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1l.General

Experiments involving moisture and/or air sensitive components were performed in oven-dried glassware. Commercial solvents and
reagents were used without further purification with the following exceptions: THF, CH,Cl, and dried Et,O was taken from solvent
purification system (PS-400-5, innovative technology Inc.). HPLC grade iso-propanol was used without further purification.

Analytical thin layer chromatography (TLC) was performed using Merck 60 F254 precoated silica gel plate (0.2 mm
thickness). Subsequent to elution, plates were visualized using UV radiation (254 nm) on Spectroline Model ENF-24061/F 254 nm.
Further visualization was possible by staining with basic solution of potassium permanganate or acidic solution of ceric molybdate,
followed by heating on a hot plate.

Flash chromatography was performed using Merck silica gel 60 with distilled solvents. Columns were typically packed as slurry
and equilibrated with hexane prior to use.

Infrared spectra were recorded on a Shimadzu IR Prestige-21 FT-IR Spectrometer. Liquid samples were examined as film
between NaCl or KBr salt plates.

Proton nuclear magnetic resonance (‘H NMR) and carbon nuclear magnetic resonance (*C NMR) spectroscopy were
performed on a Bruker Advance 300, 400 and 500 NMR spectrometers. Chemical shifts 'H NMR spectra are reported as in units of
parts per million (ppm) downfield from SiMe, (3 0.0) and relative to the signal of chloroform-d (J = 7.264, singlet). Multiplicities
were given as: s (singlet); d (doublet); t (triplet); q (quartet); dd (doublet of doublets); ddd (doublet of doublets of doublets); dddd
(doublet of doublets of doublets of doublets); dt (doublet of triplets); m (multiplets) and etc. The number of protons (n) for a given
resonance is indicated by nH. Coupling constants are reported as a J value in Hz. Carbon nuclear magnetic resonance spectra ('°C
NMR) are reported as d in units of parts per million (ppm) downfield from SiMe, (8 0.0) and relative to the signal of chloroform-d
(J=177.03, triplet). Enantiomeric excess (ee) was determined by chiral HPLC analysis.

Low resolution mass spectrum analysis was performed on Finnigan polaris Q, GCMS XP mass spectrometer (Thermo
Electron Corporation). High-resolution mass spectral analysis (HRMS) was performed on Q-Tof Premier mass spectrometer
(Waters Corporation).

X-ray crystallography analysis was performed on Bruker X8 APEX X-ray diffractionmeter.

2.Synthesis of Aziridinyl Olefin Cyclization Substrates

To a 50 mL round-bottom flask quipped with a magnetic stirring bar was added 1,5 diene substrate (448 mg, 2.0 mmol, 1.0 equiv ),
NaNj (780 mg, 12.0 mmol, 6.0 equiv.), (MeOCH,), (14 mL) and water (3.0 mL). The reaction mixture was cooled to -10 °C with
ice-ethanol bath. Solid NBS (500 mg, 2.8 mmol, 1.4 equiv.) was added in small portion." The reaction was warmed up to room
temperature and stirred for 1 hour. The reaction mixture was poured into water (10 mL) and the aqueous layer was extracted with
ethyl acetate (40 mL x 2). The combined organic extracts were washed with brine (30 mL) and dried over anhydrous sodium sulfate,
filtered and concentrated in vacuo. The residual crude product was used directly for the next step without further purification. (The

azidobromide product is isolable using silica gel column chromatography).

1
(a) Van Ende, D.; Krief, A. Angew. Chem., Int. Ed. Engl. 1974, 13, 279-280. (b) Riddiford, L. M.; Ajami, A. M.; Corey, E. J.; Yamamoto, H.; Anderson, J.
E.J. Am. Chem. Soc. 1971, 93, 1815-1816.
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Br
N3

(E)-(8-Azido-7-bromo-4,8-dimethylnon-3-enyl)benzene
Rf 0.90 (Hexane : Ethyl Acetate = 4:1)
'H NMR (500 MHz, CDCls): 7.34-7.14 (m, 5H), 5.26 (t, J = 6.96 Hz, 1H), 3.91 (dd, J = 11.44, 1.77 Hz, 1H), 2.65 (dt, J =
7.23,4.27 Hz, 2H), 2.32 (dd, J = 14.55, 6.94 Hz, 2H), 2.15-2.07 (m, 1H), 1.98-1.86 (m, 1H), 1.81-1.71 (m, 1H), 1.65 (dd,
J=14.20,0.97 Hz, 1H), 1.53 (s, 3H), 1.32 (s, 3H), 1.31 (s, 3H)
3C NMR (125 MHz, CDCl): 142.1, 133.7, 128.4, 128.2, 125.7, 125.5, 64.1, 63.8, 37.7, 36.0, 31.6, 30.0, 25.1, 23.0, 15.7.
HRMS (ESI): m/z calculated for C17Has' “BrNy [M+H-N,]*: 322.1170, Found: 322.1167, C17H2s° ' BrN1 [M+H-N2]*: 324.1151,
Found: 324.1151.

LiAlH4 (>20.0 equiv, 1.6 g) was placed in a 25 mL round-bottom flask quipped with a magnetic stirring bar and cooled to 0 °C. Dry
Et,0 (25 mL) was added via syringe. An Et,O solution (4 mL) of previous crude azidobromide substrate was added slowly via
syringe. The reaction mixture was warmed up to room temperature and stirred for 12 hours. The reaction was quenched by added
H,0 (3 mL) and KOH solution (4 N, 10 mL). The white oily mixture was extracted with ethyl acetate (50 mL x 4). The combined
organic extracts were washed with brine (30 mL), dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The
residual crude product was purified by column chromatography to afford the desired amine product as colorless oil.

The amine product (24.3 mg, 0.1 mmol, 1.0 equiv.) was placed in a 25 mL round-bottom flask quipped with a magnetic stirring bar.
THF (10 mL), pyridine (0.1 mL, 0.4 mmol, 4.0 equiv.) and DMAP (20 mg, cat.) were added accordingly. TsCl (40 mg, 0.2 mmol,
2.0 equiv.) was added in one portion. The reaction mixture was stirred at room temperature for 12 hours. The organic solvent was
removed in vacuo. The residual crude product was purified by column chromatography to afford the desired product as colorless

oil.

TsN

1
(E)-2,2-Dimethyl-3-(3-methyl-6-phenylhex-3-enyl)-1-tosylaziridine, a colorless oil, 44% yield over 3 steps.
Rf 0.70 (Hexane : Ethyl Acetate = 4:1)
'H NMR (500 MHz, CDCls3): 7. 89-7.78 (m, 2H), 7.34-7.22 (m, 5H), 7.20-7.12 (m. 2H), 5.08 (t, J = 7.03 Hz, 1H), 2.81 (t,
J=7.2,6.1Hz, 1H), 2.62 (t, J = 7.60 Hz, 2H), 2.41 (s, 3H), 2.27 (dd, J = 15.1, 7.4 Hz, 2H), 1.91-1.82 (m, 1H), 1.82-1.73
(m, 1H), 1.70 (s, 3H), 1.56—1.48 (m, 1H), 1.47 (s, 3H), 1.44—-1.30 (m, 1H), 1.26 (s, 3H)
BC NMR (100 MHz, CDCl3): 143.5, 142.1, 138.4, 134.3, 129.3, 128.4, 128.2, 127.3, 125.7, 124.3, 52.4, 51.8, 37.0, 35.9,
29.8, 26.4, 21.5,21.3,21.1,15.8
HRMS (ESI): m/z calculated for CsH31NO,SNa [M+Na]": 420.1970, Found: 420.1973.
FTIR (NaCl): v 2992, 2926, 1598, 1494, 1454, 1379, 1319, 1157, 1089, 931 cm’”
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TsN

1a
(E)-2,2-Dimethyl-3-(3-methyl-6-p-tolylhex-3-enyl)-1-tosylaziridine, a colorless oil, 35% yield over 3 steps.
Rf 0.70 (Hexane : Ethyl Acetate = 4:1)
'H NMR (500 MHz, CDCl3): 7.84—7.80 (m, 2H), 7.31—7.26 (m, 2H), 7.10-7.03 (m, 4H), 5.08 (t, J = 7.03 Hz, 1H), 2.81 (dd,
J=7.07,6.27 Hz, 1H), 2.57 (t, J = 7.87 Hz, 2H), 2.42 (s, 3H), 2.31 (s, 3H), 2.24 (dd, J = 15.24, 7.45 Hz, 2H), 1.91-1.82
(m 1H), 1.81-1.72 (m, 1H), 1.69 (s, 3H), 1.58-1.48 (m, 1H), 1.45 (s, 3H), 1.45-1.36 (m, 1H), 1.27 (s, 3H)
3C NMR (100 MHz, CDCl3): 143.5, 139.0, 138.4, 135.1, 134.2, 129.3, 128.9, 128.2, 127.3, 124.5, 52.4, 51.8, 37.0, 35.5,
30.0, 26.4, 21.5, 21.3, 21.1, 20.9, 15.9
HRMS (ESI): m/z calculated for C5H33NO,SNa [M+Na]": 434.2126, Found: 434.2130.
FTIR (NaCl): v 2961, 2922, 1599, 1514, 1454, 1379, 1319, 1157, 1090, 931 cm”’

OMe

TsN

1b
(E)-3-(6-(4-Methoxyphenyl)-3-methylhex-3-enyl)-2,2-dimethyl-1-tosylaziridine, a colorless oil, 40% yield over 3 steps.
Rf 0.50 (Hexane : Ethyl Acetate = 4:1)
'H NMR (500 MHz, CDCls): 7.84-7.78 (m, 2H), 7.30-7.21 (m, 2H), 7.10-7.04 (m, 2H), 6.84-6.74 (m, 2H), 5.06 (t, J =
6.83 Hz, 1H), 3.55 (s, 3H), 2.81 (t, J = 6.63 Hz, 1H), 2.55 (t, J = 7.69 Hz, 2H), 2.38 (s, 3H), 2.23 (dd, J = 14.7, 7.36 Hz,
2H), 1.91-1.81 (m, 1H), 1.80-1.72 (m, 1H), 1.69 (s, 3H), 1.58-1.48 (m, 1H), 1.43 (s, 3H), 1.46—1.34 (m, 1H), 1.26 (s, 3H)
BC NMR (100 MHz, CDCls): 157.7, 143.5, 138.5, 134.3, 134.2, 129.4, 129.3, 127.3, 124.4, 113.6, 55.2, 52.4, 51.8, 37.0,
35.0, 30.1, 26.4, 21.5, 21.3, 21.2, 15.9
HRMS (ESI): m/z calculated for C5H33NO3SNa [M+Na]*: 450.2061, Found: 450.2079.
FTIR (NaCl): v 2957, 2928, 1611, 1599, 1512, 1458, 1319, 1246, 1155, 1090, 1038, 931 cm’”

TsN
1c
(E)-3-(6-(4-Isopropylphenyl)-3-methylhex-3-enyl)-2,2-dimethyl-1-tosylaziridine, a colorless oil, 22% yield over 3 steps.
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R 0.70 (Hexane : Ethyl Acetate = 4:1)

'H NMR (500 MHz, CDCl3): 7.84-7.78 (m, 2H), 7.30-7.25 (m, 2H), 7.15-7.05 (m, 4H), 508 (t, J = 6.83 Hz, 1H), 2.86
(septet, J=6.90 Hz, 1H), 2.82 (t, J = 6.66 Hz, 1H), 2.58 (t, J = 2.58 Hz, 2H), 2.40 (s, 3H), 2.25 (dd, J = 15.3, 7.45 Hz, 2H),
1.91-1.81 (m, 1H), 1.81-1.71 (m, 1H), 1.69 (s, 3H), 1.59-1.48 (m, 1H), 1.46 (s, 3H), 1.46—-1.36 (m, 1H), 1.28 (s, 3H),
1.22 (d, J=6.90 Hz, 6 H).

3C NMR (100 MHz, CDCl3): 146.1, 143.4, 139.3, 138.4, 134.1, 129.2, 128.2, 127.2, 126.1, 124.4, 52.3, 51.7, 36.9, 35.4,
33.6,29.8,26.4,24.0,21.4,21.2,21.1,15.8

HRMS (ESI): m/z calculated for C7H37NO,SNa [M+Na]": 462.2443, Found: 462.2443.

FTIR (NaCl): v 2959, 2926, 1599, 1512, 1458, 1379, 1321, 1157, 1090, 931 cm”’

TsN

1d
(E)-2,2-Dimethyl-3-(3-methyl-6-o-tolylhex-3-enyl)-1-tosylaziridine, a colorless oil, 20% yield over 3 steps.
Rf 0.70 (Hexane : Ethyl Acetate = 4:1)
'H NMR (500 MHz, CDCls): 7.85-7.80 (m, 2H), 7.34—7.26 (m, 2H), 7.15-7.06 (m, 4H), 5.11 (t, J = 7.05 Hz, 1H), 2.82 (t, J
=6.53 Hz, 1H), 2.59 (t, J = 7.41 Hz, 2H), 2.42 (s, 3H), 2.30 (s, 3H), 2.21 (dd, J = 15.3, 7.29 Hz, 2H), 1.94-1.84 (m, 1H),
1.84-1.72 (m, 1H), 1.70 (s, 3H), 1.60—1.48 (m, 1H), 1.45 (s, 3H), 1.45-1.36 (m, 1H), 1.28 (s, 3H).
3C NMR (100 MHz, CDCls): 143.5, 140.2, 138.4, 135.8, 134.3, 130.0, 129.3, 128.7, 127.3, 125.9, 125.8, 124.4, 52.4,
51.8, 37.0, 33.2, 28.5, 26.4, 21.5, 21.3, 21.1, 19.2, 15.8
HRMS (ESI): m/z calculated for C5H33NO,SNa [M+Na]": 434.2130, Found: 434.2130.
FTIR (NaCl): v 2965, 2928, 1599, 1493, 1458, 1379, 1319, 1155, 1090, 931 cm’

TsN

3
3-((3E,7E)-3,7-Dimethyl-10-phenyldeca-3,7-dienyl)-2,2-dimethyl-1-tosylaziridine, a colorless oil, 11% yield over 3 steps.
Rf 0.70 (Hexane : Ethyl Acetate = 4:1)
'HNMR (500 MHz, CDCl3): 7.84—7.80 (m, 2H), 7.30-7.23 (m, 4H), 7.20-7.15 (m, 3H), 5.16 (t, J = 7.04 Hz, 1H), 5.01 (t, J
=6.72 Hz, 1H), 2.82 (t, J = 6.66 Hz, 1H), 2.62 (t, J = 7.49 Hz, 2H), 2.42 (s, 3H), 2.29 (dd, J = 15.22, 7.42 Hz, 2H), 2.03
(dd, J = 14.78, 6.98 Hz, 2H), 1.96 (dd, J = 12.4, 6.12 Hz, 2H), 1.92-1.82 (m, 1H), 1.82-1.74 (m, 1H), 1.70 (s, 3H),
1.56-1.48 (m, 1H), 1.54 (s, 3H), 1.48 (s, 3H), 1.48-1.36 (m, 1H), 1.28 (s, 3H)
BC NMR (100 MHz, CDCls): 143.4, 142.3, 138.4, 135.5, 133.5, 129.3, 128.4, 128.1, 127.3, 125.6, 124.9, 123.6, 52.4,
51.8, 39.5, 37.0, 36.0, 29.9, 26.6, 26.5, 21.5, 21.3, 21.1, 15.9, 15.9
HRMS (ESI): m/z calculated for CogH390NO,SNa [M+Na]": 488.2593, Found: 488.2599.
FTIR (NaCl): v 2924, 2855, 1601, 1495, 1454, 1379, 1321, 1157, 1090, 931 cm’”
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TsN

3b
3-((3E,7E)-3,7-Dimethyl-10-p-tolyldeca-3,7-dienyl)-2,2-dimethyl-1-tosylaziridine, a colorless oil, 14% yield over 3 steps.
R 0.70 (Hexane : Ethyl Acetate = 4:1)
'HNMR (300 MHz, CDCl3): 7.85-7.79 (m, 2H), 7.30-7.24 (m, 2H), 7.10-7.04 (m, 4H), 5.17 (t, J = 7.13 Hz, 1H), 5.01 (t, J
=6.61 Hz, 1H), 2.82 (t, J = 6.63 Hz, 1H), 2.58 (dd, J = 8.95, 6.76 Hz, 2H), 2.42 (s, 3H), 2.32 (s, 3H), 2.27 (dd, J = 15.41,
7.18 Hz, 2H), 2.10-1.90 (m, 4H), 1,90-1.70 (m, 2H), 1.70 (s, 3H), 1.60-1.36 (m, 2H), 1.56 (s, 3H), 1.48 (s, 3H), 1.28 (s,
3H)
BC NMR (100 MHz, CDCls): 143.4, 139.2, 138.4, 135.3, 135.0, 133.5, 129.3, 128.8, 128.2, 127.3, 124.9, 123.8, 52.4,
51.7, 39.5, 37.0, 35.6, 30.0, 26.5, 26.4, 21.5, 21.3, 21.1, 20.9, 16.0, 15.9
HRMS (ESI): m/z calculated for C3oH41NO>SNa [M+Na]": 502.2755, Found: 502.2756.
FTIR (NaCl): v 2922, 2855, 1599, 1514, 1454, 1379, 1321, 1157, 1090, 931 cm’”

OMe

TsN

3b
3-((3E,7E)-10-(4-Methoxyphenyl)-3,7-dimethyldeca-3,7-dienyl)-2,2-dimethyl-1-tosylaziridine, a colorless oil, 21% yield over 3
steps.
Rf 0.65 (Hexane : Ethyl Acetate = 4:1)
'H NMR (400 MHz, CDCls): 7.84-7.78 (m, 2H), 7.32-7.24 (m, 2H), 7.12-7.06 (m, 2H), 6.84-6.76 (m, 2H), 5.16 (t, J =
6.95 Hz, 1H), 5.01 (t, J = 6.61 Hz, 1H), 3.76 (s, 3H), 2.82 (t, J = 6.64 Hz, 1H), 2.56 (t, J = 7.77 Hz, 2H), 2.40 (s, 3H), 2.26
(dd, J = 15.00, 7.37 Hz, 2H), 2.03 (dd, J = 14.54, 7.06 Hz, 2H), 1.96 (dd, J = 13.6, 6.80 Hz, 2H), 1.93-1.83 (m, 1H),
1.82-1.74 (m, 1H), 1.70 (s, 3H), 1.57-1.48 (m, 1H), 1.54 (s, 3H), 1.49 (s, 3H), 1.45-1.38 (m, 1H), 1.27 (s, 3H)
BC NMR (100 MHz, CDClz): 157.6, 143.4, 138.3, 135.3, 134.3, 133.4, 129.3, 129.2, 127.2, 124.9, 123.7, 113.5, 55.1,
52.4,51.7,39.4, 36.9, 35.1, 30.1, 26.5, 26.4, 21.4, 21.2, 21.1, 15.9, 15.8.
HRMS (ESI): m/z calculated for C3oH41NO3SNa [M+Na]": 518.2709, Found: 518.2705.
FTIR (NaCl): v 2957, 2926, 1611, 1512, 1454, 1379, 1319, 1246, 1157, 1090, 1038, 931 cm”

6 of 68



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009

Zhao & Loh et. al.

TsN

3c
3-((3E,7E)-3,7-Dimethyl-10-m-tolyldeca-3,7-dienyl)-2,2-dimethyl-1-tosylaziridine, a colorless oil, 19% yield over 3
steps.
Rf 0.70 (Hexane : Ethyl Acetate = 4:1)
'H NMR (400 MHz, CDCl3): 7.84-7.78 (m, 2H), 7.30-7.24 (m, 2H), 7.18-7.12 (m, 1H), 7.02-6.96 (m, 3H), 5.17 (t, J =
7.02 Hz, 1H), 5.01 (t, J = 6.74 Hz, 1H), 2.82 (t, J = 6.66 Hz, 1H), 2.58 (dd, J = 8.91, 6.97 Hz, 2H), 2.40 (s, 3H), 2.32 (s,
3H), 2.27 (dd, J = 15.57, 7.30 Hz, 2H), 2.03 (dd, J = 14.66, 7.16 Hz, 2H), 1.97 (dd, J = 15.00, 7.48 Hz, 2H), 1.92—-1.82 (m,
1H), 1.82-1.73 (m, 1H), 1.69 (s, 3H), 1.56 (s, 3H), 1.56—1.48 (m, 1H), 1.50 (s, 3H), 1.48-1.38 (m, 1H), 1.27 (s, 3H)
3C NMR (100 MHz, CDCl3): 143.4, 142.2, 138.4, 137.6, 135.3, 133.4, 129.2, 129.1, 128.0, 127.2, 126.3, 125.3, 124.9,
123.7,52.4,51.7, 39.5, 37.0, 36.0, 29.9, 26.5, 26.4, 21.4, 21.3,21.2, 21.1, 15.9, 15.8
HRMS (ESI): m/z calculated for C3oH41NO>SNa [M+Na]": 502.2759, Found: 502.2756.
FTIR (NaCl): v 2961, 2922, 2855, 1599, 1487, 1452, 1379, 1321, 1157, 1090, 931 cm”’

TsN

3d
3-((3E,7E)-3,7-Dimethyl-10-o-tolyldeca-3,7-dienyl)-2,2-dimethyl-1-tosylaziridine, a colorless oil, 16% yield over 3 steps.
Rf 0.70 (Hexane : Ethyl Acetate = 4:1)
'HNMR (400 MHz, CDCls): 7.84—7.78 (m, 2H), 7.28-7.25 (m, 2H), 7.14-7.05 (m, 4H), 5.21 (t, J = 6.77 Hz, 1H), 5.02 (t, J
=6.43 Hz, 1H), 2.82 (t, J = 6.67 Hz, 1H), 2.60 (dd, J = 9.00, 6.92 Hz, 2H), 2.40 (s, 3H), 2.30 (s, 3H), 2.25 (dd, J = 15.58,
7.39 Hz, 2H), 2.05 (dd, J = 15.55, 7.79 Hz, 2H), 1.98 (dd, J = 12.5, 6.23 Hz, 2H), 1.92-1.84 (m, 1H), 1.82-1/74 (m, 1H),
1.70 (s, 3H), 1.56-1.46 (m, 1H), 1.55 (s, 3H), 1.50 (s, 3H), 1.46-1.40 (m, 1H), 1.27 (s, 3H)
3C NMR (100 MHz, CDCls): 143.4, 140.3, 138.4, 135.7, 135.4, 133.5, 129.9, 129.2, 128.7, 127.2, 125.7, 125.7, 124.9,
123.7,52.4,51.7, 39.5, 36.9, 33.3, 28.6, 26.5, 26.4, 21.4, 21.2,21.1,19.2, 15.9, 15.8
HRMS (ESI): m/z calculated for C3oH41NO>SNa [M+Na]": 502.2757, Found: 502.2756.
FTIR (NaCl): v 2959, 2926, 2862, 1599, 1493, 1456, 1379. 1321, 1157, 1090, 931 cm’”

3.Genaral Procedure for Polyene Cyclization Reaction

Catalyzed by InBr;

To a 10 mL round-bottom flask quipped with a magnetic stirring bar was added InBr; (7 mg, 0.02 mmol, 0.20 equiv.). CH,Cl, (1.5

mL) was added via syringe. Aziridinyl olefin substrate 1 (40 mg, 0.1 mmol, 1.0 equiv) was added as CH,Cl, solution via syringe.
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The reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was quenched by 5 mL aqueous NaHCO;
saturated solution. The mixture was extracted with CH,Cl, (30 mL x 3). The combined organic extracts were washed with brine (20
mL), dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The residual crude product was purified by column

chromatography to afford the desired amine product as colorless solid.

Ts<

2
4-Methyl-N-((25,4a8,10aR)-1,1,4a-trimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-yl)benzenesulfonamide, a colorless
solid, 69% yield. Mp: 223.5-225 °C
Rf 0.50 (Hexane : Ethyl Acetate = 4:1)

'H NMR (400 MHz, CDCls): 7.78-7.72 (m, 2H), 7.31-7.26 (m, 2H), 7.16-6.98 (m, 4H), 4.27 (d, J = 9.33 Hz, 1H),
2.97-2.89 (m, 2H), 2.89-2.78 (m, 1H), 2.43 (s, 3H), 2.19 (dt, J = 13.10, 3.10 Hz, 1H), 1.86 (dd, J = 13.27, 7.39 Hz, 1H),
1.75-1.65 (m, 1H), 1.60-1.53 (m, 1H), 1.51-1.45 (m, 1H), 1.44-1.36 (m, 1H), 1.35-1.28 (m, 1H), 1.11 (s, 3H), 0.90 (s,
3H), 0.82 (s, 3H)

BC NMR (100 MHz, CDCl3): 148.7, 143.2, 138.1, 134.8, 129.6, 128.9, 127.1, 125.7, 125.5, 124.3, 62.0, 50.8, 38.2, 37.6,
37.2,30.5,28.1, 26.7, 24.7, 21.5, 19.2, 16.2

HRMS (ESI): m/z calculated for CsH3,NO,S [M+H]": 398.2159, Found: 398.2154.

FTIR (NaCl): v 3462 (br), 2957, 2928, 1700 (br), 1645 (br), 1450, 1159 cm’”

2a
4-Methyl-N-((25,4a8,10aR)-1,1,4a,6-tetramethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-yl)benzenesulfonamide, a
colorless solid, 70% yield. Mp: 221-222 °C
Rf 0.60 (Hexane : Ethyl Acetate = 4:1)
'H NMR (500 MHz, CDCls): 7.78-7.73 (m, 2H), 7.31-7.26 (m, 2H), 6.97-6.84 (m, 3H), 4.40-4.36 (b, 1H), 2,94-2.84 (m,
2H), 2.82-2.72 (m, 1H), 2.42 (s, 3H), 2.26 (s, 3H), 2.18 (dt, J = 13.04, 3.13 Hz, 1H), 1.85 (dd, J = 13.15, 7.30 Hz, 1H),
1.73-1.63 (m, 1H), 1.63-1.52 (m, 1H), 1.500-1.43 (m, 1H), 1.42-1.34 (m, 1H), 1.33—-1.26 (m, 1H), 1.11 (s, 3H), 0.92 (s,
3H), 0.83 (s, 3H)
BC NMR (100 MHz, CDCls): 148.6, 143.2, 138.1, 135.0, 131.6, 129.6, 128.9, 127.1, 126.4, 124.8, 62.0, 50.9, 38.2, 37.6,
37.2,30.1, 28.1, 26.7, 24.6, 21.5, 21.2, 19.3, 16.2
HRMS (ESI): m/z calculated for C5H34NO,S [M+H]": 412.2302, Found: 412.2310.
FTIR (NaCl): v 2968, 2932, 1500, 1435 (br), 1319, 1157, 1090, 1047 cm”'
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OMe

2b
N-((25,4a8,10aR)-6-Methoxy-1,1,4a-trimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-yl)-4-methylbenzenesulfonamide,
a colorless solid, 75% yield. Mp: 221-222 °C.
Rf 0.25 (Hexane : Ethyl Acetate = 4:1)
'H NMR (400 MHz, CDCl3): 7.80-7.74 (m, 2H), 7.31-7.26 (m, 2H), 6.96-6.91 (m, 1H), 6.71-6.61 (m, 2H), 4.61 (d, J =
9.54 Hz, 1H), 3.55 (s, 3H), 2.95-2.81 (m, 2H), 2.80-2.69 (m, 1H), 2.42 (s, 3H), 2.12 (dt, J = 12.96, 3.20 Hz, 1H), 1.84 (dd,
J =13.15, 6.96 Hz, 1H), 1.74-1.50 (m, 2H), 1.50-1.46 (m, 1H), 1.39 (td, J = 13.47, 3.20 Hz, 1H), 1.30 (dd, J = 12.16,
1,51 Hz, 1H), 1.12 (s, 3H), 0.92 (s, 3H), 0.82 (s, 3H)
3C NMR (100 MHz, CDCls): 157.6, 150.0, 143.2, 138.1, 129.7, 129.6, 127.1, 127.0, 110.9, 110.1, 62.0, 55.2, 50.8, 38.2,
37.6,37.4,29.7,28.1, 26.6, 24.6, 21.5, 19.3, 16.2
HRMS (ESI): m/z calculated for C5H33NO3SNa [M+Na]": 450.2072, Found: 450.2079.
FTIR (NaCl): v 3443 (br), 3260, 2968, 2943, 1650 (br), 1609, 1495, 1427, 1317, 1157, 1090, 1041 cm”

TS\N

2¢
N-((25,4a8,10aR)-6-Isopropyl-1,1,4a-trimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-yl)-4-methylbenzenesulfonamid
e, a colorless solid, 74% yield. Mp: 201-201.5 °C.
Rf 0.60 (Hexane : Ethyl Acetate = 4:1)
'H NMR (500 MHz, CDCl3): 7.80-7.75 (m, 2H), 7.31-7.26 (m, 2H), 7.01-6.92 (m, 3H), 4.54—4.50 (m, 1H), 2.94-2.84 (m,
2H), 2.84-2.73 (m, 2H), 2.42 (s, 3H), 2.20 (dt, J = 13.09, 3.13 Hz, 1H), 1.84 (dd, J = 13.14, 7.25 Hz, 1H), 1.72-1.54 (m,
2H), 1.52-1.45 (m, 1H), 1.40 (td, J = 13.43, 3.30 Hz, 1H), 1.32 (dd, J = 12.10, 1.74 Hz, 1H), 1.20 (d, J = 6.90 Hz, 6H),
1.13 (s, 3H), 0.92 (s, 3H), 0.84 (s, 3H)
BC NMR (100 MHz, CDCls): 148.6, 146.2, 143.1, 138.2, 132.2, 129.6, 128.8, 127.1, 123.4, 122.4, 62.1, 50.9, 38.2, 37.6,
37.3, 34.0, 30.2, 28.2, 26.6, 24.7, 24.2, 24.1, 21.5, 19.3, 16.2
HRMS (ESI): m/z calculated for C7H37NO,SNa [M+Na]": 462.2453, Found: 462.2443.
FTIR (NaCl): v 3441 (br), 3265, 2963, 2870, 1645 (br), 1599, 1497, 1435, 1323, 1159, 1092, 1047 cm”
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Ts<

2d
4-Methyl-N-((2S,4aS,10aR)-1,1,4a,8-tetramethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-yl)benzenesulfona
mide, a colorless solid, 70% yield. Mp: 241.5-243 °C.
Rf 0.63 (Hexane : Ethyl Acetate = 4:1)
'H NMR (500 MHz, CDCl3): 7.79-7.73 (m, 2H), 7.31-7.26 (m, 2H), 7.07—7.00 (m, 2H), 6.97-6.92 (m, 1H), 5.52 (d, J =
9.65 Hz, 1H), 2.88 (ddd, J = 12.71, 9.89, 4.04 Hz, 1H), 2.79 (dd, J = 17.44, 6.27 Hz, 1H), 2.59 (ddd, J = 18.10, 11.49,
7.88 Hz, 1H), 2.42 (s, 3H), 2,20-2.12 (m, 1H), 2.18 (s, 3H), 1.93 (dd, J = 13.10, 7.67 Hz, 1H), 1.69 (qd, J = 12.51, 6.80
Hz, 1H), 1.58 (ddd, J = 15.56, 13.48, 2.91 Hz, 1H), 1.440 (ddd, J = 11.02, 6.93, 3.25 Hz, 1H), 1.36 (td, J = 13.71, 3.00 Hz,
1H), 1.31 (dd, J = 12.50, 1.63 Hz, 1H), 1.10 (s, 3H), 0.93 (s, 3H), 0.83 (s, 3H)
3C NMR (100 MHz, CDCl3): 148.8, 143.2, 138.1, 136.3, 133.4, 129.6, 127.1, 127.0, 125.5, 122.1, 62.0, 50.2, 38.1, 38.0,
37.3,284,28.1,26.7,24.7, 21.5, 19.8, 19.1, 16.1
HRMS (ESI): m/z calculated for C5H33NO>SNa [M+Na]": 434.2132, Found: 434.2130.
FTIR (NaCl): v 1450, 1421, 1331, 1157, 1303, 1157, 1088, 1045 cm”

For tetracyclic products formation, bicyclized isomers 4’ were always obtained which were inseparable from desired

products 4 by column chromatography.

4 Tetracyclic Product 4’ Bicyclized Isomers
4-Methyl-N-((2S,4aR,4bR,10bR,12aR)-1,1,4a,10b-tetramethyl-1,2,3,4,4a,4b,5,6,10b,11,12,12a-dodecahydrochrysen-2-yl)benz

enesulfonamide, a colorless solid, 63% yield. Tetracyclic product : Bicyclized isomer = 82:18, Mp: 217-219 °C.

R 0.50 (Hexane : Ethyl Acetate = 4:1) ,

'H NMR (400 MHz, CDCl3): 7.82—7.74 (m, 2H), 7.35-7.24 (m, 2H), 7.24-6.95 (m, 4H), 4.50-4.30 (m, 1H), 2.94-2.70 (m,
2H), 2.68-2.50 (m, 1H), 2.41 (s, 3H). 2.37 (dt, J = 12.62, 2.77 Hz, 1H), 1.80-1.00 (m, 11H), 1.16 (s, 3H), 0.85 (s, 3H),
0.84 (s, 3H), 0.76 (s, 3H)

BC NMR (100 MHz, CDCl3): 149.8, 143.1, 138.4, 134.8, 129.6, 128.3, 127.0, 125.7, 125.2, 124.5, 62.2, 56.1, 54.9, 40.3,
38.8, 38.0, 37.8, 37.0, 30.7, 28.0, 26.1, 26.0, 21.5, 19.2, 18.0, 16.1, 16.1

HRMS (ESI): m/z calculated for CogH30NO,SNa [M+Na]": 488.2596, Found: 488.2599.

FTIR (NaCl): v 3447 (br), 3252, 2965, 2932, 1650 (br), 1599, 1447, 1321, 1159, 1094 cm’”
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4a
4-Methyl-NV-((2S5,4aR,4bR,10bR,12aR)-1,1,42,9,10b-pentamethyl-1,2,3,4,4a,4b,5,6,10b,11,12,12a-dodecahydrochrysen-2-yl)be
nzenesulfonamide, a colorless solid, 51% yield. Tetracyclic product : Bicyclized isomer = 84:16. Mp: 244-247 °C.
Rf 0.50 (Hexane : Ethyl Acetate = 4:1),
'H NMR (400 MHz, CDCl3): 7.82-7.76 (m, 2H), 7.34-7.22 (m, 2H), 7.14-7.00 (m, 1H), 6.94-6.84 (m, 2H), 4.41 (d, J =
9.71, 1H), 2.90-2.78 (m, 2H), 2.78-2.64 (m, 1H), 2.41 (s, 3H), 2.40-2.30 (m, 1H), 2.27 (s, 3H), 1.58-1.00 (m, 11H), 1.15
(s, 3H), 0.84 (s, 6H), 0.75 (s, 3H)
BC NMR (100 MHz, CDCl3): 149.7, 143.1, 138.4, 135.0, 131.7, 129.6, 128.7, 127.0, 126.1, 125.1, 62.2, 56.2, 55.0, 40.4,
38.9, 38.1, 37.8, 37.1, 30.3, 28.0, 26.1, 26.0, 21.5, 21.2, 19.3, 18.1, 16.2, 16.1
HRMS (ESI): m/z calculated for C3oH41NO>SNa [M+Na]": 502.2751, Found: 502.2756.
FTIR (NaCl): v 3250, 2934, 1445, 1319, 1157, 1093, 914 cm’”

Ts<

4b
N-((25,4aR,4bR,10bR,12aR)-9-Methoxy-1,1,4a,10b-tetramethyl-1,2,3,4,4a,4b,5,6,10b,11,12,12a-dodecahydrochrysen-2-yl)-4-
methylbenzenesulfonamide, a colorless solid, 55% yield. Tetracyclic product : Bicyclized isomer = 87:13. Mp: 233-236 °C.
Rf 0.49 (Hexane : Ethyl Acetate = 4:1),
'H NMR (400 MHz, CDCl3): 7.80-7.72 (m, 2H), 7.34-7.24 (m, 2H), 7.00-6.60 (m, 3H), 4.32 (d, J = 9.59 Hz, 1H), 3.76 (s,
3H), 2.90-2.80 (m, 2H), 2.76-2.64 (m, 1H), 2.42 (s, 3H), 2.33 (dt, J =11.56, 2.72 Hz, 1H), 1.80-1.10 (m, 11H), 1.16 (s,
3H), 0.84 (s, 3H), 0.83 (s, 3H), 0.75 (s, 3H).
BC NMR (100 MHz, CDCls): 157.8, 151.2, 144.5, 138.4, 137.1, 129.6, 129.4, 127.2, 127.1, 110.9, 110.3, 62.3, 56.2, 55.3,
55.0, 40.4, 38.9, 38.1, 37.1, 29.8, 28.0, 26.2, 26.0, 21.6, 19.3, 18.2, 16.2, 16.2
HRMS (ESI): m/z calculated for C3oH41NO3SNa [M+Na]*: 518.2701, Found: 518.2705.
FTIR (NaCl): v 3250, 2934, 1610, 1510, 1443, 1321, 1250, 1159, 1094, 1045, 910 cm’”

4c
4-Methyl-NV-((2S5,4aR,4bR,10bR,12aR)-1,1,4a,8,10b-pentamethyl-1,2,3,4,4a,4b,5,6,10b,11,12,12a-dodecahydrochrysen-2-yl)be
nzenesulfonamide, a colorless solid, 52% yield. Tetracyclic product : Bicyclized isomer = 87:13. Mp: 190-193 °C.
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Rf 0.50 (Hexane : Ethyl Acetate = 4:1),

'H NMR (400 MHz, CDCls): 7.82-7.71 (m, 2H), 7.32-7.24 (m, 2H), 7.14-6.78 (m, 3H), 4.33 (d, J = 9.87 Hz, 1H),
2.90-2.80 (m, 2H), 2.78-2.68 (m 1H), 2.41 (s, 3H), 2.35 (dt, J = 11.26, 2.81 Hz, 1H), 2.25 (s, 3H), 1.78-1.04 (m, 11H),
1.14 (s, 3H), 0.84 (s, 3H), 0.83 (s, 3h), 0.75 (s, 3H)

3C NMR (100 MHz, CDCl3): 147.0, 143.1, 138.4, 134.7, 134.6, 129.6, 129.3, 127.0, 126.6, 124.5, 62.2, 56.2, 55.1, 40.4,
38.8, 38.1, 37.5, 37.0, 30.6, 28.0, 26.1, 26.0, 21.5, 20.7, 19.2, 18.0, 16.0, 16.1

HRMS (ESI): m/z calculated for C3oH41NO>SNa [M+Na]": 502.2758, Found: 502.2756.

FTIR (NaCl): v 3420 (br), 3281 (br), 2965, 2940, 1636 (br), 1599, 1497, 1450 (br), 1323, 1159, 1094, 1047 cm

Ts<
N

4-Methyl-N-((2S5,4aR,4bR,10bR,12aR)-1,1,4a,7,10b-pentamethyl-1,2,3,4,4a,4b,5,6,10b,11,12,12a-dodecahydrochrysen-2-yl)be
nzenesulfonamide, a colorless solid, 65% yield. Tetracyclic product : Bicyclized isomer = 86:14. Mp: 183-184 °C.

Rf 0.50 (Hexane : Ethyl Acetate = 4:1)

'H NMR (400 MHz, CDCls): 7.81-7.70 (m, 2H), 7.32-7.20 (m, 2H), 7.18-6.90 (m, 3H), 4.33 (d, J = 9.73 Hz, 1H),
2.90-2.70 (m, 2H), 2.60-2.45 (m, 1H), 2.42 (s, 3H), 2.40-2.28 (m, 1H), 2.16 (s, 3H), 2.00-1.00 (m, 11H), 1.16 (s, 3H),
0.84 (s, 3H), 0.82 (s, 3H), 0.74 (s, 3H)

BC NMR (100 MHz, CDCl3): 149.9, 143.1, 138.4, 136.1, 133.4, 129.6, 127.0, 126.8, 125.5, 122.4, 62.2, 56.1, 54.4, 40.8,
38.8, 38.0, 37.9, 36.9, 28.5, 28.0, 26.2, 26.0, 21.5, 19.8, 19.3, 17.9, 16.2, 16.1

HRMS (ESI): m/z calculated for C3oH41NO>SNa [M+Na]": 502.2756, Found: 502.2756.

FTIR (NaCl): v 3443 (br), 3285 (br), 2966, 2941, 1651 (br), 1599, 1454, 1321, 1159, 1094 cm’”

4 .Functionalization of Cyclization Products

The chiral epoxide was synthesized according to Sharpless and Corey’s procedures.” Diene substrate (674 mg, 3.0 mmol, 1.0 equiv.)
was mixture with MeSO,NH, (300 mg, 3.0 mmol, 1.0 equiv), ~BuOH (10 mL) and H,O (10 mL) at room temperature. Sharpless
dihydroxylation reagent AD-mix-£ (3.36 g, 0.8 equiv.) was added in small portions. The reaction was stirred at room temperature
for 12 hours. The aqueous layer was extracted with ethyl acetate (40 mL X 3). The combined organic extracts were washed with
brine (20 mL), dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The residual crude product was purified by
column chromatography to afford the desired diol product in 67% yield as colorless oil.

To a 50 mL round-bottom flask quipped with a magnetic stirring bar was added diol (0.2884 g, 1.1 mmol, 1.0 equiv.), Et;N (1.0
mL), pyridine (1.0 mL), DMAP (20 mg, cat) and THF (20 mL). MsClI (126 mg, 1.2 mmol, 1.1 equiv.) was added via syringe at
room temperature. The reaction mixture was refluxed for 12 hours. The reaction mixture was quenched with water. The aqueous
layer was extracted with ethyl acetate (40 mL x 3). The combined organic extracts were washed with brine (20 mL), dried over
anhydrous sodium sulfate, filtered and concentrated in vacuo. The residual crude product was purified by column chromatography

to afford the desired chiral epoxide product in 75% yield as colorless oil.

2 (a) Crispino, G. A.; Sharpless, K. B. Tetrahedron Lett. 1992, 33, 4273. (b) Corey, E. J.; Noe, M. C.; Lin, S. Z.; Tetrahedron Lett. 1995, 36,
8741-8744.
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(S,E)-2,2-dimethyl-3-(3-methyl-6-phenylhex-3-enyl)oxirane

50% yield (2 steps), 97% ee, [oc]Dgo =-43.6° (¢ = 4.0). (Hexane : Ethyl Acetate = 4:1)

The other spectrum data were the same as reference.’

The enantiomeric excess was determined by HPLC analysis employing Daicel Chiral OB-H column (Hexane : i-propanol = 99.7,
0.3 mL/min): t; = 8.48 min (major) , t, = 10.79 min (minor)

MTIDS2YEREE)MAREFOTIRIE)

Signal 4: MWDl D, Sig=220,16 Ref=360, 100
Signal 4: MWDl D, Sig=Z220,16 Ref=360,100

" dth ok Peak RetTime Type Width Area Height Area
Peak RetTime Type Widt Area Height Area # [min] [min] [mAT* =] [mAT] 3

# [min] [min] [mAU* =] [maT] % [ [ [P [ [P |
T T T T T T ernes  9im nazze a1 oeme! 1 8.483 VB 0.3640 1.03100ea  423.47754 98.4492

) w ) ° = ) ) 2 10.788 BB 0.4504 162.40680 5.37646 1.5508
2 10.307 vE 0.4857 1.59274e4 505.41504 48,1414
Totals : 1.04724e1 428 .85400

Totals 3.30846e4 1216.29730

The procedure for selective opening of epoxide was following Fringuelli’s.* To a 50 mL round-bottom flask quipped with a
magnetic stirring bar was added epoxide (0.13 g, 0.53 mmol, 1.0 equiv.), NaN; (480 mg, 6.0 mmol, 10.0 equiv.), AcOH (2.0 mL),
H,0 (1.5 mL) and (MeOCHy,), (4.5 mL). The reaction mixture was stirred at 35 °C for 48 hours. The pH value was adjusted to be 8
by NaOH (1 N) and extracted with ethyl acetate (30 mL x 3). The combined organic extracts were washed with brine (20 mL), dried
over anhydrous sodium sulfate, filtered and concentrated in vacuo. The residual crude product was purified by column

chromatography to afford the desired amine product in 50% yield as colorless oil.

HO
N3

(S,E)-2-Azido-2,6-dimethyl-9-phenylnon-6-en-3-ol
[(X]Dgo =-11.6° (c = 1.5), Rr. 0.63 (Hexane : Ethyl Acetate = 4:1)
'H NMR (400 MHz, CDCl3): 7.30-2.23 (m, 2H), 7.20-7.15 (m, 3H), 5.23 (td, J = 7.04, 1.14 Hz, 1H), 3.27 (ddd, J = 10.50,

3 Zhao, J. F.; Zhao, Y. J.; Loh, T. P. Chem. Commun. 2008, 1353—1355.
* Fringuelli, F.; Poermatti, O.; Pizzo, F.; Vaccaro, L. J. Org. Chem. 1999, 64, 6094-6096.
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4.79, 1.86 Hz, 1H), 2.65 (t, J = 7.69 Hz, 2H), 2.32 (q, J = 7.51 Hz, 2H), 2.22 (ddd, J = 13.97, 8.67, 5.49 Hz, 1H), 2.04 (dt,
J=14.08,7.87 Hz, 1H), 1.86 (t, J = 5.23 Hz, 1H), 1.60-1.55 (m, 1H), 1.55 (s, 3H), 1.39 (dddd, J = 12.33, 8.99, 7.83, 4.59
Hz, 1H), 1.26 (s, 3H), 1.25 (s, 3H)

3C NMR (100 MHz, CDCl3): 142.3, 135.3, 128.5, 128.3, 125.8, 124.6, 77.13, 68.0, 36.5, 36.0, 29.9, 29.2, 22.7, 21.1,
15.9

HRMS (ESI): m/z calculated for C17H2sN3ONa [M+Na]*: 310.1906, Found: 310.1895.

FTIR (NaCl): v 3437 (br), 2990, 2102, 1643 (br), 1568, 1495, 1454, 1259 (br), 1138, 1076 cm”'

To a 50 mL round-bottom flask quipped with a magnetic stirring bar was added azidohydrin (72 mg, 0.25 mmol, 1.0 equiv.), Ph;P
(excess, 1.0 g) and 1,4-dioxane (15 mL).” The reaction mixture was reflux for 48 hours. The reaction mixture was concentrated in

vacuo. The residual crude product was purified by column chromatography to afford the desired amine product as colorless oil.

7

(R,E)-2,2-Dimethyl-3-(3-methyl-6-phenylhex-3-enyl)aziridine

[0]P20 = 4.8° (c = 3.6), R¢: 0.05 (Ethyl Acetate)

'H NMR (400 MHz, CDCl3): 7.30-7.15 (m, 5H), 5.23 (t, J = 6.78 Hz, 1H), 2.69 (t, J = 6.27 Hz, 1H), 2.64 (t, J = 7.85 Hz,
2H), 2.31 (dd, J = 15.05, 7.44 Hz, 2H), 2.22-2.00 (m, 2H), 1.72-1.54 (m, 2H), 1.54 (s, 3H), 1.30 (s, 3H), 1.24 (s, 3H)

H (N-H) was not observed.

3C NMR (100 MHz, CDCl3): 142.2, 134.8, 128.4, 128.2, 125.7, 124.2, 64.1, 58.3, 36.2, 36.0, 30.0, 27.4, 24.9, 18.7, 15.9
HRMS (ESI): m/z calculated for C17H26N [M+H]": 244.2062, Found: 244.2065.

FTIR (NaCl): v 3026, 2953, 2924, 1603, 1495, 1454, 1381, 1265 cm’’

To a 25 mL round-bottom flask quipped with a magnetic stirring bar was added aziridine (74 mg, 0.29 mmol, 1.0 equiv.), EzN (0.5
mL, 0.5 mL, 5.0 equiv.), DMAP (20 mg, cat.) and THF (5 mL). The mixture was cooled to —40 °C. CbzCl (0.2 mL, 1.2 mmol, 4.0
equiv.) was added as a THF solution via syringe. The reaction mixture was stirred for 5 hours. The reaction was poured into ice
water. The aqueous layer was extracted with ethyl acetate (30 mL x 3). The combined organic extracts were washed with brine (20
mL), dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The residual crude product was purified by column

chromatography (neutral Al,O;) to afford the desired amine product in 50% yield (over two steps from azidohydrin) as colorless oil.

8
(R,E)-Benzyl 2,2-dimethyl-3-(3-methyl-6-phenylhex-3-enyl)aziridine-1-carboxylate
50% vyield, 96.8% ee, [OC]Dzo =-48.8° (¢ = 0.75), Rr: 0.6 (Hexane : Ethyl acetate = 4:1)

5 Voronkov, M. V.; Gontcharov, A. V.; Kanamarlapudi, R. C.; Richardson, P. F.; Wang, Z. M. Org. Process Res. Dev. 2005, 9, 221-224
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'H NMR (400 MHz, CDCl3): 7.40-7.10 (m, 10H), 5.21 (t, J = 6.41 Hz, 1H), 5.15 (d, J = 12.35 Hz, 1H), 5.10 (d, J = 12.35
Hz, 1H), 2.62 (t, J= 12.35 Hz, 2H), 2.29 (q, J = 12.35 Hz, 2H), 2.23 (t, J = 6.58 Hz, 1H), 2.18-2.06 (m, 2H), 1.65-1.50 (m,
2H), 1.56 (s, 3H), 1.23 (s, 3H), 1.21 (s, 3H)

3C NMR (100 MHz, CDCl3): 162.2, 142.3, 136.3, 135.0, 128.5, 128.5, 128.4, 128.3, 128.2, 125.7, 124.2, 67.7, 48.3, 44.6,
37.2,36.1, 30.1, 271, 23.3, 19.5, 16.1

HRMS (ESI): m/z calculated for CsH3,NO, [M+H]": 378.2426, Found: 378.2433.

FTIR (NaCl): v 3028, 2961, 2928, 1715, 1497, 1454, 1379, 1321, 1261, 1246, 1136, 1078 cm

The enantiomeric excess was determined by HPLC analysis employing Daicel Chiral OB-H column (Hexane : i-propanol = 99.5,

0.5 mL/min): t; = 15.82 min (major) , t, = 19.94 min (minor)

Signal 4: MWD1 ©, Sig=210,4 Ref=360,100 Signal 4: MWDl ©, Sig=210,4 Ref=360, 100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s] [maU] % # [tnin] [min] [maT*=] [mAT] %
-1 [====1 I I I I I-=--1 [ I I I
1 16.262 MM 1.6511 6346.28271  64.06287 48.3449 1 15.852 MM 1.7002 1.39997=4  137.23798 98.3949
Z 18.272 MM 1.8281 6780.80762  61.81863 51.6551 Z 19,044 MM 1.2338  228.37294 3.08491  1.6051
Totals : 1.31271e4  125.88149 Totals : 1.42280e4  140.32289

Reaction was performed in 0.1 mmol (38 mg) scale using previous standard procedure for polyene cyclization catalyzed by InBrs,

67% isolated yield (25 mg), a colorless oil.

Benzyl (2R ,4aR,10a5)-1,1,4a-trimethyl-1,2,3,4,42,9,10,10a-octahydrophenanthren-2-ylcarbamate

67% yield, 97% ee. [OC]Dzo =-327.3° (c = 2.5), Rr. 0.5 (Hexane : Ethyl acetate = 4:1)

'H NMR (400 MHz, CDCl3): 7.40-7.28 (m, 5H), 7.24-7.18 (m, 1H), 7.16-7.00 (m, 3H), 5.13 (d, J = 12.17 Hz, 1H), 5.07 (d,
J = 1217 Hz, 1H), 4.69 (d, J = 12.19 Hz, 1H), 2.45 (td, J = 11.53, 3.89 Hz, 1H), 2.95 (dd, J = 16.52, 6.14 Hz, 1H),
2.91-2.80 (m, 1H), 2.35 (dt, J = 12.88, 3.26 Hz, 1H), 1.95-1.80 (m, 2H), 1.80—1.54 (m, 3H), 1.44 (dd, J = 12.01, 1.38 Hz,
1H), 1.17 (s, 3H), 1.02 (s, 3H), 0.85 (s, 3H)

3C NMR (100 MHz, CDCl3): 156.3, 149.0, 136.7, 135.0, 129.0, 128.6, 128.2, 128.2, 125.9, 125.5, 124.6, 66.8, 58.8, 50.7,
38.1, 37.6, 37.6, 30.8, 28.6, 26.7, 25.0, 19.2, 16.4

HRMS (ESI): m/z calculated for C5H3oNO, [M+H]": 378.2427, Found: 378.2433.

FTIR (NaCl): v 3441 (br), 2965, 2943, 1701, 1508, 1489, 1454, 1338, 1315, 1234 (br), 1068, 1022 cm”

The enantiomeric excess was determined by HPLC analysis employing Daicel Chiral OD-H column (Hexane : i-propanol = 98 :2, 1

mL/min): t; = 23.49 min (major) , t, = 49.46 min (minor)
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N In pn p T 5 e pa ps -
Fignal 3: MWDl <, Fig=Z10,4 ref=360,100 Signal 3: MWDl ¢, Sig=210,4 Ref=360, 100
Peak RetTime Type Width Area Height Area Peak RetTime Type TWidth Area Height Area
# [min] [min] [mAlT*=] [mal] % # [min] [min] [maU*s] [mAaU] %
|- |- l-=-- |——=m= |=—===- | === | === |=—== === | === |l==m=- | === |
1 23.627 MM 1.8863 8665.00203 76.56206 50.0262 1 23.490 MM Z.8831 1.53483e4 89.88303 98.4073
2 48.792 MM 3.7576 BE55.91895 38.39245 49,9738 Z 49,455 MM 2.7890 251.64857 1.50384 1.5927

To a 25 mL round-bottom flask quipped with a magnetic stirring bar was added Cbz group protected amine i.e. cyclization product
(38 mg, 0.1 mmol), 10% Pd/C (0.1 g) and ethanol (15 mL). Hydrogen gas was bubbled for 3 hours at room temperature. The

reaction mixture was filtered to remove catalyst. The solvent was removed in vacuo and the crude product was purified by passing

through a pad of silica gel affording desired amine product in 95% yield as colorless oil.

10

(2R,4aR,10aS)-1,1,4a-Trimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-amine

[(x]Dzo =-51.5° (¢ = 1.2), R¢: 0.25 (MeOH)

'H NMR (400 MHz, CDCls3): 7.30-7.00 (m, 4H), 5.00-4.00 (m, 2H), 2.90 (dd, J = 17.33, 6.02 Hz, 1H), 2.80 (ddd, J =
17.95, 11.97, 7.41 Hz, 1H), 2.65 (dd, J = 11.41, 4.18 Hz, 1H), 2.28 (dt, J = 13.37, 3.04 Hz, 1H), 1.92-1.80 (m, 2H),
1.76-1.60 (m, 2H), 1.47 (td, J = 13.0, 4.21 Hz, 1H), 1.29 (dd, J = 12.07, 1.65 Hz, 1H),. 1.19 (s, 3H), 1.14 (s, 3H), 0.97 (s,
3H).

3C NMR (100 MHz, CDCls): 149.0, 134.9, 129.0, 125.9, 125.6, 124.5, 60.1, 50.4, 37.8, 37.7, 37.3, 30.8, 28.6, 26.5, 24.9,
19.1,16.0

HRMS (ESI): m/z calculated for C17H26N [M+H]": 244.2065, Found: 244.2060.
FTIR (NaCl): v 3439 (br), 2854, 1643 (br), 1454, 1371, 1260, 1259, 1026 cm’’
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