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Procedure for preparing catalysts:
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Phenyl isothiocyanate (0.81 g, 6.0 mmol) in dry THF (5 mL) was added slowly to
the free 9-amino (deoxy) epicinchonine (1.46 g, 5.0 mmol) in dry THF (15 mL) at
0 °C. The reaction mixture was stirred overnight at room temperature, and then
concentrated under reduced pressure. The residue was purified by flash
chromatography (elution gradient: ethyl acetate: methanol: triethylamine = 100: 2:
3 to 100: 10: 3) to afford the desired pruduct 1d (1.78 g, 83 %) as white solid.
[a]p?” +298.1 (c 1.06, CHCIz); "TH-NMR (300 MHz, CDsOD) 6+ 8.84 (m, 1 H), 8.67
(d,J=8.2Hz, 1H),8.09(dd, J=1.1,8.5Hz, 1 H), 7.83 (ddd, J= 1.4, 6.1, 8.4 Hz,
1H),7.72(ddd, J=1.4,6.9,8.3Hz, 1 H),7.61 (m, 1H),7.36 (m, 4 H), 7.19 (m, 1
H), 6.27 (d, J = 11.2 Hz, 1 H), 6.00 (ddd, J=6.3, 10.5, 17.0 Hz, 1 H), 5.26 (dt, J =
1.6, 9.6 Hz, 1 H), 5.22 (dt, J = 1.6, 3.0 Hz, 1H), 3.35 (dp, J = 1.5, 3.2 Hz, 2H),
3.23 (dd, J = 8.3, 12.5 Hz, 2H), 3.03 (m, 3 H), 2.39 (dd, J= 7.2, 15.2 Hz, 1 H),
1.59 (dd, J=8.7, 12.5 Hz, 3 H), 1.31 (dd, J= 8.4, 13.2 Hz, 1 H), 0.90 (t, J= 10.2
Hz, 1 H); 3C NMR (125 MHz, CDsOD) &c 182.7, 151.3, 150.8, 149.3, 142.0,
140.3, 131.3, 130.5, 130.3, 130.1, 129.4, 128.3, 126.8, 126.4, 125.5, 1254,
121.4, 115.8, 62.3, 56.5, 53.2, 50.4, 40.8, 29.3, 27.7, 26. 5; IR (Nujol): v 3168,
1590, 1377 cm-; ES-MS m/z 427 (100), ES+MS m/z 429 (100); HRMS (ESI) m/z
calcd for (C2sH29N4S1): 429.2107, found: 429.2108.
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The free amine (1.00 g, 3.4 mmol) in dry THF (5 mL) was added slowly to 3, 5-
bis(trifluomethyl) phenyl isothiocyanate (1.0 g, 3.7 mmol) in dry THF (2 mL) at 0
°C. The reaction mixture was stirred for 4 hours at room temperature, and then
concentrated under reduced pressure. The residue was purified by flash
chromatography (elution gradient: ethyl acetate: methanol: triethylamine = 100: 2:
3 to 100: 10: 3) to afford the desired pruduct 1e (1.45 g, 94 %) as white
amorphous solid. [a]p2® +168.2 (¢ 1.03, CHCI3); '"H NMR (500 MHz, CD30D) &H
875 (t, J=41Hz, 1H),857( J=7.3Hz, 1H),7.98 (t, /J=7.0Hz, 2 H), 7.72
(dd, /=6.0, 13.2 Hz, 1 H), 7.63 (m, 1 H), 7.53 (m, 2 H), 6.23 (d, J= 10.3 Hz, 1
H), 5.88 (ddd, /= 6.2, 10.5, 17.0 Hz, 1 H), 5.12 (dd, /= 9.7, 13.8 Hz, 1 H), 3.17
(m, 3 H), 2.95 (m, 3 H), 2.29 (dd, /=6.8, 14.5 Hz, 1 H), 1.47 (m, 4 H), 1.17 (dt, J
=8.4,9.9 Hz, 1 H), 0.82 (m, 2 H); 13C NMR (125 MHz, CD30D) &¢ 183.0, 151.3,
149.4, 143.5, 142.0, 133.2 (q, J = 33.4 Hz, 2 C), 131.4, 130.3, 129.4, 128.4,
128.4, 126.4, 126.2, 124.0, 123. 9, 123.8, 118.2 (dd, 1 H, J= 4.0, 7.4 Hz, 2 C),
115.8, 62.2, 57.0, 57.0, 40.8, 40.8, 29.2, 27.7, 26.6; IR (Nujol): v 3244, 1634, 752,
681 cm+; ES-MS m/z 563 (100), ES+MS m/z 565, 587 (100); HRMS (ESI) m/z
calcd for (C2sH27N4FsS1): 565.1855, found: 565.1855.
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CS2 (251puL, 4.15 mmol) was added slowly to the free amine (2.43 g, 8.3 mmol)

in dry ethanol (5 mL). The reaction solution turned heterogeneous, and 15 mL
dry ethanol was added. The mixture was refluxed for 30 hours, and concentrated
under reduced pressure. The residue was purified by flash chromatography
(elution gradient: ethyl acetate: methanol: triethylamine = 100: 2: 3 to 100: 10: 3)
to afford the desired pruduct 1f (1.34 g, 51 %) as pale yellow solid. [o]p 27 +318.4
(c 1.01, CHCI3); "TH-NMR (300 MHz, CD3s0OD) 64 8.77 (d, J = 4.4 Hz, 2 H), 8.54 (d,
J=7.8Hz,2H),8.06(d, J=84Hz 2H),7.80(m,2H),7.65(q,J=7.4Hz, 2H),
7.45 (s, 2 H), 6.08 (d, J= 11.2 Hz, 2 H), 5.89 (ddd, J= 6.3, 10.6, 17.1 Hz, 2 H),
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5.17 (dt, J = 1.5, 8.2 Hz, 2 H), 5.13 (d, J = 1.5 Hz, 2 H), 2.96 (m, 12 H), 2.32 (dd, J
=7.6,15.7 Hz, 2 H), 1.55 (dd, J = 4.0, 14.0 Hz, 6 H), 1.18 (m, 4 H); 13C NMR (125
MHz, CDsOD) &¢ 184.1, 151.4, 151.4, 150.3, 150.3, 149.2, 149.2, 141.6, 141.6,
131.4, 131.4, 130.3, 130.3, 129.3, 129.3, 128.4, 128.4, 126.3, 126.3, 121.6,
121.6, 115.9, 115.9, 62.3, 62.3, 56.0, 56.0, 53.0, 53.0, 50.4, 50.4, 40.6, 40.6,
29.2, 29.2, 27.5, 27.5, 26.4, 26.4; IR (Nujol): v 3228, 1509 cm-+; ES-MS m/z 627
(100), ES+MS m/z 630 (100); HRMS (ESI) m/z calcd for (CseH4sNeS1): 629.3421,
found: 629.3430.

Typical procedure for enantioselective Michael addition of malonate to nitroolefin:
To a stirred solution of trans-B-nitrostyrene (59.6 mg, 0.40 mmol) and dimethyl

malonate (3.0 equiv., 0.183 mL) in dry dichloromethane (0.40 mL) was added
catalyst 1e (0.1 equiv., 22.4 mg). After stirring for 30 hours, the reaction mixture
was concentrated under reduced pressure. The residue was purified by flash
chromatography (elution gradient: ethyl acetate: petroleum ether = 1:15 to 1:8) to
afford desired Michael adduct 4a (106.9 mg, 95%).

O O

MeO OMe
NO,

(R)-(-)-Methyl 2-carbomethoxy-4-nitro-3-phenyl-butyrate (R)-(-)-4a

This product was obtained as a colorless solid in 95 % yield (106.9 mq) after
flash chromatography (elution gradient: ethyl acetate: petroleum ether= 1:15 to
1:8) and 94 % ee as determined by HPLC analysis [Daicel chiralcel OD, hexane:
IPA: methanol, 80: 20: 2, 0.9 mL/min, » 220 nm, t (minor) = 13.8 min, t (major) =
16.7 min] at -20 °C for 30 hours. [a]p?6 -11.1 (c 1.30, CHCIz); 'TH NMR (500 MHz,
CDCl3) 61 7.12-7.00 (m, 5 H), 4.72-4.64 (m, 2 H), 4.03 (dt, /= 5.1, 9.0 Hz, 2 H),
3.65 (d, J=9.1 Hz, 1 H), 3.56 (s, 3 H), 3.34 (s, 3 H) 3C NMR (125 MHz, CDCl5)
dc 168.2, 167.6, 136.5, 129.4, 128.8, 128.3, 77.2, 55.2, 53.4, 53.2, 43 .4.
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The absolute configuration of (-)-4a was determined to be (R) by comparing the
optical rotation and the HPLC elution order with literature data. [a]p 26 -11.1 (c
1.30, CHCI3) for 94% ee. [Lit. ' (S)-(+), [a]p?®® +5.9 (¢ 1.02, CHCI3), HPLC
analysis [Daicel chiralcel OD, hexane: IPA, 70: 30, 0.9 mL/min, A 220 nm, t
(major) = 11.6 min, t (minor) = 13.7 min] for 96% ee; lit. 2 (S)-(+), [a]p2® +4.4 (C
1.02, CHCI3) for 93% ee].

MeO OMe

OOt

(-)-Methyl 2-carbomethoxy-4-nitro-3-(2-naphthyl)-butyrate-(-)-4b

This product was obtained as a yellow solid in 83% vyield (110 mgq) after flash
chromatography (elution gradient: ethyl acetate: petroleum ether = 1: 15 to 1: 8)
and 89% ee as determined by HPLC analysis [Daicel chiralcel OJ, hexane: IPA:
methanol, 80: 20: 2, 0.9 mL/min, A 220 nm, t (minor) = 77.9 min, t (major) = 97.4
min] at -20 °C for 48 hours. [a]p205 -2.91 (c 1.23, CHCI3); '"H NMR (500 MHz,
CDCl3) 61 7.84 (m, 3 H), 7.73 (s, 1 H), 7.51 (m, 2 H), 7.37 (dd, J=1.9, 8.5 Hz, 1
H), 5.03 (d, /=7.3 Hz, 2 H), 4.45 (dt, /=7.1, 8.7 Hz, 1 H), 4.01 (d, J=9.0 Hz, 1
H), 3.80 (s, 3 H), 3.57 (s, 3 H); 3C NMR (500 MHz, CDClz) &c 168.3, 167.7,
133.9, 133.7, 133.4, 129.4, 128.4, 128.1, 127.7, 127.0, 126.9, 125.5, 77.7, 55.2,
53.5, 53.3, 43.5.

MeO OMe
NO,

Cl

(-)-Methyl 2-carbomethoxy-4-nitro-3-(2-chlorophenyl)-butyrate-(-)-4c

This product was obtained as a yellow oil in 99% yield (125 mg) after flash
chromatography (elution gradient: ethyl acetate: petroleum ether = 1: 15 to 1: 8)
and 94% ee as determined by HPLC analysis [Daicel chiralcel OD, hexane: IPA:
methanol, 80: 20: 2, 1 mL/min, A 220 nm, t (minor) = 10.1 min, t (major) = 25.2
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min] at -20 °C for 30 hours. [a]o25 -5.87 (c 1.09, CHCls); 'H NMR (500 MHz,
CDCls) 81 7.44 (m, 1 H), 7.27 (m, 3 H), 5.15 (dd, /= 8.6, 13.7 Hz, 1 H), 4.99 (dd,
J=45,13.7 Hz, 1 H), 4.79 (dt, /= 4.5, 8.5 Hz, 1 H), 4.15 (d, /= 8.4 Hz, 1 H),
3.76 (s, 1 H), 3.67 (s, 1 H); 13C NMR (500 MHz, CDCls) 5c 168.2, 167.7, 134.5,
134.0, 131.0, 130.0, 129.0, 127.7, 75.8, 53.4, 53.2, 53.2 39.8.

O O
MeO OMe
NO,
Br
(-)-Methyl 2-carbomethoxy-4-nitro-3-(2-bromophenyl)-butyrate-(-)-4d
This product was obtained as a colorless oil in 95% yield (137 mg) after flash
chromatography (elution gradient: ethyl acetate: petroleum ether = 1: 15 to 1:8)
and 92% ee as determined by HPLC analysis [Daicel chiralcel OD, hexane: IPA,
70: 30, 1 mL/min, A 220 nm, t (minor) = 9.1 min, t (major) = 18.1 min] at -20 °C
for 30 hours. [a]p295 -5.93 (c 1.08, CHCI3); 'TH NMR (500 MHz, CDCIs3) o1 7.64
(dd, /=1.2,8.0 Hz, 1 H), 7.31 (dt, J=1.2,7.7 Hz, 1 H), 7.26 (dd, J= 1.7, 7.8 Hz,
1 H), 7.19 (ddd, /= 1.8, 7.3, 8.0 Hz, 1 H), 5.16 (dd, J= 8.5, 13.7 Hz, 1 H), 4.99
(dd, J=4.5,13.8 Hz, 1 H), 4.80 (dt, /J=4.5, 8.2 Hz, 1 H), 414 (d, /J=7.9 Hz, 1
H), 3.76 (s, 3 H), 3.69 (s, 3 H); 3C NMR (500 MHz, CDCI3) 6c 168.2, 167.7,
135.7, 134.3, 130.2, 128.6, 128.4,125.2, 75.9, 53.5, 53.4, 53.4, 41.9.

o O

MeO OMe
NO,

Br

(-)-Methyl 2-carbomethoxy-4-nitro-3-(3-bromophenyl)-butyrate-(-)-4e
This product was obtained as a yellow solid in 85% vyield (122 mq) after flash
chromatography (elution gradient: ethyl acetate: petroleum ether = 1: 15 to 1: 8)

and 90% ee as determined by HPLC analysis [Daicel chiralcel OJ, hexane: IPA:
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methanol, 80: 20: 2, 1 mL/min, » 220 nm, t (minor) = 35.4 min, t (major) = 45.9
min] at -20 °C for 30 hours. [a]p205 -5.03 (c 1.43, CHCI3z); '"H NMR (500 MHz,
CDClIz) 64 7.45 (m, 1H), 7.42 (d, J=1.6 Hz, 1 H), 7.21 (m, 2 H), 4.94 (dd, J= 5.0,
13.5 Hz, 1 H), 4.89 (dd, J= 9.1, 13.5 Hz, 1 H), 4.24 (dt, /= 5.0, 8.9 Hz, 1 H),
3.85(d, J=8.8, 1 H), 3.79 (s, 3 H), 3.63 (s, 3 H); 13C NMR (500 MHz, CDClI3) &c
168.0, 167.4, 138.9, 132.1, 131.5, 131.0, 126.9, 123.4, 77.3, 54.9, 53.6, 53.4,
42.9.

MeO OMe
NO,

Br

(-)-Methyl 2-carbomethoxy-4-nitro-3-(4-bromophenyl)-butyrate-(-)-4f

This product was obtained as a colorless solid in 87% yield (125 mg) after flash
chromatography (elution gradient: ethyl acetate: petroleum ether = 1: 15 to 1: 8)
and 90% ee as determined by HPLC analysis [Daicel chiralcel OD, hexane: IPA,
60: 40, 1 mL/min, A 220 nm, t (minor) = 10.0 min, t (major) = 13.3 min] at -20 °C
for 48 hours. [a]p?05 -2.87 (c 1.54, CHCIz); '"H NMR (500 MHz, CDCls) 61 7.49 (d,
J=8.5Hz,2H),7.15(d, J=8.4 Hz, 2 H), 4.93 (dd, J= 4.9, 13.3 Hz, 1H), 4.87
(dd, J=9.2, 13.3 Hz, 1 H), 4.24 (dt, /= 5.0, 9.1 Hz, 1 H), 3.85 (d, J=9.0 Hz, 1
H), 3.79 (s, 3 H), 3.62 (s, 3 H); 3C NMR (500 MHz, CDClz) &c 168.0, 167.4,
135.6, 132.7, 130.0, 123.0, 77.5, 54.9, 53.6, 53.4, 42.8.

O O

MeO OMe
NO,

(+)-Methyl 2-carbomethoxy-4-nitro-3-(4-methylphenyl)-butyrate-(+)-4g

This product was obtained as a white solid in 82% vyield (97 mg) after flash
chromatography (elution gradient: ethyl acetate: petroleum ether = 1: 15 to 1: 8)
and 92% ee as determined by HPLC analysis [Daicel chiralcel OD, hexane: IPA:
methanol, 98: 2: 0.5, 1 mL/min, X 220 nm, t (minor) = 33.2 min, t (major) = 40.2

S7



min] at -20 °C for 48 hours. [0]p2°5 +2.28 (c 1.23, CHCl3); TH NMR (500 MHz,
CDCls) 81 7.15 (m, 4 H), 4.93 (dd, J= 5.1, 13.1 Hz, 1 H), 4.88 (dd, J= 9.0, 13.1
Hz, 1 H), 4.23 (ddd, /= 5.19, 5.12, 5.15 Hz, 1 H), 3.87 (d, J= 9.0 Hz, 1 H), 3.79
(s, 3 H), 3.60 (s, 3 H), 2.33 (s, 3 H); 13C NMR (500 MHz, CHCls) 5¢ 168.2, 167.8,
134.5, 134.0, 131.0, 130.0, 129.0, 127.7, 75.9, 53.4, 53.3, 39.8.

O O

MeO OMe
NO,

(-)-Methyl 2-carbomethoxy-4-nitro-3-(3-methylphenyl)-butyrate-(-)-4h

This product was obtained as a yellow oil in 92% vyield (109 mg) after flash
chromatography (elution gradient: ethyl acetate: petroleum ether = 1: 15 to 1: 8)
and 91% ee as determined by HPLC analysis [Daicel chiralcel OD, hexane: IPA:
methanol, 98: 2: 0.5, 1 mL /min, A 220 nm, t (minor) = 27.8 min, t (major) = 32.5
min] at -20 °C for 52 hours. [a]p2°5 -1.31 (¢ 1.23, CHCI3); '"H NMR (500 MHz,
CDCl3) 8n 7.23 (t, /=7.55,1H), 7.11 (d, J=7.33,1H), 7.05 (s, 1 H), 7.04 (d, J=
7.88, 1 H), 4.94 (dd, /=5.4,13.4 Hz, 1 H), 4.90 (dd, /=8.8, 13.3 Hz, 1 H)
4.26-4.21 (ddd, J=5.3, 5.3, 5.3, 1 H), 3.79 (s, 3 H), 3.60 (s, 3 H), 2.35 (s, 3 H);
3C NMR (500 MHz, CDCIz) é6¢c 168.3, 167.7, 139.1, 136.5, 129.6, 129.3, 129.0,
125.1,77.8, 55.2, 53.4, 55.3, 43.3, 21.8.

O O
MeO OMe
NO,
MeO
(-)-Methyl 2-carbomethoxy-4-nitro-3-(4-methoxy phenyl)-butyrate-(-)-4i.
This product was obtained as a colorless oil in 96 % yield (119.0 mq) after flash
chromatography (elution gradient: ethyl acetate: petroleum ether = 1: 15 to 1: 8)
and 92 % ee as determined by HPLC analysis [Daicel chiralcel OD, hexane: IPA,
60: 40, 1 mL/min, N 220 nm, t (minor) = 9.6 min, t (major) = 11.7 min] at -20 °C

S8



for 30 hours. []p?5 -9.7 (c 1.49, CHCl3); TH NMR (500 MHz, CDCls) & 7.08-
7.06 (m, 2 H), 6.77-6.76 (m, 2 H), 4.82 (dd, J= 5.0, 13.0 Hz, 1 H), 4.75 (dd, J=
9.2, 13.0 Hz, 1 H), 4.12 (dt, J= 5.0, 9.2 Hz, 1 H), 3.76 (d, J= 9.2 Hz, 1 H), 3.70
(s, 3 H), 3.69 (s, 3 H), 3.50 (s, 3 H), 13C NMR (125 MHz, CDCls) 5¢ 168.3, 167.7,
159.8, 129.4, 129.4, 128.3, 114.8, 114.8, 78.1, 55.6, 55.3, 53.4, 53.2, 42.7.

MeO OMe
NO,

OMe

(-)-Methyl 2-carbomethoxy-4-nitro-3-(3-methoxy phenyl)-butyrate-(-)-4j

This product was obtained as a colorless solid in 97 % yield (120.7 mg) after
flash chromatography (elution gradient: ethyl acetate: petroleum ether = 1: 15 to
1: 8) and 91 % ee as determined by HPLC analysis [Daicel chiralcel OD, hexane:
IPA: methanol, 98: 2: 0.5, 0.9 mL/min, A 220 nm, t (major) = 59.8 min, t (minor)
= 72.5 min] at -20°C for 30 hours. [a]p2°5 -10.5 (c 1.37, CHCIz); "H NMR (500
MHz, CDCl3) 61 7.16 (t, /=7.9 Hz 1 H), 6.74 (m, 2H), 6.69 (m, 1 H), 4.84 (dd, J=
5.2, 13.3 Hz, 1 H), 4.80 (dd, /= 8.8, 13.3 Hz, 1 H), 4.14 (dt, /=5.2, 8.8 Hz, 1 H),
3.79 (d, /=8.9Hz, 1 H), 3.70 (s, 3 H), 3.68 (s, 3 H), 3.52 (s, 3 H), '3C NMR (125
MHz, CDCIs) 8¢ 168.3, 167.6, 160.3, 138.1, 130.5, 120.2, 114.3, 114.0, 77.7,
55.6, 55.1, 53.4, 53.3, 43.3.

MeO OMe
NO,

OMe

(-)-Methyl 2-carbomethoxy-4-nitro-3-(2-methoxy phenyl)-butyrate-(-)-4k
This product was obtained as a colorless solid in 96 % (118.9 mg) yield after
flash chromatography (elution gradient: ethyl acetate: petroleum ether = 1: 15 to

1: 8) and 97 % ee as determined by HPLC analysis [Daicel chiralcel OD, hexane:
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IPA, 60:40, 1 mL /min, A 220 nm, t (minor) = 6.2 min, t (major) = 8.0 min] at -20
°C for 30 hours. [a]p205 -27.6 (¢ 1.42, CHCI3); '"H NMR (500 MHz, CDCl3) 61 7.19
(m,1 H), 7.07 (dd, J=1.6, 7.7 Hz, 1 H), 6.81 (m, 2 H), 4.96 (dd, J= 9.0, 13.1 Hz,
1 H), 4.82 (dd, /=4.6,13.1 Hz, 1 H), 4.33 (dd, /=4.6,13.1 Hz, 1 H), 4.11 (d, J=
9.9 Hz, 1 H), 3.80 (s, 3 H), 3.68 (s, 3 H), 3.44 (s, 3 H); 3C NMR (125 MHz,
CDCIz) oc 168.8, 168.0, 157.7, 130.9, 130.1, 124.0, 121.3, 111.5, 76.4, 55.8,
53.3, 53.0, 52.9, 40.7.

o O

MeO OMe
NO,

x
\_0
(+)-Methyl 2-carbomethoxy-4-nitro-3-(2-furyl)-butyrate (+)-4l
This product was obtained as a yellow oil in 93 % yield (100.7 mg) after flash
chromatography (elution gradient: ethyl acetate: petroleum ether = 1: 15 to 1: 8)
and 95 % ee as determined by HPLC analysis [Daicel chiralcel OD, hexane:IPA,
60: 40, 1 mL/min, N 220 nm, t (minor) = 6.5 min, t (major) = 15.0 min] at -20 °C
for 30 hours. [a]p29® +7.1 (¢ 1.46, CHCI3); 'TH NMR (500 MHz, CDCl3) &1 7.28 (m,
1 H), 6.22 (dd, J=1.9, 3.2 Hz, 1 H), 6.15 (d, J= 3.3 Hz, 1 H), 4.87-4.79 (m, 2 H),
4.32 (dt, /= 5.0, 8.1 Hz, 1 H), 3.88 (d, J=7.8 Hz, 1 H), 3.69 (s, 3 H), 3.62 (s 3 H);
3C NMR (125 MHz, CDCI3) éc 167.9, 167.6, 149.8, 143.3, 111.0, 108.8, 75.7,
53.5, 53.4, 53.1, 37.2.

O O

MeO OMe
NO»

AN
\_s

(+)-Methyl 2-carbomethoxy-4-nitro-3-(2-thienyl)-butyrate (+)-4m
This product was obtained as a yellow oil in 87 % yield (98.9 mg) after flash
chromatography (elution gradient: ethyl acetate: petroleum ether = 1:15 to 1: 8)
and 94 % ee as determined by HPLC analysis [Daicel chiralcel OD, hexane: IPA,
60: 40, 1 mL /min, A 220 nm, t (major) = 8.4 min, t (minor) = 14.1 min] at -20°C
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for 30 hours. []p?®5 +10.1 (¢ 1.19, CHCIs); 'H NMR (500 MHz, CDCls) 8 7.16
(dd, /= 1.2, 5.0 Hz, 1 H), 6.88 (dd, J=1.0, 3.3 Hz, 1 H), 6.86 (dd, J= 3.6, 5.0 Hz,
1H), 4.88 (dd, J= 4.7, 12.8 Hz, 1 H), 4.84 (dd, J= 7.6, 12.8 Hz, 1 H), 4.50 (dt, J
=5.4,8.0 Hz, 1 H), 3.85 (d, J=7.8 Hz, 1 H), 3.70 (s 3 H), 3.61 (s, 3 H); 13C NMR
(125 MHz, CDCls) 8¢ 168.0, 167.5, 138.8, 127.5, 127.2, 126.1, 78.2, 55.7, 53.5,
53.5, 38.8.

MeO OMe
NO,

(-)-Methyl 2-carbomethoxy-3-nitromethyloctanoate (-)-4n
This product was obtained as an colorless oil in 81 % yield (89.2 mg) after flash

chromatography (elution gradient: ethyl acetate: petroleum ether = 1:20) and 86
% ee as determined by HPLC analysis [Daicel chiralcel OD-H, hexane: IPA, 95:5,
1 mL /min, N 215 nm, t (minor) = 7.3 min, t (major) = 12.5 min] at -20 °C for 72
hours. [a]p?® -4.8 (c 1.16, CHCI3); '"H NMR (500 MHz, CDCl3) &4 4.56 (dd, J=5.1,
13.4 Hz, 1 H), 4.38 (dd, /=6.8, 13.4 Hz, 1 H), 3.62 (s, 3 H), 3.62 (s, 3 H), 3.53 (d,
J=5.8 Hz, 1 H), 2.78-272 (m, 1 H), 1.32-1.28 (m, 2 H), 1.24-1.12 (m, 6 H), 0.73
(s, /=6.9 Hz,1 H); 3C NMR (125 MHz, CDClI3) ¢ 168.8, 168.6, 77.0, 53.3, 53.2,
52.7, 37.4, 31.8, 30.3, 26.7, 22.8, 14.3.

O O

MeO OMe
NO,

(-)-Methyl 2-carbomethoxy-4-nitro-3-cyclohexylbutyrate (-)-40

This product was obtained as a colorless oil in 82 % yield (94.0 mg) after flash
chromatography (elution gradient: ethyl acetate: toluene = 1:20) and 82 % ee as
determined by HPLC analysis [Daicel chiralcel OD-H, hexane: IPA, 90: 10, 0.5
mL /min, A 220 nm, t (minor) = 11.9 min, t (major) = 21.5 min] at r.t. for 31 hours.
[a]o?® -7.9 (c 1.42, CHCIz); '"H NMR (500 MHz, CDCl3) 1 4.53 (dd, J= 6.5, 14.6

S11



Hz 1H,) 3.67 (m, 7 H) 2.80 (ddd, /= 4.8, 6.5, 1.2 Hz, 1 H) 1.62 (m, 5 H) 1.36 (m,
1 H) 1.08 (m, 3 H) 0.91 (m, 2 H); 13C NMR (500 MHz, CDCls) &c 169.4, 169.0,
75.8, 53.4, 53.2, 51.4, 42.6, 40.0, 30.6, 30.2, 26.7, 26.6, 26.4.
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VWDI A, Wavelength=220 nm (PELEWHOUULS. L)
mAU

B o = @
] o s
-
1200 hat déb’P i éé”db
S &
1000 |
200
600
400
200
0 - B o -
b 5 - 10 15 20

Sorted By 3 Signal
Multiplier 3 1.0000
Dilution E 1.0000

Signal 1: VWDl A, Wavelength=220 nm

pPeak RetTime Type Width Area Height Area
# [min] | [min] [mAU*s] [mRU] %
sersfenonee e B e e |
1 13.307 MM 0.8246 6.20231e4 1253.60773 49.5752
2 16.704 MM 0.9221 6.3085%e4 1140.29041 50.4248

[ VWDT A, Wavelength=220 nm (PETE\PHUOWZY2. 1)
mAU

16701
.
%

s

700

500

Sorted By g Signal
Multiplier e 1.0000
Dilution = 1.0000

Signal 1: VWDl A&, Wavelength=220 nm

Peak RetTime Type Width Area Height Ar;ea
# [min] [min] [mAU*s] | [mAU] | % |
777; _;.f;élia MM 0.9760 1390.50916 23.74554 2.8562
2 16.701 MM 0.9321 4.72940e4 845.64545 97.1438
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VWDI A, Wavelength =280 nm (PETETPHOM0249.D)
mAU

E
b
L

Sorted By : Signal
Multiplier E 1.0000
Dilution B 1.0000

Signal 1: VWDl A, Wavelength=280 nm

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

1 76.231 MM 4.7911 6182.87354 21.50815 49.7668
2 91.340 MM 5.7155 6240.82861 18.19851 50.2332

VWDI A, Wavelength =280 nm (FETEIFH000250.D}

mAU ©
100 - 2 @Q@
BN
™~ >
v@’”
80
o0
4
20 | &
i
2 4
3
=S
0 -
0 20 40 60 80 100

Sorted By : Signal
Multiplier : 1.0000
Dilution ¢ 1.0000

Signal 1: VWDl A, Wavelength=280 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
s e me i e |,,,,‘ ___________________________________
1 77.896 MM 6,1231 3.70506e4 100.84985 94.6177
2 97.403 MM 5.7242 2107.61377 6.13652 5.3823
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Cl

VWDI1 A, Wavelength =220 nm (PETE'\PHI0256,D)
2
&

&

-
=
<
@

1200

1000

25

Sorted By : Signal
Multiplier : 1.0000
Dilution 1.0000

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area Height
# [min] [min] [maU*s] [mAU]
1 9.674 MM 0.9842 8.84588e4 1497.95056
2 25.132 MM 1.2657 9.45323e4 1244.80164
VWDT A, Wavelengih—220 nm (PETETPHOD0257.D) -
mAU
400
350 |
300
250
200
150
100
#
50 - [ @'("
0
0 5 10 15 20

. min
Area
%
-------- |
48.3405
51.6595
w
5 a®
q
s
i
25 30 min)

Sorted By 5 Signal
Multiplier : 1.0000
Dilution H 1.0000

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAU]
= e ‘ ____________________
1 10.117 MM 1.5122 1017I5F7686 11.21507
2 25.226 MM 1.2637 3.35376e4 442 .32462
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VWDT A, Wavelength =220 nm (PETE\PHO00220. D}
mAU =z
b3
o
3 &
1200 &
1000 |
800
|
600 -
00
200
0 - -
I .
0 3 10

Br

%

8210
ﬁo

20

Sorted By 1 Signal
Multiplier 2 1.0000
Diluticn = 1.0000

Signal 1: VWDl A, Wavelength=220 nm

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

1 8.964 MM 0.9908 7.50777e4
2 18.210 MM 1.2937 7.63000e4

TS YWDT A, Wavelengih=220 nm (PETEVPHONI221.DY
mAU
1800

1600
1400

1200

136

Height
[mAT]
1262.91968
982.98859

49.5963
50.4037

é§

18,085
]\9?

&

Sorted By s Signal
Multiplier : 1.0000
Dilution ] 1.0000

Signal 1: VWDl A, Wavelength=220 nm

peak RetTime Type Width Area

# [min] [min] [mAU*s]
1‘ 9.136 MM 1.1231 8152.19922

2 18.065 MM 1.7657 1.91865e5

Height
[mAU]
120.98145
1811.05432

S16

4.0757
95.9243



Br

VWDT A, Wavelength=220 nm (PETEWPHO00247. D)
200

173

Sorted By H Signal
Multiplier : 1.0000
Dilution H 1.0000

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area
# [min] ‘ [min] [mAU*s]
1 37.626 MF 2.5734 3.19568e4
2 45.953 FM 3.0095 3.05559e4
T VWDT A, Wavelength=220 nm (FLLEFIN20. 007
mAU |
1200
1000
BOO
.
|
400
200
0

Sorted BY - Signal
Multiplier £ 1.0000
pilution i 1.0000

signal 1: VWDl A, Wavelength=220 nm

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

ll 35.442 MM 3.3222 2.55795e5
2 45.944 MM 2.7066 1.26931e4d

S17

NO,

30

Height

[mAU]
206.96835
169.21802

Report

1283.24915
78.16135

40

51.1205
48.8795

95.2724
4.7276

min



~o o~
NO,
Br
et anes Lomasiy)
VWDT A, ‘Wavelength=2207m (PETE'PHI00I87.D) o
mAU 8 A »
@ - 1 S
A A
| 1& 27
- e T
.
800 -
|
|
00
|
400
200 |
0 -
0 5 0 15 20 25

Sorted By 2 Signal
Multiplier : 1.0000
Dilution 2 1.0000

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area
# [min] [min] [mAU*s]
| S ey |
1 9.906 MM 0.7592 5.07117e4

2 13.339 MM 0.8434 5.11074e4

VWDI A, Wavelength=220 nm (PETEPHUCOI88. D)
mAU

Height Area
[mAU] &

1113.32043 49.8057
1009.96594 50.1943

B
& &
¥
L
.
|3
1000
500
600
|
400
N
200 &
o
S
o B .
P s 10 15 0 D)

Sorted By g Signal
Multiplier E 1.0000
Diluticn i 1.0000

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area

# [min] [min] | [mAU*s]
7"1‘ 9.978 MM 0.8422 3010.60986
2 13.347 MM 0.8431 5.87557e4

Height Area

[maw] % |
‘ ______ ,.,,,l ,,,,,,,,

59.58171 4.,8742
llel.486B2 95.1258
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VWDT A. Wavelengdi =220 nm (PETE'PHO00217.D)
mAL

700

500

400

30

33244

~
-3
=
o
s

40

Sorted By 5 Signal
Multiplier B 1.0000
Dilution £ 1.0000

Signal 1: VWDl A, Wavelength=220 nm

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

1 33.244 W 1.4879 7.24429%e4
2 40.767 VB 2.5331 7.44857e4

VWDT A, Wavelength=220 nm (PETEIPHO00218.D)

120

744.03857
440.43204

!

49.3048
50.6852

40.216

5|

Sorted By # Signal
Multiplier : 1.0000
Dilution H 1.0000

Signal 1: VWDl A, Wavelength=220 nm

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

1 33.165 MM 1.73%5 918, 8225
2 40.216 MM 2.5302 2.14154e4

Height
[mAU]
8.80341
141.06815
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~ VWDT A, Wavelengih=220 nm (PETEPHO0U2TS,T3)

300

o~
NO,
9 A § C)
§ &é? 8 ,4é§
& &
2 30 35 0

Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Signal 1: VWDl A, Wavelength=220 nm

width
[min]

1 26.242 MM 1.7935 7.15337esd
2 32.820 MM 1.8149 7.19639%e4
VWDI A, Wavelength=320 nm (PETE\PH002 16.D)

Area
[mAU*s]

Peak RetTime Type
# [min]

Height Area
[mAU] % {
672.23975 49.8501

660.85565 50.1499

i

©
=
~
~
o

Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type
- [min]

Width
[min]
1.6436 5022.93604
1.8207 1.07299e5

Area
[mAU*s]

2 32.464 VW

Height Area
[mAU] %
45.65321 4.4719
901.45801 95.5281
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(@} (0]
NO,
MeO
VWDT A, Wavelength=220 nm (FETE\PH000193. D}
mAU | 5 S &
2 .
250 - Ivéo ":Pseb
200
150
i
100
50 4
|
0 % 10 15 20 25

Sorted By & Signal
Multiplier H 1.0000
Dilution 5 1.0000

Signal 1: VWDl A, Wavelength=220 nm

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

1 9.597 MM 0.5809 9066.21387 260.13983 48.6571
2 11.801 MM 0.6877 9566.65820 231.83745 51.3429

VWDT A, Wavelength=220 nm (PETEPHOWOISA D) 2 o= .
mAU

11.744

o

| &
G
1400 ‘?‘

1200 |

400

Sorted By ¢ Signal
Multiplier : 1.0000
Dilutien : 1.0000

Signal 1: VWDl A, Wavelength=220 nm

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

I \
1 9.640 MM 0.5949 2793.27124 '78.26107| 3.8815
2 11.744 MM 0.7452 6.81697e4 1546.99915 96.1185
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MeO NO,

VWDT A, Wavclength=220 nm (PETE\PH000262 D)

mAU o
3 G
8 P 1?

&g &
a

250 S S\-ﬁ&
|

200

150

100

50

1
o & - .
LRI IR e 5 70

Sorted By H Signal
Multiplier § 1.0000
Dilutien H 1.0000

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area Height Area
% [min] [min] [mAU*s] [mAU] % |
S Eres e B P e R
1l 55.5948 MF 3.2341 5.41306e4 278.95352 48.6114
2 "60.332 FM 4.0429 5.72232e4 235.90164 51.3886

VWDT A, Wavelength=220 nm (PETETPHO002GT. 1)

@
g e
= o
120 LI
&
&
100
80
60
a0
20 rﬁ\"\
=4 D
@ W
‘ B &
| i
9 R e e
0 20 40 60 80 100 120 140

Sorted By 3 Signal
Multiplier : 1.0000
Dilution : 1.0000

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s] [mAU] %
e et S I | | --==-=-2
1 59.839 MM 2.8891 2.20951e4 127.46130 95.5580

2 72.531 MM 5.6524 1027.09546 3.02850 4.4420
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O O
~N ~
@) 0]
NO,
OMe
VWDI A, Wavelengti =220 nm (PETE'PHOOUIS9.D) -
mAU 2 P
1600 2 - hﬁ%“ X gxi@
PES
1400 | i
1200 |
1000
00
600
400
200
§ .
0 s 10 15

Sorted By : Signal
Multiplier E 1.0000
Dilution 5 1.0000

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area Height
# [min] [min] [(mAU*s] [mAU]
cmm |- [Py [P I, ] [ o mm mimem
. 6.099 MF 0.4189 4.00967e4 1595.31189
2 7.9%4 FM 0.4893 4.21373e4 1435.16614
VWDI A, Wavelength=220 nm (PETE{PHO00150.D) -
mAU = o
| -

1400 db

va
1200
1000
800 |
600
400

W
200 &

z o
Eﬁa
0 . -
[\ 5 10 15

48.7593
51.2407

Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Signal 1: VWD1 A, Wavelength=220 nm

Peak RetTime Type Width Area Height
# [min) [min] [mAU*s] [mAU]
R e r e e I
1; 6.161 MM 0.3755 729.82062 32.395389
2 8.011 MM 0.4960 4.45109e4 1495.80017
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VWDT A, Wavelengih =220 nm (PETE\PHO00185.D)

mAl 3 %
o ,,Jh\
° L8
L1600 P
W

200

Sorted By H Signal
Multiplier : 1.0000
Dilution i 1.0000

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
= [ s e e e |
X 6.350 MM 0.7381 7.53418e4 1701.17725 48.6843
2 15.137 MM 0.8410 7.94142e4 1573.71814 51.3157

VWDT A, Wavelengih =220 nm (PETETPHO00186.D}

mAU g o8
W@
«
1000
|
300
600
400 - |
200
| [ — 2 -
0 5 10 2 e 0 25

Sorted By d Signal
Multiplier ' 1.0000
Dilution E 1.0000

Signal 1: VWDl A, Wavelength=220 nm

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

1 6.510 MM 0.6153 1326.20117 35/,821.73 2.4863
2 15.043 MM 0.7648 5.20150e4 1133.51819 97.5137
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~
— VWD A, Wavelemgth=220 nin (PETEWPHO00195. D)

1750

1250 -

730

14.015
s

Sorted By £ Signal
Multiplier H 1.0000
Dilution 5 1.0000

Signal 1: VWDl A, Wavelength=220 nm

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

1 7.980 MM 0.8948 9.94600e4
2 14.015 MM 0.9841 1.06737e5

VWDT A, Wavelength=220 nm (PETE'PH000196.0)

mALU
350
300
250
200
150
100 -
A
)
50 @‘p
o @
2
g
0
1] b] 10

Sorted By : Signal
Multiplier g 1.0000
Dilution 3 1.0000

Signal 1: VWD1 A, Wavelength=220 nm

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

I 8.353 MM 0.8843 618.53711

2 14.143 MM 0.8754 2.03634e4

Height

[mAU]
1852.50488
1807.72339

g 3
.

Height
[maU]

11.65816
387.71878
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\\() ()//

VWD A Warelength=2H0 sm (TIRXTRG Y HPOG, T

maL

il

L1

1123

4K

il 2.3 3 15 (] 125 £] (18]

e e e,

Area Percent Report

R 50 0 0 0 6 o i i

Sarted By 1 Signal
Mulciplier 1 1.0000
Cilution ] 1.0000

Signal 1: VWD1 A, Wavelength=220 nm

Peak RetTime Typa Width Area Hedght Araa
¥ [min] | [min) [mAl+s] [mat) ( %
ettt [EL T STt EoE T [y i (e R S ____._,.|
1 6,651 VB 0.2601 1.31221m4 721 ,80820 49,6883
4 11.435 VB 0.4431 1,32868m4 426.91190 50.3118

———— e umman { o upAupMY 4Pl PE3D FMORY JINXING
VDT & Wanelengih =230 s (1INKTNCTY IO By
mAl i
o
-
=1
L]
o
L]
AW
A
b
I
0
i FR| L] 15 ] 118 1 173
-.-======ﬂ----======--ll-.'I:I:===I=.----"-]:====lll--——--z:::::ﬂ.h—q--.:::::

Area Percent Report

.I----'il&.----'.Il,l-!l---.lﬂtgtuz--‘uu‘lﬂjxk--.----qpn:::n..l.ﬂ-h--

Sorted By 1 Signal
Muleipller i 1.0000
Dilution ' 1.0000

Signal 1: VWDl A, Wavelangth=220 nm

Pank RetTime Typa Width Area Helght Araa
# [min) [min] [mAU~e] [mat] %

| .
1 6.701 VB 0.3545 1896.43774 107,.16307 7.1166
2 11.409 VB 0.5051 2.47515e4 T05.94135 92,8834
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VWDT A, Warvekngh =220 nm (FETEPTIN02TE. T

mall g "
o
P
e "
L1
o Eﬂfﬂ?
250
p. L)
[T
LTl
L i)
il
0 1 i 18 2 n
S rsEsSsSESSESSESSCSENEEssssssSSSSSSSSSEmmmsseas sssszssscommmmme———
Area Fercant Report
S sesEsNEEESSS S ESSS AN sS NS TS IR RN e e -- T T T Y P FF 8 B 0 A B L L L B b L L b Ll b
Sorted By : Signal
Multiplier 1 1.0000
Dilutien 1 1.0000
Signal 1: YWDl A, Wavelength=220 nm
Peak RatTime Type Width Area Helght Area
# [min] [min] [mAts] [mat] %

e R I ........... | -------- E __________ | -------- |
1 11.855 MM | O,6046 1.75315e4 426,83363 60.4004

2 21.375 MM 1.1540 1.72530ed 245.17342 43.539¢

VWD A, Wivelerigd= 20 o (FETEPETEIITS B =
mALl ] %

5
1w
150
[E) 5“"fe
M
i
1 | L] 1 W %

Area Parcent Report

T LT T T P T R T T R P R R AR TR R TR R T TR R YR R RS TR T T

Sorted By t Signal
Multiplier 1 1.0000
Dilutieon ¥ 1,0000

Signal 1: VWD1 A, Wavelength=220 om

Paak RecTime Type Widch Area He lght Area
# [min] [min] [mALI+a] [mal] ¥

1 11.940 MM 0.5050 2333.5672348 66, 40462 B.08627
2 21.533 MM 1.1774 2.3996784 339.67120 91.1373
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