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1．General  

THF was distilled from sodium/benzophenone, DMF was distilled from Al2O3 and HMPA was 
distilled from CaH2. Zinc dust was activated by stirring for 5 minutes with 1 M HCl, followed by 
washing successively with water, acetone and ether, and drying with a heat gun. Reactions were 
monitored by thin layer chromatography (TLC), on glass plates coated with silica gel with 
fluorescent indicator (Huanghai, HSGF254). Flash chromatography was performed on silica gel 
(Huanghai, 300-400) using hexane-EtOAc as eluent.  
 
 
2．General procedure for Zn-mediated asymmetric cinnamylation  

Br

X
+

N S
O

R H

HN
S

O

R

Br

Zn, LiCl

DMF, rt

1 32a: X = Br
2b: X = H  

Under argon, to a Schlenk flask charged with actived zinc powder (32 mg, 0.5 mmol), 
(E)-4-bromo-cinnamyl bromide 2 (138 mg, 0.5 mmol), LiCl (11 mg, 0.5 mmol) and (R)-N-tert- 
butanesulfinyl imines 1 (0.25 mmol) was added dry DMF (5 mL) distilled from Al2O3 at room 
temperature. The resultant mixture was then stirred at rt for 2 hours. The reaction was quenched 
with brine (5 mL). Extraction with ethyl acetate, dried over anhydrous Na2SO4. After concentrated, 
the residue was purified by flash column chromatography to afford the desired cinnamylation 
product 3. 
 
 
3．Characterization of the obtained reaction product 3a-k, 4, 5 and 7a-c 

(R)-N-((1R,2R)-2-(4-bromophenyl)-1-phenylbut-3-enyl)-2-methylpropane-
2-sulfinamide (3a): [α]D

25 -52.5 (c 1.00, CHCl3); 1H NMR (400 MHz, CDCl3): 
δ 1.03 (s, 9H), 3.57 (d, 1H, J = 6.4 Hz), 3.82 (t, 1H, J = 7.6 Hz), 4.57 (t, 1H, J 
= 7.0 Hz), 4.96 (d, 1H, J = 16.8 Hz), 5.06 (d, 1H, J = 10.0 Hz), 5.82-5.91 (m, 
1H), 6.96 (d, 2H, J = 8.4 Hz), 7.15 (d, 2H, J = 6.4 Hz), 7.25-7.30 (m, 3H), 7.39 
(d, 2H, J = 8.0 Hz) ppm; 13C NMR (100 MHz, CDCl3): δ 22.3, 55.5, 56.1, 63.5, 
118.0, 120.6, 127.8, 128.2, 130.4, 131.3, 136.4, 139.5, 139.7 ppm; FT-IR (film, 

cm-1) ν 3196, 3080, 2952, 2865, 1487, 1055, 1010, 702; ESI-MS (m/z, %): 406.0 (M++H), 428.0 
(M++Na); HRMS (MALDI) for C20H24NOSBrNa+ (M++Na): calcd. 428.06542, found 428.0671. 

Crystallographic data for (1R, 2R)-3a (C20H26BrNO2S): T = 293 (2) K; Wavelength : 0.71073 Å; 
Crystal system: Orthorhombic, Space group: P2(1)2(1)2(1); Unit cell dimensions: a = 6.7852(8) Å, 
b = 16.4229(18) Å, c = 19.812(2) Å, α = 90°, β = 90°, γ = 90°; V = 2207.7(4) Å3; Z = 4; ρcalc = 
1.277 Mg/m3; F (000) = 880; final R indices [I > 2σ (I)]: R1 = 0.0620, wR2 = 0.1512; R indices 
(all data), R1 = 0.1446, wR2 = 0.1700; 13131 reflections measured, 4758 were unique (R(int) = 
0.1047). 
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(R)-N-((1R,2R)-1,2-bis(4-bromophenyl)but-3-enyl)-2-methylpropane-2
-sulfinamide (3b): [α]D

25 -47.2 (c 0.98, CHCl3); 1H NMR (400 MHz, 
CDCl3): δ 1.04 (s, 9H), 3.52 (d, 1H, J = 6.4 Hz), 3.77 (t, 1H, J = 8.0 Hz), 
4.53 (t, 1H, J = 7.2 Hz), 4.99 (d, 1H, J = 16.8 Hz), 5.10 (d, 1H, J = 10.4 
Hz), 5.79-5.88 (m, 1H), 6.95 (d, 2H, J = 8.4 Hz), 7.01 (d, 2H, J = 8.4 Hz), 
7.40-7.43 (m, 4H) ppm; 13C NMR (100 MHz, CDCl3): δ 22.4, 55.6, 56.4, 
63.1, 118.6, 120.9, 121.9, 129.7, 130.4, 131.5, 131.6, 136.0, 138.8, 139.2 

ppm; FT-IR (film, cm-1) ν 3324, 2966, 1489, 1074, 1057, 1010, 913, 802; ESI-MS (m/z, %): 485.9 
(M++H), 508.9 (M++Na); HRMS (MALDI) for C20H24NOSBr2

+ (M++H): calcd. 483.99399, found 
483.9951. 
 

(R)-N-((1R,2R)-2-(4-bromophenyl)-1-p-tolylbut-3-enyl)-2-methylpropan
e-2-sulfinamide (3c): [α]D

25 -58.7 (c 1.02, CHCl3); 1H NMR (400 MHz, 
CDCl3): δ 1.03 (s, 9H), 2.32 (s, 3H), 3.49 (d, 1H, J = 6.4 Hz), 3.80 (t, 1H, J 
= 7.8 Hz), 4.52 (t, 1H, J = 7.0 Hz), 4.96 (dt, 1H, J = 17.2, 2.4 Hz), 5.06 (d, 
1H, J = 10.4 Hz), 5.82-5.91 (m, 1H), 6.96-6.99 (m, 2H), 7.04 (d, 2H, J = 8.4 
Hz), 7.11 (d, 2H, J = 8 Hz), 7.39-7.42 (m, 2H) ppm; 13C NMR (100 MHz, 
CDCl3): δ 21.1, 22.4, 55.6, 56.1, 63.5, 118.0, 120.6, 127.8, 129.1, 130.6, 

131.2, 131.4, 136.7, 137.6, 139.8 ppm; FT-IR (film, cm-1) ν 3224, 2922, 2852, 1487, 1051, 1010, 
855, 805; ESI-MS (m/z, %): 420.0 (M++H), 442.0 (M++Na); HRMS (MALDI) for C21H27NOSBr+ 

(M++H): calcd. 420.09912, found 420.1005. 
 

(R)-N-((1R,2R)-2-(4-bromophenyl)-1-(4-methoxyphenyl)but-3-enyl)-2-
methylpropane-2-sulfinamide (3d): [α]D

25 -48.3 (c 0.99, CHCl3); 1H 
NMR (400 MHz, CDCl3): δ 1.05 (s, 9H), 3.46 (d, 1H, J = 5.6 Hz), 
3.76-3.82 (m, 4H), 4.53 (t, 1H, J = 6.4 Hz), 4.97 (d, 1H, J = 17.6 Hz), 
5.08 (d, 1H, J = 10.0 Hz), 5.83-5.92 (m, 1H), 6.83 (d, 2H, J = 8.0 Hz), 
6.97 (d, 2H, J = 8.0 Hz), 7.07 (d, 2H, J = 8.4 Hz), 7.41 (d, 2H, J = 8.0 Hz) 
ppm; 13C NMR (100 MHz, CDCl3): δ 22.5, 55.2, 55.6, 56.2, 63.2, 113.7, 

118.1, 120.7, 129.1, 130.6, 131.5, 131.7, 136.6, 139.8, 159.2 ppm; FT-IR (film, cm-1) ν 3287, 
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2926, 1515, 1245, 1179, 1046, 843, 814; ESI-MS (m/z, %): 436.0 (M++H), 458.0 (M++Na); 
HRMS (MALDI) for C21H27NO2SBr+ (M++H): calcd. 436.09404, found 436.0968. 
 

(R)-N-((1R,2R)-2-(4-bromophenyl)-1-(2,4-dichlorophenyl)but-3-enyl)-2
-methylpropane-2-sulfinamide (3e): [α]D

25 -39.8 (c 1.00, CHCl3); 1H 
NMR (400 MHz, CDCl3): δ 1.04 (s, 9H), 3.53 (d, 1H, J = 9.6 Hz), 3.75 (t, 
1H, J = 10.6 Hz), 4.52 (t, 1H, J = 9.8 Hz), 5.00 (d, 1H, J = 22.8 Hz), 5.12 
(d, 1H, J = 13.6 Hz), 5.77-5.89 (m, 1H), 6.98 (d, 3H, J = 10.8 Hz), 7.27 (s, 
1H), 7.37 (d, 1H, J = 11.2 Hz), 7.44 (d, 2H, J = 10.8 Hz) ppm; 13C NMR 
(100 MHz, CDCl3): δ 22.4, 55.7, 56.5, 62.8, 118.9, 121.1, 127.3, 129.8, 

130.3, 130.3, 131.7, 132.0, 132.5, 135.8, 138.9, 140.2 ppm; FT-IR (film, cm-1) ν 3281, 2953, 1488, 
1648, 1054, 1046, 920, 816; ESI-MS (m/z, %): 475.9 (M++H), 498.0 (M++Na); HRMS (MALDI) 
for C20H23NOSCl2Br+ (M++H): calcd. 474.00553, found 474.0071. 
 

(R)-N-((1R,2R)-2-(4-bromophenyl)-1-(naphthalen-2-yl)but-3-enyl)-2-
methylpropane-2-sulfinamide (3f): [α]D

25 -18.4 (c 0.34, CHCl3); 1H 
NMR (400 MHz, CDCl3): δ 1.04 (s, 9H), 3.64 (d, 1H, J = 6.8 Hz), 3.92 (t, 
1H, J = 7.8 Hz), 4.74 (t, 1H, J = 7.2 Hz), 4.98 (d, 1H, J = 17.2 Hz), 5.05 
(d, 1H, J = 10.4 Hz), 5.85-5.94 (m, 1H), 7.01 (d, 2H, J = 8.0 Hz), 7.29 (dd, 
1H, J = 8.4, 1.6 Hz), 7.40-7.48 (m, 4H), 7.63 (s, 1H), 7.78-7.82 (m, 3H) 
ppm; 13C NMR (100 MHz, CDCl3): δ 22.4, 55.7, 56.3, 63.8, 118.2, 120.8, 

125.5, 126.1, 126.2, 127.2, 127.6, 128.1, 128.2, 130.6, 131.5, 133.0, 133.0, 136.6, 137.2, 139.6 
ppm; FT-IR (film, cm-1) ν 3295, 1487, 1070, 1045, 919, 761, 751, 477; ESI-MS (m/z, %): 458.1 
(M++H), 478.0 (M++Na); HRMS (MALDI) for C24H27NOSBr+ (M++H): calcd. 456.09912, found 
456.0990. 
 

(R)-N-((1R,2R)-2-(4-bromophenyl)-1-(furan-2-yl)but-3-enyl)-2-methylprop
ane-2-sulfinamide (3g): [α]D

25 -16.0 (c 0.97, CHCl3); 1H NMR (400 MHz, 
CDCl3): δ 1.03 (s, 9H), 3.42 (d, 1H, J = 8.8 Hz), 3.88 (t, 1H, J = 7.6 Hz), 4.60 (t, 
1H, J = 8.2 Hz), 5.03 (d, 1H, J = 17.2 Hz), 5.10 (d, 1H, J = 10.4 Hz), 5.92-6.01 
(m, 1H), 6.21 (d, 1H, J = 2.8 Hz), 6.28 (d, 1H, J = 1.2 Hz), 6.97 (d, 2H, J = 8.0 
Hz), 7.38-7.41 (m, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 22.4, 54.2, 56.4, 
58.3, 108.7, 110.3, 117.8, 120.7, 130.2, 131.5, 136.8, 139.2, 142.1, 153.0 ppm; 

FT-IR (film, cm-1) ν 3243, 2959, 1490, 1151, 1064, 1047, 1010, 766, 732; ESI-MS (m/z, %): 
398.0 (M++H), 420.0 (M++Na); HRMS (MALDI) for C18H23NO2SBr+ (M++H): calcd. 396.06274, 
found 396.0643. 
 

(R)-N-((3S,4R,E)-4-(4-bromophenyl)-1-phenylhexa-1,5-dien-3-yl)-2-m
ethylpropane-2-sulfinamide (3h): [α]D

25 -45.8 (c 1.02 CHCl3); 1H NMR 
(300 MHz, CDCl3): δ 1.10 (s, 9H), 3.29 (d, 1H, J = 7.8 Hz), 3.61 (t, 1H, J 
= 7.4 Hz), 4.19 (dd, 1H, J = 14.7, 7.5 Hz), 5.13 (d, 1H, J = 17.1 Hz), 5.21 
(d, 1H, J = 10.2 Hz), 6.00-6.22 (m, 2H), 6.58 (d, 1H, J = 16.2 Hz), 7.11 (d, 
2H, J = 8.7 Hz), 7.23-7.36 (m, 5H), 7.45 (d, 2H, J = 8.1 Hz) ppm; 13C 
NMR (75 MHz, CDCl3): δ 22.4, 55.2, 56.2, 62.2, 118.3, 120.7, 126.6, 
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127.8, 128.3, 128.4, 130.3, 131.5, 133.3, 136.2, 136.6, 139.5 ppm; FT-IR (film, cm-1) ν 3228, 
2958, 1488, 1054, 1042, 1010, 918, 747; ESI-MS (m/z, %): 433.9 (M++H), 454.0 (M++Na); 
HRMS (MALDI) for C22H26NOSBrNa+ (M++Na): calcd. 454.08107, found 454.08171. 
 

(R)-N-((3S,4R)-4-(4-bromophenyl)-1-phenylhex-5-en-3-yl)-2-methylpr
opane-2-sulfinamide (3i): [α]D

25 -79.7 (c 0.98, CHCl3); 1H NMR (400 
MHz, CDCl3): δ 1.08 (s, 9H), 1.78-1.88 (m, 1H), 2.00-2.09 (m, 1H), 
2.72-2.79 (m, 1H), 2.84-2.92 (m, 1H), 3.07 (d, 1H, J = 7.6 Hz), 3.44-3.55 
(m, 2H), 5.09-5.16 (m, 2H), 5.90-5.99 (m, 1H), 7.05 (d, 2H, J = 8.4 Hz), 
7.16-7.21 (m, 3H), 7.26-7.29 (m, 2H), 7.41 (d, 2H, J = 8.4 Hz) ppm; 13C 
NMR (100 MHz, CDCl3): δ 22.5, 31.5, 35.2, 55.3, 56.1, 60.2, 117.4, 

120.4, 125.9, 128.4, 128.5, 130.2, 131.5, 137.9, 140.1, 141.3 ppm; FT-IR (film, cm-1) ν 3294, 
2909, 1488, 1072, 1043, 1009, 828, 699; ESI-MS (m/z, %): 434.0 (M++H), 456.0 (M++Na); 
HRMS (MALDI) for C22H29NOSBr+ (M++H): calcd. 434.11532, found 434.1151. 
 

(R)-N-((3R,4S)-3-(4-bromophenyl)-6-methylhept-1-en-4-yl)-2-methylpropa
ne-2-sulfinamide (3j): [α]D

26 -80.8 (c 1.00, CHCl3); 1H NMR (400 MHz, 
CDCl3): δ 0.89 (d, 3H, J = 6.4 Hz), 0.92 (d, 3H, J = 6.4 Hz), 1.40-1.41 (m. 2H), 
1.85-1.92 (m, 1H), 2.88 (d, 1H, J = 6.4 Hz), 3.43 (t, 1H, J = 7.2 Hz), 3.56 (t, 
1H, J = 6.2 Hz), 5.11 (d, 1H, J = 17.2 Hz), 5.15 (d, 1H, J = 10.8 Hz), 5.97-6.06 
(m, 1H), 7.10 (d, 2H, J = 8.0 Hz), 7.44 (d, 2H, J = 8.0 Hz) ppm; 13C NMR (100 
MHz, CDCl3): δ 21.6, 22.6, 23.3, 24.1, 43.0, 55.3, 56.1, 58.7, 117.3, 120.5, 

130.5, 131.5, 138.2, 140.0 ppm; FT-IR (film, cm-1) ν 3461, 3126, 2960, 1488, 1367, 1073, 1015, 
915, 819; ESI-MS (m/z, %): 388.0 (M++H), 410.0 (M++Na); HRMS (MALDI) for 
C18H28NOSBrNa+ (M++Na): calcd. 408.09672, found 408.09766. 
 

(R)-N-((1R,2R)-2-(4-bromophenyl)-1-phenylbut-3-enyl)-2-methylpropane-
2-sulfinamide (3k): [α]D

24 -40.8 (c 0.28, CHCl3); 1H NMR (300 MHz, CDCl3): 
δ 1.01 (s, 9H), 3.57 (d, 1H, J = 5.7 Hz), 3.81 (t, 1H, J = 8.0 Hz), 4.58 (t, 1H, J 
= 7.1 Hz), 4.95 (d, 1H, J = 17.1 Hz), 5.04 (d, 1H, J = 10.2 Hz), 5.86-5.97 (m, 
1H), 7.10-7.31 (m, 10H) ppm; 13C NMR (75 MHz, CDCl3): δ 22.4, 56.2, 56.5, 
64.1, 117.6, 126.9, 127.8, 128.0, 128.3, 128.5, 128.8, 137.1, 140.2, 140.4 ppm; 

FT-IR (film, cm-1) ν 3322, 3063, 2904, 1468, 1366, 1062, 760, 701; ESI-MS (m/z, %): 328.0 
(M++H), 350.0 (M++Na); HRMS (MALDI) for C20H26NOS+ (M++H): calcd. 328.17296, found 
328.1739. 
 

(R)-2-methyl-N-((R)-1-phenylbut-3-enyl)propane-2-sulfinamide 4: [α]D
26 

-40.3 (c 2.46, CHCl3); 1H NMR (400 MHz, CDCl3): δ 1.22 (s, 9H), 2.52-2.60 
(m, 1H), 2.70-2.77 (m, 1H), 3.52 (d, 1H, J = 3.6 Hz), 4.43-4.47 (m, 1H), 
5.01-5.06 (m, 2H), 5.56-5.66 (m, 1H), 7.25-7.36 (m, 5H) ppm; 13C NMR (100 
MHz, CDCl3): δ 22.7, 41.2, 56.0, 58.5, 118.1, 127.2, 127.8, 128.6, 133.8, 141.9 

ppm; ESI-MS (m/z, %): 252.2 (M++H), 274(M++Na). Diastereomeric ratio is determined by 1H 
NMR of the crude materials. 
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(1S,2R)-1-((R)-1,1-dimethylethylsulfinamido)-1-phenylbut-3-en-2-yl benzo- 
ate 5: [α] 

D
28 39.4 (c 1.02, CHCl3); 1H NMR (500 MHz, CDCl3): δ 1.19 (s, 9 H), 

3.77 (d, 1 H, J = 5.2 Hz), 4.79 (t, 1 H, J = 5.0 Hz,), 5.30 (d, 1 H, J = 10.6 Hz), 
5.37 (d, 1 H, J = 17.2 Hz), 5.74-5.81 (m, 1H), 5.92-5.74 (m, 1 H), 7.27-7.57 (m, 
8H), 8.01-8.02 (m, 2H) ppm; 13C NMR (125 MHz, CDCl3): δ 22.6, 56.5, 61.3, 

76.4, 119.3, 127.9, 128.2, 128.4, 128.5, 129.5, 129.9, 132.2, 133.1, 138.2, 165.4 ppm; ESI-MS: 
m/z (%): 372.2 (M++H), 394.2 (M++Na). 
 

(2S,3S)-ethyl 3-(4-bromophenyl)-2-((S)-1,1-dimethylethylsulfinamido)pent 
-4-enoate (7a): [α]D

20 68.5 (c 0.99, CHCl3); 1H NMR (300 MHz, CDCl3): δ 
1.09 (s, 9H), 1.26 (t, 3H, J = 7.2 Hz), 3.67 (t, 1H, J = 8.0 Hz), 3.93 (d, 1H, J = 
9.3 Hz), 4.12-4.22 (m, 3H), 5.13 (d, 1H, J = 11.4 Hz), 5.18 (d, 1H, J = 4.5 Hz), 
5.95-6.07 (m, 1H), 7.04 (d, 2H, J = 8.1 Hz), 7.43 (d, 2H, J = 8.4 Hz) ppm; 13C 
NMR (75 MHz, CDCl3): δ 14.1, 22.5, 53.4, 56.4, 61.8, 62.4, 118.0, 121.1, 
130.1, 131.6, 136.4, 138.3, 171.9 ppm; FT-IR (film, cm-1) ν 3275, 2983, 1737, 

1489, 1179, 1074, 1012, 755; ESI-MS (m/z, %): 404.0 (M++H), 426.0 (M++Na); HRMS (MALDI) 
for C17H24NO3SBrNa+ (M++Na): calcd. 424.05525, found 424.0561. 
 

(2S,3S)-ethyl 2-((S)-1,1-dimethylethylsulfinamido)-3-phenylpent-4-enoate 
(7b): [α]D

20 79.9 (c 0.68, CHCl3); 1H NMR (300 MHz, CDCl3): δ 1.05 (s, 9H), 
1.25 (t, 3H, J = 7.2 Hz), 3.69 (t, 1H, J = 8.1 Hz), 3.92 (d, 1H, J = 9.6 Hz), 
4.13-4.22 (m, 3H), 5.13-5.18 (m, 2H), 6.00-6.12 (m, 1H), 7.15-7.32 (m, 5H) 
ppm; 13C NMR (75 MHz, CDCl3): δ 14.0, 22.4, 54.0, 56.2, 61.5, 62.7, 117.4, 
127.1, 128.3, 128.4, 128.5, 136.8, 139.2, 172.1 ppm; FT-IR (film, cm-1) ν 3280, 
2982, 2961, 1735, 1178, 1079, 753, 701; ESI-MS (m/z, %): 324.0 (M++H), 

346.1 (M++Na); HRMS (MALDI) for C17H25NO3SNa+ (M++Na): calcd. 346.14474, found 
346.1456. 
 

(2S,3S)-ethyl 3-(4-chlorophenyl)-2-((S)-1,1-dimethylethylsulfinamido)pent 
-4-enoate (7c): [α]D

20 114.8 (c 1.08, CHCl3); 1H NMR (400 MHz, CDCl3): δ 
1.09 (s, 9H), 1.26 (t, 3H, J = 7.4 Hz), 3.69 (t, 1H, J = 7.8 Hz), 3.92 (d, 1H, J = 
9.2 Hz), 4.13-4.21 (m, 3H), 5.12-5.18 (m, 2H), 5.97-6.06 (m, 1H), 7.11 (d, 2H, 
J = 8.0 Hz), 7.27-7.29 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3): δ 14.1, 
22.5, 53.3, 56.3, 61.8, 62.5, 118.0, 128.7, 129.7, 133.0, 136.4, 137.7, 172.0 
ppm; FT-IR (film, cm-1) ν 3274, 2982, 1737, 1493, 1178, 1080, 1015, 857; 

ESI-MS (m/z, %): 358.1 (M++H), 380.0 (M++Na); HRMS (MALDI) for C19H19NO3Na+ (M++Na): 
calcd. 358.12382, found 358.1246. 
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4．Determination of the diastereoselectivities (syn:anti ratios) and enantioselectivities. 

HN
S

O

R

Br 3

(1) HCl, MeOH, rt

(2) Ac2O, Et3N, DMAP,
CH2Cl2, rt

NHAc

R

Br  

Typical procedure: A solution of HCl in 1,4-dioxane (4 N, 0.2 mL) was added to a solution of 
the cinnamylation product 3 (0.2 mmol) in dry methanol (2 mL). The mixture was stirred at rt for 
0.5 hour and the solvent was removed in vacuo. Triethylamine (0.4 mL) and acetic anhydride (40 
mL, 0.4 mmol) were added to the solution of the resulting crude product dissolved in fresh CH2Cl2 
(2 mL). The mixture was stirred at rt for 3 h, followed by the addition of ethyl acetate (30 mL). 
The solution was washed with brine, dried, filtered, and concentrated in vacuo. Purification by 
flash column chromatography gave the acetate product. 

 
[α]D

20 -44.5 (c 1.02, CHCl3); 1H NMR (400 MHz, CDCl3): δ 1.85 (s, 3H), 3.73 
(t, 1H, J = 7.8 Hz), 4.99 (d, 1H, J = 17.2 Hz), 5.10 (d, 1H, J = 10.0 Hz), 5.32 (t, 
1H, J = 8.2 Hz), 5.83-5.92 (m, 2H), 6.95 (d, 2H, J = 8.4 Hz), 7.09-7.11 (m, 2H), 
7.25-7.31 (m, 3H), 7.39 (d, 2H, J = 8.4 Hz) ppm; 13C NMR (100 MHz, CDCl3): 
δ 23.2, 54.6, 56.4, 117.9, 120.8, 127.4, 127.5, 128.3, 130.1, 131.5, 136.8, 139.1, 
139.7, 168.9 ppm; FT-IR (film, cm-1) ν 3267, 3082, 1647, 1541, 1373, 1276, 

896, 748, 699; ESI-MS (m/z, %): 343.9 (M++H), 367.8 (M++Na); HRMS (MALDI) for 
C18H18NOBrNa+ (M++Na): calcd. 366.04640, found 366.0474. HPLC: Chiracel OD-H Column 
(250 mm); detected at 214 nm; n-hexane / i-propanol = 95/5; flow = 0.7 mL/min; Retention time: 
23.0 min (1R, 2R), 26.0 min (anti isomer), 32.0 min (1S, 2S), 43.5 min (anti isomer). 
anti + syn (racemic): 

 
 

Br

NHAc
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syn (racemic): 
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[α]D
19 -34.6 (c 1.02, CHCl3); 1H NMR (400 MHz, CDCl3): δ 1.84 (s, 3H), 

3.66 (t, 1H, J = 7.8 Hz), 5.00 (d, 1H, J = 16.8 Hz), 5.11 (d, 1H, J = 10.0 
Hz), 5.25 (dd, 1H, J = 8.0, 8.0 Hz), 5.78-5.87 (m, 2H), 6.94-6.98 (m, 4H), 
7.39-7.42 (m, 4H) ppm; 13C NMR (100 MHz, CDCl3): δ 23.2, 54.4, 55.9, 
118.4, 121.0, 121.4, 129.1, 130.0, 131.4, 131.7, 136.3, 138.6, 138.8, 169.0 
ppm; FT-IR (film, cm-1) ν 3332, 3083, 1653, 1538, 1489, 1010, 805, 722; 

ESI-MS (m/z, %): 423.9 (M++H); HRMS (MALDI) for C18H17NOBr2Na+ (M++Na): calcd. 
443.95691, found 443.95768. HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; 
n-hexane / ethyl alcohol = 95/5; flow = 0.7 mL/min; Retention time: 24.0 min (anti isomer), 31.4 
min (anti isomer), 37.6 min (1S, 2S), 43.4 min (1R, 2R). 
 
anti + syn (racemic): 
 

 
 
 
 
 
 
 
 
 
 
 
 

Br

NHAc

Br
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syn (racemic): 
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[α]D
20 -35.8 (c 0.92, CHCl3); 1H NMR (300 MHz, CDCl3): δ 1.86 (s, 3H), 

2.32 (s, 3H), 3.72 (t, 1H, J = 7.8 Hz), 5.00 (d, 1H, J = 17.1 Hz), 5.10 (d, 1H, 
J = 9.9 Hz), 5.28 (t, 1H, J = 8.1 Hz), 5.70 (d, 1H, J = 8.4 Hz), 5.82-5.94 (m, 
1H), 6.95-7.00 (m, 4H), 7.09 (d, 2H, J = 7.8 Hz), 7.40 (d, 2H, J = 8.1 Hz) 
ppm; 13C NMR (75 MHz, CDCl3): δ 21.1, 23.3, 54.6, 56.1, 117.9, 120.8, 
127.3, 129.0, 130.1, 131.5, 136.6, 136.9, 137.2, 139.2, 168.8 ppm; FT-IR 

(film, cm-1) ν 3343, 2976, 1651, 1488, 1371, 1012, 807, 711; ESI-MS (m/z, %): 360.0 (M++H), 
382.0 (M++Na); HRMS (MALDI) for C19H20NOBrNa+ (M++Na): calcd. 380.06205, found 
380.06261. HPLC: Chiracel Phenomenex Cellulose-2 Column (250 mm); detected at 214 nm; 
n-hexane / ethyl alcohol = 95/5; flow = 0.7 mL/min; Retention time: 22.2 min (1R, 2R), 27.2 min 
(anti isomer), 34.4 min (1S, 2S), 37.8 min (anti isomer). 
 
anti + syn (racemic): 

 
 
 
 
 
 
 
 
 
 
 
 

Br

NHAc
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syn (racemic): 
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[α]D
18 -37.8 (c 0.88, CHCl3); 1H NMR (400 MHz, CDCl3): δ 1.83 (s, 3H), 

3.70 (t, 1H, J = 7.8 Hz), 3.78 (s, 3H), 4.99 (d, 1H, J = 16.8 Hz), 5.10 (d, 
1H, J = 10.4 Hz), 5.26 (t, 1H, J = 8.2 Hz), 5.82-5.89 (m, 2H), 6.80-6.82 
(m, 2H), 6.96 (d, 2H, J = 8.4 Hz), 7.02 (d, 2H, J = 8.4 Hz), 7.38-7.40 (m, 
2H) ppm; 13C NMR (100 MHz, CDCl3): δ 23.3, 54.7, 55.2, 55.9, 113.7, 
118.0, 120.8, 128.5, 130.1, 131.5, 131.7, 136.9, 139.2, 158.9, 168.8 ppm; 

FT-IR (film, cm-1) ν 3331, 2950, 1652, 1516, 1257, 1182, 811, 601; ESI-MS (m/z, %): 374.0 
(M++H), 396.0 (M++Na); HRMS (MALDI) for C19H21NO2Br+ (M++H): calcd. 374.07502, found 
374.07685. HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol 
= 90/10; flow = 0.7 mL/min; Retention time: 15.0 min (1R, 2R), 17.0 min (anti isomer), 20.0 min 
(anti isomer), 22.6 min (1S, 2S). 
 
anti + syn (racemic): 

 

 
 
 
 
 
 
 
 
 
 

Br

NHAc

MeO
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syn (racemic): 
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[α]D
20 -44.8 (c 0.99, CHCl3); 1H NMR (400 MHz, CDCl3): δ 1.84 (s, 3H), 

3.63 (t, 1H, J = 8.2 Hz), 5.00 (d, 1H, J = 17.2 Hz), 5.12 (d, 1H, J = 10.4 
Hz), 5.22 (t, 1H, J = 8.2 Hz), 5.76-5.87 (m, 2H), 6.92-6.97 (m, 3H), 7.23 (s, 
1H), 7.34 (d, 1H, J = 8.4 Hz), 7.43 (d, 2H, J = 8.4 Hz) ppm; 13C NMR (100 
MHz, CDCl3): δ 23.2, 54.4, 55.6, 118.7, 121.2, 127.1, 129.2, 129.9, 130.2, 
131.5, 131.8, 132.4, 136.1, 138.3, 140.3, 169.1 ppm; FT-IR (film, cm-1) ν 

3271, 3065, 1651, 1552, 1488, 1012, 815, 764; ESI-MS (m/z, %): 413.8(M++H); HRMS (MALDI) 
for C18H17NOCl2Br+ (M++H): calcd. 411.98651, found 411.98618. HPLC: Chiracel Phenomenex 
Cellulose-2 Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 90/10; flow = 0.7 
mL/min; Retention time: 12.6 min (1R, 2R), 15.8 min (anti isomer), 18.3 min (1S, 2S), 21.3 min 
(anti isomer). 
 
anti + syn (racemic): 

 
 
 
 
 
 
 
 
 
 
 
 

Br

NHAcCl

Cl
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syn (racemic): 
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[α]D
20 -26.9 (c 0.98, CHCl3); 1H NMR (400 MHz, CDCl3): δ 1.87 (s, 3H), 

3.83 (t, 1H, J = 7.8 Hz), 5.00 (d, 1H, J = 16.8 Hz), 5.08 (d, 1H, J = 10.4 
Hz), 5.50 (t, 1H, J = 8.4 Hz), 5.86-5.94 (m, 2H), 6.99 (d, 2H, J = 8.0 Hz), 
7.23-7.26 (m, 1H), 7.40 (d, 2H, J = 7.2 Hz), 7.46-7.48 (m, 2H), 7.58 (s, 
1H), 7.76-7.82 (m, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 23.3, 54.6, 
56.4, 118.0, 120.9, 125.2, 126.0, 126.2, 126.5, 127.6, 127.9, 128.1, 130.1, 

131.6, 132.8, 133.0, 136.8, 137.1, 139.0, 169.0 ppm; FT-IR (film, cm-1) ν 3348, 3072, 1654, 1537, 
1488, 1010, 826, 741; ESI-MS (m/z, %): 396.0 (M++H), 418.0 (M++Na); HRMS (MALDI) for 
C22H21NOBr+ (M++H): calcd. 394.08010, found 394.07850. HPLC: Chiracel OD-H Column (250 
mm); detected at 214 nm; n-hexane / i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 19.6 
min (1R, 2R), 22.9 min (1S, 2S), 27.1 min (anti isomer), 34.0 min (anti isomer). 
 
anti + syn (racemic): 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Br

NHAc
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syn (racemic): 
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[α]D
20 2.54 (c 0.95, CHCl3); 1H NMR (400 MHz, CDCl3): δ 1.86 (s, 3H), 3.82 (t, 

1H, J = 8.0 Hz), 5.05 (d, 1H, J = 16.8 Hz), 5.12 (d, 1H, J = 10.0 Hz), 5.43 (t, 
1H, J = 8.2 Hz), 5.88-5.99 (m, 2H), 6.03 (s, 1H), 6.26 (s, 1H), 6.98 (d, 2H, J = 
8.0 Hz), 7.34 (s, 1H), 7.38 (d, 2H, J = 8.4 Hz) ppm; 13C NMR (100 MHz, 
CDCl3): δ 23.1, 50.3, 53.2, 108.0, 110.2, 118.1, 120.8, 129.9, 131.4, 136.4, 
138.9, 141.8, 151.9, 168.9 ppm; FT-IR (film, cm-1) ν 3324, 1654, 1539, 1490, 

1074, 1011, 923, 773; ESI-MS (m/z, %): 334.0 (M++H), 356.9 (M++Na); HRMS (MALDI) for 
C16H17NO2Br+ (M++H): calcd. 334.04372, found 334.04419. HPLC: Chiracel AD-H Column (250 
mm); detected at 214 nm; n-hexane / i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 13.8 
min (1R, 2R), 15.3 min (1S, 2S). 
 
syn (racemic): 

 

 

 

Br

NHAc

O
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[α]D
20 -19.0 (c 0.88, CHCl3); 1H NMR (400 MHz, CDCl3): δ 1.96 (s, 

3H), 3.58 (t, 1H, J = 7.8 Hz), 4.98-5.04 (m, 1H), 5.19 (d, 1H, J = 17.2 
Hz), 5.25 (d, 1H, J = 10.0 Hz), 5.51 (d, 1H, J = 9.2 Hz), 6.00-6.10 (m, 
2H), 6.42 (d, 1H, J = 16.0 Hz), 7.14 (d, 2H, J = 8.4 Hz), 7.23-7.25 (m, 
1H), 7.29-7.30 (m, 4H), 7.45 (d, 2H, J = 8.0 Hz) ppm; 13C NMR (100 
MHz, CDCl3): δ 23.4, 54.0, 118.7, 120.8, 126.4, 126.5, 127.8, 128.6, 

129.9, 131.7, 131.9, 136.3, 136.4, 139.3, 169.1 ppm; FT-IR (film, cm-1) ν 3309, 2977, 1651, 1528, 
1488, 1075, 1011, 749; ESI-MS (m/z, %): 370.1 (M++H), 392.1(M++Na); HRMS (MALDI) for 
C20H20BrNNaO+ (M++Na): calcd. 392.06205, found 392.06274. HPLC: Chiracel AS-H Column 
(250 mm); detected at 214 nm; n-hexane / i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 
23.7 min (1R, 2R), 34.4 min (anti isomer), 40.0 (anti isomer), 50.2 min (1S, 2S). 
 
anti + syn (racemic): 

 
 
 
 
 
 
 
 
 
 
 

Br

NHAc
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syn (racemic): 
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[α]D
20 -48.1 (c 0.98, CHCl3); 1H NMR (400 MHz, CDCl3): δ 1.51-1.61 (m, 

1H), 1.85 (s, 3H), 1.91-1.98 (m, 1H), 2.55-2.70 (m, 2H), 3.43 (t, 1H, J = 
7.6 Hz), 4.34-4.41 (m, 1H), 5.14 (d, 1H, J = 16.4 Hz), 5.18 (d, 1H, J = 9.6 
Hz), 5.29-5.31 (m, 1H), 5.93-6.02 (m, 1H), 7.07 (d, 2H, J = 8.0 Hz), 7.12 
(d, 2H, J = 7.6 Hz), 7.16-7.19 (m, 1H), 7.24-7.28 (m, 2H), 7.41 (d, 2H, J 
= 8.0 Hz) ppm; 13C NMR (100 MHz, CDCl3): δ 23.3, 32.4, 33.9, 52.0, 

54.1, 117.9, 120.5, 125.9, 128.2, 128.4, 129.7, 131.5, 137.0, 139.8, 141.5, 169.6 ppm; FT-IR (film, 
cm-1) ν 3327, 2949, 2926, 1649, 1535, 1489, 1010, 922, 701; ESI-MS (m/z, %): 372.0 (M++H), 
394.0 (M++Na); HRMS (MALDI) for C20H23NOBr (M++H): calcd. 372.09575, found 372.09501. 
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 90/10; 
flow = 0.7 mL/min; Retention time: 14.0 min (1S, 2S), 16.6 min (1R, 2R). 
syn isomers: 

 

 

Br

NHAc
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[α]D
20 -81.8 (c 0.81, CHCl3); 1H NMR (400 MHz, CDCl3): δ 0.84 (d, 3H, J = 

2.8 Hz), 0.86 (d, 3H, J = 2.8 Hz), 1.13-1.20 (m. 1H), 1.25-1.33 (m, 1H), 
1.51-1.61 (m, 1H), 1.86 (s, 3H), 3.39 (dd, 1H, J = 6.0, 8.8 Hz), 4.33-4.40 (m, 
1H), 5.11-5.19 (m, 3H), 5.97-6.01 (m, 1H), 7.09-7.12 (m, 2H), 7.41-7.43 (m, 
2H) ppm; 13C NMR (100 MHz, CDCl3): δ 21.5, 23.3, 23.6, 24.9, 41.3, 50.5, 
54.4, 117.9, 120.4, 129.9, 131.5, 137.1, 140.1, 169.4 ppm; FT-IR (film, cm-1) ν 

3304, 2949, 1649, 1555, 1073, 1010, 914, 801; ESI-MS (m/z, %): 324.0 (M++H), 346.1(M++Na); 
HRMS (MALDI) for C16H22BrNONa+ (M++Na): calcd. 346.07770, found 346.07729. HPLC: 
Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 90/10; flow = 0.7 
mL/min; Retention time: 7.6 min (1S, 2S), 9.7 min (1R, 2R). 
syn isomers: 

 
 

 

NHAc

Br
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[α]D
24 -35.1 (c 0.22, CHCl3); 1H NMR (300 MHz, CDCl3): δ 1.81 (s, 3H), 3.73 

(t, 1H, J = 8.0 Hz), 4.99 (d, 1H, J = 17.4 Hz), 5.07 (d, 1H, J = 10.2 Hz), 5.34 (t, 
1H, J = 8.1 Hz), 5.87-5.98 (m, 2H), 7.08-7.13 (m, 4H), 7.22-7.30 (m, 6H) ppm; 
13C NMR (100 MHz, CDCl3): δ 23.2, 55.3, 56.5, 117.5, 126.9, 127.3, 127.4, 
128.1, 128.3, 128.4, 137.4, 139.9, 140.1, 168.9 ppm; FT-IR (film, cm-1) ν 3354, 

3032, 1650, 1527, 1370, 911, 758, 699; ESI-MS (m/z, %): 266.2 (M++H), 288.1 (M++Na); HRMS 
(MALDI) for C18H19NONa+ (M++Na): calcd. 288.13589, found 288.13652. HPLC: Chiracel 
OD-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 95/5; flow = 0.7 mL/min; 
Retention time: 21.5 min (1R, 2R), 23.7 min (anti isomer), 30.5 min (1S, 2S), 36.0 min (anti 
isomer). 
anti + syn (racemic): 

 

syn (racemic): 

 

NHAc
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[α]D
25  87.5(c 0.42, CHCl3) ; 1H NMR (400 MHz, CDCl3): δ 2.02 (s, 3H), 

5.28-5.45 (m, 3H), 5.73-5.87 (m, 2H), 6.19 (d, 1H, J = 8.0Hz), 7.26-7.46(m, 
7H), 7.57 (t, 1H, J = 7.6Hz) , 7.99 (d, 2H, J = 7.2Hz), ppm;  13C NMR (400 
MHz, CDCl3): δ 23.4, 55.7, 76.5, 119.1, 127.4, 127.9, 128.5, 128.6, 129.7, 

129.8, 132.4, 133.3, 137.5, 165.6, 169.3 ppm; ESI-MS (m/z, %): 332.0 (M++ Na), 347.8 (M++K), 
364.0 (M++MeOH+ Na) ; HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; 
n-hexane / i-propanol = 80/20; flow = 0.7 mL/min; Retention time: 14.0 min (1R, 2S), 15.1 min 
(1S, 2R).  
 
 

 

NHAc

OBz
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HPLC-MS: Kromasil C18 (150 × 4.5 mm , Ф 5 μm); detected at 254 nm; CH3CN / H2O= 30/70; 
flow = 1.0mL/min; Retention time: 43.3 min (syn), 46.8 min (anti). 
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[α]D
22 86.8 (c 0.99, CHCl3); 1H NMR (400 MHz, CDCl3): δ 1.21 (t, 3H, J = 7.2 

Hz), 1.93 (s, 3H), 3.78 (t, 1H, J = 7.4 Hz), 4.13 (q, 2H, J = 6.8 Hz), 4.96-5.00 
(m, 1H), 5.14-5.21 (m, 2H), 5.94-6.05 (m, 2H), 7.08-7.10 (m, 2H), 7.43-7.45 
(m, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ 14.1, 23.0, 51.7, 55.6, 61.4, 118.3, 
121.2, 129.8, 131.7, 135.7, 138.0, 169.7, 171.0 ppm; FT-IR (film, cm-1) ν 3325, 
2988, 1746, 1655, 1537, 1372, 1180, 824, 508; ESI-MS (m/z, %): 340.1 

(M++H) , 362.0 (M++Na); HRMS (MALDI) for C15H19BrNO3
+ (M++H): calcd. 340.05428, found 

340.0539. HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 
90/10; flow = 0.7 mL/min; Retention time: 15.9 min (1R, 2R), 20.8 min (1S, 2S). 
 

 

 

NHAc

Br

EtO

O
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[α]D
22 77.3 (c 0.98, CHCl3); 1H NMR (400 MHz, CDCl3): 1.20 (t, 3H, J = 7.2 

Hz), 1.91 (s, 3H), 3.81 (t, 1H, J = 7.2 Hz), 4.11 (q, 2H, J = 7.2 Hz), 4.98 (t, 1H, 
J = 7.6 Hz), 5.15-5.19 (m, 2H), 5.78 (d, 1H, J = 8.0 Hz), 6.01-6.10 (m, 1H), 
7.18-7.33 (m, 5H) ppm; 13C NMR (100 MHz, CDCl3): δ 14.0, 23.0, 52.1, 55.7, 
61.3, 117.7, 127.4, 128.1, 128.7, 136.2, 138.8, 169.6, 171.2 ppm; FT-IR (film, 

cm-1) ν 3349, 2986, 1746, 1656, 1534, 1374, 1226, 704; ESI-MS (m/z, %): 262.1 (M++H), 284.0 
(M++Na); HRMS (MALDI) for C15H19NO3Na+ (M++Na): calcd. 284.12572, found 284.1265. 
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 90/10; 
flow = 0.7 mL/min; Retention time: 11.4 min (1R, 2R), 14.3 min (1S, 2S). 
 

 

 

 

NHAc
EtO

O
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[α]D
20 97.5 (c 1.02, CHCl3); 1H NMR (400 MHz, CDCl3): δ 1.21 (t, 3H, J = 6.8 

Hz), 1.93 (s, 3H), 3.80 (t, 1H, J = 7.2 Hz), 4.13 (q, 2H, J = 6.8 Hz), 4.99 (t, 1H, 
J = 7.6 Hz), 5.14-5.21 (m, 2H), 5.97-6.04 (m, 2H), 7.15 (d, 2H, J = 7.6 Hz), 
7.29 (d, 2H, J = 7.2 Hz) ppm; 13C NMR (100 MHz, CDCl3): δ 14.0, 22.9, 51.6, 
55.6, 61.3, 118.2, 128.7, 129.4, 133.1, 135.7, 137.4, 169.7, 171.0 ppm; FT-IR 
(film, cm-1) ν 3333, 2993, 1741, 1656, 1536, 1375, 1226, 825; ESI-MS (m/z, 

%): 296.2 (M++H), 318.1 (M++Na); HRMS (MALDI) for C15H18ClNNaO3
+ (M++Na): calcd. 

318.08674, found 318.08718. HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; 
n-hexane / i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 14.9 min (1R, 2R), 18.9 min 
(1S, 2S). 

 

 

NHAc

Cl

EtO

O
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5． Copies of 1H and 13C NMR spectra of products 3a-k, 4, 5, 7a-c and their corresponding acetates. 
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