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General remarks

'H, C, *'P NMR spectra were recorded on Bruker Avance 300. The chemical shifts are reported in ppm relative to
internal standard TMS (‘"H NMR), to residual signals of the solvents (CHCl, 7.26 ppm for '"H NMR and 77.0 ppm for
e NMR) and to external standard 85% H3PO, (31P NMR). IR spectra were recorded on Nicolet NEXUS 670 FT-IR and
only major peaks were reported. Optical rotations were measured on a Perkin-Elmer 341 polarimeter at rt. HRMS was

measured with an APEX II 47¢ mass spectrometer. The enantiomeric excess was determined by HPLC analysis.

Materials

The catalyst 3e was synthesized according to the procedures reported by Yoshiji Takemoto and coworkers by using
(18,28)-2-Pyrrolidin-1-yl-cyclohexylamine and 3,5-bis(trifluoromethyl)phenyl isothiocyanate.!! The substrate 1e and 1c

were synthesized according to the procedures reported by Shibasaki and co-workers."!

CF3

F3C/©\NJSJ\NO

3e yellow solid; "H NMR (300 MHz, DMSO-dj) & 10.09 (brs, 1H), 8.24 (brs, 1H), 8.21 (s, 2H), 7.68 (s, 1H), 4.24 (s, 1H),
3.44 (brs, 1H), 2.81 — 2.51 (m, 4H), 2.12 (d,J=9.3 Hz, 1H), 1.83 (d, /= 12.1 Hz, 1H), 1.68 (m, 6H), 1.47 — 1.06 (m, 4H)
ppm; °C NMR (75 MHz, DMSO-d,) & 178.8, 141.9, 130.4 (q, J = 32.6 Hz), 123.3 (q, J = 271.1 Hz), 121.2 (m), 115.5

(m), 60.8, 55.5,47.4,30.4,23.9,23.7,23.4,22.5 ppm.

||
BuLi, THF )k/ ~OMe

OMe

Me— P OMe + @
OMe

To a stirred solution of dimethyl methylphosphonate (1.06 g, 8.49 mmol) in THF (30 mL) at -78 °C was added BuLi (8.5

mmol, 5.3 mL, 1.6 M in hexane) slowly over 30 min. The mixture was stirred at -65 °C for 90 min, and then carbonyl
dipyrrole (1.25 g, 7.76 mmol) in THF (5 mL) was added slowly over 20 min. The mixture was stirred at the same
temperature for 1 h, and then was gradually warmed to room temperature over 2 h. The reaction mixture was quenched

with sat. aq. NH4Cl and the aqueous phase was extracted with ethyl acetate. The organic layer was washed with brine,
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and dried over Na,SO,. After removing the solvent, the residue was purified by silica gel flash column chromatography
to give the HWE reagent 3e in 70% yield; "H NMR (300 MHz, CDCl3) 6 7.34 (brs, 2H), 6.32-6.30 (m, 2H), 3.82-3.74 (m,
6H), 3.09 (d, J = 22.2 Hz, 2H) ppm; C"> NMR (75 MHz, CDCl3) & 162.3, 119.3, 113.4, 52.9, 33.6 (d, Jcp= 133 Hz)

ppm; *'P NMR (121 MHz, CDCl;) 6 21 ppm.

1K
~OEt
@)J\/ \OEt
3d '"H NMR (300 MHz, CDCl;) 8, 7.35 (brs, 2H), 6.32 (t, J = 2.4 Hz, 2H), 4.23-4.13 (m, 4H), 3.46 (d, J = 22.2 Hz, 2H)

1.32 (t,J = 6.9 Hz, 6H) ppm; *'P NMR (121 MHz, CDCl3) & 18 ppm.

General procedure for the reaction of the HWE reagent with a-amido sulfones

Cbz o C,) o Cbz
HN )K/,g: Me  a)tol, 0°C, 3e (20% mol), K,CO;  HN™ O
bR N @\l OMe - :

R” >SO,Ph

b) MeONa, (HCOH)n R o~

4 1e 5
Catalyst 3e (21.9 mg, 0.05 mmol, 20 mol %), HWE reagent 1e (81.3 mg, 0.375 mmol) were dissolved in toluene (4 mL)
at 0 °C. Then a-amidosulfones 4 (0.25 mmol) was added followed by addition of an aqueous solution of K,CO; (1.5 M,
0.2 mL). After the stated reaction time, the intermediate product was quickly isolated by column chromatography. Then
it was dissolved in THF (2 mL), and a precooled solution of MeONa (2.2 equiv) in MeOH (0.5 mL) was added at -10 °C.
After the reaction was stirred 30 min 0 °C, paraformaldehyde (5 equiv) was added, and the mixture was stirred for
another 4 hours. The reaction process was monitored by TLC. Upon completion, the reaction was quenched with sat. aq.
NaCl and extracted with ethyl acetate and dried over Na,SO,. After concentration of the solvents, the residue was

purified on a silica gel column to give the corresponding product

Cbz.

nz

3

H O

-

Ph O

5a Colorless oil; 87% yield; 91% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 85/15,
flow rate = 1.0 mL/min, tpgjor = 16.0 mMin, tyiner = 20.3 min); [a]*’p= +16.0 (c = 1.25, CHCL;); 'H NMR (300 MHz,
CDCI3) 6 7.40-7.31 (m, 6H), 7.30 — 7.24 (m, 4H), 6.38 (s, 1H), 5.93 (s, 1H), 5.87 — 5.65 (m, 2H), 5.13 (s, 2H), 3.66 (s,

3H) ppm; *C NMR (75 MHz, CDCl;) § 165.9, 155.5, 139.6, 139.5, 136.3, 128.6, 128.5, 128.1, 127.6, 127.0, 126.4, 67.0,
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56.7, 51.9 ppm; IR (neat): 3334, 2952, 1723, 1500, 1233, 1042, 700 cm™; HRMS (ESI): C;oH;sNO, [M+H]" caled:

326.1387, found: 326.1376.

Cbz\,:l

H O

F
5b Colorless oil; 87% yield; 90% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20,

flow rate = 1.0 mL/min, tugjor = 11.6 Min, tyinr = 15.2 min); [a]*’p=+1.8 (¢ = 1.14, CHCL;); "H NMR (300 MHz, CDCl;)
8 7.44 —7.23 (m, 5H), 7.17 (dd, J = 8.4, 5.5 Hz, 2H), 6.91 (t, J= 8.7 Hz 2H), 6.29 (s, 1H), 5.84 (s, 1H), 5.75 (d, J = 8.2
Hz, 1H), 5.65 (d, J = 8.9 Hz, 1H), 5.05 (s, 2H), 3.59 (s, 3H) ppm; *C NMR (75 MHz, CDCl3) 5 165.9, 162.1 (d, Je.y =
244.5 Hz), 155.5, 139.4, 136.2, 135.3 (d, Jo.r = 3.1 Hz), 128.5, 128.2, 128.1, 128.0, 127.2, 115.5 (d, Jor = 21 Hz), 67.1,
56.2, 52.0 ppm; IR (neat): 3333, 2953, 1722, 1507, 1225, 1043, 837, 699 cm™'; HRMS (ESI): CjoH;sFNO, [M+H]"

calcd: 344.1293, found: 344.1282.

Cbz\NH 0

/@/\”/u\o/
Br

5c¢ Colorless oil; 87% yield; 91% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20,
flow rate = 1.0 mL/min, tygjor = 14.9 Min, tyiner = 19.3 min); [a]*’p = +22 (¢ = 1.0, CHCl3); '"H NMR (300 MHz, CDCl;)
0 7.53 742 (d, J= 8.5 Hz, 2H), 7.42 — 7.27 (m, 5H), 7.16 (d, J = 8.4 Hz, 2H), 6.38 (s, 1H), 5.94 (s, 1H), 5.84 (d, J =
8.4 Hz, 1H), 5.69 (d, J = 9.2 Hz, 1H), 5.13 (s, 2H), 3.68 (s, 3H) ppm; >C NMR (75 MHz, CDCl;) & 165.84, 155.57,
139.1, 138.7, 136.2, 131.7, 128.6, 128.3, 128.2 (overlapped), 129.1, 127.7, 121.6, 67.2, 56.4, 52.1 ppm; IR (neat): 3331,
2920, 2851, 1720, 1511, 1261, 1041, 812, 698 cm™; HRMS (ESI): CjoH;sBrNO, [M+H]" caled: 404.0492, found:

404.0495.

5d Colorless oil; 86% yield; 86% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20,
flow rate = 1.0 mL/min, tygjor = 15.3 min, tpiner = 20.1 min); [a]20D= -6.14 (¢ = 1.14, CHCly); 'H NMR (300 MHz,

CDCls) & 7.42 — 7.31 (m, 5H), 7.28 (d, J = 8.6 Hz, 2H), 7.21 (d, J = 8.6 Hz, 2H), 6.38 (s, 1H), 5.92 (s, 1H), 5.84 (d, J =
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9.2 Hz, 1H), 5.71 (d, J = 9.1 Hz, 1H), 5.13 (s, 2H), 3.67 (s, 3H) ppm; *C NMR (75 MHz, CDCl;) § 165.8, 155.5, 139.2,
138.2, 136.2, 133.4, 128.8, 128.6, 128.3, 128.2 (overlapped), 127.8, 127.7, 67.1, 56.3, 52.1 ppm; IR (neat): 3333, 2952,

1721, 1494, 1233, 1043, 819, 698 cm™'; HRMS (ESI): CjoH;sCINO, [M+H]" calcd: 360.0997, found: 360.0990.

Cbz .
N

H O

Se Colorless oil; 80% yield; 92% ee determined by HPLC on a Chiracel OD-H column (hexane/2-propanol = 80/20, flow
rate = 1.0 mL/min, tugjor = 8.0 Min, tminer = 9.1 min); [a]’p = -14.6 (¢ = 0.96, CHCL;); '"H NMR (300 MHz, CDCL3) 3
7.38-7.22 (m, 5H), 7.21 — 7.00 (m, 4H), 6.32 (s, 1H), 5.86 (s, IH), 5.81 (d, J= 9.0 Hz, 1H), 5.64 (d, J= 9.3 Hz, 1H),
5.06 (s, 2H), 3.60 (s, 3H) ppm; *C NMR (75 MHz, CDCls) 8 165.8, 155.6, 141.7, 138.9, 136.2, 134.6, 129.9, 128.6,
128.3, 128.2 (overlapped), 128.0, 127.8, 126.5, 124.5, 67.2, 56.4, 52.1 ppm; IR (neat): 3331, 2952, 1719, 1506, 1230,

1042, 697 cm™; HRMS (ESI): C1oH;5CINO4, [M+Na]” caled: 382.0817, found: 382.0830.

Cbz.

5f Colorless oil; 84% yield; 91% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20,
flow rate = 1.0 mL/min, tpgjor = 11.7 Min, tpinor = 17.1 min); [a]*’p = +12.5 (¢ = 1.20, CHCL;); '"H NMR (300 MHz,
CDCly) 6 7.42 — 7.29 (m, 6H), 7.29 — 7.14 (m, 3H), 6.40 (s, 1H), 6.15 (d, /= 8.6 Hz, 1H), 5.92 (s, 1H), 5.69 (d, /= 8.3
Hz, 1H), 5.11 (s, 2H), 3.67 (s, 3H) ppm; *C NMR (75 MHz, CDCls) § 166.0, 155.2, 138.6, 136.9, 136.3, 133.6, 130.1,
129.1, 128.5, 128.2 (multi-shifts overlapped), 127.7, 127.0, 67.1, 53.5, 52.1 ppm; IR (neat): 3332, 2952, 1724, 1522,

1237, 1040, 816, 757, 700 cm™; HRMS (ESI): C;oHsCINO, [M+Na]" calcd: 382.0817, found: 382.0828.

Cbz\’:l

H O

Sg Colorless oil; 79% yield; 88% ee determined by HPLC on a Chiralpak AD-H column, (hexane/2-propanol = 80/20,
flow rate = 1.0 mL/min, tygjor = 14.4 Min, tyine= 19.0 min); [a]*’p= +13.8 (¢ = 1.45, CHCl;); "H NMR (300 MHz,

CDCls) 8 7.45 — 7.27 (m, 5H), 7.24 — 7.04 (q, J = 8.2 Hz, 4H), 6.36 (s, 1H), 5.91 (s, 1H), 5.80 — 5.56 (m, 2H), 5.12 (s,
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2H), 3.66 (s, 3H), 2.31 (s, 3H) ppm; *C NMR (75 MHz, CDCl3) § 166.0, 155.5, 139.7, 137.3, 136.5, 136.3, 129.3, 128.5,
128.2(overlapped), 126.7, 126.3, 67.0, 56.4, 51.9, 21.0 ppm; IR (neat): 3336, 2951, 1721, 1508, 1230, 1042, 815, 699

cm’'; HRMS (ESI): C20H, NO4 [M+H]" caled: 340.1543, found: 340.1537.

5h Colorless oil; 76% yield; 83% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20,
flow rate = 1.0 mL/min, tumgjor = 22.7 Min, tyinor = 28.5 min); [o]*’p= +15.1 (¢ = 1.26, CHCl3); "H NMR (300 MHz,
CDCly) 6 7.46 — 7.27 (m, 5H), 7.19 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 6.35 (s, 1H), 5.90 (s, 1H), 5.83 — 5.52
(m, 2H), 5.12 (s, 2H), 3.77 (s, 3H), 3.66 (s, 3H) ppm. *C NMR (75 MHz, CDCl3) & 166.1, 159.0, 155.5, 139.9, 136.3,
131.6, 128.5, 128.2, 127.7, 126.5, 114.0, 67.0, 56.2, 55.2, 52.0 ppm; IR (neat): 3340, 2953, 1722, 1511, 1248, 1037, 826,
699 cm™; HRMS (ESI): CooH, NOs [M+Na]" caled: 378.1312, found: 378.1310.

Coz.\n o

5i Colorless oil; 87% yield; 89% ee determined by HPLC on a Chiralpak OJ-H column (hexane/2-propanol = 80/20, flow
rate = 1.0 mL/min, togjor = 12.8 Min, toiner = 16.6 min); [o]*’p=+11.9 (¢ = 1.18, CHCLy); "H NMR (300 MHz, CDCl;) &
7.46 —7.27 (m, 5H), 7.20 (dd, J = 14.3, 6.6 Hz, 1H), 7.14 — 6.98 (m, 3H), 6.36 (s, 1H), 5.91 (s, 1H), 5.79 (d, J = 8.6 Hz,
1H), 5.71 (d, J = 8.9 Hz, 1H), 5.12 (s, 2H), 3.65 (s, 3H), 2.31 (s, 3H) ppm; *C NMR (75 MHz, CDCl;) & 166.0, 155.5,
139.6, 139.3, 138.2, 136.3, 128.5, 128.4 (overlapped), 128.3, 128.1, 127.1, 126.8, 123.4, 66.9, 56.6, 51.9, 21.4 ppm; IR
(neat): 3335, 2952, 1724, 1502, 1237, 1043, 700 cm’'; HRMS (ESI): Cy0H2NO4 [M+Na]+ caled: 362.1363, found:

362.1355.

Cbz.\n o

or
FsC

5j Colorless oil; 81% yield; 92% ee determined by HPLC on a Chiracel OD-H column (hexane/2-propanol = 80/20, flow
rate = 1.0 mL/min, tupgjor = 10.3 min, tyino = 13.7 min); [o]*’p= -24.7 (c = 1.30, CHCL3); "H NMR (300 MHz, CDCl3) 8
7.58 (d, J= 8.2 Hz, 2H), 7.49 — 7.27 (m, 7H), 6.42 (s, 1H), 6.20 — 5.86 (m, 2H), 5.80 (d, /= 9.2 Hz, 1H), 5.15 (s, 2H),

3.68 (s, 3H) ppm; *C NMR (75 MHz, CDCl;) § 165.8, 155.7, 143.7, 138.9, 136.1, 130.0 (q, Jer = 32.3 Hz), 128.6,
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128.3, 128.2, 126.7, 124.0 (q, Jcr = 270.0 Hz), 125.6 (q, Jor =4.1 Hz), 67.2, 56.7, 52.3 ppm; IR (neat): 3331, 2954,
1729, 1503, 1327, 1067, 843, 737, 699, 616 cm'; HRMS (ESI): CyH;sF;NO, [M+Na]" calcd: 416.1080, found:

416.1072.

Cbz.

/©/\”/U\O/
NC

5k Colorless oil; 88% yield; 93% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20,
flow rate = 1.0 mL/min, tugjor = 26.4 Min, tyiner = 35.7 min); [o]*’p=-37.0 (¢ = 1.0, CHCl3); "H NMR (300 MHz, CDCly)
8 7.61 (d, J= 8.3 Hz, 2H), 7.53 — 7.27 (m, 7H), 6.42 (s, 1H), 6.01 — 5.95 (m, 2H), 5.77 (d, J = 9.4 Hz, 1H), 5.14 (s, 2H),
3.68 (s, 3H) ppm; *C NMR (75 MHz, CDCls) 8 165.6, 155.7, 145.1, 138.5, 136.0, 132.4, 128.8, 128.6, 128.3, 128.3,
127.0, 118.6, 111.5, 67.3, 56.8, 52.2 ppm; IR (neat): 3341, 2920, 2229, 1721, 1506, 1261, 1043, 818, 699 cm™'; HRMS
(ESI): CooH sN,O,4 [M+H]" caled: 351.1339, found: 351.1334.

Cbz.\n o

Son

51 Colorless oil; 80% yield; 87% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20,
flow rate = 1.0 mL/min, tpgjor = 14.6 Min, tyinor = 18.2 min); [’ b= +11.8 (¢ = 1.36, CHCL;); '"H NMR (300 MHz,
CDCly) 6 7.89 — 7.76 (m, 3H), 7.73 (s, 1H), 7.53 — 7.45 (m, 2H), 7.45 — 7.27 (m, 6H), 6.44 (s, 1H), 6.00 (s, 1H), 5.97 —
5.80 (m, 2H), 5.16 (s, 2H), 3.66 (s, 3H) ppm; *C NMR (75 MHz, CDCl3) & 166.0, 155.6, 139.6, 136.9, 136.3, 133.2,
132.8, 128.6, 128.5, 128.2, 128.0, 127.6, 127.3, 126.3, 126.1, 125.1, 124.7, 67.1, 56.8, 52.0 ppm; IR (neat): 3333, 2953,

1721, 1504, 1235, 1043, 818, 747, 699, 478 cm™'; HRMS (ESI): C»3H,NO, [M+Na]" calcd: 398.1363, found: 398.1355.

S5m Colorless oil; 78% yield; 96% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20,
flow rate = 1.0 mL/min, tpgjor = 22.0 Min, tminor = 24.1 min); [a]*’p = +10.8 (¢ = 1.20, CHCL;); '"H NMR (300 MHz,
CDCly) 6 7.41 —7.29 (m, 5H), 6.77 (s, 1H), 6.76 — 6.70 (m, 2H), 6.36 (s, 1H), 5.93 (s, 2H), 5.90 (s, 1H), 5.73 (d, /= 8.7
Hz, 1H), 5.65 (d, J = 8.8 Hz, 1H), 5.12 (s, 2H), 3.68 (s, 3H) ppm; *C NMR (75 MHz, CDCl;) & 166.0, 155.4, 147.9,
147.0, 139.6, 136.2, 133.4, 128.5, 128.2, 126.8, 119.7, 108.3, 107.1, 101.1, 67.0, 56.4, 52.0 ppm; IR (neat): 3358, 2955,

1716, 1491, 1227, 1039, 816, 699, 531 cm™; HRMS (ESI): CooH;oNOg [M+Na]" calcd: 392.1115, found: 392.1115.
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5n Colorless oil; 72% yield; 84% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20,
flow rate = 1.0 mL/min, tygjor = 9.7 Min, tminor = 10.6 min); [o]*’p=+3.6 (¢ = 1.38, CHCl;); "H NMR (300 MHz, CDCly)
0 7.41 —7.27 (m, 6H), 6.40 (s, 1H), 6.30 (dd, J = 3.2, 1.9 Hz, 1H), 6.18 (d, J = 3.2 Hz, 1H), 5.92 (s, 1H), 5.82 (s, 2H),
5.13 (s, 2H), 3.73 (s, 3H) ppm; °C NMR (75 MHz, CDCl;) & 165.8, 155.4, 152.2, 142.2, 137.7, 1362, 128.6
(overlapped), 128.5, 128.2, 127.7, 110.5, 110.3, 106.8, 67.1, 52.1, 51.3 ppm; IR (neat): 3340, 2953, 1723, 1505, 1234,

1043, 820, 742, 699, 599 cm™'; HRMS (ESI): C;7H;,NOs [M+Na]" calcd: 338.0999, found: 338.1002.
Cbz.

nz

H O

O/

50 Colorless oil; 71% yield; 81% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20, flow rate
= 1.0 mL/min, tygjor = 11.1 Min, tpiner = 12.5 min); [a]*’p= +4.7 (c = 0.85, CHCl;); "H NMR (300 MHz, CDCl;) § 7.34 — 7.50
(m, 6H), 7.27 (s, 1H), 6.30 (s, 1H), 6.29 (s, 1H), 5.88 (s, 1H), 5.82 (d, J = 8.6 Hz, 1H), 5.65 (d, J=9.1 Hz, 1H), 5.12 (s, 2H),
3.71 (s, 3H) ppm; *C NMR (75 MHz, CDCl3) & 166.0, 155.4, 143.4, 139.5, 139.2, 136.2, 128.5, 128.1, 126.7, 125.2, 109.3,
66.9, 52.0, 49.8 ppm. IR (neat): 3340, 2953, 1724, 1504, 1235, 1028, 734 cm’; HRMS (ESI): C7H;7NOs [M+H]" calcd:
316.1179, found: 316.1185.

Cbz.

=z

H O

O/

z

S
5p Colorless oil; 80% yield; 94% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20, flow rate
= 1.0 mL/min, tygjor = 11.4 min, tpiner = 14.2 min); [a]*’p=+1.8 (c = 1.14, CHCl;); "H NMR (300 MHz, CDCl;) § 7.42 — 7.25
(m, 5H), 7.19 (d, J = 4.2 Hz, 1H), 6.93 (dd, J = 5.0, 3.6 Hz, 1H), 6.88 (d, J = 3.2 Hz, 1H), 6.36 (s, 1H), 6.14 — 5.84 (m, 3H),
5.14 (s, 2H), 3.72 (s, 3H) ppm; “C NMR (75 MHz, CDCl;) § 165.8, 155.3, 143.8, 139.1, 136.1, 128.5, 128.2, 128.1, 127.3,
127.0, 125.0, 124.6, 67.1, 53.2, 52.1 ppm; IR (neat): 3336, 2952, 1721, 1503, 1223, 1040, 755 cm™ HRMS (ESI): C;;H,,NO,S

[M+NH,]" caled: 349.1217, found: 349.1212.
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5q Colorless oil; 85% yield; 86% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 80/20, flow rate

= 1.0 mL/min, tygjor = 12.7 Min, tpiner = 17.5 min); [¢]*’p=+6.3 (c = 1.05, CHCl;); "H NMR (300 MHz, CDCl;) § 7.43 — 7.29
(m, 5H), 7.25 (dd, J = 3.3, 0.9 Hz, 1H), 7.07 (d, J = 3.0 Hz, 1H), 6.97 (dd, J= 5.1, 0.9 Hz, 1H), 6.34 (s, 1H), 5.95 — 5.85 (m,
2H), 5.78 (d, J= 9.0 Hz, 1H), 5.13 (s, 2H), 3.69 (s, 3H) ppm; *C NMR (75 MHz, CDCl;) § 166.0, 155.4, 141.0, 139.5, 136.2,

128.5, 128.2, 128.1(overlapped), 126.9, 126.3, 125.5, 121.4, 67.0, 53.3, 52.0 ppm; IR (neat): 3344, 2953, 1721, 1503, 1225,
Cbz.

1043, 736 cm™'; HRMS (ESI): C;7H7;NO,S [M+H]" calcd: 332.0951, found: 332.0947.

nz

H O
Ph

o/

%

Sr Colorless oil; 65% yield; 63% ee determined by HPLC on a Chiracel OJ-H column (hexane/2-propanol = 80/20, flow
rate = 1.0 mL/min, tmgjor = 19.7 min, tpiner = 23.0 min); [a]20D= -2 (¢ = 1.0, CHCly); '"H NMR (300 MHz, CDCl3) 6 7.32
—7.24 (m, 4H), 7.24 — 7.13 (m, 3H), 7.13 — 7.01 (m, 3H), 6.14 (s, 1H), 5.67 (s, 1H), 5.50 (d, J= 9.5 Hz, 1H), 5.08 — 4.92

m, 2H), 4. ,J =75 Hz, 1H), 3.66 (s, 3H), 2.65 — 2.44 (m, 2H), 2.00 — 1.82 (m, m; Z,
2H), 4.43 (q, J = 7.5 Hz, 1H), 3.66 (s, 3H), 2.65 — 2.44 (m, 2H), 2.00 — 1.82 (m, 2H) ppm; “C NMR (75 MH

CDCls) 8 166.2, 155.6, 141.0, 139.5, 136.3, 128.5, 128.3, 128.3, 128.1, 127.1, 125.9, 66.7, 54.1, 51.9, 36.0, 32.6 ppm;

IR (neat): 3336, 3029, 2951, 1719, 1522, 1451, 1240, 1045, 699 cm’'; HRMS (ESI): C5;Hy3NO,4 [M+Na]" caled:
376.1519, found: 376.1526.
Cbz.

nz

H O

%

O/

5s Colorless oil; 69% yield; 70% ee determined by HPLC on a Chiralpak OD-H column (hexane/2-propanol = 95/5, flow rate

=0.75 mL/min, tyyjor = 11.8 min, tyier = 12.6 min); [a]*’p=+2.1 (¢ = 0.96, CHCl;); '"H NMR (300 MHz, CDCl) § 7.45 — 7.28

(m, SH), 6.20 (s, 1H), 5.74 (s, 1H), 5.50 (d, J= 9.2 Hz, 1H), 5.19 — 4.98 (m, 2H), 4.46 (q, J = 7.5 Hz, 1H), 3.75 (s, 3H), 1.64 (q,

J=17.5Hz, 2H), 1.44 — 1.19 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H) ppm; *C NMR (75 MHz, CDCL;) 5 166.3, 155.6, 139.8, 136.4,

128.4, 128.0, 128.04 (overlapped), 126.6, 66.6, 54.0, 51.8, 36.5, 19.5 13.6 ppm; IR (neat): 3339, 2958, 1729, 1506, 1250, 740,
689 cm™; HRMS (ESI): C¢H, NO4 [M+Na]" caled: 314.1363, found: 314.1354.
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5t Colorless oil; 57% yield; 57% ee determined by HPLC on a Chiralpak AS column (hexane/2-propanol = 90/10, flow rate =
1.0 mL/min, tyiner = 5.3 Min, tgior = 9.3 min); [a]*’p = +2.1(c = 0.96, CHCl); "H NMR (300 MHz, CDCl3) § 7.44 — 7.25 (m,
5H), 6.19 (s, 1H), 5.76 (s, 1H), 5.44 (d, J= 9.3 Hz, 1H), 5.20 — 4.96 (m, 2H), 4.54 (q, J= 8.1 Hz, 1H), 3.75 (s, 3H), 1.69 — 1.38
(m, 3H), 0.93 (d, J = 6.3 Hz, 3H), 0.91 (d, J = 6.3 Hz, 3H) ppm; “C NMR (75 MHz, CDCL;) § 166.3, 155.6, 140.2, 136.5,
128.4, 128.1, 126.4, 66.6, 52.5, 51.8, 43.6, 25.0, 22.5, 22.2 ppm; IR (neat): 3339, 2956, 1720, 1524, 1229, 1046, 698 cm™; MS

(ESI): C17Hx;3NOy4 [M+H]" calcd: 306.2, found: 306.3.

Boc..
°~\H o

nwz

5aa White solid, mp: 74 - 77 °C; 86% yield; 86% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol
=95/5, flow rate = 0.75 mL/min, tygjor = 17.0 min, tpiner = 20.8 min). [a]*’p= +17.5 (¢ = 0.8, CHCl3) for 78% ee. '"H NMR
(300 MHz, CDCl3) 8 7.36 — 7.22 (m, 5H), 6.38 (s, 1H), 5.92 (s, 1H), 5.69 (d, J = 8.7 Hz, 1H), 5.50 (d, J = 8.0 Hz, 1H),
3.67 (s, 3H), 1.45 (s, 9H) ppm; *C NMR (75 MHz, CDCl;) 5 166.1, 154.9, 140.0, 139.8, 128.5, 127.5, 126.5, 79.8, 56.1,

51.9, 28.3 ppm. HRMS (ESI): C4H,NO4 [M+Na]" caled: 314.1363, found: 314.1354.

B ~
OC';l

H O

F

Sab Colorless oil; 89% yield; 86% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 95/5, flow rate
= 0.75 mL/min, tygjor = 13.7 Min, tyiner = 16.3 min); [o]*’p = +3.5 (¢ = 0.85, CHCl3); '"H NMR (300 MHz, CDCl3) § 7.31 — 7.18
(m, 2H), 7.07 - 6.92 (t, J= 7.5 Hz, 2H), 6.37 (s, 1H), 5.92 (s, 1H), 5.66 (d, J = 8.4 Hz, 1H), 5.52 (brs, 1H), 3.68 (s, 3H), 1.45 (s,
9H) ppm; *C NMR (75 MHz, CDCl;) § 166.0, 162.1 (d, Je.r = 244.5 Hz), 154.9, 139.8, 135.7 (d, Je.r = 3.2 Hz), 128.2 (d, Jer
= 8.2 Hz), 126.8, 115.4 (d, Jcr = 21.0 Hz), 80.0, 55.6, 51.9, 28.3 ppm; IR (neat): 3360, 2978, 1721, 1506, 1228, 1164, 838

cm’'; HRMS (ESI): C1¢HyFNO4 [M+Na]" caled: 332.1269, found: 332.1260.

Boc..
°°“NH 0

MO/
Cl

nzZ
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Sad Colorless oil; 84% yield; 89% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 95/5, flow rate
= 1.0 mL/min, tyjor = 16.3 min, tyinr = 20.2 min); [a]*’p = +2.1 (¢ = 0.96, CHCl;); '"H NMR (300 MHz, CDCly) § 7.29 (d, J =
8.7 Hz, 2H), 7.22 (d, J = 8.7 Hz, 2H), 6.37 (s, 1H), 5.92 (s, 1H), 5.65 (d, J = 8.5 Hz, 1H), 5.55 (brs, 1H), 3.68 (s, 3H), 1.45 (s,
9H) ppm. *C NMR (75 MHz, CDCls) § 165.9, 154.9, 139.5, 138.5, 133.2, 128.7,127.8, 127.1, 80.0, 55.7, 52.0, 28.3 ppm; IR

(neat): 3363, 2977, 1717, 1493, 1166, 757 cm™'; HRMS (ESI): C;¢H,,CINO, [M+Na]" calcd: 348.0973, found: 348.0983.

Boc.

o

S5al Colorless oil; 72% yield; 83% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 95/5, flow rate
= 1.0 mL/min, tygjor = 18.1 Min, tpinor = 23.3 min); [a]*’p=+5.7 (¢ = 1.05, CHCl;); "H NMR (300 MHz, CDCly) § 7.97 — 7.74
(m, 3H), 7.72 (s, 1H), 7.55 — 7.30 (m, 3H), 6.43 (s, 1H), 5.98 (s, 1H), 5.85 (d, /= 8.8 Hz, 1H), 5.58 (d, /= 6.7 Hz, 1H), 3.67 (s,
3H), 1.47 (s, 9H) ppm; *C NMR (75 MHz, CDCl3) & 166.1, 154.9, 139.9, 137.3, 133.2, 132.7, 128.4, 128.0, 127.6, 126.7,
126.2, 126.0, 125.2, 124.9, 79.9, 56.20, 51.9, 28.4 ppm; IR (neat): 3362, 2977, 1717, 1494, 1165, 815 cm™; HRMS (ESI):

Cy0H,3NO4 [M+Na]” caled: 364.1519, found: 364.1530.

Boc .

S5am Colorless oil; 79% yield; 87% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyjor = 12.4min, toine: = 17.5min); [a]*’p=+11.1(c = 1.08, CHCL;); "H NMR (300 MHz, CDCL;) & 6.78 (s,
1H), 6.76 - 6.65 (m, 2H), 6.35 (s, 1H), 5.93 (s, 2H), 5.89 (s, 1H), 5.59 (d, J = 7.9 Hz, 1H), 5.44 (brs, 1H), 3.69 (s, 3H), 1.45 (s,
9H) ppm; "*C NMR (75 MHz, CDCl3) 8 166.1, 154.8, 147.8, 146.9, 140.0, 133.8, 126.3, 119.8, 108.2, 107.3, 101.1, 79.8, 55.8,
51.9, 28.3 ppm; IR (neat): 3381, 2978, 1719, 1491, 1243, 1166, 1041, 735 cm™'; HRMS (ESI): C;;H,NO,; [M+Na]" calcd:

358.1261, found: 358.1264.

Transformations of the Mannich products

,Cbz
HN O o
MeONa Ph/\é)Lr\\l} MeONa Ph&ﬁj\o/
. Ao = T
MeO~; >
cinnamaldehyde MeO 0] PhCHO Ph
6a Z-8a

The intermediate product 6 was prepared according the above mentioned general procedure. Then phosphonate 6 (104.5

mg, 0.23 mmol) was dissolved in THF (2 mL), and a precooled solution of MeONa (2.2 equiv, 78 mg, 0.506 mmol) in

S11



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2011

MeOH (2 mL) was added at -10 °C. After the reaction was stirred 30 min 0 °C, the corresponding aldehyde (1.5 equiv)
was added. And the reaction was stirred at the same temperature for another 20 hours. The reaction process was
monitored by TLC. Upon completion, the reaction was quenched with sat. ag. NaCl and extracted with EA and dried
over Na,SO,. After concentration of the solvents, the residue was purified on a silica gel column to give the

corresponding product.

7 Following the above procedure, the product (72.1 mg, 73% yield), and the corresponding value of Z: E was 4.5 : 1.
White solid, mp: 102-104 °C; [o]*’p=-12.8 (¢ = 1.09, CHCl;); "H NMR (300 MHz, CDCl;) & 7.85 (dd, J = 15.6, 11.1
Hz, 1H), 7.49 (d, J = 6.9 Hz, 2H), 7.50 — 7.26 (m, 13H), 6.91 (d, J=11.4, 1H), 6.85 (d, J=15.7, 1H), 5.89 (d, /= 9.0 Hz,
1H), 5.77 (d, J = 9.3 Hz, 1H), 5.14 (s, 2H), 3.66 (s, 3H) ppm; *C NMR (75 MHz, CDCls) 5 166.5, 155.6, 142.3, 141.6,
140.2, 136.3, 128.9, 128.7, 128.5, 128.2, 128.15 (overlapped), 127.4, 127.3 (overlapped), 126.1, 124.9, 67.0, 58.5, 51.5
ppm; IR (neat): 3335, 3004, 2952, 1710, 1497, 1228, 1152, 1032, 752, 697 cm’'; HRMS (ESI): C,;H,sNO4 [M+Na]”

caled: 450.1676, found: 450.1675.
Cbz .

Z-8a Colorless oil; 81% yield, Z: E=3.5: 1; [a]p= 2.8 (c = 1.44, CHCl;); "H NMR (300 MHz, CDCl3) § 7.35 — 7.21
(m, 15H), 6.97 (s, 1H), 5.97 (d, J = 9.5 Hz, 1H), 5.80 (d, J = 9.0 Hz, 1H), 5.13 (s, 2H), 3.45 (s, 3H) ppm; *C NMR (75
MHz, CDCls) § 168.3, 155.5, 139.0, 136.8, 136.2, 134.9, 132.8, 128.6, 128.4, 128.1, 127.7, 126.5, 67.0 58.8, 51.6 ppm;
IR (neat): 3327, 3031, 2951, 1722, 1499, 1229, 1036, 750, 699 cm’'; MS (ESI): C,sH»3NO, [M+NH,]" caled: 419.2,

found: 419.1.

B ~
°°“NH O

AN
Ph

Z-8aa Colorless oil; 76% yield, Z: E=6.6 : 1; [a]*’p=—53.6 (¢ = 0.97, CHCl;); "H NMR (300 MHz, CDCl3) § 7.45 — 7.25 (m,

10H), 6.95 (s, 1H), 5.74 (d, J = 7.8 Hz, 1H), 5.65 (brs, 1H), 3.50 (s, 3H), 1.46 (s, 9H) ppm; *C NMR (75 MHz, CDCl;) §
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168.5, 154.9, 139.4, 136.2, 135.1, 133.4, 128.6, 128.4, 128.3, 128.1, 127.6, 126.6, 79.8, 58.2, 51.6, 28.3 ppm; IR (neat): 3432,

2976, 1714, 1492, 1166, 752, 699 cm™; HRMS (ESI): C,,H,sNO, [M+Na]" caled: 390.1676, found: 390.1686.

Cbz.

M o
F Ph

Z-8b Colorless oil; 75% yield, Z: E=3.8:1; [a]*p=—57.8 (¢ =0.97, CHCl;); "H NMR (300 MHz, CDCl;) & 7.48 — 7.29 (m,
12H), 7.09 — 6.92 (m, 3H), 5.97 (d, J = 8.6 Hz, 1H), 5.77 (d, J = 9.0 Hz, 1H), 5.14 (s, 2H), 3.48 (s, 3H) ppm; *C NMR (75
MHz, CDCl;) & 168.3, 162.2 (d, Jor = 244.5 Hz), 155.5, 137.1, 136.2, 134.9 (d, Jor = 3.0 Hz), 134.8, 132.5, 128.6
(overlapped), 128.5, 128.2 (m), 115.5 (d, Jey = 21.8 Hz), 67.1, 58.4, 51.7 ppm; IR (neat): 3333, 2952, 1719, 1506, 1225, 1038,

752, 698 cm'; HRMS (ESI): CsH,,FNO, [M+Na]" calcd: 442.1425, found: 442.1422.

Z-8c¢ Colorless oil; 90% yield, Z:E=2.9:1; [a]20D= —52.0 (¢ = 0.98, CHCl;); "H NMR (300 MHz, CDCl3)  7.43 (d, J = 8.5
Hz, 2H), 7.39 — 7.27 (m, 8H), 7.28 — 7.17 (m, 4H), 6.99 (s, 1H), 6.04 (d, /= 8.9 Hz, 1H), 5.74 (d, /= 9.1 Hz, 1H), 5.13 (s, 2H),
3.47 (s, 3H) ppm; *C NMR (75 MHz, CDCl3) & 168.2, 155.5, 138.2, 137.6, 136.1, 134.7, 132.1, 131.7, 128.6, 128.5, 128.2
(overlapped), 128.1, , 121.6, 67.1, 58.5, 51.7 ppm; IR (neat): 3327, 2955, 1709, 1494, 1226, 1036, 697 cm'l; HRMS (ESI):

CysH,,BINO, [M+Na]" caled: 502.0624, found: 502.0611.

Cbz.

Z-8m Colorless oil; 72% yield, Z: E=3.2:1; [a]20D= —23.4 (¢ =0.93, CHCly); "H NMR (300 MHz, CDCl;) & 7.55 — 7.13 (m,
10H), 6.96 (s, 1H), 6.68 — 7.13 (m, 3H), 5.94 (s, 2H), 5.87 (d, /= 7.2 Hz, 1H), 5.70 (d, J = 7.9 Hz, 1H), 5.14 (s, 2H), 3.51 (s,
3H) ppm; “C NMR (75 MHz, CDCl3) & 168.4, 155.5, 147.9, 147.1, 136.6, 136.2, 134.9, 133.0, 132.8, 128.5', 128.5
(overlapped), 128.2, 119.90, 108.3, 107.2, 101.1, 67.1, 58.6, 51.7 ppm; IR (neat): 3333, 2951, 1719, 1495, 1235, 1037, 697

cm’'; HRMS (ESI): C,6H,3NOg [M+Na]" caled: 468.1418, found: 468.1408.
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Z-8q Colorless oil; 93% yield, Z: E=4.8:1; [a]’’p=-34.8 (c = 0.89, CHCl;); '"H NMR (300 MHz, CDCl;) 8 7.48 — 7.20 (m,
11H), 7.18 (s, 1H), 7.02 (d, /= 4.7 Hz, 2H), 5.94 (d, J = 8.7 Hz, 1H), 5.81 (d, /= 9.0 Hz, 1H), 5.15 (s, 2H), 3.52 (s, 3H) ppm;
C NMR (75 MHz, CDCl3) 8 168.4, 155.5, 140.6, 136.9, 136.2, 134.9, 132.4, 128.5, 128.2, 126.44 (overlapped), 126.4, 121.7,
67.0, 55.7, 51.7 ppm; IR (neat): 3332, 2951, 1717, 1501, 1226, 1037, 697 cm’'; HRMS (ESI): C23H,NO,S [M+Na]" calcd:

430.1083, found: 430.1072.

Z-8s Colorless oil; 91% yield, Z:E=2.0":1; [a]*p=-13.7 (¢ = 1.02, CHCl;); "H NMR (300 MHz, CDCl3) & 7.41 — 7.15 (m,
10H), 6.88 (s, 1H), 5.50 (d, J = 9.1 Hz, 1H), 5.24 — 4.90 (m, 2H), 4.49 (q, J = 7.8 Hz, 1H), 3.60 (s, 3H), 1.65 (q, J = 7.5 Hz,
2H), 1.39 — 1.60 (m, 2H), 0.93 (t,J = 7.3 Hz, 3H) ppm; *C NMR (75 MHz, CDCL;) § 168.9, 155.6, 136.4, 135.5, 135.2, 133 4,
128.4,128.2, 128.1, 128.0, 127.9, 66.6, 55.9, 51.5, 36.2, 19.3, 13.6 ppm; IR (neat): 3334, 2957, 1723, 1504, 1219, 750, 697

cm'l; MS (ESI): C,,H,5sNO, [M-i-H]+ calcd: 368.2, found: 368.0.

Cbz Cbz Cbz
HN" O HN 07 HN" O
MeONa P(i-BUNCH,CH,)sN
Ph/\é)J\@ Ph/Ygo 2-112)3 Ph/E)J\O/
= PhCHO
MeO~Pxq MeO-Pxq Ph
MeO MeO
6 9 E-8

To the intermediate product 6a (104.5 mg, 0.23 mmol) in THF (2 mL) was added a precooled solution of MeONa (1.1
equiv, 39 mg, 0.25 mmol) in MeOH (2 mL) at -10 °C. And the reaction was allowed to gradually warm to 0 °C. After 12
hours at this temperature, the reaction was then quenched with sat. aq. NaCl and extracted with EtOAc. The combined
extract was dried over Na,SO, and concentrated. The residue was purified on a silica gel column to give the methyl ester
9a (96.8 mg, quantitative). The diastereomeric ratio was determined to be 51:49 by *'P NMR spectroscopy analyses of
the crude mixture. '"H NMR [signals of both diastereoisomers] (300 MHz, CDCl;) § 7.50 — 7.05 (m, 10H), 6.73 (d, J=9.2
Hz, 0.47H), 6.45 (brs, 0.42H), 5.57 — 5.25 (m, 1H), 5.23 — 4.92 (m, 2H), 3.84 — 3.34 (m, 10H). °C NMR [signals of both
diastereoisomers] (75 MHz, CDCl;) 8 168.30, 167.11 (d, J= 4.3 Hz), 155.4, 155.3, 139.84 (d, /= 12.3 Hz), 136.4 (d, J=5.0
Hz), 128.6, 128.5 128.4, 128.3, 128.1, 128.0, 127.9%, 127.9, 127.7, 126.6, 126.0, 66.8, 66.7, 53.7 (d, J = 7.0 Hz), 53.6 (d, J =
6.0 Hz), 53.4 (d, J = 6.8 Hz), 53.1 (d, /= 6.3 Hz), 52.7 (d, J = 8.8 Hz), 52.4 (d, J = 4.5 Hz), 51.1(d, J = 130.3 Hz), 50.3 (d, J =

130.3 Hz) *'P NMR (121 MHz, CDCls) & 22.0 (s, 0.49P), 20.1 (s, 0.51P). HRMS (ESI): C20H,sNO-P [M+NH,]" caled:
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444.1183, found: 444.1193.
Then methyl ester 9a was dissolved in THF and P[N(i-Bu)CH,CH,]5N was added (1.5 equiv, 118 mg, 0.345 mmol)
under an argon atmosphere at rt. Then benzaldehyde (1.5 equiv, 33 uL, 0.34 mmol) was added, and the reaction was

stirred for 24 hours at the same temperature. Then the mixture was purified by silica gel column to give the product.

Cbz.

nz

3

H O

-~

Ph O

Ph
E-8a Colorless oil; 64% yield, E: Z=4.5: 1; [a]’b= -39 (c = 1.05, CHCL;); "H NMR (300 MHz, CDCl3) & 7.98 (s, 1H),

7.49 (d,J = 6.9 Hz, 2H), 7.38 — 7.21 (m, 13H), 6.40 (m, 2H), 5.21 — 5.09 (m, 2H), 3.71 (s, 3H) ppm; *C NMR (75 MHz,
CDClsy) § 167.2, 155.9, 142.2, 140.3, 136.4, 134.1, 130.6, 129.3, 129.1, 128.8, 128.5, 128.4, 128.1, 128.1 (overlapped),
128.07, 125.6, 66.9, 52.0, 51.4 ppm; IR (neat): 3327, 3061, 2951, 1723, 1498, 1230, 699 cm'; HRMS (ESI): CsH,3NO,4
[M+NH,]" caled: 419.1965, found: 419.1967.

Boc.

wo/
Ph

E-8aa Colorless oil; 72% yield, £ : Z=13.2: 1; [o]* b= —67.1 (¢ = 0.97, CHCl3); "H NMR [some signals show multiple
resonances for the presence of two rotamers] (300 MHz, CDCl;) 87.95 (s, 1H), 7.55 — 7.14 (m, 10H), 6.32 (d, J = 10.2
Hz, 0.8H), 6.23 — 6.09 (m, 1H), 5.75 (d, J = 10.2 Hz, 0.2H), 3.73 (s, 2.3H), 3.69 (s, 0.7H), 1.48 (s, 7.1H), 1.22 (s, 2.2H)
ppm; “C NMR [some signals show multiple resonances for the presence of two rotamers] (75 MHz, CDCls) & 167.4,
155.3, 141.8, 140.9, 134.1, 130.8, 129.3, 129.2 (overlapped), 128.8, 128.4, 126.9, 125.7/125.5, 79.5, 52.0, 50.7, 28.4/28.0
ppm; IR (neat): 3440, 2975, 1711, 1491, 1166, 698 cm’'; HRMS (ESI): Cy,H,5NO4 [M+Na]" caled: 390.1676, found:

390.1679.

Cbz.

s
F Ph

E-8b Colorless oil; 73% yield, E:Z=5.7:1; [a]"’»=-28.7 (¢ = 1.08, CHCl;); '"H NMR (300 MHz, CDCl;) & 7.96 (s, 1H),
7.51 —7.29 (m, 9H), 7.26 — 7.15 (m, 3H), 6.96 (t, J = 8.6 Hz, 2H), 6.42 (d, J = 9.6 Hz, 1H), 6.34 (d, J = 9.6 Hz, 1H), 5.26 —
4.96 (m, 2H), 3.72 (s, 3H) ppm; *C NMR (75 MHz, CDCl;) & 167.2, 161.9 (Jor = 243.8 Hz), 155.8, 142.3, 136.3, 136.1 (Jep

=3.0 Hz), 133.9, 130.4, 129.4, 129.1, 129.0, 128.5, 128.2, 128.1, 127.34 (d, Jor= 8.1 Hz), 115.3 (d, Jor= 28.1 Hz), 67.0, 52.1,
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50.9 ppm; IR (neat): 3430, 2953, 1715, 1502, 1245, 1038, 761, 698 cm’'; HRMS (ESI): CysH,,FNO, [M+Na]" caled:
442.1425, found: 442.1420.

bz.
CzHo

"z

O/

3

Br Ph

E-8c¢ Colorless oil; 74% yield, E:Z=10.4:1;[a]"’»=-61.1 (c = 0.95, CHCl;); '"H NMR (300 MHz, CDCl3) § 7.97 (s, 1H),
7.53 —7.26 (m, 12H), 7.12 (d, J = 9.4 Hz, 2H), 6.39 (d, J = 10.1 Hz, 1H), 6.31 (d, J= 10.0 Hz, 1H), 5.22 — 4.97 (m, 2H), 3.73
(s, 3H) ppm; *C NMR (75 MHz, CDCL3) & 167.1, 155.9, 142.6, 139.5, 136.3, 133.9, 131.5, 130.1, 129.5, 129.1, 128.9, 128.5,
128.2, 128.1, 127.5, 121.1, 67.0, 52.2, 51.0 ppm; IR (neat): 3326, 2951, 1717, 1492, 1245, 1037, 697 cm’'; HRMS (ESI):

CysH,,BINO, [M+Na]" caled: 502.0624, found: 502.0614.

E-8m Colorless oil; 83% yield, E:Z=6.0: 1; [a]"’»=—40.8 (c = 0.98, CHCl;); '"H NMR (300 MHz, CDCl) & 7.94 (S, 1H),
7.53 — 7.42 (m, 2H), 7.42 — 7.19 (m, 8H), 6.82 — 6.64 (m, 3H), 6.39 (d, J = 10.0 Hz, 1H), 6.27 (d, J = 10.0 Hz, 1H), 5.91 (s,
2H), 5.23 — 4.94 (m, 2H), 3.74 (s, 3H) ppm; *C NMR (75 MHz, CDCl3) & 167.3, 155.8 147.9, 146.6, 142.1, 136.3, 134.3,
133.9, 130.5, 129.3, 129.1, 128.8, 128.5, 128.12, 128.07, 118.8, 108.1, 106.5, 101.0, 66.9, 52.1, 51.2 ppm; IR (neat): 3426,

2955, 1715, 1494, 1244, 1037, 758, 698 cm™; HRMS (ESI): CsH3NOg [M+Na]” caled: 468.1418, found: 468.1422.

E-8q Colorless oil; 74% yield, E:Z=288":1; [a]’p=—44.1 (c = 1.02, CHCl;); "H NMR (300 MHz, CDCl3) & 7.92 (s, 1H),
7.50 — 7.27 (m, 9H), 7.24 (dd, J = 5.2, 2.8 Hz, 2H), 7.11 — 6.99 (m, 1H), 6.93 (d, J = 6.0 Hz, 1H), 6.46 (d, J = 10.0 Hz, 1H),
6.32 (d, J = 9.9 Hz, 1H), 5.23 — 4.96 (m, 2H), 3.75 (s, 3H) ppm; *C NMR (75 MHz, CDCl;) & 167.2, 155.7, 142.0, 141.8,
136.4, 133.9, 130.5, 129.3, 129.1, 128.8, 128.5, 128.1, 128.0, 126.2, 126.1, 120.7, 66.8, 52.1, 48.8 ppm; IR (neat): 3425, 2951,

1717, 1498, 1221, 1037, 696 cm™'; HRMS (ESI): Cy3H, NO,S [M+Na]" calcd: 430.1083, found: 430.1071.

Cbz\':j

H O
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E-8s Colorless oil; 77% yield, E:Z=4.7:1; [a]ZOD: +59.8 (¢ = 1.02, CHCly); '"H NMR (300 MHz, CDCls) & 7.75 (s, 1H),
7.56 —7.04 (m, 10H), 5.91 (d, J = 10.0 Hz, 1H), 5.20 — 4.99 (m, 3H), 3.80 (s, 3H), 1.88 — 1.70 (m, 1H), 1.68 — 1.48 (m, 1H),
1.35 — 1.08 (m, 2H), 0.78 (t, J = 7.3 Hz, 3H) ppm; "C NMR (75 MHz, CDCl;) & 167.4, 155.7, 141.0, 136.5, 134.4, 131.8,
129.0, 128.7, 128.6, 128.4, 127.9, 127.8, 66.5, 51.9, 48.6, 37.2, 19.4, 13.6 ppm; IR (neat): 3435, 2957, 1719, 1501, 1250, 1082,

776, 699 cm™'; MS (ESI): C»,H,sNO, [M+H]' caled: 368.2, found: 368.1.

Determination of the absolute configuration of compound 5aa and 5a.

Boc. Cbz.

H O HCI, EA H O

iz
o Z

e

Ph Ph @)

3
%

pyridine, Cbz-ClI
5aa 5a

The absolute configuration of compound 5aa was determined to be S by comparison of the optical rotation [[a]*’p=
+17.5 (¢ = 0.8, CHCls, 78% ee)] with a literature value [[a]*’p= +21 (¢ = 0.68, CHCl;) for the S-isomer (91% ee)].” In
order to determine the absolute configuration of compound Sa, Saa was converted to 5a. The resulting product 5a in this
transformation has a accordant value [[a]*’p=+10.6 (¢ = 1.03, CHCl;), 78% ee] to our previous result [[a]*’p=+16.0 (c = 1.25,
CHCl) , 91% ee]. So the absolute configuration of compound Sa in our experiments was determined to be S.

To a solution of 5aa (97 mg, 0.33 mmol) in EA (1.5 mL) was added concentrated HCI (0.28 mL) at 0 °C. And the mixture
was stirred at rt for 2 h. Then the reaction was diluted with water and the aqueous phase was washed with ether. The
aqueous phase was then neutralized with NH;.H,O and extracted with EA. The organic phase was dried over NaSO, and
evaporated under reduced pressure. The residue was then dissolved in CH,Cl,, and pyridine (27 xL, 0.33 mmol) and
Cbz-Cl (97 uL, 0.33 mmol) were added at 0 °C. And the reaction was stirred overnight at rt. Then solvent was then
evaporated under reduced pressure. The residue was purified by column chromatography and 5a was obtained in 63%

yield (61.5 mg).
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Determination of the relative configuration of E-8, Z-8 and 7 by 'H-'H NOESY

A n J‘ ppm
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Copies of HPLC results

Cbz.
N

H O

HPLC using an AD-H (n-Hexane/iPrOH = 85/15, flow rate 1.0 mL/min)
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Sb

HPLC using an AD-H (n-Hexane/iPrOH = 80/20, flow rate 1.0 mL/min)
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Sc

HPLC using an AD-H (n-Hexane/iPrOH = 80/20, flow rate 1.0 mL/min)
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S5d

HPLC using an AD-H (n-Hexane/iPrOH = 80/20, flow rate 1.0 mL/min)
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Se

HPLC using an OD-H (n-Hexane/iPrOH = 80/20, flow rate 1.0 mL/min)
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Sg

HPLC using an AD-H (n-Hexane/iPrOH = 80/20, flow rate 1.0 mL/min)
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Sh

HPLC using an AD-H (n-Hexane/iPrOH = 80/20, flow rate 1.0 mL/min)
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Sk

HPLC using an AD-H (n-Hexane/iPrOH = 80/20, flow rate 1.0 mL/min)
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HPLC using an AD-H (n-Hexane/iPrOH = 80/20, flow rate 1.0 mL/min)
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Sm

HPLC using an AD-H (n-Hexane/iPrOH = 80/20, flow rate 1.0 mL/min)
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Sr

HPLC using an OJ-H (n-Hexane/iPrOH = 80/20, flow rate 1.0 mL/min)
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Ss

HPLC using an OD-H (n-Hexane/iPrOH = 95/5, flow rate 0.75 mL/min)
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Sab

HPLC using an AD (n-Hexane/iPrOH = 95/5, flow rate 0.8 mL/min)
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Sad

HPLC using an AD (n-Hexane/iPrOH = 95/5, flow rate 0.8 mL/min)
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0.00 2.00 400 6.00 8.00 1000 1200 14100 16,00 18100 20.00 22.00 2400
Minutes
Name Retention Time Area % Area Height
1 16.255 25328933 94.41 991054
2 20.200 1498319 5.59 48366
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0.801 N
1 ®
0.601
5 J
< 0.40-
0.20
0004——— S PAN ~ N A
200 400 600 800 1000 1200 1400 16,00 1800 2000
Minutes
Name Retention Time Area % Area Height
1 14.458 17866060 49.95 841907
2 18.246 17901610 50.05 667220
0.50
0.40
0.30
5 ]
< ]
0.20]
] 8
0.10- e
i LA
200 400 6.00 800 1000 1200 1400 16100 1800 2000 2200
Minutes
Name Retention Time Area % Area Height
1 14.725 11910436 91.25 556903
2 18.555 1142800 8.75 42806
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0.25+ <
] 3
1 =
0.20
0.15—:
0.10]
0.05—:
0.001 et ) \ \
200 400 6.00 800 1000 1200 1400 1600 18100 2000
Minutes
Name Retention Time Area % Area Height
1 12.520 5079794 50.05 280641
2 17.644 5070638 49.95 193282
0.50]
0.40-]
0.30]
0.20—:
: N
0.10-| 2
] =
0.00] - VN
1 : : : ——— — ——— — :
2.00 400 6.00 8.00 1000 12100 1400 16,00 18100 2000 2200
Minutes
Name Retention Time Area % Area Height
1 12.391 9562876 93.63 536781
2 17.482 650734 6.37 26001
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