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1. General information 

High Performance Liquid Chromatography (HPLC) was analyzed by chiral column 

in comparison with authentic racemates, using a Daicel Chiralpak OD-H or IA Column 

(250 x 4.6 mm). UV detection was performed at 270 nm. Nuclear magnetic resonance 

(NMR) spectra were recorded in DMSO-d6 and CDCl3 on JEOL 600 or 700 NMR 

instrument. Proton chemical shifts are reported in parts per million (δ scale). The 1H 

NMR chemical shifts are reported in ppm with the internal TMS signal at 0.0 ppm as 

standard. The 13C NMR chemical shifts were given by using DMSO-d6 or CDCl3 as the 

internal standard (DMSO-d6: δ = 39.52 ppm, CDCl3: δ = 77.05 ppm). 19F NMR chemical 

shifts were given by using DMSO-d6. Data are reported as follows: chemical shift 

[multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br s = broad 

singlet), coupling constant(s) (Hz), integration]. High-resolution mass spectra (HRMS) 

were obtained using Agilent P/N G1969-90010 or Waters/Acquity UPLC-Synapt 

G2HDMS. High-resolution mass spectra were reported for the molecular ion [M+Na]+ 

or [M+H]+. X-ray diffraction experiment was carried out on an Agilent Gemini and the 

data obtained were deposited at the Cambridge Crystallographic Data Centre. UV 

detection was performed at 254 nm. Column chromatography was performed on silica 

gel (300-400 mesh) using an eluent of ethyl acetate and petroleum ether. TLC was 

performed on glass-backed silica plates; products were visualized using UV light. 

Optical rotation values were measured with instruments operating at λ = 589 nm, 

corresponding to the sodium D line at 25 oC. All reagents and solvents were obtained 

from commercial sources and used without further purification. MBH Carbonate of 

Pyrazolinone 1a1 and 3-((tert-butoxycarbonyl)imino)-2-oxoindoline-1-carboxylate 2a2 

were prepared according to the literature procedures. Oil baths were used as the heat 

source. Melting points were recorded on BUCHI Melting Point M-565 instrument. 
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2. Synthesis of substrates 1. 

 

To a stirred solution of pyrazoledione (1.0 mmol) and corresponding acrylate (5.0 

mmol) was added DABCO (23.0 mg, 0.21mmol), and the mixture was stirred at room 

temperature. After completion, the mixture was concentrated under reduced pressure. 

The residue was purified by flash column chromatography (EtOAc/petroleum ether = 

1/5) to give the product S1. Boc2O (0.46 mL, 2.0 mmol) was added to a stirred solution 

of S1 (1.0 mmol) and NaOH (80 mg, 2.0 mmol) in THF (5.0 mL) at 0 °C, and the 

mixture was stirred at room temperature. After completion (monitored by TLC), the 

reaction was quenched with water and extracted with EtOAc. The combined organic 

phases were dried over Na2SO4, and the solvent was removed in vacuo. The residue 

was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) to 

give the product 11. 

 

methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-

1H-pyrazol-4-yl)acrylate (1a). 

1H NMR (600 MHz, CDCl3) δ 7.89 (dt, J = 7.8, 1.2 Hz, 1H), 7.60 

– 7.32 (m, 2H), 7.18 (tt, J = 7.2, 1.2 Hz, 2H), 6.69 (s, 1H), 6.51 (s, 

1H), 3.68 (s, 3H), 2.04 (s, 3H), 1.44 (s, 9H). 13C NMR (150 MHz, 

CDCl3) δ 168.1, 163.4, 153.7, 149.7, 138.1, 133.1, 131.4, 128.9, 125.2, 119.0, 84.9, 

81.7, 52.6, 27.6, 13.0. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C19H22N2O6 

397.1370; Found 397.1369. 
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methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-(o-tolyl)-4,5-dihydro-

1H-pyrazol-4-yl)acrylate (1b). 

1H NMR (600 MHz, CDCl3) δ 7.49 – 7.40 (m, 1H), 7.32 – 7.17 (m, 

3H), 6.68 (s, 1H), 6.52 (s, 1H), 3.77 (s, 3H), 2.39 (s, 3H), 2.02 (s, 

3H), 1.49 (s, 9H). 13C NMR (150 MHz, CDCl3) δ 168.7, 163.5, 

153.5, 149.9, 136.1, 135.8, 133.1, 131.2, 131.1, 128.3, 126.4, 126.3, 

84.6, 80.8, 52.5, 27.6, 18.1, 13.1. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C20H24N2O6 411.1527; Found 411.1526. 

 

methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(2-chlorophenyl)-3-methyl-5-oxo-4,5-

dihydro-1H-pyrazol-4-yl)acrylate (1c). 

1H NMR (600 MHz, CDCl3) δ 7.58 (dd, J = 8.4, 1.8 Hz, 1H), 7.48 

(dd, J = 8.4, 1.8 Hz, 1H), 7.34 (td, J = 7.8, 1.8 Hz, 1H), 7.29 (td, J 

= 7.8, 1.8 Hz, 1H), 6.68 (s, 1H), 6.49 (s, 1H), 3.78 (s, 3H), 2.05 (s, 

3H), 1.48 (s, 9H). 13C NMR (150 MHz, CDCl3) δ 168.9, 163.6, 154.6, 150.1, 135.0, 

132.9, 131.54, 131.51, 130.5, 129.4, 128.2, 127.5, 84.7, 80.8, 52.6, 27.6, 13.4. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C19H21ClN2O6 431.0980; Found 431.0980. 

 

methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-(m-tolyl)-4,5-dihydro-

1H-pyrazol-4-yl)acrylate (1d). 

1H NMR (700 MHz, CDCl3) δ 7.74 – 7.64 (m, 2H), 7.28 (t, J = 7.7 

Hz, 1H), δ 7.01 – 6.99 (m, 1H), 6.68 (s, 1H), 6.51 (s, 1H), 3.68 (s, 

3H), 2.38 (s, 3H), 2.04 (s, 3H), 1.45 (s, 9H). 13C NMR (175 MHz, 

CDCl3) δ 168.0, 163.4, 153.6, 149.6, 138.7, 137.9, 133.1, 131.3, 

128.7, 126.0, 119.4, 116.1, 84.8, 81.7, 52.5, 27.6, 21.6, 12.9. HRMS (ESI-TOF) m/z: 

[M+Na]+ Calcd for C20H24N2O6 411.1527; Found 411.1531. 
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methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(3-chlorophenyl)-3-methyl-5-oxo-4,5-

dihydro-1H-pyrazol-4-yl)acrylate (1e). 

1H NMR (600 MHz, CDCl3) δ 7.96 (t, J = 1.8 Hz, 1H), 7.85 (ddd, J 

= 8.4, 2.4, 1.2 Hz, 1H), 7.32 (t, J = 8.4 Hz, 1H), 7.17 – 7.13 (m, 1H), 

6.70 (s, 1H), 6.53 (s, 1H), 3.69 (s, 3H), 2.03 (s, 3H), 1.45 (s, 9H). 

13C NMR (150 MHz, CDCl3) δ 168.2, 163.4, 154.1, 149.7, 139.1, 

134.7, 132.9, 131.6, 130.0, 125.0, 118.7, 116.5, 85.1, 81.6, 52.6, 27.6, 12.9. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C19H21ClN2O6 431.0980; Found 431.0979. 

 

methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(3-fluorophenyl)-3-methyl-5-oxo-4,5-

dihydro-1H-pyrazol-4-yl)acrylate (1f). 

1H NMR (600 MHz, CDCl3) δ 7.73 (ddd, J = 8.4, 2.4, 1.2 Hz, 1H), 

7.69 (dt, J = 10.8, 1.8 Hz, 1H), 7.36 – 7.32 (m, 1H), 6.89 – 6.85 (m, 

1H), 6.70 (s, 1H), 6.53 (s, 1H), 3.68 (s, 3H), 2.03 (s, 3H), 1.44 (s, 

9H). 13C NMR (150 MHz, CDCl3) δ 168.2, 163.4, 162.2 (d, JCF = 

242.8 Hz), 153.9, 149.7, 139.5 (d, JCF = 11.1 Hz), 132.9, 131.5, 130.2 (d, JCF = 9.2 Hz), 

113.9 (d, JCF = 3.0 Hz), 111.8 (d, JCF = 21.0 Hz), 106.2 (d, JCF = 27.0 Hz), 85.1, 81.7, 

52.6, 27.6, 12.9. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C19H21FN2O6 415.1276; 

Found 415.1276. 

 

methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-(p-tolyl)-4,5-dihydro-

1H-pyrazol-4-yl)acrylate (1g). 

1H NMR (600 MHz, CDCl3) δ 7.81 – 7.61 (m, 2H), 7.23 – 7.14 (m, 

2H), 6.68 (s, 1H), 6.50 (s, 1H), 3.68 (s, 3H), 2.34 (s, 3H), 2.03 (s, 

3H), 1.44 (s, 9H). 13C NMR (150 MHz, CDCl3) δ 167.9, 163.5, 

153.6, 149.7, 135.7, 134.9, 133.2, 131.3, 129.5, 119.1, 84.8, 81.7, 52.6, 27.6, 21.1, 13.0. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C20H24N2O6 411.1527; Found 411.1526. 

 

 



6 

 

methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(4-methoxyphenyl)-3-methyl-5-oxo-4,5-

dihydro-1H-pyrazol-4-yl)acrylate (1h). 

1H NMR (600 MHz, CDCl3) δ 7.79 – 7.70 (m, 2H), 6.93 (dd, J 

= 9.0, 3.0 Hz, 2H), 6.67 (s, 1H), 6.50 (s, 1H), 3.81 (s, 3H), 3.69 

(s, 3H), 2.02 (s, 3H), 1.45 (s, 9H). 13C NMR (150 MHz, CDCl3) 

δ 167.9, 163.5, 157.3, 153.6, 149.7, 133.1, 131.5, 131.3, 121.2, 

114.2, 84.8, 81.6, 55.6, 52.6, 27.6, 13.0. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C20H24N2O7 427.1476; Found 427.1475. 

 

methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(4-chlorophenyl)-3-methyl-5-oxo-4,5-

dihydro-1H-pyrazol-4-yl)acrylate (1i). 

1H NMR (600 MHz, CDCl3) δ 7.86 (d, J = 9.0 Hz, 2H), 7.36 (d, 

J = 9.0 Hz, 2H), 6.69 (s, 1H), 6.52 (s, 1H), 3.68 (s, 3H), 2.03 (s, 

3H), 1.44 (s, 9H). 13C NMR (150 MHz, CDCl3) δ 168.1, 163.4, 

154.0, 149.7, 136.7, 132.9, 131.5, 130.2, 128.9, 120.0, 85.1, 81.6, 52.6, 27.6, 12.9. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C19H21ClN2O6 431.0980; Found 431.0984. 

 

methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-(4-(trifluoromethyl)-

phenyl)-4,5-dihydro-1H-pyrazol-4-yl)acrylate (1j). 

1H NMR (600 MHz, CDCl3) δ 8.11 – 8.02 (m, 2H), 7.66 – 7.64 

(m, 2H), 6.71 (s, 1H), 6.55 (s, 1H), 3.68 (s, 3H), 2.05 (s, 3H), 

1.44 (s, 9H). 13C NMR (150 MHz, CDCl3) δ 168.5, 163.4, 154.2, 

149.7, 140.8, 132.9, 131.6, 126.7 (d, JCF = 32.1 Hz), 126.2 (d, 

JCF = 4.1 Hz), 125.2 (d, JCF = 270.0 Hz), 118.1, 85.2, 81.6, 52.6, 27.6, 12.9. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C20H21F3N2O6 465.1244; Found 465.1249. 
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methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(2,4-dichlorophenyl)-3-methyl-5-oxo-

4,5-dihydro-1H-pyrazol-4-yl)acrylate (1k). 

1H NMR (700 MHz, CDCl3) δ 7.52 (d, J = 8.4 Hz, 1H), 7.50 (d, 

J = 2.1 Hz, 1H), 7.32 (dd, J = 8.4, 2.1 Hz, 1H), 6.69 (s, 1H), 6.50 

(s, 1H), 3.78 (s, 3H), 2.04 (s, 3H), 1.48 (s, 9H). 13C NMR (175 

MHz, CDCl3) δ 168.9, 163.4, 154.6, 150.0, 134.4, 133.7, 132.7, 

132.3, 131.5, 130.2, 128.9, 127.7, 84.8, 80.5, 52.5, 27.6, 13.21, 13.20. HRMS (ESI-

TOF) m/z: [M+Na]+ Calcd for C19H20Cl2N2O6 465.0591; Found 465.0599. 

 

methyl 2-(4-((tert-butoxycarbonyl)oxy)-1-(3,4-dichlorophenyl)-3-methyl-5-oxo-

4,5-dihydro-1H-pyrazol-4-yl)acrylate (1l). 

1H NMR (600 MHz, CDCl3) δ 8.09 – 8.03 (m, 1H), 7.85 – 7.83 

(m, 1H), 7.52 – 7.34 (m, 1H), 6.70 (s, 1H), 6.54 (s, 1H), 3.69 (s, 

3H), 2.03 (s, 3H), 1.45 (s, 9H). 13C NMR (150 MHz, CDCl3) δ 

168.2, 163.4, 154.3, 149.7, 137.4, 132.9, 132.8, 131.7, 130.5, 

128.2, 120.1, 117.6, 85.2, 81.5, 52.7, 27.6, 12.9. HRMS (ESI-TOF) m/z: [M+Na]+ 

Calcd for C19H20Cl2N2O6 465.0591; Found 465.0585. 

 

methyl 2-(4-((tert-butoxycarbonyl)oxy)-1,3-dimethyl-5-oxo-4,5-dihydro-1H-

pyrazol-4-yl)acrylate (1m). 

1H NMR (700 MHz, CDCl3) δ 6.62 (s, 1H), 6.44 (s, 1H), 3.73 (s, 3H), 

3.37 (s, 3H), 1.93 (s, 3H), 1.46 (s, 9H). 13C NMR (175 MHz, CDCl3) δ 

169.8, 163.4, 153.1, 149.6, 132.9, 131.0, 84.5, 80.6, 52.4, 31.9, 27.6, 

12.9. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C14H20N2O6 335.1214; Found 

335.1211. 
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ethyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)acrylate (1n). 

1H NMR (700 MHz, CDCl3) δ 7.94 – 7.84 (m, 2H), 7.43 – 7.36 (m, 

2H), 7.17 (tt, J = 7.7, 1.4 Hz, 1H), 6.69 (s, 1H), 6.49 (s, 1H), 4.12 

(qd, J = 7.0, 2.1 Hz, 2H), 2.04 (s, 3H), 1.44 (s, 9H), 1.14 (t, J = 7.7 

Hz, 3H). 13C NMR (175 MHz, CDCl3) δ 168.1, 162.9, 153.7, 149.6, 138.1, 133.3, 131.1, 

128.9, 125.0, 118.7, 84.8, 81.7, 61.7, 27.5, 13.9, 12.9. HRMS (ESI-TOF) m/z: [M+Na]+ 

Calcd for C20H24N2O6 411.1527; Found 411.1527. 

 

tert-butyl 2-(4-((tert-butoxycarbonyl)oxy)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-

1H-pyrazol-4-yl)acrylate (1o). 

1H NMR (600 MHz, CDCl3) δ 7.93 – 7.89 (m, 2H), 7.41 – 7.38 (m, 

2H), 7.17 (t, J = 7.8 Hz, 1H), 6.58 (s, 1H), 6.38 (s, 1H), 2.05 (s, 3H), 

1.43 (s, 9H), 1.35 (s, 9H). 13C NMR (150 MHz, CDCl3) δ 168.2, 

162.4, 154.1, 149.8, 138.3, 134.6, 130.2, 128.9, 124.9, 118.7, 84.7, 83.1, 81.8, 27.9, 

27.6, 13.1. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C22H28N2O6 439.1840; Found 

439.1846. 

 

tert-butyl (4-(1-cyanovinyl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl) 

carbonate (1p). 

1H NMR (600 MHz, CDCl3) δ 7.86 (d, J = 8.4 Hz, 2H), 7.42 (t, J = 7.8 

Hz, 2H), 7.28 – 7.22 (m, 1H), 6.43 (s, 1H), 6.36 (s, 1H), 2.19(s, 3H), 

1.47 (s, 9H). 13C NMR (150 MHz, CDCl3) δ 166.4, 154.7, 149.9, 137.5, 

135.4, 129.1, 126.1, 119.4, 115.9, 114.0, 86.1, 81.6, 27.6, 13.3. HRMS(ESI-TOF) m/z: 

[M+Na]+ Calcd for C18H19N3O4 364.1268, Found: 364.1270. 

 

tert-butyl 2-(4-((tert-butoxycarbonyl)oxy)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-

pyrazol-4-yl)acrylate (1dd). 
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1H NMR (600 MHz, CDCl3) δ 8.07 – 7.92 (m, 2H), 7.92 – 7.76 (m, 

2H), 7.55 – 7.43 (m, 2H), 7.42 – 7.33 (m, 3H), 7.23 (tt, J = 7.2, 1.2 

Hz, 1H), 6.73 (s, 1H), 6.73 (s, 1H), 3.60 (s, 3H), 1.35 (s, 9H). 13C 

NMR (150 MHz, CDCl3) δ 168.2, 163.5, 151.5, 149.6, 138.2, 134.6, 130.7, 130.6, 129.4, 

128.9, 128.9, 126.4, 125.5, 119.3, 85.0, 81.2, 52.5, 27.6. HRMS (ESI-TOF) m/z: 

[M+Na]+ Calcd for C24H24N2O6 459.1527; Found 459.1524. 

 

methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-isopropyl-5-oxo-1-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)acrylate (1ee). 

1H NMR (700 MHz, CDCl3) δ 8.01 – 7.71 (m, 2H), 7.48 – 7.36 

(m, 2H), 7.18 (tt, J = 7.7, 1.4 Hz, 1H), 6.67 (s, 1H), 6.55 (s, 1H), 

3.67 (s, 3H), 2.68 – 2.62 (m, 1H), 1.44 (s, 9H), 1.32 – 1.12 (m, 

6H). 13C NMR (175 MHz, CDCl3) δ 168.2, 163.5, 159.9, 149.6, 

138.1, 133.7, 130.7, 128.8, 125.1, 119.0, 84.6, 81.9, 52.5, 28.6, 27.5, 20.1, 20.0. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C21H26N2O6 425.1683; Found 425.1682. 

 

To a solution of Acenaphthenequinone (1.0 g, 5.49 mmol) in 20.0 mL 1,4-Dioxane 

was added PPh3 = NBoc (2.49 g, 6.59mmol). The mixture was stirred at 120 ℃ for 24 

h. After completion, the solvent was removed under reduced pressure and the residue 

was purified by flash column chromatography on silica gel eluting with petroleum 

ether/ ethyl acetate (30:1) to afford the acenaphthenequinoneimine 9. 

 

1H NMR (700 MHz, CDCl3) δ 8.18 (d, J = 8.4 Hz, 1H), 8.10 (d, J = 8.4 

Hz, 1H), 8.03 – 7.94 (m, 2H), 7.84 – 7.65 (m, 2H), 1.68 (s, 9H). 13C 

NMR (175 MHz, CDCl3) δ 183.7, 161.1, 157.9, 144.3, 132.4, 130.5, 

130.1, 129.4, 129.1, 128.7, 128.5, 122.4, 121.3, 83.4, 28.1. HRMS (ESI-TOF) m/z: 

[M+Na]+ Calcd for C17H15NO3 304.0950; Found 304.0945.  
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3.General procedure for the preparation of new chiral DMAP-type catalysts. 

 

The newly developed catalyst C8 was readily synthesized from chiral secondary 

amines and 4-chloronicotinic acid. To a solution of chiral secondary amines (1.69 g, 

2.31 mmol) in 40.0 mL DCM was successively added 4-chloronicotinic acid (361.2 mg, 

2.31 mmol), 1-Ethyl-3-(3-dimethyllaminopropyl)carbodiimide hydrochloride (EDCI, 

884.6 mg, 4.62 mmol) and 4-Dimethylaminopyridine (DMAP, 28.2 mg, 0.23 mmol). 

The mixture was stirred at rt for 8 h before being quenched with water (20 mL). The 

phases were separated and the aqueous phase was extracted with DCM (2  10 mL). 

The combined organic phases were washed with brine (20 mL) before being dried 

(Na2SO4) and concentrated in vacuum. Purification by flash column chromatography 

on silica gel yielded the amide. To a solution of the amide (1.8 g, 2.06 mmol) in toluene 

(40 mL) was added pyrrolidine (206.9 L, 2.48 mmol). Then, the mixture was stirred 

at 80 C for 12 h. After completion, the solvent was removed under reduced pressure 

and the residue was purified by flash column chromatography on silica gel eluting with 

petroleum ether/ ethyl acetate (1:1) to afford the catalyst C8. The corresponding chiral 

secondary amines were prepared according to the literature procedure3. 

 

[1]. Z. H. Yang; P. Chen; Z. C. Chen; Z. Chen; W. Du; Y. C. Chen, Angew. Chem. Int. 

Ed., 2021, 60 (25), 13913-13917.  

[2]. M. Urban, M. Franc,a, M. Hofmanová, I. Císařováb and J. Veselý, Org. Biomol. 

Chem., 2017, 15, 9071-9076. 

[3]. L. Caruana, F. Kniep, T. K. Johansen, P. H. Poulsen, K. A. Jørgensen, J. Am. Chem. 

Soc. 2014, 136, 15929. 
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C8 was obtained as a white solid. 1.72g, 90% yield; [α]D20 = 

+17.8 (c = 0.06 in MeOH). 1H NMR (600 MHz, CDCl3) δ 8.01 

(d, J = 6.6 Hz, 1H), 7.77 (s, 1H), 7.49 – 7.42 (m, 2H), 7.38 (t, 

J = 1.8 Hz, 1H), 7.37 – 7.24 (m, 8H), 7.22 – 7.14 (m, 6H), 

6.42 (s, 1H), 6.34 (d, J = 6.0 Hz, 1H), 5.41-5.38 (m, 1H), 4.09 

(t, J = 3.6 Hz, 1H), 3.49-3.36 (m, 3H), 3.20 – 3.13 (m, 2H), 3.03 (dd, J = 12.0, 3.0 Hz, 

1H), 2.16 (s, 1H), 2.09-2.01 (m, 1H), 1.95-1.87 (m, 1H), 1.83 – 1.74 (m, 2H), 1.32 – 

1.25 (m, 1H), 1.19 (s, 18H), 1.17 (s, 18H), 0.94 (s, 9H). 13C NMR (150 MHz, CDCl3) 

δ 170.4, 148.9, 148.8, 148.7, 147.8, 147.6, 142.4, 139.9, 134.5, 134.2, 132.3, 131.8, 

129.1, 128.9, 126.9, 126.8, 121.6, 120.24, 120.20, 120.1, 114.9, 107.3, 81.4, 70.1, 68.9, 

60.0, 48.2, 40.6, 33.9, 33.8, 30.6, 30.5, 25.9, 24.6, 18.1. HRMS (ESI-TOF) m/z: 

[M+H]+ Calcd for C59H80N3O3Si 906.5963, Found 906.5961. 

 

 

To a solution of C8 (200.0 mg, 0.22 mmol) in DMF (2 mL) was added a solution of 

NaH (15.9 mg, 0.66 mmol) in DMF (1 mL) at 0 ℃. After 5 min, the mixture was added 

Iodomethane (16.5 L, 0.26 mmol). The reaction was stirred at rt for 10 min before 

being quenched with water (1 mL). The mixture was extracted with EtOAc (2  5 mL). 

The combined organic phases were washed with brine (1 mL) and dried with Na2SO4. 

After concentrated in vacuum, the residue was purified by flash column 

chromatography on silica gel eluting with petroleum ether/ ethyl acetate (1:1) to afford 

C10 as a white solid (180.0 mg, 89% yield). 
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C10 was obtained as a white solid. 180.0 mg, 89% yield; 

[α]D20 = +19.4 (c =0.06 in MeOH). 1H NMR (700 MHz, 

CDCl3) δ 8.17 (d, J = 6.3 Hz, 1H), 7.73 (s, 1H), 7.49 – 7.48 

(m, 2H), 7.37 – 7.34 (m, 3H), 7.34 – 7.27 (m, 6H), 7.25 – 

7.18 (m, 2H), 7.13 (s, 1H), 7.09 (d, J = 2.1 Hz, 2H), 7.01 – 

7.95 (m, 1H), 6.46 (d, J = 6.3 Hz, 1H), 6.01 (dd, J = 9.8, 3.5 Hz, 1H), 3.93 (t, J = 7.7 

Hz, 1H), 3.53 – 3.48 (m, 2H), 3.33 – 3.31 (m, 1H), 3.28 – 3.25 (m, 2H), 2.96 (s, 3H), 

2.39 – 2.29 (m, 2H), 1.91 – 1.84 (m, 2H), 1.71 – 1.65 (m, 2H), 1.25 (s, 18H), 1.19 (s, 

18H), 0.94 (s, 9H). 13C NMR (175 MHz, CDCl3) δ 169.8, 149.5, 149.4, 149.3, 140.4, 

139.7, 135.7, 135.54, 135.46, 135.3, 133.5, 133.4, 129.8, 129.7, 127.70, 127.66, 124.0, 

123.3, 121.2, 120.9, 117.1, 108.5, 87.2, 73.5, 60.2, 60.1, 52.2, 49.2, 41.4, 39.6, 34.84, 

34.76, 31.5, 31.4, 26.9, 25.6. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C60H81N3O3Si 

920.6120, Found 920.6124. 

 

 

To a solution of C8 (200.0 mg, 0.22 mmol) in DCM (2 mL) was added a solution of 

Imidazole (15.0 mg, 0.22 mmol) in DCM (1 mL) at room temperature, the mixture was 

added Chlorotrimethylsilane (33.6 L, 0.26 mmol). The reaction was stirred at rt for 10 

h before being quenched with water (1 mL). The mixture was extracted with DCM (2 

 5 mL). The combined organic phases were washed with brine (1 mL) and dried with 

Na2SO4. After concentrated in vacuum, the residue was purified by flash column 

chromatography on silica gel eluting with petroleum ether/ ethyl acetate (1:1) to afford 

C11 as a white solid (195.0 mg, 90% yield). 
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C11 was obtained as a white solid. 195.0 mg, 90% yield; 

[α]D20 = +18.1 (c = 0.06 in MeOH). 1H NMR (700 MHz, 

CDCl3) δ 8.10 (d, J = 6.3 Hz, 1H), 7.61 – 7.54 (m, 2H), 7.46 

– 7.42 (m, 2H), 7.42 – 7.37 (m, 1H), 7.39 – 7.34 (m, 1H), 7.36 

– 7.31 (m, 3H), 7.29 – 7.28 (m, 2H), 7.27 – 7.25 (d, 2H), 7.17 

(d, J = 1.4 Hz, 1H), 7.04 (s, 2H), 6.82 (s, 1H), 6.37 (d, J = 5.6 Hz, 1H), 5.86 (d, J = 8.4 

Hz, 1H), 4.47 – 4.45 (m, 1H), 3.51 – 3.48 (m, 2H), 3.36 – 3.29 (m, 2H), 3.26 – 3.22 (m, 

1H), 3.04 – 3.01 (m, 1H), 2.66 – 2.58 (m, 1H), 2.17 – 2.13 (m, 1H), 1.96 – 1.92 (m, 

2H), 1.85 – 1.76 (m, 2H), 1.27 (s, 18H), 1.20 (s, 18H), 0.98 (s, 9H), -0.41 (s, 9H). 13C 

NMR (175 MHz, CDCl3) δ 167.5, 147.9, 147.7, 147.5, 147.2, 141.5, 141.2, 134.1, 133.9, 

132.2, 131.8, 128.4, 128.2, 126.22, 126.21, 121.9, 120.9, 119.9, 119.4, 115.9, 106.7, 

83.8, 73.2, 62.9, 57.4, 47.1, 38.7, 33.4, 33.3, 30.0, 29.9, 25.4, 24.1, 17.4, -0.0. HRMS 

(ESI-TOF) m/z: [M+H]+ Calcd for C62H87N3O3Si2 978.6359, Found 978.6324. 
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4. Optimization of the model reaction (Table S1)a 

 

 

Entry R Cat. Solvent T (℃) t (h) yield (%)b ee (%)c drd 

1 CH3 PPh3 CH2Cl2 rt 24 n.r. - - 

2 CH3 DABCO CH2Cl2 rt 24 n.r. - - 

3 CH3 DMAP CH2Cl2 rt 6 95 - >20:1 

4 CH3 C1 CH2Cl2 rt 24 41 40 >20:1 

5 CH3 C2 CH2Cl2 rt 6 91 39 >20:1 

6 CH3 C3 CH2Cl2 rt 6 93 27 >20:1 

7 CH3 C4 CH2Cl2 rt 6 69 3 >20:1 

8 CH3 C5 CH2Cl2 rt 24 73 1 >20:1 

9 CH3 C6 CH2Cl2 rt 24 40 22 >20:1 

10 CH3 C7 CH2Cl2 rt 48 43 44 >20:1 

11 CH3 C8 CH2Cl2 rt 6 87 75 >20:1 

12 CH3 C9 CH2Cl2 rt 6 92 37 >20:1 

13 CH3 C10 CH2Cl2 rt 48 40 56 >20:1 

14 CH3 C11 CH2Cl2 rt 48 n.r. n.r. >20:1 

15 CH3 C8 Toluene rt 4 98 83 >20:1 

16 CH3 C8 THF rt 4 84 90 >20:1 
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17 CH3 C8 MeCN rt 4 83 43 >20:1 

18 CH3 C8 EA rt 4 86 80 >20:1 

19 CH3 C8 DCE rt 4 90 86 >20:1 

20 CH3 C8 CHCl3 rt 4 92 90 >20:1 

21 CH3 C8 CHCl3 40 1 90 85 >20:1 

22 CH3 C8 CHCl3 0 24 86 91 >20:1 

23 CH3 C8 CHCl3 -10 48 88 92 >20:1 

24 CH3 C8 CHCl3 -20 120 85 93 >20:1 

25e CH3 C8 CHCl3 rt 48 27 90 >20:1 

26f CH3 C8 CHCl3 rt 48 20 90 >20:1 

27g CH3 C8 CHCl3 rt 36 63 90 >20:1 

28h CH3 C8 CHCl3 rt 24 89 90 >20:1 

29i CH3 C8 CHCl3 rt 4 83 90 >20:1 

30 i-Pr C8 CHCl3 rt 72 24 76 >20:1 

31 Ph C8 CHCl3 rt 72 48 89 >20:1 

Reaction conditions: a 1a (0.12 mmol), 2a (0.10 mmol), Cat. (20 mol%) in 1.0 mL DCM at room 

temperature; b Isolated yield after column chromatography; c Enantiomeric excess of major 

diastereoisomer was determined by HPLC using chiral stationary phase; d Determined by 1H NMR. e 

10 mol% C8 in 1.0 mL CHCl3; 
f 5 mol% C8 in 1.0 mL CHCl3; 

g 5 mol% C8 in 0.25 mL CHCl3; 
h 10 

mol% C8 in 0.5 mL CHCl3; 
i 15 mol% C8 in 0.75 mL CHCl3. 
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5. General procedure for the asymmetric [2+3] annulation reaction. 

MBH Carbonate of pyrazolinone 1a (0.12 mmol), 3-((tert-butoxycarbonyl)imino)-2-

oxoindoline-1-carboxylate 2a (0.10 mmol), and catalyst C8 (9.1 mg, 0.01 mmol) were 

dissolved in CHCl3 (0.5 mL), and the mixture was stirred at room temperature for 9-48 

h. After completion of the reaction, the reaction mixture was concentrated and directly 

purified by flash column chromatography on silica gel (petroleum ether/ethyl acetate = 

20/1 to 5/1) to afford the pure products 3a. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3''-methyl-2,5''-dioxo-1''-phenyl-1'',5''-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate 

(3a). 

53.6 mg, 89% yield, white solid, mp 145.9 – 148.5 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 90% ee, [α]D20 

= −91.2 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 

8.22 (s, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.47 (d, J = 7.8 Hz, 1H), 7.40 (t, J = 7.8 Hz, 1H), 

7.35 (dd, J = 7.2, 1.8 Hz, 2H), 7.33 (dd, J = 8.4, 7.2 Hz, 2H), 7.20 (t, J = 7.8 Hz, 1H), 

7.16 (td, J = 7.2, 1.8 Hz, 1H), 3.66 (s, 3H), 2.11 (s, 3H), 1.56 (s, 9H), 1.05 (s, 9H). 13C 

NMR (150 MHz, DMSO-d6, 60 ℃) δ 170.3, 169.2, 163.0, 156.5, 149.1, 148.2, 147.1, 

139.2, 137.1, 131.4, 129.3, 126.1, 124.9, 119.4, 114.8, 107.9, 85.9, 84.8, 74.4, 52.4, 

28.0, 27.5, 16.3. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C32H34N4O8 625.2269; 

Found 625.2270. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3''-methyl-2,5''-dioxo-1''-(m-tolyl)-1'',5''-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate 

(3b). 
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51.8 mg, 84% yield, white solid, mp 88.1 – 89.3 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 84% ee, [α]D20 

= -204.4 (c = 0.45, MeOH) . 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.20 (s, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.48 (t, J = 7.8 Hz, 1H), 7.40 (d, J = 7.8 Hz, 

1H), 7.25 (dd, J = 7.8, 7.2 Hz, 1H), 7.23 (d, J = 1.8 Hz, 1H), 7.21 (d, J = 7.2 Hz, 1H), 

7.17 (td, J = 7.2, 1.8 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 3.71 (s, 3H), 2.08 (s, 3H), 1.75 

(s, 3H), 1.58 (s, 9H), 1.04 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 170.3, 

169.9, 163.0, 156.4, 148.3, 146.6, 139.2, 135.7, 135.5, 131.4, 131.2, 129.2, 126.9, 126.8, 

126.5, 124.9, 114.7, 108.2, 85.8, 84.7, 74.5, 52.4, 28.1, 27.5, 17.3, 16.3. HRMS (ESI-

TOF) m/z: [M+Na]+ Calcd for C33H36N4O8 639.2425; Found 639.2425. 

 

1'-di-tert-butyl 4'-methyl (3R,3'R)-1''-(2-chlorophenyl)-3''-methyl-2,5''-dioxo-

1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-

tricarboxylate (3c). 

60.5 mg, 95% yield, white solid, mp 117.0 – 120.7 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 78% ee, [α]D20 

= -128.9 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 

8.21 (s, 1H), 7.73 (d, J = 7.8 Hz, 1H), 7.49 (dd, J = 7.8, 1.8 Hz, 1H), 7.46 (t, J = 7.8 Hz, 

1H), 7.40 (dd, J = 7.8, 1.8 Hz, 1H), 7.38 (d, J = 2.4 Hz, 1H), 7.36 (dd, J = 7.8, 1.8 Hz, 

1H), 7.18 (t, J = 7.8 Hz, 1H), 7.00 (s, 1H), 3.71 (s, 3H), 2.11 (s, 3H), 1.58 (s, 9H), 1.06 

(s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 170.0, 169.6, 162.9, 157.3, 149.0, 

148.3, 146.5, 139.2, 134.4, 131.5, 131.4, 130.9, 130.5, 128.9, 128.4, 126.4, 124.9, 122.9, 

114.8, 108.0, 85.6, 84.9, 74.9, 67.8, 52.4, 28.1, 27.5, 16.3. HRMS (ESI-TOF) m/z: 

[M+Na]+ Calcd for C32H33ClN4O8 659.1879; Found 659.1878. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3''-methyl-2,5''-dioxo-1''-(m-tolyl)-1'',5''-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate 
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(3d). 

52.4 mg, 85% yield, white solid, mp 149.2 – 152.8 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 90% ee, [α]D20 

= -302.4 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 

8.22 (s, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.40 (t, J = 8.4 Hz, 1H), 

7.20 (td, J = 7.2, 1.8 Hz, 2H), 7.16 (d, J = 7.8 Hz, 2H), 6.98 (d, J = 7.8 Hz, 1H), 3.67 

(s, 3H), 2.26 (s, 3H), 2.11 (s, 3H), 1.57 (s, 9H), 1.06 (s, 9H). 13C NMR (150 MHz, 

DMSO-d6, 60 ℃) δ 170.3, 169.2, 162.9, 156.4, 149.1, 148.2, 147.0, 139.2, 138.8, 137.1, 

131.4, 129.1, 126.8, 126.1, 124.9, 119.9, 116.7, 114.7, 107.9, 85.9, 84.9, 74.4, 70.0, 

52.4, 28.1, 27.5, 21.4, 16.3. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C33H36N4O8 

639.2425; Found 639.2426. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-1''-(3-chlorophenyl)-3''-methyl-2,5''-dioxo-

1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-

tricarboxylate (3e). 

55.4 mg, 87% yield, white solid, mp 149.2 – 151.8 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 91% ee, [α]D20 

= -291.1 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 

8.24 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.45 (d, J = 7.8 Hz, 1H), 7.42 – 7.40 (m, 2H), 

7.39 – 7.35 (m, 2H), 7.22 (dt, J = 7.2, 1.8 Hz, 1H), 7.20 (t, J = 7.8 Hz, 1H), 3.67 (s, 3H), 

2.13 (s, 3H), 1.56 (s, 9H), 1.06 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 170.3, 

169.3, 162.9, 157.5, 148.9, 148.1, 147.2, 139.2, 138.3, 133.9, 131.5, 131.3, 126.0, 125.8, 

124.9, 122.1, 118.4, 117.4, 114.8, 107.6, 85.9, 84.7, 74.6, 52.4, 28.0, 27.6, 16.3. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C32H33ClN4O8 659.1879; Found 659.1879. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-1''-(3-fluorophenyl)-3''-methyl-2,5''-dioxo-

1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-
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tricarboxylate (3f). 

58.3 mg, 94% yield, white solid, mp 80.3 – 83.0 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 90% ee, [α]D20 

= -397.8 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 

8.24 (s, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.41 – 7.39 (m, 1H), 

7.37 (dd, J = 8.4, 6.6 Hz, 1H), 7.28 (dd, J = 7.2, 1.8 Hz, 1H), 7.21 (d, J = 1.8 Hz, 1H), 

7.19 (dd, J = 5.4, 3 Hz, 1H), 6.99 (td, J = 8.4, 2.4 Hz, 1H), 3.67 (s, 3H), 2.13 (s, 3H). 

1.56 (s, 9H), 1.06 (s, 9H). 19F NMR (565 MHz, DMSO-d6 60 ℃) δ -60.61. 13C NMR 

(150 MHz, DMSO-d6, 60 ℃) δ 170.1, 169.3, 163.3, 162.9, 161.7, 157.3, 148.1（d, JCF 

= 139.4 Hz）, 147.2, 139.2, 138.5（d, JCF = 10.9 Hz）, 131.5, 131.4（d, JCF = 9.2 Hz）, 

126.0, 124.9, 122.1, 114.8, 114.7（d, JCF = 2.9 Hz）, 112.7（d, JCF = 21.0 Hz）, 107.6, 

105.9（d, JCF = 26.7 Hz）, 85.9, 84.9, 74.5, 52.4, 28.0, 27.5, 16.3. HRMS (ESI-TOF) 

m/z: [M+Na]+ Calcd for C32H33FN4O8 643.2175; Found 643.2173. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3''-methyl-2,5''-dioxo-1''-(p-tolyl)-1'',5''-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate 

(3g). 

56.7 mg, 92% yield, white solid, mp 106.2 – 108.5 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 89% ee, [α]D20 

= -448.9 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 

8.21 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.46 (t, J = 6.6 Hz, 1H), 7.40 (t, J = 8.4 Hz, 1H), 

7.25 – 7.16 (m, 3H), 7.13 (d, J = 8.4 Hz, 1H), 3.66 (s, 3H), 2.25 (s, 3H), 2.10 (s, 3H), 

1.56 (s, 9H), 1.05 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 170.3, 169.1, 163.0, 

156.3, 149.2, 148.2, 147.0, 139.2, 135.5, 134.7, 131.4, 129.7, 126.1, 124.9, 122.3, 119.5, 

114.7, 107.9, 85.9, 84.6, 74.4, 52.3, 28.1, 27.5, 20.9, 16.3. HRMS (ESI-TOF) m/z: 

[M+Na]+ Calcd for C33H36N4O8 639.2425; Found 639.2429. 
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di-tert-butyl (3R,3'R)-4'-cyano-3''-methyl-2,5''-dioxo-1''-phenyl-3'',5''-dihydro-

1'H-1''l4-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1'-dicarboxylate(3h). 

61.4 mg, 97% yield, white solid, mp 110.2 – 112.1 °C; HPLC (Daicel 

Chiralpak IA, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 nm): 

tR = 28.70 min (major), tR = 79.70 min (minor); 92% ee, [α]D20 = -

423.2 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 

8.21 (s, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.41 (t, J = 8.4 Hz, 1H), 

7.22 – 7.19 (m, 3H), 6.90 – 6.89 (m, 2H), 3.72 (s, 3H), 3.67 (s, 3H), 2.09 (s, 3H), 1.57 

(s, 9H), 1.05 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 170.3, 169.0, 162.9, 

157.7, 156.1, 149.1, 148.2, 147.0, 139.3, 131.4, 130.3, 126.1, 124.8, 121.6, 114.7, 114.6, 

108.0, 85.8, 84.8, 74.4, 55.9, 52.3, 28.1, 27.5, 16.3. HRMS (ESI-TOF) m/z: [M+Na]+ 

Calcd for C33H37N4O9 655.2375; Found 655.2380. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-1''-(4-chlorophenyl)-3''-methyl-2,5''-dioxo-

1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-

tricarboxylate (3i). 

59.9 mg, 94% yield, white solid, mp 130.8 – 133.9 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 90% ee, [α]D20 

= -331.1 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.23 (s, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.44 (d, J = 7.2 Hz, 1H), 7.42 (d, J = 9.0 Hz, 

2H), 7.39 (d, J = 2.4 Hz, 2H), 7.38 (d, J = 4.2 Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H), 3.66 (s, 

3H), 2.12 (s, 3H), 1.56 (s, 9H), 1.13 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 

171.0, 169.2, 162.9, 157.1, 149.1, 148.2, 147.2, 139.2, 135.9, 131.5, 130.1, 129.4, 125.9, 

124.9, 120.6, 118.7, 114.8, 107.7, 85.9, 84.9, 74.5, 52.4, 28.1, 27.5, 16.3. HRMS (ESI-

TOF) m/z: [M+Na]+ Calcd for C32H33ClN4O8 659.1879; Found 659.1875. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3''-methyl-2,5''-dioxo-1''-(4-

(trifluoromethyl)phenyl)-1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-
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pyrazole]-1,1',4'-tricarboxylate (3j). 

63.0 mg, 94% yield, white solid, mp 118.0 – 120.7 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 4.33 min (minor), tR = 32.85 min (major); 92% ee, [α]D20 

= -362.2 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 

8.25 (s, 1H), 7.71 (d, J = 9.0 Hz, 2H), 7.66 (d, J = 7.8 Hz, 3H), 7.45 (d, J = 7.8 Hz, 1H), 

7.39 (t, J = 7.8 Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H), 3.67 (s, 3H), 2.15 (s, 3H), 1.56 (s, 9H), 

1.07 (s, 9H). 19F NMR (565 MHz, DMSO- d6 60 ℃) δ -111.06. 13C NMR (150 MHz, 

DMSO-d6, 60 ℃) δ 170.4, 169.5, 162.9, 157.8, 149.4, 148.1, 147.3, 140.2, 139.2, 131.6, 

126.8 (q, JCF = 3.9 Hz), 126.1, 125.9, 124.9, 123.6 (q, JCF = 271.8 Hz), 118.7, 114.8, 

107.6, 85.9, 85.0, 74.6, 52.5, 28.0, 27.6, 16.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd 

for C33H33F3N4O8 693.2143; Found 693.2144. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-1''-(2,4-dichlorophenyl)-3''-methyl-2,5''-

dioxo-1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-

tricarboxylate (3k). 

65.1 mg, 97% yield, white solid, mp 94.8 – 99.1 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 80% ee, [α]D20 

= -153.3 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.22 (s, 1H), 7.72 (d, J = 7.8 Hz, 1H), 7.66 (d, J = 2.4 Hz, 1H), 7.47 (dd, J = 9.0, 2.4 

Hz, 1H), 7.45 (d, J = 7.8 Hz, 1H), 7.39 (d, J = 7.8 Hz, 1H), 7.18 (t, J = 7.8 Hz, 1H), 

7.03 (d, J = 8.4 Hz, 1H), 3.71 (s, 3H), 2.11 (s, 3H), 1.58 (s, 9H), 1.06 (s, 9H). 13C NMR 

(150 MHz, DMSO-d6, 60 ℃) δ 169.9, 169.6, 162.9, 157.8, 148.9, 148.3, 146.5, 139.2, 

134.6, 133.5, 132.4, 131.5, 130.1, 129.9, 128.8, 126.4, 124.9, 122.7, 114.8, 107.8, 85.6, 

84.9, 74.9, 67.6, 52.4, 28.1, 27.5, 16.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C32H32Cl2N4O8 693.1489; Found 693.1484. 
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1,1'-di-tert-butyl 4'-methyl (3R,3'R)-1''-(3,4-dichlorophenyl)-3''-methyl-2,5''-

dioxo-1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-

tricarboxylate (3l). 

61.8 mg, 92% yield, white solid, mp 105.6 – 108.5 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 4.45 min (minor), tR = 49.48 min (major); 93% ee, [α]D20 

= -411.1 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.25 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.62 – 7.55 (m, 2H), 7.45 (d, J = 2.4 Hz, 1H), 

7.43 (d, J = 3.0 Hz, 1H), 7.40 (t, J = 7.8 Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H), 3.67 (s, 3H), 

2.14 (s, 3H), 1.56 (s, 9H), 1.07 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 170.1, 

169.4, 162.9, 162.2, 157.9, 149.1, 148.1, 147.3, 139.2, 136.8, 132.1, 131.6, 127.9, 125.9, 

124.9, 122.3, 119.9, 118.7, 114.9, 107.5, 85.9, 84.7, 74.6, 52.4, 28.0, 27.5, 16.3. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C32H32Cl2N4O8 693.1489; Found 693.1491. 

 

1,1'-di-tert-butyl 4'-ethyl (3R,3'R)-3''-methyl-2,5''-dioxo-1''-phenyl-1'',5''-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate 

(3n). 

53.7 mg, 87% yield, white solid, mp 144.8 – 147.6 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 90% ee, [α]D20 

= -42.2 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 

8.20 (s, 1H), 7.67 (dd, J = 8.4, 1.2 Hz, 1H), 7.47 (d, J = 7.2 Hz, 1H), 7.40 (t, J = 7.8 Hz, 

1H), 7.37 – 7.27 (m, 4H), 7.21 (t, J = 7.8 Hz, 1H), 7.16 (tt, J = 7.2, 1.8 Hz, 1H), 4.10 

(dq, J = 6.6, 3.0 Hz, 2H), 2.12 (s, 3H), 1.57 (s, 9H), 1.14 (t, J = 7.2 Hz, 3H), 1.03 (s, 

9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 170.3, 169.3, 162.4, 156.6, 149.3, 148.2, 

146.9, 139.2, 137.1, 131.4, 129.4, 126.1, 124.9, 122.4, 119.4, 114.8, 108.2, 85.9, 84.6, 

74.5, 61.1, 28.1, 27.6, 16.3, 14.3. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C33H36N4O8 639.2425; Found 639.2427. 
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tri-tert-butyl (3R,3'R)-3''-methyl-2,5''-dioxo-1''-phenyl-1'',5''-dihydro-1'H-

dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate (3o). 

55.8 mg, 93% yield, white solid, mp 160.2 – 162.5 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 86% ee, [α]D20 

= -326.7 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.12 (s, 1H), 7.66 (d, J = 7.8 Hz, 1H), 7.47 (d, J = 7.2 Hz, 1H), 7.40 (d, J = 7.2 Hz, 

1H), 7.37-7.31 (m, 4H), 7.20 (t, J = 7.2 Hz, 1H), 7.15 (t, J = 7.2 Hz, 1H), 2.13 (s, 3H), 

1.56 (s, 9H), 1.31 (s, 9H), 1.03 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 170.2, 

169.3, 161.5, 156.7, 149.3, 148.2, 146.6, 139.2, 137.2, 131.4, 129.4, 126.5, 126.0, 124.8, 

119.2, 114.7, 109.3, 85.8, 84.8, 82.1, 74.6, 28.13, 28.06, 27.5, 16.4. HRMS (ESI-TOF) 

m/z: [M+Na]+ Calcd for C35H40N4O8 667.2738; Found 667.2340. 

 

di-tert-butyl (3R,3'R)-4'-cyano-3''-methyl-2,5''-dioxo-1''-phenyl-1'',5''-dihydro-

1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1'-dicarboxylate (3p). 

51.3 mg, 90% yield, white solid, mp 92.5 – 95.3 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 nm): 

tR = 13.86 min (minor), tR = 20.33 min (major); 97% ee, [α]D20 = -402.2 

(c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 8.78 (s, 

1H), 7.69 (d, J = 8.4 Hz, 1H), 7.51 (d, J = 7.8 Hz, 1H), 7.44 (t, J = 7.8 Hz, 1H), 7.39 

(dd, J = 9.0, 1.8 Hz, 2H), 7.37 (dd, J = 8.4, 6.6 Hz, 2H), 7.26 – 7.18 (m, 2H), 3.19 (s, 

3H), 2.24 (s, 3H), 1.57 (s, 9H), 1.11 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 

169.7, 167.9, 155.1, 152.9, 148.6, 148.1, 139.4, 136.6, 131.8, 129.6, 126.7, 126.2, 125.1, 

119.5, 115.0, 113.5, 86.2, 85.4, 74.2, 28.0, 27.5, 16.2. HRMS (ESI-TOF) m/z: [M+Na]+ 

Calcd for C31H31N5O6 592.2167; Found 592.2168. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3'',5-dimethyl-2,5''-dioxo-1''-phenyl-1'',5''-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate 

(3r). 
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58.6 mg, 95% yield, white solid, mp 118.2 – 121.1 °C; HPLC 

(Daicel Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, 

at 270 nm): tR = 13.86 min (minor), tR = 20.33 min (major); 90% ee, 

[α]D20 = -302.8 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 

60 ℃) δ 8.21 (s, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.36 (dd, J = 9.0, 1.8 Hz, 2H), 7.34 (dd, 

J = 9.0, 7.2 Hz, 2H), 7.27 (s, 1H), 7.20 – 7.17 (m, 1H), 7.16 (dt, J = 7.2, 1.8 Hz, 1H), 

3.66 (s, 3H), 2.24 (s, 3H), 2.10 (s, 3H), 1.55 (s, 9H), 1.09 (s, 9H). 13C NMR (150 MHz, 

DMSO-d6, 60 ℃) δ 170.3, 169.2, 163.0, 156.5, 149.4, 148.2, 147.1, 137.1, 136.9, 134.3, 

131.6, 129.3, 126.2, 126.1, 119.1, 118.7, 114.6, 107.8, 85.7, 84.7, 74.5, 52.4, 28.1, 27.6, 

20.9, 16.3. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C33H36N4O8 639.2425; Found 

639.2428. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-5-methoxy-3''-methyl-2,5''-dioxo-1''-phenyl-

1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-

tricarboxylate (3s). 

50.6 mg, 80% yield, white solid, mp 90.5 – 93.3 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 89% ee, 

[α]D20 = -331.1 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-

d6, 60 ℃) δ 8.21 (s, 1H), 7.59 (d, J = 9.0 Hz, 1H), 7.38 (dd, J = 8.4, 1.8 Hz, 2H), 7.34 

(dd, J = 9.0, 7.2 Hz, 2H), 7.18 (tt, J = 7.2, 1.2 Hz, 1H), 7.02 (s, 1H), 6.96 (dd, J = 9.0, 

2.4 Hz, 1H), 3.69 (s, 3H), 3.67 (s, 3H), 2.10 (s, 3H), 1.56 (s, 9H), 1.09 (s, 9H). 13C NMR 

(150 MHz, DMSO-d6, 60 ℃) δ 170.3, 169.3, 163.0, 156.8, 156.5, 149.3, 148.3, 147.2, 

137.1, 132.4, 129.4, 126.1, 119.2, 116.7, 115.9, 112.1, 107.6, 85.6, 84.9, 74.5, 56.3, 

52.4, 28.0, 27.6, 16.3. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C33H36N4O9 

655.2374; Found 655.2373. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-5-fluoro-3''-methyl-2,5''-dioxo-1''-phenyl-

1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-



25 

 

tricarboxylate (3t). 

60.2 mg, 97% yield, white solid, mp 70.2 – 73.0 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 92% ee, [α]D20 

= -315.6 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.21 (s, 1H), 7.69 (dd, J = 9.0, 4.8 Hz, 1H), 7.42 – 7.33 (m, 4H), 7.28 – 7.25(m, 2H), 

7.19 (tt, J = 7.2, 1.8 Hz, 1H), 3.67 (s, 3H), 2.12 (s, 3H), 1.55 (s, 9H), 1.10 (s, 9H). 19F 

NMR (565 MHz, DMSO-d6, 60℃) δ -117.26. 13C NMR (150 MHz, DMSO-d6, 60 ℃) 

δ 169.8, 169.0, 162.9, 160.0（d, JCF = 242.8 Hz）, 156.8, 148.9, 148.0, 147.0, 137.1, 

135.3, 129.5, 129.4, 126.2, 119.2, 118.1（d, JCF = 23.3 Hz）, 116.6（d, JCF = 8.0 Hz）, 

113.6（d, JCF = 22.9 Hz）, 107.8, 86.1, 85.1, 74.2, 52.4, 28.0, 27.6, 16.3. HRMS (ESI-

TOF) m/z: [M+Na]+ Calcd for C32H33FN4O8 643.2175; Found 643.2178. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-5-bromo-3''-methyl-2,5''-dioxo-1''-phenyl-

1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-

tricarboxylate (3u). 

62.7mg, 92% yield, white solid, mp 97.8 – 101.6 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 90% ee, [α]D20 

= -131.1 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.22 (s, 1H), 7.61 (m, 2H), 7.50 – 7.28 (m, 4H), 7.20 (tt, J = 7.2, 1.8 Hz, 1H), 3.67 (s, 

3H), 2.11 (s, 3H), 1.55 (s, 9H), 1.13 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 

169.5, 169.1, 162.9, 156.6, 147.9, 147.1, 138.3, 137.0, 134.2, 129.5, 129.4, 128.6, 126.3, 

119.3, 119.2, 117.0, 116.9, 107.8, 86.4, 85.3, 73.9, 71.1, 52.4, 28.0, 27.6, 16.3. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C32H33BrN4O8 703.1374; Found 703.1372. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3''-methyl-5-nitro-2,5''-dioxo-1''-phenyl-

1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-



26 

 

tricarboxylate (3v). 

61.7 mg, 95% yield, white solid, mp 144.5 – 147.4 °C; HPLC 

(Daicel Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, 

at 270 nm): tR = 13.86 min (minor), tR = 20.33 min (major); 91% 

ee, [α]D20 = -348.9 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-

d6, 60 ℃) δ 8.39 – 8.29 (m, 2H), 8.27 (s, 1H), 7.90 (d, J = 9.0 Hz, 1H), 7.38 – 7.34 (m, 

2H), 7.32 (dd, J = 7.8, 1.8 Hz, 2H), 7.17 (tt, J = 7.2, 1.2 Hz 1H), 3.68 (s, 3H), 2.14 (s, 

3H), 1.57 (s, 9H), 1.12 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 171.2, 168.8, 

162.8, 156.8, 147.5, 147.1, 144.3, 144.1, 142.6, 136.9, 129.5, 127.7, 126.3, 121.1, 119.1, 

118.9, 115.8, 111.2, 87.2, 85.8, 73.6, 52.5, 27.9, 27.6, 16.3. HRMS (ESI-TOF) m/z: 

[M+Na]+ Calcd for C32H33N5O10 670.2120; Found 670.2122. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-5-chloro-3''-methyl-2,5''-dioxo-1''-phenyl-

1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-

tricarboxylate (3w). 

61.8 mg, 97% yield, white solid, mp 66.8 − 67.9 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 91% ee, 

[α]D20 = -293.3 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-

d6, 60 ℃) δ 8.22 (s, 1H), 7.71 (d, J = 1.8 Hz, 1H), 7.50 (d, J = 7.8 Hz, 1H), 7.39 (dd, J 

= 8.4, 1.2 Hz, 2H), 7.36 (dd, J = 8.4, 7.2 Hz, 2H), 7.30 (d, J = 8.4 Hz, 1H), 7.19 (td, J 

= 7.2, 1.2 Hz, 1H), 3.66 (s, 3H), 2.12 (s, 3H), 1.56 (s, 9H), 1.09 (s, 9H). 13C NMR (150 

MHz, DMSO-d6, 60 ℃) δ 169.9, 169.0, 162.8, 156.6, 148.5, 146.9, 140.2, 137.1, 135.8, 

133.2, 129.4, 127.7, 126.2, 124.9, 119.4, 118.7, 115.1, 107.9, 86.5, 85.0, 74.1, 52.4, 

27.9, 27.6, 16.3. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C32H33ClN4O8 659.1879; 

Found 659.1871. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-6-bromo-3''-methyl-2,5''-dioxo-1''-phenyl-

1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-



27 

 

tricarboxylate (3x). 

62.0 mg, 91% yield, white solid, mp 118.2 – 121.1 °C; HPLC 

(Daicel Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, 

at 270 nm): tR = 13.86 min (minor), tR = 20.33 min (major); 91% 

ee, [α]D20 = -255.6 (c = 0.45, MeOH). 1H NMR (600 MHz, 

DMSO-d6, 60 ℃) δ 8.22 (s, 1H), 7.85 (d, J = 1.8Hz, 1H), 7.47 – 7.41 (m, 2H), 7.39 (dd, 

J = 8.4, 1.8Hz, 2H), 7.36 (dd, J = 8.4, 7.2 Hz, 2H), 7.19 (tt, J = 7.2, 1.8 Hz, 1H), 3.66 

(s, 3H), 2.11 (s, 3H), 1.56 (s, 9H), 1.13 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) 

δ 169.8, 169.0, 162.8, 156.6, 149.0, 147.9, 146.9, 140.3, 137.0, 129.4, 127.8, 126.3, 

124.1, 119.4, 118.7, 117.8, 107.9, 86.5, 85.2, 74.1, 52.4, 27.9, 27.6, 16.3. HRMS (ESI-

TOF) m/z: [M+Na]+ Calcd for C32H33BrN4O8 703.1374; Found 703.1373. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3'',7-dimethyl-2,5''-dioxo-1''-phenyl-1'',5''-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate 

(3y). 

57.3 mg, 93% yield, white solid, mp 73.6 – 75.2 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 94% ee, [α]D20 

= -418.9 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.20 (s, 1H), 7.37 (dd, J = 8.4, 1.8 Hz, 2H), 7.33 (dd, J = 8.4, 7.2 Hz, 2H), 7.29 (d, J 

= 7.8 Hz, 1H), 7.20 (d, J = 7.2 Hz, 1H), 7.16 (tt, J = 7.2, 1.2 Hz, 1H), 7.10 (t, J = 7.8 

Hz, 1H), 3.66 (s, 3H), 2.12 (s, 3H), 2.11 (s, 9H), 1.53 (s, 9H). 13C NMR (150 MHz, 

DMSO-d6, 60 ℃) δ 171.3, 169.2, 163.0, 156.6, 149.2, 148.4, 146.9, 137.7, 137.2, 133.9, 

129.3, 126.0, 124.7, 123.6, 123.3, 119.4, 118.7, 108.0, 86.3, 84.8, 74.9, 69.0, 52.3, 27.6, 

27.5, 18.9, 16.3. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C33H36N4O8 639.2425; 

Found 639.2421. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-7-bromo-3''-methyl-2,5''-dioxo-1''-phenyl-

1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-
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tricarboxylate (3z). 

66.1 mg, 97% yield, white solid, mp 90.1 – 92.1 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 93% ee, [α]D20 

= -304.4 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.21 (s, 1H), 7.61 (dd, J = 8.4, 1.2 Hz, 1H), 7.47 (d, J = 7.2 Hz, 1H), 7.38 (dd, J = 9.0, 

1.8 Hz, 2H), 7.35 (dd, J = 9.0, 7.2 Hz, 2H), 7.18 (tt, J = 7.2, 1.2 Hz, 1H), 7.15 (t, J = 

7.8 Hz, 1H), 3.66 (s, 3H), 2.12 (s, 3H), 1.51 (s, 9H), 1.13 (s, 9H). 13C NMR (150 MHz, 

DMSO-D6, 60 ℃) δ 170.8, 168.9, 162.8, 156.8, 148.9, 146.8, 146.7, 137.8, 137.1, 135.7, 

129.4, 126.4, 126.2, 125.4, 119.4, 108.1, 106.3, 86.9, 85.2, 75.1, 52.4, 27.6, 27.2, 16.3. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C32H33BrN4O8 703.1374; Found 703.1373. 

 

1'-(tert-butyl) 4'-methyl (3R,3'R)-1,3''-dimethyl-2,5''-dioxo-1''-phenyl-1'',5''-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1',4'-dicarboxylate 

(3aa). 

24.8 mg, 48% yield, yellow solid, mp 179.2 – 182.0 °C; HPLC 

(Daicel Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, 

at 270 nm): tR = 13.86 min (minor), tR = 20.33 min (major); 84% ee, 

[α]D20 = -348.9 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 

60 ℃) δ 8.18 (s, 1H), 7.41 (dd, J = 8.4, 1.2 Hz, 2H), 7.39 (d, J = 7.2 Hz, 1H), 7.34 (d, 

J = 1.8 Hz, 1H), 7.34 – 7.31 (m, 2H), 7.15 (tt, J = 7.2, 1.2 Hz, 1H), 7.09 – 6.96 (m, 2H), 

3.65 (s, 3H), 3.15 (s, 3H), 2.07 (s, 3H), 1.04 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 

60 ℃) δ 172.1, 169.7, 163.1, 157.1, 149.3, 147.1, 143.9, 138.7, 137.3, 131.1, 129.3, 

125.9, 125.7, 122.9, 119.3, 111.1, 109.7, 108.3, 84.2, 74.2, 52.2, 27.6, 27.1, 16.4. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C28H28N4O6 539.1901; Found 539.1902. 

 

1'-(tert-butyl) 4'-methyl (3R,3'R)-3''-methyl-2,5''-dioxo-1''-phenyl-1-tosyl-1'',5''-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1',4'-dicarboxylate 

(3bb). 
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61.7 mg, 94% yield, white solid, mp 173.9 – 176.8 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 95% ee, [α]D20 

= -324.4 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 

8.18 (s, 1H), 7.98 (s, 2H), 7.75 (d, J = 7.8 Hz, 1H), 7.47 – 7.41 (m, 4H), 7.38 – 7.30 (m, 

4H), 7.26 – 7.09 (m, 2H), 3.66 (s, 3H), 2.36 (s, 3H), 2.11 (s, 3H), 0.66 (s, 9H). 13C NMR 

(150 MHz, DMSO-d6, 60 ℃) δ 170.5, 169.0, 162.8, 156.4, 146.7, 137.1, 133.9, 131.9, 

130.8, 129.4, 128.4, 126.8, 126.2, 125.3, 122.7, 119.4, 113.3, 107.8, 84.1, 74.6, 52.4, 

27.1, 21.6, 16.3. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C34H32N4O8 679.1833; 

Found 679.1835. 

 

1'-(tert-butyl) 4'-methyl (3R,3'R)-3''-methyl-2,5''-dioxo-1-(2-oxo-2-phenyl-1l2-

ethyl)-1''-phenyl-1'',5''-dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-

pyrazole]-1',4'-dicarboxylate (3cc). 

60.5 mg, 95% yield, white solid, mp 110.2 – 114.0 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 13.86 min (minor), tR = 20.33 min (major); 91% ee, [α]D20 

= -304.4 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.23 (s, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.60 – 7.45 (m, 3H), 7.44 – 7.38 (m, 3H), 7.34 

(m, 5H), 7.22 (t, J = 7.8 Hz, 1H), 7.16 (tt, J = 7.2, 1.2 Hz, 1H), 5.49 (s, 2H), 3.66 (s, 

3H), 2.08 (s, 3H), 1.01 (s, 9H).. 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 170.1, 169.1, 

162.9, 156.5, 149.8, 149.0, 146.9, 138.9, 137.1, 135.4, 131.5, 129.4, 129.1, 128.9, 128.4, 

126.2, 126.1, 125.2, 122.5, 119.4, 114.9, 107.9, 85.0, 74.5, 68.8, 52.4, 27.5, 16.4. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C35H32N4O8 659.2112; Found 659.2115. 
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6. Gram-scale reaction and deprotection of product 3a 

 

MBH Carbonate of pyrazolinone 1a (1.3 g, 3.47 mmol), 3-((tert-

butoxycarbonyl)imino)-2-oxoindoline-1-carboxylate 2a (1.0 g, 2.89 mmol), and 

catalyst C8 (262.3 mg, 0.29 mmol) were dissolved in CHCl3 (5.0 mL), and the mixture 

was stirred at room temperature for 48 h. After completion of the reaction, the reaction 

mixture was concentrated and directly purified by flash column chromatography on 

silica gel (petroleum ether/ethyl acetate = 20/1) to afford the pure product 3a (1.56 g, 

89% yield, 90% ee, >20:1 dr) as a white solid. 

The compound 4a were prepared by a modified reported procedure. The 

corresponding chiral compound 3a (1.56 g, 2.59 mmol) was dissolved in 5.0 mL 

CH2Cl2 and add TFA (193.18 μL, 0.26 mmol) at 0 °C, then stirred for about 8 h at room 

temperature. The solution was concentrated when the reaction was completed under 

vacuum. The residue was then dissolved in dry ethyl acetate and washed with brine 

several times. The organic phase was dried over anhydrous MgSO4 and concentrated 

under vacuum. The crude product was purified via flash chromatography (eluent: 

petroleum ether/ethyl acetate = 5/1 to 3/1) to give compound 4a. 
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7. Structural diversity construction of product 3a 

 

MBH Carbonate of Pyrazolinone 1a (0.12 mmol), 5, 7 and 9 (0.10 mmol), and 

catalyst C8 (9.1 mg, 0.01 mmol) were dissolved in CHCl3 (0.5 mL), and the mixture 

was stirred at room temperature for 24 h. After completion of the reaction, the reaction 

mixture was concentrated and directly purified by flash column chromatography on 

silica gel (petroleum ether/ethyl acetate = 20/1 to 5/1) to afford the pure products 6, 8 

and 10. 

 

1'-(tert-butyl) 4'-methyl (3R,3'R)-3''-methyl-2,5''-dioxo-1''-phenyl-1'',5''-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1',4'-dicarboxylate (4a). 

44.7 mg, 89% yield, yellow solid, mp 80.3 – 83.0 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 nm): 

tR = 13.86 min (minor), tR = 20.33 min (major); 90% ee, [α]D20 = -397.8 

(c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) δ 10.75 (s, 

1H), 8.16 (s, 1H), 7.44 – 7.40 (dd, J = 9.0, 1.2 Hz, 2H), 7.34 – 7.31 (m, 3H), 7.21 (t, J 

= 7.8 Hz, 1H), 7.15 (td, J = 7.2, 1.2 Hz, 1H), 6.93 (t, J = 8.4 Hz, 1H), 6.81 (d, J = 7.8 
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Hz, 1H), 3.65 (s, 3H), 2.13 (s, 3H), 1.11 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) 

δ 173.6, 169.8, 163.2, 157.4, 149.4, 147.1, 142.6, 138.9, 137.4, 130.9, 129.3, 126.1, 

125.8, 122.1, 119.2, 110.8, 108.1, 84.2, 74.7, 52.2, 27.6, 16.6. HRMS (ESI-TOF) m/z: 

[M+Na]+ Calcd for C27H26N4O6 525.1745; Found 525.1754. 

 

11-(tert-butyl) 13-methyl (5R,6R)-1,10-dimethyl-4,7-dioxo-3,8-diphenyl-

2,3,8,9,11-pentaazadispiro[4.0.46.35]trideca-1,9,12-triene-11,13-dicarboxylate (6). 

51.6 mg, 95% yield, white solid, mp 82.3 – 83.0 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 nm): 

tR = 8.15 min (minor), tR = 10.28 min (major); 80% ee, [α]D20 = -162.9 

(c = 0.45, MeOH).1H NMR (600 MHz, DMSO-d6, 60℃) δ 8.15 (s, 

1H), 7.65 – 7.59 (m, 4H), 7.43 – 7.38 (m, 4H), 7.23 – 7.20 (m, 2H), 3.68 (s, 3H), 2.26 

(s, 3H), 2.21 (s, 3H), 1.31 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 168.5, 

166.9, 162.4, 158.4, 144.8, 137.5, 137.4, 129.7, 129.6, 126.4, 126.3, 119.6, 119.2, 109.6, 

86.1, 77.3, 52.6, 27.9, 16.4, 16.2. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C29H29N5O6 566.2016; Found 566.2010. 

 

tert-butyl (R)-3''-methyl-4'-((methylperoxy)-l2-methyl)-1,3,5''-trioxo-1''-phenyl-

1,1'',3,5''-tetrahydro-1'H-dispiro[indene-2,2'-pyrrole-3',4''-pyrazole]-1'-

carboxylate (8). 

47.5 mg, 92% yield, white solid, mp 90.2 – 92.1 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 80:20, 1.0 mL/min, at 270 

nm): tR = 15.35 min (minor), tR = 22.68 min (major); 80% ee, [α]D20 

= -99.9 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 100 ℃) δ 

8.15 (s, 1H), 8.03 – 8.01 (m, 3H), 7.97 – 7.94 (m, 1H), 7.30 – 7.26 (m, 2H), 7.24 – 7.22 

(m, 2H), 7.16 – 7.13 (m, 1H), 3.64 (s, 3H), 2.15 (s, 3H), 1.47 (s, 4H), 1.05 (s, 5H). 13C 

NMR (150 MHz, DMSO-d6, 100 ℃) δ 167.9, 162.5, 157.7, 146.0, 140.4, 139.8, 138.5, 

137.7, 137.2, 129.3, 126.3, 124.7, 124.3, 119.6, 108.2, 85.6, 78.7, 52.3, 27.5, 15.4. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C28H25N3O7 538.1590; Found 538.1588. 
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tert-butyl (1S,3'R)-3''-methyl-4'-((methylperoxy)-l2-methyl)-2,5''-dioxo-1''-

phenyl-1'',5''-dihydro-1'H,2H-dispiro[acenaphthylene-1,2'-pyrrole-3',4''-

pyrazole]-1'-carboxylate (10). 

30.0 mg, 56% yield, white solid, mp 81.3 – 82.5 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 90:10, 1.0 mL/min, at 270 

nm): tR = 13.33 min (minor), tR = 37.79 min (major); 93% ee, [α]D20 

= -226.7 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.31 – 8.29 (m, 2H), 8.11 (d, J = 6.6 Hz, 1H), 8.01 (d, J = 7.8 Hz, 1H), 7.84 (t, J = 7.8 

Hz, 1H), 7.76 – 7.71 (m, 2H), 7.26 – 7.25 (m, 4H), 7.11 – 7.08 (m, 1H), 3.67 (s, 3H), 

2.05 (s, 3H), 0.60 (s, 9H). 13C NMR (150 MHz, DMSO- d6, 60 ℃) δ 196.8, 169.9, 163.2, 

161.2, 156.9, 149.4, 147.4, 141.3, 137.2, 135.9, 133.7, 133.1, 130.5, 129.8, 129.31, 

129.29, 128.9, 128.1, 126.9, 125.9, 123.5, 122.9, 119.5, 119.1, 107.9, 84.0, 78.3, 52.3, 

27.2, 17.0. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C31H27N3O6 560.1792; Found 

560.1786. 
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8. Single crystal X-ray diffraction analysis and crystal data 

     

To a 5 mL tube containing 3a (20 mg) was added a 1:3 mixture of ethyl acetate 

and petroleum ether (2 mL). A clear solution was obtained through ultrasound treatment 

and was kept at room temperature for 1 day to get crystals of 3a, which were 

characterized by single crystal X-ray diffraction. The data were collected by an Agilent 

Gemini. 3a contains the supplementary crystallographic data for this paper. These data 

can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif  

 

The ellipsoid contour percent probability level is 50%. 

Empirical formula C32H34N4O8 

Formula weight 602.63 

Temperature/K 293.15 

Crystal system orthorhombic 

Space group P212121 

a/Å 9.4403(9) 

b/Å 12.4980(11) 

c/Å 27.612(2) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 3257.8(5) 

Z 4 

ρcalcg/cm3 1.229 



35 

 

μ/mm-1 0.089 

F(000) 1272.0 

Crystal size/mm3 0.35 × 0.3 × 0.25 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 6.162 to 52.744 

Index ranges -11 ≤ h ≤ 11, -15 ≤ k ≤ 15, -34 ≤ l ≤ 34 

Reflections collected 18292 

Independent reflections 6617 [Rint = 0.0282, Rsigma = 0.0506] 

Data/restraints/parameters 6617/2/408 

Goodness-of-fit on F2 1.011 

Final R indexes [I>=2σ (I)] R1 = 0.0596, wR2 = 0.1224 

Final R indexes [all data] R1 = 0.0953, wR2 = 0.1381 

Largest diff. peak/hole / e Å-3 0.33/-0.26 

Flack parameter -0.1(5) 
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9. NMR spectra and HPLC chromatograms 

9.1 NMR spectra of substrates and catalysts  
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9.2 NMR spectra and HPLC chromatograms of 3 
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9.3 NMR spectra and HPLC chromatograms of derivatives 
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9.4 HPLC chromatograms of gram-scale reaction 
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1,1'-di-tert-butyl 4'-methyl (3R,3'R)-2,5''-dioxo-1'',3''-diphenyl-1'',5''-dihydro-

1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate (3dd). 

31.9 mg, 48% yield, white solid, mp 97.5 – 99.1 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 7.36 min (minor), tR = 24.03 min (major); 89% ee, [α]D20 

= −250.3 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.32 (s, 1H), 7.72 (d, J = 8.4 Hz, 1H), 7.63 – 7.55 (m, 2H), 7.53 – 7.47 (m, 2H), 7.47 

– 7.41 (m, 4H), 7.40 – 7.34 (m, 3H), 7.22 (t, J = 7.2, 1H), 7.20 – 7.15 (m, 1H), 3.65 (s, 

3H), 1.32 (s, 9H), 0.97 (s, 9H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) δ 169.6, 169.2, 

163.4, 154.5, 149.3, 148.1, 146.7, 139.7, 136.9, 131.5, 131.3, 130.8, 129.5, 128.8, 127.8, 

126.6, 125.8, 124.8, 119.8, 114.9, 109.1, 84.8, 74.6, 52.5, 27.9, 27.5. HRMS (ESI-TOF) 

m/z: [M+Na]+ Calcd for C37H36N4O8 687.2425; Found 687.2419. 

 

1,1'-di-tert-butyl 4'-methyl (3R,3'R)-3''-isopropyl-2,5''-dioxo-1''-phenyl-1'',5''-

dihydro-1'H-dispiro[indoline-3,2'-pyrrole-3',4''-pyrazole]-1,1',4'-tricarboxylate 

(3ee). 

15.0 mg, 24% yield, white solid, mp 78.5 – 80.2 °C; HPLC (Daicel 

Chiralpak OD-H, n-hexane/2-propanol = 94:6, 1.0 mL/min, at 270 

nm): tR = 5.16 min (minor), tR = 14.51 min (major); 76% ee, [α]D20 

= −220.1 (c = 0.45, MeOH). 1H NMR (600 MHz, DMSO-d6, 60 ℃) 

δ 8.19 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.43 – 7.28 (m, 5H), 

7.20 – 7.16 (m, 2H), 3.63 (s, 3H), 2.95 (q, J = 7.2 Hz, 1H), 1.54 (s, 9H), 1.24 (d, J = 6.6 

Hz, 3H), 1.11 (s, 9H), 1.03 (d, J = 6.6 Hz, 3H). 13C NMR (150 MHz, DMSO-d6, 60 ℃) 

δ 170.8, 169.2, 163.3, 151.6, 149.1, 148.2, 146.2, 139.1, 137.4, 131.5, 129.4, 126.3, 

126.2, 124.8, 119.5, 114.7, 108.9, 85.8, 74.6, 52.3, 30.3, 28.0, 27.5, 22.6, 20.3. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C34H38N4O8 653.2582; Found 653.2580. 
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