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Figure S1. The apparatus used in this study
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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. Copper(Il) bromide and copper(I)
bromide were purchased from J&K. Copper(I) iodide was purchased from Shanghai
Darui Fine Chemicals. ZnBr, was purchased from Alfa Aesar and kept in a glove box.
(S)-0,a-Diphenylprolinol and (R)-a,a-diphenylprolinol were purchased from Shanghai
Darui Fine Chemicals. Aldehydes were distilled right before use. Dioxane and toluene
were dried over sodium wire with benzophenone as the indicator and distilled freshly

before use. All the temperatures are referred to the oil baths used.

S3



The following examples (R,)-4aa~(Rj)-4ie were prepared according to the Typical
Procedure I except (Ra)-40b. Their corresponding racemic diastereoisomers were
prepared by following the same procedure using racemic diphenylprolinol rac-3.

1. Preparation of (R,)-4aa and (S,)-4aa.

(1) Preparation of (R,)-4aa on 1.0 mmol scale. hx-10-7

OAc OAc

&\v P ph  CuBry (20 mol%) _ H
AcO Q + C7H;5CHO + AcO 9
AcO o” AcO O /T

H 130°C, 16 h

CszHis
1aOAC 1 4 equiv S) -3 dioxane OAC(R )-4aa
-
1.0 mmol 1.2 equiv 49%, 98% de

Typical Procedure I: To a flame-dried Schlenk tube were added CuBr; (44.9 mg,
0.2 mmol), 1a (387.0 mg, 1.0 mmol), (5)-3 (304.5 mg, 1.2 mmol), and 2a (180.1 mg,
1.4 mmol)/dioxane (3.0 mL) sequentially under nitrogen atmosphere. The Schlenk
tube was then equipped with a condenser and the outlet connected to the vacuum line
with a nitrogen flow was closed (For an apparatus, see Fig.1 in SI). The reaction was
complete after being stirred at 130 °C for 16 h as monitored by TLC (eluent:
petroleum ether/ethyl acetate = 3/1). Then the resulting mixture was diluted with ethyl
acetate (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 ethyl acetate (20 mL). The combined organic layer was washed with brine and
dried over anhydrous Na,SOs. After filtration and evaporation, the residue was
purified by chromatography (eluent: petroleum ether/ethyl acetate = 3/1) on silica gel
to afford (Ry)-4aa (246.5 mg, 49%) as a liquid: 98% de (HPLC conditions: Chiralcel
AS-H column, hexane/i-PrOH = 95/5, 0.3 mL/min, A = 214 nm, tg(major) = 24.9 min,

tg(minor) = 26.8 min); [a]p> = - 32.2 (¢ = 1.07, CHCls); "H NMR (300 MHz, CDCl;)
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8 5.28-4.95 (m, 5 H), 4.64 (d, J=7.8 Hz, 1 H), 4.35-4.24 (m, 2 H), 4.18-4.07 (m, 2 H),
3.74-3.63 (m, 1 H), 2.09 (s, 3 H, Me), 2.05 (s, 3 H, Me), 2.03 (s, 3 H, Me), 2.01 (s, 3
H, Me), 2.12-1.94 (m, 2 H, CH,), 1.48-1.20 (m, 10 H, CH, x 5), 0.89 (t, J = 6.9 Hz, 3
H, Me); >C NMR (75 Hz, CDCls) & 205.4, 170.5, 170.2, 169.3, 169.2, 98.8, 92.1,
87.2, 72.8, 71.6, 71.0, 68.2, 67.8, 61.7, 31.7, 28.98, 28.95, 28.9, 28.3, 22.5, 20.6,
20.52,20.45,20.4, 13.9; IR (neat) v (cm™) 2928, 2856, 1963, 1757, 1435, 1370, 1226,
1165, 1041; MS (ESI, m/z) 521 (M+Na"), 516 (M+NH,"); Anal. Calcd. for CosH3301¢
(%): C 60.23, H 7.68; Found: C 60.21, H 7.37.

(2) Preparation of (Ra)-4aa on 5.0 mmol scale. hx-10-97

OAc OAc

AcO 2L N Ph AcO
AcO © H OH 130°C,16h AcO 0 CH
OAc 2a OAc 7M1s
1a 1.4 equiv (S)-3 B (R,)-4aa
1.2 equiv o oo
5.0 mmol 53%, 98% de

The reaction of CuBr, (0.2242 g, 1.0 mmol), 1a (1.9282 g, 5.0 mmol), (S)-3
(1.5181 g, 6.0 mmol), and 2a (0.8974 g, 7.0 mmol) in dioxane (15.0 mL) afforded
(Ra)-4aa (1.3199 g, 53%) (eluent: petroleum ether/ethyl acetate = 3/1) as a liquid:
98% de (HPLC conditions: Chiralcel AS-H column, hexane/i-PrOH = 95/5, 0.4
mL/min, A = 214 nm, tr(major) = 35.2 min, tg(minor) = 37.2 min); [a]p®’ =-29.8 (c =
1.16, CHCls); "H NMR (300 MHz, CDCl;) & 5.27-4.97 (m, 5 H), 4.64 (d, J = 7.8 Hz,
1 H), 4.34-4.25 (m, 2 H), 4.17-4.07 (m, 2 H), 3.73-3.64 (m, 1 H), 2.09 (s, 3 H, Me),
2.05 (s, 3 H, Me), 2.03 (s, 3 H, Me), 2.01 (s, 3 H, Me), 2.10-1.96 (m, 2 H, CH,),
1.48-1.22 (m, 10 H, CH; % 5), 0.89 (t, J = 6.8 Hz, 3 H, Me).

(3) Preparation of (S;)-4aa on 2.0 mmol scale. hx-10-98
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OAc OAc

% crcro o ()., Ph_CuBr; (20 mot%) Cotee
AcO 77 + CrHisCHO + S\~ Ph AcO Q
\/ H N AcO O Y

OH  130°C, 16 h
2a OAc H

R)-3 i
1a 1.4 equiv ® dioxane (S.)-4aa

2.0 mmol 1.2 equiv 51%, 98% de

The reaction of CuBr; (89.3 mg, 0.4 mmol), 1la (772.5 mg, 2.0 mmol), (R)-3
(607.6 mg, 2.4 mmol), and 2a (360.6 mg, 2.8 mmol) in dioxane (6.0 mL) afforded
(Sa)-4aa (508.2 mg, 51%) (eluent: petroleum ether/ethyl acetate = 3/1) as a liquid:
98% de (HPLC conditions: Chiralcel AS-H column, hexane/i-PrOH = 95/5, 0.4
mL/min, A = 214 nm, tg(minor) = 35.5 min, trg(major) = 36.5 min); [a]p®’ = +36.8 (c =
0.975, CHCls); "H NMR (300 MHz, CDCls) § 5.28-4.95 (m, 5 H), 4.64 (d, J = 7.8 Hz,
1 H), 4.34-4.25 (m, 2 H), 4.18-4.07 (m, 2 H), 3.75-3.66 (m, 1 H), 2.08 (s, 3 H, Me),
2.04 (s, 3 H, Me), 2.03 (s, 3 H, Me), 2.00 (s, 3 H, Me), 2.12-1.95 (m, 2 H, CH,),
1.48-1.18 (m, 10 H, CH, x 5), 0.88 (t, J = 6.6 Hz, 3 H, Me); *C NMR (75 Hz, CDCl;)
0205.1, 170.3, 169.9, 169.1, 169.0, 98.7, 92.0, 87.1, 72.6, 71.5, 70.9, 68.1, 67.5, 61.6,
31.5, 28.8, 28.7, 28.1, 22.3, 20.39, 20.35, 20.3, 13.8; IR (neat) v (cm™") 2929, 2857,
1962, 1759, 1435, 1367, 1227, 1166, 1040; MS (ESI, m/z) 516 (M+NH;"); Anal.
Calcd. for Cy5H35010 (%): C 60.23, H 7.68; Found: C 60.61, H 7.71.

2. Preparation of (R,)-4ab. hx-10-33

OAc OAc
ﬁ CuBr2 (20 mol%) H
AcO (o] + BnCHO ACO (@] S
AcO o” 130°C,16h  AcO 0~ an
1 Ohe 1.4 equiv (S) 3 dioxane OAC(R )-4ab
a . . a -
1.0 mmol 1.2 equiv 55%, 97% de

The reaction of CuBr; (44.9 mg, 0.2 mmol), 1a (388.1 mg, 1.0 mmol), (S)-3
(303.3 mg, 1.2 mmol), and 2b (168.8 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ab (273.0 mg, 55%) (eluent: petroleum ether/ethyl acetate = 2.5/1) as a liquid:
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97% de (HPLC conditions: Chiralcel IA-H column, hexane/i-PrOH = 95/5, 1.0
mL/min, A = 214 nm, tr(major) = 16.4 min, tg(minor) = 23.0 min); [a]p®’ =-30.4 (c =
1.405, CHCls); "H NMR (300 MHz, CDCl3) & 7.39-7.19 (m, 5 H, ArH), 5.50-5.37 (m,
1 H), 5.22-5.11 (m, 2 H), 5.06 (t,J=9.6 Hz, 1 H), 4.95 (t, J=8.9 Hz, 1 H), 4.35(d, J
=7.8 Hz, 1 H), 4.32-4.19 (m, 2 H), 4.13-4.02 (m, 2 H), 3.55-3.29 (m, 3 H), 2.07 (s, 3
H, Me), 2.029 (s, 3 H, Me), 2.026 (s, 3 H, Me), 2.00 (s, 3 H, Me); °C NMR (75 Hz,
CDCl3) & 205.7, 170.4, 170.0, 169.15, 169.06, 139.2, 128.34, 128.28, 126.3, 98.2,
91.5, 88.0, 72.5, 71.3, 70.8, 68.0, 67.0, 61.5, 34.7, 20.5, 20.42, 20.35; IR (neat) v
(cm™) 3063, 3028, 2945, 2884, 1964, 1756, 1602, 1495, 1450, 1433, 1370, 1226,
1165, 1041; MS (ESI, m/z) 529 (M+K"), 513 (M+Na"), 508 (M+NH,"); Anal. Calcd.
for CysH30019 (%): C 61.22, H 6.16; Found: C 61.32, H 6.03.

3. Preparation of (R,)-4ac. xc-12-18

OAc OAc
R0 o ” ) cHo™ N 5" a0 °c 16h Aco A N
OAc 14 ¢ ) (S)-3 dioxane OAc Ph
1a 4 equiv 12 equiv (Ry)-4ac
1.0 mmol 50%, 99% de

The reaction of CuBr; (44.7 mg, 0.2 mmol), 1a (386.1 mg, 1.0 mmol), (S)-3
(303.5 mg, 1.2 mmol), and 2c (187.6 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ac (253.4 mg, 50%) (eluent: petroleum ether/ethyl acetate = 2.5/1) as a liquid:
99% de (HPLC conditions: Chiralcel OD-H column, hexane/i-PrOH = 90/10, 1.0
mL/min, A = 214 nm, tr(major) = 13.1 min, tg(minor) = 19.3 min); [a]p®’ =-37.7 (c =
1.32, CHCls); '"H NMR (300 MHz, CDCls) & 7.34-7.15 (m, 5 H), 5.31-4.95 (m, 5 H,
ArH), 4.57 (d, J=8.1 Hz, 1 H), 4.32-4.18 (m, 2 H), 4.16-4.01 (m, 2 H), 3.70-3.61 (m,

1 H), 2.74 (t, J = 7.7 Hz, 2 H), 2.40-2.28 (m, 2 H), 2.07 (s, 3 H, Me), 2.03 (s, 3 H,
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Me), 2.02 (s, 3 H, Me), 2.00 (s, 3 H, Me); ?C NMR (75 Hz, CDCls) & 205.3, 170.5,
170.2, 169.3, 169.2, 141.2, 128.4, 128.2, 125.9, 99.2, 91.5, 87.9, 72.8, 71.7, 71.2, 68.3,
67.7,61.8,35.1, 30.0, 20.59, 20.56, 20.49, 20.47; IR (neat) v (cm™) 3063, 3024, 2942,
2861, 1964, 1757, 1603, 1496, 1453, 1432, 1369, 1225, 1165, 1041; MS (ESI, m/z)
527 (M+Na"), 522 (M+NH,"); Anal. Calcd. for C,H3,019 (%): C 61.90, H 6.39;
Found: C 61.41, H 6.25. HRMS calcd. for C,6H36NO1g (M+NH4+): 522.2334; Found:
522.2322.

4. Preparation of (Ry)-4ad. hx-10-30

OAc OAc

ﬁ\b ph CuBr2 (20 mol%) ’
AcO o] + j-BUCHO + —————" A0 0 o
AcO o7 130°C, 16h  AcO O TN
1 OAc 1 4 equiv (S) 3 dioxane OAC(R 1 dad
a . ) al™
1.0 mmol 1.2 equiv 54%, 97% de

The reaction of CuBr; (45.0 mg, 0.2 mmol), 1a (385.4 mg, 1.0 mmol), (S)-3
(304.1 mg, 1.2 mmol), and 2d (121.2 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ad (245.2 mg, 54%) (eluent: petroleum ether/ethyl acetate = 3/1) as a solid:
97% de (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 95/5, 1.0
mL/min, A = 214 nm, tg(minor) = 17.6 min, tg(major) = 18.9 min); [a]p’ =-26.7 (c =
1.00, CHCI3); m.p. 68-69 °C (DCM/n-hexane); 'H NMR (300 MHz, CDCl3) &
5.28-4.95 (m, 5 H), 4.63 (d, J= 8.1 Hz, 1 H), 4.36-4.21 (m, 2 H), 4.20-4.04 (m, 2 H),
3.73-3.61 (m, 1 H), 2.09 (s, 3 H, Me), 2.06 (s, 3 H, Me), 2.04 (s, 3 H, Me), 2.02 (s, 3
H, Me), 2.17-1.87 (m, 2 H, CHy), 1.76-1.59 (m, 1 H, CH), 0.94 (d, J = 6.6 Hz, 6 H,
Me x 2); *C NMR (75 Hz, CDCls) § 205.9, 170.5, 170.2, 169.23, 169.16, 98.8, 90.5,
86.5, 72.7, 71.6, 71.0, 68.1, 67.8, 61.7, 37.8, 28.1, 22.0, 21.9, 20.54, 20.51, 20.44,

20.42; IR (KBr) v (cm™) 2957, 2871, 1964, 1757, 1434, 1369, 1226, 1165, 1041; MS
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(ESI, m/z) 479 (M+Na"), 474 (M+NH,"); Anal. Calcd. for C5,H3,010 (%): C 57.88, H
7.07; Found: C 57.89, H 7.08.

5. Preparation of (R,)-4ae. hx-10-34

OAc OAc

/gw pp  CuBrz (20 mol%) ’
AcO 0 # + CyCHO + S\ ~p — " A 0
AcO O\/ 2% H OH 130°C 16h AcO 00— “cy
OAc . (S)-3 dioxane OAc
1a 1.4 equiv - _ (R,)-4ae
1.0 mmol < equiv 57%, 99% de

The reaction of CuBr; (45.0 mg, 0.2 mmol), 1a (388.5 mg, 1.0 mmol), (S)-3
(305.5 mg, 1.2 mmol), and 2e (157.5 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ae (275.1 mg, 57%) (eluent: petroleum ether/ethyl acetate = 3/1) as a solid: 99%
de (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 95/5, 1.0 mL/min, A
= 214 nm, tr(minor) = 16.4 min, trx(major) = 19.1 min); [a]p®® = -37.5 (c = 0.92,
CHCl3); m.p. 102-103 °C (DCM/n-hexane); 'H NMR (300 MHz, CDCls) & 5.27-4.96
(m, 5 H), 4.66 (d, J = 8.1 Hz, 1 H), 4.36-4.22 (m, 2 H), 4.19-4.05 (m, 2 H), 3.72-3.63
(m, 1 H), 2.09 (s, 3 H, Me), 2.05 (s, 3 H, Me), 2.03 (s, 3 H, Me), 2.01 (s, 3 H, Me),
2.22-1.89 (m, 1 H, CH), 1.81-1.60 (m, 5 H, CH, x 2 and one proton of CHa),
1.40-1.00 (m, 5 H, CH; % 2 and one proton of CH,); C NMR (75 Hz, CDCl;) &
204.3, 170.4, 170.0, 169.2, 169.1, 98.7, 98.0, 88.1, 72.7, 71.5, 71.0, 68.1, 67.8, 61.6,
36.6, 32.8, 32.6, 25.8, 25.6, 20.5, 20.42, 20.36; IR (KBr) v (cm™) 2925, 2851, 1965,
1741, 1447, 1412, 1380, 1287, 1260, 1227, 1171, 1115, 1094, 1058, 1036; MS (ESI,
m/z) 505 (M+Na"), 500 (M+NH,"); Anal. Calcd. for C24H34010 (%): C 59.74, H 7.10;

Found: C 59.80, H 7.04.
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Figure S2. ORTEP representation of (R,)-4ae.

Crystal data for compound (Ra)-4ae: C4H34010, MW = 482.51, orthorhombic, space

group P 21 21 21, final R indices [I > 25(I)], R1 = 0.0800, wR2 = 0.2036, R indices

(all data) R1 = 0.1020, WR2 = 0.2267, a = 5.8507(10) A, b = 14.177(2) A, ¢

30.834(4) A, a = 90.00°, B =90.00°, y = 90.00°, V = 2557.5(7) A>, T=293(2) K, Z
4, reflections collected/unique 15536 / 2706 (Rint = 0.1325), number of observations
[> 20(I)] 2010, parameters: 313. CCDC 1013803 contains the supplementary
crystallographic data for this paper. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

6. Preparation of (R,)-4af. hx-10-40

OAc OAc
y O\gph CuBr; (20 mol%) !
O + j-PrCHO + - o
AcO 7 * I-Pr s
AcO o 2f N oht 10ecieh AR5 O "N p

OAc 1.4 equiv (S)-3 dioxane OAc

1a 12 ou (R,)-4af

1.0 mmol < equv 53%, 99% de

The reaction of CuBr; (44.7 mg, 0.2 mmol), 1a (384.2 mg, 1.0 mmol), (S)-3
(305.5 mg, 1.2 mmol), and 2f (101.4 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4af (233.9 mg, 53%) (eluent: petroleum ether/ethyl acetate = 2.5/1) as a liquid:
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99% de (HPLC conditions: Chiralcel IA-H column, hexane/i-PrOH = 95/5, 1.0
mL/min, A = 214 nm, tg(minor) = 15.1 min, tg(major) = 16.1 min); [a]p’=-23.1(c=
1.08, CHCl3); '"H NMR (300 MHz, CDCl3) & 5.30-5.14 (m, 3 H), 5.10 (t, J = 9.6 Hz, 1
H), 5.01 (dd, J; = 9.6 Hz, J, = 8.1 Hz, 1 H), 4.66 (d, J= 7.8 Hz, 1 H), 4.36-4.24 (m, 2
H), 4.17-4.07 (m, 2 H), 3.72-3.64 (m, 1 H), 2.40-2.24 (m, 1 H, CH), 2.09 (s, 3 H, Me),
2.05 (s, 3 H, Me), 2.03 (s, 3 H, Me), 2.01 (s, 3 H, Me), 1.03 (d, J= 6.6 Hz, 6 H, Me X
2); C NMR (75 Hz, CDCl3) & 204.0, 170.5, 170.2, 169.3, 169.2, 99.5, 98.7, 88.5,
72.8,71.6,71.1,68.2,67.9, 61.8, 27.5,22.3,22.2, 20.6, 20.51, 20.45, 20.4; IR (neat) v
(cm™) 2962, 2871, 1961, 1755, 1434, 1367, 1227, 1165, 1040; MS (ESI, m/z) 460
(M+NH4+); Anal. Calcd. for C;1H3001¢ (%): C 57.01, H 6.83; Found: C 57.05, H 6.72.

7. Preparation of (Ry)-4ag. hx-11-91, hx-10-53

Cl
OAc CHO OAc
Ph CuBr, (40 mol%)
Acoﬁ/o /+ + %Ph o °
A0 H  OH 70°C, 24 h AcO 0
1a © Cl (S)-3 dioxane OAc a
-4a
1.0 mmol 2g 1.2 equiv (Rq)-4ag
1.4 equiv 54%, 99% de

The reaction of CuBr; (89.7 mg, 0.4 mmol), 1la (386.8 mg, 1.0 mmol), (S)-3
(304.6 mg, 1.2 mmol), and 2g (196.8 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ag (277.3 mg, 54%) (eluent: petroleum ether/ethyl acetate = 2/1) as a liquid:
99% de (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 95/5, 0.6
mL/min, A = 214 nm, tg(major) = 57.1 min, tg(minor) = 62.3 min); [a]p’ =-111.8 (c
= 1.04, CHCl;); '"H NMR (300 MHz, CDCl5) § 7.34-7.27 (m, 2 H, ArH), 7.25-7.19 (m,
2 H, ArH), 6.23 (dt, J; = 6.2 Hz, J, = 2.3 Hz, 1 H, one proton of CH=C=CH), 5.65 (dd,
J; = 13.8 Hz, J, = 6.3 Hz, 1 H, one proton of CH=C=CH), 5.22 (t, J = 9.5 Hz, 1 H),
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5.14-4.97 (m, 2 H), 4.65 (d, J = 7.8 Hz, 1 H), 4.47-4.37 (m, 1 H), 4.29-4.18 (m, 2 H),
4.10 (dd, J; = 12.3 Hz, J, = 2.4 Hz, 1 H), 3.66-3.58 (m, 1 H), 2.03 (s, 3 H, Me), 2.02
(s, 3 H, Me), 2.00 (s, 3 H, Me), 1.99 (s, 3 H, Me); °C NMR (75 Hz, CDCl3) § 206.4,
170.3, 169.9, 169.1, 169.0, 132.8, 132.0, 128.7, 127.9, 99.2, 94.9, 91.8, 72.7, 71.7,
71.1, 68.2, 66.6, 61.7, 20.4, 20.3; IR (neat) v (cm™) 2956, 2925, 2869, 2849, 1953,
1755, 1492, 1456, 1429, 1376, 1224, 1039; MS (ESIL, m/z) 535 (M(*'Cl)+Na"), 533
M(C’C+Na"), 530 (MC'CH+NH,), 528 (M(PCl)+NH,"); HRMS caled. for
Ca4H3,°CINO ;o (M(PC1)y+NH,"): 528.1631; Found: 528.1614.

8. Preparation of (Ry)-4ah. hx-12-174, hx-10-62

OAc CHO OAc
Ph CuBr;, (40 mol%)
Acoﬁgb o / + + prh AcO o,
AcO LA H OH 70°C, 24 h AcO
¢ (S)-3 dioxane OAc
1a ] (R,)-4ah
1.0 mmol 2h 1.2 equiv

1.4 equiv 50%, 98% de

The reaction of CuBr; (89.6 mg, 0.4 mmol), 1a (385.8 mg, 1.0 mmol), (S)-3
(304.2 mg, 1.2 mmol), and 2h (169.1 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ah (244.0 mg, 50%) (eluent: petroleum ether/ethyl acetate = 2/1) as a liquid:
98% de (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 94/6, 0.6
mL/min, A = 214 nm, tr(major) = 91.9 min, tg(minor) = 99.9 min); [a]p®’ =-90.4 (c =
0.81, CHCl;); '"H NMR (300 MHz, CDCl3) & 7.25-7.09 (m, 4 H, ArH), 6.28-6.20 (m, 1
H, one proton of CH=C=CH), 5.64-5.54 (m, 1 H, one proton of CH=C=CH), 5.22 (t, J
=9.5 Hz, 1 H), 5.14-4.97 (m, 2 H), 4.66 (d, J=7.8 Hz, 1 H), 4.41 (ddd, J; = 12.0 Hz,
J,=6.0 Hz, J3 =2.4 Hz, 1 H), 4.29-4.17 (m, 2 H), 4.05 (dd, J; = 12.3 Hz, J, = 2.1 Hz,
1 H), 3.55 (ddd, J1 =9.9 Hz, J, =4.5 Hz, J3= 2.4 Hz, 1 H), 2.34 (s, 3 H, Me), 2.02 (s,
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6 H, Me x 2), 2.01 (s, 3 H, Me), 2.00 (s, 3 H, Me); °C NMR (75 Hz, CDCl5) & 206.4,
170.3, 169.9, 169.1, 169.0, 136.9, 130.2, 129.2, 126.5, 98.7, 95.3, 90.9, 72.6, 71.5,
70.9, 68.0, 66.8, 61.4, 20.9, 20.33, 20.30, 20.26; IR (neat) v (cm™) 2944, 2869, 1950,
1755, 1513, 1432, 1367, 1227, 1166, 1040; MS (ESI, m/z) 529 (M+K"), 513 (M+Na"),
508 (M+NH;"); HRMS caled. for CpsH3NOj, (M+NH,;"): 508.2177; Found:
508.2164.

9. Preparation of (R,)-4be. hx-10-57

OTs OTs

/gﬁ/ Ph CUBI’Z 20 mol% H
AcO (e} + CYCHO + il NN o R
ACO O H 130 oC 16 h ACO O\/:.:\Cy
Ohe 1 4 equiv (S)-3 dioxane OAc
1 i i (Ry)-4be
1.0 mmol 1.2 equiv 50% 09% de

The reaction of CuBr; (45.0 mg, 0.2 mmol), 1b (498.9 mg, 1.0 mmol), (S)-3
(304.1 mg, 1.2 mmol), and 2e (156.9 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(R)-4be (297.4 mg, 50%) (eluent: petroleum ether/ethyl acetate = 2.5/1) as a solid:
99% de (HPLC conditions: Chiralcel IA-H column, hexane/i-PrOH = 80/20, 1.0
mL/min, A = 214 nm, tg(minor) = 9.5 min, tg(major) = 10.9 min); [a]p®’ = -21.6 (c =
0.97, CHCIl;); m.p. 117-118 °C (EtOAc/n-hexane); 'H NMR (300 MHz, CDCl3) &
7.78 (d, J = 8.4 Hz, 2 H, ArH), 7.35 (d, J = 8.1 Hz, 2 H, ArH), 5.27-5.08 (m, 3 H),
4.97-4.86 (m, 2 H), 4.58 (d, J = 8.1 Hz, 1 H), 4.27-4.17 (m, 1 H), 4.16-3.97 (m, 3 H),
3.77-3.68 (m, 1 H), 2.45 (s, 3 H), 2.03 (s, 3 H, Me), 2.00 (s, 3 H, Me), 1.99 (s, 3 H,
Me), 2.10-1.95 (m, 1 H, CH), 1.82-1.59 (m, 5 H, CH, % 2 and one proton of CH»),
1.40-0.98 (m, 5 H, CH, x 2 and one proton of CHy); C NMR (75 Hz, CDCls) &
204.2, 170.1, 169.3, 169.1, 145.0, 132.2, 129.8, 127.9, 98.7, 98.2, 88.2, 72.4, 71.3,

70.8, 68.4, 67.9, 67.5, 36.6, 32.8, 32.7, 25.9, 25.7, 21.5, 20.47, 20.42, 20.39; IR (KBr)
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v (cm'l) 2926, 2852, 1962, 1758, 1598, 1449, 1369, 1245, 1218, 1178, 1040; MS (ESI,
m/z) 612 (M+NH4+); Anal. Calcd. for Cy9H3301;S (%): C 58.57, H 6.44; Found: C
58.81, H 6.38.

10. Preparation of (R,)-4ce. hx-10-56

NHCOC,H;s NHCOC;H;s

ph  CuBr, (20 mol%) H
AcO & # + CyCHO + Ny Ph ™ AcO &
AcO o” 2e H oOH  130°C,16h AcO 0/ \Cy
OAc . (S)-3 dioxane OAc
1c 1.4 equiv 12 ) (Ra)-4ce
1.0 mmol < equiv 45%, 99% de

The reaction of CuBr; (44.9 mg, 0.2 mmol), 1c (472.5 mg, 1.0 mmol), (S)-3
(303.2 mg, 1.2 mmol), and 2e (158.1 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ce (256.2 mg, 45%) (eluent: petroleum ether/ethyl acetate = 1.5/1) as a liquid:
99% de (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 95/5, 1.0
mL/min, A = 214 nm, tg(minor) = 27.3 min, tg(major) = 29.6 min); [a]p’ =-38.9 (c =
1.35, CHCl3); '"H NMR (300 MHz, CDCl3) & 5.89 (t, J = 5.4 Hz, 1 H), 5.27-5.13 (m, 3
H), 5.02-4.85 (m, 2 H), 4.62 (d, J = 8.1 Hz, 1 H), 4.34-4.24 (m, 1 H), 4.18-4.07 (m, 1
H), 3.61-3.40 (m, 3 H), 2.23-2.11 (m, 2 H), 2.06 (s, 3 H, Me), 2.05 (s, 3 H, Me), 2.00
(s, 3 H, Me), 2.10-1.95 (m, 1 H, CH), 1.82-1.54 (m, 7 H, CH, x 3 and one proton of
CH), 1.39-1.00 (m, 13 H, CH; x 6 and one proton of CH;), 0.88 (t, J = 6.6 Hz, 3 H,
Me); °C NMR (75 Hz, CDCls) & 204.3, 173.1, 170.1, 169.5, 169.2, 99.2, 98.3, 88.3,
72.7,72.4, 71.1, 68.7, 68.4, 38.8, 36.7, 36.5, 32.9, 32.7, 31.5, 29.1, 28.9, 25.9, 25.7,
25.4,22.5,20.52,20.47, 13.9; IR (neat) v (cm™) 3312, 2926, 2853, 1961, 1760, 1651,
1538, 1447, 1373, 1248, 1220, 1165, 1050; MS (ESI, m/z) 604 (M+K"), 588 (M+Na"),
566 (M+H"); Anal. Calcd. for C30H47NOg (%): C 63.70, H 8.37, N 2.48; Found: C

63.60, H 8.39, N 2.29.
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11. Preparation of (R,)-4de. hx-10-76

MeO,C MeO,C
CO,Me CO,Me

P O\&ph CuBr; (30 mol%) H
Q + CyCHO + —_— o)
AO N A N Ph AcO o™

AcO H OH 130°C, 16 h AcO
Ohc ey di OAc Cy
1.4 equiv (S)y-3 ioxane
1d 1.2 equi (R,)-4de
1.0 mmol < equiv 46%, 98% de

The reaction of CuBr; (67.0 mg, 0.3 mmol), 1d (457.3 mg, 1.0 mmol), (S)-3
(304.0 mg, 1.2 mmol), and 2e (157.3 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4de (255.0 mg, 46%) (eluent: petroleum ether/ethyl acetate = 2.5/1) as a liquid:
98% de (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 80/20, 0.5
mL/min, A = 214 nm, tg(minor) = 12.2 min, tg(major) = 14.3 min); [a]p’ =-30.0 (c =
1.375, CHCls); 'H NMR (300 MHz, CDCl3) & 5.26-5.12 (m, 3 H), 4.96 (dd, J; = 9.8
Hz,J; =8.0 Hz, 1 H), 4.88 (t, J=9.5 Hz, 1 H), 4.52 (d, J=8.1 Hz, 1 H), 4.25 (ddd, J;
=11.4 Hz, J, = 6.3 Hz, J3 = 2.7 Hz, 1 H), 4.06 (ddd, J; = 11.7 Hz, J, = 7.5 Hz, J3 =
2.4 Hz, 1 H), 3.76 (s, 3 H, Me), 3.74 (s, 3 H, Me), 3.67 (dd, J1 =9.6 Hz, J, = 5.1 Hz, 1
H), 3.52 (td, J1 = 9.6 Hz, J, = 2.9 Hz, 1 H, CH), 2.30-2.19 (m, 1 H), 2.13-1.94 (m, 11
H), 1.81-1.60 (m, 5 H, CH, x 2 and one proton of CH,), 1.40-1.00 (m, 5 H, CH; x 2
and one proton of CH,); *C NMR (75 Hz, CDCl3) & 204.1, 170.1, 169.5, 169.2, 169.1,
169.0, 99.2, 98.1, 88.3, 72.6, 71.6, 71.1, 71.0, 68.1, 52.6, 52.5, 47.4, 36.6, 32.8, 32.7,
30.2, 25.9, 25.7, 20.52, 20.49, 20.4; IR (neat) v (cm™) 2927, 2852, 1961, 1755, 1436,
1367, 1245, 1218, 1159, 1046; MS (ESI, m/z) 577 (M+Na"), 572 (M+NH;"); Anal.
Calcd. for C,7H3301; (%): C 58.47, H 6.91; Found: C 58.04, H 6.68. HRMS calcd. for
Cy7H4NO |, (M+NH4"): 572.2702; Found: 572.2688.

12. Preparation of (R,)-4ee. hx-10-75
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OAc OAc

AcO O\gh CuBr, (30 mol%) AcO H
o} + CyCHO + 0

AcO 130°C, 16 h AcO Cy
OAc OAc
S)-3 dioxane
1e 1.4 equiv 1(2) _ (R.)-dee
1.0 mmol < equiv 50%, 96% de

The reaction of CuBr; (67.3 mg, 0.3 mmol), 1le (388.0 mg, 1.0 mmol), (S)-3
(303.7 mg, 1.2 mmol), and 2e (158.0 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ee (240.3 mg, 50%) (eluent: petroleum ether/ethyl acetate = 3/1) as a liquid:
96% de (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 95/5, 1.0
mL/min, A = 214 nm, tr(major) = 20.0 min, tg(minor) = 23.5 min); [a]p®’ =-26.7 (c =
1.24, CHCls); "H NMR (300 MHz, CDCl;) & 5.40 (d, J = 3.0 Hz, 1 H), 5.27-5.13 (m,
3 H),5.02 (dd, J1 =10.4 Hz, J, =3.2 Hz, 1 H), 4.62 (d, J = 8.1 Hz, 1 H), 4.37-4.27 (m,
1 H), 4.23-4.07 (m, 3 H), 3.89 (t, J = 6.6 Hz, 1 H), 2.16 (s, 3 H, Me), 2.09 (s, 3 H,
Me), 2.06 (s, 3 H, Me), 1.99 (s, 3 H, Me), 2.20-1.93 (m, 1 H, CH), 1.83-1.60 (m, 5 H,
CH; x 2 and one proton of CHy), 1.40-0.99 (m, 5 H, CH; X% 2 and one proton of CH);
C NMR (75 Hz, CDCl5) § 204.3, 170.12, 170.09, 170.0, 169.2, 99.2, 98.0, 88.2, 70.8,
70.4, 68.6, 67.8, 66.8, 61.1, 36.6, 32.8, 32.6, 25.8, 25.7, 20.5, 20.43, 20.36; IR (neat) v
(cm™) 2926, 2852, 1961, 1754, 1449, 1370, 1223, 1170, 1132, 1075, 1057; MS (ESI,
m/z) 505 (M+Na"), 500 (M+NH,"); Anal. Calcd. for C4H34010 (%): C 59.74 H 7.10;
Found: C 59.77, H 6.97.

13. Preparation of (R,)-4lb. hx-12-190

OH OH
o b+ BRGHO O\ﬁph CuBr, (20 mol%) 5 ’
+ Bn + &
"o o ” N L 130°C, dioxane, 16h o 0 TRy
OH 2b (S)3 OH n
10 1.4 equiv _ (R,)-40b
1.0 mmol 1.2 equiv 47%, 94% de

To a flame-dried Schlenk tube were added CuBr; (44.8 mg, 0.2 mmol), 10 (221.3
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mg, 1.0 mmol), (S)-3 (304.2 mg, 1.2 mmol), and 2b (168.7 mg, 1.4 mmol)/dioxane
(3.0 mL) sequentially under nitrogen atmosphere. The Schlenk tube was then
equipped with a condenser and the outlet connected to the vacuum line with a
nitrogen flow was closed (For an apparatus, see Fig.l1 in SI). The reaction was
complete after being stirred at 130 °C for 16 h as monitored by TLC (eluent:
EtOAc/MeOH = 6/1). After cooling to room temperature, the crude reaction mixture
was filtrated through a short pad of silica gel eluted with MeOH (30 mL). After
evaporation, the residue was purified by chromatography on silica gel to afford
(Ra)-40b (152.0 mg, 47%) (eluent: EtOAc/MeOH = 8/1) as a syrup: 94% de (HPLC
conditions: Chiralcel OJ column, hexane/i-PrOH = 80/20, 1.0 mL/min, A = 214 nm,
tr(major) = 9.1 min, tg(minor) = 19.0 min); [a]p™ = -36.2 (c = 0.79, MeOH); 'H
NMR (300 MHz, d-DMSO) 6 7.44-7.13 (m, 5 H, ArH), 5.53-5.42 (m, 1 H), 5.42-5.31
(m, 1 H), 5.13-4.92 (m, 3 H), 4.60 (t, J = 5.6 Hz, 1 H), 4.35-4.19 (m, 2 H), 4.17-4.04
(m, 1 H), 3.71 (dd, J; = 11.3 Hz, J, = 5.6 Hz, 1 H), 3.56-3.31 (m, 3 H), 3.27-2.95 (m,
4 H); >C NMR (75 Hz, d¢-DMSO) § 205.6, 140.8, 129.38, 129.35, 127.2, 102.6, 92.3,
89.9, 77.9, 71.7, 74.4, 71.0, 67.2, 62.0, 35.6; IR (neat) v (cm™) 3389, 3027, 2971,
2920, 2881, 1965, 1602, 1494, 1453, 1417, 1354, 1273, 1156, 1077, 1046, 1025; MS
(ESI, m/z) 367 (M+COOH"); HRMS calcd. for C17H,0¢°Cl (M+(*°Cl)): 357.1110;
Found: 357.1109.

14. Preparation of (R,)-4fe. hx-10-55
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OAc OAc

ph CuBr2 (20 mol%) H
AcO Q + CyCHO * ACO 0
AcO S N 130 °c 16 h AcO S— Y

Cy
OAc dioxane OAc
i 1. 4 equlv (S)- 3 (R,)-4fe

1.0 mmol 1.2 equiv 46%, 96% de

The reaction of CuBr, (44.9 mg, 0.2 mmol), 1f (400.8 mg, 1.0 mmol), (S)-3
(304.6 mg, 1.2 mmol), and 2e (157.2 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4fe (230.3 mg, 46%) (cluent: petroleum ether/ethyl acetate = 3/1) as a solid: 96%
de (HPLC conditions: Chiralcel AS-H column, hexane/i-PrOH = 95/5, 0.5 mL/min, A
= 214 nm, tr(minor) = 23.0 min, tr(major) = 24.5 min); [a]p®’ = -47.9 (c = 1.24,
CHCl;3); m.p. 103-104 °C (EtOAc/n-hexane); 'H NMR (300 MHz, CDCl;) § 5.27-5.14
(m, 3 H), 5.14-5.01 (m, 2 H), 4.58 (d, J =9.9 Hz, 1 H), 4.25 (dd, J; = 12.5 Hz, J; =
5.0 Hz, 1 H), 4.13 (dd, J; = 12.2 Hz, J, = 2.0 Hz, 1 H), 3.71-3.62 (m, 1 H), 3.35 (ddd,
J1=13.8 Hz, J, = 7.5 Hz, J3 = 2.3 Hz, 1 H), 3.24 (ddd, J; = 13.8 Hz, J, = 6.5 Hz, J3 =
3.0 Hz, 1 H), 2.08 (s, 3 H, Me), 2.07 (s, 3 H, Me), 2.03 (s, 3 H, Me), 2.02 (s, 3 H, Me),
2.12-1.94 (m, 1 H, CH), 1.82-1.60 (m, 5 H, CH, x 2 and one proton of CH),
1.40-1.00 (m, 5 H, CH, x 2 and one proton of CHy); C NMR (75 Hz, CDCls) &
203.7, 170.5, 170.0, 169.2, 98.5, 88.8, 82.7, 75.7, 73.8, 69.7, 68.1, 61.9, 37.2, 33.0,
32.9, 30.1, 25.9, 25.7, 20.6, 20.5, 20.4; IR (KBr) v (cm™) 2926, 2852, 1953, 1756,
1448, 1371, 1225, 1040; MS (ESI, m/z) 516 (M+NH,"); Anal. Calcd. for Co4H3400S
(%): C 57.81, H 6.87; Found: C 58.03, H 6.82.

15. Preparation of (R,)-4ge.

(1) Preparation of (R,)-4ge with CuBr; 20 mol%. hx-10-77
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OAc

F’h CuBr2 (20 mol%) H
Ao " CyCHO " o)
i / “ia0ec 80 A%05 O™\

2 Cy

1 4 equiv (S) 3 dioxane OAc
(Ra)-4ge
1. 0 | 1.2 equiv
o 37%, 98% de

The reaction of CuBr; (44.7 mg, 0.2 mmol), 1g (402.0 mg, 1.0 mmol), (S)-3
(306.1 mg, 1.2 mmol), and 2e (157.2 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-40e (183.2 mg, 37%) (eluent: petroleum ether/ethyl acetate = 2.5/1) as a solid:
98% de (HPLC conditions: Chiralcel IC column, hexane/i-PrOH = 96/4, 0.4 mL/min,
A = 214 nm, tg(minor) = 76.6 min, tg(major) = 78.3 min); [a]p®’ = -47.8 (c = 1.38,
CHCl;3); m.p. 86-87 °C (DCM/n-hexane); 'H NMR (300 MHz, CDCl3) & 5.21 (t, J =
9.5 Hz, 1 H), 5.14-4.94 (m, 4 H), 4.53 (d, J = 8.1 Hz, 1 H), 4.28 (dd, J; = 12.3 Hz, J;
=48 Hz, 1 H), 4.13 (dd, J; = 12.3 Hz, J, = 2.4 Hz, 1 H), 3.92 (dt, J; = 9.6 Hz, J, =
6.9 Hz, 1 H), 3.71 (ddd, J; = 10.1 Hz, J, = 4.8 Hz, J; = 2.4 Hz, 1 H), 3.55 (dt, J1 =9.6
Hz, J, =7.2 Hz, 1 H), 2.32-2.20 (m, 2 H, CH»), 2.09 (s, 3 H, Me), 2.05 (s, 3 H, Me),
2.03 (s, 3 H, Me), 2.01 (s, 3 H, Me), 2.13-1.88 (m, 1 H, CH), 1.80-1.58 (m, 5 H, CH,
x 2 and one proton of CHy), 1.37-0.97 (m, 5 H, CH; x 2 and one proton of CHy); B
NMR (75 Hz, CDCls) & 203.2, 170.6, 170.2, 169.3, 169.2, 100.7, 97.4, 87.4, 72.7,
71.6, 71.1, 69.7, 68.2, 61.8, 36.9, 32.9, 32.8, 29.3, 26.0, 25.8, 20.6, 20.5, 20.4; IR
(KBr) v (cm™) 2926, 2852, 1959, 1757, 1448, 1369, 1225, 1170, 1040; MS (ESL, m/z)
514 (M+NH4+); Anal. Calcd. for C,5H36010 (%): C 60.47, H 7.31; Found: C 60.54, H
7.25.

(2) Preparation of (Ra)-4ge with CuBr; 30 mol%. hx-10-78
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OAc

SeHo OXPh CuBr, (30 mol%) o H
AGO= + y + —
R / S 1s0cc 16 A% Oy,

1. 4 equw (S)-3 dioxane OAc 2
1.2 equiv (Ra)-4ge
" O mmOI 42%, 97% de

The reaction of CuBr; (67.4 mg, 0.3 mmol), 1g (400.6 mg, 1.0 mmol), (S)-3
(305.2 mg, 1.2 mmol), and 2e (157.1 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-40e (210.4 mg, 42%) (eluent: petroleum ether/ethyl acetate = 2.5/1) as a solid:
97% de (HPLC conditions: Chiralcel IC column, hexane/i-PrOH = 96/4, 0.4 mL/min,
A = 214 nm, tg(minor) = 75.4 min, tg(major) = 77.0 min); [a]p®® = -47.2 (c = 1.153,
CHCl;); "H NMR (300 MHz, CDCls) & 5.21 (t, J = 9.5 Hz, 1 H), 5.14-4.94 (m, 4 H),
4.53 (d,J=7.8Hz, 1 H), 4.28 (dd, J; = 12.3 Hz, J,=4.5 Hz, 1 H), 4.13 (dd, J; = 12.3
Hz, J; =2.4 Hz, 1 H), 3.92 (dt, J1 = 9.6 Hz, J, = 6.9 Hz, 1 H), 3.71 (ddd, J; = 9.5 Hz,
J,=4.7Hz,J1=2.4Hz, 1 H), 3.55 (dt, J1 =9.6 Hz, J, = 7.4 Hz, 1 H), 2.32-2.20 (m, 2
H, CHy), 2.09 (s, 3 H, Me), 2.05 (s, 3 H, Me), 2.03 (s, 3 H, Me), 2.01 (s, 3 H, Me),
2.13-1.87 (m, 1 H, CH), 1.80-1.58 (m, 5 H, CH, x 2 and one proton of CH),
1.37-0.97 (m, 5 H, CH, x 2 and one proton of CHy); C NMR (75 Hz, CDCls) &
203.2, 170.6, 170.2, 169.3, 169.2, 100.7, 97.4, 87.4, 72.7, 71.6, 71.1, 69.7, 68.3, 61.8,
36.9, 32.93, 32.85, 29.3, 26.0, 25.8, 20.6, 20.54, 20.49, 20.47.

16. Preparation of (R,)-4he. hx-10-58, hx-8-81

OAC (S)-3 (1.2 equiv) OAcC

2e (1.4 equiv)
AcO 0] CuBr, (20 mol%) AcO 0]
AcO o AcO o
BzO ; BzO
BzO 0 dioxane BzO o Cy

OBz OBz

1h (Ra)-4he
1.0 mmol 48%, 98% de

The reaction of CuBr; (44.9 mg, 0.2 mmol), 1h (862.1 mg, 1.0 mmol), (S)-3
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(304.4 mg, 1.2 mmol), and 2e (157.5 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(R)-4he (456.7 mg, 48%) (cluent: petroleum ether/ethyl acetate = 1.5/1) as a syrup:
98% de (HPLC conditions: (Supercritical Fluid Chromatography) Chiralcel 1A
column, CO,/i-PrOH = 80/20, 1.5 mL/min, A = 214 nm, tg(minor) = 8.3 min, tg(major)
= 14.2 min); [a]p™ = -13.8 (¢ = 1.21, CHCL;); 'H NMR (300 MHz, CDCl;) &
7.98-7.88 (m, 4 H, ArH), 7.84-7.78 (m, 2 H, ArH), 7.55-7.45 (m, 2 H, ArH), 7.43-7.32
(m, 5 H, ArH), 7.28-7.20 (m, 2 H, ArH), 5.88 (t, J = 9.6 Hz, 1 H), 5.51 (dd, J1 = 9.6
Hz, J; =8.1 Hz, 1 H), 5.41 (t,J=9.8 Hz, 1 H), 5.26-5.12 (m, 3 H), 5.11-4.98 (m, 2 H),
494 (d,J=7.8 Hz, 1 H), 4.65 (d,J=7.8 Hz, 1 H), 4.43-4.33 (m, 1 H), 4.29-4.12 (m,
2 H), 4.10-3.97 (m, 3 H), 3.78 (dd, J = 18.8 Hz, J=11.3 Hz, 1 H), 3.74-3.65 (m, 1 H),
2.09 (s, 3 H, Me), 2.01 (s, 3 H, Me), 2.00 (s, 3 H, Me), 1.99 (s, 3 H, Me), 2.12-1.85
(m, 1 H, CH), 1.79-1.57 (m, 5 H, CH; x 2 and one proton of CH3), 1.34-0.95 (m, 5 H,
CH, x 2 and one proton of CH,); °C NMR (75 Hz, CDCls) & 204.1, 170.3, 170.0,
169.2, 169.1, 165.5, 165.1, 164.8, 133.4. 133.02, 132.99, 129.6, 129.54, 129.47, 129.1,
128.5, 128.4, 128.3, 128.11, 128.05, 100.6, 99.2, 98.2, 88.2, 73.5, 72.8, 72.6, 71.6,
71.5, 70.9, 69.5, 68.2, 68.0, 67.7, 61.6, 36.5, 32.8, 32.5, 25.8, 25.7, 25.6, 20.5, 20.4,
20.3; IR (neat) v (cm™) 3063, 2927, 2852, 1959, 1754, 1739, 1602, 1452, 1369, 1284,
1251, 1224, 1176, 1094, 1069, 1037; MS (MALDI, m/z) 995 (M+K") 979 (M+Na");
Anal. Calcd. for Cs;Hs¢O15 (%): C 64.01, H 5.90; Found: C 64.00, H 5.80.

17. Preparation of (R,)-4ie. hx-10-70, hx-8-98
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OAc (S)-3 (1.2 equiv) OAc

AcO 2e (1.4 equiv) AcQ o
(0] CuBr, (20 mol%
AcO o 2 Y Ao ©
o, s mne e
BzO 7 ’ & \
BzO O\/ dioxane Bz0 © Cy
OBz OBz
1i (Ry)-4ie
1.0 mmol 51%, 98% de

The reaction of CuBr; (45.0 mg, 0.2 mmol), 1i (861.1 mg, 1.0 mmol), (S)-3
(304.2 mg, 1.2 mmol), and 2e (157.2 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ie (492.2 mg, 51%) (eluent: petroleum ether/ethyl acetate = 1.5/1) as a syrup:
98% de (HPLC conditions: (Supercritical Fluid Chromatography) Chiralcel 1A
column, CO,/i-PrOH = 70/30, 1.5 mL/min, A = 214 nm, tg(minor) = 4.5 min, tg(major)
= 6.1 min); [a]p> =-13.5 (¢ = 1.12, CHCl;); '"H NMR (300 MHz, CDCl)  7.80-7.88
(m, 4 H, ArH), 7.85-7.78 (m, 2 H, ArH), 7.55-7.20 (m, 9 H, ArH), 5.88 (t, J = 9.8 Hz,
1 H), 5.51 (dd, J; = 9.8 Hz, J, = 8.0 Hz, 1 H), 5.46-5.36 (m, 2 H), 5.26 (dd, J; = 10.4
Hz, J, = 8.0 Hz, 1 H), 5.20-5.12 (m, 2 H), 5.03 (dd, J; = 10.4 Hz, J, = 3.5 Hz, 1 H),
495 (d,J=7.8 Hz, 1 H), 4.62 (d,J=7.8 Hz, 1 H), 4.44-4.34 (m, 1 H), 4.25-3.97 (m,
5H),3.92 (t,J=6.5Hz, 1 H), 3.79 (dd, J1 = 10.8 Hz, J, = 7.5 Hz, 1 H), 2.110 (s, 3 H,
Me), 2.107 (s, 3 H, Me), 2.01 (s, 3 H, Me), 1.98 (s, 3 H, Me), 2.18-1.85 (m, 1 H, CH),
1.79-1.57 (m, 5 H, CH; x 2 and one proton of CH,), 1.34-0.95 (m, 5 H, CH, x 2 and
one proton of CHy); *C NMR (75 Hz, CDCls) & 204.1, 170.1, 170.0, 169.9, 169.2,
165.5, 165.1, 164.8, 133.4, 133.02, 132.98, 129.5, 129.4, 129.0, 128.5, 128.4, 128.3,
128.1, 128.0, 101.0, 99.2, 98.2, 88.2, 73.5, 72.8, 71.5, 70.7, 70.4, 69.5, 68.4, 68.2,
67.7, 66.8, 61.0, 36.4, 32.8, 32.5, 25.8, 25.7, 25.6, 20.6, 20.4, 20.33, 20.28; IR (neat) v
(cm™) 3066, 2927, 2852, 1959, 1740, 1602, 1451, 1370, 1281, 1255, 1218, 1177,

1090, 1069; MS (MALDI, m/z) 979 (M+Na"); Anal. Calcd. for Cs5;HssO15 (%): C
522



64.01, H 5.90; Found: C 64.04, H 5.88.

18. Preparation of (R,,Ra)-4jb. xc-13-61

Ph/v o Ph/VO
O o CuBrz (40 mol%)
&W + BnCHO+ OXPh \/‘\
N Ph  reflux, dioxane
\ 2b H  OH 48 h
2.8 equiv (S)3
\ a 2.4 equiv

05mmol R, Ra) -4jb

43%, dr > 99%, 97% de

The reaction of CuBr; (45.1 mg, 0.2 mmol), 1j (198.1 mg, 0.5 mmol), (S)-3 (303.9
mg, 1.2 mmol), and 2b (168.0 mg, 1.4 mmol) in dioxane (1.5 mL) afforded
(Ra,Ra)-4jb (131.2 mg, 43%) (eluent: petroleum ether/ethyl acetate = 10/1) as an oil:
dr > 99%, 97% de (HPLC conditions: (Supercritical Fluid Chromatography) Chiralcel
OJ column, COy/i-PrOH = 80/20, 1.3 mL/min, A = 214 nm, tg(minor) = 24.7 min,
tg(major) = 27.1 min); [a]p™’ = -69.8 (¢ = 0.97, CHCls); '"H NMR (300 MHz, CDCl;)
0 7.55-7.42 (m, 2 H, ArH), 7.41-7.08 (m, 13 H, ArH), 5.53 (s, 1 H), 5.43-5.18 (m, 5
H), 4.89-4.72 (m, 2 H), 4.50 (d, J = 7.8 Hz, 1 H, CH), 4.44-4.11 (m, 7 H), 3.76 (t, J =
10.2 Hz, 1 H), 3.66-3.50 (m, 2 H), 3.43-3.24 (m, 6 H);"°*C NMR (75 Hz, CDCls) &
209.4, 205.2, 205.1, 140.03, 140.01, 137.2, 128.9, 128.4, 128.2, 126.2, 126.1, 126.0,
102.7, 101.0,91.2, 89.4, 89.3, 87.2, 81.3, 80.8, 80.1, 76.1, 71.3, 71.2, 68.7, 67.6, 66.0,
35.33, 35.28; IR (neat) v (cm™) 3062, 3027, 2982, 2871, 1959, 1602, 1494, 1453,
1379, 1363, 1275, 1261, 1174, 1085, 1043, 1000; MS (ESI, m/z) 643 (M+K"), 627
(M+Na+); HRMS calcd for C39H49O¢Na (M+Na+): 627.2717, found: 627.2717.

19. Preparation of (R,)-4ka. hx-12-139

S23



0
0
> 0.0 PSS
0T ° <
Br, (20 mol? IO
O 4 nCsHCHO + O\gh CuBra (20 mol%) d

o N Ph o
2a H OH 130 °C, dioxane,16 h
/ 1.4 equiv (S)-3
1K / 1.2 eqUiV "'"n-C7H15
H
1.0 mmol
(R,)-4ka

52%, 97% de

The reaction of CuBr; (45.0 mg, 0.2 mmol), 1k (301.2 mg, 1.0 mmol), (S)-3
(304.7 mg, 1.2 mmol), and 2a (179.8 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ka (214.5 mg, 52%) (eluent: petroleum ether/ethyl acetate = 20/1) as a liquid:
97% de (HPLC conditions: Chiralcel OZ-H column, hexane/i-PrOH = 300/1, 1.0
mL/min, A = 214 nm, tg(minor) = 12.4 min, tg(major) = 14.3 min); [a]p’ =-43.2 (c=
1.09, CHCls); 'H NMR (300 MHz, CDCl;) & 5.88 (d, J = 3.9 Hz, 1 H), 5.29-5.12 (m,
2 H), 4.55 (d, J=3.6 Hz, 1 H), 4.34-4.25 (m, 1 H), 4.19-4.03 (m, 4 H), 4.03-3.95 (m,
2 H), 2.02 (ddd, J; = 14.1 Hz, J, = 6.9 Hz, J3 = 3.0 Hz, 2 H, CH), 1.49 (s, 3 H, Me),
1.43 (s, 3 H, Me), 1.35 (s, 3 H, Me), 1.31 (s, 3 H, Me), 1.47-1.20 (m, 10 H, CH; x 5),
0.88 (t, J = 6.6 Hz, 3 H, Me); °C NMR (75 Hz, CDCl5) § 205.0, 111.6, 108.7, 105.1,
92.2, 88.0, 82.7, 81.0, 80.8, 72.5, 68.9, 67.0, 31.7, 29.0, 28.9, 28.4, 26.73, 26.68, 26.1,
25.3,22.5, 14.0; IR (neat) v (cm™") 2986, 2929, 2856, 1963, 1456, 1381, 1372, 1346,
1253, 1216, 1166, 1119, 1078, 1023; MS(EI): m/z (%) 410 (M", 3.2), 101 (100), 43
(100); HRMS calcd for C,3H3306 [M+]: 410.2668, found: 410.2667.

20. Preparation of (Ry)-4ke. hx-12-171

S24



o)
o)
A o0 Ao
CuBr, (20 mol% a0
O "+ cycHO + Q\éph uBrz (20 mol%) S

Ph

(@) 2% H OH 130°C, dioxane,16 h
/ 1.4 equiv (S)-3
. / 1.2 equiv g Gy
1.0 mmol (R,)-4ke

56%, 96% de

The reaction of CuBr; (44.8 mg, 0.2 mmol), 1k (298.6 mg, 1.0 mmol), (S)-3
(303.8 mg, 1.2 mmol), and 2e (157.1 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ke (220.6 mg, 56%) (eluent: petroleum ether/ethyl acetate = 20/1 to 10/1) as a
liquid: 96% de (HPLC conditions: Chiralcel OZ-H column, hexane/i-PrOH = 100/1,
0.3 mL/min, A = 214 nm, tg(minor) = 26.4 min, tg(major) = 28.2 min); [a]p”’ = -63.8
(c = 0.94, CHCls); "H NMR (300 MHz, CDCl3) & 5.88 (d, J = 3.6 Hz, 1 H), 5.29-5.17
(m, 2 H), 4.56 (d, J =3.6 Hz, 1 H), 4.35-4.25 (m, 1 H), 4.20-3.95 (m, 6 H), 2.10-1.92
(m, 1 H, CH), 1.84-1.57 (m, 5 H, five protons from Cy), 1.50 (s, 3 H, Me), 1.43 (s, 3
H, Me), 1.35 (s, 3 H, Me), 1.31 (s, 3 H, Me), 1.39-1.00 (m, 5 H, five protons from Cy);
*C NMR (75 Hz, CDCls) & 203.9, 111.5, 108.6, 105.1, 98.1, 88.8, 82.6, 80.9, 80.8,
72.4,69.0, 67.0, 36.7, 32.8, 26.7, 26.6, 26.1, 25.9, 25.8, 25.2; IR (neat) v (cm™) 2986,
2927, 2852, 1962, 1450, 1382, 1372, 1347, 1255, 1216, 1166, 1117, 1077, 1022; MS
(ESI, m/z) 417 (M+Na"), 395 (M+H"); HRMS calcd. for CyH3;NaOs (M+Na"):
417.2248; Found: 417.2231.

21. Preparation of (Ry)-4kh. hx-12-186

S25



O\gh CuBr, (40 mol%)
+ F—
H OHPh 70 °C, dioxane, 24 h
S)-3
2h o
1k 1.4 equiv < equiv R "

1.0 mmol

><‘;]\.I:>< cHo ><ZJ\OIZ><
9 :
)

(Ry)-4kh
49%, 98% de

The reaction of CuBr; (89.4 mg, 0.4 mmol), 1k (299.4 mg, 1.0 mmol), (S)-3
(303.8 mg, 1.2 mmol), and 2h (168.6 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4kh (196.6 mg, 49%) (eluent: petroleum ether/ethyl acetate = 10/1) as a liquid:
98% de (HPLC conditions: Chiralcel IA column, hexane/i-PrOH = 100/1, 0.8 mL/min,
A = 214 nm, tz(minor) = 13.8 min, tg(major) = 14.8 min); [o]p"" = -150.3 (c = 1.08,
CHCls); 'H NMR (300 MHz, CDCl5) & 7.19 (d, J = 7.8 Hz, 2 H, ArH), 7.10 (d, J="7.8
Hz, 2 H, ArH), 6.25 (dt, J1 = 6.0 Hz, J, = 2.3 Hz, 1 H, one proton of CH=C=CH), 5.86
(d, J =39 Hz, 1 H), 5.64 (dd, J1 = 13.1 Hz, J, = 6.5 Hz, 1 H, one proton of
CH=C=CH), 4.54 (d, J=3.6 Hz, 1 H), 4.39-3.94 (m, 7 H), 2.32 (s, 3 H, Me), 1.48 (s,
3 H, Me), 1.43 (s, 3 H, Me), 1.30 (s, 3 H, Me), 1.26 (s, 3 H, Me); °C NMR (75 Hz,
CDCl) 6 205.7, 136.9, 130.5, 129.3, 126.7, 111.6, 108.8, 105.1, 95.7, 92.2, 82.7, 81.4,
81.0, 72.4, 68.3, 67.1, 26.7, 26.0, 25.2, 21.1; IR (neat) v (cm™) 2986, 2935, 1950,
1513, 1455, 1382, 1372, 1346, 1255, 1215, 1165, 1117, 1078, 1021; MS (ESI, m/z)
425 (M+Na"), 403 (M+H"); HRMS calcd. for C3H3NaOg (M+Na'): 425.1935;
Found: 425.1934.

22. Preparation of (Ry)-4ki. xc-13-50
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0]
Ao g Ao
o Ph  CuBr, (40 mol%) :
* TP
0 70 °C, dioxane, 24 h
e )

// 1.4 equiv 1.2 equiv
1k

1.0 mmol
a) -4ki

50%, 98% de

The reaction of CuBr; (90.1 mg, 0.4 mmol), 1k (298.5 mg, 1.0 mmol), (S)-3
(304.3 mg, 1.2 mmol), and 2i (149.0 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4ki (193.3 mg, 50%) (eluent: petroleum ether/ethyl acetate = 10/1) as an oil: 98%
de (HPLC conditions: Chiralcel IB column, hexane/i-PrOH = 100/1, 1.0 mL/min, A =
214 nm, tr(major) = 8.6 min, tg(minor) = 11.4 min); [o]p"" = -154.2 (¢ = 1.08, CHCl;);
'H NMR (300 MHz, CDCls) & 7.36-7.17 (m, 5 H, ArH), 6.28 (dt, J; = 6.3 Hz, J, = 2.4
Hz, 1 H, one proton of CH=C=CH), 5.86 (d, J =3.6 Hz, 1 H), 5.67 (dd, J1 = 12.9 Hz,
J2 =6.6 Hz, 1 H, one proton of CH=C=CH), 4.55 (d, J =3.9 Hz, 1 H), 4.39-4.18 (m, 3
H), 4.16-3.96 (m, 4 H), 1.49 (s, 3 H, Me), 1.43 (s, 3 H, Me), 1.31 (s, 3 H, Me), 1.27 (s,
3 H, Me); C NMR (75 Hz, CDCls) & 205.9, 133.6, 128.6, 127.2, 126.8, 111.7, 108.9,
105.2,95.9,92.4, 82.8, 81.5, 81.1, 72.4, 68.3, 67.2, 26.8, 26.1, 25.3; IR (neat) v (cm™)
2986, 2935, 2890, 1951, 1496, 1459, 1382, 1372, 1255, 1216, 1165, 1117, 1077, 1021,
MS (ESI, m/z) 411 (M+Na"); HRMS caled. for CyHysNaOg (M+Na'): 411.1778;
Found: 411.1798.

23. Preparation of (Ra)-4kj. hx-12-179
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70 °C, dioxane, 24 h

o)
o)
AAeT L e
O &
o>< Ph  CuBr, (40 mol%) g O
" *OON Ph g O
o)
Cl H OH
2j

7 (S)-3 Cl
// 1.4 equiv 1.2 equiv .....©
H
(Ra)-4kj
46%, 99% de

1k
1.0 mmol

The reaction of CuBr; (89.5 mg, 0.4 mmol), 1k (297.7 mg, 1.0 mmol), (S)-3
(303.8 mg, 1.2 mmol), and 2j (197.2 mg, 1.4 mmol) in dioxane (3.0 mL) afforded
(Ra)-4Kj (195.5 mg, 46%) (eluent: petroleum ether/ethyl acetate = 10/1) as a liquid:
99% de (HPLC conditions: Chiralcel IA column, hexane/i-PrOH = 200/1, 0.8 mL/min,
A = 214 nm, tg(minor) = 27.4 min, tg(major) = 29.6 min); [a]p®® = -151.6 (c = 1.23,
CHCls); 'H NMR (300 MHz, CDCls) & 7.32-7.13 (m, 4 H, ArH), 6.22 (dt, J; = 6.3 Hz,
Jo =2.4 Hz, 1 H, one proton of CH=C=CH), 5.87 (d, J = 3.6 Hz, 1 H), 5.64 (dd, J; =
12.9 Hz, J, = 6.6 Hz, 1 H, one proton of CH=C=CH), 4.55 (d, J = 3.6 Hz, 1 H),
4.37-4.20 (m, 3 H), 4.17-4.05 (m, 2 H), 4.04-3.96 (m, 2 H), 1.49 (s, 3 H, Me), 1.43 (s,
3 H, Me), 1.31 (s, 3 H, Me), 1.27 (s, 3 H, Me); °C NMR (75 Hz, CDCl;) & 206.0,
135.6, 134.5, 129.7, 127.1, 126.6, 124.9, 111.6, 108.8, 105.1, 95.0, 92.8, 82.7, 81.5,
81.0, 72.3, 67.9, 67.1, 26.69, 26.66, 26.0, 25.1; IR (neat) v (cm™) 2987, 2935, 2890,
1953, 1594, 1571, 1478, 1454, 1382, 1372, 1347, 1254, 1216, 1165, 1078, 1021; MS
(ESI, m/z) 447 (MC'C1)+Na"), 445 (M(*>Cl)+Na"); HRMS calcd. for C2,Hy,06> CINa

(M(’Cl)y+Na"): 445.1388; Found: 445.1386.
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hx-10-7-as-h-95-5-0. 3-214

SCEOR [A): 2013-12-24, 9:43:57 REGBTE: 2013-12-25,17:11:40
gaijtﬁt :D:\zhuguang jiong\hx\20131224\hx-10-7-as-h-95-5-0. 3~
. 0rg

SERAFEN:

1,500 153 B (hx—10-7-as~h-95-5-0. 3-214. org)

1,400
1,300]
1,200] OAc

1,100

1,000} AcOé\OQ/O\/:'z{
900 AcO OAC

800 { Rg)-4aa

700 Jommel Scale

600

500

400

300

200

100 L
0

012345678 91011121314 151617 181920 21 2223 24 2526 27 28 29 30 31 32 33 34 35

3 FE (mv)
24.940

26.798

B /8] (min)
AL RE
55 42 R E R A L7 M E R LGP o
24.940 278361. 063 13509224. 000 98. 9368
26, 798 4297. 991 145171. 766 1. 0632
Bt 282659. 053 13654395. 766 100. 0000

F SCH:{EA “pdfFactory Pro” RFIMRAGIE www. fineprint. cn
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hx-9-140-as-h-95-5-0. 3-214

SCIOBTA]: 2013-12-24, 8:49:22 WEGHFE: 2013-12-25,17:09:36
W30 :D: \zhuguang jiong\hx\20131224\hx-9-140-as—h-95-5-
0. 3-214. org
KRABBS:
1,500 £ B (hx-9-140-as-h-95-5-0. 3-214. org)
1,400
1,300,
1,200] OAc oH
7H15
1,100
’ 0
1,000} Aco/gg/o\/’:‘:/
~ AcO .
900 OAc
E 800 rac-4aa
M 700
® 600
500
400 5
300 58
200 AN
™ L_,\ N\
0 —]
012345678 91011121314151617 18192021 2223 24 25 26 27 26 29 30 31 32 33 34 35
B {A] @in)
ATERR
&5 L €1 REIRS [H) L1 e T B P o
1 25. 707 215984. 016 10384250. 000 50. 5456
2 27.137 167907. 828 10160053. 000 49. 4544
Bit 383891. 844 20544303. 000 100. 0000

PDF UM “pdfFactory Pro” R ABIE www. fineprint. cn
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hx-10-97-as—h—-95-5-0. 4-214

SeROmHEl: 2014-03-11, 15:53:03 RentmE: 2014-03-12, 15:37:31
% B 3044 :D: \zhuguang jiong\hx\20140311\hx-10-97-as-h-95-5-
0.4-214. . org
SRR
1,000 4% A (hx-10-97-as-h-95-5-0. 4-214. . org)
950
900/
850/
8001
750 OAC
700
6501 AcO o) H
600]
= 550 AcO o~
E 500 OAc C7Hss
B (R;)>-4aa
350 L ohpul Seole "
300 b
250 8
200
150}
100 R
50 NG
0 (%]
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
B 8] (min)
DERR
%5 %4 fREg ) -7 TR 3o
1 35.215 212151. 531 10118550. 000 98. 7541
37.178 3154. 016 127653. 867 1. 2459
Bt 215305. 548 10246203. 867 100. 0000

PDF X4H “pdfFactory Pro” RFIRRAfIE www. fineprint.cn

S34



hx-8-86—as—h-95-5-0. 4-214

SEEORHE: 2014-03-11, 14:12:21 WG R 2014-03-11, 14:59:09
1 B 3044 :D: \zhuguang jiong\hx\20140311\hx-8-86-as-h-95-5-0. 4-
214. org

SBRAFFEN:

i B (hx-8-86-as—h-95-5-0. 4-214. org)

1,500
1,400
1,

300 OAc

1,200
’ C/H
1,100 75

Aco/g&/ 0 \/=r_—_/
1,000 AcO

900 OAc

800 rac-4aa

700
600
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

B (mv)

34.892
36.558

R 1 (min)
SIERR
%5 44 OR B B IR i i GE
1 34.892 334952. 438 16051996. 000 51. 4118
2 36. 558 264060. 406 15170393 000 48. 5882
Bt 599012. 844 31222389. 000 100. 0000

PDF XA “pdfFactory Pro” RFRAGIE www. fineprint.cn
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hx-10-98-as—h-95-5-0. 4-214

SERORS[]: 2014-03-11, 17:29:11 R 2014-03-12, 15:39:19
W4 B 3C4F :D: \zhuguang jiong\hx\20140311\hx~10-98-as~h-95-5-
0.4-214. org
LR AERN
% & (hx-10-98-as-h-95-5-0. 4-214. org) :
1,500 -
1,400
1,
300 OAc
1,200
1,100 AcO o CrHis
1,000 AcO o/
900] OAc H
E 800 (Sz)4aa
H 700
# 600 14
~
500 3
400
300
200] ™
©Q
100 o
O (%]
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 £
B8] (min)
PWERE
2357 W 4 RS R) g TR 58
1 35. 463 7538. 812 254559. 391 0. 8754
2 36. 470 445148. 000 28826192. 000 99. 1246
Bit 452686. 812 29080751. 391 100. 0000
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hx-8-86—-as—-h—95-5-0. 4-214
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N2000 #KiBx 1F34

hx-12-174
SEISEAL: zju LI
SEEbHE]: 2015-01-18, 11:47:09 ?&*ﬁ!ﬁl 2015 01-19,10:17:03
RS D: \ﬁ?ﬁ%‘ﬁwzoommu\smoo org Mok mRa—%k
LI A A
AD-H, n-hexanel/i-PrOH = 94/6, 214 nm, 0.6 ml/min
1% & (B0700. org)
650
600
550
500 OAc
450
o]
400 Aﬁ%&q/o |
E 350 OAc “
[=a!
3 300 (Ra)-4ah \
250 \
200 \
150 \
100 [
: AN
oi——rk%,, PR
0 10 20 30 40 50 60 70 80 90 100 110
Fi 18] (min)
MERE
5 21 LR B B 8] W= TR AR TE
1 91. 860 662101. 313 107778720. 000 98. 8298
2 99. 942 7587. 738 1276131. 375 1. 1702
Bt 669689. 051 109054851. 375 100. 0000
2015-01-19 HFSL A 5415 5E 15 8 TH A/
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N2000 i8I TEIS

hx-12-175
SLIAAL: 2ju SCESE
SEIOWFIE] . 2015-01-18, 9:42:47 ﬂi%ﬂﬂﬂ 2015 01-19, 10:15:16
ﬁ:"‘f@iﬂt D: \#F A 3% \N2000\ B 7 \B0B99. org Moy g mRa—ik
TIGH A TN
AD-H, n-hexanel/i-PrOH = 94/6, 214 nm, 0.6 ml/min
B3 & (B0699. org)
200 &
180 ‘ r
160 OAc | ;
140 v
AcO Q [
120 AcO o |
> ‘
émo ohe (rac)-4ah \
c)-4a
® g9
60
40 [
\
20 R \) \
[0] S ~WJ¥KKJ“7 [ . L
-20
0 10 20 30 40 50 60 70 80 90 100 110
I 8] (min)
SIERR
5 [: £ R B B 1) = I TR 7R
1 85. 940 214032. 500 33073264. 000 51. 9456
2 92. 350 187784. 531 30595828. 000 48. 0544
E.‘H‘ 401817. 031 63669092. 000 100. 0000
2015-01-19 FFIL A S RE 15 ML
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3350
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OTs
(0]
OAc
(R,)-4be

AcO
AcO

=2gpg30
= 9.500 usec
= 2.000 sec
260

620°'G¥|

o
S
2014-01-13 19:43:21.953
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USER: nmr
SOLVENT: CDCI3
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Pulse length
Relaxation delay
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hx-10-57-1a-80-20~1-214

;%Hﬂ 2014-01-15, 12:33:45 MEGatE: 2014-01-17, 15:25:24
% B 4%:D: \zhuguang)long\hx\20140115\hx—10-57—1a—80720—1~
214. org

KBWHEEA:

- NE Tt o ~ :
1,500 3% B (hx-10-57-1a-80-20-1-214. org)

1,400
1,300
1,200

1,100 OTs
1,000

900 0 S
0]
800 A% % O\/:.-:\Cy
700 OAc

(Ro)-4be

BE (mv) -

600
500
400
300
200}
100

10.898

9.472

7 8
5 8] (min)

AMERR
i g4 TR B[R] G e TE PR

15

CF- S

1 9.472 4041. 587 49915. 180
2 10. 898 417859. 031 11564718. 000

0. 4298
99. 5702

Bit 421900. 619 11614633. 180

PDF X “pdfFactory Pro” tHMRAAIE www. fineprint. cn
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hx-8-100-ia-80-20-1-214

SERGRTIE]: 2014-01-15, 11:39:33 RERE: 2014-01-17, 15:24:12
WIS D: \zhuguang jiong\hx\20140115\hx-8-100-ia-80-20~1-
214. org
ERARRRAN
i & (hx-8-100-1a-80-20-1-214. org)
2,400
2,200
OTs
2,000]
1,800 O Cy
’ AcO !
1,600 AcO ©
T OAc
g 1o rac-4be
1 1,200
L
1,000
800 ;3 2
600 @ a
400
200
0
0 1 2 3 4 s 7 8 10 11 12 13 14 15
18] (min)
PSR E
&5 4 R L3 L 3iiTp 58
1 9.418 566933. 063 11880676. 000 50. 9917
2 10. 933 464119. 688 11418548. 000 49. 0083
B‘H‘ 1031052. 750 23299224. 000 100. 0000

P XHHER “pdfFactory Pro” iRAIERAGIR www. fineprint. cn
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Pulse length = 14.000 usec
8
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USER: nmr
SOLVENT: CDCI3
Experiment = zg30
Relaxation delay

NA =
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NHCOCHs
OAc

AcO

N
[Yole)]
©®
N N
~ i~
AcO

2.000 sec

9.500 usec

2gpg30

202

2014-01-08 10:42:18.671

USER: nmr
SOLVENT: CDCI3

hx-10-56
Experiment
Pulse length
Relaxation delay
NA
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hx-10-56—-ad-h-95-5-1-214

Qz%ﬂﬂij 2014-01-09, 10:13:49 WEHE: 2014-01-09, 14:20:32
WE ST D: \zhuguangJ1ong\hx\20140107\hx 10-56-ad-h-95-5-1-

500 i & (hx-10-56-ad-h-95-5~-1-214. org)

450 [PPSR
NHCOC;H15

o ﬁi " _
AcO SN
350 AcO 0 Cy

300 OAc
= (Rj)-4ce
& 250
=]
# 200
S
150 1
(=]
oN
100

}27.298

SOJJ
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

B (8] (min)
SRR
5 4 R B B[R] 3] W T AR P S
1 27. 298 1821. 676 111795. 945 0. 4631
2 29. 607 107752. 578 24028170. 000 99. 5369
Bit 109574. 254 24139965. 945 100. 0000

PDF SCHf#M “pdfFactory Pro” AR AAIE www. fineprint. cn
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hx-8-120-ad-h-95-5-1-214

EEORT A} 2014-01-09, 11:23:14 W& uFE: 2014-01-09, 14:22:20
7 B304 :D: \zhuguang jiong\hx\20140107\hx—8~120-ad-h-95-5-1-
214. org
SR ERN:
800 1% B (hx-8-120-ad-h-95-5-1-214. org)
750
700 NHCOC7H15
650 Cy
600 AcO 0 —
550 AcO o
500 OAc
—~ 450, rac-4ce
>
E 400
Ep
300 -
~N
250 ;
200 8
150 5
100 8’
50
0
0o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
B [8] (min)
SWERR
5 4 fREARE A] 31 L Jiiip A 5B
1 26. 312 173837. 453 13615594. 000 50. 1499
2 30. 167 60579. 004 13534182. 000 49. 8501
Bit 234416. 457 27149776. 000 100. 0000

PDF UMM “pdfFactory Pro” iRFIMRAGIE www. fineprint. cn
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8

Pulse length = 14.000 usec
Relaxation delay

2014-01-19 14:01:31.718
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USER: nmr
SOLVENT: CDCI3
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&
(Ro)-4de

o
N
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MeOZC
COzMe
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OAc
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= 9.500 usec
= 2.000 sec
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2014-01-19 14:13:38.234
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USER: nmr
SOLVENT: CDCI3
Experiment = zgpg30
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hx—10—76-ad-h-80-20f0. 9-214

SEHORTIAT. 2014-01-22, 14:38:14 WEESA: 2014-01-22, 15:43:11
WESE:D: \zhuguang jiong\hx\20140122\hx-10-76-ad-h-80-20- °
0.5-214. . org
SRR B
E# B (hx-10-76-ad-h-80-20-0. 5-214. . org)
3400
3,200
3,000
2,800 MeO,C
2,600 CO,Me
2,400 o H
2,200 AcO =.:<‘
~ 2,000 AcO o Cy
& 1,800 OAc
1,600 (Ra)-4de
1,400 o
(=1
1,200 2]
<
1,000 -~
800
600
400 o
200 o J
0
0 34567891011121314151617181920
B} (8] (min)
AERE
=) 7 fRET B 1) g AR CF S
1 12. 235 12098. 110 184974. 281 0. 9560
2 14. 300 931759. 688 19162808. 000 99. 0440
Mit 943857. 798 19347782. 281 100. 0000

PDF XHHfEF “pdfFactory Pro” BAMRAEIE www. fineprint. cn
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hx-8-126-ad-h-80-20-0. 5-214

TEGR[A]: 2014-01-22, 13:34:04 WmTEl: 2014-01-22, 15:40:07
1% B 30 :D: \zhuguang jiong\hx\20140122\hx-8-126-ad~h-80-20—
0. 5-214. org

FERHERN:

1.000 i A& (hx-8-126-ad-h-80-20-0. 5-214. org)

950

850 MeO,C

800 CO.Me

750 Cy
700;

650 AcO ] o) \Fa
600 AcO

550 OAc

500 rac-4de

ALE (mv)
&
(=]

w
a
S
12.080
14.288

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
A (8] (min)

TITERR
5 4 PR BY I 16 i R TH B LR

1 12. 080 258087. 094 3988516. 750 45. 8252
2 14. 288 245347. 188 4715249. 000 54.1748

Bit 503434. 281 8703765. 750 100. 0000

PDF X “pdfFactory Pro” R4 www. fineprint.cn

S79



0000

. eob’L
ovi’l
16L°L
LET)
6.2°1
ozce’l
GE9'L
60L°L
47"
686°1L
§20C
6v0¢
€90°C
c¢60C
€lie
96ie
898
068
2le'e
960'¥
vol'vy
1424
8L’y
SEL'P
(4484
6SL'Yy
oLy
6LL¥
S6L'¥
88Z'¥F
662'Y
L0EY
8iey
YXA% 4
LEEY
VA 484
LGy
L09v
1g% 04
100's
¢lo'g
9e0'g
90’
8G1'G
891G
8.L'G
G6L'S
802G
Lees
622's
96T
16€°S
LOv'S

We'L

hx-10-75

2014-01-18 20:40:26.828

USER: nmr

OAc

H

AcO

SOLVENT: CDCI3

14.27

Experiment = zg30

Puise length = 14.000 usec

= 1.000 sec,

Relaxation delay

NA =

Cy

o)

o)

AcO

(Ro)-4ee

OAC

S80

8

i

PPM

10

12




09€°0C
veyoc
Ges0C
¥99'Ge
628'G¢
6v9'2e
°13: 4>
£69°9¢

120'L9
28'99
808'29
29589
61702

9820, — >—
11592
000°22
£2vis
65188

Y

(Ra)-4ee

-

Y

AcO
AcO

|

156'26
25166 _

2.000 sec

9.500 usec

zgpg30

253

2014-01-18 20:56:47.578

USER: nmr
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FHERA LT
Froject Nerre defalts for aopy
Reported by User: Breeze user (Breeze)

Breeze 2
HPLC System

SAMPLE INFORMATION

Sanpe Name he10-75adh 9651214 Acqired By, Brecze
Saple Type: S Drte Acqiredt 2014/1/23 150000 CST
Vid: 1 Acq Method g%
Hection# K’ Dete Rrocessedt 2014123164020 CST
Hection 10004 Gand Nare WM GA
RnTime 000 Mntes Senple St Naver
[}
P
N
] D
030 &
] OAc
025 AcO
] (0] s>H
] AcO O— .\C
0z OAc y
5 (Ry)-4ee
< 4
015
a10]
005 8
k g
™
] N
uwf ——x . = &
a0 20 40 60 &0 0 120 4O 180 BO 2@ 20 4O 80 B0 00 B0
il
Rr Aea |, Higt [ %
. %Area .
(nin) | (isec) | ™ (% |Higt
1| 20026 | 2550036 | 9A0C | 333042 | B 1IE
2| 84| 2EXE| 10C| 61F%| 181

Repot Mthod FHRE
Page: 1 (3tit 1)

S82

Rirted 2014/1/22
17.17.30RC




Rrdect Narer aksia oy
Reparted by User: e tser )

Breeze 2
PLC System

SAMPLE INFORMATION
SenpleNare: he1083ath%651214 AcqiredBy. Breeze
Senvple Type: e Dete Acqiredt D23 18020 CST
Vit 1 Aoq Mithodt 7%
nedion# B e Rocessedt 01412316351 GST
Inection Vdune: 10004 Camd Nne WM A
RnTine 30000Mnutes Sanple St Namer
o
OAc
0] AcO Cy
o}
] AcO o~
025 : OAc x
1 © -
rac-4ee 8 <
02 2 N
2
( 4
015
a10]
" W
O.G)j—J T > —x )
00 200 40 60 8D 100 20 40 B0 180 20 2O 40 A0 280 00
i
R | Aea |, Higt | %
) %Area .
(ni) | (iltsec) | (® |roagt
1] 19688 [ 9583001| S011| 1881& | 483HA
2| 4318 | o487/ | 498 | 01M0E | 5166
Report Mthod: F578 Rirted 20144/
Page: 1 (3tit 1) 164043 FRC
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hx-12-190-DMSO

OH

H
Bn

(R,)-40b

HO
HO

=zg30
= 1.000 sec

13

Puise length = 14.000 usec

Relaxation delay

2015-02-06 22:44:00.578
NA

USER: nmr
SOLVENT: DMSO

Experiment

S84
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J l
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HO 29S8 000'Z = Aejap uoiexeey

OH 029sN 00G'6 = Yibusj esing

o OH 0gbdbz = juswuadxy

OSINQG -LN3AT0S
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RS U > V
Rrject Nae: defauts for oopy 5 Bf eeze 2
ReotedbyUser:  Breezeuser (Reeze) HPLC Systen
SAMPLE INFORMATION
SnpeNne e 12190.G- 80201214 AcqiredBy: Breeze
Sanpe Type Exa| Dte Acquirect 201529181630 CST
Vid: 1 Acq Mthod 280
njection# 1 Dee Rocessedt M1529194PBCST
Injection 2500d Gard Nne WM A
RnTime 00 Mnues Card Desc: V2439 (hA 214rm
Gdum Type: Sanple St Nare:
os0! |
- |
080 |
u70:‘ OH 1
08| o H 5,
: Hgﬁo\ A
050"
5 : OH
] R,)-40b
S (Ra)
s
o |
1 |
a1oi § |
: @ |
0.00- o 7 —= % |
0w 20 40 &0 8® 100 1200  #“0 1600 180 2 20 20 B
i
R | mea |, Hegt | %
. %Area .
(i) | (igbsec) | (W |Hagt
1] 90| 7752 | B | 6788 | B
2( 19005 | 11966X 07| 1082| 121
Repart Mthod: Indvidid Repart ASC Rirted 20152/1C
Page: 1 (3%t 1) 1018MBAKC
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R EASE LN AT

/Breeze 2

ProectNae: defauts for copy !
Reportedby User. Brecze user (Breeze) HPLC System
SAMPLE INFORMATION
SpeNne: he12200.G-80-20-1-214 Acqpired By: Breeze
Senple Type: FEN Dete Acquiredt 0152/917:4947 GST
Vi 1 Aoq Mithodt 2ga0
Hecion# 10 Drte Rrocessedt 1529181810CST
Hection e 25004 Gard Nare WM A
RnTire 20000 Mrites Qrerre Desc.: V4 A 214rm
Cdurm Type: Saple St Nre
o] I
] |
i
aan OH
] o Bn
: OH
040~ (rac)-4ob
2
< - N
00+ 3 |
] o |
0
: |
afo-
] |
0031 T 1)
a0 20 am 8w 80 0 ©® 40 60 6o @0 20 %o
72%h
R | Ae |, Hegt | %
. %oArea .
() | (ifisec) | @ |Higt
1] 9108 | 0007001 | 5031 | 6964€ | 78X
2| 1855z | 20643115 | 406€ | 2501 | A%
Repart Mot Indvidie Repart ASC Rirtedt 201572¢
Page: 1 (31t 1) 18BHAR
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AcO

2014-01-07 10:50:34.515
USER: nmr
SOLVENT: CDCI3
=2g30
= 14.000 usec
= 1.000 sec
8

Experiment
Relaxation delay

Pulse length

NA =
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hx-10-55-as—h—95-5-0. 5-214

SLEOEFIR]: 2014-01-09, 16:51:33 W& pfEl: 2014-01-10, 12:01:37
i B3 :D: \zhuguang jiong\hx\20140107\hx-10-55-as—h-95-5-
). 5-214. . org

KW M AR

1500 A (hx-10-55-as-h-95-5-0. 5-214. . org)

1,400
1,300/
1,200 OAc
1,100

0 AcO 0

900

800 (R,)-4fe
700

6004
500
400
300

”m
o)
<
<
N

200 b

100 §

o A

012345678 91011121314151617 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

BIE (mv)

B} f8] (nin)
DERR
&5 -2 R BB R L3 T R P ¢
1 23. 003 6496. 188 385279. 594 1.9777
2 24. 483 253253. 203 19095954. 000 98. 0223
Bit 259749. 391 19481233. 594 100. 0000

" XHEM “pdfFactory Pro” RFIRAEGIR www. fineprint, cn
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BOHHE] . 2014-01-09,
3]

= B

4. org

LRAEF

1,000
950
900
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100

1 JE (mv)

S i 42

I .

hx-8-97-as—-h-95-5-0. 5-214

WA EE]: 2014-01-10, 12:02:41

15:47:28

4, B (hx-8-97-as—h-95-5-0. 5-214. org)

344 :D: \zhuguang jiong\hx\20140107\hx—8-97-as—h-95-5-0. 5~

AcO
AcO

OAc

0} S\/‘:':/

OAc
rac-4fe

Cy

22.463
4.645

2

N

012 3 456 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

i 8] (min)

ATERR

TR BI B JR)

U G

e T AR

GRS

22.463
24. 645

150183. 109
140891. 609

8207924. 500
8399574. 000

49. 4230
50. 5770

PDF SCHEH “pdfFactory Pro” RAMAAIE www. fineprint. cn

291074.719
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USER: nmr
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Pulse length =
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B8 D: \CHEM32\1\DATA\HX\HX000096.D
PS4

gr44: hx-10-77

IC, n-hexane/i-

PrOH =96/4, 0.4ml/min; 214nm

peiz s =t : 2004-1-1 11:34:19
FEAMAA IR : hx-10-77 P E
B : hx
e : AXFR 1
KEFE : D:\CHEM32\1\METHODS\ZYY LC.M
BREw : 2004-1-1 9:45:34 : hx
(AR BB
SR : D:\CHEM32\1\METHODS\ZYY LC.M
BEE : 2004-1-1 14:42:48 : hx
GAREB%
VWD1 A, % K=214 nm (HX\HX000096.D)
Norm. 1
175—: OAC
] H @
150 o] 2
1 ACO/?S§:%2»10\5(2=’:={ 2
] 0) C ~
] Ac OAc 2 Y
125—: (Ra)'49e
100 6“&, }v/wv%
75+
50
25 3
L £
:‘ ~
Oj .
N U U T U T A e
0 10 20 30 40 50 60 70 80 90  mi
MR E R
He &5
TR BT 1.0000
WEEET 1.0000
P ARAE FH SR A R~ RO RS R A T
% 1: VWDl A, #HHK=214 nm
W (REFRTIE] KA G it TET AL i I T AR
# [min] [min] mAU *s [mAU ] %
e Ry i R [===mmmmmmm | ====mmmm f=mmmmme |
1 76.604 BV 0.9009 346.61212 4.79888  1.2314
2 78.309 VB 2.6037 2.78005e4  135.47583 98.7686
BE 2.81471e4  140.27471
* kK *ﬁ%gﬁ;ﬁ * k%
Y 1 =151 14:43:24 hx, . ) . w1/
%ﬁgj‘dﬁé%ﬁ pdfFactory Pro” RAIMAGIZ www. fineprint. cn g /

S95



RSO D:\CHEM32\1\DATA\HX\HX000095.D
RES4S: hx-10-78

IC, n-hexane/i-PrOH =96/4, 0.4ml/min; 214nm

iy e =p ] : 2004-1-1 9:46:49
PR : hx-10-78 fnE -
BEH : hx
125 : {XER L
T : D:\CHEM32\1\METHODS\ZYY LC.M
BIE B i 2004-1-1 9:45:34 : hx
GAHEEB%
VWD A, % =214 nm (HX\HX000095.D)
Norm. ]
250
] OAc
1 H
200 AcO o] s
1 OAc 2 y ®
i w0
150 (Re)-4ge S
100
] i
50—-
] ]
1 0
0 5
T T T 7 " T T T " T T T T T T T T T T T
0 20 40 60 80 100 mi
HRE & S
HEF : =5
FeR T : 1.0000
wWRET : 1.0000
PO R AT FH SRR R F AR R R T
5% 1: vWDl A, #HK=214 mm
I {REERETR] EE R Ug TH] R Ui vy U T AR
¥ [min] {min] mAU *s [mAU ] 3%
e e el Bl |===mmmmm |
1 75.382 BV 0.8557 478.08835 7.04543  1.4899
2 76.953 VB 2.7431 3.16103e4  148.29825 98.5101
BE 3.20884e4  155.34368
* %k }ﬁ%‘—g—gﬁi * ok
Y 1 -1 :37:02 hx, | . . w1/ 1
%lﬁgiﬁ%%% pd%l%actory Pro” RFAMEABIE www. fineprint. cn > /
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IR D:\Chem32\1\DATA\HX\HX000097.D
FEFL4Z: hx-8-80

IC, n-hexane/i-PrOH =96/4, 0.4ml/min; 214nm

BEREEH : 2004-1-1 13:11:59
PEMm AR : hx-8-80 ME O -
BEE : hx
e : XES 1
KETTiE : D:\CHEM32\1\METHODS\ZYY LC.M
Y =R : 2004-1-1 14:38:08 : hx
(AR B BH)
DT : D:\CHEM32\1\METHODS\ZYY LC.M
BIG1EH : 2004-1-1 14:42:48 :  hx
CGAHEEBZS)
VWD1 A, %K =214 nm (HX\HX000097.D)
Norm. g 8
60
] OAc
] Cy
50
] ACO&&/O‘(QY.I/
. AcO 2
40 OAc
i rac-4ge
30
20
10{ W \
o N
o 1 g g 0 50 60 70 80 m
[ A = e ot 5=
HeF : 5
P F : 1.0000
WRERET : 1.0000
PR FH SR I T R R R T
&5 1: vwDl A, #HEHK=214 mm
% {REFETTR] KB g U THT R (4= e T FH
# [min] [min] mAU *s [mAU ] %
e Ry e === mm e | mmmmm e |===mmmme |
1 73.942 BV 1.6905 8520.73438  66.34748 41.8911
2 78.906 VB 2.2042 1.18195e4 68.93280 58.1089
RE 2.03402e4  135.28028
* ok ke *&%%;ﬁ * ko
W o1/1

%?if@?ﬁﬁilzéd%ﬁé%gg P?g” RS2 www. fineprint. cn
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OAc

hx-10-58

H
Cy

,

(0]
BzO
OBz
(Ry)-4he

OAc
BzO

= 1.000 sec

Pulse length = 14.000 usec
8

2014-01-11 14:53:12.937

USER: nmr
Experiment = zg30

SOLVENT: CDCI3
Relaxation delay

NA =

S98

1§68

L

v

317 2 ,?fos
A 001/91 / ?} 8 0/99/ / /1 /06
1.03 096 1.02 1.02
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8852
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eevil
961°88
€€2'86
68166
655001
1s0'8ct
901821
182'8C1
8c'8CL
8€5'8C1
290°62}
L9v'6CL
0v¥s'6CL
895°621
186°C¢l
veoeet
ceeeel

NN/

N

2014-01-11 15:30:44.687

USER: nmr

6189l
€159l
L1669l
G90°691
681691
LG6'69)
eve0LL

I T o

vilv0e

hx-10-58

OAc

= 9.500 usec
= 2.000 sec
543

Experiment = zgpg30

SOLVENT: CDCI3
Pulse length
Relaxation delay

NA

>
I ", Eo
o

aa)

74

OAc
BzO
BzO

AcO
AcO

S99

(R,)-4he

.

200



ey &
CRI0

¥

Data file:
Sample name:

Instrument:

Injection date:

o R
o

- Agilent Technologies

C:\CHEM32\1\DATA\2014-4621.D
hx-10-58

SFC
5/5/2014 3:29:06 PM

Samp

le type:

Injection:

750+
7004
650+
600+
550+
500+
450+
400+
350-
300+
250
200+
150+
100+

50+

mAU

[
&

L Bl

2]

i 182

o

AcO
AcO

Signal:

3777 5 86 7 8 ¢ 10 11 12 13
Time [min]

DAD1 A, Sig=214, 16 Ref=360, 100

RT [min]

Type

Width [min]

Area

Height

Area%

8.257

vB

0.1838

48.2732

3.2780

0.9177

14.163

BB

0.3806

5212.0527

207.8039

99.0823

Sum

5260.3259

$100

Sample
10of1

OAc

OAc H

BzO 0 s
BzO O Ao
OBz y

(R,)-4he



Agilent Technologies

Data file: C:\CHEM32\1\DATA\2014-4622.D
Sample name: hx-8-82-rac-1A-8-2-1.5
Instrument: SFC Sample type: Sample
Injection date: 5/5/2014 3:58:12 PM Injection: 10of1
OAc
220 . Sig=214,16 Ref=360, 100 o
2004 : AcO
AcO o
180+ : OAc/g/ C
160- y
1404 i BzO— \\;/ U~
120+ OBz
% 100
%0 “ rac-4he
801
404 i -
20 ; /i /
[o L —— Attt il L o /
0 1 4 5 6 7 8 6 10 11 12 13 14 15 16 17
Time [min)
Signal: DAD1 A, Sig=214, 16 Ref=360, 100
RT [min} Type |Width [min] Area Height Area%
8.231 BB 0.1976 763.8271 59.9527 54.4052
14.176 A% 0.2991 640.1336 26.1039 45,5948
Sum 1403.9607

S101



OAc

AcO

hx-10-70

M.49

0Bz

(Ra)-4'le

OAcC
20
BBzO

AcO

1.000 sec

zg30

Pulse length = 14.000 usec
10

Relaxation delay

2014-01-13 16:31:21.281
NA =

USER: nmr
SOLVENT: CDCI3

Experiment

5102

/59 69
T T T T T T
2 0 PPM

3
[N ANES
~ -
TR
.n'\ N
8
-\
8 -
-
S
g O r
=&
o
N 8§
= -
«©
o
o ©
©
8'\
S
{ ™~
D N oo
(
| o
=
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G.6'691
G80°0LI

§60'¥02

OAc

AcO

hx-10-70

AcO

2014-01-13 19:23:34.203

USER: nmr

OAc
BzO

o\/:'::\C

y

0Bz

(R,)-die

BzO

= 2.000 sec

9.500 usec
Relaxation delay -

= 29pg30
240

SOLVENT: CDCI3
Experiment
Puise length

NA

5103

PPM

|
100




e

.
a

Agilent Technologies

ew W

!

Data file:
Sample name:

Instrument:

Injection date:

"y,
.

C:\CHEM32\1\DATA\2014-4609.D

HX-10-70
SFC

4/29/2014 4:11:15 PM

Sample type:

Injection:

110004 AcO
1000
900 AcO
800
700+
600+ &
§ 500 ®
400- \
300- ag
200 L
100 & R |
0 ot A 4 BNV i
0 05 1 15 2 25 35 4 45 5 55 6 65 7 75
Time [min]
Signal : DAD1 A, Sig=214,16 Ref=360, 100
RT [min} Type |Width [min] Area Height Area%
4.506 BB 0.1045 51.9958 7.2691 0.9978
6.091 w  lo.1s72 5158.8315 496.7322 99.0022
Sum 5210.8274

5104

Sample

10f1



Agilent Technologies

Data file:
Sample name:

Instrument:

Injection date:

C:\CHEM32\1\DATA\2014-4610.D
HX-8-99-rac-ia-7-3-1.5-214
e —— e

SFC

4/29/2014 4:22:54 PM

Sample type:

Injection:

3254
300~
2754
250+
225+
200
1754
3 w0
1254
100
75
50+
25+~
0

AcO

AcO

0 05

Signal:

i

15 2 25 3

DAD1 A, Sig=214, 16 Ref=360, 100

35 4 45
Time [min]

RT [min]

Type |[Width [min]

Area

Height

Area%

4.507

VB

0.1003

1076.8519

162.5107

54.8004

6.156

BV

0.1525

888.1928

88.9660

45.1996

Sum

1965.0447

$105

Sample

10of1

OAc

OAc

BzO
BzO

~ o\/='=/

OBz
rac-4ie



Ph—X=
o)

D:\new nuts\DATA\$pdata

spect, CDCI3,
Fri Jan 30 08:03:11 2015

USER: nmr

SOLVENT:

Qo
%o
=1h
Py =]
I==]
OO.
ow™
a3
S ou
o>
le®
oo
@ 20
EQ 0
€438
Lo
X3S 0
wa

8

NA

(

= 32768

PTS1d

5106

F1 = 300.131866 MHz

F2

Bn

1.000000 MHz

(Ra,Ra)-4jb

6188.12 Hz

SWi1

xc-13-061

.09

B

PPM

0
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Data File C:\CHEM32\1\DATA\2014-41560.D

Sample Name: xc-13-061

Acq. Operator

Injection Date

Acq. Method
Last changed

Analysis Method :
1 2/11/2015 9:56:08 AM by R4 [

Last changed

Additional Info

T RE
Sample Operator :
Acq. Instrument :
¢ 2/10/2015 2:57:56 PM

Ry
SFC Location : Vial 32

Inj Volume : 5.000 ul

: C:\CHEM32\1\METHODS\AGILENT SFC6.M
: 2/10/2015 2:43:51 PM by &%

(modified after loading)
C:\CHEM32\1\METHODS\AGILENT_SFC6.M

(modified after loading)

¢ Peak(s) manually integrated Ph—-0
DAD1 A, Sig=214,16 Ref=360,100 (2014-41560.D) 0&&0
Norm. ] o \v/&§§§§
] 0
1000
] \
800
1 Bn
] Bn
600 (Ra.R,)-4jb
1 h o
400 - NG
1 ~N
200
©
8
07 3
T LA S S A S Y
0 10 20 30 40 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=214,16 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAuU] %
Rl R |- [-=m e |--mmmeeee e oh: |<-meeeee |
1 24.666 MF R ©.8034 268.68335 5.34289 1.5081
2 27.114 FM R 1.4091 1.75478e4 205.48734 98.4919
Totals : 1.78164e4 210.83022
*** End of Report ***
SFC 2/11/2015 9:56:11 AM R4 Page

5108

of



Data File C:\CHEM32\1\DATA\2014-41552.D

Sample Name: xc-13-55-1-rac-0j-8-2-1.3-214

Acq. Operator : &%
Sample Operator : R4
Acq. Instrument : SFC

Injection Date : 2/9/2015 2:26:37 PM

Inj Volume :

Location : Vial 31

Acq. Method ¢ C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed 1 2/9/2015 1:52:27 PM by R4
(modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed ¢ 2/11/2015 9:49:25 AM by R4
(modified after loading)
Additional Info : Peak(s) manually integrated

Ph—X~
o)

Norm. |

1000
800
eooé
4oo£
200

04

DAD1 A, Sig=214,16 Ref=360,100 (2014-41552.0)

25.113

JAAL

27.944

32.058

5.000 pl

oﬁ/o\/\

({

rac-4jb

39.367

-200 +—————

20

30

40 min

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=214,16 Ref=360,

Peak RetTime Type Width Area
#  [min] [min] [mAU*s]

1 25.113 MF R 0.9331 4871.58350
2 27.944 FM R 1.2599 6243.45752
3 32.658 MM R 1.7414 3840.86035
4 39,367 MM R 2.8739 5631.86719

Totals : 2.05878e4

10e

81.16325
72.01936
36.76054
30.75925

220.70240

23.6625
30.3261
18.6560
27.3554

*** End of

SFC 2/11/2015 9:49:30 AM R4

Report ***

$109

Page
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1 0S2'S

000°0-
1980
$88°0
S06°0
08¢'L
60¢€°}
€€e’1L
4104
68¢’L
Gev'l
€6yl
9.6}
86"}
8661
600C
€20'¢

N\
Y
e
—
/

Tsa
i
|
i
\

960°¢
696'¢
L86'C
L66'C
LIOY
GS0'v
9.0'v
160'v
SoL'vy
ey
T4 4
€EL'Y
144
85y
VAT 4
88¢c'¥
80¢'v
cley
[4% 584
144
86G'v
SvL'S
§G1'g
99l's
8L
861°G T
602'S
Lee's
§€T'S
fa<A]

L
1.000 sec

y92'S

0.8°G -
€88'G -

-

8

|
2014-12-26 15:49:48.281

USER: nmr
Pulse length = 14.000 usec

SOLVENT: CDCI3
Experiment = zg30
Relaxation delay

hx-12-139
NA =

L62'L

S110

PPM



9€1'G0L
0€.°'801
689 L) —

(@)

§00°'50C

hx-12-139

o
I
~
Q
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/\/‘I
"o
o
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o(l)
Qo
o 0w o
2 -3
d o N
[o=]
& ® B
o QBan
n O >
o QN,=
- Oon_3g
[
REEEDSS
cz2co
NCLEOR
IESTo X
TRy o o
oNWO xS0
aA>Dnuwaxz

(R,)-4ka

S111
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50

100

150

200



hx-12-139-0z-h-300-1-1-214

SEIOATIE]: 2015-01-07, 12:18:20 WEEE: 2015-01-07, 18:13:11
1% B 14 :D: \zhuguang jiong\hx\20150107\hx-12-139-0z-h-300-1-
1-214. .. org
ERARFEN:
800 _ % (hx-12-139-02-h-300-1-1-214. . . org)
750 !
700
650
600
550
500 |
~ 450 |
= ]
= 400
S 350 wn-CsHqs w0
300 H 2.
250 < |
R.)-4ka |
200 (Ra)
150
100 . | i
50 S |
’ \ /A G
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
B 18] (min)
PTERE
5 [ 274 R A [R] [ 321 e T A e8
12. 420 3300. 135 192895. 328 1.5743
2 14. 295 252215. 625 12059923. 000 98. 4257
B'H‘ 255515. 760 12252818. 328 100. 0000

S112



hx-12-140-0z-h-300-1-1-214

SEISRS A 2015-01-07, 11:02:22 RAGRTE: 2015-01-08, 10:49:50
WS - d: \zhuguang jiong\hx\20150107\hx-12-140-0z-h-300-1-
1-214. org
KA RE N
300 1 & (hx-12-140-0z-h-300-1-1-214. org)
280
260 0
240 >< 0,
0 <<
220
(0]
200
180
5160
1 140
#1420 n-C7Hys
100
80 (rac)-4ka g §
60 8 9 i
40 j
¢ N
0 . )

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

B} 18] (min)
PITERR
-5 i 42 {REE B R] 3o I T AR Gy
12. 290 43782. 520 1654257. 625 49. 3741
2 13. 685 45445. 836 1696201. 375 50. 6259
Bit 89228. 355 3350459. 000 100. 0000

S113
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