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1. Experimental section

1.1. General. All other reagents and solvents were obtained from commercial sources and used
without further purification. Reactions were routinely carried out under an atmosphere of dry
nitrogen with magnetic stirring. Products in organic solvents were dried with anhydrous magnesium
sulfate before concentration in vacuo. Melting points were determined with a SMP3 melting
apparatus. *H and *C NMR spectra were recorded on a Varian INOVA-400 spectrometer operating
at 400 and at 100 MHz, respectively. Chemical shifts (&) are reported in parts per million (ppm) and
the coupling constants (J) are given in Hertz. High resolution mass spectra (HRMS) were
measured with a mass spectrometer Finnigan/Thermo Quest MAT 95XL. X-ray crystal structures
were obtained with an Enraf-Nonius FR-590 diffractometer (CAD4, Kappa CCD). Elemental
analyses were carried out with Heraeus Vario 1lI-NCSH, Heraeus CHN-OS-Rapid Analyzer or
Elementar Vario EL 111

1.2. A representative synthetic procedure of compounds 3a-t is as follows: NaBH4 (100 mg,
3.0 mmol) was added to a solution of 1a-t (1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5
mL) at 0 °C. The reaction mixture was stirred for 1 h at 0 °C and the solvent was concentrated. The
residue was diluted with water (10 mL) and the mixture was extracted with CH,Cl; (3 x 20 mL). The
combined organic layers were washed with brine, dried, filtered and evaporated to afford crude
product. Purification on silica gel (hexanes/EtOAc = 5/1~3/1) afforded 3a-t.
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1.2.1. 1-Pheny|-2-(to|uene-4-suIfonyl)pent-4-en-1-o| (3a). According to the general procedure,
reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1la (314 mg, 1.0 mmol)
in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 4/1) afforded 3a (92%, 291 mg). Colorless solid; mp = 79-80 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C1gH,:03S 317.1212, found 317.1218; *H
NMR (400 MHz, CDCls): 8 7.78 (d, J = 8.4 Hz, 2H), 7.36-7.27 (m, 7H), 5.25-5.15 (m, 1H), 5.05 (d, J
= 8.4 Hz, 1H), 4.72 (dq, J = 1.2, 10.4 Hz, 1H), 4.58 (dq, J = 1.2, 16.8 Hz, 1H), 4.20 (br s, 1H),
3.44-3.39 (m, 1H), 2.46 (s, 3H), 2.32-2.25 (m, 1H), 2.12-2.05 (m, 1H); **C NMR (100 MHz, CDCls):
0 145.09, 139.44, 135.22, 133.04, 129.81 (2x), 128.82 (2x), 128.51 (3x), 127.31 (2x), 117.52, 73.08,
70.39, 31.11, 21.64; Anal. Calcd for C1gH2003S: C, 68.33; H, 6.37. Found: C, 68.58; H, 6.46.
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1.2.2. 1-(4-Methoxyphenyl)-2-(toIuene-4-suIfonyl)pent-4-en-1-o| (3b). According to the general
procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1b (344 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 3/1) afforded 3b (93%, 322 mg). Colorless oil; HRMS (ESI, M*+1) calcd for
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C1oH2304S 347.1317, found 347.1315; *H NMR (400 MHz, CDCls): & 7.79 (d, J = 8.0 Hz, 2H), 7.35
(d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 5.27-5.17 (m, 1H), 5.01 (d, J =
8.4 Hz, 1H), 4.73 (dg, J = 1.2, 10.0 Hz, 1H), 4.59 (dq, J = 1.2, 16.8 Hz, 1H), 4.34 (br s, 1H), 3.78 (s,
3H), 3.41-3.36 (M, 1H), 2.46 (s, 3H), 2.30-2.23 (m, 1H), 2.12-2.03 (m, 1H): **C NMR (100 MHz,
CDCly): 8 159.73, 145.07, 135.28, 133.15, 131.65, 129.81 (2x), 128.84 (2x), 128.51 (2x), 117.45,
113.88 (2x), 72.69, 70.56, 55.26, 31.20, 21.66; Anal. Calcd for C1H»,0.S: C, 65.87; H, 6.40. Found:
C, 65.55; H, 6.70.

o
n=0

o)
NaBH,4 ‘
1l

OH
0 _
©\ THF/MeOH = 1/1 \Q
F | Me F |
1c 3c

1.2.3. 1-(4-Fluorophenyl)-2-(toluene-4-sulfonyl)pent-4-en-1-ol (3c). According to the general
procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1c (332 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3c (86%, 287 mg). Colorless solid; mp = 82-83 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C1gH20FO3S 335.1117, found 335.1118; *H
NMR (400 MHz, CDCl3): 6 7.77 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.30-7.23 (m, 2H),
7.01-6.96 (m, 2H), 5.26-5.16 (m, 1H), 5.06 (d, J = 8.8 Hz, 1H), 4.74 (dq, J = 1.2, 10.0 Hz, 1H), 4.59
(dg, J = 1.2, 16.8 Hz, 1H), 4.46 (br s, 1H), 3.40-3.35 (m, 1H), 2.46 (s, 3H), 2.34-2.27 (m, 1H),
2.11-2.03 (m, 1H); *C NMR (100 MHz, CDCls): & 162.69 (d, J = 245.6 Hz), 145.27, 135.34 (d, J =
3.0 Hz), 135.03, 132.83, 129.88 (2x), 129.01 (d, J = 7.6 Hz, 2x), 128.81 (2x), 117.70, 115.40 (d, J =
21.3 Hz, 2x), 72.37, 70.30, 31.05, 21.66.
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1.2.4. 2-(Toluene-4-sulfonyl)-1-p-tolylpent-4-en-1-ol (3d). According to the general procedure,
reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1d (328 mg, 1.0 mmol)
in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3d (93%, 307 mg). Colorless oil; HRMS (ESI, M*+1) calcd for
C19H2303S 331.1368, found 331.1366; *H NMR (400 MHz, CDCls): 8 7.77 (d, J = 8.4 Hz, 2H), 7.33
(d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 5.30-5.20 (m, 1H), 5.02 (d, J =
8.4 Hz, 1H), 4.75 (dg, J = 1.2, 10.0 Hz, 1H), 4.61 (dq, J = 1.2, 16.8 Hz, 1H), 4.32 (br s, 1H),
3.44-3.39 (m, 1H), 2.45 (s, 3H), 2.31 (s, 3H), 2.30-2.24 (m, 1H), 2.14-2.07 (m, 1H); *C NMR (100
MHz, CDCIl3): & 144.95, 138.22, 136.48, 135.35, 133.15, 129.71 (2x), 129.12 (2x), 128.76 (2x),
127.11 (2x), 117.47, 72.82, 70.36, 31.07, 21.60, 21.08; Anal. Calcd for C;9H»,03S: C, 69.06; H,
6.71. Found: C, 69.38; H, 6.87.
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1.2.5. 2-Methanesulfonyl-1-phenylpent-4-en-1-ol (3e). According to the general procedure,
reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1e (238 mg, 1.0 mmol)
in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3e (87%, 209 mg). Colorless gum; HRMS (ESI, M*+1) calcd for
C12H1703S 241.0899, found 241.0902; *H NMR (400 MHz, CDCls): & 7.40-7.38 (m, 4H), 7.35-7.29
(m, 1H), 5.69 (br s, 1H), 5.63-5.52 (m, 1H), 5.03-4.95 (m, 2H), 3.13 (dt, J = 1.6, 7.2 Hz, 1H), 2.94 (s,
3H), 2.87 (d, J = 2.8 Hz, 1H), 2.64 (dt, J = 1.6, 6.8 Hz, 2H); *C NMR (100 MHz, CDCls): & 139.90,
134.72, 128.68 (2x), 128.07, 125.67 (2x), 117.70, 70.29, 70.22, 40.65, 27.05; Anal. Calcd for
C12H1603S: C, 59.97; H, 6.71. Found: C, 60.21; H, 6.82.
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1.2.6. 1-Naphtha|en-2-y|-2-(toIuene-4-suIfonyl)pent-4-en-1-o| (3f). According to the general
procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1f (364 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3f (90%, 329 mg). Colorless gum; HRMS (ESI, M*+1) calcd for
C22H2303S 367.1368, found 367.1369; *H NMR (400 MHz, CDCls): & 7.80-7.71 (m, 6H), 7.50-7.45
(m, 2H), 7.38 (dd, J = 1.6, 8.4 Hz, 1H), 7.24 (d, J = 8.4 Hz, 2H), 5.37-5.27 (m, 1H), 5.24 (d, J = 8.0
Hz, 1H), 4.74 (dq, J = 1.2, 10.0 Hz, 1H), 4.63 (dq, J = 1.2, 16.8 Hz, 1H), 4.50 (br s, 1H), 3.58-3.53
(m, 1H), 2.43-2.36 (m, 1H), 2.38 (s, 3H), 2.26-2.19 (m, 1H); **C NMR (100 MHz, CDCls): 5 145.01,
136.80, 135.36, 133.25, 133.07, 132.97, 129.68 (2x), 128.70 (2x), 128.46, 127.99, 127.60, 126.64,
126.30, 126.27, 124.28, 117.89, 72.99, 69.96, 30.97, 21.57.
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1.2.7. 1-Biphenyl-4-y|-2-(to|uene-4-suIfonyl)pent-4-en-1-o| (3g). According to the general
procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1g (390 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3g (92%, 361 mg). Colorless gum; HRMS (ESI, M*+1) calcd for
C24H2503S 393.1524, found 393.1528; 'H NMR (400 MHz, CDCl): & 7.77 (d, J = 8.4 Hz, 2H),
7.57-7.50 (m, 4H), 7.46-7.41 (m, 2H), 7.37-7.32 (m, 5H), 5.38-5.28 (m, 1H), 5.13 (d, J = 8.0 Hz, 1H),
4.79 (dg, J = 1.2, 10.0 Hz, 1H), 4.68 (dq, J = 1.2, 16.8 Hz, 1H), 4.20 (br s, 1H), 3.51-3.46 (m, 1H),
2.43 (s, 3H), 2.42-2.36 (m, 1H), 2.25-2.17 (m, 1H); *C NMR (100 MHz, CDCls): 5 145.01, 141.29,
140.43, 138.48, 135.37, 133.06, 129.78 (2x), 128.75 (2x), 128.73 (2x), 127.59 (2x), 127.44, 127.13
(2x), 126.99 (2x), 117.75, 72.63, 70.19, 30.99, 21.60; Anal. Calcd for C,4H»403S: C, 73.44; H, 6.16.
Found: C, 73.52; H, 6.23.
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1.2.8. 2-Benzenesulfonyl-1-(4-methoxyphenyl)pent-4-en-1-ol (3h). According to the general
procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1h (330 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 3/1) afforded 3h (90%, 299 mg). Colorless gum; HRMS (ESI, M*+1) calcd for
C1gH2104S 333.1161, found 333.1162; *H NMR (400 MHz, CDCls): 5 7.91-7.88 (m, 2H), 7.67-7.63
(m, 1H), 7.57-7.53 (m, 2H), 7.21 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 5.30-5.19 (m, 1H),
5.04 (d, J =8.4 Hz, 1H), 4.75 (dqg, J = 1.2, 10.0 Hz, 1H), 4.60 (dq, J = 1.2, 16.8 Hz, 1H), 4.20 (br s,
1H), 3.77 (s, 3H), 3.45-3.40 (m, 1H), 2.32-2.25 (m, 1H), 2.15-2.08 (m, 1H); **C NMR (100 MHz,
CDCl3): 6 159.65, 138.52, 133.84, 133.00, 131.56, 129.09 (2x), 128.68 (2x), 128.40 (2x), 117.56,
113.84 (2x), 72.54, 70.43, 55.21, 31.03.
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1.2.9. 2-Benzenesulfonyl-1-(4-fluorophenyl)pent-4-en-1-ol (3i). According to the general
procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1i (318 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3i (87%, 278 mg). Colorless solid; mp = 106-107 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C17H1gFO3S 321.0961, found 321.0965; *H
NMR (400 MHz, CDCls): 8 7.90-7.87 (m, 2H), 7.69-7.64 (m, 1H), 7.58-7.53 (m, 2H), 7.30-7.25 (m,
2H), 7.01-6.95 (m, 2H), 5.28-5.18 (m, 1H), 5.09 (d, J = 8.0 Hz, 1H), 4.76 (dq, J = 1.2, 10.0 Hz, 1H),
4.60 (dq, J=1.2, 16.8 Hz, 1H), 4.35 (br s, 1H), 3.44-3.39 (m, 1H), 2.36-2.29 (m, 1H), 2.16-2.08 (M,
1H); 3C NMR (100 MHz, CDCls): 8 162.64 (d, J = 245.6 Hz), 138.27, 135.28 (d, J = 3.0 Hz), 134.01,
132.70, 129.20 (2x), 128.93 (d, J = 8.3 Hz, 2x), 128.68 (2x), 117.84, 115.40 (d, J = 21.3 Hz, 2x),
72.24,70.22, 30.92; Anal. Calcd for C17H,7FO3S: C, 63.73; H, 5.35. Found: C, 63.87; H, 5.28.
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1.2.10. 2-Methanesulfonyl-1-p-tolylpent-4-en-1-ol (3j). According to the general procedure,
reaction was performed in the presence of NaBH,4 (100 mg, 3.0 mmol) and 1j (252 mg, 1.0 mmol) in
a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3j (90%, 229 mg). Colorless oil; HRMS (ESI, M*+1) calcd for
C13H1003S 255.1055, found 255.1056; *H NMR (400 MHz, CDCls): 8 7.25-7.17 (m, 5H), 5.72-5.62
(m, 1H), 5.01 (br s, 1H), 4.99 (br s, 1H), 4.90 (dqg, J = 1.6, 17.2 Hz, 1H), 3.30-3.25 (m, 1H), 2.97 (s,
3H), 2.48-2.32 (m, 2H), 2.35 (s, 3H); **C NMR (100 MHz, CDCls): 8 138.61, 137.11, 133.17, 129.46
(2x), 126.87 (2x), 118.49, 72.74, 68.95, 44.00, 29.68, 21.12; Anal. Calcd for C,3H1503S: C, 61.39; H,
7.13. Found: C, 61.53; H, 7.34.
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1.2.11. 2-Benzenesulfonyl-1-biphenyl-4-ylpent-4-en-1-ol (3k). According to the general
procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1k (376 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 4/1) afforded 3k (92%, 348 mg). Colorless gum; HRMS (ESI, M*+1) calcd for
Ca3H2303S 379.1368, found 379.1370; *H NMR (400 MHz, CDCls): & 7.90-7.87 (m, 2H), 7.67-7.62
(m, 1H), 7.60-7.50 (m, 6H), 7.46-7.42 (m, 2H), 7.38-7.33 (m, 3H), 5.39-5.29 (m, 1H), 5.16 (d, J =
8.0 Hz, 1H), 4.80 (dq, J = 1.6, 10.4 Hz, 1H), 4.70 (dq, J = 1.6, 16.8 Hz, 1H), 4.33 (br s, 1H), 3.52 (dq,
J=1.6, 11.6 Hz, 1H), 2.45-2.38 (m, 1H), 2.29-2.22 (m, 1H); *3C NMR (100 MHz, CDCls): d 141.34,
140.43, 138.58, 138.42, 133.82, 132.97, 129.13 (2x), 128.78 (2x), 128.66 (2x), 127.55 (2x), 127.47,
127.19 (2x), 127.00 (2x), 117.93, 72.58, 70.19, 30.93; Anal. Calcd for C,3H,,03S: C, 72.99; H, 5.86.
Found: C, 72.80; H, 6.16.
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1.2.12. 2-Benzenesulfonyl-1-phenylpent-4-en-1-ol (3l). According to the general procedure,
reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 11 (300 mg, 1.0 mmol) in
a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 4/1) afforded 31 (92%, 278 mg). Colorless solid; mp = 106-107 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C17H1903S 303.1055, found 303.1057; *H
NMR (400 MHz, CDCls): 8 7.90-7.87 (m, 2H), 7.67-7.62 (m, 1H), 7.56-7.52 (m, 2H), 7.30-7.25 (m,
5H), 5.29-5.19 (m, 1H), 5.09 (d, J = 8.4 Hz, 1H), 4.74 (dq, J = 1.2, 11.2 Hz, 1H), 4.60 (dq, J = 1.2,
16.8 Hz, 1H), 4.20 (br s, 1H), 3.49-3.44 (m, 1H), 2.36-2.28 (m, 1H), 2.18-2.11 (m, 1H); *C NMR
(100 MHz, CDCI3): 6 139.36, 138.46, 133.86, 132.89, 129.10 (2x), 128.65 (2x), 128.49, 128.48 (2x),
127.18 (2x), 117.66, 72.91, 70.25, 30.93; Anal. Calcd for C17H1803S: C, 67.52; H, 6.00. Found: C,
67.67; H, 6.28.

O O OH O
S NaBH,4 3

| —_— - 1l
®/0© THF/MeOH = 1/1 @?/O\Q
‘ im Me ‘ 3m  Me

1.2.13. 1-Phenyl-2-(toluene-3-sulfonyl)pent-4-en-1-ol (3m). According to the general procedure,
reaction was performed in the presence of NaBH,4 (100 mg, 3.0 mmol) and 1m (314 mg, 1.0 mmol)
in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 4/1) afforded 3m (94%, 297 mg). Colorless gum; HRMS (ESI, M*+1) calcd for
Ci1gH2103S 317.1212, found 317.1213; *H NMR (400 MHz, CDCls): 5 7.70-7.67 (m, 1H), 7.66 (s,
1H), 7.45-7.40 (m, 2H), 7.31-7.25 (m, 5H), 5.29-5.19 (m, 1H), 5.09 (d, J = 8.0 Hz, 1H), 4.75 (dq, J =
1.6, 10.4 Hz, 1H), 4.61 (dq, J = 1.6, 16.8 Hz, 1H), 4.20 (br s, 1H), 3.48-3.43 (m, 1H), 2.43 (s, 3H),
2.38-2.30 (m, 1H), 2.19-2.11 (m, 1H); *C NMR (100 MHz, CDCls): & 139.44, 139.41, 138.24,
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134.71, 133.02, 128.99, 128.94, 128.46, 128.45 (2x), 127.19 (2x), 125.80, 117.63, 72.88, 70.21,
30.97, 21.28; Anal. Calcd for C1gH2003S: C, 68.33; H, 6.37. Found: C, 68.23; H, 6.48.

=0

i NaBH4

i §
o\[::]\ THF/MeOH = 1/1 [::T/;]/O
in

1.2.14. 2-(4-FluorobenzenesuIfonyl)-l-phenylpent-4-en-1-o| (3n). According to the general
procedure, reaction was performed in the presence of NaBH4 (100 mg, 3.0 mmol) and 1n (318 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3n (90%, 288 mg). Colorless gum; HRMS (ESI, M*+1) calcd for
C17H15F O3S 321.0961, found 321.0965; *H NMR (400 MHz, CDCls): & 7.89-7.84 (m, 2H), 7.31-7.23
(m, 5H), 7.20-7.14 (m, 2H), 5.38-5.28 (m, 1H), 5.06 (d, J = 8.0 Hz, 1H), 4.80 (dq, J = 1.2, 10.0 Hz,
1H), 4.68 (dg, J = 1.2, 16.8 Hz, 1H), 3.90 (br s, 1H), 3.50-3.45 (m, 1H), 2.38-2.26 (m, 1H),
2.25-2.19 (m, 1H); **C NMR (100 MHz, CDCls): 8 165.66 (d, J = 254.7 Hz), 139.42, 134.96 (d, J =
3.0 Hz), 132.78, 131.50 (d, J = 9.9 Hz, 2x), 128.45 (2x), 128.43, 127.00 (2x), 117.87, 116.25 (d, J =
22.7 Hz, 2x), 72.73, 70.28, 30.76.

=0

i NaBH,

i S
o\[::LT\ijMeOH 11 [::T/F]/O\[::Lj\\/

1.2.15. 2-(4-Butylbenzenesulfonyl)-1-phenylpent-4-en-1-ol (30). According to the general
procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 10 (356 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 30 (95%, 340 mg). Colorless gum; HRMS (ESI, M*+1) calcd for
C21H2703S 359.1681, found 359.1687; *H NMR (400 MHz, CDCls): 8 7.73 (d, J = 8.4 Hz, 2H), 7.27
(d, J = 8.4 Hz, 2H), 7.25-7.19 (m, 5H), 5.25-5.14 (m, 1H), 5.02 (d, J = 8.4 Hz, 1H), 4.68 (dg, J = 1.2,
10.0 Hz, 1H), 4.55 (dg, J = 1.2, 16.8 Hz, 1H), 4.00 (br s, 1H), 3.43-3.38 (m, 1H), 2.63 (t, J = 8.0 Hz,
2H), 2.31-2.24 (m, 1H), 2.12-2.05 (m, 1H), 1.60-1.53 (m, 2H), 1.35-1.26 (m, 2H), 0.89 (t, J = 7.2 Hz,
3H); **C NMR (100 MHz, CDCls): & 149.70, 139.42, 135.41, 132.97, 129.00 (2x), 128.62 (2x),
128.30 (2x), 128.27, 127.11 (2x), 72.78, 70.11, 35.40, 32.90, 30.86, 29.50, 22.05, 13.68.

¢ _ NaBH,

1 H
o\[::l\ THFIMEOH = U1 _
FaC | Me

1p

1.2.16. 2-(To|uene-4-suIfonyl)-l-(4-trifluoromethylphenyl)pent-4-en-1-o| (3p). According to the
general procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1p
(382 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on
silica gel (hexanes/EtOAc = 5/1) afforded 3p (89%, 342 mg). Colorless solid; mp = 103-104 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C19Ho0F303S 385.1085,
found 385.1087; *H NMR (400 MHz, CDCls): & 7.65 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H),
7.38 (d, J =8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 5.40-5.30 (m, 1H), 5.14 (d, J = 7.2 Hz, 1H), 4.84

o O OH O
S
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(dg, J = 1.2, 10.0 Hz, 1H), 4.73 (dg, J = 1.2, 16.8 Hz, 1H), 4.48 (br s, 1H), 3.48-3.43 (m, 1H),
2.52-2.44 (m, 1H), 2.42 (s, 3H), 2.29-2.21 (m, 1H); *C NMR (100 MHz, CDCls): & 145.22, 143.61,
135.18, 132.63, 129.81 (2x), 128.53 (2x), 127.32 (2x), 125.31 (d, J = 3.8 Hz, 2x), 125.23 (d, J = 3.7
Hz, 2x), 118.32, 71.91, 69.45, 30.58, 21.53.

=0

g _ NaBH; s

o
1] |
© THHMeOH 1 O
NO, | 1q

1.2.17. 1-(3-Nitropheny|)-2-(to|uene-4-suIfonyl)pent-4-en-1-ol (3q). According to the general
procedure, reaction was performed in the presence of NaBH4 (100 mg, 3.0 mmol) and 1q (359 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3gq (86%, 310 mg). Colorless solid; mp = 121-122 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C1gH20NOsS 362.1062,
found 362.1063; *H NMR (400 MHz, CDCls): & 8.11-8.07 (m, 2H), 7.69 (d, J = 8.4 Hz, 3H), 7.48 (d,
J=8.0Hz, 1H), 7.31 (d, J = 8.0 Hz, 2H), 5.39-5.28 (m, 1H), 5.19 (dd, J = 4.0, 7.2 Hz, 1H), 4.83 (dq,
J=1.2,10.4 Hz, 1H), 4.70 (dq, J = 1.2, 17.2 Hz, 1H), 4.57 (d, J = 4.4 Hz, 1H), 3.50-3.45 (m, 1H),
2.51-2.45 (m, 1H), 2.43 (s, 3H), 2.27-2.19 (m, 1H); *C NMR (100 MHz, CDCls): 5 148.10, 145.48,
141.89, 134.88, 133.14, 132.42, 129.96 (2x), 129.40, 128.61 (2x), 123.12, 122.10, 118.51, 71.71,
69.23, 30.68, 21.60; Anal. Calcd for C18H;9NOsS: C, 59.82; H, 5.30. Found: C, 59.95; H, 5.48.

(o}

(e}
=0

& NaBH4

%
O
THF/MeOH 1/1
1r

1.2.18. 1-(4-Nitropheny|)-2-(to|uene-4-suIfonyl)pent-4-en-1-o| (3r). According to the general
procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1r (359 mag,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3r (72%, 260 mg). Colorless solid; mp = 142-143 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C1gH20NOsS 362.1062, found 362.1063; H
NMR (400 MHz, CDCl,): 5 8.12 (d, J = 8.8 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.8 Hz, 2H),
7.31(d, J = 8.0 Hz, 2H), 5.37-5.26 (m, 1H), 5.21 (d, J = 7.2 Hz, 1H), 4.84 (dq, J = 1.2, 10.4 Hz, 1H),
4.72 (dqg, J = 1.2, 17.2 Hz, 1H), 4.53 (br s, 1H), 3.47-3.42 (m, 1H), 2.49-2.41 (m, 1H), 2.44 (s, 3H),
2.26-2.17 (m, 1H); 3C NMR (100 MHz, CDCl3): 5 146.84, 145.57, 134.88, 132.40, 130.86, 129.93
(2x), 128.65 (2x), 127.99 (2x), 123.52 (2x), 118.59, 71.79, 69.37, 30.65, 21.63.

wn

o

NaBH,

THF/MeOH = 1/1

|1
1.2.19. 1,2-Diphenylpent-4-en-1-ol (3s). According to the general procedure, reaction was
performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1s (236 mg, 1.0 mmol) in a
co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3s (80%, 190 mg). Colorless solid; mp = 50-51 °C (recrystallized
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from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C17H100 239.1436, found 239.1441; *H
NMR (400 MHz, CDCls): & 7.37-7.14 (m, 10H), 5.57-5.47 (m, 1H), 5.01-5.83 (m, 2H), 4.80 (d, J =
8.0 Hz, 1H), 3.00-2.95 (m, 1H), 2.39-2.24 (m, 2H), 1.80 (br s, 1H); *C NMR (100 MHz, CDCls): &
142.43, 140.39, 136.14, 128.93 (2x), 128.45 (2x), 128.26 (2x), 127.77, 126.95, 126.85 (2x), 116.23,
77.91, 53.95, 36.39.

NaBH,

THF/MeOH = 1/1 F

1.2.20. 1-(4-Fluorophenyl)-2-phenylpent-4-en-1-ol (3t). According to the general procedure,
reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 1t (254 mg, 1.0 mmol)
in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 3t (82%, 210 mg). Colorless solid; mp = 54-55 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C17H1sFO 257.1342, found 257.1345; *H
NMR (400 MHz, CDCls): & 7.36-7.32 (m, 2H), 7.30-7.19 (m, 5H), 7.06-7.01 (m, 2H), 5.59-5.48 (m,
1H), 4.92-4.85 (m, 2H), 4.78 (d, J = 7.2 Hz, 1H), 2.96-2.90 (m, 1H), 2.39-2.26 (m, 2H), 1.95 (br s,
1H); 3C NMR (100 MHz, CDCls): 5 162.18 (d, J = 244.1 Hz), 140.02, 138.11 (d, J = 3.1 Hz), 135.92,
128.85 (2x), 128.40 (2x), 128.15 (d, J = 8.3 Hz, 2x), 126.94, 116.27, 114.96 (d, J = 21.2 Hz, 2x),
77.02, 53.94, 36.20.

1.3. Arepresentative synthetic procedure of compounds 4a-p is as follows: NaBH, (100 mg,
3.0 mmol) was added to a solution of 2a-p (1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5
mL) at 0 °C. The reaction mixture was stirred for 1 h at 0 °C and the solvent was concentrated. The
residue was diluted with water (10 mL) and the mixture was extracted with CH,Cl, (3 x 20 mL). The
combined organic layers were washed with brine, dried, filtered and evaporated to afford crude
product. Purification on silica gel (hexanes/EtOAc = 5/1~3/1) afforded 4a-p.

Me Me
Ty Ty »
NaBH, 4

4
//S Z M //S Z M
o] e — I e
THF/MeOH =1/1
(0] OH
2a 4a

1.3.1. 5-Methyl-1-phenyl-2-(toluene-4-sulfonyl)hex-4-en-1-ol (4a). According to the general
procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 2a (342 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 4a (90%, 310 mg). Colorless solid; mp = 84-85 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CoH2503S 345.1524, found 345.1530; H
NMR (400 MHz, CDCls): 6 7.76 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.30-7.24 (m, 5H), 5.07
(d, J = 8.4 Hz, 1H), 4.50 (br s, 1H), 4.43 (br t, J = 6.8 Hz, 1H), 3.41-3.35 (m, 1H), 2.45 (s, 3H),
2.29-2.21 (m, 1H), 2.02-1.94 (m, 1H), 1.38 (s, 3H), 1.15 (s, 3H); *C NMR (100 MHz, CDCls): &
144.91, 139.68, 135.54, 134.14, 129.71 (2x), 128.73 (2x), 128.43 (2x), 128.34, 127.25 (2x), 119.19,
73.07, 70.94, 25.75, 25.46, 21.61, 17.27.
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1.3.2. 1-(4-Methoxyphenyl)-5-methyl-2-(toluene-4-sulfonyl)hex-4-en-1-ol (4b). According to the
general procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 2b
(372 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on
silica gel (hexanes/EtOAc = 3/1) afforded 4b (92%, 344 mg). Colorless gum; HRMS (ESI, M*+1)
calcd for C»1H»704S 375.1630, found 375.1632; *H NMR (400 MHz, CDCls): 8 7.75 (d, J = 8.0 Hz,
2H), 7.32 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.8 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 5.03 (d, J = 8.8 Hz,
1H), 4.48-4.44 (m, 1H), 4.45 (br s, 1H), 3.75 (s, 3H), 3.38-3.33 (m, 1H), 2.42 (s, 3H), 2.29-2.18 (m,
1H), 2.00-1.93 (m, 1H), 1.39 (d, J = 1.6 Hz, 3H), 1.16 (s, 3H); 2*C NMR (100 MHz, CDCl5): d 159.42,
144.72, 135.53, 133.75, 131.81, 129.56 (2x), 128.58 (2x), 128.31 (2x), 119.22, 113.65 (2x), 72.49,
70.91, 55.11, 25.66, 25.36, 21.47, 17.21.

Me

/Me

Me
e
NaBH, d

a _— 7
I6} Me

THF/MeOH =1/1

Me

OH
4c

1.3.3. 5-Methyl-2-(toluene-4-sulfonyl)-1-p-tolylhex-4-en-1-o0l (4c). According to the general
procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 2c (356 mg,
1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on silica gel
(hexanes/EtOAc = 6/1) afforded 4c (94%, 337 mg). Colorless gum; HRMS (ESI, M*+1) calcd for
C21H2703S 359.1681, found 359.1685; *H NMR (400 MHz, CDCls): 8 7.74 (d, J = 8.4 Hz, 2H), 7.30
(d, J=8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 5.03 (d, J = 8.4 Hz, 1H), 4.47
(brt, J = 6.8 Hz, 1H), 4.00 (br s, 1H), 3.40-3.35 (m, 1H), 2.42 (s, 3H), 2.29 (s, 3H), 2.26-2.20 (m,
1H), 2.03-1.96 (m, 1H), 1.38 (s, 3H), 1.16 (s, 3H); **C NMR (100 MHz, CDCls): 5 144.68, 137.86,
136.67, 135.62, 133.79, 129.53 (2x), 128.92 (2x), 128.56 (2x), 126.99 (2x), 119.22, 72.70, 70.83,
25.61, 25.35, 21.47, 20.97, 17.19.

1.3.4. 1-Biphenyl-4-yl-5-methyl-2-(toluene-4-sulfonyl)hex-4-en-1-ol (4d). According to the
general procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 2d
(418 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on
silica gel (hexanes/EtOAc = 5/1) afforded 4d (88%, 370 mg). Colorless gum; HRMS (ESI, M*+1)
calcd for CogH2003S 421.1837, found 421.1841; *H NMR (400 MHz, CDCls): & 7.66 (d, J = 8.4 Hz,
2H), 7.57-7.30 (m, 11H), 5.15 (d, J = 8.0 Hz, 1H), 4.57-4.53 (m, 1H), 3.80 (br s, 1H), 3.49-3.44 (m,
1H), 2.42 (s, 3H), 2.39-2.32 (m, 1H), 2.16-2.08 (m, 1H), 1.41 (d, J = 1.2 Hz, 3H), 1.22 (s, 3H); *C
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NMR (100 MHz, CDCls): & 144.77, 141.04, 140.50, 138.70, 135.55, 134.13, 129.61 (2x), 128.68
(2x), 128.57 (2x), 127.51 (2x), 127.30, 126.97 (2x), 126.89 (2x), 119.18, 72.57, 70.71, 25.54, 25.42,
21.49, 17.29.

Me Me
\©\ O Me \©\ 0 Me
/7 /'
S NaBHy S

g Me — o d ZMe

OO o THF/MeOH =1/1 OO OH
2e 4e

1.3.5. 5-Methyl-1-naphthalen-2-yl-2-(toluene-4-sulfonyl)hex-4-en-1-o0l (4e). According to the
general procedure, reaction was performed in the presence of NaBH4 (100 mg, 3.0 mmol) and 2e
(392 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on
silica gel (hexanes/EtOAc = 5/1) afforded 4e (88%, 347 mg). Colorless gum; HRMS (ESI, M*+1)
calcd for C,4H»703S 395.1681, found 395.1685; *H NMR (400 MHz, CDCls): & 7.68-7.70 (m, 6H),
7.47-7.43 (m, 2H), 7.39 (dd, J = 1.6, 8.4 Hz, 1H), 7.19 (d, J = 8.0 Hz, 2H), 5.27 (d, J = 8.0 Hz, 1H),
4.57-4.54 (m, 1H), 4.60 (br s, 1H), 3.57-3.52 (m, 1H), 2.41-2.35 (m, 1H), 2.33 (s, 3H), 2.18-2.11 (m,
1H), 1.31 (d, J = 0.8 Hz, 3H), 1.12 (s, 3H); **C NMR (100 MHz, CDCls): 5 144.63, 136.95, 135.54,
134.12, 133.03, 132.85, 129.40 (2x), 128.41 (2x), 128.06, 127.78, 127.38, 126.35, 126.02, 125.97,
124.23,119.00, 72.78, 70.31, 25.42, 25.23, 21.34, 17.20.

@\ 0 Me @\ //o Me
S

4
S
g A Me NaBH, g Me
o THF/MeOH =1/1 OH
MeO 2f MeO 4f

1.3.6. 2-Benzenesulfonyl-1-(4-methoxyphenyl)-5-methylhex-4-en-1-ol (4f). According to the
general procedure, reaction was performed in the presence of NaBH4 (100 mg, 3.0 mmol) and 2f
(358 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on
silica gel (hexanes/EtOAc = 5/1) afforded 4f (90%, 324 mg). Colorless gum; HRMS (ESI, M*+1)
calcd for CaoH2504S 361.1474, found 361.1483; 'H NMR (400 MHz, CDCls): 5 7.91-7.86 (m, 2H),
7.65-7.61 (m, 1H), 7.56-7.51 (m, 2H), 7.22-7.18 (m, 2H), 6.81 (d, J = 8.8 Hz, 2H), 5.06 (d, J = 8.4
Hz, 1H), 4.48-4.43 (m, 1H), 4.00 (br s, 1H), 3.76 (s, 3H), 3.41-3.36 (m, 1H), 2.28-2.21 (m, 1H),
2.03-1.96 (m, 1H), 1.38 (d, J = 1.2 Hz, 3H), 1.16 (s, 3H); *3C NMR (100 MHz, CDCls): 5 159.51,
138.79, 134.08, 133.69, 131.78, 128.99 (2x), 128.55 (2x), 128.34 (2x), 119.12, 113.77 (2x), 72.49,
70.95, 55.20, 25.70, 25.45, 17.27.

Me Me

Me //O Me //O
» = P Z
g Me NaBH,4 3 Me
o THF/MeOH =1/1 OH
MeO 29 MeO 49

1.3.7. 2-Methanesulfonyl-1-(4-methoxyphenyl)-5-methylhex-4-en-1-ol (4g). According to the
general procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 2g
(296 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on
silica gel (hexanes/EtOAc = 5/1) afforded 4g (92%, 274 mg). Colorless gum; HRMS (ESI, M*+1)
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calcd for CisHp304S 299.1317, found 299.1320; *H NMR (400 MHz, CDCls): & 7.23 (d, J = 8.4 Hz,
2H), 6.86 (d, J = 8.4 Hz, 2H), 4.96 (d, J = 8.8 Hz, 1H), 4.95 (br t, J = 6.8 Hz, 1H), 4.52 (br s, 1H),
3.77 (s, 3H), 3.21-3.16 (m, 1H), 2.94 (s, 3H), 2.37-2.23 (M, 2H), 1.58 (s, 3H), 1.32 (s, 3H); *C NMR
(100 MHz, CDCls): & 159.60, 134.70, 132.44, 128.12 (2x), 119.04, 113.99 (2x), 72.52, 69.65, 55.21,
43.73, 25.60, 25.26, 17.47.
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1.3.8. 1-(4-Fluorophenyl)-5-methyl-2-(toluene-4-sulfonyl)hex-4-en-1-ol (4h). According to the
general procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 2h
(360 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on
silica gel (hexanes/EtOAc = 5/1) afforded 4h (90%, 326 mg). Colorless solid; mp = 88-89 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CyoH24FO3S 363.1430,
found 363.1436; *H NMR (400 MHz, CDCls): & 7.76 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H),
7.30-7.25 (m, 2H), 7.00-6.94 (m, 2H), 5.09 (d, J = 8.4 Hz, 1H), 4.49-4.45 (m, 1H), 4.17 (br s, 1H),
3.39-3.34 (m, 1H), 2.44 (s, 3H), 2.30-2.22 (m, 1H), 2.04-1.96 (m, 1H), 1.41 (d, J = 1.2 Hz, 3H), 1.18
(s, 3H); *C NMR (100 MHz, CDCls): d 162.40 (d, J = 244.9 Hz), 144.92, 135.57 (d, J = 3.1 Hz),
135.29, 134.11, 129.62 (2x), 128.84 (d, J = 8.3 Hz, 2x), 128.55 (2x), 118.93, 115.08 (d, J = 21.3 Hz,
2x), 72.15, 70.68, 25.48, 25.32, 21.44, 17.18; Anal. Calcd for CyoH23FO3S: C, 66.27; H, 6.40.
Found: C, 66.38; H, 6.25.
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1.3.9. 5-Methyl-1-(3-nitrophenyl)-2-(toluene-4-sulfonyl)hex-4-en-1-ol (4i). According to the
general procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 2i
(387 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on
silica gel (hexanes/EtOAc = 3/1) afforded 4i (82%, 319 mg). Colorless solid; mp = 121-122 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M™+1) calcd for CyoH24NOsS 390.1375,
found 390.1382; *H NMR (400 MHz, CDCls): 8 8.07-8.05 (m, 2H), 7.69-7.66 (m, 3H), 7.47-7.43 (m,
1H), 7.28 (d, J = 8.0 Hz, 2H), 5.19 (d, J = 7.2 Hz, 1H), 4.57-4.52 (m, 1H), 4.00 (br s, 1H), 3.45-3.40
(m, 1H), 2.40 (s, 3H), 2.40-2.31 (m, 1H), 2.18-2.11 (m, 1H), 1.41 (d, J = 0.8 Hz, 3H), 1.22 (s, 3H);
13C NMR (100 MHz, CDCls): & 147.95, 145.22, 142.12, 135.31, 135.11, 133.07, 129.78 (2X),
129.24, 128.48 (2x), 122.88, 122.02, 118.45, 71.63, 69.80, 25.42, 25.18, 21.48, 17.39.
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1.3.10. 5-Methyl-1-(4-nitrophenyl)-2-(toluene-4-sulfonyl)hex-4-en-1-ol (4j). According to the
general procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 2j
(387 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on
silica gel (hexanes/EtOAc = 3/1) afforded 4j (70%, 272 mg). Colorless gum; HRMS (ESI, M*+1)
calcd for CooH24NOsS 390.1375, found 390.1378; *H NMR (400 MHz, CDCls): 8 8.11 (d, J = 8.8 Hz,
2H), 8.68 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.8 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 5.21 (d, J = 7.2 Hz,
1H), 4.55-4.51 (m, 1H), 4.50 (br s, 1H), 3.42-3.37 (m, 1H), 2.43 (s, 3H), 2.39-2.32 (m, 1H),
2.19-2.11 (m, 1H), 1.43 (d, J = 1.2 Hz, 3H), 1.27 (s, 3H); **C NMR (100 MHz, CDCls): 5 147.20,
135.45, 135.17, 130.86, 129.82 (2x), 128.77, 128.58 (2x), 127.92 (2x), 123.39 (2x), 118.51, 71.79,
70.06, 25.29 (2x), 21.60, 17.52.
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1.3.11. 5-Methyl-2-(toluene-4-sulfonyl)-1-(4-trifluoromethylphenyl)hex-4-en-1-ol (4k).
According to the general procedure, reaction was performed in the presence of NaBH, (100 mg,
3.0 mmol) and 2k (410 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1
h. Purification on silica gel (hexanes/EtOAc = 5/1) afforded 4k (83%, 342 mg). Colorless solid; mp
= 98-99 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C,1H24F303S
413.1398, found 413.1401; *H NMR (400 MHz, CDCls): 8 7.66 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.4
Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 5.15(d, J = 7.6 Hz, 1H), 4.51 (brt,J=8.4
Hz, 1H), 4.50 (br s, 1H), 3.42-3.37 (m, 1H), 2.42 (s, 3H), 2.40-2.36 (m, 1H), 2.19-2.11 (m, 1H), 1.42
(d, J = 0.8 Hz, 3H), 1.26 (s, 3H); *C NMR (100 MHz, CDCls): 5 145.10, 143.84, 135.35, 135.10,
130.40, 130.09, 129.76 (2x), 128.52 (2x), 127.35 (2x), 125.19 (g, J = 3.8 Hz, 2x), 118.78, 72.03,
70.19, 25.45, 25.24, 21.53, 17.43; Anal. Calcd for C,1H23F303S: C, 61.15; H, 5.62. Found: C, 61.30;
H, 5.33.
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1.3.12. 5,9-Dimethyl-1-phenyl-2-(toluene-4-sulfonyl)deca-4,8-dien-1-ol (4l). According to the
general procedure, reaction was performed in the presence of NaBH, (100 mg, 3.0 mmol) and 2I
(410 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1 h. Purification on
silica gel (hexanes/EtOAc = 5/1) afforded 4l (80%, 330 mg). Colorless gum; HRMS (ESI, M*+1)
calcd for CpsH3305S 413.2150, found 413.2155; *H NMR (400 MHz, CDCls): & 7.78-7.75 (m, 2H),
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7.34-7.24 (m, 7H), 5.07 (d, J = 8.4 Hz, 1H), 4.97-4.93 (m, 1H), 4.45-4.41 (m, 1H), 4.00 (br s, 1H),
3.40-3.35 (m, 1H), 2.44 (s, 3H), 2.32-2.25 (m, 1H), 2.04-1.97 (m, 1H), 1.85-1.76 (m, 2H), 1.71-1.67
(m, 2H), 1.65 (d, J = 0.8 Hz, 3H), 1.55 (s, 3H), 1.14 (s, 3H); **C NMR (100 MHz, CDCl5): & 144.91,
139.68, 137.75, 135.43, 131.40, 129.70 (2x), 128.71 (2x), 128.40 (2x), 128.29, 127.21 (2x), 123.93,
118.79, 73.01, 71.00, 39.27, 26.08, 25.59, 25.54, 21.57, 17.59, 15.67; Anal. Calcd for C,5H3,03S: C,
72.78; H, 7.82. Found: C, 72.92; H, 8.02.
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1.3.13. 5,9-Dimethyl-1-naphthalen-2-yl-2-(toluene-4-sulfonyl)deca-4,8-dien-1-o0l (4m).
According to the general procedure, reaction was performed in the presence of NaBH, (100 mg,
3.0 mmol) and 2m (460 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1
h. Purification on silica gel (hexanes/EtOAc = 5/1) afforded 4m (82%, 379 mg). Colorless gum;
HRMS (ESI, M*+1) calcd for CoH3503S 463.2307, found 463.2309; *H NMR (400 MHz, CDCls): &
7.79-7.70 (m, 6H), 7.49-7.44 (m, 2H), 7.39 (dd, J = 2.4, 8.4 Hz, 1H), 7.22 (d, J = 8.4 Hz, 2H), 5.26
(d, J = 8.0 Hz, 1H), 4.94-4.89 (m, 1H), 4.60 (br s, 1H), 4.57-4.53 (m, 1H), 3.54-3.49 (m, 1H),
2.42-2.38 (m, 1H), 2.38 (s, 3H), 2.20-2.12 (m, 1H), 1.78-1.72 (m, 2H), 1.64 (s, 3H), 1.64-1.56 (m,
2H), 1.52 (s, 3H), 1.14 (s, 3H); **C NMR (100 MHz, CDCls): 5 144.82, 138.07, 137.06, 135.62,
133.18, 133.00, 131.41, 129.59 (2x), 128.59 (2x), 128.27, 127.92, 127.53, 126.46, 126.20, 126.14,
124.31, 123.91, 118.75, 72.94, 70.56, 39.23, 26.03, 25.59, 25.45, 21.50, 17.60, 15.81.
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1.3.14. 1-(4-Fluorophenyl)-5,9-dimethyl-2-(toluene-4-sulfonyl)deca-4,8-dien-1-ol (4n).
According to the general procedure, reaction was performed in the presence of NaBH,; (100 mg,
3.0 mmol) and 2n (428 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1
h. Purification on silica gel (hexanes/EtOAc = 5/1) afforded 4n (86%, 370 mg). Colorless gum;
HRMS (ESI, M*+1) calcd for CasH32FO3S 431.2056, found 431.2052; *H NMR (400 MHz, CDCls): &
7.78-7.73 (m, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.30-7.25 (m, 2H), 7.00-6.94 (m, 2H), 5.07 (d, J = 8.4
Hz, 1H), 4.97-4.93 (m, 1H), 4.44 (brt, J = 7.2 Hz, 1H), 4.40 (br s, 1H), 3.36-3.31 (m, 1H), 2.45 (s,
3H), 2.32-2.25 (m, 1H), 2.04-1.96 (m, 1H), 1.83-1.78 (m, 2H), 1.71-1.65 (m, 2H), 1.64 (d, J = 1.2 Hz,
3H), 1.52 (s, 3H), 1.17 (s, 3H); **C NMR (100 MHz, CDCls): & 162.55 (d, J = 245.6 Hz), 145.08,
137.99, 135.64 (d, J = 3.0 Hz), 135.32, 131.53, 129.78 (2x), 128.90 (d, J = 8.3 Hz, 2x), 128.71 (2x),
123.85, 118.65, 115.26 (d, J = 21.3 Hz, 2x), 72.32, 70.97, 39.29, 26.10, 25.60, 25.51, 21.59, 17.57,
15.74.
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1.3.15. 1-(4-Methoxyphenyl)-5,9-dimethyl-2-(toluene-4-sulfonyl)deca-4,8-dien-1-ol (40).
According to the general procedure, reaction was performed in the presence of NaBH,; (100 mg,
3.0 mmol) and 20 (440 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1
h. Purification on silica gel (hexanes/EtOAc = 4/1) afforded 40 (86%, 380 mg). Colorless gum,;
HRMS (ESI, M*+1) calcd for CagH3504S 443.2256, found 443.2261; *H NMR (400 MHz, CDCls): &
7.77 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H),
5.03 (d, J = 8.4 Hz, 1H), 4.98-4.93 (m, 1H), 4.60 (br s, 1H), 4.45 (dt, J = 1.2, 7.2 Hz, 1H), 3.77 (br s,
3H), 3.37-3.32 (m, 1H), 2.45 (s, 3H), 2.30-2.22 (m, 1H), 2.01-1.94 (m, 1H), 1.86-1.77 (m, 2H),
1.72-1.62 (m, 2H), 1.62 (d, J = 1.2 Hz, 3H), 1.55 (s, 3H), 1.16 (s, 3H); **C NMR (100 MHz, CDCly):
0 159.60, 144.90, 137.61, 135.58, 131.94, 131.45, 129.72 (2x), 128.77 (2x), 128.43 (2x), 123.98,
118.97, 113.83 (2x), 72.66, 71.22, 55.24, 39.33, 26.14, 25.70, 25.63, 21.62, 17.61, 15.78.
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1.3.16. 2-Methanesulfonyl-1-(4-methoxyphenyl)-5,9-dimethyldeca-4,8-dien-1-o0l (4p).
According to the general procedure, reaction was performed in the presence of NaBH, (100 mg,
3.0 mmol) and 2p (364 mg, 1.0 mmol) in a co-solvent of THF (5 mL) and MeOH (5 mL) at 0 °C for 1
h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 4p (87%, 318 mg). Colorless gum;
HRMS (ESI, M*+1) calcd for CoH3104S 367.1943, found 367.1946; *H NMR (400 MHz, CDCls): &
7.18 (d, J = 8.4 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 4.97 (brt, J = 6.8 Hz, 1H), 4.91-4.87 (m, 2H), 3.83
(br s, 1H), 3.71 (s, 3H), 3.15-3.11 (m, 1H), 2.90 (s, 3H), 2.32-2.17 (m, 2H), 1.94-1.89 (m, 2H),
1.88-1.77 (m, 2H), 1.60 (s, 3H), 1.52 (s, 3H), 1.26 (s, 3H); *C NMR (100 MHz, CDCls): 5 159.32,
137.77,132.44,131.10, 128.01 (2x), 123.82, 118.91, 113.69 (2x), 72.29, 69.44, 54.92, 43.50, 39.26,
26.03, 25.37, 23.78, 17.36, 15.55.

1.4. Arepresentative synthetic procedure of compounds 5a-x is as follows: BF3-OEt; (57 mg,
0.4 mmol) was added to a solution of 3a-0, 3s-t (0.2 mmol) and 7a-e (0.3 mmol) in CH,Cl, (5 mL) at
25 °C. The reaction mixture was stirred at 25 °C for 20 h. The reaction mixture was concentrated
and the residue was diluted with water (10 mL) and the mixture was extracted with CH,Cl, (3 x 20
mL). The combined organic layers were washed with brine, dried, filtered and evaporated to afford
crude product under reduced pressure. Purification on silica gel (hexanes/EtOAc = 3/1) afforded
S5a-X.
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1.4.1. 6,7-Dimethoxy-4-methyl-1-phenyl-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydronaphthalene
(5a). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 3a (63 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5a (90%, 78 mg). Colorless solid; mp =
131-132 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CagH2904S
437.1787, found 437.1791; *H NMR (400 MHz, CDCls): & 7.58 (d, J = 8.0 Hz, 2H), 7.18 (d, J = 8.0
Hz, 2H), 7.14-7.09 (m, 3H), 6.95-6.93 (m, 2H), 6.76 (s, 1H), 6.26 (s, 1H), 4.55 (d, J = 8.0 Hz, 1H),
3.86 (s, 3H), 3.84-3.76 (m, 1H), 3.59 (s, 3H), 2.97-2.92 (m, 1H), 2.45-2.34 (m, 1H), 2.39 (s, 3H),
1.73 (9, J = 12.4 Hz, 1H), 1.39 (d, J = 7.2 Hz, 3H); **C NMR (100 MHz, CDCls): d 147.58, 147.51,
144.39, 144.15, 135.47, 133.00, 129.83, 129.49 (2x), 128.64 (2x), 128.59 (2x), 128.45 (2x), 126.40,
112.78, 108.14, 67.56, 55.88, 55.67, 45.09, 32.75, 31.49, 21.53, 20.37.
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1.4.2.
6,7-Dimethoxy-1-(4-methoxyphenyl)-4-methyl-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydronapht
halene (5b). According to the general procedure, reaction was performed in the presence of
BF3;-OEt; (57 mg, 0.4 mmol), 3b (69 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,ClI, (5 mL) at
25 °C for 20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5b (92%, 86 mg). Colorless
solid; mp = 124-125 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for
C27H3105S 467.1892, found 467.1893; *H NMR (400 MHz, CDCls): 8 7.55 (d, J = 8.0 Hz, 2H), 7.17
(d, J=8.0Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 6.75 (s, 1H), 6.63 (d, J = 8.8 Hz, 2H), 6.24 (s, 1H), 4.49
(d, J = 8.4 Hz, 1H), 3.85 (s, 3H), 3.84-3.74 (m, 1H), 3.74 (s, 3H), 3.59 (s, 3H), 2.98-2.93 (m, 1H),
2.43-2.40 (m, 1H), 2.38 (s, 3H), 1.72 (q, J = 12.4 Hz, 1H), 1.39 (d, J = 6.4 Hz, 3H); *C NMR (100
MHz, CDClz): 6 158.11, 147.51, 147.43, 143.91, 136.17, 135.70, 132.82, 130.21, 129.66 (2x),
129.40 (2x), 128.52 (2x), 113.77 (2x), 112.66, 108.15, 67.63, 55.86, 55.67, 55.12, 44.56, 32.68,
31.63, 21.50, 20.54.
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1.4.3.
1-(4-Fluorophenyl)-6,7-dimethoxy-4-methyl-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydronaphtha
lene (5¢). According to the general procedure, reaction was performed in the presence of BF3-OEt;
(57 mg, 0.4 mmol), 3¢ (67 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for
20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5c (89%, 81 mg). Colorless solid; mp
= 120-121 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CosH2sFO4S
455.1692, found 455.1697; *H NMR (400 MHz, CDCls): 8 7.55 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.0
Hz, 2H), 7.95-6.89 (m, 2H), 6.83-6.77 (m, 2H), 6.76 (s, 1H), 6.19 (s, 1H), 4.54 (d, J = 8.4 Hz, 1H),
3.85 (s, 3H), 3.76-3.70 (m, 1H), 3.58 (s, 3H), 2.98-2.92 (m, 1H), 2.44-2.36 (m, 1H), 2.39 (s, 3H),
1.72 (g, J = 12.4 Hz, 1H), 1.39 (d, J = 6.8 Hz, 3H); *3C NMR (100 MHz, CDCl3): & 161.42 (d, J =
244.1 Hz), 147.66, 147.51, 144.28, 140.02 (d, J = 3.0 Hz), 135.48, 132.86, 130.23 (d, J = 7.6 Hz,
2x), 130.13, 129.49 (2x), 128.50 (2x), 115.21 (d, J = 21.2 Hz, 2x), 112.58, 108.22, 67.60, 55.85,
55.66, 44.59, 32.68, 31.65, 21.49, 20.53.
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1.4.4. 6,7-Dimethoxy-4-methyl-2-(toluene-4-sulfonyl)-1-p-tolyl-1,2,3,4-tetrahydronaphthalene
(5d). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 3d (66 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5d (88%, 79 mg). Colorless solid; mp =
77-78 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M"+1) calcd for C,7H3104S
451.1943, found 451.1943; *H NMR (400 MHz, CDCls): 8 7.56 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.0
Hz, 2H), 6.91 (d, J = 8.0 Hz, 2H), 6.82 (d, J = 8.0 Hz, 2H), 6.76 (s, 1H), 6.27 (s, 1H), 4.80 (d,J=7.6
Hz, 1H), 3.85 (s, 3H), 3.84-3.75 (m, 1H), 3.60 (s, 3H), 2.98-2.92 (m, 1H), 2.42-2.35 (m, 1H), 2.39 (s,
3H), 2.25 (s, 3H), 1.72 (q, J = 12.4 Hz, 1H), 1.39 (d, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCls): &
147.54, 147.47, 144.00, 141.16, 136.03, 135.58, 132.94, 130.03, 129.39 (2x), 129.10 (2x), 128.60
(2x), 128.46 (2x), 112.75, 108.15, 67.62, 55.88, 55.69, 44.80, 32.71, 31.54, 21.53, 20.96, 20.43.
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1.45. 2-Methanesulfonyl-6,7-dimethoxy-4-methyl-1-phenyl-1,2,3,4-tetrahydronaphthalene
(5e). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 3e (48 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5e (82%, 59 mg). Colorless gum; HRMS
(ESI, M*+1) calcd for CyoH2504S 361.1474, found 361.1478; 'H NMR (400 MHz, CDCls): &
7.36-7.32 (m, 2H), 7.30-7.22 (m, 3H), 6.79 (s, 1H), 6.20 (s, 1H), 4.53 (d, J = 9.6 Hz, 1H), 3.87 (s,
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3H), 3.56 (s, 3H), 3.57-3.51 (M, 1H), 3.10-3.04 (m, 1H), 2.70-2.65 (m, 1H), 2.19 (s, 3H), 1.72 (q, J =
12.4 Hz, 1H), 1.44 (d, J = 6.4 Hz, 3H); *C NMR (100 MHz, CDCls): & 147.68, 147.34, 143.66,
132.65, 129.59, 129.32 (2x), 129.11 (2x), 127.49, 112.53, 108.37, 67.17, 55.78, 55.62, 46.78, 41.15,
32.10, 30.54, 21.03.
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1.4.6. 6,7-Dimethoxy-4-methyl-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydro[1,2']binaphthalenyl
(5f). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 3f (73 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5f (83%, 81 mg). Colorless solid; mp =
148-149 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C3oH3104S
487.1943, found 487.1944; *H NMR (400 MHz, CDCls): 8 7.69 (d, J = 8.8 Hz, 1H), 7.63 (d, J = 8.8
Hz, 1H), 7.52 (d, J = 8.4 Hz, 1H), 7.46-7.39 (m, 4H), 7.33 (d, J = 1.2 Hz, 1H), 6.96 (dd, J = 2.0, 8.8
Hz, 1H), 6.86 (d, J = 8.0 Hz, 2H), 6.81 (s, 1H), 6.24 (s, 1H), 4.67 (d, J = 8.8 Hz, 1H), 3.92-3.90 (m,
1H), 3.87 (s, 3H), 3.49 (s, 3H), 3.11-3.06 (m, 1H), 2.60 (dt, J = 4.0, 12.4 Hz, 1H), 2.12 (s, 3H), 1.84
(0, J = 12.4 Hz, 1H), 1.46 (d, J = 6.8 Hz, 3H); **C NMR (100 MHz, CDCls): d 147.68, 147.51,
143.92, 140.78, 135.82, 133.08, 132.97, 132.20, 129.69, 129.09 (2x), 128.47, 128.34, 128.18 (2x),
127.71, 127.42, 126.16, 126.01, 125.70, 112.83, 108.35, 66.99, 55.88, 55.71, 46.03, 31.93 (2x),
21.28, 20.77.
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1.4.7.
1-Biphenyl-4-yl-6,7-dimethoxy-4-methyl-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydronaphthalen
e (59). According to the general procedure, reaction was performed in the presence of BF3-OEt;
(57 mg, 0.4 mmol), 3g (78 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for
20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5g (86%, 88 mg). Colorless solid;
mp = 162-163 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M"+1) calcd for Cz,H3304S
513.2100, found 513.2107; *H NMR (400 MHz, CDCls): & 7.56 (d, J = 8.0 Hz, 2H), 7.53-7.50 (m,
2H), 7.44-7.40 (m, 2H), 7.35-7.33 (m, 1H), 7.33 (d, J = 8.4 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 7.01 (d,
J =8.4 Hz, 2H), 6.79 (s, 1H), 6.29 (s, 1H), 4.60 (d, J = 8.0 Hz, 1H), 3.87 (s, 3H), 3.86-3.78 (m, 1H),
3.60 (s, 3H), 3.03-2.98 (m, 1H), 2.51-2.46 (m, 1H), 2.31 (s, 3H), 1.78 (q, J = 12.4 Hz, 1H), 1.42 (d, J
= 6.8 Hz, 3H); *C NMR (100 MHz, CDCls): & 147.64, 147.49, 144.02, 143.08, 140.56, 139.30,
135.75, 132.97, 129.75, 129.42 (2x), 129.13 (2x), 128.71 (2x), 128.47 (2x), 127.23, 127.04 (2x),
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126.85 (2x), 112.72, 108.23, 67.46, 55.87, 55.71, 45.11, 32.44, 31.71, 21.48, 20.55. Single-crystal
X-Ray diagram: crystal of compound 5g was grown by slow diffusion of EtOAc into a solution of
compound 5g in CHCI; to yield colorless prisms. The compound crystallizes in the monoclinic
crystal system, space group P 21/c, a = 12.1307(4) A, b = 11.0079(3) A, ¢ = 20.0330(5) A, V =
2589.42(13) A3, Z = 4, dcaca = 1.315 mg/cm?®, F(000) = 1088, 26 range 1.734~26.423° R indices (all
data) R1 = 0.0487, wR2 = 0.1140.
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1.4.8.
2-Benzenesulfonyl-6,7-dimethoxy-1-(4-methoxyphenyl)-4-methyl-1,2,3,4-tetrahydronaphthal
ene (5h). According to the general procedure, reaction was performed in the presence of BF3-OEt;
(57 mg, 0.4 mmol), 3h (66 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for
20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5h (86%, 78 mg). Colorless solid;
mp = 149-150 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for Co6H2005S
453.1736, found 453.1742; *H NMR (400 MHz, CDCls): 8 7.66-7.64 (m, 2H), 7.52-7.45 (m, 1H),
7.39-7.35 (m, 2H), 6.84 (d, J = 8.8 Hz, 2H), 6.75 (s, 1H), 6.61 (d, J = 8.8 Hz, 2H), 6.23 (s, 1H), 4.51
(d, J = 8.4 Hz, 1H), 3.85 (s, 3H), 3.83-3.76 (m, 1H), 3.73 (s, 3H), 3.58 (s, 3H), 3.00-2.95 (m, 1H),
2.45 (dt, J = 4.4, 12.8 Hz, 1H), 1.75 (g, J = 12.4 Hz, 1H), 1.40 (d, J = 6.8 Hz, 3H); **C NMR (100
MHz, CDCl3): & 158.09, 147.53, 147.42, 138.84, 135.83, 132.94, 130.12, 129.68 (2x), 128.85,
128.73 (2x), 128.38 (2x), 113.81 (2x), 112.61, 108.19, 67.53, 55.84, 55.65, 55.12, 44.65, 32.47,
31.68, 20.59.
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1.4.9.

2-Benzenesulfonyl-1-(4-fluorophenyl)-6,7-dimethoxy-4-methyl-1,2,3,4-tetrahydronaphthalen
e (5i). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 3i (64 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5i (87%, 77 mg). Colorless solid; mp =
117-118 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C,sH26FO4S
441.1536, found 441.1541; 'H NMR (400 MHz, CDCls): & 7.67-7.65 (m, 2H), 7.55-7.52 (m, 1H),
7.42-7.38 (m, 2H), 6.93-6.87 (m, 2H), 6.81-6.77 (m, 2H), 6.76 (s, 1H), 6.18 (s, 1H), 4.56 (d, J =8.4
Hz, 1H), 3.85 (s, 3H), 3.79-3.73 (m, 1H), 3.58 (s, 3H), 3.00-2.94 (m, 1H), 2.43 (dt, J = 4.0, 8.0 Hz,
1H), 1.75 (g, J = 12.4 Hz, 1H), 1.40 (d, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCls): 5 161.48 (d, J
= 244.5 Hz), 147.72, 147.54, 139.75 (d, J = 3.8 Hz), 138.67, 133.21, 132.81, 130.30 (d, J = 7.6 Hz,
2x), 129.61, 128.87 (2x), 128.40 (2x), 115.29 (d, J = 21.2 Hz, 2x), 112.55, 108.28, 67.56, 55.87,
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55.68, 44.72, 32.52, 31.73, 20.62.
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1.4.10. 2-Methanesulfonyl-6,7-dimethoxy-4-methyl-1-p-tolyl-1,2,3,4-tetrahydronaphthalene
(5j). According to the general procedure, reaction was performed in the presence of BF3-OEt; (57
mg, 0.4 mmol), 3j (51 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5j (84%, 63 mg). Colorless gum; HRMS
(ESI, M*+1) calcd for Cz1H2;04S 375.1630, found 375.1633; 'H NMR (400 MHz, CDCls): &
7.15-7.10 (m, 4H), 6.79 (s, 1H), 6.22 (s, 1H), 4.48 (d, J = 9.6 Hz, 1H), 3.86 (s, 3H), 3.57 (s, 3H),
3.55-3.48 (m, 1H), 3.09-3.03 (m, 1H), 2.69-2.64 (m, 1H), 2.32 (s, 3H), 2.20 (s, 3H), 1.70 (q, J = 12.8
Hz, 1H), 1.43 (d, J = 6.8 Hz, 3H); **C NMR (100 MHz, CDCls): d 147.65, 147.35, 140.52, 137.13,
132.62, 129.86, 129.75 (2x), 129.15 (2x), 112.61, 108.41, 67.21, 55.78, 55.67, 46.41, 41.23, 32.10,
30.52, 21.03, 21.01.
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1.4.11.
2-Benzenesulfonyl-1-biphenyl-4-yl-6,7-dimethoxy-4-methyl-1,2,3,4-tetrahydronaphthalene
(5k). According to the general procedure, reaction was performed in the presence of BF;-OEt; (57
mg, 0.4 mmol), 3k (76 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5k (89%, 89 mg). Colorless solid; mp =
175-176 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C3;H3104S
499.1943, found 499.1950; 'H NMR (400 MHz, CDCls): & 7.68-7.66 (m, 2H), 7.51-7.41 (m, 5H),
7.36-7.29 (m, 5H), 6.99 (d, J = 8.4 Hz, 2H), 6.79 (s, 1H), 6.28 (s, 1H), 4.62 (d, J = 8.4 Hz, 1H),
3.92-3.89 (m, 1H), 3.87 (s, 3H), 3.59 (s, 3H), 3.06-3.00 (m, 1H), 2.54-2.49 (m, 1H), 1.81 (q, J =124
Hz, 1H), 1.43 (d, J = 6.8 Hz, 3H); **C NMR (100 MHz, CDCls): d 147.68, 147.51, 142.87, 140.58,
139.33, 138.84, 132.92, 129.67, 129.14 (2x), 128.77 (3x), 128.73 (2x), 128.40 (2x), 127.22, 127.10
(2x), 126.84 (2x), 112.70, 108.28, 67.44, 55.87, 55.71, 45.17, 32.30, 31.74, 21.59; Anal. Calcd for
C31H3004S: C, 74.67; H, 6.06. Found: C, 74.88; H, 6.25.
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1.4.12. 2-Benzenesulfonyl-6,7-dimethoxy-4-methyl-1-phenyl-1,2,3,4-tetrahydronaphthalene
(51). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 3| (60 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5| (82%, 69 mg). Colorless solid; mp =
140-141 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CusH2704S
423.1630, found 423.1632; *H NMR (400 MHz, CDCls): d 7.69-7.67 (m, 2H), 7.52-7.46 (m, 1H),
7.39-7.35 (m, 2H), 7.13-7.05 (m, 3H), 6.95-6.90 (m, 2H), 6.77 (s, 1H), 6.24 (s, 1H), 4.57 (d, J =8.0
Hz, 1H), 3.87-3.81 (m, 1H), 3.85 (s, 3H), 3.58 (s, 3H), 3.00-2.94 (m, 1H), 2.42 (dt, J = 4.4, 12.8 Hz,
1H), 1.77 (q, J = 12.8 Hz, 1H), 1.40 (d, J = 6.8 Hz, 3H); **C NMR (100 MHz, CDCls): d 147.57,
147.46, 144.03, 138.58, 133.14, 132.88, 129.72, 128.81 (2x), 128.59 (2x), 128.47 (2x), 128.46 (2x),
126.56, 112.68, 108.13, 67.39, 55.84, 55.62, 45.18, 32.50, 31.52, 20.43.
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1.4.13.
6,7-Dimethoxy-4-methyl-1-phenyl-2-(toluene-3-sulfonyl)-1,2,3,4-tetrahydronaphthalene (5m).
According to the general procedure, reaction was performed in the presence of BF3-OEt; (57 mg,
0.4 mmol), 3m (63 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5m (86%, 75 mg). Colorless solid; mp =
149-150 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CagH2904S
437.1787, found 437.1785; *H NMR (400 MHz, CDCls): 5 7.51-7.49 (m, 1H), 7.39 (s, 1H), 7.29-7.24
(m, 2H), 7.11-7.04 (m, 3H), 6.94-6.90 (m, 2H), 6.77 (s, 1H), 6.23 (s, 1H), 4.55 (d, J = 8.4 Hz, 1H),
3.87-3.81 (m, 1H), 3.85 (s, 3H), 3.57 (s, 3H), 3.01-2.95 (m, 1H), 2.45 (dt, J = 4.4, 12.8 Hz, 1H), 2.30
(s, 3H), 1.76 (q, J = 12.8 Hz, 1H), 1.41 (d, J = 6.8 Hz, 3H); **C NMR (100 MHz, CDCls): & 147.54,
147.42, 143.97, 138.93, 138.50, 133.94, 132.85, 129.81, 128.78, 128.62 (2x), 128.36, 128.29 (2x),
126.52, 125.49, 112.67, 108.14, 67.30, 55.83, 55.61, 45.31, 32.35, 31.58, 21.13, 20.48.
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1.4.14.

2-(4-Fluorobenzenesulfonyl)-6,7-dimethoxy-4-methyl-1-phenyl-1,2,3,4-tetrahydronaphthalen
e (5n). According to the general procedure, reaction was performed in the presence of BF3-OEt;
(57 mg, 0.4 mmol), 3n (64 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for
20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5n (80%, 70 mg). Colorless solid;
mp = 174-175 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for
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CasH26F04S 441.1536, found 441.1532; *H NMR (400 MHz, CDCls): & 7.65-7.62 (m, 2H), 7.16-7.07
(m, 3H), 7.03-6.98 (m, 2H), 6.94-6.91 (m, 2H), 6.77 (s, 1H), 6.19 (s, 1H), 4.53 (d, J = 8.8 Hz, 1H),
3.85 (s, 3H), 3.85-3.80 (m, 1H), 3.56 (s, 3H), 3.05-2.96 (m, 1H), 2.49 (dt, J = 4.0, 12.8 Hz, 1H), 1.77
(q, J = 12.8 Hz, 1H), 1.42 (d, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCl5): & 165.35 (d, J = 253.9
Hz), 147.65, 147.50, 143.75, 134.85 (d, J = 3.0 Hz), 132.69, 131.20 (d, J = 9.1 Hz, 2x), 129.69,
128.74 (2x), 128.53 (2x), 126.70, 116.04 (d, J = 22.0 Hz, 2x), 112.64, 108.24, 67.57, 55.87, 55.64,
45.60, 32.26, 31.75, 20.64; Anal. Calcd for CpsHs5FO,4S: C, 68.16; H, 5.72. Found: C, 68.23; H,
5.93.
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1.4.15.
2-(4-Butylbenzenesulfonyl)-6,7-dimethoxy-4-methyl-1-phenyl-1,2,3,4-tetrahydronaphthalene
(50). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 30 (72 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 50 (86%, 82 mg). Colorless solid; mp =
119-120 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for Ca9H3504S
479.2256, found 479.2255; *H NMR (400 MHz, CDCls): 8 7.58 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.4
Hz, 2H), 7.11-7.06 (m, 3H), 6.93-6.91 (m, 2H), 6.77 (s, 1H), 6.24 (s, 1H), 4.55 (d, J = 8.0 Hz, 1H),
3.85 (s, 3H), 3.84-3.79 (m, 1H), 3.58 (s, 3H), 3.00-2.94 (m, 1H), 2.62 (t, J = 8.0 Hz, 2H), 2.43 (dt, J
=4.4,12.4 Hz, 1H), 1.76 (g, J = 12.8 Hz, 1H), 1.60-1.54 (m, 2H), 1.40 (d, J = 6.8 Hz, 3H), 1.38-1.30
(m, 2H), 0.94 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls): 5 148.91, 147.53, 147.43, 144.19,
135.70, 132.92, 129.84, 128.81 (2x), 128.58 (2x), 128.53 (2x), 128.39 (2x), 126.43, 112.72, 108.13,
67.39, 55.84, 55.61, 45.22, 35.47, 33.07, 32.48, 31.51, 22.19, 20.41, 13.79.
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1.4.16. 8-Methyl-5-phenyl-6-(toluene-4-sulfonyl)-5,6,7,8-tetrahydronaphtho[2,3-d][1,3]dioxole
(5p). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 3a (63 mg, 0.2 mmol) and 7b (37 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5p (86%, 72 mg). Colorless solid; mp =
124-125 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CosH2504S
421.1474, found 421.1477; *H NMR (400 MHz, CDCls): 8 7.57 (d, J = 8.0 Hz, 2H), 7.18 (d, J = 7.6
Hz, 2H), 7.12-7.09 (m, 3H), 6.94-6.91 (m, 2H), 6.76 (s, 1H), 6.27 (s, 1H), 5.85 (d, J = 1.6 Hz, 1H),
5.83(d, J=1.6 Hz, 1H), 4.51 (d, J = 7.6 Hz, 1H), 3.83-3.77 (m, 1H), 2.92-2.87 (m, 1H), 2.39 (s, 3H),
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2.38-2.33 (m, 1H), 1.72 (q, J = 12.4 Hz, 1H), 1.36 (d, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCls):
0 146.40, 146.05, 144.31, 144.20, 135.38, 134.31, 130.91, 129.53 (2x), 128.64 (2x), 128.53 (4x),
126.45, 109.77, 105.17, 100.86, 67.46, 45.37, 32.72, 31.72, 21.54, 20.44. Single-crystal X-Ray
diagram: crystal of compound 5p was grown by slow diffusion of EtOAc into a solution of
compound 5p in CH,CI, to yield colorless prisms. The compound crystallizes in the monoclinic
crystal system, space group P 21/c, a = 10.8495(5) A, b = 9.9471(15) A, ¢ = 19.6318(10) A, V =
2111.60(18) A3, Z = 4, dcacq = 1.323 mg/cm?®, F(000) = 888, 26 range 2.082~26.463°, R indices (all
data) R1 = 0.0989, wR2 = 0.1760.
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1.4.17. 8-Methyl-5-phenyl-6-(toluene-3-sulfonyl)-5,6,7,8-tetrahydronaphtho[2,3-d][1,3]dioxole
(59). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 3a (63 mg, 0.2 mmol) and 7b (37 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5q (87%, 73 mg). Colorless solid; mp =
154-155 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CasH2504S
421.1474, found 421.1477; *H NMR (400 MHz, CDCls): & 7.52-7.49 (m, 1H), 7.40 (s, 1H), 7.30-7.25
(m, 2H), 7.12-7.04 (m, 3H), 6.93-6.90 (m, 2H), 6.77 (s, 1H), 6.25 (s, 1H), 6.85 (d, J = 1.2 Hz, 1H),
5.82 (d, J=1.2 Hz, 1H), 4.52 (d, J = 8.0 Hz, 1H), 3.87-3.80 (m, 1H), 2.96-2.90 (m, 1H), 2.42 (dt, J =
4.4,12.8 Hz, 1H), 2.31 (s, 3H), 1.75 (q, J = 12.8 Hz, 1H), 1.37 (d, J = 6.8 Hz, 3H); *C NMR (100
MHz, CDCIl3): & 146.39, 146.03, 143.96, 139.01, 138.47, 134.19, 134.00, 130.94, 128.82, 128.69,
128.60 (2x), 128.40 (2x), 126.59, 125.54, 109.69, 105.21, 100.85, 67.26, 45.61, 32.37, 31.84,
21.17, 20.57.
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1.4.18.

6-(4-n-Butylbenzenesulfonyl)-8-methyl-5-phenyl-5,6,7,8-tetrahydronaphtho[2,3-d][1,3]dioxol
e (5r). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 30 (72 mg, 0.2 mmol) and 7b (37 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5r (89%, 82 mg). Colorless solid; mp =
142-143 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CogH3104S
463.1943, found 463.1945; *H NMR (400 MHz, CDCls): 8 7.57 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.4
Hz, 2H), 7.11-7.04 (m, 3H), 6.92-6.90 (m, 2H), 6.77 (s, 1H), 6.26 (s, 1H), 5.70 (d, J = 1.6 Hz, 1H),
5.82 (d, J =1.2 Hz, 1H), 4.51 (d, J = 8.0 Hz, 1H), 3.85-3.79 (m, 1H), 2.94-2.89 (m, 1H), 2.63 (t, J =
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8.0 Hz, 2H), 2.41 (dt, J = 4.4, 12.4 Hz, 1H), 1.69 (q, J = 12.8 Hz, 1H), 1.62-1.53 (m, 2H), 1.37 (d, J =
6.8 Hz, 3H), 1.38-1.30 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls): & 148.99,
146.37, 146.01, 144.14, 135.63, 134.26, 130.92, 128.87 (2x), 128.56 (2x), 128.53 (2x), 128.48 (2X),
126.51, 109.72, 105.17, 100.83, 67.34, 45.52, 35.52, 33.12, 32.49, 31.75, 22.23, 20.48, 13.83.

O _ BF3:OEty, CHyCl,
O OH
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1.4.19. 6,7-Dimethoxy-4-methyl-1,2-diphenyl-1,2,3,4-tetrahydronaphthalene (5s). According to
the general procedure, reaction was performed in the presence of BF3;-OEt, (57 mg, 0.4 mmol), 3r
(48 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on
silica gel (hexanes/EtOAc = 3/1) afforded 5s (80%, 57 mg). Colorless solid; mp = 140-141 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C,5H2,0, 359.2011, found
359.2017; *H NMR (400 MHz, CDCls): & 7.19-7.08 (m, 6H), 7.00-6.97 (m, 2H), 6.89 (s, 1H),
6.87-6.85 (m, 2H), 6.22 (s, 1H), 4.12 (d, J = 11.2 Hz, 1H), 3.92 (s, 3H), 3.56 (s, 3H), 3.21-3.15 (m,
1H), 3.06 (dt, J = 2.4, 12.8 Hz, 1H), 2.14 (ddd, J = 2.8, 5.2, 12.8 Hz, 1H), 1.94 (q, J = 12.8 Hz, 1H),
1.42 (d, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCls): & 147.23, 146.80, 145.45, 145.05, 134.14,
132.33, 129.26 (2x), 128.10 (2x), 127.83 (2x), 127.50 (2x), 125.97, 125.87, 112.99, 108.94, 55.84,
55.65, 54.36, 50.37, 40.81, 33.53, 21.69; Anal. Calcd for C,sH260,: C, 83.76; H, 7.31. Found: C,
83.89; H, 7.50. Single-crystal X-Ray diagram: crystal of compound 5s was grown by slow diffusion
of EtOAc into a solution of compound 5s in CH,Cl, to yield colorless prisms. The compound
crystallizes in the monoclinic crystal system, space group P 21/c, a = 10.2155(13) A, b = 18.822(2)
A, c = 10.6623(15) A, V = 1922.8(4) A3 Z = 4, dcaca = 1.238 mg/cm?, F(000) = 768, 26 range
2.126~26.390° R indices (all data) R1 = 0.0583, wR2 = 0.1024.

@ _~ BF3:0Ety, CHyCly
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1.4.20. 1-(4-Fluorophenyl)-6,7-dimethoxy-4-methyl-2-phenyl-1,2,3,4-tetrahydronaphthalene
(5t). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 3t (51 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5t (84%, 63 mg). Colorless solid; mp =
172-173 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CusHo6FO5
377.1917, found 377.1924; 'H NMR (400 MHz, CDCls): & 7.20-7.10 (m, 3H), 6.97-6.95 (m, 2H),
6.88 (s, 1H), 6.81 (br s, 2H), 6.80 (br s, 2H), 6.18 (s, 1H), 4.10 (d, J = 10.8 Hz, 1H), 3.91 (s, 3H),
3.57 (s, 3H), 3.21-3.12 (m, 1H), 2.98 (dt, J = 2.4, 12.8 Hz, 1H), 2.14 (ddd, J = 2.8, 5.2, 12.8 Hz, 1H),
1.93 (g, J = 12.8 Hz, 1H), 1.41 (d, J = 6.8 Hz, 3H); *3C NMR (100 MHz, CDCl3): & 161.14 (d, J =
242.6 Hz), 147.37, 146.87, 144.79, 141.21 (d, J = 3.0 Hz), 134.19, 132.01, 130.56 (d, J = 7.6 Hz,
2x), 128.11 (2x), 127.47 (2x), 126.11, 114.66 (d, J = 21.3 Hz, 2x), 112.83, 109.07, 55.86, 55.68,
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53.69, 50.62, 40.70, 33.53, 21.71; Anal. Calcd for C,sH25FO;: C, 79.76; H, 6.69. Found: C, 79.62; H,
6.82. Single-crystal X-Ray diagram: crystal of compound 5t was grown by slow diffusion of EtOAc
into a solution of compound 5t in CH,Cl; to yield colorless prisms. The compound crystallizes in the
monoclinic crystal system, space group P 21/c, a = 10.3721(7) A, b = 18.7809(11) A, ¢ = 10.7938(6)
A,V =1970.8(2) A3, Z = 4, dcaca = 1.269 mg/cm?®, F(000) = 800, 26 range 2.095~26.383°, R indices
(all data) R1 = 0.0556, wR2 = 0.1387.
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1.4.21.
5,7-Dimethoxy-4-methyl-1-phenyl-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydronaphthalene (5u).
According to the general procedure, reaction was performed in the presence of BF3-OEt; (57 mg,
0.4 mmol), 3a (63 mg, 0.2 mmol) and 7c (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5u (84%, 73 mg). Colorless solid; mp =
199-200 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CagH2904S
437.1787, found 437.1789; *H NMR (400 MHz, CDCls): 8 7.47 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0
Hz, 2H), 7.09-7.01 (m, 3H), 6.79-6.76 (m, 2H), 6.29 (d, J = 2.4 Hz, 1H), 5.68 (d, J = 2.4 Hz, 1H),
4.39 (d, J =8.4 Hz, 1H), 3.81 (s, 3H), 3.63-3.58 (m, 1H), 3.50 (s, 3H), 3.29-3.23 (m, 1H), 2.61 (ddd,
J=4.4,6.8, 11.2 Hz, 1H), 2.38 (s, 3H), 2.00 (ddd, J = 1.6, 6.4, 9.6 Hz, 1H), 1.43 (d, J = 6.8 Hz, 3H);
3C NMR (100 MHz, CDCls): & 158.26, 158.21, 143.58, 142.61, 139.27, 136.61, 129.37 (2X),
129.31 (2x), 128.21 (4x), 126.64, 122.19, 105.66, 97.00, 65.98, 55.18, 54.96, 46.60, 29.72, 27.98,
22.05, 21.52. Single-crystal X-Ray diagram: crystal of compound 5u was grown by slow diffusion of
EtOAc into a solution of compound 5u in CH,CIl, to yield colorless prisms. The compound
crystallizes in the monoclinic crystal system, space group P 21/c, a = 23.259(3) A, b = 5.6619(4) A,
c = 17.6922(16) A, V = 2155.0(3) A3, Z = 4, dcaca = 1.346 mglcm®, F(000) = 928, 26 range
0.946~26.387°, R indices (all data) R1 = 0.0841, wR2 = 0.2079.
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1.4.22.
6,7,8-Trimethoxy-4-methyl-1-phenyl-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydronaphthalene
(5v). According to the general procedure, reaction was performed in the presence of BF3-OEt, (57
mg, 0.4 mmol), 3a (63 mg, 0.2 mmol) and 7d (50 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h.
Purification on silica gel (hexanes/EtOAc = 3/1) afforded 5v (80%, 75 mg). Colorless gum; HRMS
(ESI, M*+1) calcd for C7H3:05S 467.1892, found 467.1898; *H NMR (400 MHz, CDCls): & 7.55 (d,
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J = 8.0 Hz, 2H), 7.18-7.12 (m, 5H), 7.04-7.02 (m, 2H), 5.98 (s, 1H), 4.41 (d, J = 9.2 Hz, 1H), 3.90 (s,
3H), 3.90-3.83 (m, 1H), 3.80 (s, 3H), 3.52 (s, 3H), 3.38-3.34 (m, 1H), 2.37 (s, 3H), 2.21 (dt, J = 3.2,
16.8 Hz, 1H), 2.08 (dt, J = 5.6, 16.8 Hz, 1H), 1.32 (d, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCl5): &
151.90, 151.45, 150.46, 144.04, 143.90, 140.37, 135.62, 132.19, 129.41 (2x), 129.13 (2x), 128.59
(2x), 128.40 (2x), 126.48, 108.53, 64.08, 60.80, 60.57, 55.69, 45.31, 29.63, 26.64, 21.88, 21.51.
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1.4.23.
6-Butoxy-7-methoxy-4-methyl-1-phenyl-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydronaphthalen
e (5w) and
7-Butoxy-6-methoxy-4-methyl-1-phenyl-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydronaphthalen
e (5x). According to the general procedure, reaction was performed in the presence of BF3-OEt;
(57 mg, 0.4 mmol), 3a (63 mg, 0.2 mmol) and 7e (54 mg, 0.3 mmol) in CH,Cl, (5 mL) at 25 °C for
20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded a mixture of 5w and 5x (75%, 72 mg)
with a ratio of 2:1. HRMS (ESI, M*+1) calcd for Cp9H3504S 479.2256, found 479.2258; For major
product: *H NMR (400 MHz, CDCls): & 7.58-7.56 (m, 2H), 7.18 (d, J = 8.0 Hz, 2H), 7.14-7.08 (m,
3H), 6.95-6.93 (m, 2H), 6.77 (s, 1H), 6.25 (s, 1H), 4.54 (d, J = 7.6 Hz, 1H), 4.01-3.94 (m, 2H),
3.78-3.66 (m, 2H), 3.57 (s, 3H), 2.96-2.92 (m, 1H), 2.42-2.35 (m, 2H), 2.38 (s, 3H), 1.83-1.70 (m,
2H), 1.52-1.43 (m, 2H), 1.40-1.37 (m, 2H), 0.96 (t, J = 7.2 Hz, 3H); **C NMR (100 MHz, CDCls): &
147.93, 147.16, 144.40, 135.42, 132.95, 129.79, 129.46 (2x), 128.72, 128.62 (4x), 128.40 (2x),
126.35, 113.26, 109.87, 68.77, 67.55, 55.81, 45.09, 32.75, 31.46, 31.28, 21.52, 20.37, 19.19, 13.86.
For minor product: *H NMR (400 MHz, CDCls): & 7.58-7.56 (m, 2H), 7.18 (d, J = 8.0 Hz, 2H),
7.14-7.08 (m, 3H), 6.95-6.93 (m, 2H), 6.76 (s, 1H), 6.24 (s, 1H), 4.52 (d, J = 6.8 Hz, 1H), 4.01-3.94
(m, 2H), 3.83 (s, 3H), 3.78-3.66 (m, 2H), 2.96-2.92 (m, 1H), 2.42-2.35 (m, 2H), 2.38 (s, 3H),
1.83-1.70 (m, 2H), 1.52-1.43 (m, 2H), 1.40-1.37 (m, 2H), 0.86 (t, J = 7.2 Hz, 3H); **C NMR (100
MHz, CDCI3): 6 147.90, 146.95, 144.12, 135.42, 132.82, 129.87, 129.46 (2x), 128.96, 128.62 (4x),
128.40 (2x), 126.35, 114.44, 108.66, 68.41, 67.49, 56.06, 45.13, 32.72, 31.53, 30.90, 21.52, 20.40,
19.03, 13.78.

1.5. Arepresentative synthetic procedure of compounds 6a-i is as follows: BF;-OEt, (57 mg,
0.4 mmol) was added to a solution of 4a-g (0.2 mmol) and 7a-b, 7f (0.3 mmol) in CH,Cl, (5 mL) at
25 °C. The reaction mixture was stirred at 25 °C for 20 h. The reaction mixture was concentrated
and the residue was diluted with water (10 mL) and the mixture was extracted with CH,Cl, (3 x 20
mL). The combined organic layers were washed with brine, dried, filtered and evaporated to afford
crude product under reduced pressure. Purification on silica gel (hexanes/EtOAc = 5/1~3/1)
afforded 6a-i.
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1.5.1.
2,3-Dimethoxy-5,5-dimethyl-9-phenyl-8-(toluene-4-sulfonyl)-6,7,8,9-tetrahydro-5H-benzocycl
oheptene (6a). According to the general procedure, reaction was performed in the presence of
BF;-OEt; (57 mg, 0.4 mmol), 4a (69 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at
25 °C for 20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 6a (82%, 76 mg). Colorless
solid; mp = 191-192 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for
CagH3304S 465.2100, found 465.2102; *H NMR (400 MHz, CDCls): 5 7.72 (d, J = 8.4 Hz, 2H), 7.28
(d, J = 8.0 Hz, 2H), 7.23-7.20 (m, 2H), 7.17-7.13 (m, 1H), 6.98 (d, J = 8.0 Hz, 2H), 6.91 (s, 1H), 6.45
(s, 1H), 4.97 (d, J = 2.4 Hz, 1H), 4.13-4.08 (m, 1H), 3.90 (s, 3H), 3.77 (s, 3H), 2.42 (s, 3H),
2.19-2.10 (m, 1H), 1.94-1.86 (m, 1H), 1.69-1.58 (m, 1H), 1.51-1.45 (m, 1H), 1.34 (s, 3H), 1.17 (s,
3H); 3C NMR (100 MHz, CDCls): & 148.11, 146.90, 144.40, 144.29, 139.15, 135.28, 129.62 (2x),
128.83 (2x), 128.31 (2x), 127.40 (2x), 126.69, 126.24, 116.51, 112.83, 69.62, 55.84, 55.71, 48.18,
40.02, 35.47, 32.94, 32.65, 22.01, 21.56; Anal. Calcd for C,sH3,0,4S: C, 72.38; H, 6.94. Found: C,
72.50; H, 7.18. Single-crystal X-Ray diagram: crystal of compound 6a was grown by slow diffusion
of EtOAc into a solution of compound 6a in CH,Cl, to yield colorless prisms. The compound
crystallizes in the orthorombic crystal system, space group P 21 21 21, a = 9.4078(8) A, b =
9.4698(8) A, ¢ = 26.640(2) A, V = 2373.3(4) A3, Z = 4, dcacg = 1.300 mg/cm?®, F(000) = 992, 26
range 1.529~26.480° R indices (all data) R1 = 0.0368, wR2 = 0.0806.
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1.5.2.

2,3-Dimethoxy-9-(4-methoxyphenyl)-5,5-dimethyl-8-(toluene-4-sulfonyl)-6,7,8,9-tetrahydro-5
H-benzocycloheptene (6b). According to the general procedure, reaction was performed in the
presence of BF3-OEt; (57 mg, 0.4 mmol), 4b (75 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in
CHCl, (5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 6b (82%,
81 mg). Colorless solid; mp = 123-124 °C (recrystallized from hexanes and EtOAc); HRMS (ESI,
M*+1) calcd for CoH3s05S 495.2205, found 495.2209; *H NMR (400 MHz, CDCls): & 7.67 (d, J =
8.4 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 6.90 (s, 1H), 6.86 (d, J = 8.4 Hz, 2H), 6.72 (d, J = 8.8 Hz, 2H),
6.43 (s, 1H), 4.91 (d, J = 3.2 Hz, 1H), 4.05-4.01 (m, 1H), 3.87 (s, 3H), 3.74 (s, 3H), 3.73 (s, 3H),
2.39 (s, 3H), 2.21-2.13 (m, 1H), 1.92-1.83 (m, 1H), 1.73-1.67 (m, 1H), 1.57-1.51 (m, 1H), 1.33 (s,
3H), 1.18 (s, 3H); **C NMR (100 MHz, CDCls): 5 157.86, 147.87, 146.69, 144.13, 138.98, 135.67,
135.38, 129.44 (2x), 128.57 (2x), 128.43 (2x), 127.13, 116.14, 113.45 (2x), 112.60, 69.34, 55.71,
55.56, 55.06, 47.23, 39.80, 35.32, 32.90, 32.56, 21.94, 21.41. Single-crystal X-Ray diagram:
crystal of compound 6b was grown by slow diffusion of EtOAc into a solution of compound 6b in
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CHCI, to yield colorless prisms. The compound crystallizes in the orthorombic crystal system,
space group P 21/c, a = 10.4874(8) A, b = 11.6664(8) A, ¢ = 24.139(2) A, V = 2953.4(4) A3, Z = 4,
deaica = 1.112 mg/cm?®, F(000) = 1056, 26 range 2.428~26.356°, R indices (all data) R1 = 0.1542,
wR2 = 0.2103.
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1.5.3.
2,3-Dimethoxy-5,5-dimethyl-8-(toluene-4-sulfonyl)-9-p-tolyl-6,7,8,9-tetrahydro-5H-benzocycl
oheptene (6¢). According to the general procedure, reaction was performed in the presence of
BF3;-OEt; (57 mg, 0.4 mmol), 4c (72 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl, (5 mL) at
25 °C for 20 h. Purification on silica gel (hexanes/EtOAc = 5/1) afforded 6¢ (80%, 76 mg). Colorless
solid; mp = 158-159 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for
Ca9H3504S 479.2256, found 479.2258; *H NMR (400 MHz, CDCls): 8 7.71 (d, J = 8.0 Hz, 2H), 7.27
(d, J=8.0Hz, 2H), 7.01 (d, J = 8.0 Hz, 2H), 6.91 (s, 1H), 6.85 (d, J = 8.4 Hz, 2H), 6.45 (s, 1H), 4.92
(d, J = 2.0 Hz, 1H), 4.11-4.07 (m, 1H), 3.90 (s, 3H), 3.77 (s, 3H), 2.42 (s, 3H), 2.28 (s, 3H),
2.20-2.12 (m, 1H), 1.94-1.87 (m, 1H), 1.70 (dd, J = 9.2, 14.8 Hz, 1H), 1.50 (dd, J = 9.2, 14.8 Hz,
1H), 1.34 (s, 3H), 1.18 (s, 3H); *C NMR (100 MHz, CDCls): d 147.98, 146.78, 144.27, 141.09,
139.08, 135.82, 135.31, 129.83 (2x), 128.93 (2x), 128.73 (2x), 127.27 (2x), 126.87, 116.36, 112.70,
69.55, 55.78, 55.64, 47.79, 39.96, 35.41, 32.95, 32.59, 21.91, 21.52, 20.77.
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1.5.4.

9-Biphenyl-4-yl-2,3-dimethoxy-5,5-dimethyl-8-(toluene-4-sulfonyl)-6,7,8,9-tetrahydro-5H-ben
zocycloheptene (6d). According to the general procedure, reaction was performed in the
presence of BF3-OEt; (57 mg, 0.4 mmol), 4d (84 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in
CHCl, (5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc = 4/1) afforded 6d (82%,
89 mg). Colorless gum; HRMS (ESI, M*+1) calcd for CssH3;04S 541.2413, found 541.2412; *H
NMR (400 MHz, CDCl3): 6 7.72 (d, J = 8.4 Hz, 2H), 7.56-7.53 (m, 2H), 7.45-7.40 (m, 4H), 7.35-7.31
(m, 1H), 7.28-7.26 (m, 2H), 7.05 (d, J = 8.4 Hz, 2H), 6.94 (s, 1H), 6.49 (s, 1H), 5.02 (d, J = 3.2 Hz,
1H), 4.16-4.11 (m, 1H), 3.91 (s, 3H), 3.77 (s, 3H), 2.40 (s, 3H), 2.26-2.18 (m, 1H), 1.97-1.89 (m,
1H), 1.74 (dd, J = 9.6, 14.8 Hz, 1H), 1.58 (dd, J = 9.6, 14.8 Hz, 1H), 1.37 (s, 3H), 1.22 (s, 3H); **C
NMR (100 MHz, CDCl3): 6 148.11, 146.89, 144.32, 143.05, 140.35, 139.18, 139.12, 135.44, 129.60
(2x), 128.74 (4x), 127.99 (2x), 127.27, 126.86 (4x), 126.74, 116.31, 112.78, 69.55, 55.84, 55.71,
47.91, 39.98, 35.57, 33.03, 32.66, 22.03, 21.53.
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1.5.5.

2,3-Dimethoxy-5,5-dimethyl-9-naphthalen-2-yl-8-(toluene-4-sulfonyl)-6,7,8,9-tetrahydro-5H-b
enzocycloheptene (6e). According to the general procedure, reaction was performed in the
presence of BF;-OEt; (57 mg, 0.4 mmol), 4e (79 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in
CHCl, (5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc = 4/1) afforded 6e (78%,
80 mg). Colorless gum; HRMS (ESI, M*+1) calcd for Cs,H3504S 515.2256, found 515.2260; ‘H
NMR (400 MHz, CDCls): & 7.79-7.76 (m, 1H), 7.73 (d, J = 8.8 Hz, 1H), 7.69 (d, J = 8.0 Hz, 2H),
7.62-7.57 (m, 1H), 7.45-7.40 (m, 2H), 7.28 (dd, J = 2.0, 8.8 Hz, 1H), 7.25 (br s, 1H), 7.19 (d, J = 8.0
Hz, 2H), 6.96 (s, 1H), 6.51 (s, 1H), 5.17 (d, J = 3.2 Hz, 1H), 4.24-4.17 (m, 1H), 3.92 (s, 3H), 3.73 (s,
3H), 2.36 (s, 3H), 2.28-2.19 (m, 1H), 1.95-1.87 (m, 1H), 1.73 (dd, J = 9.6, 14.8 Hz, 1H), 1.55 (dd, J
= 9.6, 14.8 Hz, 1H), 1.38 (s, 3H), 1.23 (s, 3H); **C NMR (100 MHz, CDCls):  148.13, 146.93,
144.34, 141.24, 139.28, 135.45, 132.98, 131.94, 129.51 (2x), 128.70 (2x), 128.08, 127.73, 127.36,
127.80, 126.69, 126.14, 125.80, 125.77, 116.31, 112.78, 69.47, 55.87, 55.69, 48.36, 40.02, 35.46,
33.03, 32.73, 22.23, 21.49; Anal. Calcd for C3,H3404S: C, 74.68; H, 6.66. Found: C, 74.87; H, 6.91.
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1.5.6.

8-Benzenesulfonyl-2,3-dimethoxy-9-(4-methoxyphenyl)-5,5-dimethyl-6,7,8,9-tetrahydro-5H-b
enzocycloheptene (6f). According to the general procedure, reaction was performed in the
presence of BF3;-OEt, (57 mg, 0.4 mmol), 4f (72 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in CH,Cl,
(5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 6f (76%, 73 mg).
Colorless solid; mp = 167-168 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1)
calcd for CagH3305S 481.2049, found 481.2054; *H NMR (400 MHz, CDCls): & 7.79-7.76 (m, 2H),
7.57-7.53 (m, 1H), 7.46-7.42 (m, 2H), 6.89 (s, 1H), 6.87 (d, J = 8.8 Hz, 2H), 6.71 (d, J = 8.8 Hz, 2H),
6.44 (s, 1H), 4.94 (d, J = 3.6 Hz, 1H), 4.09-4.03 (m, 1H), 3.87 (s, 3H), 3.74 (s, 3H), 3.73 (s, 3H),
2.24-2.16 (m, 1H), 1.91-1.84 (m, 1H), 1.75-1.69 (m, 1H), 1.60-1.53 (m, 1H), 1.33 (s, 3H), 1.19 (s,
3H); **C NMR (100 MHz, CDCls): & 157.93, 147.91, 146.73, 139.04, 138.49, 135.41, 133.21,
128.82 (2x), 128.58 (4x), 127.13, 116.07, 113.53 (2x), 112.59, 69.34, 55.75, 55.62, 55.11, 47.17,
39.80, 35.37, 32.97, 32.57, 22.03; Anal. Calcd for C,gH3,05S: C, 69.97; H, 6.71. Found: C, 70.17; H,
6.96.
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1.5.7.
8-Methanesulfonyl-2,3-dimethoxy-9-(4-methoxyphenyl)-5,5-dimethyl-6,7,8,9-tetrahydro-5H-b
enzocycloheptene (6g). According to the general procedure, reaction was performed in the
presence of BF3-OEt; (57 mg, 0.4 mmol), 4g (60 mg, 0.2 mmol) and 7a (41 mg, 0.3 mmol) in
CH.Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 6g (80%,
67 mg). Colorless gum; HRMS (ESI, M*+1) calcd for C,3H3.:05S 419.1892, found 419.1897; *H
NMR (400 MHz, CDCls): & 7.01 (d, J = 8.4 Hz, 2H), 6.97 (s, 1H), 6.84 (d, J = 8.4 Hz, 2H), 6.54 (s,
1H), 4.92 (d, J = 3.6 Hz, 1H), 3.95-3.90 (m, 1H), 3.90 (s, 3H), 3.77 (s, 3H), 3.75 (s, 3H), 2.53 (s, 3H),
2.25-2.02 (m, 2H), 1.80 (dd, J = 9.2, 14.8 Hz, 1H), 1.64-1.55 (m, 1H), 1.40 (s, 3H), 1.19 (s, 3H); *C
NMR (100 MHz, CDCl3): & 158.17, 148.27, 147.12, 139.36, 135.54, 128.52 (2x), 126.71, 115.95,
113.82 (2x), 113.04, 68.94, 55.81, 55.78, 55.18, 47.90, 40.05, 38.54, 35.26, 33.10, 32.61, 22.29.
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8-Benzenesulfonyl-9-(4-methoxyphenyl)-5,5-dimethyl-6,7,8,9-tetrahydro-5H-1,3-dioxa-cyclo
hepta[flindene (6h). According to the general procedure, reaction was performed in the presence
of BF3-OEt; (57 mg, 0.4 mmol), 4f (72 mg, 0.2 mmol) and 7b (37 mg, 0.3 mmol) in CH,Cl, (5 mL) at
25 °C for 20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 6h (85%, 79 mg). Colorless
gum; HRMS (ESI, M*+1) calcd for Cy7H205S 465.1736, found 465.1739; *H NMR (400 MHz,
CDClg): 6 7.76-7.74 (m, 2H), 7.57-7.53 (m, 1H), 7.46-7.43 (m, 2H), 6.91 (s, 1H), 6.84 (d, J = 8.4 Hz,
2H), 6.69 (d, J = 8.8 Hz, 2H), 6.45 (s, 1H), 6.90 (d, J = 1.2 Hz, 1H), 5.88 (d, J = 1.2 Hz, 1H), 4.89 (d,
J=4.4 Hz, 1H), 4.12-4.01 (m, 1H), 3.78 (s, 3H), 2.32-2.24 (m, 1H), 1.91-1.50 (m, 3H), 1.35 (s, 3H),
1.19 (s, 3H); *C NMR (100 MHz, CDCls): & 158.00, 147.11, 145.63, 140.54, 138.86, 134.48,
133.13, 128.85 (2x), 128.75 (2x), 128.46 (3x), 113.57 (2x), 112.36, 108.96, 100.98, 68.60, 55.12,
47.17, 39.89, 35.35, 33.13, 32.69, 21.91.
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1.5.9.

8-Benzenesulfonyl-2,3-dibutoxy-9-(4-methoxyphenyl)-5,5-dimethyl-6,7,8,9-tetrahydro-5H-be
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nzocycloheptene (6i). According to the general procedure, reaction was performed in the
presence of BF3-OEt; (57 mg, 0.4 mmol), 4f (72 mg, 0.2 mmol) and 7f (67 mg, 0.3 mmol) in CH,Cl,
(5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc = 3/1) afforded 6i (85%, 96 mg).
Colorless solid; mp = 151-152 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1)
calcd for Cs4Hs505S 565.2988, found 565.2989; *H NMR (400 MHz, CDClg): & 7.77-7.75 (m, 2H),
7.57-7.53 (m, 1H), 7.46-7.42 (m, 2H), 6.90 (s, 1H), 6.87 (d, J = 8.4 Hz, 2H), 6.71 (d, J = 8.0 Hz, 2H),
6.45 (s, 1H), 4.92 (d, J = 3.6 Hz, 1H), 4.07-4.04 (m, 1H), 4.00 (t, J = 6.4 Hz, 2H), 3.90-3.77 (m, 2H),
3.75 (s, 3H), 2.35-2.17 (m, 1H), 1.93-1.69 (m, 6H), 1.54-1.39 (m, 5H), 1.31 (s, 3H), 1.18 (s, 3H),
1.00 (t, J = 6.8 Hz, 3H), 0.92 (t, J = 6.4 Hz, 3H); **C NMR (100 MHz, CDCls): 5 157.98, 148.08,
147.13, 139.22, 138.68, 135.48, 133.17, 128.82 (2x), 128.74 (2x), 128.70 (2x), 127.62, 118.69,
115.91, 113.56 (2x), 69.46, 69.25, 68.76, 55.18, 47.22, 39.73, 35.50, 33.06, 32.65, 31.50, 31.31,
22.14,19.23,19.19, 13.89, 13.84. Single-crystal X-Ray diagram: crystal of compound 6i was grown
by slow diffusion of EtOAc into a solution of compound 6i in CH,ClI; to yield colorless prisms. The
compound crystallizes in the monoclinic crystal system, space group P 21/n, a = 10.3966(8) A, b =
11.0245(10) A, ¢ = 26.053(2) A, V = 2984.6(4) A3, Z = 4, dcacq = 1.257 mg/cm?, F(000) = 1216, 26
range 1.564~26.401°, R indices (all data) R1 = 0.0665, wR2 = 0.1384.

1.6. A representative synthetic procedure of compounds 8a-c is as follows: BF3-OEt; (28 mg,
0.2 mmol) was added to a solution of 3p-r (0.2 mmol) in CH,Cl, (5 mL) at 25 °C. The reaction
mixture was stirred at 25 °C for 20 h. The reaction mixture was concentrated and the residue was
diluted with water (10 mL) and the mixture was extracted with CH,ClI, (3 x 20 mL). The combined
organic layers were washed with brine, dried, filtered and evaporated to afford crude product under
reduced pressure. Purification on silica gel (hexanes/EtOAc = 5/1~3/1) afforded 8a-c.
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1.6.1. 5-Methyl-3-(toluene-4-sulfonyl)-2-(4-trifluoromethylphenyl)tetrahydrofuran (8a).
According to the general procedure, reaction was performed in the presence of BF3-OEt; (28 mg,
0.2 mmol) and 3p (77 mg, 0.2 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel
(hexanes/EtOAc = 5/1) afforded 8a (90%, 69 mg). Colorless solid; mp = 151-152 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*™+1) calcd for C19H,0F303S 385.1085, found 385.1088;
'H NMR (400 MHz, CDCls): & 7.33 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 8.8 Hz, 2H), 7.17 (d, J = 8.8 Hz,
2H), 7.03 (d, J = 8.8 Hz, 2H), 5.35 (d, J = 5.6 Hz, 1H), 4.85-4.80 (m, 1H), 4.17-4.13 (m, 1H), 3.08
(ddd, J = 3.6, 6.8, 14.4 Hz, 1H), 2.35 (s, 3H), 2.12 (dt, J = 8.0, 14.0 Hz, 1H), 1.35 (d, J = 6.4 Hz, 3H);
13C NMR (100 MHz, CDCls): & 144.03, 140.32, 136.04, 129.93, 129.47 (2x), 127.67, 127.60 (2X),
127.46 (2x), 124.34 (g, J = 3.8 Hz, 2x), 79.49, 74.81, 68.01, 35.30, 21.72, 21.35. Single-crystal
X-Ray diagram: crystal of compound 8a was grown by slow diffusion of EtOAc into a solution of
compound 8a in CH,ClI; to yield colorless prisms. The compound crystallizes in the orthorhombic
crystal system, space group P 21 21 21, a = 5.6186(6) A, b = 8.3590(8) A, ¢ = 37.132(3) A, vV =
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1743.9(3) A3, Z = 4, dcacq = 1.464 mg/cm?®, F(000) = 800, 26 range 1.097~26.447°, R indices (all
data) R1 = 0.0461, wR2 = 0.0961.
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1.6.2. 5-Methyl-2-(3-nitrophenyl)-3-(toluene-4-sulfonyl)tetrahydrofuran (8b). According to the
general procedure, reaction was performed in the presence of BF;-OEt; (28 mg, 0.2 mmol) and 3q
(72 mg, 0.2 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc =
5/1) afforded 8b (92%, 66 mg). Colorless solid; mp = 116-118 °C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M*+1) calcd for C1gH20NOsS 362.1062, found 362.1068; *H NMR (400 MHz,
CDCls3): 6 8.06-8.03 (m, 1H), 7.84-7.82 (m, 1H), 7.76 (br t, J = 2.0 Hz, 1H), 7.44 (t, J = 8.4 Hz, 1H),
7.23 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 5.41 (d, J = 6.0 Hz, 1H), 4.88-4.80 (m, 1H),
4.23-4.19 (m, 1H), 3.02 (ddd, J = 4.0, 6.8, 14.4 Hz, 1H), 2.33 (s, 3H), 2.10 (dt, J = 7.2, 14.4 Hz, 1H),
1.34 (d, J = 6.4 Hz, 3H); *C NMR (100 MHz, CDCls): & 147.48, 144.49, 138.62, 136.13, 133.79,
129.65 (2x), 128.73, 127.42 (2x), 122.72, 122.34, 79.09, 75.04, 67.60, 35.32, 21.56, 21.30; Anal.
Calcd for C1gH19NOsS: C, 59.82; H, 5.30. Found: C, 59.98; H, 5.51. Single-crystal X-Ray diagram:
crystal of compound 8b was grown by slow diffusion of EtOAc into a solution of compound 8b in
CH.CI, to yield colorless prisms. The compound crystallizes in the monoclinic crystal system,
space group P 21/n, a = 11.8500(15) A, b = 10.4794(13) A, ¢ = 13.4988(17) A, V = 1675.5(4) A3, Z
= 4, deaca = 1.433 mg/cm?®, F(000) = 760, 26 range 2.252~26.378°, R indices (all data) R1 = 0.0484,
wR2 =0.0877.
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1.6.3. 5-Methyl-2-(4-nitrophenyl)-3-(toluene-4-sulfonyl)tetrahydrofuran (8c). According to the
general procedure, reaction was performed in the presence of BF3-OEt; (28 mg, 0.2 mmol) and 3r
(72 mg, 0.2 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc =
5/1) afforded 8c (95%, 69 mg). Colorless solid; mp = 173-174 °C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M*+1) calcd for C1gH20NOsS 362.1062, found 362.1068; *H NMR (400 MHz,
CDCls): 5 8.00 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.4
Hz, 2H), 5.43 (d, J = 6.0 Hz, 1H), 4.86-4.81 (m, 1H), 4.18-4.14 (m, 1H), 2.99-2.93 (m, 1H), 2.39 (s,
3H), 2.10-2.03 (m, 1H), 1.34 (d, J = 6.0 Hz, 3H); **C NMR (100 MHz, CDCls): 5 144.68, 143.95,
136.10, 129.60 (2x), 128.27 (2x), 127.67 (2x), 122.76 (2x), 113.99, 79.36, 75.11, 68.04, 35.61,
21.68, 21.52.
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1.7. Arepresentative synthetic procedure of compounds 9a-g is as follows: BF3-OEt; (28 mg,
0.2 mmol) was added to a solution of 4a, 4d-e and 4h-k (0.2 mmol) in CH,Cl, (5 mL) at 25 °C. The
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reaction mixture was stirred at 25 °C for 20 h. The reaction mixture was concentrated and the
residue was diluted with water (10 mL) and the mixture was extracted with CH,Cl, (3 x 20 mL). The
combined organic layers were washed with brine, dried, filtered and evaporated to afford crude
product under reduced pressure. Purification on silica gel (hexanes/EtOAc = 5/1~3/1) afforded
9a-g.
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1.7.1. 2,2-Dimethyl-6-phenyl-5-(toluene-4-sulfonyl)tetrahydropyran (9a). According to the
general procedure, reaction was performed in the presence of BF3-OEt; (28 mg, 0.2 mmol) and 4a
(69 mg, 0.2 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc =
3/1) afforded 9a (90%, 62 mg). Colorless solid; mp = 148-149 °C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M*+1) calcd for CyoH2503S 345.1524, found 345.1523; *H NMR (400 MHz,
CDClg): & 7.25-7.20 (m, 2H), 7.14 (d, J = 8.4 Hz, 2H), 7.09-7.04 (m, 3H), 6.95 (d, J = 8.4 Hz, 2H),
5.09 (d, J = 2.8 Hz, 1H), 3.56-3.54 (m, 1H), 2.81-2.77 (m, 1H), 2.31 (s, 3H), 2.21-2.12 (m, 2H),
1.51-1.47 (m, 1H), 1.42 (s, 3H), 1.28 (s, 3H); *C NMR (100 MHz, CDCls): 5 142.80, 138.70, 138.46,
128.97 (2x), 127.62 (2x), 127.52 (2x), 126.86, 126.15 (2x), 72.83, 71.01, 62.88, 31.37, 31.09, 21.58,
21.47, 21.35; Anal. Calcd for C»oH2403S: C, 69.73; H, 7.02. Found: C, 69.62; H, 6.91. Single-crystal
X-Ray diagram: crystal of compound 9a was grown by slow diffusion of EtOAc into a solution of
compound 9a in CH,CI, to yield colorless prisms. The compound crystallizes in the monoclinic
crystal system, space group P 21/c, a = 6.0190(2) A, b = 22.9167(10) A, ¢ = 13.0996(6) A, V =
1770.47(13) A3, Z = 4, dcaca = 1.292 mg/cm?®, F(000) = 736, 26 range 1.777~26.462°, R indices (all
data) R1 = 0.0407, wR2 = 0.1190.
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1.7.2. 6-(4-Fluorophenyl)-2,2-dimethyl-5-(toluene-4-sulfonyl)tetrahydropyran (9b). According
to the general procedure, reaction was performed in the presence of BF3-OEt; (28 mg, 0.2 mmol)
and 4h (72 mg, 0.2 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel
(hexanes/EtOAc = 3/1) afforded 9b (92%, 67 mg). Colorless solid; mp = 164-166 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CyoH24FO3S 363.1430, found 363.1436; *H
NMR (400 MHz, CDCl3): 6 7.18-7.14 (m, 4H), 7.01 (d, J = 8.4 Hz, 2H), 6.75-6.71 (m, 2H), 5.05 (d, J
= 2.8 Hz, 1H), 3.52-3.50 (m, 1H), 2.79-2.75 (m, 1H), 2.33 (s, 3H), 2.24-2.11 (m, 2H), 1.50-1.46 (m,
1H), 1.41 (s, 3H), 1.28 (s, 3H); **C NMR (100 MHz, CDCls): & 161.88 (d, J = 243.3 Hz), 143.15,
138.35, 134.44 (d, J = 3.1 Hz), 129.02 (2x), 127.79 (d, J = 8.4 Hz, 2x), 127.42 (2x), 114.36 (d, J =
22.0 Hz, 2x), 73.00, 70.50, 62.83, 31.25, 31.05, 21.47, 21.36 (2x); Anal. Calcd for CyoH23FO3S: C,
66.27; H, 6.40. Found: C, 66.38; H, 6.59.
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1.7.3. 2,2-Dimethyl-6-(3-nitrophenyl)-5-(toluene-4-sulfonyl)tetrahydropyran (9c). According to
the general procedure, reaction was performed in the presence of BF3-OEt; (28 mg, 0.2 mmol) and
4i (78 mg, 0.2 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc =
3/1) afforded 9c¢ (90%, 70 mg). Colorless solid; mp = 185-186 °C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M*+1) calcd for C2oH24NOsS 390.1375, found 390.1378; *H NMR (400 MHz,
CDCl3): 8 7.90 (dd, J = 0.8, 8.4 Hz, 1H), 7.78 (d, J = 8.4 Hz, 1H), 7.75 (br s, 1H), 7.33 (t, J = 8.0 Hz,
1H), 7.14 (d, J = 8.0 Hz, 2H), 6.95 (d, J = 8.0 Hz, 2H), 5.14 (d, J = 3.2 Hz, 1H), 3.65-3.63 (m, 1H),
2.76-2.71 (m, 1H), 2.25 (s, 3H), 2.23-2.08 (m, 2H), 1.50-1.45 (m, 1H), 1.40 (s, 3H), 1.26 (s, 3H); **C
NMR (100 MHz, CDCls): & 147.32, 143.53, 140.84, 137.92, 132.58, 129.21 (2x), 128.64, 127.18
(2x), 121.80, 121.11, 73.35, 70.07, 61.76, 30.94, 30.88, 21.38, 21.09, 21.03; Anal. Calcd for
Ca0H23NOsS: C, 61.68; H, 5.95. Found: C, 61.85; H, 6.22.
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1.7.4. 2,2-Dimethyl-6-(4-nitrophenyl)-5-(toluene-4-sulfonyl)tetrahydropyran (9d). According to
the general procedure, reaction was performed in the presence of BF3-OEt; (28 mg, 0.2 mmol) and
4j (78 mg, 0.2 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc =
3/1) afforded 9d (94%, 73 mg). Colorless solid; mp = 217-218 °C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M*+1) calcd for CaoH24NOsS 390.1375, found 390.1380; *H NMR (400 MHz,
CDCl3): 6 7.90 (d, J = 9.2 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 6.99 (d, J = 8.0
Hz, 2H), 5.16 (d, J = 2.8 Hz, 1H), 3.59-3.56 (m, 1H), 2.77-2.69 (m, 1H), 2.32 (s, 3H), 2.28-2.14 (m,
2H), 1.52-1.48 (m, 1H), 1.43 (s, 3H), 1.30 (s, 3H); **C NMR (100 MHz, CDCls): d 146.89, 146.25,
144.00, 137.84, 129.20 (2x), 127.52 (2x), 127.10 (2x), 122.71 (2x), 73.46, 70.62, 52.23, 30.97 (2x),
21.48, 21.41, 21.38; Anal. Calcd for C,oH23NOsS: C, 61.68; H, 5.95. Found: C, 61.92; H, 6.20.

Me Me
Tle T
! _ BF3-OEty, CH,Cly S/
/ Me

OH (©]

Me

FaC aK FsC %

1.7.5. 2,2-Dimethyl-5-(toluene-4-sulfonyl)-6-(4-trifluoromethylphenyl)tetrahydropyran (9e).
According to the general procedure, reaction was performed in the presence of BF3-OEt, (28 mg,
0.2 mmol) and 4k (82 mg, 0.2 mmol) in CH,CI, (5 mL) at 25 °C for 20 h. Purification on silica gel
(hexanes/EtOAc = 3/1) afforded 9e (90%, 74 mg). Colorless solid; mp = 167-168 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*™+1) calcd for C,1H24F303S 413.1398, found 413.1401;
'H NMR (400 MHz, CDCls): & 7.27 (d, J = 8.8 Hz, 2H), 7.24 (d, J = 8.8 Hz, 2H), 7.10 (d, J = 8.4 Hz,
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2H), 6.93 (d, J = 8.0 Hz, 2H), 5.11 (d, J = 2.4 Hz, 1H), 3.58-3.56 (m, 1H), 2.91-2.86 (m, 1H), 2.29 (s,
3H), 2.27-2.15 (m, 2H), 1.53-1.50 (m, 1H), 1.44 (s, 3H), 1.29 (s, 3H); **C NMR (100 MHz, CDCls): &
143.28 (2x), 142.65, 138.09, 129.12 (2x), 128.86, 127.25 (2x), 126.50 (2x), 124.40 (g, J = 3.7 Hz,
2x), 73.18, 70.52, 62.19, 31.31, 31.03, 21.41, 21.19, 21.16; Anal. Calcd for Cp;Hp3F303S: C, 61.15;
H, 5.62. Found: C, 61.30; H, 5.54.

1.7.6. 6-Biphenyl-4-yl-2,2-dimethyl-5-(toluene-4-sulfonyl)tetrahydropyran (9f). According to
the general procedure, reaction was performed in the presence of BF3-OEt; (28 mg, 0.2 mmol) and
4d (84 mg, 0.2 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel (hexanes/EtOAc
= 3/1) afforded 9f (82%, 69 mg). Colorless solid; mp = 208-209 °C (recrystallized from hexanes and
EtOAc); HRMS (ESI, M*+1) calcd for CasH2003S 421.1837, found 421.1842; *H NMR (400 MHz,
CDClg): 6 7.52-7.43 (m, 4H), 7.38-7.33 (m, 1H), 7.27-7.22 (m, 4H), 7.16 (d, J = 8.0 Hz, 2H), 6.91 (d,
J =8.0 Hz, 2H), 5.14 (d, J = 3.2 Hz, 1H), 3.61-3.59 (m, 1H), 2.94-2.89 (m, 1H), 2.30-2.17 (m, 2H),
2.23 (s, 3H), 1.55-1.51 (m, 1H), 1.46 (s, 3H), 1.32 (s, 3H); **C NMR (100 MHz, CDCls): 5 142.69,
140.89, 139.86, 138.59, 137.74, 128.95 (2x), 128.71 (2x), 127.43 (2x), 127.19, 126.89 (2x), 126.58
(2x), 126.27 (2x), 72.94, 70.81, 62.95, 31.53, 31.15, 21.50, 21.33 (2x); Anal. Calcd for C,sH»s03S:
C, 74.25; H, 6.71. Found: C, 74.55; H, 6.82.

1.7.7. 2,2-Dimethyl-6-naphthalen-2-yl-5-(toluene-4-sulfonyl)tetrahydropyran (9g). According
to the general procedure, reaction was performed in the presence of BF3-OEt; (28 mg, 0.2 mmol)
and 4e (79 mg, 0.2 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel
(hexanes/EtOAc = 3/1) afforded 9g (84%, 66 mg). Colorless solid; mp = 192-193 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for Cp4H,703S 395.1681, found 395.1684; 'H
NMR (400 MHz, CDClg): & 7.69-7.66 (m, 3H), 7.44-7.38 (m, 3H), 7.12 (dd, J = 1.2, 8.4 Hz, 1H),
6.97 (d, J = 8.4 Hz, 2H), 6.49 (d, J = 8.0 Hz, 2H), 5.24 (d, J = 2.4 Hz, 1H), 3.64-3.63 (m, 1H),
3.00-2.90 (m, 1H), 2.40-2.22 (m, 2H), 2.02 (s, 3H), 1.57-1.54 (m, 1H), 1.50 (s, 3H), 1.34 (s, 3H); **C
NMR (100 MHz, CDCl3): 6 142.66, 138.11, 135.82, 132.89, 132.69, 128.46 (2x), 127.95, 127.21
(2x), 127.16 (2x), 125.67, 125.58, 125.11, 123.88, 73.06, 71.02, 62.61, 31.57, 31.18, 21.54, 21.22,
21.08; Anal. Calcd for C,4H2603S: C, 73.06; H, 6.64. Found: C, 73.18; H, 6.72.

1.8. Arepresentative synthetic procedure of compounds 10a-b is as follows: BF;-OEt, (57 mg,
0.4 mmol) was added to a solution of 4l and 4n (0.2 mmol) in CH,Cl, (5 mL) at 25 °C. The reaction
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mixture was stirred at 25 °C for 20 h. The reaction mixture was concentrated and the residue was
diluted with water (10 mL) and the mixture was extracted with CH,ClI, (3 x 20 mL). The combined
organic layers were washed with brine, dried, filtered and evaporated to afford crude product under
reduced pressure. Purification on silica gel (hexanes/EtOAc = 5/1~3/1) afforded 10a-b.

Me Me
: ¥
\©\S// Me M BE,.0Ft, CHyC A

u X 7
[¢] ‘ - o

Me
H|_Me

OHMe © Me
4 10a

1.8.1. 5,5,8a-Trimethyl-2-phenyl-3-(toluene-4-sulfonyl)octahydrochromene (10a). According
to the general procedure, reaction was performed in the presence of BF3-OEt; (57 mg, 0.4 mmol)
and 4l (82 mg, 0.2 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel
(hexanes/EtOAc = 3/1) afforded 10a (76%, 63 mg). Colorless solid; mp = 224-225 °C (recrystallized
from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CosH3303S 413.2150, found 413.2155; *H
NMR (400 MHz, CDCl3): 6 7.22-7.20 (m, 2H), 7.12-7.04 (m, 5H), 6.96 (d, J = 8.4 Hz, 2H), 5.17 (d, J
= 3.6 Hz, 1H), 3.73-3.70 (m, 1H), 2.79 (d, J = 2.4 Hz, 1H), 2.31 (s, 3H), 2.17 (dd, J = 2.4, 14.0 Hz,
1H), 1.94 (dt, J = 5.2, 14.0 Hz, 1H), 1.81-1.55 (m, 4H), 1.46-1.38 (m, 2H), 1.33 (s, 3H), 1.03 (s, 3H),
0.79 (s, 3H); **C NMR (100 MHz, CDCls): & 142.65, 138.79, 138.77, 128.95 (2x), 127.53 (2x),
127.37 (2x), 126.86, 126.47 (2x), 76.24, 70.53, 65.21, 47.34, 41.27, 39.77, 33.33, 31.53, 21.34,
21.11, 20.23, 20.06, 18.43; Anal. Calcd for C,5H3,03S: C, 72.78; H, 7.82. Found: C, 72.62; H, 7.75.
Single-crystal X-Ray diagram: crystal of compound 10a was grown by slow diffusion of EtOAc into
a solution of compound 10a in CH,CI; to yield colorless prisms. The compound crystallizes in the
orthorhombic crystal system, space group P b ¢ a, a = 16.0500(8) A, b = 11.2326(5) A, ¢ =
24.8893(13) A, V = 4487.1(4) A, Z = 8, deacs = 1.221 mglcm®, F(000) = 1776, 26 range
1.636~26.396°, R indices (all data) R1 = 0.0687, wR2 = 0.1145.

Me

Me_ Me Me

Me
Ty

a
© \

OHMe

F

X

4n

F

(e}

Me
1

BF3-OEt,, CH,Cl,
_— -

O

Me

10b

1.8.2. 2-(4-Fluoro-phenyl)-5,5,8a-trimethyl-3-(toluene-4-sulfonyl)octahydrochromene (10b).
According to the general procedure, reaction was performed in the presence of BF3-OEt; (57 mg,
0.4 mmol) and 4n (86 mg, 0.2 mmol) in CH,Cl, (5 mL) at 25 °C for 20 h. Purification on silica gel
(hexanes/EtOAc = 3/1) afforded 10b (80%, 69 mg). Colorless solid; mp = 199-200 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M"+1) calcd for CosH3,FOsS 431.2056,
found 431.2060; *H NMR (400 MHz, CDCls): & 7.18-7.13 (m, 4H), 7.02 (d, J = 8.0 Hz, 2H),
6.77-6.72 (m, 2H), 5.13 (d, J = 3.6 Hz, 1H), 3.69-3.66 (m, 1H), 2.77 (dt, J = 2.4, 14.4 Hz, 1H), 2.34
(s, 3H), 2.17 (dd, J = 2.8, 14.0 Hz, 1H), 1.93 (dt, J = 2.8, 14.0 Hz, 1H), 1.80-1.54 (m, 4H), 1.46-1.39
(m, 2H), 1.33 (s, 3H), 1.02 (s, 3H), 0.78 (s, 3H); **C NMR (100 MHz, CDCl3): d 161.95 (d, J = 243.4
Hz), 143.07, 138.69, 133.56 (d, J = 3.8 Hz), 129.03 (2x), 128.13 (d, J = 7.6 Hz, 2x), 127.33 (2x),
114.35 (d, J = 21.2 Hz, 2x), 76.47, 70.08, 65.23, 47.27, 41.28, 39.80, 33.38, 31.58, 21.40, 21.00,
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20.26, 20.09, 18.46; Anal. Calcd for CzsH3,FO3S: C, 69.74; H, 7.26. Found: C, 69.86; H, 7.37.
Single-crystal X-Ray diagram: crystal of compound 10b was grown by slow diffusion of EtOAc into
a solution of compound 10b in CH,CI, to yield colorless prisms. The compound crystallizes in the
monoclinic crystal system, space group P 21/n, a = 15.2927(5) A, b = 18.9203(5) A, ¢ = 22.9664(7)
A, V = 6644.53) A3 Z = 12, deaca = 1.291 mg/cm?, F(000) = 2760, 26 range 1.394~26.414°, R
indices (all data) R1 = 0.0514, wR2 = 0.1217.
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YU1030720

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Dec 17 2015
Solvent: CDC13

Ambient temperature

Total 32 repetitions
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YU1030720

Pulse Sequence: s2pul
UNITYplus-400 "unity400"
Date: Dec 17 2015
Solvent: CDC13

Ambient temperature

Total 32 repetitions

Compound 3a
"H NMR (400 MHz, CDCl,) spectra
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YU1030720

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Aug 4 2014
Solvent: CDC13

Ambient temperature

Total 1184 repetitions

OH O
Me

Compound 3a
3¢ NMR (100 MHz, CDCl;) spectra
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Kuo0303

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Mar 6 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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S
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Compound 3b

TH NMR (400 MHz, CDCl3) spectra
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Kuo0303

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 6 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Kuo0303

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 6 2015
Solvent: CDC13

Ambient temperature

Total 1040 repetitions
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3¢ NMR (100 MHz, CDCl3) spectra
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Kuo0313

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 19 2015
Solvent: -~yridine \.QRV,

Ambient 1 nerature
Total 64 . *itions
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Kuo0313

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 19 2015
Solvent: CDC13

Ambient temperature

Total 816 repetitions
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Compound 3c
3¢ NMR (100 MHz, CDCl3) spectra
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Kuo0314

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 19 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Compound 3d
TH NMR (400 MHz, CDCl3) spectra
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Kuo0314

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 19 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Kuo0314

Pulse Sequence: s2pul

UNITYplus-400 "unityd400®
Date: Mar 19 2015
Solvent: CDC13

Ambient temperature

Total 2256 repetitions
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Kuo0801

Pulse Sequence: s2pul

UNITYplus-400 "unityadoo"
Date: Aug 13 2015
Solvent: CDC13

Ambient temperature
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Kuo0801

Pulse Sequence: s2pul

UNITYplus-400 "unitydoo0"
Date: Aug 13 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

OH O
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M
o e
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TH NMR (400 MHz, CDCl3) spectra
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Kuo0801

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Aug 13 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

OH o
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Compound 3e

TH NMR (400 MHz, CDCl3) spectra
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Kuo0801

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Aug 13 2015
Solvent: CDC13

Ambient temperature

Total 1456 repetitions
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13C NMR (100 MHz, CDCl3) spectra
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Kuo0325

Pulse Sequence: s2pul
UNITYplus-400 "unity400"
pate: Mar 30 2015
Solvent: CDC13

Ambient temperature
Total 32 repetitions

Compound 3f
TH NMR (400 MHz, CDClI3) spectra
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Kuo0325

Pulse Sequence: s2pul

UNITYplus-400 *unityd00"
Date: Mar 30 2015
Solvent: CDC13

Ambient temperature

Total 1824 repetitions

_ Me

Compound 3f
3¢ NMR (100 MHz, CDCl3) spectra
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Kuo0328

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"”
Date: Mar 31 2015
Solvent: CDC13

Ambient temperature

Total 32 repetitions
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TH NMR (400 MHz, CDClI3) spectra
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Kuo0328

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Mar 31 2015
Solvent: CDC13

Ambient temperature

Total 320 repetitions
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3¢ NMR (100 MHz, CDCl3) spectra
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kuo0525

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: May 28 201S
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Compound 3h
TH NMR (400 MHz, CDCl3) spectra

—-7.886

~—7.904
7.883

\

7.546

L

7.215
\7.193

6.826
—6.804

3.769

-
4

20.76

10.76
21.35

21.84 {

21.37 {

{8

10.00

10.67 4
12.68

36.23

11.30 {

11.76

S-67




-
ro WY T = 3z8gs @ 3
z 2 EEzeg: 2
10.00 = o =gs"3os &
4 A LT MR
B 225 3
o 0O Te0 1 c
| o o ©o39ONS ®
=3 38223 3
11.04 i;; T8 = nQ dIeNT @
la, o T sf g,
o o3 o5 £
Q O=n=0 3o - B
o P @ o+ c
E 2l ==
< 3
o H
4 T
(1]
10.67{ 2
4 o

4.619

12.68{ & \ 4.622 ’

\

S l \__4.615
= 4.585
4.580
| \_4.576
: ) 4.573
|
7.41 1
=
=
>
1 7
ss.zs-.[ s \\ a3l p—
— 5 3764
L
w 3.450

ﬁfﬁ_«
s
ke ™ :
m'—‘;;_.. <
S
@

11.76

11.88

.—~
w

S-68



|4 —7.911 = —“puoc
i / 7.906 T = 93882 2 £
~ / —7.904 = @ EeaE s 2
e ] ——————————_7.901 = o Bosedn o
20.76 © . o 33 -0 N
7'851 D+~ O w
i \__7.886 = e} 2485 3
1 \__7.883 S o 23304 §
L ] g a TTO®O 3
7 T T — Hile) a3 on® 8
° TaoE 8
. N & T ot ==z
~ o3 35 58
o o o O=n=0 3>So -5
(o] o |w n .2 e
4 - I= S
] = g
2 z
1 ®
(2]
-~
B =
~ o

—_—
=7 7.654
10764 | L 5 645
: \__7.644
1 = :\E e
~ \ \_7.631
ke ! \. .67
] \ —7.570
Y —7.566
1 \ \7.562
21.354 | —————————_ 7.545
; 7.532
. 1
- ’ __7.528
3,
o
=
]
~N
w
1% 7.282
]  7.260
[ 1 \ —7.222
9548

] e S
~ e ey AT W1 )
1 5 \—7.193
L \_7.186

-i
—i
|
~
o |
=
<
o
o 1
o | ISR, .11 ]
| 6.864
‘ ’ —6.834
1 k N L 6.826
6.821
21.37 1 < \ 6.809
g - —\‘% 6.804
3 - | \6.797

S-69



kuo0525

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: May 28 2015
Solvent: CDC13

Ambient temperature

Total 1008 repetitions
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Compound 3h
13C NMR (100 MHz, CDCl3) spectra
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Kuo0319

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 24 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Compound 3i
TH NMR (400 MHz, CDCl3) spectra
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Kuo0319

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 24 2015
Solvent: CDC13

Ambient temperature

Total 1168 repetitions
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kuo0526

Pulse Sequence: s2pul

UNITYplus-400 “unityd400"
Date: May 28 2015
Solvent: CDC13

Ambient temperature
Total 40 repetitions
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TH NMR (400 MHz, CDCl3) spectra
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kuo0526

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: May 28 2015
Solvent: CDC13

Ambient temperature

Total 3072 repetitions
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Compound 3j
3¢ NMR (100 MHz, CDCI3) spectra
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Kuo0601

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jun 4 2015
Solvent: CDC13

Ambient temperature

Total 1760 repetitions
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13C NMR (100 MHz, CDCl3) spectra
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Kuo0626

Pulse Sequence: s2pul

UNITYplus-400 "unitydo00"
Date: Jun 23 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Compound 3|
TH NMR (400 MHz, CDCl3) spectra
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Kuo0626

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 23 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

—7.284
/—1.278
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Compound 3|
TH NMR (400 MHz, CDClj) spectra
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Kuo0626

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 238 2015
Solvent: CDC13

Ambient temperature

Total 608 repetitions

Compound 3|
3¢ NMR (100 MHz, CDCl3) spectra

128.494
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Yin0713

Pulse Sequence: s2pul

UNITYplus-400 "unity400"

Date: Jul 16 2015

Solvent: CDC13

Ambient temperature

Total 48 repetitions
OH O
NS Me

_

Compound 3m
TH NMR (400 MHz, CDCl3) spectra
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Yin0713

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jul 16 2015
Solvent: CDC13

Ambient temperature

Total 48 repetitions

~ S Me

Compound 3m
TH NMR (400 MHz, CDCl3) spectra
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Yin0713

Pulse Sequence: s2pul

UNITYplus-400 "unityd4o00"
Date: Jul 16 201S
Solvent: CDC13

Ambient temperature
Total 48 repetitions

Compound 3m
TH NMR (400 MHz, CDClI3) spectra
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Yin0713

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jul 16 2015
Solvent: CDC13

Ambient temperature

Total 1824 repetitions

S Me

Compound 3m
3¢ NMR (100 MHz, CDCI3) spectra
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Kuo0702

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jul 8 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Kuo0702

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jul 8 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Compound 3n
THNMR (400 MHz, CDCl3) spectra
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Kuo0702

Pulse Sequence: s2pul
UNITYplus-400 "unity400"
Date: Jul 8 2015

Solvent: CDC13
Ambient temperature
Total 1056 repetitions
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Kuo0706

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jul 9 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

H

lile)
o

o=
=
@

Compound 30
TH NMR (400 MHz, CDCI3) spectra

3.427
3.412
3.406
3.399
3.893
3.391

4.519
4.060
4.043

/

v

LT B ) I it e o G i o i e e i o il e e R R e G T e

4.2 4.0 3.8 3.6 ppm

LS i e S L e R v i s i S e i R i i R e S o i o e i e o S

5.0 4.8 4.6 4.4

9.45 4°
10.08
10.00
8
8.81
10.29

S-97




Kuo0706

Pulse Sequence:
UNITYplus-400

s2pul
"unity400"

S-98

Date: Jul 9 2015
Solvent: CDC13
Ambient temperature
Total 64 repetitions
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Compound 30
TH NMR (400 MHz, CDCl3) spectra
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Kuo0706

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jul 9 2015
Solvent: CDC13

Ambient temperature

Total 416 repetitions
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Compound 30
3¢ NMR (100 MHz, CDCI3) spectra
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Kuo0321

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Mar 24 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

T,

Compound 3p
TH NMR (400 MHz, CDCI3) spectra
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Kuo0321

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 24 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Compound 3p
TH NMR (400 MHz, CDCl3) spectra
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Kuo0321

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 24 2015
Solvent: CDC13

Ambient temperature

Total 2112 repetitions

F3C _ Me

Compound 3p
3¢ NMR (100 MHz, CDCl3) spectra
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kuo0814

Pulse Seguence: s2pul

UNITYplus-400 "unityd400"
Date: Aug 24 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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TH NMR (400 MHz, CDCI3) spectra
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kuo0814

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Aug 24 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

o,

Compound 3q
TH NMR (400 MHz, CDCl3) spectra
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kuo0814

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Aug 24 2015
Solvent: CDC13

Ambient temperature

Total 1504 repetitions

OH O
02N N
o
_ Me
Compound 3q

3¢ NMR (100 MHz, CDCl3) spectra
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Yin0714-2

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jul 20 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Compound 3r

Me

TH NMR (400 MHz, CDCI3) spectra
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Yin0714-2

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jul 20 2015
Solvent: CDC13

Ambient temperature

Total 1216 repetitions

O2N _ Me

Compound 3r
3¢ NMR (100 MHz, CDCl3) spectra

—146.838

~——145.573

—129.934
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Kuo03247°

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Mar 30 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

Compound 3s
TH NMR (400 MHz, CDCl3) spectra
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Kuo03243

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 30 2015
Solvent: CDC13

Ambient temperature

Total 672 repetitions

Je

Compound 3s
3¢ NMR (100 MHz, CDCl3) spectra
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Kuo0417

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Apr 21 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Compound 3t
TH NMR (400 MHz, CDCI3) spectra
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Kuo0417

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Apr 21 2015
Solvent: CDC13

Ambient temperature

Total 336 repetitions

Je

Compound 3t
3¢ NMR (100 MHz, CDCl3) spectra
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Kuo0404

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Apr 9 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Me
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l
S ¥
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Compound 4a
TH NMR (400 MHz, CDCI3) spectra
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Kuo0404

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Apr 8 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Me
0 Me
7
Vs e Me
OH

Compound 4a
TH NMR (400 MHz, CDCl3) spectra
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Kuo0404

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Apr 9 2015
Solvent: CDC13

Ambient temperature

Total 1664 repetitions
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\M Z Me
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Compound 4a
13C NMR (100 MHz, CDCl3) spectra
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YU1040612

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 15 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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TH NMR (400 MHz, CDCl3) spectra
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YU1040612

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 15 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Me
/AHHHHHM// o Me
Zr
S Z
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MeO
Compound 4b
TH NMR (400 MHz, CDClI3) spectra
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YU1040612

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jun 15 2015
Solvent: CDC13

Ambient temperature

Total 256 repetitions

Me
0 Me
i
ocm g Me
OH
MeO
Compound 4b

3¢ NMR (100 MHz, CDCl3) spectra
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YU1040608

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 11 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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TH NMR (400 MHz, CDCl3) spectra
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YU1040608

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 11 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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<, Pz >
d Me o el
$ 9
OH o~
e Compound 4c
TH NMR (400 MHz, CDCl3) spectra
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YU1040608

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 11 2015
Solvent: CDC13

Ambient temperature
Total 1280 repetitions

Me
[e) Me

\\w < Me

OH

Compound 4¢c
3¢ NMR (100 MHz, CDCl3) spectra
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YU1040615

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 17 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Compound 4d
TH NMR (400 MHz, CDCl3) spectra
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YU1040615

Pulse Sequence: s2pul
UNITYplus-400 "unityd00"
Date: Jun 17 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

Me

Compound 4d
TH NMR (400 MHz, CDCI3) spectra
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YU1040614

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jun 17 2015
Solvent: CDC13

Ambient temperature

Total 80 repetitions

Me

Compound 4e

TH NMR (400 MHz, CDCl3) spectra
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YU1040614

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 17 2015
Solvent: CDC13

Ambient temperature

Total 80 repetitions

Compound 4e
TH NMR (400 MHz, CDCl3) spectra
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YU1040614

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 17 2015
Solvent: CDC13

Ambient temperature

Total 480 repetitions

Compound 4e
3¢ NMR (100 MHz, CDCl3) spectra
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YU1040623

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 25 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions
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TH NMR (400 MHz, CDCI3) spectra
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YU1040623

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 25 2015
Solvent: CDC13

Ambient temperature

Total 352 repetitions

0 Me
L
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MeO
Compound 4f

3¢ NMR (100 MHz, CDCl3) spectra
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YU1040621

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jun 18 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

MeO

Compound 4gq
TH NMR (400 MHz, CDClI3) spectra

3.776

2.942

1.580

1.820

-
N ~
o8 =3
Vel @ g
. ~ © &
D
o<
<
L
1
r
4 \
P L L ;_ R \g LLL(['!\.[ Meikeclbocnesmmaaes o
R e L A —T—T T — — 77— T T
9 8 7 5 4 3 2 1 m
R o e W oy gt gy pp
~ i w o o~ o~ ~ @ -
I - © o ~ > PN © o~
~ Ll el m - ~N - ~ o~

S-142




YU1040621

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 18 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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YU1040621

Pulse Sequence: s2pul

UNITYplus-400 '“unityd00"
Date: Jun 18 2015
Solvent: CDC13

Ambient temperature

Total 64000 repetitions
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13C NMR (100 MHz, CDCl3) spectra
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YU1040613

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 15 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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/ﬁHHHH/ o Me
i
S Z

g Me
OH

Compound 4h
TH NMR (400 MHz, CDCl3) spectra
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YU1040613

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jun 15 201§
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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ﬂ
Compound 4h

TH NMR (400 MHz, CDCl3) spectra
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YU1040613

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 15 2015
Solvent: CDC13

Ambient temperature

Total 208 repetitions

Me
0 Me
17
O\\m Z Me
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Compound 4h

3¢ NMR (100 MHz, CDCl3) spectra
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YU1040618

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jun 16 2015
Solvent: CDC13

Ambient temperature
Total 80 repetitions
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- OH
Compound 4i

TH NMR (400 MHz, CDCl3) spectra
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YU1040618

Pulse Sequence: s2pul

UNITYplus-400 “unityd00"
Date: Jun 16 2015
Solvent: CDC13

Ambient temperature

Total 80 repetitions
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Compound 4i
TH NMR (400 MHz, CDCl3) spectra
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YU1040618

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 16 2015
Solvent: CDC13

Ambient temperature

Total 384 repetitions
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Compound 4i
3¢ NMR (100 MHz, CDCI3) spectra
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YU1040620

Pulse Sequence: s2pul

UNITYplus-400 “unityda00"
Date: Jun 18 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Compound 4j

TH NMR (400 MHz, CDCI;) spectra
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YU1040620

Pulse Sequence: s2pul

UNITYplus-400 "unityaoo"
Date: Jun 18 2015
Solvent: CDCI13

Ambient temperature

Total 2528 repetitions

Me

Z Me
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O,N
Compound 4j
13¢c NMR (100 MHz, CDCls) spectra
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YU1040617

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jun 16 2015
Solvent: CDC13

Ambient temperature

Total 136 repetitions
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TH NMR (400 MHz, CDClI3) spectra
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YU1040617

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 16 2015
Solvent: CDC13

Ambient temperature
Total 136 repetitions

Me
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-
Oe Me
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Compound 4k

TH NMR (400 MHz, CDCl3) spectra
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YU1040617

Pulse Sequence: s2pul

UNITYplus-400 "unity4o00"
Date: Jun 16 2015
Solvent: CDC13

Ambient temperature

Total 672 repetitions
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Compound 4k

13C NMR (100 MHz, CDCl3) spectra
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YU1040624
Pulse Sequence: s2pul
UNITYplus-400 "unitydo00"

Date: Jun 25 2015

Solvent: CDC13
Ambient temperature
Total 64 repetitions
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TH NMR (400 MHz, CDCI3) spectra
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YU1040624

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 25 2015
Solvent: CDC13

Ambient temperature

Total 64000 repetitions

Me

Compound 4l
13C NMR (100 MHz, CDCl3) spectra
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YS1040708

Pulse Sequence: s2pul

UNITYplus-400 ‘“unityd400"
Date: Jul 13 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

Me
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2
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TH NMR (400 MHz, CDCI3) spectra
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¥$1040708

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jul 13 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

Compound 4m
TH NMR (400 MHz, CDCI3) spectra
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YS1040707

Pulse Sequence: s2pul
UNITYplus-400 “unitydoo"
Date: Jul 9 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

Me

Compound 4n
TH NMR (400 MHz, CDClI3) spectra
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Y¥S1040707

Pulse Sequence: s2pul

UNITYplus-400 “unityd00"
Date: Jul 9 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Compound 4n
H NMR (400 MHz, CDCl3) spectra
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Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jul 8 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Me

MeO

Compound 40
TH NMR (400 MHz, CDCl3) spectra
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YS1040706

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jul 8 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions
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TH NMR (400 MHz, CDCIl3) spectra
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YS1040706

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jul 8 2015
Solvent: CDC13

Ambient temperature

Total 3072 repetitions

Me

MeO

Compound 40
3¢ NMR (100 MHz, CDCl3) spectra
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Y¥S1040702

Pulse Sequence: s2pul

UNITYplus-400 Munity400"
Date: Jul 3 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

MeO

Compound 4p
TH NMR (400 MHz, CDCl3) spectra
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Y¥S$1040702

Pulse Sequence: s2pul

UNITYplus-400 “unityd00"
Date: Jul 3 2015
Solvent: CDC13

Ambient temperature

Total 1152 repetitions

Compound 4p
3¢ NMR (100 MHz, CDCl3) spectra
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Kuo0424

Pulse Sequence: s2pul
UNITYplus-400 "unityd400"
Date: May 7 2015
Solvent: CDC13

Ambient temperature
Total 260 repetitions
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TH NMR (400 MHz, CDCl3) spectra
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Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: May 7 2015
Solvent: CDC13

Ambient temperature

Total 260 repetitions
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TH NMR (400 MHz, CDCl3) spectra

7.591
\—7.566

7.260

7.264

6.762

6.255

6.233

22.36

S-180



A I (O SR

08T

|

O O

09T

0T

| R

-
=) =
—“Proc v X
2] i o302 c ¢C
o =z +T—ctH - O
-<o+H 0 o
= “oon< o =
] 3 0 ~
[ TR N
= o85G 3
o 9 O~ a0 1
o < N3O & e
= 3 % o 430 2
3 ' 3as 8
N © o B
% =1 +c g o
(2] - 3N

o) o 2
o -

o &+
Olm = o < =
24 o = 3 a
[ o 7] =3
=4 (=] e
0 =
o =
o o
Q
-~
S
QO

147 .581
Z:147.513
144.390
{::144.147

135.468
132.997
129.828
129.563
129.494
128.714
128.638

02T

Lol

—128.592

\ 128.448
126.402

i/ I (L0 ] I

00T

08

112.780

108.140 ‘

—71.811
72.000

76.682

{ I E TS (G T 1 |

09

67.555

55.881

{0 W CREHIC V0% |

55.669

(137

02

45.086

—32.753
—————=81.,487

__ 21.5%

Wy

o [ W 1

wdd

20.374

S-181



Kuo0303U

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 16 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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TH NMR (400 MHz, CDCI3) spectra
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Kuo0303U

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 16 2015
Solvent: CDC13

Ambient temperature

Total 1056 repetitions
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3¢ NMR (100 MHz, CDCl3) spectra
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Kuo0312U

Pulse Sequence: s2pul

UNITYplus-400 "unityd0o"
Date: Mar 17 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions
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Kuo0312U

Pulse Sequence: s2pul
"unityao00"

UNITYplus-400
Date: Mar 17 2015
Solvent: CDC13
Ambient temperature

Total 1872 repetitions
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Kuo037U

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Mar 18 2015
Solvent: CDC13

Ambient temperature

Total 80 repetitions
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TH NMR (400 MHz, CDCl3) spectra
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Pulse Sequence: s2pul
UNITYplus-400 "unity400"
Date: Mar 20 2015

Solvent: CDC13
Ambient temperature
Total 5024 repetitions
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3¢ NMR (100 MHz, CDCl3) spectra
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Kuo0929

Pulse Sequence: s2pul

UNITYplus=-400 "unityd00"
Date: Dec 17 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions
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H NMR (400 MHz, CDCl3) spectra
.
rr & & T 94 @& & T -T1°
9

64.75

6.794

6.202

—

————3.866

]

3.555

1
{
|

il
|
|
1

31.58 £

¢

42.26 +

2.189

-

29.97 {

13.09{

32.16

r
g

J‘J
ppm

S-194




Kuo0929

Pulse Sequence: s2pul

UNITYplus-400 "unitydo00" w~
Date: Dec 17 2015 Q 853
Solvent: CDC13 © <
Ambient temperature B e
Total 64 repetitions L
Compound 5e
'H NMR (400 MHz, CDCly) spectra
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Kuo0929

Pulse Sequence: s2pul
UNITYplus-400 "unityd00"
Date: Dec 17 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Compound 5e
"H NMR (400 MHz, CDCl,) spectra
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Pulse Sequence: s2pul

UNITYplus-400 "“unityd00"
Date: Dec 17 2015
Solvent: CDC13

Ambient temperature

Total 560 repetitions
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3¢ NMR (100 MHz, CDCl;) spectra

o
o~ «©
nNo
D -
>N .
~N "o
-~
N -
_1WL
©
&
. © So
s oo -
S e ] <
0 | o« N w < H o [
© o | © @ o © ~ b= o
< w»w s ®»  © o w Lind wn ¥
o = ( o @ o N ~ _ © i by
© @ Pt | S - © © N_ -4 K ~N
= % N e e N o @ » N o
o, - . * - - o @ '
o~ @ | L ~gn~ |
1“3 *op ]
|7 s 3 |
. - |
i. , _ ﬁ
“ _ ! _
| |
, —
| ]
| & ,
I |
| | i
| i |
| | | [
|
|
- sl P
GBS F T R ) m 0 e O TR PO R N A Qs A ™TTT T Y e ot e B ) R S e e s T e rm ) Ja R\ S ST o S 2 s i R (G S U SR G M R Doet s 2 i il s ey a2 o i |
180 160 140 120 100 80 60 40 20 ppm

S-197




Kuo0331-1

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Apr 21 2015
Solvent: CDC13

Ambient temperature
Total 320 repetitions
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Pulse Sequence: s2pul
UNITYplus-400 "unityd400"
Date: Jul 2 2015
Solvent: CDC13

Ambient temperature

Total 480 repetitions
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Pulse Sequence: s2pul

UNITYplus=-400 "unityd400"
Date: Mar 25 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions
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Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Mar 25 2015
Solvent: CDC13

Ambient temperature

Total 3056 repetitions
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Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 23 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Kuo0610

Pulse Sequence: s2pul
UNITYplus-400 "unityd400"
Date: Jun 23 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions
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Kuo0610

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 23 2015
Solvent: €DC13

Ambient temperature

Total 1376 repetitions
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Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Kuo0611

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature

Total 3200 repetitions
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Kuo0701

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jul 3 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jul 3 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Yin0717

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jul 23 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Yin0717

Pulse Sequence: s2pul

UNITYplus-400 "unitya0o0"
Date: Jul 23 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Kuo0713

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jul 15 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Kuo0730

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Aug 19 2015
Solvent: CDC13

Ambient temperature

Total 272 repetitions
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Kuo0730
Pulse Sequence: s2pul
UNITYplus-400 "unity400"

Date: Aug 19 2015
Solvent: CDC13

Ambient temperature
Total 64000 repetitions
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Kuo0717

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jul 23 2015
Solvent: CDC13

Ambient temperature

Total 48 repetitions
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Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jun 25 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

OMe

Compound 5s
TH NMR (400 MHz, CDCI3) spectra
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Kuo0613-1

Pulse Seq

UNITYplus
Date: Jun
Solvent:

Ambient t
Total 155

uence: s2pul

-400 "unitya00"
25 2015

cDC13

emperature
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Compound 5s
3¢ NMR (100 MHz, CDCl3) spectra
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Kuo0528-1+2

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 11 2015
Solvent: CDC13

Ambient temperature

Total 32 repetitions

Compound 5t
TH NMR (400 MHz, CDCI3) spectra
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Kuo0528-1+2

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 11 2015
Solvent: CDC13

Ambient temperature

Total 32 repetitions
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Kuo0528-1+2

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 11 2015
Solvent: CDC13

Ambient temperature

Total 1376 repetitions

Compound 5t
3¢ NMR (100 MHz, CDCl3) spectra
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Kuo0204

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Feb 6 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Ku00204

Pulse Sequence:

UNITYplus-400
Feb 6 2015
: COC13
temper
Total 64 repetitions
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TH NMR (400 MHz, CDCl3) spectra
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Kuo0204

Pulse Sequence: s2pul

UNITYplus-400 "unitya00"
Date: Feb 6 2015
Solvent: CDCI13

Ambient temperature

Total 5584 repetitions
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Kuo0501

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: May 8 2015
Solvent: CDC13

Ambient temperature

Total 80 repetitions
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Yu1041224

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Dec 28 2015
Solvent: CDC13

Ambient temperature

Total 80 repetitions
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yu1041224

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Dec 28 2015
Solvent: CDC13

Ambient temperature
Total 80 repetitions
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Kuo0407-3

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Apr 9 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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"H NMR (400 MHz, CDCl3) spectra
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Kuo0407-3

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Apr 9 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

OMe

Compound 6a
TH NMR (400 MHz, CDCl3) spectra
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YU1040612-1

Pulse Sequence: s2pul

UNITYplus-400 "“unityd00"
Date: Jun 17 2015
Solvent: CDC13

Ambient temperature

Total 40 repetitions
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Compound 6b
"H NMR (400 MHz, CDCl3) spectra
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YU1040612-1

Pulse Sequence: s2pul

UNITYplus-400 ‘“unitydo00"
Date: Jun 17 2015
Solvent: CDC13

Ambient temperature
Total 40 repetitions

MeO OMe

Compound 6b
TH NMR (400 MHz, CDCI3) spectra
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YU1040610

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
pDate: Jun 15 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions
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Compound 6¢
TH NMR (400 MHz, CDCIl3) spectra
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YU1040615-1

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature

Total 148 repetitions

Compound 6d
TH NMR (400 MHz, CDCI3) spectra
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YU1040614-1

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature

Total 204 repetitions

OMe
Compound 6e
TH NMR (400 MHz, CDCl3) spectra
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YU1040625

Pulse Sequence: s2pul

UNITYplus-400 "unity400"”
Date: Jun 26 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

MeO OMe

Compound 6f
TH NMR (400 MHz, CDCI3) spectra
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YU1040625

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 26 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

MeO OMe
Compound 6f
TH NMR (400 MHz, CDCl3) spectra
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YU1040625

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 26 2015
Solvent: CDC13

Ambient temperature

Total 1472 repetitions

MeO OMe

Compound 6f
3¢ NMR (100 MHz, CDCl3) spectra
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YU1040628

Pulse Sequence: s2pul

UNITYplus-400 "unityad00"
Date: Jun 26 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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Compound 69
TH NMR (400 MHz, CDCl3) spectra
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YU1040628

Pulse Sequence: s2pul

UNITYplus-400 “unityd400"
Date: Jun 26 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

o Me
Z_mlm
1
Q \ Me
OMe
MeO OMe
Compound 69

TH NMR (400 MHz, CDCl3) spectra

6.544
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YU1040628

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 26 2015
Solvent: CDC13

Ambient temperature

Total 1184 repetitions

o Me
—Smlw
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& ! Me
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Compound 6g

3¢ NMR (100 MHz, CDCl3) spectra
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YU1040627

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 26 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

MeO
Compound 6h
TH NMR (400 MHz, CDClj) spectra
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YU1040627

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 26 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

MeO
Compound 6h
TH NMR (400 MHz, CDCI3) spectra
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YU1040627

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 26 2015
Solvent: CDC13

Ambient temperature

Total 1024 repetitions

MeO

Compound 6h
3¢ NMR (100 MHz, CDCl3) spectra
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YU1040630

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jul 2 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions
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TH NMR (400 MHz, CDCl3) spectra
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Kuo0401

Pulse Sequence: s2pul
UNITYplus-400 "unity400"
Date: Apr 7 2015

Solvent: CDC13
Ambient temperature
Total 64 repetitions

Me

""'Me
F3C o

Compound 8a
TH NMR (400 MHz, CDCI3) spectra
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Kuo0401

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Apr 7 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

“'Me
F3C <

Compound 8a
TH NMR (400 MHz, CDCl3) spectra
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Kuo0401

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Apr 7 2015
Solvent: CDC13

Ambient temperature

Total 2096 repetitions

Me

"'Me
F3C g

Compound 8a
3¢ NMR (100 MHz, CDCl3) spectra

127.668

/,
127.599
127.455
124.544
/6;124'507
1

—129.472
24.469

-3
-
® 9o = o
Tmo®® S -
lowo ? o~
& e ) o wn o~
EoE Tmes = " @
. Ny Lp - v
© e - <) <
O m oy %
Sk o S ©
== =
<
rﬁ_/ o8
= -
|
|
| _ L X b
L S o T 0 o B e e e e i e o e e o ke e o o o e e Gl U S B i G G o e o e N o N (o o e I
180 160 140 120 100 80 60 40 20 ppm

S-309




Kuo0724D

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Aug 3 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions
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TH NMR (400 MHz, CDCl3) spectra
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Kuo0724D

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Aug 3 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Me

.S
0 """Me

Compound 8b
TH NMR (400 MHz, CDCI3) spectra

7.443

7.464

—7.424

—7.098
—————__7.096

—7.076

-7.075
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Kuo0724D

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Aug 3 2015
Solvent: CDC13

Ambient temperature

Total 1408 repetitions

Me
0
S
O2N (0]
o~ ''Me
Compound 8b

3¢ NMR (100 MHz, CDCl3) spectra

144.489

147.483

138.621
136.127

!

133.793

129.646

128.729

-127.417

122.718
. 122.339
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—21.299
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Kuo0804D

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Aug 17 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Me

"''Me
O2N e
Compound 8c
TH NMR (400 MHz, CDCl3) spectra

—8.013
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Kuo0804D

Pulse

Sequence: s2pul

UNITYplus-400 "unityd00"

Date:

Aug 17 2015

Solvent: CDC13
Ambient temperature

Total

Me

O2N

64 repetitions

.:
o Me

Compound 8c

TH NMR (400 MHz, CDCl3) spectra

5.438
5.42§

—4.183
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/
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e/
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[
r
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Kuo0804D

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Aug 17 2015
Solvent: CDC13

Ambient temperature

Total 5216 repetitions

Me

"'""Me
O,N a

Compound 8c
3¢ NMR (100 MHz, CDCl3) spectra

136.097

129.601

—128.274

AR
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Kuo0407-2

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Apr 9 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Compound 9a
TH NMR (400 MHz, CDCI3) spectra

7.152
7.131
7.079
7.076
.069
7.061
6.963
6.942

s
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Kuo0407-2

Pulse Sequence: s2pul

UNITYplus-400 "unityd4o00”
Date: Apr 9 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Me

o_sm

Compound 9a
TH NMR (400 MHz, CDClI3) spectra

7.260

7.217

7.205
7.198

7.152

7.131

7.092
7.087

7.079
7.076

7.069

7.061

o
w
=)
~

©
<
o
~

6.963

6.942

20.00

20.01

S-319




Kuo0407-2

Pulse Sequence: s2pul

UNITYplus-400 *“unityd400"
Date: Apr 9 2015
Solvent: CDC13

Ambient temperature

Total 640 repetitions

Me

Compound 9a
3¢ NMR (100 MHz, CDCl3) spectra

-
RN
®©
e
NS
- -
T
L o™
w
§ ©
o~
) o
e
N
o
©
w0 wn
™ o o
o
- . w
M= :
o e} balled
Sopmnr Sips
o Lo <
~R o ~ o
. ~ B, NP © Y m
©
o - o
© —
:40 m © o~
©
~
o 3 |
o — © ~ w
~ 3]
. -
o
<
-
ﬁg "e
R R R L L L (L I T T S R T O T L R O D R i i P e e o o o o i i e

180 160 140 120 100 80 60 40 20 ppm

S-320




YU1040613-1

Pulse Sequence:
UNITYplus-400

s2pul
"unity400"

Date:

Jun 16 2015

Solvent: CDC13
Ambient temperature
Total 112 repetitions

Me

—u
Compound 9b

TH NMR (400 MHz, CDCI3) spectra
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YU1040613-1

Pulse Sequence: s2pul

UNITYplus-400 "“unity400"
Date: Jun 16 2015
Solvent: CDC13

Ambient temperature

Total 112 repetitions
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m
Compound 9b

TH NMR (400 MHz, CDClI3) spectra
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YU1040613-1

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 16 2015
Solvent: CDC13

Ambient temperature

Total 448 repetitions

Me
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m
Compound 9b

3¢ NMR (100 MHz, CDCl3) spectra
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YU1040618-1

Pulse Sequence: s2pul

UNITYplus-400 "unitydo00"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions
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Compound 9¢
H NMR (400 MHz, CDClj) spectra

2.247

1.403

1.261

~o
~N
- o,
2no
-
b o
[ad <
S
¢ ©
o o
4 <« <
« —
o L R
n P wwn
=
(
\‘ % \ 4 \
e et e o St eI 1\3 L Fﬁ L e saneen e .\|>11%Lr\srlr\gﬁkhl S
T ¥ T T T T T T \ o 4 : 2 T T T ‘_‘ T i ; g | T lxv T T T ‘_w T T
7 4 2 ppm
3 m{ri ke L by C i b
S8 =N S 3 © @ Pt
> o o o o o s N @ ocon o
-t — - - - - < - o

S-325




10.00 {

10.03 {

49.89

105,01

29.66 4

dd

29.49 {3

5.148
\_s.140 T =
), = o B
N
= =
F
™
Ie)
8 S o.
= S
T B o
N g
o3 ©
8l =
[ o =
P o
°
o
(2]
e
=
1Y
3.653
l> / _3.647
\\ 3.640
3.633
8,847
/2.225
f—2.212
/_2.203
L 2.189
_2.181
—1.463
——-\il.asq
1.403
meee e J60

:a3eq

13U3ALOS
00v-sSnLdALINN
:gouanbhag asnd

£1000
§102 2g ung

aanjeladwal jua Lquy
w00pA3Lun,,

suotj11adas pg (el0]

Lndzs

T-8T90v0TNA

S-326



YU1040618-1

Pulse Sequence: s2pul
UNITYplus-400 "unity400"
Date: Jun 22 2015

Solvent: CDC13
Ambient temperature
Total 64 repetitions

Me

Compound 9¢
TH NMR (400 MHz, CDCI3) spectra

w

.
&
T N
Taongs Rk S %
®» = O o0 < D o~
RN o, IS I o
ﬁ7777L S r~ R =
_ _ ~ ~ . e
~ o
~ © _
~N &
- ~
,
| S
| \\
e i —
~ —
— Il..\ It\v —
an Al / |
. ¢ V. R o . . . ]
T T 4 T T T T _ T T T T 1— T T T _ T T T T 74 3 cusces v _ T T T T ;.—lx T T T T 4 T T
7.9 7.8 2.l 7.6 7.5 7.4 7.3 7.2
O .- R . R i &~ —
~ © o
o - o
N @ =
a =

19.26 4

—

7.127

6.960

—_—6.940

SR ) i e T =]

1.1

et}

S-327



YU1040618-1

Pulse Sequence: s2pul

UNITYplus-400 “unityd00"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature
Total 352 repetitions
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3¢ NMR (100 MHz, CDCl3) spectra
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YU1040626

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 26 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

o Me
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Compound 9d

TH NMR (400 MHz, CDCI3) spectra
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YU1040626

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 26 2015
Solvent: CDC13

Ambient temperature

Total 1664 repetitions

Me

Me
o Me
O2N
Compound 9d

3¢ NMR (100 MHz, CDCI3) spectra
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YU1040617-1

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature

Total 176 repetitions
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Compound 9e

TH NMR (400 MHz, CDCl3) spectra
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~7.281

YU1040617-1

Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature
Total 176 repetitions
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Compound 9e

TH NMR (400 MHz, CDCl;) spectra
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YU1040617-1

Pulse Sequence: s2pul

UNITYplus-400 "unitya00"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature
Total 1216 repetitions

Me
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FsC
Compound 9e
3¢ NMR (100 MHz, CDCl3) spectra
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YU1040615-2

Pulse Sequence: s2pul

UNITYplus-400 ‘"unity400"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions G%MW
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o b o
1y o~
S o
o~
Me J
(o)
O Me Na
T M
| -
|

Compound 9f
TH NMR (400 MHz, CDClI3) spectra
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YU1040615-2

Pulse Sequence: s2pul
UNITYplus-400 “unitya00"

Date: Jun 22 2015
Solvent: CDC13
Ambient temperature
Total 64 repetitions

Compound 9f
TH NMR (400 MHz, CDCl3) spectra

7.247

o~ 2 ©
N o
OM.-N - o © ©
A o a
PRy ~ 0~ ~
©o ~ <
= -
<
. & ~ < | 3
w
DN T o B e o 1 o o © ©
™ I S©oom & w
o4 ©
% o) ~ |~ e wor © . bad >
~ o R ) ™ ~ . - |
® lo Mtm (o - = %13
4 < o r om%m o H Loy -
~ ~ _/ ~ s TSR = \ZKAI\\» & ~
e S R ] .
- 5 ) ”
~ |
; /
S —
\\\
w\\\'
e i = pom—
\ f /
B .({g\ SN - § R
T T T j T T T T _ T T T — T T i T m T T 4 I e ﬂw T T T T _ T
7.5 7.4 7.3 7.2 7:1 7.0 . 6.9 ppm
L T : R T R =
o ~ w © o
~ ) £ © o~
d o - © o
™ - < - -

S-338




YU1040615-2

Pulse Sequence:
UNITYplus-400

s2pul
"unityd400"”

S-339

Date: Jun 22 2015
Solvent: CDC13
Ambient temperature
Total 912 repetitions

Me

Compound 9f
3¢ NMR (100 MHz, CDCl3) spectra
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YU1040614-2

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature
Total 132 repetitions
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YU1040614-2

Pulse Sequence: s2pul

UNITYplus=-400 "unityd00
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature
Total 132 repetitions

Me
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Compound 99

TH NMR (400 MHz, CDCl3) spectra
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YU1040614-2

Pulse Sequence: s2pul

UNITYplus-400 "unity400"
Date: Jun 22 2015
Solvent: CDC13

Ambient temperature

Total 1248 repetitions
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(LT e
Compound 99
3¢ NMR (100 MHz, CDCl3) spectra
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YU1040629

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jul 2 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Me

Compound 10a
TH NMR (400 MHz, CDCI3) spectra
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YU1040629

Pulse Sequence: s2pul

UNITYplus-400 ‘'"unityd400"
Date: Jul 2 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

Me

Compound 10a
TH NMR (400 MHz, CDCl3) spectra
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YU1040628

Pulse Sequence: s2pul

UNITYplus-400 “unityd00"
pate: Jul 2 2015
Solvent: CDC13

Ambient temperature

Total 704 repetitions

Me

- Compound 10a
C NMR (100 MHz, CDCIl3) spectra
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YU1040708

Pulse Sequence: s2pul

UNITYplus-400 "unityd00"
Date: Jul 13 2015
Solvent: CDC13

Ambient temperature

Total 64 repetitions

Compound 10b
TH NMR (400 MHz, CDCl3) spectra

S-348
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Pulse Sequence: s2pul

UNITYplus-400 "unityd400"
Date: Jul 13 2015
Solvent: CDC13

Ambient temperature
Total 64 repetitions

Compound 10b
THNMR (400 MHz, CDCl3) spectra
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