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General information 

The 1H NMR spectra were recorded on a Bruker (400 MHz) spectrometer. All 

chemical shifts (δ) were given in ppm. Data were reported as follows: chemical 

shift, intergration, multiplicity (s = single, d = doublet, t = triplet, q = quarter, br = 

broad, m= multiplet, cm = complex multiplet) and coupling constants (Hz). 13C 

NMR spectra were recorded on a DPX-400 spectrometer (at 100 MHz). 19F 

NMR were recorded on a Agilent 400 spectrometer (at 376 MHz). 31P NMR 

were recorded on a Agilent 400 spectrometer (at 163 MHz). Flash column 

chromatography was performed using H silica gel. For thin-layer 

chromatography (TLC), silica gel plates (HSGF 254) were used and 

compounds were visualized by irradiation with UV light. Analytical high 

performance liquid chromatography (HPLC) was carried out on SHIMADZU 

equipment using chiral columns. Melting points were determined on a SGW 

X-4 melting point apparatus and were uncorrected. Optical rotations were 

measured on a JASCO P-1010 Polarimeter at λ = 589 nm. IR spectra were 

recorded on a Perkin-Elmer 983G instrument. Mass spectra analysis was 

performed on API 200 LC/MS system (Applied Biosystems Co. Ltd.). 

Commercially available materials were purchased from Sigma-Aldrich®, 

Adamas-beta® or Energy Chemical® were used as received. The synthesis of 

3-substituted oxindoles and the catalysts were performed according to 

reported methods [1-7]. 
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Synthesis of 3-substituted oxindoles 

 
 

tert-Butyl 3-(3-methoxyphenyl)-2-oxoindoline-1-carboxylate (1p): A solution of 

m-OMeC6H4MgBr in THF (2.0 M, 6.8 mL) was added to a stirred cold (−40 °C) 

suspension of isatin 6 (1.0 g, 6.8 mmol) in THF (30 mL) under an atmosphere 

of N2. The mixture was allowed to warm to room temperature and was stirred 

until isatin was consumed. The reaction mixture was diluted with ether, cooled 

in an ice-bath, and then quenched with 1.0 M HCl. The aqueous layer was 

extracted with ether, and the combined organic layers were washed with water 

and brine and then dried over Na2SO4. After the removal of solvent, purification 

by flash column chromatography (hexane/acetone = 4:1) was carried out to 

give 7 in 80% yield (1.24 g). 7 (67.3 mg, 0.264 mmol) was dissolved in CH2Cl2 

(2.6 mL). To this solution were added DMAP (3.2 mg, 0.0264 mmol) and 

(Boc)2O (66 mg, 0.3 mmol) at room temperature, and then the mixture was 

stirred for 3 h. The reaction mixture was diluted with ethyl acetate, and then 

quenched with saturated aqueous NH4Cl. The aqueous layer was extracted 

with ethyl acetate, and the combined organic layers were washed with water 

and brine, then dried over Na2SO4 and evaporated to give product 8, which 

was dissolved in MeOH (5 mL). Pd/C (20 mg, 5% w/w) was added to this 

solution, and the resulting mixture was stirred under hydrogen atmosphere 

(balloon) for 3 h at room temperature. The reaction mixture was passed 

through celite to remove Pd/C, and the residue was washed with ether. After 

the removal of solvent, the crude product was purified by flash column 

chromatography (hexane/acetone = 12:1 ) to give 1p in 80% yield (71.6 mg) 

for two steps as a white solid. mp 67-69 °C. 1H NMR (400 MHz, CDCl3): δ(ppm) 

= 7.92 (d, J = 8.0 Hz, 1H), 7.33-7.37 (m, 1H), 7.24 (t, J = 8.0 Hz, 1H), 7.15-7.16 
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(br, 2H), 6.82-6.85 (m, 1H), 6.78 (d, J = 7.6 Hz, 1H), 6.72-6.73 (m, 1H), 4.68 (s, 

1H), 3.76 (s, 3H), 1.63 (s, 9H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 173.7, 

160.0, 149.4, 140.5, 137.7, 129.9, 128.7, 127.4, 125.1, 124.6, 121.0, 115.1, 

114.6, 113.2, 84.4, 55.3, 52.5, 28.1. IR (KBr): 2979, 2922, 1794, 1768, 1729, 

1600, 1584, 1490, 1480, 1369, 1345, 1288, 1251, 1147, 1088, 1048, 754. 

HRMS (ESI) calcd for C20H21N1O4 (M+Na)+ 362.1368, found 362.1450. 

 

Asymmetric α-amination of 3-substituted oxindoles 

 

To a solution of the corresponding catalyst 4 (5 mol %) in solvent (1.0 mL) was 

added 3-substituted oxindole 1, and cooled to −78 °C before the di-tert-butyl 

azodicarboxylate was introduced (to −30 °C when diethyl azodicarboxylate 

was used). The solvent was removed after the reaction was finished 

(determined by TLC analysis), the residue was purified directly by column 

chromatography on silica gel using hexane/ethyl acetate (4:1) as an eluent to 

afford 3. 

 

(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-2-oxo-3-phenylindolin-3-yl)hydrazine- 

1,2-dicarboxylate (3a). 

 White solid, m.p. 140-143oC. 87% yield. 1H NMR (400 MHz, 
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CDCl3) δ(ppm) = 8.16 (d, J = 7.2 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.55 (br, 2H), 

7.29-7.39 (m, 5H), 6.54 (s, 1H), 4.00-4.08 (m, 4H), 1.60 (s, 9H), 1.10 (t, J = 7.2 

Hz, 3H), 1.06 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 173.7, 

155.8, 154.4, 148.9, 139.0, 132.4, 129.7, 129.1, 128.4, 128.2, 128.0, 126.5, 

124.4, 114.9, 84.4, 72.5, 63.1, 62.0, 28.1, 14.3, 13.9. IR (KBr): 3315, 2981, 

2934, 1731, 1479, 1466, 1373, 1343, 1290, 1248, 1151, 1093, 1064, 758, 728, 

404. HRMS (ESI) calcd for C25H29N3O7 (M+Na)+ 506.1903, found 506.1895. 

[α]23.4
D = +74.8 (c 1.7, CHCl3) HPLC (Daicel Chiralpak AD-H, i-PrOH / 

Hexane=10 : 90, 220 nm, 1.0 mL/min): major 10.7 min, minor 20.2 min. 

Enantiomeric excess: 90%. 

 

(S)-Diisopropyl1-(1-(tert-butoxycarbonyl)-2-oxo-3-phenylindolin-3-yl)- 

hydrazine-1,2-dicarboxylate (3b).  

Colorless oil. 93% yield. 1H NMR (400 MHz, CDCl3) δ(ppm) 

= 8.20 (d, J = 7.2 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.55 (br, 2H), 7.36 (t, J = 

7.6 Hz, 1H), 7.27-7.31 (m, 4H), 6.43 (s, 1H), 4.76-4.81 (m, 2H), 1.60 (s, 9H), 

1.18 (d, J = 6.4 Hz, 3H), 1.08 (d, J = 6.4 Hz, 3H), 0.99 (d, J = 6.4 Hz, 3H), 0.88 

(d, J = 6.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 173.8, 155.5, 153.9, 

149.1, 139.1, 132.6, 129.7, 129.1, 129.0, 128.4, 126.6, 124.4, 114.8, 84.3, 

72.5, 71.2, 69.8, 28.1, 21.8, 21.7, 21.5, 21.4. IR (KBr): 3322, 2981, 2934, 1778, 

1731, 1479, 1466, 1373, 1251, 1151, 1108, 758. HRMS (ESI) calcd for 
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C27H33N3O7 (M+Na)+ 534.2216, found 534.2205. [α]28.5
D = +52.5 (c 1.5, CHCl3) 

HPLC (Daicel Chiralpak AD-H, i-PrOH / Hexane=10 : 90, 220 nm, 1.0 mL/min): 

major 9.8 min, minor 27.2 min. Enantiomeric excess: 89%. 

 

(S)-Di-tert-butyl1-(1-(tert-butoxycarbonyl)-2-oxo-3-phenylindolin-3-yl)hydra- 

zine-1,2-dicarboxylate (3d).  

White solid, m.p. 82-85oC. 87% yield. 1H NMR (400 MHz, CDCl3) 

δ(ppm) = 8.25 (d, J = 7.2 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.54 (br, 2H), 

7.32-7.36 (m, 1H), 7.26-7.31 (m, 4H), 6.30 (s, 1H), 1.60 (s, 9H), 1.30 (s, 9H), 

1.20(s, 9H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 174.1, 154.8, 153.1, 149.1, 

138.7, 132.9, 129.7, 129.3, 128.8, 128.7, 128.2, 126.4, 124.4, 114.8, 84.2, 

83.1, 80.9, 72.5, 28.1, 28.0, 27.7. IR (KBr): 3336, 2979, 2932, 1778, 1729, 

1479, 1368, 1345, 1249, 1152, 758. HRMS (ESI) calcd for C29H37N3O7 

(M+Na)+ 562.2529, found 562.2511. [α]28.6
D = +26.4 (c 1.7, CHCl3) HPLC 

(Daicel Chiralpak AD-H / AD, i-PrOH / Hexane=5 : 95, 220 nm, 0.7 mL/min): 

major 66.9 min, minor 80.7 min. Enantiomeric excess: 93%. 

 

(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-5-methyl-2-oxo-3-phenylindolin- 

3-yl)hydrazine-1,2-dicarboxylate (3e) 



s7 

 

White solid, m.p. 71-73oC. 85% yield. 1H NMR (400 MHz, 

CDCl3) δ(ppm) = 7.98 (s, 1H), 7.66 (d, J = 8.4 Hz, 1H), 7.55 (br, 2H), 7.27-7.30 

(m, 3H), 7.14 (d, J = 8.4 Hz, 1H), 6.30 (s, 1H), 2.44 (s, 3H), 1.60 (s, 9H), 1.30 

(s, 9H), 1.20 (m, 9H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 174.4, 154.7, 

153.3, 149.1, 136.3, 133.3, 134.0, 133.2, 129.6, 129.3, 128.7, 128.2, 126.6, 

115.0, 114.6, 84.1, 83.1, 80.8, 72.7, 28.1, 28.0, 27.7, 21.4. IR (KBr): 3322, 

2979, 2931, 1778, 1728, 1490, 1393, 1368, 1337, 1304, 1278, 1247, 1154, 

732. HRMS (ESI) calcd for C30H39N3O8 (M+H)+ 554.2866, found 554.2860. 

[α]27.8
D = +67.2 (c 2.0, CHCl3) HPLC (Daicel Chiralpak OD-H, i-PrOH / 

Hexane=1 : 99, 220 nm, 1.0 mL/min): major 8.0 min, minor 11.2 min. 

Enantiomeric excess: 96%. 

 

(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-5-methoxy-2-oxo-3-phenylindolin- 

3-yl)hydrazine-1,2-dicarboxylate (3f). 

White solid, m.p. 81-83oC. 88% yield. 1H NMR (400 MHz, 

CDCl3) δ(ppm) = 7.93 (br, 1H), 7.72 (d, J = 8.8 Hz, 1H), 7.54 (br, 2H), 7.29-7.31 

(m, 3H), 6.87-6.90 (dd, J = 2.8 Hz, 2.8Hz, 1H), 6.28 (s, 1H), 3.88 (s, 3H), 1.59 

(s, 9H), 1.29 (s, 9H), 1.22 (s, 9H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 174.0, 
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156.9, 154.7, 153.2, 149.2, 133.3, 132.3, 130.5, 129.6, 128.8, 128.3, 115.7, 

114.1, 112.6, 84.0, 83.1, 80.9, 72.8, 55.8, 28.1, 28.0, 27.8. IR (KBr): 3335, 

2979, 2932, 1776, 1727, 1488, 1368, 1301, 1277, 1246, 1154, 758. HRMS 

(ESI) calcd for C30H39N3O8 (M+H)+ 570.2815, found 570.2812. [α]21.3
D = +79.9 

(c 1.0, CHCl3) HPLC (Daicel Chiralpak IC / PC-II, i-PrOH / Hexane=10:90, 220 

nm, 1.0 mL/min): major 12.9 min, minor 22.8 min. Enantiomeric excess: 96%. 

 

(S)-Diethyl1-(1-(tert-butoxycarbonyl)-5-methyl-2-oxo-3-phenylindolin-3-yl)- 

hydrazine-1,2-dicarboxylate (3g). 

White solid, m.p. 180-182oC. 88% yield. 1H NMR (400 

MHz, CDCl3) δ(ppm) = 7.93 (s, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.56-7.57 (br, 2H), 

7.31-7.32 (m, 3H), 7.15 (d, J = 8.0 Hz, 1H), 6.51 (s, 1H), 4.02-4.07 (m, 4H), 

2.44 (s, 3H), 1.60 (s, 9H), 1.05-1.12 (m, 6H). 13C NMR (100 MHz, CDCl3) 

δ(ppm) = 173.9, 155.7, 154.5, 149.0, 136.6, 134.0, 132.5, 129.7, 129.0, 128.4, 

128.2, 128.1, 126.8, 114.7, 84.2, 72.7, 63.1, 61.9, 29.7, 21.4, 14.3, 13.9. IR 

(KBr): 3314, 2981, 2932, 1730, 1491, 1373, 1336, 1301, 1245, 1154, 1064, 

729, 406. HRMS (ESI) calcd for C26H31N3O7 (M+Na)+ 520.2060, found 

520.2052. [α]28.9
D = +110.1 (c 1.0, CHCl3) HPLC (Daicel Chiralpak AD-H, 

i-PrOH / Hexane=10 : 90, 220 nm, 1.0 mL/min): major 11.0 min, minor 25.4 min. 

Enantiomeric excess: 86%. 
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(S)-Diethyl1-(1-(tert-butoxycarbonyl)-5-methoxy-2-oxo-3-phenylindolin-3-yl)- 

hydrazine-1,2-dicarboxylate (3h). 

White solid, m.p. 89-91oC. 84% yield.1H NMR (400 

MHz, CDCl3) δ(ppm) = 7.81 (br, 1H), 7.74 (d, J = 8.8 Hz, 1H), 7.55-7.56 (br, 

2H), 7.32 (t, J=3.2 Hz, 3H), 6.89 (dd, J = 2.8 Hz, 2.4 Hz, 1H), 6.52 (s, 1H), 

4.02-4.09 (m, 4H), 3.87 (s, 3H), 1.59 (s, 9H), 1.06-1.11 (m, 6H). 13C NMR (100 

MHz, CDCl3) δ(ppm) = 173.7, 156.7, 155.7, 154.4, 149.0, 132.5, 129.6, 129.1, 

129.0, 128.4, 128.2, 115.8, 114.3, 112.5, 84.1, 72.8, 63.1, 61.9, 55.7, 28.1, 

14.3, 13.9. IR (KBr): 3314, 2981, 2934, 1728, 1488, 1373, 1338, 1244, 1153, 

1064, 730. HRMS (ESI) calcd for C26H31N3O8 (M+Na)+ 536.2009, found 

536.1997. [α]D +110.1 (c 1.0, CHCl3) HPLC (Daicel Chiralpak AD-H, i-PrOH / 

Hexane=10:90, 220 nm, 1.0 mL/min): major 16.6 min, minor 32.9 min. 

Enantiomeric excess: 88%. 

 

(S)-Diethyl1-(1-(tert-butoxycarbonyl)-5-fluoro-2-oxo-3-phenylindolin-3-yl)- 

hydrazine-1,2-dicarboxylate (3i). 

White solid, m.p. 138-140oC. 84% yield.1H NMR (400 
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MHz, CDCl3) δ(ppm) = 8.00 (dd, J = 2.8 Hz, 8Hz, 1H), 7.82 (q, J = 4.4 Hz, 1H), 

7.52-7.53 (br, 2H), 7.33-7.35 (m, 3H), 7.04-7.09 (dt, J = 2.8 Hz, 8.8Hz, 1H), 

6.52 (s, 1H), 4.01-4.10 (m, 4H), 1.60 (s, 9H), 1.10 (t, J = 7.2 Hz, 6H). 13C NMR 

(100 MHz, CDCl3) δ(ppm) = 173.3, 159.8 (d, J = 242.6 Hz), 155.8, 154.3, 

148.9, 135.0 (d, J = 2.4 Hz), 131.8, 129.6, 129.3, 128.5, 116.2 (d, J = 7.8 Hz), 

115.7 (d, J = 22.9 Hz), 114.3, 114.1, 84.5, 72.5, 63.3, 62.1, 28.0, 14.3, 14.0. 19F 

NMR (376 MHz, CDCl3) δ(ppm) = -117.1 (m, 1F). IR (KBr): 3319, 2981, 2934, 

1778, 1731, 1482, 1373, 1342, 1299, 1244, 1150, 1062, 817, 728, 415. HRMS 

(ESI) calcd for C25H28FN3O7 (M+Na)+ 524.1809, found 524.1797. [α]29.7
D = 

+55.7 (c 1.6, CHCl3) HPLC (Daicel Chiralpak AD-H, i-PrOH / Hexane=10 : 90, 

220 nm, 1.0 mL/min): major 8.8 min, minor 14.3 min. Enantiomeric excess: 

87%. 

 

(S)-Diethyl1-(1-(tert-butoxycarbonyl)-5-chloro-2-oxo-3-phenylindolin-3-yl)- 

hydrazine-1,2-dicarboxylate (3j). 

White solid, m.p. 156-158oC. 85% yield. 1H NMR (400 

MHz, CDCl3) δ(ppm) = 8.21 (d, J = 2.0 Hz, 1H), 7.80 (d, J = 8.4 Hz, 1H), 

7.52-7.53 (br, 2H), 7.33-7.35 (m, 4H), 6.49 (s, 1H), 4.01-4.10 (m, 4H), 1.59 (s, 

9H), 1.10-1.12 (m, 6H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 173.1, 155.7, 

154.4, 148.8, 137.5, 131.7, 130.0, 129.9, 129.6, 129.3, 129.2, 128.5, 126.6, 
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116.2, 84.7, 72.3, 63.3, 62.1, 28.0, 14.3, 14.0. IR (KBr): 3323, 2982, 2932, 

1781, 1732, 1472, 1373, 1334, 1296, 1248, 1152, 1104, 1063, 760. HRMS 

(ESI) calcd for C25H28ClN3O7 (M+Na)+ 540.1513, found 540.1489. [α]23.5
D = 

+100.5 (c 1.7, CHCl3) HPLC (Daicel Chiralpak AD-H, i-PrOH / Hexane=10 : 90, 

220 nm, 1.0 mL/min): major 9.4 min, minor 17.1 min. Enantiomeric excess: 

90%. 

 

(S)-Diethyl1-(1-(tert-butoxycarbonyl)-6-chloro-2-oxo-3-phenylindolin-3-yl)- 

hydrazine-1,2-dicarboxylate (3k). 

White solid, m.p. 75-77oC. 87% yield. 1H NMR (400 

MHz, CDCl3) δ(ppm) = 8.11 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 1.6 Hz, 1H), 7.50 (t, 

J = 4.0 Hz, 2H), 7.28-7.34 (m, 4H), 6.51 (s, 1H), 4.02-4.09 (m, 4H), 1.60 (s, 9H), 

1.10 (t, J = 7.2 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 173.1, 155.8, 

154.4, 148.8, 140.0, 135.0, 132.0, 129.6, 129.3, 128.4, 127.5, 126.4, 124.5, 

115.7, 84.9, 72.2, 63.3, 62.1, 28.0, 14.3, 14.0. IR (KBr): 3304, 2963, 2928, 

1781, 1731, 1476, 1373, 1338, 1260, 800, 406. HRMS (ESI) calcd for 

C25H28ClN3O7 (M+Na)+ 540.1513, found 540.1500. [α]27.8
D = +211.1 (c 0.1, 

CHCl3) HPLC (Daicel Chiralpak AD-H, i-PrOH / Hexane=10 : 90, 220 nm, 1.0 

mL/min): major 7.5 min, minor 10.7 min. Enantiomeric excess: 87%. 

 



s12 

 

(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-2-oxo-3-(p-tolyl)indolin-3-yl)- 

hydrazine-1,2-dicarboxylate (3l). 

 White solid, m.p. 79-81oC. 89% yield. 1H NMR (400 MHz, 

CDCl3) δ(ppm) = 8.23 (d, J = 6.8 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 

8.0 Hz, 2H), 7.28-7.35 (m, 2H), 7.10 (d, J = 8.4 Hz, 2H), 6.29 (s, 1H), 2.30 (s, 

3H), 1.60 (s, 9H), 1.30 (s, 9H) 1.19 (s, 9H). 13C NMR (100 MHz, CDCl3) δ(ppm) 

= 174.2, 154.8, 153.1, 149.1, 138.7, 135.06, 129.8, 129.6, 129.5, 128.9, 128.7, 

126.3, 124.4, 114.7, 84.2, 83.0, 80.9, 72.3, 28.1, 28.0, 27.7, 21.0. IR (KBr): 

3338, 2979, 2932, 1778, 1730, 1479, 1466, 1368, 1346, 1290, 1248, 1153, 

758. HRMS (ESI) calcd for C30H39N3O7 (M+H)+ 554.2866, found 554.2858. 

[α]27.9
D = +32.5 (c 1.8, CHCl3) HPLC (Daicel Chiralpak AD-H / AD, i-PrOH / 

Hexane=10 : 90, 220 nm, 1.0 mL/min): major 23.8 min, minor 39.2 min. 

Enantiomeric excess: 81%. 

 

(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-3-(4-methoxyphenyl)-2-oxoindolin- 

3-yl)hydrazine-1,2-dicarboxylate (3m). 

White solid, m.p. 82-85oC. 85% yield. 1H NMR (400 MHz, 

CDCl3) δ(ppm) = 8.24 (d, J = 6.8 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 
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8.4 Hz, 2H), 7.27-7.36 (m, 2H), 6.81 (d, J = 8.8 Hz, 2H), 6.31 (s, 1H), 3.77 (s, 

3H), 1.60 (s, 9H), 1.31 (s, 9H), 1.19 (s, 9H). 13C NMR (100 MHz, CDCl3) δ(ppm) 

= 174.3, 159.8, 154.8, 153.0, 149.1, 138.6, 131.1, 129.6, 128.7, 126.3, 124.6, 

124.4, 114.7, 113.5, 84.2, 83.0, 80.9, 72.0, 55.3, 28.1, 28.0, 27.7. IR (KBr): 

3339, 2979, 2933, 1777, 1731, 1609, 1511, 1479, 1393, 1368, 1298, 1251, 

1153, 1058, 833, 757. HRMS (ESI) calcd for C26H31N3O7 (M+H)+ 570.2815, 

found 570.2810. [α]26.4
D = +38.7 (c 2.1, CHCl3) HPLC (Daicel Chiralpak AD-H / 

AD, i-PrOH / Hexane=10 : 90, 220 nm, 1.0 mL/min): major 33.3 min, minor 

49.0 min. Enantiomeric excess: 95%. 

 

(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-2-oxo-3-(p-tolyl)indolin-3-yl)hydrazine- 

1,2-dicarboxylate (3n). 

White solid, m.p. 88-90oC. 90% yield. 1H NMR (400 MHz, 

CDCl3) δ(ppm) = 8.14 (d, J = 7.2 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 

8.0 Hz, 2H), 7.35 (t, J = 7.2 Hz, 1H), 7.27-7.32 (m, 1H), 7.12 (d, J = 8.0 Hz, 2H), 

6.54 (s, 1H), 4.00-4.09 (m, 4H), 2.31 (s, 3H), 1.60 (s, 9H), 1.11 (t, J = 7.2 Hz, 

3H), 1.05 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 173.8, 

155.8, 154.4, 149.0, 139.1, 138.9, 129.6, 129.4, 129.1, 129.0, 128.2, 126.4, 

124.4, 114.8, 84.3, 72.4, 63.1, 61.9, 28.1, 21.0, 14.3, 13.9. IR (KBr): 3316, 

2981, 2934, 1731, 1606, 1511, 1479, 1466, 1372, 1344, 1289, 1253, 1151, 
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1064, 834, 758, 405. HRMS (ESI) calcd for C26H31N3O7 (M+Na)+ 520.2060, 

found 520.0441. [α]28.7
D = +46.4 (c 0.8, CHCl3) HPLC (Daicel Chiralpak AD-H, 

i-PrOH / Hexane=10 : 90, 220 nm, 1.0 mL/min): major 14.9 min, minor 55.3 

min. Enantiomeric excess: 81%. 

 

(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-3-(4-(tert-butyl)phenyl)-2-oxoindolin- 

3-yl)hydrazine-1,2-dicarboxylate (3o). 

White solid, m.p. 87-88oC. 82% yield. 1H NMR (400 MHz, 

CDCl3) δ(ppm) = 8.16 (d, J = 7.2 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.47 (d, J = 

8.4 Hz, 2H), 7.32-7.35 (m, 3H), 7.28-7.29 (br, 1H), 6.48 (s, 1H), 4.00-4.04 (m, 

4H), 1.60 (s, 9H), 1.27 (s, 9H), 1.04-1.08 (m, 6H). 13C NMR (100 MHz, CDCl3) 

δ(ppm) = 173.8, 155.7, 154.5, 152.2, 149.1, 139.0, 129.5, 129.2, 129.1, 128.4, 

126.4, 125.2, 124.4, 114.9, 84.3, 72.4, 63.0, 61.8, 34.6, 31.2, 28.1, 14.4, 13.9. 

IR (KBr): 3316, 2963, 2929, 1731, 1479, 1466, 1371, 1344, 1290, 1249, 1152, 

1091, 1018, 758. HRMS (ESI) calcd for C29H37N3O7 (M+Na)+ 562.2529, found 

562.2506. [α]29.6
D = +4.6 (c 0.3, CHCl3) HPLC (Daicel Chiralpak AD-H, i-PrOH / 

Hexane=10 : 90, 220 nm, 1.0 mL/min): major 6.1 min, minor 8.8 min. 

Enantiomeric excess: 87%. 
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(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-3-(3-methoxyphenyl)-2-oxoindolin-3-yl)- 

hydrazine-1,2-dicarboxylate (3p). 

White solid, m.p. 82-84oC. 86% yield. 1H NMR (400 MHz, 

CDCl3) δ(ppm) = 8.13 (d, J = 7.2 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.36 (t, J = 

7.6 Hz, 1H), 7.21-7.39 (m, 2H), 7.12-7.14 (br, 2H), 6.85-6.87 (br, 1H), 6.61 (s, 

1H), 4.02-4.10 (m, 4H), 3.75 (s, 3H), 1.60 (s, 9H), 1.12 (t, J = 7.2 Hz, 3H), 1.06 

(t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 173.5, 159.5, 154.4, 

149.0, 139.1, 134.1, 129.2, 126.4, 122.0, 115.5, 114.9, 114.7, 84.4, 77.3, 76.8, 

72.5, 63.1, 62.0, 55.3, 28.1, 14.3, 13.9. IR (KBr): 3311, 2981, 2940, 1731, 1601, 

1466, 1343, 1251, 1151, 757. HRMS (ESI) calcd for C26H31N3O8 (M+Na)+ 

536.2009, found 536.2004. [α]23.4
D +64.5 (c 2.1, CHCl3) HPLC (Daicel 

Chiralpak AD-H, i-PrOH / Hexane=10 : 90, 220 nm, 1.0 mL/min): major 13.6 

min, minor 21.2 min. Enantiomeric excess: 87%. 

 

(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-3-(4-fluorophenyl)-2-oxoindolin- 

3-yl)hydrazine-1,2-dicarboxylate (3q). 

White solid, m.p. 83-85oC. 87% yield. 1H NMR (400 MHz, 
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CDCl3) δ(ppm) = 8.24 (d, J = 7.2 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.52-7.56 

(m, 2H), 7.37 (t, J = 7.2 Hz, 1H), 7.30 (t, J = 7.2 Hz, 1H), 6.98 (t, J = 8.8 Hz, 

2H), 6.33 (s, 1H), 1.61(s, 9H), 1.32 (s, 9H), 1.19 (s, 9H). 13C NMR (100 MHz, 

CDCl3) δ(ppm) = 174.1, 162.8 (d, J = 248.2 Hz), 154.8, 153.0, 149.0, 138.7, 

131.8 (d, J = 8.3 Hz), 129.1, 129.0, 128.7 (d, J = 2.8 Hz), 126.3, 124.6, 115.1 

(d, J = 24.5 Hz), 114.8, 84.4, 83.2, 81.1, 71.8, 28.1, 28.0, 27.7. 19F NMR (376 

MHz, CDCl3) δ(ppm) = -112.7 (m, 1F). IR (KBr): 3337, 2980, 2933, 1777, 1731, 

1605, 1508, 1479, 1369, 1345, 1289, 1153, 1091, 870, 758. HRMS (ESI) calcd 

for C29H36FN3O7 (M+H)+ 558.2616, found 558.2611. [α]27.6
D = +64.7 (c 1.5, 

CHCl3) HPLC (Daicel Chiralpak AD-H / AD, i-PrOH / Hexane=10 : 90, 220 nm, 

1.0 mL/min): major 23.1 min, minor 40.4 min. Enantiomeric excess: 95%. 

 

(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-3-(4-fluorophenyl)-2-oxoindolin-3-yl)- 

hydrazine-1,2-dicarboxylate (3r). 

White solid, m.p. 134-136oC. 89% yield. 1H NMR (400 MHz, 

CDCl3) δ(ppm) = 8.16 (d, J = 7.2 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.53-7.57 

(br, 2H), 7.38 (t, J = 7.6 Hz, 1H), 7.29-7.31 (br, 1H), 7.00 (t, J = 8.4 Hz, 2H), 

6.61 (s, 1H), 4.01-4.08 (m, 4H), 1.60 (s, 9H), 1.13 (t, J = 7.2 Hz, 3H), 1.05 (t, 

J=7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ(ppm ) = 173.7, 163.0 (d, J = 

248.6), 154.3, 148.9, 139.0, 131.8 (d, J = 8.4 Hz), 129.3, 128.2 (d, J = 3.3 Hz), 
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127.9, 126.4, 124.6, 115.3 (d, J = 21.5 Hz), 115.0, 84.5, 71.9, 63.2, 62.1, 28.0, 

14.4, 13.9. 19F NMR (376 MHz, CDCl3) δ(ppm) = -112.2 (m, 1F). IR (KBr): 3314, 

2982, 2933, 1731, 1605, 1509, 1479, 1467, 1372, 1343, 1248, 1151, 1064, 

837, 759, 520. HRMS (ESI) calcd for C25H38FN3O7 (M+Na)+ 524.1809, found 

524.1795. [α]28.4
D = +57.0 (c 1.4, CHCl3) HPLC (Daicel Chiralpak AD-H, i-PrOH 

/ Hexane=10 : 90, 220 nm, 1.0 mL/min): major 10.1 min, minor 49.7 min. 

Enantiomeric excess: 85%. 

 

(S)-Di-tert-butyl1-(1-(tert-butoxycarbonyl)-3-(4-fluorophenyl)-5-methyl-2-oxo- 

indolin-3-yl)hydrazine-1,2-dicarboxylate (3s). 

White solid, m.p. 87-89oC. 85% yield. 1H NMR (400 MHz, 

CDCl3) δ(ppm) = 7.98 (s, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.54 (br, 2H), 7.15 (d, J 

= 8.0 Hz, 1H), 6.98 (t, J = 8.0 Hz, 2H), 6.32 (s, 1H), 2.45 (s, 3H), 1.60 (s, 9H), 

1.32 (s, 9H), 1.20 (s, 9H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 174.3, 162.8 

(d, J = 248.2 Hz), 154.7, 153.1, 149.0, 136.3, 134.2, 131.7 (d, J = 8.4Hz), 

129.5, 129.2, 129.0 (d, J = 3.4 Hz), 126.5, 115.0 (d, J = 21.3 Hz), 114.7, 84.2, 

83.2, 81.0, 72.0, 28.1, 28.0, 27.7, 21.3. 19F NMR (376 MHz, CDCl3) δ(ppm) = 

-113.0 (m, 1F). IR (KBr): 3335, 2981, 2934, 1731, 1508, 1491, 1369, 1336, 

1246, 1154, 1101, 839, 758, 412. HRMS (ESI) calcd for C30H38FN3O7 (M+H)+ 

572.2772, found 572.2767. [α]21.3
D = +76.3 (c 2.2, CHCl3) HPLC (Daicel 



s18 

 

Chiralpak AD-H, i-PrOH/Hexane=10 : 90, 220 nm, 1.0 mL/min): major 16.5 min, 

minor 26.8 min. Enantiomeric excess: 98%. 

 

(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-5-methyl-2-oxo-3-(p-tolyl)indolin- 

3-yl)hydrazine-1,2-dicarboxylate (3t) 

White solid, m.p. 66-69oC. 86% yield. 1H NMR (400 MHz, 

CDCl3) δ(ppm) = 7.96 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 2H), 

7.09-7.14 (m, 3H), 6.29 (s, 1H), 2.44 (s, 3H), 2.30 (s, 3H), 1.59 (s, 9H), 1.30 (s, 

9H), 1.19 (s, 9H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 174.5, 154.7, 153.3, 

149.1, 138.6, 136.3, 134.0, 130.2, 129.5, 129.2, 128.9, 126.5, 114.9, 114.6, 

84.0, 83.0, 80.7, 72.5, 28.1, 28.0, 27.7, 21.4, 21.0. IR (KBr): 3322, 2979, 2930, 

1778, 1729, 1511, 1491, 1368, 1337, 1246, 1154, 1058, 755. HRMS (ESI) 

calcd for C31H41N3O7 (M+H)+ 568.3023, found 568.3017. [α]22.6
D = +65.3 (c 2.5, 

CHCl3) HPLC (Daicel Chiralpak AD-H, i-PrOH/Hexane=10 : 90, 220 nm, 1.0 

mL/min): major 14.5 min, minor 24.7 min. Enantiomeric excess: 96%. 

 

(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-3-methyl-2-oxoindolin-3-yl)hydrazine- 

1,2-dicarboxylate (3u) 
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 White solid, 72% yield. 1H NMR (400 MHz, CDCl3): δ(ppm) 

= 7.82 (d, J = 8.4 Hz, 2H), 7.30 (t, J = 7.6 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 6.94 

(s, 1H), 4.27-4.31 (m, 2H), 3.95-3.99 (m, 2H), 1.65 (s, 9H), 1.55 (s, 3H), 1.34 (t, 

J = 7.2 Hz, 3H), 1.00 (br, 3H). HRMS (ESI) calcd for C20H27N3O7 (M+H)+ 

422.1922, found 422.1925. [α]22.6
D = 0 (c 2.5, CHCl3) HPLC (Daicel Chiralpak 

AD-H, i-PrOH/Hexane=10 : 90, 220 nm, 1.0 mL/min): major 6.4 min, minor 

10.0 min. Enantiomeric excess: 0%. 

 

Transformation of product 5 

 

(S)-Diethyl 1-(2-oxo-3-phenylindolin-3-yl)hydrazine-1,2-dicarboxylate (5). To a 

solution of 3a (48.3 mg, 0.1 mmol) in CH2Cl2 (5 mL) was added CF3CO2H (0.7 

mL, 10 mmol) at 0 °C. Reaction mixture was allowed to warm up to 

temperature and stirred for 2 h. Saturated Na2CO3 aqueous solution (10 mL) 

was added to quench the reaction, and the resulting mixture was extracted 

with CH2Cl2 (10 mL  3) and the combined organic layer was washed by brine 

(20 mL). The combined organic extracts were dried over Na2SO4. After the 

removal of solvent, the crude product was purified by flash column 
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chromatography (hexane/acetone = 1:1 ) to give 5 in 85% yield.1H NMR (400 

MHz, CDCl3) δ(ppm) = 8.14 (s, 1H), 8.06 (d, J = 7.6 Hz, 1H), 7.62(br, 2H), 7.30 

(t, J = 3.2 Hz, 3H), 7.23 (d, J = 7.6 Hz, 1H), 7.14 (t, J = 7.2 Hz, 3H), 6.81 (d, J = 

7.6 Hz, 1H), 6.74 (s, 1H), 3.97-4.08 (m, 4H), 1.10 (t, J = 7.2 Hz, 3H), 1.03 (t, J 

= 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ(ppm) = 177.5, 155.9, 154.7, 

140.4, 133.1, 129.5, 129.0, 128.9, 128.3, 128.2, 127.1, 122.6, 110.0, 72.7, 

63.0, 61.9, 14.3, 14.0. IR (KBr): 3288, 2982, 2931, 1727, 1620, 1472, 1406, 

1377, 1341, 1243, 1097, 1061, 1021, 758, 699. HRMS (ESI) calcd for 

C20H21N3O5 (M+Na)+ 406.1379, found 506.1895. [α]29.6
D = +102.3 (c 0.5, 

CHCl3) HPLC (Daicel Chiralpak IA, i-PrOH/Hexane=30:70, 214 nm, 0.7 

mL/min): major 14.2 min, minor 10.9 min. Enantiomeric excess: 96%. 
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