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1.General Information 

Unless otherwise noted, all the reactions for the preparation of the substrates were 

performed in oven-dried glassware under nitrogen atmosphere with freshly distilled 

solvents. The catalytic reactions were performed under nitrogen atmosphere. The 

solvents were purified by distillation from calcium hydride unless otherwise noted. All 

other commercial reagents were used without further purification unless otherwise 

indicated. 1H NMR, 13C NMR and 31P spectra were recorded on Bruker 400 MHz 

spectrometer (ADVNCE III) using chloroform-d (CDCl3) as the internal standard. 

Chemical shifts were reported in parts per million (ppm), and the residual solvent peak 

was used as an internal reference: proton (chloroform δ 7.26), carbon (chloroform δ 

77.1) or tetramethylsilane (TMS δ 0.00) was used as a reference. Data are reported as 

follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m 

= multiplet, br = broad), coupling constants (Hz) and integration. The enantiomeric 

excesses (e.e.) was determined by HPLC analysis on LC-20AD/T LPGE KIT using 

Daicel CHIRALPAK® column IA-U, IC-U. X-ray diffraction analyses were carried out 

on a microcrystalline powder using a Rigaku Oxford Diffraction XtaLAB Synergy-S 

diffractometer using Cu radiation (  = 1.54184 Å). If not specially mentioned, flash 

column chromatography was performed using 200-300 silica gel purchased from Yaitai 

Chemicals (China). High-resolution mass spectra (HRMS) were recorded on a Bruker 

Apex IV FTMS mass spectrometer using ESI (electrospray ionization) as ionization 

method. Optical rotations were recorded on an AUTOPOL II digital polarimeter at 589 

nm and are recorded as [α]D
T (concentration in grams/100 mL solvent). The γ-

methylidene-δ-valerolactones[1] and indolyl nitroolefins[2-3] were prepared according to 

the reported procedure. 
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2. Reaction Optimization 

Table S1. Investigation of ligands. [a] 

 

Entry Catalyst L Yield[b] dr[c] ee[d] 

1 Pd2(dba)3·CHCl3 L1 42% 1:1 62% 

2 Pd2(dba)3·CHCl3 L2 25% 1:1 37% 

3 Pd2(dba)3·CHCl3 L3 40% 1:1 66% 

4 Pd2(dba)3·CHCl3 L4 32% 1:1 40% 

5 Pd2(dba)3·CHCl3 L5 35% 1:1 -57% 

6 Pd2(dba)3·CHCl3 L6 52% 1:1 -68% 

7 Pd2(dba)3·CHCl3 L7 0 -- -- 

8 Pd2(dba)3·CHCl3 L8 43% 1:1 69% 

9 Pd2(dba)3·CHCl3 L9 64% 1:1 85% 

10 Pd2(dba)3·CHCl3 L10 0 -- -- 

11 Pd2(dba)3·CHCl3 L11 36% 10:1 45% 

12 Pd2(dba)3·CHCl3 L12 0 -- -- 

13 Pd2(dba)3·CHCl3 L13 0 -- -- 

14 Pd2(dba)3·CHCl3 L14 0 -- -- 
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15 Pd2(dba)3·CHCl3 L15 0 -- -- 

16 Pd2(dba)3·CHCl3 L16 0 -- -- 

17 Pd(PPh3)4 \ 50% 1:1 0 

[a] Reaction conditions: 5 mol% of Pd2(dba)3·CHCl3, 22 mol% of Ligand, 0.12 mmol of 1a, 0.1 mmol of 

2a and 4Å MS in THF (1 mL) at room temperature. [b] Isolated yield of 3a. [c] Determined by 1H NMR 

analysis. [d] Determined by HPLC analysis. 

 

After optimization, L9 was selected for the next investigation. 

 

 

Table S2. Investigation of organocatalysts, solvents and temperature.[a] 

 

Entry OC Solvent Temperature Yield[b] dr[c] ee[d] 

1 OC1  THF rt 42% 1:1 83% 

2 OC2 THF rt 31 1:1 72% 

3 OC3 THF rt 63% 3:1 85% 

4 OC4 THF rt 50% 2:1 85% 

5 OC5 THF rt 64% 5:1 85% 

6 OC6 THF rt 0 -- -- 

7 OC5 Toluene rt 53% 2:1 75% 

8 OC5 DMF rt 49% 2:1 76% 

9 OC5 Xylene rt 52% 2:1 82% 

10 OC5 Anisole rt 50% 2:1 82% 

11 OC5 THF 0°C 64% 4:1 87% 

12 OC5 THF -10°C 73% 6:1 94% 

[a] Reaction conditions: 5 mol% of Pd2(dba)3·CHCl3, 22 mol% of L9, 0.12 mmol of 1a, 0.1 mmol of 2a 

and 4Å MS in THF (1 mL) at room temperature. [b] Isolated yield of 3a. [c] Determined by 1H NMR 

analysis. [d] Determined by HPLC analysis. 
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After optimization, the best reaction condition was with OC6 and THF at -10 ºC, which 

was used for next exploration. 

Table S3. Investigation of nitroolefins [a] 

 

[a] Reaction conditions: γ-methylidene-δ-valerolactones (0.048 mmol), nitroolefins (0.04 mmol) 

and 5 mol% of Pd(PPh3)4 in 0.4 mL THF at room temperature. 

Besides indolyl nitroolefins and 2-nitrobenzofuran, other nitroolefins were also 

screened for this asymmetric cycloaddition. When (E)-(2-nitrovinyl)benzene (Table S3, 

A) and (E)-N-(2-nitrovinyl)-1,1-diphenylmethanimine (Table S3, B) were submitted to 

the standard reaction conditions, A mixture of both [4+2] and [3+2] cycloaddition 

adducts were generated which could not be separated and purified by silica gel 

chromatography. Therefore, indolyl nitroolefins and 2-nitrobenzofuran were used in 

this asymmetric [3+2] cycloaddition reaction. 
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3. Representative procedure and data for the synthesis of L9 

and 3 

 

To a dried tube was added γ-methylidene-δ-valerolactone 1 (0.12 mmol, 1.2 equiv.), 

indole nitroolefins 2 (0.1 mmol, 1.0 equiv.), Pd2(dba)3·CHCl3 (0.005 mmol, 5.2 mg, 5 

mol%), L9 (0.022 mmol, 13.4 mg, 22 mol%), OC5 (0.01 mmol, 4.4 mg, 10 mol%) 

followed with the addition of 4Å molecule sieve and 1 mL of THF under nitrogen 

atmosphere. The reaction mixture was stirred at -10 °C for 12 h and directly purified by 

silica gel chromatography (hexane/ethyl acetate = 20:1-5:1) to yield the products. 

  

N-(di(naphthalen-2-yl) methyl)-N-methyldinaphtho[2,1-d:1',2'f][1,3,2] 

dioxaphosphepin-4-amine (L9) 

L9 was synthesized according to the literature reported by Fletcher.[4] White solid, m.p. 

= 161-162 ºC ; [α]D
20.0= - 6.6 (0.1, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 2.25 (d, J = 

4.0 Hz, 3H), 6.31 (d, J = 10.8 Hz, 1H), 7.03 (d, J = 8.8 Hz, 1H), 7.17-7.23 (m, 2H), 

7.28 - 7.34 (m, 2H), 7.38 (dd, J = 8.4, 5.8 Hz, 2H), 7.43 -7.52 (m, 5H), 7.55 - 7.64 (m, 

3H), 7.77 (d, J = 8.2 Hz, 1H), 7.81-7.85 (m, 6H), 7.92 (dt, J = 16.5, 8.5 Hz, 4H) ppm; 

13C NMR (100 MHz, CDCl3) δ 65.5, 65.9, 121.8, 122.2, 122.5, 124.0, 124.1, 124.6, 

124.9, 126.1, 126.2, 126.3, 126.4, 126.8, 127.0, 127.1, 127.4, 127.7, 127.8, 127.9, 128.0, 

128.1, 128.2, 128.3, 128.4, 128.6, 130.0, 130.4, 130.7, 131.5, 132.6, 132.8, 132.9, 133.3, 

133.4, 137.4, 137.5, 137.7, 137.8, 149.5, 150.1, 150.2 ppm; 31P NMR (160 MHz, CDCl3) 
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δ 148.7 ppm; HRMS (ESI) m/z calcd. for C42H31NO2P [M+H]+: 612.2087, found: 

612.2084. 

 

  

Benzyl (5R,6S,7R)-6-(1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4]heptane-

5-carboxylate (3a) 

Colorless oil, 35mg, 73% yield; dr = 6 : 1, 94% ee; [α]D
20.0= - 5.3 (0.1, CH2Cl2); [Daicel 

CHIRALPAK® IC-U (0.46 cm × 25 cm), n-hexane/2-propanol = 90/10, v = 1 mL·min-

1, λ = 254 nm, t (major) = 13.3 min, t (minor) = 14.2 min]; 1H NMR (400 MHz, CDCl3) 

δ 0.73-0.81 (m, 1H), 0.85-0.93 (m, 1H), 1.07-1.14 (m, 1H), 1.15-1.21 (m, 1H), 2.63 (d, 

J = 13.8 Hz, 1H), 2.95 (d, J = 13.8 Hz, 1H), 3.55 (s, 3H), 5.00-5.04 (m, 2H), 5.18 (d, J 

= 12.4 Hz, 1H), 5.36 (d, J = 10 Hz, 1H), 6.11 (s, 1H), 6.96 (ddd, J = 8.0, 6.7, 1.2 Hz, 

1H), 7.04 (d, J = 7.5 Hz, 2H), 7.08 – 7.19 (m, 6H), 7.20 (dt, J = 9.3, 3.3 Hz, 2H), 7.28 

(dd, J = 5.9, 2.6 Hz, 3H) ppm; 13C NMR (100 MHz, CDCl3) δ 13C NMR (101 MHz, 

CDCl3) δ 14.4, 17.6, 23.2, 32.7, 44.5, 50.2, 60.9, 67.0, 97.5, 108.9, 109.00, 119.2, 119.8, 

121.4, 127.0, 127.4, 127.8, 128.1, 128.2, 128.5, 128.6, 128.8, 135.7, 136.5, 138.9, 174.2 

ppm; HRMS (ESI) m/z calcd. for C30H29N2O4 [M+H]+: 481.2122, found: 481.2121. 

 

Benzyl(5R,6S,7R)-6-(6-fluoro-1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4] 

heptane -5-carboxylate (3b) 

Colorless oil, 27 mg, 54% yield; dr = 2 : 1, 88% ee; [α]D
20.0= - 1.9 (0.1, CH2Cl2); [Daicel 

CHIRALPAK® IA-U (0.46 cm × 25 cm), n-hexane/2-propanol = 95/5, v = 1 mL·min-

1, λ = 254 nm, t (major) = 15.2 min, t (minor) = 18.6 min]; 1H NMR (400 MHz, CDCl3) 
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δ 0.72 – 0.79 (m, 1H), 0.83 – 0.89 (m, 1H), 1.09-1.13 (m, 1H), 1.16-1.20 (m, 1H), 2.61 

(d, J = 13.8 Hz, 1H), 2.91 (d, J = 13.8 Hz, 1H), 3.49 (s, 3H), 4.96-5.03 (m, 2H), 5.18 

(d, J = 12.4 Hz, 1H), 5.29 (d, J = 8.0 Hz, 1H), 6.08 (s, 1H), 6.49 – 6.59 (m, 1H), 6.70 

(td, J = 9.2, 2.4 Hz, 1H), 6.78 – 6.84 (m, 1H), 7.02 (dd, J = 7.2, 1.8 Hz, 2H), 7.12 – 

7.18 (m, 5H), 7.25 – 7.30 (m, 3H) ppm; 13C NMR (100 MHz, CDCl3) δ 14.4, 17.6, 23.1, 

32.8, 44.5, 50.2, 60.7, 67.0, 95.3 (d, J = 26.0 Hz), 97.3, 108.0 (d, J = 24.2 Hz), 109.2, 

120.7 (d, J = 10.0 Hz), 126.9, 127.5, 127.9, 128.2, 128.3 (d, J = 2.3 Hz), 128.4, 128.5, 

128.6, 135.7, 136.5 (d, J = 11.9 Hz), 138.8, 159.7(d, J = 236.3 Hz), 174.1 ppm; HRMS 

(ESI) m/z calcd. for C30H28FN2O4 [M+H]+: 499.2028, found: 499.2023. 

 

Benzyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4] 

heptane-5-carboxylate (3c) 

Colorless oil, 36 mg, 65% yield; dr = 5 : 1, 94% ee; [α]D
20.0= - 18.8 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IA-U (0.46 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1 

mL·min-1, λ = 254 nm, t (major) = 22.0 min, t (minor) = 25.6 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.74-0.79 (m, 1H), 0.85-0.89 (m, 1H), 1.07-1.14 (m, 1H), 1.17-1.22 (m, 1H), 

2.61 (d, J = 13.8 Hz, 1H), 2.91 (d, J = 13.8 Hz, 1H), 3.51 (s, 3H), 4.97-5.03 (m, 2H), 

5.17 (d, J = 12.4 Hz, 1H), 5.28 (d, J = 10.4 Hz, 1H), 6.07 (s, 1H), 7.00-7.04 (t, J = 8.4 

Hz, 3H), 7.07-7.09 (d, J = 8.6 Hz, 1H), 7.14 – 7.19 (m, 4H), 7.23 (d, J = 7.4 Hz, 1H), 

7.27-7.28 (m, 2H), 7.33-7.34 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ 14.5, 17.5, 

23.1, 32.8, 44.5, 50.1, 60.6, 67.1, 97.1, 109.3, 112.1, 115.2, 121.1, 122.5, 126.7, 126.9, 

127.5, 127.9, 128.2, 128.3, 128.5, 129.5, 135.6, 137.3, 138.8, 174.1 ppm; HRMS (ESI) 

m/z calcd. for C30H28BrN2O4 [M+H]+: 559.1227, found: 559.1224. 
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Benzyl(5R,6S,7R)-6-(6-chloro-1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4] 

heptane-5-carboxylate (3d) 

Colorless oil, 35 mg, 68% yield; dr = 5 : 1, 93% ee; [α]D
20.0= - 22.7 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IA-U (0.46 cm × 25 cm), n-hexane/2-propanol = 95/5, v = 1 

mL·min-1, λ = 254 nm, t (major) = 15.2 min, t (minor) = 17.2 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.73-0.79 (m, 1H), 0.85-0.90 (m, 1H), 1.09-1.14 (m, 1H), 1.16-1.22 (m, 1H), 

2.61 (d, J = 13.8 Hz, 1H), 2.90 (d, J = 13.8 Hz, 1H), 3.49 (s, 3H), 4.96-5.04 (m, 2H), 

5.17 (d, J = 12.2 Hz, 1H), 5.28 (d, J = 10.2 Hz, 1H), 6.09 (s, 1H), 6.88-6.91 (dd, J = 

8.5, 2.0 Hz, 1H), 7.01 (d, J = 7.6 Hz, 2H), 7.13 – 7.17 (m, 5H), 7.24-7.29 (m, 5H) ppm; 

13C NMR (100 MHz, CDCl3) δ 14.5, 17.5, 23.1, 32.8, 44.5, 50.1, 60.6, 67.1, 97.1, 109.1, 

109.2, 120.0, 120.8, 126.4, 126.9, 127.5, 127.9, 128.2, 128.3, 128.4, 128.5, 129.5, 135.6, 

136.9, 138.8, 174.1 ppm; HRMS (ESI) m/z calcd. for C30H28ClN2O4 [M+H]+: 515.1732, 

found: 515.1736. 

 

Benzyl(5R,6S,7R)-6-(5-bromo-1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4] 

heptane-5-carboxylate (3e) 

Colorless oil, 41mg, 73% yield; dr = 4 : 1, 91% ee; [α]D
20.0= - 2.2 (0.1, CH2Cl2); [Daicel 

CHIRALPAK® IA-U (0.46 cm × 25 cm), n-hexane/2-propanol = 95/5, v = 1 mL·min-

1, λ = 254 nm, t (major) = 16.8 min, t (minor) = 16.1 min]; 1H NMR (400 MHz, CDCl3) 

δ 0.74-0.79 (m, 1H), 0.85-0.91 (m, 1H), 1.13-1.23 (m, 2H), 2.60 (d, J = 13.8 Hz, 1H), 

2.89 (d, J = 13.8 Hz, 1H), 3.54 (s, 3H), 5.03 (dd, J = 14.6, 11.4 Hz, 2H), 5.19 (d, J = 

14.0 Hz, 1H), 5.22 (d, J = 8.8 Hz, 1H), 6.26 (s, 1H), 7.00 – 7.08 (m, 5H), 7.15 – 7.20 

(m, 5H), 7.26-7.29 (m, 3H) ppm; 13C NMR (100 MHz, CDCl3) δ 14.5, 17.7, 23.1, 32.9, 

44.5, 50.5, 60.5, 67.0, 96.7, 108.5, 110.5, 112.8, 122.4, 124.3, 126.9, 127.7, 128.0, 

128.2, 128.3, 128.5, 129.2, 130.4, 135.2, 135.6, 138.7, 174.1 ppm; HRMS (ESI) m/z 

calcd. for C30H28BrN2O4 [M+H]+: 559.1227, found: 559.1231. 
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Benzyl(5R,6S,7R)-6-(5-chloro-1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4] 

heptane-5-carboxylate (3f) 

Colorless oil, 37 mg, 72% yield; dr = 3 : 1, 91% ee; [α]D
20.0= - 1.9 (0.1, CH2Cl2); [Daicel 

CHIRALPAK® IB-U (0.46 cm × 25 cm), n-hexane/2-propanol = 95/5, v = 1 mL·min-

1, λ = 254 nm, t (major) = 11.6 min, t (minor) = 10.3 min]; 1H NMR (400 MHz, CDCl3) 

δ 0.74-0.80 (m, 1H), 0.87-0.91 (m, 1H), 1.13-1.24 (m, 2H), 2.61 (d, J = 13.8 Hz, 1H), 

2.90 (d, J = 13.8 Hz, 1H), 3.55 (s, 3H), 5.03 (dd, J = 13.8, 11.4 Hz, 2H), 5.19 (d, J = 

12.3 Hz, 1H), 5.23 (d, J = 10.6 Hz, 1H), 6.26 (s, 1H), 6.96 (s, 1H), 7.01-7.06 (m, 4H), 

7.15-7.19 (m, 4H), 7.27-7.31 (m, 4H) ppm; 13C NMR (100 MHz, CDCl3) δ 14.5, 17.7, 

23.1, 32.9, 44.5, 50.4, 60.6, 67.0, 96.8, 108.5, 110.1, 119.3, 121.8, 125.2, 126.9, 127.7, 

128.0, 128.2, 128.3, 128.4, 128.5, 130.5, 135.0, 135.7, 138.8, 174.1 ppm; HRMS (ESI) 

m/z calcd. for C30H28ClN2O4 [M+H]+: 515.1732, found: 515.1737. 

 

Benzyl(5R,6S,7R)-6-(5-fluoro-1-methyl-1H-indol-3-yl)-5-(4-(methoxycarbonyl) 

phenyl)-7-nitrospiro[2.4]heptane-5-carboxylate (3g) 

Colorless oil, 35 mg, 63% yield; dr = 4 : 1, 92% ee; [α]D
20.0= - 45.7 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IA-U (0.46 cm × 25 cm), n-hexane/2-propanol = 90/10, v = 1 

mL·min-1, λ = 254 nm, t (major) = 16.2 min, t (minor) = 13.8 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.75-0.81 (m, 1H), 0.86-0.93 (m, 1H), 1.10-1.16 (m, 1H), 1.17-1.22 (m, 1H), 

2.62 (d, J = 13.8 Hz, 1H), 2.95 (d, J = 13.8 Hz, 1H), 3.54 (s, 3H), 3.90 (s, 3H), 4.93 (d, 

J = 10.0 Hz, 1H), 5.04 (d, J = 12.2 Hz, 1H), 5.17 (d, J = 12.2 Hz, 1H), 5.32 (d, J = 10.0 
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Hz, 1H), 6.20 (s, 1H), 6.87 (td, J = 9.0, 2.5 Hz, 1H), 6.94 (dd, J = 10.2, 2.4 Hz, 1H), 

7.08 (dd, J = 8.5, 5.7 Hz, 3H), 7.15 (dd, J = 6.6, 3.0 Hz, 2H), 7.27 (dd, J = 6.3, 3.0 Hz, 

3H), 7.81 (d, J = 8.0 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ 14.3, 17.6, 23.1, 

33.1, 44.3, 50.2, 52.3, 61.0, 67.4, 96.9, 104.6 (d, J = 24.0 Hz), 108.7 (d, J = 4.8 Hz), 

109.8 (d, J = 9.8 Hz), 110.2 (d, J = 26.2 Hz), 127.9 (d, J = 9.9 Hz), 128.3, 128.4, 128.5, 

128.6, 129.0, 129.2, 130.1, 133.2, 135.3, 143.9, 157.8 (d, J = 233.0 Hz), 166.7, 173.5 

ppm; HRMS (ESI) m/z calcd. for C32H30FN2O6 [M+H]+: 557.2082, found: 557.2080. 

 

Benzyl(5R,6S,7R)-6-(5-cyano-1-methyl-1H-indol-3-yl)-5-(4-(methoxycarbonyl) 

phenyl)-7-nitrospiro[2.4]heptane-5-carboxylate (3h) 

Colorless oil, 38 mg, 67% yield; dr = 4 : 1, 86% ee; [α]D
20.0= - 51.3 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IA-U (0.46 cm × 25 cm), n-hexane/2-propanol = 80/20, v = 1 

mL·min-1, λ = 254 nm, t (major) = 17.1 min, t (minor) = 13.9 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.78-0.83 (m, 1H), 0.86-0.93 (m, 1H), 1.14-1.24 (m, 2H), 2.62 (d, J = 14.0 

Hz, 1H), 2.92 (d, J = 14.0 Hz, 1H), 3.59 (s, 3H), 3.93 (s, 3H), 4.95 (d, J = 10.8 Hz, 1H), 

5.04 (d, J = 12.2 Hz, 1H), 5.17 (d, J = 12.2 Hz, 1H), 5.31 (d, J = 10.0 Hz, 1H), 6.33 (s, 

1H), 7.06 (dd, J = 8.4, 1.4 Hz, 2H), 7.15 (dd, J = 6.0, 3.0 Hz, 2H), 7.21 (dd, J = 8.6, 1.4 

Hz, 1H), 7.26-7.30 (m, 3H), 7.34 (dt, J = 8.6, 1.4 Hz, 1H), 7.47 (s, 1H), 7.78 – 7.89 (m, 

2H) ppm; 13C NMR (100 MHz, CDCl3) δ 14.5, 17.6, 23.0, 33.0, 44.3, 50.0, 52.3, 60.7, 

67.4, 96.5, 102.7, 109.8, 110.1, 120.6, 124.6, 125.5, 127.2, 128.3, 128.4, 128.5, 128.6, 

129.3, 129.6, 131.0, 135.2, 138.0, 143.6, 166.5, 173.3 ppm; HRMS (ESI) m/z calcd. for 

C33H30N3O6 [M+H]+: 564.2129, found: 564.2126. 
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Benzyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-5-(4-(methoxycarbonyl) 

phenyl)-7-nitrospiro[2.4]heptane-5-carboxylate (3i) 

Colorless oil, 39 mg, 63% yield; dr = 6 : 1, 92% ee; [α]D
20.0= - 69.7 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IC-U (0.46 cm × 25 cm), n-hexane/2-propanol = 80/20, v = 1 

mL·min-1, λ = 254 nm, t (major) = 16.9 min, t (minor) = 15.1 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.75-0.80 (m, 1H), 0.85-0.93 (m, 1H), 1.10-1.14 (m, 1H), 1.16-1.21 (m, 1H), 

2.62 (d, J = 14.0 Hz, 1H), 2.95 (d, J = 14.0 Hz, 1H), 3.50 (s, 3H), 3.91 (s, 3H), 4.92 (d, 

J = 10.0 Hz, 1H), 5.02 (d, J = 12.2 Hz, 1H), 5.16 (d, J = 12.2 Hz, 1H), 5.36 (d, J = 10.0 

Hz, 1H), 6.10 (s, 1H), 7.04 -7.10 (m, 3H), 7.12 – 7.16 (m, 2H), 7.21 (d, J = 8.6 Hz, 1H), 

7.25 – 7.28 (m, 3H), 7.33 (d, J = 1.5 Hz, 1H), 7.79 – 7.84 (m, 2H) ppm; 13C NMR (100 

MHz, CDCl3) δ 14.2, 17.5, 23.1, 32.9, 44.3, 49.9, 52.3, 61.0, 67.4, 97.1, 109.2, 112.3, 

115.5, 121.0, 122.7, 126.5, 128.2, 128.5, 128.5, 128.6, 129.0, 129.1, 129.2, 135.3, 137.4, 

143.8, 166.7, 173.5 ppm; HRMS (ESI) m/z calcd. for C32H30BrN2O6 [M+H]+: 617.1282, 

found: 617.1287. 

 

Benzyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-5-(3-(methoxycarbonyl) 

phenyl)-7-nitrospiro[2.4]heptane-5-carboxylate (3j) 

Colorless oil, 41mg, 67% yield; dr = 6 : 1, 85% ee; [α]D
20.0= - 75.2 (0.1, CH2Cl2); [Daicel 

CHIRALPAK® IA-U (0.46 cm × 25 cm), n-hexane/2-propanol = 90/10, v = 1 mL·min-

1, λ = 254 nm, t (major) = 16.1 min, t (minor) = 19.4 min]; 1H NMR (400 MHz, CDCl3) 

δ 0.76-0.82 (m, 1H), 0.86-0.94 (m, 1H), 1.13-1.19 (m, 1H), 1.26-1.32 (m, 1H), 2.63 (d, 

J = 14.0 Hz, 1H), 2.98 (d, J = 14.0 Hz, 1H), 3.51 (s, 3H), 3.87 (s, 3H), 4.93 (d, J = 10.0 

Hz, 1H), 5.04 (d, J = 12.2 Hz, 1H), 5.16 (d, J = 12.2 Hz, 1H), 5.36 (d, J = 10.0 Hz, 1H), 

6.17 (s, 1H), 6.87 – 6.92 (m, 1H), 7.00 – 7.07 (m, 2H), 7.08 (d, J = 7.8 Hz, 1H), 7.11 – 

7.16 (m, 2H), 7.24 – 7.29 (m, 3H), 7.32 (d, J = 1.5 Hz, 1H), 7.88 (dt, J = 7.8, 1.3 Hz, 

1H), 7.97 (d, J = 2.2 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3) δ 14.0, 17.9, 23.3, 
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32.8, 44.2, 50.3, 52.2, 52.3, 60.9, 97.1, 109.2, 112.2, 115.4, 121.0, 122.6, 126.4, 127.7, 

128.2, 128.4, 128.5, 128.7, 128.9, 129.4, 129.9, 133.7, 135.4, 137.4, 138.9, 166.8, 173.6 

ppm; HRMS (ESI) m/z calcd. for C32H30BrN2O6 [M+H]+: 617.1282, found: 617.1281. 

 

Methyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-7-nitro-5-(4-(trifluoro 

methyl)phenyl)spiro[2.4]heptane-5-carboxylate (3k) 

Colorless oil, 41 mg, 75% yield; dr = 5 : 1, 88% ee; [α]D
20.0= - 39.8 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IA-U (0.46 cm × 25 cm), n-hexane/2-propanol = 95/5, v = 1 

mL·min-1, λ = 254 nm, t (major) = 14.2 min, t (minor) = 13.5 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.79-0.85 (m, 1H), 0.91-0.97 (m, 1H), 1.10-1.24 (m, 2H), 2.61 (d, J = 14.0 

Hz, 1H), 3.00 (d, J = 14.0 Hz, 1H), 3.54 (s, 3H), 3.67 (s, 3H), 4.92 (d, J = 10.0 Hz, 1H), 

5.36 (d, J = 10.0 Hz, 1H), 6.17 (s, 1H), 7.06 -7.18 (m, 4H), 7.35 (d, J = 1.8 Hz, 1H), 

7.38 – 7.46 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ 14.3, 17.8, 23.1, 32.8, 44.4, 

50.2, 52.9, 60.9, 96.8, 108.9, 112.4, 115.6, 120.9, 122.8, 124.0 (q, J = 270.6 Hz), 124.8 

(q, J = 3.7 Hz), 126.4, 128.8, 129.2, 129.9 (q, J = 32.5 Hz), 137.4, 142.8, 174.2 ppm; 

HRMS (ESI) m/z calcd. for C25H23BrF3N2O4 [M+H]+: 551.0788, found: 551.0783. 

 

Methyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-5-(4-chlorophenyl)-7-

nitrospiro[2.4]heptane-5-carboxylate (3l)  

Colorless oil, 26 mg, 51% yield; dr = 4 : 1, 80% ee; [α]D
20.0= - 3.8 (0.1, CH2Cl2); [Daicel 

CHIRALPAK® IC-U (0.46 cm × 25 cm), n-hexane/2-propanol = 90/10, v = 1 mL·min-

1, λ = 254 nm, t (major) = 9.3 min, t (minor) = 10.8 min]; 1H NMR (400 MHz, CDCl3) 

δ 0.76-0.82 (m, 1H), 0.89-0.93 (m, 1H), 1.09-1.14 (m, 1H), 1.16-1.21 (m, 1H), 2.56 (d, 
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J = 14.0 Hz, 1H), 2.96 (d, J = 14.0 Hz, 1H), 3.56 (s, 3H), 3.65 (s, 3H), 4.91 (d, J = 10.0 

Hz, 1H), 5.32 (d, J = 10.0 Hz, 1H), 6.18 (s, 1H), 6.90 -6.97 (m, 2H), 7.14 (td, J = 8.6, 

1.8 Hz, 3H), 7.24 (d, J = 8.5 Hz, 1H), 7.36 (d, J = 1.7 Hz, 1H) ppm; 13C NMR (100 

MHz, CDCl3) δ 14.3, 17.6, 23.0, 32.9, 44.5, 50.0, 52.8, 60.4, 96.9, 109.2, 112.3, 115.5, 

121.0, 122.7, 126.6, 128.1, 129.2, 129.8, 133.7, 137.2, 137.4, 174.4 ppm; HRMS (ESI) 

m/z calcd. for C24H23BrClN2O4 [M+H]+: 517.0524, found: 517.0528. 

 

Methyl(5R,6S,7R)-6-(1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4]heptane-

5-carboxylate (3m) 

White solid, m.p. = 55 - 57 oC; 23 mg, 57% yield; dr = 12 : 1, 87% ee; [α]D
20.0= - 4.8 

(0.1, CH2Cl2); [Daicel CHIRALPAK® IB-U (0.46 cm × 25 cm), n-hexane/2-propanol 

= 95/5, v = 1 mL·min-1, λ = 254 nm, t (major) = 8.5 min, t (minor) = 8.2 min]; 1H NMR 

(400 MHz, CDCl3) δ 0.77-0.82 (m, 1H), 0.89-0.95 (m, 1H), 1.09-1.16 (m, 1H), 1.18-

1.23 (m, 1H), 2.63 (d, J = 13.8 Hz, 1H), 2.98 (d, J = 13.8 Hz, 1H), 3.56 (s, 3H), 3.66 (s, 

3H), 5.01 (d, J = 10.0 Hz, 1H), 5.39 (d, J = 10.0 Hz, 1H), 6.10 (s, 1H), 6.98 -7.07 (m, 

3H), 7.11-7.24 (m, 5H), 7.37 (d, J = 8.0 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3) δ 

14.3, 17.6, 23.0, 32.9, 44.5, 50.0, 52.8, 60.4, 96.9, 109.2, 112.3, 115.5, 121.0, 122.7, 

126.6, 128.0, 129.2, 129.8, 133.6, 137.2, 137.4, 174.4 ppm; HRMS (ESI) m/z calcd. for 

C24H25N2O4 [M+H]+: 405.1809, found: 405.1811. 

 

Methyl(5R,6S,7R)-5-(4-bromophenyl)-6-(6-chloro-1-methyl-1H-indol-3-yl)-7-

nitrospiro[2.4]heptane-5-carboxylate (3n) 

Colorless oil, 27 mg, 52% yield; dr = 5 : 1, 87% ee; [α]D
20.0= - 3.1 (0.1, CH2Cl2); [Daicel 
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CHIRALPAK® IC-U (0.46 cm × 25 cm), n-hexane/2-propanol = 90/10, v = 1 mL·min-

1, λ = 254 nm, t (major) = 9.5 min, t (minor) = 10.9 min]; 1H NMR (400 MHz, CDCl3) 

δ 0.76-0.81 (m, 1H), 0.88-0.93 (m, 1H), 1.09-1.14 (m, 1H), 1.16-1.21 (m, 1H), 2.55 (d, 

J = 14.0 Hz, 1H), 2.95 (d, J = 14.0 Hz, 1H), 3.57 (s, 3H), 3.65 (s, 3H), 4.91 (d, J = 10.0 

Hz, 1H), 5.31 (d, J = 10.0 Hz, 1H), 6.21 (s, 1H), 6.87 (dd, J = 8.9, 2.5 Hz, 2H), 7.00 

(dd, J = 8.6, 1.9 Hz, 1H), 7.17 – 7.25 (m, 2H), 7.27 – 7.33 (m, 2H) ppm; 13C NMR (100 

MHz, CDCl3) δ 14.3, 17.7, 23.0, 32.9, 44.4, 50.0, 52.8, 60.5, 96.9, 109.1, 109.3, 120.2, 

120.7, 121.8, 126.2, 127.9, 129.3, 130.2, 131.0, 137.0, 137.7, 174.4 ppm; HRMS (ESI) 

m/z calcd. for C24H23BrClN2O4 [M+H]+: 517.0524, found: 517.0525. 

 

Methyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-5-(4-bromophenyl)-7-

nitrospiro[2.4]heptane-5-carboxylate (3o) 

Colorless oil, 29mg, 52% yield; dr = 4 : 1, 87% ee; [α]D
20.0= - 37.1 (0.1, CH2Cl2); [Daicel 

CHIRALPAK® IC-U (0.46 cm × 25 cm), n-hexane/2-propanol = 90/10, v = 1 mL·min-

1, λ = 254 nm, t (major) = 9.6 min, t (minor) = 11.2 min]; 1H NMR (400 MHz, CDCl3) 

δ 0.70-0.76 (m, 1H), 0.83-0.88 (m, 1H), 1.02-1.08 (m, 1H), 1.10-1.15 (m, 1H), 2.49 (d, 

J = 13.8 Hz, 1H), 2.90 (d, J = 13.8 Hz, 1H), 3.51 (s, 3H), 3.59 (s, 3H), 4.85 (d, J = 10.0 

Hz, 1H), 5.26 (d, J = 10.0 Hz, 1H), 6.12 (s, 1H), 6.81 (d, J = 8.6 Hz, 2H), 7.08 (dd, J = 

8.6, 1.7 Hz, 1H), 7.18 (d, J = 8.6 Hz, 1H), 7.20 – 7.26 (m, 2H) 7.30 (d, J = 1.7 Hz, 1H) 

ppm; 13C NMR (100 MHz, CDCl3) δ 14.3, 17.6, 23.0, 32.9, 44.5, 50.0, 52.8, 60.5, 97.0, 

109.2, 112.4, 115.6, 121.0, 121.8, 122.8, 126.6, 129.2, 130.2, 131.0, 137.4, 137.8, 174.4 

ppm; HRMS (ESI) m/z calcd. for C24H23Br2N2O4 [M+H]+: 561.0019, found: 561.0019. 
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4. Representative procedure and data for the synthesis of 5 

 

 

To a dried tube was added γ-methylidene-δ-valerolactone 1 (0.24 mmol, 1.2 equiv.), 2-

nitrobenzofuran 4 (0.2 mmol, 1.0 equiv.), Pd2(dba)3·CHCl3 (0.005 mmol, 5.2 mg, 2.5 

mol%), L9 (0.022 mmol, 13.4 mg, 11 mol%), OC5 (0.02 mmol, 8.8 mg, 10 mol%) 

followed with 1 mL of THF under nitrogen atmosphere. The reaction mixture was 

stirred at -10 °C for 12 h and directly purified by silica gel chromatography 

(hexane/ethyl acetate = 30:1-5:1) to yield the products. 

 

 

Methyl(1S,3aS)-3a-nitro-1-phenyl-1,2,3a,8b-tetrahydrospiro[cyclopenta[b] 

benzofuran-3,1'-cyclopropane]-1-carboxylate (5a) 

White solid, m.p. = 49 - 51 oC; 62 mg, 85% yield; dr = 7 : 1, 97% ee; [α]D
20.0= - 58.0 

(0.1, CH2Cl2); [Daicel CHIRALPAK® IC-U (0.46 cm × 25 cm), n-hexane/2-propanol 

= 95/5, v = 1 mL·min-1, λ = 254 nm, t (major) = 10.9 min, t (minor) = 12.7 min]; 1H 

NMR (400 MHz, CDCl3) δ 0.70-0.82 (m, 2H), 0.97 (dt, J = 9.3, 6.1 Hz, 1H), 1.48 (dt, 

J = 11.2, 6.2 Hz, 1H), 2.72 (d, J = 13.0 Hz, 1H), 2.99 (d, J = 13.0 Hz, 1H), 3.30 (s, 3H), 

5.19 (s, 1H), 7.03 (d, J = 7.8 Hz, 2H), 7.28 – 7.33 (m, 2H), 7.36 (t, J = 13.0 Hz, 1H), 

7.42 – 7.51 (m, 4H) ppm; 13C NMR (100 MHz, CDCl3) δ 11.1, 15.0, 29.8, 47.6, 52.0, 

62.5, 62.6, 110.6, 122.7, 124.7, 126.0, 126.6, 126.9, 127.8, 129.0, 129.9, 141.4, 159.3, 

172.7 ppm; HRMS (ESI) m/z calcd. for C21H20NO5 [M+H]+: 366.1336, found: 

366.1337. 
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Methyl(1S,3aS)-1-(4-methoxyphenyl)-3a-nitro-1,2,3a,8b-tetrahydrospiro[cyclo 

penta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5b) 

Colorless oil, 40 mg, 51% yield; dr = 5 : 1, 84% ee; [α]D
20.0= - 84.6 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IC-U(0.3 cm × 10 cm), n-hexane/2-propanol = 97/3, v = 0.3 

mL·min-1, λ = 254 nm, t (major) = 8.2 min, t (minor) = 11.6 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.68-0.81 (m, 2H), 0.91 - 0.98 (m, 1H), 1.40 -1.50 (m, 1H), 2.69 (d, J = 13.0 

Hz, 1H), 2.95 (d, J = 13.0 Hz, 1H), 3.31 (s, 3H), 3.85 (s, 3H), 5.14 (s, 1H), 6.94 - 6.99 

(m, 2H), 7.03 (d, J = 7.8 Hz, 2H), 7.24 - 7.32 (m, 2H), 7.37 - 7.43 (m, 2H) ppm; 13C 

NMR (100 MHz, CDCl3) δ 11.1, 14.7, 29.8, 47.5, 51.9, 55.4, 61.9, 62.9, 110.6, 114.3, 

122.6, 124.8, 125.9, 126.9, 127.7, 129.8, 133.4, 159.0, 159.3, 172.8 ppm; HRMS (ESI) 

m/z calcd. for C22H22NO6 [M+H]+: 396.1442, found: 396.1447. 

 

Methyl(1S,3aS)-3a-nitro-1-(4-(trifluoromethyl)phenyl)-1,2,3a,8b-tetrahydrospiro 

[cyclopenta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5c) 

Colorless oil, 54 mg, 63% yield; dr = 4 : 1, 87% ee; [α]D
20.0= - 101.5 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IA-U (0.46 cm × 25 cm), n-hexane/2-propanol = 95/5, v = 1 

mL·min-1, λ = 254 nm, t (major) = 8.4 min, t (minor) = 7.6 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.69-0.81 (m, 2H), 0.91 - 0.98 (m, 1H), 1.40 -1.50 (m, 1H), 2.77 (d, J = 13.0 

Hz, 1H), 2.92 (d, J = 13.0 Hz, 1H), 3.31 (s, 3H), 5.21 (s, 1H), 7.05 (d, J = 7.6 Hz, 2H), 

7.30 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 8.2 Hz, 2H), 7.72 (d, J = 8.2 Hz, 2H) ppm; 13C 

NMR (100 MHz, CDCl3) δ 11.4, 14.7, 29.8, 47.4, 52.2, 62.3, 62.6, 110.8, 122.8, 125.3 

(q, J = 240.1 Hz), 125.8, 126.0 (q, J = 3.8 Hz), 127.2, 127.7, 129.0, 130.1 (q, J = 32.6 



S19 

 

Hz), 130.2, 145.4, 159.2, 171.9 ppm; HRMS (ESI) m/z calcd. for C22H19F3NO5 [M+H]+: 

434.1210, found: 434.1208. 

 

Methyl(1S,3aS)-1-(4-cyanophenyl)-3a-nitro-1,2,3a,8b-tetrahydrospiro[cyclopenta 

[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5d) 

Colorless oil, 43mg, 55% yield; dr = 3 : 1, 80% ee; [α]D
20.0= - 100.4 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IC-U(0.46 cm × 25 cm), n-hexane/2-propanol = 83/17, v = 1 

mL·min-1, λ = 254 nm, t (major) = 29.3 min, t (minor) = 24.7 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.70-0.82 (m, 2H), 1.00 (dt, J = 13.1, 6.4 Hz, 1H), 1.45 -1.55 (m, 1H), 2.79 

(d, J = 13.0 Hz, 1H), 2.89 (d, J = 13.0 Hz, 1H), 3.33 (s, 3H), 5.22 (s, 1H), 7.04 - 7.08 

(m, 2H), 7.28 - 7.39 (m, 2H), 7.65 (d, J = 8.2 Hz, 2H), 7.77 (d, J = 8.1 Hz, 2H) ppm; 

13C NMR (100 MHz, CDCl3) δ 11.5, 14.6, 29.8, 47.2, 52.3, 62.0, 62.7, 110.8, 111.9, 

118.3, 122.8, 123.8, 125.7, 126.4, 127.6, 130.2, 132.7, 146.7, 159.1, 171.5 ppm; HRMS 

(ESI) m/z calcd. for C22H19N2O5 [M+H]+: 391.1288, found: 391.1288. 

 

Methyl(1S,3aS)-1-(4-(methoxycarbonyl)phenyl)-3a-nitro-1,2,3a,8b-tetrahydro 

spiro[cyclopenta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5e) 

Colorless oil, 65mg, 77% yield; dr = 5 : 1, 83% ee; [α]D
20.0= - 67.2 (0.1, CH2Cl2); [Daicel 

CHIRALPAK® IA-U(0.46 cm × 25 cm), n-hexane/2-propanol = 93/7, v = 1 mL·min-1, 

λ = 254 nm, t (major) = 16.5 min, t (minor) = 19.0 min]; 1H NMR (400 MHz, CDCl3) 

δ 0.70-0.80 (m, 2H), 0.94 - 1.02 (m, 1H), 1.44 - 1.52 (m, 1H), 2.76 (d, J = 13.0 Hz, 1H), 

2.93 (d, J = 13.0 Hz, 1H), 3.30 (s, 3H), 3.94 (s, 3H), 5.23 (s, 1H), 7.04 (q, J = 6.9 Hz, 

2H), 7.28 (d, J = 8.2 Hz, 2H), 7.58 (d, J = 8.2 Hz, 2H), 8,12 (d, J = 8.1 Hz, 2H) ppm; 
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13C NMR (100 MHz, CDCl3) δ 11.3, 14.7, 29.8, 47.3, 52.1, 52.3, 62.2, 62.6, 110.7, 

122.7, 124.2, 125.8, 126.6, 126.7, 127.3, 130.0, 130.2, 146.3, 159.1, 166.5, 172.0 ppm; 

HRMS (ESI) m/z calcd. for C23H22NO7 [M+H]+: 424.1391, found: 424.1392. 

 

Methyl(1S,3aS)-1-(3-(methoxycarbonyl)phenyl)-3a-nitro-1,2,3a,8b-tetrahydro 

spiro[cyclopenta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5f) 

Colorless oil, 70 mg, 83% yield; dr = 3 : 1, 71% ee; [α]D
20.0= - 120.7 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IB-U(0.46 cm × 25 cm), n-hexane/2-propanol = 85/15, v = 1 

mL·min-1, λ = 254 nm, t (major) = 11.4 min, t (minor) = 22.7 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.73-0.87 (m, 2H), 1.01 (dt, J = 9.5, 6.4 Hz, 1H), 1.51 (dt, J = 11.7, 6.3 Hz, 

1H), 2.77 (d, J = 13.0 Hz, 1H), 2.99 (d, J = 13.0 Hz, 1H), 3.28 (s, 3H), 3.96 (s, 3H), 

5.23 (s, 1H), 7.05 (t, J = 7.2 Hz, 2H), 7.30 (t, J = 7.7 Hz, 1H), 7.34 – 7.38 (m, 1H), 7.54 

(t, J = 7.8 Hz, 1H), 7.69 (d, J = 7.9 Hz, 1H), 8.05 (d, J = 7.8 Hz, 1H), 8.21 (s, 1H) ppm; 

13C NMR (100 MHz, CDCl3) δ 11.3, 15.2, 29.9, 47.4, 52.1, 52.4, 62.5, 62.6, 110.7, 

122.8, 124.3, 125.9, 126.7, 127.9, 129.0, 129.1, 130.0, 130.9, 131.2, 142.0, 159.2, 166.7, 

172.2 ppm; HRMS (ESI) m/z calcd. for C23H22NO7 [M+H]+: 424.1391, found: 

424.1387. 

 

Methyl(1S,3aS)-1-(3-chlorophenyl)-3a-nitro-1,2,3a,8b-tetrahydrospiro[cyclo 

penta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5g) 

Colorless oil, 60 mg, 75% yield; dr = 5 : 1, 90% ee; [α]D
20.0= - 96 (0.1, CH2Cl2); [Daicel 

CHIRALPAK® IC-U(0.46 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1 mL·min-

1, λ = 254 nm, t (major) = 10.8 min, t (minor) = 7.5 min]; 1H NMR (400 MHz, CDCl3) 
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δ 0.69-0.85 (m, 2H), 0.96-1.01 (m, 1H), 1.49 (dt, J = 10.3, 6.3 Hz, 1H), 2.70 (d, J = 

13.0 Hz, 1H), 2.95 (d, J = 13.0 Hz, 1H), 3.30 (s, 3H), 5.15 (s, 1H), 7.01 - 7.08 (m, 2H), 

7.29 (d, J = 7.4 Hz, 2H), 7.34 - 7.41 (m, 3H), 7.47 (s, 1H) ppm; 13C NMR (100 MHz, 

CDCl3) δ 11.2, 15.0, 29.8, 47.4, 52.1, 62.4, 62.5, 110.7, 122.8, 124.3, 124.9, 125.9, 

126.7, 127.1, 128.0, 130.1, 130.2, 135.0, 143.5, 159.3, 172.0 ppm; HRMS (ESI) m/z 

calcd. for C21H19ClNO5 [M+H]+: 400.0946, found: 400.0950. 

 

Methyl(1S,3aS)-1-(3-bromo-4-chlorophenyl)-3a-nitro-1,2,3a,8b-tetrahydrospiro 

[cyclopenta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5h) 

Colorless oil, 53 mg, 55% yield; dr = 4 : 1, 80% ee; [α]D
20.0= - 114.3 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IC-U(0.46 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1 

mL·min-1, λ = 254 nm, t (major) = 11.7 min, t (minor) = 8.7 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.64-0.75 (m, 2H), 0.87-0.92 (m, 1H), 1.40 (dt, J = 10.3, 6.3 Hz, 1H), 2.63 (d, 

J = 13.0 Hz, 1H), 2.81 (d, J = 13.0 Hz, 1H), 3.24 (s, 3H), 5.05 (s, 1H), 6.97 (t, J = 7.5 

Hz, 2H), 7.22 (dd, J = 12.2, 4.4 Hz, 2H), 7.31 - 7.35 (m, 1H), 7.45 (d, J = 8.4 Hz, 1H), 

7.68 (d, J = 2.3 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3) δ 11.4, 14.8, 29.8, 47.2, 

52.3, 61.9, 62.4, 110.8, 122.8, 123.1, 124.0, 125.7, 126.5, 126.9, 130.2, 130.7, 132.2, 

134.1, 141.8, 159.2, 171.7 ppm; HRMS (ESI) m/z calcd. for C21H18BrClNO5 [M+H]+: 

478.0051, found: 478.0054. 

 

Benzyl(1S,3aS)-3a-nitro-1-phenyl-1,2,3a,8b-tetrahydrospiro[cyclopenta[b]benzo 

furan-3,1'-cyclopropane]-1-carboxylate (5i) 

Colorless oil, 56 mg, 63% yield; dr > 20: 1, 71% ee; [α]D
20.0= - 112.2 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IC-U(0.3 cm x 10 cm), n-hexane/2-propanol = 98.8/1.2, v = 

0.3 mL·min-1, λ = 254 nm, t (major) = 9.2 min, t (minor) = 10.1 min]; 1H NMR (400 
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MHz, CDCl3) δ 0.59-0.79 (m, 3H), 1.28 (dt, J = 8.9, 4.8 Hz, 1H), 2.62 (d, J = 13.0 Hz, 

1H), 2.98 (d, J = 13.0 Hz, 1H), 4.56 (d, J = 12.2 Hz, 1H), 4.72 (d, J = 12.2 Hz, 1H), 

5.10 (s, 1H), 6.87 (d, J = 7.1 Hz, 3H), 6.91 (d, J = 8.2 Hz, 1H), 7.17 (dd, J = 9.1, 5.6 

Hz, 5H), 7.29 (t, J = 7.2 Hz, 1H), 7.36 (t, J = 7.5 Hz, 2H), 7.41 (d, J = 7.8 Hz, 2H) ppm; 

13C NMR (100 MHz, CDCl3) δ 10.9, 15.3, 29.8, 47.5, 62.6, 62.8, 66.9, 110.6, 122.7, 

124.7, 126.0, 126.7, 127.0, 127.8, 128.2, 128.3, 128.4, 128.9, 129.8, 135.1, 141.4, 159.4, 

171.9 ppm; HRMS (ESI) m/z calcd. for C27H24NO5 [M+H]+: 442.1649, found: 

442.1653. 

 

Benzyl(1S,3aS)-1-(4-fluorophenyl)-3a-nitro-1,2,3a,8b-tetrahydrospiro[cyclopenta 

[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5j) 

Colorless oil, 62 mg, 67% yield; dr = 3 : 1, 91% ee; [α]D
20.0= - 109.3 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IC-U(0.46 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1 

mL·min-1, λ = 254 nm, t (major) = 10.1 min, t (minor) = 8.5 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.67-0.82 (m, 3H), 1.32-1.37 (m, 1H), 2.69 (d, J = 13.0 Hz, 1H), 2.99 (d, J = 

13.0 Hz, 1H), 4.66 (d, J = 12.2 Hz, 1H), 4.79 (d, J = 12.2 Hz, 1H), 5.13 (s, 1H), 6.93-

7.01(m, 4H), 7.12 (t, J = 8.6 Hz, 2H), 7.24 (s, 1H), 7.27 - 7.36 (m, 4H), 7.46 (dd, J = 

8.5, 5.2 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ 11.0, 15.0, 29.8, 47.5, 62.0, 62.9, 

67.1, 110.7, 115.8 (d, J = 21.4 Hz), 122.8, 124.5, 125.8, 126.8, 128.4, 128.5, 128.5, 

128.8 (d, J = 15.6 Hz), 129.9, 134.9, 137.3 (d, J = 3.3 Hz), 159.3, 162.2 (d, J = 245.8 

Hz), 171.7 ppm; HRMS (ESI) m/z calcd. for C27H23FNO5 [M+H]+: 460.1555, found: 

460.1554. 
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Benzyl(1S,3aS)-1-(4-(methoxycarbonyl)phenyl)-3a-nitro-1,2,3a,8b-tetrahydro 

spiro [cyclopenta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5k) 

Colorless oil, 61 mg, 61% yield; dr = 5: 1, 89% ee; [α]D
20.0= - 151.2 (0.1, CH2Cl2); 

[Daicel CHIRALPAK® IA-U(0.46 cm × 25 cm), n-hexane/2-propanol = 90/10, v = 1 

mL·min-1, λ = 254 nm, t (major) = 17.5 min, t (minor) = 21.4 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.61-0.86 (m, 3H), 1.36 (dt, J = 8.9, 4.8 Hz, 1H), 2.72 (d, J = 13.0 Hz, 1H), 

2.98 (d, J = 13.0 Hz, 1H), 3.95 (s, 3H), 4.65 (d, J = 12.2 Hz, 1H), 4.78(d, J = 12.2 Hz, 

1H), 5.19 (s, 1H), 6.94 (d, J = 7.3 Hz, 3H), 6.99 (d, J = 8.2 Hz, 1H), 7.22-7.27 (m, 5H), 

7.56 (d, J = 8.1 Hz, 2H), 8.10 (d, J = 8.1 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ 

11.1, 15.0, 29.8, 47.3, 52.3, 62.4, 62.6, 67.2, 110.7, 122.8, 124.2, 125.8, 126.7, 126.8, 

128.4, 128.4, 128.5, 129.6, 130.0, 130.1, 134.7, 146.4, 159.3, 166.6, 171.3 ppm; HRMS 

(ESI) m/z calcd. for C29H26NO7 [M+H]+: 500.1704, found: 500.1700. 

5. Large Scale Synthesis and Further Product Diversification 

Synthesis of 6 

 

To a dried tube was added 1k (1.2 mmol, 1.2 equiv.), indolyl nitroolefins 2a (1 mmol, 

1.0 equiv.), Pd2(dba)3·CHCl3 (0.025 mmol, 26.4 mg, 2.5 mol%), L9 (0.11 mmol, 67 mg, 

11 mol%), OC5 (0.1 mmol, 44 mg, 10 mol%) followed by the addition of 4Å molecule 

sieve and 5 mL of THF under nitrogen atmosphere. The reaction mixture was stirred at 

-10 °C for 12 h before LiAlH4 (2 mmol, 76 mg) was added. The reaction mixture was 

stirred overnight and directly purified by silica gel chromatography (hexane/ethyl 

acetate = 5:1-3:1) to yield the product 6 as colorless oil. 
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((5R,6S,7R)-6-(1-methyl-1H-indol-3-yl)-7-nitro-5-(4-(trifluoromethyl)phenyl) 

spiro[2.4]heptan-5-yl)methanol (6) 

Colorless oil, 0.25g, 56% yield over two steps, dr = 5: 1, 93% ee,  [α]D
20.0= - 83.4 (0.1, 

CH2Cl2)). [Daicel CHIRALPAK® IA-U (0.3 cm × 10 cm), n-hexane/2-propanol = 

80/20, v = 0.3 mL·min-1, λ = 254 nm, t (major) = 4.6 min, t (minor) = 5.3 min]. 1H 

NMR (400 MHz, CDCl3) δ 0.76-0.81 (m, 1H), 0.89-0.95 (m, 1H), 1.09-1.15 (m, 1H), 

1.18-1.23 (m, 1H), 2.43 (d, J = 13.8 Hz, 1H), 2.88 (d, J = 13.8 Hz, 1H), 3.60 (s, 3H), 

4.05 (q, J = 10.9 Hz, 2H), 4.72 (d, J = 10.8 Hz, 1H), 4.98 (d, J = 10.8 Hz, 1H), 6.11 (s, 

1H), 7.05 – 7.11 (m, 1H), 7.16 (d, J = 8.1 Hz, 2H), 7.20-7.29 (m, 2H), 7.44 (dd, J = 

12.6, 8.1 Hz, 3H) ppm; 13C NMR (100 MHz, CDCl3) δ 14.6, 17.2, 23.3, 32.8, 43.6, 48.9, 

55.8, 68.9, 96.3, 108.8, 109.5, 118.8, 119.6, 122.1,124.1 (q, J = 270.4 Hz), 124.7 (q, J 

= 3.7 Hz), 127.6, 127.9, 128.8, 129.3 (q, J = 32.1 Hz), 136.8, 144.6 ppm; HRMS (ESI) 

m/z calcd. for C24H24F3N2O3 [M+H]+: 445.1734, found: 445.1736. 

 

Synthesis of 7 

 

To a dried tube was added 1k (1.2 mmol, 1.2 equiv.), indolyl nitroolefins 2a (1 mmol, 

1.0 equiv.), Pd2(dba)3·CHCl3 (0.025 mmol, 26.4 mg, 2.5 mol%), L9 (0.11 mmol, 67 mg, 

11 mol%), OC5 (0.1 mmol, 44 mg, 10 mol%) followed with the addition of 4Å 

molecule sieve and 5 mL of THF under nitrogen atmosphere. The reaction mixture was 

stirred at -10 °C for 12 h and directly purified by silica gel chromatography 

(hexane/ethyl acetate = 20:1-10:1) to yield the product S3. To a dried tube was added 
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S3, phenyl vinyl sulfone (1.5 mmol, 252 mg, 1.5 equiv.) and 10 mL of CH3CN under 

nitrogen atmosphere, the reaction mixture was stirred at 0 °C for 5 min before DBU 

(304 mg, 2 mmol, 2.0 equiv) was added. The reaction mixture was stirred overnight and 

purified directly by silica gel chromatography (hexane/ethyl acetate = 5:1-3:1) to yield 

the product 7 as colorless oil. (0.28 g, 44% yield). 

 

Methyl(5R,6S,7S)-6-(1-methyl-1H-indol-3-yl)-7-nitro-7-(2-(phenylsulfonyl)ethyl)-

5-(4-(trifluoromethyl)phenyl)spiro[2.4]heptane-5-carboxylate (7) 

Colorless oil, 0.28 g, 44% yield over two steps.1H NMR (400 MHz, CDCl3) δ 0.75-

0.81 (m, 2H), 0.86-0.93 (m, 1H), 0.95-0.99 (m, 1H), 2.30 (d, J = 13.2 Hz, 1H), 2.32-

2.45 (m, 2H), 2.85 (td, J = 12.7, 5.1 Hz, 1H), 3.06 (ddd, J = 14.8, 11.5, 3.6 Hz, 1H), 

3.37 (s, 3H), 3.69 (s, 3H), 3.89 (d, J = 13.2 Hz, 1H), 5.60 (s, 1H), 5.81 (s, 1H), 6.98 (d, 

J = 8.1 Hz, 2H), 7.15 - 7.21 (m, 1H), 7.25 (d, J = 8.8 Hz, 2H), 7.27 - 7.32 (m, 2H), 7.45 

(t, J = 7.6 Hz, 2H), 7.56 - 7.65 (m, 3H), 7.84 (d, J = 6.9 Hz, 1H) ppm; 13C NMR (100 

MHz, CDCl3) δ 7.9, 15.5, 28.4, 30.5, 32.5, 43.6, 51.4, 53.2, 53.4, 62.0, 102.7, 107.6, 

109.4, 117.9, 120.3, 122.0, 124.0 (q, J = 270.3 Hz), 124.2 (q, J = 3.9 Hz), 127.9, 128.1, 

128.9, 129.0 (q, J = 32.3 Hz), 129.2, 129.8, 133.7, 135.4, 138.7, 143.4, 176.5 ppm; 

HRMS (ESI) m/z calcd. for C33H32F3N2O6S [M+H]+: 641.1928, found: 641.1925. 
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6.X-ray Crystallography data of 3m and 5a 

      

                    CCDC 2124879  

 

210325G 

Table S4 Crystal data and structure refinement for 210325G. 

Identification code 210325G 

Empirical formula C48H48N4O8 

Formula weight 808.90 

Temperature/K 293(2) 

Crystal system triclinic 

Space group P-1 

a/Å 9.8261(3) 

b/Å 13.6993(3) 

c/Å 16.7931(4) 

α/° 91.1649(17) 

β/° 105.869(2) 

γ/° 95.1952(18) 

Volume/Å3 2163.04(9) 

Z 2 

ρcalcg/cm3 1.242 

μ/mm-1 0.691 

F(000) 856.0 

Crystal size/mm3 0.02 × 0.02 × 0.01 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 5.478 to 134.12 

Index ranges -10 ≤ h ≤ 11, -16 ≤ k ≤ 16, -20 ≤ l ≤ 20 

Reflections collected 73249 

Independent reflections 7715 [Rint = 0.0677, Rsigma = 0.0370] 

Data/restraints/parameters 7715/0/546 

Goodness-of-fit on F2 1.054 

Final R indexes [I>=2σ (I)] R1 = 0.0620, wR2 = 0.1753 

Final R indexes [all data] R1 = 0.0733, wR2 = 0.1843 
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Largest diff. peak/hole / e Å-3 0.45/-0.26 

 

Table S5 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement 

Parameters (Å2×103) for 210325G. Ueq is defined as 1/3 of of the trace of the 

orthogonalised UIJ tensor. 

Atom x y z U(eq) 

O2 5830(3) 4368.5(19) 9261.7(17) 109.0(8) 

O3 10665(3) 8427(2) 11037.5(16) 125.5(10) 

O6 7528(2) 4932.2(17) 8783.7(13) 94.2(7) 

O7 10260(3) 7947(3) 9718.8(17) 137.6(12) 

N1 6819(2) 4977.4(16) 9271.0(14) 68.1(5) 

N3 4495(3) 7881.9(19) 8635.5(16) 88.7(7) 

C2 7818(3) 4859(2) 11316.3(19) 83.2(8) 

C5 7347(6) 8620(3) 7314(2) 115.1(15) 

C11 3007(4) 8031(3) 8523(3) 119.3(14) 

C13 5325(4) 8208(2) 8136.0(17) 83.7(9) 

C15 9374(3) 6385(2) 10968.1(18) 77.4(7) 

C19 7319(4) 7462(2) 11560(2) 87.6(9) 

C21 6505(5) 8003(3) 11906(3) 117.3(14) 

C23 11869(6) 9079(5) 10990(4) 175(3) 

C25 5250(3) 7325(2) 9213.2(18) 78.0(7) 

C26 7180(3) 5771.1(18) 9940.4(15) 62.1(6) 

C28 8272(3) 5492(2) 10709.3(15) 64.1(6) 

C32 7750(3) 6726.8(19) 9658.1(15) 66.1(6) 

C33 7681(5) 8065(2) 8013.3(19) 97.6(11) 

C34 6598(3) 7269.5(19) 9123.6(15) 70.2(7) 

C35 8731(4) 4479(2) 10836(2) 85.7(8) 

C36 7814(3) 7814(2) 10921.0(16) 69.5(7) 

C37 9915(4) 7923(3) 10345(2) 91.0(9) 

C39 7417(4) 8723(2) 10631(2) 97.3(10) 

C41 4979(6) 8770(3) 7444(2) 113.6(14) 

C42 8699(3) 7250(2) 10495.0(16) 69.2(7) 

C43 6573(5) 9240(3) 10979(3) 121.2(14) 

C44 6661(4) 7843.9(19) 8429.2(17) 79.5(8) 

C45 6112(5) 8882(4) 11622(4) 127.7(16) 

C47 6038(8) 8970(3) 7049(3) 133.9(19) 

  

Table S6 Anisotropic Displacement Parameters (Å2×103) for 210325G. The 

Anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 
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O2 96.8(16) 103.3(16) 122.8(19) -23.4(14) 39.3(14) -33.0(14) 

O3 109.1(18) 156(2) 103.0(17) -40.8(16) 44.3(15) -68.0(17) 

O6 96.5(15) 104.9(16) 84.4(14) -24.5(11) 38.4(12) -8.8(12) 

O7 126(2) 188(3) 94.2(17) -14.4(18) 50.7(16) -68(2) 

N1 61.3(13) 72.0(13) 68.2(13) -0.6(10) 16.0(10) 0.0(10) 

N3 97.3(19) 79.5(16) 75.7(16) -3.8(13) 0.3(14) 12.1(14) 

C2 79.4(19) 98(2) 74.3(18) 18.2(15) 23.0(15) 12.0(16) 

C5 195(5) 76(2) 74(2) -2.1(17) 48(3) -20(3) 

C11 95(3) 110(3) 131(3) -11(2) -10(2) 31(2) 

C13 124(3) 56.4(14) 56.0(15) -8.7(12) 1.1(16) 5.9(16) 

C15 60.1(15) 94(2) 73.5(17) -2.8(14) 12.3(13) 3.9(14) 

C19 92(2) 83.4(19) 95(2) -5.9(16) 43.4(18) -4.9(16) 

C21 130(3) 106(3) 137(3) -19(2) 80(3) -4(2) 

C23 141(4) 211(6) 160(4) -58(4) 65(3) -112(4) 

C25 77.7(19) 78.9(18) 67.8(16) 1.2(13) 5.4(14) 4.5(14) 

C26 60.6(14) 67.5(14) 57.8(13) -0.8(11) 16.8(11) 4.7(11) 

C28 57.6(14) 75.2(15) 59.1(14) 3.6(11) 14.4(11) 10.2(12) 

C32 67.6(15) 71.3(15) 58.2(14) -0.4(11) 19.0(12) -3.7(12) 

C33 156(3) 69.5(17) 68.1(18) -10.8(14) 43(2) -21.1(19) 

C34 87.2(19) 64.0(15) 54.0(14) -3.2(11) 14.6(13) -4.3(13) 

C35 86(2) 88(2) 86(2) 11.9(16) 21.5(16) 26.7(16) 

C36 66.0(15) 74.1(16) 63.2(15) -7.4(12) 15.1(12) -8.5(12) 

C37 84(2) 108(2) 80(2) -9.9(17) 33.1(16) -25.8(17) 

C39 125(3) 73.4(19) 88(2) -6.1(16) 22(2) 3.7(19) 

C41 177(4) 74(2) 71(2) -3.8(16) 1(2) 21(2) 

C42 65.0(15) 77.3(16) 63.1(15) -3.0(12) 19.0(12) -6.7(12) 

C43 139(4) 78(2) 137(4) -19(2) 19(3) 21(2) 

C44 116(2) 55.9(14) 59.7(15) -12.9(12) 20.3(16) -9.8(15) 

C45 109(3) 109(3) 171(5) -42(3) 53(3) 9(2) 

C47 237(6) 76(2) 76(2) 9.9(18) 26(3) 6(3) 

  

Table S7 Bond Lengths for 210325G. 

Atom Atom Length/Å   Atom Atom Length/Å 

O2 N1 1.219(3)   C19 C21 1.368(5) 

O3 C23 1.438(5)   C19 C36 1.372(4) 

O3 C37 1.333(4)   C21 C45 1.355(7) 

O6 N1 1.215(3)   C25 C34 1.382(4) 

O7 C37 1.191(4)   C26 C28 1.517(3) 

N1 C26 1.495(3)   C26 C32 1.513(4) 

N3 C11 1.455(5)   C28 C35 1.499(4) 
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N3 C13 1.375(4)   C32 C34 1.505(4) 

N3 C25 1.346(4)   C32 C42 1.574(4) 

C2 C28 1.485(4)   C33 C44 1.385(5) 

C2 C35 1.480(4)   C34 C44 1.432(4) 

C5 C33 1.391(5)   C36 C39 1.396(4) 

C5 C47 1.375(7)   C36 C42 1.519(4) 

C13 C41 1.388(5)   C37 C42 1.522(4) 

C13 C44 1.411(5)   C39 C43 1.373(6) 

C15 C28 1.529(4)   C41 C47 1.389(7) 

C15 C42 1.539(4)   C43 C45 1.365(7) 

  

Table S8 Bond Angles for 210325G. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

C37 O3 C23 117.4(3)   C34 C32 C42 118.2(2) 

O2 N1 C26 117.0(2)   C44 C33 C5 119.1(4) 

O6 N1 O2 122.4(2)   C25 C34 C32 126.6(2) 

O6 N1 C26 120.5(2)   C25 C34 C44 105.5(3) 

C13 N3 C11 126.3(3)   C44 C34 C32 127.9(3) 

C25 N3 C11 124.8(3)   C2 C35 C28 59.81(19) 

C25 N3 C13 108.6(3)   C19 C36 C39 117.3(3) 

C35 C2 C28 60.75(19)   C19 C36 C42 123.6(3) 

C47 C5 C33 120.7(4)   C39 C36 C42 119.0(3) 

N3 C13 C41 129.1(4)   O3 C37 C42 111.5(3) 

N3 C13 C44 107.9(3)   O7 C37 O3 122.6(3) 

C41 C13 C44 123.0(4)   O7 C37 C42 125.6(3) 

C28 C15 C42 106.5(2)   C43 C39 C36 120.9(4) 

C21 C19 C36 120.6(4)   C13 C41 C47 116.1(4) 

C45 C21 C19 122.2(4)   C15 C42 C32 102.1(2) 

N3 C25 C34 111.1(3)   C36 C42 C15 115.3(2) 

N1 C26 C28 112.0(2)   C36 C42 C32 111.0(2) 

N1 C26 C32 112.0(2)   C36 C42 C37 110.8(2) 

C32 C26 C28 108.2(2)   C37 C42 C15 106.4(2) 

C2 C28 C15 122.9(2)   C37 C42 C32 110.7(2) 

C2 C28 C26 120.0(2)   C45 C43 C39 120.8(4) 

C2 C28 C35 59.4(2)   C13 C44 C34 106.8(3) 

C26 C28 C15 105.9(2)   C33 C44 C13 118.6(3) 

C35 C28 C15 119.8(2)   C33 C44 C34 134.5(3) 

C35 C28 C26 123.5(2)   C21 C45 C43 118.3(4) 

C26 C32 C42 102.7(2)   C5 C47 C41 122.4(4) 

C34 C32 C26 112.8(2)           
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Table S9 Torsion Angles for 210325G. 

A B C D Angle/˚   A B C D Angle/˚ 

O2 N1 C26 C28 90.5(3)   C25 C34 C44 C33 -178.3(3) 

O2 N1 C26 C32 -147.8(3)   C26 C28 C35 C2 -107.8(3) 

O3 C37 C42 C15 -74.4(4)   C26 C32 C34 C25 36.7(4) 

O3 C37 C42 C32 175.3(3)   C26 C32 C34 C44 -144.3(3) 

O3 C37 C42 C36 51.7(4)   C26 C32 C42 C15 38.0(3) 

O6 N1 C26 C28 -86.7(3)   C26 C32 C42 C36 -85.5(3) 

O6 N1 C26 C32 35.0(3)   C26 C32 C42 C37 151.0(3) 

O7 C37 C42 C15 99.0(5)   C28 C15 C42 C32 -32.8(3) 

O7 C37 C42 C32 -11.3(5)   C28 C15 C42 C36 87.7(3) 

O7 C37 C42 C36 -134.9(4)   C28 C15 C42 C37 -149.0(2) 

N1 C26 C28 C2 -81.5(3)   C28 C26 C32 C34 -158.3(2) 

N1 C26 C28 C15 133.8(2)   C28 C26 C32 C42 -30.0(3) 

N1 C26 C28 C35 -10.3(3)   C32 C26 C28 C2 154.6(2) 

N1 C26 C32 C34 77.9(3)   C32 C26 C28 C15 9.9(3) 

N1 C26 C32 C42 -153.8(2)   C32 C26 C28 C35 -134.1(3) 

N3 C13 C41 C47 -178.6(3)   C32 C34 C44 C13 -179.7(2) 

N3 C13 C44 C33 179.0(2)   C32 C34 C44 C33 2.5(5) 

N3 C13 C44 C34 0.8(3)   C33 C5 C47 C41 -1.8(6) 

N3 C25 C34 C32 179.2(2)   C34 C32 C42 C15 162.8(2) 

N3 C25 C34 C44 0.0(3)   C34 C32 C42 C36 39.4(3) 

C5 C33 C44 C13 -1.2(4)   C34 C32 C42 C37 -84.2(3) 

C5 C33 C44 C34 176.4(3)   C35 C2 C28 C15 -107.8(3) 

C11 N3 C13 C41 2.5(5)   C35 C2 C28 C26 113.6(3) 

C11 N3 C13 C44 -175.7(3)   C36 C19 C21 C45 2.3(7) 

C11 N3 C25 C34 175.5(3)   C36 C39 C43 C45 0.6(6) 

C13 N3 C25 C34 0.5(3)   C39 C36 C42 C15 166.5(3) 

C13 C41 C47 C5 1.2(6)   C39 C36 C42 C32 -78.0(3) 

C15 C28 C35 C2 112.9(3)   C39 C36 C42 C37 45.5(4) 

C19 C21 C45 C43 -1.2(7)   C39 C43 C45 C21 -0.2(7) 

C19 C36 C39 C43 0.4(5)   C41 C13 C44 C33 0.7(4) 

C19 C36 C42 C15 -16.5(4)   C41 C13 C44 C34 -177.5(3) 

C19 C36 C42 C32 99.0(3)   C42 C15 C28 C2 -128.5(3) 

C19 C36 C42 C37 -137.5(3)   C42 C15 C28 C26 15.0(3) 

C21 C19 C36 C39 -1.7(5)   C42 C15 C28 C35 160.6(2) 

C21 C19 C36 C42 -178.8(3)   C42 C32 C34 C25 -83.0(3) 

C23 O3 C37 O7 5.1(7)   C42 C32 C34 C44 96.1(3) 

C23 O3 C37 C42 178.7(4)   C42 C36 C39 C43 177.6(3) 
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C25 N3 C13 C41 177.4(3)   C44 C13 C41 C47 -0.7(5) 

C25 N3 C13 C44 -0.8(3)   C47 C5 C33 C44 1.8(5) 

C25 C34 C44 C13 -0.4(3)             

  

Table S10 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 

Parameters (Å2×103) for 210325G. 

Atom x y z U(eq) 

H2A 8245 5027 11901 100 

H2B 6830 4587 11176 100 

H5 8016 8756 7023 138 

H11A 2416 7534 8140 179 

H11B 2834 8666 8309 179 

H11C 2792 7991 9046 179 

H15A 10239 6267 10826 93 

H15B 9604 6523 11561 93 

H19 7540 6851 11759 105 

H21 6211 7758 12351 141 

H23A 11583 9500 10537 263 

H23B 12598 8702 10903 263 

H23C 12230 9469 11498 263 

H25 4909 7018 9619 94 

H26 6310 5882 10093 74 

H32 8385 6568 9325 79 

H33 8577 7845 8199 117 

H35A 8301 3978 10402 103 

H35B 9717 4418 11127 103 

H39 7729 8982 10196 117 

H41 4089 8999 7255 136 

H43 6313 9842 10773 145 

H45 5543 9233 11859 153 

H47 5855 9355 6589 161 
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CCDC 2143508 

Table S11 Crystal data and structure refinement for 2143508. 

Identification code 2143508 

Empirical formula C21H19NO5 

Formula weight 365.37 

Temperature/K 173(2) 

Crystal system triclinic 

Space group P-1 

a/Å 7.2248(3) 

b/Å 10.9399(4) 

c/Å 12.5947(5) 

α/° 115.361(4) 

β/° 100.031(3) 

γ/° 95.232(3) 

Volume/Å3 870.27(6) 

Z 2 

ρcalcg/cm3 1.394 

μ/mm-1 0.826 

F(000) 384.0 

Crystal size/mm3 0.07 × 0.06 × 0.05 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 7.996 to 134.118 

Index ranges -8 ≤ h ≤ 8, -13 ≤ k ≤ 13, -14 ≤ l ≤ 15 

Reflections collected 22711 

Independent reflections 3098 [Rint = 0.0645, Rsigma = 0.0345] 

Data/restraints/parameters 3098/186/245 

Goodness-of-fit on F2 1.053 

Final R indexes [I>=2σ (I)] R1 = 0.0380, wR2 = 0.0938 
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Final R indexes [all data] R1 = 0.0466, wR2 = 0.0984 

Largest diff. peak/hole / e Å-3 0.20/-0.22 

 

 

Table S12 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 

Displacement Parameters (Å2×103) for 220118F_auto. Ueq is defined as 1/3 of of 

the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

O1 236.6(14) 2448.9(10) 6124.0(9) 26.6(2) 

O2 -1083.9(15) 4304.1(11) 6413.7(11) 36.6(3) 

O3 7221.4(15) 4569.5(11) 8667.1(10) 34.2(3) 

O4 4279.7(14) 1768.3(10) 6180.5(9) 25.8(2) 

O5 7536.3(15) 2446.2(12) 7734.7(11) 37.0(3) 

N1 6616.3(17) 3370.1(13) 7921.4(11) 26.3(3) 

C1 3473.7(19) 3415.1(14) 5579.8(13) 23.4(3) 

C2 2284(2) 1504.8(15) 7899.5(14) 30.4(3) 

C3 1189(2) 6744.3(15) 8969.5(14) 28.6(3) 

C4 3864.1(19) 4131.4(14) 6938.4(13) 22.0(3) 

C5 3129(3) 8388.9(17) 8209.7(17) 38.6(4) 

C6 3735.2(19) 2068.3(15) 5215.6(13) 23.7(3) 

C7 1207(2) 8150.0(16) 9492.3(15) 34.3(4) 

C8 3346(2) 2876.8(14) 8137.1(13) 23.3(3) 

C9 2739(2) 1542.8(17) 3161.4(14) 33.5(4) 

C10 2467(2) 4155.1(14) 8575.4(13) 23.5(3) 

C11 2823(2) 3831.8(16) 4711.3(14) 28.8(3) 

C12 2161(2) 6140.2(14) 8063.2(13) 24.4(3) 

C13 2449(2) 2879.7(17) 3493.6(15) 33.6(4) 

C14 4475.5(19) 2983.9(14) 7254.1(13) 22.8(3) 
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C15 3108(2) 6981.3(16) 7681.4(15) 32.5(4) 

C16 3395(2) 1102.5(16) 4021.0(14) 29.3(3) 

C17 -1348(2) 1601.9(16) 5114.1(15) 34.5(4) 

C18 241(2) 3801.7(14) 6638.8(13) 23.5(3) 

C19 2188(2) 8976.1(16) 9117.4(16) 38.1(4) 

C20 2153.7(19) 4595.0(14) 7547.2(13) 22.0(3) 

C21 3964(2) 2250.9(16) 8969.4(14) 29.6(3) 

  

Table S13 Anisotropic Displacement Parameters (Å2×103) for 220118F_auto. The 

Anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

O1 22.4(5) 22.4(5) 28.3(6) 6.9(4) 2.7(4) 2.2(4) 

O2 31.0(6) 32.8(6) 41.7(7) 15.6(5) -1.0(5) 10.8(5) 

O3 27.7(6) 36.7(6) 26.5(6) 6.7(5) 2.3(5) -1.6(5) 

O4 30.9(5) 23.2(5) 21.4(5) 8.4(4) 4.3(4) 8.4(4) 

O5 28.1(6) 45.1(7) 41.2(7) 20.8(6) 7.5(5) 16.7(5) 

N1 22.0(6) 34.2(7) 22.9(6) 13.1(6) 5.8(5) 5.3(5) 

C1 20.3(6) 25.4(7) 24.3(7) 10.4(6) 6.9(5) 4.0(5) 

C2 33.1(8) 25.2(7) 32.0(8) 14.4(6) 4.2(7) 0.8(6) 

C3 27.9(7) 27.0(7) 28.5(8) 10.4(6) 6.6(6) 5.4(6) 

C4 21.7(6) 21.6(7) 23.1(7) 10.2(6) 5.7(5) 4.1(5) 

C5 44.3(9) 27.3(8) 50.7(10) 21.5(7) 15.9(8) 7.8(7) 

C6 20.6(6) 27.1(7) 23.5(7) 11.5(6) 4.9(5) 5.0(5) 

C7 35.6(8) 29.7(8) 33.0(9) 8.6(7) 9.3(7) 11.8(6) 

C8 22.8(6) 23.2(7) 23.1(7) 10.7(6) 3.2(5) 3.4(5) 

C9 33.9(8) 38.6(9) 22.7(8) 9.1(7) 6.4(6) 6.3(7) 

C10 24.4(7) 23.6(7) 22.1(7) 9.4(6) 6.3(6) 4.9(5) 
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C11 30.1(8) 31.8(8) 29.3(8) 16.5(6) 9.9(6) 9.2(6) 

C12 24.3(7) 23.1(7) 24.1(7) 9.9(6) 3.4(6) 5.3(5) 

C13 35.5(8) 43.2(9) 26.5(8) 19.3(7) 7.4(6) 10.1(7) 

C14 21.4(6) 22.0(7) 21.9(7) 7.9(5) 2.9(5) 4.2(5) 

C15 37.8(8) 27.6(8) 36.9(9) 16.0(7) 14.6(7) 9.9(6) 

C16 28.9(7) 28.6(7) 26.4(8) 8.4(6) 7.0(6) 7.0(6) 

C17 27.5(8) 31.8(8) 29.7(9) 4.6(7) 0.3(7) -1.1(6) 

C18 25.7(7) 24.3(7) 22.2(7) 11.2(6) 7.9(6) 5.6(6) 

C19 43.2(9) 22.7(8) 44.0(10) 11.2(7) 8.3(8) 10.1(7) 

C20 22.3(7) 21.4(7) 22.1(7) 9.2(5) 6.3(5) 4.8(5) 

C21 31.4(8) 30.5(8) 29.3(8) 16.9(6) 4.5(6) 4.7(6) 

  

Table S14 Bond Lengths for 220118F_auto. 

Atom Atom Length/Å   Atom Atom Length/Å 

O1 C17 1.4412(18)   C4 C20 1.5759(18) 

O1 C18 1.3368(17)   C5 C15 1.389(2) 

O2 C18 1.1972(18)   C5 C19 1.379(2) 

O3 N1 1.2213(16)   C6 C16 1.379(2) 

O4 C6 1.3921(18)   C7 C19 1.381(2) 

O4 C14 1.4056(17)   C8 C10 1.5120(19) 

O5 N1 1.2215(16)   C8 C14 1.526(2) 

N1 C14 1.5495(18)   C8 C21 1.508(2) 

C1 C4 1.505(2)   C9 C13 1.386(2) 

C1 C6 1.385(2)   C9 C16 1.392(2) 

C1 C11 1.383(2)   C10 C20 1.553(2) 

C2 C8 1.502(2)   C11 C13 1.395(2) 

C2 C21 1.504(2)   C12 C15 1.387(2) 

C3 C7 1.387(2)   C12 C20 1.5284(19) 
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C3 C12 1.397(2)   C18 C20 1.534(2) 

C4 C14 1.548(2)         

  

Table S15 Bond Angles for 220118F_auto. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

C18 O1 C17 116.22(11)   C8 C10 C20 107.32(11) 

C6 O4 C14 107.67(10)   C1 C11 C13 118.85(14) 

O3 N1 O5 124.63(13)   C3 C12 C20 118.88(13) 

O3 N1 C14 116.99(11)   C15 C12 C3 118.07(13) 

O5 N1 C14 118.15(12)   C15 C12 C20 123.04(13) 

C6 C1 C4 108.51(12)   C9 C13 C11 120.50(15) 

C11 C1 C4 132.22(13)   O4 C14 N1 106.42(10) 

C11 C1 C6 119.12(14)   O4 C14 C4 109.33(11) 

C8 C2 C21 60.22(10)   O4 C14 C8 115.77(11) 

C7 C3 C12 120.95(15)   C4 C14 N1 110.89(11) 

C1 C4 C14 101.32(11)   C8 C14 N1 106.43(11) 

C1 C4 C20 118.67(12)   C8 C14 C4 107.98(11) 

C14 C4 C20 106.36(11)   C12 C15 C5 120.83(15) 

C19 C5 C15 120.51(16)   C6 C16 C9 116.32(14) 

C1 C6 O4 112.98(12)   O1 C18 C20 110.58(11) 

C16 C6 O4 123.30(13)   O2 C18 O1 123.84(13) 

C16 C6 C1 123.64(14)   O2 C18 C20 125.59(13) 

C19 C7 C3 120.18(15)   C5 C19 C7 119.43(15) 

C2 C8 C10 121.64(12)   C10 C20 C4 102.50(11) 

C2 C8 C14 120.28(12)   C12 C20 C4 114.06(11) 

C2 C8 C21 59.96(10)   C12 C20 C10 110.62(11) 

C10 C8 C14 105.82(11)   C12 C20 C18 109.37(11) 

C21 C8 C10 120.35(12)   C18 C20 C4 110.05(11) 
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C21 C8 C14 123.69(12)   C18 C20 C10 110.06(11) 

C13 C9 C16 121.57(15)   C2 C21 C8 59.81(10) 

  

Table S16 Torsion Angles for 220118F_auto. 

A B C D Angle/˚   A B C D Angle/˚ 

O1 C18 C20 C4 50.57(15)   C7 C3 C12 C20 177.94(14) 

O1 C18 C20 C10 -61.68(14)   C8 C10 C20 C4 -32.06(14) 

O1 C18 C20 C12 176.60(11)   C8 C10 C20 C12 -154.04(11) 

O2 C18 C20 C4 -129.75(15)   C8 C10 C20 C18 84.99(13) 

O2 C18 C20 C10 118.00(16)   C10 C8 C14 O4 -136.47(12) 

O2 C18 C20 C12 -3.7(2)   C10 C8 C14 N1 105.52(12) 

O3 N1 C14 O4 158.55(12)   C10 C8 C14 C4 -13.58(15) 

O3 N1 C14 C4 39.75(16)   C10 C8 C21 C2 111.32(15) 

O3 N1 C14 C8 -77.44(15)   C11 C1 C4 C14 177.92(15) 

O4 C6 C16 C9 175.89(13)   C11 C1 C4 C20 62.0(2) 

O5 N1 C14 O4 -26.81(17)   C11 C1 C6 O4 -176.28(12) 

O5 N1 C14 C4 -145.61(13)   C11 C1 C6 C16 0.5(2) 

O5 N1 C14 C8 97.20(14)   C12 C3 C7 C19 0.2(2) 

C1 C4 C14 O4 -4.25(14)   C13 C9 C16 C6 0.1(2) 

C1 C4 C14 N1 112.77(12)   C14 O4 C6 C1 -2.52(15) 

C1 C4 C14 C8 -130.99(11)   C14 O4 C6 C16 -179.33(13) 

C1 C4 C20 C10 136.13(13)   C14 C4 C20 C10 22.95(13) 

C1 C4 C20 C12 -104.26(14)   C14 C4 C20 C12 142.56(12) 

C1 C4 C20 C18 19.07(17)   C14 C4 C20 C18 -94.11(13) 

C1 C6 C16 C9 -0.6(2)   C14 C8 C10 C20 28.88(14) 

C1 C11 C13 C9 -0.5(2)   C14 C8 C21 C2 -108.33(15) 

C2 C8 C10 C20 -113.31(14)   C15 C5 C19 C7 -0.5(3) 

C2 C8 C14 O4 6.35(19)   C15 C12 C20 C4 21.8(2) 
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C2 C8 C14 N1 -111.66(14)   C15 C12 C20 C10 136.75(15) 

C2 C8 C14 C4 129.23(14)   C15 C12 C20 C18 -101.87(16) 

C3 C7 C19 C5 0.8(3)   C16 C9 C13 C11 0.4(2) 

C3 C12 C15 C5 1.7(2)   C17 O1 C18 O2 10.0(2) 

C3 C12 C20 C4 -157.54(13)   C17 O1 C18 C20 -170.33(12) 

C3 C12 C20 C10 -42.62(17)   C19 C5 C15 C12 -0.7(3) 

C3 C12 C20 C18 78.76(16)   C20 C4 C14 O4 120.40(12) 

C4 C1 C6 O4 -0.34(16)   C20 C4 C14 N1 -122.57(12) 

C4 C1 C6 C16 176.45(13)   C20 C4 C14 C8 -6.33(14) 

C4 C1 C11 C13 -174.77(14)   C20 C12 C15 C5 -177.67(15) 

C6 O4 C14 N1 -115.56(12)   C21 C2 C8 C10 -109.23(15) 

C6 O4 C14 C4 4.26(14)   C21 C2 C8 C14 113.85(15) 

C6 O4 C14 C8 126.43(12)   C21 C8 C10 C20 175.39(12) 

C6 C1 C4 C14 2.72(14)   C21 C8 C14 O4 78.44(17) 

C6 C1 C4 C20 -113.19(14)   C21 C8 C14 N1 -39.56(17) 

C6 C1 C11 C13 0.0(2)   C21 C8 C14 C4 -158.67(13) 

C7 C3 C12 C15 -1.5(2)             

  

Table S17 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 

Parameters (Å2×103) for 220118F_auto. 

Atom x y z U(eq) 

H2A 2453.46 676.41 7204.95 36 

H2B 990.81 1465.16 8058.65 36 

H3 506.48 6184.62 9231.76 34 

H4 4954.51 4926.59 7274.27 26 

H5 3796.22 8951.75 7943.81 46 

H7 542.4 8545.42 10109.88 41 

H9 2484.11 911.64 2327.16 40 
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H10A 3331.74 4900.81 9317.53 28 

H10B 1231.37 3957.79 8762.15 28 

H11 2633.77 4750.46 4940.05 35 

H13 1992.52 3149.99 2887.46 40 

H15 3749.47 6589.55 7050.75 39 

H16 3598.12 187.38 3797.09 35 

H17A -1317.93 1844.98 4452.6 52 

H17B -2552.14 1754.05 5364.06 52 

H17C -1252.03 630.57 4838.84 52 

H19 2214.54 9940.43 9481.5 46 

H21A 5164.88 1881.32 8930.33 36 

H21B 3701.82 2670.29 9784.27 36 
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9.HPLC Spectra 
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