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1. General information

'H- and 3C-NMR spectra were recorded with a JEOL JMN ECS400 FT NMR, JNM ECA600 FT NMR or Bruker AVANCE
II ("H-NMR 400 or 600 MHz, *C-NMR 100 or 150 MHz. 'H-NMR spectra are reported as follows: chemical shift in ppm
relative to the chemical shift of CHCI; at 7.26 ppm, integration, multiplicities (s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet), and coupling constants (Hz). *C-NMR spectra reported in ppm relative to the central line of triplet for CDCl;
at 77 ppm. ESI-MS spectra were obtained with JMS-T100LC (JEOL). Optical rotations were measured with JASCO P-1030
polarimeter. HPLC analyses were performed on a JASCO HPLC system (JASCO PU 980 pump and UV-975 UV/Vis detector).
FT-IR spectra were recorded on a JASCO FT-IR system (FT/IR4100). Column chromatography on SiO, was performed with
Kanto Silica Gel 60 (40-100 um). Commercially available organic and inorganic compounds were used without further

purification.

2. Procedure for the preparation of 71.

oM oM
© TsCl (1.05 eq.) ©

H2N pyridine, 100 °C, 14 h  TsHN

6l 71
Quant.

A solution of 6l (8.67 mmol) and TsCl (9.10 mmol) in pyridine (29 mL) was heated to 100 °C. After 14 h, the solution was
cooled to room temperature followed by evaporation in vacuo. The crude mixture was dissolved with EtOAc (40 mL) and
washed with 10% aq. HCI (30 mL). The separated organic layer was dried over Na2SO4, evaporated in vacuo, giving pure

product 7l as white solid quantitatively.

2H), 6.54 (s, 2H), 5.80 (s, 1H), 3.76 (s, 3H), 2.42 (s, 3H), 1.9 (s, 6H); C-NMR (100 MHz, CDCL:) &
158.4, 143.5, 139.3, 137.7, 129.6, 127.2, 125.3, 113.7, 55.2, 21.6, 19.0; HRMS (ESI) calcd for
7 C1sH1sNO3SNa m/z = 328.0978, found m/z = 328.0977 [(M+Na)']; IR (KBr): v 3283, 2361, 1517, 1327,
543 cm’.

OMe 7l; Quant.; White solid; 'H-NMR (400 MHz, CDCl3) § 7.60 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.2 Hz,
TsHN %

3. Procedure for the preparation of 2I.

OMe OMe  1)MeLi(3.0 eq.) 2)10% aq. HCI 0O
Phi(OAc), (1.0 eq)) OMe _ -78°C,05h t,177h _ TsHN
TsHN MeOH, rt, 1 h TsN THE B}

71 8l 2l
Not isolated 17% from 71

To a solution of 71 (3.08 mmol) in MeOH (15 mL) was added PhI(OAc)2 (3.08 mmol) at 0 °C and stirred at room temperature.
After 1 h, saturated NaHCO3 aq. was added to the reaction solution to quench. EtOAc (50 mL) was added to the reaction
mixture and washed with brine (30 mL). The organic layer was separated and dried over Na2SO4. Evaporation of solvent
followed by dried in vacuo gave 8l as crude product. This crude product was dissolved in THF (10 mL) and reacted with

MeLi (1.13M ether solution, 8.2 mL) at -78 °C. After 0.5 h, 10% aq. HCI (10 mL) was added to reaction mixture, and then it
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warmed to room temperature and stirred for 17 h. The reaction mixture was dissolved with EtOAc (30 mL) and the organic
phase was washed with saturated NaHCO3 aq. The separated organic layer was dried over Na2SO4, evaporated, dried in vacuo

affording crude product which was purified by silica gel column chromatography. Pure 2| was obtained as yellow solid in

17% overall yield from 71.

O 2l; 17% yield; Yellow solid; "H-NMR (400 MHz, CDCls) 3 7.63 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.4 Hz,
TSHNI;r 2H), 6.04 (s, 2H), 5.09 (s, 1H), 2.43 (s, 3H), 1.79 (s, 6H), 1.40 (s, 3H); 3C-NMR (100 MHz, CDCl3) &
185.0, 159.3, 144.0, 137.0, 129.4, 128.3, 127.7, 59.2, 26.3, 21.6, 18.6; HRMS (ESI) calcd for
2l C16H19NO3SNa m/z = 328.0978 , found m/z = 328.0980 [(M+Na)']; IR (KBr): v 3087, 2867, 1670, 1607,

1455, 1330, 988, 633 cm™!.

4. General procedure for the preparation of dienones 2.

oM
®  1)RMgBr (1.5 eq.) 2) aq. HCI

0
“OMe  -78°C,05h  r,3h _ O
PGN = PGHN

R

8 2
A solution of 8 (5.0 mmol) in THF (10 mL) was added to a solution of the corresponding Grignard reagents (7.5 mmol) in
THF (7.5 mL) at -78 °C. After 0.5 h, the reaction mixture was acidified by aq. HCI, then, increased to room temperature. After
3 h, the organic layer was extracted with EtOAc and dried in vacuo. The resulting crude product was purified by silica gel

column chromatography, followed by recrystallization to provide dienones 2 as a solid. Starting material 8a (PG = Ts), 8b

(PG = Ms), known dienones 2a, and 29 were synthesized according to the following literatures.!™

TSHN ‘ O 2b; 63% yicld; White solid; 'H-NMR (400 MHz, CDCls) 3 7.66 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.2 Hz,
2H), 7.26 (d, J = 8.2 Hz, 2H), 7.16 (d, J = 8.2 Hz, 2H), 6.75 (d, J = 10.1 Hz, 2H), 6.05 (d, J = 10.1 Hz, 2H),
O 5.27 (s, 1H), 2.43 (s, 3H), 2.33 (s, 3H); 3C-NMR (100 MHz, CDCL3) 5 185.0, 148.9, 144.2, 139.3, 137.4,
134.7, 130.1, 129.6, 127.8, 127.7, 125.6, 59.6, 21.6, 21.0; HRMS (ESI) calcd for C2H;oNO3SNa m/z =

2 376.0978; found m/z = 376.0969 [(M+Na)']; IR (KBr): v 3092, 2893, 1661, 1616, 1338, 1163, 962 cm’".
-~ ‘ O 2c; 73% yield; White solid; 'H-NMR (400 MHz, CDCls) & 7.62 (dt, J = 8.5, 1.8 Hz, 2H), 7.31 (dd, J = 8.0,
1.1 Hz, 1H), 7.19-7.27 (m, 4H), 7.11-7.15 (t, J = 8.0 Hz, 1H), 6.98 (dt, J = 11.0, 2.5 Hz, 2H), 6.07 (dt, J =
O 11.0, 2.5 Hz, 2H), 5.10 (s, 1H), 2.61 (s, 3H), 2.42 (s, 3H); 3C-NMR (100 MHz, CDCL;) § 184.7, 147.2,
2 144.3, 137.5, 137.2, 135.7, 134.0, 129.7, 129.5, 128.3, 127.9, 126.9, 126.7, 60.4, 22.0, 21.7; HRMS (ESI)

calcd for C20H19NO3SNa m/z = 376.0978; found m/z = 376.0980 [(M+Na)*]; IR (KBr): v 3115, 2875, 1662,
1616, 1334, 753 cm™.



2d; 51% yield; White solid; "H-NMR (400 MHz, CDCls) 8 7.65 (d, J = 8.2 Hz, 2H), 7.34 (s, 4H), 7.25 (d, J
= 8.2 Hz, 3H), 6.78 (d, J = 10.1 Hz, 2H), 6.05 (d, J = 10.1 Hz, 2H), 5.44 (s, 1H), 2.42 (s, 3H), 1.28 (s, 9H);
13C-NMR (100 MHz, CDCl3) 5 184.9, 152.5, 148.9, 144.2, 137.4, 134.5, 129.6, 127.8, 127.7, 126.4, 125.5,
59.5, 34.6, 31.1, 21.6 HRMS (ESI) caled for CsHosNOsSNa m/z = 418.1447; found m/z = 418.1440
[(M+Na)']; IR (KBr): v 3095, 2953, 1664, 1618, 1340, 722 cm’".

2e; 45% yield; White solid; 'H-NMR (400 MHz, CDCls) § 7.63 (d, J = 8.2 Hz, 2H), 7.43 (d, J = 8.7 Hz,
2H), 7.24-7.30 (m, 4H), 6.76 (d, J = 10.5 Hz, 2H), 6.05 (d, J = 10.5 Hz, 2H), 5.82 (s, 1H), 2.43 (s, 3H); 1*C-
NMR (100 MHz, CDCl3) 6 184.6, 147.9, 144.4,137.1, 136.8, 132.4, 129.7, 128.0, 127.8, 127.6, 123.3, 59 4,
21.6; HRMS (ESI) calcd for C19Hi;6BrNO3;SNa m/z = 439.9926; found m/z = 439.9921 [(M+Na)]; IR
(KBr): v 3107, 2899, 1662, 1617, 1335, 712 cm™.

2f; 40% yield; White solid; '"H-NMR (400 MHz, CDCl3) § 7.64 (d, J = 8.2 Hz, 2H), 7.40 (d, J = 1.8 Hz, 1H),
7.25-7.34 (m, 5H), 6.77 (d, J=10.1 Hz, 2H), 6.09 (d, J = 10.1 Hz, 2H), 5.41 (s, 1H), 2.43 (s, 3H); *C-NMR
(100 MHz, CDCl3) & 184.5, 147.7, 144.5, 139.7, 137.2, 135.4, 130.6, 129.7, 129.4, 128.3, 127.8, 126.2,
124.0, 59.4, 21.6; HRMS (ESI) calcd for Ci9H;sCINO3SNa m/z = 396.0432; found m/z = 396.0432
[(M+Na)']; IR (KBr): v 3094, 2881, 1656, 1619, 1336, 1155, 857 cm™..

o 2h;43% yield; White solid; 'H-NMR (400 MHz, CDCl3) & 7.66 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.2 Hz,

2H), 6.53 (d, J = 10.1 Hz, 2H), 6.09 (d, J = 10.1 Hz, 1H), 5.25 (s, 1H) , 2.42 (s, 3H), 1.76 (¢, J = 7.6 Hz,
2H), 0.79 (t, J = 7.6 Hz, 3H); *C-NMR (100 MHz, CDCl3) & 185.0, 149.2, 144.2, 137.4, 129.6, 127.8,
58.1, 33.4, 21.6, 7.5; HRMS (ESI) calcd for C;sH;7NO3SNa m/z = 314.0821; found m/z = 314.0811

[(M+Na)']; IR (KBr): v 3133, 2971, 2775, 1661, 1615, 1320, 1181, 869 cm".

0]
TsHN

A
2i

2i; 13% yield; White solid; 'H-NMR (600 MHz, CDCL3) 3 7.69 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H),
6.65 (d, J = 10.8 Hz, 2H), 6.06 (d, J = 10.8 Hz, 2H), 5.89 (s, 1H), 5.62 (dd, J = 17.2, 10.3 Hz, 1H), 5.38 (d,
J =172 Hz, 1H), 5.24 (d, J = 10.3 Hz, 1H), 2.42 (s, 3H); *C-NMR (100 MHz, CDCls) & 184.9, 147.8,
144.3, 1372, 135.1, 129.6, 128.2, 127.7, 117.7, 58.4, 21.5 HRMS (ESI) caled for C1sH;sNOsSNa m/z =

312.0665; found m/z = 312.0659 [(M+Na)*]; IR (KBr): v 3088, 2878, 1661, 1616, 1334, 1160, 998, 555 cm™..

0]
MsHN ‘

2j
o
MsHNg

2k

2j; 31% yield; White solid; '"H-NMR (400 MHz, CDCl3) § 7.47-7.52 (m, 2H), 7.33-7.41 (m, 3H), 7.08-7.12
(m, 2H), 6.32-6.36 (m, 2H), 5.75 (s, 1H), 3.02 (s, 3H); '*C-NMR (100 MHz, CDCl;) 5 184.8, 148.9, 137.5,
129.4, 129.2, 128.2, 125.8, 59.8, 43.0; HRMS (ESI) calcd for C;3H3NO3SNa m/z = 286.0508; found m/z
=286.0510 [(M+Na)]; IR (KBr): v 3153, 2881, 1661, 1613, 1336, 1161, 980, 756 cm™.

2k; 57% yield; White solid; "H-NMR (400 MHz, CDCl5) § 6.96 (d, J = 10.4 Hz, 2H), 6.29 (d, J = 10.4 Hz,
2H), 5.30 (s, 1H), 3.00 (s, 3H), 1.56 (s, 3H); *C-NMR (100 MHz, CDCl5) § 184.5, 150.5, 128.6, 54.6, 43.0,
27.4; HRMS (ESI) calced for CsH;1NO3SNa m/z = 224.0352; found m/z = 224.0348 [(M+Na)*]; IR (KBr):
v 3293, 2986, 1712, 1671, 1631, 1139, 594 cm™.



o 2m; 12% yield; White solid; 'H-NMR (400 MHz, CDCl3) § 7.67 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.2 Hz,

TS“"‘O 2H), 6.56 (d, J = 10.1 Hz, 2H), 6.05 (d, J = 10.1 Hz, 2H), 5.68 (s, 1H), 2.41 (s, 3H), 1.70-1.66 (m, 2H),

Bu 1.24-1.10 (m, 4H), 0.80 (t, J = 7.3 Hz, 3H); *C-NMR (100 MHz, CDCL3) & 185.2, 149.7, 144.1, 137.4,

2m 129.6, 129.2, 127.7, 57.6, 40.1, 25.1, 22.4, 21.6, 13.7; HRMS (ESI) calcd for Ci7H,/NO3;SNa m/z =
342.1134; found m/z = 342.1128 [(M+Na)']; IR (KBr): v 3117, 2934, 1659, 1614, 1343, 1161, 873 cm’.

5. General procedure for the preparation of acrylamide 3.

' R'
A R o powdered NaOH (3.0 eq.) :> 0
o +  PGHN - O N
CH,ClI,, 0 °C .
Cl R 2Ll pc R R

RI

1 2 3
(1.5eq.)
A round bottom flask was charged with a dichloromethane solution of dienone 2 (10 mL, 1.0 mmol) and powdered NaOH
(3.0 mmol). Then, acrolylchloride (1.5 mmol) was added to the reaction vesicle at 0 °C. The reaction mixture was stirred
vigorously 1 h at 0 °C. The reaction was then quenched with water, extracted with dichloromethane, and dried over Na>SOa.
The combined solvent was removed in vacuo and the obtained crude product was quickly purified by silica gel column
chromatography using hexane/ethyl acetate as an eluent to give the desired product 3 as a yellow oil or white solid. (3 is not

so stable in silica gel)

:> o 3a; 63% yield; White solid; '"H-NMR (400 MHz, CDCl3) § 7.61-7.64 (m, 2H), 7.24-7.33 (m, 9H), 6.94 (dd,
] ‘ J=16.9, 10.1 Hz, 1H), 6.21 (dd, J=16.9, 1.1 Hz, 1H), 6.04 (d, J = 10.4 Hz, 2H), 5.78 (dd, J=10.1, 1.1
Ts'N Hz, 1H), 2.44 (s, 3H); *C-NMR (100 MHz, CDCl;) 5 184.7, 169.4, 147.9, 145.7,138.9, 134.7, 133.2, 130.9,
O 129.8,129.4,128.6, 128.5, 127.6, 125.0, 65.6, 21.7; HRMS (ESI) calcd for C22Hi9NOsSNa m/z =416.0927;
3 found m/z = 416.0927 [(M+Na)']; IR (KBr): v 3030, 2368, 1702, 1670, 1397, 1349, 1191, 1176, 989, 751,
661 cm™.
) o 3b; 12% yield; Pale yellow oil; '"H-NMR (400 MHz CDCls3) § 7.62 (d, J = 8.2 Hz, 2H), 7.31-7.26 (m, 4H),
0 ‘ 7.17 (d, J = 8.2 Hz, 2H), 7.07 (d, J= 8.2 Hz, 2H), 6.92 (dd, J = 17.4, 10.1 Hz, 1H), 6.23 (dd, J=17.4,0.9
TS'N Hz, 1H), 6.02 (d, J = 10.1 Hz, 2H), 5.78 (dd, J = 10.1, 0.9 Hz, 1H), 2.44 (s, 3H), 2.28 (s, 3H); *C-NMR
O (100 MHz, CDCl3) 6 184.8, 169.5, 148.1, 145.6, 138.6, 136.4, 135.5, 133.3, 130.8, 130.1, 129.7, 128.5,
127.4, 124.9, 65.4, 21.7, 21.0; HRMS (ESI) calcd for Cy3H2:1NO4sSNa m/z = 430.1083; found m/z =
3 430.1082 [(M+Na)*]; IR (KBr): v 3033, 2921, 1703, 1666, 1496, 1355, 1177, 984 cm™.
:> o 3f; 4% yield; Pale yellow oil; "TH-NMR (400 MHz CDCl3) § 7.61 (d, J = 8.2 Hz, 2H), 7.18-7.31 (m, 8H),
] \ ‘ 6.96 (dd, J=16.9, 10.1 Hz, 1H), 6.24 (dd, J = 16.9, 1.1 Hz, 1H), 6.06 (d, J = 10.5 Hz, 2H), 5.83 (dd, J =
Ts

' 10.1, 1.1 Hz, 1H), 2.45 (s, 3H) *C-NMR (100 MHz, CDCls) & 184.4, 169.3, 147.2, 145.9, 140.7, 136.2,

O o 1353, 133.0, 131.3, 130.5, 129.9, 128.8, 128.4, 128.1, 125.3, 123.1, 65.1, 21.7; HRMS (ESI) calcd for
C2oH15CINO4SNa m/z = 450.0537; found m/z = 450.0536 [(M+Na)']; IR (KBr): v 3035, 2925, 1705, 1660,
1354, 1179, 980 cm'.
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7.07-7.11 (m, 2H), 6.75 (dd, J = 16.9, 10.1 Hz, 1H), 6.45 (dd, J = 16.9, 1.4 Hz, 1H), 5.92-6.00 (m, 3H),

2.41 (s, 3H), 1.54 (s, 3H); *C-NMR (150 MHz, CDCl3) & 184.2, 170.1, 150.2, 145.2, 136.4, 133.7, 131.5,

129.6, 128.1, 127.2, 60.1, 26.7, 21.5; HRMS (ESI) calcd for C17H;7NO4SNa, m/z = 354.0770; found m/z =
354.0774 [(M+Na)*]; IR (KBr): v 3044, 1672, 1345, 1182, 973, 866, 666, 592 cm’'.

:> O 30; 65% yield; White solid,; "H-NMR (400 MHz, CDCI3) 6 7.61 (d, J = 8.2 Hz, 2H), 7.25-7.27 (m, 2H),
(0]
fT
Ts
39

) o 3h; 43% yield; White solid; "TH-NMR (400 MHz, CDCl;) & 7.58 (d, J = 8.2 Hz, 2H), 7.24 (d, J = 8.2 Hz,
o Q 2H), 7.06 (d, J = 10.1 Hz, 2H), 6.81 (dd, J=16.9, 10.1 Hz, 1H), 6.49 (dd, J=16.9, 0.9 Hz, 1H), 6.01 (d, J
TS'N Et =10.1 Hz, 2H), 5.96 (dd, J = 10.1, 0.9 Hz, 1H), 2.41 (s, 3H), 1.93 (q, J = 7.3 Hz, 2H), 0.74 (t, J=7.3 Hz,
3h 3H,); *C-NMR (100 MHz, CDCl3) & 184.6, 170.8, 148.6, 145.4, 136.5, 134.5, 131.5, 129.6, 128.8, 128.5,
64.1,31.0, 21.6, 8.2; HRMS (ESI) calcd for C1sH;9NO4SNa m/z = 368.0927; found m/z = 368.0912 [(M+Na)]; IR (KBr): v
3042, 1677, 1340, 1180, 865, 656, 590 cm'.

) o 3 53% yield; White solid; 'H-NMR (600 MHz CDCs) 3 7.62 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H),

o NJEZ 7.06 (d, J=10.0 Hz, 2H), 6.84 (dd, J = 16.9, 10.1 Hz, 1H), 6.42 (dd, J = 16.9, 1.4 Hz, 1H), 6.05 (d, J = 10.0

¢\ Hz, 2H), 5.89 (dd, J = 10.1, 1.4 Hz, 1H), 5.69 (dd, J = 17.2, 10.3 Hz, 1H), 5.21 (d, J = 17.2 Hz, 1H), 5.12

3 (d, J=10.3 Hz, 1H), 2.43 (s, 3H); >*C-NMR (100 MHz, CDCl3) § 184.7, 169.3, 147.0, 145.5, 136.5, 134.9,

133.3, 131.3, 129.8, 128.3, 128.0, 117.1, 64.2, 21.7; HRMS (ESI) calcd for CisHi7NO4SNa m/z = 366.0770; found m/z =
366.0766 [(M+Na)']; IR (KBr): v 3063, 2252, 1699, 1670, 1631, 1400, 1177, 663 cm’!

:> o 3k; 12% yield; White solid; 'H-NMR (400 MHz CDCl3) § 7.19 (d, J = 10.1 Hz, 2H), 6.44-6.46 (m, 2H),
0 Ng 6.26 (d, 3= 10.1 Hz, 2H), 5.90 (dd, J = 8.2, 3.2 Hz, 1H), 3.26 (s, 3H), 1.79 (s, 3H); *C-NMR (100 MHz,
Ms CDCl) 6 184.1, 169.3, 150.3, 132.5, 131.9, 128.1, 60.7, 44.5, 26.8; HRMS (ESI) calcd for C;1H13NOsSNa
3k m/z = 278.0457; found m/z = 278.0453 [(M+Na)']; IR (KBr): v 3025, 2937, 1702, 1667, 1626, 1350, 1180,

862 cm’!.

:‘> o 31; 45% yield; White solid; 'H-NMR (400 MHz CDCl; at 60 °C) § 7.87 (br, 2H), 7.36 (d, J = 8.2 Hz, 2H),
o 6.79 (dd, J=16.3, 10.3 Hz, 1H), 6.36 (d, J = 16.3 Hz, 1H), 6.04 (s, 2H), 5.76 (d, J=10.3 Hz, 1H), 2.45 (s,
Ts"\rt;r 3H), 1.92 (s, 6H), 1.82 (s, 3H); *C-NMR (100 MHz, CDCl3) § 184.5, 162.1, 145.2, 137.4, 131.4, 129.8,
3l 128.4, 126.9, 77.3, 77.0, 76.7, 27.5, 21.2, 19.7 (Some peaks are broad out or overlapped); HRMS (ESI)
calcd for C19H2NO4SNa m/z = 382.1083; found m/z = 382.1086 [(M+Na)']; IR (KBr): v 3092, 2991, 1666, 1623, 1353, 1190,
964, 819 cm’'.
:> o 3m; 33% yield; White solid; "TH-NMR (400 MHz, CDCls) § 7.55-7.58 (m, 2H), 7.23 (d, J = 8.2 Hz, 2H),
0 Q 7.08 (dt,J=11.0, 2.5 Hz, 2H), 6.81 (dd, J =16.9, 11.0 Hz, 1H), 6.48 (dd, J=16.9, 2.5 Hz, 1H), 5.94-6.01
-|-S!\l Bu (m, 3H), 2.41 (s, 3H), 1.83-1.87 (m, 2H), 1.06-1.20 (m, 4H), 0.78 (t, J = 7.1 Hz, 3H); *C-NMR (100 MHz,
3m CDCl3) 6 184.7, 170.8, 149.0, 145.4, 136.5, 134.6, 131.4, 129.6, 128.6, 128.5, 63.6, 37.7, 25.7, 22.4, 21.6,
13.7; HRMS (ESI) caled for C20H23NO4SNa m/z = 396.1240; found m/z = 396.1239 [(M+Na)]; IR (KBr): v 3253, 3122,
2958, 1662, 1616, 1512, 1338, 1159, 814 cm™.

6. General procedure for the preparation of a-methylidene-y-lactam 4.
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One pot process (Method A)

5a (20 mol%) R' :
K;r DIPEA (15eq) 3 o —
+ ' &
HN N2 : 7
L CH,Cly, reflux pg R L EtotN  NHBz
1 2 4 ? 5a

(1.2eq.)

Acryloylchloride 1 (0.12 mmol) was added to a mixture of dienone 2 (0.10 mmol), DIPEA (0.15 mmol) and catalyst 5a (0.02
mmol, 20 mol%) in dichloromethane (0.5 mL) under reflux conditions. After the full conversion of 2 as determined by TLC,
crude reaction mixture was directly purified by silica gel column chromatography using hexane-ethyl acetate as an eluent to

provide the corresponding product 4 as a white solid.

Stepwise process (Method B)

R' :
Q a (20 mol%) O:%?i;ro 5 \\\_
- ! : Y\
CHyCly, 25°C N . Et,N NHBz
R’ :

R' PG
5a

£ Zn

The chiral amine catalyst 5a (0.02 mmol, 20 mol%) was added to a dichloromethane solution of acrylamide 3 (0.10 mmol,
0.5 mL) at 25 °C. After the full conversion of 3 on TLC, the reaction mixture was directly purified by silica-gel column

chromatography using hexane-ethyl acetate as eluents to provide the corresponding product 4 as a white solid.

4a; 92% yield for Method A, 95% yield for Method B; White solid; 'H-NMR (400 MHz, CDCl3) & 7.85

OEPL'(ZO (d, J=8.6 Hz, 2H), 7.51 (dd, J=10.4, 1.6 Hz, 1H), 7.48-7.37 (m, 5H), 7.33 (d, J = 8.6 Hz, 2H), 6.33 (d, J
TS;N 5 =10.4 Hz, 1H), 6.24 (d, J= 3.7 Hz, 1H), 5.44 (d, J = 2.7 Hz, 1H), 3.45-3.37 (m, 1H), 2.74-2.54 (m, 2H),
@ 2.45 (s, 3H); *C-NMR (100 MHz, CDCl3) § 194.6, 165.8, 145.7, 144.6, 139.4, 138.3, 135.4, 130.3, 129.3,

4a 129.2, 128.9, 128.8, 125.8, 120.7, 69.9, 48.7, 35.0, 21.7; HRMS (ESI) calcd for C2,Hi9NOsSNa m/z =

416.0927; found m/z = 416.0921 [(M+Na)']; IR (KBr): v 3056, 2925, 2300, 1720, 1691, 1366, 1240, 1172, 1062, 909, 700
em’l; [a]p?* = -39 (¢ 0.71, CHCl3) for 96% ee; Enantiomeric excess: 80% for Method A, 96% for Method B, determined by
HPLC (Daicel Chiralpak IC, hexane/EtOH = 2/1; flow rate 1.0 ml/min; 25°C; 225 nm) first peak (Minor): tg = 9.5 min, second
peak (Major): tr = 14.1 min.

4b; 50% yield for Method A, 85% yield for Method B; White solid; 'H-NMR (400 MHz, CDCl3) § 7.86

0]
O:&Z (d, J=8.7 Hz, 2H), 7.50 (dd, J = 10.5, 1.8 Hz, 1H), 7.24-7.34 (m, 6H), 6.31 (d, J = 10.5 Hz, 1H), 6.22 (d,
TsIN 5 J=3.2Hgz, 1H), 5.43 (d, J = 3.2 Hz, 1H), 3.38-3.40 (m, 1H), 2.56-2.70 (m, 2H), 2.45 (s, 3H), 2.41 (s, 3H);
Q 3C-NMR (100 MHz, CDCl5) § 194.6, 165.8, 145.6, 144.8, 138.8, 138.5, 136.5, 135.6, 130.1, 129.6, 129.3,

129.2, 125.7, 120.5, 77.3, 77.0, 76.7, 69.9, 48.8, 35.1, 21.7, 21.2; HRMS (ESI) calcd for C23H21NO4SNa

m/z = 430.1083; found m/z = 430.1084 [(M+Na)‘]; IR (KBr): v 2925, 2852, 1725, 1691, 1359, 660, 544

m’!; [a]p** = -42 (c 0.85, CHCI;) for 92% ee; Enantiomeric excess: 78% for Method A, 92% for Method B, determined by
HPLC (Daicel Chiralpak AD-H, hexane/EtOH = 2/1; flow rate 1.0 ml/min; 25°C; 220 nm) first peak (Minor): t = 18.8 min,

4b

second peak (Major): tr = 32.8 min.



4c; 81% yield for Method A; White solid; "H-NMR (400 MHz, CDCls) § 7.84 (d, J = 8.2 Hz, 2H), 7.61

O:&ZO (dd, J=10.5, 1.8 Hz, 1H), 7.28-7.38 (m, 6H), 6.29 (d, J = 3.2 Hz, 1H), 6.24 (d, J = 10.5 Hz, 1H), 5.49 (d,

Ts'N : J=3.2 Hz, 1H), 3.75 (m, 1H), 2.58-2.73 (m, 2H), 2.43 (s, 3H), 2.25 (s, 3H); *C-NMR (100 MHz, CDCl;)

5 194.7, 165.4, 146.0, 145.7, 138.3, 136.2, 135.4, 135.2, 133.8, 129.4, 129.2, 129.1, 128.8, 128.0, 126.3,

4c 121.5, 70.3, 44.2, 35.6, 21.7, 21.1; HRMS (ESI) calcd for C23H21NO4SNa m/z = 430.1083; found m/z =

430.1083 [(M+Na)']; IR (KBr): v 1725, 1693, 1341, 1155, 575 cm’'; [a]p?* = -35 (¢ 1.0, CHCls) for 86% ee; Enantiomeric

excess: 86%, determined by HPLC (Daicel Chiralpak AD-H, hexane/EtOH = 2/1; flow rate 1.0 ml/min; 25°C; 221 nm) first
peak (Minor): tr = 12.6 min, second peak (Major): tr = 22.3 min.

4d; 61% yield for Method A; White solid; 'H-NMR (400 MHz, CDCls) § 7.82 (d, J = 8.2 Hz, 2H), 7.52

OQL’(;’(O (dd, J=10.5, 1.8 Hz, 1H), 7.43 (d, J = 8.7 Hz, 2H), 7.29-7.32 (m, 4H), 6.31 (d, J = 10.5 Hz, 1H), 6.22 (d,
N J=3.2Hz, 1H),5.42 (d,J = 3.2 Hz, 1H), 3.42 (t, J = 1.6 Hz, 1H), 2.56-2.70 (m, 2H), 2.45 (s, 3H), 1.36 (s,

Ts
@ 9H); 3C-NMR (100 MHz, CDCl3) & 194.7, 165.8, 151.8, 145.5, 144.9, 138.6, 136.3, 135.7, 130.1, 129.3,
Bu 129.1,125.8, 125.5,120.4, 69.8, 48.7, 35.2, 34.7, 31.3, 21.7; HRMS (ESI) calcd for C26H27NO4SNa m/z =
4d

472.1553; found m/z = 472.1551 [(M+Na)*]; IR (KBr): v 1732, 1693, 1359, 1150, 580 cm’’; [a]p?’ = -46
(c 4.1, CHCIs) for 76% ee; Enantiomeric excess: 76%, determined by HPLC (Daicel Chiralpak IC, hexane/EtOH = 2/1; flow
rate 1.0 ml/min; 25°C; 225 nm) first peak (Minor): tr = 6.9 min, second peak (Major): tr = 14.8 min.

4e; 87% yield for Method A; White solid; "H-NMR (400 MHz, CDCls) § 7.86 (d, J = 8.2 Hz, 2H), 7.58

O:&;’(O (d, J=8.2 Hz, 2H), 7.46 (dd, J = 8.2, 1.8 Hz, 1H), 7.32 (dd, J = 19.0, 8.2 Hz, 4H), 6.32-6.34 (m, 1H), 6.24
Ny (d,J=3.2Hz, 1H), 5.45 (d, ] = 3.2 Hz, 1H), 3.34-3.36 (m, 1H), 2.55-2.72 (m, 2H), 2.46 (s, 3H); 3C-NMR
@ (100 MHz, CDCls) & 194.1, 165.6, 145.9, 143.8, 138.8, 138.0, 135.3, 132.2, 130.6, 129.5, 129.2, 127.5,

Br 123.0, 121.0, 69.4, 48.6, 34.9, 21.8; HRMS (ESI) calcd for CH;sBrNO4SNa m/z = 494.0032; found m/z

=494.0021 [(M+Na)"]; IR (KBr): v 1732, 1693, 1359, 1150, 580 cm™'; [a]p?’ = -70 (¢ 4.1, CHCI3) for 74%
ee; Enantiomeric excess: 74%, determined by HPLC (Daicel Chiralpak IC, hexane/EtOH = 2/1; flow rate 1.0 ml/min; 25°C;
225 nm) first peak (Minor): tr = 6.9 min, second peak (Major): tr = 12.2 min.

4f; 81% yield for Method A, 93% yield for Method B; White solid; 'H-NMR (400 MHz, CDCls) § 7.86

O:&ZO (dd, J=8.5,2.1 Hz, 2H), 7.31-7.48 (m, 7H), 6.34 (dd, J=10.5, 0.9 Hz, 1H), 6.26 (d, J =3.0 Hz, 1H), 5.46

Ts'N : (d, 3= 3.0 Hz, 1H), 3.36-3.38 (m, 1H), 2.57-2.74 (m, 2H), 2.46 (s, 3H); '*C-NMR (100 MHz, CDCl3) &

©\CI 194.0, 165.5, 145.9, 143.8, 141.6, 138.0, 135.3, 135.1, 130.6, 130.3, 129.5, 129.1, 126.1, 124.1, 120.9,

4f 69.4, 48.6, 34.9, 21.7; HRMS (ESI) calcd for Co2H13CINO4SNa m/z = 450.0537; found m/z = 450.0537

[(M+Na)*]; IR (KBr): v 2364, 1725, 1699, 1358, 1150, 782 cm™'; [a]p** = -33 (c 1.0, CHCl5) for 94% ee; Enantiomeric excess:

79% for Method A, 94% for Method B, determined by HPLC (Daicel Chiralpak AD-H, hexane/EtOH = 2/1; flow rate 1.0
ml/min; 25°C; 220 nm) first peak (Minor): tr = 14.4 min, second peak (Major): tr = 40.1 min.

4g; 66% yield for Method A, 95% yield for Method B; White solid; 'H-NMR (400 MHz, CDCl3) § 7.98
(d, 2H, J=8.4 Hz), 7.35 (d, J= 8.4 Hz, 2H), 7.24 (dd, J = 10.6, 1.4 Hz, 1H), 6.17 (d, J = 2.8 Hz, 1H), 6.02
T (d, J=10.6 Hz, 1H), 5.45 (d, J = 2.8 Hz, 1H), 3.14-3.21 (m, 1H), 2.70-2.81 (m, 2H), 2.44 (s, 3H), 1.98 (s,

49 3H); *C-NMR (100 MHz, CDCl3) & 194.3, 165.3, 146.8, 145.5, 138.4, 135.9, 129.6, 128.6, 128.1, 120.8,

o
ZE
(@]
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64.7,45.2,36.2, 25.1, 21.7; HRMS (ESI) calcd for C17H17NO4SNa m/z = 354.0770; found m/z = 354.0775 [(M+Na)"]; IR
(KBr): v 2967, 1722, 1684, 1350, 1167, 805, 661, 583 cm™'; [a]p?® = -58 (c 1.1, CHCl;) for 94% ee; Enantiomeric excess:
82% for Method A, 94% for Method B, determined by HPLC (Daicel Chiralpak AD-H, hexane/EtOH = 2/1; flow rate 1.0
ml/min; 25°C; 215 nm) first peak (Major): tr = 18.1 min, second peak (Minor): tr = 28.1 min.

4h; 71% yield for Method A, 90% yield for Method B; White solid; 'H-NMR (400 MHz, CDCls) § 7.96

OE&ZO (d,J=8.2Hz, 2H), 7.33 (d, J=8.2 Hz, 2H), 7.27 (d, J=10.5 Hz, 1H), 6.16 (d, J = 2.4 Hz, 1H), 6.12 (d, J
TéN Et =10.5 Hz, 1H), 5.47 (d, J = 2.4 Hz, 1H), 3.30-3.39 (m, 1H), 2.55-2.70 (m, 2H), 2.37-2.48 (m, 4H), 2.11-
ah 2.22 (m, 1H), 1.09 (t, J = 7.6 Hz, 3H); *C-NMR (100 MHz, CDCl;) § 194.9, 165.7, 146.5, 145.5, 139.0,

135.6, 129.5, 129.3, 128.9, 120.9, 68.2, 40.5, 37.9, 30.3, 21.7, 8.8; HRMS (ESI) calcd for CisH19NO4SNa m/z = 368.0927;
found m/z = 368.0926 [(M+Na)*]; IR (KBr): v 2972, 2359, 1725, 1688, 1353, 1155, 665 cm™'; [a]p** = -48 (c 2.5, CHCl;) for
92% ee; Enantiomeric excess: 70% for Method A, 92% for Method B, determined by HPLC (Daicel Chiralpak AD-H,
hexane/EtOH = 2/1; flow rate 1.0 ml/min; 25°C; 221 nm) first peak (Major): tr = 14.6 min, second peak (Minor): tr = 18.4

min.

4i; 51% yield for Method A, 95% yield for Method B; White solid; 'H-NMR (400 MHz, CDCl5) & 8.00
(d, J=8.2 Hz, 2H), 7.36 (d, J = 8.2 Hz, 2H), 7.13 (dd, J = 10.7, 1.7 Hz, 1H), 6.17-6.24 (m, 3H), 5.50 (d,
J=10.7 Hz, 1H), 5.44 (d, J=2.7 Hz, 1H), 5.35 (d, J = 17.2 Hz, 1H), 3.18 (m, 1H), 2.75 (m, 2H), 2.45 (s,

4i 3H); 3C-NMR (100 MHz, CDCls) & 194.4, 165.1, 145.6, 143.6, 138.0, 136.8, 135.8, 130.4, 129.7, 128.8,
120.9,117.3,68.3,44.1,34.5, 21.7; HRMS (ESI) calcd for C13H17NO4SNa m/z = 366.0770; found m/z =366.0760 [(M+Na)];
IR (KBr): v 3003, 2357, 1735, 1690, 1515, 1362, 1173, 666 cm™’; [a]p?? = -71 (c 0.38, CHCl3) for 96% ee; Enantiomeric
excess: 80% for Method A, 96% for Method B, determined by HPLC (Daicel Chiralpak 1A, hexane/2-propanol = 9/1; flow
rate 1.0 ml/min; 25°C; 225 nm) first peak (Major): tr = 29.4 min, second peak (Minor): tgr = 33.7 min.

(@]
ZE
(@]

o
//u

4j; 93% yield for Method A; White solid; 'H-NMR (400 MHz, CDCl;) & 7.38-7.47 (m, SH), 7.26 (d, J =

OQL'(ZO 10.4 Hz, 1H), 6.31-6.37 (m, 2H), 5.56 (d, J = 2.7 Hz, 1H), 3.47 (q, J = 2.7 Hz, 1H), 3.36 (s, 3H), 2.63-2.78
Ve 2 (m, 2H); *C-NMR (100 MHz, CDCls) & 194.3, 166.8, 143.5, 139.4, 138.1, 130.6, 129.2, 128.8, 125.1,
@ 121.5, 69.7, 48.6, 43.1, 34.7; HRMS (ESI) calcd for C16H;sNO4SNa m/z = 340.0614; found m/z =

4 340.0616 [(M+Na)']; IR (KBr): v 2354, 1731, 1672, 1353, 1145, 750 cm’’; [ot]p>* = -90 (c 1.1, CHCl3) for

73% ee; Enantiomeric excess: 73%, determined by HPLC (Daicel Chiralpak AD-H, hexane/EtOH = 2/1; flow rate 1.0 ml/min;
25°C; 216 nm) first peak (Minor): tr = 13.6 min, second peak (Major): tr = 20.8 min.

(dd, J=10.5, 1.6 Hz, 1H), 6.32 (d, J = 3.2 Hz, 1H), 6.01 (d, J =10.5 Hz, 1H), 5.57 (d, J = 3.2 Hz, 1H),

Ms= 3.39 (s, 3H), 3.26 (qd, J = 3.2, 1.6 Hz, 1H), 2.83 (d, J = 5.0 Hz, 2H), 1.93 (s, 3H); *C-NMR (100 MHz,

4k CDCls) 6 194.1, 166.6, 145.9, 138.1, 128.4, 121.7, 64.9, 45.1, 43.1, 36.1, 25.2; HRMS (ESI) calcd for
C11H13NO4SNa m/z = 278.0463; found m/z = 278.0449 [(M+Na)‘]; IR (KBr): v 3013, 2926, 2357, 1722, 1684, 1357, 1231,
1164, 971 cm™; [a]p?® = -130 (c 0.21, CHCI3) for 90% ee; Enantiomeric excess: 63% for Method A, 90% for Method B,
determined by HPLC (Daicel Chiralpak AD-H, hexane/EtOH = 2/1; flow rate 1.0 ml/min; 25°C; 215 nm) first peak (Major):

o 4k 74% yield for Method A, 83% yield for Method B; White solid; 'H-NMR (400 MHz, CDCl3) § 7.04
e

tr = 17.9 min, second peak (Minor): tr = 46.5 min.



41; 53% yield for Method A, 81% yield for Method B; White solid; "H-NMR (400 MHz, CDCl3) § 7.98
(d, J=8.2 Hz, 2H), 7.35 (d, J=8.2 Hz, 2H), 6.01 (s, 1H), 5.84 (s, 1H), 5.29 (s, 1H), 2.62 (m, 2H), 2.44 (s,
3H), 2.31 (d, J = 1.4 Hz, 3H), 1.88 (s, 3H), 0.95 (s, 3H); *C-NMR (100 MHz, CDCl3) § 194.4, 160.1,
145.4,144.0, 135.5,129.5, 128.7, 127.3, 118.4, 73.2, 48.5, 41.7, 24.8, 21.7, 21.3, 17.6; HRMS (ESI) calcd
for C19H>NO4sSNa m/z = 382.1083; found m/z = 382.1080 [(M+Na)']; IR (KBr): v 3743, 3650, 2971,
2366, 1741, 1677, 1356, 1173, 1089, 816, 663 cm™’; [a]p?® = -87 (c 0.31, CHCl3) for 98% ee; Enantiomeric excess: 84% for
Method A, 98% for Method B, determined by HPLC (Daicel Chiralpak AD-H, hexane/EtOH = 2/1; flow rate 1.0 ml/min;
25°C; 216 nm) first peak (Major): tr = 10.1 min, second peak (Minor): tr = 11.9 min.

4m; 90% yield for Method B; Colorless oil; 'H-NMR (400 MHz, CDCl3) & 7.96 (d, J = 8.0 Hz, 2H), 7.34

OE}&JO (d, J=8.0 Hz, 2H), 7.29 (d, ] = 0.9 Hz, 1H), 6.16 (d, J =2.3 Hz, 1H), 6.10 (d, J=10.5 Hz, 1H), 5.46 (d, J

Tst Ei;u = 2.3 Hz, 1H), 3..40-3.33 (m, 1H), 2.72-2.55 (m, 2H), 2.44 (s, 3H), 2.41-2.29 (m, 1H), 2.21-2.02 (m, 1H),

4m 1.49-1.22 (m, 4H), 0.95 (t, J = 7.1 Hz, 3H); 3*C-NMR (100 MHz, CDCl3) & 194.9, 165.7, 146.7, 145.5,

139.1, 135.6, 129.5, 129.1, 128.9, 120.9, 67.8, 41.1, 38.0, 37.3, 26.4, 22.8, 21.7, 13.9; HRMS (ESI) calcd for C20H23NO4SNa

m/z = 396.1240; found m/z = 396.1236 [(M+Na)]; IR (KBr): v 2922, 2853, 2361, 1729, 1697, 1355, 1086, 802, 590 cm’';

[a]p® =-39 (c 0.36, CHCl;) for 89% ee; Enantiomeric excess: 89%, determined by HPLC (Daicel Chiralpak ID, hexane/EtOH
= 2/1; flow rate 1.0 ml/min; 25°C; 215 nm) first peak (Minor): tr = 11.5 min, second peak (Major): tr = 14.3 min.

7. Screening of chiral catalysts.

OZ} /@40 Chiral catalyst O:&;?O ¥> X» §>
o R / :\ / :\ / :\
N CH,Clp, 25 °C NT: EtN  NHBz PhP  NHBz PhP  NHTs
>90% conv.
39 49 5a 5b 5¢c
entry chiral amine time (h) NMR vyield (%)@ ee (%) \ \ \/
1 5a 48 97 (95) 94 B N
d /~\ /\ /~\
2 5b 0.1 181 0 EtN  NHBoc EtN NH, ELN  NHBz
3 5¢c 0.1 121l 90
5d (Ref. 4) 5e (Ref. 5) 5f (Ref. 6)
4 5d 48 87 67
5 5e 48 95 39
6 5f 48 93 9 0 N
7 p-ICD 96 87 70 OO N@
8 9 15 o7 7 & N OH &
9 10 96 40 15 Ny OH N~ TCOH
Me
[a] 1,3,5-Trimethoxybenzene was used as an internal standard. OH O‘
[b] Determined by HPLC (Daicel Chiralpak AD-H)
[c] Isolated yield. B-ICD (Ref. 7) 9 (Ref. ) 10 (Ref. 9)
[d] Polymerization of 3g mainly proceeded.
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8. Further optimization of reaction conditions.

\? ﬁo 5a (20 mol%) base (1.5 eq.) O%O o \> /go
+
(0] TsHN -
solvent, temp, time -
Cl Ph P N N
1

Ts Ph Ts Ph
2a 4a 3a

(1.2eq.) single diastereomer not observed
entry base solvent temp. (°C) time (h) NMR yield (%)@ ee (%)M
1lel - CH,Cl, 25 17 84 85
2 proton sponge CH,Cl, 25 72 51 64
3 proton sponge CHCl3 25 72 44 63
4 proton sponge toluene 25 72 0 -

5 proton sponge THF 25 72 0 -
6 tetramethylguanidine CH,Cl, 25 48 5> -
7 DBU CH,Cl, 25 12 25 0
8 DIPEA CH,Cl, 25 12 82 76
9 DIPEA CHCl3 25 12 24 83
10 DIPEA PhCI 25 12 67 59
11 DIPEA CH,Cl, reflux 8 95 (92)l! 80
121l DIPEA CH,Cl, reflux 24 85 78
13 DIPEA CH,Cl, -20 60 72 81

[a] 1,3,5-Trimethoxybenzene was used as an internal standard.
[b] Determined by HPLC (Daicel Chiralpak IC).

[c] 150 mol% of 5a was used.

[d] Isolated yield.

[e] 10 mol% of 5a was used.

9. Synthesis of amine catalyst 5a

s NEt; (1.1 eq.) BzCI (1.1 eq.
— 3 ( q.) ( q.)
EttN  NH, CH,Cly, 25°C, 0.5 h EttN  NHBz
5e (Ref. 5) 5a
66% yield

A solution of 5e (0.32 mmol) and triethylamine (0.35 mmol) in dichloromethane (1.6 mL) was treated with benzoylchloride
(0.35 mmol) at 0 °C. The reaction mixture was warmed to room temperature and stirred for 0.5 h. The reaction was quenched
with saturated NaHCO3 aq. (3 mL) followed by extraction with EtOAc (3 mL). The separated organic layer was dried over
Na2S04 and reduced in vacuo. The obtained residue was purified by silica gel column chromatography using hexane, ethyl

acetate, and triethylamine (10:10:1) mixed eluent, giving 5a in 66% yield as a white solid.

N 5a; White solid; "H-NMR (400 MHz, CDCl3) § 7.76-7.78 (m, 2H), 7.40-7.50 (m, 3H), 6.42 (d, J = 6.0 Hz,
/_\‘\\ 1H), 4.03 (qd, J = 7.3, 5.0 Hz, 1H), 2.45-2.62 (m, 6H), 2.15-2.23 (m, 1H), 0.95-1.00 (m, 12H); *C-NMR
Et;N NHBz (100 MHz, CDCls) § 167.6, 135.3, 131.1, 128.5, 126.8, 53.0, 52.3, 47.0, 29.8, 18.6, 17.9, 11.8; HRMS
Sa (ESI) calcd for C16H26NO4SNa m/z = 285.1937; found m/z = 285.1938 [(M+Na)*]; IR (KBr): v 3313,
2964, 1634, 1546, 1187, 696 cm™'; [a]p*® = +18 (c 1.0, CHCl3) for >99% ee.
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10. Procedure for reuse of catalyst 5a in the stereoselective RC reaction of 3g*?

cat. 5a (20 mol%)
CH,Cl,, 25°C, 48 h

Cycle 1st 2nd 3rd 4th 5th

95% 95% 95% 95% 95%
94% ee 94% ee 94% ee 94% ee 94% ee

Results

[a] Reaction conditions: 3e (0.10 mmol), cat. 5a (20 mol%) and CH>Cl» (0.5 mL).

[b] Determined by HPLC (Daicel Chiralpak AD-H).

After the full conversion of 3g, diethyl ether (1.5 mL) and saturated aq. NH4Cl1 (2.0 mL) was added to the reaction mixture.
Evaporation of the separated organic layer gave product 49. To the aqueous layer was basified with saturated aq. NaHCOs
followed by extraction using CHCIl3-MeOH (4:1) mixed solvent (2 mLx2). Evaporation of the organic layer gave catalyst 5a,

which can be used for the next reaction without further purification.
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12. 'H- and *C-NMR spectra
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13. HPLC chart
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1 18.773 204121 10135900. 667  50.15 1 18.813 71843 3426038.451  3.95
2 32.827 93880 10076496.150  49.85 2 32.267 680988 83283958.841  96.05

#  Name RT  Height[uAU]  Area[uAU. Sec] %Area
1 16.840 121907 4941424.874  10.95
2 27.387 489577 40165940.093  89.05



#

uAU ||
1.2E+06] | o
1.0E+06 “ 0=\
8.0E+05] TS©/ e
o0 ES
6.0E+05] 4 a o~
c (rac.) S o
4.0E+05] e <
| A
2.0E+05] | N
| J % i \ ol ey
0.0E+00 5.00 10.00 15.00 20.00 25.00 30.00 [min]
uAuU l"\ﬂé‘e
1.2E+06 | E
d D
1.0E+06 4c (86% ee) | &
8.0E+05] i
| ® § i
6.0E+05 o '.
3 o
4.0E+05] =
) M~ | \
] I n \
2.0E+05 I \ |
.‘H\ / K |,II \\._
0.0E+00 5.00 10.00 15.00 20.00 25.00 30.00 [min]
Name RT  Height[uAU]  Area[uAU. Sec] %Area £ MName RT  Height[uAlU]l  Area[uAl. Sec] Y%Area
1 12. 600 333629 10157965. 351 50. 50 1 12. 760 237378 7237432, 908 7.07
2 22,280 178493 9955284. 519 49, 50 i 21.773 1287561 95190047. 418 92.93

50



L

uAU
1.2E+06] ® o
1.0E+061 e OX |
< N7z
8.0E+05] o) Ts R
6.0E+057 2
4.0E+057 A tBu 2
| . 4d (rac.) T
2.0E+05 |
0.0E+00 — &g 800 10.00 12.00 14.00 16.00 18.00 20.00 [min]
uAU
R
1.2E+06] A
| 2
1.0E+06 4d (76% ee) EB
8.0E+05] ®
3 |
6.0E+05] & f
40E+05] = "
20E+05] ||
| i e ! i ;
0.0E+00 " gTgg 800 10.00 12.00 14.00 16.00 18.00 20.00 [min]
Name RT  Height[uAU]  Area[uAU. Sec] %Area #  Name RT  Height[uAU]  Area[uAU. Sec] %Area
6. 880 650671 11861485.377  49.96 1 6.613 277214 4145613. 897 12.19
14.827 302119 11882348.995  50.04 2 13.707 804244 29861253.839  87.81

51



uAU f
‘I
1.0E+06] |
[ (0]
8.0E+05] | o
| N2 s
o TS [5)
6.0E+05 | @ = "
| | m -
4.0E+05 Br o %
| ‘ n o
| ‘ 4e (rac.) 7 o
2.0E+05 | I\ g
| . - VY , \H_,
0.0E+00 2.00 400 6.00 8.00 10.00 12.00 [min]
1.2E+06]4AY &
o \ I' P
1 OE+06] 4e (74% ee) ‘I $
% |8
8 0E+05] |"| © .
| “ L ( |
6.0E+05 o [
| i -
4.0E+05] I [
2.0E+05] | b [
a / : \
| . R, _ i e
0.0E+00 2.00 4.00 6.00 8.00 10.00 12.00 [min]
# Name RT Hei ght [uﬁlU] Area [UAU. Sec] %Area # Name RT He |ght [uﬁU] Area [uAU Sec] %Area
1 6.947 233527 3970979. 936 50. 32
2 12200 128469 3021046.458 29,68 ; S sy ieisa0.08s 8606

52



it

uAU

%Area

3.10
96. 90

1.4E+06] S o
o
1.2E+06 @ o
P N™Z
1.0E+06] = Ts’@
8.0E+05 |
( Cl %
6.0E+05] l\ 'll 4f (rac.) o
w
] |
4.0E+05 [ 5
2.0E+05 |\ .
| / i | —
0.0E+00 55 0g 20.00 30.00 4000 [min]
1.4E+06]UAY
| 4f (94% ee)
1.2E+06
1.0E+06|
8.0E+05]]
*®
| (=31
6.0E+05 ® 2
4.0E+057 b &
= &
2.0E+05] - P
e (4 Tr—
+00L - '
SO0 10.00 20.00 30.00 40.00 [min]
uAU
8.0E+05] 4f (79% ee)
6.0E+05] R
=
=
= 3
g Jf\\
4.0E+05] = / \\
e #
H‘ | \\
1\ |
2.0E+05] [ .‘I
| I"‘, ‘|‘
| 1 U ¥ £ L o "R
0.0E+00 T =g —
10.00 15.00 20.00 25.00 306.00 35.00 46.00 [min]
Name RT  Height[uAU]  Area[uAU. Sec] %Area 4 Name RT  Height[uAU]  Area[uAU. Sec]
1 14.427 840613 36228824.497  50.74
2 40.147 145343 35173457.324 49,26 ! e e 30900008918
# Name RT Height luAU]  ArealuAU. Sec] %Area
1 12.147 295724 9530832.732  10.39
2 29.773 430333 82194808.419  89.61

53



#

uAU n (0]
| (0]
1.2E+06 | N"Z -
| Ts ~ =
1.0E+06 4g (rac.) = 8
J gl o
8.0E+05 o o
[¥al w0
P w
6.0E+05] l o
[ <
4.0E+05] | I‘ \ A
| "‘. I." \
2.0E+05] ' |\ / \\
£ J L |_)"J i
0.0E+00 10.00 20.00 30.00 [min]
uAU fi *
1.2E+06] | 4g (94% ee) ‘.WE
| l—
1.0E+06 5
[ 1
8.0E+05] ‘ [ |
6.0E+05] B
| ®
4.0E+05) | >
[ o0
2.0E+05] 1 [ b
| [ \ ™~
|\ . o W) . e
0.0E+00 10.00 20.00 30.00 [min]
uAU "
1.0E+06 ‘
49 (82% ee)
8.0E+05]
6.0E+05|
a2
4.0E+05] ‘ S
2.0E+05 ‘ : 3R
| | =
| [\ E
J\J N | / \\\ |
0.0E+00 5.00 10.00 15.00 20.00 25.00 [min]
Name RT Height [uAU]  ArealuAU. Sec] %Area #  Name RT  Height[uAU]  Area[uAU. Sec] %Area
1 18.133 613150 27859098.015  50.43 1 18.187 1162312 58283592.868  97.11
2 28. 080 410582 27383544, 809 49.57 28.093 27395 1732492. 826 2.89
#  Name RT  Height[uAU]  Area[uAU. Sec] %Area
1 17. 040 344297 14146381.811  90.93
2 26.293 24152 1411271. 221 9.07

54



1.6E+06|UAU N
1 4E+06 | | O:&;’(O
1.2E+06] N™=
il ‘ Ts Et
1.0E+06
| 4h (rac.)
8.0E+05 ‘ | - "
6.0E+05] | = 3
4 0E+05 | | = §
2 0E+05] G &
) Y\ _ _ L A LA
0.0E+00 5.00 10.00 15.00 20.00 25.00 [min]
7UAU ‘-",‘c\:
1.2E+06 4h (92% ee) 13
'sa)
1.0E+06] I P
| | | &
8.0E+05 “ [
N |
6.0E+05 | R
4.0E+05] | | o
| | M~
| | . 3
2.0E+05 | [ 3
t [ <
0.0E+00=——= s - — U — .
; 5.00 10.00 15.00 0.00 25.00 [min]
uAU flse
i ll\"'c;
5.0E+05] o
=
4h (70% ee) | =
\
4.0E+05] ||
\
n
\
3.0E+05] | |
‘ |
|
|
2.0E+05] | ‘|
" R
| | i
| <
1.0E+05] | | 0
| l‘ ‘l I"\ "“I‘I{\\_
| I\ /o
OOE+0O — — — ~ - B E— =
5.00 10.00 15.00 20.00 [min]
#  Name RT  Height[uAU]  Area[uAU. Sec] %Area 4 Name RT  Height[uAU]  Area[uAU. Sec) %Area
1 14.640 125089 3898111.258  50.07 4 14.667 1283043 49730612.341  95.93
2 18.360 98438 3886970.458  49.93 ) 19.147 37429 2108695.382  4.07
#  Name RT  Height[uAU]  Area[uAU. Sec] %Area
1 13.227 549000 16844465.728  84.79
2 16.333 67747 3021516.845  15.21

55



3.5e+05{"AY | o
3.0E+05] ‘ o%i(j
2.5E+05] TS X
2 DE+05] 4i (rac.)
1.5E+05] . N A
1.0E+05] . & \
5 0E+04 M | \\ £

0.0E+00 10.00 20.00
uAU ;
1.4E+06 4i (96% ee) ‘

|

1.2E+06]
|
1.0E+06] |
8.0E+05" |
6.0E+05" |
4.0E+05] | |\
2 0E+05/ \ [
N
0.0E+00 10.00 20.00 30.00 [min]

50.4679 %
49.5321 %

/

It
<

f

w
o
o
(=]
3

=

—-97:8862 %

2.1138 %

f

uAU i
1.4E+06] \|
4i (80% ee)
1.2E+067
1.0E+06]

8 0E+05]

6.0E+05]

7 89.9405 %

4.0E+05] [
[

2.0E+05]

-

[Fa]

()]

["g]

\ <

| [ 2

|\ /N PaN
— - / T D ——

10.00 15.00 20.00 25.00 30.00 35.00 [min]

0.0E+00"

#  Name RT  Height[uAU]  Area[uAU. Sec] %Area #  Name RT  Height[uAU]  Areal[uAU. Sec] ¥Area
117079798. 940 97.89

1 29.413 143779 9407331.340  50.47 1 28. 840 1521625
2 33.693 130658 9232909.738  49.53 2 33.827 37857 2528297. 438 2N

#  Name RT  Height[uAU]  Area[uAU. Sec] %Area

1 25.293 482673 24870798.069  89.94
2 29.667 50344 2781695.869  10.06

56



#

uAU

1.2E+06] H
1.0E+06] 0
‘ o)
8.0E+05] N"z o
Ms it -
6.0E+05] | = P
. — o
4.0E+05] | 4 (rac.) 3 33.
N 3
2.0E+05] ﬂ [\
| I'\_ e = | f‘l‘ \\. | .// "
0.0E+00 5.00 10.00 15.00 20.00 [min]
uAU 1 =
| n
2.5E+05] | 4 (73% ee) ff\ﬁ
2.0E+05] | - | B
. | i : \
1.56E+05 o [
| Z |
1.0E+05] | © |
1l N |
5.0E+04] i | [ .‘I ".,‘\
0.0E+00™—— J\ _J \ﬁ J e
. 5.00 10.00 15.00 20.00 [min]
Name RT  Height[uAU]  Area[uAU. Sec] ¥Area & Name RT  Height[uAU] Area[uAU. Sec] %Area
1 13. 560 267630 8452742. 926 50.12
: we e smeos s ) g IE  Suem o

57



1.2E+06]
1.0E+06] |
| 0
8.0E+05 ‘ OQU
6.0E+05" NE
408405 |
2 0E+05]

uAU

"~ 49.8538%

/' 50.1462 %

N

0.0E+00

—

1.2E+061UAY

1.0E+06
8.0E+05]
6.0E+05] “
4.0E+05] |
2.0E+05] ||

4k (90% ee)

0.0E+001

30.00 40.00

| 4.9061 %

.
50.00 [min]

10.00

1.2E+06]

4k (63% ee)

1.0E+06]

8.0E+05]]

6.0E+05]]

4 0E+057

2.0E+05

30.00 40.00

183550 %

I
50.00 [min]

0.0E+00" 16.00

Name RT  Height [uAU]

17.853 318551
46. 467 120436

#

Area[uAU. Sec]

13562364. 078
13641919. 003

30.00 40.00
%Area #

49.85 1
50.15 2

Name RT Height [uAU]

17. 387 1024454
45. 840 22720

RT  Height[uAU]

17.120 1028733
42,480 101109

Area[uAU. Sec]

45109239. 379
10141208. 151

%Area

81.65
18.35

58

50.00 [min]

Area[uAU. Sec]

46720348. 425
2410388. 436

%Area

95.09
4.91



uAU N
| R
1.2E+06 !
| (0]
1.0E+06 e ®
=
8.0E+05" TS o i
1 i
6.0E+057 | 4] (rac.) o [
<+ o
4.0E+05 | /\ ,{’
2.0E+05] \ poA A
i l % L \-a_ft_./‘ \\-_,T P
0.0E+00 2.00 4,00 6.00 8.00 10.00 12.00 14.00 [min]
uAU M =
| [] 0
1.2E+06 ‘ | 41 (98% ee) ~
1.0E+067 | e
8.0E+05 | A
[
6.0E+05" | '
| Ll 3
4.0E+05 || ~
|| (1 &
2.0E+05" b [\ ~
o [N = i) Ble o
0.0E+00 2.00 400 6.00 8.00 10.00 12.00 14.00 [min]
uAU =
1.4E+06 [ [Fal
| e 5
1.2E+06] \ ,n,‘a
| e'».
1.0E+086] | [
| | R
8.0E+05] [
| i
6.0E+05] | ‘.‘
| |
4.0E+05] | |
| { =S
| [ A
2 0E+05] ‘, | S
| ‘I‘\\ J_/.‘I‘ .‘I‘I‘"\ _IL’/ \‘\\
.l ] NE— —_—— ~ S _
0.0E+00 2.00 4.00 6.00 8.00 10.00 ?OU 14.00 [min]
#  Name RT  Height[uAU]  Area[uAU. Sec] KArea #  Name RT  Height[uAU]  Area[uAU. Sec] %Area
1 10.133 429406 12043453, 459 49,53
1 9.840 969215 23815322. 355 98.77
2 11.920 328455 12273732, 259 50. 47 2 11. 387 115371 205415, 604 123
#  Name RT  Height[uAU]  Area[uAU. Sec] %Area
1 9.520 1190449 27885966.816  91.97
2 10. 947 90884 2433282. 686 8.03

59



#

uAU "
1.2E+06] | o =
1.0E+06 © ;NIi j 2
| T¢ Bu S .
8.0E+05 = A
4m (rac.) f .
6.0E+05] I g
4 OE+05] “ "" g
I N
2.0E+05 ; I\
| M i & i e
0.0E+00 5.00 10.00 15.00 20.00 25.00 30.00 [min]
uAU o
1.0E+06] | =
4m (89% ee) o
[Fa]
8.0E+05] S
\
6.0E+05] ':
< ||
4.0E+05] ‘ ~ |
~ \ I""
2.0E+05 | s
J‘ I‘u" L. u"ﬂ'\ J \\
0.0E+00 5.00 10.00 15.00 20.00 25.00 30.00 [min]
Name RT  Height[uAU]  ArealuAU. Sec] ¥Area Name RT  Height[uAU]  Area[uAU. Sec] %Area
1 11. 507 660526 12350960. 902 50.04
2 14.320 292508 12332138.517  49.96 H 333 }ééég} é?ﬁ}égg ﬂl gﬁj 32

60



