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The Photo of Apparatus Used for Typical Procedure 1 (130 °C).
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The Photo of Apparatus Used for Typical Procedure 11 (70 °C).
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The Photo of Apparatus Used for the Large Scale Reaction
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General Experimental Methods

'H and "°C nuclear magnetic resonance spectra were recorded on an instrument
operated at 300 MHz for "H NMR and 75 MHz for ?C NMR spectra. Infrared spectra
were recorded from the films of pure samples on sodium chloride plates for liquid or
in the form of KBr discs for the solid samples. Mass and HRMS spectra were carried
out in EI or ESI mode. Thin layer chromatography was performed on pre-coated
glass-back plates and visualized with UV light at 254 nm. Flash column
chromatography was performed on silica gel. CuBr; and CuBr were purchased from
J&K. (S)-a,a-Diphenylprolinol and (R)-o,a-diphenylprolinol were purchased from
Shanghai Darui Fine Chemicals. Aldehydes were distilled right before use. Dioxane
was dried over sodium wire with benzophenone as the indicator and distilled freshly

before use. All the temperatures are referred to the oil baths used.
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Synthesis of axially chiral allenols.

1. Preparation of (Rgy)-2,3-heptadien-1-ol (R,)-4jh. Typical Procedure |I.

(tangxj-8-112)

— Ph CuBr, (20 mol%) H
="\ + nCsH,CHO =+ Ox 2 - \
OH N Ph HO—/:.:\H-C3H7

1j 2h H OH dioxane, 130 °C, 12 h
i i (S)-3 (Ra)-4jh
1.5 equiv 1.5 equiv
1.0 mmol 55%, 94% ee

Typical Procedure I: To a flame-dried Schlenk tube with a polytetrafluoroethylene
plug were added CuBr; (44.7 mg, 0.2 mmol), (S)-3 (253.5 mg, 1.0 mmol), 1j (84.7 mg,
1.5 mmol)/dioxane (1.5 mL), and 2h (108.5 mg, 1.5 mmol)/dioxane (1.5 mL)
sequentially under nitrogen atmosphere. The Schlenk tube was then sealed by
screwing the polytetrafluoroethylene plug tightly with the outlet connected to the
vacuum line and the nitrogen flow being closed (For an apparatus, see page S2 in SI).
The reaction was complete after being stirred in an oil bath preheated at 130 °C for 12
h as monitored by TLC (eluent: petroleum ether/ethyl acetate = 10/1). Then the
resulting mixture was diluted with ether (30 mL) and washed with an aqueous
solution of hydrochloric acid (3 M, 20 mL). The organic layer was separated and the
aqueous layer was extracted with ether (20 mL). The combined organic layer was
washed with brine and dried over anhydrous Na,SO,. After filtration and evaporation,
the residue was purified by chromatography (eluent: petroleum ether/ethyl acetate =
8/1) on silica gel to afford (Ra)-4jh (61.7 mg, 55%) (eluent: petroleum ether/ethyl
acetate = 8/1) as a liquid: 94% ee (HPLC conditions: Chiralcel AS-H column,
hexane/i-PrOH = 500/1, 1.0 mL/min, A = 214 nm, tg(major) = 19.0 min, tg(minor) =
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20.7 min); [a]p> = -83.5 (¢ = 1.07, CHCls); 'H NMR (400 MHz, CDCl;) & 5.37-5.24
(m, 2 H, CH=C=CH), 4.11 (dd, J = 5.6 Hz, J, = 2.8 Hz, 2 H, OCHy), 2.06-1.97 (m, 2
H, CH,), 1.82 (s, 1 H, OH), 1.44 (sext, J=7.3 Hz, 2 H, CH,), 0.93 (t, J=7.2 Hz, 3 H,
Me); *C NMR (100 MHz, CDCls) § 203.1, 93.6, 91.6, 60.7, 0.7, 22.3, 3.5; IR (neat) v
(cm™) 3324, 2959, 2930, 2871, 1963, 1460 1419, 1379, 1339, 1292, 1258, 1213, 1136,
1102, 1061, 1009, MS (EI): m/z (%) 112 (M™, 0.29), 94 ((M-H,0)", 58.82), 79 (100);

HRMS calcd for C7H ;0 [(M-H,0)]: 94.0783, found: 94.0782.

The following compounds (Ra)-4ji ~ (Ra)-4ne were prepared at 130 °C according
to Typical Procedure | or at 70 °C according to Typical Procedure Il. Their
corresponding racemic enantiomers were prepared by following the same procedure

using racemic diphenylprolinol rac-3.

2. Preparation of (R,)-2,3-nonadien-1-ol (Ra)-4ji. (ct-6-98)

o Ph 0 H
=\, + nCsHyCHO + Q\/\Ph CuBr, (20 mol%) -~
. OH dioxane, 130°C, 12h  HO n-CsH14

1i 2i H  OH g
2.0 equiv 2.0 equiv (S)-3 (Ra)-4ji
1.0 mmol 61%, 95% ee

The reaction of CuBr; (44.8 mg, 0.2 mmol), 1j (112.5 mg, 2.0 mmol), (S)-3 (253.1
mg, 1.0 mmol), and 2i (201.2 mg, 2.0 mmol) in dioxane (3.0 mL) afforded (Ra)-4ji
(85.1 mg, 61%) (eluent: petroleum ether/ethyl acetate = 8/1) as a liquid:' 95% ee
(HPLC conditions: Chiralcel AS-H column, hexane/i-PrOH = 100/1, 0.7 mL/min, A =
214 nm, tg(major) = 14.2 min, tg(minor) = 15.5 min); [a]p®® =-77.7 (c = 1.02, CHCls)
(reported value: 98% ee; [a]p?' = -78.4 (¢ = 1.03, CHCIl3)); 'H NMR (400 MHz,
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CDCl3) § 5.36-5.23 (m, 2 H, CH=C=CH), 4.14-4.07 (m, 2 H, OCH,), 2.08-1.96 (m, 2
H, CH,), 1.77 (br's, 1 H, OH), 1.44-1.18 (m, 6 H, CH, x 3), 0.89 (t, J = 6.8 Hz, 3 H,
Me); *C NMR (100 MHz, CDCls) & 202.9, 93.9, 91.6, 60.7, 31.2, 28.7, 28.6, 22.4,
14.0; IR (neat) v (cm™) 3337, 2957, 2927, 2857, 1963, 1466; MS (EI): m/z (%) 122
((M-H,0)", 0.68), 55 (100).

3. Preparation of (Ry)-deca-2,3-dien-1-ol (Ra)-4jj. (Hx-12-51)

— Ph Br, (20 mol? H
==\ 4 n-CgHysCHO + prh CuBr, (20 mol%) —_—
. OH . dioxane, 130°C, 12h  HO n-CgHq3

1] 2 H  OH g
1.5 equiv 1.5 equiv (S)-3 (Ra)-4ij
1.0 mmol 59%, 94% ee

The reaction of CuBr; (44.9 mg, 0.2 mmol), 1j (84.8 mg, 1.5 mmol), (S)-3 (253.7
mg, 1.0 mmol), and 2j (171.6 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4j]
(90.6 mg, 59%) (eluent: petroleum ether/ethyl acetate = 8/1) as a liquid: 94% ee
(HPLC conditions: Chiralcel As-H column, hexane/i-PrOH = 200/1, 0.6 mL/min, A =
214 nm, tg(major) = 30.9 min, tg(minor) = 32.9 min); [a]p™® = -72.5 (c = 1.02,
CHCl;); '"H NMR (300 MHz, CDCl3) & 5.40-5.18 (m, 2 H, CH=C=CH), 4.11 (br s, 2
H, OCH,), 2.10-1.96 (m, 2 H, CHy), 1.78 ( br s, 1 H, OH), 1.49-1.12 (m, 8 H, CH;
4), 0.89 (t, J = 6.8 Hz, 3 H, Me); *C NMR (75 MHz, CDCls) § 203.0, 93.9, 91.6, 60.7,
31.6, 29.0, 28.7, 28.6, 22.6, 14.0; IR (neat) v (cm™) 3321, 2957, 2924, 2855, 1963,
1462, 1418, 1378, 1352, 1261, 1213, 1060, 1010; MS (EI) m/z (%): 154 (M", 0.11),
133 ((M-H,0)", 0.26), 55 (100); HRMS calcd for CjoH;30 [M']: 154.1358, found:
154.1354.

4. Preparation of (Ry)-2,3-undecadien-1-ol (Ra)-4ja. (hx-11-198)
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— H
——\OH + n-C;H5CHO + Q\/\Ph CuBrp (20 mol%) S
1j Ph dioxane, 130°C, 12h  HO—/ "-C7His

2a H OH
1.5 equiv 1.5 equiv (S)-3 (Ra)-4ja
1.0 mmol 60%, 95% ee

The reaction of CuBr; (45.1 mg, 0.2 mmol), (S)-3 (253.6 mg, 1.0 mmol), 1j (84.5
mg, 1.5 mmol), and 2a (192.5 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4ja
(101.3 mg, 60%) (eluent: petroleum ether/ethyl acetate = 8/1) as a liquid:' 95% ee
(HPLC conditions: Chiralcel As-H column, hexane/i-PrOH = 200/1, 0.6 mL/min, A =
214 nm, tg(major) = 20.1 min, tg(minor) = 21.3 min); [a]p™*" = -65.9 (c = 1.215,
CHCI3); (reported value: 97% ee; [a]p® = -66.1 (c = 1.03, CHCls)); "H NMR (300
MHz, CDCl3) & 5.38-5.18 (m, 2 H, CH=C=CH), 4.17-3.98 (m, 2 H, OCH>), 2.21-1.87
(m, 3 H,OH + CH,), 1.49-1.12 (m, 10 H, CH, x 5), 0.88 (t, J = 6.6 Hz, 3 H, Me); "°C
NMR (75 MHz, CDCl;) 6 203.0, 93.9, 91.6, 60.7, 31.8, 29.07, 29.05, 29.0, 28.6, 22.6,
14.0; IR (neat) v (cm™) 3336, 2956, 2926, 2855, 1963, 1465, 1376, 1013; MS (EI):
m/z (%) 168 (M, 0.04), 55 (100).

5. Preparation of (Ry)-2,3-undecadien-1-ol (Ra)-4ja. (hx-12-59)

— H
——\OH + n-C;H5CHO + prh CuBrp 20 mol%) S
1j PR dioxane, 130°C, 12h  HO—/ "n-C7H1s

2a H OH
2.0 equiv 2.0 equiv (S)-3 (Ra)-4ja
1.0 mmol 65%, 95% ee

The reaction of CuBr; (44.8 mg, 0.2 mmol), 1j (113.7 mg, 2.0 mmol), (S)-3 (254.0
mg, 1.0 mmol), and 2a (255.6 mg, 2.0 mmol) in dioxane (3.0 mL) afforded (Ra)-4ja
(109.8 mg, 65%) (eluent: petroleum ether/ethyl acetate = 8/1) as a liquid: 95% ee
(HPLC conditions: Chiralcel As-H column, hexane/i-PrOH = 200/1, 0.6 mL/min, A =
214 nm, tr(major) = 26.7 min, tg(minor) = 28.4 min); [a]p?" = -65.6 (¢ = 0.905,
CHCl:); '"H NMR (300 MHz, CDCl3) & 5.42-5.13 (m, 2 H, CH=C=CH), 4.21-4.03 (m,
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2 H, OCH,), 2.10-1.95 (m, 2 H, CH,), 1.79 (br s, 1 H, OH), 1.49-1.14 (m, 10 H, CH,
x 5), 0.88 (t, J = 6.6 Hz, 3 H, Me); °C NMR (75 MHz, CDCls) & 203.0, 93.9, 91.6,
60.7, 31.8, 29.06, 29.04, 29.0, 28.6, 22.6, 14.0; IR (neat) v (cm™") 3336, 2956, 2926,
2855, 1963, 1465, 1376, 1013; MS (ED): m/z (%) 168 (M", 0.04), 55 (100).

6. Preparation of (Ry)-dodeca-2,3-dien-1-ol (Ra)-4jK. (hx-12-62)

— Ph CuBr, (20 mol%) H
+ n-CsH17CHO + Ox 2 > \
e \OH N Ph HOJ::\n_CBH17

1j 2k H OH dioxane, 130 °C, 12 h '
(S)-3 (Ra)-4jk
50.0 mmol 60%, 95% ee

2.0 equiv 2.0 equiv

To a flame-dried three-neck flask with a reflux condenser were added CuBr;
(2.2406 g, 10.0 mmol), (S)-3 (12.6504 g, 50.0 mmol), 1j (5.6047 g, 100.0
mmol)/dioxane (25 mL), and 2k (14.2570 g, 100.0 mmol)/dioxane (10 mL)
sequentially under nitrogen atmosphere. The reaction was complete after being stirred
in an oil bath preheated at 130 °C for 12 h as monitored by TLC (eluent: petroleum
ether/ethyl acetate = 5/1). After cooling to room temperature, the resulting mixture
was diluted with ether (200 mL) and washed with an aqueous solution of hydrochloric
acid (3 M, 200 mL). The organic layer was separated, and the aqueous layer was
extracted with ether (200 mL x 2). The combined organic layer was washed with
brine and dried over anhydrous Na,SOj4. After filtration and evaporation, the residue
was purified by chromatography on silica gel to afford afforded (Ra)-4jk (5.4270 g,
60%) (eluent: petroleum ether/ethyl acetate = 20/1 to 10/1) as a liquid: 95% ee (HPLC
conditions: Chiralcel As-H column, hexane/i-PrOH = 200/1, 0.6 mL/min, A = 214 nm,
tr(major) = 24.0 min, tg(minor) = 25.6 min); [a]p®®!' = -61.7 (c = 0.98, CHCL;); 'H
NMR (300 MHz, CDCl3) & 5.40-5.20 (m, 2 H, CH=C=CH), 4.21-4.02 (m, 2 H,
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OCH,), 2.09-1.92 (m, 2 H, CH,), 1.69 (br s, 1 H, OH), 1.49-1.12 (m, 12 H, CH, x 6),
0.88 (t, J = 6.6 Hz, 3 H, Me); °C NMR (75 MHz, CDCl5) & 203.0, 93.8, 91.6, 60.7,
31.8, 29.3, 29.2, 29.1, 29.0, 28.6, 22.6, 14.0; IR (neat) v (cm™) 3328, 2924, 2856,
1964, 1462, 1378, 1263, 1211, 1057, 1014; MS (EI) m/z 182 (M, 0.52), 55 (100);
HRMS calcd. for C,H,,0 [M+]: 182.1671, Found:182.1667.

7. Preparation of (R,)-dodeca-2,3-dien-1-ol (Ry)-4jK. (ct-6-79)

= Ph CuBr, (20 mol%) H
\ + n-CgH;,CHO + O\§ 2 ‘
gr17

1j 2k H OH dioxane, 70 °C, 24 h ik
1.5 equiv 1.5 equiv (S)-3 (Ra)-4)
1.0 mmol 51%, 98% ee

Typical Procedure Il: To a flame-dried Schlenk tube with a rubber plug were
added CuBr; (45.7 mg, 0.2 mmol), (S)-3 (253.8 mg, 1.0 mmol), 1j (84.6 mg, 1.5
mmol)/dioxane (1.5 mL), and 2k (213.1 mg, 1.5 mmol)/dioxane (1.5 mL) sequentially
under nitrogen atmosphere (For an apparatus, see page S3 in SI). The reaction mixture
was then stirred in an oil bath preheated at 70 °C for 24 h as monitored by TLC
(eluent: petroleum ether/ethyl acetate = 10/1). The resulting mixture was diluted with
ether (30 mL), and washed with an aqueous solution of hydrochloric acid (3 M, 20
mL). The organic layer was separated, and the aqueous layer was extracted with ether
(20 mL). The combined organic layer was washed with brine and dried over
anhydrous Na;SO,4. After filtration and evaporation, the residue was purified by
chromatography (eluent: petroleum ether/ethyl acetate = 8/1) on silica gel to afford
(Ra)-4jk (93.1 mg, 51%) as a liquid: 98% ee (HPLC conditions: Chiralcel AS-H
column, hexane/i-PrOH = 300/1, 1 mL/min, A = 214 nm, tg(major) = 11.9 min,
tg(minor) = 12.5 min); [a]p>’ = -59.5 (¢ = 0.98, CHCls); '"H NMR (400 MHz, CDCl;)
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8 5.34-5.24 (m, 2 H, CH=C=CH), 4.13-4.07 (m, 2 H, OCH,), 2.06-1.98 (m, 2 H, CH,),
1.88 (br's, 1 H, OH), 1.45-1.20 (m, 12 H, CH, x 6), 0.88 (t, J = 6.2 Hz, 3 H, Me); "°C
NMR (100 MHz, CDCls) & 203.0, 93.8, 91.6, 60.7, 31.8, 29.3, 29.2, 29.1, 29.0, 28.6,
22.6, 14.0; IR (neat) v (cm™") 3328, 2924, 2856, 1964, 1462, 1378, 1263, 1211, 1057,
1014; MS (EI) m/z 182 (M, 0.52), 55 (100); HRMS calcd. for C;2H»0 [M']:
182.1671, Found: 182.1667.

8. Preparation of (R,)-2,3-tridecadien-1-ol (Ra)-4jl. (Iwl-5-118)

_ Ph 0 \\H
="\ 4 1-CeHsCHO + Q\/\Ph CuBra 20 mol%) ——
. OH dioxane, 130°C,12h  HO n-CgHqg

1j 21 H OH g
2.0 equiv 2.0 equiv (S)-3 (Ra)-4i
1.0 mmol 68%, 95% ee

The reaction of CuBr; (44.7 mg, 0.2 mmol), 1j (112.2 mg, 2.0 mmol), (S)-3 (253.3
mg, 1.0 mmol), and 2| (312.4 mg, 2.0 mmol) in dioxane (3.0 mL) afforded (Ra)-4jl
(133.5 mg, 68%) (eluent: petroleum ether/ethyl acetate = 8/1) as a liquid: 95% ee
(HPLC conditions: Chiralcel AS-H column, hexane/i-PrOH = 300/1, 0.7 mL/min, A =
214 nm, tg(major) = 16.9 min, tg(minor) = 17.7 min); [a]p®® =-57.7 (c = 1.10, CHCly);
'H NMR (400 MHz, CDCls) & 5.35-5.25 (m, 2 H, CH=C=CH), 4.11 (dd, J; = 5.2 Hz,
J, =2.8 Hz, 2 H, OCHy), 2.05-1.98 (m, 2 H, CH), 1.67 (brs, 1 H, OH), 1.45-1.20 (m,
14 H, CH, x 6), 0.88 (t, J = 6.8 Hz, 3 H, Me); °C NMR (100 MHz, CDCls) & 202.9,
94.0, 91.7, 60.8, 31.9, 29.5, 29.4, 29.3, 29.1, 29.0, 28.6, 22.6, 14.1; IR (neat) v (cm™)
3317, 2955, 2922, 2853, 1963, 1463, 1056, 1011; MS (EI) m/z (%): 196 (M", 0.18),
178 (M-H,0)", 0.95), 84 (100); HRMS calcd for Ci3H0 [M']: 196.1827, found:
196.1830.

9. Preparation of (Ry)-2,3-tridecadien-1-ol (Ra)-4jl. (ct-6-81)
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= Ph CuBr, (20 mol%) H
\ + N-CgH1gCHO + Ox 2 ‘
. OH N Ph Ho_/:':\n_chl9

1 ol H OH dioxane, 70 °C, 24 h R
1.5 equiv 1.5 equiv (S)-3 24
1.0 mmol 54%, 98% ee

Following Typical Procedure I, the reaction of CuBr; (43.8 mg, 0.2 mmol), 1j
(84.4 mg, 1.5 mmol), (S)-3 (253.3 mg, 1.0 mmol), and 2l (233.7 mg, 1.5 mmol) in
dioxane (3.0 mL) afforded (Ra)-4jl (105.8 mg, 54%) (eluent: petroleum ether/ethyl
acetate = 8/1) as a liquid: 98% ee (HPLC conditions: Chiralcel TA-H column,
hexane/i-PrOH = 300/1, 1 mL/min, A = 214 nm, tg(major) = 17.7 min, tg(minor) =
19.0 min); [a]p>’ = -57.5 (¢ = 1.045, CHCls); '"H NMR (400 MHz, CDCl3) & 5.35-5.23
(m, 2 H, CH=C=CH), 4.14-4.06 (m, 2 H, OCHy), 2.06-1.98 (m, 2 H, CH), 1.88 (br s,
1 H, OH), 1.44-1.21 (m, 14 H, CH, x 7), 0.88 (t, J = 6.4 Hz, 3 H, Me); *C NMR (100
MHz, CDCl3) 6 203.0, 93.8, 91.6, 60.7, 31.8, 29.5, 29.4, 29.3, 29.1, 29.0, 28.6, 22.6,
14.0; IR (neat) v (cm™) 3317, 2955, 2922, 2853, 1963, 1463, 1056, 1011; MS (EI) m/z
(%): 196 (M™, 0.18), 178 ((M-H,0)", 0.95), 84 (100); HRMS calcd for C13H»,0 [M']:
196.1827, found: 196.1830.

10. Preparation of (R,)-2,3- tetradecdien-1-ol (Ry)-4jm. (hanyl-3-156)

= Ph o H
— + n-C10H21CHO + %Ph CUBFZ (20 moIA,) _/::§
j o dioxane, 130 °C, 12h  HO n-C1oHa1

1j 2m H OH o
2.0 equiv 2.0 equiv (S)y-3 (Ra)-4im
1.0 mmol 70%, 95% ee

The reaction of CuBr; (44.9 mg, 0.2 mmol), 1j (111.8 mg, 2.0 mmol), (S)-3 (257.9
mg, 1.0 mmol), and 2m (339.8 mg, 2.0 mmol) in dioxane (3.0 mL) afforded (Ra)-4jm
(146.6 mg, 70%) (eluent: petroleum ether/ethyl acetate = 10/1) as a liquid: 95% ee
(HPLC conditions: Chiralcel IA column, hexane/i-PrOH = 300/1, 1.0 mL/min, A =
214 nm, tg(major) = 20.3 min, tg(minor) = 22.0 min); [a]p”® = -52.8 (c = 1.01,
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CHCls); '"H NMR (400 MHz, CDCl;) & 5.38-5.24 (m, 2 H, CH=C=CH), 4.11 (dd, J; =
5.4 Hz, J; = 3.0 Hz, 2 H, OCH,), 2.09-1.96 (m, 2 H, CH,), 1.82 (br s, 1 H, OH),
1.46-1.20 (m, 16 H, CH,), 0.88 (t, J = 6.8 Hz, 3 H, CH3); °C NMR (100 MHz, CDCl5)
8 203.0, 93.8, 91.6, 60.7, 31.9, 29.58, 29.56, 29.4, 29.3, 29.1, 29.0, 28.6, 22.6, 14.0;
IR (neat) v (cm™) 3319, 2922, 2853, 1963, 1463, 1057, 1011; MS (EI) m/z (%): 210
(M", 0.21), 192 (M-H,0)", 1.09), 84 (100); HRMS calcd for C;4HO0 [M']: 210.1984,
found: 210.1987.

11. Preparation of (R,)-2,3- tetradecdien-1-ol (Ry)-4jm. (Iwl-5-103)

— Ph CuBr, (20 mol% H
=« oo, (I _omeamen
. OH dioxane, 70°C,24h  HO n-C1oHz

1i 2m H  OH s
1.5 equiv 1.5 equiv (S)-3 (Ra)-4im
1.0 mmol 51%, 98% ee

Following Typical Procedure I, the reaction of CuBr, (44.7 mg, 0.2 mmol), 1j
(84.2 mg, 1.5 mmol), (S)-3 (253.3 mg, 1.0 mmol), and 2m (255.5 mg, 1.5 mmol) in
dioxane (3.0 mL) afforded (Ra)-4Jm (107.1 mg, 51%) (eluent: petroleum ether/ethyl
acetate = 8/1) as a liquid: 98% ee (HPLC conditions: Chiralcel [A column,
hexane/i-PrOH = 300/1, 1.0 mL/min, A = 214 nm, tg(major) = 17.7 min, tg(minor) =
19.1 min); [o]p”’ = -56.6 (¢ = 1.02, CHCls); 'H NMR (400 MHz, CDCl5) & 5.36-5.25
(m, 2 H, CH=C=CH), 4.11 (dd, J; = 5.6 Hz, J, = 3.2 Hz, 2 H, OCH,), 2.06-1.98 (m, 2
H, CH,), 1.59 (br s, 1 H, OH), 1.45-1.21 (m, 16 H, CH, x 8), 0.88 (t, J = 7.0 Hz, 3 H,
Me); *C NMR (100 MHz, CDCl3) & 202.9, 94.0, 91.7, 60.8, 31.9, 29.60, 29.59, 29.4,
29.3,29.11, 29.06, 28.6, 22.7, 14.1; IR (neat) v (cm™) 3319, 2922, 2853, 1963, 1463,
1057, 1011; MS (EI) m/z (%): 210 (M", 0.21), 192 (M-H,0)", 1.09), 84 (100);
HRMS caled for Ci4H60 [M+]: 210.1984, found: 210.1987.
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12. Preparation of (R,)-pentadeca-2,3-dien-1-ol (Ry)-4jn. (jxg-1-41)

= Ph % H
- N\ + n-Cq4H3CHO + Q\/\Ph Cubrp (20 mol%) _/:':\
4 O n H on doxane 130°C,12h  HO n-C11Hzs
(Ra)-4jn

1.5 equiv 1.5 equiv (S)-3
1.0 mmol 60%, 93% ee

The reaction of CuBr; (44.8 mg, 0.2 mmol), 1j (84.9 mg, 1.5 mmol), (S)-3 (253.8
mg, 1.0 mmol), and 2n (291.2 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4jn
(133.7 mg, 60%) (eluent: petroleum ether/ethyl acetate = 20/1) as a liquid: 93% ee
(HPLC conditions: Chiralcel IA-H column, hexane/i-PrOH = 300/1, 1.0 mL/min, A =
214 nm, tr(major) = 24.4 min, tg(minor) = 27.7 min); [a]p”? = -52.1 (c = 0.99,
CHCls); '"H NMR (400 MHz, CDCl;) & 5.36-5.25 (m, 2 H, CH=C=CH), 4.11 (dd, J; =
5.4 Hz, J; = 3.0 Hz, 2 H, OCH,), 2.07-1.97 (m, 2 H, CHy), 1.77 (s, 1 H, OH),
1.45-1.21 (m, 18 H, CH, x 9), 0.88 (t, J = 7.0 Hz, 3 H, Me); °C NMR (100 MHz,
CDCls) 6202.9, 93.9, 91.6, 60.7, 31.9, 29.62, 29.59. 29.4, 29.3. 29.1, 29.0, 28.6, 22.6,
14.1; IR (neat) v (cm™) 3328, 2922, 2853, 1963, 1462, 1377, 1353, 1275, 1212, 1058,
1012; MS (EI) m/z 224 (M", 0.13), 84 (100); HRMS calcd. for C;sHys0 [M']:
224.2140, Found: 224.2142.

13. Preparation of (R,)-pentadeca-2,3-dien-1-ol (Ra)-4jn. (Iwl-5-104)

= Ph 0 H
T + n-C11H230HO + Q%Ph CUBr2 (20 mol A)) > ﬁ
4 O on N 5f"  dioxane, 70°C,24h  HO 1-C1Hys
(Ra)-4jn

1.5 equiv 1.5 equiv (S)-3
1.0 mmol 54%, 98% ee

Following Typical Procedure 11, the reaction of CuBr; (44.8 mg, 0.2 mmol), 1j
(84.0 mg, 1.5 mmol), (5)-3 (253.2 mg, 1.0 mmol), and 2n (276.4 mg, 1.5 mmol) in
dioxane (3.0 mL) afforded (Ra)-4jn (121.1 mg, 54%) (eluent: petroleum ecther/ethyl
acetate = 8/1) as a liquid: 98% ee (HPLC conditions: Chiralcel TA-H column,
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hexane/i-PrOH = 300/1, 1.0 mL/min, A = 214 nm, tg(major) = 26.8 min, tg(minor) =
31.0 min); [a]p®’ = -55.3 (¢ = 1.06, CHCl3); "H NMR (400 MHz, CDCl;) & 5.36-5.25
(m, 2 H, CH=C=CH), 4.11 (dd, J; = 5.8 Hz, J, = 3.0 Hz, 2 H, OCH), 2.06-1.98 (m, 2
H, CH,), 1.61 (brs, 1 H, OH), 1.45-1.21 (m, 18 H, CH,x 9), 0.88 (t, J =7.0 Hz, 3 H,
Me); *C NMR (100 MHz, CDCls) & 202.9, 94.0, 91.7, 60.8, 31.9, 29.63, 29.60. 29.4,
29.3,29.10, 29.06, 28.6, 22.7, 14.1; IR (neat) v (cm™") 3328, 2922, 2853, 1963, 1462,
1377, 1353, 1275, 1212, 1058, 1012; MS (EI) m/z 224 (M", 0.13), 84 (100); HRMS
calcd. for Cy5sHps0 [M+]: 224.2140, Found: 224.2142.

14. Preparation of (R,)-6-phenyl-2,3-hexadien-1-o0l  (Rj)-4jc.  (hx-10-166,

hx-10-167)
H
_ + o CHO O\Zh CuBr, (20 mol%) J:':L\
4j O , N Of" dioxane, 130°C, 12h  HO
' ¢ ($)3 (R.)>-4ic  Ph
1.5 equiv 1.5 equiv 1.0 mmol 61%, 95% ee

The reaction of CuBr; (45.0 mg, 0.2 mmol), 1j (84.2 mg, 1.5 mmol), (S)-3 (253.1
mg, 1.0 mmol), and 2¢ (201.4 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4jc
(106.1 mg, 61%) (eluent: petroleum ether/ethyl acetate = 8/1 to petroleum ether/ethyl
acetate = 5/1) as a liquid:1 95% ee (HPLC conditions: Chiralcel AS-H column,
hexane/i-PrOH = 100/1, 1.0 mL/min, A = 214 nm, tg(major) = 22.4 min, tg(minor) =
24.4 min); [a]p™ = -38.0 (¢ = 0.89, CHCIs) (reported value: 96% ee; [a]p™’ = -38.7 (¢
= 1.05, CHCl3)); 'H NMR (300 MHz, CDCl;) & 7.36-7.13 (m, 5 H, ArH), 5.35-5.21
(m, 2 H, CH=C=CH), 4.04-3.90 (m, 2 H, OCH,), 2.83-2.64 (m, 2 H, CH,), 2.46-2.24
(m, 2 H, CH>), 1.62 (s, 1 H, OH); *C NMR (75 MHz, CDCl3) § 203.2, 141.4, 128.4,
128.2, 125.9, 92.9, 92.1, 60.4, 35.0, 29.9; IR (neat) v (cm™) 3366, 3084, 3062, 3026,
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2923, 2856, 1962, 1603, 1496, 1453, 1062, 1011; MS (EI) m/z (%): 174 (M", 0.03),
156 (M-H,0)", 41.67), 91 (100).

15. Preparation of (R,)-6-methyl-2,3-heptadien-1-ol (Ry)-4jd. (jxg-1-93)

— Ph CuBr, (20 mol% H
= "\ 4+ i-BuCHO + %Ph uBra (20 mol%) L~
i OH dioxane, 130°C, 12h  HO '

1j 2d H OH i-Bu
20equiv. 2.0 equiv (S)-3 (Ra)-4jd
' ' 1.0 mmol 58%, 97% e

The reaction of CuBr; (44.8 mg, 0.2 mmol), 1j (113.0 mg, 2.0 mmol), (S)-3 (253.6
mg, 1.0 mmol), and 2d (172.8 mg, 2.0 mmol) in dioxane (3.0 mL) afforded (R,)-4jd
(73.9 mg, 58%) (eluent: petroleum ether/ethyl acetate = 15/1) as a liquid:' 97% ee
(HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 100/1, 1.0 mL/min, A =
214 nm, tr(major) = 15.1 min, tg(minor) = 16.7 min); [a]o®’® = -79.9 (c = 0.970,
CHCls) (reported value: 98% ee; [a]p™ = -80.3 (¢ = 1.01, CHCls)); '"H NMR (300
MHz, CDCl;) 6 5.34-5.21 (m, 2 H, CH=C=CH), 4.11 (dd, J; = 6.0 Hz, J, = 2.8 Hz, 2
H, OCHy), 1.96-1.89 (m, 2 H, CHy), 1.75 (br s, 1 H, OH), 1.73-1.62 (m, 1 H, CH),
0.93 (d, J = 6.4 Hz, 6 H, Me x 2); *C NMR (75 MHz, CDCls) & 203.6, 92.3, 91.0,
60.8, 38.1, 28.3, 22.11, 22.09; IR (neat) v (cm™") 3338, 2956, 2926, 2893, 2870, 1962,
1466, 1384, 1367, 1056, 1014; MS (EI) m/z (%): 126 (M", 0.10), 108 ((M-H,0)",
31.12), 55 (100).

16. Preparation of (Ra)-4-cyclohexyl-2,3-butadien-1-ol (Rj)-4je. (hx-10-161,

hx-10-162)
= Ph CuBr, (20 mol%) H
= \ + C + 2 > X
yCHO
1j or 2e H OHPh dioxane, 130 °C, 12 h HO—/:.:\CV
1.5 equiv 1.5 equiv (5)-3 (Ro)-4je
' ' 1.0 mmol 62%, 94% ee

The reaction of CuBr; (44.7 mg, 0.2 mmol), 1j (84.8 mg, 1.5 mmol), (S)-3 (252.2
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mg, 1.0 mmol), and 2e (168.2 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4je
(94.2 mg, 62%) (eluent: petroleum ether/ethyl acetate = 8/1) as a liquid:' 94% ee
(HPLC conditions: Chiralcel AS-H column, hexane/i-PrOH = 98/2, 0.6 mL/min, A =
214 nm, tr(major) = 15.7 min, tg(minor) = 18.6 min); [a]p® = -98.1 (c = 1.045,
CHCls) (reported value: 99% ee; [o]p™> = -100.3 (¢ = 1.00, CHCIs)); 'H NMR (300
MHz, CDCl;) 6 5.41-5.25 (m, 2 H, CH=C=CH), 4.10 (dd, J1 = 5.7 Hz, J, = 3.0 Hz, 2
H, OCHy), 2.08-1.93 (m, 1 H, CH from Cy), 1.88-1.58 (m, 6 H, OH and five protons
from Cy), 1.37-1.00 (m, 5 H, five protons from Cy); C NMR (75 MHz, CDCl3) &
201.8, 99.9, 92.6, 60.8, 37.0, 33.0, 32.9, 26.0, 25.9; IR (neat) v (cm™) 3331, 2924,
2851, 1961, 1448, 1412, 1011; MS (EI) m/z (%): 152 (M, 0.38), 134 ((M-H,0)",
6.78), 55 (100).

17. Preparation of (Ra)-4-(4-bromophenyl)-2,3-butadien-1-ol (Ra)-4jo.

(hanyl-3-077)

H

_ Ph CuBr, (40 mol% \
= o+ Br—@—CHo + Q\/\Ph uBrp (40 mol%*) _ Ho
OH H on dioxane, 70°C, 24 h
_ . B
1 20 (S)-3 (Ra)-4jo '
1.5 equiv 1.5 equiv 1.0 mmol 56%, 98% ee

Following Typical Procedure I, the reaction of CuBr, (88.8 mg, 0.4 mmol), 1j
(84.5 mg, 1.5 mmol), (S)-3 (253.5 mg, 1.0 mmol), and 20 (279.3 mg, 1.5 mmol) in
dioxane (3.0 mL) afforded (Ra)-4jo (125.3 mg, 56%) (eluent: petroleum ether/ethyl
acetate = 8/1) as a solid: 98% ee (HPLC conditions: Chiralcel IB column,
hexane/i-PrOH = 95/5, 1.0 mL/min, A = 214 nm, tg(major) = 12.4 min, tr(minor) =
13.2 min); [a]p>” =-220.1 (c = 1.01, CHCls); 'H NMR (400M Hz, CDCl3) & 7.40 (d,

J=8.4Hz 2 H, Ar-H), 7.14 (d, J = 8.4 Hz, 2 H, Ar-H), 6.28-6.18 (m, 1 H, C=CH),
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5.77 (dd, J = 6 Hz, 1 H, C=CH), 4.29-4.19 (m, 2 H, C=CCH,), 2.22-2.07 (s, 1 H, OH);
*C NMR (100M Hz, CDCls) & 204.3, 132.8, 131.6, 128.3, 120.8, 96.15, 96.13, 60.1;
IR (neat) v = 3334, 3242, 2946, 2923, 2852, 1947, 1893, 1710, 1644, 1587, 1570,
1484, 1422, 1386, 1343, 1213, 1109, 1068, 1048, 1026, 1007 cm™'; MS (EI): m/z (%)
226 M*(*'Br), 32.41), 224 M*("”Br), 34.15), 115 (100); Anal. Calcd. for C1oHoBrO:
C 53.27, H 4.04; Found: C 53.36, H 4.03.

18. Preparation of (R,)-4-(4-cyanphenyl)-2,3-butadien-1-ol (Ra)-4jp. (Iwl-5-114)

NC
= . @—CHO . O\QPh CuBr, (40 mol%) ‘\\H
1j O 2 N of™  dioxane, 70°C, 24 HO%CN
1.5 equiv 1.5 equiv (S»3

1.0 mmol (R.)-4ip

53%, 98% ee

Following Typical Procedure I, the reaction of CuBr, (89.4 mg, 0.4 mmol), 1j
(84.2 mg, 1.5 mmol), (5)-3 (253.2 mg, 1.0 mmol), and 2p (196.6 mg, 1.5 mmol) in
dioxane (3.0 mL) afforded (Ra)-4jp (90.7 mg, 53%) (isolated via column
chromatography at 0 °C; eluent: petroleum ether/ethyl acetate = 5/1) as a liquid: 98%
ee (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 95/5, 1.2 mL/min, A
= 214 nm, tr(major) = 32.1 min, tg(minor) = 29.8 min); [a]p”® = -245.5 (c = 0.95,
CHCl:); '"H NMR (400 MHz, CDCl3) & 7.57 (s, 1 H, ArH), 7.54-7.49 (m, 1 H, ArH),
7.49-7.44 (m, 2 H, ArH), 7.39 (t, J = 7.8 Hz, 2 H, ArH), 6.31-6.25 (m, 1 H, CH=),
5.86 (q, J1 = 6.0 Hz, 1 H, =CH), 4.35-4.24 (m, 2 H, OCH>), 2.37 (br s, 1 H, OH); "°C
NMR (100 MHz, CDCl;) 6 204.8, 135.5, 130.9, 130.3, 130.0, 129.3, 118.6, 112.5,
96.8, 95.3, 59.8; IR (neat) v (cm™) 3380, 2930, 2872, 2230, 1950, 1598, 1578, 1482,
1009; MS (EI) m/z (%): 171 (M, 43.09), 140 (100); HRMS calcd for C;;HoNO [M']:
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171.0684, found: 171.0683.
19. Preparation of (Ra)-4-(4-methylphenyl)-2,3-butadien-1-ol (Ra)-4jq.

(hanyl-3-144)

H
— Ph 9
_ . _@_CHO . prh CuBr, (40 mol%) HO
OH H OH dioxane, 70 °C, 24 h
1j 2q (S)y3 (Ra)-4iq
1.5 equiv 1.5 equiv 1.0 mmol 55%, 95% ee

Following Typical Procedure 11, the reaction of CuBr; (89.9 mg, 0.2 mmol), 1j
(84.6 mg, 1.5 mmol), (S)-3 (258.1 mg, 1.0 mmol), and 2q (181.3 mg, 1.5 mmol) in
dioxane (3.0 mL) afforded (Ra)-4jg (87.7 mg, 55%) (isolated via column
chromatography at 0 °C; eluent: petroleum ether/ethyl acetate = 10/1) as a liquid:
95% ee (HPLC conditions: Chiralcel AY-H column, hexane/i-PrOH = 95/5, 1.0
mL/min, A = 214 nm, tg(major) = 16.6 min, tg(minor) = 15.4 min); [a]p”®® =-159.6
(c = 0.995, CHCls); 'H NMR (400M Hz, CDCls): & 7.18 (d, J = 8.0 Hz, 2 H, Ar-H),
7.10 (d, J = 8.0 Hz, 2 H, Ar-H), 6.31-6.24 (m, 1 H, =CH), 5.74 (q, J = 6.0 Hz, 1 H,
=CH), 4.26-4.18 (m, 2 H, =CCH,), 2.32 (s, 3 H, ArCH3), 1.96 (brs, 1 H, OH); *C
NMR (100M Hz, CDCl3) 6 203.9, 137.0, 130.7, 129.3, 126.7, 96.9, 95.6, 60.4, 21.1;
IR (neat) v= 3316, 3022, 2985, 2912, 2856, 2723, 2014, 1945, 1912, 1803, 1667,
1573, 1509, 1464, 1434, 1392, 1344, 1311, 1265, 1228, 1102, 1049, 1012 cm™; MS
(EI) m/z (%): 160 (M, 51.03), 129 (100); HRMS calcd for C;;H;,0 [M']: 160.0888,
found: 160.0891.

20. Preparation of (R,)-4-(4-phenyl)phenyl-2,3-butadien-1-ol (Ry)-4jr. (zjs-3-162)
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= Ph CuBr; (40 mol% H
- A\ H + p-PhCgH4CHO + %Ph uBrs ( b) _/:l:\

1j ° 2r H OH dioxane, 70°C,24h  HO p-PhCgHa
(S)-3 (Ra)-4jr

2.0 equiv 2.0 equiv
1.0 mmol 55%, 97% ee

Following Typical Procedure I, the reaction of CuBr, (90.2 mg, 0.4 mmol), 1j
(113.4 mg, 2.0 mmol), (5)-3 (258.2 mg, 1.0 mmol), and 2r (364.0 mg, 2.0 mmol) in
dioxane (3.0 mL) afforded (Ra)-4jr (123.9 mg, 55%) (eluent: petroleum ether/ethyl
acetate = 8/1) as a solid, m.p. 124-125 °C (ethyl acetate/n-hexane) 97% ee (HPLC
conditions: Chiralcel AY-H column, hexane/i-PrOH = 95/5, 0.5 mL/min, A = 214 nm,
tr(minor) = 25.3 min, tr(major) = 27.0 min); [a]p?® = -257.0 (c = 1.00, CHCLs); 'H
NMR (400 MHz, CDCls) & 7.60-7.51 (m, 4 H, ArH), 7.45-7.30 (m, 5 H, ArH),
6.38-6.32 (m, 1 H, =CH), 5.80 (q, J = 6.1 Hz, 1 H, =CH), 4.33-4.14 (m, 2 H, CH,),
1.76 (brs, 1 H, OH); *C NMR (100 MHz, CDCls) § 204.4, 140.6, 140.0, 132.8, 128.7,
127.32, 127.25, 127.2, 126.9, 96.7, 95.9, 60.3; IR (neat) v (cm™) 3196, 3056, 3032,
2928, 2869, 1944, 1597, 1562, 1483, 1424, 1395, 1350, 1257, 1211, 1106, 1047, 1017,
MS (ED) m/z (%): 222 (M", 64.36), 191 (100); HRMS calcd for C;¢H14O [M']:
222.1045, found: 222.1050.

21. Preparation of (S,Ra)-4ke (hx-10-194)

OH Ph CuBr; (20 mol% 3
— \ + CyCHO + %Ph uBr; (20 mol¥) Phime{ Cy
Ph H dioxane, 130 °C, 12 h

(S)-1k 2e OH OH
(> 99% ee) 1.5 equiv 1 O(i:-r:ol (S\Ra)-4ke
1.5 equiv ' 67%, >99% de, >99% ee

The reaction of CuBr; (44.7 mg, 0.2 mmol), (S)-1k (197.6 mg, 1.5 mmol), (S)-3
(252.7 mg, 1.0 mmol), and 2e (168.3 mg, 1.5 mmol) in dioxane (3.0 mL) afforded
(S,Ra)-4ke (152.0 mg, 67%) (eluent: petroleum ether/ethyl acetate = 12/1) as a

liquid:2 >99% de, >99% ee (major isomer) (HPLC conditions: Chiralcel OD-H
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column, hexane/i-PrOH = 98/2, 1.0 mL/min, A = 214 nm, tg(major) = 19.4 min; [OL]D20
=-69.7 (¢ = 1.24, CHCI3) (reported value: 92% de, >99% ee; [o]p™" = -60.7 (¢ = 1.02,
CHCls)); "H NMR (300 MHz, CDCls) & 7.42-7.21 (m, 5 H, ArH), 5.47-5.38 (m, 1 H,
one proton from HC=C=CH), 5.38-5.30 (m, 1 H, one proton from HC=C=CH), 5.21
(d, J = 5.4 Hz, 1 H, PhCH), 2.33 (s, 1 H, OH), 2.07-1.91 (m, 1 H, CH from Cy),
1.80-1.56 (m, 5 H, five protons from Cy), 1.35-0.96 (m, 5 H, five protons from Cy);
*C NMR (75 MHz, CDCl3) & 201.2, 143.2, 128.3, 127.5, 126.0, 100.9, 96.9, 72.3,
37.1, 32.9, 26.0, 25.9; IR (neat) v (cm™) 3365, 3063, 3029, 2924, 2850, 1960, 1599,
1489, 1449, 1015; MS (EI) m/z (%): 228 (M, 2.53), 107 (100).

22. Preparation of (R,R,)-4ke (hx-11-6)

—{OH Ph CuBr; (20 mol% "

= uBr; (20 mol%) —(:':\

on + CyCHO + Q\/\Ph : - - Ph Cy
(R)-1k 2e H OH dioxane, 130 °C, 12 h OH

(99.2% ee) 1.5 equiv (Sy3 (R,R,)-4ke

1.5 equiv 1.0 mmol 58%, 98% de, >99% ee

The reaction of CuBr, (45.0 mg, 0.2 mmol), (R)-1k (198.5 mg, 1.5 mmol), (S)-3
(253.7 mg, 1.0 mmol), and 2e (168.1 mg, 1.5 mmol) in dioxane (3.0 mL) afforded
(R,Ra)-4ke (133.3 mg, 58%) (eluent: petroleum ether/ethyl acetate = 12/1) as a
liquid:2 98% de, >99% ee (major isomer) (HPLC conditions: Chiralcel OD-H column,
hexane/i-PrOH = 98/2, 1.0 mL/min, A = 214 nm, tr(major) = 11.1 min; [a]p”’ = -52.6
(c = 0.98, CHCL3) (reported value: 94% de, 97% ee; [a]p™ = -56.8 (¢ = 0.98, CHCl));
'H NMR (300 MHz, CDCl3) & 7.40-7.29 (m, 4 H, ArH), 7.29-7.21 (m, 1 H, ArH),
5.47-5.38 (m, 1 H, one proton from HC=C=CH), 5.37-5.30 (m, 1 H, one proton from
HC=C=CH), 5.18 (dd, J; = 5.9 Hz, J, = 2.6 Hz, 1 H, PhCH), 2.30 (s, 1 H, OH),

2.07-1.93 (m, 1 H, CH from Cy), 1.80-1.56 (m, 5 H, five protons from Cy), 1.36-0.98
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(m, 5 H, five protons from Cy); >*C NMR (75 MHz, CDCls) & 200.9, 143.1, 128.3,
127.5, 126.1, 101.2, 97.0, 72.1, 37.1, 32.9, 26.0, 25.9; IR (neat) v (cm™") 3373, 3063,
3029, 2924, 2850, 1961, 1599, 1493, 1449, 1014; MS (EI) m/z (%): 228 (M", 2.17),
107 (100).

23. Preparation of (S,S;)-4ke (hx-11-12)

OH Ph Cy
R B 2 0, S
=\ + CYCHO + { N L'"’ﬁph CUBFQ ( 0 mol /r.)) . Ph"“'(zl:\H
Ph H o on dioxane, 130 °C, 12 h
(S)-1k 2e OH
(> 99% ee) 1.5 equiv (R)-3 (S,S,)-4ke
1.5 equiv 1.0 mmol 57%, 97% de, 99% ee

The reaction of CuBr, (45.0 mg, 0.2 mmol), (S)-1k (198.2 mg, 1.5 mmol), (R)-3
(253.8 mg, 1.0 mmol), and 2e (167.9 mg, 1.5 mmol) in dioxane (3.0 mL) afforded
(S,S2)-4ke (131.5 mg, 57%) (eluent: petroleum ether/ethyl acetate = 12/1) as a liquid:*
97% de, 99% ee (major isomer) (HPLC conditions: Chiralcel OD-H column,
hexane/i-PrOH = 98/2, 1.0 mL/min, A = 214 nm, tg(minor) = 11.7 min, tg(major) =
16.1 min; [a]p”’ = +56.6 (¢ = 1.34, CHCls) (reported value: 89% de, >99% ee; [a]p™
= +54.7 (¢ = 1.17, CHCl3)); '"H NMR (300 MHz, CDCl3) & 7.41-7.21 (m, 5 H, ArH),
5.47-5.38 (m, 1 H, one proton from HC=C=CH), 5.37-5.30 (m, 1 H, one proton from
HC=C=CH), 5.18 (dd, J; = 5.7 Hz, J, = 2.4 Hz, 1 H, PhCH), 2.33 (s, 1 H, OH),
2.08-1.93 (m, 1 H, CH from Cy), 1.80-1.56 (m, 5 H, five protons from Cy), 1.36-0.98
(m, 5 H, five protons from Cy); >*C NMR (75 MHz, CDCls) & 200.9, 143.1, 128.3,
127.5, 126.1, 101.2, 97.0, 72.1, 37.0, 32.9, 26.0, 25.9; IR (neat) v (cm™") 3365, 3062,
3029, 2924, 2850, 1961, 1602, 1492, 1449, 1014; MS (EI) m/z (%): 228 (M", 1.93),
107 (100).

24. Preparation of (R,S,)-4ke (hx-11-13)
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OH §Cy

= [ ), Ph CuBr, (20 mol%) —<I\
(R)1 kPh ' CZ:HO ' ” ,§th dioxane, 130 °C, 12 h o OH :
(99.2% ee) 1.5equiv (R)-3 (R,S,)-4ke
1.5 equiv 1.0 mmol 67%, 98% de, >99% ee

The reaction of CuBr; (45.0 mg, 0.2 mmol), (R)-1k (197.6 mg, 1.5 mmol), (R)-3
(254.0 mg, 1.0 mmol), and 2e (169.2 mg, 1.5 mmol) in dioxane (3.0 mL) afforded
(R,Sa)-4ke (153.4 mg, 67%) (eluent: petroleum ether/ethyl acetate = 12/1) as a liquid:*
98% de, >99% ee (major isomer) (HPLC conditions: Chiralcel OD-H column,
hexane/i-PrOH = 98/2, 1.0 mL/min, A = 214 nm, tg(major) = 13.4 min; [a]p? = +73.0
(c = 1.165, CHCls) (reported value: 93% de, >99% ee; [o]p™ = +60.8 (c = 0.62,
CHCls)); "H NMR (300 MHz, CDCls) & 7.41-7.21 (m, 5 H, ArH), 5.47-5.38 (m, 1 H,
one proton from HC=C=CH), 5.37-5.30 (m, 1 H, one proton from HC=C=CH), 5.19
(d, J = 5.7 Hz, 1 H, PhCH), 2.40 (s, 1 H, OH), 2.07-1.91 (m, 1 H, CH from Cy),
1.80-1.56 (m, 5 H, five protons from Cy), 1.35-0.97 (m, 5 H, five protons from Cy);
*C NMR (75 MHz, CDCl3) & 201.2, 143.2, 128.3, 127.5, 126.0, 100.8, 96.9, 72.3,
37.1, 32.87, 32.85, 26.0, 25.9; IR (neat) v (cm™) 3358, 3062, 3029, 2924, 2850, 1961,
1602, 1493, 1449, 1015; MS (EI) m/z (%): 228 (M", 2.23), 107 (100).

25. Preparation of (R,)-5-Cyclohexyl-2-methyl-3,4-pentadien-2-ol  (Ra)-4le.

(hx-10-172)

:_% Ph CuBr, (20 mol%) M
OH + CyCHO + N Ph :
11 2% H OH dioxane, 130°C,12h  HO Cy
(S)y3

1.5 equiv 1.5 equiv (Ro)-4le
50%, 97% ee

1.0 mmol

The reaction of CuBr; (44.7 mg, 0.2 mmol), 1l (126.8 mg, 1.5 mmol), (S)-3 (253.2
mg, 1.0 mmol), and 2e (168.6 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ry)-4le
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(89.3 mg, 50%) (eluent: petroleum ether/ethyl acetate = 12/1) as a liquid:* 97% ee
(HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 95/5, 0.6 mL/min, A =
214 nm, tg(major) = 8.9 min, tx(minor) = 10.2 min); [o]p”" = -99.2 (¢ = 0.97, CHCl;)
(reported value: 97% ee; [a]p™ = -99.5 (¢ = 1.15, CHCls)); '"H NMR (300 MHz,
CDCls) 6 5.38-5.26 (m, 2 H, CH=C=CH), 2.07-1.92 (m, 1 H, CH from Cy), 1.84-1.59
(m, 6 H, OH and five protons from Cy), 1.34 (s, 6 H, Me x 2), 1.37-0.98 (m, 5 H, five
protons from Cy); °C NMR (75 MHz, CDCls) & 199.1, 102.1, 101.0, 69.5, 37.2,
33.02, 32.99, 30.0, 29.9, 26.03, 26.00; IR (neat) v (cm™) 3358, 2974, 2925, 2851,
1960, 1448, 1373, 1361, 1228, 1149; MS (EI) m/z (%): 180 (M", 0.29), 165 (M-Me)",
3.81), 59 (100).

26. Preparation of (Ry)-1-(3-Cyclohexylpropa-1,2-dienyl)cyclohexanol (Rj)-4me.

(hx-10-180, hx-10-181)

H
Ph CuBr; (20 mol% N
gy: + CyCHO + OY 2 ©_, HO Cy
= N Ph .
~ OH H OH dioxane, 130 °C, 12 h

2e
m _ (S)-3
1.5 equiv 1.5 equiv 1.0 mmol (R.)-4me

53%, 98% ee

The reaction of CuBr; (44.9 mg, 0.2 mmol), 1m (186.8 mg, 1.5 mmol), (S)-3 (252.7
mg, 1.0 mmol), and 2e (168.2 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4me
(115.6 mg, 53%) (eluent: petroleum ether/ethyl acetate = 20/1) as a liquid:* 98% ee
(HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 100/1, 0.5 mL/min, A =
214 nm, tg(major) = 23.5 min, tg(minor) = 26.2 min); [a]p>’ = -106.6 (¢ = 1.21,
CHCls) (reported value: 96% ee; [o]p™" = -108.6 (¢ = 0.98, CHCls)); 'H NMR (300
MHz, CDCls) 6 5.31 (d, J = 4.2 Hz, 2 H, CH=C=CH), 2.08-1.90 (m, 1 H, CH from

S25



Cy), 1.87-1.40 (m, 15 H), 1.40-1.00 (m, 6 H); °C NMR (75 MHz, CDCl;) & 199.9,
101.3, 100.8, 70.4, 38.4, 38.2, 37.2, 33.1, 33.0, 26.00, 25.97, 25.5, 22.4; IR (neat) v
(cm’™) 3373, 2926, 2851, 1960, 1448, 1347, 1262, 1242, 1146, 1056, 1034; MS (EI)
m/z (%): 220 (M, 0.69), 99 (100).

27. Preparation of (R,)-5-cyclohexylpenta-3,4-dien-1-ol (Ry)-4ne. (hx-12-49)

= O*Ph CuBr, (20 mol%) M
\ OH+ CyCHO + N Ph / Cy

1n 2e H OH dioxane, 130 °C, 12 h HG
1.5 equiv 1.5 equiv (S)-3 (Ra)-4ne
1.0 mmol 57%, 95% ee

The reaction of CuBr; (44.9 mg, 0.2 mmol), 1n (107.2 mg, 1.5 mmol), (S)-3 (253.2
mg, 1.0 mmol), and 2e (169.4 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ry)-4ne
(94.4 mg, 57%) (eluent: petroleum ether/ethyl acetate = 8/1) as a liquid: 95% ee
(HPLC conditions: Chiralcel IC column, hexane/i-PrOH = 100/1, 0.6 mL/min, A =
214 nm, tg(minor) = 33.8 min, tr(major) = 36.4 min); [a]p®’ = -86.7 (c = 0.925,
CHCl); 'H NMR (300 MHz, CDCl3) & 5.23-4.96 (m, 2 H, CH=C=CH), 3.69 (t, J =
5.9 Hz, 2 H, OCH,), 2.31-2.06 (m, 3 H, OH + CH,), 2.05-1.87 (m, 1 H, CH from Cy),
1.82-1.52 (m, 5 H, five protons from Cy), 1.39-0.90 (m, 5 H, five protons from Cy);
*C NMR (75 MHz, CDCls) & 203.3, 97.6, 88.0, 61.9, 37.0, 33.0, 32.9, 32.3, 26.0,
25.9; IR (neat) v (cm™) 3340, 2924, 2851, 1961, 1448, 1049; MS (EI) m/z (%): 166

(M", 6.05), 67 (100); HRMS calcd for C;;H;50 [M']: 166.1358, found: 166.1365.
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Control experiments in the main text.

1. Preparation of (Ra)-4ja and (S,S)-5ja. hx-11-64

Ph
_ o CuBr, (20 mol%) H Q\/\Ph
— \OH + n-C7H15CHO + N —— + B OH

Ph oc HO A -
1j 2a FES) 3OH dloxa;i;:rfo C n-CzHis n-CrHis™
| | : 4 .
1.5 equiv 1.5 equiv 1.0 mmol (Ra)-4ja (S,Sy5ja gy
25% NMR yield 66% NMR yield
21%, 99% ee 38%, >99% de

To a flame-dried Schlenk tube equipped with a polytetrafluoroethylene plug were
added CuBr, (44.6 mg, 0.2 mmol), (S)-3 (253.7 mg, 1.0 mmol), 1j (85.3 mg, 1.5
mmol)/dioxane (1.5 mL), and 2a (192.1 mg, 1.5 mmol)/dioxane (1.5 mL)
sequentially under nitrogen atmosphere. The Schlenk tube was then sealed by
screwing the polytetrafluoroethylene plug tightly with the outlet connected to the
vacuum line and the nitrogen flow being closed (For an apparatus, see page S2). The
Schlenk tube was then stirred in an oil bath preheated at 130 °C for 5 min. After
cooling to room temperature, the crude reaction mixture was filtrated through a short
pad of silica gel eluted with EtOAc (30 mL). After evaporation, the NMR yields for
(Ra)-4ja (25%) and (S,S)-5ja (66%) were determined by 'H NMR of the crude
product with mesitylene (46 pL) as the internal standard. Chromatography on silica
gel (eluent: petroleum ether/ethyl acetate (8/1 to 5/1)) afforded pure (S,S)-5ja (162.4
mg, 38%) and impure (Ry)-4ja (48.7 mg).

The impure (Ra)-4ja obtained was dissolved in ether (30 mL) and washed with an
aqueous solution of hydrochloric acid (3 M, 20 mL). The organic layer was separated,
and the aqueous layer was extracted with ether (20 mL). The combined organic layer
was washed with brine and dried over anhydrous Na,SO4. After filtration and
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evaporation, the residue was purified by chromatography (eluent: petroleum
ether/ethyl acetate = 8/1) on silica gel to afford pure (Ra)-4ja (35.3 mg, 21%).
(Ra)-4ja: 99% ee (HPLC conditions: Chiralcel AS-H column, hexane/i-PrOH = 100/1,
0.6 mL/min, A = 214 nm, tr(major) = 12.9 min, tg(minor) = 13.5 min); "H NMR (300
MHz, CDCl;) 6 5.37-5.24 (m, 2 H, CH=C=CH), 4.11 (dd, J, = 5.4 Hz, J, = 3.3 Hz, 2
H, OCHy), 2.08-1.96 (m, 2 H, CH,), 1.64 (s, 1 H, OH), 1.48-1.20 (m, 10 H, CH; x 5),
0.88 (t, J = 6.8 Hz, 3 H, Me).

(S,9)-5ja: liquid; [a]p™® = -104.1 (c = 1.05, CHCl3); '"H NMR (300 MHz, CDCl;) &
7.68-7.58 (m, 2 H, ArH), 7.57-7.50 (m, 2 H, ArH), 7.30-7.17 (m, 4 H, ArH), 7.17-7.06
(m, 2 H, ArH), 4.62 (bs, 1 H, OH), 4.28 (d, J = 1.5 Hz, 2 H, OCH,), 4.15 (dd, J = 8.6
Hz,J=4.4 Hz, 1 H, CH), 2.99-2.74 (m, 2 H, CHy), 2.64 (t,J=7.7 Hz, 1 H, CH), 2.07
(bs, 1 H, OH), 1.90-1.56 (m, 4 H, CH, x 2), 1.41-0.79 (m, 15 H, CH, x 6 and Me); "°C
NMR (75 MHz, CDCl;) 6 147.8, 146.3, 128.0, 127.9, 126.3, 126.1, 125.5, 125.3, 84.6,
82.6, 77.7, 68.6, 53.6, 51.1, 48.5, 35.0, 31.6, 29.4, 29.0, 28.7, 26.1, 24.4, 22.5, 14.0;
IR (neat) v (cm™) 3381, 3084, 3059, 3031, 2927, 2856, 2248, 1596, 1492, 1449, 1377,
1314, 1184, 1123, 1033; MS (ESI, m/z) 420 (M+H"); HRMS calcd. for CogH3sNO,
(M+H"): 420.2897; Found: 420.2887.

2. Conversion of (S,S)-5ja with 20 mol% of CuBr;. (hx-11-80)

Ph
Q\ﬁph CuBr, (20 mol%) JH

N ~ HO n-C7H1s
n-CrHis™ dioxane-dg,130 °C R.)-4i
2 h ( a)' Ja
(S,S)-5ja OH 53% NMR yield
47%, 96% ee
0.2 mmol

To a dried NMR-tube were added CuBr;, (9.0 mg, 0.04 mmol), (S,S)-5ja (83.3 mg,
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0.2 mmol)/dioxane-ds (0.6 mL), and mesitylene (18.4 pL, 0.4 mmol, the internal
standard) sequentially. Then the NMR tube was sealed with a plastic cap and wrapped
tightly with polytetrafluoroethylene tape followed by the first '"H NMR test. Then the
tube was placed into a pre-heated oil bath at 130 °C and shook with hand for every 5
min followed by the second '"H NMR test. The same operations were carried out for
another 5 min, 5 min, 5 min, 5 min, 5 min, 10 min, 10 min, 10 min, 30 min, 30 min
respectively.

The resulting mixture was diluted with ether (20 mL) and washed with an aqueous
solution of hydrochloric acid (3 M, 20 mL). The organic layer was separated and the
aqueous layer was extracted with ether (20 mL). The combined organic layer was
washed with brine and dried over anhydrous Na,SO,. After filtration and evaporation,
the residue was purified by chromatography (eluent: petroleum ether/ethyl acetate =
8/1) on silica gel to afford (Ra)-4ja (15.8 mg, 47%) as a liquid: 96% ee (HPLC
conditions: Chiralcel AS-H column, hexane/i-PrOH = 200/1, 0.6 mL/min, A = 214 nm,
tr(major) = 21.2 min, tg(minor) = 22.3 min); 'H NMR (300 MHz, CDCl3)  5.37-5.24
(m, 2 H, CH=C=CH), 4.11 (dd, J; = 5.4 Hz, J, = 3.3 Hz, 2 H, OCH,), 2.08-1.96 (m, 2
H, CH,), 1.57 (bs, 1 H, OH), 1.48-1.20 (m, 10 H, CH; x 5), 0.88 (t, J = 6.8 Hz, 3 H,

Me).

Deuterium-labeling experiment

1. Preparation of (S)-diphenyl(pyrrolidin-2-yl)methanol (S)-3-D,. (hx-12-23)
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LiAID,4 (1.5 equiv)
07N Ph  0°Ctort,6h DN UPh
H  OH then reflux 12 h (S)-3-D,
(S)-9 71%

To a flame-dried three-necked bottle were added LiAlD4 (0.5047 g, 12.0 mmol) and
THF (30.0 mL) in a N, atmosphere. Then the solution was cooled to 0 °C and (S)-9
(2.1365 g, 8.0 mmol) was added slowly at 0 °C. The mixture was stirred at room
temperature for 6 hours and then refluxed at 80 °C for 12 hours. The reaction was
quenched with 30 mL of Na,SO4 (aq., sat.) carefully and a lot of jelly appeared. Then
30 mL of THF were added and the resulting mixture was stirred vigorously. After
standing, the upper clean liquid was separated and the remaining jelly was washed
with ethyl ether (30 X2 mL). The combined organic phase was dried over anhydrous
Na,SO4. After filtration and evaporation, the residue was purified by chromatography
(eluent: ethyl acetate to ethyl acetate/MeOH = 10/1 to dichloromethane/MeOH = 5/1)
on silica gel to afford (S)-3-D, (1.4460 g, 71%) as a white solid; m.p. 135-137 °C
(MeOH/n-hexane); 'H NMR (300 MHz, MeOD) & 7.67-7.59 (m, 2 H, Ar-H),
7.55-7.49 (m, 2 H, Ar-H), 7.41-7.29 (m, 4 H, Ar-H), 7.28-7.17 (m, 2 H, Ar-H),
4.65-4.54 (m, 1 H, CHN), 1.98-1.81 (m, 4 H, 2X CH,); ">C NMR (75 MHz, MeOD) &
146.7, 146.3, 130.6, 130.4, 129.5, 129.4, 127.7, 127.6, 79.3, 68.8, 28.0, 26.1; IR (neat)
v (em™) 3345, 3257, 3059, 3025, 2937, 2739, 2566, 1560, 1493, 1449, 1386, 1165,
1066; MS (EI) m/z (%): 255 (M", 0.01), 72 (100); HRMS calcd for C;7H;7D,NO [M]:

255.1592, found: 255.1592.

2. Preparation of (R,)-2,3-undecadien-1-ol (Ry)-4ja-D. (hx-12-32)
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(>94%D)

o CuBr, (20 mol%) D H
— \ + n-C7H15CHO + D&Ph > 4>:.:\
. OH D™ °N LPP dioxane, 130 °C HO n-C7His

b 2a (SH)3D 12 h (R,)-4ja-D
i ; ~omH2 a)-4ja-
1.5 equiv 1.5 equiv 1.0 mmol 19% yield, 94% ee

Following Typical Procedure I: The reaction of CuBr, (44.5 mg, 0.2 mmol), 1j
(84.9 mg, 1.5 mmol), (5)-3-D, (258.3 mg, 1.0 mmol), and 2a (192.1 mg, 1.5 mmol) in
dioxane (3.0 mL) afforded (Ra)-4ja-D (32.5 mg, 19%) (eluent: petroleum ether/ethyl
acetate = 10/1) as a liquid: 94% ee (HPLC conditions: Chiralcel As-H column,
hexane/i-PrOH = 200/1, 0.6 mL/min, A = 214 nm, tg(major) = 29.1 min, tg(minor) =
30.8 min); '"H NMR (300 MHz, CDCl;) & 5.38-5.23 (m, 1.06 H, CH=C=CH),
4.19-4.01 (m, 2 H, OCH,), 2.11-1.92 (m, 2 H, CH), 1.52-1.16 (m, 11 H, OH + CH, %
6), 0.88 (t, J = 6.8 Hz, 3 H, Me); °C NMR (75 MHz, CDCl;) for (Ra)-4ja-D & 203.0,
94.2, 91.5 (t, Jo.p = 24.8 Hz), 60.7, 31.8, 29.1, 29.0, 28.6, 22.6, 14.1; °C NMR (75
MHz, CDCl;) the following signal is discernible for (Ra)-4ja 6 94.1, 91.7, 60.8; IR
(neat) v (cm™) 3342, 2959, 2926, 2855, 1950, 1466, 1403, 1376, 1015; MS (EI): m/z
(%) 169 (M", 0.11), 56 (100); HRMS calcd for C;;H;oDO [M']: 169.1577, found:

169.1583.

KIE study of (Ra)-2,3-undecadien-1-ol (Ra)-4ja-D. (hx-12-47)

(34%D)
= CuBr, (20 mol%)  (D)H H
= + n-C,H;sCHO + i&Ph ) | .
1j on 2a H OHPh dioxane,130 °C HO n-C;Hqs
- 12 h din.
1.5 equiv 1.5 equiv (g) g B (R,)-4ja-D
( )_ G 38% KH/D =20
Y =H, 0.5 mmol

D, 0.5 mmol
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Following Typical Procedure I: The reaction of CuBr, (44.7 mg, 0.2 mmol), 1j
(87.0 mg, 1.5 mmol), (S)-3-D; (127.6 mg, 0.5 mmol), (S)-3 (127.4 mg, 0.5 mmol) and
2a (193.9 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4ja-D (63.5 mg, 19%)
(eluent: petroleum ether/ethyl acetate = 8/1) as a liquid; 'H NMR (300 MHz, CDCls)
0 5.39-5.19 (m, 1.66 H, CH=C=CH), 4.19-3.90 (m, 2 H, OCH,), 2.11-1.86 (m, 3 H,
OH + CH,), 1.50-1.16 (m, 10 H, CH, x 5), 0.88 (t, J = 6.6 Hz, 3 H, Me); °C NMR
(75 MHz, CDCls) for (Ra)-4ja-D 6 202.9, 93.83, 91.34 (t, Jc.o = 25.2 Hz), 60.67,
29.06, 29.05, 29.0, 28.6; °C NMR (75 MHz, CDCls) the following signal is
discernible for (Ra)-4ja & 93.77, 91.6, 60.73.

Kinetic experiments

(1) The kinetic experiment of 1j, 2a and S-3 at 70 °C

__ Ph CuBr; (20 mol%)
——\OH + n-C;H45sCHO + Q\/\Ph > (R,)-4ja+ (S,S)-5ja
H dioxane, 70 °C

1j 2a H
' _ (S)-3
1.5 equiv 1.5 equiv 25.0 mmol

To a flame dried three-necked flask were added CuBr; (1.1208 g, 5.0 mmol), (S)-3
(6.3255 g, 25 mmol), 1j (2.1056 g, 37.5 mmol)/dioxane (35.0 mL), and 2a (4.8072 g,
37.5 mmol)/dioxane (40.0 mL) sequentially under nitrogen atmosphere. Then the
flask was placed in an oil bath preheated at 70 °C with stirring vigorously. 0.6 mL
each of reaction mixture was taken after 0.17 h, 0.83 h, 1.67 h, 2.67 h, 8 h,
respectively, with a syringe (1.0 mL), which was filtrated through a pipette fitted with
a cotton ball eluted with EtOAc (20 mL). After evaporation, the five samples were
tested with 18.4 uL of mesitylene as the internal standard by '"H NMR analysis with

the results being summarized in Table S1.
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Table S1: The kinetic experiment of 1j, 2a and S-3 at 70 °C

Entry Time (h) Yield of (Ra)-4ja Yield of (S,S)-5ja
1 0.17 8.3 67.6
2 0.83 19.5 49.2
3 1.67 244 46.5
4 2.67 28 42.6
5 8 33.7 32.1

(2) The kinetic experiment of 1j, 2a and tetrahydropyrrole at 70 °C

L

L CuBr; (20 mol%)
— \_  + n-C;H45CHO + Z S > rac-4ja + ,,_
1j OH ! 215 N dioxane, 70 °C Crtis \\
a

1.5 equiv 1.5 equiv 25.0 mmol

5ja OH
To a flame dried three-necked flask were added CuBr, (1.1218 g, 5.0 mmol),
dioxane (30.0 mL), tetrahydropyrrole (2.06 mL, d = 0.86 g/mL, 25 mmol)/dioxane
(15.0 mL), 1j (2.1065 g, 37.5 mmol)/dioxane (15.0 mL) and 2a (4.8072 g, 37.5
mmol)/dioxane (15.0 mL) sequentially under nitrogen atmosphere. Then the flask was
placed in an oil bath preheated at 70 °C with stirring rapidly. 0.6 mL each of reaction
mixture was taken after 0.17 h, 0.83 h, 1.67 h, 2.67 h, 8 h, respectively, with a syringe
(1.0 mL), which was filtrated through a pipette fitted with a cotton ball eluted with
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EtOAc (20 mL). After evaporation, the five samples were tested with 18.4 uL of
mesitylene as the internal standard by 'H NMR analysis with the results being
summarized in Table S2.

Table S2: The kinetic experiment of 1j, 2a and tetrahydropyrrole at 70 °C

Entry Time (h) Yield of rac-4ja Yield of 5ja’
1 0.17 0 0
2 0.83 0 0
3 1.67 0 0
4 2.67 0 0
5 8 0 0

Control experiment with CuBr under the standard conditions. hx-13-4

Ph
_ pr,  CuBr (20 moi%) H Q\ﬁph
- \OH + n-C7H15CHO + N P— N + H OH

\
1j 2a H OHPh dioxane, 130 °C HO n-CzHis n-CrHis™
. : (S)-3 12h (R.)-4ja :
1.5 equiv 1.5 equiv 2.0 mmol (S,Sy8ia oy
’ 50% NMR yield
48%, 98% ee 31% NMR yield

To a flame-dried Schlenk tube equipped with a polytetrafluoroethylene plug were
added CuBr (57.7 mg, 0.4 mmol), (S)-3 (506.0 mg, 2.0 mmol), 1j (168.6 mg, 3.0
mmol)/dioxane (3.0 mL), and 2a (384.2 mg, 3.0 mmol)/dioxane (3.0 mL)
sequentially under nitrogen atmosphere. The Schlenk tube was then sealed by
screwing the polytetrafluoroethylene plug tightly with the outlet connected to the
vacuum line and the nitrogen flow being closed (For an apparatus, see page S2). The
Schlenk tube was then stirred in an oil bath preheated at 130 °C for 12 h. After
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cooling to room temperature, the crude reaction mixture was filtrated through a short
pad of silica gel eluted with EtOAc (30 mL). After evaporation, the NMR yields for
(Ra)-4ja (50%) and (S,5)-5ja (31%) were determined by 'H NMR of the crude
product with mesitylene (92 pL) as the internal standard. Chromatography on silica
gel (eluent: petroleum ether/ethyl acetate (10/1 to 5/1)) afforded impure (Ra)-4ja,
which was then dissolved in ether (30 mL), and washed with an aqueous solution of
hydrochloric acid (v/v = 10%, 20 mL). The organic layer was separated and the
aqueous layer was extracted with ether (20 mL). The combined organic layer was
washed with brine and dried over anhydrous Na,SO4. After filtration and evaporation,
the residue was purified by chromatography (eluent: petroleum ether/ethyl acetate =
8/1) on silica gel to afford (Ra)-4ja (159.9 mg, 48%): 98% ee (HPLC conditions:
Chiralcel AS-H column, hexane/i-PrOH = 200/1, 1.0 mL/min, A = 214 nm, tg(major)
= 28.8 min, tg(minor) = 32.0 min); 'H NMR (300 MHz, CDCl3) & 5.40-5.24 (m, 2 H,
CH=C=CH), 4.12 (dd, J; = 5.3 Hz, J; = 3.2 Hz, 2 H, OCH,), 2.08-1.96 (m, 2 H,

CH,), 1.58 (s, 1 H, OH), 1.48-1.20 (m, 10 H, CH, x 5), 0.88 (t, J = 6.8 Hz, 3 H, Me).
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LLeRTM: 2014-08-12, 10:11:28

txj—-8-112

WERE: 2014-08-12, 10:29:35

B IO F: \s1F\tx j\2014-08-12\tx j-8-112\tx j-8-112-As—h-
500+1-1. 0-214. org

LA AR
As-h  500¢1
214nm 1. 0ml/min
5,14 P8l (tx j-8-112-As-h-500+1-1. 0-214. org)
300
280
260
240
220 H
200 ==
180 HO n-C3H? .
w0
3 (an :
120
# 100
80
60
40
20 w
0 ~
-20 <
40 J - .
012 3 456 7 8 91M111213141516171819202122232425262728293031
B 8] (min)
SERE
(354 2] R BT f (] i W AR TR
1 18. 965 165950. 688 6295130, 000 96. 8098
2 20. 735 5739. 358 207447. 063 3.1902
B 171690. 046 6502577. 063 100. 0000
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txj-8-111

SEESRY(A): 2014-08-12, 11:48:30 HERE: 2014-08-12, 11:49:43
O \s1f\txj\2014-08-12\tx j-8- 1L I\NSFEESCHFSE (3) \txj-
8-111-As-h-500+1-1. 0-214. org

FH R A
As-h 500+1
214nm 1. 0ml/min

i Be (txj-8-111-As-h-500+1-1. 0-214. org)

140 H
120 HO—/ :n_ CaH,

100 rac-4jh

81 [k (mv)
@
=
—_——19.102
20.742

-40

012 3 4567 8 9 1111213141516 17 18192021 22 23 24 25 26 27 28 29 30 31

58] (min)
SITGERE
%5 4 fREIRT ) UG T CF
1 19.102 98378. 750 3633629. 750 50, 2826
2 20.742 80226. 945 3592785. 750 49,7174
J=%73 178605. 695 7226415. 500 100. 0000

S40
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SOLVENT: CDCI3
NA =

Oct 28 2014
F1

ct-6-98-H
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jr.sa

(00

190

{

" -

PPM

I
0




e

R S
o T |

£bL 09— X
d
T .=
[R:1°X+7] : “
00042 } T
glLe'sl of
o)
o9 —— T
¥68°¢6
89582 — —
LELBE — —-_:__\
N
e
=
M~
o ™
186207 ——— 8 S
Epog
ORz8
g EE} >
g
2D O e
BoOwZuw

S42

200

—




i ct—6-98-as—h-100-1-0, 7-214

SERA E]: 2014-10-28, 10:22:05
% E 4 D:\zhuguang jiong\ct\20141028\ct-6~98-as-h-100-1-
21

R4l 2014-10-28, 12:12:05

1 (ct-6-98-as—h-100-1-0. 7-214. org)

1,500
1,400
1,300
1,200
1,100

900

700
600
500
400
300
200
100

B JE (mv)

H

&

1,000 !
HO n-CsHaq

800 (Ra)-4ji

14.230

F15.457

0=

8 9 10 11 12
i} (7] (min)

SITEERE

] i 4 TR BT i [R]

]

14 15 16

i T £

17

18

G

1 14. 230
2 15. 457

529373.375
13482. 842

9708967. 000
246626. 875

97. 5227
2.4773

S43

542856. 217

9955593. 875

100. 0000



i hx-11-15~-as~h-100-1-0. 7-214

Sauft e 2014-10-28, 11:01:00 HER M. 2014-10-28, 12:10:51
B M35 :D:\zhuguang jiong\ct\20141028\hx-11-15-as-h-100-1-
. 7-214. org

=]

3

FHABTA

{548 A (hx-11-15-as—h—100-1-0. 7-214. org)

2,400
2,200
2,000 H

1,800 AEk
HO—/_.:<H-C:5H1 1

1,600 (Ra)'d'll
< 1,400
=]

5 1,200

14.007

14.968

1,000
800
600
400
200

| Y,

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

i 4] (min)
AHRR
6 47 {R B B[R] e U T R 5K
1 14. 007 913066. 063 17431218. 000 49. 9104
2 14. 968 723741.875 17493836. 000 50. 0896
=it 1636807. 938 34925054. 000 100. 0000

s44
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60¢°G
LIE'S
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6€e'S

1.000 sec

2g30

2014-10-20 21:09:56.718
Pulse length = 14.000 usec

USER: nmr
Relaxation delay =
21

hx-12-51
SOLVENT: CDCI3
Experiment

NA

NTHOFTOTN—OMN L
DU NMANTCOODOMNMNAN
SS88S530aaRTY
NANANANNANN™ ™ =~
H \\
n-CeH13 :
.e i
(Ro)-4i \

LT,
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N2000 #x38 I TEIE

hx-12-51
SCIG AL zju SEIE: hx
SCUSETIE . 2014-10-20,20:01:01 WA 2014-10-20, 20:59:29
8 S 4% D2 \MT K 434 \N2000\ i & \B0463. org BN mRE—E

LRARFEAN:
AS-H, hexane/i-PrOH = 200/1, 0.6 ml/min, 214 nm

1

3% & (B0463. org)

450 o I _
400
H
© 350 /’;':)\
HO n-Cefra

300 (Ra)-4ii
% 250
H
1 200

150

100

50 r
0
0 5 10 15 25 30 35 40 45 50 55
it 8] (min)
AMERR
S [c:21 R E Bt E G s T R 5B
1 30.933 459540. 313 16519109. 000 97. 1802
2 32.857 12813. 842 479326. 281 2.8198
Bit 472354. 154 16998435. 281 100. 0000
2014-10-20 ST A BT RE 18 M FA ST

S47



N2000 #x3g X TE3S

hx-12-
SEEiﬁiii zju LR
SEIOEY[R) 2014 10-20, 19:07:21 R
S tF D: \ Wi A 814 \N2000\#¥ £ \B0462. org Bar i mR
TRA

i
AS-H hexane/l-PrOH = 200/1,

0.6 ml/min, 214 nm

i [ (B0462. org)

fj 2014 10-20, 20:04:03

240
220
200
180
160

g 10

1 120
100

80
60
40
20

n-CeHys

HO
rac-4jj

5] e 47

10 15 20 25
B 8] (min)

AERR

{R R [R] e 755

30

40 45 50

T AR G-

31.058
32.772

246574. 344
222213. 328

9034512. 000 50. 1754
8971342. 000 49. 8246

Bit

2014-10-20

468787. 672

S48

18005854. 000 100. 0000

FFST AT RE 18 LT
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USER: nmr

SOLVENT: CDCI3
Experiment =

Pulse length = 14.000 usec
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N2000 #k3I8TTEIS

hx-11-198
SKIEAT: 2 ju BT
%ﬂn‘rﬁl 2014 10-01,19:35:1 Tﬁ%h‘ 1 2014 10-01, 20:15:21
WSO :D: \%k%ﬁwzoom#m\magz org Mo FmRE—&
LR AAE N

AS-H column, n-hexane/iPrOH = 200/1, 214 nm, 0.6 ml/min

£8,1% & (B0392. org)

600 -
550 '
500 H

. 450 HOﬁH-C7H15
400 (Ra)-4ja

. 350

= 300

# 250
200
150
100

50

0 5 10 15 20
Bt /] (min)

SIERE
55 42 PR ) G

30 35

e T AR Gl

1 20.115 589635. 563
2 21.332 14971. 066

13376813. 000 97. 5432
336924. 938 2. 4568

Bt 604606. 629

2014-10-01

S51

13713737.938 100. 0000

IFL A B AT RE 18 R TFIST



N2000 #c38 T TEIE

hx-11-185
LRHLL: 2 LIk
&EEPHH 2014 10-01, 19:06:08 ?ﬁ%ﬂ'ﬂﬂ 2014 10-01, 19:33:05
T 81 SCAF 1D \ M K B 1% \N2000\#% 5 \B0391. org B HE HRE—E

TN EE N
AS-H column, n-hexane/iPrOH = 200/1, 214 nm, 0.6 ml/min

3% & (B0391. org)

170
160
150
140 o I
130
120
110
100
90 HO
80 rac-4ja
70]
60
50
40
30

Bk (mv)

20|
10
0

|

-10
0 2 4 6 8 10

14 16 18 20 22 24

ﬂTlfi] (min)

SRERE

5 e 27 TR B[]

e 7 U T AR GRS

1 19. 885
2 20. 887

173137. 375 3554481. 000 50. 3168
154004. 016 3509724. 500 49, 6832

St

2014-10-01

S52

327141. 391 7064205. 500 100. 0000

IFL A S AT RE 18 R T FT
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2014-10-23 20:37:08.593

USER: nmr

n-C7Hy5

HO

f13

1[0’.47

(Ra)-4ja

zg30
= 1.000 sec

8

Pulse length = 14.000 usec

SOLVENT: CDCI3
Experiment
Relaxation delay

NA
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N2000 #kiBTTF3S

hx-12-59
LB zju SCS
SLEIGRT(A]: 2014-10-24,9:48:35 ﬁi%h‘fﬁj *2014-10-24, 10:53:51
W SCAF D2 \ B K14 \N2000\ BE £ \BO496. or'g By mRE—%
LW A A
AS-H, hexane/i-PrOH = 200/1, 0.6 ml/min, 214 nm
fai & (B0496. org)
800
750
700
650
600 T e
550,
500 H
5 450
i 400 HO—/=.=\n-C7H15
0 3501 R
300 (Ra)-4ja
250
200
150
100
50
S I N a Ll |
0 5 10 15 20 25 30 35 40 45 50 55
A 18] (min)
SMERE
5 42 R B i ] L9 I TH AR R
1 26. 668 790162. 625 23602220. 000 97. 6886
2 28. 415 19864. 154 558444. 500 2.3114
Bt 810026. 779 24160664. 500 100. 0000
2014-10-24 FFSL A S 45 SE 18 M TF ST
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N2000 #kIEBTESS '

hx-11-185
SIS R, zju LS. hx -
SEIORTE]: 2014-10-24,9:11:01 IR HTE]: 2014-10-24, 9:45:43
WL SCHF D \ MK BIE \N2000\ £ 5 \B0495. org Mamsk - mRR—%

4

FR N AE N
AS-H, hexane/i-PrOH = 200/1, 0.6 ml/min, 214 nm

81 B (B0495. org)

280
260
240 e e e T
220
200 n-CrHis
180 HO
E::G rac-4ja
i 10
& 120
100
80
60
40
: b )
0] N_
0 5 10 15 20 25 30
B} 18] (min)
SNERR
[l =7 [l 34 oz MR g T AR £
1 27. 200 283049, 375 7860046. 000 50. 1559
2 28. 750 251405. 078 7811197. 000 49. 8441
Bt 534454. 453 15671243. 000 100. 0000
2014-10-24 HFIL K S AP RE 14 M TF 50 S5
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2014-10-28 21:31:44.000

USER: nmr

n-CgHy7

1{{.71

.18

(Ra)-4jk

HO

= 1.000 sec

Pulse length = 14.000 usec
8

SOLVENT: CDCI3
Experiment = zg30
Relaxation delay

NA =
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N2000 #xigx1EXS

FWALL: zju

SeOHE . 2014-10-25, 21:31:23
WSO D2 \ BT K % 3K \N2000\ ## 5 \B0512. org

LRABEN:

hx-12-62

: h

AS-H, n-hexane/iPrOH = 200/1, 214 nm, 0.6 ml/min

i & (B0512. org)

JaHE. hx
REBE: 2014-10-25, 22:20:30
Bk mRR—

750
700
6501 a T T e
600
550 H
500 \
450 HO _"n-CgHyy
E 400 (Ra)-4jk
1 350
# 300
250
200
150 -
100
v I S
0
0 5 10 15 20 25 30 35 40 45
i 8] (min)
SRR
2 353 [ 24 fREE R W 7 e T TR
1 24.018 727514. 063 19066170. 000 97. 5350
2 25. 600 17350. 953 481857. 625 2. 4650
Bit 744865. 016 19548027. 625 100. 0000
2014-10-25 FIFIL A S 47 FE 18 4 TF 50 S5
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N2000 k32T tE3&

SLIGHAT: zju

Lo AT E] . 2014 10-25, 20:49:50
SO D: \# A8 % \N2000 \ BE £ \BO5 1. org

LRAREN:

hx-12-48

SIS

AS-H, n-hexane/iPrOH = 200/1, 214 nm, 0.6 ml/min

360
340
320

280
- 260

220

Z 480
23160
140
120}
100
80
60
40

5% & (B0511. org)

%&%BTE] 2014 10-25, 21:29:37
Mo mRA—%

300 I —
240 n-CeHi7
2 200 HO
rac-4jk
0 N

0 2 4 6 8 10 12 14 16 18 20 22 24

26 28 30 32 34 36

Bof 8] (min)
SERE .
5 42 {7 & i} i) 2 312 e T} £ B
1 24. 208 356075. 813 8969040. 000 49,7334
2 25. 595 319364. 969 9065183. 000 50. 2666
Bit 675440. 781 18034223. 000 100. 0000
2014-10-25 ST A S 4F SE 184 SF 52 57
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OLELE

6v.'09

089'0L
000'2L §
0ze'LL

g 6——"

£28'e6

686'20C

'CgH17

ct-6-79-C
Oct 11 2014
SOLVENT: cdcl3
80
100.520737 MHz

S62

HO

(Ro)-4ik

T
PPM

T
150

T
200




)

SEIbwtal. 2014-10-10, 11:46:59
i

ct—6-79-as-300-1-1-214

WEEE: 2014-10-10, 12:38:32

B 3044 :D: \zhuguang jiong\ jxg\20141009\ct6-79-as-300-1-1-

214. . org
SEEAER
i o a1
700 101 P (ct6-79-as-300-1-1-214. . org)
650
600
550
500
450
08 J"Can
i 350 .
300 .
R.)-4jk
250 (Ra)4 -
w
200 2
150 i
100 -
1]
50 Vg
0 P R .
0 1 3 4 5 6 7 8 9 10 11 12 13 14
5 (A (min)
SaMERR
[ 252 [: 224 R ] % W [ FR T8
1 11. 865 157957. 859 2228711, 750 99, 1462
2 12, 453 1556. 399 19192, 471 0. 8538
Bit 156514. 258 2247904. 221 100. 0000

PDF WAEFH “pdfFactorv Pro” RAMASMIE www. fineorint. cn
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jxg—1-30-rac—as-300-1-1-214

SRR 2014-10-10, 12:03:29 RERE: 2014-10-10, 12:36:57
i D \zhuguang jiong\ jxg\20141009\ jxg-1-30-rac-as-300-
1-1-214. . org

EWHEREA

1.000 4% P (ixg-1-30-rac-as-300-1-1-214. , org)

04 (mv)
s
g8
o
(o
W\a
o
(=]
G
]

A\
sg el oo J v \\
1

0 1 2 3 4 5 6 T‘ 8
A 8] (min)

AEREK
35 2 OR B i (] i i T A

15

-

1 L1617 185454. 031 3513074. 000
2 12. 152 229043. 313 3572853. 000

49. 5782
50. 4218

Bit 414497. 344 7085927, 000

PDF SCAFFR "pdfFactorv Pro” iRMASIE www. fineorint. cn
S64
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SOLVENT: CDCI3
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SLELL
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856'€6
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Iwl-5-118C-400M

Oct 26 2014
SOLVENT: edcl3

NA =
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lwl-5-118-as—h-300-1-0. 7-214

FEGHT (] 2014-10-27,12:23:38 #HerafE: 2014-10-27, 16:47:52
D \zhuguang iiong\eT\20141027\ 1wl -5-118-as—h-300-1-
0.7-214..org
LA
1500 6,1 (1wl-5-118-as-h-300-1-0. 7-214. . org) .
1,400
1,300
1,200
1,100
1,000 H
900 HO—/=.=<nCH
E 200 R4
& 700 2)-4i
00
500 T
2
400 8
300
200 ﬂ ]
100 &
i J\E |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
18] (min)
FUTERE
5 i 45 TR B} i e 7 i i ER
1 16, 865 311774. 219 §830430. 000 97. 35801
2 17.732 11937, 540 240369. 516 2, 6499
B2 323711. 759 9070799. 516 100. 0000

S67



FEOWE]: 2014-10-27,11:15:56
P :D: \zhuguang jiong\ct\20141027\ct—6-82-rac—as—h—-300-
1-0. 7-214. . org

ct—6-82-rac—as—h-300-1-0. 7-214

e nE: 2014-10-27, 16:46:38

ERABEML
a0 i 8 (ct—-6-82-rac—as—h-300-1-0. 7-214. . org)
750
700
650
600
550 _/=E<H
oo HO n-CgHig
i 4jl
5400
380 =
300 = §
250 ok
w
200 ™
150
100
50
0
110 11 12 14 15 16 17 18 19 20 21 22
i+ 18] (min)
MTERR
5 LB fREqET[E] B WA =B
1 16. 797 185313. 500 6524928. 500 49, 4554
2 17. 880 240394, 469 6668629. 500 50, 5446
it 425707, 969 13193558. 000 100, 0000
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ct—-6-81-ia-300-1-1-214

SeibEt(E]: 2014-10-11, 14:43:11 B4R 2014-10-11,15:29:39
% B3 D \zhuguang jiong\1wl\20141011\ct-6-81-ia-300-1-1-
214. org

LI AR

125 (ct-6-81-ia-300-1-1-214. org)

700 CoHig
650
550 HO

i (Ra)-4l

8 [ (mv)
s
8

17.728

18.968

50 ' \
D.—.__.J\_._.__,_.—_._.

0 1 2 3 4 5 6 7 88 9 10 11 12 13 14 15 16 17 18 1
i 18] (min)

TIERE
i 5 4 LR B B 1] i 7 i 7] 1 o

«w

20

1 17.728 253951. 594 9382286. 000 98. 9350
2 18. 968 3633. 985 100993. 758 1. 0650

Bit 257585. 578 9483279. 758 100. 0000

PDF WHAFR “ovdfFactorv Pro” W AMRAAIER www. fineorint.cn
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i ct—6-82-rac-ia-300-1-1-214

:':‘EE&H-]’\E“J: 2014-10-11, 12:48:26 R E: 2014-10-11, 15:36:08
1 E 7 :D: \zhuguang jiong\1wl\20141011\ct-6-82-rac-ia-300-1-
1-214. . org
LN ER A
St 0 a0 0] ]
1,300 129 (ct-6-82-rac-ia-300-1-1-214. , org) -
1,200
1,100
1,000
900 5
"CgH [
800 _/==v/ BN |
T 700 HO '
# 800 rac-4jl
e
500 =
400
300 g 2
g 2 |
200 L. ;
100 /\ 1
o L
0 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
18] (min)
STERR
L 35 i 42 £x B e [R) 231 2 37 SR
1 17. 855 151675. 219 4641426. 500 50. 0624
2 19. 310 175117, 688 4629859. 500 49.9376
B 326792. 906 9271286. 000 100. 0000

POF W44 “pdfFactorv Pro” RHERAFIE www. finenrint. cn
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LB2'S
S0E'S
€1e'S
0Ze's
8ze's
SEE'S

N

9le'L

17.60

3.28

4
100.519203 MHz

F1 = 399.722809 MHz

hanyl-3-156-H-400M
F2

Oct 27 2014

NA =
Solvent = CDCI3

n-CyoHy;
(Ra)-4jm

HO
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hanyl-3-156-ia-300-1-1-214

SEIGHTE]: 2014-10-27, 17:33:03 HERFAl: 2014-10-27, 18:00:50
1% B 30 D \zhuguang jiong\hy1\20141027 \hany1-3-156-ia-300~1-
1-214. . org
LI EFE A
1ite P —_ e e W, ey
1,500 434 & (hanyl-3-156-ia-300-1-1-214, . org)
1,400
1,300
1,200
1,100 H
1,000 N
900 HO n-CqoHz1
5 (Ra)-4jm
H 700
600
500
o
400/ &
300 &
200 o
" wn
100 ]
[3']
0_,_,—,1‘\1-;___ e i o
0 2 4 6 8 10 12 14 16 18 20 22 24
B (8] (min)
FERE
it 5 W4 R B 1] T ST HR
1 20. 252 267351, 750 8665986. 000 97, 4259
2 21. 953 B8677. 536 228966. 609 2. 5741
Bit 276029. 286 8894952. 609 100. 0000

S75



hanyl-5-105-ia-300-1-1-214

LIRS 2014-10-27, 16:40:37
&I D: \zhuguang jiong\hy1\20141027\hany1-5-105-ia-300-1-

REEfEl: 2014-10-27, 17:37:05

1-214. org
LI P A
1500 i B (hany1-5-105-1a-300-1-1-214. org)
1,400
1,300
1,200
1,100
1,000 H
© 800 ==
T e00 HO ) n-CyoHy
E 700 (rac)-4jm
& 600
500
400, .
300 % o
200 & &
cH| M
0 . - : |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
B[] (min)
SRR
it W4 R B3 IA] WG T ik
1 20. 042 166376, 344 4677892, 500 49, 7013
2 21.617 171770. 469 4734112. 000 50. 2987
Bit 338146. 813 9412004, 500 100. 0000
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1wl-5-103-ia-300-1-1-214

SR E): 2014-10-11, 11:55:51 fEHTE: 2014-10-11, 15:41:28
1% P {4 :D: \zhuguang jiong\1w1\20141011\1w1-5-103-ia-300-1-1-
214...org

LEAEREN:

- —6-103-1 a-200-1-1—
1,000 il B (1wl -5-103-1a-300-1-1-214. . . org)

e HO—/ n-CqoH21

pi (Ra)-4jm

1 (mv)
F-9
3

28
TTS7.742

19.058

0 _ __J\
¢ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1
£} (] (nin)

TERE
%S i 42 Or B B (5] i 7 i 7] £ wiR

w

20

1 17. 742 190325. 438 5636665. 000 99. 0375
2 19. 058 2362. 942 54778. 160 0.9625

B2it 192688. 380 5691443. 160 100. 0000

PDF WA4FH “pdfFactorv Pro” RARAEGIE www. fineorint. cn
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1wl-5-105-rac—ia-300-1-1-214

_EEQHIT']: 2014-10-11, 11:01:09 R BE: 2014-10-11, 15:38:06
1&%(#20‘. \zhuguangjiong\ 1wi1\20141011\1wl-5-105-rac-ia-300~
1-1-214. .. org

ERAEMEA

% B (1wl-5-105-rac-ia-300-1-1-214. . . org)

650 H

800 ==
550 HO n-CyoHz4

4jm
200
150
100
: J
c -

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

HE (mv)
Fy
3

N
g8
18.007
-19.540

B {8 (min)
SHIERE
&5 %4 {R BB | 33 L Jip P
1 18. 007 174036. 000 6481541. 000 49. 6361
2 19. 540 219611. 266 6576580. 500 50. 3639
Bt 393647. 266 13058121. 500 100. 0000

PDF WH$F “vdfFactorv Pro” iR ARIE www. fineorint.cn
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jxg-1-41-1a-300-1-1-214

SIGRIA]. 2014-08-11, 18:12:34 R W R 2014-08~11, 15:46:02
W B I D \zhuguang jiong\ jxg\ 20110811\ jxg-1-41-ia-h-300-1-
1-214. org
LR ERr-
" a0 Eil M (jxg-1-41-ia-h-300-1-1-214. org)
4350 ’ H
400
350 H
300 HO—/:.:\.'}—CnHza
E 250 (Ra)-4jn
H !
# 200 § I
=
150 ‘R‘\
100 / \
|i \
o
50 ' [ \ o
| ™~
o . ~ Jo\_8
0 123 456 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 26 29 30 31
it 8] (i)
SERE
&S e fR B ) o] i g W TE AR 5B
1 24, 428 151431. 531 9186750. 000 96. B8TE
2 27.723 5941, 284 314729. 219 3.3124
Bt 157372. 815 9501479, 219 100. 0000

PPF CAEHE ”DdfFaCLor\; Pro” RHEAAME ww. Fineprint. en
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jxg—1-41-rac—-ia-300-1-1-214

SCIBRYE]: 2014-08-11, 17:09:48 BB B
SE L {F:D: \zhuguang jiong\ jxg\2014081 1\ jxg-1-41-rac—ia~h-

300-1-1-214. . org

2014-08-11,19:12:18

SRR -
-3 a1 —porg e | a—— —1—1-—
a0 A (ixg-1-41-rac-la-h-300-1-1-214." org)
550
500,
450
400 -
H
350 -
E 300 HO—/ n-C11Hz2a
: rac)-4jn 8
& &
200 o
A
150 | N
100 _( / \
5“ | . /YR
. —
01234567 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32
At (8] (min)
SWERR
- 353 [ T R SR ] W IEHH £
1 23. 265 201993, 031 18010684. 000 50. 2584
2 25,910 183076. 875 17825486. 000 49. 7416
ST 385069. 906 35836170. 000 100. 0000

PDF WA HE “pdfFactorvy Pro” WA AEME www. fineorint. cn
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1wl-5-104-ia-300-1-1-214

;Lsﬁﬂm 2014-10-09, 16:4 MR [E]: 2014-10-09, 17:58:48
B3 #:D: \zhuguang_]mng\_]xg\2ﬂl41009\lwl 5-104-ia-300-1-1-
214 org

LRAFET:

e 2,18 P8 (1wl -5-104-ia-300-1-1-214. org) -
1,400
1,300/
1,200
1,100

800 »
HO_/Z-z\n-C1 1 Hza

600 (Ra)-4jn

1 JE (mv)
g

B
8
26.753

131,002

1003 \
Or

012345678910M 12131415161?181920212223242525272829303132333435

i f6] (min)
ST RE
%5 i 4% LR A A] [: 31 L i:ip o &8
1 26. 753 266640. 063 23868370. 000 99. 0159
2 31. 002 3173. 606 237218. 750 0. 9841
Bit 269813. 668 24105588. 750 100. 0000

PDF /(& H “pdfFactorv Pro” iXAMAAIE www. fineorint. cn
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jxg-1-42-1a~-300-1-1-214

LIS 2014-10-09, 16:04:01 R4 2014-10-09, 17:56:1
;‘.!E])'CFF :D:\zhuguang jiong\ jxg\20141009\ jxg-1-42-ia-300-1-1-
14. org

FRAER T

51 P (ixg-1-42-1a-300-1-1-214. org)

260 H

240 S
5 20 HO n-CqqHza

# 160 4jn

»N

=
>27‘81 5
>31 182

Of————

012345678 9101112131415161718192021222324252627282930313233343536

At 1E] (min)
SITERE
g5 47 O B i (] i G ISE GRS
1 27.815 26575. 361 1021568. 563 50. 1091
2 31. 182 23382. 260 1017120. 250 49. 8909
At 49957. 621 2038688. 813 100. 0000

PDF W{E{#F “pdfFactorv Pro” iREBIEALIEH www. fineorint. cn
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Ph

(Ra)-4jc

HO

1.000 sec

2g30

9

Pulse length = 14.000 usec

Relaxation delay

2014-04-25 09:48:22.750
NA

USER: nmr
SOLVENT: CDCI3

hx-10-166
Experiment
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N2000 #k38TTEIS

hx-10-166
LI RFA]: 2014-04-26, 10:36: 14 bl 7y
Y B SC#E < D: \ M K3 \N2000\ B¢ 5 \BO115. org ?E%:BT
ok EHRA—&

LRAARR:
AS-H column, n-hexane/iPrOH = 100/1, 214 nm, 1.0 ml/min

% & (B0115. org)

f 2014—04—26 11:16:57

1,000
900
800 &H
700] HO
= 600 ‘ (Ry)4jc Ph
g
Efj 500
400
300
200
100 L\ J
0 A
0 5 10 15 20 25 30 35
it 8] (min)
SERE
5 42 R0 H) W 7 L Jiiip oAl eR
1 22. 353 993602. 188 27298644. 000 97. 2946
2 24. 387 25298. 291 759071. 750 2.7054
Bit 1018900. 479 28057715. 750 100. 0000
2014-04-26 IFST A S 4F RE 18 4 TF S5
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N2000 #x 38T tEsy

hx-10-168
SLEORTIE]: 2014-04-26, 11:54:21 TAE: hx
WEEISCH D \MF RS A \N2000\#E £ \BO117. org WERFE]: 2014-04-26, 12:32:07
B mRa—&

LI AN
AS-H column, n-hexane/iPrOH = 100/1, 214 nm, 1.0 ml/min

1K (B0117. org)

380

280 Ph

260
240
~ 220 HO

rac-4jc

0 5 10 15 25 30 35

20
B [8] (min)

AEERE
g5 i 47 R B i) e i 7] AR GRS

1 22. 265 374109. 656 9649850. 000 50. 1776
2 24. 055 335473. 156 9581534. 000 49. 8224

B2t 709582. 813 19231384. 000 100. 0000

2014-04-26 IFIL K SeAF RE 188 TF 52 5
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8
F1 = 399.722412 MHz
F2 = 100.519203 MHz
jxg-1-93-H-400M

SOLVENT: CDCI3

Oct 26 2014
NA

€0L'Y
oLy
8LLY
Sel'y
[AA]
vee'S
cres
0sZ's
PAT A
69C°S
SLT'S
€8C'S
162'S
86C°S
90€'S
€LES

ji-Bu

(Ra)-4id

b T,

9/T'L

S93
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PHERPAT HFEN AT

Reported by User: Brecze user (Breeze) HPLC System
SAMPLE [INFORMATION
Sple N g 1-Badh100-1-1214 Acqired By: Breeze
Senple Type: A Dee Acquired 20141028 121546 CST
V. 1 Acq Methodt zg1001
nection# 12 Drte Rrooessedt 0141028152008 CST
Iection Vdue: 2500u Chamrd Name 2480 A
RnTne 3600 Mnutes Card Desc.: 2489 (hA 214rm
Gdum Type: Senple St Nare
0501 E
040
..*‘H
g 030 HO— i-Bu
B (Rg)-4jd
0|
010 ©
1 ~
I
o
0w,
000 20 am 600 800 00 120 140 B0  18m 2w 2m 240
Sk
RT Aea |, Heigt | %
3 Y%oArea :
(nin) | (fisec) | (B | Hagt
1] 18117 | 1M7Ms: | 9B2Z7 | 567162 | 9791
2| 167X | 243 173| 1211€| 208
Report Methodt indvidLel Repart ASC Hintedt 20141022
Page: 1 (it 1) 152124 FRC
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FHERPAS ISR AT : ,
Raject Nerve defats for oopy /- Breeze 2
R by Lber: B er (B ) HPLC System
SAMPLE INFORMATION

Sonpe Nne x12-15ac-h-100-1-1-214 Acqired By: Breeze

Sanple Type: A Crte Acquiredt 2014102810:11:58CST

Vi: 1 Ao Methodt Zg1001

hjection#: 10 Drte Frocessedt 41028152027 CST

hjection Vidume: 2500u Card Nae 2480 A

RnTime BOMues Chard Desc.: V2489 (hA 214rm

Glum Type: Senpe St Nae:

N
0z5] =
0.20 :_‘H
] HO— i-Bu
2 0] (rac)-4jd

0.00 200

‘14!(101 r I1éOZ) 18‘00 200 ' YQCO' ' 2400 I IZ&CO ‘ IE&‘(I)
oy
R | Aea |, Higt | %
%Mea| d
(ni) | (ifsec) | (B | gt
1| 15374 | e0o74sz | 5030 | 277476 | SAHA
2| 17074 | 657R | 4070 | 231242 | 4546

Repart Mthod: Individuel Repart ASC

Page: 1 (Lif 1)

S96

Rintect 201410728
162054 AR




Cy

HO

hx-10-161

2
bi
S
x
3
O ®n
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N2000 #x38T tEXS

hx-10-161
SEIORTIE): 2014-04-23, 21:20:00 LRE: hx
SO D \MT K 15 \N2000\BE £ \BO111. org W& nEl: 2014-04-23, 21:45:05

e
Ba ik mRa—&

L AR/
AS-H column, n-hexane/iPrOH = 98/2, 214 nm, 0.6 ml/min

i & (BO111. org)

150
140
130
120
110
100 M
5 22 " HO—/ Cy
=] .
E 70 (Rp)-4ie o
= 60 N
50
40
30
20/
10
0
0 2 a 6 8 10 12 14 16 18 20 22
Bt 18] (min)
IITERE
e 353 2 274 R A) R L ST Al R
1 15. 748 147142. 844 2490712. 750 97. 2282
2 18.572 3610. 368 71005. 398 2.7718
,aﬁ‘ 150753. 212 2561718. 148 100. 0000
2014-04-23 HFST K Ho AP RE 1 4 72 57
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N2000 #im T 1ESS

hx-10-160
SCIOBTE]: 2014-04-23, 19:45:06 STah .
PR SCA D \ WK B34 \N2000\ B & \B0108. org Eird 04—23 20:14:45

=1 '12
RN &Eﬁ?}ﬂ

LA AR
AS-H column, n-hexane/iPrOH = 98/2, 214 nm, 0.6 ml/min

5 & (B0108. org)

0 R
0 2 4 6 8 10

2 14 16 18 20 22 24 26
B} 18] (min)
- AERE
357 e 47 R et A [ 31 e Jiip ol 58
1 15. 740 275755. 500 4757725. 000 50. 2984
2 18. 495 214834. 594 4701277. 500 49.7016
Bt 490590. 094 9459002. 500 100. 0000
2014-04-23 IFL KA S 4T KE 18 4 TF 557
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|

hanyl-3-77-ib-95-5-1-214

SEYemf ). 2014-08-14,17:33:33 HREHTR): 2014-08-14, 17:53:28
i B 30 : D2 \zhuguang jiong\hy 1120140814 \hany1-3-77-1b-95-5-1-
214. . org
LRAERA:
H L T i S
1500 4,5 B (hany1-3-77-ib-95-5-1-214. . org)
1,100
1,000
900
Br,
800
o O
z H &
— sm 3 2
& 500 H —OH =
400 (Ra)-djo (\1
300 |
200 i
|I @
100 &
Lot
: J\g
0 1 2 3 4 5 7 8 10 1M 12 13 14 15
i 18] (min)
SRR
g5 T PR 1 LY e TH] B CF
1 12. 402 485290. 969 7368597, 000 98, 7697
2 13. 238 5448, 435 91784. 086 1. 2303
B 490739. 404 7460381. 086 100. 0000

PDF X{4f#F “pdffactory Pro” WHAMAGIE www. fineprint.cn
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hanyl-3-75-rac-ib-95-5-1-214

RGBT [E): 2014-08-14, 17:00:49 R RE: 2014-08-14, 17:24:32
iﬁ;ﬁﬁﬁ‘- :D:\zhuguang jiong\hy1120140814\hany1-3-75-1b-95-5-1-
..org

KBARM S

& i A (hany1-3-75-1b-95-5-1-214. . org)

1,800
1,700

1,400 Br

1,100 H

700 rac-djo

~12.457
13.287

B
2

—

W AVAN

0 1 2 3 4 5 6 " 12 13 14 15 16

7 8 ]
it ] (min)

SIERR
5 L RN L3 L Jip P
T 12. 457 515468. 625 7674716. 000 53. 3991
2 13. 287 411075. 063 6697640. 500 46. 6009
B 926543. 688 14372356. 500 100. 0000

POF 3C{ER “pdfFactory Pro” iRFAMAAIZ www. fineprint. cn
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CN

(Ra)-4ip

1869

HO

PPM

OIS TLL
PLOBLE ——

¥62 621
SLO0EL X
BLE0EL %‘_

W6 0EL —
96¥'SEL

1

44

Iwl-5-114C-400M.
Oct 19 2014
SOLVENT: cdcl3

NA

¥BZ6ZL — —_ ...__J! i

o
GLO0EL — SR 2

608707 ——— Aj
1PE0EL — __=,_J )
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1wl-5-114

LRI 2014-10-20, 13:50:31 MBI 2014-10-20, 13:52: 10
B F:\slf\linweilong\2013-10-20\1wl-5-114\1el-5-114~
rac-AD-H-95+5-1. 2-214. org

LRHERT:

AD-H 95:5
214nm L. 2ml/min

i (lel-5-114-rac-AD-H-95+5-1. 2-214. org)

1,700
1,600
1,500
1,400
1,300
1,200
1,100
1,000 H
800
800 HO CN
700!
60D (Ra)-4jp
500
400
300
200
100
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
i 18] (min)

AHTHERR
5 i 27 R B I 6] i 78G R GRS

—==32.122

e (mv)

129.820

1 29. 820 9710. 256 396260. 688 0.9875
2 32.122 889913. 688 39729392. 000 99.0125

Bit 899623. 943 40125652. 688 100. 0000
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|
lwl-5-115-arc

SEHORTA: 2014-10-20, 13:09: 14 MERE: 2014-10-20, 13:15:10
WAL F:\slf\linweilong\2013-10-20\1wl-5-115-
rac\F2IHE (3)\lel-5-115-rac-AD-H-95+5-1. 0-214. org

KRAEN:
AD-H 95:5
2ldnm 1. 2ml/min

5158 (1el-5-115-rac-AD-H-95+5-1. 0-214. org)

650
600/
550
500
4
50 H
400
~ 350 HO CN
E o
= 300 § §
& 250 4jp &~ g
200
150/
100
50
0 ;
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
et 3] (min)
SERE
%5 %2 £ B 5 16 - e FiiE o P8
1 29.703 275233. 313 11437088. 000 50. 0253
2 32. 025 258050. 297 11425505. 000 49, 9747
B 533283. 609 22862593. 000 100, 0000
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RS RN AT

Rdect Ne defautts for oopy @“ Breeze 2
Reported by User: Breeze user (Breeze) PHPLC System
SAMPLE INFORMATION
Sanple e ren-3144-apn6-5-1-214 Acqired By Beeze
Sanple Type: Fn Dre Aoquiredt 2014101817:26.36CST
Vd: 1 Acq Methodt g8
hection# 13 Drte Frocessedt 2A1410181808:01 CST
InectionVdue 2004 Charel Ne W24 hA
RnTme 6000 Mnutes CGrard Desc: W48 A 214m
Cdum Type: Saple St Naer
018 -
0,161 HsC
O,
iy H \—OH
010] (Ra)-4jq
S
e 4
008]
0061
0.04]
w
8
0.2 ﬁ
0007 A
0w 20 Cam 600 am | € | ® "Moo B0 180 DO
s
R | Aea |, Hagt | %
. - “%oPrea ;
(i) | (Wihsec) (@ | Hagt
1] 183 [ 1333E 2| e8| 37
2| 16656 | 4800631 | 9730 | 177047 | BB
Repot Methodt Individuel Repart ASC Rirted 20141018
Page: 1 (#&it1) 180806 ARC
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HEREASE AT

Roject N defauls for copy , HBPrlecesze‘2
Repartedty User: Breeze user (Breezs) ystem
SAMPLE INFORMATION
SrpieNae: reant-3-78-ay-h5-6-1-214 Acqired By: Beaxn
Serple Tyt b ] Dot Acqpiredt Zﬁ@ﬁ0ﬁ81f435305r
Ve 1 Acg Mot %8
hection# 14 Dete Rooessedt YM0M818CT3I7 CST
hjection Vd 2500u Card Nne VM CA
RnTime 2000 Mnutes Cravd Desc: VO A Z214m
Gaurm Typex Sape St N
0.301
©
0251 HsC -
H
02
] H OH
2 o] rac-4jq
o]
oce] \
000 S '\A—J AJ s x
0w 200 400 60 80 100 200 1400 " 1800 T
S
R | Aea Hgt| %
() | ()| %8|y | g
1| 15361| 6757915 | 4238 | 200180 5413
2| 1672 | emoce| me | 2| 458
Repart Mithodt individal Repart ASC Pintet 2041018
Page: 1 (3it 1) BB
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Oct 27 2014
SOLVENT: CDCH
MA= B

F1 = 390722809 MHz

S113
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WEEL~ e
W — == |
BLE LEL = - \3 _:
ZEE 09 irs
1o
:ia
6Lo0L I—
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0ZE LL re
;i
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L0z 22h )\
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zjs—3-162—ay—h-95-5-0. 5-214

SRR 2014-10-29, 17:31:08 W rm: 2014-10-29, 16;21 ;08
i B PR D\ zhuguang jionghz js4 2014102942 js—3-162-ay-h-95-5=
0.5-214. . org

SR A

D EiH (zjs 3-162-ay-1i-85-5-0. 5-214. . vry)

1,400
1,300
1,200
1,100

HHE (mv)
-
3

600 HO p-PhCgH,
. (Ra)-4ir

300
200
100

|

AN

0 2 4 & 8 10 12 14 16 18 20 22 24 26 2B 30 32 34 35 38 40
B[] (min)

ST HRE
5 I 47 R B B i) e 7 Ve [ 27 Ep

o
2
27,000

25,332

1 25. 332 13727. 231 531709, 375 1. 5029
2 27. 000 544979, 000 34847708, 000 98. 4971

B 058706, 231 33379417. 375 1040. 0000
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zjs—3-163-ay—-h-95-5-0. 5-214

AR 2014-10-29, 16:17:33 _ 0t 2014-10-20, 17:18:58
i B D2 \zhuguang j1onghz 18N\2014 1029\ 2 15-3- 163-ay—h-95-5—
0. 5=214d. org

U N A

6% (2 js-3-163-ay-h-95-5-0. 5-214. org)

1,600
1,400
1,300
1,200
1,100
1,000
900 H
E 800 =
= =]
600 ] 2
500 A ~
(%]
400 {‘\
300
200 Jl
100 ‘]I
D- -~
0123468678 9101112131415161718102021222324 262627 28203031323334 35
1 A {min)
S R
i W4 R B 1 ) W WETHT AR i
1 25, 057 552455, 313 25345842, 000 49, BB10
2 27. 180 418491, 469 25670442, 000 50. 3181
St 970946. 781 51016284, 000 100, 0000
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OH
(S,Ra)'4ke

=2g30
Pulse length = 14.000 usec
8

2014-05-13 20:06:45.593
Relaxation delay

hx-10-194

USER: nmr
SOLVENT: CDCI3
Experiment

NA =
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8.1’
68L°'S
861G
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L8€'G
Sve's
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99¢'S
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SeV's
Shb'S
GSP'S
GoP'S
9g¢’L
99z’
clel
6.2L
G8c'.L
90€°L
(459
9ce’L
cee’s
LveL
§6¢°L
8G€’.L
G9gL
18¢°L
£€6€°L

Laspimy

e

hx-11-6

Cy

OH
(R, Rg)-4ke

Ph

= 1.000 sec

Pulse length = 14.000 usec
8

Relaxation delay

2014-05-17 19:13:46.234
NA =

USER: nmr
Experiment = zg30

SOLVENT: CDCI3
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60€'S
8l€'G
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68¢°L

OH
(S.S,)-dke

Phi.

1.000 sec

8

N

hx-11-12
Pulse length = 14.000 usec

2014-05-21 20:56:28.890

USER: nmr
Experiment = zg30

SOLVENT: CDCI3
Relaxation delay

I

6

NA

e
|
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8L’
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80¢€'S
GlLES
8ce’s
Gee's
8ve’g
GSE'S

4

(R,S,)-4ke

Ph
2930
14.000 usec
= 1.000 sec
L R
4

90t
Liv'S
L2v's
8EY'S
Lvy'S

8

—
6

2014-05-21 20:37:23.875
USER: nmr
SOLVENT: CDCI3

Experiment
Relaxation delay

hx-11-13
Pulse length

12zL
6vZ'L

09Z'L ,

99Z'L

€171

8.Z'L o J
208, — e ;

12€'L Lo —_—
1ZeL
evEL
sseL
19e°L
LEL
€8¢,
06€°2

NA
—
8
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HEREASE N
Rject Nare cefalsfor ocpy
RpatedtyUber  Ereczeuser (Breess)

Breeze 2
PHPLL System

SAMPLE INFORMATION
Snpe Nare h10-194-0d 9821214 Acqired By, Breeze
Sangle Typer P3| Drte Acquiredt 2014520 1842:45CST
Via: 1 Acg Mithot s
ection# 21 Dete Rrocessadt 01520131716 CST
Ijection Voure: 10004 Gard Nne V0 CA
RnTne 250Mnutes Gard Desc: VO A 214m
Coum Typer Sanple St e
i
a8 -
] éH 3
e i Phllu-< Cy ! !
a OH
j (S,R,)-4ke
0]
]
2 040
-
5
]
1}
a1 S
@
QCG} s A:6 T 7 W"
R T HP O S A S S 1 U ﬁ\'
aw 20 400 600 800 1000 200 | 4o 16.00 1800 2000 20
oy
RT Aea |, Hgt | %
%Area X
() | (Bsec) | 7| (8 | Hegt
13| B 0| 26| 0
211937 | 20738 | P& | 72| w7
Report Methodt inchvidel Repart HP Rinted 20452
Page: 1 (3tit 1) 85851 FRC

$125



AR HAE AT
Raect N defaults for oopy
Reported by User: Breeze user (Breeze)

Breeze 2
HPLC System

SAMPLE INFORMATION

Senple Names h1160d9821214 Acqired By Breeze
Senple Type: F Drte Acquiredt 2014520175843 CST
Vil 1 Aog Methodt B
hection# 9 Date Rrocessedt W50 131641 CST
Injection Vaume: 1000u Chamd Nne WM A
RnTe 250 Mnutes Ghamd Desc.: WD A 244m
Golum Typer Sagle St Nane
240
2207 b
] Y
200 B
3 H r
1.80] S
“’é Phe—( Cy
o] OH
; (R,R;)-4ke
120
2 ]
<
100
0807
]
e’
0407 -
3 [{o]
027 L S_“;
O.(n: —= /- S S .y
ﬂm:”’ir"l"'l “““ U D D s I Ay e
00 20 400 600 80 100 120 140 1600 1800 000 20
5%
R | Aem |, Higt | %
. %Area .
(i) | (hsec) [ ™ @ |Higt
1] 11130 | 37003%67 | 9B&3 | 2198083 | 901
2] 13561 437847 117 208 0B
Repart Methodt Individiel Repart HP Firted 20452
Page: 1 (3£t 1) 900D
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A DA T

Rdject Nnme defauits far oopy
Reparted by User: Breeze user (Breeze)
SAMPLE INFORMATION
SangeNne he11-120d098-2-1-214 Aocqired By Breeze
Saple Typer H Dite Acqiredt 2014520 164857 CST
Vi 1 Acq Methodt zyB
ection# “ Drte Frocessedt U520 191523CST
Ijection Voune: 1000u Card Nne VWO GA
RnTime 2000 Mnutes G Desc: WM A 214m
Golum Type: Sanple St Nene
1.0
o}
r
] ]
a8 Oy
] Phu( H
060 OH
(S:Sa)Ake
2
<
040
] |
020+
‘ 8 g
< =
000 = -3 ‘_zr T
T T T T Ty B B B e |
0 20 40 600 800 1000 120 140 1800 1800 000
S
R | Aea |, Higt | %
. %Aea .
(i) | (lsec) | 7| (@ | Hegt
1 1MAE] 134311 084| 536 061
2| 16148 | 21043705 | BO7 | BI7R | BM
3| 18668 2Z7ALE 12| 13107 | 1%
Repat Mithod Indviduel Repart HP Rintedt 201452
Page: 1 (3tit+ 1) S01BARC
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HEIRRAS ES AN AT

Par | cab ey Breeze 2
Rpatedbylber  Breezouser (Breze) ysten
SAMPLE INFORMATION
SnpleName he 111304982124 AoqiredBy. Breeze
Sape Type: Fan Drte Acquiredt DUED 17:1238CST
Vil 1 Ao Methodt 248
Fjection# % Dte Rocessedt DU/520 191501 CST
Irjection Vounre: 100U Card Nrve V4B A
RnTime 2000Mtes Qerre Desc: V8 A 24m
Qlum Type Sanple Set Nene
28 E
1]
2“*‘, Sy
1 Phe=( H
2 ] (R.S,)-4ke
1001
Q80
1 ° 2
4 . <
1 b ©
[4104; 7. Ny 3 D‘_A
Qm ‘21(1) 4I(IJ lt‘xI(.’!.') ‘ 810)' 1(1'(1)y ‘12|(1)| 14‘m ' ‘161(1)‘ ‘ ‘181(2‘ ' 'mioo‘
e
RT | Aea |, Higt | %
N %Area .
(i) | (ltsec) | ™ @ |regt
1| 1ms| srz| 10| B 1%
2| 133 | SUIXE0 | MBI | 2572556 | B
3|164%| 4836| o[ 22:| am

Report Mithodt Individel Repart HP

Page: 1 (3tit 1)

5128

Rirted 201452
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HERES: LY
Rdject Nmer defauits for oopy
Reparted by User: Breeze user (Beeze)

Breeze 2
HPLC System

SAMPLE INFORMATION

Sanpe N h10-187-0098-21-214 Aoquired By Beaze
Sangle Typer S Dote Acquiredt 014520162328 CST
Via: 1 Acq Mithot zgB
Iection#: k! Drte Frocessedt D520 196.0CST
Injection Voune: 10004 Gard Nave. WM A
RnTne 200Mnutes Camrd Desc: VB A 214m
Glum Type Sple St N
2] - — 1
- B o
] a =
160 @
! o
1. ~
. [+
ﬂ Ph “o?
1204 OH < o
Kz
- 10] rac-4ke w
< 4
0807
aﬁ ,
040
a
m? N !
Qo T 2 ST 7.y .y !
o 2w 4w e am 10 ‘o ‘um 6o 80 20
S
Rr Aea |, Heght .
. %Area %hHigt
(i) | (Asec) | CHE
1] 10507 | 3444451 | 17.31] 14634 2084
2] 128% | 60048710 | 22| 10|0| UM
3| 150L | 30 | 17x| oome| 71
4] 18172 | 6066600 | 3312 1528000 s
Repat Mthodt: Gadert Overlay Repart ASC Rintect 2014520
Page: 1 (3tit 1) 193717 R
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0000
050°1L
650’}
160°1
8cl'1L
9EL’L
144
SLL)
8lT’L
L3¢}
652’1
692°1L
1621
Loe’l
90¢°L
LIE'L
el
F2e9l

2]

L99')
€0L°1
SiLL
L2l
8€L’L
JA 7"
9L}
881
0g6’tL
el
8.6°1L
066°L
L66°)

Cy

2,

(Ro)-4le

9v0°¢
890C

962°G
9le'G
GEL'S
ove’s
0s€e’g
09¢'S
LLE'S

HO

1.000 sec

=2g30
Pulse length = 14.000 usec
8

2014-04-27 18:44:57.671
Relaxation delay

hx-10-172

USER: nmr
SOLVENT: CDCI3
Experiment

NA =

$130

/51
(49
8
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N2000 #ximcvENS

hx-10-172

;tE‘*fn‘l-ﬂ 2014-04-27, 18:49:12
R EISCHF :D: \ M A8 i \N2000\ &% 5 \B0125. org rﬁJ 2014—04—27 19:07:34

i‘éﬂh‘
Bordrd: miA—k

LI R AR
AD-H column, n-hexane/iPrOH = 95/5, 214 nm, 0.6 ml/min

120 (B0125. org)

550
500
450 H
400
HO7< Cy
350
2 300 (R,)-4le
1
& 250
200]
150
100
50
0 AA S A
0 2 4 6 8 10 12 14 16
I} (8] (min)
SRR
[ 357 L 24 £ B B i) 232 U TH TE
1 8.940 543544, 625 8867722. 000 98. 6956
2 10.177 7370. 146 117196. 359 1.3044
Bit 550914. 771 8984918. 359 100. 0000
2014-04-27 HFIT A 47 RE 18 4 TR 5
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N2000 #xig T 1E3%

hx-10-174
SCIOET[E]: 2014-04-27, 18:21:09 ' LR E.
VSO D \ WK B % \N2000\ ¥ & \BO123. org ?ﬁ%nﬂj 2014 04-27, 18:43:15
Rams - msE—
LB A BB
AD-H column, n-hexane/iPrOH = 95/5, 214 nm, 0.6 ml/min
i & (B0123. org)
150
140
130
120
110 Cy
£ 9
E 80 rac-4le
70,
60
50
40
30
0 2 4 6 8 10 12 14 16 18 20
B ] (min)
DIERR
5 i 47 fREERS ] e 5 g =8
1 8.975 110516. 063 1642626. 000 50. 3349
2 10. 213 98516. 391 1620771. 125 49. 6651
B2it 209032. 453 3263397. 125 100. 0000
2014-04-27 IFSL A B A7 RE 187 M F 5

$133



0000
1€0°L
¥90°L
0L°L
8El’l
LLVL
ole’t
86¢e’lL

© N
N D
Ma A
- -

8ve’L
ege’lL
cie’l
69’
00S°L

©
©
0
-

489}

¥

¥6G°L
ve9)
10471
evLl
€8L°1L

©
3

&\Nﬁ%

856°|
0.6°L
286}
G66'L
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(Rg)-4me

HO

1.000 sec

14.000 usec

Relaxation delay

NA =

zg30

20e'S
91¢€'e

2014-05-08 20:34:52.125
8

hx-10-180

USER: nmr
SOLVENT: CDCI3
Experiment

Pulse length

T
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N2000 # 38T tEss

hx-10-180
SEIOBAT: zju LR,
SLIGRTR] 2014 05-10, 12:39:41 ?ﬁ%%ﬂ#ﬁﬂ 014-05-10, 13:23:12
1%‘.‘)‘(# D: \Bi A 3% \N200O\AE £\ A0250. org Bahe: m? —¥
s _zmﬁﬁjﬂ'

AD-H column, n-hexane/iPrOH = 100/1, 214 nm, 0.5 ml/min

53 & (A0250. org)

130
120 HO Cy

(Ra)-4me

AL (mv)
3

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
i} 18] (min)

ARERE
5 42 PR BT [ e 75 T AR w8

1 23.473 186187. 734 10534962. 000 99. 1492
2 26. 205 1956. 608 90402. 984 0. 8508

Bt 188144. 343 10625364. 984 100. 0000

2014-05-10 ITIL KR G AT RE 18 4 TF 5255
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N2000 238 T TESS

hx-10-179

SEIGEAT: zju #. hx

SEIORT[E]: 2014-05-10, 13:25:11 ERE: 2014-05-10, 14:13:54
W B SCAF D2 \ WK EIE \N2000\A0000. org Babhe mBRE—%
LA A R/

ot

D-H column, n-hexane/iPrOH = 100/1, 214 nm, 0.5 ml/min

£33 & (A0000. org)

80/
75
70
65
60
55 HO
50
>
E‘f 45
40 rac-4me
35
30
25
20
15
10

Cy

20 25 30 35 40
I [8] (min)

FIERR
5 (2 TR BT[] I 1 U T 2R &

1 23.338 72246. 195 4016893. 750 50. 3305
2 26.017 70282. 305 3964131. 750 49. 6695

Bt 142528. 500 7981025. 500 100. 0000

2014-05-10 IFLAR BT AE 1 TR/
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2014-10-19 15:49:38.640

USER: nmr

SOLVENT: CDCI3
Experiment

(Rar4ne

J““

HO

=2g30
= 14.000 usec
= 1.000 sec

Relaxation delay
8

Puise length
NA =

5138
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N2000 # i8I TF3&

hx-12-49
SEIOBANT: zju LIS,
SLISHH - 2014 10-19, 20:20:21 ﬁi%ﬂ?ﬂ 2014—10 19, 22:02:50
T ST D s \ WK B0 1 \N2000 VA% 5 \BO456. org By mRE—%
TRHNE

&
IC, hexane/i-PrOH = 100/1, 0.6 ml/min, 214 nm

1% & (B0456. org)

380

280 / N\
260 Cy

0 5 10 15 20 25 30 35 40 45 50 55
I (8] (min)

SRR
5 2 TR B if 1] I TG U T 2R CF-

1 33. 800 11637. 059 396643. 156 2.6225
2 36. 355 370347. 781 14727859. 000 97. 3775

Bit 381984. 840 15124502. 156 100. 0000

2014-10-19 IFIC A 54T SE 18 R TF ST
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N2000 # 38T PEss

&

SERBAL: zju
SCISEHE] . 2014-10-19, 17:16:24
T B D2 \#T K% 14 \N2000\ 4% § \B0454. org

&

TRAEEN:
IC, hexane/i-PrOH = 100/1, 0.6 ml/min, 214 nm

hx-12-16
£ h
R T (E]:
R HiE:

N

£5i# & (B0454. org)

X
2014-10-19, 18:27:26
—¥

450
400
350 o '
300 Cy
E 250 HO/—/L_E/
E 200 rac-4ne
150
100
50}
0 JAN
0 5 10 15 20 25 ij‘l'ija(omin) 35 40 45 50 55
IERR
L35 47 PR B i ) ¥ W TG AR G-
1 35. 303 444911. 438 16779034. 000 49. 8608
2 37.992 406877. 219 16872708. 000 50. 1392
Bt 851788. 656 33651742. 000 100. 0000
2014-10-19 TS A S 4F SE 18 M EF ST
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L0L'6

hx-11-64cp

1.000 sec

=230
Pulse length = 14.000 usec

2014-06-12 21:35:28.1256
24

USER: nmr
SOLVENT: GDCI3

Experiment
Relaxation delay

NA

5142

D.00 49.82

L]

|

PPM

10
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853
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< ¢ 7T
HO

1.000 sec

14.000 usec

zg30

2014-06-23 16:24:35.500
8

USER: nmr
Relaxation delay

SOLVENT: CDCI3
NA =

hx-11-64-1
Experiment
Puise length

89C'L

5143

0 PPM

Fe

1(.83

e

.00
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)00 #KIBITLTESS

hx-11-64-1
Bfr: zju SLWFE: hx
FFA]: 2014-06-18, 16:24:33 H®EBSIE: 2014-06-18, 16:40:39
SO D2 \ BT A 12X \N2000\BE & \B0259. org B mRR—%

A B
column, n-hexane/iPrOH = 100/1, 214 nm, 0.6 ml/min

i & (B0259. org)

450
400
350 “H
300 Ho—/:.:\n-c,H15
’E\ 250 (Ra)‘4ja
lﬁn 200
150
100}
50 M
0
0 2 4 8 10 12 14
B} /8] (min)
INERR
357 [ 224 : LR A) W Ve L JiiTE A TE
1 12. 890 384044, 188 5131786. 000 99. 4223
2 13. 500 1977. 669 29820. 711 0.5777
(i 386021. 857 5161606. 711 100. 0000
4-06-18 . FF LA Fo 4F SE 19 4 S 72 JF
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N2000 #x32XTEIS

SEIGHAL: zju
SEIGET[A]: 2014-06-18, 17:01:10
HE B S D \ WK B 75 \N2000\BE 5 \B0261. org

KWARFA

hx-10-159

LRH.
LSl
AV Wik S

AS-H column, n-hexane/iPrOH = 100/1, 214 nm, 0.6 ml/min

%K (B0261. org)

2014 06-20, 13:35:57
—¥&%

360
340
320
300
280
260
240
220
= 200
o 180
33160
140
120
100

60
40
20

-20

n-C7Hs

HO
rac-4ja

i 5 i 47 TR B i} 1)

8 10 12
_wm@m

MTERR
Ve

W 7T AR CE-

1 12.903
2 13. 492

97951. 031
91542. 875

1289484. 000 50. 2282
1277764. 750 49.7718

it

2014-06-20

189493. 906

$145

2567248. 750 100. 0000

FFIL K A RE 18 8 TF I ST



0000
0980
€880
9060
¥¥6'0
0860
920’1
vl
ovi'L
69171
Ll
GeT'L
VA TAl
80¢€'L

™
v}
«
-

8G¢'1L
18€°1L
6.9}

g8l'L
g8l

3

s

1L0C
6l9¢C

3
N

o
~
©
N

[4%: 84
1982
€88'C
S06'C
616'C

oely
124 84
8SL'v
€LY
[44°R4

182y
982y

e

€80°L
8012
1492
[4 1]
ol
VA XAV
92e’L
eve'L
€9C°L
192,
PXAVA
9€6°L
096°L
v95°L
619,
9L
8¥9°L

N

hx-11-64-2

1633

A
(S,5)-5ja OH

n-CsHqs

1.000 sec

zg30

Pulse length = 14.000 usec
8

Experiment
Retaxation delay
NA =

2014-07-06 18:48:44.531
USER: nmr
SOLVENT: CDCI3
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USER: nmr
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Relaxation delay

Pulse length
NA
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N2000 #xiBTL1F3&

LI BAT: zju

5
SLIOHFE: 2014~
T B SCA D2\ K 81E \N2000\ ¥ 5 \B0298. org

LR HERAN:

AS-H column, n-

hx-11-80

07-09, 19:50:50
"

hexane/iPrOH = 200/1, 214 nm, 0.6 ml/min

£6i% & (B0298. org)

LI
#ﬁ%ﬂf ‘l 2014—07—09 20:42:45
A ERE—%

280/
260/
0 | M
200 HO—/ n-C7H15
160 (Ra)4ja
~ 160
=]
i 140
£ 120
100
80
60
40 \A
20
; 2
0 5 10 15 20 25 30 35
B} 18] (min)
SITERR
2 857 %4 R Bt 1) [ 2= [ i ol B
1 21. 223 275229. 281 6707292. 000 97. 8280
2 22. 343 6212. 212 148917. 688 2.1720
Bit 281441. 493 6856209. 688 100. 0000
2014-07-09 T A S RE 18 M TF R ST
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N2000 #iB8LTEIS

hx-10-159
SEIGEAT: zju s
SEIMRYIE]: 2014-07-09, 19:18:23 ?ﬁ%m‘ 1 2014 07-09, 19:53:57
U B4 D\ K 1K \N2000\F¥ 5 \B0297. org B AR

LA A EA

AS-H column, n-hexane/iPrOH = 200/1, 214 nm, 0.6 ml/min

it & (B0297. org)

65
60
55
50 n-C;Hyg
45 HO
40 rac-4ja
235
H 30
# 25
20
15
10
5
0
0 10 15 20 25 30
i} 1] (min)
MERR
S i 42 LR B B 1) e 15 T AR GRS
1 20. 962 61642. 344 1357803. 000 50. 1331
2 21.988 57351. 395 1350592. 875 49. 8669
Bit 118993.738 2708395. 875 100. 0000
2014-07-09 I A G RE 18 R TS
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659°0¥1 —/

13070
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hx-12-23MeOD
USER: nmr
SOLVENT: MeOD
Experiment = zgpg30
Relaxation delay

Pulse length
NA
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N2000 #xig X tE38

hx-12-
ERBAL: zju L
SERSEFIE]: 2014-10-18, 15:30:39 fﬁ%ﬂﬂﬂ 2014 10-18, 16:24:48
VB SCHE < D: \ BT KR i \N2000\ &% 5 \BO45 1. org A FHE  mRIR—
KN ER N

AS-H, hexane/i-PrOH = 200/1, 0.6 ml/min, 214 nm

53 ¥ (B0451. org)

170 e e e
160
150

140 (>94%D)
130 D H

o Ho— ==

100 n-C7Hys5
90 (Ro)-4ja-D

80
70
60
50
40
30
20

; .
0.

-10
0

K (mv,

5 10 15 20 25 30 35 40 45 50
B[] (min)

AITERE
5 e 47 TR B B i) W G U TR A LS

1 29.107 168817. 938 5334799. 000 97. 1399
2 30. 797 4587. 960 157072. 906 2. 8601

Bit 173405. 897 5491871. 906 100. 0000

2014-10-18 HTIL K S AF RE 18 M FF RSB
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N2000 k38T 1E3S

S5 HLp
SEEOHY (A - 2014 10-18, 14:00:0
WS :D: \?ﬁkﬁ'ﬁ\NzoOO\ﬁuu\Bom org

LRHNAER:
AS-H, hexane/i-PrOH = 200/1, 0.6 ml/min, 214 nm

hx-11-185

LEHE: hx
?ﬁ%ﬂﬂ‘] 2014—10 18, 14:40:47
Bars —¥k

3 & (B0449. org)

130 1
120 T T T L
110
100;
90 N-C7Hy5
- 80 Ho_/z.:/
& 70 rac-4ja
ﬁ 60
50
40
30
20
10
0
0 5 10 15 20 25 30 35
f} 1) (min)
SIERE
[ 353 2 224 {REg A W T AR R
1 29. 040 127655. 711 3902991. 500 48,5773
2 30. 700 117624. 805 4131603. 500 51. 4227
Bit 245280. 516 8034595. 000 100. 0000
2014-10-18 FFIL K B 5 RE 18 4 FF 72 57
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N

(34%D)
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I

—

hx-12-47"'

(R.)-4ja-D

1.000 sec

=2zg30
Pulse length = 14.000 usec

2014-10-21 18:42:08.890
8

USER: nmr
SOLVENT: CDCI3

Relaxation delay

Experiment
NA =
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Tue Oct 21 11:00:08 2014

SOLVENT: CDCI3

NA
F1 = 75.476807 MHz

F2 = 1.000000 MHz
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Pulse length = 14.000 usec
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hexane/i-PrOH = 200/1, 214 nm, 1.0 ml/min
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