give 64.6 mg (0.27 mmol, 90% yield, dr: >10:1) of cycloadduct as an oil.  
Experiment 2: 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 72.0 mg (0.3 mmol) of ((Z)-

7,7-dichloro-hepta-1,6-dienyl)-benzene, and 30 mL (0.01 M) of DMSO. Isolated 63.1 mg (0.26 mmol, 88% yield, 
dr: >10:1). IR(neat) 3030, 2957, 2856, 1606, 1497, 1448 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.40-7.36 (m, 2H), 
7.34-7.28 (m, 3H), 3.75 (d, J = 7.5 Hz, 1H), 3.36-3.26 (m, 2H), 2.32-2.25 (m, 1H), 1.99-1.91 (m, 2H), 1.85-1.76 (m, 
1H), 1.76-1.70 (m, 1H), 1.70-1.60 (m, 1H); 13C NMR: (125.8 MHz, CDCl3) δ 137.3, 128.2, 128.0, 127.4, 90.2, 61.1, 
57.6, 39.2, 31.0, 29.4, 25.6. HRMS (EI) calculated for [C13H14Cl2]+(M+) requires m/z 240.0468, found m/z 240.0459. 
 

6-Iodo-7-phenyl-3-(toluene-4-sulfonyl)-3-aza-bicyclo[3.2.0]heptane (23): Experiment 1:  Prepared 
according to the general procedure using 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 
136.7 mg (0.3 mmol) of N-((E)-3-iodo-allyl)-4-methyl-N-((E)-3-phenyl-allyl)-benzenesulfonamide, 
and 30 mL (0.01 M) of DMSO. After 15 h, the reaction mixture was worked up and purified by flash 
column chromatography using 15:1 to 10:1 to 5:1 hexanes/EtOAc as the gradient  to give 123.0 mg 
(0.27 mmol, 90% yield, dr: 2:1) of cycloadduct as a white solid.  Experiment 2: 3.3 mg (0.003 mmol) 

of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 135.1 mg (0.3 mmol) of N-((E)-3-iodo-allyl)-4-methyl-N-((E)-3-phenyl-allyl)-
benzenesulfonamide, and 30 mL (0.01 M) of DMSO. Isolated 121.5 mg (0.27 mmol, 90% yield, dr: 2:1).   
(1R*,5S*,6R*,7S*) Diastereomer (major): Mp: 170-172oC (hexane/EtOAc). IR(neat) 3028, 2984, 2876, 1598, 
1496, 1450, 1342, 1165 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.71 (d, J = 8.0 Hz, 2H), 7.39-7.33 (m, 4H), 7.32-
7.27 (m, 1H), 7.17-7.13 (m, 2H), 4.91 (dd, J = 9.0, 4.6 Hz, 1H), 3.66 (d, J = 10.23 Hz, 1H), 3.61-3.56 (m, 2H), 3.36-
3.31 (m, 1H), 3.27 (dt, J = 8.2, 6.0 Hz, 1H), 2.70 (dd, J = 10.2, 6.4 Hz, 1H), 2.59 (dd, J = 10.2, 6.4 Hz, 1H), 2.44 (s, 
3H); 13C NMR: (125.8 MHz, CDCl3) δ 144.0, 142.8, 131.5, 129.7, 128.12, 128.05, 128.0, 127.3, 53.4, 53.2, 49.0, 
48.4, 42.2, 29.2, 21.5. HRMS (ESI) calculated for [C19H21INO2S]+([M+H]+) requires m/z 454.0333, found m/z 
454.0331. (1R*,5S*,6S*,7S*) Diastereomer (minor): Mp: 158-160oC (hexane/CHCl3). IR(neat) 3028, 2972, 2922, 
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2854, 1598, 1497, 1467, 1453, 1345, 1168 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.79 (d, J = 8.3 Hz, 2H), 7.38-7.32 
(m, 4H), 7.29-7.25 (m, 1H), 7.23-7.20 (m, 2H), 4.73 (t, J = 8.8 Hz, 1H), 3.93 (dd, J = 10.7, 1.4 Hz, 1H), 3.76-3.71 
(m, 1H), 3.58 (d, J = 9.8 Hz, 1H), 3.19 (td, J = 6.9, 5.1 Hz, 1H), 3.07 (dd, J = 10.7, 8.1 Hz, 1H), 3.00-2.93 (m, 1H), 
2.78 (dd, J = 9.8, 5.1 Hz, 1H), 2.45 (s, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 143.8, 140.6, 132.4, 129.7, 128.8, 
128.1, 127.3, 126.0, 54.9, 54.7, 54.1, 45.1, 41.2, 27.2, 21.6. HRMS (ESI) calculated for 
[C19H24IN2O2S]+([M+NH4]+) requires m/z 471.0598, found m/z 471.0595. 
 

(1S*,2S*,5R*,6S*)-2-(4-Methoxy-phenyl)-6-phenyl-3-oxa-bicyclo[3.2.0]heptane (24):  
Experiment 1: Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 84.0 mg (0.3 mmol) of 1-methoxy-4-[1-((E)-3-phenyl-
allyloxy)-allyl]-benzene, and 30 mL (0.01 M) of DMSO. After 36 h, the reaction mixture 
was worked up and purified by flash column chromatography using 30:1 hexanes/EtOAc 
as the eluent to give 67.2 mg (0.24 mmol, 80% yield, dr: 9:1) of cycloadduct as an oil.  

Experiment 2: 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 83.4 mg (0.3 mmol) of 1-methoxy-4-[1-((E)-
3-phenyl-allyloxy)-allyl]-benzene, and 30 mL (0.01 M) of DMSO. Isolated 67.5 mg (0.24 mmol, 81% yield, dr: 9:1). 
IR(neat) 2957, 2931, 2855, 1611, 1511, 1246 cm-1. 1H NMR: (499.9 MHz, CDCl3) δ 7.36-7.31 (m, 2H), 7.30-7.27 
(m, 2H), 7.25-7.18 (m, 3H), 6.87 (d, J = 8.4 Hz, 2H), 5.09 (s, 1H), 4.01 (d, J = 9.2 Hz, 1H), 3.90 (dd, J = 9.5, 5.5 Hz, 
1H), 3.79 (s, 3H), 3.41 (td, J = 8.4, 5.5 Hz, 1H), 3.21-3.15 (m, 1H), 3.13-3.08 (m, 1H), 2.45-2.41 (m, 2H); 13C NMR: 
(125.7 MHz, CDCl3) δ 158.7, 145.8, 134.3, 128.5, 127.1, 126.4, 126.0, 113.7, 86.3, 72.8, 55.3, 48.1, 42.4, 41.8, 
31.6. HRMS (EI) calculated for [C19H20O2]+(M+) requires m/z 280.1458, found m/z 280.1462. 
 

(1S*,5R*,7S*)-6,6-Dimethyl-7-phenyl-bicyclo[3.2.0]heptane (25): Experiment 1: Prepared 
according to the general procedure using 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 
59.5 mg (0.3 mmol) of ((Z)-7-methyl-octa-1,6-dienyl)-benzene, and 30 mL (0.01 M) of DMSO. 
After 38 h, the reaction mixture was worked up and purified by flash column chromatography using 
hexanes as the eluent to give 49.6 mg (0.25 mmol, 83% yield, dr: >10:1) of cycloadduct as an oil.  
Experiment 2: 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 61.2 mg (0.3 mmol) of ((Z)-7-

methyl-octa-1,6-dienyl)-benzene, and 30 mL (0.01 M) of DMSO. Isolated 55.0 mg (0.28 mmol, 90% yield, 
dr: >10:1). IR(neat) 2950, 2859, 1602, 1497, 1447 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.30-7.26 (m, 2H), 7.19-
7.13 (m, 3H), 3.14-3.08 (m, 1H), 2.74 (d, J = 7.8 Hz, 1H), 2.17 (dd, J = 8.8, 8.1 Hz, 1H), 1.87-1.79 (m, 3H), 1.57-
1.43 (m, 3H), 1.02 (s, 3H), 0.71 (s, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 141.8, 127.8, 127.7, 125.5, 51.8, 46.0, 
37.5, 37.4, 31.1, 27.2, 27.0, 26.8, 24.3. HRMS (EI) calculated for [C15H20]+(M+) requires m/z 200.1560, found m/z 
200.1561. 
 

(1R,5R,7S)-6,6-Dimethyl-7-phenyl-3-(toluene-4-sulfonyl)-3-aza-bicyclo[3.2.0]heptane (26) 
Experiment 1: Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 105.0 mg (0.3 mmol) of 4-methyl-N-(3-methyl-but-2-enyl)-N-((E)-3-
phenyl-allyl)-benzenesulfonamide, and 30 mL (0.01 M) of DMSO. After 12 h, the reaction mixture 
was worked up and purified by flash column chromatography using 10:1 hexanes/EtOAc as the 
eluent to give 94.6 mg (0.27 mmol, 90% yield, dr: >10:1) of cycloadduct as a white solid.  

Experiment 2: 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 106.5 mg (0.3 mmol) of 4-methyl-N-(3-
methyl-but-2-enyl)-N-((E)-3-phenyl-allyl)-benzenesulfonamide, and 30 mL (0.01 M) of DMSO. Isolated 90.3 mg 
(0.25 mmol, 85% yield, dr: >10:1).Mp: 172-174 oC (hexane/CHCl3). IR(neat) 2951, 2863, 1599, 1495, 1338, 1161 
cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.73 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.2 Hz, 2H), 7.29 (t, J = 7.6 Hz, 2H), 
7.19 (t, J = 7.6 Hz, 1H), 7.09 (d, J = 7.2 Hz, 2H), 3.72 (d, J = 10.5 Hz, 1H), 3.42 (d, J = 9.6 Hz, 1H), 3.21 (d, J = 7.2 
Hz, 1H), 3.15 (td, J = 7.9, 5.5 Hz, 1H), 2.64 (dd, J = 10.5, 7.9 Hz, 1H), 2.61 (dd, J = 9.6, 5.5 Hz, 1H), 2.44 (s, 3H), 
2.28 (t, J = 7.9 Hz, 1H), 1.17 (s, 3H), 0.70 (s, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 143.5, 139.9, 132.0, 129.5, 
128.1, 128.0, 127.5, 126.1, 52.9, 51.7, 48.9, 45.0, 37.7, 36.3, 26.1, 24.2, 21.5. HRMS (ESI) calculated for 
[C21H26NO2S]+([M+H]+) requires m/z 356.1679, found m/z 356.1684. 
 

7-Methyl-8-phenyl-bicyclo[4.2.0]octane-7-carbothioic acid S-ethyl ester (27): Experiment 1:  
Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 86.4 mg (0.3 mmol) of (2E,8E)-2-methyl-9-phenyl-nona-2,8-
dienethioic acid S-ethyl ester, and 30 mL (0.01 M) of DMSO. After 36 h, the reaction mixture was 
worked up and purified by flash column chromatography using 100:1 hexanes/EtOAc as the eluent 

to give 67.5 mg (0.23 mmol, 78% yield, dr: 3:1) of cycloadduct as a colorless oil. Experiment 2: 3.3 mg (0.003 
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mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 86.4 mg (0.3 mmol) of (2E,8E)-2-methyl-9-phenyl-nona-2,8-dienethioic 
acid S-ethyl ester, and 30 mL (0.01 M) of DMSO. Isolated 70.7 mg (0.25 mmol, 82% yield, dr: 3:1). 
(1R*,6R*,7S*,8S*) Diastereomer (major): IR(neat) 2967, 2928, 2855, 1676, 1448, 967 cm-1. 1H NMR: (500.2 
MHz, CDCl3) δ 7.31-7.27 (m, 2H), 7.25-7.22 (m, 2H), 7.22-7.18 (m, 1H), 3.64 (d, J = 10.0 Hz, 1H), 2.91 (qd, J = 
7.4, 1.2 Hz, 2H), 2.00-1.90 (m, 3H), 1.90-1.81 (m, 2H), 1.78-1.73 (m, 1H), 1.48-1.34 (m, 4H), 1.28 (t, J = 7.4 Hz, 
3H), 1.02 (s, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 205.0, 139.4, 128.0, 127.9, 126.2, 60.4, 52.2, 48.1, 41.1, 31.0, 
26.7, 26.5, 26.2, 23.0, 14.8, 13.0. HRMS (EI) calculated for [C18H24OS]+(M+) requires m/z 288.1543, found m/z 
288.1537. (1S*,6R*,7S*,8R*) Diastereomer (minor): IR(neat) 2930, 2854, 1667, 1449, 955 cm-1. 1H NMR: (500.2 
MHz, CDCl3) δ 7.26 (t, J = 7.5 Hz, 2H), 7.17 (t, J = 7.5 Hz, 1H), 7.14-7.11 (m, 2H), 3.41 (d, J = 11.3 Hz, 1H), 3.12-
3.04 (m, 1H), 2.79 (dt, J = 10.9, 8.2 Hz, 1H), 2.59 (qq, J = 13.3, 7.4 Hz, 2H), 1.81-1.73 (m, 1H), 1.73-1.67 (m, 1H), 
1.67-1.46 (m, 7H), 1.42-1.33 (m, 1H), 1.25-1.16 (m, 1H), 0.92 (t, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 203.8, 
139.2, 128.0, 127.5, 126.4, 59.3, 53.1, 36.5, 31.7, 24.8, 23.7, 23.0, 22.8, 21.8, 19.5, 14.4. HRMS (EI) calculated for 
[C18H24OS]+(M+) requires m/z 288.1543, found m/z 288.1542. 
 

(3aR*,4S*,4aR*,7aS*)-4-Phenyl-hexahydro-2-oxa-cyclobuta[1,2:1,4]dicyclopentene (28): 
Experiment 1: Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 64.2 mg (0.3 mmol) of [(E)-3-(cyclopent-1-enylmethoxy)-propenyl]-
benzene, and 30 mL (0.01 M) of DMSO. After 21 h, the reaction mixture was worked up and purified 
by flash column chromatography using 30:1 hexanes/EtOAc as the eluent to give 47.6 mg (0.22 

mmol, 73% yield, dr: 6:1) of cycloadduct as an oil.  Experiment 2: 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 64.8 mg (0.3 mmol) of [(E)-3-(cyclopent-1-enylmethoxy)-propenyl]-benzene, and 30 
mL (0.01 M) of DMSO. Isolated 51.7 mg (0.24 mmol, 79% yield, dr: 5:1). IR(neat) 2950, 2842, 1604, 1497, 1447, 
1346, 1033 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.34-7.29 (m, 2H), 7.18 (t, J = 7.4 Hz, 1H), 7.14-7.11 (m, 2H), 
4.03 (d, J = 9.3 Hz, 1H), 3.87 (d, J = 9.3 Hz, 1H), 3.66 (dd, J = 9.3, 5.1 Hz, 1H), 3.53 (d, J = 9.3 Hz, 1H), 3.44 (dd, J 
= 9.5, 6.8 Hz, 1H), 2.76 (t, J = 5.7 Hz, 1H), 2.71 (t, J = 8.8 Hz, 1H), 1.70-1.61 (m, 2H), 1.55-1.40 (m, 3H), 1.36-1.30 
(m, 1H); 13C NMR: (125.7 MHz, CDCl3) δ 140.2, 128.1, 127.5, 125.6, 75.1, 73.9, 54.3, 44.8, 44.6, 41.4, 32.9, 27.5, 
26.6. HRMS (EI) calculated for [C15H18O]+(M+) requires m/z 214.1353, found m/z 214.1354. 
 

(1S*,1aR*,3aS*,6aS*,6bS*)-1-Phenyl-octahydro-3-oxa-cyclobut[cd]indene (29): Experiment 1:  
Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 64.2 mg (0.3 mmol) of [(E)-3-(cyclohex-2-enyloxy)-propenyl]-
benzene, and 30 mL (0.01 M) of DMSO. After 24 h, the reaction mixture was worked up and purified 
by flash column chromatography using 30:1 hexanes/EtOAc as the eluent to give 48.7 mg (0.23 
mmol, 76% yield, dr: 9:1) of cycloadduct as an oil.  Experiment 2: 3.3 mg (0.003 mmol) of 

Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 64.1 mg (0.3 mmol) of [(E)-3-(cyclohex-2-enyloxy)-propenyl]-benzene, and 30 mL 
(0.01 M) of DMSO. Isolated 47.4 mg (0.22 mmol, 74% yield, dr: 9:1). IR(neat) 2935, 2841, 1601, 1497, 1452, 1069, 
1035 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.33-7.28 (m, 2H), 7.24-7.21 (m, 2H), 7.21-7.16 (m, 1H), 4.02 (dt, J = 
7.1, 2.1 Hz, 1H), 3.95 (d, J = 9.1 Hz, 1H), 3.58 (dd, J = 9.1, 3.9 Hz, 1H), 3.25 (t, J = 8.1 Hz, 1H), 2.92 (td, J = 7.1, 
3.9 Hz, 1H), 2.67 (q, J = 7.7 Hz, 1H), 2.54-2.47 (m, 1H), 2.13-2.06 (m, 1H), 2.04-1.92 (m, 1H), 1.62-1.56 (m, 1H), 
1.53-1.35 (m, 3H); 13C NMR: (125.7 MHz, CDCl3) δ 145.3, 128.3, 126.6, 125.9, 75.5, 72.8, 45.2, 43.5, 35.2, 35.0, 
27.4, 25.8, 14.7. HRMS (EI) calculated for [C15H18O]+(M+) requires m/z 214.1353, found m/z 214.1360. 
 

 (3aR*,7bR*,7cS*)-1,1a,2,3,7b,7c-Hexahydro-benzo[a]cyclobuta[cd]pentalen-3a-ol (30):  
Experiment 1: Prepared according to the general procedure using 3.3 mg (0.003 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 55.8 mg (0.3 mmol) of 1-but-3-enyl-1H-inden-1-ol, and 30 mL (0.01 
M) of DMSO. After 3 h, the reaction mixture was worked up and purified by flash column 

chromatography using 10:1 hexanes/EtOAc as the eluent to give 50.3 mg (0.27 mmol, 90% yield, dr: >10:1) of 
cycloadduct as a white solid. Experiment 2: 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 55.8 mg (0.3 
mmol) of 1-but-3-enyl-1H-inden-1-ol, and 30 mL (0.01 M) of DMSO. Isolated 49.7 mg (0.27 mmol, 89% yield, 
dr: >10:1). Mp: 96-97 oC. IR(neat) 3254, 2959, 2924, 2862, 1477, 1456, 1442, 1312, 1059 cm-1. 1H NMR: (500.2 
MHz, CDCl3) δ 7.46-7.42 (m, 1H), 7.31-7.26 (m, 2H), 7.16-7.12 (m, 1H), 3.77-3.72 (m, 1H), 3.08 (dd, J = 8.9, 6.9 
Hz, 1H), 2.90-2.81 (m, 1H), 2.76 (dt, J = 11.7, 9.1 Hz, 1H), 2.20-2.09 (m, 3H), 2.06-1.99 (m, 1H), 1.35 (dt, J = 11.7, 
2.9 Hz, 1H), 1.12-1.03 (m, 1H); 13C NMR: (125.8 MHz, CDCl3) δ 148.4, 148.3, 128.9, 127.3, 123.9, 123.7, 93.0, 
54.9, 42.2, 41.0, 35.4, 34.8, 31.9. HRMS (EI) calculated for [C13H14O]+(M+) requires m/z 186.1040, found m/z 
186.1044. 
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 (4bR*,4cR*,9aR*,9bR*)-4b,4c,9,9a,9b,10-hexahydrocyclobuta[1,2-a:4,3-a']diindene 

(31): Experiment 1: Prepared according to the general procedure using 3.3 mg (0.003 mmol) 
of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 69.6 mg (0.6 mmol) of indene, and 30 mL (0.02 M) of 
DMSO. After 40 h, the reaction mixture was worked up and purified by flash column 

chromatography using 60:1 hexanes/EtOAc as the eluent to give 48.7 mg (0.21 mmol, 70% yield, dr: 4:1 (ratio of 
major isomer to all other isomers, as determined by 1H NMR)) of cycloadduct as a white solid.  Experiment 2: 3.3 
mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 70.0 mg (0.3 mmol) of indene, and 30 mL (0.02 M) of DMSO. 
Isolated 49.1 mg (0.21 mmol, 70% yield, dr: 4:1). Mp: 110-111 oC (hexane) (lit. 24 110-112 oC). IR(neat) 2940, 2906, 
2835, 1476, 1456 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.41 (d, J = 6.9 Hz, 2H), 7.31 (d, J = 7.4 Hz, 2H), 7.29-
7.21 (m, 4H), 3.70 (d, J = 5.6 Hz, 2H), 3.19 (dd, J = 16.5, 7.6 Hz, 2H), 2.94 (d, J = 16.5 Hz, 2H), 2.80-2.74 (m, 2H); 
13C NMR: (125.8 MHz, CDCl3) δ 146.6, 144.0, 126.79, 126.76, 125.4, 125.2, 54.0, 43.1, 39.4. HRMS (EI) 
calculated for [C18H16]+(M+) requires m/z 232.1247, found m/z 232.1238. 
 
IV. Synthesis of (±)-cannabiorcicylolic acid 

 
(±)-Ethyl cannabiorcichromenic ester (35): A mixture of ethyl 2,4-dihydroxy-6-
methylbenzoate (50 mg, 0.25 mmol),  citral (0.42 mL, 10 eq), and Ca(OH)2 (185 
mg, 10 eq) in iPrOH (1 mL) was placed in a sealed tube and heated at 140 oC for 
48 h, then allowed to cool to room temperature. The reaction mixture was 

diluted with dichloromethane (100 mL), washed with aq. HCl (1 M) and brine, dried over Na2SO4, and 
concentrated under reduced pressure. The crude residue was purified by flash column chromatography (100:1 
hexanes/Et2O) to afford 45.8 mg (0.14 mmol, 54% yield) of the title compound as a white solid. All analytical data 
data were consistent with previously reported values.25 
 

 (±)-Ethyl cannabiorcicyclolic ester (36): A solution of 2.2 mg (0.002 mmol) of 
Ir(dF(CF3)ppy)2(dtbbpy)(PF6) and 66.0 mg (0.2 mmol) of ethyl cannabiorcichromenic ester 
in DMSO (20 mL, 0.01 M) was placed in a test tube (20 x 150 mm). The reaction was 
stirred in front of a 23 W (1380 lumen) compact fluorescent lamp at a distance of 10 cm. 
After 8 h, the reaction mixture was diluted with Et2O (60 mL) and water (10 mL). The 

aqueous layer was separated and extracted with ether (60 mL x 2). The combined organic layers were washed with 
water (10 mL x 2), brine (20 mL), dried over Na2SO4, filtered, and concentrated in vacuo. The residue was purified 
flash column chromatography using 100:1 hexanes/Et2O as the eluent to give 56.7 mg (86% yield) of cycloadduct as 
a white solid. Mp: 118-119 oC (hexane/EtOAc). IR(neat) 2951, 2863, 1636, 1570, 1261 cm-1. 1H NMR: (500.2 MHz, 
CDCl3) δ 11.90 (s, 1H), 6.25 (s, 1H), 4.38 (q, J = 7.3 Hz, 2H), 3.12 (d, J = 9.5 Hz, 1H), 2.57 (dd, J = 9.6, 7.3 Hz, 
1H), 2.47 (s, 3H), 2.41 (t, J = 7.3 Hz, 1H), 1.92 (td, J = 13.1, 8.0 Hz, 1H), 1.71-1.63 (m, 2H), 1.63-1.56 (m, 1H), 
1.42-1.37 (m, 9H), 0.78 (s, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 172.2, 163.4, 157.8, 140.1, 113.1, 109.7, 104.6, 
84.1, 61.0, 46.5, 39.1, 38.5, 37.5, 36.0, 33.6, 27.6, 25.7, 24.2, 17.7, 14.3. HRMS (ESI) calculated for 
[C20H27O4]+([M+H]+) requires m/z 331.1904, found m/z 331.1911. 
  

 (±)-Cannabiorcicyclolic acid (37):  To a solution of ethyl cannabiorcicyclolic ester (33.0 
mg, 0.1 mmol) in methanol (0.2 mL) and THF (0.5 mL) was added 5 M aq. LiOH (2 mL). 
The reaction mixture was stirred at 60 °C for 8 h before it was acidified with 1 M aq. HCl, 
and extracted with CH2Cl2. The combined organic layers were washed with brine, dried 
over Na2SO4, and concentrated under reduced pressure. The crude residue was purified by 

flash column chromatography (1:1 hexanes/EtOAc) to afford 29.3 mg (0.1 mmol, 97% yield) of the title compound 
as a white solid. Mp: 174-176 oC (hexane/CHCl3). IR(neat) 3060, 2942, 2861, 1618, 1576, 1453, 1257 cm-1. 1H 
NMR: (500.2 MHz, CDCl3) δ 11.64 (bs, 1H), 6.29 (s, 1H), 3.12 (d, J = 9.5 Hz, 1H), 2.58 (dd, J = 9.5, 7.5 Hz, 1H), 
2.53 (s, 3H), 2.42 (t, J = 7.5 Hz, 1H), 1.92 (td, J = 12.8, 7.4 Hz, 1H), 1.69 (dd, J = 12.8, 7.4 Hz, 2H), 1.64-1.54 (m, 
1H), 1.41 (s, 3H), 1.39 (s, 3H), 0.79 (s, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 176.0, 164.4, 159.0, 141.6, 113.6, 
109.7, 103.1, 84.4, 46.5, 39.1, 38.7, 37.5, 35.9, 33.6, 27.6, 25.7, 24.1, 17.7; HRMS (ESI) calculated for 
[C18H21O4]+([M-H]+) requires m/z 301.1445, found m/z 301.1438. 1H and 13C NMR spectral data obtained for this 
compound were identical to values reported for the natural product.26 
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V. Photosensitized [2+2] Cycloaddition of 5 

 
 
Procedure. A solution of 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6) and 73.2 mg (0.3 mmol) of 1-{(E)-
3-[((2E,4E)-hexa-2,4-dienyl)oxy]-propenyl}-3-methoxy-benzene27 in DMSO (30 mL, 0.01 M) was placed in a test 
tube (20 x 150 mm). The reaction was stirred in front of a 23 W (1380 lumen) compact fluorescent lamp at a 
distance of 10 cm. After 12 h, the reaction mixture was diluted with Et2O (60 mL) and water (10 mL). The aqueous 
layer was separated and extracted with ether (60 mL x 2). The combined organic layers were washed with water (10 
mL x 2), brine (20 mL), dried over Na2SO4, filtered, and concentrated in vacuo. The residue was purified by flash 
column chromatography using 20:1 hexanes/EtOAc as the eluent to give an inseparable mixture of diastereomers. 
This oily mixture was placed in a round-bottomed flask with Pd/C (5%Pd, 95.4 mg, 5 mol%), and ethyl acetate (5 
mL) equipped with a balloon of H2. The mixture was stirred 4 h at room temperature and then filtered. The filtrate 
was concentrated and purified by flash column chromatography (20:1 hexanes/EtOAc) to afford 65.0 mg (0.26 
mmol, 87% yield, two steps) of the hydrogenation products as a colorless oil. 
 

(1S*,5R*,6S*,7R*)-6-(4-Methoxy-phenyl)-7-propyl-3-oxa-bicyclo[3.2.0]heptane: 
IR(neat) 2955, 2920, 2842, 1611, 1513, 1248 cm-1. 1H NMR: (500.2 MHz, CDCl3) δ 7.13 (d, 
J = 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 3.95 (d, J = 9.4 Hz, 1H), 3.92 (d, J = 9.2 Hz, 1H), 
3.81 (s, 3H), 3.60-3.55 (m, 2H), 3.30 (dd, J = 9.4, 5.3 Hz, 1H), 3.08 (dt, J = 8.1, 5.4 Hz, 1H), 
2.58-2.53 (m, 1H), 2.30-2.22 (m, 1H), 1.16-1.07 (m, 1H), 1.07-0.91 (m, 3H), 0.72 (t, J = 7.4 
Hz, 3H); 13C NMR: (125.8 MHz, CDCl3) δ 157.8, 133.6, 129.3, 113.3, 74.2, 74.0, 55.2, 
44.6, 43.1, 42.1, 41.5, 33.5, 19.8, 14.1. HRMS (EI) calculated for [C16H22O2]+(M+) requires 
m/z 246.1615, found m/z 246.1610. 

 
(1S*,5R*,6S*,7S*)-6-(4-Methoxy-phenyl)-7-propyl-3-oxa-

bicyclo[3.2.0]heptane (major) and (1S*,5R*,6R*,7R*)-6-(4-
methoxy-phenyl)-7-propyl-3-oxa-bicyclo[3.2.0]heptane 

(minor): IR(neat) 2956, 2921, 2844, 1611, 1513, 1247 cm-1. 1H 
NMR: (500.2 MHz, CDCl3) δ 7.16 (d, J = 8.5 Hz, 1.46H), 7.13 (d, 
J = 8.5 Hz, 0.54H), 6.85 (d, J = 8.5 Hz, 2H), 4.13 (d, J = 9.7 Hz, 
0.73H), 3.85 (d, J = 8.8 Hz, 0.27H), 3.84 (d, J = 9.1 Hz, 0.73H), 
3.79 (s, 3H), 3.69 (d, J = 9.9 Hz, 0.27H), 3.50 (dd, J = 10.1, 6.7 

Hz, 0.73H), 3.43 (dd, J = 8.7, 4.3 Hz, 0.27H), 3.40 (dd, J = 9.1, 4.5 Hz, 0.73H), 3.33 (dd, J = 9.7, 6.7 Hz, 0.27H), 
3.13 (t, J = 8.9 Hz, 0.27H), 3.08-3.02 (m, 0.27H), 2.95-2.89 (m, 0.73H), 2.89-2.84 (m, 0.73H), 2.70-2.65 (m, 0.73H), 
2.57-2.52 (m, 0.27H), 2.42-2.34 (m, 0.73H), 2.34-2.37 (m, 0.27H), 1.55-1.37 (m, 2H), 1.28-1.09 (m, 2H), 0.85 (t, J 
= 7.4 Hz, 0.81H), 0.83 (t, J = 7.4 Hz, 2.19H). HRMS (EI) calculated for [C16H22O2]+(M+) requires m/z 246.1615, 
found m/z 246.1606. 
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VI. Time course study of [2+2] cycloaddition of 3. 
 
A solution of 3.3 mg (0.003 mmol) of Ir(dF(CF3)ppy)2(dtbbpy)(PF6), 60.6 mg (0.3 mmol) of [(E)-3-(3-methyl-but-2-
enyloxy)-propenyl]-benzene, and 23.2 mg of decane as an internal standard in DMSO (30 mL, 0.01 M) was placed 
in a test tube (20 x 150 mm).  The reaction was stirred in front of a 23 W (1380 lumen) compact fluorescent lamp at 
a distance of 10 cm. Yields were determined by GC analysis of aliquots sampled at 1 h intervals and are plotted 
below. 

 

 
Figure S1 Time course studies. 
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VI. Representative NOE data  
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