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I. General Remarks

Unless otherwise noted, all reactions were run under anhydrous conditions. Solvents were 

purified or dried by conventional procedures. NMR spectra were recorded in CDCl3 with 

tetramethylsilane (TMS) used as the internal standard. HRMS spectra were acquired in the ESI 

mode by using the mass analyzer of TOF. X-ray crystal diffraction data were collected with Mo 

Kα radiation (λ = 0.7107 Å). Column chromatography isolation was performed by using silica 

gel (200‒300 mesh) stationary phase and petroleum ether (60‒90 °C)/ethyl acetate eluent. The 

values of ee were determined through chiral HPLC using chiral columns with hexane/i-PrOH as 

the eluent. Catalysts C1, C3, and C5 were commercially available. Catalysts C2,1a C4,1b C6,1c 

C7,1c and C8,1c were prepared according to the corresponding reported procedures. MBH 

acetates were prepared by a known method.2 Nitroalkenes were prepared by a literature 

procedure.3

References:
1. (a) A. E. Taggi, A. M. Hafez, H. Wack, B. Young, D. Ferraris and T. Lectka, J. Am. Chem. 

Soc., 2002, 124, 6626; (b) P. Hammar, T. Marcelli, H. Hiemstra and F. Himoa, Adv. Synth. 
Catal., 2007, 349, 2537; (c) Y. Nakamoto, F. Urabe, K. Takahashi, J. Ishihara and S. 
Hatakeyama, Chem. Eur. J., 2013, 19, 12653.

2. (a) G. Sudhakar, K. Satish and J. Raghavaiah, J. Org. Chem., 2012, 77, 10010; (b) P. V. 
Ramachandran, T. E. Burghardt and L. Bland-Berry, J. Org. Chem., 2005, 70, 7911.

3. R. S. Fornicola, E. Oblinger and J. Montgomery, J. Org. Chem., 1998, 63, 3528.

II. General Procedure for the Catalytic Asymmetric (4+1) Annulation 

Reactions of MBH Acetates 1 and Nitroalkenes 2

OAc
CO2R +

NO2

CO2R2

R1

1 2
N OO

R2O2C
R1

CO2R
trans-3, major

+ cis-3

-IC (20 mol %)
Na2CO3 (2.0 equiv)

CH3CN, rt, 12 h
N

O
N

HO-IC

A reaction mixture of MBH acetate 1 (0.30 mmol), nitroalkene 2 (0.15 mmol), Na2CO3 (32 

mg, 0.30 mmol), and the amine catalyst C7 (9.3 mg, 0.03 mmol) in acetonitrile (1.0 mL) was 

stirred at rt for 12 h. The reaction mixture was then concentrated on a rotary evaporator under 

reduced pressure, the residue was mixed with CH2Cl2 (20 mL) and then washed twice with 

water (5 mL × 2). The organic layer was separated and dried over anhydrous sodium sulfate. 

After filtration and removal of solvent, the crude product was purified by column 

chromatography on silica gel (gradient eluent: petroleum ether (60‒90 °C)/ethyl acetate 30:1–
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10:1) to afford products 3a‒3q.

III. Procedure for the DABCO-catalyzed (4+1) Annulation Reactions

A reaction mixture of MBH acetate 1 (0.30 mmol), nitroalkene 2 (0.15 mmol), Cs2CO3 

(0.30 mmol), and DABCO (0.03 mmol) in dioxane (1.0 mL) was stirred at rt for 48 h. After 

evaporation of all volatile components, the residue was purified by column chromatography on 

silica gel (gradient eluant: petroleum ether/ethyl acetate 30:1–10:1) to afford 3a-3i, 3k, 3p, 3q.

Table S1. DABCO-catalyzed (4+1) annulation reactions of MBH acetates 1 and nitroalkenes 2

OAc
CO2R +

NO2

CO2R2

R1

1 2
N OO

R2O2C
R1

CO2R
trans-3, major

+ cis-3

R = t-Bu (1a), Et (1b)

DABCO (20 mol %)
Cs2CO3 (2.0 equiv)

dioxane, rt, 48 h

Entry 1 R1, R2 in 2 Yield (%)a Drb

1 1a Ph, Et (2a) 3a, 93 6:1
2 1a 4-CF3-C6H4, Et (2b) 3b, 94 6:1
3 1a 3-CF3-C6H4, Et (2c) 3c, 82 4:1
4 1a 4-Cl-C6H4, Et( 2d) 3d, 97 4:1
5 1a 3-Cl-C6H4, Et (2e) 3e, 91 10:1
6 1a 4-Br-C6H4, Et (2f) 3f, 92 5:1
7 1a 3-Br-C6H4, Et (2g) 3g, 95 4:1
8 1a 2-Br-C6H4, Et (2h) 3h,80 9:1
9 1a 4-F-C6H4, Et (2i) 3i, 97 5:1
10 1a 4-CH3-C6H4, Et (2k) 3k, 88 4:1
11 1b Ph, Et (2a) 3p, 67 7:1
12 1b 4-Br-C6H4, Et (2f) 3q, 61 6:1
a Isolated total yield of product 3. b Ratio of trans-/cis-3 determined by 1H NMR assay of the crude products.

IV. Procedure for Product 3r in Scheme 2 

A stirred solution of 1c (0.45 mmol) and 2q (0.30 mmol) in DMF (2.0 mL) was added 

DABCO (0.06 mmol), and the resulting mixture was continuously stirred at rt for 12 h 

(monitored by TLC). Water (10 mL) was added into it and the mixture was extracted twice with 

CH2Cl2 (20 mL  2). The combined organic layer was dried over anhydrous sodium sulfate. 

After filtration and concentration on a rotary evaporator under reduced pressure, the residue was 

subjected to column chromatography on silica gel to give the product 3r.
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V. NMR Analytical Data for New Compounds 3 and 4

N
OO

EtO2C
CO2t-Bu

trans-3a
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-phenyl-4,5-dihydroisoxazole 

2-oxide (trans-3a). Colorless oil; 28 mg, yield 51%; ee > 99%, [α]D
25 (CH2Cl2, c = 0.5) = +59.6; 

1H NMR (400 MHz, CDCl3) δ 7.40 – 7.32 (m, 5H), 6.38 (s, 1H), 6.00 (d, J = 0.8 Hz, 1H), 5.33 – 

5.24 (m, 1H), 4.48 (d, J = 2.8 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 1.46 (s, 9H), 1.17 (t, J = 7.1 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 162.5, 157.6, 137.9, 137.2, 128.1, 127.3, 126.3, 124.7, 

109.4, 81.4, 79.8, 60.8, 54.3, 27.0, 12.9; HRMS-ESI calcd for C19H24NO6 [M + H]+ 362.1598, 

found 362.1596. The enantiomeric excess of trans-3a was measured by HPLC analysis with a 

Chiralcel AS-H column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 13.8 

min, tminor = 11.2 min).

N
OO

EtO2C
CO2t-Bu

cis-3a
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-phenyl-4,5-dihydroisoxazole 

2-oxide (cis-3a). Colorless oil; 9 mg, yield 16%; ee > 99%, [α]D
25 (CH2Cl2, c = 0.5) = -44.8; 1H 

NMR (400 MHz, CDCl3) δ 7.26‒7.23 (m, 3H), 7.08‒7.06 (m, 2H), 6.03 (s, 1H), 5.77 (d, J = 8.3 

Hz, 1H), 5.73 (s, 1H), 4.95 (d, J = 8.3 Hz, 1H), 4.17 (q, J = 7.1 Hz, 2H), 1.40 (s, 9H), 1.13 (t, J = 

7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.3, 158.5, 134.9, 134.1, 128.7, 128.5, 128.3, 

126.3, 112.9, 81.9, 78.2, 61.8, 52.3, 27.9, 13.9; HRMS-ESI calcd for C19H24NO6 [M + H]+ 

362.1598, found 362.1595. The enantiomeric excess of cis-3a was assessed by HPLC analysis 

with a Chiralcel AS-H column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 

23.4 min, tminor = 19.5 min). HPLC analysis showed that the sample of cis-3a contained a small 

amount of single trans-3a diastereomer.

N
OO

EtO2C
CO2t-Bu

CF3

trans-3b
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5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-(4-(trifluoromethyl)phenyl)-

4,5-dihydroisoxazole 2-oxide (trans-3b). Yellow oil; 39 mg, yield 61%; ee > 99%, [α]D
25 

(CH2Cl2, c = 0.5) = +32.4; 1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.1 Hz, 2H), 7.52 (d, J = 

8.1 Hz, 2H), 6.40 (s, 1H), 6.04 (s, 1H), 5.27 (s, 1H), 4.56 (d, J = 2.5 Hz, 1H), 4.23‒4.18 (m, 2H), 

1.48 (s, 9H), 1.19 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.5, 158.5, 142.9, 137.8, 

130.6 (q, J = 32.6 Hz), 127.8, 126.1 (q, J = 7.5 Hz), 125.8, 123.8 (q, J = 271.9 Hz), 109.8, 82.7, 

80.3, 62.1, 55.0, 28.0, 13.9; HRMS-ESI calcd for C20H23F3NO6 [M + H]+ 430.1472, found 

430.1479. The enantiomeric excess of trans-3b was assessed by HPLC analysis with a Chiralcel 

AS-H column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 8.4 min, tminor = 

6.0 min).

N
OO

EtO2C
CO2t-Bu

CF3

cis-3b
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-(4-(trifluoromethyl)phenyl)-

4,5-dihydroisoxazole 2-oxide (cis-3b). Yellow oil; 10 mg, yield 15%; ee > 99%, [α]D
25 (CH2Cl2, 

c = 0.5) = -26.4; 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 8.1 Hz, 2H), 7.22 (d, J = 8.1 Hz, 

2H), 6.07 (d, J = 0.7 Hz, 1H), 5.79 (d, J = 8.2 Hz, 1H), 5.78 (s, 1H), 5.04 (d, J = 8.2 Hz, 1H), 

4.18 (q, J = 7.1 Hz, 2H), 1.38 (s, 9H), 1.15 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

163.2, 158.3, 139.2, 133.9, 130.5 (q, J = 32.4 Hz), 129.2, 126.7, 125.4 (q, J = 3.8 Hz), 123.8 (q, 

J = 272.2 Hz), 112.3, 82.1, 77.8, 62.0, 52.0, 27.9, 13.9; HRMS-ESI calcd for C20H23F3NO6 [M + 

H]+ 430.1472, found 430.1479. The enantiomeric excess of cis-3b was measured by HPLC 

analysis with a Chiralcel AS-H column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 

nm, tmajor = 13.5 min, tminor = 9.6 min).

N
OO

EtO2C
CO2t-Bu

CF3

trans-3c
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-(3-(trifluoromethyl)phenyl)-

4,5-dihydroisoxazole 2-oxide (trans-3c). Yellow oil; 37 mg, yield 58%; ee 98%, [α]D
25 (CH2Cl2, 

c = 0.5) = +6; 1H NMR (400 MHz, CDCl3) δ 7.65 – 7.58 (m, 3H), 7.57–7.52 (m, 1H), 6.40 (s, 

1H), 6.03 (d, J = 1.2 Hz, 1H), 5.33–5.30 (m, 1H), 4.55 (d, J = 2.7 Hz, 1H), 4.27 – 4.11 (m, 2H), 

1.46 (s, 9H), 1.17 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 163.4, 158.4, 140.0, 137.8, 
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131.4 (q, J = 26.0 Hz), 130.6, 129.8, 125.9, 125.3 (q, J = 7.4 Hz), 124.4 (q, J = 3.9 Hz), 124.1 (q, 

J = 271.9 Hz), 109.8, 82.7, 80.3, 62.0, 55.1, 28.0, 13.8; HRMS-ESI calcd for C20H23F3NO6 [M + 

H]+ 430.1472, found 430.1475. The enantiomeric excess of trans-3c was determined by HPLC 

analysis with a Chiralcel AD-H column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 

nm, tmajor = 8.2 min, tminor = 6.4 min).

N
OO

EtO2C
CO2t-Bu

Cl

trans-3d
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-4-(4-chlorophenyl)-3-(ethoxycarbonyl)-4,5-

dihydroisoxazole 2-oxide (trans-3d). Colorless oil; 35 mg, yield 59%; ee > 99%, [α]D
25 (CH2Cl2, 

c = 0.5) = +42.8; 1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.5 Hz, 

2H), 6.38 (s, 1H), 6.01 (d, J = 1.0 Hz, 1H), 5.28 – 5.22 (m, 1H), 4.47 (d, J = 2.7 Hz, 1H), 4.22 – 

4.16 (m, 2H), 1.48 (s, 9H), 1.19 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.4, 158.5, 

137.9, 137.4, 134.3, 129.3, 128.6, 125.6, 109.9, 82.5, 80.5, 61.9, 54.7, 28.0, 13.9; HRMS-ESI 

calcd for C19H23ClNO6 [M + H]+ 396.1208, found 396.1210. The enantiomeric excess of trans-

3d was assessed by HPLC analysis with a Chiralcel AD-H column (hexane/i-PrOH: 95/5, flow 

rate: 1.0 mL/min, λ = 254 nm, tmajor = 12.4 min, tminor = 8.8 min).

N
OO

EtO2C
CO2t-Bu

Cl

cis-3d
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-4-(4-chlorophenyl)-3-(ethoxycarbonyl)-4,5-

dihydroisoxazole 2-oxide (cis-3d). Colorless oil; 7 mg, yield 12%; ee > 99%, [α]D
25 (CH2Cl2, c = 

0.5) = -19.2; 1H NMR (400 MHz, CDCl3) δ 7.24 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H), 

6.07 (s, 1H), 5.77 – 5.71 (m, 2H), 4.95 (d, J = 8.6 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 1.41 (s, 

9H), 1.16 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.2, 158.3, 134.2, 133.9, 133.5, 

130.0, 128.7, 126.5, 112.5, 82.0, 78.0, 61.9, 51.7, 27.9, 13.9; HRMS-ESI calcd for C19H23ClNO6 

[M + H]+ 396.1208, found 396.1210. The enantiomeric excess of cis-3d was measured by HPLC 

analysis with a Chiralcel AS-H column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 

nm, tmajor = 21.0 min, tminor = 13.9 min).
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N
OO

EtO2C
CO2t-Bu

Cl

trans-3e
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-4-(3-chlorophenyl)-3-(ethoxycarbonyl)-4,5-

dihydroisoxazole 2-oxide (trans-3e). Yellow oil; 30 mg, yield 51%; ee 97%, [α]D
25 (CH2Cl2, c = 

0.5) = +7.6; 1H NMR (400 MHz, CDCl3) δ 7.37 (s, 1H), 7.35‒7.32 (m, 2H), 7.29‒7.25 (m, 1H), 

6.39 (s, 1H), 6.01 (d, J = 1.2 Hz, 1H), 5.30 – 5.26 (m, 1H), 4.46 (d, J = 2.7 Hz, 1H), 4.26 – 4.14 

(m, 2H), 1.48 (s, 9H), 1.20 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.4, 158.5, 

140.9, 137.9, 134.9, 130.4, 128.6, 127.6, 125.9, 125.4, 109.9, 82.6, 80.4, 62.0, 54.9, 28.0, 13.9; 

HRMS-ESI calcd for C38H48Cl2N3O12 [2M + NH4]+ 808.2610, found 808.2614. The 

enantiomeric excess of trans-3e was measured by HPLC analysis with a Chiralcel AS-H column 

(hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 10.2 min, tminor = 7.9 min).

N
OO

EtO2C
CO2t-Bu

Br

trans-3f
4-(4-Bromophenyl)-5-(3-(tert-butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4,5-

dihydroisoxazole 2-oxide (trans-3f). Yellow oil; 32 mg, yield 48%; ee > 99%, [α]D
25 (CH2Cl2, c 

= 0.5) = +28; 1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 

6.37 (s, 1H), 6.01 (d, J = 1.1 Hz, 1H), 5.27 – 5.21 (m, 1H), 4.46 (d, J = 2.7 Hz, 1H), 4.24 – 4.14 

(m, 2H), 1.48 (s, 9H), 1.19 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.4, 158.5, 

138.0, 137.8, 132.2, 129.0, 125.7, 122.4, 109.9, 82.5, 80.4, 61.9, 54.7, 28.0, 13.9; HRMS-ESI 

calcd for C19H23BrNO6 [M + H]+ 440.0703, found 440.0698. The enantiomeric excess of trans-

3f was determined by HPLC analysis with a Chiralcel AS-H column (hexane/i-PrOH: 95/5, flow 

rate: 1.0 mL/min, λ = 254 nm, tmajor = 13.8 min, tminor = 9.7 min). 

N
OO

EtO2C
CO2t-Bu

Br

cis-3f
4-(4-Bromophenyl)-5-(3-(tert-butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4,5-

dihydroisoxazole 2-oxide (cis-3f). Yellow oil; 10 mg, yield 16%; ee > 99%, [α]D
25 (CH2Cl2, c = 
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0.5) = -14; 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.4 Hz, 2H), 6.96 (d, J = 8.4 Hz, 2H), 

6.07 (s, 1H), 5.77–5.73 (m, 2H), 4.93 (d, J = 8.7 Hz, 1H), 4.23 – 4.14 (m, 2H), 1.41 (s, 9H), 1.16 

(t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.2, 158.3, 134.1, 133.9, 131.7, 130.3, 

126.5, 122.4, 112.4, 82.0, 77.9, 61.9, 51.7, 27.9, 13.9; HRMS-ESI calcd for C19H23BrNO6 [M + 

H]+ 440.0703, found 440.0698. The enantiomeric excess of cis-3f was determined by HPLC 

analysis with a Chiralcel AS-H column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 

nm, tmajor = 24.3 min, tminor = 16.8 min).

N
OO

EtO2C
CO2t-Bu

Br

trans-3g
4-(3-Bromophenyl)-5-(3-(tert-butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4,5-

dihydroisoxazole 2-oxide (trans-3g). Colorless oil; 36 mg, yield 55%; ee 97%, [α]D
25 (CH2Cl2, c 

= 0.5) = +31.2; 1H NMR (400 MHz, CDCl3) δ 7.52 (s, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.33 ‒ 7.25 

(m, 2H), 6.39 (s, 1H), 6.01 (s, 1H), 5.32 – 5.23 (m, 1H), 4.45 (d, J = 2.7 Hz, 1H), 4.25 – 4.15 

(m, 2H), 1.48 (s, 9H), 1.20 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.4, 158.4, 

141.1, 137.8, 131.5, 130.7, 130.4, 125.9, 125.8, 123.0, 109.8, 82.6, 80.4, 61.9, 54.9, 28.0, 13.9; 

HRMS-ESI calcd for C19H23BrNO6 [M + H]+ 440.0703, found 440.0709. The enantiomeric 

excess of trans-3g was measured by HPLC analysis with a Chiralcel AS-H column (hexane/i-

PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 11.2 min, tminor = 8.9 min).

N
OO

EtO2C
CO2t-Bu

Br

trans-3h
4-(2-Bromophenyl)-5-(3-(tert-butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4,5-

dihydroisoxazole 2-oxide (trans-3h). Yellow oil; 41 mg, yield 62%; ee 88%, [α]D
25 (CH2Cl2, c = 

0.5) = +72.4; 1H NMR (400 MHz, CDCl3) δ 7.60 (dd, J = 8.0, 1.0 Hz, 1H), 7.43–7.34 (m, 2H), 

7.22–7.17 (m, 1H), 6.40 (s, 1H), 5.97 (s, 1H), 5.28 (d, J = 4.2 Hz, 1H), 5.19 (d, J = 4.3 Hz, 1H), 

4.25 – 4.15 (m, 2H), 1.46 (s, 9H), 1.13 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.2, 

158.3, 138.6, 138.2, 133.4, 129.82, 129.84, 128.6, 126.7, 123.6, 110.6, 82.6, 80.7, 61.8, 54.2, 

27.9, 13.9; HRMS-ESI calcd for C19H23BrNO6 [M + H]+ 440.0703, found 440.0696. The 

enantiomeric excess of trans-3h was determined by HPLC analysis with a Chiralcel AS-H 

column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 13.7 min, tminor = 12.1 

min).
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N
OO

EtO2C
CO2t-Bu

F

trans-3i
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-(4-fluorophenyl)-4,5-

dihydroisoxazole 2-oxide (trans-3i). Yellow oil; 30 mg, yield 52%; ee > 99%, [α]D
25 (CH2Cl2, c 

= 0.5) = +59.2; 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.31 (m, 2H), 7.12 – 7.05 (m, 2H), 6.38 (s, 

1H), 6.01 (d, J = 0.8 Hz, 1H), 5.31 – 5.20 (m, 1H), 4.48 (d, J = 2.6 Hz, 1H), 4.25 – 4.15 (m, 2H), 

1.47 (s, 9H), 1.19 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.5, 162.6 (d, J = 247.3 

Hz), 158.5, 138.0, 134.8 (d, J = 3.4 Hz), 129.0, (d, J = 8.2 Hz), 125.6, 116.1 (d, J = 21.7 Hz), 

110.1, 82.5, 80.7, 61.9, 54.6, 28.0, 13.9; HRMS-ESI calcd for C38H48F2N3O12 [2M + NH4]+ 

776.3201, found 776.3200. The enantiomeric excess of trans-3i was assessed by HPLC analysis 

with a Chiralcel AS-H column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 

12.1 min, tminor = 9.2 min).

N
OO

EtO2C
CO2t-Bu

F

trans-3j
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-(3-fluorophenyl)-4,5-

dihydroisoxazole 2-oxide (trans-3j). Yellow oil; 31 mg, yield 54%; ee 99%, [α]D
25 (CH2Cl2, c = 

0.5) = +15.6; 1H NMR (400 MHz, CDCl3) δ 7.40‒7.34 (m, 1H), 7.17 (d, J = 7.8 Hz, 1H), 7.13 – 

7.01 (m, 2H), 6.39 (s, 1H), 6.01 (d, J = 1.1 Hz, 1H), 5.31 ‒ 5.28 (m, 1H), 4.49 (d, J = 2.7 Hz, 

1H), 4.26 – 4.14 (m, 2H), 1.48 (s, 9H), 1.19 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

163.5, 163.0 (d, J = 247.4 Hz), 158.5, 141.3 (d, J = 7.1 Hz), 137.9, 130.7 (d, J = 8.2 Hz), 125.8, 

122.9 (d, J = 2.8 Hz), 115.4 (d, J = 21.0 Hz), 114.6 (d, J = 22.4 Hz), 109.9, 82.6, 80.5, 62.0, 55.0, 

28.0, 14.0; HRMS-ESI calcd for C38H48F2N3O12 [2M + NH4]+ 776.3200, found 776.3201. The 

enantiomeric excess of trans-3j was measured by HPLC analysis with a Chiralcel AS-H column 

(hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 10.1 min, tminor = 8.1 min).

N
OO

EtO2C
CO2t-Bu

trans-3k
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5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-(p-tolyl)-4,5-

dihydroisoxazole 2-oxide (trans-3k). Yellow oil; 24 mg, yield 42%; ee > 99%, [α]D
25 (CH2Cl2, c 

= 0.5) = +69.6; 1H NMR (400 MHz, CDCl3) δ 7.25 (d, J = 8.1 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 

6.36 (s, 1H), 5.98 (d, J = 0.7 Hz, 1H), 5.29 – 5.24 (m, 1H), 4.45 (d, J = 2.8 Hz, 1H), 4.25 – 4.15 

(m, 2H), 2.35 (s, 3H), 1.47 (s, 9H), 1.18 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

163.5, 158.7, 138.3, 138.1, 136.0, 129.8, 127.2, 125.6, 110.6, 82.4, 81.0, 61.8, 55.0, 28.0, 21.2, 

14.0; HRMS-ESI calcd for C40H54N3O12 [2M + NH4]+ 768.3702, found 768.3707. The 

enantiomeric excess of trans-3k was determined by HPLC analysis with a Chiralcel AS-H 

column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 6.9 min, tminor = 6.4 

min).

N
OO

EtO2C
CO2t-Bu

cis-3k
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-(p-tolyl)-4,5-

dihydroisoxazole 2-oxide (cis-3k). Yellow oil; 12 mg, yield 21%; ee > 99%, [α]D
25 (CH2Cl2, c = 

0.5) = -66.8; 1H NMR (400 MHz, CDCl3) δ 7.05 (d, J = 7.9 Hz, 2H), 6.94 (d, J = 8.1 Hz, 2H), 

6.04 (s, 1H), 5.74 (d, J = 8.1 Hz, 1H), 5.72 (s, 1H), 4.90 (d, J = 8.1 Hz, 1H), 4.25 – 4.15 (m, 

2H), 2.30 (s, 3H), 1.42 (s, 9H), 1.15 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.3, 

158.6, 138.0, 134.0, 131.7, 129.2, 128.5, 126.3, 113.0, 81.8, 78.3, 61.8, 51.9, 27.9, 21.2, 13.9. 

HRMS-ESI calcd for C40H54N3O12 [2M + NH4]+ 768.3702, found 768.3707. The enantiomeric 

excess of cis-3k was determined by HPLC analysis with a Chiralcel AD-H column (hexane/i-

PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 7.6 min, tminor = 11.3 min).

N
OO

EtO2C
CO2t-Bu

trans-3l
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-(m-tolyl)-4,5-

dihydroisoxazole 2-oxide (trans-3l). Yellow oil; 35 mg, yield 62%; ee > 99%, [α]D
25 (CH2Cl2, c 

= 0.5) = +76; 1H NMR (400 MHz, CDCl3) δ 7.30 – 7.24 (m, 1H), 7.17 ‒ 7.12 (m, 3H), 6.37 (s, 

1H), 5.98 (d, J = 1.0 Hz, 1H), 5.30 – 5.26 (m, 1H), 4.44 (d, J = 2.9 Hz, 1H), 4.24 – 4.13 (m, 2H), 

2.36 (s, 3H), 1.46 (s, 9H), 1.18 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.5, 158.7, 

138.9, 138.8, 138.3, 129.1, 128.9, 127.8, 125.7, 124.5, 110.6, 82.4, 80.9, 61.8, 55.3, 28.0, 21.4, 
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13.9; HRMS-ESI calcd for C40H54N3O12 [2M + NH4]+ 768.3702, found 768.3714. The 

enantiomeric excess of trans-3l was measured by HPLC analysis with a Chiralcel OD-H column 

(hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 5.5 min, tminor = 6.0 min).

N
OO

EtO2C
CO2t-Bu

O

trans-3m
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-(3-methoxyphenyl)-4,5-

dihydroisoxazole 2-oxide (trans-3m). Yellow oil; 40 mg, yield 68%; ee > 99%, [α]D
25 (CH2Cl2, c 

= 0.5) = +76.8; 1H NMR (400 MHz, CDCl3) δ 7.30 (t, J = 7.9 Hz, 1H), 6.94 (d, J = 7.7 Hz, 1H), 

6.91 – 6.85 (m, 2H), 6.37 (s, 1H), 5.98 (s, 1H), 5.33 – 5.25 (m, 1H), 4.46 (d, J = 2.8 Hz, 1H), 

4.25 – 4.14 (m, 2H), 3.82 (s, 3H), 1.47 (s, 9H), 1.19 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 163.5, 160.1, 158.7, 140.4, 138.2, 130.1, 125.8, 119.6, 113.5, 113.2, 110.4, 82.5, 80.8, 

77.4, 61.8, 55.3, 28.0, 14.0; HRMS-ESI calcd for C20H26NO7 [M + H]+ 392.1704, found 

392.1698. The enantiomeric excess of trans-3m was determined by HPLC analysis with a 

Chiralcel AS-H column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 22.6 

min, tminor = 16.5 min).

N
OO

EtO2C
CO2t-Bu

trans-3n
5-(3-(tert-Butoxy)-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-(naphthalen-2-yl)-4,5-

dihydroisoxazole 2-oxide (trans-3n). Yellow oil; 33 mg, yield 53%; ee 91%, [α]D
25 (CH2Cl2, c = 

0.5) = +61.6; 1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.2 Hz, 1H), 7.93 – 7.80 (m, 2H), 7.59 

– 7.46 (m, 4H), 6.44 (s, 1H), 5.98 (s, 1H), 5.43 – 5.34 (m, 2H), 4.04 (q, J = 7.1 Hz, 2H), 1.30 (s, 

9H), 0.93 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.4, 158.6, 138.8, 135.3, 134.0, 

130.8, 129.10, 129.06, 126.9, 126.6, 126.1, 125.7, 124.4, 123.0, 111.2, 82.6, 81.4, 61.7, 46.3, 

27.7, 13.7; HRMS-ESI calcd for C23H26NO6 [M + H]+ 412.1755, found 412.1749. The 

enantiomeric excess of trans-3n was measured by HPLC analysis with a Chiralcel AS-H column 

(hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 21.5 min, tminor = 17.8 min). 

HPLC analysis showed that the sample of trans-3n contained a small amount of single cis-3n 

diastereomer.
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N
OO

BnO2C
CO2t-Bu

trans-3o
3-((Benzyloxy)carbonyl)-5-(3-(tert-butoxy)-3-oxoprop-1-en-2-yl)-4-phenyl-4,5-

dihydroisoxazole 2-oxide (trans-3o). Yellow semi-solid, m.p. 57‒59 °C; ee 99%, [α]D
25 (CH2Cl2, 

c = 0.5) = +23.6; 1H NMR (400 MHz, CDCl3) δ 7.42 ‒ 7.25 (m, 8H), 7.10‒7.06 (m, 2H), 6.36 (s, 

1H), 5.98 (d, J = 0.9 Hz, 1H), 5.29 (d, J = 2.8 Hz, 1H), 5.21 (d, J = 12.5 Hz, 1H), 5.07 (d, J = 

12.5 Hz, 1H), 4.50 (d, J = 3.0 Hz, 1H), 1.44 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 163.5, 

158.5, 138.9, 138.1, 134.8, 129.2, 128.5, 128.3, 128.0, 127.7, 127.4, 125.9, 110.3, 82.5, 81.0, 

67.2, 55.2, 28.0; HRMS-ESI calcd for C24H26NO6 [M + H]+ 424.1755, found 424.1756. The 

enantiomeric excess of trans-3o was determined by HPLC analysis with a Chiralcel AS-H 

column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 18.8 min, tminor = 14.3 

min). HPLC analysis showed that the sample of trans-3o contained a small amount of single cis-

3o diastereomer.

N
OO

EtO2C
CO2Et

trans-3p
5-(3-Ethoxy-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4-phenyl-4,5-dihydroisoxazole 2-

oxide (trans-3p). Colorless oil; 26 mg, yield 52%; ee > 99%, [α]D
25 (CH2Cl2, c = 0.5) = +52; 1H 

NMR (400 MHz, CDCl3) δ 7.42 – 7.33 (m, 5H), 6.48 (s, 1H), 6.11 (d, J = 1.1 Hz, 1H), 5.30 (s, 

1H), 4.53 (d, J = 2.5 Hz, 1H), 4.27 (q, J = 7.1 Hz, 2H), 4.20 (q, J = 7.1 Hz, 2H), 1.29 (t, J = 7.1 

Hz, 3H), 1.16 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 164.4, 158.6, 138.8, 136.8, 

129.1, 128.3, 127.1, 126.4, 110.2, 80.6, 61.8, 61.4, 55.1, 14.0, 13.9; HRMS-ESI calcd for 

C17H20NO6 [M + H]+ 334.1285, found 334.1287. The enantiomeric excess of trans-3p was 

determined by HPLC analysis with a Chiralcel AS-H column (hexane/i-PrOH: 95/5, flow rate: 

1.0 mL/min, λ = 254 nm, tmajor = 19.3 min, tminor = 14.3 min).

N
OO

EtO2C
CO2Et

Br

trans-3q
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4-(4-Bromophenyl)-5-(3-ethoxy-3-oxoprop-1-en-2-yl)-3-(ethoxycarbonyl)-4,5-

dihydroisoxazole 2-oxide (trans-3q). Yellow oil; 28 mg, yield 45%; ee 98%, [α]D
25 (CH2Cl2, c = 

0.5) = +14.8; 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.7 Hz, 2H), 

6.48 (s, 1H), 6.12 (d, J = 1.4 Hz, 1H), 5.26 – 5.22 (m, 1H), 4.50 (d, J = 2.4 Hz, 1H), 4.31 – 4.24 

(m, 2H), 4.23 – 4.15 (m, 2H), 1.30 (t, J = 7.1 Hz, 3H), 1.19 (t, J = 7.1 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 164.3, 158.4, 137.9, 136.5, 132.3, 128.9, 126.4, 122.4, 109.7, 80.2, 62.0, 61.5, 

54.6, 14.1, 13.9; HRMS-ESI calcd for C17H19BrNO6 [M + H]+ 412.0390, found 412.0383. The 

enantiomeric excess of trans-3q was determined by HPLC analysis with a Chiralcel AS-H 

column (hexane/i-PrOH: 95/5, flow rate: 1.0 mL/min, λ = 254 nm, tmajor = 19.1 min, tminor = 14.7 

min).

N O

Ph

CO2EtO

O

Ph

cis-3r

Ph

3-Benzoyl-5-(3-ethoxy-3-oxo-1-phenylprop-1-en-2-yl)-4-phenyl-4,5-dihydroisoxazole 2-

oxide (cis-3r). White solid, m.p. 149–151 °C; 25 mg, yield 19%; 1H NMR (400 MHz, CDCl3) δ 

8.07 (s, 1H), 7.79 (d, J = 7.7 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.44 (t, J = 7.7 Hz, 2H), 7.41 – 

7.32 (m, 5H), 7.24 (d, J = 7.7 Hz, 1H), 7.09 (t, J = 7.7 Hz, 2H), 6.79 (d, J = 7.7 Hz, 2H), 5.66 (d, 

J = 6.9 Hz, 1H), 5.37 (d, J = 6.9 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 1.34 (t, J = 7.1 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 185.2, 165.3, 146.1, 138.4, 135.5, 133.4, 132.9, 129.5, 129.0, 128.9, 

128.5, 128.4 (2C), 128.0, 118.6, 79.3, 61.7, 55.8, 14.1; HRMS-ESI calcd for C27H24NO5 [M + 

H]+ 442.1649, found 442.1652.

t-BuO2C

NO2EtO2C

4
5-(tert-Butyl)-1-ethyl-4-methylene-2-(2-methylprop-1-en-1-yl)-2-nitropentanedioate (4). 

Colorless oil; 40 mg, yield 82%; 1H NMR (400 MHz, CDCl3) δ 6.18 (s, 1H), 5.80 (s, 1H), 5.49 

(s, 1H), 4.32 – 4.21 (m, 2H), 3.48 (d, J = 14.2 Hz, 1H), 3.34 (d, J = 14.2 Hz, 1H), 1.80 (s, 3H), 

1.62 (s, 3H), 1.47 (s, 9H), 1.28 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 166.3, 165.5, 

141.0, 135.2, 128.8, 117.8, 94.9, 81.1, 62.9, 37.6, 27.8, 27.4, 18.8, 13.7; HRMS-ESI calcd for 

C16H29N2O6 [M + NH4]+ 345.2020, found 345.2022.
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VI. ORTEP Drawing for trans-3o

N
O

O

O O

O
O

Figure S1. ORTEP Drawing for trans-3o with 50% ellipsoid probability

Identification code trans-3o

Empirical formula C24H25NO6

Formula weight 423.45

Temperature 113(2) K

Wavelength 0.71073 Å

Crystal system, space group Orthorhombic, P2(1)2(1)2(1)

Unit cell dimensions a = 5.530(2)Å, α= 90°

b = 12.216(4)Å, β= 90°

c = 32.227(13)Å, γ= 90°

Volume 2177.1(14) Å3

Z, Calculated density 4, 1.292 Mg/m3

Absorption coefficient 0.093 mm-1

F(000) 896

Crystal size 0.20 x 0.18 x 0.12 mm3

Theta range for data collection 3.03 to 25.69°

Limiting indices -6<=h<=6,-14<=k<=14,-28<=l<=39

Reflections collected / unique 19718 / 4121 [R(int) = 0.0960]

Completeness to the θ = 27.50° 99.6 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.9889 and 0.9816

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 4121 / 0 / 283

Goodness-of-fit on F2 1.164

Final R indices [I>2σ(I)] R1 = 0.0585, wR2 = 0.1060

R indices (all data) R1 = 0.0916, wR2 = 0.1182

Largest diff. peak and hole 0.241 and -0.210 e. Å-3
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VII. NMR Spectra for 3a-3r and 4
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VIII. Chiral HPLC Graphs for 3a-3q
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