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1. General Experimental Details 

Unless stated otherwise, all reactions were carried out in flame-dried glassware under a dry 

nitrogen atmosphere. All solvents were purified and dried according to standard methods prior to use. 

The NMR spectra were recorded on the Varian MERCURY plus-400 (400 MHz, 1H; 101 MHz, 

13C), Bruker AscendTM 400 (400 MHz, 1H; 101 MHz, 13C) and Bruker AscendTM 500 (500 MHz, 1H; 

126 MHz, 13C) spectrometers with chemical shifts reported in ppm relative to the residual deuterated 

solvent and the internal standard tetramethylsilane. 19F NMR spectra were recorded on the Bruker 

AscendTM 400 (376 MHz, 19F) and Bruker AscendTM 500 (470 MHz, 19F), and referenced relative to 

PhCF3. Data for 1H NMR are recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d = 

doublet, t = triplet, m = multiplet or unresolved, br = broad singlet, coupling constant(s) in Hz, 

integration). The ee values were determined by HPLC using the Daicel and Enantiocol chiral columns. 

Mass spectrometry analysis was carried out using an electrospray spectrometer Waters Micromass 

Q-TOF Premier Mass Spectrometer. Melting points were measured with SGW X-4 micro melting point 

apparatus. Optical rotations were measured on a Rudolph Research Analytical Autopol VI automatic 

polarimeter using a 50 mm path-length cell at 589 nm.  
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2. Preparation of Starting Materials 

Reagents were purchased from Sigma-Aldrich, TCI, or Alfa Aesar and used as received unless 

otherwise stated. L1 was purchased from Daicel chiral reagents. L2,1 allylic acetates,2 and 

3-hydroxyoxindoles3 were prepared according to literature procedures. The racemic samples were 

prepared by running reactions with a racemic catalyst. 

General Procedure for the Synthesis of Substituted 3-Hydroxyoxindoles: 

 

A solution of the isatin (10 mmol) in 15 mL of dry DMF was slowly added to a suspension of 

sodium hydride (15 mmol, 1.5 eq) in 10 mL of dry DMF at 0 ºC. The suspension was stirred for 15 min 

at 25 ºC. Then 1.5 equivalent of the alkylating agent (1-naphthylmethyl bromide, 2-naphthylmethyl 

bromide, benzyl bromide, etc.) was added at 0 ºC. The mixture was stirred for 1 h at room temperature 

and water was added until precipitation of the N-protected isatin. Crystallization from hexane/ethyl 

acetate afforded the pure product.  

Sodium borohydride (7.5 mmol, 1.5 eq) was added in small portions to a stirred suspension of the 

pure N-protected isatin (5 mmol) in 30 mL of a 1:1 dichloromethane/ethanol mixture at 0 ºC. The 

mixture was vigorously stirred at 0 ºC until the suspension became colorless (about 10 min). Then 

water (5 mL) was added and the reaction mixture was stirred until bubbling stop. The mixture was 

extracted with dichloromethane (3 x 20 mL). The combined organic extracts were dried (MgSO4) and 

the solvent evaporated under reduced pressure below 30 ºC. The residue was purified by 

chromatography on silica gel quickly using a 1:1 mixture of hexane/diethyl ether, or crystallized by 

ethyl acetate/hexane to separate the 3-hydroxy-2-oxoindole derivative from the pigments formed 

during the extraction and evaporation procedures. The isatin reductions generally proceed smoothly 

providing the corresponding dioxindoles in good overall yield after chromatography or crystallization. 

1-Benzylindoline-2,3-dione 

 
Orange solid (1.99 g, 84% yield). m.p. = 127 – 129 oC.1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 7.4 

Hz, 1H), 7.48 (t, J = 7.8 Hz, 1H), 7.39 – 7.24 (m, 5H), 7.09 (t, J = 7.6 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 

4.93 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 183.3, 158.3, 150.7, 138.3, 134.5, 129.1, 128.2, 127.4, 

125.4, 123.9, 117.7, 111.0, 44.1. HRMS (Q–TOF Premier) calcd for C15H12NO2 (M+H)+: 238.0863; 

found: 238.0870. 

 

1-(2-Fluorobenzyl)indoline-2,3-dione 
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Orange solid (1.91 g, 75% yield). m.p. = 153 – 155 oC . 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 6.8 

Hz, 1H), 7.58 – 7.49 (m, 1H), 7.39 – 7.27 (m, 2H), 7.14 – 7.08 (m, 3H), 6.90 (d, J = 7.8 Hz, 1H), 4.99 

(s, 2H). 13C NMR (101 MHz, CDCl3) δ 183.0, 160.6(d, J = 247.5 Hz), 158.4, 150.4, 138.5, 130.1 (d, J 

= 8.1 Hz), 129.9(d, J = 3.0 Hz), 125.4, 124.8(d, J = 3.0 Hz), 124.0, 121.7(d, J = 14.1 Hz), 117.7, 

115.7(d, J = 31.3 Hz), 110.7(d, J = 3.0 Hz), 37.3(d, J = 5.1 Hz). 19F NMR (376 MHz, CDCl3) δ -118.1. 

HRMS (Q–TOF Premier) calcd for C15H11NO2F (M+H)+: 256.0774; found: 256.0776. 

1-(2,6-Dichlorobenzyl)indoline-2,3-dione 

 

Orange solid (2.41 g, 79% yield). m.p. = 180 – 182 oC. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 7.4 

Hz, 1H), 7.46 (t, J = 7.4 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.29 – 7.25 (m, 1H), 7.08 (t, J = 7.6 Hz, 1H), 

6.75 (d, J = 8.0 Hz, 1H), 5.26 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 182.9, 157.8, 150.5, 138.4, 136.3, 

130.3, 129.1, 125.4, 123.7, 117.9, 111.2, 100.0, 40.2. HRMS (Q–TOF Premier) calcd for 

C15H10Cl2NO2 (M+H)+: 306.0083; found: 306.0088. 

1-(Naphthalen-1-ylmethyl)indoline-2,3-dione 

 

Orange solid (2.35 g, 82% yield). m.p. = 191 – 193 oC. 1H NMR (500 MHz, CDCl3) δ 8.07 (d, J = 8.4 

Hz, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.82 (dd, J = 7.0 Hz, 1.6Hz, 1H), 7.63 – 7.51 (m, 3H), 7.43 – 7.36 

(m, 3H), 7.06 (t, J = 7.6 Hz, 1H), 6.73 (d, J = 8.0 Hz, 1H), 5.39 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 

183.1, 158.4, 151.1, 138.4, 133.9, 130.9, 129.3, 129.1, 128.9, 126.9, 126.3, 125.4, 125.2, 125.0, 123.9, 

122.7, 117.8, 111.5, 42.4. HRMS (Q–TOF Premier) calcd for C19H14NO2 (M+H)+: 288.1019; found: 

288.1021. 

1-(Naphthalen-2-ylmethyl)indoline-2,3-dione 
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Orange solid (2.30 g, 80% yield). m.p. = 155 – 157 oC. 1H NMR (400 MHz, CDCl3) δ 7.83 – 7.78 (m, 

4H), 7.60 (d, J = 7.4 Hz, 1H), 7.52 – 7.37 (m, 4H), 7.06 (t, J = 7.6 Hz, 1H), 6.80 (d, J = 7.8 Hz, 1H), 

5.07 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 183.3, 158.4, 150.7, 138.4, 133.3, 133.0, 131.9, 129.1, 

127.8, 127.8, 126.6, 126.4, 126.4, 125.4, 125.0, 123.9, 117.7, 111.1, 44.3. HRMS (Q–TOF Premier) 

calcd for C19H14NO2 (M+H)+: 288.1019; found: 288.1016. 

7-Fluoro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione 

 

Orange solid (2.29 g, 75% yield). m.p. = 140 – 142 oC. 1H NMR (500 MHz, CDCl3) δ 8.02 (d, J = 8.4 

Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.2 Hz, 1H), 7.60 – 7.51 (m, 2H), 7.48 (d, J = 7.4 Hz, 

1H), 7.37 (t, J = 7.8 Hz, 1H), 7.27 (d, J = 7.2 Hz, 1H), 7.20 (dd, J = 10.8, 8.4 Hz, 1H), 7.06 (td, J = 7.8, 

3.8 Hz, 1H), 5.55 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 182.2 (d, J = 3.4 Hz), 158.2, 148.0 (d, J = 

250.0 Hz), 137.0 (d, J = 9.1 Hz), 133.8, 130.6, 130.5, 129.0, 128.4, 126.8, 126.7 (d, J = 19.8 Hz), 126.6, 

125.3, 124.9 (d, J = 5.8 Hz), 122.9 (d, J = 2.0 Hz), 122.6, 121.5 (d, J = 3.3 Hz), 120.4 (d, J = 2.5 Hz), 

43.6 (d, J = 4.7 Hz). 19F NMR (471 MHz, CDCl3) δ -131.5. HRMS (Q–TOF Premier) calcd for 

C19H13FNO2 (M+H)+: 306.0925; found: 306.0923. 

7-Chloro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione 

 

Orange solid (2.44 g, 76% yield). m.p. = 150 – 152 oC. 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.4 

Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 7.79 (d, J = 8.2 Hz, 1H), 7.69 (dd, J = 7.4, 1.2 Hz, 1H), 7.66 – 7.49 

(m, 3H), 7.37 (t, J = 7.8 Hz, 1H), 7.13 (d, J = 7.2 Hz, 1H), 7.03 (dd, J = 8.0, 7.6 Hz, 1H), 5.87 (s, 2H). 

13C NMR (101 MHz, CDCl3) δ 182.3, 158.9, 147.9, 144.2, 133.8, 131.1, 130.0, 129.0, 128.0, 126.6, 

126.1, 125.4, 125.3, 124.8, 122.2, 121.5, 120.8, 104.8, 42.9. HRMS (Q–TOF Premier) calcd for 

C19H13ClNO2 (M+H)+: 322.0629; found: 322.0632. 

7-Bromo-1-(naphthalen-1-ylmethyl)indoline-2,3-dione 
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Orange solid (2.81 g, 77% yield). m.p. = 123 – 125 oC. 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.2 

Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.65 (dd, J = 7.2, 1.2 Hz, 1H), 7.63 – 7.53 

(m, 2H), 7.45 (dd, J = 8.2, 1.2 Hz, 1H), 7.37 (t, J = 7.8 Hz, 1H), 7.20 – 7.03 (m, 2H), 5.83 (s, 2H). 13C 

NMR (101 MHz, CDCl3) δ 182.3, 158.8, 146.4, 140.8, 133.8, 131.1, 130.1, 129.0, 128.0, 126.6, 126.1, 

125.4, 125.0, 124.3, 122.2, 121.4, 120.4, 117.9, 43.2. HRMS (Q–TOF Premier) calcd for C19H13BrNO2 

(M+H)+: 366.0124; found: 366.0120. 

7-Methyl-1-(naphthalen-1-ylmethyl)indoline-2,3-dione 

 

Orange solid (2.47 g, 82% yield). m.p. = 94 – 96 oC. 1H NMR (400 MHz, CDCl3) δ7.96 (d, J = 8.2 Hz, 

1H), 7.92 (d, J = 8.2 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.70 – 7.48 (m, 3H), 7.38 (t, J = 7.8 Hz, 1H), 

7.25 (d, J = 4.8 Hz, 1H), 7.21 (d, J = 7.2 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 5.63 (s, 2H), 2.06 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 183.6, 159.5, 148.6, 142.6, 133.9, 130.9, 129.9, 129.1, 128.2, 126.8, 

126.2, 125.5, 124.1, 123.7, 122.2, 122.0, 121.7, 118.9, 43.4, 17.9. HRMS (Q–TOF Premier) calcd for 

C20H16NO2 (M+H)+: 302.1176; found: 302.1180. 

6-Fluoro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione 

 

Orange solid (2.35 g, 77% yield). m.p. = 146 – 148 oC. 1H NMR (500 MHz, CDCl3) δ 8.04 (d, J = 8.4 

Hz, 1H), 7.91 (d, J = 7.8 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.64 (dd, J = 8.2, 5.6 Hz, 1H), 7.62 – 7.53 

(m, 2H), 7.47 – 7.37 (m, 2H), 6.73 (td, J = 8.8, 2.2 Hz, 1H), 6.47 (dd, J = 8.8, 2.2 Hz, 1H), 5.39 (s, 2H). 

13C NMR (126 MHz, CDCl3) δ 180.9, 169.0 (d, J = 261.7 Hz), 158.6, 153.7 (d, J = 12.6 Hz), 134.0, 

130.9, 129.2, 129.1, 128.9, 128.2, 128.1, 127.1, 126.4, 125.3, 122.7, 114.3 (d, J = 2.5 Hz), 110.9 (d, J = 

22.7 Hz), 100.4 (d, J = 27.7 Hz), 42.7. 19F NMR (471 MHz, CDCl3) δ -92.7. HRMS (Q–TOF Premier) 

calcd for C19H13FNO2 (M+H)+: 306.0925; found: 306.0927. 

6-Chloro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione 

 



 

 

S7 

 

Orange solid (2.50 g, 78% yield). m.p. = 158 – 160 oC. 1H NMR (500 MHz, CDCl3) δ 8.01 (d, J = 8.4 

Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.60 – 7.55 (m, 1H), 7.53 (d, J = 7.8 Hz, 

1H), 7.51 (d, J = 7.8 Hz, 1H), 7.44 – 7.37 (t, 10Hz, 1H), 7.35 (d, J = 7.0 Hz, 1H), 7.01 (d, J = 8.0 Hz, 

1H), 6.73 (s, 1H), 5.34 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 181.6, 158.3, 152.0, 144.8, 133.8, 130.8, 

129.2, 129.1, 128.8, 127.1, 126.4, 126.3, 125.3, 124.9, 124.2, 122.7, 116.1, 112.2, 42.6. HRMS 

(Q–TOF Premier) calcd for C19H13ClNO2 (M+H)+: 322.0629; found: 322.0628. 

6-Bromo-1-(naphthalen-1-ylmethyl)indoline-2,3-dione 

 

Orange solid (2.92 g, 80% yield). m.p. = 156 – 158 oC. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.4 

Hz, 1H), 7.87 (dd, J = 26.0, 8.2 Hz, 2H), 7.57 (ddd, J = 15.0, 14.0, 6.8 Hz, 2H), 7.43 (dd, J = 13.8, 8.0 

Hz, 2H), 7.35 (d, J = 7.0 Hz, 1H), 7.21 (dd, J = 8.0, 1.4 Hz, 1H), 6.92 (d, J = 1.0 Hz, 1H), 5.37 (s, 2H). 

13C NMR (101 MHz, CDCl3) δ 181.8, 158.2, 151.8, 134.0, 133.6, 130.8, 129.2, 129.1, 128.7, 127.2, 

127.0, 126.4, 126.3, 125.3, 124.9, 122.6, 116.5, 115.0, 42.6. HRMS (Q–TOF Premier) calcd for 

C19H13BrNO2 (M+H)+: 366.0124; found: 366.0117. 

6-Methyl-1-(naphthalen-1-ylmethyl)indoline-2,3-dione 

 

Orange solid (2.47 g, 82% yield). m.p. = 168 – 170 oC. 1H NMR (500 MHz, CDCl3) δ 8.06 (d, J = 8.4 

Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.82 (d, J = 8.1 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.54 (t, J = 7.4 Hz, 

1H), 7.51 (d, J = 7.6 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.35 (d, J = 7.0 Hz, 1H), 6.87 (d, J = 7.8 Hz, 

1H), 6.54 (s, 1H), 5.38 (s, 2H), 2.26 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 182.4, 159.1, 151.5, 150.9, 

133.9, 130.8, 129.4, 129.1, 128.8, 126.9, 126.2, 125.4, 125.3, 124.7, 124.5, 122.7, 115.7, 112.1, 42.2, 

22.9. HRMS (Q–TOF Premier) calcd for C20H16NO2 (M+H)+: 302.1176; found: 302.1178. 

6-Methoxy-1-(naphthalen-1-ylmethyl)indoline-2,3-dione 

 

Orange solid (2.63 g, 83% yield). m.p. = 136 – 138 oC. 1H NMR (500 MHz, CDCl3) δ 8.06 (d, J = 8.4 

Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.62 – 7.51 (m, 3H), 7.44 – 7.35 (m, 2H), 

6.49 (dd, J = 8.6, 2.2 Hz, 1H), 6.23 (d, J = 2.2 Hz, 1H), 5.36 (s, 2H), 3.71 (s, 3H). 13C NMR (126 MHz, 

CDCl3) δ 180.4, 168.2, 159.8, 153.7, 133.9, 130.9, 129.6, 129.1, 128.9, 127.9, 126.9, 126.3, 125.2, 

125.1, 122.7, 111.4, 108.3, 98.5, 56.0, 42.3. HRMS (Q–TOF Premier) calcd for C20H16NO3 (M+H)+: 

318.1125; found: 318.1129. 
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5-Fluoro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione 

 

Orange solid (2.44 g, 80% yield). m.p. = 150 – 152 oC. 1H NMR (500 MHz, CDCl3) δ 8.05 (d, J = 8.4 

Hz, 1H), 7.90 (d, J = 8.2 Hz, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.62 – 7.52 (m, 2H), 7.44 – 7.36 (m, 2H), 

7.31 (dd, J = 6.4, 2.8 Hz, 1H), 7.11 (td, J = 8.6, 2.8 Hz, 1H), 6.70 (dd, J = 8.8, 3.6 Hz, 1H), 5.39 (s, 2H). 

13C NMR (126 MHz, CDCl3) δ 182.5, 159.3 (d, J = 246.7 Hz), 158.2 (d, J = 1.3 Hz), 147.1, 134.0, 

130.9, 129.1 (d, J = 1.3 Hz), 129.0, 127.1, 126.4, 125.2, 125.1, 124.8, 124.6, 122.7, 118.4 (d, J = 7.6 

Hz), 112.7 (d, J = 7.6 Hz), 112.4 (d, J = 25.2Hz), 42.6. 19F NMR (471 MHz, CDCl3) δ -117.8. HRMS 

(Q–TOF Premier) calcd for C19H13FNO2 (M+H)+: 306.0925; found: 306.0927. 

4-Fluoro-1-(naphthalen-1-ylmethyl)indoline-2,3-dione 

  

Orange solid (2.47 g, 81% yield). m.p. = 136 – 138 oC. 1H NMR (500 MHz, CDCl3) δ 8.04 (d, J = 8.4 

Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.62 – 7.51 (m, 2H), 7.45 – 7.34 (m, 3H), 

6.71 (t, J = 8.4 Hz, 1H), 6.54 (d, J = 7.8 Hz, 1H), 5.39 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 178.7, 

158.8 (d, J = 268.6 Hz), 157.8, 151.4 (d, J = 6.3 Hz), 140.6 (d, J = 10.1 Hz), 133.93, 130.81, 129.12, 

129.08, 129.02, 127.04, 126.34, 125.2, 125.0, 122.62, 111.9 (d, J = 20.2 Hz), 107.6 (d, J = 3.8 Hz), 

106.0 (d, J = 18.9 Hz), 42.82. 19F NMR (471 MHz, CDCl3) δ -105.9. HRMS (Q–TOF Premier) calcd 

for C19H13FNO2 (M+H)+: 306.0925; found: 306.0922. 

3-Hydroxy-1-methylindolin-2-one 

 

White solid (0.60 g, 73% yield). m.p. = 151 – 153 oC. 1H NMR (400 MHz, DMSO) δ7.37 – 7.27 (m, 

2H), 7.07 – 7.01 (m, 1H), 6.96 (d, J = 7.8 Hz, 1H), 6.24 (d, J = 7.4 Hz, 1H), 4.90 (d, J = 7.4 Hz, 1H), 

3.08 (s, 3H). 13C NMR (101 MHz, DMSO) δ 176.5, 144.1, 129.5, 129.0, 124.9, 122.6, 108.8, 69.2, 26.2. 

HRMS (Q–TOF Premier) calcd for C9H9NNaO2 (M+Na)+: 186.0531; found: 186.0525. 

3-Hydroxyindolin-2-one 
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White solid (0.55 g, 74% yield). m.p. = 166 – 168 oC. 1H NMR (400 MHz, DMSO) δ 10.22 (s, 1H), 

7.28 (d, J = 7.2 Hz, 1H), 7.20 (t, J = 7.6 Hz, 1H), 6.96 (td, J = 7.6, 0.8 Hz, 1H), 6.79 (d, J = 7.6 Hz, 

1H), 6.15 (d, J = 7.6 Hz, 1H), 4.83 (d, J = 7.4 Hz, 1H). 13C NMR (101 MHz, DMSO) δ 178.4, 142.6, 

129.8, 129.4, 125.2, 121.9, 109.9, 69.6. HRMS (Q–TOF Premier) calcd for C8H8NO2 (M+H)+: 

150.0550; found: 150.0547. 

1-Benzyl-3-hydroxyindolin-2-one 

 

White solid (0.85 g, 71% yield). m.p. = 138 – 140 oC. 1H NMR (500 MHz, DMSO) δ 7.38 – 7.30 (m, 

5H), 7.26 (ddd, J = 10.8, 5.6, 2.8 Hz, 1H), 7.21 (t, J = 7.8 Hz, 1H), 7.06 – 6.99 (m, 1H), 6.84 (d, J = 7.8 

Hz, 1H), 6.52 – 6.24 (s, 1H), 5.05 (s, 1H), 4.85 (s, 2H). 13C NMR (126 MHz, DMSO) δ 176.7, 143.1, 

136.8, 129.4, 129.1, 129.0, 127.8, 127.7, 125.1, 122.8, 109.5, 69.3, 42.9. HRMS (Q–TOF Premier) 

calcd for C15H13NNaO2 (M+Na)+: 262.0838; found: 262.0840. 

1-(2-Fluorobenzyl)-3-hydroxyindolin-2-one 

 

White solid (0.86 g, 67% yield). m.p. = 96 – 98 oC. 1H NMR (400 MHz, DMSO) δ 7.38 – 7.31 (m, 2H), 

7.30 – 7.19 (m, 3H), 7.14 (td, J = 7.4, 1.2 Hz, 1H), 7.08 – 7.01 (m, 1H), 6.83 (d, J = 7.8 Hz, 1H), 6.37 

(d, J = 7.8 Hz, 1H), 5.05 (d, J = 7.8 Hz, 1H), 4.93 (d, J = 16.2 Hz, 1H), 4.86 (d, J = 16.2 Hz, 1H). 13C 

NMR (101 MHz, DMSO) δ 176.65, 160.6 (d, J = 245.4 Hz), 142.93, 130.0 (d, J = 8.1 Hz), 129.6 (d, J 

= 4.0 Hz), 129.5, 129.1, 125.2, 125.1 (d, J = 3.0 Hz), 123.4 (d, J = 15.2 Hz), 122.86, 115.9 (d, J = 21.2 

Hz), 109.1, 69.2, 37.1 (d, J = 5.1 Hz). 19F NMR (376 MHz, DMSO) δ -117.8 HRMS (Q–TOF Premier) 

calcd for C15H12FNNaO2 (M+Na)+: 280.0744; found: 280.0751. 

1-(2,6-Dichlorobenzyl)-3-hydroxyindolin-2-one 
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Light pink solid (1.04 g, 68% yield). m.p. = 150 – 152 oC. 1H NMR (400 MHz, DMSO) δ 7.52 – 7.44 

(m, 2H), 7.38 (dd, J = 8.6, 7.6 Hz, 1H), 7.34 (d, J = 7.2 Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H), 7.00 (t, J = 

7.4 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 6.35 (d, J = 6.6 Hz, 1H), 5.14 (d, J = 15.2 Hz, 1H), 5.00 (d, J = 

15.2 Hz, 1H), 4.96 (d, J = 6.0 Hz, 1H). 13C NMR (101 MHz, DMSO) δ 176.2, 142.9, 135.9, 131.0, 

130.8, 129.5, 129.4, 129.1, 125.2, 122.7, 109.0, 68.8, 40.2. HRMS (Q–TOF Premier) calcd for 

C15H11Cl2NNaO2 (M+Na)+: 330.0059; found: 330.0057. 

3-Hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

 
White solid (1.01 g, 70% yield). m.p. = 156 – 158 oC. 1H NMR (500 MHz, DMSO) δ 8.25 (d, J = 8.2 

Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.60 (dt, J = 14.6, 7.0 Hz, 2H), 7.43 – 7.40 

(m, 2H), 7.31 (d, J = 6.8 Hz, 1H), 7.17 (t, J = 7.6 Hz, 1H), 7.03 (t, J = 7.4 Hz, 1H), 6.76 (d, J = 7.8 Hz, 

1H), 6.46 (d, J = 7.6 Hz, 1H), 5.39 (d, J = 16.6 Hz, 1H), 5.29 (d, J = 16.6 Hz, 1H), 5.14 (d, J = 7.6 Hz, 

1H). 13C NMR (126 MHz, DMSO) δ 176.9, 143.4, 133.9, 131.5, 131.1, 129.5, 129.2, 129.1, 128.3, 

126.9, 126.5, 125.8, 125.1, 124.4, 123.7, 122.8, 109.7, 69.3, 41.3. HRMS (Q–TOF Premier) calcd for 

C19H16NO2 (M+H)+: 290.1181; found: 290.1178. 

3-Hydroxy-1-(naphthalen-2-ylmethyl)indolin-2-one 

 

White solid (0.98 g, 68% yield). m.p. = 142 – 144 oC. 1H NMR (400 MHz, DMSO) δ 7.93 – 7.82 (m, 

4H), 7.55 – 7.44 (m, 3H), 7.38 (d, J = 7.2 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 7.01 (td, J = 7.7, 0.8 Hz, 

1H), 6.88 (d, J = 7.8 Hz, 1H), 6.39 (d, J = 7.8 Hz, 1H), 5.10 (d, J = 7.8 Hz, 1H), 5.04 (d, J = 16.4 Hz, 

1H), 5.00 (d, J = 16.4 Hz, 1H). 13C NMR (101 MHz, DMSO) δ 176.8, 143.2, 134.4, 133.3, 132.8, 

129.4, 129.2, 128.8, 128.1, 128.0, 126.8, 126.5, 126.3, 125.9, 125.1, 122.8, 109.5, 69.3, 43.2. HRMS 

(Q–TOF Premier) calcd for C19H15NNaO2 (M+Na)+: 312.0995; found: 312.0996. 

7-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 
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White solid (0.98 g, 64% yield). m.p. = 153 – 155 oC. 1H NMR (400 MHz, DMSO) δ 8.18 (d, J = 8.2 

Hz, 1H), 8.03 – 7.97 (m, 1H), 7.85 (d, J = 8.2 Hz, 1H), 7.67 – 7.57 (m, 2H), 7.44 – 7.37 (m, 1H), 7.33 

– 7.28 (m, 1H), 7.16 (d, J = 6.8 Hz, 1H), 7.13 – 7.04 (m, 2H), 6.61 (d, J = 7.8 Hz, 1H), 5.47 (d, J = 

17.4 Hz, 1H), 5.41 (d, J = 17.4 Hz, 1H), 5.26 (d, J = 7.6 Hz, 1H). 13C NMR (101 MHz, DMSO) δ 176.7, 

147.1 (d, J = 243.4 Hz), 133.7, 132.5, 132.4 (d, J = 3.0 Hz), 130.5, 129.7 (d, J = 8.1 Hz), 129.1, 127.9, 

126.9, 126.5, 125.9, 124.0 (d, J = 7.1 Hz), 123.3, 122.1, 121.5 (d, J = 3.0 Hz), 117.4 (d, J = 19.3 Hz), 

69.4 (d, J = 3.0 Hz), 42.7 (d, J = 5.1 Hz). 19F NMR (376 MHz, DMSO) δ -136.4. HRMS (Q–TOF 

Premier) calcd for C19H14FNNaO2 (M+Na)+: 330.0901; found: 330.0905. 

7-Chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

 

White solid (0.98 g, 65% yield). m.p. = 114 – 116 oC. 1H NMR (400 MHz, DMSO) δ 8.17 (d, J = 8.4 

Hz, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.66 – 7.56 (m, 2H), 7.47 (dt, J = 7.2, 1.2 

Hz, 1H), 7.42 – 7.36 (m, 2H), 7.08 – 7.01 (m, 2H), 6.59 (d, J = 7.8 Hz, 1H), 5.70 (d, J = 17.8 Hz, 1H), 

5.64 (d, J = 17.8 Hz, 1H), 5.24 (d, J = 7.8 Hz, 1H). 13C NMR (101 MHz, DMSO) δ 177.5, 140.5, 134.9, 

133.8, 133.1, 133.0, 130.2, 129.1, 127.7, 127.0, 126.5, 125.9, 124.8, 124.7, 123.2, 121.9, 102.1, 68.9, 

42.6. HRMS (Q–TOF Premier) calcd for C19H15ClNO2 (M+H)+: 324.0786; found:324.0788. 

7-Bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

 

White solid (1.23 g, 67% yield). m.p. = 149 – 151 oC . 1H NMR (400 MHz, DMSO) δ 8.18 (d, J = 8.4 

Hz, 1H), 7.99 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 8.4 Hz, 1H), 7.67 – 7.56 (m, 2H), 7.44 (dt, J = 7.3, 1.0 

Hz, 1H), 7.40 (d, J = 7.2 Hz, 1H), 7.23 (d, J = 8.2 Hz, 1H), 7.16 – 7.05 (m, 2H), 6.60 (d, J = 7.8 Hz, 

1H), 5.67 (d, J = 17.8 Hz, 1H), 5.62 (d, J = 17.8 Hz, 1H), 5.25 (d, J = 7.8 Hz, 1H). 13C NMR (101 MHz, 

DMSO) δ 177.3, 139.1, 133.7, 133.2, 132.6, 131.5, 130.2, 129.1, 127.7, 126.9, 126.5, 125.9, 124.4, 

124.3, 123.2, 121.8, 114.7, 68.9, 42.7. HRMS (Q–TOF Premier) calcd for C19H15BrNO2 (M+H)+: 

368.0281; found: 368.0285. 

3-Hydroxy-7-methyl-1-(naphthalen-1-ylmethyl)indolin-2-one 

 
White solid (1.06 g, 70% yield). m.p. = 120 – 122 oC. 1H NMR (400 MHz, DMSO) δ 8.19 (d, J = 8.2 

Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.85 (d, J = 8.2 Hz, 1H), 7.67 – 7.59 (m, 2H), 7.46 – 7.36 (m, 1H), 



 

 

S12 

 

7.36 – 7.26 (m, 1H), 7.10 (d, J = 6.8 Hz, 1H), 7.06 – 6.92 (m, 2H), 6.45 (d, J = 7.6 Hz, 1H), 5.56 (d, J 

= 18.8 Hz, 1H), 5.51 (d, J = 18.8 Hz, 1H), 5.15 (d, J = 7.6 Hz, 1H), 1.99 (s, 3H). 13C NMR (101 MHz, 

DMSO) δ 177.7, 141.1, 133.8, 133.4, 133.1, 130.1, 130.0, 129.2, 127.9, 127.1, 126.1, 126.0, 123.2, 

123.2, 122.4, 122.4, 119.9, 68.9, 42.6, 17.8. HRMS (Q–TOF Premier) calcd for C20H18NO2 (M+H)+: 

304.1332; found: 304.1337. 

6-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

 

White solid (1.00 g, 65% yield). m.p. = 166 – 168 oC. 1H NMR (400 MHz, DMSO) δ 8.22 (d, J = 7.8 

Hz, 1H), 7.98 (d, J = 7.6 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.65 – 7.56 (m, 2H), 7.46 – 7.39 (m, 2H), 

7.31 (d, J = 6.8 Hz, 1H), 6.83 (t, J = 8.8 Hz, 1H), 6.74 (d, J = 9.4 Hz, 1H), 6.47 (d, J = 7.6 Hz, 1H), 

5.40 (d, J = 16.6 Hz, 1H), 5.31 (d, J = 16.6 Hz, 1H), 5.12 (d, J = 7.2 Hz, 1H). 13C NMR (101 MHz, 

DMSO) δ 177.2, 163.2 (d, J = 243.4 Hz), 145.3 (d, J = 12.1 Hz), 133.9, 131.3, 131.0, 129.1, 128.4, 

126.9, 126.7, 126.6, 125.8, 125.1 (d, J = 3.0 Hz), 124.3, 123.8, 108.7 (d, J = 22.2 Hz), 98.4 (d, J = 18.2 

Hz), 68.8, 41.5. 19F NMR (471 MHz, DMSO) δ -111.5. HRMS (Q–TOF Premier) calcd for 

C19H14FNNaO2  (M+Na)+: 330.0901; found: 330.0903. 

6-Chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

 
White solid (1.08 g, 67% yield). m.p. = 106 – 108 oC. 1H NMR (400 MHz, DMSO) δ 8.22 (d, J = 8.0 

Hz, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.68 – 7.56 (m, 2H), 7.46 – 7.40 (m, 2H), 

7.28 (d, J = 6.8 Hz, 1H), 7.09 (d, J = 7.6 Hz, 1H), 6.92 (s, 1H), 6.54 (d, J = 7.6 Hz, 1H), 5.42 (d, J = 

16.8 Hz, 1H), 5.33 (d, J = 16.8 Hz, 1H), 5.16 (d, J = 7.4 Hz, 1H). 13C NMR (101 MHz, DMSO) δ 176.9, 

145.0, 133.9, 133.9, 131.2, 131.0, 129.1, 128.4, 128.1, 126.9, 126.6, 126.6, 125.8, 124.0, 123.8, 122.5, 

110.0, 68.9, 41.4. HRMS (Q–TOF Premier) calcd for C19H15ClNO2 (M+H)+: 324.0786; found: 

324.0781. 

6-Bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

 

White solid (1.25 g, 68% yield). m.p. = 160 – 162 oC. 1H NMR (400 MHz, DMSO) δ 8.21 (d, J = 8.2 

Hz, 1H), 7.99 (d, J = 8.8 Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.68 – 7.54 (m, 2H), 7.44 (t, J = 8.0 Hz, 

1H), 7.36 (d, J = 7.8 Hz, 1H), 7.32 – 7.17 (m, 2H), 7.05 (d, J = 1.6 Hz, 1H), 6.53 (d, J = 7.6 Hz, 1H), 

5.42 (d, J = 16.8 Hz, 1H), 5.33 (d, J = 16.8 Hz, 1H), 5.14 (d, J = 7.6 Hz, 1H). 13C NMR (101 MHz, 

DMSO) δ 176.8, 145.1, 133.8, 131.2, 131.0, 129.1, 128.6, 128.3, 126. 9, 126.6, 125.8, 125.4, 123.9, 
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123.9, 123.8, 122.1, 112.7, 68.9, 41.3. HRMS (Q–TOF Premier) calcd for C19H15BrNO2 (M+H)+: 

368.0281; found: 368.0287. 

3-Hydroxy-6-methyl-1-(naphthalen-1-ylmethyl)indolin-2-one 

 

White solid (1.06 g, 70% yield). m.p. = 125 – 127 oC . 1H NMR (400 MHz, DMSO) δ 8.23 (d, J = 8.2 

Hz, 1H), 7.98 (d, J = 7.6 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.65 – 7.57 (m, 2H), 7.42 (t, J = 7.6 Hz, 

1H), 7.28 (d, J = 7.5 Hz, 1H), 7.24 (d, J = 7.0 Hz, 1H), 6.85 (d, J = 7.4 Hz, 1H), 6.62 (s, 1H), 6.36 (d, J 

= 7.4 Hz, 1H), 5.37 (d, J = 16.8 Hz, 1H), 5.27 (d, J = 16.8 Hz, 1H), 5.08 (d, J = 7.4 Hz, 1H), 2.18 (s, 

3H). 13C NMR (101 MHz, DMSO) δ 177.2, 143.6, 139.2, 133.8, 131.5, 131.0, 129.1, 128.2, 126.9, 

126.5, 126.3, 125.8, 125.0, 123.9, 123.7, 123.3, 110.3, 69.2, 41.2, 21.8. HRMS (Q–TOF Premier) calcd 

for C20H18NO2 (M+H)+: 304.1332; found: 304.1335. 

3-Hydroxy-6-methoxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

 

White solid (1.15 g, 72% yield). m.p. = 136 – 138 oC. 1H NMR (500 MHz, DMSO) δ 8.23 (d, J = 8.2 

Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 7.87 (d, J = 8.2 Hz, 1H), 7.63 – 7.56 (m, 2H), 7.44 (t, J = 7.6 Hz, 

1H), 7.32 (d, J = 7.0 Hz, 1H), 7.29 (d, J = 8.0 Hz, 1H),6.57 (dd, J = 8.2, 1.8 Hz, 1H), 6.40 (d, J = 1.8 

Hz, 1H), 6.32 (d, J = 7.4 Hz, 1H), 5.37 (d, J = 16.6 Hz, 1H), 5.29 (d, J = 16.6 Hz, 1H), 5.03 (d, J = 7.4 

Hz, 1H), 3.63 (s, 3H). 13C NMR (126 MHz, DMSO) δ 177.3, 160.8, 144.9, 133.8, 131.7, 131.1, 129.1, 

128.3, 126.9, 126.5, 126.0, 125.8, 124.5, 123.8, 121.0, 106.8, 97.5, 68.9, 55.8, 41.3. HRMS (Q–TOF 

Premier) calcd for C20H17NNaO3 (M+Na)+: 342.1101; found: 342.1102. 

5-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

 

White solid (1.03 g, 67% yield). m.p. = 162 – 164 oC. 1H NMR (400 MHz, DMSO) δ 8.24 (d, J = 7.8 

Hz, 1H), 7.98 (d, J = 7.4 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.72 – 7.53 (m, 2H), 7.43 (t, J = 7.2 Hz, 

1H), 7.29 (dd, J = 12.8, 7.2 Hz, 2H), 7.02 (t, J = 7.8 Hz, 1H), 6.76 (d, J = 4.2 Hz, 1H), 6.57 (d, J = 7.2 

Hz, 1H), 5.40 (d, J = 16.6 Hz, 1H), 5.29 (d, J = 16.6 Hz, 1H), 5.17 (d, J = 6.8 Hz, 1H). 13C NMR (101 

MHz, DMSO) δ 176.7, 159.0 (d, J = 239.4 Hz), 139.6, 133.9, 131.3, 131.2 (d, J = 8.1 Hz), 131.0, 129.1, 

128.4, 126.9, 126.5, 125.8, 124.4, 123.7, 115.5 (d, J = 23.2 Hz), 113.0 (d, J = 24.2 Hz), 110.6 (d, J = 

8.1 Hz), 69.5, 41.4. 19F NMR (376 MHz, DMSO) δ -121.0. HRMS (Q–TOF Premier) calcd for 

C19H14FNNaO2 (M+Na)+: 330.0901; found: 330.0903. 

4-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 
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White solid (1.04 g, 68% yield). m.p. = 164 – 166 oC. 1H NMR (400 MHz, DMSO) δ 8.23 (d, J = 8.2 

Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 7.87 (d, J = 8.2 Hz, 1H), 7.69 – 7.55 (m, 2H), 7.43 (t, J = 7.6 Hz, 

1H), 7.30 (d, J = 7.0 Hz, 1H), 7.23 (dd, J = 13.8, 8.0 Hz, 1H), 6.84 (t, J = 8.8 Hz, 1H), 6.63 (d, J = 7.8 

Hz, 1H), 6.58 (d, J = 8.2 Hz, 1H), 5.41 – 5.26 (m, 3H). 13C NMR (101 MHz, DMSO) δ 176.19, 159.5 

(d, J = 248.5 Hz), 145.8 (d, J = 9.1 Hz), 133.8, 131.8 (d, J = 8.1 Hz), 131.2, 131.0, 129.1, 128.3, 126.9, 

126.5, 125.8, 124.2, 123.7, 114.7 (d, J = 21.2 Hz), 110.4 (d, J = 20.2 Hz), 106.3 (d, J = 3.0 Hz), 67.7, 

41.7. 19F NMR (376 MHz, DMSO) δ -118.4. HRMS (Q–TOF Premier) calcd for C19H14FNNaO2 

(M+Na)+: 330.0901; found: 330.0900. 
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3. General Procedure for Stereoselective α-Allylation of 

3-Hydroxyoxindoles 

A flame dried Schlenk tube was cooled to rt and filled with N2. To this flask were added 

[Ir(COD)Cl]2 (3.4 mg, 0.005 mmol, 2 mol%), phosphoramidite ligand L1 (5.4 mg, 0.010 mmol, 4 

mol%), THF (0.5 mL) and n-propylamine (0.5 mL). The reaction mixture was heated at 50 oC for 30 

min and then the volatile solvents were removed under vacuum to give a pale yellow solid. 

3-Hydroxyoxindoles (0.25 mmol), allylic acetate (0.30 mmol), 4Å MS (100 mg), TEA (1 equiv) and 

THF (1.5 mL) were then added. The reaction mixture was stirred at rt for 24 h. The crude reaction 

mixture was concentrated by rotary evaporation. The residue was then purified by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 3:1) to give the desired product including both of the 

diastereoisomers and the overall yield was obtained. The dr value was determined by 1H NMR analysis 

of the diastereoisomers. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5:1) to give the major diastereomer and the minor 

diastereomer respectively. The NMR was determined with both of them. The ee value was determined 

by HPLC using a Daicel chiral column. The analytical data of the products were summarized below. 

 

Table S1. Optimization of the Reaction Conditionsa 

 
 

entry solvent yield (%)b dr c ee (%)d  

1 toluene 16 2:1 91  

2 MeOH 31 2:1 94  

3 DCM 37 3:1 94  

4 EA 42 3:1 95  

5 NMP 34 2:1 95  

6 MeCN trace ND ND  

7 DMF 55 3:1 95  

8 1,4-dioxane 28 3:1 95  

9 THF 60 3:1 95  

10e THF 23 3:1 95  

aReaction conditions: 1a (0.25 mmol, 1.0 equiv), 2c (0.30 mmol, 1.2 equiv), [Ir(cod)Cl]2 (2 mol %), L1 (4 mol %), 

1 equiv TEA, 100mg 4Å MS, THF (2 ml), 25 ℃, 12 h. bOverall yield of the diastereoisomers. ND = not 

determined. cRatio of dr determined by 1H NMR integration. dDetermined by HPLC analysis using an IC-3 column. 

eNone of 4Å MS. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (63.5 mg, 91% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-Hydroxy-1-methyl-3-((R)-1-phenylallyl)indolin-2-one (3) 

Light yellow solid (47.4 mg, 68% yield). m.p. = 57 – 59 oC. 95% ee, HPLC [DAICEL CHIRALPAK 

IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 13.540 min (major), tR2 = 17.908 min (minor)]. 

[]D
20 = -40.8 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.44 (dd, 7.6, 0.8 Hz, 1H), 7.30 (td, J = 

7.8, 1.2 Hz, 1H), 7.14 – 7.03 (m, 4H), 6.78 (dd, 8.0, 1.0 Hz, 2H), 6.58 (d, J = 7.8 Hz, 1H), 6.47 (ddd, J 

= 17.0, 10.2, 8.4 Hz, 1H), 5.38 (d, J = 10.2 Hz, 1H), 5.28 (dt, J = 17.0, 1.2 Hz, 1H), 3.88 (d, J = 8.4 Hz, 

1H), 2.93 (br, 1H), 2.78 (s, 3H). 13C NMR (101 MHz, CDCl3) δ176.8, 143.8, 136.5, 134.3, 129.9, 128.8, 

128.0, 127.7, 127.2, 124.7, 122.6, 120.1, 108.1, 78.8, 58.2, 25.7. HRMS (Q–TOF Premier) calcd for 

C18H17NNaO2 (M+Na)+: 302.1151; found: 302.1156. 

Minor diastereomer： 

(S)-3-Hydroxy-1-methyl-3-((R)-1-phenylallyl)indolin-2-one 

Light yellow solid (15.3 mg, 22% yield). m.p. = 88 – 90 oC. 89% ee, HPLC [DAICEL CHIRALPAK 

IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 15.139 min (minor), tR2 =20.718 min (major)]. 

[]D
20 = -11.8 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.21 (d, J = 7.4 Hz, 2H), 7.14 – 7.11 (m, 

3H), 7.10 – 6.98 (m, 3H), 6.56 (d, J = 7.6 Hz, 1H), 6.38 (dt, J = 16.8, 10.2 Hz, 1H), 5.40 (dd, J = 16.8, 

1.4 Hz, 1H), 5.35 (dd, J = 10.2, 1.4 Hz, 1H), 3.83 (d, J = 10.2 Hz, 1H), 2.98 (s, 3H). 13C NMR (101 

MHz, CDCl3) δ 176.9, 143.5, 136.9, 133.9, 129.7, 128.8, 128.3, 127.8, 127.1, 124.3, 122.6, 120.7, 

108.0, 78.2, 58.8, 25.8. HRMS (Q–TOF Premier) calcd for C18H17NNaO2 (M+Na)+: 302.1151; found: 

302.1159. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 1/1) afforded the product 

including both of the diastereoisomers (62.3 mg, 94% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 2:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 3/1) to give the major diastereomer and the minor 

diastereomer respectively. 

We achieved the acetylation of the hydroxyl group of 4.4 Then the reaction product was compared with 

11 to identify the absolute configuration. 
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Major diastereomer： 

(S)-3-Hydroxy-3-((R)-1-phenylallyl)indolin-2-one 

White solid (40.4 mg, 61% yield). m.p. = 146 – 148 oC. 98% ee, HPLC [DAICEL CHIRALPAK IE, 

hexane/i-PrOH = 92/8, 220 nm, 1 mL/min; tR1 = 16.977 min (minor), tR2 = 18.374 min (major)]. []D
20 

= -37.2 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.09 (s, 1H), 7.20 – 7.04 (m, 7H), 6.99 (td, J = 

7.6, 0.8 Hz, 1H), 6.67 (d, J = 7.8 Hz, 1H), 6.30 (dt, J = 16.8, 10.2 Hz, 1H), 5.37 (d, J = 16.8 Hz, 1H), 

5.31 (dd, J = 10.2, 1.6 Hz, 1H), 3.87 (d, J = 10.2 Hz, 1H), 3.43 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 

179.4, 140.6, 137.0, 133.8, 129.7, 129.1, 128.8, 128.0, 127.2, 125.1, 122.6, 120.7, 110.0, 78.4, 58.1. 

HRMS (Q–TOF Premier) calcd for C17H15NNaO2 (M+Na)+: 288.0905; found: 288.0908. 

Minor diastereomer： 

(R)-3-Hydroxy-3-((R)-1-phenylallyl)indolin-2-one 

White solid (20.1 mg, 30% yield). m.p. = 162 – 164 oC. 97% ee, HPLC [DAICEL CHIRALPAK IE, 

hexane/i-PrOH = 92/8, 220 nm, 1 mL/min; tR1 = 16.307 min (major), tR2 = 18.392 min (minor)]. []D
20 

= -63.0 (c 1.0, CHCl3). 1H NMR (400 MHz, DMSO) δ 9.02 (s, 1H), 6.46 (d, J = 7.2 Hz, 1H), 6.34 (td, J 

= 7.8, 1.2 Hz, 1H), 6.20 (ddd, J = 15.8, 7.8, 3.6 Hz, 3H), 6.12 (td, J = 7.4, 0.8 Hz, 1H), 5.84 – 5.80 (m, 

2H), 5.73 (d, J = 7.8 Hz, 1H), 5.66 (ddd, J = 17.4, 10.4, 7.2 Hz, 1H), 5.29 (s, 1H), 4.41 – 4.34 (dt, J = 

10.4, 1.6 Hz, 1H), 4.17 – 4.08 (dt, J = 17.4, 1.6 Hz, 1H), 2.94 (d, J = 7.2 Hz, 1H). 13C NMR (101 MHz, 

DMSO) δ 178.7, 142.7, 138.1, 136.8, 130.2, 129.7, 129.5, 128.0, 127.2, 125.7, 121.6, 118.4, 109.7, 

78.4, 56.8. HRMS (Q–TOF Premier) calcd for C17H15NNaO2 (M+Na)+: 288.0905; found: 288.0904. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (79.9 mg, 90% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-1-Benzyl-3-hydroxy-3-((R)-1-phenylallyl)indolin-2-one 

Light yellow solid (62.9 mg, 71% yield). m.p. = 70 – 72 oC. 98% ee, HPLC [DAICEL CHIRALPAK 

IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 12.152 min (major), tR2 = 14.811 min (minor)]. 

[]D
20 = -33.2 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.55 (dd, J = 7.2, 0.8 Hz, 1H), 7.25 – 7.05 

(m, 8H), 6.83 (d, J = 7.2 Hz, 2H), 6.55 (ddd, J = 17.2, 10.2, 8.2 Hz, 1H), 6.48 (d, J = 7.2 Hz, 2H), 6.40 

(d, J = 7.6 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 5.31 (d, J = 17.2 Hz, 1H), 4.94 (d, J = 16.0 Hz, 1H), 4.26 

(d, J = 16.0 Hz, 1H), 4.05 (d, J = 8.2 Hz, 1H), 3.16 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 177.1, 

143.3, 136.6, 134.9, 134.8, 129.9, 129.3, 128.6, 128.3, 128.1, 127.4, 127.2, 126.5, 125.0, 122.8, 120.0, 

109.6, 78.4, 57.9, 43.8. HRMS (Q–TOF Premier) calcd for C24H22NO2 (M+H)+: 356.1645; found: 

356.1638. 

Minor diastereomer： 

(S)-1-Benzyl-3-hydroxy-3-((R)-1-phenylallyl)indolin-2-one 

Light yellow solid (14.8 mg, 17% yield). m.p. = 65 – 67 oC. 85% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 9.945 min (major), tR2 = 12.020 min (minor)]. 

[]D
20 = -50.2 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.28 – 7.20 (m, 5H), 7.16 – 7.10 (m, 3H), 

7.10 – 7.05 (m, 2H), 7.04 – 6.99 (m, 1H), 6.99 – 6.94 (m, 2H),, 6.50 (dt, J = 17.0, 10.2 Hz, 1H), 6.44 (d, 

J = 7.8 Hz, 1H), 5.45 (dd, J = 17.0, 1.6 Hz, 1H), 5.38 (dd, J = 10.2, 1.6 Hz, 1H), 4.89 (d, J = 15.8 Hz, 

1H), 4.54 (d, J = 15.8 Hz, 1H), 3.94 (d, J = 10.2 Hz, 1H) , 3.20 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 

177.1, 143.1, 137.0, 135.1, 134.0, 129.7, 129.1, 128.6, 128.4, 128.1, 127.4, 127.1, 127.1, 124.5, 122.7, 

121.1, 109.3, 77.9, 58.3, 43.8. HRMS (Q–TOF Premier) calcd for C24H22NO2 (M+H)+: 356.1645; 

found: 356.1642. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (79.3 mg, 85% overall yield). 1H NMR analysis of the 
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diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

 

Major diastereomer： 

(R)-1-(2-Fluorobenzyl)-3-hydroxy-3-((R)-1-phenylallyl)indolin-2-one 

Light yellow solid (62.8 mg, 67% yield). m.p. = 50 – 52 oC. 97% ee, HPLC [DAICEL CHIRALPAK 

IC-3, hexane/i-PrOH = 92/8, 220 nm, 1 mL/min; tR1 = 11.111 min (major), tR2 = 13.527 min (minor)]. 

[]D
20 = -41.7 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.54 (d, J = 7.2 Hz, 1H), 7.23 (t, J = 7.8Hz, 

1H), 7.18 (t, J = 7.4 Hz, 1H), 7.14 – 7.11 (m, 2H), 7.07 (t, J = 7.8 Hz, 2H), 6.97 (t, J = 10.0 Hz, 1H), 

6.82 (d, J = 7.6 Hz, 2H), 6.75 (t, J = 7.4 Hz, 1H), 6.54 (ddd, J = 17.0, 10.2, 8.2 Hz, 1H), 6.49 (d, J = 

8.0 Hz, 1H), 5.92 (t, J = 7.6 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 5.30 (d, J = 17.0 Hz, 1H), 4.85 (d, J = 

16.4 Hz, 1H), 4.45 (d, J = 16.4 Hz, 1H), 4.01 (d, J = 8.2 Hz, 1H), 2.97 (s, 1H). 13C NMR (126 MHz, 

CDCl3) δ 177.2, 160.2 (d, J = 245.7 Hz), 143.0, 136.5, 134.7, 130.1, 129.3, 128.9 (d, J = 8.8 Hz), 128.4 

(d, J = 3.8 Hz), 128.3, 128.1, 127.4, 125.1, 124.5 (d, J = 2.5 Hz), 123.0, 121.9 (d, J = 13.9 Hz), 120.1, 

115.0 (d, J = 21.4 Hz), 109.2, 78.4, 57.9, 37.1 (d, J = 6.3 Hz). 19F NMR (471 MHz, CDCl3) δ -119.0. 

HRMS (Q–TOF Premier) calcd for C24H21FNO2 (M+H)+: 374.1551; found: 374.1546. 

Minor diastereomer： 

(S)-1-(2-Fluorobenzyl)-3-hydroxy-3-((R)-1-phenylallyl)indolin-2-one 

Light yellow solid (15.1 mg, 16% yield). m.p. = 47 – 49 oC. 89% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 8.250 min (major), tR2 = 10.417 min (minor)]. 

[]D
20 = -14.1 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.28 (s, 1H), 7.23 – 7.19 (m, 1H), 7.16 – 

7.09 (m, 4H), 7.06 – 7.01 (m, 4H), 6.93 (t, J = 7.4 Hz, 1H), 6.73 (t, J = 7.2 Hz, 1H), 6.56 – 6.44 (m, 

2H), 5.45 (dd, J = 16.8, 1.2 Hz, 1H), 5.38 (dd, J = 10.2, 1.6 Hz, 1H), 4.88 (d, J = 16.2 Hz, 1H), 4.65 (d, 

J = 16.2 Hz, 1H), 3.92 (d, J = 10.2 Hz, 1H), 3.18 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 177.3, 160.4 

(d, J = 247.0 Hz), 142.8, 136.9, 133.9, 129.9, 129.3 (d, J = 3.8 Hz), 129.2 (d, J = 8.8 Hz), 129.0, 128.4, 

128.1, 127.1, 124.4, 124.3 (d, J = 3.8 Hz), 122.9, 122.2 (d, J = 15.1 Hz), 121.2, 115.2 (d, J = 21.4 Hz), 

109.0, 77.8, 58.4, 37.2 (d, J = 5.0 Hz). 19F NMR (471 MHz, CDCl3) δ -118.3. HRMS (Q–TOF Premier) 

calcd for C24H21FNO2 (M+H)+: 374.1551; found: 374.1553. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (93.1 mg, 88% overall yield).  1H NMR analysis of the 

diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer. 

Major diastereomer： 

(R)-1-(2,6-Dichlorobenzyl)-3-hydroxy-3-((R)-1-phenylallyl)indolin-2-one (7) 
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Light yellow solid (78.8 mg, 75% yield). m.p. = 55 – 57 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

IC-3, hexane/i-PrOH = 92/8, 220 nm, 1 mL/min; tR1 = 16.228 min (major), tR2 = 21.879 min (minor)]. 

[]D
20 = -1.1 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.30 – 7.25 (m, 3H), 7.22 – 7.06 (m, 5H), 

7.00 (t, J = 7.4 Hz, 1H), 6.89 (d, J = 7.2 Hz, 2H), 6.54 (d, J = 8.0 Hz, 1H), 6.48 (ddd, J = 17.0, 10.2, 

8.2 Hz, 1H), 5.31 (d, J = 10.2 Hz, 1H), 5.16 (d, J = 17.0 Hz, 1H), 4.93 (d, J = 15.0 Hz, 1H), 4.77 (d, J = 

15.0 Hz, 1H), 3.85 (d, J = 8.2 Hz, 1H), 2.81 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 176.4, 142.9, 136.8, 

136.4, 134.6, 130.1, 129.7, 129.7, 129.4, 128.7, 128.5, 128.0, 127.4, 125.0, 122.4, 119.7, 109.3, 77.8, 

57.9, 40.2. HRMS (Q–TOF Premier) calcd for C24H19Cl2NNaO2 (M+Na)+: 446.0685; found: 446.0695. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (94.2 mg, 93% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8) 

Light yellow solid (80.2 mg, 79% yield). m.p. = 66 – 68 oC. 99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 14.585 min (major), tR2 = 26.536 min 

(minor)]. []D
20 = -100.2 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.87 (d, J = 8.0 Hz, 1H), 7.82 

(d, J = 8.0 Hz, 1H), 7.64 (d, J = 8.2 Hz, 1H), 7.61 – 7.55 (m, 1H), 7.53 – 7.44 (m, 2H), 7.25 (dd, J = 

15.4, 8.0 Hz, 1H), 7.16 – 7.06 (m, 4H), 6.99 (t, J = 7.6 Hz, 1H), 6.89 (d, J = 7.6 Hz, 2H), 6.67 – 6.56 

(ddd, J = 16.8, 10.2, 8.0 Hz, 1H), 6.31 (d, J = 6.8 Hz, 1H), 5.70 (d, J = 7.0 Hz, 1H), 5.42 (d, J = 10.2 

Hz, 1H), 5.35 (d, J = 4.8 Hz, 1H), 5.32 (d, J = 4.8 Hz, 1H), 4.77 (d, J = 16.8 Hz, 1H), 4.13 (d, J = 8.0 

Hz, 1H), 3.68 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 177.8, 143.6, 136.8, 134.9, 133.6, 130.5, 130.0, 

129.6, 129.4, 128.9, 128.4, 128.4, 127.6, 127.5, 126.4, 125.8, 125.7, 125.1, 123.0, 122.8, 122.4, 120.0, 

109.8, 78.8, 57.8, 41.7. HRMS (Q–TOF Premier) calcd for C28H24NO2 (M+H)+: 406.1802; found: 

406.1791. 

Minor diastereomer： 

(S)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one 

Light yellow solid (12.5 mg, 12% yield). m.p. = 73 – 75 oC. 86% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 17.861 min (major), tR2 = 20.847 min 

(minor)]. []D
20 = -32.0 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.03 (d, J = 8.2 Hz, 1H), 7.87 (d, 

J = 8.0 Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.54 (dt, J = 14.8, 7.0 Hz, 2H), 7.35 (d, J = 6.8 Hz, 1H), 7.23 

– 7.03 (m, 8H), 6.61 (dt, J = 17.0, 10.2 Hz, 1H), 6.45 (d, J = 7.2 Hz, 1H), 6.38 (d, J = 7.4 Hz, 1H), 5.49 

(d, J = 17.0 Hz, 1H), 5.42 (d, J = 16.6 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 4.99 (d, J = 16.6 Hz, 1H), 

3.98 (d, J = 10.2 Hz, 1H), 3.27 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 177.4, 143.4, 137.0, 134.0, 

133.7, 130.7, 129.8, 129.7, 129.2, 128.9, 128.6, 128.2, 127.9, 127.2, 126.5, 125.9, 125.4, 124.4, 123.8, 
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122.9, 122.7, 121.4, 109.7, 78.0, 58.4, 41.9. HRMS (Q–TOF Premier) calcd for C28H24NO2 (M+H)+: 

406.1802; found: 406.1790. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (90.1 mg, 89% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 5:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer. 

Major diastereomer： 

(R)-3-Hydroxy-1-(naphthalen-2-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (9) 

Light yellow solid (74.6 mg, 74% yield). m.p. =47 – 49 oC. 98% ee, HPLC [DAICEL CHIRALPAK 

IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 14.126 min (major), tR2 = 17.798 min (minor)]. 

[]D
20 = -42.1 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.80 – 7.74 (m, 1H), 7.74 – 7.68 (m, 1H), 

7.56 (d, J = 8.6 Hz, 1H), 7.53 (d, J = 7.4 Hz, 1H), 7.44 (p, J = 7.0 Hz, 2H), 7.38 (s, 1H), 7.21 (t, J = 7.4 

Hz, 1H), 7.16 – 7.06 (m, 4H), 6.86 (d, J = 7.4 Hz, 2H), 6.54 (ddd, J = 17.0, 10.2, 8.2 Hz, 1H), 6.50 (d, 

J = 8.2 Hz, 1H), 6.47 (d, J = 7.6 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 5.30 (d, J = 17.0 Hz, 1H), 5.02 (d, 

J = 15.8 Hz, 1H), 4.48 (d, J = 15.8 Hz, 1H), 4.04 (d, J = 8.2 Hz, 1H), 2.93 (s, 1H). 13C NMR (126 MHz, 

CDCl3) δ 177.1, 143.4, 136.6, 134.8, 133.1, 132.7, 132.6, 129.9, 129.2, 128.6, 128.2, 128.1, 127.7, 

127.6, 127.5, 126.1, 125.9, 125.7, 125.0, 124.6, 122.8, 120.0, 109.7, 78.4, 58.0, 44.2. HRMS (Q–TOF 

Premier) calcd for C28H24NO2 (M+H)+: 406.1802; found: 406.1793. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (97.3 mg, 92% overall yield).  1H NMR analysis of the 

diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer. 

Major diastereomer：

(R)-7-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8hc) 

Light yellow solid (82.7 mg, 78% yield). m.p. = 117 – 119 oC. 98% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 11.899 min (major), tR2 = 22.925 min 

(minor)]. []D
20 = -110.8 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.85 – 7.78 (m, 2H), 7.62 (d, J 

= 8.2 Hz, 1H), 7.50 – 7.40 (m, 3H), 7.29 (t, J = 7.4 Hz, 1H), 7.15 (t, J = 7.8 Hz, 2H), 7.09 – 7.02 (m, 

1H), 7.02 – 6.98 (m, 1H), 6.94 – 6.85 (m, 3H), 6.59 (ddd, J = 17.2, 10.2, 7.8 Hz, 1H), 5.75 (d, J = 6.8 
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Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.37 (d, J = 16.8 Hz, 1H), 5.31 (d, J = 17.2 Hz, 1H), 5.06 (d, J = 

16.8 Hz, 1H), 4.13 (d, J = 7.8 Hz, 1H), 3.88 (s, 1H). 19F NMR (376 MHz, CDCl3) δ -134.5. HRMS 

(Q–TOF Premier) calcd for C28H23FNO2 (M+H)+: 424.1707; found: 424.1694. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (98.8 mg, 90% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 11:1. Then the diastereoisomers were further separated by SiO2 

column chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer. 

Major diastereomer： 

(R)-7-Chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8ic) 

Light yellow solid (89.5 mg, 82% yield). m.p. = 83 – 85 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 13.442 min (major), tR2 = 24.457 min 

(minor)]. []D
20 = -66.1 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.86 – 7.79 (m, 2H), 7.63 (d, J = 

8.2 Hz, 1H), 7.58 (dd, J = 7.4, 0.8 Hz, 1H), 7.52 – 7.44 (m, 2H), 7.38 – 7.32 (m, 2H), 7.22 (d, J = 18.0 

Hz, 1H), 7.20 (d, J = 15.4 Hz, 1H), 7.07 – 6.95 (m, 2H), 6.89 (d, J = 7.4 Hz, 2H), 6.56 (ddd, J = 17.2, 

10.4, 7.8 Hz, 1H), 5.66 (d, J = 7.0 Hz, 1H), 5.49 (d, J = 17.2 Hz, 1H), 5.43 (d, J = 10.4 Hz, 1H), 5.42 (d, 

J = 17.0 Hz, 1H), 5.30 (d, J = 17.0 Hz, 1H), 4.10 (d, J = 7.8 Hz, 1H), 3.45 (s, 1H). 13C NMR (126 MHz, 

CDCl3) δ 178.1, 141.1, 136.2, 135.9, 134.5, 133.5, 132.0, 131.6, 129.9, 129.6, 128.8, 128.6, 127.8, 

127.0, 126.1, 125.8, 125.7, 124.3, 124.2, 122.2, 121.5, 120.4, 103.0, 77.8, 57.9, 43.2. HRMS (Q–TOF 

Premier) calcd for C28H22ClNNaO2 (M+Na)+: 462.1231; found: 462.1239. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (100.2 mg, 83% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 8:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer. 

Major diastereomer： 

(R)-7-Bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8jc) 

Light yellow solid (88.3 mg, 73% yield). m.p. = 82 – 84 oC. 98% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 12.850 min (major), tR2 = 23.343 min 

(minor)]. []D
20 = -69.8 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.82 (d, J = 8.4 Hz, 2H), 7.63 (d, 

J = 8.2 Hz, 1H), 7.54 (d, J = 7.4 Hz, 1H), 7.52 – 7.45 (m, 2H), 7.34 (t, J = 7.4 Hz, 1H), 7.25 – 7.17 (m, 

3H), 7.08 (t, J = 7.8 Hz, 1H), 7.00 (t, J = 7.8 Hz, 1H), 6.89 (d, J = 7.8 Hz, 2H), 6.57 (ddd, J = 17.0, 
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10.2, 7.8 Hz 1H), 5.67 (d, J = 7.2 Hz, 1H), 5.50 (d, J = 17.0 Hz, 1H), 5.43 (d, J = 10.2 Hz, 1H), 5.38 (d, 

J = 17.0 Hz, 1H), 5.31 (d, J = 17.0 Hz, 1H), 4.10 (d, J = 7.8 Hz, 1H), 3.46 (s, 1H). 13C NMR (126 MHz, 

CDCl3) δ 177.9, 139.7, 136.2, 134.5, 133.5, 132.5, 131.9, 131.3, 129.9, 129.5, 128.8, 128.6, 127.8, 

127.0, 126.1, 125.8, 125.7, 123.8, 123.8, 122.2, 121.3, 120.4, 116.1, 77.9, 57.9, 43.3. HRMS (Q–TOF 

Premier) calcd for C28H23BrNO2 (M+H)+: 484.0907; found: 484.0905. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (97.4 mg, 93% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 8:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer. 

Major diastereomer： 

(R)-3-Hydroxy-7-methyl-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8kc) 

Light yellow solid (86.0 mg, 82% yield). m.p. = 88 – 90 oC. 98% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 15.456 min (major), tR2 = 32.521 min 

(minor)]. []D
20 = -74.8 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.81 (d, J = 7.8 Hz, 1H), 7.78 (d, 

J = 7.8 Hz, 1H), 7.62 (d, J = 8.2 Hz, 1H), 7.52 – 7.44 (m, 3H), 7.31 (t, J = 7.4 Hz, 1H), 7.17 (t, J = 7.6 

Hz, 2H), 7.05 (t, J = 7.6 Hz, 1H), 7.01 – 6.94 (m, 2H), 6.88 (d, J = 7.6 Hz, 2H), 6.61 (ddd, J = 17.2, 

10.2, 7.8 Hz, 1H), 5.62 (d, J = 7.0 Hz, 1H), 5.45 (d, J = 17.4 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 5.30 (d, 

J = 17.2 Hz, 1H), 5.05 (d, J = 17.4 Hz, 1H), 4.12 (d, J = 7.8 Hz, 1H), 3.61 (s, 1H), 1.82 (s, 3H). 13C 

NMR (126 MHz, CDCl3) δ 178.5, 141.6, 136.9, 135.1, 134.0, 133.5, 131.9, 129.8, 129.7, 129.2, 128.9, 

128.4, 127.5, 127.3, 126.3, 126.0, 125.8, 123.2, 123.0, 122.0, 121.7, 120.4, 119.9, 77.8, 57.9, 43.4, 17.8. 

HRMS (Q–TOF Premier) calcd for C29H25NNaO2 (M+Na)+: 442.1778; found: 442.1788. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (100.5 mg, 95% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 5:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer. 

Major diastereomer： 

(R)-6-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8lc) 

Light yellow solid (82.1 mg, 78% yield). m.p. = 63 – 65 oC. 97% ee, HPLC [Enantiocol OX-3, 

hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 12.786 min (major), tR2 = 20.261 min (minor)]. 

[]D
20 = -73.4 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.83 (t, J = 6.6 Hz, 2H), 7.66 (d, J = 8.2 
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Hz, 1H), 7.54 – 7.46 (m, 3H), 7.28 (t, J = 7.4 Hz, 1H), 7.15 (t, J = 7.6 Hz, 2H), 7.01 (t, J = 7.8 Hz, 1H), 

6.90 (d, J = 7.8 Hz, 2H), 6.81 – 6.75 (m, 1H), 6.58 (ddd, J = 17.0, 10.2, 7.8 Hz, 1H), 6.07 (dd, J = 8.8, 

1.8 Hz, 1H), 5.71 (d, J = 7.2 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.32 (d, J = 17.0 Hz, 1H), 5.31 (d, J = 

16.8 Hz, 1H), 4.74 (d, J = 16.8 Hz, 1H), 4.11 (d, J = 7.8 Hz, 1H), 3.76 (s, 1H). 13C NMR (126 MHz, 

CDCl3) δ 178.1, 163.94 (d, J = 248.2 Hz), 145.3 (d, J = 11.3 Hz), 136.5, 134.6, 133.6, 130.4, 129.5, 

128.9, 128.8, 128.5, 127.8, 127.6, 126.5, 126.4 (d, J = 8.8 Hz), 125.9, 125.6, 123.9 (d, J = 3.8 Hz), 

122.8, 122.3, 120.3, 109.2 (d, J = 21.4 Hz), 98.6 (d, J = 27.7 Hz), 78.4, 57.6, 41.9. 19F NMR (471 MHz, 

CDCl3) δ -109.1. HRMS (Q–TOF Premier) calcd for C28H22FNNaO2 (M+Na)+: 446.1527; found: 

446.1530. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (96.6 mg, 88% overall yield).  1H NMR analysis of the 

diastereoisomers showed a dr of 5:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer. 

Major diastereomer： 

(R)-6-Chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8mc) 

Light yellow solid (79.5 mg, 72% yield). m.p. = 72 – 74 oC. 94% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 12.462 min (major), tR2 = 17.839 min 

(minor)]. []D
20 = -96.3 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.88 – 7.82 (m, 2H), 7.67 (d, J = 

8.2 Hz, 1H), 7.52 (ddd, J = 15.4, 10.2, 4.7 Hz, 3H), 7.29 (t, J = 7.4 Hz, 1H), 7.17 (t, J = 7.6 Hz, 2H), 

7.10 (dd, J = 8.0, 1.8 Hz, 1H), 7.06 – 7.00 (m, 1H), 6.91 (d, J = 7.2 Hz, 2H), 6.57 (ddd, J = 17.0, 10.2, 

8.0 Hz, 1H), 6.36 (d, J = 1.8 Hz, 1H), 5.70 (d, J = 6.8 Hz, 1H), 5.43 (d, J = 10.2 Hz, 1H), 5.34 (d, J = 

17.0 Hz, 1H), 5.33 (d, J = 17.0 Hz, 1H), 4.76 (d, J = 17.0 Hz, 1H), 4.08 (d, J = 8.0 Hz, 1H), 3.48 (s, 

1H). 13C NMR (126 MHz, CDCl3) δ 177.7, 144.9, 136.3, 135.8, 134.4, 133.6, 130.4, 129.5, 128.9, 

128.8, 128.5, 127.8, 127.7, 126.8, 126.5, 126.0, 125.9, 125.6, 122.9, 122.5, 122.2, 120.4, 110.3, 78.3, 

57.6, 41.9. HRMS (Q–TOF Premier) calcd for C28H22ClNNaO2 (M+Na)+: 462.1231; found: 462.1239. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (105.1 mg, 87% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer. 

Major diastereomer： 
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(R)-6-Bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8nc) 

Light yellow solid (88.8 mg, 74% yield). m.p. = 85 – 87 oC. 98% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 12.815 min (major), tR2 = 18.553 min 

(minor)]. []D
20 = -95.2 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.82 (t, J = 7.2 Hz, 2H), 7.66 (d, 

J = 8.2 Hz, 1H), 7.52 – 7.45 (m, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.29 (t, J = 7.4 Hz, 1H), 7.24 (d, J = 7.8 

Hz, 1H), 7.16 (t, J = 7.6 Hz, 2H), 7.01 (t, J = 7.6 Hz, 1H), 6.90 (d, J = 7.6 Hz, 2H), 6.57 (ddd, 17.0, 

10.2, 7.8Hz, 1H), 6.49 (s, 1H), 5.66 (d, J = 7.2 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.32 (d, J = 17.0 Hz, 

2H), 4.71 (d, J = 17.0 Hz, 1H), 4.10 (d, J = 7.8 Hz, 1H), 3.87 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 

177.8, 144.9, 136.4, 134.5, 133.6, 130.4, 129.5, 128.9, 128.8, 128.6, 127.8, 127.7, 127.5, 126.5, 125.9, 

125.7, 123.7, 122.5, 122.3, 120.4, 113.0, 78.5, 57.5, 41.9. HRMS (Q–TOF Premier) calcd for 

C28H23BrNO2 (M+H)+: 484.0907; found: 484.0912. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (84.8 mg, 81% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer. 

Major diastereomer： 

(R)-3-Hydroxy-6-methyl-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8oc) 

Light yellow solid (71.7 mg, 68% yield). m.p. = 80 – 82 oC. 99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 11.976 min (major), tR2 = 26.233 min 

(minor)]. []D
20 = -106.3 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.0 Hz, 1H), 7.86 – 

7.81 (m, 1H), 7.65 (d, J = 8.2 Hz, 1H), 7.54 – 7.45 (m, 3H), 7.30 – 7.23 (m, 1H), 7.14 (dd, J = 10.6, 4.8 

Hz, 2H), 7.04 – 6.97 (m, 1H), 6.96 – 6.87 (m, 3H), 6.61 (ddd, J = 17.0, 10.2, 8.0 Hz, 1H), 6.17 (s, 1H), 

5.67 (dd, J = 7.0, 0.8 Hz, 1H), 5.44 – 5.39 (dt, J = 10.2, 1.2 Hz, 1H), 5.39 (d, J = 16.8 Hz, 1H), 5.30 (d, 

J = 16.8 Hz, 1H), 4.76 (d, J = 17.0 Hz, 1H), 4.09 (d, J = 8.0 Hz, 1H), 3.40 (s, 1H), 2.18 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 178.0, 143.7, 140.4, 136.9, 135.0, 133.6, 130.4, 129.6, 129.5, 128.9, 128.4, 

127.5, 127.4, 126.3, 125.8, 125.7, 125.4, 124.9, 123.6, 122.5, 122.3, 119.9, 110.4, 78.5, 57.7, 41.7, 21.8. 

HRMS (Q–TOF Premier) calcd for C29H26NO2 (M+H)+: 420.1958; found: 420.1949. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (86.0 mg, 79% overall yield).  1H NMR analysis of the 
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diastereoisomers showed a dr of 6:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer. 

Major diastereomer： 

(R)-3-Hydroxy-6-methoxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8pc) 

Light yellow solid (71.9 mg, 66% yield). m.p. = 59 – 61 oC. 99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 15.302 min (major), tR2 = 42.278 min 

(minor)]. []D
20 = -18.4 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.2 Hz, 1H), 7.86 – 

7.81 (m, 1H), 7.65 (d, J = 8.2 Hz, 1H), 7.51 (m, 3H), 7.28 (s, 1H), 7.15 (t, J = 7.6 Hz, 2H), 7.05 – 6.99 

(m, 1H), 6.92 (d, J = 7.2 Hz, 2H), 6.66 – 6.54 (m, 2H), 5.94 (d, J = 2.2 Hz, 1H), 5.75 (d, J = 6.8 Hz, 

1H), 5.42 (d, J = 10.2 Hz, 1H), 5.34 (d, J = 16.8 Hz, 1H), 5.32 (d, J = 17.2 Hz, 1H), 4.79 (d, J = 16.8 

Hz, 1H), 4.04 (d, J = 8.2 Hz, 1H), 3.64 (s, 3H), 3.08 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 178.0, 

161.4, 145.1, 136.9, 135.0, 133.6, 130.5, 129.5, 129.4, 128.9, 128.4, 127.6, 127.4, 126.3, 125.9, 125.8, 

125.6, 122.8, 122.3, 120.2, 119.9, 106.7, 97.6, 78.3, 57.8, 55.4, 41.7. HRMS (Q–TOF Premier) calcd 

for C29H26NO3 (M+H)+: 436.1907; found: 436.1907. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (84.6 mg, 80% overall yield).  1H NMR analysis of the 

diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-5-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8qc) 

Light yellow solid (66.1 mg, 62% yield). m.p. = 81 – 83 oC. 99% ee, HPLC [Enantiocol OX-3, 

hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 12.660 min (major), tR2 = 21.699 min (minor)]. 

[]D
20 = -28.1 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.89 (d, J = 8.2 Hz, 1H), 7.87 – 7.81 (m, 

1H), 7.67 (d, J = 8.2 Hz, 1H), 7.55 – 7.48 (m, 2H), 7.33 (dd, J = 7.8, 2.6 Hz, 1H), 7.29 (t, J = 7.4 Hz, 

1H), 7.16 (t, J = 7.8 Hz, 2H), 7.07 – 6.99 (m, 1H), 6.92 (d, J = 7.2 Hz, 2H), 6.85 (td, J = 8.8, 2.6 Hz, 

1H), 6.57 (ddd, J = 17.2, 10.2, 8.0 Hz, 1H), 6.26 (dd, J = 8.6, 4.2 Hz, 1H), 5.74 (d, J = 6.8 Hz, 1H), 

5.46 (d, J = 10.2 Hz, 1H), 5.36 (d, J = 17.2 Hz, 1H), 5.35 (d, J = 16.8 Hz, 1H), 4.80 (d, J = 16.8 Hz, 

1H), 4.08 (d, J = 8.0 Hz, 1H), 3.31 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 177.4, 159.2 (d, J = 241.9 

Hz), 139.5 (d, J = 2.6 Hz), 136.3, 134.2, 133.6, 130.4, 129.9 (d, J = 7.6 Hz), 129.5, 129.1, 128.9, 128.5, 

127.7, 127.6, 126.4, 125.9, 125.6, 122.8, 122.3, 120.6, 116.2 (d, J = 23.9 Hz), 113.2 (d, J = 25.2 Hz), 

110.4 (d, J = 8.8 Hz), 78.8 (d, J = 1.3 Hz), 57.7, 41.9. 19F NMR (471 MHz, CDCl3) δ -119.5. HRMS 

(Q–TOF Premier) calcd for C28H22FNNaO2 (M+Na)+: 446.1527; found: 446.1532. 

Minor diastereomer： 

(S)-5-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one 

Light yellow solid (15.1 mg, 14% yield). m.p. = 70 – 72 oC. 94% ee, HPLC [Enantiocol OX-3, 

hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 13.317 min (minor), tR2 = 26.488 min (major)]. 
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[]D
20 = -11.2 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.01 (d, J = 8.2 Hz, 1H), 7.87 (d, J = 8.0 

Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 7.61 – 7.54 (m, 2H), 7.23 (d, J = 7.2 Hz, 1H), 7.21 – 7.13 (m, 3H), 

7.15 – 7.13 (m, 3H), 6.77 (td, J = 8.8, 2.6 Hz, 1H), 6.61 (dt, J = 17.0, 10.2 Hz, 1H), 6.44 (d, J = 7.2 Hz, 

1H), 6.29 (dd, J = 8.6, 4.2 Hz, 1H), 5.50 (d, J = 17.0 Hz, 1H), 5.44 (d, J = 10.2 Hz, 1H), 5.38 (d, J = 

16.6 Hz, 1H), 4.98 (d, J = 16.6 Hz, 1H), 3.93 (d, J = 10.2 Hz, 1H), 3.33 (s, 1H). 13C NMR (126 MHz, 

CDCl3) δ 177.2, 159.2 (d, J = 241.9 Hz), 139.3 (d, J = 2.6 Hz), 136.6, 133.7, 133.6, 130.7, 130.2 (d, J = 

7.9 Hz), 129.4, 129.0, 128.9, 128.4, 128.1, 127.4, 126.5, 126.0, 125.3, 123.8, 122.6, 121.7, 116.0 (d, J 

= 23.9 Hz), 112.4 (d, J = 25.2 Hz), 110.4 (d, J = 7.6 Hz), 78.1, 58.6, 42.0. 19F NMR (471 MHz, CDCl3) 

δ -119.6. HRMS (Q–TOF Premier) calcd for C28H22FNNaO2 (M+Na)+: 446.1527; found: 446.1530. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (87.8 mg, 83% overall yield).  1H NMR analysis of the 

diastereoisomers showed a dr of 2:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-4-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one (8rc) 

Light yellow solid (57.6 mg, 54% yield). m.p. = 110 – 112 oC. 95% ee, HPLC [Enantiocol OX-3, 

hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 16.846 min (major), tR2 = 23.454 min (minor)]. 

[]D
20 = -68.1 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.92 (d, J = 8.2 Hz, 1H), 7.85 (d, J = 7.8 

Hz, 1H), 7.67 (d, J = 8.2 Hz, 1H), 7.56 – 7.48 (m, 2H), 7.28 (t, J = 7.4 Hz, 1H), 7.17 (t, J = 7.6 Hz, 2H), 

7.09 (td, J = 8.2, 5.4 Hz, 1H), 7.07 – 7.02 (m, 3H), 6.81 (t, J = 8.8 Hz, 1H), 6.55 (dt, J = 17.0, 10.0 Hz, 

1H), 6.13 (d, J = 7.8 Hz, 1H), 5.84 (d, J = 7.2 Hz, 1H), 5.42 (d, J = 10.0 Hz, 1H), 5.41 (d, J = 17.0 Hz, 

1H), 5.39 (d, J = 16.8 Hz, 1H), 4.85 (d, J = 16.8 Hz, 1H), 4.16 (d, J = 10.0 Hz, 1H), 3.27 (s, 1H). 13C 

NMR (126 MHz, CDCl3) δ 176.5, 159.4 (d, J = 249.5 Hz), 145.5 (d, J = 8.8 Hz), 136.7, 135.6 (d, J = 

6.4 Hz), 133.6, 131.8 (d, J = 8.8 Hz), 130.4, 129.2, 129.1, 128.9, 128.5, 127.8, 127.6, 126.5, 125.9, 

125.5, 122.9, 122.3, 120.6, 114.4 (d, J = 20.2 Hz), 110.8 (d, J = 21.4 Hz), 105.9 (d, J = 2.5 Hz), 79.2 (d, 

J = 2.3 Hz), 58.7, 42.1. 19F NMR (471 MHz, CDCl3) δ -112.8. HRMS (Q–TOF Premier) calcd for 

C28H23FNO2 (M+H)+: 424.1707; found: 424.1699. 

Minor diastereomer： 

(S)-4-Fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-phenylallyl)indolin-2-one 

Light yellow solid (28.2 mg, 27% yield). m.p. = 83 – 85 oC. 71% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 14.872 min (major), tR2 = 23.997 min 

(minor)]. []D
20 = -41.1 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.99 (d, J = 8.4 Hz, 1H), 7.87 (d, 

J = 8.0 Hz, 1H), 7.71 (d, J = 8.2 Hz, 1H), 7.54 (dt, J = 14.8, 7.2 Hz, 2H), 7.19 (t, J = 6.8 Hz, 1H), 7.14 

– 7.09 (m, 5H), 7.03 – 6.99 (m, 1H), 6.89 (dt, J = 17.0, 10.2 Hz, 1H), 6.74 (t, J = 8.8 Hz, 1H), 6.24 (d, 

J = 7.2 Hz, 1H), 6.09 (d, J = 7.8 Hz, 1H), 5.58 (d, J = 17.0 Hz, 1H), 5.53 (d, J = 10.2 Hz, 1H), 5.36 (d, 

J = 16.8 Hz, 1H), 4.96 (d, J = 16.8 Hz, 1H), 4.29 (d, J = 10.2 Hz, 1H), 3.45 (s, 1H). 13C NMR (126 
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MHz, CDCl3) δ 176.3, 159.4 (d, J = 250.7 Hz), 145.1 (d, J = 8.8 Hz), 137.0, 133.8, 133.6, 131.7 (d, J = 

8.8 Hz), 130.6, 129.2, 128.9, 128.5, 128.4, 128.0, 127.3, 126.5, 125.9, 125.3, 123.5, 122.5, 121.9, 114.4 

(d, J = 18.9 Hz), 110.7 (d, J = 21.4 Hz), 105.8 (d, J = 2.6 Hz), 78.4 (d, J = 1.3 Hz), 56.7, 42.0. 19F 

NMR (471 MHz, CDCl3) δ -118.5. HRMS (Q–TOF Premier) calcd for C28H23FNO2 (M+H)+: 424.1707; 

found: 424.1701. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (89.9 mg, 85% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-((R)-1-(2-Fluorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fe) 

Light yellow solid (70.4 mg, 67% yield). m.p. = 70 – 72 oC. 97% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 16.291 min (major), tR2 = 19.877 min 

(minor)]. []D
20 = -55.5 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.95 (d, J = 8.2 Hz, 1H), 7.88 – 

7.82 (m, 1H), 7.68 (d, J = 8.2 Hz, 1H), 7.56 – 7.48 (m, 3H), 7.25 – 7.20 (m, 1H), 7.17 (td, J = 7.8, 1.2 

Hz, 1H), 7.12 – 7.04 (m, 2H), 6.98 – 6.92 (m, 1H), 6.92 – 6.86 (m, 1H), 6.74 (td, J = 7.6, 1.6 Hz, 1H), 

6.56 (ddd, J = 17.0, 10.2, 7.8 Hz, 1H), 6.45 (d, J = 7.8 Hz, 1H), 6.11 (d, J = 6.8 Hz, 1H), 5.45 (d, J = 

16.6 Hz, 1H), 5.38 (d, J = 10.2 Hz, 1H), 5.26 (d, J = 17.0 Hz, 1H), 4.86 (d, J = 16.6 Hz, 1H), 4.56 (d, J 

= 7.8 Hz, 1H), 3.41 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 177.5, 160.9 (d, J = 248.2 Hz), 143.6, 

134.0, 133.7, 130.6, 130.1 (d, J = 2.6 Hz), 130.0, 129.7, 128.9, 128.8, 128.4, 127.8, 126.5, 125.9, 125.4, 

125.2, 124.2, 124.1, 123.6 (d, J = 2.6 Hz), 123.0 (d, J = 3.8 Hz), 122.5, 120.2, 115.9 (d, J = 23.9 Hz), 

109.7, 78.2, 49.0, 41.9. 19F NMR (471 MHz, CDCl3) δ -114.7. HRMS (Q–TOF Premier) calcd for 

C28H23FNO2 (M+H)+: 424.1707; found: 424.1700. 

Minor diastereomer： 

(S)-3-((R)-1-(2-Fluorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

Light yellow solid (16.8 mg, 16% yield). m.p. = 58 – 60 oC. 83% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 16.676 min (major), tR2 = 24.375 min 

(minor)]. []D
20 = -27.1 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.09 (d, J = 8.4 Hz, 1H), 7.89 (d, 

J = 8.0 Hz, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.60 – 7.57 (m, 1H), 7.53 (t, J = 7.2 Hz, 1H), 7.35 (d, J = 7.4 

Hz, 1H), 7.27 (d, J = 7.4 Hz, 1H), 7.25 – 7.22 (m, 1H), 7.20 – 7.15 (m, 1H), 7.11 – 7.06 (m, 1H), 7.02 

(t, J = 7.4 Hz, 1H), 6.98 – 6.89 (m, 2H), 6.83 (d, J = 7.2 Hz, 1H), 6.50 – 6.36 (m, 2H), 5.47 (d, J = 17.0 

Hz, 1H), 5.45 (d, J = 16.4 Hz, 1H), 5.37 (dd, J = 10.0, 1.4 Hz, 1H), 5.08 (d, J = 16.4 Hz, 1H), 4.47 (d, J 

= 10.2 Hz, 1H), 3.31 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 177.5, 160.4 (d, J = 245.7 Hz), 143.3, 

133.7, 133.4, 130.8, 129.9, 129.9, 129.4 (d, J = 3.9 Hz), 128.9, 128.7 (d, J = 8.9 Hz), 128.1, 127.7, 

126.5, 126.0, 125.2, 125.1 (d, J = 1.9 Hz), 124.8, 124.7, 124.2, 123.9 (d, J = 2.6 Hz), 122.8 (d, J = 1.3 
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Hz), 121.5, 115.5 (d, J = 23.9 Hz), 109.5, 77.9, 49.5, 42.0. 19F NMR (471 MHz, CDCl3) δ -115.4. 

HRMS (Q–TOF Premier) calcd for C28H23FNO2 (M+H)+: 424.1707; found: 424.1709. 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (85.9 mg, 82% overall yield).  1H NMR analysis of the 

diastereoisomers showed a dr of 2:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(m-tolyl)allyl)indolin-2-one (8ff) 

Light yellow solid (56.1 mg, 54% yield). m.p. = 58 – 60 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 16.077 min (major), tR2 = 14.230 min (minor)]. 

[]D
20 = -53.7 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.91 (d, J = 8.2 Hz, 1H), 7.84 (d, J = 7.6 

Hz, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.61 – 7.58 (m, 1H), 7.55 – 7.47 (m, 2H), 7.17 – 7.08 (m, 3H), 7.01 

(dt, J = 10.0, 7.8 Hz, 2H), 6.71 – 6.65 (m, 2H), 6.58 (ddd, J = 17.2, 10.2, 8.4 Hz, 1H), 6.38 – 6.31 (m, 

1H), 5.68 (d, J = 7.0 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.41 (d, J = 17.0 Hz, 1H), 5.34 (d, J = 17.0 Hz, 

1H), 4.80 (d, J = 16.8 Hz, 1H), 4.03 (d, J = 8.4 Hz, 1H), 3.19 (s, 1H), 2.12 (s, 3H). 13C NMR (126 MHz, 

CDCl3) δ 177.6, 143.7, 138.0, 136.6, 134.9, 133.6, 130.5, 130.3, 129.9, 129.4, 128.9, 128.4, 128.2, 

128.2, 127.6, 126.3, 126.3, 125.8, 125.6, 125.0, 122.9, 122.6, 122.3, 120.0, 109.7, 78.6, 57.9, 41.7, 21.4. 

HRMS (Q–TOF Premier) calcd for C29H26NO2 (M+H)+: 420.1958; found: 420.1966.  

Minor diastereomer： 

(S)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(m-tolyl)allyl)indolin-2-one 

Light yellow solid (27.4 mg, 26% yield). m.p. = 51 – 53 oC. 92% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 15.837 min (major), tR2 = 18.321 min 

(minor)]. []D
20 = -14.1 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.02 (d, J = 8.2 Hz, 1H), 7.87 (d, 

J = 7.6 Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.59 – 7.48 (m, 2H), 7.41 – 7.34 (m, 1H), 7.17 – 7.13 (m, 

1H), 7.11 – 7.02 (m, 4H), 6.94 (s, 1H), 6.89 – 6.83 (m, 1H), 6.62 (dt, J = 17.0, 10.2 Hz, 1H), 6.43 – 

6.32 (m, 2H), 5.48 (d, J = 17.0 Hz, 1H), 5.45 (d, J = 16.8 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 4.97 (d, J 

= 16.8 Hz, 1H), 3.95 (d, J = 10.2 Hz, 1H), 3.27 (s, 1H), 2.17 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 

177.4, 143.5, 137.9, 136.8, 134.1, 133.6, 130.7, 129.8, 129.8, 129.7, 128.9, 128.7, 128.1, 128.0, 127.8, 

126.4, 126.3, 125.9, 125.4, 124.4, 123.5, 122.8, 122.6, 121.2, 109.7, 78.0, 58.4, 41.8, 21.4. HRMS 

(Q–TOF Premier) calcd for C29H26NO2 (M+H)+: 420.1958; found: 420.1961. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (96.8 mg, 89% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-Hydroxy-3-((R)-1-(3-methoxyphenyl)allyl)-1-(naphthalen-1-ylmethyl)indolin-2-one (8fg) 

Light yellow solid (76.6 mg, 70% yield). m.p. = 57 – 59 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 16.950 min (major), tR2 = 20.491 min 

(minor)]. []D
20 = -32.3 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.92 (d, J = 8.2 Hz, 1H), 7.85 (d, 

J = 7.8 Hz, 1H), 7.67 (d, J = 8.2 Hz, 1H), 7.60 (d, J = 6.8 Hz, 1H), 7.52 (dt, J = 18.8, 7.2 Hz, 2H), 7.18 

– 7.11 (m, 2H), 7.06 (td, J = 7.8, 3.6 Hz, 2H), 6.83 (dd, J = 8.2, 2.2 Hz, 1H), 6.62 – 6.55 (m, 2H), 6.40 

– 6.31 (m, 2H), 5.81 (d, J = 7.2 Hz, 1H), 5.44 (d, J = 10.2 Hz, 1H), 5.42 (d, J = 17.0 Hz, 1H), 5.34 (d, J 

= 17.0 Hz, 1H), 4.83 (d, J = 16.8 Hz, 1H), 4.05 (d, J = 8.2 Hz, 1H), 3.46 (s, 3H), 3.10 (s, 1H). 13C 

NMR (126 MHz, CDCl3) δ 177.4, 159.3, 143.8, 138.1, 134.8, 133.6, 130.5, 130.0, 129.4, 129.4, 128.9, 

128.4, 127.7, 126.4, 125.8, 125.6, 125.0, 122.9, 122.7, 122.3, 122.1, 120.2, 114.3, 113.6, 109.8, 78.5, 

57.9, 55.0, 41.7. HRMS (Q–TOF Premier) calcd for C29H25NNaO3 (M+Na)+: 458.1727; found: 

458.1732. 

Minor diastereomer： 

(S)-3-Hydroxy-3-((R)-1-(3-methoxyphenyl)allyl)-1-(naphthalen-1-ylmethyl)indolin-2-one 

Light yellow solid (17.8 mg, 16% yield). m.p. = 51 – 53 oC. 96% ee, HPLC [DAICEL CHIRALPAK 

AD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 44.273 min (minor), tR2 = 58.668 min 

(major)]. []D
20 = -100.2 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 8.4 Hz, 1H), 7.87 

(d, J = 8.4 Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 7.59 – 7.50 (m, 2H), 7.38 (dd, J = 6.8, 1.6 Hz, 1H), 7.18 (t, 

J = 7.8 Hz, 1H), 7.11 – 7.04 (m, 3H), 6.78 (dd, J = 8.2, 1.8 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), 6.65 – 

6.55 (m, 2H), 6.45 (d, J = 7.0 Hz, 1H), 6.42 – 6.35 (m, 1H), 5.52 – 5.40 (m, 3H), 4.98 (d, J = 16.6 Hz, 

1H), 3.97 (d, J = 10.2 Hz, 1H), 3.58 (s, 3H), 3.28 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 177.4, 159.2, 

143.5, 138.4, 133.9, 133.7, 130.7, 129.8, 129.7, 129.2, 128.9, 128.7, 127.9, 126.4, 125.9, 125.4, 124.3, 

123.6, 122.8, 122.6, 121.4, 121.4, 114.4, 113.4, 109.7, 77.9, 58.4, 55.1, 41.8. HRMS (Q–TOF Premier) 

calcd for C29H25NNaO3 (M+Na)+: 458.1727; found: 458.1719. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (95.2 mg, 90% overall yield).  1H NMR analysis of the 

diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer：  

(R)-3-((R)-1-(3-Fluorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fh) 

Light yellow solid (70.1 mg, 66% yield). m.p. = 60 – 62 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 11.716 min (major), tR2 = 12.830 min (minor)]. 

[]D
20 = -62.7 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.0 Hz, 1H), 7.88 – 7.81 (m, 

1H), 7.68 (d, J = 8.2 Hz, 1H), 7.59 – 7.47 (m, 3H), 7.19 – 7.04 (m, 4H), 6.95 (td, J = 8.4, 2.0 Hz, 1H), 

6.73 (d, J = 7.8 Hz, 1H), 6.61 – 6.52 (m, 2H), 6.40 (d, J = 7.2 Hz, 1H), 5.93 (d, J = 7.0 Hz, 1H), 5.44 (d, 

J = 10.2 Hz, 1H), 5.36 (d, J = 16.8 Hz, 1H), 5.32 (d, J = 17.6 Hz, 1H), 4.83 (d, J = 16.8 Hz, 1H), 4.10 

(d, J = 7.8 Hz, 1H), 3.52 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 177.5, 162.4 (d, J = 246.4 Hz), 143.5, 

139.4 (d, J = 7.1 Hz), 134.3, 133.6, 130.5, 130.2, 129.8, 129.7, 129.4, 128.9, 128.0, 127.8, 126.4, 125.9, 

125.4, 125.1, 123.1, 122.8, 122.4, 120.4, 116.2 (d, J = 22.2 Hz), 114.4 (d, J = 21.2 Hz), 109.9, 78.4, 

57.3, 41.8. 19F NMR (376 MHz, CDCl3) δ -112.6. HRMS (Q–TOF Premier) calcd for C28H23FNO2 

(M+H)+: 424.1707; found: 424.1712. 

Minor diastereomer： 

(S)-3-((R)-1-(3-Fluorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

Light yellow solid (22.4 mg, 21% yield). m.p. = 65 – 67 oC. 97% ee, HPLC [DAICEL CHIRALPAK 

AD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 30.786 min (minor), tR2 = 32.885 min 

(major)]. []D
20 = -33.1 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.04 (d, J = 8.2 Hz, 1H), 7.88 (d, 

J = 7.8 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.63 – 7.50 (m, 2H), 7.30 (dd, J = 7.2, 1.2 Hz, 1H), 7.24 – 

7.18 (m, 1H), 7.14 – 7.03 (m, 3H), 6.94 – 6.88 (m, 2H), 6.86 – 6.81 (m, 1H), 6.61 (d, J = 7.0 Hz, 1H), 

6.50 (dt, J = 16.8, 10.2 Hz, 1H), 6.44 (d, J = 7.4 Hz, 1H), 5.48 (dd, J = 16.8, 1.2 Hz, 1H), 5.41 (d, J = 

10.2 Hz, 1H), 5.41 (d, J = 16.4 Hz, 1H), 5.04 (d, J = 16.4 Hz, 1H), 3.97 (d, J = 10.2 Hz, 1H), 3.23 (s, 

1H). 13C NMR (126 MHz, CDCl3) δ 177.2, 162.4 (d, J = 247.0 Hz), 143.4, 139.7 (d, J = 7.6 Hz), 133.7, 

133.5, 130.7, 130.0, 129.7, 129.5 (d, J = 7.6 Hz), 128.9, 128.2, 128.1, 126.5, 125.9, 125.3, 124.9 (d, J = 

2.5 Hz), 124.4, 123.7, 123.0, 122.7, 121.7, 116.2 (d, J = 21.4 Hz), 114.1 (d, J = 21.4 Hz), 109.8, 77.8, 

58.0, 41.9. 19F NMR (471 MHz, CDCl3) δ -112.8. HRMS (Q–TOF Premier) calcd for C28H23FNO2 

(M+H)+: 424.1707; found: 424.1705. 

 



 

 

S32 

 

 

Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (101.0 mg, 92% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-((R)-1-(3-Chlorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fi) 

Light yellow solid (74.4 mg, 68% yield). m.p. = 73 – 75 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 14.617 min (major), tR2 = 32.144 min 

(minor)]. []D
20 = -72.4 (c 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 7.8 Hz, 1H), 7.87 

– 7.81 (m, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.57 (dd, J = 7.2, 1.1 Hz, 1H), 7.55 – 7.48 (m, 2H), 7.24 

– 7.21 (m, 1H), 7.17 – 7.01 (m, 4H), 6.80 (d, J = 7.4 Hz, 2H), 6.56 (ddd, J = 17.2, 10.2, 7.8 Hz, 

1H), 6.41 (d, J = 7.6 Hz, 1H), 5.90 (d, J = 7.0 Hz, 1H), 5.44 (d, J = 10.2 Hz, 1H), 5.37 (d, J = 16.8 

Hz, 1H), 5.30 (d, J = 17.2 Hz, 1H), 4.82 (d, J = 16.8 Hz, 1H), 4.07 (d, J = 7.8 Hz, 1H), 3.54 (s, 

1H). 13C NMR (101 MHz, CDCl3) δ 177.5, 143.5, 138.9, 134.2, 134.0, 133.6, 130.5, 130.2, 129.6, 

129.4, 129.4, 128.9, 127.9, 127.8, 127.7, 126.4, 125.9, 125.5, 125.1, 123.1, 122.7, 122.4, 120.5, 

109.9, 78.5, 57.3, 41.8. HRMS (Q–TOF Premier) calcd for C28H22ClNNaO2 (M+Na)+: 462.1231; 

found: 462.1237.  

Minor diastereomer： 

(S)-3-((R)-1-(3-Chlorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

Light yellow solid (23.8 mg, 22% yield). m.p. = 67 – 69 oC. 94% ee, HPLC [DAICEL CHIRALPAK 

IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 11.332 min (minor), tR2 = 13.763 min (major)]. 

[]D
20 = -14.2 (c 1.0, CHCl3). 

1H NMR (500 MHz, CDCl3) δ 8.04 (d, J = 8.4 Hz, 1H), 7.88 (d, J = 

7.8 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.60 – 7.51 (m, 2H), 7.31 – 7.27 (m, 1H), 7.25 – 7.18 (m, 

2H), 7.13 – 7.04 (m, 4H), 6.99 (d, J = 7.8 Hz, 1H), 6.62 (d, J = 6.8 Hz, 1H), 6.48 (dt, J = 16.8, 

10.2 Hz, 1H), 6.44 (d, J = 7.4 Hz, 1H), 5.47 (d, J = 16.8 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.40 

(d, J = 16.4 Hz, 1H), 5.05 (d, J = 16.4 Hz, 1H), 3.95 (d, J = 10.2 Hz, 1H), 3.25 (s, 1H). 13C NMR 

(126 MHz, CDCl3) δ 177.2, 143.3, 139.2, 134.0, 133.7, 133.3, 130.7, 130.1, 129.7, 129.3, 129.3, 

128.9, 128.1, 128.1, 127.4, 127.4, 126.5, 125.9, 125.4, 124.4, 123.7, 123.0, 122.7, 121.8, 109.9, 

77.8, 58.0, 41.9. HRMS (Q–TOF Premier) calcd for C28H22ClNNaO2 (M+Na)+: 462.1231; found: 

462.1241. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (88.0 mg, 84% overall yield).  1H NMR analysis of the 

diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(p-tolyl)allyl)indolin-2-one (8fj) 

Light yellow solid (65.3 mg, 62% yield). m.p. = 68 – 70 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 85/15, 220 nm, 1 mL/min; tR1 = 8.565 min (major), tR2 = 21.535 min (minor)]. 

[]D
20 = -69.8 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.2 Hz, 1H), 7.86 – 7.82 (m, 

1H), 7.66 (d, J = 8.2 Hz, 1H), 7.61 – 7.57 (m, 1H), 7.55 – 7.47 (m, 2H), 7.17 – 7.09 (m, 2H), 6.96 (dd, 

J = 15.4, 7.8 Hz, 3H), 6.78 (d, J = 8.0 Hz, 2H), 6.59 (ddd, J = 17.2, 10.2, 8.2 Hz, 1H), 6.39 – 6.32 (m, 

1H), 5.79 (d, J = 7.0 Hz, 1H), 5.44 (d, J = 17.2 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 5.33 (d, J = 17.0 Hz, 

1H), 4.79 (d, J = 16.8 Hz, 1H), 4.06 (d, J = 8.2 Hz, 1H), 3.27 (s, 1H), 2.34 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 177.6, 143.6, 137.0, 135.0, 133.6, 133.5, 130.5, 129.9, 129.4, 129.3, 129.1, 129.0, 128.9, 

128.4, 127.6, 126.4, 125.8, 125.2, 125.1, 122.9, 122.9, 122.4, 119.9, 109.8, 78.6, 57.5, 41.8, 21.3. 

HRMS (Q–TOF Premier) calcd for C29H25NNaO2 (M+Na)+: 442.1778; found: 442.1787. 

Minor diastereomer： 

(S)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(p-tolyl)allyl)indolin-2-one 

Light yellow solid (21.2 mg, 20% yield). m.p. = 59 – 61 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 16.741 min (major), tR2 = 19.142 min 

(minor)]. []D
20 = -32.3 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.2 Hz, 1H), 7.88 (d, 

J = 7.8 Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 7.60 – 7.50 (m, 2H), 7.40 – 7.33 (m, 1H), 7.14 (t, J = 7.8 Hz, 

1H), 7.11 – 7.03 (m, 2H), 6.97 (q, J = 8.4 Hz, 4H), 6.59 (dt, J = 17.0, 10.2 Hz, 1H), 6.46 (d, J = 7.2 Hz, 

1H), 6.39 (d, J = 7.0 Hz, 1H), 5.47 (d, J = 17.0 Hz, 2H), 5.41 (dd, J = 10.2, 1.2 Hz, 1H), 4.98 (d, J = 

17.0 Hz, 1H), 3.95 (d, J = 10.2 Hz, 1H), 3.22 (s, 1H), 2.31 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 

177.5, 143.5, 136.7, 134.2, 133.9, 133.7, 130.7, 129.7, 129.7, 129.0, 129.0, 128.9, 127.9, 126.5, 125.9, 

125.1, 124.4, 123.8, 122.8, 122.7, 121.1, 109.7, 77.9, 58.0, 41.8, 21.1. HRMS (Q–TOF Premier) calcd 

for C29H25NNaO2 (M+Na)+: 442.1778; found: 442.1781. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (99.5 mg, 94% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 2:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-((R)-1-(4-Fluorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fk) 

Light yellow solid (65.2 mg, 62% yield). m.p. = 66 – 68 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 80/20, 220 nm, 1 mL/min; tR1 = 8.596 min (major), tR2 = 19.036 min (minor)]. 

[]D
20 = -54.5 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.91 (d, J = 8.2 Hz, 1H), 7.85 (d, J = 7.8 

Hz, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.58 (d, J = 7.2 Hz, 1H), 7.57 – 7.47 (m, 2H), 7.18 – 7.07 (m, 3H), 

6.88 – 6.78 (m, 4H), 6.59 (ddd, J = 17.6, 10.2, 7.8 Hz, 1H), 6.39 (d, J = 7.6 Hz, 1H), 5.79 (d, J = 7.2 

Hz, 1H), 5.44 (d, J = 10.2 Hz, 1H), 5.40 (d, J = 16.8 Hz, 1H), 5.29 (d, J = 17.6 Hz, 1H), 4.80 (d, J = 

16.8 Hz, 1H), 4.09 (d, J = 7.8 Hz, 1H), 3.35 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 177.5, 162.2 (d, J 

= 247.0 Hz), 143.6, 134.6, 133.6, 132.5 (d, J = 3.8 Hz), 131.2 (d, J = 8.8 Hz), 130.5, 130.1, 129.3, 

128.9, 128.0, 127.9, 126.4, 125.9, 125.2, 125.1, 123.0, 122.7, 122.3, 120.2, 115.2 (d, J = 21.4 Hz), 

109.8, 78.6, 56.8, 41.7. 19F NMR (471 MHz, CDCl3) δ -114.57. HRMS (Q–TOF Premier) calcd for 

C28H23FNO2 (M+H)+: 424.1707; found: 424.1717. 

Minor diastereomer： 

(S)-3-((R)-1-(4-Fluorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

Light yellow solid (31.9 mg, 30% yield). m.p. = 62 – 64 oC. 95% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 16.660 min (major), tR2 = 19.045 min 

(minor)]. []D
20 = -15.8 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.04 (d, J = 8.2 Hz, 1H), 7.88 (d, 

J = 7.8 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.62 – 7.50 (m, 2H), 7.35 (dd, J = 7.2, 1.2 Hz, 1H), 7.23 – 

7.18 (m, 1H), 7.13 – 6.99 (m, 4H), 6.86 – 6.79 (m, 2H), 6.59 (dt, J = 16.8, 10.2 Hz, 1H), 6.43 (t, J = 7.8 

Hz, 2H), 5.49 (dd, J = 16.8, 1.2 Hz, 1H), 5.43 (d, J = 16.6 Hz, 1H), 5.44 (d, J = 10.2, 2.0 Hz, 1H), 4.98 

(d, J = 16.6 Hz, 1H), 3.96 (d, J = 10.2 Hz, 1H), 3.22 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 177.2, 

161.9 (d, J = 247.0 Hz), 143.4, 133.8, 133.7, 132.8 (d, J = 2.6 Hz), 130.7, 130.6, 130.0, 129.6, 128.9, 

128.4, 128.1, 126.5, 125.9, 125.2, 124.2, 123.8, 123.0, 122.7, 121.6, 115.0 (d, J = 21.4 Hz), 109.8, 77.9, 

57.6, 41.9. 19F NMR (471 MHz, CDCl3) δ -115.1. HRMS (Q–TOF Premier) calcd for C28H23FNO2 

(M+H)+: 424.1707; found: 424.1711. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (102.1 mg, 93% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-((R)-1-(4-Chlorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fl) 

Light yellow solid (75.2 mg, 68% yield). m.p. = 66 – 68 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 14.121 min (major), tR2 = 29.391 min 

(minor)]. []D
20 = -87.2 (c 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 7.8 Hz, 1H), 7.88 

– 7.81 (m, 1H), 7.70 (d, J = 8.2 Hz, 1H), 7.61 – 7.57 (m, 1H), 7.56 – 7.49 (m, 2H), 7.19 – 7.09 (m, 

5H), 6.81 (d, J = 8.4 Hz, 2H), 6.58 (ddd, J = 17.8, 10.2, 7.8 Hz, 1H), 6.39 (d, J = 7.6 Hz, 1H), 5.76 

(d, J = 7.2 Hz, 1H), 5.46 – 5.41 (m, 2H), 5.30 (d, J = 17.0 Hz, 1H), 4.80 (d, J = 17.0 Hz, 1H), 4.08 

(d, J = 7.8 Hz, 1H), 3.28 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 177.4, 143.6, 135.3, 134.4, 133.6, 

133.4, 130.9, 130.4, 130.2, 129.2, 128.9, 128.6, 127.9, 126.4, 125.9, 125.4, 125.1, 123.1, 122.7, 

122.3, 120.4, 109.9, 78.4, 56.9, 41.8. HRMS (Q–TOF Premier) calcd for C28H22ClNNaO2 (M+Na)+: 

462.1231; found: 462.1235. 

Minor diastereomer： 

(S)-3-((R)-1-(4-Chlorophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

Light yellow solid (24.3 mg, 22% yield). m.p. = 62 – 64 oC. 98% ee, HPLC [DAICEL CHIRALPAK 

IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 11.591 min (minor), tR2 = 14.550 min (major)]. 

[]D
20 = -25.1 (c 1.0, CHCl3).

 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.2 Hz, 1H), 7.88 (d, J = 

7.8 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.62 – 7.50 (m, 2H), 7.36 (d, J = 6.8 Hz, 1H), 7.29 – 7.21 

(m, 1H), 7.16 – 7.05 (m, 4H), 7.01 (d, J = 8.4 Hz, 2H), 6.58 (dt, J = 16.0, 10.2 Hz, 1H), 6.42 (d, J 

= 7.6 Hz, 1H), 6.39 (d, J = 7.2 Hz, 1H), 5.59 (d, J = 16.8 Hz, 1H), 5.47 (d, J = 16.0 Hz, 1H), 5.44 

(d, J = 10.2 Hz, 1H), 4.96 (d, J = 16.8 Hz, 1H), 3.96 (d, J = 10.2 Hz, 1H), 3.26 (s, 1H). 13C NMR 

(101 MHz, CDCl3) δ 177.2, 143.4, 135.6, 133.7, 133.5, 133.1, 130.7, 130.5, 130.0, 129.5, 128.9, 

128.4, 128.3, 128.1, 126.5, 125.9, 125.2, 124.2, 123.7, 123.0, 122.6, 121.8, 109.9, 77.8, 57.7, 41.9. 

HRMS (Q–TOF Premier) calcd for C28H22ClNNaO2 (M+Na)+: 462.1231; found: 462.1230. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (111.1 mg, 92% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 5:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-((R)-1-(4-Bromophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fm) 

Light yellow solid (90.7 mg, 75% yield). m.p. = 70 – 72 oC. 98% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 80/20, 220 nm, 1 mL/min; tR1 = 8.516 min (major), tR2 = 24.404 min (minor)]. 

[]D
20 = -20.5 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 7.6 Hz, 1H), 7.88 – 7.80 (m, 

1H), 7.71 (d, J = 8.2 Hz, 1H), 7.58 (d, J = 6.8 Hz, 1H), 7.56 – 7.48 (m, 2H), 7.27 – 7.19 (m, 3H), 7.19 – 

7.07 (m, 2H), 6.74 (d, J = 8.2 Hz, 2H), 6.58 (ddd, J = 17.8, 10.2, 7.8 Hz, 1H), 6.39 (d, J = 7.6 Hz, 1H), 

5.81 (d, J = 7.0 Hz, 1H), 5.43 (d, J = 10.2 Hz, 1H), 5.42 (d, J = 17.0 Hz, 1H), 5.28 (d, J = 17.0 Hz, 1H), 

4.79 (d, J = 17.8 Hz, 1H), 4.07 (d, J = 7.8 Hz, 1H), 3.44 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 177.5, 

143.6, 135.8, 134.3, 133.6, 131.5, 131.3, 130.4, 130.2, 129.2, 128.9, 127.9, 127.9, 126.4, 125.9, 125.5, 

125.1, 123.1, 122.7, 122.3, 121.6, 120.3, 109.9, 78.4, 57.0, 41.8. HRMS (Q–TOF Premier) calcd for 

C28H23BrNO2 (M+H)+: 484.0907; found: 484.0911. 

Minor diastereomer： 

(S)-3-((R)-1-(4-Bromophenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

Light yellow solid (17.6 mg, 15% yield). m.p. = 62 – 64 oC. 91% ee, HPLC [DAICEL CHIRALPAK 

IC-3, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 15.347 min (minor), tR2 = 20.825 min (major)]. 

[]D
20 = -46.4 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.2 Hz, 1H), 7.88 (d, J = 7.8 

Hz, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.56 (dd, J = 18.0, 7.6 Hz, 2H), 7.35 (d, J = 6.8 Hz, 1H), 7.29 – 7.24 

(m, 3H), 7.14 – 7.04 (m, 2H), 6.95 (d, J = 8.2 Hz, 2H), 6.57 (dt, J = 17.0, 10.2 Hz, 1H), 6.48 – 6.36 (m, 

2H), 5.48 (d, J = 17.0 Hz, 1H), 5.47 (d, J = 16.6 Hz, 1H), 5.46 (d, J = 10.2 Hz, 1H), 4.96 (d, J = 16.6 

Hz, 1H), 3.94 (d, J = 10.2 Hz, 1H), 3.26 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 177.2, 143.4, 136.1, 

133.7, 133.4, 131.3, 130.8, 130.7, 130.1, 129.5, 128.9, 128.3, 128.1, 126.5, 125.9, 125.3, 124.2, 123.7, 

123.0, 122.6, 121.8, 121.3, 109.9, 77.7, 57.8, 41.9. HRMS (Q–TOF Premier) calcd for C28H23BrNO2 

(M+H)+: 484.0907; found: 484.0915. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (106.4 mg, 90% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 4/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-hydroxy-1-(Naphthalen-1-ylmethyl)-3-((R)-1-(4-(trifluoromethyl)phenyl)allyl)indolin-2-one 

(8fn) 

Yellow solid (78.4 mg, 66% yield). m.p. = 63 – 65 oC. 98% ee, HPLC [DAICEL CHIRALPAK IC-3, 

hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 7.575 min (major), tR2 = 9.791 min (minor)]. []D
20 = 

-55. 3 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 7.8 Hz, 1H), 7.88 – 7.80 (m, 1H), 7.68 

(d, J = 8.2 Hz, 1H), 7.61 – 7.56 (m, 1H), 7.55 – 7.46 (m, 2H), 7.38 (d, J = 8.2 Hz, 2H), 7.20 – 7.10 (m, 

2H), 7.05 – 7.00 (m, 3H), 6.60 (ddd, J = 17.2, 10.2, 7.8 Hz, 1H), 6.42 (d, J = 7.2 Hz, 1H), 5.98 (d, J = 

7.2 Hz, 1H), 5.45 (d, J = 10.2 Hz, 1H), 5.35 (d, J = 16.8 Hz, 1H), 5.28 (d, J = 17.2 Hz, 1H), 4.82 (d, J = 

16.8 Hz, 1H), 4.16 (d, J = 7.8 Hz, 1H), 3.50 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 177.4, 143.5, 141.0, 

134.1, 133.6, 130.5, 130.3, 129.9, 129.8, 129.5, 129.4, 129.2, 128.9, 128.0, 127.9, 126.4, 125.9, 125.4, 

125.2 (q, J = 3.7 Hz), 125.1, 125.1, 123.2, 122.8, 122.4, 120.6, 110.1, 78.3, 57.4, 41.9. 19F NMR (471 

MHz, CDCl3) δ -62.2. HRMS (Q–TOF Premier) calcd for C29H22F3NNaO2 (M+Na)+: 496.1495; found: 

496.1498. 

Minor diastereomer： 

(S)-3-hydroxy-1-(Naphthalen-1-ylmethyl)-3-((R)-1-(4-(trifluoromethyl)phenyl)allyl)indolin-2-one 

Yellow solid (25.4 mg, 21% yield). m.p. = 84 – 86 oC. 97% ee, HPLC [DAICEL CHIRALPAK IC-3, 

hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 7.747 min (major), tR2 = 10.366 min (minor)]. []D
20 

= -24.9 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.06 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 

7.75 (d, J = 8.2 Hz, 1H), 7.56 (dt, J = 14.8, 7.0 Hz, 2H), 7.38 (d, J = 8.2 Hz, 2H), 7.30 (d, J = 7.2 Hz, 

1H), 7.22 (d, J = 8.2 Hz, 2H), 7.19 (t, J = 7.8 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 

6.58 (d, J = 7.2 Hz, 1H), 6.53 (dt, J = 17.0, 10.2 Hz, 1H), 6.46 (d, J = 7.8 Hz, 1H), 5.49 (d, J = 17.0 Hz, 

1H), 5.46 (d, J = 16.4 Hz, 1H), 5.43 (d, J = 10.2 Hz, 1H), 4.99 (d, J = 16.4 Hz, 1H), 4.03 (d, J = 10.2 

Hz, 1H), 3.24 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 177.1, 143.3, 141.3, 133.7, 133.2, 130.7, 130.2, 

129.7, 129.6, 129.5, 129.2, 128.9, 128.2, 128.0, 126.5, 126.0, 125.1, 125.0 (q, J = 3.8 Hz), 124.3, 123.8, 

123.0, 122.7, 122.0, 109.9, 77.7, 58.1, 42.0. 19F NMR (471 MHz, CDCl3) δ -62.4. HRMS (Q–TOF 

Premier) calcd for C29H22F3NNaO2 (M+Na)+: 496.1495; found: 496.1496. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (83.4 mg, 77% overall yield).  1H NMR analysis of the 

diastereoisomers showed a dr of 8:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-((R)-1-(2,4-Dimethylphenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fo) 

Light yellow solid (72.7 mg, 67% yield). m.p. = 56 – 58 oC. 98% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 11.833 min (major), tR2 = 26.739 min 

(minor)]. []D
20 = -27.7 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.0 Hz, 1H), 7.84 (d, 

J = 7.2 Hz, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.61 – 7.58 (m, 1H), 7.51 (td, J = 13.6, 6.8 Hz, 2H), 7.18 – 

7.10 (m, 2H), 6.91 (dd, J = 14.2, 7.4 Hz, 2H), 6.66 (s, 1H), 6.62 – 6.50 (m, 2H), 6.36 (d, J = 6.8 Hz, 

1H), 5.77 (d, J = 6.8 Hz, 1H), 5.45 (d, J = 16.8 Hz, 1H), 5.39 (d, J = 10.2 Hz, 1H), 5.31 (d, J = 17.0 Hz, 

1H), 4.80 (d, J = 16.8 Hz, 1H), 4.00 (d, J = 8.4 Hz, 1H), 3.27 (d, J = 8.4 Hz, 1H), 2.25 (s, 3H), 2.02 (s, 

3H). 13C NMR (101 MHz, CDCl3) δ 177.7, 143.7, 136.6, 135.5, 135.2, 134.1, 133.5, 130.8, 130.5, 

129.9, 129.6, 129.5, 128.9, 128.6, 127.6, 126.6, 126.3, 125.8, 125.2, 125.0, 122.9, 122.8, 122.4, 119.8, 

109.7, 78.5, 57.5, 41.8, 19.7, 19.6. HRMS (Q–TOF Premier) calcd for C30H27NNaO2 (M+Na)+: 

456.1934; found: 456.1927. 

Minor diastereomer： 

(S)-3-((R)-1-(2,4-Dimethylphenyl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

Light yellow solid (8.6 mg, 8% yield). m.p. = 44 – 46 oC. 91% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 13.708 min (major), tR2 = 15.835 min 

(minor)]. []D
20 = -7.7 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 8.2 Hz, 1H), 7.87 (d, 

J = 8.2 Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.54 (dt, J = 14.6, 6.8 Hz, 2H), 7.38 – 7.33 (m, 1H), 7.13 – 

7.04 (m, 3H), 6.94 – 6.89 (m, 2H), 6.81 (d, J = 7.8 Hz, 1H), 6.57 (dt, J = 17.0, 10.2 Hz, 1H), 6.43 (d, J 

= 7.0 Hz, 1H), 6.37 (d, J = 6.8 Hz, 1H), 5.48 (d, J = 14.4 Hz, 1H), 5.45 (d, J = 14.4 Hz, 1H), 5.38 (d, J 

= 10.2 Hz, 1H), 4.96 (d, J = 17.0 Hz, 1H), 3.93 (d, J = 10.2 Hz, 1H), 3.27 (s, 1H), 2.23 (s, 3H), 2.08 (s, 

3H). 13C NMR (101 MHz, CDCl3) δ 177.6, 143.5, 136.4, 135.4, 134.4, 134.4, 133.6, 130.7, 130.4, 

129.7, 129.7, 129.5, 128.9, 128.8, 127.8, 126.6, 126.4, 125.9, 125.2, 124.4, 123.6, 122.7, 122.6, 121.0, 

109.7, 78.0, 58.0, 41.8, 19.7, 19.5. HRMS (Q–TOF Premier) calcd for C30H27NNaO2 (M+Na)+: 

456.1934; found: 456.1941. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (92.1 mg, 81% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-hydroxy-1-(Naphthalen-1-ylmethyl)-3-((R)-1-(naphthalen-2-yl)allyl)indolin-2-one (8fp) 

Light yellow solid (67.8 mg, 60% yield). m.p. = 89 – 91 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

AD-H, hexane/i-PrOH = 80/20, 220 nm, 1 mL/min; tR1 = 18.047 min (major), tR2 = 32.285 min 

(minor)]. []D
20 = -82.6 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 8.0 Hz, 2H), 7.76 – 

7.71 (m, 1H), 7.71 – 7.65 (m, 1H), 7.58 (d, J = 8.4 Hz, 2H), 7.53 – 7.37 (m, 6H), 7.22 – 7.12 (m, 2H), 

6.94 (d, J = 8.4 Hz, 1H), 6.74 (ddd, J = 16.8, 10.2, 7.8 Hz, 1H), 6.33 – 6.23 (m, 1H), 5.84 (t, J = 7.8 Hz, 

1H), 5.47 (d, J = 10.2 Hz, 1H), 5.39 (d, J = 16.8 Hz, 1H), 5.36 (d, J = 16.8 Hz, 1H), 5.22 (d, J = 7.2 Hz, 

1H), 4.71 (d, J = 16.8 Hz, 1H), 4.29 (d, J = 7.8 Hz, 1H), 3.34 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 

177.7, 143.7, 134.9, 134.3, 133.4, 133.4, 132.8, 130.2, 130.1, 128.9, 128.9, 128.8, 128.3, 128.2, 127.8, 

127.6, 127.3, 127.1, 126.2, 126.1, 126.1, 125.6, 125.2, 124.9, 123.0, 122.4, 122.2, 120.3, 109.8, 78.7, 

57.9, 41.8. HRMS (Q–TOF Premier) calcd for C32H25NNaO2 (M+Na)+: 478.1778; found: 478.1783. 

Minor diastereomer： 

(S)-3-hydroxy-1-(Naphthalen-1-ylmethyl)-3-((R)-1-(naphthalen-2-yl)allyl)indolin-2-one 

Light yellow solid (22.4 mg, 20% yield). m.p. = 126 – 128 oC. 94% ee, HPLC [DAICEL CHIRALPAK 

AD-H, hexane/i-PrOH = 85/15, 220 nm, 1 mL/min; tR1 = 27.613 min (minor), tR2 = 39.235 min 

(major)]. []D
20 = -19.9 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.2 Hz, 1H), 7.80 (t, 

J = 8.0 Hz, 2H), 7.62 (t, J = 10.2 Hz, 3H), 7.56 – 7.39 (m, 6H), 7.17 (d, J = 8.6 Hz, 1H), 7.10 – 7.02 (m, 

2H), 6.79 (dt, J = 17.0, 10.2 Hz, 1H), 6.43 (t, J = 7.8 Hz, 1H), 6.28 (d, J = 7.0 Hz, 1H), 6.05 (d, J = 7.0 

Hz, 1H), 5.54 (d, J = 17.0 Hz, 1H), 5.48 (d, J = 10.2 Hz, 1H), 5.44 (d, J = 16.8 Hz, 1H), 4.92 (d, J = 

16.8 Hz, 1H), 4.17 (d, J = 10.2 Hz, 1H), 3.34 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 177.4, 143.4, 

134.6, 134.1, 133.6, 133.2, 132.5, 130.5, 129.9, 129.3, 128.8, 128.6, 128.1, 128.0, 127.6, 127.6, 127.5, 

127.4, 126.3, 126.1, 126.0, 125.8, 125.1, 124.4, 123.3, 122.9, 122.5, 121.5, 109.8, 78.1, 58.5, 41.8. 

HRMS (Q–TOF Premier) calcd for C32H25NNaO2 (M+Na)+: 478.1778; found: 478.1777. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (98.8 mg, 88% overall yield).  1H NMR analysis of the 

diastereoisomers showed a dr of 4:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-((R)-1-(Benzo[d][1,3]dioxol-5-yl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

(8fq) 

Light yellow solid (78.1 mg, 70% yield). m.p. = 73 – 75 oC. >99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 21.549 min (major), tR2 = 65.262 min 

(minor)]. []D
20 = -70.5 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.2 Hz, 1H), 7.85 (d, 

J = 7.4 Hz, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.61 – 7.46 (m, 3H), 7.20 – 7.07 (m, 3H), 6.60 (d, J = 8.2 Hz, 

1H), 6.54 (ddd, J = 17.0, 10.2, 7.8 Hz, 1H), 6.47 – 6.38 (m, 2H), 6.30 (s, 1H), 5.93 (d, J = 7.0 Hz, 1H), 

5.88 (d, J = 1.0 Hz, 1H), 5.83 (d, J = 1.0 Hz, 1H), 5.48 (d, J = 16.8 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 

5.30 (d, J = 17.0 Hz, 1H), 4.81 (d, J = 16.8 Hz, 1H), 4.02 (d, J = 7.8 Hz, 1H), 3.38 (s, 1H). 13C NMR 

(126 MHz, CDCl3) δ 177.6, 147.4, 146.9, 143.7, 134.9, 133.6, 130.6, 130.5, 130.1, 129.6, 128.9, 128.3, 

127.8, 126.4, 125.8, 125.1, 125.0, 123.0, 123.0, 122.9, 122.4, 119.9, 109.8, 109.7, 108.2, 100.9, 78.5, 

57.3, 41.7. HRMS (Q–TOF Premier) calcd for C29H23NNaO4 (M+Na)+: 472.1519; found: 472.1526. 

Minor diastereomer： 

(S)-3-((R)-1-(Benzo[d][1,3]dioxol-5-yl)allyl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

Light yellow solid (17.9 mg, 16% yield). m.p. = 80 – 82 oC. 95% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 27.704 min (major), tR2 = 30.860 min 

(minor)]. []D
20 = -19.5 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.2 Hz, 1H), 7.88 (d, 

J = 8.2 Hz, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.60 – 7.51 (m, 2H), 7.35 (d, J = 7.2 Hz, 1H), 7.25 – 7.20 (m, 

1H), 7.13 – 7.04 (m, 2H), 6.63 – 6.42 (m, 6H), 5.89 (s, 2H), 5.48 (d, J = 16.6 Hz, 1H), 5.45 (d, J = 16.8 

Hz, 1H), 5.40 (d, J = 10.2 Hz, 1H), 5.00 (d, J = 16.6 Hz, 1H), 3.91 (d, J = 10.2 Hz, 1H), 3.21 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 177.4, 147.4, 146.7, 143.5, 134.1, 133.7, 130.8, 130.7, 129.9, 129.7, 

128.9, 128.6, 128.0, 126.5, 125.9, 125.1, 124.3, 123.7, 122.9, 122.7, 122.5, 121.2, 109.8, 109.6, 108.0, 

101.0, 77.9, 57.9, 41.8. HRMS (Q–TOF Premier) calcd for C29H23NNaO4 (M+Na)+: 472.1519; found: 

472.1530. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 1/1) afforded the product 

including both of the diastereoisomers (84.2 mg, 83% overall yield). 1H NMR analysis of the 

diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 2/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(pyridin-3-yl)allyl)indolin-2-one (8fr) 

Light yellow solid (62.4 mg, 61% yield). m.p. = 185 – 187 oC. >99% ee, HPLC [DAICEL 

CHIRALPAK AD-H, hexane/i-PrOH = 85/15, 220 nm, 1 mL/min; tR1 = 41.983 min (minor), tR2 = 

58.668 min (major)]. []D
20 = -49.6 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.42 (d, J = 4.6 Hz, 

1H), 8.12 (s, 1H), 7.90 (d, J = 7.6 Hz, 1H), 7.86 – 7.80 (m, 1H), 7.68 (d, J = 8.2 Hz, 1H), 7.58 – 7.45 

(m, 3H), 7.19 – 7.06 (m, 4H), 6.99 (dd, J = 7.8, 4.8 Hz, 1H), 6.58 (ddd, J = 17.6, 10.2, 7.6 Hz, 1H), 

6.41 (d, J = 7.8 Hz, 1H), 6.07 (d, J = 7.2 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.26 (d, J = 16.8 Hz, 1H), 

5.22 (d, J = 17.6 Hz, 1H), 4.83 (d, J = 16.8 Hz, 1H), 4.07 (d, J = 7.6 Hz, 1H). 13C NMR (126 MHz, 

CDCl3) δ 177.3, 150.5, 148.5, 143.3, 137.2, 133.8, 133.6, 132.8, 130.5, 130.3, 129.5, 128.9, 128.0, 

127.9, 126.5, 125.9, 125.4, 125.1, 123.2, 123.1, 123.1, 122.4, 120.5, 109.9, 78.3, 55.1, 41.7. HRMS 

(Q–TOF Premier) calcd for C27H23N2O2 (M+H)+: 407.1754; found: 407.1749. 

Minor diastereomer： 

(S)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-3-((R)-1-(pyridin-3-yl)allyl)indolin-2-one 

Light yellow solid (20.3 mg, 20% yield). m.p. = 99 – 101 oC. 99% ee, HPLC [DAICEL CHIRALPAK 

OD-H, hexane/i-PrOH = 90/10, 220 nm, 1 mL/min; tR1 = 25.045 min (major), tR2 = 38.781 min 

(minor)]. []D
20 = -26.4 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.40 (d, J = 4.0 Hz, 1H), 8.28 (s, 

1H), 8.05 (d, J = 8.2 Hz, 1H), 7.88 (d, J = 7.6 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.59 – 7.50 (m, 3H), 

7.25 – 7.17 (m, 2H), 7.12 – 7.01 (m, 3H), 6.75 (d, J = 7.0 Hz, 1H), 6.49 (d, J = 7.8 Hz, 1H), 6.37 (dt, J 

= 17.0, 10.2 Hz, 1H), 5.46 (d, J = 17.0 Hz, 1H), 5.38 (d, J = 10.2 Hz, 1H), 5.38 (d, J = 16.6 Hz, 1H), 

5.05 (d, J = 16.6 Hz, 1H), 4.01 (d, J = 10.2 Hz, 1H), 3.80 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 177.2, 

150.5, 148.3, 143.2, 136.5, 133.7, 133.2, 132.8, 130.8, 130.1, 129.8, 128.9, 128.2, 128.0, 126.6, 126.0, 

125.2, 124.6, 124.1, 123.1, 123.0, 122.8, 121.9, 109.9, 77.8, 55.6, 42.0. HRMS (Q–TOF Premier) calcd 

for C27H23N2O2 (M+H)+: 407.1754; found: 407.1758. 
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Purification by flash column chromatography (petroleum ether/ethyl acetate = 3/1) afforded the product 

including both of the diastereoisomers (83.5 mg, 90% overall yield).  1H NMR analysis of the 

diastereoisomers showed a dr of 3:1. Then the diastereoisomers were further separated by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the major diastereomer and the minor 

diastereomer respectively. 

Major diastereomer： 

(R)-3-((S)-Hex-1-en-3-yl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (8fs) 

Light yellow oil (61.3 mg, 66% yield). 93% ee, HPLC [DAICEL CHIRALPAK OD-H, hexane/i-PrOH 

= 90/10, 220 nm, 1 mL/min; tR1 = 11.511 min (major), tR2 = 29.034 min (minor)]. []D
20 = 22.8 (c 1.0, 

CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.16 (d, J = 8.2 Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.84 – 7.78 

(m, 1H), 7.58 (ddd, J = 8.4, 6.8, 1.4 Hz, 1H), 7.56 – 7.48 (m, 1H), 7.40 – 7.35 (m, 2H), 7.34 (dd, J = 

7.4, 0.8 Hz, 1H), 7.17 (td, J = 7.8, 1.2 Hz, 1H), 7.04 (td, J = 7.6, 0.8 Hz, 1H), 6.73 (d, J = 7.8 Hz, 1H), 

5.83 (dt, J = 17.0, 10.2 Hz, 1H), 5.63 (d, J = 16.2 Hz, 1H), 5.36 (dd, J = 10.2, 1.7 Hz, 1H), 5.32 (dd, J 

= 17.0, 1.2 Hz, 1H), 5.15 (d, J = 16.2 Hz, 1H), 2.84 (s, 1H), 2.81 – 2.72 (m, 1H), 1.31 – 1.10 (m, 4H), 

0.73 (t, J = 7.2 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 177.9, 143.5, 135.6, 133.9, 131.0, 130.4, 129.5, 

129.1, 128.9, 128.5, 126.6, 126.1, 125.2, 125.1, 124.7, 123.1, 122.9, 120.8, 109.9, 77.6, 52.0, 42.4, 30.3, 

20.6, 13.8. HRMS (Q–TOF Premier) calcd for C25H26NO2 (M+H)+: 372.1958; found: 372.1957. 

Minor diastereomer： 

(S)-3-((S)-Hex-1-en-3-yl)-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

Light yellow oil (18.9 mg, 20% yield). 98% ee, HPLC [DAICEL CHIRALPAK OD-H, hexane/i-PrOH 

= 90/10, 220 nm, 1 mL/min; tR1 = 11.689 min (minor), tR2 = 28.521 min (major)]. []D
20 = -23.0 (c 1.0, 

CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.11 (d, J = 8.2 Hz, 1H), 7.89 (d, J = 8.2 Hz, 1H), 7.79 (d, J = 

8.0 Hz, 1H), 7.60 – 7.52 (m, 2H), 7.40 (d, J = 7.2 Hz, 1H), 7.38 – 7.32 (m, 2H), 7.17 (t, J = 7.6 Hz, 1H), 

7.07 (t, J = 7.6 Hz, 1H), 6.66 (d, J = 7.8 Hz, 1H), 5.73 (dt, J = 17.2, 9.8 Hz, 1H), 5.54 (d, J = 16.2 Hz, 

1H), 5.31 (d, J = 17.0 Hz, 1H), 5.29 (d, J = 9.8 Hz, 1H), 5.14 (d, J = 16.2 Hz, 1H), 3.00 (s, 1H), 2.65 (t, 

J = 10.4 Hz, 1H), 1.44 – 1.27 (m, 4H), 0.81 (t, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 177.9, 

143.8, 136.0, 133.8, 131.0, 130.3, 129.7, 129.0, 128.9, 128.3, 126.5, 126.0, 125.2, 124.6, 124.1, 123.1, 

123.0, 121.1, 109.7, 77.5, 53.0, 42.1, 30.0, 20.6, 13.8. HRMS (Q–TOF Premier) calcd for C25H26NO2 

(M+H)+: 372.1958; found: 372.1962. 
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4. Procedure for the Scale-up Experiment  
A flame dried Schlenk tube was cooled to rt and filled with N2. To this flask were added 

[Ir(COD)Cl]2 (17.0 mg, 0.025 mmol, 2 mol%), phosphoramidite ligand L2 (29.5 mg, 0.050 mmol, 4 

mol%), THF (2.5 mL) and n-propylamine (2.5 mL). The reaction mixture was heated at 50 oC for 30 

min and then the volatile solvents were removed under vacuum to give a pale yellow solid. 

3-Hydroxyoxindoles (1.25 mmol), allylic acetate (1.50 mmol), 4Å MS (500 mg), TEA (1 equiv) and 

THF (7.5 mL) were then added. The reaction mixture was stirred at rt for 24 h. The crude reaction 

mixture was concentrated by rotary evaporation. The residue was then purified by SiO2 column 

chromatography (petroleum ether/ethyl acetate = 5/1) afforded the product including both of the 

diastereoisomers (458.4 mg, 90% overall yield). 1H NMR analysis of the diastereoisomers showed a dr 

of 5:1. The ee values were determined by HPLC using the Daicel chiral column. The ee value of the 

major diastereomer is 98%. 
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5. Procedures for the Transformations of the 3-Allyl-3-hydroxyoxindoles 

(R)-1-(Naphthalen-1-ylmethyl)-2-oxo-3-((R)-1-phenylallyl)indolin-3-yl acetate (10)5 

 

DMAP (12.2 mg, 0.10 mmol) and acetic anhydride (0.045 mL, 0.40 mmol) were added to a stirred 

solution of 8 (91.0 mg, 0.20 mmol ) in pyridine (2 mL). The resulting mixture was stirred at 40 ℃ for 

10 h, after which time the reaction mixture was added to H2O. The organic layer was separated, and the 

aqueous layer was extracted with CH2Cl2. The combined organic layers were washed with H2O, brine, 

dried over Na2SO4, filtered and concentrated under reduced pressure. The crude product purified by 

column chromatography (silica) to afford 10 (87.6 mg, 98% yield) as a light yellow oil. 

ee = 99%, HPLC [DAICEL CHIRALPAK AD-H, hexane/i-PrOH = 80/20, 220 nm, 1 mL/min; tR1 = 

8.706 min (minor), tR2 = 35.632 min (major)]. []D
20 = -64.7 (c 1.0, CHCl3). 1H NMR (400 MHz, 

CDCl3) δ 7.88 (d, J = 8.0 Hz, 1H), 7.86 – 7.80 (m, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.54 – 7.45 (m, 2H), 

7.41 (dd, J = 7.2, 0.8 Hz, 1H), 7.30 – 7.25 (m, 1H), 7.20 – 7.03 (m, 5H), 6.80 (d, J = 7.2 Hz, 2H), 6.54 

(ddd, J = 17.2, 10.2, 7.8 Hz, 1H), 6.30 (d, J = 7.6 Hz, 1H), 6.10 – 5.99 (m, 1H), 5.39 (dd, J = 10.2, 1.2 

Hz, 1H), 5.30 (dt, J = 17.2, 1.2 Hz, 1H), 5.18 (d, J = 17.0 Hz, 1H), 4.89 (d, J = 17.0 Hz, 1H), 4.15 (d, J 

= 7.8 Hz, 1H), 2.15 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 174.4, 168.9, 144.4, 135.5, 134.5, 133.6, 

130.4, 130.1, 129.8, 129.8, 128.8, 128.2, 127.6, 127.4, 126.2, 125.7, 125.7, 125.5, 123.8, 122.9, 122.4, 

122.3, 119.7, 109.6, 81.9, 55.3, 41.9, 20.8. HRMS (Q–TOF Premier) calcd for C30H25NNaO3 (M+Na)+: 

470.1727; found: 470.1721. 

(R)-2-Oxo-3-((R)-1-phenylallyl)indolin-3-yl acetate (11)6 

 

A solution of 10 (44.7 mg, 0.100 mmol) in chlorobenzene (3 ml) containing NBS (21.36 mg, 0.120 

mmol) and AIBN (3.28 mg, 0.020 mmol) was heated to reflux under a nitrogen atmosphere. After 4h 

further AIBN (0.1 equiv.) and NBS (0.2 equiv.) were added. The solution was heated overnight then 

cooled, filtered and concentrated. Diethyl ether (2 ml) and water (4 ml) were added to the residue 

which was stirred for 4 h, the organic layer separated, dried (MgSO4), evaporated and the crude 

product purified by column chromatography (silica) to afford 11 (22.4 mg, 73% yield) as a white solid. 

m.p. = 148 – 150 oC. ee = 99%, HPLC [DAICEL CHIRALPAK AD-H, hexane/i-PrOH = 90/10, 220 

nm, 1 mL/min; tR1 = 19.717 min (major), tR2 = 22.114 min (minor)]. []D
20 = -38.7 (c 1.0, CHCl3). 1H 
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NMR (400 MHz, CDCl3) δ7.26 (s, 1H), 7.21 (d, J = 8.5 Hz, 1H), 7.14 (d, J = 7.1 Hz, 1H), 7.05 (m, 4H), 

6.75 (d, J = 7.3 Hz, 2H), 6.62 (d, J = 7.8 Hz, 1H), 6.44 (ddd, J = 17.0, 10.2, 7.8 Hz, 1H), 5.34 (d, J = 

10.2 Hz, 1H), 5.22 (d, J = 17.0 Hz, 1H), 3.96 (d, J = 7.8 Hz, 1H), 2.11 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 174.9, 168.8, 141.4, 135.4, 134.3, 129.9, 129.5, 127.9, 127.5, 125.9, 124.2, 122.2, 119.5, 

109.8, 81.7, 55.3, 20.7 HRMS (Q–TOF Premier) calcd for C19H18NO3 (M+H)+: 308.1281; 

found:308.1276. 

 

(R)-3-Hydroxy-3-((1R,2S)-3-hydroxy-2-iodo-1-phenylpropyl)-1-(naphthalen-1-ylmethyl)indolin-2

-one (12)7 

 

40.5 mg (0.100 mmol) of 8 was taken in 10 mL round bottom flask and it was dissolved in 3 mL 

of dry acetonitrile. Then 16.5 mg (0.13 mmol) of iodine and 25.2 mg (0.30 mmol) of sodium 

bicarbonate were added to the stirred solution of 8 under argon atm at 0 ℃. The reaction was continued 

to stir for 2 days at 0 ℃ and quenched with ice cold sodium sulfite then extracted with ethyl acetate 

twice (20 mL). The organic fractions were combined and dried with anhydrous Na2SO4 followed by 

rotary evaporation yielded the crude product of 12. Then it was purified by flash column 

chromatography on silica gel (petroleum ether/ethyl acetate = 5/1) to afford 12 as a white solid of a 

white solid (45.0 mg，82% yield). 

m.p. = 63 – 65 oC. ee = 98%, HPLC [DAICEL CHIRALPAK AD-H, hexane/i-PrOH = 90/10, 220 nm, 

1 mL/min; tR1 = 26.619 min (major), tR2 = 40.525 min (minor)]. []D
20 = -33.0 (c 1.0, CHCl3). 1H NMR 

(400 MHz, CDCl3) δ 7.89 (dd, J = 5.6, 3.0 Hz, 1H), 7.87 – 7.78 (m, 2H), 7.64 (d, J = 8.2 Hz, 1H), 7.59 

– 7.43 (m, 2H), 7.32 (d, J = 7.4 Hz, 1H), 7.25 – 7.07 (m, 4H), 6.99 (t, J = 7.6 Hz, 1H), 6.76 (s, 2H), 

6.41 – 6.27 (m, 1H), 5.63 (d, J = 7.0 Hz, 1H), 5.15 (d, J = 16.8 Hz, 1H), 5.05 – 4.97 (m, 1H), 4.93 (s, 

1H), 4.83 – 4.67 (m, 2H), 4.47 (dd, J = 12.6, 6.0 Hz, 1H), 4.34 (s, 1H), 3.99 (d, J = 11.6 Hz, 1H). 13C 

NMR (101 MHz, CDCl3) δ 177.1, 143.7, 139.5, 133.6, 130.5, 130.3, 129.0, 128.9, 128.2, 128.0, 127.7, 

126.8, 126.4, 126.0, 125.8, 125.6, 123.5, 122.6, 122.2, 110.2, 79.2, 69.1, 58.8, 42.0, 41.8, 29.7. HRMS 

(Q–TOF Premier) calcd for C28H25INO3 (M+H)+: 550.0874; found: 550.0869. 

  

(2S,3R)-3-((R)-3-Hydroxy-1-(naphthalen-1-ylmethyl)-2-oxoindolin-3-yl)-2-iodo-3-phenylpropyl 

4-nitrobenzoate (13) 

 

(R)-3-Hydroxy-3-((1R,2S)-3-hydroxy-2-iodo-1-phenylpropyl)-1-(naphthalen-1-ylmethyl)indolin-2-o

ne (12) (24.7 mg, 0.045 mmol) and DMAP (3 mg, 0.0246 mmol) was dissolved in dry pyridine (1.5 

mL), cooled to 0 ℃, then p-NO2C6H4COCl (16.9 mg, 0.060 mmol) in CH2Cl2 (0.5 mL) was added 
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dropwise. The mixture was stirred at 25 ℃ for 12 h. The mixture was cooled to room temperature and 

EtOAc (10 mL) was added. The organic phase was washed with saturated sodium bicarbonate, brine, 

dried over Na2SO4 and the solvent was removed under reduced pressure. The crude product was 

purified by flash column chromatography on silica gel (petroleum ether/ethyl acetate = 3/1) to afford 

13 as a white solid (29.8 mg，95% yield).  

m.p. = 90 – 92 oC. ee = 98%, HPLC [DAICEL CHIRALPAK AD-H, hexane/i-PrOH = 80/20, 220 nm, 

1 mL/min; tR1 = 31.828 min (minor), tR2 = 37.694 min (major)]. []D
20 = -21.9 (c 1.0, CHCl3). 1H NMR 

(400 MHz, CDCl3) δ 8.34 (m, 4H), 7.90 – 7.81 (m, 2H), 7.67 (d, J = 8.2 Hz, 1H), 7.52 (m, 2H), 7.34 (t, 

J = 7.4 Hz, 1H), 7.28 – 7.21 (m, 3H), 7.16 (t, J = 7.0 Hz, 2H), 7.02 (m, 1H), 6.82 (s, 2H), 6.40 (d, J = 

8.2 Hz, 1H), 5.69 (m, 2H), 5.20 (m, 2H), 4.99 (t, J = 10.8 Hz, 1H), 4.80 (d, J = 16.6 Hz, 1H), 3.99 (d, J 

= 11.4 Hz, 1H), 3.60 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 176.8, 164.5, 150.8, 143.7, 138.3, 135.3, 

133.6, 131.1, 130.7, 130.4, 129.1, 128.9, 128.6, 128.5, 128.3, 128.3, 127.8, 126.6, 126.4, 125.9, 125.5, 

125.4, 123.7, 122.7, 122.2, 110.3, 79.2, 70.1, 58.5, 41.8, 35.1. HRMS (Q–TOF Premier) calcd for 

C35H28IN2O6 (M+H)+: 699.0987; found: 699.0982. 
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6. ORTEP Representations of 8fk and 13 

The data were collected on an Agilent Technologies Gemini Atlas Ultra diffractometer using a ultra Cu 

radiation (l=1.54184Å) with collimating mirror monochromators and at 293 K. Data collection, unit 

cell refinement and data reduction were performed using Agilent Technologies CrysAlisPro V 

1.171.35.11.1 The structure was solved by direct methods and refined by full-matrix least-squares on 

F2 with anisotropic displacement parameters for the non-H atoms using Olex2/ SHELXTL program 

package. The hydrogen atoms on carbon were calculated in ideal positions with isotropic displacement 

parameters set to 1.2xUeq of the attached atom (1.5xUeq for methyl hydrogen atoms). The hydrogen 

atoms bound to nitrogen were located in a ∆F map and refined with isotropic displacement parameters. 
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ORTEP Representation of 8fk 
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ORTEP Representation of 13 
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8. NMR and HPLC Spectra 
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