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1. General information
1H and 13C NMR spectra were recorded with a Bruker AVANCE III- 400M or AVANCE NEO 500

(1H NMR 400, 500 MHz, 13C NMR 100 or 125 MHz). 1H NMR spectra are reported as follows: chemical

shift in ppm (δ) relative to the chemical shift of CHCl3 at 7.26 ppm or tetramethylsilane at 0 ppm,

integration, multiplicities (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), and coupling

constants (Hz). 13C NMR spectra reported in ppm (δ) relative to the central line of triplet for CDCl3 at 77

ppm. NMR yields were determined by 1H NMR by comparing the integration values of the internal

standard with product values on the condition with D1 of 1.0 s. The short D1 value was employed because

comparable product yields with that of D1 with 60.0 s in the reaction of Scheme 3 with 9b as a catalyst.

The diastereoselectivities of products were determined by comparison of 1H NMR integration of each

isomer on crude materials. ESI–MS spectra were obtained with a Thermo Fisher, Exactive. FTIR spectra

were recorded on a JASCO FT-IR system (FT/IR-460 Plus). Mp were measured with an AS ONE ATM-

02. Column chromatography on SiO2 and neutral SiO2 was performed with Kanto Silica Gel 60 (40–50

μm). All reactions were carried out under Ar atmosphere unless otherwise noted. Commercially available

compounds were used without further purification. All dehydrated solvents were purchased from Wako

Pure Chemical Industries, Ltd. or Nacalai Tesque, Inc., and were used without purification.
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2. Synthesis of catalysts 

Catalysts 9a–d were synthesized according to the reported procedure.1,2 

 

3. Synthesis of substrates 

Compounds 7a–d and 7f–j were prepared according to the reported procedure.3 

 

 

 

Synthesis of 7e 

 

1-Vinylindoline-2,3-dione (1.0 mmol, 1.0 equiv) and tert-butyl (triphenyl-λ5-phosphaneylidene)carbamate 

(1.1 mmol, 1.1 equiv) were dissolved to toluene (0.4 M), which was refluxed for 24 hours. The solvent 

was removed by evaporation to give the crude product, which was purified by column chromatography 

(silica gel, hexane/ethyl acetate) to afford 7e. 
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tert-Butyl (Z)-(2-oxo-1-vinylindolin-3-ylidene)carbamate (7e) 

Orange solid, 163.8 mg, 0.67 mmol, 67% 

m.p. =139-141 ℃; 1H-NMR (500 MHz, CHLOROFORM-D) δ 7.71 (d, J = 6.4 Hz, 1H), 7.54-7.50 (m, 

1H), 7.18-7.14 (m, 2H), 6.68 (dd, J = 15.9, 9.5 Hz, 1H), 5.82 (d, J = 15.9 Hz, 1H), 5.15 (d, J = 9.5 Hz, 

1H), 1.63 (s, 9H);13C-NMR (126 MHz, CHLOROFORM-D) δ 160.3, 156.1, 152.1, 146.3, 135.4, 125.2, 

124.6, 124.2, 119.4, 110.4, 105.6, 83.6, 28.0; HRMS (ESI+ in MeCN) calcd for C15H17O3N2 [M+H +] 

273.1234, found 273.1230; IR (KBr) ν 3005, 2977, 2937, 1743, 1685, 1614, 1469, 1368, 1275, 1152, 

1100, 794, 752, 456 cm-1 

 

Compounds 16a and 16b were purchased from TCI. 16d was synthesized according to the reported 

procedure.4 16c was synthesized according to the reported procedure5 and the 1H and 13C NMR data were 

matched with the reported values.6 

 

Methyl 2-cyanopropanoate (16c)6 

1H-NMR (500 MHz, CHLOROFORM-D) δ 3.84 (s, 3H), 3.57 (q, J = 9.3 Hz, 1H), 1.61 (d, J = 9.0 Hz, 

3H); 13C-NMR (126 MHz, CHLOROFORM-D) δ 166.9, 117.2, 53.5, 31.2, 15.2. 
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4. General procedure for the Mannich reaction 

・Catalyst screening (Scheme 1). 

 

Compound 7a (0.02 mmol, 1.0 equiv), 9 (1.0 mol %) and K2CO3 (0.02 mmol, 1.0 equiv) were added to a 

reaction vessel and the mixture cooled to −50 °C. After 5 minutes, toluene (0.025 M) was added slowly 

and the mixture stirred for 5 minutes. Then, 16a (0.10 mmol, 5.0 equiv) was added and the mixture was 

warmed to −40 °C and stirred for 2 hours. The reaction was quenched by saturated aqueous solution of 

ammonium chloride and extracted with CH2Cl2, dried over N a2SO4, and filtered. The solvent was 

removed by evaporation to give the crude product. The yields and diastereoselectivities were determined 

by 1H NMR using 1,3,5-trimethoxybenzene as an internal standard. 

 

Optimization of the reaction conditions (Table 1). 

 

Compound 7a (0.02 mmol, 1.0 equiv), 9a (1.0 mol %) and K2CO3 (0.02 mmol, 1.0 equiv) were added to a 

reaction vessel and the mixture was cooled to a temperature 10 °C lower than the test reaction 

temperature. After 5 minutes, solvent (0.025 M) was added slowly and the mixture stirred for 5 minutes. 

Then, 16a (0.10 mmol, 5.0 equiv) was added, the temperature increased to the test reaction temperature 

and stirred for 2 hours. The reaction was quenched by saturated aqueous solution of ammonium chloride 

and extracted with CH2Cl2, dried over Na2SO4, and filtered. The solvent was removed by evaporation to 

give the crude product. The yields and diastereoselectivities were determined by 1H NMR using 1,3,5-

trimethoxybenzene as an internal standard. 

  

S4



 

・N-Protecting group optimization (Scheme 2). 

 

Compound 7 (1.0 equiv), 9a (1.0 mol %) and K2CO3 (1.0 equiv) were added to a reaction vessel and the 

mixture cooled to −50 °C. After 5 minutes, toluene (0.025 M) was added slowly and the mixture stirred 

for 5 minutes. Then, 16a (5.0 equiv) was added, the mixture warmed to −40 °C and stirred for 2 hours. 

The reaction was quenched with saturated aqueous solution of ammonium chloride, extracted with 

CH2Cl2, dried over Na2SO4 and filtered. The solvent was removed by evaporation to give the crude 

product. The crude product was purified by column chromatography (silica gel, hexane/ethyl acetate) to 

give 17. 
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Ethyl 2-(1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-2-cyanopropanoate (17a) 

 

White solid, 38.5 mg, 0.083 mmol, 83% yield, dr 51 : 49, 77% ee, 77% ee 

m.p.= 118-120 °C ; 1H-NMR (500 MHz, CHLOROFORM-D) δ (diastereomixture) 7.45-7.41 (m, 2.5H), 

7.34-7.31 (m, 2.5H), 7.28-7.23 (m, 2H), 7.09-7.03 (m, 1H), 6.78-6.73 (m, 1H), 6.67 (s, 0.5H), 6.30 (s, 

0.5H), 5.04-4.86 (m, 2H), 4.51-4.35 (m, 1H), 4.32-4.21 (m, 1H), 1.76 (s, 1.5H), 1.41 (m, 3H), 1.29-1.23 

(m, 10.5H);13C-NMR (126 MHz, CHLOROFORM-D) δ (diastereomixture) 173.1, 172.4, 166.7, 166.2, 

153.6, 153.5, 143.6, 143.4, 135.2, 135.2, 130.34, 130.28, 128.71, 128.65, 127.70, 127.65, 127.623(2C), 

126.3, 125.5, 123.9, 123.3, 123.0, 122.7, 116.9, 116.4, 109.7, 109.6, 81.0, 80.8, 64.1, 63.9, 63.3, 63.2, 

48.9, 48.3, 44.7(2C), 28.04, 27.97, 18.3, 17.2, 13.9, 13.7; HRMS (ESI+ in MeCN) calcd for C26H30O5N3 

[M+H +] 464.2180, found 464.2179; IR (KBr) ν 3394, 2964, 2928, 1723, 1613, 1489, 1469, 1456, 1368, 

1260, 1163, 1011, 802, 697 cm-1; [α]20
D = +46.8 (c = 0.300, CHCl3); HPLC (CHIRALPAK ID column, 

hexane/2-propanol = 80/20, flow rate 1.0 mL/min, 25 ℃, 220 nm) Major- (tmajor = 19.0 min, tminor = 28.6 

min), Minor- (tmajor = 11.5 min, tminor = 13.6 min) 

 

Ethyl 2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17b) 

 

White solid, (cat 9a) 18.8 mg, 0.049 mmol, 81% yield, dr 59 : 41, 82% ee, 72% ee, (cat 9b) 125.7 mg, 

0.324 mmol (from 0.34 mmol of 7b), 95% yield, dr 66 : 34, 85% ee, 55% ee 

m.p.= 105-107 °C ; 1H-NMR (500 MHz, CHLOROFORM-D) δ (major) 7.41-7.36 (m, 1H), 7.33 (dd, J = 

7.5, 0.8 Hz, 1H), 7.12-7.07 (m, 1H), 6.88 (t, J = 7.0 Hz, 1H), 6.22 (s, 1H), 4.30-4.20 (m, 2H), 3.259 (s, 

3H), 1.74 (s, 3H), 1.26-1.23 (m, 12 H); δ (minor) 7.41-7.36 (m, 2H), 7.12-7.07 (m, 1H), 6.89-6.86 (m, 

1H), 6.58 (s, 1H), 4.49-4.32 (m, 2H), 3.253 (s, 3H), 1.53 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H), 1.25 (s, 9H); 
13C-NMR (126 MHz, CHLOROFORM-D) δ (major) 172.6, 166.6, 153.47, 144.3, 130.49, 125.5, 123.9, 
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122.7, 116.5, 108.59, 81.0, 63.9, 63.2, 49.1, 27.96, 26.58, 18.3, 13.7; δ (minor) 172.1, 166.5, 153.44, 

144.1, 130.47, 126.3, 123.2 , 122.9, 116.8, 108.57, 80.9, 64.1, 63.3, 48.4, 28.00, 26.63, 17.2, 13.9; HRMS 

(ESI+ in MeCN) calcd for C20H26O5N3 [M+H+] 388.1867, found 388.1867; IR (KBr) ν 3386, 3338, 2982, 

1725, 1611, 1494, 1368, 1255, 1173, 1089, 1017, 983, 762, 689, 540 cm-1;(cat 1a) [α]20
D = +49.3 (c = 

0.308, CHCl3), (cat 1b) [α]20
D = +42.0 (c = 0.197, CHCl3); HPLC (CHIRALPAK IA column, 

hexane/ethanol = 95/5, flow rate 1.0 mL/min, 25 ℃, 220 nm) Major- (tmajor = 14.0 min, tminor = 16.1 min), 

Minor- (tmajor = 8.4 min, tminor = 9.6 min) 

 

Ethyl 2-(3-((tert-butoxycarbonyl)amino)-2-oxo-1-phenylindolin-3-yl)-2-cyanopropanoate (17c) 

 

White solid, 22.8 mg, 0.051 mmol, 85% yield, dr 50 : 50, 49% ee, 54% ee 

m.p.= 129-131 °C ; 1H-NMR (500 MHz, CHLOROFORM-D) δ (diastereomixture) 7.55-7.51 (m, 2H), 

7.49-7.46 (m, 2H), 7.44-7.41 (m, 2H), 7.31-7.28 (m, 1H), 7.14-7.10 (m, 1H), 6.84-6.81 (m, 1H), 6.69 (s, 

0.5H), 6.31 (s, 0.5H), 4.49-4.33 (m, 1H),4.25 (q, J = 7.2 Hz, 1H), 1.86 (s, 1.5H), 1.65 (s, 1.5H), 1.38 (t, J 

= 7.2 Hz, 1.5H), 1.31-1.30 (m, 9H), 1.22  (t, J = 7.2 Hz, 1.5H) 13C-NMR (126 MHz, CHLOROFORM-D) 

δ (diastereomixture) 172.2, 171.6, 166.8, 166.5, 153.73, 153.69, 144.5, 144.4, 134.03, 134.01, 

130.331(2C), 129.657(2C), 128.39, 128.36, 126.63, 126.58, 126.1, 125.3, 124.2, 123.6, 123.2, 123.1, 

116.8, 116.5, 109.88, 109.82, 81.2, 81.0, 64.2, 64.0, 63.4, 63.3, 49.2, 48.6, 28.12, 28.05, 18.4, 17.3, 13.9, 

13.7; HRMS (ESI+ in MeCN) calcd for C21H27O5N3Na [M+Na+] 472.1843, found 472.1837; IR (KBr) ν 

3255, 3140, 2976, 2934, 1735, 1708, 1612, 1502, 1369, 1254, 1163 cm-1; [α]20
D = +30.8 (c = 0.530, 

CHCl3); HPLC (CHIRALPAK IA column, hexane/ethanol = 95/5, flow rate 1.0 mL/min, 25 ℃, 220 nm) 

Major- (tmajor = 6.8 min, tminor = 7.9 min), Minor- (tmajor = 9.9 min, tminor =12.7 min) 
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Ethyl-2-(3-((tert-butoxycarbonyl)amino)-2-oxo-1-tritylindolin-3-yl)-2-cyanopropanoate (17d) 

   

White solid, 17.0 mg, 0.028 mmol, 46% yield, dr 78 : 22, 54% ee, 73% ee 

m.p.= 136-138 °C ; 1H-NMR (500 MHz, CHLOROFORM-D) δ (major) 7.62-7.59 (m, 6H), 7.21-7.25 (m, 

7H), 7.19-7.15 (m, 3H), 7.03-7.00 (m, 1H), 6.96 (td, J = 7.5, 1.0 Hz, 1H), 6.51 (d, J = 8.3 Hz, 1H), 6.37 (s, 

1H), 4.40-4.32 (m, 1H), 4.237-4.17 (m, 1H), 1.76 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H), 1.21 (s, 9H); δ (minor); 

7.56-7.51 (m, 6H), 7.25-7.21 (m, 7H), 7.19-7.15 (m, 3H), 7.03-7.00 (m, 2H), 6.83 (s, 1H), 6.37-6.35 (m, 

1H), 4.40 -4.32 (m, 1H), 4.30-4.244 (m, 1H), 1.39 (s, 9H), 1.32 (t, J = 7.2, 3H), 0.77 (s, 3H); 13C-NMR 

(126 MHz, CHLOROFORM-D) δ (major) 175.4, 167.4, 153.7, 144.0, 141.76, 129.4, 128.8, 127.5, 126.70, 

125.9, 123.8, 122.3, 117.4, 116.4, 80.466, 75.6, 64.0, 63.93, 63.886, 48.4, 28.0, 19.0, 13.9; δ (minor) 

172.6, 165.9, 153.9, 143.5, 141.80, 129.1, 128.6, 127.9, 127.6, 126.76, 126.66, 122.8, 122.6, 117.6, 115.7, 

80.466, 75.3, 63.886, 63.3, 48.5, 28.2, 16.5, 13.8; HRMS (ESI+ in MeCN) calcd for C38H37O5N3Na 

[M+Na+] 638.2625, found 638.2627; IR (KBr) ν 3382, 3061, 2977, 2932, 1734, 1604, 1491, 1368, 1254, 

1160, 747, 704, 472 cm-1; [α]20
D = −14.4 (c = 0.531, CHCl3); HPLC (CHIRALPAK ID column, 

hexane/ethanol = 99/1, flow rate 1.0 mL/min, 25 ℃, 220 nm) Major- (tmajor = 15.3 min, tminor = 21.7 min), 

Minor- (tmajor = 9.7 min, tminor = 10.8 min) 

 

Ethyl-2-(3-((tert-butoxycarbonyl)amino)-2-oxo-1-vinylindolin-3-yl)-2-cyanopropanoate (17e) 

 

White solid, 14.8 mg, 0.037 mmol, 62% yield, dr 44 : 56, 71% ee, 79% ee 

m.p. = 103-105 °C ; 1H-NMR (500 MHz, CHLOROFORM-D) δ (major) 7.46 (d, J = 7.6 Hz, 1H), 7.43-

7.37 (m, 1H), 7.20-7.13 (m, 2H), 6.78-6.72 (m, 1H), 6.59 (s, 1H), 5.83-5.78 (m, 1H), 5.15-5.13 (m, 1H), 

4.49-4.34 (m, 2H), 1.49 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H), 1.22 (s, 9H); δ (minor) 7.43-7.37 (m, 2H), 7.20-
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7.13 (m, 2H), 6.78-6.72 (m, 1H), 6.15 (s, 1H), 5.83-5.78 (m, 1H), 5.15-5.13 (m, 1H), 4.29-4.17 (m, 2H), 

1.74 (s, 3H), 1.25-1.21 (m, 12H); 13C-NMR (126 MHz, CHLOROFORM-D) δ (major) 171.2, 166.1, 

153.32, 142.2, 130.50, 125.982, 125.3, 124.0, 123.4, 116.6, 109.79, 105.2, 81.2, 64.2, 63.2, 48.5, 27.90, 

17.3, 13.9; δ (minor) 171.6, 166.2, 153.37, 142.3, 130.55, 126.2, 125.982, 125.3, 124.2, 123.5, 116.3, 

109.76, 105.1, 81.4, 64.0, 62.6, 49.6, 27.93, 18.1, 13.7; HRMS (ESI+ in MeCN) calcd for C21H25O5N3Na 

[M+Na+] 422.1686, found 422.1678; IR (KBr) ν 3385, 3256, 3139, 2979, 1741, 1706, 1642, 1608, 1487, 

1468, 1367, 1253, 1162, 757 cm-1; [α]20
D = +37.3 (c = 0.204, CHCl3); HPLC (CHIRALPAK IA column, 

hexane/ethanol = 95/5, flow rate 1.0 mL/min, 25 ℃, 220 nm) Major- (tmajor = 8.2 min, tminor = 9.3 min), 

Minor- (tmajor = 15.8 min, tminor = 16.9 min) 

 

・Catalyst screening with 7b (Scheme 3). 

 

Compound 7b (0.02 mmol, 1.0 equiv), 9 (1.0 mol %) and K2CO3 (0.02 mmol, 1.0 equiv) were added to a 

reaction vessel and the mixture cooled to −50 °C. After 5 minutes, toluene (0.025 M) was added slowly 

and stirred for 5 minutes. Then, 16a (0.10 mmol, 5.0 equiv) was added and the mixture warmed to −40 °C 

and stirred for 2 hours. The reaction was quenched with saturated aqueous solution of ammonium 

chloride, extracted with CH2Cl2, dried over Na2SO4, and filtered. The solvent was removed by evaporation 

to give the crude product. The yields and diastereoselectivities were determined by 1H NMR using 1,3,5-

trimethoxybenzene as an internal standard. 
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・Substrate scope (Scheme 4). 

 

Compound 7 (0.06 mmol, 1.0 equiv), 9b (1.0 mol %) and K2CO3 (0.06 mmol, 1.0 equiv) were added to a 

reaction vessel and the mixture cooled to −50 °C. After 5 minutes, toluene (0.025 M) was added slowly 

and the mixture stirred for 5 minutes. Then, 16 (0.3 mmol, 5.0 equiv) was added, the mixture warmed to 

−40 °C and stirred for the appropriate time. The reaction was quenched with saturated aqueous solution of 

ammonium chloride, extracted with CH2Cl2, dried over Na2SO4, and filtered. The solvent was removed by 

evaporation to give the crude product. The crude product was purified by column chromatography (silica 

gel, hexane/ethyl acetate) to give 17. 

 

Ethyl 2-(3-((tert-butoxycarbonyl)amino)-1,5-dimethyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17f) 

 

Reaction time: 2 hours 

White solid, 21.0 mg, 0.052 mmol, 87% yield, dr 65 : 35, 85% ee, 58% ee 

m.p.= 118-120 °C ; 1H-NMR (500 MHz, CHLOROFORM-D) δ (major) 7.19-7.16 (m, 1H),7.123-7.118 

(m, 1H), 6.78-6.75 (m, 1H), 6.22 (s, 1H), 4.30-4.21 (m, 2H), 3.23 (s, 3H), 2.34 (s, 3H), 1.74 (s, 3H), 1.33-

1.11 (m, 12H); δ (minor); 7.19-7.16 (m, 2H), 6.78-6.75 (m, 1H), 6.56 (s, 1H), 4.50-4.44 (m, 1H), 4.37-

4.31 (m, 1H), 2.34 (s, 3H), 1.51 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H), 1.25 (s, 9H); 13C-NMR (126 MHz, 

CHLOROFORM-D) δ (major) 172.5, 166.7, 153.51, 141.9, 132.2, 130.75, 125.4, 124.6, 116.5, 108.33, 

81.0, 63.8, 63.3, 49.1, 27.98, 26.57, 21.17, 18.3, 13.7; δ (minor) 171.9, 166.5, 153.46, 141.7, 132.8, 

130.72, 126.3, 123.6, 116.8, 108.30, 80.8, 64.0, 63.4, 48.4, 28.02, 26.63, 21.16, 17.2, 13.9; HRMS (ESI+ 

in MeCN) calcd for C21H27O5N3Na [M+Na+] 424.1843, found 424.1837; IR (KBr) ν 3310, 2982, 2197, 
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1707, 1618, 1502, 1369, 1255, 1172, 985, 818, 553 cm-1; [α]20
D = +39.5 (c = 0.656, CHCl3); HPLC 

(CHIRALPAK IA-3 column, hexane/ethanol = 95/5, flow rate 1.0 mL/min, 25 ℃, 220 nm) Major- (tmajor = 

12.2 min, tminor = 16.1 min), Minor- (tmajor = 8.4 min, tminor = 9.6 min)  

 

Ethyl 2-(3-((tert-butoxycarbonyl)amino)-5-chloro-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17g) 

 

Reaction time: 2 hours 

White solid, 22.8 mg, 0.054 mmol, 90% yield, dr 65 : 35, 51% ee, 44% ee 

m.p.= 130-132 °C; 1H-NMR (500 MHz, CHLOROFORM-D) δ (major) 7.38-7.35 (m, 1H), 7.30 (d, J = 1.9 

Hz, 1H), 6.81 (d, J = 8.6 Hz, 1H), 6.28 (s, 1H), 4.30-4.26 (m, 2H), 3.25 (s, 3H), 1.74 (s, 3H), 1.36-1.26 

(m, 12H) δ (minor); 7.38-7.35 (m, 1H), 7.29 (d, J = 1.9 Hz, 1H), 6.82 (d, J = 8.3 Hz, 1H), 6.56 (s, 1H), 

4.51-4.45 (m, 1H), 4.38-4.33 (m, 1H), 3.25 (s, 3H), 1.61 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H), 1.29 (s, 9H); 
13C-NMR (126 MHz, CHLOROFORM-D) δ (major) 172.3, 166.5, 153.5, 142.9, 130.39, 128.1, 127.1, 

124.3, 116.1, 109.582, 81.4, 64.1, 63.21, 48.8, 28.00, 26.70, 18.3, 13.7; δ (minor) 171.6, 166.6, 153.4, 

142.7, 130.41, 128.5, 128.0, 123.4, 116.3, 109.582, 81.2, 64.3, 63.16, 48.3, 28.04, 26.77, 17.2, 13.9; 

HRMS (ESI+ in MeCN) calcd for C20H24O5N3ClNa [M+Na+] 444.1297, found 444.1286; IR (KBr) ν 3316, 

2984, 2940, 1709, 1609, 1489, 1369, 1260, 1171, 820, 546 cm-1; [α]20
D = +14.4 (c = 0.400, CHCl3); HPLC 

(CHIRALPAK IA-3 column, hexane/2-propanol = 97/3, flow rate 1.0 mL/min, 25 ℃, 220 nm) Major- 

(tmajor = 24.8 min, tminor = 30.5 min), Minor- (tmajor = 20.4 min, tminor = 14.8 min)  

 

Ethyl 2-(6-bromo-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17h) 
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Reaction time: 2 hours 

White solid, 25.4 mg, 0.055 mmol, 91% yield, dr 60 : 40, 66% ee, 34% ee 

m.p.= 117-119 °C; 1H-NMR (500 MHz, CHLOROFORM-D) δ (major) 7.25-7.19 (m, 2H), 7.02 (d, J = 1.3 

Hz, 1H), 6.20 (s, 1H), 4.31-4.21 (m, 2H), 3.239 (s, 3H), 1.74 (s, 3H), 1.28-1.25 (m, 12H) δ (minor) 7.25-

7.19 (m, 2H), 7.04 (d, J = 1.3 Hz, 1H), 6.59 (s, 1H), 4.48- 4.41 (m, 1H), 4.39 - 4.33 (m, 1H) 3.235 (s, 3H), 

1.54 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H), 1.28 (s, 9H); 13C-NMR (126 MHz, CHLOROFORM-D) δ (major) 

171.9, 166.4, 153.48, 145.6, 125.546, 125.1, 124.4, 124.2, 116.2, 112.230, 81.4, 64.0, 62.9, 48.9, 28.01, 

26.72, 18.3, 13.7; δ (minor) 172.5, 166.3, 153.46, 145.5, 126.0, 125.546, 124.5, 124.3, 116.5, 112.230, 

81.2, 64.3, 63.1, 48.2, 28.05, 26.78, 17.2, 13.9; HRMS (ESI+ in MeCN) calcd for C20H25O5N3Br [M+H+] 

466.0972, found 466.0971; IR (KBr) ν 3374, 2996, 2980, 2941, 1734, 1608, 1495, 1367, 1281, 1164, 1016 

cm-1; [α]20
D = +10.3 (c = 0.320, CHCl3); HPLC (CHIRALPAK IA-3 column, hexane/2-propanol = 97/3, 

flow rate 0.9 mL/min, 25 ℃, 220 nm) Major- (tmajor = 23.1 min, tminor = 32.7 min), Minor- (tmajor = 15.8 

min, tminor = 14.7 min) 

 

Ethyl 2-(3-((tert-butoxycarbonyl)amino)-7-chloro-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17i) 

 

Reaction time: 2 hours 

White solid, 22.66 mg, 0.054 mmol, 90% yield, dr 61 : 39, 79% ee, 42% ee 

m.p.= 115-117 °C; 1H-NMR (500 MHz, CHLOROFORM-D) δ (major); 7.32-7.29 (m, 1H), 7.24 (dd, J = 

7.6, 1.0 Hz, 1H), 7.04-6.98 (m, 1H), 6.19 (s, 1H), 4.30-4.20 (m, 2H), 3.619 (s, 3H), 1.73 (s, 3H), 1.27-1.23 

(m, 12H); δ (minor) 7.32-7.29 (m, 2H), 7.04-6.98 (m, 1H), 6.60 (s, 1H), 4.48 -4.32 (m, 2H), 3.609 (s, 3H), 

1.49 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H), 1.27 (s, 9H); 13C-NMR (126 MHz, CHLOROFORM-D) δ (major) 

173.0, 166.2, 153.371, 140.2, 132.77, 128.5, 123.3, 122.3, 116.23, 116.15, 81.4, 64.0, 62.6, 49.3, 30.05, 

27.96, 18.2, 13.7; δ (minor) 172.5, 166.1, 153.371, 140.1, 132.79, 129.3, 123.9, 121.4, 116.5, 116.18, 

81.2, 64.3, 63.0, 48.4, 30.08, 28.00, 17.2, 13.9; HRMS (ESI+ in MeCN) calcd for C20H24O5N3ClNa 

[M+Na+] 444.1297, found 444.1288. ; IR (KBr) ν 3385, 2991, 1734, 1610, 1466, 1367, 1257, 1164, 1111, 

1056, 739 cm-1; [α]20
D = +16.8 (c = 0.198, CHCl3); HPLC (CHIRALPAK IA-3 column, hexane/2-
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propanol = 94/6, flow rate 1.0 mL/min, 25 ℃, 220 nm) Major- (tmajor = 37.6 min, tminor = 35.4 min), Minor- 

(tmajor = 10.0 min, tminor = 12.0 min) 

 

Ethyl 2-(3-(((benzyloxy)carbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17j) 

 

Reaction time: 2 hours 

White solid, 18.22mg, 0.052 mmol, 72% yield, dr 58 : 42, 23% ee, 16% ee 

m.p.= 71-73°C ; 1H-NMR (500 MHz, CHLOROFORM-D) δ (major) 7.43-7.32 (m, 5H), 7.21 (br, 2H), 

7.13-7.08 (m, 1H), 6.85 (br, 1H), 6.60 (s, 1H), 5.02-4.90 (m, 2H) , 4.31-4.22 (m, 2H), 3.21 (s, 3H), 1.72 (s, 

3H), 1.25 (t, J = 7.2 Hz, 3H); δ (minor) 7.43 -7.32 (m, 5H), 7.21 (br, 2H), 7.13 -7.08 (m, 1H), 6.93 (s, 1H), 

6.85 (br, 1H), 5.02-4.90 (m, 2H), 4.47-4.40 (m, 1H), 4.39 -4.33 (m, 1H), 3.21 (s, 3H), 1.56 (s, 3H), 1.37 (t, 

J = 7.2 Hz, 3H); 13C-NMR (126 MHz, CHLOROFORM-D) δ (major) 172.3, 166.562, 154.28, 144.4, 

135.2, 130.76, 128.482, 128.280, 128.17, 124.7, 124.0, 122.8, 116.2, 108.764, 67.57, 64.0, 63.2, 48.8, 

26.57, 18.2, 13.7; δ (minor) 171.7, 166.562, 154.24, 144.2, 135.3, 130.75, 128.482, 128.32, 128.280, 

125.7, 123.3, 123.1, 116.5, 108.764, 67.49, 64.2, 63.3, 48.2, 26.64, 17.2, 13.9 HRMS (ESI+ in MeCN) 

calcd for C23H23O5N3Na [M+Na+] 444.1530, found 444.1518; IR (KBr) ν 3374, 2937, 1730, 1613, 1495, 

1374, 1255, 1089, 1002, 755, 699 cm-1; [α]20
D = +2.8 (c = 0.240, CHCl3); HPLC (CHIRALPAK AD-H 

column, hexane/ethanol = 96.5/3.5, flow rate 1.0 mL/min, 25 ℃, 220 nm) Major- (tmajor = 73.5 min, tminor = 

67.9 min), Minor- (tmajor = 30.5 min, tminor = 52.2 min) 

 

Ethyl 2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-cyano-2-phenylacetate (17k) 

 

Reaction time: 2 hours 
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White solid, 25.43 mg, 0.057 mmol, 94% yield, dr 92 : 8, 40% ee, 18% ee 

m.p.= 150-152 °C ; 1H-NMR (500 MHz, CHLOROFORM-D) δ (major) 7.41-7.28 (m, 6H), 6.92-6.87 (m, 

2H), 6.69 (d, J = 7.6 Hz, 2H), 4.43 -4.30 (m, 2H), 3.04 (s, 3H), 1.30 (t, J = 7.0 Hz, 3H), 1.23 (s, 9H); δ 

(minor) 7.47-7.45 (m, 1H), 7.21-7.18 (m, 3H), 7.02 (td, J = 7.5, 1.0 Hz, 2H), 6.92-6.87 (m, 2H), 6.49 (d, J 

= 7.6 Hz, 2H), 4.57-4.45 (m, 2H), 3.04 (s, 3H), 1.38 (t, J = 7.2 Hz, 3H), 1.23 (s, 9H);13C-NMR (126 MHz, 

CHLOROFORM-D) δ (major) 172.6, 165.8, 153.7, 144.6, 130.3, 129.7, 128.8, 128.13, 128.03, 125.6, 

124.6, 122.1, 114.9, 108.2, 80.8, 66.0, 64.3, 58.1, 28.0, 26.3, 13.7; HRMS (ESI+ in MeCN) calcd for 

C25H27O5N3Na [M+Na+] 472.1843, found 472.1825; IR (KBr) ν 3370, 3265, 3149, 3061, 2979, 2932, 

1706, 1613, 1491, 1372, 1247, 1160, 1017, 754, 696 cm-1; [α]20
D = +20.0 (c = 0.303, CHCl3); HPLC 

(CHIRALPAK ID column, hexane/ethanol = 95/5, flow rate 1.0 mL/min, 25 ℃, 220 nm) Major- (tmajor 

=27.5 min, tminor = 30.7 min), Minor- (tmajor = 17.9 min, tminor = 23.8 min) 

 

Methyl 2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17l) 

 

Reaction time: 2 hours 

White solid, 20.55 mg, 0.055 mmol, 92% yield, dr 65 : 35, 86% ee, 63% ee 

m.p.= 131-133 °C; 1H-NMR (500 MHz, CHLOROFORM-D) δ (major) 7.41-7.37 (m, 1H), 7.29 (dd, J = 

7.5, 0.8 Hz, 1H), 7.12-7.07 (m, 1H), 6.88 (d, J = 7.6 Hz, 1H), 6.24 (s, 1H), 3.83 (s, 3H), 3.26 (s, 3H), 1.74 

(s, 3H), 1.24 (s, 9H); δ (minor) 7.41-7.37 (m, 1H), 7.34 (d, J = 7.3 Hz, 1H), 7.12-7.07 (m, 1H), 6.88 (d, J 

= 7.6 Hz, 1H), 6.52 (s, 1H), 3.93 (s, 3H), 3.25 (s, 3H), 1.55 (s, 3H), 1.24 (s, 9H); 13C-NMR (126 MHz, 

CHLOROFORM-D) δ (major) 172.8, 167.4, 153.5, 144.3, 130.53, 125.3, 123.9, 122.75, 116.2, 108.7, 

81.1, 63.4, 54.2, 48.8, 27.95, 26.58, 18.3; δ (minor) 172.0, 167.2, 153.4, 144.1, 130.49, 126.3, 123.3, 

122.77, 116.6, 108.6, 80.9, 63.3, 54.3, 48.5, 27.98, 26.64, 17.2; HRMS (ESI+ in MeCN) calcd for 

C19H23O5N3Na [M+Na+] 396.1530, found 396.1523; IR (KBr) ν 3398, 2982, 1720, 1611, 1493, 1374, 

1256, 1171, 1087, 1025, 977, 762, 690, 539 cm-1; [α]20
D = +39.5 (c = 0.200, CHCl3); HPLC 

(CHIRALPAK IA-3 column, hexane/ethanol = 97/3, flow rate 1.0 mL/min, 25 ℃, 220 nm) Major- (tmajor = 

26.1 min, tminor = 34.0 min), Minor- (tmajor = 16.2 min, tminor = 18.6 min)  
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tert-Butyl-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17m) 

 

Reaction time: 24 hours 

White solid, 22.71 mg, 0.055 mmol, 91% yield, dr 32 : 68, 71% ee, 52% ee 

m.p.= 150-152 °C ; 1H-NMR (500 MHz, CHLOROFORM-D) δ (major) 7.43-7.35 (m, 2H), 7.12-7.07 (m, 

1H), 6.87 (d, J = 7.6 Hz, 1H), 6.70 (s, 1H), 3.25 (s, 3H), 1.60 (s, 9H), 1.46 (s, 3H), 1.24 (s, 9H), δ (minor); 

7.43-7.35 (m, 2H), 7.12-7.07 (m, 1H), 6.84 (d, J = 7.9 Hz, 1H), 6.11 (s, 1H), 3.24 (s, 3H), 1.74 (s, 3H), 

1.38 (s, 9H), 1.27 (s, 9H);13C-NMR (126 MHz, CHLOROFORM-D) δ (major) 172.2, 164.87, 153.5, 

144.1, 130.37, 126.6, 123.1(2C), 117.1, 108.46, 86.6, 80.7, 63.3, 48.8, 28.03, 27.7, 26.6, 17.3; δ (minor) 

172.5, 164.87, 153.4, 144.3, 130.35, 125.8, 123.9, 122.6, 117.0, 108.46, 85.8, 80.7, 62.5, 50.2, 27.96, 27.4, 

26.5, 18.2; HRMS (ESI+ in MeCN) calcd for C22H29O5N3K [M+K+] 454.1739, found 454.1733; IR (KBr) 

ν 3442, 3267, 3141, 2971, 2937, 1701, 1612, 1475, 1371, 1278, 1160, 754 cm-1; [α]20
D = +45.2 (c = 0.305, 

CHCl3); HPLC (CHIRALPAK IA-3 column, hexane/ethanol = 97/3, flow rate 1.0 mL/min, 25 ℃, 254 

nm) Major- (tmajor = 7.36 min, tminor = 9.46 min), Minor- (tmajor =16.4 min, tminor = 22.8 min) 
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5. 1H-, 13C-NMR spectra and HPLC charts.
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・1H-NMR and HPLC charts of 17a for Scheme 1. 

Without Catalyst (65% yield, dr 28 : 72) 

 

 

 

 

1,3,5-trimethoxybenzene: 3.0 mg 

7a: 0.020 mmol 
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1,3,5-trimethoxybenzene: 3.2 mg 

7a: 0.020 mmol 

 Catalyzed by 9a (83% yield, dr 51 : 49) 
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1,3,5-trimethoxybenzene: 3.4 mg 

7a: 0.020 mmol 

 Catalyzed by 9b (79% yield, dr 70 : 30) 

 

 

 

 

 (T
ho

us
an

ds
)

0
10

.0
20

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

6.
67

3

6.
31

8
6.

08
9

0.
00

0

3.
00

0.
54

0.
23

S21



 

1,3,5-trimethoxybenzene: 2.9 mg 

7a: 0.020 mmol 

Catalyzed by 9c (63% yield, dr 24 : 76)  
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1,3,5-trimethoxybenzene: 3.2 mg 

7a: 0.020 mmol 

1H-NMR and HPLC charts of 17a for Table 1. 

 Entry 1 (Toluene) (83% yield, dr 51 : 49) 
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1,3,5-trimethoxybenzene: 3.8 mg 

7a: 0.020 mmol 

Entry 2 (Et2O) (76% yield, dr 57 : 43) 
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1,3,5-trimethoxybenzene: 3.0 mg 

7a: 0.020 mmol 

Entry 3 (CH2Cl2) (76% yield, dr 58 : 42)  
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1,3,5-trimethoxybenzene: 3.4 mg 

7a: 0.020 mmol 

Entry 4 (THF) (77% yield, dr 58 : 42)  
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1,3,5-trimethoxybenzene: 3.1 mg 

7a: 0.020 mmol 

Entry 5 (CHCl3) (68% yield, dr 60 : 40) 
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1,3,5-trimethoxybenzene: 3.5 mg 

7a: 0.020 mmol 

Entry 6 (CH3CN) (90% yield, dr 70 : 30) 
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1,3,5-trimethoxybenzene: 4.0 mg 

7a: 0.020 mmol 

Entry 7 (0 °C) (84% yield, dr 25 : 75) 
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1,3,5-trimethoxybenzene: 3.4 mg 

7a: 0.020 mmol 

Entry 8 (−20 °C) (90% yield, dr 52 : 48) 
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1,3,5-trimethoxybenzene: 3.9 mg 

7a: 0.020 mmol 

Entry 9 (−80 °C, 96 h) (57% yield, dr 40 : 60) 
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1,3,5-trimethoxybenzene: 3.5 mg 

7a: 0.020 mmol 

Entry 10 (10 mol% of K2CO3) (87% yield, dr 51 : 49) 
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1,3,5-trimethoxybenzene: 3.6 mg 

7a: 0.020 mmol 

Entry 11 (5 mol% of 9a) (82% yield, dr 51 : 49) 
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1,3,5-trimethoxybenzene: 3.4 mg 

7a: 0.020 mmol 

Entry 12 (1.5 equiv of 16a) (68% yield, dr 54 : 46) 
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1,3,5-trimethoxybenzene: 4.0 mg 

7a: 0.020 mmol 

Entry 13 (Toluene 0.1M) (74% yield, dr 50 : 50) 
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Racemic sample of 17a 

 

 

 

17a catalyzed by 9a 
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Racemic sample of 17b 

 

 

 

 

17b catalyzed by 9a 
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17b catalyzed by 9b (Scheme 4) 
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17b catalyzed by 9b (Scheme 4) 
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Racemic sample of 17c 

 

 

 
17c catalyzed by 9a 
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Racemic sample of 17d 
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Racemic sample of 17e 

 

 

 

17e catalyzed by 9a 
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1,3,5-trimethoxybenzene: 4.7 mg 

7b: 0.020 mmol 

・1H-NMR and HPLC charts of 17b for Scheme 3. 

Without catalyst (65% yield, dr 19 : 81) 
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1,3,5-trimethoxybenzene: 5.2 mg 

7b: 0.020 mmol 

Catalyzed by 9a (81% yield, dr 59 : 41) 
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Catalyzed by 9b (98% yield, dr 67 : 33)  

 

1,3,5-trimethoxybenzene: 4.2 mg 

7b: 0.020 mmol 

D1 = 1.0 sec. 

1,3,5-trimethoxybenzene: 4.2 mg 

7b: 0.020 mmol 

D1 = 60.0 sec. 
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1,3,5-trimethoxybenzene: 3.5 mg 

7b: 0.020 mmol 

Catalyzed by 9c (72% yield, dr 42 : 58) 
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Catalyzed by 9d (39% yield, dr 19 : 81)  

 

 

1,3,5-trimethoxybenzene: 7.2 mg 

7b: 0.020 mmol 

S53



 

Catalyzed by 9e (96% yield, dr 29 : 71)  

 
  

1,3,5-trimethoxybenzene: 4.7 mg 

7b: 0.020 mmol 
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Racemic sample of 17f 

 

 
 

17f catalyzed by 9b 

 

 

 

 

S56



 

 

 
 

 

 

 

 

 

 (M
ill

io
ns

)
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

X : parts per Million : 13C

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

17
2.

31
9

17
1.

58
8

16
6.

56
2

16
6.

49
4

15
3.

48
7

15
3.

41
9

14
2.

91
5

14
2.

74
2

13
0.

41
7

13
0.

38
9

12
8.

54
0

12
8.

12
6

12
8.

01
0

12
7.

11
5

12
4.

34
2

12
3.

37
9

11
6.

34
1

11
6.

09
1

10
9.

58
2

81
.3

81
81

.2
27

77
.0

00

64
.3

00
64

.0
50

63
.2

12
63

.1
64

48
.7

80
48

.2
98

28
.0

40
28

.0
02

26
.7

70
26

.7
02

18
.2

87
17

.2
09

13
.8

87
13

.7
14

 (M
ill

io
ns

)
0

10
.0

20
.0

30
.0

40
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

7.
37

7
7.

37
1

7.
36

7
7.

36
0

7.
35

4
7.

35
0

7.
30

4
7.

30
0

7.
29

3
7.

29
0

6.
83

0
6.

81
7

6.
81

4
6.

80
0

6.
56

3
6.

27
5

4.
51

0
4.

49
6

4.
48

9
4.

48
1

4.
47

4
4.

46
7

4.
46

0
4.

44
5

4.
37

6
4.

36
2

4.
35

5
4.

34
7

4.
34

0
4.

33
3

4.
32

6
4.

31
2

4.
30

9
4.

30
1

4.
29

4
4.

28
7

4.
28

0
4.

27
2

4.
26

5
4.

25
8

4.
25

1
3.

24
7

1.
74

1
1.

61
4

1.
40

8
1.

39
4

1.
38

0
1.

29
3

1.
28

6
1.

27
8

1.
26

4
0.

00
0

10
.9

8

3.
06

1.
95

1.
29

1.
05

1.
05

1.
00

0.
98

0.
65

0.
63

0.
36

0.
35

0.
35

0.
34

N
Me

* O

NHBoc*Me
CO2EtNC

17g

Cl

S57



 

Racemic sample of 17g 

  

 

 

17g catalyzed by 9b 

 

 

 

S58



 

 

 
 

 

 

 

 

 

 (M
ill

io
ns

)
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

X : parts per Million : 13C

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

17
2.

53
1

17
1.

90
5

16
6.

42
7

16
6.

34
0

15
3.

47
7

15
3.

45
8

14
5.

58
2

14
5.

47
6

12
6.

01
7

12
5.

54
6

12
5.

13
2

12
4.

44
8

12
4.

37
1

12
4.

31
3

12
4.

20
7

11
6.

54
3

11
6.

23
5

11
2.

23
0

81
.3

62
81

.1
79

77
.0

00

64
.2

62
64

.0
21

63
.0

87
62

.8
75

48
.9

14
48

.1
63

28
.0

50
28

.0
12

26
.7

79
26

.7
21

18
.2

68
17

.2
09

13
.8

87
13

.7
14

 (M
ill

io
ns

)
0

2.
0

4.
0

6.
0

8.
0

10
.0

12
.0

14
.0

16
.0

18
.0

20
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

7.
25

1
7.

24
8

7.
23

5
7.

23
2

7.
22

7
7.

21
9

7.
21

6
7.

20
4

7.
18

9
7.

03
7

7.
03

5
7.

03
3

7.
02

2
7.

02
0

6.
58

5
6.

20
4

4.
47

6
4.

46
2

4.
45

5
4.

44
7

4.
44

0
4.

43
3

4.
42

6
4.

41
2

4.
38

9
4.

37
5

4.
36

8
4.

36
1

4.
35

3
4.

34
6

4.
33

9
4.

32
5

4.
30

9
4.

29
4

4.
28

7
4.

28
4

4.
28

0
4.

27
3

4.
26

5
4.

25
9

4.
25

2
4.

24
5

4.
23

8
4.

23
1

4.
22

4
4.

21
0

3.
23

9
3.

23
5

1.
73

8
1.

54
0

1.
40

1
1.

38
8

1.
37

3
1.

28
1

1.
27

7
1.

26
2

1.
24

8
0.

00
0

10
.8

3

2.
00

1.
84

1.
80

1.
23

1.
20

1.
20

1.
19

0.
60

0.
60

0.
40

0.
40

0.
40

0.
40

N
Me

* O

NHBoc*Me
CO2EtNC

17h

Br

S59



 

Racemic sample of 17h 

 

 

 

17h catalyzed by 9b 
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Racemic sample of 17i 

 

 

 

17i catalyzed by 9b 
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