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1. General Information

Unless otherwise stated, all reagents were purchased from commercial suppliers and 
used without purification. All solvents were obtained from commercial sources and 
were purified according to standard procedures. For thin-layer chromatography 
(TLC), silica gel plates (HSGF 254) were used and compounds were visualized by 
irradiation with UV light. Purification of reaction products was carried out by flash 
column chromatography using silica gel (200-300 mesh). 1H and 13C NMR spectra 
were recorded on a Varian Mercury-300BB (300 MHz), a Bruker NMR Spectrometer 
(400 MHz), or a Bruker NMR Spectrometer (500 MHz). All chemical shifts (δ) were 
given in ppm. Chemical shifts (δ ppm) are relative to the resonance of the 
deuterated solvent as the internal standard (CDCl3, δ 7.26 ppm for proton NMR, δ 
77.16 ppm for carbon NMR;. Data are presented as follows: chemical shift, 
integration, multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet, m 
= multiplet) and coupling constant in Hertz (Hz). Mass spectra were recorded on the 
Bruker Agilent 1290 MicrOTOF Q II. Melting points were measured on a melting 
point apparatus and were uncorrected. The ee values determination was carried out 
using chiral HPLC (Waters) with Chiracel IA-3 column, Chiracel IC-3 column. Optical 
rotations were measured on a Shanghai ShenGuang SGW-2 Polarimeter at λ = 589 
nm. Optical rotations are reported as follows: [α] D25 (c=g/100 mL, solvent)

2. Starting materials

All ketimines were prepared using reported procedures from corresponding isatins.1 

The chiral urea 3a2 and thioureas 3b2, 3c3, 3d4 and 3e5 were prepared according to 

the procedure had been reported. All oxo-indanecarboxylates were prepared using 

reported procedures from corresponding Indanones6.

3. General procedure for racemic mixtures of Mannich reaction

Without protection of inert gases, oxo-indanecarboxylates (0.15 mmol, 1.5 equiv) 

and ketimines (0.1 mmol, 1 equiv) were dissolved in toluene (1 mL), the mixture was 

stirred at room temperature, DBU (3 μL, 0.2 equiv) was added in one portion, the 

resulting suspention was stirred at room temperature. Until complete disappearance 

of the starting materialsdetected by TLC, directly concentrated under reduced 

pressure. The crude product was purified by flash chromatography (PE/EA=5:1).



4. General procedure for enantio- and diastereoselective Mannich reaction

Method A: Without protection of inert gases, oxo-indanecarboxylates (0.15 mmol, 

1.5 equiv) and cat 3e (10 mol %) were dissolved in MTBE (1 mL), the mixture was 

stirred at -50 °C, ketimines (0.1 mmol, 1 equiv) was added in one portion, the 

resulting suspention was stirred at -50 °C. Until complete disappearance of the 

starting materials detected by TLC, directly concentrated under reduced pressure. 

The crude product was purified by flash chromatography (PE/EA=5:1).

Method B: Without protection of inert gases, oxo-indanecarboxylates (0.15 mmol, 

1.5 equiv) and cat 3e (10 mol %) were dissolved in MTBE (1 mL), the mixture was 

stirred at -40 °C, ketimines (0.1 mmol, 1 equiv) was added in one portion, the 

resulting suspention was stirred at -40 °C. Until complete disappearance of the 

starting materials detected by TLC, directly concentrated under reduced pressure. 

The crude product was purified by flash chromatography (PE/EA=5:1).

Method C: Without protection of inert gases, oxo-indanecarboxylates (0.15 mmol, 

1.5 equiv) and cat 3e (5 mol %) were dissolved in CHCl3 (1 mL), the mixture was 

stirred at -50 °C, ketimines (0.1 mmol, 1 equiv) was added in one portion, the 

resulting suspention was stirred at -50 °C. Until complete disappearance of the 

starting materials detected by TLC, directly concentrated under reduced pressure. 

The crude product was purified by flash chromatography (PE/EA=5:1).

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-1-oxo 

-2,3-dihydro-1H-indene-2-carboxylate (4aa)

Method A, white solid, 56.8 mg, 99% yield, mp = 76-77 °C, 

[a]D
25 = 81.2 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

95%, dr = 87:13 [Chiralpak IA-3, hexane/i-PrOH = 80:20, 254 

nm, 1 mL/min, Major-(tmajor = 19.144 min, tminor = 7.516 min), 

Minor-(tmajor = 13.205 min, tminor = 7.023 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.93 – 7.65 (m, 1H), 7.56 (t, J 

= 7.4 Hz, 1H), 7.51 – 7.30 (m, 4H), 7.26 – 7.11 (m, 6H), 7.08 – 6.90 (m, 1H), 6.80 (s, 

1H), 5.17 – 4.83 (m, 1H), 4.54 (br, 1H), 3.41 (d, J = 18.2 Hz, 1H), 2.63 (br, 1H), 1.46 (s, 
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9H), 1.35 – 1.25 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 173.67, 153.85, 151.43, 143.87, 136.13, 135.73, 135.18, 

129.55, 129.37, 128.75, 128.18, 127.99, 127.75, 127.68, 126.13, 125.85, 124.75, 

124.42, 122.98, 109.19, 84.15, 79.87, 44.55, 32.03, 31.55, 30.31, 29.80, 29.42, 28.31, 

27.89.

HRMS (ESI): calculated for C34H37N2O6 [M+H]+: 569.2646, found 569.2646.

tert-butyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-1   

oxo-2, 3-dihydro-1H-indene-2-carboxylate (4ba)

Method A, white solid, 49.0 mg, 99% yield, mp = 81-82 °C, 

[a]D
25 = 49.2 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

90%, dr = 83:17 [Chiralpak IC-3, hexane/i-PrOH = 80:20, 254 

nm, 1 mL/min, Major-(tmajor = 37.667 min, tminor = 43.351 min), 

Minor-(tmajor = 11.549 min, tminor = 27.223 min)].

Data for the major isomer: 1H NMR (400 MHz, CDCl3) δ 7.82 – 7.65 (m, 1H), 7.60 – 

7.50 (m, 1H), 7.51 – 7.36 (m, 1H), 7.37 – 7.27 (m, 3H), 7.24 – 7.13 (m, 1H), 6.97 (s, 

1H), 6.80 (d, J = 7.8 Hz, 1H), 3.45 (d, J = 18.1 Hz, 1H), 3.13 (s, 3H), 3.00 – 2.46 (m, 1H), 

1.44 (s, 9H), 1.26 (br, 9H).

13C NMR (101 MHz, CDCl3) δ 173.74, 153.84, 151.40, 144.59, 135.68, 135.37, 129.66, 

129.50, 127.97, 127.77, 126.10, 125.75, 124.69, 124.39, 122.81, 108.33, 84.17, 79.88, 

77.36, 29.79, 28.25, 27.89, 27.84, 26.55.

HRMS (ESI): calculated for C28H33N2O6 [M+H]+: 493.2332, found 493.2332.

tert-butyl (S)-2-((S)-1-benzyl-3-(((benzyloxy)carbonyl)amino)-2-oxoindolin-3-yl)-1-

oxo-2,3-dihydro-1H-indene-2-carboxylate (4ca)

Method A, white solid, 55.1 mg, 92% yield, mp = 84-85 °C, 

[a]D
25 = 94.8 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

95%, dr = 79:21 [Chiralpak IA-3, hexane/i-PrOH = 80:20, 254 
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nm, 1 mL/min, Major-(tmajor = 15.395 min, tminor = 11.545 min), Minor-(tmajor = 14.564 

min, tminor = 10.994 min)].

Data for the major isomer: 1H NMR (400 MHz, CDCl3) δ 7.96 – 7.79 (m, 1H), 7.78 – 

7.56 (m, 3H), 7.45 – 7.26 (m, 11H), 7.25 – 7.07 (m, 3H), 6.77 – 6.50 (m, 1H), 5.12 – 

4.90 (m, 3H), 4.52 (br, 1H), 3.47 (d, J = 18.3 Hz, 1H), 2.63 (br, 1H), 1.44 (s, 9H).

13C NMR (101 MHz, CDCl3) δ 172.69, 154.45, 151.25, 142.91, 135.94, 135.44, 135.36, 

132.56, 128.80, 128.50, 128.45, 128.15, 128.08, 127.92, 127.83, 127.46, 126.08, 

125.75, 124.83, 124.49, 115.92, 115.65, 110.72, 110.64, 84.65, 67.12, 44.61, 31.54, 

30.16, 29.72, 27.75.

HRMS (ESI): calculated for C37H35N2O6 [M+H]+: 603.2490, found 603.2490.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-1- oxo-

2,3-dihydro-1H-indene-2-carboxylate (4ab)

Method C, white solid, 52.2 mg, 99% yield, mp = 85-86 °C, 

[a]D
25 = 96.8 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

99%, dr = 91:9 [Chiralpak IA-3, hexane/i-PrOH = 80:20, 254 

nm, 1 mL/min, Major-(tmajor = 21.016 min, tminor = 7.595 min), 

Minor-(tmajor = 31.231 min, tminor = 14.313 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.87 – 7.64 (m, 1H), 7.58 (t, J 

= 7.4 Hz, 1H), 7.51 – 7.26 (m, 5H), 7.26 – 6.89 (m, 6H), 6.80 (d, J = 6.8 Hz, 1H), 5.16 – 

4.78 (m, 1H), 4.62 (br, 1H), 3.78 (s, 3H), 3.46 (d, J = 18.3 Hz, 1H), 2.86 (br, 1H), 1.27 

(br, 9H). 

13C NMR (126 MHz, CDCl3) δ 173.55, 153.87, 151.13, 143.77, 135.98, 135.88, 135.57, 

135.36, 129.60, 129.40, 128.69, 128.09, 127.83, 127.64, 126.02, 125.86, 124.81, 

124.55, 122.96, 109.17, 80.04, 77.28, 53.40, 44.51, 29.67, 28.18.

HRMS (ESI): calculated for C31H31N2O6 [M+H]+: 527.2177, found 527.2177.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-5-fluoro-2-oxoindolin-

3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylat (4da)
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Method A, white solid, 58.5 mg, 99% yield, mp = 86-87 °C, 

[a]D
25 = 80 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee 

= 94%, dr = 82:18 [Chiralpak IC-3, hexane/i-PrOH = 

90:10, 254 nm, 1 mL/min, Major-(tmajor = 21.949 min, tminor 

= 39.401 min), Minor-(tmajor = 6.370 min, tminor = 18.779 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.94 – 7.64 (m, 1H), 7.58 (t, J 

= 7.3 Hz, 1H), 7.51 – 7.26 (m, 5H), 7.25 – 7.10 (m, 4H), 7.03 – 6.84 (m, 1H), 6.70 (s, 

1H), 5.05 – 4.85 (m, 1H), 4.55 (br, 1H), 3.40 (d, J = 18.1 Hz, 1H), 2.68 (br, 1H), 1.44 (s, 

9H), 1.35 – 1.26 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 173.56, 160.36, 158.42, 153.91, 151.30, 139.86, 135.82, 

135.67, 135.33, 135.01, 128.82, 128.12, 127.92, 127.80, 126.14, 125.87, 124.84, 

124.56, 115.77 (d, J = 23.5 Hz), 109.66, 84.33, 80.16, 44.70, 32.03, 31.55, 30.31, 

29.80, 29.46, 28.33, 27.85.

HRMS (ESI): calculated for C34H36FN2O6 [M+H]+: 587.2552, found 587.2552.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-5-fluoro-2-oxoindolin-

3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4db)

Method C, white solid, 54.3 mg, 99% yield, mp = 70-71 °C, 

[a]D
25 = 96 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee 

= 99%, dr = 88:12 [Chiralpak IA-3, hexane/i-PrOH = 

80:20, 254 nm, 1 mL/min, Major-(tmajor = 17.092 min, tminor 

= 6.967 min), Minor-(tmajor = 19.957 min, tminor = 16.404 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.91 – 7.71 (m, 1H), 7.60 (t, J 

= 7.2 Hz, 1H), 7.55 – 7.26 (m, 5H), 7.24 – 6.79 (m, 5H), 6.70 (s, 1H), 5.41 – 4.75 (m, 

1H), 4.61 (br, 1H), 3.76 (s, 3H), 3.44 (d, J = 18.3 Hz, 1H), 2.87 (br, 1H), 1.39 – 1.27 (m, 

9H).

13C NMR (126 MHz, CDCl3) δ 173.43, 160.26, 158.34, 153.91, 151.00, 139.80, 136.06, 

135.67, 135.49, 128.75, 128.23, 127.98, 127.86, 127.75, 126.05, 125.89, 124.91, 
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124.70, 115.83 (d, J = 23.5 Hz), 109.66 (d, J = 8.0 Hz), 80.30, 53.45, 44.65, 31.94, 

31.45, 30.21, 29.71, 29.35, 28.20.

HRMS (ESI): calculated for C31H30FN2O6 [M+H]+: 545.2082, found 545.2081.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-5-chloro-2-oxoindolin

-3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ea)

Method A, white solid, 60.3 mg, 99% yield, mp = 78-79 °C, 

[a]D
25 = 112.4 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee 

= 94%, dr = 84:16 [Chiralpak IC-3, hexane/i-PrOH = 

90:10, 254 nm, 1 mL/min, Major-(tmajor = 19.563 min, 

tminor = 36.908 min), Minor-(tmajor = 6.042 min, tminor = 

12.775 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.93 – 7.66 (m, 1H), 7.60 (t, J 

= 7.3 Hz, 1H), 7.58 – 7.29 (m, 5H), 7.28 – 6.95 (m, 5H), 6.73 (s, 1H), 5.08 – 4.89 (m, 

1H), 4.57 (br, 1H), 3.45 (d, J = 18.1 Hz, 1H), 2.68 (br, 1H), 1.47 (s, 9H), 1.38 – 1.28 (m, 

9H).

13C NMR (126 MHz, CDCl3) δ 173.34, 153.94, 151.32, 142.43, 135.91, 135.67, 135.62, 

135.36, 129.43, 129.32, 128.84, 128.80, 128.13, 127.84, 126.12, 125.86, 125.34, 

124.84, 124.55, 110.15, 84.46, 80.22, 44.67, 32.03, 31.55, 30.31, 29.80, 29.46, 28.35, 

27.85.

HRMS (ESI): calculated for C34H36ClN2O6 [M+H]+: 603.2256, found 603.2257.

tert-butyl (S)-2-((S)-1-benzyl-5-bromo-3-((tert-butoxycarbonyl)amino)-2-oxoindolin

-3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4fa)

Method A, white solid, 64.7 mg, 99% yield, mp = 83-84 °C, 

[a]D
25 = 72 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee 

= 93%, dr = 85:15 [Chiralpak IC-3, hexane/i-PrOH = 

90:10, 254 nm, 1 mL/min, Major-(tmajor = 19.834 min, tminor 
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= 38.317 min), Minor-(tmajor = 6.072 min, tminor = 11.749 min)].

Data for the major isomer: 1H NMR (300 MHz, CDCl3) δ 7.80 (br, 1H), 7.67 – 7.47 (m, 

2H), 7.46 – 7.26 (m, 4H), 7.26 – 7.01 (m, 5H), 6.65 (d, J = 7.4 Hz, 1H), 5.03 – 4.84 (m, 

1H), 4.55 (br, 1H), 3.43 (d, J = 18.2 Hz, 1H), 2.67 (br, 1H), 1.44 (s, 9H), 1.35 – 1.23 (m, 

9H).

13C NMR (126 MHz, CDCl3) δ 173.25, 153.92, 151.32, 142.90, 135.65, 135.61, 135.39, 

132.33, 132.21, 128.85, 128.81, 128.14, 127.95, 127.86, 127.03, 126.12, 125.87, 

124.86, 124.54, 110.67, 84.51, 80.27, 53.55, 44.66, 31.70, 31.56, 30.31, 29.81, 28.36, 

27.86.

HRMS (ESI): calculated for C34H36BrN2O6 [M+H]+: 647.1751, found 647.1751.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-5-iodo-2-oxoindolin-

3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ga)

Method A, white solid, 69.5 mg, 99% yield, mp = 80-81 °C, 

[a]D
25 = 60.8 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

94%, dr = 84:16 [Chiralpak IC-3, hexane/i-PrOH = 90:10, 254 

nm, 1 mL/min, Major-(tmajor = 22.199 min, tminor = 43.875 

min), Minor-(tmajor = 6.304 min, tminor = 11.251 min)].

Data for the major isomer: 1H NMR (300 MHz, CDCl3) δ 7.94 – 7.64 (m, 2H), 7.63 – 

7.46 (m, 2H), 7.45 – 7.26 (m, 4H), 7.26 – 6.99 (m, 4H), 6.56 (d, J = 7.6 Hz, 1H), 5.07 – 

4.84 (m, 1H), 4.54 (br, 1H), 3.44 (d, J = 18.4 Hz, 1H), 2.64 (br, 1H), 1.45 (s, 9H), 1.35 – 

1.23 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 172.92, 153.81, 151.28, 143.46, 138.16, 138.05, 135.53, 

135.48, 135.30, 133.38, 128.75, 128.70, 128.03, 127.76, 126.00, 125.76, 124.75, 

124.49, 124.40, 111.19, 84.45, 80.15, 44.50, 31.94, 31.46, 30.22, 29.71, 29.37, 28.27, 

27.78.

HRMS (ESI): calculated for C34H36IN2O6 [M+H]+: 695.1613, found 695.1614.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-6-fluoro-2-oxoindolin-
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3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ha)

Method A, white solid, 58.5 mg, 99% yield, mp = 73-74 °C, 

[a]D
25 = 103.2 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

93%, dr = 82:18 [Chiralpak IC-3, hexane/i-PrOH = 

90:10, 254 nm, 1 mL/min, Major-(tmajor = 25.210 min, tminor 

= 36.502 min), Minor-(tmajor = 6.492 min, tminor = 22.753 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.90 – 7.64 (m, 1H), 7.58 (t, J 

= 7.4 Hz, 1H), 7.53 – 7.26 (m, 6H), 7.25 – 6.88 (m, 3H), 6.82 – 6.28 (m, 2H), 5.13 – 

4.74 (m, 1H), 4.52 (br, 1H), 3.41 (d, J = 18.1 Hz, 1H), 2.67 (br, 1H), 1.43 (s, 9H), 1.35 – 

1.25 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 173.92, 164.62, 162.66, 153.90, 151.29, 145.51, 135.88, 

135.74, 135.60, 135.31, 128.88, 128.11, 127.89, 126.19, 125.87, 124.81, 124.47, 

123.48, 109.00, 98.06 (d, J = 22.1 Hz), 84.25, 80.12, 44.76, 31.55, 30.31, 29.81, 29.47, 

28.33, 27.86.

HRMS (ESI): calculated for C34H36FN2O6 [M+H]+: 587.2552, found 587.2551.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-6-chloro-2-oxoindolin-

3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ia)

Method A, white solid, 60.2 mg, 99% yield, mp = 73-74 °C, 

[a]D
25 = 72.8 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

92%, dr = 84:16 [Chiralpak IA-3, hexane/i-PrOH = 

90:10, 254 nm, 1 mL/min, Major-(tmajor = 14.721 min, tminor 

= 6.531 min), Minor-(tmajor = 9.719 min, tminor = 6.249 min)]. 

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.89 – 7.64 (m, 1H), 7.58 (t, J 

= 7.4 Hz, 1H), 7.51 – 7.27 (m, 6H), 7.25 – 7.11 (m, 3H), 7.07 – 6.87 (m, 1H), 6.77 (s, 

1H), 5.07 – 4.76 (m, 1H), 4.51 (br, 1H), 3.40 (d, J = 18.0 Hz, 1H), 2.65 (br, 1H), 1.43 (s, 

9H), 1.34 – 1.25 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 173.82, 153.90, 151.28, 145.15, 135.67, 135.58, 135.34, 
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135.31, 135.09, 128.89, 128.13, 128.09, 127.90, 126.25, 125.88, 124.84, 124.47, 

122.89, 122.73, 109.88, 84.27, 80.21, 44.71, 32.01, 31.54, 30.31, 29.81, 29.47, 28.34, 

27.86.

HRMS (ESI): calculated for C34H36ClN2O6 [M+H]+: 603.2256, found 603.2256.

tert-butyl (S)-2-((S)-1-benzyl-6-bromo-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-

3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ja)

Method A, white solid, 64.6 mg, 99% yield, mp = 87-88 °C, 

[a]D
25 = 91.6 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

92%, dr = 84:16 [Chiralpak IA-3, hexane/i-PrOH = 

90:10, 254 nm, 1 mL/min, Major-(tmajor = 13.748 min, tminor = 

6.516 min), Minor-(tmajor = 9.411 min, tminor = 6.168 min)].

Data for the major isomer: 1H NMR (300 MHz, CDCl3) δ 7.87 – 7.63 (m, 1H), 7.63 – 

7.54 (m, 1H), 7.53 – 7.26 (m, 5H), 7.26 – 7.01 (m, 4H), 6.91 (s, 1H), 5.10 – 4.82 (m, 

1H), 4.53 (br, 1H), 3.39 (d, J = 18.1 Hz, 1H), 2.66 (br, 1H), 1.42 (s, 9H), 1.35 – 1.24 (m, 

9H).

13C NMR (126 MHz, CDCl3) δ 173.56, 153.86, 151.19, 145.17, 135.86, 135.56, 135.47, 

135.24, 128.80, 128.04, 127.99, 127.80, 126.17, 125.79, 125.59, 124.74, 124.39, 

123.21, 123.01, 112.50, 84.18, 80.11, 44.60, 31.94, 31.46, 30.22, 29.71, 29.37, 28.24, 

27.76.

HRMS (ESI): calculated for C34H36BrN2O6 [M+H]+: 647.1751, found 647.1750.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-6-methoxy-2-

oxoindolin-3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ka)

Method A, white solid, 59.7 mg, 99% yield, mp = 93-94 °C, 

[a]D
25 = 72.6 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee 

= 96%, dr = 85:15 [Chiralpak IA-3, hexane/i-PrOH = 

90:10, 254 nm, 1 mL/min, Major-(tmajor = 19.538 min, 
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tminor = 8.048 min), Minor-(tmajor = 11.777 min, tminor = 8.634 min)].

Data for the major isomer: 1H NMR (300 MHz, CDCl3) δ 7.87 – 7.67 (m, 1H), 7.65 – 

7.54 (m, 1H), 7.53 – 7.28 (m, 4H), 7.28 – 7.08 (m, 5H), 6.56 – 6.19 (m, 2H), 5.12 – 4.89 

(m, 1H), 4.55 (br, 1H), 3.76 (s, 3H), 3.43 (d, J = 18.2 Hz, 1H), 2.67 (br, 1H), 1.47 (s, 9H), 

1.36 – 1.26 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 173.92, 160.90, 153.92, 151.44, 145.18, 136.09, 135.81, 

135.72, 135.14, 128.77, 128.17, 127.96, 127.70, 126.22, 125.84, 125.46, 124.74, 

124.39, 106.47, 97.32, 84.03, 79.78, 77.36, 55.38, 44.56, 32.03, 31.55, 30.30, 29.80, 

28.36, 27.89.

HRMS (ESI): calculated for C35H39N2O7 [M+H]+: 599.2752, found 599.2751.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-7-chloro-2-oxoindolin-

3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4la)

Method A, white solid, 60.3 mg, 99% yield, mp = 82-83 °C, 

[a]D
25 = 42 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

90%, dr = 88:12 [Chiralpak IA-3, hexane/i-PrOH = 90:10, 254 

nm, 1 mL/min, Major-(tmajor = 12.425 min, tminor = 5.730 min), 

Minor-(tmajor = 8.634 min, tminor = 5.444 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.84 – 7.64 (m, 1H), 7.52 (t, J 

= 7.3 Hz, 1H), 7.48 – 7.26 (m, 4H), 7.25 – 7.03 (m, 6H), 6.94 (s, 1H), 5.48 – 5.02 (m, 

2H), 3.45 (d, J = 18.2 Hz, 1H), 2.69 (br, 1H), 1.45 (s, 9H), 1.37 – 1.24 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 174.60, 166.23, 161.44, 153.62, 151.11, 140.01, 137.52, 

135.36, 135.22, 132.19, 128.31, 127.93, 127.75, 127.51, 126.99, 125.81, 124.65, 

123.68, 123.06, 115.45, 84.30, 80.11, 45.66, 31.95, 31.44, 30.19, 29.71, 28.23, 28.04, 

27.78.

HRMS (ESI): calculated for C34H36ClN2O6 [M+H]+: 603.2256, found 603.2254.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-7-chloro-2-oxoindolin-

3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4lb)
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Method C, white solid, 55.9 mg, 99% yield, mp = 68-69 °C, 

[a]D
25 = 44.4 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

97%, dr = 87:13 [Chiralpak IA-3, hexane/i-PrOH =80:20, 254 

nm, 1 mL/min, Major-(tmajor = 14.927 min, tminor = 6.778 min), 

Minor-(tmajor = 20.596 min, tminor = 8.938 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.91 – 7.67 (m, 1H), 7.57 (t, J 

= 7.4 Hz, 1H), 7.48 – 7.30 (m, 3H), 7.28 – 7.03 (m, 7H), 6.95 (s, 1H), 5.50 – 5.04 (m, 

2H), 3.80 (s, 3H), 3.53 (d, J = 18.5 Hz, 1H), 2.90 (br, 1H), 1.39 – 1.24 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 174.59, 153.89, 150.96, 140.00, 137.46, 136.03, 135.48, 

135.30, 132.33, 128.34, 128.12, 127.92, 127.53, 127.06, 126.59, 125.90, 124.81, 

123.73, 122.85, 115.52, 80.37, 77.28, 53.51, 45.71, 31.53, 30.30, 30.16, 29.71, 28.19.

HRMS (ESI): calculated for C31H30ClN2O6 [M+H]+: 561.1787, found 561.1786.

tert-butyl (S)-2-((S)-1-benzyl-7-bromo-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-

3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ma)

Method A, white solid, 64.6mg, 99% yield, mp = 63-64 °C, [a]D
25 

= 27.2 (c = 0.5, CHCl3). Enantiomeric excess and diastereomer 

ratio were established by HPLC analysis, ee = 85%, dr = 88:12 

[Chiralpak IA-3, hexane/i-PrOH = 90:10, 254 nm, 1 mL/min, 

Major-(tmajor = 14.540 min, tminor = 6.781 min), Minor-(tmajor = 

9.718 min, tminor = 6.098 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.83 – 7.65 (m, 1H), 7.61 – 

7.27 (m, 6H), 7.25 – 7.12 (m, 5H), 6.88 (s, 1H), 5.52 – 5.26 (m, 1H), 5.15 (br, 1H), 3.47 

(d, J = 18.0 Hz, 1H), 2.71 (br, 1H), 1.45 (s, 9H), 1.36 – 1.24 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 174.90, 153.89, 151.17, 141.53, 137.56, 135.66, 135.45, 

135.32, 134.72, 128.44, 128.36, 128.02, 127.78, 127.40, 126.97, 125.87, 124.74, 

124.09, 123.83, 102.65, 84.40, 80.29, 45.48, 32.05, 31.55, 30.31, 29.80, 29.47, 28.32, 

27.87.

HRMS (ESI): calculated for C34H36BrN2O6 [M+H]+: 647.1751, found 647.1751.
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methyl (S)-2-((S)-1-benzyl-7-bromo-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-

3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4mb)

Method C, white solid, 60.3 mg, 99% yield, mp = 72-73 °C, 

[a]D
25 = 75.6 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

97%, dr = 87:13 [Chiralpak IA-3, hexane/i-PrOH =80:20, 254 

nm, 1 mL/min, Major-(tmajor = 15.771 min, tminor = 6.949 min), 

Minor-(tmajor = 20.316 min, tminor = 8.828 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.82 – 7.68 (m, 1H), 7.66 – 

7.28 (m, 6H), 7.25 – 7.04 (m, 5H), 6.86 (s, 1H), 5.52 – 5.26 (m, 1H), 5.17 (br, 1H), 3.78 

(s, 3H), 3.52 (d, J = 18.3 Hz, 1H), 2.95 (br, 1H), 1.40 – 1.26 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 174.82, 153.91, 150.93, 141.44, 137.39, 135.70, 135.49, 

135.28, 128.29, 128.11, 127.86, 127.35, 126.94, 126.58, 126.08, 125.87, 124.81, 

124.73, 124.10, 102.63, 80.39, 77.27, 53.52, 45.44, 31.53, 30.30, 30.16, 29.71, 28.20.

HRMS (ESI): calculated for C31H30BrN2O6 [M+H]+: 605.1282, found 605.1281.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-7-methyl-2-

oxoindolin-3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4na)

Method B, white solid, 57.1 mg, 98% yield, mp = 90-91 °C, 

[a]D
25 = 46 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

87%, dr = 87:13 [Chiralpak IA-3, hexane/i-PrOH = 90:10, 254 

nm, 1 mL/min, Major-(tmajor = 22.895 min, tminor = 7.433 min), 

Minor-(tmajor = 12.990 min, tminor = 6.186 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.89 – 7.67 (m, 1H), 7.55 (t, J 

= 7.4 Hz, 1H), 7.51 – 7.27 (m, 4H), 7.25 – 7.07 (m, 5H), 7.03 – 6.57 (m, 2H), 5.38 – 

4.76 (m, 2H), 3.54 (d, J = 18.2 Hz, 1H), 2.77 (br, 1H), 2.30 (s, 3H), 1.49 (s, 9H), 1.40 – 

1.26 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 175.07, 153.81, 151.28, 142.12, 137.92, 135.62, 135.11, 
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133.61, 128.68, 128.56, 127.89, 127.65, 126.97, 126.58, 126.06, 125.68, 124.67, 

124.57, 122.78, 119.67, 84.13, 79.74, 46.17, 30.35, 30.21, 30.16, 29.71, 28.27, 28.04, 

27.82, 19.26.

HRMS (ESI): calculated for C35H39N2O6 [M+H]+: 583.2803, found 583.2804.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-7-methyl-2-oxoindolin

-3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4nb)

Method C, white solid, 53.8 mg, 99% yield, mp = 78-79 °C, 

[a]D
25 = 105.6 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

97%, dr = 90:10 [Chiralpak IA-3, hexane/i-PrOH =80:20, 254 

nm, 1 mL/min, Major-(tmajor = 22.910 min, tminor = 7.143 min), 

Minor-(tmajor = 36.438 min, tminor = 9.346 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.86 – 7.70 (m, 1H), 7.59 (t, J 

= 7.2 Hz, 1H), 7.54 – 7.29 (m, 4H), 7.28 – 7.12 (m, 5H), 7.00 (d, J = 5.6 Hz, 1H), 6.90 (s, 

1H), 5.31 – 4.92 (m, 2H), 3.83 (s, 3H), 3.61 (d, J = 18.3 Hz, 1H), 3.11 (br, 1H), 2.33 (s, 

3H), 1.39 – 1.29 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 175.13, 153.94, 151.08, 142.15, 137.84, 135.88, 135.56, 

135.49, 135.36, 133.75, 128.69, 128.59, 128.06, 127.02, 126.58, 125.76, 124.81, 

122.88, 121.91, 119.77, 80.02, 77.26, 53.44, 46.22, 31.50, 30.16, 29.71, 29.37, 28.23, 

19.26.

HRMS (ESI): calculated for C32H33N2O6 [M+H]+: 541.2333, found 541.2333.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxo-7-(trifluoromethyl)

indolin-3-yl)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ob)

Method C, white solid, 59.1 mg, 99% yield, mp = 68-69 °C, 

[a]D
25 = 64.4 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

96%, dr = 92:8 [Chiralpak IA-3, hexane/i-PrOH =80:20, 254 

nm, 1 mL/min, Major-(tmajor = 9.390 min, tminor = 5.829 min), 
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Minor-(tmajor = 12.184min, tminor = 6.544min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.83 – 7.67 (m, 1H), 7.66 – 

7.47 (m, 3H), 7.45 – 7.28 (m, 3H), 7.24 – 6.99 (m, 6H), 5.24 – 4.85 (m, 2H), 3.78 (s, 

3H), 3.57 (d, J = 18.3 Hz, 1H), 3.05 (br, 1H), 1.38 – 1.25 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 175.81, 153.86, 150.79, 142.37, 136.23, 135.63, 135.49, 

135.29, 128.25, 128.02, 127.86, 127.81, 126.65, 126.43, 126.07, 125.94, 124.92, 

124.73, 124.44, 122.33, 112.91 (d, J = 32.7 Hz), 80.58, 77.26, 53.55, 47.37, 31.52, 

30.29, 30.16, 29.71, 28.16.

HRMS (ESI): calculated for C32H30F3N2O6 [M+H]+: 595.2050, found 595.2050.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-4-

bromo-1-oxo-2,3-dihydro-1H-indene-2-carboxylat (4ac)

Method C, white solid, 60.2 mg, 99% yield, mp = 76-77 °C, 

[a]D
25 = 72.8 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

99%, dr = 80:20 [Chiralpak IA-3, hexane/i-PrOH =80:20, 254 

nm, 1 mL/min, Major-(tmajor = 37.978 min, tminor = 6.595 min), 

Minor-(tmajor = 32.189 min, tminor = 11.685 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.81 – 7.62 (m, 2H), 7.52 – 

7.29 (m, 7H), 7.25 – 6.88 (m, 3H), 6.75 (d, J = 7.7 Hz, 1H), 5.09 – 4.92 (m, 1H), 4.72 (br, 

1H), 3.83 (s, 3H), 3.49 (d, J = 18.8 Hz, 1H), 2.95 (br, 1H), 1.37 – 1.27 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 173.72, 153.82, 150.63, 144.01, 138.55, 138.16, 137.53, 

135.65, 129.93, 129.83, 129.53, 128.89, 128.79, 127.59, 127.55, 123.59, 123.32, 

123.06, 121.19, 109.61, 80.17, 77.27, 53.58, 44.82, 31.53, 30.16, 29.71, 29.37, 28.19.

HRMS (ESI): calculated for C31H30BrN2O6 [M+H]+: 605.1282, found 605.1282.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-5-

chloro-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ad)

Method A, white solid, 60.1mg, 99% yield, mp = 63-64 °C, 

[a]D
25 = 27.2 (c = 0.5, CHCl3). Enantiomeric excess and 
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diastereomer ratio were established by HPLC analysis, ee = 95%, dr = 82:18 

[Chiralpak IA-3, hexane/i-PrOH = 90:10, 254 nm, 1 mL/min, Major-(tmajor = 15.348 min, 

tminor = 7.163 min), Minor-(tmajor = 12.411 min, tminor = 6.337 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.80 – 7.56 (m, 1H), 7.53 – 

7.27 (m, 6H), 7.25 – 6.56 (m, 6H), 5.15 – 4.76 (m, 1H), 4.52 (br, 1H), 3.34 (d, J = 18.4 

Hz, 1H), 2.36 (br, 1H), 1.46 (s, 9H), 1.34 – 1.24 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 173.37, 153.81, 152.76, 143.81, 141.62, 136.08, 134.18, 

129.70, 129.57, 128.84, 128.82, 128.69, 128.39, 127.90, 126.40, 126.18, 125.77, 

125.53, 123.16, 109.16, 84.46, 79.98, 44.55, 32.05, 31.56, 30.32, 29.82, 29.48, 28.32, 

27.91.

HRMS (ESI): calculated for C34H36ClN2O6 [M+H]+: 603.2256, found 603.2256.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-5-

bromo-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ae)

Method C, white solid, 60.1 mg, 99% yield, mp = 76-77 °C, 

[a]D
25 = 72.8 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

99%, dr = 82:18 [Chiralpak AD-H, hexane/i-PrOH 

=80:20, 254 nm, 1 mL/min, Major-(tmajor = 42.464 min, tminor 

= 9.950 min), Minor-(tmajor = 24.555min, tminor = 14.650min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.77 – 7.48 (m, 2H), 7.47 – 

7.28 (m, 6H), 7.24 – 6.68 (m, 5H), 4.97 (d, J = 14.8 Hz, 1H), 4.57 (br, 1H), 3.78 (s, 3H), 

3.38 (d, J = 18.6 Hz, 1H), 2.67 (br, 1H), 1.35 – 1.22 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 173.37, 153.87, 152.65, 143.79, 136.01, 134.48, 131.84, 

131.67, 130.85, 129.84, 129.69, 129.44, 129.34, 128.86, 128.39, 127.96, 125.95, 

125.75, 123.22, 109.22, 80.25, 77.37, 53.60, 44.58, 31.59, 30.26, 29.81, 29.47, 28.28.

HRMS (ESI): calculated for C31H30BrN2O6 [M+H]+: 605.1282, found 605.1283.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-6-

fluoro-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4af)
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Method C, white solid, 54.1 mg, 99% yield, mp = 79-80 °C, 

[a]D
25 = 104 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee 

= 99%, dr > 99:1 [Chiralpak AD-H, hexane/i-PrOH 

=80:20, 254 nm, 1 mL/min, Major-(tmajor = 15.858 min, 

tminor = 6.935 min), Minor-(tmajor = 18.188min, tminor = 28.792min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.57 – 7.26 (m, 6H), 7.26 – 

6.90 (m, 6H), 6.82 (d, J = 6.8 Hz, 1H), 4.96 (d, J = 15.0 Hz, 1H), 4.63 (br, 1H), 3.79 (s, 

3H), 3.41 (d, J = 18.2 Hz, 1H), 2.83 (br, 1H), 1.34 – 1.22 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 173.45, 163.52, 161.54, 153.79, 146.50, 143.77, 137.28 

(d, J = 7.7 Hz), 135.93, 129.72, 128.71, 128.10, 127.69, 127.24 (d, J = 8.0 Hz), 124.34, 

123.20, 123.01, 110.63, 110.45, 109.22, 80.16, 77.26, 53.51, 44.51, 31.92, 31.48, 

30.17, 29.71, 29.34, 28.16.

HRMS (ESI): calculated for C31H30FN2O6 [M+H]+: 545.2082, found 545.2081.

tert-butyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-6-

methyl-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4ag)

Method A, white solid, 58.1 mg, 99% yield, mp = 63-64 °C, 

[a]D
25 = 82.8 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

94%, dr = 82:18 [Chiralpak IA-3, hexane/i-PrOH = 90:10, 254 

nm, 1 mL/min, Major-(tmajor = 14.357 min, tminor = 7.536 min), 

Minor-(tmajor = 11.478 min, tminor = 6.696 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.77 – 7.55 (m, 1H), 7.53 – 

7.27 (m, 5H), 7.25 – 6.94 (m, 6H), 6.78 (s, 1H), 5.18 – 4.77 (m, 1H), 4.53 (br, 1H), 3.36 

(d, J = 18.0 Hz, 1H), 2.64 (br, 1H), 2.39 (s, 3H), 1.46 (s, 9H), 1.36 – 1.19 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 173.59, 153.71, 148.79, 143.80, 137.88, 136.43, 136.05, 

135.89, 135.79, 129.41, 129.23, 128.65, 128.07, 127.58, 125.71, 125.44, 124.58, 

124.19, 122.88, 109.10, 83.95, 79.72, 44.46, 30.33, 29.71, 29.52, 28.38, 28.22, 27.83, 

27.80, 21.13.
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HRMS (ESI): calculated for C35H39N2O6 [M+H]+: 583.2803, found 583.2803.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-7-methyl-2-oxoindolin-

3-yl)-6-fluoro-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4nf)

Method C, white solid, 60.4 mg, 99% yield, mp = 68-69 °C, 

[a]D
25 = 48.4 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee 

= 94%, dr = 80:20 [Chiralpak IA-3, hexane/i-PrOH 

=80:20, 254 nm, 1 mL/min, Major-(tmajor = 20.758 min, 

tminor = 6.621 min), Minor-(tmajor = 32.967 min, tminor = 10.797 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.47 – 7.26 (m, 4H), 7.26 – 

7.10 (m, 6H), 6.99 (d, J = 6.1 Hz, 1H), 6.89 (s, 1H), 5.24 – 4.87 (m, 2H), 3.82 (s, 3H), 

3.54 (d, J = 18.1 Hz, 1H), 3.04 (br, 1H), 2.31 (s, 3H), 1.39 – 1.27 (m, 9H).

13C NMR (126 MHz, CDCl3) δ 174.96, 163.50, 161.52, 153.86, 146.45, 142.13, 137.76, 

137.27 (d, J = 7.3 Hz), 133.88, 133.67, 128.68, 128.60, 127.57, 127.14 (d, J = 8.2 Hz) 

126.58, 126.45, 123.21, 123.02, 119.85, 110.55 (d, J = 22.3 Hz), 80.13, 77.25, 53.55, 

46.21, 31.52, 30.16, 29.71, 29.35, 28.22, 19.24. 

HRMS (ESI): calculated for C32H32FN2O6 [M+H]+: 559.2239, found 559.2239.

methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxo-7-(trifluoromethyl)

indolin-3-yl)-6-fluoro-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (4of)

Method C, white solid, 65.3 mg, 99% yield, mp = 84-85 °C, 

[a]D
25 = 64.8 (c = 0.5, CHCl3). Enantiomeric excess and 

diastereomer ratio were established by HPLC analysis, ee = 

91%, dr = 83:17 [Chiralpak IA-3, hexane/i-PrOH 

=80:20, 254 nm, 1 mL/min, Major-(tmajor = 9.876 min, tminor 

= 5.504 min), Minor-(tmajor = 10.716 min, tminor = 6.713 min)].

Data for the major isomer: 1H NMR (500 MHz, CDCl3) δ 7.73 – 7.45 (m, 2H), 7.44 – 

7.27 (m, 3H), 7.26 – 6.83 (m, 7H), 5.27 – 4.80 (m, 2H), 3.79 (s, 3H), 3.52 (d, J = 18.0 Hz, 

1H), 2.97 (br, 1H), 1.37 – 1.25 (m, 9H).

N
O

Bn

NHBoc
O

O O

F

N
O

Bn

NHBoc
O

O O

F

CF3



13C NMR (126 MHz, CDCl3) δ 175.66, 163.56, 161.58, 153.88, 146.18, 142.39, 137.01 

(d, J = 8.0 Hz), 136.15, 128.05, 127.99, 127.94, 127.38 (d, J = 7.9 Hz), 126.75, 126.51, 

123.49, 123.30, 122.41, 122.25, 113.10, 112.84, 110.63 (d, J = 22.5 Hz), 80.69, 53.66, 

47.34, 31.94, 31.52, 30.16, 29.73, 29.71, 28.14.

HRMS (ESI): calculated for C32H29F4N2O6 [M+H]+: 613.1956, found 613.1956.

6. The X-ray data for 4ab.

4ab

N
O

Bn

NHBoc
O

O O

The product 4ab was recrystallized from PE and EA.

CCDC- 1853680 (4ab) contains the supplementary crystallographic data for this 

paper. These data can be obtained free of charge from the Cambridge 

Crystallographic DataCentre via www.ccdc.cam.ac.uk./ data_request/cif.



7. NMR spectra of addition products
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8. HPLC traces of all compounds
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