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Experimental and analytical data 

1. General 

 

All commercial reagents and solvents were used without purification. TLC analyses were carried out on pre-

coated silica gel plates with F254 indicator. Visualization was accomplished by UV light (254 nm), I2, p-

anisaldehyde, ninhydrin, and phosphomolybdic acid solution as an indicator. Purification of reaction products 

was carried out by flash chromatography using E. Merck silica gel 60 (230–400 mesh). 
1
H NMR and 

13
C NMR 

spectra were recorded on a Jeol 400 MHz NMR (400 MHz for 
1
H, 100 MHz for 

13
C). Chemical shift values () 

are reported in ppm relative to Me4Si (0.0 ppm). Optical rotations were measured on a JASCO-DIP-1000 

digital polarimeter with a sodium lamp. The enantiomeric excesses (ees) were determined by HPLC. HPLC 

analyses were performed on Younglin M930 Series and Younglin M9100 Series machines and were measured at 

254 nm using the indicated chiral column.  

 

2. General procedure for the enantioselective addition of diphenyl phosphonate (2) to ketimines derived 

from isatins 1. 

 

To a solution of ketimine 1 (0.3 mmol), diphenyl phosphonate (2, 0.45 mmol), 4 Å MS (150 mg) in ethyl 

acetate (3 mL), the catalyst (III, 7.5 mol) was added at 0 °C. The reaction mixture was stirred for 12–48 h. 

After completion of the reaction, the resulting solution was concentrated in vacuo and the obtained residue was 

purified by flash chromatography (EtOAc–hexane) to afford the corresponding adducts 3. Products 3 are known 

compounds, and their data were identical to those reported in the literature [1,2]. 
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3. Characterization data of products 3. 

 

(R)-tert-Butyl (1-allyl-3-(diphenoxyphosphoryl)-2-oxoindolin-3-yl)carbamate (3a)  

 
[α]

24
D = -15.92 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.29 (s, 9H), 4.24 (d, J = 13.2 Hz, 1H), 4.64 (d, J 

= 15.6 Hz, 1H), 5.18 (d, J = 10.4 Hz, 1H), 5.38 (d, J = 17.6 Hz, 1H), 5.80–5.91 (m, 2H), 6.69 (d, J = 8.9 Hz, 

2H), 6.867(d, J = 8.0 Hz, 1H), 7.07–7.26 (m, 7H), 7.31–7.40 (m, 3H), 7.53 (dd, J = 1.4 and 7.4 Hz, 1H); 
13

C 

NMR (CDCl3, 100 MHz) δ: 28.0, 43.0, 81.3, 109.3, 117.7, 120.2 (d, J = 3.8 Hz), 120.9 (d, J = 3.8 Hz), 122.9 (d, 

J = 3.8 Hz), 125.2 (d, J = 3.9  Hz), 125.6, 125.8, 129.6, 129.8, 130.0 (d, J = 3.1 Hz), 130.8, 143.6 (d, J = 7.7 

Hz), 150.0 (dd, J = 10.6 and 19.3 Hz), 153.5 (d, J = 18.4 Hz), 170.7; 
31

P NMR (CDCl3, 162 MHz) δ: 7.25; 

HPLC (90 : 10, n-hexane : i-PrOH, 254nm, 1mL/min) Chiralpak IB column, tR = 7.8 (major), tR = 11.4 (minor), 

93% ee. 

 

(R)-tert-Butyl (1-allyl-3-(diphenoxyphosphoryl)-5-fluoro-2-oxoindolin-3-yl)carbamate (3b) 

 
[α]

25
D = -11.08 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.32 (s, 9H), 4.24 (d, J = 14.8 Hz, 1H), 4.60 (d, J 

= 15.6 Hz, 1H), 5.19 (d, J = 10.8 Hz, 1H), 5.37 (d, J = 17.2 Hz, 1H), 5.78–5.90 (m, 2H), 6.78 (m, 3H), 6.91–

7.40 (m, 8H), 7.28–7.36 (m, 3H); 
13

C NMR (CDCl3, 100 MHz) δ: 28.1, 43.2, 81.6, 110.0 (d, J = 6.8 Hz), 113.1 

(d, J = 3.8 Hz), 113.3 (d, J = 4.8 Hz), 116.2 (d, J = 2.9 Hz), 116.5 (d, J = 2.8 Hz), 117.8, 120.1 (d, J = 3.8 Hz), 

120.8 (d, J = 3.9 Hz), 125.7, 126.0, 129.7, 129.9, 130.6, 149.8 (d, J = 9.6 Hz), 153.5 (d, J = 19.3 Hz), 170.6; 
31

P 

NMR (CDCl3, 162 MHz) δ: 6.57; HPLC (70 : 30, n-hexane : i-PrOH, 254nm, 1mL/min) Chiralpak IC column, 

tR = 5.6 (minor), tR = 7.1 (major), 94% ee. 

 

(R)-tert-Butyl (1-allyl-5-chloro-3-(diphenoxyphosphoryl)-2-oxoindolin-3-yl)carbamate (3c) 

 
[α]

27
D = 5.64 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.32 (s, 9H), 4.26 (s, 1H), 4.59 (d, J = 15.6 Hz, 1H), 

5.19 (d, J = 10.8 Hz, 1H), 5.37 (d, J = 17.2 Hz, 1H), 5.78–5.90 (m, 2H), 6.80 (t, J = 8.6 Hz, 2H), 7.12–7.23 (m, 

6H), 7.29–7.43 (m, 3H), 7.50 (s, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 28.1, 43.2, 81.7, 110.4, 117.9, 120.1 (d, J 

= 4.8 Hz), 120.7 (d, J = 3.8 Hz), 125.4 (d, J = 3.8 Hz), 125.7, 125.9, 128.3 (d, J = 3.8 Hz), 129.7, 129.9, 130.5, 

142.2 (d, J = 6.7 Hz), 149.9 (dd, J = 10.1, 13.0 Hz), 153.4 (d, J = 18.3 Hz), 170.4; 
31

P NMR (CDCl3, 162 MHz) 

δ: 6.38; HPLC (70 : 30, n-hexane : i-PrOH, 254nm, 1mL/min) Chiralpak IC column, tR = 6.5 (minor), tR = 8.6 

(major), 94% ee. 

 

(R)-tert-Butyl (1-allyl-5-bromo-3-(diphenoxyphosphoryl)-2-oxoindolin-3-yl)carbamate (3d) 

 
[α]

26
D = 16.36 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.32 (s, 9H), 4.24 (d, J = 15.2 Hz, 1H), 4.58 (d, J 

= 14.8 Hz, 1H), 5.19 (d, J = 11.2 Hz, 1H), 5.37 (d, J = 16.8 Hz, 1H), 5.77–5.90 (m, 2H), 6.74 (d, J = 8.4 Hz, 1H), 

6.82 (d, J = 6.8 Hz, 2H), 7.11–7.24 (m, 6H), 7.32–7.51 (m, 3H), 7.63 (t, J = 2.4 Hz, 1H); 
13

C NMR (CDCl3, 100 

MHz) δ: 28.1, 43.2, 81.7, 110.8, 115.4 (d, J = 3.8 Hz), 117.9, 120.1 (d, J = 3.8 Hz), 120.7 (d, J = 3.8 Hz), 125.6, 
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126.0, 128.1 (d, J = 3.8 Hz), 129.7, 129.9, 130.4, 132.8 (d, J = 2.8 Hz), 142.7 (d, J = 6.8 Hz), 149.9 (dd, J = 9.6, 

13.5 Hz), 153.4 (d, J = 17.3 Hz), 170.3; 
31

P NMR (CDCl3, 162 MHz) δ: 6.36; HPLC (70 : 30, n-hexane : i-PrOH, 

254nm, 1mL/min) Chiralpak IC column, tR = 6.1 (minor), tR = 7.8 (major), 97% ee. 

 

(R)-tert-Butyl (5-chloro-3-(diphenoxyphosphoryl)-1-(2-methylallyl)-2-oxoindolin-3-yl)carbamate (3e) 

 
[α]

28
D = 9.84 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.32 (s, 9H), 1.77(s, 3H), 4.14 (s, 1H), 4.53 (d, J = 

13.2 Hz, 1H), 4.92 (s, 1H), 5.04 (s, 1H), 5.89(d, J = 2.9 Hz, 1H), 6.79–6.82 (m, 3H), 7.10-7.14 (m, 1H), 7.19–

7.23 (m, 5H), 7.28–7.36 (m, 3H), 7.50 (t, J = 2.4 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 19.9, 28.1, 46.9, 81.7, 

110.4, 113.2, 120.2 (d, J = 4.8 Hz), 120.8 (d, J = 3.8 Hz), 125.3 (d, J = 4.8 Hz), 125.8, 126.0, 128.2 (d, J = 3.8 

Hz), 129.7, 129.9, 138.6, 142.5 (d, J = 6.8 Hz), 149.9 (t, J = 10.6 Hz), 153.4 (d, J = 17.4 Hz), 170.6; 
31

P NMR 

(CDCl3, 162 MHz) δ: 6.54; HPLC (70 : 30, n-hexane : i-PrOH, 254nm, 1mL/min) Chiralpak IC column, tR = 7.0 

(major), tR = 10.0 (minor), >99% ee. 

 

(R)-tert-Butyl (1-(trans-but-2-en-1-yl)-5-chloro-3-(diphenoxyphosphoryl)-2-oxoindolin-3-yl)carbamate (3f) 

 
[α]

26
D = 12.24 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.32 (s, 9H), 1.61(s, 3H), 4.10-4.33 (m, 1H), 4.50-

4.63 (m, 1H), 5.39-5.46 (m, 1H), 5.69-5.88 (m, 1H), 6.75-6.83 (m, 3H), 7.10-7.13 (m, 1H), 7.19–7.23 (m, 5H), 

7.28–7.44 (m, 3H), 7.48-7.50 (m, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 17.6, 28.1, 42.2, 42.6, 53.4, 81.7, 110.1, 

110.3, 120.1 (d, J = 4.8 Hz), 120.7 (d, J = 3.8 Hz), 123.5, 123.6, 125.4 (d, J = 3.8 Hz), 125.7, 125.9, 128.1, 

129.0, 129.5, 129.7, 129.9, 141.5, 142.3 (d, J = 6.7 Hz), 149.9 (t, J = 11.6 Hz), 153.5 (d, J = 17.2 Hz), 170.3; 
31

P 

NMR (CDCl3, 162 MHz) δ: 6.38; HPLC (70 : 30, n-hexane : i-PrOH, 254nm, 1mL/min) Chiralpak IA column, 

tR = 16.6, 19.4 (minor), tR = 22.7, 35.15 (major), 88, 85% ee. 

 

(R)-tert-Butyl (1-benzyl-3-(diphenoxyphosphoryl)-2-oxoindolin-3-yl)carbamate (3g) 

 
[α]

25
D = -3.32 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.30 (s, 9H), 4.76 (d, J = 13.6 Hz, 1H), 5.30 (d, J 

= 15.6 Hz, 1H), 5.93 (d, J = 11.6 Hz, 1H), 6.61 (d, J = 7.6 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), 7.03–7.24 (m, 10H), 

7.30–7.40 (m, 5H), 7.54 (d, J = 7.2 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 28.0, 44.6, 81.4, 109.5, 120.1 (d, J 

= 3.8 Hz), 120.9 (d, J = 4.7 Hz), 122.9, 125.2 (d, J = 3.8 Hz), 125.5, 125.8, 127.2, 127.5, 129.6, 129.8, 130.0, 

135.4, 143.6 (d, J = 4.7 Hz), 149.9 (dd, J = 10.6, 21.6 Hz), 153.8 (d, J = 18.3 Hz), 171.1; 
31

P NMR (CDCl3, 162 

MHz) δ: 7.27; HPLC (70 : 30, n-hexane : i-PrOH, 254nm, 1mL/min) Chiralpak IC column, tR = 8.0 (minor), tR = 

10.6 (major), >99% ee. 

 

(R)-tert-Butyl (1-benzyl-3-(diphenoxyphosphoryl)-5-fluoro-2-oxoindolin-3-yl)carbamate (3h) 

 
[α]

25
D = -5.40 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.34 (s, 9H), 4.79 (d, J = 16.0 Hz, 1H), 5.25 (d, J 

= 15.2 Hz, 1H), 5.94 (d, J = 11.6 Hz, 1H), 6.62 (dd, J = 4.0 and 8.8 Hz, 1H), 6.71 (d, J = 8.4 Hz, 2H), 6.91–6.95 

(m, 1H), 7.08-7.24 (m, 8H), 7.27–7.39 (m, 6H); 
13

C NMR (CDCl3, 100 MHz) δ: 28.1, 44.8, 81.7, 110.1 (d, J = 
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9.6 Hz), 113.1, 116.3, 116.5, 120.1 (d, J = 3.8 Hz), 120.8 (d, J = 4.7 Hz), 125.7, 126.0, 127.2, 127.6, 128.8, 

128.9, 129.7, 130.0, 135.1, 149.9 (dd, J = 9.6, 13.0 Hz), 153.5 (d, J = 17.4 Hz), 171.0; 
31

P NMR (CDCl3, 162 

MHz) δ: 6.63; HPLC (70 : 30, n-hexane : i-PrOH, 254nm, 1mL/min) Chiralpak IC column, tR = 6.5 (minor), tR = 

8.2 (major), >99% ee. 

 

(R)-tert-Butyl (1-benzyl-5-chloro-3-(diphenoxyphosphoryl)-2-oxoindolin-3-yl)carbamate (3i) 

 
[α]

26
D = 17.48 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.34 (s, 9H), 4.79 (d, J = 8.8 Hz, 1H), 5.23 (d, J = 

15.2 Hz, 1H), 5.93 (d, J = 11.2 Hz, 1H), 6.62 (d, J = 8.8 Hz, 1H), 6.74 (d, J = 8.4 Hz, 2H), 7.17-7.25 (m, 10H), 

7.31–7.38 (m, 4H), 7.50 (t, J = 2.2 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 28.1, 44.7, 81.8, 110.5, 120.1 (d, J 

= 4.8 Hz), 120.8 (d, J = 4.8 Hz), 125.4 (d, J = 3.9 Hz), 125.7, 126.0, 127.2, 127.7, 128.4 (d, J = 3.9 Hz), 128.8, 

129.7,  130.0, 134.9, 142.1 (d, J = 6.8 Hz), 149.8 (dd, J = 9.7, 13.5 Hz), 153.5 (d, J = 17.4 Hz), 170.8; 
31

P 

NMR (CDCl3, 162 MHz) δ: 6.44; HPLC (70 : 30, n-hexane : i-PrOH, 254nm, 1mL/min) Chiralpak IC column, 

tR = 5.8 (minor), tR = 7.2 (major), 98% ee. 

 

(R)-tert-Butyl (1-benzyl-5-bromo-3-(diphenoxyphosphoryl)-2-oxoindolin-3-yl)carbamate (3j) 

 
[α]

26
D = 34.28 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.34 (s, 9H), 4.80 (s, 1H), 5.22 (d, J = 15.6 Hz, 

1H), 5.94 (d, J = 11.2 Hz, 1H), 6.57 (d, J = 8.0 Hz, 1H), 6.74 (d, J = 8.4 Hz, 2H), 7.09-7.24 (m, 10H), 7.29–7.38 

(m, 6H), 7.63 (t, J = 2.0 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ:  28.1, 44.7, 81.8, 111.0, 115.5 (d, J = 3.8 Hz), 

120.1 (d, J = 3.8 Hz), 120.8 (d, J = 3.8 Hz), 125.7, 126.0, 127.2, 127.7, 128.1 (d, J = 4.8 Hz), 128.8, 129.7, 

129.9, 132.8, 134.9, 142.6 (d, J = 7.8 Hz), 149.9 (dd, J = 10.6, 13.5 Hz), 153.5 (d, J = 18.3 Hz), 170.7; 
31

P NMR 

(CDCl3, 162 MHz) δ: 6.41; HPLC (70 : 30, n-hexane : i-PrOH, 254nm, 1mL/min) Chiralpak IC column, tR = 6.5 

(minor), tR = 8.1 (major), >99% ee. 

 

(R)-tert-Butyl (1-benzyl-3-(diphenoxyphosphoryl)-5-methoxy-2-oxoindolin-3-yl)carbamate (3k)  

 
[α]

26
D = 35.28 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.32 (s, 9H), 3.69 (s, 3H), 4.76 (s, 1H), 5.26 (d, J 

= 15.6 Hz, 1H), 5.93 (d, J = 12.0 Hz, 1H), 6.57-6.80 (m, 4H), 7.05–7.40 (m, 15H); 
13

C NMR (CDCl3, 100 MHz) 

δ: 28.1, 44.7, 55.8, 81.8, 110.0, 111.9, 115.0, 120.1 (d, J = 4.8 Hz), 120.9 (d, J = 3.8 Hz), 125.5, 125.8, 127.2, 

127.4, 128.7, 129.5, 129.8, 135.4, 137.0 (d, J = 6.8 Hz), 150.0 (dd, J = 9.7, 18.3 Hz), 153.6 (d, J = 18.3 Hz), 

156.1 (d, J = 3.9 Hz), 170.8; 
31

P NMR (CDCl3, 162 MHz) δ: 7.19; HPLC (70 : 30, n-hexane : i-PrOH, 254nm, 

1mL/min) Chiralpak AD-H column, tR = 17.0 (minor), tR = 24.9 (major), >99% ee. 

 

(R)-tert-Butyl (5-chloro-3-(diphenoxyphosphoryl)-2-oxoindolin-3-yl)carbamate (3l) 

  
[α]

26
D = -1.92 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.39 (s, 9H), 5.85 (s, 1H), 5.98 (d, J = 10.8 Hz, 

1H), 6.74 (t, J = 9.4 Hz, 1H), 6.83 (d, J = 7.6 Hz, 2H), 7.10–7.23 (m, 6H), 7.32–7.57 (m, 3H), 8.00–8.26 (m, 

1H); 
13

C NMR (CDCl3, 100 MHz) δ: 28.2, 81.5, 111.4 (d, J = 12.5 Hz), 120.2 (d, J = 3.8 Hz), 120.7 (d, J = 4.7 

Hz), 125.6 (d, J = 3.8 Hz), 125.8, 126.0, 126.4, 128.2 (d, J = 3.8 Hz), 129.7, 129.9, 140.1 (d, J = 7.8 Hz), 149.9 

(dd, J = 6.8, 9.6 Hz), 154.0, 171.8; 
31

P NMR (CDCl3, 162 MHz) δ: 5.98; HPLC (70 : 30, n-hexane : i-PrOH, 
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254nm, 1mL/min) Chiralpak AD-H column, tR = 11.7 (major), tR = 29.0 (minor), 73% ee. 

 

(R)-tert-Butyl 3-((tert-butoxycarbonyl)amino)-3-(diphenoxyphosphoryl)-2-oxoindoline-1-carboxylate (3m) 

 
[α]

29
D = -17.4 (c = 1, CHCl3); 

1
H NMR (CDCl3, 400 MHz) δ: 1.40 (s, 9H), 1.51 (s, 9H), 5.87 (d, J = 8.8 Hz, 1H), 

6.96-7.12 (m, 4H), 7.18-7.24 (m, 2H), 7.29–7.44 (m, 7H), 7.88 (d, J = 7.6 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) 

δ: 27.5, 28.0, 80.2, 83.8, 119.7 (d, J = 4.8 Hz), 120.1 (d, J = 4.8 Hz), 122.3, 123.3, 125.2, 125.3, 128.3, 129.4, 

129.5, 129.8, 149.7 (d, J = 7.6 Hz), 150.1 (d, J = 7.6 Hz), 166.6 (d, J = 5.7 Hz); 
31

P NMR (CDCl3, 162 MHz) δ: 

-12.50; HPLC (97 : 3, n-hexane : i-PrOH, 254nm, 0.2mL/min) Chiralpak IC column, tR = 83.4 (minor), tR = 96.3 

(major), 26% ee. 
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5. NMR spectra and HPLC chromatograms of 3. 
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