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General Methods 

Commercially available compounds were used without further purification. The solvents and 

reagents were purified and dried according to standard procedures. Column chromatography was 

carried out using silica gel (200–300 mesh). Melting points were measured on an XT-4 melting 

point apparatus without correction. The 1H-NMR and 13C-NMR spectra were recorded on BRUKER 

AVANCE II 400MHz and 600MHz spectrometer. Infrared spectra were obtained on Thermo 

Scientific Nicolet iS5 or Bruker tensor II spectrometer. The ESI-HRMS spectra were obtained on 

Bruker APEX IV mass spectrometer. Elemental analysis was performed with an Elementar Vario 

MICRO Cube. Optical rotations were measured with Rudolph Research Analytical Autopol III. The 

dr value and ee value of the products were determined by chiral HPLC (Shimadzu LC-20A) analysis 

using a Chiralpak IC (n-hexane/EtOH as eluent). The crystal structure of 3a was confirmed by D8 

Venture X-ray crystal diffractometer. 

Synthesis of organocatalysts 

 

Figure S1. Structures of C01-C21. 

 

C02, C04 and C05 were known compounds and prepared according to the literature procedures.3-5 

C08-C21 were reported in our previous work.2,6  

C01, C03, C06 and C07 were synthesized as followed routes in Scheme S1. Intermediates M1-M5 

in Scheme S1 were prepared according to the literature.1 M6 was prepared according to the 

literature.2,6 

 



 

Scheme S1. Synthetic routes of C01, C03, C06 and C07. 

 

2-(Benzylamino)-3-(((1S,2S)-2-(dimethylamino)cyclohexyl)amino)-4-Thioxocyclobut-2-en-1-

one (C01). Compound M4 (1.0 mmol, 1.0 eq.) was dissolved in DCM, and (1S,2S)-N, N-

dimethylcyclohexane-1,2-diamine (1.1 mmol, 1.1 eq, commercially available) was added dropwise 

at 0°C. The mixture was stirred for 30 minutes at 0°C, and warmed to the room temperature for 30 

minutes (monitored by TLC). The reaction mixture was then concentrated and purified by silica gel 

column chromatography (DCM/MeOH) to give yellow solid. 62.1% yield, m.p. 201-204 oC, [α]D
30 

= -140.40 (c = 0.11, MeOH). 1H NMR (400 MHz, DMSO) δ 8.59 (s, 1H), 7.73 (s, 1H), 7.38 (m, 

5H), 4.77 (s, 2H), 2.33 (s, 1H), 2.18 (s, 7H), 1.74 (m, 4H), 1.19 (m, 4H).13C NMR (100 MHz, 

DMSO-d6) δ 202.6, 201.1, 179.9, 171.4, 168.7, 137.4, 128.8, 128.0, 127.9, 65.8, 60.3, 52.9, 47.8, 

46.3, 35.8, 33.6, 24.3, 24.0, 21.2. IR(ATR):1760.4, 1644.5, 1606.5, 1544.4 cm-1. HRMS m/z calcd 

for C19H26N3OS [M+H]+ 344.1791, found 344.1796. 

 

3-(Benzylamino)-4-(((1S,2S)-2-(dimethylamino) cyclohexyl) amino) cyclobut-3-ene-1,2-

dithione (C03). According to the above procedures, C03 was prepared with M5 and (1S,2S)-N, N-

dimethylcyclohexane-1,2-diamine. Yellow solid, 47.0% yield, m.p. 133-136 oC, [α]D
30 = -30.29 (c 

= 0.175, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.30 (d, J = 24.7 Hz, 5H), 5.25 (d, J = 85.2 Hz, 

2H), 3.76 (d, J = 90.4 Hz, 1H), 2.28 (m, 9H), 1.25 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 176.4, 

170.1, 136.8, 129.9, 129.9, 128.8, 128.3, 127.9, 66.4, 54.7, 47.6, 40.1, 36.00, 31.9, 29.7, 29.3, 27.2, 

25.5, 24.7, 22.7. IR(ATR):1709.8, 1635.5 cm-1. HRMS m/z calcd for C19H26N3S2 [M+H]+ 360.1563, 

found 360.1565. 

 

2-(Benzylamino)-3-(((1S)-(6-methoxyquinolin-4-yl)((2S)-5-vinylquinuclidin-2-yl)methyl) 

amino) -4-thioxocyclobut-2-en-1-one (C06). Compound M4 (1.0 mmol, 1.0 eq) was dissolved in 

5mL DCM, and amine M6 (1.1 mmol, 1.1 eq) was added dropwise at 0°C. The mixture was stirred 

at 0°C for 30 minutes, and then warmed to room temperature for 10 hours (monitored by TLC). The 



reaction mixture was concentrated and purified by silica gel column chromatography (DCM/MeOH ) 

to give orange solid. 57.4% yield, m.p. 133-135oC, [α]D
30 = 88.00 (c = 0.125, MeOH). 1H NMR 

(400 MHz, DMSO) δ 8.81 (d, J = 4.3 Hz, 1H), 8.64 (s, 1H), 7.97 (d, J = 9.2 Hz, 2H), 7.58 (s, 1H), 

7.48-7.28 (m, 7H), 5.96-5.78 (m, 1H), 4.97 (dd, J = 22.3, 13.8 Hz, 2H), 4.74 (s, 2H), 4.00 (s, 3H), 

3.61 (s, 1H), 3.18 (s, 2H), 2.64 (m, 2H), 2.27 (s, 2H), 2.00 (m, 1H), 1.55 (m, 4H). 13C NMR (101 

MHz, DMSO) δ 199.9, 179.7, 177.1, 174.2, 171.4, 168.3, 157.6, 147.7, 144.2, 141.8, 137.1, 131.4, 

129.6, 128.8, 128.6, 128.6, 127.9, 126.9, 122.6, 114.3, 102.4, 56.0, 55.4, 47.9, 40.6, 35.1, 31.2, 30.4, 

28.7, 27.1, 25.2. IR(ATR):1762.7, 1620.5, 1555.5, 1505.2 cm-1. HRMS: m/z calcd for C31H31N4O2S- 

[M-H]- 523.2173, Found: 523.2166. 

 

3-(Benzylamino) -4- (((1S) - (6-methoxyquinolin-4-yl) ((2S) -5- vinylquinuclidin-2-yl) methyl) 

amino) cyclobut-3-ene-1,2-dithione (C07). According to the procedures of C06, C07 was obtained 

with the reaction of M5 and M6. Yellow solid, 88.2% yield, m.p. 107-115oC, [α]D
30 = 106.00 (c = 

0.10, MeOH).1H NMR (600 MHz, DMSO-d6) δ 9.22 (s, 1H), 8.82 (d, J = 4.4 Hz, 1H), 8.07-7.92 

(m, 2H), 7.63 (d, J = 4.5 Hz, 1H), 7.49-7.27 (m, 7H), 5.95-5.81 (m, 1H), 5.29 (q, J = 14.3 Hz, 2H), 

4.99 (dd, J = 35.7, 13.7 Hz, 2H), 4.01 (s, 3H), 3.68 (s, 1H), 2.71 (s, 2H), 2.34 (s, 1H), 1.83 (s, 1H), 

1.60 (d, J = 25.9 Hz, 4H), 1.25 (m, 3H). 13C NMR (150 MHz, DMSO-d6) δ 202.8, 171.2, 170.1, 

169.8, 158.3, 148.2, 148.0, 144.8, 137.8, 132.0, 131.7, 129.3, 128.9, 128.8, 128.7, 128.3, 127.8, 

127.4, 122.7, 115.1, 102.8, 61.0, 56.6, 55.7, 55.4, 47.6, 46.5, 41.2, 39.2, 27.5, 25.4. IR(ATR):1697.9, 

1619.8, 1556.5 cm-1. HRMS m/z calcd for C31H33N4OS2 [M + H]+ 541.2090, found 541.2110. 

 

Catalysts screening for the model reaction. 

Table S1. Catalysts screening for the model reaction a 

 

Entry Catalyst 
Equiv 

of 2a 
Time(h) Yield(%)b ee(%)c drc 

1 C01 1.0 24 32 73 82:18 

2 C01 2.0 24 77 75 87:13 

3 C02 2.0 24 32 47 86:14 

4 C03 2.0 24 trace - - 

5 C04 2.0 24 31 71 89:11 

6 C05 2.0 24 36 57 88:12 

7 C06 2.0 24 51 70 82:18 

8 C07 2.0 24 38 74 85:15 

9 C08 2.0 72 33 41 75:25 



10 C09 2.0 48 30 55 83:17 

11 C10 2.0 72 19 51 87:13 

12 C11 2.0 72 12 51 87:13 

13 C12 2.0 72 24 37 86:14 

14 C13 2.0 72 30 39 85:15 

15 C14 2.0 72 22 51 86:14 

16 C15 2.0 72 27 34 81:19 

17 C16 2.0 72 12 -57 78:22 

18 C17 2.0 72 23 -56 88:12 

19 C18 2.0 72 29 -49 87:13 

20 C19 2.0 72 38 -41 78:22 

21 C20 2.0 80 15 -45 89:11 

22 C21 2.0 72 21 -42 89:11 
aAll reactions were carried out with 5-methyl-2(3H)-furanone (1a, 0.3 

mmol, 29.4mg), trans-nitrostyrene (2a) and the catalyst (5 mol%) in 

1.0 mL CHCl3 at room temperature; a minus sign of ee means that the 

product has the opposite configuration bIsolated yield. cDetermined by 

chiral HPLC on Chiralpak IC column. 

 

Optimization of reaction conditions 

Table S2. Optimization of reaction conditions for the enantioselective double Michael addition of 

5-methyl-2(3H)-furanone (1a) to trans-nitrostyrene (2a) a 

 

Entry Solvent T.(oC) Time(h) Yield(%)b ee(%)c drc 

1 CHCl3 20 24 77 75 87:13 

2 toluene 20 48 28 65 88:12 

3 EtOAc 20 24 75 30 88:12 

4 CH3OH 20 30 34 14 87:13 

5 CH3CN 20 72 26 29 86:14 

6 THF 20 48 38 62 87:13 

7 Et2O 20 48 50 31 88:12 

8 DMF 20 48 46 13 89:11 

9 DMSO 20 48 37 16 89:11 

10 H2O 20 20 51 30 88:12 

11 brine 20 20 40 61 82:18 



12 DCM 20 20 63 73 82:18 

13 CHCl3 60 24 75 41 85:15 

14 CHCl3 0 60 62 71 94:6 

15 CHCl3 -15 60 55 79 94:6 

16 CHCl3 -30 70 77 86 93:7 

17 CHCl3 -50 84 39 83 94:6 

18[d] CHCl3 -30 70 70 83 93:7 

19[e] CHCl3 -30 70 75 81 94:6 
aAll reactions were carried out with 5-methyl-2(3H)-furanone (1a, 0.3 mmol, 

29.4 mg), trans-nitrostyrene (2a, 0.6 mmol, 89.5 mg) and the catalyst C01. 
bIsolated yield. cDetermined by chiral HPLC on Chiralpak IC column. d2.5 mol% 

C01.e10 mol% C01. 

 

General procedure for the asymmetric double Michael addition of 5-methyl-2(3H)-furanone 

to β-nitroolefins 

To a solution of catalyst (C01, 0.015 mmol, 5.2 mg) and nitroolefin (0.6 mmol) in CHCl3 (2.0 ml) 

was added 5-methyl 2(3H)-furanone (0.3 mmol, 29.4 mg). The reaction mixture was stirred at -30 

oC (monitored by TLC). After the reaction is completed, the mixture was concentrated and purified 

by silica gel column chromatography (ethyl acetate/petroleum). 

 

3a 

White solid, 77% yield, 86% ee, 93:7 dr, [α]D
20 = 87.69 (c = 0.325, CH2Cl2). m.p. 169.4-170.2oC, 

HPLC: Chiralpak IC column (n-hexane/EtOH = 75/25, flow rate 1.0 mL/min, λ = 210 nm), tR(1) = 

9.221 min, tR(2) = 9.788 min, tR(3) = 10.793 min, tR(4) = 12.538 min. 1H NMR (600 MHz, CDCl3) 

δ 7.34-7.19 (m, 6H), 7.10 (d, J = 7.3 Hz, 2H), 6.97 (s, 1H), 6.74 (d, J = 7.3 Hz, 2H), 4.92 (dd, J = 

13.5, 4.9 Hz, 1H), 4.85-4.77 (m, 2H), 4.66 (dd, J = 13.3, 7.0 Hz, 1H), 4.35 (t, J = 7.7 Hz, 1H), 3.94 

(dd, J = 9.8, 4.9 Hz, 1H), 1.54 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 170.2, 152.9, 135.0, 134.4, 

132.6, 129.4, 129.3, 128.9, 128.3, 127.4, 86.5, 76.6, 75.5, 50.5, 40.9, 23.6. IR(ATR): 3082.5, 2923.0, 

2852.7, 1753.5, 1652.4, 1556.6, 1493.0, 1454.7, 1433.5, 1382.0, 1272.1, 1240.4, 1113.7, 1028.2, 

950.4, 798.2, 768.9, 702.9 cm-1. HRMS m/z calcd for C21H19N2O6 [M-H]- 395.1249, found 



395.1241. 

 

3b 

White solid, 86% yield, 86% ee, >99:1 dr, [α]D
20 = 90.86 (c = 0.35, CH2Cl2). m.p. 166-167.3oC, 

HPLC: Chiralpak IC column (n-hexane/EtOH = 75/25, flow rate 1.0 mL/min, λ = 210 nm), tR(1) = 

9.288 min, tR(2) = 9.799 min, tR(3) = 11.127 min, tR(4) = 11.820 min. 1H NMR (400 MHz, CDCl3) 

δ 7.08 (d, J = 7.9 Hz, 2H), 7.00 (dd, J = 14.8, 7.7 Hz, 5H), 6.68 (d, J = 8.0 Hz, 2H), 4.91-4.72 (m, 

3H), 4.63 (dd, J = 13.2, 7.0 Hz, 1H), 4.34 (dd, J = 14.1, 6.5 Hz, 1H), 3.90 (dd, J = 9.9, 5.0 Hz, 1H), 

2.33 (s, 3H), 2.30 (s, 3H), 1.52 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 170.5, 152.9, 138.7, 138.1, 

132.7, 132.1, 131.3, 130.1, 129.9, 128.2, 127.4, 86.7, 75.7, 50.3, 40.6, 23.7, 21.3, 21.2. IR(ATR): 

3028.9, 2922.3, 2852.3, 1753.6, 1613.2, 1553.9, 1512.8, 1453.7, 1433.0, 1374.3, 1252.8, 1177.3, 

1115.6, 1031.4, 983.7, 816.9, 648.5, 517.9 cm-1. Anal. Calcd for C23H24N2O6: C, 65.08; H, 5.70; N, 

6.60. Found: C, 65.25; H, 5.69; N, 6.68.  

 

3c 

White solid, 67% yield, 94% ee, 99:1 dr, [α]D
20 = -23.20 (c = 0.125, CH2Cl2). m.p. 65-67.1oC, HPLC: 

Chiralpak IC column (n-hexane/EtOH = 75/25, flow rate 1.0 mL/min, λ = 210 nm), tR(1) = 7.205 

min, tR(2) = 8.032 min, tR(3) = 9.071 min, tR(4) = 9.694 min. 1H NMR (400 MHz, CDCl3) δ 7.28 

(m, 2H), 7.22 (m, 2H), 7.00 (d, J = 8.4 Hz, 2H), 6.93-6.85 (m, 3H), 4.94 (ddd, J = 15.3, 13.4, 6.8 

Hz, 2H), 4.84-4.73 (m, 1H), 4.45 (dd, J = 13.0, 7.0 Hz, 1H), 4.32 (t, J = 7.8 Hz, 1H), 3.88 (dd, J = 

9.9, 5.0 Hz, 1H), 1.57 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 170.0, 153.9, 135.2, 134.8, 133.7, 

132.8, 132.4, 129.9, 129.7, 129.6, 129.5, 129.3, 129.2, 128.8, 86.3, 75.8, 75.3, 50.0, 40.9, 23.19. 

IR(ATR): 2921.3, 2851.7, 1753.8, 1651.3, 1593.6, 1550.5, 1492.6, 1433.7, 1376.3, 1260.9, 1199.3, 



1091.8, 1014.7, 983.5, 825.2, 754.9, 719.1, 640.9 cm-1. Anal. Calcd for C21H18Cl2N2O6: C, 54.21; 

H, 3.90; N, 6.02. Found: C, 54.32; H, 3.82; N, 6.25. 

 

3d 

White solid, 63% yield, 95% ee, 97:3 dr, [α]D
20 = -18.75 (c = 0.16, CH2Cl2). m.p. 65.8-68.1oC, 

HPLC: Chiralpak IC column (n-hexane/EtOH = 75/25, flow rate 1.0 mL/min, λ = 210 nm), tR(1) = 

7.536 min, tR(2) = 8.321 min, tR(3) = 8.813 min, tR(4) = 9.372 min. 1H NMR (400 MHz, CDCl3) δ 

7.47-7.43 (m, 2H), 7.42-7.36 (m, 2H), 6.93 (dd, J = 16.1, 4.7 Hz, 3H), 6.82 (d, J = 8.5 Hz, 2H), 4.93 

(ddd, J = 13.5, 12.6, 6.8 Hz, 2H), 4.80-4.75 (m, 1H), 4.43 (dd, J = 13.0, 7.0 Hz, 1H), 4.32 (t, J = 7.7 

Hz, 1H), 3.87 (dd, J = 9.8, 5.0 Hz, 1H), 1.56 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 170.0, 153.9, 

134.2, 133.3, 132.7, 132.5, 132.3, 129.9, 129.1, 123.3, 122.9, 86.2, 75.8, 75.2, 50.0, 40.9, 23.18. 

IR(ATR): 2920.3, 2851.4, 1753.9, 1658.2, 1632.5, 1550.6, 1489.9, 1434.3, 1411.0, 1376.4, 1259.7, 

1074.2, 1011.2, 960.0, 884.6, 795.4, 717.4, 642.6, 516.4 cm-1. Anal. Calcd for C21H18Br2N2O6: C, 

45.51; H, 3.27; N, 5.05. Found: C, 45.32; H, 3.32; N, 5.25. 

 

3e 

White solid, 61% yield, 63% ee, >99:1 dr, [α]D
20 = -16.53 (c = 0.375, CH2Cl2). m.p. 72.6-73.7oC, 

HPLC: Chiralpak IC column (n-hexane/EtOH = 75/25, flow rate 1.0 mL/min, λ = 210 nm), tR(1) = 

6.969 min, tR(2) = 7.404 min, tR(3) = 8.620 min, tR(4) = 9.305 min. 1H NMR (400 MHz, CDCl3) δ 

7.37 (d, J = 1.8 Hz, 1H), 7.28 (d, J = 14.6 Hz, 2H), 7.19 (dd, J = 8.4, 1.7 Hz, 1H), 7.05 (d, J = 8.4 

Hz, 1H), 6.96 (dd, J = 18.5, 8.4 Hz, 2H), 5.09 (dd, J = 13.2, 9.2 Hz, 1H), 5.00 (dd, J = 13.9, 4.9 Hz, 

1H), 4.85 (dt, J = 18.7, 8.5 Hz, 2H), 4.63-4.54 (m, 2H), 1.65 (s, 3H). 13C NMR (100 MHz, CDCl3) 



δ 170.0, 154.3, 135.5, 135.3, 134.3, 131.1, 130.8, 130.5, 130.3, 130.2, 128.9, 128.3, 128.0, 127.5, 

121.9, 86.4, 74.9, 74.2, 44.5, 37.0, 29.84. IR(ATR): 3081.5, 2920.5, 2851.3, 1756.2, 1658.2, 1632.5, 

1589.0, 1552.0, 1472.4, 1375.9, 1260.2, 1175.4, 1104.0, 1054.6, 916.1, 866.7, 819.7, 797.0, 639.5 

cm-1. Anal. Calcd for C21H16Cl4N2O6: C, 47.22; H, 3.02; N, 5.24. Found: C, 47.12; H, 3.23; N, 5.35. 

 

3f 

White solid, 62% yield, 93% ee, 98:2 dr, [α]D
20 = -10.91 (c = 0.275, CH2Cl2). m.p. 51.6-53.8oC, 

HPLC: Chiralpak IC column (n-hexane/EtOH = 75/25, flow rate 1.0 mL/min, λ = 210 nm), tR(1) = 

7.009 min, tR(2) = 7.905 min, tR(3) = 9.119 min, tR(4) = 9.719 min. 1H NMR (400 MHz, CDCl3) δ 

7.06-7.02 (m, 2H), 6.98 (s, 1H), 6.95 (dd, J = 5.4, 2.0 Hz, 3H), 6.94-6.90 (m, 3H), 4.93 (ddd, J = 

16.0, 13.2, 6.8 Hz, 2H), 4.79 (dd, J = 9.7, 3.8 Hz, 1H), 4.45 (dd, J = 13.0, 7.1 Hz, 1H), 4.33 (t, J = 

7.8 Hz, 1H), 3.90 (dd, J = 9.9, 5.1 Hz, 1H), 1.56 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 170.1, 

163.9, 161.6, 153.8, 132.6, 131.1, 130.0, 129.9, 129.3, 129.2, 116.6, 116.5, 116.3, 116.2, 86.4, 76.1, 

75.4, 49.9, 40.8, 23.14. IR(ATR): 2920.5, 2851.1, 1754.2, 1658.1, 1632.5, 1605.0, 1550.7, 1509.7, 

1434.1, 1377.3, 1302.1, 1226.1, 1162.4, 1102.1, 1031.7, 917.5, 821.1, 797.4, 719.5, 643.3, 526.8 

cm-1. Anal. Calcd for C21H18F2N2O6: C, 58.34; H, 4.20; N, 6.48. Found: C, 58.13; H, 4.09; N, 6.58. 

 

3g 

White solid, 75% yield, 92% ee, 99:1 dr, [α]D
20 = -17.00 (c = 0.100, CH2Cl2). m.p. 60.3-62.1oC, 

HPLC: Chiralpak IC column (n-hexane/EtOH = 90/10, flow rate 1.0 mL/min, λ = 210 nm), tR(1) = 

9.634 min, tR(2) = 10.720 min, tR(3) = 12.140 min, tR(4) = 13.066 min. 1H NMR (400 MHz, CDCl3) 

δ 7.56 (d, J = 7.3 Hz, 3H), 7.52-7.46 (m, 1H), 7.23 (s, 1H), 7.17-7.11 (m, 1H), 7.08 (d, J = 8.0 Hz, 



2H), 6.96 (d, J = 0.8 Hz, 1H), 4.93 (ddd, J = 26.6, 14.5, 4.6 Hz, 2H), 4.86-4.63 (m, 2H), 4.43-4.40 

(m, 1H), 4.00 (dt, J = 10.3, 5.2 Hz, 1H), 1.60 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 169.7, 153.7, 

139.0, 138.4, 132.3, 131.6, 131.4, 129.8, 128.8, 128.5, 128.3, 128.0, 126.7, 126.5, 126.4, 86.3, 75.7, 

75.1, 50.3, 41.1, 23.39. IR(ATR): 3194.0, 2920.7, 2850.9, 1757.6, 1658.5, 1620.8, 1554.2, 1423.3, 

1377.9, 1323.7, 1260.6, 1165.5, 1112.8, 1068.3, 1017.7, 957.0, 839.4, 794.2, 707.2, 645.6 cm-1. 

Anal. Calcd for C23H18F6N2O6: C, 51.89; H, 3.41; N, 5.26. Found: C, 51.67; H, 3.53; N, 5.38. 

 

3h 

White solid, 59% yield, 94% ee, 98:2 dr, [α]D
20 = -12.00 (c = 0.100, CH2Cl2). m.p. 56.1-58.6oC, 

HPLC: Chiralpak IC column (n-hexane/EtOH = 90/10, flow rate 1.0 mL/min, λ = 210 nm), tR(1) = 

20.089 min, tR(2) = 21.572 min, tR(3) = 24.934 min, tR(4) = 25.696 min. 1H NMR (400 MHz, CDCl3) 

δ 7.37-7.27 (m, 1H), 7.06 (d, J = 5.9 Hz, 1H), 7.04-7.00 (m, 1H), 6.98-6.93 (m, 1H), 6.91 (s, 1H), 

6.87 (d, J = 7.7 Hz, 1H), 6.82-6.76 (m, 2H), 6.67 (dd, J = 9.4, 1.9 Hz, 1H), 5.00-4.88 (m, 2H), 4.86-

4.76 (m, 1H), 4.44-4.31 (m, 2H), 3.91 (dd, J = 9.7, 5.0 Hz, 1H), 1.57 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 170.0, 164.3, 164.2, 161.9, 161.7, 154.1, 137.7, 137.6, 136.8, 136.7, 132.2, 131.2, 131.1, 

131.1, 131.0, 123.7, 123.2, 116.2, 116.1, 116.0, 115.9, 115.7, 115.5, 114.9, 114.7, 86.3, 75.7, 75.2, 

50.3, 41.1, 23.17. IR(ATR): 3188.2, 2918.8, 2849.8, 1754.0, 1658.3, 1632.1, 1591.3, 1551.4, 1452.1, 

1431.6, 1377.1, 1259.1, 1146.1, 1089.6, 1014.1, 875.7, 791.6, 698.0, 651.6, 521.9 cm-1. Anal. Calcd 

for C21H18F2N2O6: C, 58.34; H, 4.20; N, 6.48. Found: C, 58.45; H, 4.32; N, 6.29. 

 

3j 

White solid, 69% yield, 91% ee, 99:1 dr, [α]D
20 = 92.71 (c = 0.325, CH2Cl2). m.p. 122.7-124.2oC, 

HPLC: Chiralpak IC column (n-hexane/EtOH = 93/7, flow rate 1.0 mL/min, λ = 210 nm), tR(1) = 

33.571 min, tR(2) = 36.698 min, tR(3) = 41.158 min, tR(4) = 41.963 min. 1H NMR (400 MHz, CDCl3) 



δ 7.17 (t, J = 7.5 Hz, 1H), 7.13-7.05 (m, 3H), 6.93 (m, 1H), 6.87 (m, 3H), 6.43 (d, J = 6.4 Hz, 1H), 

4.92-4.72 (m, 3H), 4.66 (dd, J = 13.3, 7.1 Hz, 1H), 4.32 (t, J = 7.7 Hz, 1H), 3.89 (dd, J = 9.7, 5.0 

Hz, 1H), 2.30 (s, 3H), 2.25 (s, 3H), 1.52 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 170.5, 153.1, 139.2, 

139.1, 135.2, 134.4, 132.7, 129.7, 129.2, 129.0, 128.5, 125.3, 124.1, 86.7, 76.6, 75.6, 50.7, 41.0, 

29.8, 23.7, 21.51. IR(ATR): 3084.1, 2920.9, 2852.2, 1749.1, 1651.9, 1606.3, 1549.5, 1489.1, 1456.8, 

1375.3, 1308.8, 1256.1, 1196.9, 1116.1, 1040.4, 987.2, 905.2, 799.0, 709.3, 653.2 cm-1. Anal. Calcd 

for C23H24N2O6: C, 65.08; H, 5.70; N, 6.60. Found: C, 64.93; H, 5.58; N, 6.43.  

 

3l 

White solid, 65% yield, 90% ee, 97:3 dr, [α]D
20 = -10.11 (c = 0.150, CH2Cl2). m.p. 63.4-65.6oC, 

HPLC: Chiralpak IC column (n-hexane/EtOH = 93/7, flow rate 1.0 mL/min, λ = 210 nm), tR(1) = 

23.533 min, tR(2) = 28.138 min, tR(3) = 31.978 min, tR(4) = 34.295 min. 1H NMR (400 MHz, CDCl3) 

δ 7.28-7.27 (m, 1H), 7.21 (m, 1H), 7.05 (q, J = 4.5 Hz, 2H), 6.98 (dt, J = 5.6, 2.7 Hz, 2H), 6.88 (dd, 

J = 13.5, 3.6 Hz, 3H), 4.95 (ddd, J = 15.6, 13.0, 5.9 Hz, 2H), 4.85-4.76 (m, 2H), 4.31 (dd, J = 12.0, 

4.5 Hz, 1H), 3.88 (dd, J = 9.7, 5.0 Hz, 1H), 1.57 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 169.9, 

154.3, 137.3, 136.4, 135.7, 135.3, 135.3, 132.2, 130.8, 130.6, 129.3, 129.0, 128.7, 127.8, 125.7, 

86.2, 75.6, 75.1, 50.2, 41.1, 23.07. IR(ATR): 2920.1, 2851.4, 1753.6, 1596.2, 1550.4, 1477.0, 

1433.5, 1376.5, 1260.5, 1197.9, 1169.6, 1083.4, 1035.8, 960.1, 880.8, 791.0, 697.7 cm-1. Anal. 

Calcd for C21H18Cl2N2O6: C, 54.21; H, 3.90; N, 6.02. Found: C, 54.03; H, 3.99; N, 5.85. 
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Copies of 1H NMR,13C NMR, HRMS and IR spectra of selected Michael addition products 

 

 

 

 

 

 



 

 

 

 

 

 

OO

O2N

NO2

CH2 3a

Chemical Formula: C21H19N2O6
-

Exact Mass: 395.1249



 

 

 

 

 
 



 

 

 

 

 



 

 

 

 

 

 

OO

O2N

NO2

CH3

Br

Br
3d

OO

O2N

NO2

CH3

Br

Br
3d

OO

O2N

NO2

CH3

Br

Br
3d



 

 

 
 



 

 

 
 



 

 

 

 



 

 

 



 

 

 



 

 

  

OO

O2N

NO2

CH3

Cl

Cl 3l

OO

O2N

NO2

CH3

Cl

Cl 3l

OO

O2N

NO2

CH3

Cl

Cl 3l



135-DEPTNMR spectrum of 3a 

 

HMBC spectrum of 3a 
 

 

 

 

 



 

 

 

HSQC spectrum of 3a 
 

 

 

 

 

 

  



Crystallographic data for 3a 
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Copies of HPLC profiles of Michael addition products (impurities associated to 
the solvent were indicated by * ). 
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