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I. General remarks 

Unless otherwise specified, all reactions were carried out under a nitrogen atmosphere. 

CHCl3 were used without further purification. All chemicals were used without 

further purification as commercially available unless otherwise noted. Thin-layer 

chromatography (TLC) was performed on silica gel plates (60F-254) using UV-light 

(254 and 365 nm). Flash chromatography was conducted on silica gel (300–400 

mesh). NMR spectra were recorded on a Bruker AMX500 (500 MHz) spectrometer. 

Chemical shifts were reported in parts per million (ppm) The 1H NMR (500 MHz) 

chemical shifts were measured relative to CDCl3 as the internal reference (CDCl3: δ = 

7.26 ppm). The 13C NMR (125 MHz) chemical shifts were given using CDCl3 as the 

internal standard (CDCl3: δ = 77.16 ppm). All high resolution mass spectra (HRMS) 

were obtained on a Finnigan/MAT 95XL-T spectrometer. Optical rotations were 

measured using an Anton Paar MCP-100 polarimeter. Enantiomeric excesses were 

determined by HPLC analysis on a chiral stationary phase. The racemic sample was 

prepared by MePPh2 catalysis. Catalysts were synthesized by following our 

previously reported procedures.1 Nitroacetates were prepared according to the 

literatures.2 

 

II. Optimization of the reaction conditions 

Table S1: Optimization of the phosphine-catalyzed enantioselective -addition of ethyl 

2-nitro-3-phenylpropanoate 1a with benzyl buta-2,3-dienoate 2aa 
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Entry Cat. (mol%) Solvent Yield (%)b Ee (%)c 

1 MePPh2 (10) toluene 90 -- 

2 P1 (10) toluene 91 27 

3 P2 (10) toluene 89 19 

4 P3 (10) toluene 75 7 

5 P4 (10) toluene 93 65 

6 P5 (10) toluene 87 17 

7 P6 (10) toluene 86 36 

8 P7 (10) toluene 94 77 

9 P8 (10) toluene 68 39 

10 P9 (10) toluene 65 9 

11 P10 (10) toluene 89 3 

12 P11 (10) toluene trace -- 

13 P7 (10) CH2Cl2 90 66 

14 P7 (10) CHCl3 89 72 

15 P7 (10) THF n.d. -- 

16 P7 (10) Et2O 90 73 

17 P7 (10) EtOAc 89 55 

18 P7 (10) CH3CN 81 38 

19 P7 (10) PhCl 90 75 

20 P7 (10) dioxane 88 63 

21 P7 (10) PhCF3 88 72 

22d P7 (10) toluene 89 64 

23e P7 (10) toluene 91 68 

24f P7 (10) toluene 92 76 

25g P7 (10) toluene 91 75 

26h P7 (10) toluene 88 72 

a Reaction conditions: 1a (0.05 mmol), 2a (0.075 mmol, 1.5 equiv.) and cat. in solvent (1.0 mL) at room 

temperature for 12 h. b Yield of isolated 3a. c The ee values of 3a was determined by HPLC analysis on 

a chiral-stationary-phase column. d PhOH (0.5 equiv.) was used as the additive. e PhCOOH (0.1 equiv.) 

was used as the additive. f 0 °C for 24 h. g -10 °C for 72 h. h 4 Å MS (50.0 mg) was used as the additive. 

n.d. = not detected. 



  

 S4 

Table S2: Optimization of the phosphine-catalyzed enantioselective -addition of ethyl 

2-nitro-3-phenylpropanoate 1a with allenoates 2a 

 

Entry Allenoate (2) Product (3) Yield (%)b Ee (%)c 

1 2a 3a 94 77 

2 2a-1 3a-1 96 68 

3 2a-2 3a-2 97 66 

4 2a-3 3a-3 90 63 

5 2a-4 3a-4 93 80 

6 2a-5 3a-5 91 83 

7 2a-6 3a-6 91 83 

8 2a-7 3a-7 92 80 

9 2a-7 3a-8 n.d. -- 

10d 2a-6 3a-6 91 83 

11e 2a-7 3a-7 92 87 

12d,e 2a-7 3a-7 93 90 

13e,f 2a-7 3a-7 91 85 

14 2a-8 3a-8 n.d. -- 

a Reaction conditions: 1a (0.05 mmol), 2 (0.075 mmol, 1.5 equiv.) and P7 (10.0 mol%) in toluene (1.5 

mL) at room temperature for 12 h. b Yield of isolated 3. c The ee values of 3 was determined by HPLC 

analysis on a chiral-stationary-phase column. d 0 °C for 24 h. e 4 Å MS (50.0 mg) was used as the 

additive. f -10 °C for 72 h. n.d. = not detected. 
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III. Representative procedure for the enantioselective phosphine-catalyzed 

-addition of nitroacetates with allenoates 

 

A dried tube with a magnetic stir bar was charged with nitroacetates 1 (0.05 mmol, 1.0 

equiv.), catalyst P7 (0.005 mmol, 10 mol%), 4 Å MS (50.0 mg), followed by the 

addition of toluene (1.0 mL). Then allenoate 2a-7 (0.075 mmol, 1.5 equiv.) was 

dissolved in toluene (0.5 mL) and dropwise added into the reaction mixture at 0 °C. 

The reaction mixture was then stirred at that temperature for 24 hours. Then the 

solvent was evaporated and the residue was purified by column chromatography on 

silica gel using hexane/ethyl acetate as the eluent to afford the -addition products 3 or 

4.  

 

IV. Experimental data for the described substances 

 

1-Benzyl 6-ethyl (S,E)-5-benzyl-5-nitrohex-2-enedioate 

(3a) 

Colourless oil; [α]25
D = -4.6 (c = 2.0, CHCl3); 

1H NMR (500 

MHz, CDCl3): δ = 7.39–7.30 (m, 8H), 7.11–7.08 (m, 2H), 

6.86 (dt, J = 15.0, 7.5 Hz, 1H), 5.99 (d, J = 16.0 Hz, 1H), 5.20 (s, 2H), 4.30–4.23 (m, 

2H), 3.62 (d, J = 23.5 Hz, 1H), 3.50 (d, J = 24.0 Hz, 1H), 2.95 (d, J = 12.5 Hz, 2H), 

1.25 (t, J = 12.5 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 165.78, 165.28, 

139.82, 135.87, 132.62, 130.04, 129.04, 128.74, 128.48, 128.42, 128.30, 126.70, 

95.42, 66.63, 63.35, 40.12, 36.13, 13.92 ppm. HRMS (ESI) m/z calcd for 

C22H23NNaO6 [M+Na]+ 420.1418, found 420.1410. The ee value was 77%, tR (minor) 

= 13.997 min, tR (major) = 15.594 min (Chiralpak IF, λ = 220 nm, 2.5% 

iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(tert-Butyl) 6-ethyl (S,E)-5-benzyl-5-nitrohex-2- 

enedioate (3a-1) 

Colourless oil; [α]25
D = -3.1 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.32–7.30 (m, 3H), 7.10–7.09 (m, 

2H), 6.70 (dt, J = 15.0, 7.5 Hz, 1H), 5.87 (dt, J = 15.5, 1.0 Hz, 1H), 4.31–4.24 (m, 

2H), 3.61 (d, J = 14.0 Hz, 1H), 3.49 (d, J = 14.5 Hz, 1H), 2.91 (d, J = 7.5 Hz, 2H), 

1.48 (s, 9H), 1.27 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 165.87, 
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164.83, 137.75, 132.70, 130.04, 129.02, 128.85, 128.26, 95.50, 81.08, 63.29, 39.95, 

35.88, 28.23, 13.95 ppm. HRMS (ESI) m/z calcd for C19H25NNaO6 [M+Na]+ 

386.1574, found 386.1574. The ee value was 68%, tR (minor) = 7.134 min, tR (major) 

= 7.906 min (Chiralpak IF, λ = 220 nm, 2.5% iPrOH/hexane, flow rate = 1.0 

mL/min). 
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6-Ethyl 1-phenyl (S,E)-5-benzyl-5-nitrohex-2-enedioate 

(3a-2) 

Colourless oil; [α]25
D = -3.9 (c = 2.0, CHCl3); 

1H NMR (500 

MHz, CDCl3): δ = 7.40 (t, J = 8.0 Hz, 2H) 7.35–7.33 (m, 

3H), 7.27–7.24 (m, 1H), 7.14–7.11 (m, 4H), 7.01 (dt, J = 15.0, 7.5 Hz, 1H), 6.14 (d, J 

= 15.5 Hz, 1H), 4.36–4.26 (m, 2H), 3.66 (d, J = 14.5 Hz, 1H), 3.55 (d, J = 14.0 Hz, 

1H), 3.03 (dd, J = 7.5, 1.0 Hz, 2H), 1.30 (t, J = 7.5 Hz, 3H) ppm. 13C NMR (125 MHz, 

CDCl3): δ = 165.76, 163.82, 150.61, 141.43, 132.55, 130.05, 129.59, 129.10, 128.37, 

126.23, 126.10, 121.61, 95.38, 63.45, 40.25, 36.30, 13.98 ppm. HRMS (ESI) m/z 

calcd for C21H21NNaO6 [M+Na]+ 406.1261, found 406.1258. The ee value was 66%, 

tR (major) = 25.602 min, tR (minor) = 29.580 min (Chiralpak IC, λ = 254 nm, 2.5% 

iPrOH/hexane, flow rate = 1.0 mL/min). 
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Ethyl (S,E)-2-benzyl-6-((benzylthio)oxy)-2-nitro-6- 

oxohexenoate (3a-3) 

Colourless oil; [α]25
D = -0.8 (c = 2.0, CHCl3); 

1H NMR (500 

MHz, CDCl3): δ = 7.34–7.22 (m, 8H), 7.09–7.07 (m, 2H), 

6.75 (dt, J = 15.0, 7.5 Hz, 1H), 6.19 (dt, J = 15.5, 1.0 Hz, 1H), 4.31–4.24 (m, 2H), 

4.20 (s, 2H), 3.62 (d, J = 14.0 Hz, 1H), 3.50 (d, J = 14.5 Hz, 1H), 2.92–2.90 (m, 2H), 

1.26 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 188.51, 165.76, 

137.29, 135.55, 133.09, 132.53, 130.03, 129.08, 129.05, 128.83, 128.35, 127.56, 

95.38, 63.43, 40.24, 36.12, 33.35, 13.97 ppm. HRMS (ESI) m/z calcd for 

C22H23NNaO6S [M+Na]+ 452.1138, found 452.1139. The ee value was 63%, tR 

(minor) = 15.161 min, tR (major) = 22.561 min (Chiralpak IF, λ = 254 nm, 2.5% 

iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-Benzhydryl 6-ethyl 

(S,E)-5-benzyl-5-nitrohex-2-enedioate (3a-4) 

Colourless oil; [α]25
D = -4.1 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.36–7.28 (m, 13H), 7.10–7.09 

(m, 2H), 6.95 (s, 1H), 6.91 (dt, J = 15.0, 7.5 Hz, 1H), 6.07 (d, J = 15.5 Hz, 1H), 4.28–

4.23 (m, 2H), 3.63 (d, J = 14.5 Hz, 1H), 3.51 (d, J = 14.5 Hz, 1H), 2.96 (d, J = 7.5 Hz, 

2H), 1.23 (t, J = 7.5 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 165.80, 164.49, 

140.21, 140.10, 132.59, 130.04, 129.04, 128.68, 128.31, 128.15, 127.25, 127.24, 
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126.71, 95.40, 77.37, 63.36, 40.22, 36.18, 13.92 ppm. HRMS (ESI) m/z calcd for 

C28H27NNaO6 [M+Na]+ 496.1731, found 496.1728. The ee value was 80%, tR (minor) 

= 16.809 min, tR (major) = 22.078 min (Chiralpak IC, λ = 254 nm, 2.5% 

iPrOH/hexane, flow rate = 1.0 mL/min). 

 

 

 

1-(Anthracen-9-ylmethyl) 6-ethyl 

(S,E)-5-benzyl-5-nitrohex-2-enedioate (3a-5) 

Pale yellow solid; [α]25
D = -4.7 (c = 2.0, CHCl3); 

1H NMR (500 MHz, CDCl3): δ = 8.53 (s, 1H), 

8.35 (d, J = 9 Hz, 2H), 8.04 (d, J = 8.5 Hz, 2H), 7.61–7.58 (m, 2H), 7.52–7.49 (m, 
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2H), 7.26–7.25 (m, 3H), 7.05–7.03 (m, 2H), 6.84 (dt, J = 15.0, 7.5 Hz, 1H), 6.24 (s, 

2H), 5.95 (d, J = 15.5 Hz, 1H), 4.23–4.16 (m, 2H), 3.58 (d, J = 14.0 Hz, 1H), 3.45 (d, 

J = 14.5 Hz, 1H), 2.89 (d, J = 7.5 Hz, 2H), 1.15 (t, J = 7.5 Hz, 3H). ppm. 13C NMR 

(125 MHz, CDCl3): δ = 165.73, 165.65, 139.97, 132.54, 131.52, 131.21, 129.98, 

129.46, 129.27, 128.99, 128.24, 126.85, 126.59, 126.08, 125.28, 124.03, 95.32, 63.31, 

59.24, 40.02, 36.01, 13.82 ppm. HRMS (ESI) m/z calcd for C30H27NNaO6 [M+Na]+ 

520.1731, found 520.1736. The ee value was 83%, tR (major) = 35.054 min, tR (minor) 

= 32.562 min (Chiralpak IC, λ = 254 nm, 2.5% iPrOH/hexane, flow rate = 1.0 

mL/min). 
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6-Ethyl 1-(9H-fluoren-9-yl) 

(S,E)-5-benzyl-5-nitrohex-2-enedioate (3a-6) 

Colourless oil; [α]25
D = -5.5 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.68 (d, J = 7.5 Hz, 

2H), 7.56 (d, J = 7.5 Hz, 2H), 7.43 (t, J = 7.5 Hz, 

2H), 7.31–7.28 (m, 5H), 7.10–7.08 (m, 2H), 6.92 (dt, J = 15.0, 7.5 Hz, 1H), 6.86 (s, 

1H), 6.04 (d, J = 15.5 Hz, 1H), 4.31–4.22 (m, 2H), 3.63 (d, J = 14.0 Hz, 1H), 3.51 (d, 

J = 14.0 Hz, 1H), 2.96 (d, J = 7.5 Hz, 2H), 1.24 (t, J = 7.5 Hz, 3H) ppm. 13C NMR 

(125 MHz, CDCl3): δ = 166.18, 165.77, 142.00, 141.20, 140.39, 132.57, 130.04, 

129.72, 129.05, 128.31, 128.03, 126.58, 126.11, 126.10, 120.20, 95.37, 75.55, 63.37, 

40.17, 36.20, 13.94 ppm. HRMS (ESI) m/z calcd for C28H25NNaO6 [M+Na]+ 

494.1574, found 494.1577. The ee value was 83%, tR (major) = 9.039 min, tR (minor) 

= 10.727 min (Chiralpak IA, λ = 254 nm, 5.0% iPrOH/hexane, flow rate = 1.0 

mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (S,E)-5-benzyl-5-nitrohex-2-enedioate 

(3a-7) 

Colourless oil; [α]25
D = -2.9 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.44–7.43 (m, 2H), 

7.30–7.24 (m, 5H), 7.20–7.17 (m, 4H), 7.08–7.06 (m, 2H), 6.95 (s, 1H), 6.83 (dt, J = 

15.0, 7.5 Hz, 1H), 5.98 (dt, J = 15.5, 1.0 Hz, 1H), 4.28–4.18 (m, 2H), 3.60 (d, J = 14.0 

Hz, 1H), 3.60–3.54 (m, 2H), 3.47 (d, J = 14.5 Hz, 1H), 3.08–3.02 (m, 2H), 2.92 (dt, J 

= 8.0, 1.5 Hz, 2H), 1.19 (t, J = 7.0 Hz, 1H) ppm. 13C NMR (125 MHz, CDCl3): δ = 

165.79, 164.31, 140.25, 139.78, 136.49, 132.57, 130.49, 130.01, 129.97, 129.01, 

128.27, 126.99, 126.31, 95.35, 79.68, 63.34, 40.12, 36.06, 32.52, 13.85 ppm. HRMS 

(ESI) m/z calcd for C30H29NNaO6 [M+Na]+ 522.1887, found 522.1877. The ee value 

was 90%, tR (major) = 18.458 min, tR (minor) = 22.496 min (Chiralpak IC, λ = 220 

nm, 5.0% iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-

5-yl) 6-ethyl 

(S,E)-5-(4-methylbenzyl)-5-nitrohex 

-2-enedioate (3b) 

Colourless oil; [α]25
D = -4.4 (c = 2.0, CHCl3); 

1H NMR (500 MHz, CDCl3): δ = 7.44 

(d, J = 7.5 Hz, 2H), 7.27–7.24 (m, 2H), 7.20–7.17 (m, 4H), 7.10 (d, J = 7.5 Hz, 2H), 

6.96–6.94 (m, 3H), 6.83 (dt, J = 15.0, 7.5 Hz, 1H), 5.97 (d, J = 15.5 Hz, 1H), 4.26–

4.20 (m, 2H), 3.60–3.54 (m, 2H), 3.57 (d, J = 14.5 Hz, 1H), 3.43 (d, J = 14.5 Hz, 1H), 

3.08–3.02 (m, 2H), 2.92–2.90 (m, 2H), 2.31 (s, 3H), 1.20 (t, J = 7.0 Hz, 3H) ppm. 13C 
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NMR (125 MHz, CDCl3): δ = 165.84, 164.33, 140.23, 139.90, 138.04, 136.49, 130.48, 

129.96, 129.84, 129.70, 129.38, 128.99, 126.91, 126.30, 95.40, 79.64, 63.28, 39.73, 

35.98, 32.51, 21.18, 13.86 ppm. HRMS (ESI) m/z calcd for C31H31NNaO6 [M+Na]+ 

536.2044, found 536.2036. The ee value was 90%, tR (major) = 9.987 min, tR (minor) 

= 11.792 min (Chiralpak IA, λ = 220 nm, 5.0% iPrOH/hexane, flow rate = 1.0 

mL/min). 

 

 
 

 1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (S,E)-5-(3-methylbenzyl)-5-nitrohex-2- 

enedioate (3c) 

Colourless oil; [α]25
D = -5.3 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.40–7.43 (m, 2H), 
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7.27–7.24 (m, 2H), 7.20–7.16 (m, 5H), 7.09 (d, J = 7.5 Hz, 1H), 6.95 (s, 1H), 6.87–

6.80 (m, 3H), 5.96 (d, J = 15.5 Hz, 1H), 4.26–4.20 (m, 2H), 3.60–3.53 (m, 2H), 3.56 

(d, J = 14.5 Hz, 1H), 3.44 (d, J = 14.5 Hz, 1H), 3.08–3.02 (m, 2H), 2.91 (d, J = 7.5 Hz, 

2H), 2.29 (s, 3H), 1.20 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 

165.84, 164.33, 140.23, 139.89, 138.69, 136.50, 132.45, 130.73, 130.49, 129.94, 

129.01, 128.99, 128.87, 127.02, 126.96, 126.31, 95.39, 79.64, 63.30, 40.05, 36.09, 

32.52, 21.45, 13.87 ppm. HRMS (ESI) m/z calcd for C31H31NNaO6 [M+Na]+ 

536.2044, found 536.2049. The ee value was 89%, tR (major) = 8.457 min, tR (minor) 

= 10.187 min (Chiralpak IA, λ = 220 nm, 5.0% iPrOH/hexane, flow rate = 1.0 

mL/min). 
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 1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (S,E)-5-(2-methylbenzyl)-5-nitrohex-2- 

enedioate (3d) 

Colourless oil; [α]25
D = -6.9 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.42 (d, J = 7.5 Hz, 2H), 

7.26–7.23 (m, 2H), 7.20–7.09 (m, 7H), 6.99 (d, J = 7.5 Hz, 1H), 6.94 (s, 1H), 6.83 (dt, 

J = 15.0, 7.5 Hz, 1H), 5.91 (d, J = 15.5 Hz, 1H), 4.25–4.14 (m, 2H), 3.69–3.61 (m, 

2H), 3.58–3.52 (m, 2H), 3.07–3.01 (m, 2H), 2.99–2.90 (m, 2H), 2.26 (s, 3H), 1.15 (t, 

J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 166.12, 164.27, 140.20, 

140.06, 137.49, 136.52, 131.25, 131.20, 130.46, 130.10, 129.88, 128.95, 128.11, 

126.67, 126.44, 126.29, 95.59, 79.50, 63.33, 36.81, 36.64, 32.52, 19.90, 13.76 ppm. 

HRMS (ESI) m/z calcd for C31H31NNaO6 [M+Na]+ 536.2044, found 536.2041. The 

ee value was 90%, tR (major) = 9.124 min, tR (minor) = 10.771 min (Chiralpak IA, λ = 

220 nm, 5.0% iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-

yl) 6-ethyl (S,E)-5-(4-fluorobenzyl)-5-nitrohex- 

2-enedioate (3e) 

Colourless oil; [α]25
D = -5.5 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.44–7.42 (m, 2H), 

7.27–7.24 (m, 2H), 7.19 (d, J = 7.0 Hz, 4H), 7.06–7.03 (m, 2H), 7.00–6.96 (m, 2H), 

6.94 (s, 1H), 6.80 (dt, J = 15.0, 7.5 Hz, 1H), 5.98 (d, J = 15.5 Hz, 1H), 4.26–4.19 (m, 

2H), 3.60–3.65 (m, 2H), 3.56 (d, J = 14.5 Hz, 1H), 3.43 (d, J = 14.5 Hz, 1H), 3.07–

3.01 (m, 2H), 2.96–2.86 (m, 2H), 1.19 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, 

CDCl3): δ = 165.67, 164.27, 162.29 (d, J = 246.3 Hz), 140.29, 139.51, 136.43, 131.66 

(d, J = 8.8 Hz), 130.50, 130.05 (d, J = 1.3 Hz), 129.04, 128.08, 127.12, 126.33, 

116.00 (d, J = 21.3 Hz), 95.21, 79.82, 63.43, 39.36, 36.09, 32.53, 13.86 ppm. HRMS 

(ESI) m/z calcd for C30H28FNNaO6 [M+Na]+ 540.1793, found 540.1792. The ee value 

was 87%, tR (major) = 13.152 min, tR (minor) = 15.077 min (Chiralpak IC, λ = 220 

nm, 5.0% iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5

-yl) 6-ethyl (S,E)-5-(4-chlorobenzyl)-5- 

nitrohex-2-enedioate (3f) 

Colourless oil; [α]25
D = -1.5 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.43 (d, J = 7.5 Hz, 

2H), 7.26–7.25 (m, 4H), 7.19 (d, J = 7.5 Hz, 4H), 7.00 (d, J = 8.5 Hz, 2H), 6.95 (s, 

1H), 6.80 (dt, J = 15.0, 7.5 Hz, 1H), 5.98 (d, J = 15.5 Hz, 1H), 4.27–4.20 (m, 2H), 

3.60–3.55 (m, 2H), 3.56 (d, J = 14.5 Hz, 1H), 3.43 (d, J = 14.5 Hz, 1H), 3.08–3.02 (m, 

2H), 2.96–2.86 (m, 2H), 1.19 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ 

= 165.58, 164.25, 140.29, 139.40, 136.42, 134.42, 131.34, 130.50, 130.05, 129.22, 
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129.04, 128.08, 127.18, 126.32, 95.08, 79.84, 63.48, 39.47, 36.10, 32.53, 13.86 ppm. 

HRMS (ESI) m/z calcd for C30H28
35ClNNaO6 [M+Na]+ 556.1497, found 556.1487, 

C30H28
37ClNNaO6 [M+Na]+ 557.1531, found 557.1538. The ee value was 86%, tR 

(major) = 14.471 min, tR (minor) = 17.427 min (Chiralpak IA, λ = 220 nm, 5.0% 

iPrOH/hexane, flow rate = 1.0 mL/min). 

 

 

 

1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (S,E)-5-(3-chlorobenzyl)-5-nitrohex-2- 

enedioate (3g) 

Colourless oil; [α]25
D = -6.3 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.44–7.42 (m, 2H), 
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7.27–7.22 (m, 4H), 7.19 (d, J = 7.0 Hz, 4H), 7.08 (s, 1H), 6.96 (d, J = 7.5 Hz, 1H), 

6.94 (s, 1H), 6.79 (dt, J = 15.0, 7.5 Hz, 1H), 5.98 (d, J = 15.5 Hz, 1H), 4.28–4.19 (m, 

2H), 3.60–3.55 (m, 2H), 3.55 (d, J = 14.5 Hz, 1H), 3.45 (d, J = 14.5 Hz, 1H), 3.07–

3.02 (m, 2H), 2.92 (d, J = 7.5 Hz, 2H), 1.20 (t, J = 7.0 Hz, 3H). ppm. 13C NMR (125 

MHz, CDCl3): δ = 165.53, 164.23, 140.27, 139.34, 136.45, 134.83, 134.59, 130.50, 

130.26, 130.19, 130.00, 129.02, 128.55, 128.19, 127.25, 126.32, 95.05, 79.78, 63.53, 

39.70, 36.24, 32.53, 13.86 ppm. HRMS (ESI) m/z calcd for C30H28
35ClNNaO6 

[M+Na]+ 556.1497, found 556.1501, C30H28
37ClNNaO6 [M+Na]+ 557.1531, found 

557.1528. The ee value was 87%, tR (minor) = 13.456 min, tR (major) = 15.758 min 

(Chiralpak IF, λ = 220 nm, 5.0% iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (S,E)-5-(2-chlorobenzyl)-5-nitrohex-2- 

enedioate (3h) 

Colourless oil; [α]25
D = -3.1 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.41 (d, J = 8.0 Hz, 2H), 

7.36–7.34 (m, 1H), 7.26–7.23 (m, 2H), 7.20–7.15 (m, 6H), 7.12–7.10 (m, 1H), 6.93 (s, 

1H), 6.87 (dt, J = 15.0, 7.5 Hz, 1H), 5.92 (dt, J = 15.5, 1.5 Hz, 1H), 4.26–4.16 (m, 2H), 

3.87 (d, J = 15.0 Hz, 1H), 3.74 (d, J = 15.0 Hz, 1H), 3.58–3.51 (m, 2H), 3.07–3.01 (m, 

2H), 2.97 (dt, J = 7.5, 1.5 Hz, 2H), 1.15 (t, J = 7.0 Hz, 3H).ppm. 13C NMR (125 MHz, 

CDCl3): δ = 165.71, 164.27, 140.17, 140.10, 136.58, 135.36, 131.53, 131.05, 130.44, 

130.13, 129.82, 129.67, 128.92, 127.47, 126.55, 126.28, 95.61, 79.37, 63.45, 37.07, 

36.45, 32.52, 13.77 ppm.  HRMS (ESI) m/z calcd for C30H28
35ClNNaO6 [M+Na]+ 

556.1497, found 556.1493, C30H28
37ClNNaO6 [M+Na]+ 557.1531, found 557.1531. 

The ee value was 81%, tR (major) = 13.677 min, tR (minor) = 20.152 min (Chiralpak 

IC, λ = 220 nm, 5.0% iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5

-yl) 6-ethyl (S,E)-5-(4-bromobenzyl)-5nitrohex- 

2-enedioate (3i) 

Colourless oil; [α]25
D = -1.6 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.56–7.55 (m, 1H), 

7.52–7.51 (m, 1H), 7.45–7.43 (m, 2H), 7.37–7.34 (m, 1H), 7.27–7.24 (m, 1H), 7.19 (d, 

J = 7.0 Hz, 4H), 7.14 (d, J = 8.0 Hz, 2H), 6.95 (s, 1H), 6.86 (dt, J = 15.5, 7.5 Hz, 1H), 

6.00 (d, J = 16.0 Hz, 1H), 4.29–4.20 (m, 2H), 3.64 (d, J = 14.5 Hz, 1H), 3.60–3.55 (m, 

2H), 3.51 (d, J = 14.5 Hz, 1H), 3.07–3.02 (m, 2H), 2.07–2.95 (m, 2H), 1.20 (t, J = 7.0 

Hz, 3H).ppm. 13C NMR (125 MHz, CDCl3): δ = 165.81, 164.33, 141.19, 140.26, 

139.78, 136.50, 131.51, 130.60, 129.99, 128.96, 128.09, 127.69, 127.17, 126.33, 

95.35, 79.73, 63.40, 39.81, 36.13, 32.53, 13.89 ppm. HRMS (ESI) m/z calcd for 

C30H28
79BrNNaO6 [M+Na]+ 600.0992, found 600.0996, C30H28

81BrNNaO6 [M+Na]+ 

602.0972, found 602.0979. The ee value was 86%, tR (minor) = 18.335 min, tR (major) 

= 22.068 min (Chiralpak IC, λ = 220 nm, 5.0% iPrOH/hexane, flow rate = 1.0 

mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-

5-yl) 6-ethyl (S,E)-5-(naphthalen-2-ylmethyl)- 

5-nitrohex-2-enedioate (3j) 

Colourless oil; [α]25
D = -3.8 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.77 (d, J = 8.0 Hz, 

1H), 7.56 (s, 1H), 7.50–7.44 (m, 4H), 7.28–7.25 (m, 2H), 7.21–7.15 (m, 7H), 6.97 (s, 

1H), 6.89 (dt, J = 15.0, 7.5 Hz, 1H), 5.99 (d, J = 14.5 Hz, 1H), 4.25 (q, J = 7.0 Hz, 

2H), 3.78 (d, J = 14.5 Hz, 1H), 3.65 (d, J = 14.5 Hz, 1H), 3.61–3.56 (m, 2H), 3.08–

3.03 (m, 2H), 2.95 (d, J = 7.5 Hz, 2H), 1.19 (t, J = 7.0 Hz, 3H).ppm. 13C NMR (125 

MHz, CDCl3): δ = 165.83, 164.33, 140.24, 139.78, 136.51, 133.40, 132.95, 130.50, 
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129.96, 129.39, 129.01, 128.78, 128.07, 127.86, 127.77, 127.38, 127.10, 126.63, 

126.51, 126.32, 95.41, 79.69, 63.40, 40.28, 36.20, 32.53, 13.88 ppm. HRMS (ESI) 

m/z calcd for C34H31NNaO6 [M+Na]+ 572.2044, found 572.2049. The ee value was 

87%, tR (major) = 16.090 min, tR (minor) = 21.884 min (Chiralpak IA, λ = 220 nm, 

5.0% iPrOH/hexane, flow rate = 1.0 mL/min). 

 

 

 

1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (S,E)-5-(naphthalen-1-ylmethyl)-5- 

nitrohex-2-enedioate (3k) 

Colourless oil; [α]25
D = -2.8 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.94–7.92 (m, 1H), 
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7.83–7.81 (m, 1H), 7.75 (d, J = 8.5 Hz, 1H), 7.48–7.40 (m, 3H), 7.37 (d, J = 8.0 Hz, 

1H), 7.28–7.22 (m, 2H), 7.21–7.16 (m, 6H), 6.93 (s, 1H), 6.80 (dt, J = 15.0, 7.5 Hz, 

1H), 5.79 (d, J = 15.5 Hz, 1H), 4.15 (d, J = 15.0 Hz, 1H), 4.15–4.06 (m, 2H), 4.02 (d, 

J = 15.0 Hz, 1H), 3.57–3.52 (m, 2H), 3.06–3.01 (m, 2H), 2.90 (d, J = 7.0 Hz, 2H), 

1.08 (t, J = 7.0 Hz, 3H).ppm. 13C NMR (125 MHz, CDCl3): δ = 166.09, 164.26, 

140.24, 139.94, 136.56, 134.05, 132.61, 130.46, 130.31, 129.93, 128.97, 128.51, 

128.09, 127.19, 126.70, 126.59, 126.30, 126.06, 125.43, 123.24, 95.90, 79.48, 63.37, 

36.81, 35.88, 32.54, 13.66 ppm. HRMS (ESI) m/z calcd for C34H31NNaO6 [M+Na]+ 

572.2044, found 572.2038. The ee value was 80%, tR (major) = 10.549 min, tR (minor) 

= 12.702 min (Chiralpak IA, λ = 220 nm, 5.0% iPrOH/hexane, flow rate = 1.0 

mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-

5-yl) 6-ethyl (S,E)-5-nitro-5- 

(4-nitrobenzyl)hex-2-enedioate (3l) 

Colourless oil; [α]25
D = -4.6 (c = 2.0, CHCl3); 

1H NMR (500 MHz, CDCl3): δ = 8.15 (d, J = 

9.0 Hz, 2H), 7.43 (d, J = 7.5 Hz, 2H), 7.28–7.24 (m, 4H), 7.20–7.17 (m, 4H), 6.94 (s, 

1H), 6.78 (dt, J = 15.0, 7.5 Hz, 1H), 5.99 (d, J = 15.5 Hz, 1H), 4.27–4.20 (m, 2H), 

3.67 (d, J = 14.5 Hz, 1H), 3.60–3.55 (m, 2H), 3.54 (d, J = 14.5 Hz, 1H), 3.06–3.01 (m, 

2H), 2,99–2.88 (m, 2H), 1.19 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ 

= 165.25, 164.15, 147.96, 140.35, 140.12, 138.78, 136.31, 131.10, 130.53, 130.16, 

129.11, 127.56, 126.35, 124.08, 94.75, 80.07, 63.76, 39.79, 36.40, 32.54, 13.86 ppm. 

HRMS (ESI) m/z calcd for C30H28N2NaO8 [M+Na]+ 567.1738, found 567.1731. The 

ee value was 75%, tR (minor) = 25.480 min, tR (major) = 29.696 min (Chiralpak IC, λ 

= 220 nm, 20.0% iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5

-yl) 6-ethyl (S,E)-5-(4-cyanobenzyl)-5- 

nitrohex-2-enedioate (3m) 

Colourless oil; [α]25
D = -4.7 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.58 (d, J = 8.5 Hz, 

2H), 7.43 (d, J = 7.5 Hz, 2H), 7.28–7.24 (m, 2H), 7.21–7.17 (m, 6H), 6.94 (s, 1H), 

6.77 (dt, J = 15.5, 7.5 Hz, 1H), 5.98 (dt, J = 15.5, 1.0 Hz, 1H), 4.27–4.18 (m, 2H), 

3.63 (d, J = 14.5 Hz, 1H), 3.60–3.55 (m, 2H), 3.50 (d, J = 14.5 Hz, 1H), 3.07–3.01 (m, 

2H), 2.97–2.86 (m, 2H), 1.18 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ 

= 165.29, 164.15, 140.34, 138.87, 138.13, 136.32, 132.67, 130.90, 130.52, 130.15, 
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129.10, 127.47, 126.33, 118.31, 112.48, 94.77, 80.03, 63.69, 40.06, 36.34, 32.53, 

13.84 ppm. HRMS (ESI) m/z calcd for C31H28N2NaO6 [M+Na]+ 547.1840, found 

547.1843. The ee value was 76%, tR (major) = 33.533 min, tR (minor) = 36.555 min 

(Chiralpak IC, λ = 220 nm, 20.0% iPrOH/hexane, flow rate = 1.0 mL/min). 

 

 

 

1-(10,11-Dihydro-5H-dibenzo[a,d][7]annul

en-5-yl) 6-ethyl 

(S,E)-5-(4-(methoxycarbonyl)benzyl)-5-nit

rohex-2-enedioate (3n) 

Colourless oil; [α]25
D = -3.4 (c = 2.0, CHCl3); 

1H NMR (500 MHz, CDCl3): δ = 7.97 (d, J = 8.0 Hz, 2H), 7.44–7.42 (m, 2H), 7.27–
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7.24 (m, 2H), 7.20–7.14 (m, 6H), 6.94 (s, 1H), 6.81 (dt, J = 15.0, 7.5 Hz, 1H), 5.98 (d, 

J = 15.5 Hz, 1H), 4.26–4.19 (m, 2H), 3.91 (s, 3H), 3.63 (d, J = 14.0 Hz, 1H), 3.60–

3.55 (m, 2H), 3.51 (d, J = 14.5 Hz, 1H), 3.06–3.01 (m, 2H), 2.95–2.86 (m, 2H), 1.19 

(t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 166.63, 165.50, 164.23, 

140.28, 139.31, 137.77, 136.41, 130.50, 130.19, 130.11, 130.03, 129.03, 127.28, 

126.32, 95.02, 79.84, 63.52, 52.34, 39.97, 36.16, 32.52, 13.85 ppm. HRMS (ESI) m/z 

calcd for C32H31NNaO8 [M+Na]+ 580.1942, found 580.1936. The ee value was 87%, 

tR (minor) = 21.168 min, tR (major) = 28.264 min (Chiralpak IC, λ = 220 nm, 20.0% 

iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-methyl (R,E)-5-methyl-5-nitrohex-2-enedioate (4a) 

Colourless oil; [α]25
D = 5.6 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.42 (d, J = 7.5 Hz, 2H), 7.27–

7.23 (m, 2H), 7.19–7.16 (m, 4H), 6.93 (s, 1H), 6.76 (dt, J 

= 15.5, 7.5 Hz, 1H), 5.99 (dt, J = 15.5, 1.0 Hz, 1H), 3.80 (s, 3H), 3.60–3.53 (m, 2H), 

3.12–2.98 (m, 4H), 1.77 (s, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 167.13, 

164.30, 140.30, 139.40, 136.45, 130.50, 130.03, 129.02, 127.37, 126.32, 91.43, 79.73, 

53.89, 39.18, 32.53, 21.50 ppm. HRMS (ESI) m/z calcd for C23H23NNaO6 [M+Na]+ 

432.1418, found 432.1421. The ee value was 91%, tR (major) = 18.466 min, tR (minor) 

= 23.410 min (Chiralpak IC, λ = 220 nm, 5.0% iPrOH/hexane, flow rate = 1.0 

mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (R,E)-5-ethyl-5-nitrohex-2-enedioate (4b) 

Colourless oil; [α]25
D = 3.8 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.42 (d, J = 7.0 Hz, 2H), 7.26–

7.23 (m, 2H), 7.19–7.16 (m, 4H), 6.93 (s, 1H), 6.73 (dt, J 

= 15.5, 7.5 Hz, 1H), 5.97 (d, J = 15.5 Hz, 1H), 4.24 (q, J = 7.0 Hz, 2H), 3.59–3.53 (m, 

2H), 3.06 –3.01 (m, 4H), 2.30–2.14 (m, 2H), 1.23 (t, J = 7.0 Hz, 3H), 0.91 (t, J = 7.0 

Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 166.06, 164.31, 140.27, 139.62, 

136.47, 130.48, 130.00, 128.99, 126.89, 126.30, 95.38, 79.65, 63.13, 36.13, 32.51, 

27.44, 13.93, 8.04 ppm. HRMS (ESI) m/z calcd for C25H27NNaO6 [M+Na]+ 460.1731, 

found 460.1737. The ee value was 91%, tR (minor) = 9.903 min, tR (major) = 12.173 

min (Chiralpak IF, λ = 220 nm, 10.0% iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (R,E)-5-nitro-5-propylhex-2-enedioate (4c) 

Colourless oil; [α]25
D = 0.8 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.42 (d, J = 7.5 Hz, 2H), 7.26–

7.23 (m, 2H), 7.19–7.16 (m, 4H), 6.93 (s, 1H), 6.74 (dt, 

J = 15.5, 7.5 Hz, 1H), 5.96 (dt, J = 15.5, 1.0 Hz, 1H), 4.24 (q, J = 7.0 Hz, 2H), 3.59–

3.53 (m, 2H), 3.06–3.00 (m, 4H), 2.21–2.07 (m, 2H), 1.33–1.19 (m, 2H), 1.22 (t, J = 

7.0 Hz, 3H), 0.95 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 166.16, 

164.34, 140.26, 139.74, 136.51, 136.48, 130.49, 129.98, 128.99, 126.83, 126.31, 

94.96, 79.65, 63.14, 36.70, 36.12, 32.52, 17.09, 14.00, 13.92 ppm. HRMS (ESI) m/z 

calcd for C26H29NNaO6 [M+Na]+ 474.1887, found 474.1881. The ee value was 90%, 

tR (minor) = 13.693 min, tR (major) = 16.276 min (Chiralpak IC, λ = 220 nm, 5.0% 

iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (R,E)-5-butyl-5-nitrohex-2-enedioate (4d) 

Colourless oil; [α]25
D = 3.3 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.42 (d, J = 7.5 Hz, 2H), 7.26–

7.23 (m, 2H), 7.19–7.16 (m, 4H), 6.94 (s, 1H), 6.74 (dt, 

J = 15.5, 7.5 Hz, 1H), 5.96 (dt, J = 15.5, 1.0 Hz, 1H), 4.24 (q, J = 7.0 Hz, 2H), 3.58–

3.52 (m, 2H), 3.07–3.00 (m, 4H), 2.23–2.10 (m, 2H), 1.38–1.31 (m, 2H), 1.27–1.13 

(m, 2H), 1.22 (t, J = 7.0 Hz, 3H), 0.89 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, 

CDCl3): δ = 166.16, 164.32, 140.24, 139.72, 136.49, 130.48, 129.94, 128.98, 126.83, 

126.30, 95.01, 79.62, 63.13, 36.61, 33.77, 32.51, 25.61, 22.55, 13.92, 13.79 ppm. 
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HRMS (ESI) m/z calcd for C27H31NNaO6 [M+Na]+ 488.2044, found 488.2044. The 

ee value was 90%, tR (minor) = 13.198 min, tR (major) = 15.314 min (Chiralpak IC, λ 

= 220 nm, 5.0% iPrOH/hexane, flow rate = 1.0 mL/min). 

 

 

 

1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (R,E)-5-hexyl-5-nitrohex-2-enedioate (4e) 

Colourless oil; [α]25
D = 1.8 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.42 (d, J = 7.0 Hz, 2H), 

7.26–7.23 (m, 2H), 7.19–7.16 (m, 4H), 6.93 (s, 1H), 

6.74 (dt, J = 15.5, 7.5 Hz, 1H), 5.96 (dt, J = 15.5, 1.0 Hz, 1H), 4.23 (q, J = 7.0 Hz, 

2H), 3.58–3.52 (m, 2H), 3.09–3.99 (m, 4H), 2.22–2.09 (m, 2H), 1.34–1.15 (m, 8H), 
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1.22 (t, J = 7.0 Hz, 3H), 0.86 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ 

= 166.17, 164.33, 140.25, 139.75, 136.50, 130.48, 129.96, 128.99, 126.83, 126.31, 

95.03, 79.63, 63.13, 36.64, 34.05, 32.52, 31.40, 29.04, 23.47, 22.54, 14.07, 13.93 ppm. 

HRMS (ESI) m/z calcd for C29H35NNaO6 [M+Na]+ 516.2357, found 516.2349. The 

ee value was 90%, tR (minor) = 11.318 min, tR (major) = 12.933 min (Chiralpak IC, λ 

= 220 nm, 5.0% iPrOH/hexane, flow rate = 1.0 mL/min). 

 

 

 

1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-methyl (R,E)-5-decyl-5-nitrohex-2-enedioate (4f) 

Colourless oil; [α]25
D = 1.8 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.42 (d, J = 7.5 Hz, 2H), 

7.26–7.23 (m, 2H), 7.19–7.16 (m, 4H), 6.93 (s, 1H), 
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6.72 (dt, J = 15.5, 7.5 Hz, 1H), 5.96 (dt, J = 15.5, 1.0 Hz, 1H), 3.77 (s, 3H), 3.59–3.52 

(m, 2H), 3.10–3.00 (m, 4H), 2.22–2.09 (m, 2H), 1.31–1.13 (m, 16H), 0.88 (t, J = 7.0 

Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 166.73, 164.34, 140.24, 139.59, 

136.52, 136.49, 130.50, 129.95, 129.00, 126.90, 126.32, 95.06, 79.66, 53.66, 36.66, 

34.06, 32.52, 32.00, 29.61, 29.54, 29.40, 29.28, 23.60, 22.80, 14.25 ppm. HRMS (ESI) 

m/z calcd for C32H41NNaO6 [M+Na]+ 558.2826, found 558.2827. The ee value was 

90%, tR (minor) = 9.299 min, tR (major) = 10.036 min (Chiralpak IB, λ = 220 nm, 2.0% 

iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (R,E)-5-allyl-5-nitrohex-2-enedioate (4g) 

Colourless oil; [α]25
D = -4.1 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.42 (d, J = 7.0 Hz, 2H), 7.26–

7.23 (m, 2H), 7.19–7.16 (m, 4H), 6.93 (s, 1H), 6.75 (dt, J 

= 15.5, 7.5 Hz, 1H), 5.97 (dt, J = 15.5, 1.0 Hz, 1H), 5.63–5.55 (m, 1H), 5.24–5.19 (m, 

2H), 4.24 (q, J = 7.0 Hz, 2H), 3.59–3.54 (m, 2H), 3.06–3.01 (m, 4H), 2.97 (dd, J = 

14.5, 7.5 Hz, 1H), 2.88 (dd, J = 14.5, 7.5 Hz, 1H), 1.22 (t, J = 7.0 Hz, 3H) ppm. 13C 

NMR (125 MHz, CDCl3): δ = 165.62, 164.29, 140.25, 139.44, 136.47, 130.48, 129.97, 

129.00, 128.08, 127.11, 126.31, 122.15, 94.23, 79.68, 63.30, 38.64, 36.46, 32.52, 

13.94 ppm. HRMS (ESI) m/z calcd for C26H27NNaO6 [M+Na]+ 472.1731, found 

472.1738. The ee value was 90%, tR (minor) = 34.387 min, tR (major) = 40.555 min 

(Chiralpak IF, λ = 220 nm, 1,0% iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (S,E)-5-nitro-5-(prop-2-yn-1-yl)hex- 

2-enedioate (4h) 

Colourless oil; [α]25
D = -0.8 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.43 (d, J = 7.5 Hz, 2H), 7.27–

7.24 (m, 2H), 7.19–7.16 (m, 4H), 6.94 (s, 1H), 6.74 (dt, J = 15.5, 7.5 Hz, 1H), 6.04 (d, 

J = 15.5 Hz, 1H), 4.27 (q, J = 7.0 Hz, 2H), 3.59–3.53 (m, 2H), 3.23–3.18 (m, 3H), 

3.08–3.01 (m, 3H), 2.14 (t, J = 2.5 Hz, 1H), 1.24 (t, J = 7.0 Hz, 3H) ppm. 13C NMR 

(125 MHz, CDCl3): δ = 164.64, 164.23, 140.30, 138.80, 136.45, 136.43, 130.49, 

130.05, 129.03, 127.63, 126.31, 92.60, 79.78, 75.37, 74.05, 63.75, 36.02, 32.53, 25.10, 

13.87 ppm. HRMS (ESI) m/z calcd for C26H25NNaO6 [M+Na]+ 470.1574, found 

470.1577. The ee value was 89%, tR (major) = 16.977 min, tR (minor) = 19.319 min 

(Chiralpak IC, λ = 220 nm, 5.0% iPrOH/hexane, flow rate = 1.0 mL/min). 



  

 S41 

 

 

 

1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (R,E)-5-nitro-5-(3-oxobutyl)hex-2-enedioate (4i) 

Colourless oil; [α]25
D = 0.6 (c = 2.0, CHCl3); 

1H NMR (500 

MHz, CDCl3): δ = 7.43 (d, J = 8.0 Hz, 2H), 7.26–7.23 (m, 

2H), 7.19–7.16 (m, 4H), 6.92 (s, 1H), 6.74 (dt, J = 15.5, 7.5 

Hz, 1H), 5.97 (d, J = 15.5 Hz, 1H), 4.26–4.20 (m, 2H), 

3.58–3.52 (m, 2H), 3.06–2.99 (m, 4H), 2.55–2.52 (m, 2H), 2.45–2.41 (m, 2H), 2.13 (s, 

3H), 1.23 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 205.40, 165.75, 

164.18, 140.28, 139.13, 136.44, 130.48, 130.03, 129.00, 127.23, 126.30, 94.09, 79.75, 



  

 S42 

63.41, 38.01, 37.78, 32.52, 30.00, 28.33, 13.89 ppm. HRMS (ESI) m/z calcd for 

C27H29NNaO7 [M+Na]+ 502.1836, found 502.1826. The ee value was 86%, tR (minor) 

= 26.166 min, tR (major) = 28.500 min (Chiralpak IA, λ = 220 nm, 5.0% 

iPrOH/hexane, flow rate = 1.0 mL/min). 

 

 

 

1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 6-ethyl 

(R,E)-5-(2-cyanoethyl)-5-nitrohex-2-enedioate (4j) 

Colourless oil; [α]25
D = 3.9 (c = 2.0, CHCl3); 

1H NMR (500 

MHz, CDCl3): δ = 7.42 (d, J = 7.5 Hz, 2H), 7.27–7.24 (m, 

2H), 7.20–7.17 (m, 4H), 6.93 (s, 1H), 6.69 (dt, J = 15.5, 7.5 

Hz, 1H), 6.02 (d, J = 15.5 Hz, 1H), 4.32–4.27 (m, 2H), 3.60–

3.54 (m, 2H), 3.14–3.00 (m, 4H), 2.55–2.44 (m, 4H), 1.26 (t, J = 7.0 Hz, 3H) ppm. 
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13C NMR (125 MHz, CDCl3): δ = 164.77, 163.98, 140.35, 137.95, 136.28, 136.25, 

130.52, 130.17, 129.09, 128.04, 126.32, 117.62, 92.97, 80.09, 64.04, 37.69, 32.52, 

30.33, 13.85, 12.81 ppm. HRMS (ESI) m/z calcd for C26H26N2NaO6 [M+Na]+ 

485.1683, found 485.1687. The ee value was 76%, tR (minor) = 49.579 min, tR (major) 

= 70.430 min (Chiralpak IC, λ = 220 nm, 20.0% iPrOH/hexane, flow rate = 1.0 

mL/min). 

 

 

 

1-Benzyl 

6-(10,11-dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

3-ethyl (R,E)-3-nitrohex-5-ene-1,3,6-tricarboxylate (4k) 

Colourless oil; [α]25
D = 1.3 (c = 2.0, CHCl3); 

1H NMR (500 

MHz, CDCl3): δ = 7.42 (d, J = 7.5 Hz, 2H), 7.36–7.33 (m, 
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5H), 7.26–7.23 (m, 2H), 7.19–7.16 (m, 4H), 6.93 (s, 1H), 6.74 (dt, J = 15.5, 7.5 Hz, 

1H), 5.97 (d, J = 15.5 Hz, 1H), 5.11 (s, 2H), 4.25–4.20 (m, 2H), 3.59–3.54 (m, 2H), 

3.05–3.02 (m, 4H), 2.55–2.42 (m, 4H), 1.21 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 

MHz, CDCl3): δ = 171.31, 165.55, 164.17, 140.28, 139.00, 136.42, 135.54, 130.49, 

130.02, 129.00, 128.75, 128.57, 128.52, 127.31, 126.30, 93.93, 79.75, 67.00, 63.48, 

37.59, 32.52, 29.49, 28.88, 13.87 ppm. HRMS (ESI) m/z calcd for C33H33NNaO8 

[M+Na]+ 594.2098, found 594.2089. The ee value was 85%, tR (minor) = 17.799 min, 

tR (major) = 20.407 min (Chiralpak IA, λ = 220 nm, 10.0% iPrOH/hexane, flow rate = 

1.0 mL/min). 
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1-(tert-Butyl) 

6-(10,11-dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

3-ethyl (R,E)-3-nitrohex-5-ene-1,3,6-tricarboxylate (4l) 

Colourless oil; [α]25
D = 1.6 (c = 2.0, CHCl3); 

1H NMR (500 

MHz, CDCl3): δ = 7.42 (d, J = 7.5 Hz, 2H), 7.26–7.23 (m, 

2H), 7.18–7.16 (m, 4H), 6.93 (s, 1H), 6.75 (dt, J = 15.5, 7.5 

Hz, 1H), 5.97 (d, J = 15.5 Hz, 1H), 4.26–4.22 (m, 2H), 3.58–3.54 (m, 2H), 3.04–3.02 

(m, 4H), 2.48–2.44 (m, 2H), 2.30–2.26 (m, 2H), 1.42 (s, 9H), 1.23 (t, J = 7.0 Hz, 3H) 

ppm. 13C NMR (125 MHz, CDCl3): δ = 170.65, 165.68, 164.21, 140.27, 139.19, 

136.47, 130.49, 130.01, 129.00, 127.22, 126.30, 94.09, 81.49, 79.72, 63.40, 37.45, 

32.53, 29.92, 29.56, 28.14, 13.90 ppm. HRMS (ESI) m/z calcd for C30H35NNaO8 

[M+Na]+ 560.2255, found 560.2257. The ee value was 87%, tR (minor) = 20.282 min, 

tR (major) = 23.610 min (Chiralpak IC, λ = 220 nm, 5.0% iPrOH/hexane, flow rate = 

1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

6-ethyl (R,E)-5-(3-((tert-butyldimethylsilyl)oxy) 

propyl)-5-nitrohex-2-enedioate (4m) 

Colourless oil; [α]25
D = 4.9 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.42 (d, J = 7.5 Hz, 2H), 7.26–

7.23 (m, 2H), 7.19–7.16 (m, 4H), 6.93 (s, 1H), 6.74 (dt, J 

= 15.5, 7.5 Hz, 1H), 5.97 (d, J = 15.5 Hz, 1H), 4.24 (q, J = 7.0 Hz, 2H), 3.61–3.52 (m, 

4H), 3.06–2.99 (m, 4H), 2.29–2.18 (m, 2H), 1.51–1.36 (m, 2H), 1.22 (t, J = 7.0 Hz, 

3H), 0.85 (s, 9H), 0.01 (s, 6H) ppm. 13C NMR (125 MHz, CDCl3): δ = 166.08, 164.26, 

140.27, 139.58, 136.49, 130.47, 130.01, 128.98, 126.94, 126.29, 94.84, 79.62, 63.17, 

62.07, 36.83, 32.53, 30.97, 27.00, 25.96, 18.35, 13.92, -5.27 ppm. HRMS (ESI) m/z 

calcd for C32H43NNaO7Si [M+Na]+ 604.2701, found 604.2706. The ee value was 93%, 

tR (minor) = 7.520 min, tR (major) = 8.650 min (Chiralpak IC, λ = 220 nm, 5.0% 

iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 6-ethyl 

(R,E)-5-(3-bromopropyl)-5-nitrohex-2-enedioate (4n) 

Colourless oil; [α]25
D = -1.9 (c = 2.0, CHCl3); 

1H NMR (500 

MHz, CDCl3): δ = 7.42 (d, J = 7.5 Hz, 2H), 7.26–7.23 (m, 

2H), 7.19–7.16 (m, 4H), 6.93 (s, 1H), 6.73 (dt, J = 15.5, 7.5 

Hz, 1H), 5.99 (d, J = 15.5 Hz, 1H), 4.26 (q, J = 7.0 Hz, 2H), 

3.58–3.52 (m, 2H), 3.41–3.34 (m, 2H), 3.10–3.00 (m, 4H), 2.37–2.27 (m, 2H), 1.89–

1.76 (m, 2H), 1.24 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ = 165.73, 

164.19, 140.28, 138.98, 136.44, 130.50, 130.00, 129.01, 127.34, 126.32, 94.23, 79.76, 

63.45, 36.99, 32.97, 32.55, 31.96, 26.95, 13.94 ppm. HRMS (ESI) m/z calcd for 
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C26H28
79BrNNaO6 [M+Na]+ 552.0992, found 552.0997, C26H28

81BrNNaO6 [M+Na]+ 

554.0972, found 554.0968. The ee value was 89%, tR (minor) = 15.478 min, tR (major) 

= 19.785 min (Chiralpak IC, λ = 220 nm, 10.0% iPrOH/hexane, flow rate = 1.0 

mL/min). 

 

 

 

1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen-5-yl) 

4-ethyl 8-methyl (R,1E,7E)-4-nitroocta-1,7- 

diene-1,4,8-tricarboxylate (4o) 

Colourless oil; [α]25
D = 1.5 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.41 (d, J = 7.5 Hz, 2H), 

7.26–7.23 (m, 2H), 7.19–7.16 (m, 4H), 6.92 (s, 1H), 
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6.85 (dt, J = 15.5, 6.5 Hz, 1H), 6.71 (dt, J = 15.5, 7.5 Hz, 1H), 5.98 (d, J = 15.5 Hz, 

1H), 5.84 (dt, J = 15.5, 1.5 Hz, 1H), 4.25 (q, J = 7.0 Hz, 2H), 3.73 (s, 3H), 3.58–3.52 

(m, 2H), 3.07–3.00 (m, 4H), 2.37–2.16 (m, 4H), 1.23 (t, J = 7.0 Hz, 3H) ppm. 13C 

NMR (125 MHz, CDCl3): δ = 166.54, 165.62, 164.17, 145.44, 140.30, 138.99, 136.38, 

130.50, 130.07, 129.03, 127.30, 126.31, 122.72, 94.15, 79.86, 63.48, 51.73, 37.06, 

32.56, 32.52, 26.35, 13.91 ppm. HRMS (ESI) m/z calcd for C29H31NNaO8 [M+Na]+ 

544.1942, found 544.1947. The ee value was 84%, tR (minor) = 27.627 min, tR (major) 

= 33.201 min (Chiralpak IC, λ = 220 nm, 20.0% iPrOH/hexane, flow rate = 1.0 

mL/min). 
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1-Benzyl 7-(10,11-dihydro-5H-dibenzo[a,d][7]annulen- 

5-yl) 4-ethyl (R,1E,6E)-4-nitrohepta-1,6-diene-1,4,7- 

tricarboxylate (4p) 

Colourless oil; [α]25
D = -1.2 (c = 2.0, CHCl3); 

1H NMR 

(500 MHz, CDCl3): δ = 7.42 (d, J = 7.0 Hz, 2H), 7.39–

7.32 (m, 5H), 7.27–7.24 (m, 2H), 7.19–7.16 (m, 4H), 6.93 

(s, 1H), 6.77–6.69 (m, 2H), 6.01–5.97 (m, 2H), 5.17 (s, 2H), 4.25 (q, J = 7.0 Hz, 2H), 

3.58–3.52 (m, 2H), 3.10–2.99 (m, 6H), 1.21 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 

MHz, CDCl3): δ = 165.12, 165.08, 164.12, 140.29, 138.75, 138.65, 136.37, 135.73, 

130.50, 130.04, 129.03, 128.72, 128.49, 128.43, 127.57, 127.17, 126.30, 93.57, 79.85, 

66.68, 63.68, 36.89, 36.83, 32.50, 13.88 ppm. HRMS (ESI) m/z calcd for 

C34H33NNaO8 [M+Na]+ 606.2098, found 606.2091. The ee value was 88%, tR (major) 

= 42.690 min, tR (minor) = 48.545 min (Chiralpak IF, λ = 220 nm, 5.0% 

iPrOH/hexane, flow rate = 1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annule

n-5-yl) 6-ethyl 

(R,E)-5-nitro-5-((E)-3-(pyren-1-yl)allyl)hex-

2-enedioate (4q) 

Yellow oil; [α]25
D = 1.0 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 8.23 (d, J = 9.0 

Hz, 1H), 8.18 (t, J = 8.5 Hz, 2H), 8.10 (d, J = 8.0 Hz, 1H), 8.07–7.99 (m, 5H), 7.55 (d, 

J = 15.5 Hz, 1H), 7.46 (d, J = 7.5 Hz, 2H), 7.28–7.24 (m, 2H), 7.19–7.18 (m, 4H), 

6.98 (s, 1H), 6.92–6.84 (m, 1H), 6.15 (dt, J = 15.0, 7.5 Hz, 1H), 6.08 (d, J = 15.5 Hz, 

1H), 4.30 (q, J = 7.0 Hz, 2H), 3.59–3.54 (m, 2H), 3.36–3.24 (m, 2H), 3.20 (d, J = 7.5 

Hz, 2H), 3.05–3.00 (m, 2H), 1.25 (t, J = 7.0 Hz, 3H). ppm. 13C NMR (125 MHz, 

CDCl3): δ = 165.77, 164.35, 140.28, 139.52, 136.50, 134.22, 131.55, 131.30, 130.96, 

130.88, 130.51, 130.50, 130.03, 129.02, 128.22, 128.02, 127.65, 127.50, 127.26, 

126.33, 126.18, 125.56, 125.32, 125.12, 124.93, 124.25, 123.43, 122.83, 94.61, 79.80, 

63.45, 38.63, 36.87, 32.53, 14.00 ppm. HRMS (ESI) m/z calcd for C42H35NNaO6 

[M+Na]+ 672.2357, found 672.2348. The ee value was 90%, tR (minor) = 23.691 min, 

tR (major) = 28.031 min (Chiralpak IA, λ = 220 nm, 5.0% iPrOH/hexane, flow rate = 

1.0 mL/min). 
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1-(10,11-Dihydro-5H-dibenzo[a,d][7]annulen

-5-yl) 6-ethyl (R,E)-5-nitro-5-(3-(oleoyloxy) 

propyl)hex-2-enedioate (4r) 

Colourless oil; [α]25
D = 1.4 (c = 2.0, CHCl3); 

1H 

NMR (500 MHz, CDCl3): δ = 7.41 (d, J = 7.5 

Hz, 2H), 7.26–7.23 (m, 2H), 7.19–7.16 (m, 4H), 

6.93 (s, 1H), 6.73 (dt, J = 15.5, 7.5 Hz, 1H), 5.98 (d, J = 15.5 Hz, 1H), 5.36–5.34 (m, 

2H), 4.25 (q, J = 7.0 Hz, 2H), 4.05 (t, J = 6.5 Hz, 2H), 3.58–3.52 (m, 2H), 3.06–3.00 

(m, 4H), 2.30–2.17 (m, 4H), 2.04–2.00 (m, 4H), 1.65–1.51 (m, 5H), 1.33–1.27 (m, 

19H), 1.23 (t, J = 7.0 Hz, 3H), 0.88 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, 

CDCl3): δ = 173.78, 165.80, 164.21, 140.26, 139.23, 136.46, 136.43, 130.49, 130.14, 
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130.00, 129.89, 129.02, 127.14, 126.31, 94.44, 79.73, 63.36, 63.03, 36.86, 34.25, 

32.52, 32.04, 31.02, 29.91, 29.85, 29.66, 29.46, 29.45, 29.31, 29.26, 29.24, 27.36, 

27.32, 25.01, 23.19, 22.81, 14.25, 13.92 ppm. HRMS (ESI) m/z calcd for 

C44H61NNaO8 [M+Na]+ 754.4289, found 754.4283. The ee value was 92%, tR (minor) 

= 19.458 min, tR (major) = 24.672 min (Chiralpak IC, λ = 220 nm, 5.0% 

iPrOH/hexane, flow rate = 1.0 mL/min). 

 

 

 

V. Synthetic manipulation of the product. 
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A stirred solution of 4a (40.9 mg, 0.1 mmol) in MeOH (2 mL) was added Pd/C (10 

mg) under the H2 balloon. The mixture was stirred at room temperature for 6 h, and 

then the mixture was refluxed directly at 70 oC for 12 h. After completion of the 

reaction indicated by TLC, the mixture to a silica gel chromatography column (silica 

gel, PE/EtOAc = 1/1) to afford the desired product 5a as colorless oil (14.9 mg, 87% 

yield); [α]25
D = 3.3 (c = 2.0, CHCl3); 

1H NMR (500 MHz, CDCl3): δ = 3.81 (s, 3H), 

2.47–2.37 (m, 2H), 2.32–2.25 (m, 1H), 2.23–2.17 (m, 1H), 1.80 (s, 3H), 1.73–1.64 (m, 

1H), 1.61–1.52 (m, 1H) ppm. 13C NMR (125 MHz, CDCl3): δ = 178.52, 167.86, 92.41, 

53.70, 35.80, 33.39, 21.35, 19.01 ppm. HRMS (ESI) m/z calcd for C8H13NNaO3 

[M+Na]+ 194.0788, found 194.0787. The ee value was 89%, tR (minor) = 14.945 min, 

tR (major) = 16.874 min (Chiralpak ID, λ = 210 nm, 5.0% iPrOH/hexane, flow rate = 

1.0 mL/min). 
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A stirred solution of 4b (50.0 mg, 0.11 mmol) in MeOH (2 mL) was added Pd/C (10 

mg) under the H2 balloon. The mixture was stirred at room temperature for 6 h, and 

then the mixture was refluxed directly at 70 oC for 12 h. After completion of the 

reaction indicated by TLC, the mixture to a silica gel chromatography column (silica 

gel, PE/EtOAc = 1/1) to afford the desired product 5b as colorless oil (21.1 mg, 92% 

yield); [α]25
D = -2.5 (c = 2.0, CHCl3); 

1H NMR (500 MHz, CDCl3): δ = 4.27 (q, J = 

7.0 Hz, 2H), 2.42 (td, J = 7.0, 2.0 Hz, 2H), 2.35–2.18 (m, 4H), 1.65–1.47 (m, 2H), 

1.29 (t, J = 7.0 Hz, 3H), 0.91 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (125 MHz, CDCl3): δ 

= 177.87, 166.83, 96.36, 62.87, 33.29, 32.44, 27.07, 18.76, 14.00, 8.01 ppm. HRMS 

(ESI) m/z calcd for C10H17NNaO3 [M+Na]+ 222.1101, found 222.1110. The ee value 

was 90%, tR (minor) = 29.002 min, tR (major) = 44.404 min (Chiralpak IF, λ = 210 

nm, 5.0% iPrOH/hexane, flow rate = 1.0 mL/min). 
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To a solution of 4a (40.9 mg, 0.1 mmol) in MeOH (2.0 mL), NiCl2·6H2O (23.8 mg, 

0.1 mmol) and NaBH4 (19.0 mg, 0.5 mmol) was added at 0 °C. The reaction mixture 

was stirred at 0 °C for 90 min. Then, NaHCO3 was added dropwise until the solution 

attained pH 9. Methanol was removed by evaporation, and the aqueous layer was 

extracted with ethyl acetate. The combined organic layers were washed with brine, 

dried over MgSO4, After evaporation under reduced pressure, the residue was purified 

by silica gel flash column chromatography (hexane/ ethyl acetate = 2/1) to give 5c as 

colorless oil (29.4 mg, 77%yield). [α]25
D = -1.8 (c = 2.0, CHCl3); 

1H NMR (500 MHz, 

CDCl3): δ = 7.40 (d, J = 8.0 Hz, 2H), 7.25–7.22 (m, 2H), 7.18–7.15 (m, 4H), 6.90 (s, 

1H), 3.66 (s, 3H), 3.59–3.52 (m, 2H), 3.05–2.99 (m, 2H), 2.34 (t, J = 6.0 Hz, 2H), 

1.66–1.62 (m, 2H), 1.53–1.49 (m, 2H), 1.27 (s, 3H) ppm. 13C NMR (125 MHz, 

CDCl3): δ = 177.58, 172.08, 140.20, 136.76, 130.41, 129.84, 128.86, 126.28, 79.10, 

57.78, 52.37, 40.17, 34.62, 32.53, 26.12, 19.76 ppm. HRMS (ESI) m/z calcd for 
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C23H27NNaO4 [M+Na]+ 404.1832, found 404.1830. The ee value was 93%, tR (minor) 

= 21.522 min, tR (major) = 23.468 min (Chiralpak IF, λ = 220 nm, 10.0% 

iPrOH/hexane, flow rate = 1.0 mL/min). 

 

 

 

VI. Determination of the absolute configuration of 5b. 

The absolute configuration of products 5b was established through the comparison of 

its value of specific rotation with that of a known compound reported in the 

literature.3  
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VIII. Copies of 1H and 13C NMR spectra 
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