
S1 
 

Supporting Information 

 

Cinchona Alkaloid Thiourea Mediated Asymmetric Mannich Reaction 

of Isocyanoacetates with Isatin-Derived Ketimines and Subsequent 

Cyclization: Enantioselective Synthesis of Spirooxindole Imidazolines 

 

Mei-Xin Zhao,†,‡,* Lei Jing,† Hao Zhou,† Min Shi†,§ 

† Key Laboratory for Advanced Materials and Institute of Fine Chemicals, East China University of Science and 

Technology, 130 Mei Long Road, Shanghai, 200237, P. R. China. 

Fax: +86-21-34201699; E-mail: mxzhao@ecust.edu.cn 
‡ CAS Key Laboratory of Molecular Recognition and Function, Institute of Chemistry, Chinese Academy of Sciences, 

Beijing 100190, P. R. China 
§ State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of 

Sciences, 354 Fenglin Road, Shanghai 200032, P. R. China. 

 

 

 

 

 

 

 

Table of Contents 

 

1. General methods                  S2 

2. General procedure for the asymmetric Mannich reaction of isocyanoacetates 1 with isatin 

derived ketimines 2 and characterization data of 4          S2 

3. Optimization reaction conditions for cyclization of adduct 4a        S11 

4. General procedure for the cyclization of adduct 4 and characterization data of 5   S12 

5. X-Ray crystal data of compound 4p and 5g            S17  

6. Copies of HPLC analysis spectra of compounds 4 and 5               S19 

7. Copies of NMR spectra for the compounds 4 and 5          S49 

 

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2015



S2 
 

1. General Methods 

NMR spectra were recorded with a Bruker AVANCE 400 MHz spectrometer in CDCl3 with 

tetramethylsilane (TMS) as the internal standard; J values are given in Hz. IR spectra were recorded 

with a Bruker tensor 27 infrared spectrometer. Chiral HPLC was performed with a Shimadzu 

SPD-10A series instrument with chiral columns. HRMS (ESI) were recorded with a Waters LCT 

Premier XE spectrometer. Optical rotations were determined using a PolAAr 3005 High Accuracy 

Polarimeter; []D-values are given in units of 10-1 deg cm2 g-1. Flash column chromatography was 

performed on silica gel (300-400 mesh). Melting points were measured with a digital apparatus. 

Unless otherwise noted, all commercially obtained reagents were used without further purification. 

All reactions were carried out in air in a closed system. All reactions were carried out under air in a 

closed system. Isocyanoacetates 2[1], isatinimines 3[2] and catalysts 1a-f[3] were prepared using 

literature method. Racemic Mannich adducts 4 for chiral HPLC analysis were prepared from the 

corresponding isocyanoacetates 2 (0.24 mmol) and isatinimine 3 (0.20 mmol) in the presence of 

DABCO (0.02 mmol) in 1.0 mL of CHCl3 at -15ºC. Racemic spirooxindole imidazolines 5 were 

obtained from the cyclization of the above corresponding racemic Mannich adducts 4 catalyzed by 

DABCO (10 mol%) in 0.5 mL of CHCl3 at the room temperature.  

 

2. General procedure for the asymmetric Mannich reaction of isocyanoacetates 1 with isatin 

derived ketimines 2 and characterization data of 4 

To the solution of isocyanoacetates 2 (0.30 mmol) and isatin derived ketimines 3 (0.20 mmol) in 

CHCl3 (0.5 mL) was added cat. 1d (11.9 mg, 0.02 mmol), the resulting mixture was stirred at -15ºC 

for 24h until the reaction completed (monitored by TLC). After concentration, the residue was 

directly subjected to flash column chromatography on silica gel (petroleum ether / ethyl acetate = 

4:1 as eluent) to furnish the corresponding products 4. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano-2- 

phenylacetate 4a: 

Yield: 76.0 mg (87 %). >20:1 dr. White solid, Mp: 154.4-154.8 ºC. []D
25 = 

-52.6 (c =1.0, CH2Cl2) (92 % ee); Chiralcel OD-H, Hexane/ isopropanol = 90/10, 

0.5 mL/min, 254 nm, tmajor = 13.56 min, tminor = 15.83 min; 1H NMR (400 MHz, 
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CDCl3)  7.54 (d, J = 7.6 Hz, 2H), 7.49-7.45 (m, 1H), 7.42-7.38 (m, 2H), 7.30 (td, J = 8.0, 1.2 Hz, 

1H), 7.06 (s, 1H), 6.81-6.79 (m, 2H), 6.18 (s, 1H), 3.92 (s, 3H), 3.19 (s, 3H), 1.21 (s, 9H); 13C NMR 

(100 MHz, CDCl3)  173.2, 166.5, 165.1, 153.7, 144.9, 130.2, 129.9, 128.6, 128.1, 127.6, 125.4, 

123.9, 121.8, 108.2, 80.7, 71.2, 67.3, 54.5, 27.8, 26.3. IR (film)  3366, 2136, 1725, 1614, 1473, 

1371, 1353, 1255, 1163  cm-1; HRMS (TOF-ESI) Calcd. for C24H25N3NaO5 [M+Na]+: 458.1692; 

found: 458.1715. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-(4- 

fluorophenyl)-2-isocyanoacetate 4b: 

Yield: 68.6 mg (76 %). >20:1 dr. White solid. Mp: 128.2-129.4 ºC; []D
25 = 

-37.4 (c = 0.25, CH2Cl2) (98 % ee); Chiralcel OD-H, Hexane/ isopropanol = 95/5, 

0.5 mL/min, 254 nm, tmajor = 21.33 min, tminor = 26.64 min; 1H NMR (400 MHz, 

CDCl3)  7.54-7.50 (m, 2H), 7.32 (t, J = 8.0 Hz, 1H), 7.08 (t, J = 8.4 Hz, 2H), 

6.97 (s, 1H), 6.85 (t, J = 8.0 Hz, 1H), 6.81 (d, J = 7.6 Hz, 1H), 6.26 (s, br., 1H), 

3.93 (s, 3H), 3.19 (s, 3H), 1.22 (s, 9H); 13C NMR (100 MHz, CDCl3)  173.0, 166.5, 165.6, 163.5 (J 

= 249.6 Hz), 153.7, 145.0, 130.4, 129.9 (d, J = 8.5 Hz), 125.4, 124.6 (J = 3.3 Hz), 123.7, 122.0, 

115.1 (J = 21.6 Hz), 108.4, 80.9, 70.8, 67.3, 54.7, 27.9, 26.4; 19F NMR (376 MHz, CDCl3)  -111.1 

ppm. IR (film)  3365, 2138, 1728, 1614, 1510, 1473, 1371, 1255, 1168 cm-1; HRMS (TOF-ESI) 

Calcd. for C24H24FN3NaO5 [M+Na]+: 476.1598; found: 476.1635. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-(4-chloro 

phenyl)-2-isocyanoacetate 4c: 

Yield: 70.0 mg (75 %). >20:1 dr. White solid. Mp: 127.6-128.4 ºC; []D
25 = 

-52.2 (c = 0.25, CH2Cl2) (90 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5, 

0.5 mL/min, 254 nm, tmajor = 21.33 min, tminor = 26.64 min; 1H NMR (400 MHz, 

CDCl3)  7.47 (d, J = 8.0 Hz, 1H), 7.37 (d, J = 8.8 Hz, 2H), 7.33 (t, J = 8.0 Hz, 

1H), 6.97 (s, 1H), 6.86 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 7.6 Hz, 1H), 6.27 (s, br., 

1H), 3.93 (s, 3H), 3.19 (s, 3H), 1.22 (s, 9H); 13C NMR (100 MHz, CDCl3)  173.0, 166.4, 165.7, 

153.7, 145.0, 136.4, 130.5, 129.2, 128.3, 127.3, 125.4, 123.7, 122.0, 108.4, 80.9, 70.8, 67.2, 54.7, 

27.9, 26.4; IR (film)  3371, 2137, 1729, 1614, 1494, 1371, 1257, 1163, 1099 cm-1; HRMS 
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(TOF-ESI) Calcd. for C24H24ClN3NaO5 [M+Na]+: 492.1302; found: 492.1344. 

 

(R)-Methyl 2-(4-bromophenyl)-2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin- 

3-yl)-2-isocyanoacetate 4d: 

Yield: 73.0 mg (71 %). >20:1 dr. White solid. Mp: 97.5-98.2 ºC; []D
25 = -67.3 

(c = 0.25, CH2Cl2) (90 % ee); Chiralpak IC-H, Hexane/isopropanol = 80/20, 0.5 

mL/min, 254 nm, tmajor = 40.72 min, tminor = 36.23 min; 1H NMR (400 MHz, 

CDCl3)  7.53 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.33 (t, J = 8.0 Hz, 

1H), 6.97 (s, 1H), 6.86 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 6.27 (s, br., 

1H), 3.92 (s, 3H), 3.19 (s, 3H), 1.21 (s, 9H); 13C NMR (100 MHz, CDCl3)  172.9, 166.2, 165.7, 

153.6, 144.9, 131.2, 130.4, 129.4, 127.8, 125.3, 124.7, 123.6, 122.0, 108.4, 80.8, 70.9, 67.1, 54.7, 

27.8, 26.4; IR (film)  3365, 2138, 1729, 1614, 1492, 1371, 1260, 1162 cm-1; HRMS (TOF-ESI) 

Calcd. for C24H25BrN3NaO5 [M+H]+: 514.0978; found: 514.0975. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano-2- 

(p-tolyl)acetate 4e: 

Yield: 74.8 mg (83 %). >20:1 dr. White solid. Mp: 139.9-140.5 ºC; []D
25 = 

-59.3 (c = 0.25, CH2Cl2) (88 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5, 

0.7 mL/min, 254 nm, tmajor =14.14 min, tminor = 16.64 min; 1H NMR (400 MHz, 

CDCl3)  7.42 (d, J = 8.2 Hz, 2H), 7.31 (t, J = 7.6 Hz, 1H), 7.21 (d, J = 8.4 Hz, 

2H), 7.06 (s, 1H), 6.82 (t, J = 7.2 Hz, 2H), 6.18 (s, br., 1H), 3.91 (s, 3H), 3.22 (s, 

3H), 2.40 (s, 3H), 1.20 (s, 9H); 13C NMR (100 MHz, CDCl3)  173.3, 166.7, 164.8, 153.7, 145.0, 

140.1, 130.2, 128.9, 127.6, 125.7, 125.5, 124.0, 121.8, 108.2, 80.6, 71.2, 67.3, 54.5, 27.9, 26.4, 21.0; 

IR (film)  3363, 2130, 1726, 1614, 1472, 1371, 1258, 1162, 1091 cm-1; HRMS (TOF-ESI) Calcd. 

for C25H27N3NaO5 [M+Na]+: 472.1848; found: 472.1842 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano-2- 

(4-methoxyphenyl)acetate 4f: 
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Yield: 83.0 mg (90 %). >20:1 dr. White solid. Mp: 134.4-135.2 ºC; []D
25 = 

-71.7 (c = 1.0, CH2Cl2) (81 % ee); Chiralpak AD-H, Hexane/isopropanol = 

80/20, 0.5 mL/min, 254 nm, tmajor = 15.86 min, tminor = 22.34 min; 1H NMR (400 

MHz, CDCl3)  7.46 (d, J = 8.8 Hz, 2H), 7.31 (t, J = 7.6 Hz, 1H), 7.04 (s, 1H), 

6.91 (d, J = 8.8 Hz, 2H), 6.85-6.80 (m, 2H), 6.22 (s, br., 1H), 3.91 (s, 3H), 3.85 

(s, 3H), 3.21 (s, 3H), 1.20 (s, 9H); 13C NMR (100 MHz, CDCl3)  173.3, 166.7, 164.7, 160.7, 153.7, 

145.0, 130.2, 129.1, 125.4, 124.1, 121.8, 120.4, 113.4, 108.2, 80.6, 70.9, 67.4, 55.3, 54.4, 27.9, 26.4; 

IR (film)  3363, 2137, 1720, 1611, 1512, 1471, 1369, 1253, 1160 cm-1; HRMS (TOF-ESI) Calcd. 

for C25H27N3NaO6 [M+Na]+: 488.1798; found: 488.1791. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-(3-fluoro 

phenyl)-2-isocyanoacetate 4g: 

Yield: 46.5 mg (51 %). >20:1 dr. White solid. Mp: 113.2-113.6 ºC; []D
25 = 

-39.0 (c = 1.0, CH2Cl2) (95 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5, 

0.5 mL/min, 254 nm, tmajor = 17.45 min, tminor = 21.72 min; 1H NMR (400 MHz, 

CDCl3)  7.42-7.26 (m, 4H), 7.20-7.16 (m, 1H), 6.98 (s, 1H), 6.86 (t, J = 8.0 Hz, 

1H), 6.82 (d, J = 8.0 Hz, 1H), 6.28-6.25 (m, 1H), 3.93 (s, 3H), 3.20 (s, 3H), 1.23 (s, 9H); 13C NMR 

(100 MHz, CDCl3)  173.0, 166.3, 165.8, 160.2 (d, J = 245.7 Hz), 153.7, 145.0, 131.2 (d, J = 8.6 

Hz), 130.5, 129.6 (d, J = 7.9 Hz), 125.4, 123.6 (d, J = 3.3 Hz), 122.0, 117.0 (d, J = 21.3 Hz), 115.4 

(d, J = 26.0 Hz), 108.4, 80.9, 70.8, 67.2, 54.8, 27.9, 26.4; 19F NMR (376 MHz, CDCl3)  -111.2 

ppm. IR (film)  3364, 2134, 1724, 1613, 1592, 1490, 1370, 1251, 1161 cm-1;  HRMS (TOF-ESI) 

Calcd. for C24H25FN3O5 [M+H]+: 454.1778; found: 454.1768 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano-2- 

(m-tolyl)acetate 4h: 

Yield: 75.0 mg (84 %). >20:1 dr. White solid. Mp: 149.0-149.4 ºC; []D
25 = 

-28.0 (c = 0.25, CH2Cl2) (87 % ee); Chiralpak AD-H, Hexane/isopropanol = 

80/20, 0.5 mL/min, 254 nm, tmajor = 12.35 min, tminor = 16.03 min; 1H NMR 

(400 MHz, CDCl3)  7.34-7.26 (m, 5H), 7.03 (s, 1H), 6.83 (d, J = 7.6 Hz, 1H), 

6.79 (d, J = 7.2 Hz, 1H), 6.22 (s, br., 1H), 3.91 (s, 3H), 3.19 (s, 3H), 2.36 (s, 3H), 1.22 (s, 9H); 13C 

N

Me

O

NHBoc

NC
MeO2C

MeO

N

Me

O

NHBoc

NC
MeO2C

F

N

Me

O

NHBoc

NC
MeO2C

Me



S6 
 

NMR (100 MHz, CDCl3)  173.2, 166.6, 164.9, 153.7, 145.0, 138.0, 130.6, 130.3, 128.5, 128.3, 

128.0, 125.6, 124.8, 124.0, 121.7, 108.2, 80.7, 71.3, 67.3, 54.5, 27.9, 26.4, 21.5; IR (film)  3368, 

2137, 1728, 1614, 1472, 1373, 1258, 1165 cm-1; HRMS (TOF-ESI) Calcd. for C25H28N3O5 [M+H]+: 

450.2029; found: 450.2020. 

 

(R)-tert-Butyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano- 

2- henylacetate 4j: 

Yield: 88.3 mg (93 %). >20:1 dr. White solid. Mp: 113.4-113.9 ºC; []D
25 = 

-50.3 (c = 0.94, CH2Cl2) (93 % ee); Chiralcel OD-H, Hexane/isopropanol = 99/1, 

0.5 mL/min, 254 nm, tmajor = 23.35 min, tminor = 27.80 min; 1H NMR (400 MHz, 

CDCl3)  7.49-7.46 (m, 5H), 7.30 (d, J = 8.0 Hz, 1H), 7.14 (s, 1H), 6.81 (t, J = 7.6 Hz, 1H), 6.76 (d, 

J = 7.6 Hz, 1H), 6.27 (s, br., 1H), 3.17 (s, 3H), 1.52 (s, 9H), 1.19 (s, 9H); 13C NMR (100 MHz, 

CDCl3)  173.1, 164.4, 164.2, 153.8, 145.0, 130.1, 129.6, 129.2, 127.9, 127.6, 125.3, 124.5, 121.7, 

108.1, 86.4, 80.5, 71.8, 66.9, 27.9, 27.5, 26.3; IR (film)  3352, 2136, 1729, 1614, 1474, 1372, 1281, 

1257, 1157 cm-1; HRMS (TOF-ESI) Calcd. for C27H31N3NaO5 [M+Na]+: 500.2161; found: 

500.2169. 

 

(R)-Benzyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano-2- 

phenylacetate 4k: 

Yield: 70.8 mg (70 %). >20:1 dr. White solid. Mp: 110.7-111.3 ºC; []D
25 = -24.4 

(c = 1.0, CH2Cl2) (87 % ee); ChiralpakAD-H, Hexane/isopropanol = 90/10, 0.5 

mL/min, 254 nm, tmajor = 33.02 min, tminor = 40.98 min; 1H NMR (400 MHz, 

CDCl3)  7.48 (d, J = 7.6 Hz, 2H), 7.44 (d, J = 7.2 Hz, 1H), 7.37 (d, J = 8.0 Hz, 2H), 7.34-7.26 (m, 

6H), 6.97 (s, 1H), 6.82 (t, J = 7.6 Hz, 1H), 6.77 (d, J = 7.6 Hz, 1H), 6.26 (s, br., 1H), 5.34 (s, 2H), 

3.16 (s, 3H), 1.21 (s, 9H); 13C NMR (100 MHz, CDCl3)  173.0, 165.7, 165.2, 153.7, 145.0, 134.0, 

130.3, 129.9, 128.6, 128.1, 128.0, 127.7, 125.5, 124.1, 121.9, 108.2, 80.7, 71.7, 69.4, 67.1, 27.9, 

26.3; IR (film)  3367, 2135, 1721, 1613, 1472, 1370, 1252, 1160 cm-1; HRMS (TOF-ESI) Calcd. 

for C30H29N3NaO5 [M+Na]+: 534.2005; found: 534.2001 
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isocyano-2-phenylacetate 4m: 

Yield: 61.8 mg (65 %). >20:1 dr. White solid. Mp: 164.8-165.4 ºC; []D
25 = +31.8 

(c = 1.0, CH2Cl2) (85 % ee); Chiralpak AD-H, Hexane/isopropanol = 95/5, 0.5 

mL/min, 254 nm, tmajor = 49.11 min, tminor = 43.44 min; 1H NMR (400 MHz, 

CDCl3)  7.53 (d, J = 7.6 Hz, 2H), 7.43 (t, J = 7.6 Hz, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 8.0 

Hz, 1H), 7.01 (s, br., 1H), 6.82 (d, J = 8.4 Hz, 1H), 6.70 (d, J = 8.0 Hz, 1H), 3.95 (s, 3H), 3.11 (s, 

3H), 1.25 (s, 9H); 13C NMR (100 MHz, CDCl3)  172.5, 165.7, 165.6, 153.41, 153.39, 146.9, 132.6, 

131.1, 130.1, 128.8, 128.6, 127.8, 124.2, 107.0, 80.8, 71.5, 69.2, 54.7, 27.9, 26.6; IR (film)  3385, 

2135, 1732, 1610, 1488, 1460, 1367, 1258, 1165, 1115 cm-1; HRMS (TOF-ESI) Calcd. for 

C24H25ClN3O5 [M+H]+: 470.1483; found: 470.1484. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-5-fluoro-1-methyl-2-oxoindolin-3-yl)-2- 

isocyano-2-phenylacetate 4n: 

Yield: 66.6 mg (74 %). >20:1 dr. White solid. Mp: 135.6-136.8 ºC; []D
25 = 

-55.0 (c = 1.0, CH2Cl2) (90 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5, 

0.5 mL/min, 254 nm, tmajor = 17.93 min, tminor = 23.23 min; 1H NMR (400 MHz, 

CDCl3)  7.55 (d, J = 7.6 Hz, 2H), 7.49 (d, J = 6.8 Hz, 1H), 7.44 (d, J = 8.0 Hz, 2H), 7.12 (s, 1H), 

7.01 (td, J = 8.8, 2.8 Hz, 1H), 6.72 (dd, J = 8.4, 4.0 Hz, 1H), 5.89 (s, br., 1H), 3.93 (s, 3H), 3.19 (s, 

3H), 1.25 (s, 9H); 13C NMR (100 MHz, CDCl3)  173.1, 166.5, 165.6, 158.4 (d, J = 239.5 Hz), 

153.8, 141.1 (d, J = 1.5 Hz), 130.2, 128.4, 128.3, 127.6, 125.6 (d, J = 7.8 Hz), 116.5 (d, J = 23.4 

Hz), 113.7 (d, J = 25.1 Hz), 108.7 (d, J = 8.0 Hz), 81.0, 71.1, 67.5, 54.7, 28.0, 26.5; 19F NMR (376 

MHz, CDCl3)  -120.5 ppm. IR (film)  3365, 2135, 1724, 1622, 1496, 1368, 1256, 1162 cm-1; 

HRMS (TOF-ESI) Calcd. for C24H25FN3O5 [M+H]+: 454.1778; found: 454.1766. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-5-chloro-1-methyl-2-oxoindolin-3-yl)-2- 

isocyano-2-phenylacetate 4o: 

Yield: 49.8 mg (55 %). >20:1 dr. White solid. Mp: 152.2-153.4 ºC; []D
25 = 

-23.8 (c = 1.0, CH2Cl2) (90 % ee); Chiralcel OD-H, Hexane/isopropanol = 

90/10, 0.5 mL/min, 254 nm, tmajor = 12.83 min, tminor = 15.79 min; 1H NMR 

(400 MHz, CDCl3)  7.54-7.50 (m, 3H), 7.47-7.43 (m, 2H), 7.28 (dd, J = 8.4, 1.6 Hz, 1H), 7.13 (s, 
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1H), 6.73 (d, J = 8.4 Hz, 1H), 6.04 (s, 1H), 3.93 (s, 3H), 3.20 (s, 3H), 1.25 (s, 9H); 13C NMR (100 

MHz, CDCl3)  173.0, 166.4, 165.6, 153.8, 143.6, 130.3, 130.1, 128.3, 127.6, 127.3, 125.9, 125.6, 

109.1, 81.1, 71.0, 67.4, 54.7, 28.0, 26.5; IR (film)  3369, 2136, 1731, 1613, 1490, 1367, 1264, 

1163, 1104 cm-1; HRMS (TOF-ESI) Calcd. for C24H25ClN3O5 [M+H]+: 470.1483; found: 470.1478. 

 

(R)-Methyl 2-((R)-5-bromo-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2- 

isocyano-2-phenylacetate 4p: 

Yield: 66.0 mg (65 %). >20:1 dr. White solid. Mp:156.2-157.0 ºC; []D
25 = 

-22.0 (c =1.0, CH2Cl2) (92 % ee); Chiralcel OD-H, Hexane/isopropanol = 

90/10, 0.5 mL/min, 254 nm, tmajor = 12.96 min, tminor = 15.93 min; 1H NMR 

(400 MHz, CDCl3)  7.54-7.51 (m, 3H), 7.46 (d, J = 7.2 Hz, 2H), 7.43 (dd, J = 8.4, 1.6 Hz, 1H), 

7.13 (s, 1H), 6.79 (d, J = 8.4 Hz, 1H), 6.13 (s, 1H), 3.93 (s, 3H), 3.19 (s, 3H), 1.25 (s, 9H); 13C 

NMR (100 MHz, CDCl3)  172.8, 166.4, 165.6, 153.8, 144.0, 132.9, 130.2, 128.5, 128.3, 128.2, 

127.5, 125.9, 114.5, 109.6, 81.0, 71.0, 67.3, 54.7, 27.9, 26.5; IR (film)  3364, 2136, 1732, 1610, 

1488, 1366, 1264, 1163 cm-1; HRMS (TOF-ESI) Calcd. for C24H25BrN3O5 [M+H]+: 514.0978; 

found: 514.0987. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1,5-dimethyl-2-oxoindolin-3-yl)-2-isocyano- 

2-phenylacetate 4q: 

Yield: 81.2 mg (90 %). >20:1 dr. White solid. Mp: 134.5-135.2 ºC; []D
25 = 

-29.8 (c = 1.0, CH2Cl2) (93 % ee); Chiralcel OD-H, Hexane/isopropanol = 

95/5, 0.5 mL/min, 254 nm, tmajor = 17.15 min, tminor = 20.31 min; 1H NMR (400 

MHz, CDCl3)  7.54 (d, J = 7.6 Hz, 2H), 7.48 (d, J = 7.2 Hz, 1H), 7.42 (d, J = 8.0 Hz, 2H), 7.09 (d, 

J = 7.2 Hz, 2H), 6.69 (d, J = 8.0 Hz, 1H), 5.86 (s, 1H), 3.92 (s, 3H), 3.18 (s, 3H), 2.10 (s, 3H), 1.22 

(s, 9H); 13C NMR (100 MHz, CDCl3)  173.2, 166.7, 165.1, 153.8, 142.6, 131.2, 130.4, 129.9, 

128.8, 128.0, 127.8, 126.3, 123.8, 107.9, 80.6, 71.2, 67.5, 54.5, 27.9, 26.4, 20.9; IR (film)  3367, 

2136, 1723, 1623, 1501, 1367, 1255, 1164 cm-1; HRMS (TOF-ESI) Calcd. for C25H28N3O5 [M+H]+: 

450.2029; found: 450.2024. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-5-methoxy-1-methyl-2-oxoindolin-3-yl)-2- 

N

Me

O

NHBocMeO2C

NCPh

Br

N

Me

O

NHBocMeO2C

NCPh

Me



S9 
 

isocyano-2-phenylacetate 4r: 

Yield: 76.4 mg (82 %). >20:1 dr. White solid. Mp: 77.5-78.2 ºC; []D
25 = 

-35.2 (c = 1.0, CH2Cl2) (83 % ee); Chiralcel OD-H, Hexane/isopropanol = 

90/10, 0.5 mL/min, 254 nm, tmajor = 15.58 min, tminor = 18.54 min; 1H NMR 

(400 MHz, CDCl3)  7.58 (d, J = 7.6 Hz, 2H), 7.50-7.41 (m, 1H), 7.44 (d, J = 7.6 Hz, 2H), 7.15 (s, 

1H), 6.83 (dd, J = 8.8, 2.8 Hz, 1H), 6.71 (d, J = 8.8 Hz, 1H), 5.69 (s, 1H), 3.92 (s, 3H), 3.52 (s, 3H), 

3.19 (s, 3H), 1.22 (s, 9H); 13C NMR (100 MHz, CDCl3)  173.0, 166.7, 165.2, 155.0, 153.8, 138.5, 

130.0, 128.7, 128.2, 127.8, 125.0, 115.2, 112.2, 108.7, 80.8, 71.1, 67.7, 55.5, 54.6, 27.9, 26.5; IR 

(film)  3362, 2136, 1720, 1606, 1498, 1367, 1255, 1162, 1128 cm-1; HRMS (TOF-ESI) Calcd. for 

C25H28lN3O6 [M+H]+: 466.1978; found: 466.1974. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-6-chloro-1-methyl-2-oxoindolin-3-yl)-2- 

isocyano-2-phenylacetate 4s: 

Yield: 57.3 mg (65 %). >20:1 dr. White solid. Mp: 156.3-156.9 ºC; []D
25 = 

-56.8 (c = 1.0, CH2Cl2) (90 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5, 

0.5 mL/min, 254 nm, tmajor = 15.95 min, tminor = 18.84 min; 1H NMR (400 MHz, 

CDCl3)  7.54 (d, J = 7.6 Hz, 2H), 7.51-7.40 (m, 1H), 7.43 (d, J = 7.6 Hz, 2H), 7.09 (s, 1H), 

6.80-6.78 (m, 2H), 6.04 (s, br., 1H), 3.92 (s, 3H), 3.19 (s, 3H), 1.25 (s, 9H); 13C NMR (100 MHz, 

CDCl3)  173.3, 166.4, 165.5, 153.7, 146.2, 136.2, 130.1, 128.4, 128.3, 127.6, 126.3, 122.3, 121.8, 

109.1, 81.0, 71.1, 67.0, 54.6, 27.9, 26.5; IR (film)  3365, 2135, 1734, 1610, 1495, 1371, 1264, 

1164, 1039 cm-1; HRMS (TOF-ESI) Calcd. for C24H25ClN3O5 [M+H]+: 470.1483; found: 470.1477. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-6-methoxy-1-methyl-2-oxoindolin-3-yl)-2- 

isocyano-2-phenylacetate 4t: 

Yield: 77.7 mg (83 %). >20:1 dr. White solid. Mp: 143.6-144.9 ºC; []D
25 = 

-54.0 (c = 1.0, CH2Cl2) (82 % ee); Chiralcel OD-H, Hexane/isopropanol = 

90/10, 0.5 mL/min, 254 nm, tmajor = 15.67 min, tminor = 18.09 min; 1H NMR 

(400 MHz, CDCl3)  7.55 (d, J = 7.6 Hz, 2H), 7.48-7.38 (m, 1H), 7.41 (d, J = 7.6 Hz, 2H), 7.00 (s, 

1H), 6.37 (s, 1H), 6.30 (d, J = 8.4 Hz, 1H), 6.10 (s, br., 1H), 3.91 (s, 3H), 3.79 (s, 3H), 3.17 (s, 3H), 

1.24 (s, 9H); 13C NMR (100 MHz, CDCl3)  173.7, 166.7, 164.9, 161.6, 153.8, 146.4, 129.9, 128.9, 
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128.1, 127.7, 126.5, 115.5, 105.8, 96.1, 80.6, 71.5, 67.1, 55.3, 54.5, 28.0, 26.4; IR (film)  3367, 

2136, 1725, 1626, 1508, 1474, 1376, 1254, 1163, 1092 cm-1; HRMS (TOF-ESI) Calcd. for 

C25H28lN3O6 [M+H]+: 466.1978; found: 466.1978. 

 

(R)-Methyl 2-((R)-1-allyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-2-isocyano-2- 

phenylacetate 4u: 

Yield: 77.6 mg (84 %). >20:1 dr. White solid. Mp: 138.7-139.8 ºC; []D
25 = 

-33.8 (c = 1.0, CH2Cl2) (83 % ee); Chiralcel OD-H, Hexane/isopropanol = 

90/10, 0.5 mL/min, 254 nm, tmajor = 10.83 min, tminor = 12.99 min; 1H NMR 

(400 MHz, CDCl3)  7.55 (d, J = 7.6 Hz, 2H), 7.47 (t, J = 7.2 Hz, 1H), 7.41 (d, J = 7.6 Hz, 2H), 

7.27 (t, J = 8.0 Hz, 1H), 7.08 (s, 1H), 6.83-6.79 (m, 2H), 6.22 (s, 1H), 5.75 (s, br., 1H), 5.37 (d, J = 

17.2 Hz, 1H), 5.22 (d, J = 10.4 Hz, 1H), 4.41 (dd, J = 16.0, 5.2 Hz, 1H), 4.24 (dd, J = 16.0, 5.2 Hz, 

1H), 3.92 (s, 3H), 1.23 (s, 9H); 13C NMR (100 MHz, CDCl3)  173.0, 166.6, 165.6, 153.8, 144.4, 

131.1, 130.2, 129.9, 128.8, 128.2, 127.8, 125.6, 123.9, 121.8, 118.2, 109.2, 80.7, 71.3, 67.0, 54.6, 

43.1, 27.9; IR (film)  3365, 2136, 1726, 1613, 1488, 1368, 1263, 1163 cm-1; HRMS (TOF-ESI) 

Calcd. for C26H28N3O5 [M+H]+: 462.2029; found: 462.2027. 

 

(R)-Methyl 2-((R)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-2-isocyano-2- 

phenylacetate 4v: 

Yield: 58.1 mg (57 %). >20:1 dr. White solid. Mp: 142.3-143.1 ºC; []D
25 = 

-57.7 (c = 1.0, CH2Cl2) (74 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5, 

0.5 mL/min, 254 nm, tmajor = 14.89 min, tminor = 21.92 min; 1H NMR (400 MHz, 

CDCl3)  7.61 (d, J = 7.6 Hz, 2H), 7.50 (t, J = 7.6 Hz, 1H), 7.43 (t, J = 7.6 Hz, 2H), 7.37 (d, J = 7.2 

Hz, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.28-7.24 (m, 1H), 7.22-7.18 (m, 2H), 6.80 (t, J = 8.0 Hz, 1H), 

6.69 (d, J = 8.0 Hz, 1H), 6.22 (s, br., 1H), 5.10 (d, J = 16.0 Hz, 1H), 4.77 (d, J = 16.0 Hz, 1H), 3.96 

(s, 3H), 1.24 (s, 9H); 13C NMR (100 MHz, CDCl3)  173.6, 166.7, 165.6, 153.9, 144.4, 135.1, 130.1, 

129.9, 128.7, 128.6, 128.2, 127.8, 127.5, 125.5, 123.9, 121.9, 109.4, 80.7, 71.2, 67.1, 54.6, 44.5, 

27.9; IR (film)  3359, 2136, 1725, 1614, 1488, 1369, 1264, 1162 cm-1; HRMS (TOF-ESI) Calcd. 

for C30H30N3O5 [M+H]+: 512.2185; found: 512.2182. 
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(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-(4-methoxybenzyl)-2-oxoindolin-3-yl)-2- 

isocyano-2-phenylacetate 4w: 

Yield: 86.5 mg (80 %). >20:1 dr. White solid. Mp: 121.6-122.8 ºC; []D
25 = 

-61.3 (c = 1.0, CH2Cl2) (69 % ee); Chiralpak AD-H, Hexane/isopropanol = 80/20, 

0.8 mL/min, 254 nm, tmajor = 21.47 min, tminor = 16.07 min; 1H NMR (400 MHz, 

CDCl3)  7.58 (d, J = 7.6 Hz, 2H), 7.48 (t, J = 7.2 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.28 (d, J = 8.4 

Hz, 2H), 7.18 (t, J = 7.6 Hz, 2H), 6.82 (d, J = 8.4 Hz, 2H), 6.77 (t, J = 7.6 Hz, 1H), 6.69 (d, J = 7.6 

Hz, 1H), 6.16 (s, br., 1H), 5.02 (d, J = 15.2 Hz, 1H), 4.69 (d, J = 15.6 Hz, 1H), 3.94 (s, 3H), 3.77 (s, 

3H), 1.21 (s, 9H); 13C NMR (100 MHz, CDCl3)  173.6, 166.7, 165.5, 159.0, 153.9, 144.4, 130.1, 

129.9, 128.9, 128.7, 128.2, 127.8, 127.1, 125.5, 124.0, 121.8, 114.0, 109.4, 80.7, 71.2, 67.1, 55.1, 

54.6, 44.0, 27.9; IR (film)  3360, 2136, 1721, 1612, 1514, 1486, 1368, 1248, 1160 cm-1; HRMS 

(TOF-ESI) Calcd. for C31H32N3O6 [M+H]+: 542.2291; found: 542.2287. 

 

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-2-oxo-1-phenylindolin-3-yl)-2-isocyano-2- 

phenylacetate 4x: 

Yield: 89.3 mg (90 %). >20:1 dr. White solid. Mp: 155.7-156.5 ºC; []D
25 = 

-66.8 (c = 1.0, CH2Cl2) (95 % ee); Chiralpak AD-H, Hexane/isopropanol = 90/10, 

0.5 mL/min, 254 nm, tmajor = 23.02 min, tminor = 14.57 min; 1H NMR (400 MHz, 

CDCl3)  7.61 (d, J = 7.2 Hz, 2H), 7.52 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 7.2 Hz, 2H), 7.45-7.39 (m, 

5H), 7.24-7.18 (m, 2H), 6.84 (t, J = 7.6 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 6.23 (s, br., 1H), 3.90 (s, 

3H), 1.26 (s, 9H); 13C NMR (100 MHz, CDCl3)  172.8, 166.6, 165.7, 154.0, 145.3, 133.9, 130.1, 

130.0, 129.6, 128.7, 128.29, 128.26, 127.8, 126.6, 125.7, 123.8, 122.3, 109.4, 80.9, 71.3, 67.3, 54.6, 

28.0; IR (film)  3364, 2135, 1728, 1612, 1499, 1481, 1371, 1254, 1162 cm-1; HRMS (TOF-ESI) 

Calcd. for C29H28N3O5 [M+H]+: 498.2029; found: 498.2023. 

 

3. Optimization reaction conditions for cyclization of adduct 4aa 

To investigate the chirality match relationship between the Mannich adduct 4 and the catalysts, the 

cyclization of Mannich adduct 4a and ent-4a were carried out in the presence of different catalyst, 

the results were summerized in Table S1. It was found that quinine-derived thiourea 1a was the best 

catalyst for the adduct 4a, high yield and remained enantioselectivity were obtained. In contrast, 
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quinidine-derived thiourea 1d was effective to ent-4a to afford the good yield and higher 

enantioselectivity.  

Table S1. Optimization of cyclization conditions of Mannich adduct 4a and ent-4aa    

Entry Mannich adduct Catalyst Time (h) Yield (%)b ee (%)c 
1 4a (92% ee) -- 120 trace n.d. 
2 4a (92% ee) DABCO 24 53 21 
3 4a (92% ee) 1d 4 67 77 
4 4a (92% ee) 1d 8 71 82 
5 4a (92% ee) 1a 4 67 92 
6 4a (92% ee) 1a 8 95 92 
7 4a (92% ee) 1a 16 95 92 
8 ent-4a (-70% ee)d 1a 8 76 -64 
9 ent-4a (-70% ee)d 1d 8 79 -80 

a All reactions were carried out with Mannich adduct 4a (0.10 mmol) or ent-4a (0.10 mmol) and cat. (10 mol%) in 

CHCl3 (0.5 mL) at room temperature. b Isolated yields. c Determined by chiral HPLC analysis. d ent-4a was 

prepared by cat. 1a under the optimized Mannich reaction conditions. 

 

4. General procedure for the cyclization of adduct 4 and characterization data of 5 

To the solution of Mannich adducts 4 (0.10 mmol) in CHCl3 (0.5 mL) was added cat. 1a (5.9 mg, 

0.01 mmol), the resulting mixture was stirred at room temperature for 8h until the reaction 

completed (monitored by TLC). After concentration, the residue was directly subjected to flash 

column chromatography on silica gel (petroleum ether / ethyl acetate = 4:1 as eluent) to furnish the 

corresponding spirooxindole imidazolines 5. 

 

(3'R,5R)-3-tert-Butyl 5-methyl 1'-methyl-2'-oxo-5-phenylspiro[imidazole-4,3'-indoline]- 

3,5(5H)-dicarboxylate 5a 

Yield: 95 %. >20:1 dr. White solid. Mp: 173.3-174.5 ºC; []D
25 = -75.7 (c = 1.0, 

CH2Cl2) (92 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 mL/min, 

254 nm, tmajor = 13.66 min, tminor = 22.64 min; 1H NMR (400 MHz, CDCl3)  

8.22 (s, 0.7H), 8.08 (s, 0.3H), 7.42-7.38 (m, 1H), 7.39 (t, J = 8.0 Hz, 2H), 7.28-7.21 (m, 3H), 7.21 

(d, J = 7.2 Hz, 1H), 7.08 (t, J = 7.6 Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), 3.59 (s, 3H), 2.91 (s, 3H), 

1.43 (s, 2.6H), 1.03 (s, 6.4H); 13C NMR (100 MHz, CDCl3)  172.1, 168.4, 151.6, 149.0, 144.4, 

136.1, 130.2, 128.2, 127.5, 127.3, 126.7, 123.5, 122.5, 108.7, 108.3, 88.9, 83.8, 83.1, 72.9, 52.8, 

27.9, 27.3, 25.9; IR (film)  1732, 1640, 1613, 1494, 1471, 1354, 1292, 1256, 1217, 1147, 1086 
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cm-1; HRMS (TOF-ESI) Calcd. for C24H26N3O5 [M+H]+: 436.1872; found: 436.1865. 

 

(3'R,5R)-3-tert-Butyl 5-methyl 5-(4-fluorophenyl)-1'-methyl-2'-oxospiro[imidazole-4,3'- 

indoline]-3,5(5H)-dicarboxylate 5b: 

Yield: 89 %. >20:1 dr. White solid. Mp: 187.6-188.6 ºC; []D
25 = -54.4 (c = 

1.0, CH2Cl2) (97 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 

mL/min, 254 nm, tmajor = 14.47 min, tminor = 21.04 min; 1H NMR (400 MHz, 

CDCl3)  8.21 (s, 0.7H), 8.07 (s, 0.3H), 7.40 (t, J = 7.6 Hz, 3H), 7.19 (d, J = 

7.6 Hz, 1H), 7.08 (t, J = 7.6 Hz, 1H), 6.94 (t, J = 8.4 Hz, 2H), 6.85 (d, J = 7.6 

Hz, 1H), 3.60 (s, 3H), 2.93 (s, 3H), 1.43 (s, 2.6H), 1.03 (s, 6.4H); 13C NMR (100 MHz, CDCl3)  

172.1, 168.2, 162.4 (d, J = 246.0 Hz), 151.8, 148.9, 144.2, 131.9, 130.3, 129.4 (d, J = 8.0 Hz), 

126.4, 123.4, 122.6, 114.2 (d, J = 21.2 Hz), 108.7, 108.4, 88.3, 83.9, 83.2, 72.9, 52.8, 27.9, 27.2, 

25.9; 19F NMR (376 MHz, CDCl3)  -113.8 ppm. IR (film)  1734, 1639, 1613, 1509, 1471, 1371, 

1355, 1293, 1224, 1148 cm-1; HRMS (TOF-ESI) Calcd. for C24H25FN3O5 [M+H]+: 454.1778; found: 

454.1771. 

 

(3'R,5R)-3-tert-Butyl 5-methyl 5-(4-bromophenyl)-1'-methyl-2'-oxospiro[imidazole-4,3'- 

indoline]-3,5(5H)-dicarboxylate 5c: 

Yield: 87 %. >20:1 dr. White solid. Mp: 185.3-186.1 ºC; []D
25 = +37.5 (c = 1.0, 

CH2Cl2) (90 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 mL/min, 

254 nm, tmajor = 15.14 min, tminor = 26.51 min; 1H NMR (400 MHz, CDCl3)  

8.21 (s, 0.7H), 8.07 (s, 0.3H), 7.42-7.37 (m, 3H), 7.29 (d, J = 7.6 Hz, 2H), 7.19 

(d, J = 7.2 Hz, 1H), 7.09 (t, J = 7.6 Hz, 1H), 6.85 (d, J = 7.2 Hz, 1H), 3.59 (s, 3H), 2.94 (s, 3H), 

1.42 (s, 2.6H), 1.03 (s, 6.4H); 13C NMR (100 MHz, CDCl3)  172.1, 168.1, 152.1, 151.8, 148.9, 

144.3, 135.3, 130.5, 129.4, 129.2, 126.4, 123.6, 122.8, 108.8, 108.5, 88.4, 83.4, 83.3, 72.9, 52.9, 

27.9, 27.3, 26.0; IR (film)  1732, 1639, 1613, 1493, 1471, 1353, 1292, 1257, 1148 cm-1; HRMS 

(TOF-ESI) Calcd. for C24H25BrN3O [M+H]+: 514.0978; found: 514.0968. 

 

(3'R,5R)-3-tert-Butyl 5-methyl 5-(3-fluorophenyl)-1'-methyl-2'-oxospiro[imidazole-4,3'- 

indoline]-3,5(5H)-dicarboxylate 5d: 
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Yield: 76 %. >20:1 dr. White solid. Mp: 178.9-179.8 ºC; []D
25 = -63.0 (c = 

1.00, CH2Cl2) (93 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 

mL/min, 254 nm, tmajor = 13.62 min, tminor = 24.29 min; 1H NMR (400 MHz, 

CDCl3)  8.21 (s, 0.7H), 8.07 (s, 0.3H), 7.41 (t, J = 7.6 Hz, 1H), 7.26-7.16 (m, 

4H), 7.09 (t, J = 7.6 Hz, 1H), 7.00-6.93 (m, 1H), 6.87 (d, J = 7.2 Hz, 1H), 3.59 (s, 3H), 2.95 (s, 3H), 

1.43 (s, 2.6H), 1.03 (s, 6.4H); 13C NMR (100 MHz, CDCl3)  172.0, 168.0, 162.1 (d, J = 243.0 Hz), 

151.9, 148.9, 144.2, 138.6 (d, J = 6.5 Hz), 130.4, 128.6 (d, J = 7.7 Hz), 126.4, 123.5, 123.3, 122.7, 

115.1 (d, J = 20.7 Hz), 115.0 (d, J = 23.9 Hz), 108.8, 108.5, 88.4, 84.0, 83.3, 72.9, 52.9, 27.9, 27.3, 

25.9; 19F NMR (376 MHz, CDCl3)  -113.5 ppm. IR (film)  1732, 1640, 1613, 1589, 1471, 1371, 

1354, 1293, 1234, 1147 cm-1; HRMS (TOF-ESI) Calcd. for C24H25FN3O5 [M+H]+: 454.1778; found: 

454.1780. 

 

(3'R,5R)-3-tert-Butyl 5-methyl 1'-methyl-2'-oxo-5-(m-tolyl)spiro[imidazole-4,3'- 

indoline]-3,5(5H)-dicarboxylate 5e: 

Yield: 86 %. >20:1 dr. White solid. Mp: 180.2-181.2 ºC; []D
25 = -57.9 (c = 

1.00, CH2Cl2) (90 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 

mL/min, 254 nm, tmajor = 11.64 min, tminor = 22.55 min; 1H NMR (400 MHz, 

CDCl3)  8.21 (s, 0.7H), 8.07 (s, 0.3H), 7.39 (t, J = 7.6 Hz, 1H), 7.30 (s, 1H), 

7.20 (d, J = 7.2 Hz, 1H), 7.13 (t, J = 7.6 Hz, 2H), 7.09-7.05 (m, 2H), 6.85 (d, J = 7.2 Hz, 1H), 3.58 

(s, 3H), 2.93 (s, 3H), 2.30 (s, 3H), 1.42 (s, 2.6H), 1.03 (s, 6.4H); 13C NMR (100 MHz, CDCl3)  

172.1, 168.4, 151.4, 149.0, 144.3, 136.9, 136.1, 130.2, 128.9, 128.1, 127.1, 126.7, 124.5, 123.4, 

122.5, 108.6, 108.2, 88.9, 87.4, 83.7, 83.1, 72.9, 52.7, 27.9, 27.3, 25.8, 21.4; IR (film)  1731, 1640, 

1612, 1494, 1471, 1353, 1293, 1259, 1147 cm-1; HRMS (TOF-ESI) Calcd. for C25H28N3O5 [M+H]+: 

450.2029; found: 450.2020 

 

(3'S,5S)-Di-tert-butyl 1'-methyl-2'-oxo-5-phenylspiro[imidazole-4,3'-indoline]-3,5(5H)- 

dicarboxylate 5f: 

Yield: 68 %. >20:1 dr. White solid. Mp: 180.7-181.7 ºC; []D
25 = -90.1 (c = 1.0, 

CH2Cl2) (95 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 mL/min, 
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254 nm, tmajor = 11.11 min, tminor = 16.70 min; 1H NMR (400 MHz, CDCl3)  8.22 (s, 0.7H), 8.06 (s, 

0.3H), 7.40-7.36 (m, 4H), 7.23-7.29 (m, 3H), 7.05 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 7.2 Hz, 1H), 2.96 

(s, 2.1H), 2.92 (s, 0.9H), 1.41 (s, 2.5H), 1.23 (s, 9H), 1.02 (s, 6.5H); 13C NMR (100 MHz, CDCl3)  

172.2, 166.7, 151.0, 149.2, 144.5, 136.1, 130.0, 128.1, 127.6, 127.3, 127.1, 124.3, 122.5, 107.8, 

89.3, 83.3, 83.0, 72.6, 29.7, 28.0, 27.6, 27.4, 26.0; IR (film)  1726, 1640, 1613, 1494, 1472, 1371, 

1357, 1297, 1250, 1150 cm-1; HRMS (TOF-ESI) Calcd. for C27H32N3O5 [M+H]+: 478.2342; found: 

478.2348. 

 

(3'S,5S)-3-tert-Butyl 5-methyl 5'-bromo-1'-methyl-2'-oxo-5-phenylspiro[imidazole-4,3'- 

indoline]-3,5(5H)-dicarboxylate 5g: 

Yield: 89 %. >20:1 dr. White solid. Mp: 181.6-182.3 ºC; []D
25 = -8.5 (c = 1.0, 

CH2Cl2) (92 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 mL/min, 

254 nm, tmajor = 13.43 min, tminor = 33.68 min; 1H NMR (400 MHz, CDCl3)  

8.20 (s, 0.6H), 8.05 (s, 0.4H), 7.52 (d, J = 8.0 Hz, 1H), 7.40-7.35 (m, 3H), 7.30-7.24 (m, 3H), 6.75 

(d, J = 8.0 Hz, 1H), 3.66 (s, 3H), 2.89 (s, 3H), 1.44 (s, 3H), 1.07 (s, 6H); 13C NMR (100 MHz, 

CDCl3)  171.6, 168.2, 151.5, 151.3, 148.7, 143.3, 135.7, 133.0, 132.8, 128.7, 128.4, 127.4, 126.8, 

115.1, 110.1, 109.7, 89.2, 87.7, 84.3, 83.5, 72.8, 52.9, 27.9, 27.3, 25.9; IR (film)  1734, 1640, 1610, 

1489, 1355, 1292, 1267, 1216, 1148 cm-1; HRMS (TOF-ESI) Calcd. for C24H25BrN3O [M+H]+: 

514.0978; found: 514.0988. 

 

(3'S,5S)-3-tert-Butyl 5-methyl 2'-oxo-1',5-diphenylspiro[imidazole-4,3'-indoline]-3,5(5H)- 

dicarboxylate 5h 

Yield: 99 %. >20:1 dr. White solid. Mp: 169.2-170.4 ºC; []D
25 = -26.3 (c = 1.0, 

CH2Cl2) (95 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 mL/min, 

254 nm, tmajor = 20.84 min, tminor = 22.62 min; 1H NMR (400 MHz, CDCl3)  8.24 

(s, 0.65H), 8.08 (s, 0.35H), 7.50-7.47 (m, 2H), 7.42-7.35 (m, 2H), 7.29-7.19 (m, 6H), 7.12-7.06 (m, 

1H), 7.02 (d, J = 7.6 Hz, 2H), 6.90 (d, J = 7.2 Hz, 0.65H), 6.80-6.82 (m, 0.35H), 3.63 (s, 3H), 1.41 

(s, 3H), 1.06 (s, 6H); 13C NMR (100 MHz, CDCl3)  171.2, 168.4, 152.2, 151.8, 149.2, 144.1, 135.8, 

133.5, 130.1, 129.4, 128.3, 127.9, 127.8, 127.6, 126.2, 126.0, 125.2, 124.1, 123.1, 109.9, 89.2, 83.4, 

73.3, 52.9, 28.0, 27.5; IR (film)  1736, 1639, 1611, 1501, 1467, 1371, 1355, 1294, 1235, 1146 cm-1; 
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HRMS (TOF-ESI) Calcd. for C29H28N3O5 [M+H]+: 498.2029; found: 498.2012. 
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isocyanoacetates 2l, see: (a) R. S. Bon, C. Hong, M. J. Bouma, R. F. Schmitz, F. J. J. de Kanter, 

M. Lutz, A. L. Spek, R. V. A. Orru, Org. Lett. 2003, 5, 3759; For the synthesis of -aryl 

isocyanoacetates 2b-i, see: (b) E. J. Jacobsen, L. S. Stelzer, K. L. Belonga, D. B. Carter, W. B. 

Im, V. H. Sethy, A. H. Tang, P. F. VonVoigtlander, J. D. Petke, J. Med. Chem. 1996, 39, 3820; (c) 

K. Matsumoto, M. Suzuki, M. Miyoshi, J. Org. Chem. 1978, 38, 2094. 
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5. X-Ray crystal data of compound 4p and 5g 

Table S1.  Crystal data and structure refinement for 3116 (4p, CCDC number: 1047214). 

Identification code  3116 

Empirical formula  C25H26 BrCl2N3O5 

Formula weight  599.30 

Temperature  296 (2) 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic  

Space group  P2(1)2(1)2(1) 

Unit cell dimensions a = 9.5000(10) Å  = 90.00°. 

 b = 14.8773(16) Å β = 90.00°. 

 c = 19.875(2) Å  = 90.00°. 

Volume 2809.0(5) Å3 

Z 4 

Density (calculated) 1.417 Mg/m3 

Absorption coefficient 1.692 mm-1 

F(000) 1224 

Crystal size 0.48 x 0.41 x 0.26 mm3 

Theta range for data collection 1.71 to 25.00°. 

Index ranges -11<=h<=11, -17<=k<=17, -23<=l<=23 

Reflections collected 32871 

Independent reflections 4948 [R(int) = 0.0431] 

Data / restraints / parameters 4948 / 0 / 325 

Goodness-of-fit on F2 1.030 

Final R indices [I>2sigma(I)] R1 = 0.0599, wR2 = 0.1654 

R indices (all data) R1 = 0.0714, wR2 = 0.1774 

Largest diff. peak and hole     0.843 and -1.247 e.Å-3 

 

Figure S1 
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Table S2.  Crystal data and structure refinement for 2806 (5g, CCDC number: 1021346). 

Identification code  2806 

Empirical formula  C24H24 BrN3O5 

Formula weight  514.37 

Temperature  173(2) 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic  

Space group  P2(1)2(1)2(1) 

Unit cell dimensions a = 8.8260(9) Å  = 90.00°. 

 b = 16.2679(17) Å β = 90.00°. 

 c = 16.3883(17) Å  = 90.00°. 

Volume 2353.0(4) Å3 

Z 4 

Density (calculated) 1.452 Mg/m3 

Absorption coefficient 1.787 mm-1 

F(000) 1056 

Crystal size 0.45 x 0.26 x 0.14 mm3 

Theta range for data collection 1.76 to 25.01°. 

Index ranges -10<=h<=10, -18<=k<=19, -19<=l<=19 

Reflections collected 27004 

Independent reflections 4152 [R(int) = 0. 1385] 

Data / restraints / parameters 4152 / 0 / 299 

Goodness-of-fit on F2 0.959 

Final R indices [I>2sigma(I)] R1 = 0.0508, wR2 = 0.1121 

R indices (all data) R1 = 0.0747, wR2 = 0.1221 

Largest diff. peak and hole     0.615 and -0.470 e.Å-3 

 

Figure S2 



S19 
 

5. Copies of HPLC analysis spectra of compounds 4 and 5 

4a (Table 2, Entry 1) 
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4b (Table 2, entry 2) 
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4c (Table 2, entry 3) 
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4d (Table 2, entry 4) 
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4e (Table 2, entry 5) 
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4f (Table 2, entry 6) 
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4g (Table 2, entry 7) 
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4h (Table 2, entry 8) 
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4j (Table 2, entry 10) 
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4k (Table 2, entry 11) 
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4m (Table 2, entry 13) 
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4o (Table 2, entry 15) 
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4p (Table 2, entry 16) 
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4q (Table 2, entry 17) 
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4r (Table 2, entry 18) 
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4u (Table 2, entry 21) 
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4v (Table 2, entry 22) 
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4w (Table 2, entry 23) 
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4x (Table 2, entry 24) 
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5a (Table 3, entry 1) 
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5d (Table 3, entry 4) 
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5e (Table 3, entry 5) 
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6. Copies of NMR spectra for the compounds 4 and 5  
1H NMR of 4a 

 

13C NMR of 4a 
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1H NMR of 4b 
 

 
13C NMR of 4b 
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19F NMR of 4b 
 

 

1H NMR of 4c 
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13C NMR of 4c 
 

 

 
1H NMR of 4d 
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13C NMR of 4d 
 

 
 

1H NMR of 4e 
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13C NMR of 4e 
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13C NMR of 4f 
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13C NMR of 4g 
 

 
19F NMR of 4g 
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1H NMR of 4h 
 

 
13C NMR of 4h 
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1H NMR of 4j 
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1H NMR of 4k 
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1H NMR of 4m 

 

13C NMR of 4m 
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1H NMR of 4n 
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19F NMR of 4n 
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13C NMR of 4o 

 
 

1H NMR of 4p 
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13C NMR of 4p 
 

 
 

1H NMR of 4q 
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13C NMR of 4q 
 

 
 

1H NMR of 4r 
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13C NMR of 4r 
 

 
 

1H NMR of 4s 
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13C NMR of 4s 
 

 
 

1H NMR of 4t 
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13C NMR of 4t 

 
 

1H NMR of 4u 
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13C NMR of 4u 

 
 

1H NMR of 4v 
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13C NMR of 4v 
 

 
 

1H NMR of 4w 
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13C NMR of 4w 
 

 
 

1H NMR of 4x 
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13C NMR of 4x 
 

 
 

1H NMR of 5a 
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13C NMR of 5a 
 

 
 

1H NMR of 5b 

 



S74 
 

13C NMR of 5b 

 
19F NMR of 5b 
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1H NMR of 5c 
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1H NMR of 5d 
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19F NMR of 5d 

 
1H NMR of 5e 
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13C NMR of 5e 
 

 
1H NMR of 5f 
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13C NMR of 5f 

 
1H NMR of 5g 
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13C NMR of 5g 

 
1H NMR of 5h 
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13C NMR of 5h 
 

 

 


