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1. General information. 

Dry cyclohexane was purchased from 3A Chemicals and stored over activated 3 Å molecular sieves. 

Allylboronic acid pinacol esters were purchased from J&K, or synthesized according to the literature 

procedure.1 Isatins were synthesized according to the literature procedure.2 1H and 13C NMR were 

recorded on a Bruker - DPX 400 spectrometer, chemical shifts were reported in ppm, tetramethylsilane 

(TMS) served as the internal standard for 1H NMR, and CDCl3 served as the internal standard for 13C 

NMR. 19F NMR were recorded on a Varian NMR 400 spectrometer. The following abbreviations were 

used to designate the multiplicities: s = singlet; d = doublet; t = triplet; q = quartet; m = multiplet; br = 

broad. All first-order splitting patterns were assigned on the basis of the appearance of the multiplet. 

Splitting patterns that could not be easily interpreted are designated as multiplet (m) or broad (br). 

HPLC analysis was performed using Chiralcel columns purchased. Mass spectra were obtained using 

electrospray ionization (ESI) mass spectrometer.  

 

2. Optimization of the reaction conditions. 

Table S1. Other CPAs and solvents investigated.
a
 

 

Entry CPA Sol. t/h Yield [%]b ee [%]c 

1 4h Et2O 0.5 96 -24 

2 4i Et2O 0.5 95 -21 

3 4j Et2O 1 98 30 

4 4k Et2O 0.5 92 40 

5 4l Et2O 4 98 31 

6 4m Et2O 0.5 96 17 

7 4n Et2O 2 95 36 

8 4o Et2O 1 98 -6 

9 4p Et2O 0.5 94 35 

10 4q Et2O 0.5 97 37 

11 4r Et2O 0.5 95 27 

12 4s Et2O 1 98 3 

13 4t Et2O 22 96 -5 
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14 4g DCE 1.5 98 48 

15 4g CH3CN 20 91 -9 

16 4g 1,4-dioxane 20 97 4 

17 4g n-pentane 10 97 84 

18 4g n-hexane 10 98 83 

19 4g PE 13 86 80 

20d 4g cyclohexane 30 97 30 

21e 4g cyclohexane 3 98 83 

22f 4g cyclohexane 32 97 10 

aThe reactions were carried out with 1a (0.1 mmol), 2a (0.12 mmol), Bi(OAc)3 (2 mol%), and CPA (2 mol%) in 0.5 mL solvent 

at room temperature. bYield of isolated products. cDetermined by HPLC analysis. dH2O (1.0 equiv.) was added. e3Å molecular 

sieves (40 mg) were added. f4Å molecular sieves (40 mg) were added. 

Table S2. Screening of Lewis acids.
a
  

 

Entry LA t/h Yield [%]b ee [%]c 

1 Bi(OTf)3 10 95 -2 

2 BiCl3 32 92 42 

3 InBr3 32 95 rac 

4 Cu(OAc)2 70 14 rac 

5 AgOTf 72 46 rac 

6 Sc(OTf)3 70 82 19 

7 Y(OTf)3 70 51 10 

8 Yb(OTf)3 70 45 13 

9 La(OTf)3 70 57 9 

aThe reactions were carried out with 1a (0.1 mmol), 2a (0.12 mmol), Lewis Acid (2 mol%), and (S)-4g (2 mol%) in 0.5 

mL cyclohexane at room temperature. bYield of isolated products. cDetermined by HPLC analysis. 

Table S3. Concentrations and LA/CPA ratios investigated.
a
 

 

Entry x y z t/h Yield [%]b ee [%]c 

1 2 2 0.2 11 86 90 

2 2 2 0.1 25 92 82 

3 2 2 0.05 12 93 94 

4 2 2 0.025 25 91 82 

5 2 3 0.05 20 75 91 

6 2 4 0.05 20 89 89 

aThe reactions were carried out with 1k (0.1 mmol), 2a (0.12 mmol), Bi(OAc)3, and (S)-4g in cyclohexane at room temperature. 

bYield of isolated products. cDetermined by HPLC analysis. 
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3. General procedure for asymmetric allylation of isatins with allylboronates. 

 
To an oven-dried 10 mL Schrek tube with magnetic stirring bar were added isatins 1 (0.1 mmol), 

Bi(OAc)3 (2 mol%) and chiral phosphoric acid catalyst (S)-4g (2 mol%). Argon gas was pumped three 

times, dry cyclohexane (2.0 mL) and allylboronates 2 (0.12 mmol) were added in order. After the 

reaction was stirred at room temperature until completed, the crude mixture was direct purified by 

silica gel flash chromatography (ethyl acetate/petroleum ether) to afford the product 3. 

 

4. Characterization data of products 3. 

(S)-3-allyl-3-hydroxy-1-methylindolin-2-one (3b): White solid, 19.7 mg, 97% 

yield, 40% ee; [α]D
27 = -28.4 (c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 

7.39 (d, J = 7.3 Hz, 1H), 7.34 (t, J = 7.7 Hz, 1H), 7.10 (t, J = 7.5 Hz, 1H), 6.83 (d, 

J = 7.8 Hz, 1H), 5.73-5.62 (m, 1H), 5.18 - 5.04 (m, 2H), 3.19 (s, 3H), 2.77 (s, 

1H), 2.73 (dd, J = 13.5, 6.5 Hz, 1H), 2.60 (dd, J = 13.4, 8.3 Hz, 1H); 13C NMR 

(101 MHz, CDCl3) δ 177.77, 143.25, 130.50, 129.66, 124.09, 123.05, 120.38, 

108.38, 75.86, 42.90, 26.16; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 

mL/min, λ = 210 nm, tR = 8.5 min (minor) and tR = 10.8 min (major). 

 

(S)-1-acetyl-3-allyl-3-hydroxyindolin-2-one (3c): White solid, 19.2 mg, 83% 

yield, 23% ee; [α]D
27 = -9.6 (c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.20 

(d, J = 8.3 Hz, 1H), 7.43 (d, J = 7.4 Hz, 1H), 7.38 (t, J = 7.9 Hz, 1H), 7.25 (t, J = 

7.1 Hz, 1H), 5.59 - 5.46 (m, 1H), 5.17 - 5.06 (m, 2H), 3.16 (br, 1H), 2.74 (dd, J = 

13.3, 6.2 Hz, 1H), 2.65 (dd, J = 13.6, 8.8 Hz, 1H), 2.62 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 178.61, 170.63, 139.54, 130.20, 129.68, 128.73, 125.69, 123.74, 121.27, 116.73, 75.93, 

43.77, 26.51; HRMS (ESI): m/z calcd for C13H13NNaO3 [M+Na]+: 254.0793; found: 254.0780; HPLC: 

Daicel Chiralpak AD-H, n-hexane/i-PrOH = 9:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 6.6 min 

(minor) and tR = 7.1 min (major). 

 

(S)-3-allyl-3-hydroxy-1-phenylindolin-2-one (3d): White solid, 24.9 mg, 94% 

yield, 44% ee; [α]D
27 = -22.0 (c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 

7.52 (t, J = 7.7 Hz, 2H), 7.47 (d, J = 7.4 Hz, 1H), 7.42 (d, J = 7.4 Hz, 1H), 7.38 

(d, J = 8.0 Hz, 2H), 7.25 (t, J = 7.8 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 6.80 (d, J = 

7.9 Hz, 1H), 5.75 - 5.58 (m, 1H), 5.23 - 5.05 (m, 2H), 3.39 (s, 1H), 2.85 (dd, J = 

13.2, 6.3 Hz, 1H), 2.75 (dd, J = 13.2, 8.5 Hz, 1H); 13C NMR (101 MHz, CDCl3) 

δ 177.21, 143.30, 133.95, 130.38, 129.67, 129.59, 129.28, 128.27, 126.45, 124.38, 123.54, 120.68, 

109.68, 76.09, 43.49; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, 

λ = 210 nm, tR = 7.9 min (major) and tR = 9.1 min (minor). 
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(S)-3-allyl-3-hydroxy-1-tritylindolin-2-one (3e): White solid, 34.0 mg, 79% 

yield, 29% ee; [α]D
27 = -25.6 (c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 

7.46 -7.38 (m, 6H), 7.34 (d, J = 7.3 Hz, 1H), 7.30 - 7.16 (m, 9H), 6.96 (t, J = 7.2 

Hz, 1H), 6.91 (td, J = 7.8, 1.6 Hz, 1H), 6.29 (d, J = 8.0 Hz, 1H), 5.74-5.64 (m, 

1H), 5.24 - 5.13 (m, 2H), 2.79 (dd, J = 13.2, 6.3 Hz, 1H), 2.70 (dd, J = 13.2, 8.5 

Hz, 1H), 2.65 (s, 1H); 13C NMR (101 MHz, CDCl3) δ 179.84, 142.99, 141.78, 

130.92, 129.88, 129.35, 128.09, 127.69, 126.98, 123.34, 122.59, 120.43, 116.16, 109.99, 75.59, 74.56, 

44.14; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR 

= 6.7 min (major) and tR = 11.9 min (minor). 

 

(S)-3-allyl-3-hydroxy-1-(4-(trifluoromethyl)benzyl)indolin-2-one (3f): White 

solid, 34.0 mg, 98% yield, 45% ee; [α]D
27 = -3.6 (c = 0.5, CHCl3); 1H NMR (400 

MHz, CDCl3) δ 7.57 (d, J = 7.9 Hz, 2H), 7.41 (dd, J = 12.7, 7.7 Hz, 3H), 7.23 (t, 

J = 7.8 Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 6.65 (d, J = 7.9 Hz, 1H), 5.61 (dq, J = 

16.4, 9.0 Hz, 1H), 5.24 - 5.02 (m, 3H), 4.79 (d, J = 16.1 Hz, 1H), 3.15 (d, J = 

22.1 Hz, 1H), 2.83 (dd, J = 13.3, 6.2 Hz, 1H), 2.71 (dd, J = 13.3, 8.6 Hz, 1H); 

13C NMR (101 MHz, CDCl3) δ 178.06, 142.01, 139.48, 130.42, 130.21, 129.89, 

129.73, 129.60, 127.52, 125.79 (q, J = 3.8 Hz), 125.31, 124.37, 123.48, 122.61, 

120.76, 109.21, 76.04, 43.38, 43.01; 19F NMR (376 MHz, CDCl3) δ -62.51; HRMS (ESI): m/z calcd for 

C19H16F3NNaO2 [M+Na]+: 370.1031; found: 370.1014; HPLC: Daicel Chiralpak AD-H, 

n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 7.5 min (minor) and tR = 8.7 min 

(major). 

 

(S)-3-allyl-1-(4-(tert-butyl)benzyl)-3-hydroxyindolin-2-one (3g): White solid, 

32.5 mg, 97% yield, 78% ee; [α]D
27 = -9.2 (c = 0.5, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ 7.40 (d, J = 7.3 Hz, 1H), 7.32 (d, J = 8.3 Hz, 2H), 7.21 (d, J = 8.3 Hz, 

3H), 7.06 (t, J = 7.5 Hz, 1H), 6.74 (d, J = 7.8 Hz, 1H), 5.74 - 5.57 (m, 1H), 5.21 

- 5.06 (m, 2H), 4.84 (dd, J = 110.2, 15.6 Hz, 2H), 2.96 (s, 1H), 2.80 (dd, J = 13.3, 

6.2 Hz, 1H), 2.68 (dd, J = 13.3, 8.4 Hz, 1H), 1.28 (s, 9H); 13C NMR (101 MHz, 

CDCl3) δ 177.84, 150.61, 142.59, 132.37, 130.57, 129.67, 129.59, 127.03, 

125.66, 124.12, 123.01, 120.56, 109.55, 75.91, 43.50, 43.05, 34.51, 31.32; 

HRMS (ESI): m/z calcd for C22H26NO2 [M+H]+: 336.1964; found: 336.1950; HPLC: Daicel Chiralpak 

AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 6.6 min (minor) and tR = 7.4 

min (major). 

 

(S)-3-allyl-3-hydroxy-1-(4-methoxybenzyl)indolin-2-one (3h): White solid, 

27.8 mg, 90% yield, 80% ee; [α]D
27 = -11.6 (c = 0.5, CHCl3); 1H NMR (400 

MHz, CDCl3) δ 7.39 (d, J = 7.3 Hz, 1H), 7.22-7.18 (d, J = 6.5 Hz, 3H), 7.05 (t, 

J = 7.5 Hz, 1H), 6.82 (d, J = 6.6 Hz, 2H), 6.72 (d, J = 7.8 Hz, 1H), 5.61 (dq, J = 

16.8, 8.5 Hz, 1H), 5.21 - 5.02 (m, 2H), 4.94 (d, J = 15.5 Hz, 1H), 4.65 (d, J = 

15.4 Hz, 1H), 3.76 (s, 3H), 3.35 (s, 1H), 2.81 (dd, J = 13.5, 6.2 Hz, 1H), 2.69 

(dd, J = 13.4, 8.5 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 177.82, 159.07, 

142.46, 130.56, 129.66, 129.59, 128.71, 127.46, 124.12, 123.04, 120.56, 114.12, 

109.51, 75.93, 55.26, 43.30, 43.04; HRMS (ESI): m/z calcd for C19H19NNaO3 [M+Na]+: 332.1263; 
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found: 332.1250; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 

210 nm, tR = 10.0 min (minor) and tR = 17.0 min (major). 

 

(S)-3-allyl-3-hydroxy-1-(2,4,6-trimethylbenzyl)indolin-2-one (3i): White 

solid, 28.9 mg, 90% yield, 85% ee; [α]D
27 = -7.2 (c = 0.5, CHCl3); 1H NMR 

(400 MHz, CDCl3) δ 7.36 (d, J = 7.3 Hz, 1H), 7.08 (t, J = 7.8 Hz, 1H), 7.00 (t, 

J = 7.5 Hz, 1H), 6.86 (s, 2H), 6.39 (d, J = 7.8 Hz, 1H), 5.88 - 5.63 (m, 1H), 

5.21 - 5.09 (m, 2H), 4.97 (d, J = 15.3 Hz, 2H), 4.86 (d, J = 15.3 Hz, 2H), 3.21 

(s, 1H), 2.77 (dd, J = 13.5, 6.3 Hz, 1H), 2.63 (dd, J = 13.5, 8.4 Hz, 2H), 2.32 (s, 

6H), 2.27 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.53, 142.78, 137.49, 

137.30, 130.63, 129.80, 129.72, 129.63, 127.89, 124.05, 122.70, 120.57, 109.89, 

75.26, 42.98, 39.79, 20.91, 20.42; HRMS (ESI): m/z calcd for C21H24NO2 [M+H]+: 322.1807; found: 

322.1789; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 

nm, tR = 5.6 min (minor) and tR = 6.4 min (major). 

 

(S)-3-allyl-3-hydroxy-1-(naphthalen-2-ylmethyl)indolin-2-one (3j): White 

solid, 28.0 mg, 85% yield, 87% ee; [α]D
27 = +8.4 (c = 0.5, CHCl3); 1H NMR 

(400 MHz, CDCl3) δ 7.79 (q, J = 8.5, 6.9 Hz, 3H), 7.73 (s, 1H), 7.50 - 7.44 

(m, 2H), 7.40 (t, J = 9.3 Hz, 2H), 7.17 (t, J = 7.8 Hz, 1H), 7.06 (t, J = 7.5 Hz, 

1H), 6.73 (d, J = 7.8 Hz, 1H), 5.70-5.59 (m, 1H), 5.26 - 5.03 (m, 3H), 4.86 (d, 

J = 15.8 Hz, 1H), 3.16 (s, 1H), 2.86 (dd, J = 13.3, 6.2 Hz, 1H), 2.75 (dd, J = 

13.3, 8.5 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 177.94, 142.45, 133.25, 

132.89, 132.84, 130.57, 129.67, 129.60, 128.75, 127.74, 127.72, 126.37, 

126.14, 126.08, 125.20, 124.13, 123.17, 120.71, 109.59, 76.05, 44.09, 43.13; HRMS (ESI): m/z calcd 

for C22H19NNaO2 [M+Na]+: 352.1313; found: 352.1297; HPLC: Daicel Chiralpak AD-H, 

n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 10.2 min (minor) and tR = 12.9 min 

(major). 

 

(S)-3-allyl-1-(anthracen-9-ylmethyl)-3-hydroxyindolin-2-one (3l): White 

solid, 20.0 mg, 53% yield, 87% ee; [α]D
27 = +113.0 (c = 0.2, CHCl3); 1H NMR 

(400 MHz, CDCl3) δ 8.49 (s, 1H), 8.42 (d, J = 8.9 Hz, 2H), 8.05 (d, J = 8.4 Hz, 

2H), 7.63 - 7.54 (m, 2H), 7.50 (t, J = 7.6 Hz, 2H), 7.25 (d, J = 6.8 Hz, 1H), 

6.85 (t, J = 7.5 Hz, 1H), 6.79 (t, J = 7.8 Hz, 1H), 6.28 (d, J = 7.8 Hz, 1H), 6.06 

(d, J = 15.5 Hz, 1H), 5.82 - 5.64 (m, 2H), 5.13 (dd, J = 24.0, 13.6 Hz, 2H), 

2.85 (s, 1H), 2.73 (dd, J = 13.6, 6.5 Hz, 1H), 2.61 (dd, J = 13.6, 8.3 Hz, 1H); 

13C NMR (101 MHz, CDCl3) δ 177.72, 142.51, 131.37, 130.84, 130.41, 129.73, 

129.62, 129.51, 129.01, 126.89, 125.69, 125.13, 123.80, 123.70, 122.66, 

120.69, 110.52, 75.53, 43.12, 37.71; HRMS (ESI): m/z calcd for  C26H21NNaO2 [M+Na]+: 402.1470; 

found: 402.1457; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 

210 nm, tR = 9.2 min (minor) and tR = 12.0 min (major). 

 

(S)-3-allyl-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (3ka): 

White solid, 30.6 mg, 93% yield, 94% ee; [α]D
27 = 1.2 (c = 0.5, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.3 Hz, 1H), 7.86 (d, J = 7.9 Hz, 
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1H), 7.75 (d, J = 8.1 Hz, 1H), 7.52 (dt, J = 18.5, 7.1 Hz, 2H), 7.41 (d, J = 7.3 Hz, 1H), 7.33 (t, J = 7.6 

Hz, 1H), 7.27 (d, J = 7.0 Hz, 1H), 7.10 (t, J = 7.7 Hz, 1H), 7.02 (t, J = 7.4 Hz, 1H), 6.62 (d, J = 7.8 Hz, 

1H), 5.74 - 5.59 (m, 1H), 5.52 (d, J = 16.3 Hz, 1H), 5.21 - 5.00 (m, 3H), 4.04 (br, 1H), 2.86 (dd, J = 

13.3, 6.3 Hz, 1H), 2.75 (dd, J = 13.3, 8.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 178.4, 142.8, 133.9, 

131.0, 130.6, 130.2, 129.9, 129.6, 129.0, 128.4, 126.6, 126.0, 125.3, 124.6, 124.2, 123.2, 122.9, 120.7, 

109.9, 76.2, 43.0, 42.1; HRMS (ESI): m/z calcd for C22H19NNaO2 [M+Na]+: 352.1313; found: 

352.1313; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 

nm, tR = 9.6 min (major) and tR = 10.9 min (minor). 

 

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

(3kb): White solid, 32.7 mg, 90% yield, 92% ee; [α]D
27 = +32.8 (c = 0.5, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.2 Hz, 1H), 7.90 (d, J 

= 7.8 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.62 - 7.51 (m, 3H), 7.36 (t, J = 

7.6 Hz, 1H), 7.26 (dd, J = 7.1, 1.2 Hz, 2H), 7.08 (t, J = 8.0 Hz, 1H), 7.00 

(dd, J = 8.2, 0.9 Hz, 1H), 6.55 (dd, J = 7.8, 0.9 Hz, 1H), 5.58 - 5.43 (m, 

2H), 5.23 - 5.13 (m, 2H), 5.04 (dd, J = 10.1, 1.8 Hz, 1H), 3.25 (dd, J = 12.9, 6.6 Hz, 1H), 3.03 (br, 1H), 

2.98 (dd, J = 12.9, 8.3 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 176.8, 144.8, 133.9, 131.5, 130.9, 

130.9, 130.1, 129.7, 129.0, 128.5, 126.7, 126.1, 125.8, 125.2, 124.5, 124.2, 122.7, 120.8, 108.4, 42.2, 

40.4; HRMS (ESI): m/z calcd for C22H18ClNNaO2 [M+Na]+: 386.0924; found: 386.0923; HPLC: 

Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 12.6 min 

(major) and tR = 14.6 min (minor). 

 

(S)-3-allyl-4-bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-on

e (3kc): White solid, 40.3 mg, 99% yield, 91% ee; [α]D
27 = +23.2 (c = 0.5, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.3 Hz, 1H), 7.90 (d, J 

= 7.9 Hz, 1H), 7.80 (d, J = 8.1 Hz, 1H), 7.56 (dt, J = 18.6, 7.2 Hz, 2H), 

7.36 (t, J = 7.6 Hz, 1H), 7.26 (d, J = 6.4 Hz, 3H), 7.17 (d, J = 8.2 Hz, 1H), 

7.00 (t, J = 8.0 Hz, 1H), 6.59 (d, J = 7.9 Hz, 1H), 5.54 (d, J = 16.3 Hz, 1H), 

5.55 - 5.40 (m, 1H), 5.18 (dd, J = 16.7, 8.2 Hz, 2H), 5.04 (d, J = 10.1 Hz, 1H), 3.32 (dd, J = 12.9, 6.6 

Hz, 1H), 3.02 (br, 1H), 2.96 (dd, J = 12.9, 8.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 176.7, 145.0, 

133.9, 131.1, 130.9, 130.0, 129.7, 129.0, 128.6, 127.5, 127.2, 126.7, 126.1, 125.2, 124.5, 122.7, 120.8, 

119.4, 108.9, 77.8, 77.2, 42.2, 40.2; HRMS (ESI): m/z calcd for C22H18BrNNaO2 [M+Na]+: 430.0419, 

432.0398; found: 430.0418, 432.0398; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow 

rate = 1.0 mL/min, λ = 210 nm, tR = 13.6 min (major) and tR = 16.5 min (minor). 

 

(S)-3-allyl-5-fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-

one (3kd): White solid, 33.3 mg, 96% yield, 90% ee; [α]D
27 = -9.2 (c = 

0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 8.1 Hz, 1H), 

7.84 (d, J = 7.9 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.50 (dt, J = 15.2, 

7.0 Hz, 2H), 7.32 (t, J = 7.7 Hz, 1H), 7.27 - 7.18 (m, 1H), 7.12 (dd, J = 

7.7, 2.6 Hz, 1H), 6.78 (td, J = 8.9, 2.6 Hz, 1H), 6.52 (dd, J = 8.6, 4.1 

Hz, 1H), 5.63 (td, J = 16.8, 9.2 Hz, 1H), 5.49 (d, J = 16.3 Hz, 1H), 5.17 - 5.01 (m, 3H), 3.84 (s, 1H), 

2.80 (dd, J = 13.4, 6.4 Hz, 1H), 2.68 (dd, J = 13.4, 8.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 178.2, 

159.5 (d, J = 242.3 Hz), 138.5, 133.9, 131.5 (d, J = 7.8 Hz), 130.9, 130.1, 129.9, 129.0, 128.6, 126.7, 
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126.1, 125.2, 124.7, 122.8, 121.1, 115.8 (d, J = 23.5 Hz), 112.4 (d, J = 25.0 Hz), 110.6 (d, J = 8.0 Hz), 

76.3, 43.0, 42.3; 19F NMR (376 MHz, CDCl3) δ -119.29; HRMS (ESI): m/z calcd for C22H18FNNaO2 

[M+Na]+: 370.1219; found: 370.1218; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow 

rate = 1.0 mL/min, λ = 210 nm, tR = 9.2 min (major) and tR = 10.0 min (minor). 

 

(S)-3-allyl-5-chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-

2-one (3ke): White solid, 34.1 mg, 94% yield, 87.5% ee; [α]D
27 = 

+2.0 (c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.3 

Hz, 1H), 7.90 (d, J = 7.2 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.62 - 

7.50 (m, 2H), 7.39 (d, J = 2.0 Hz, 1H), 7.37 (d, J = 8.3 Hz, 1H), 7.26 

(d, J = 8.3 Hz, 2H), 7.12 (dd, J = 8.4, 2.2 Hz, 1H), 6.58 (d, J = 8.4 Hz, 

1H), 5.76-5.66 (m, 1H), 5.55 (d, J = 16.3 Hz, 1H), 5.26 - 5.09 (m, 3H), 3.13 (s, 1H), 2.82 (dd, J = 13.4, 

6.3 Hz, 1H), 2.70 (dd, J = 13.4, 8.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 177.8, 141.3, 133.9, 131.4, 

130.9, 130.0, 129.7, 129.6, 129.0, 128.7, 128.6, 126.7, 126.1, 125.2, 124.7, 124.7, 122.8, 121.3, 110.9, 

76.0, 43.0, 42.3; HRMS (ESI): m/z calcd for C22H18ClNNaO2 [M+Na]+: 386.0924; found: 386.0922; 

HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 6.4 min 

(minor) and tR = 8.6 min (major). 

 

(S)-3-allyl-5-bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-

2-one (3kf): White solid, 35.0 mg, 86% yield, 92% ee; [α]D
27 = +6.8 

(c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.1 Hz, 

1H), 7.91 (d, J = 7.9 Hz, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.63 - 7.51 (m, 

3H), 7.38 (t, J = 7.7 Hz, 1H), 7.32 - 7.22 (m, 2H), 6.54 (d, J = 8.4 Hz, 

1H), 5.76-5.65 (m, 1H), 5.54 (d, J = 16.3 Hz, 1H), 5.30 - 5.09 (m, 

3H), 3.40 (s, 1H), 2.83 (dd, J = 13.4, 6.3 Hz, 1H), 2.72 (dd, J = 13.4, 8.4 Hz, 1H); 13C NMR (101 MHz, 

CDCl3) δ 177.6, 141.8, 133.9, 132.5, 131.7, 130.9, 130.0, 129.7, 129.0, 128.6, 127.5, 126.7, 126.1, 

125.2, 124.6, 122.8, 121.3, 116.0, 111.4, 75.9, 43.0, 42.2; HRMS (ESI): m/z calcd for C22H18BrNNaO2 

[M+Na]+: 430.0419, 432.0398; found: 430.0418, 432.0397; HPLC: Daicel Chiralpak IC, 

n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 6.4 min (minor) and tR = 9.1 min 

(major). 

 

(S)-3-allyl-3-hydroxy-5-methyl-1-(naphthalen-1-ylmethyl)indolin

-2-one (3kg): White solid, 28.8 mg, 84% yield, 87% ee; [α]D
27 = -1.4 

(c = 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.3 Hz, 

1H), 7.87 (dd, J = 7.7, 1.5 Hz, 1H), 7.76 (d, J = 8.1 Hz, 1H), 

7.57-7.49 (m, 2H), 7.34 (dd, J = 8.1, 7.1 Hz, 1H), 7.27 (d, J = 5.9 Hz, 

1H), 7.23 (d, J = 1.6 Hz, 1H), 6.93 (d, J = 8.9 Hz, 1H), 6.53 (d, J = 

7.9 Hz, 1H), 5.74-5.65 (m, 1H), 5.52 (d, J = 16.3 Hz, 1H), 5.24 - 5.05 (m, 3H), 3.21 (s, 1H), 2.81 (dd, J 

= 13.3, 6.3 Hz, 1H), 2.71 (dd, J = 13.3, 8.4 Hz, 1H), 2.28 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.9, 

140.4, 133.8, 132.8, 131.0, 130.6, 130.3, 129.9, 129.7, 128.9, 128.3, 126.5, 126.0, 125.2, 124.9, 124.7, 

122.9, 120.7, 109.7, 76.0, 43.1, 42.1, 21.1; HRMS (ESI): m/z calcd for C23H21NNaO2 [M+Na]+: 

366.1470; found: 366.1468; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 

mL/min, λ = 210 nm, tR = 9.0 min (major) and tR = 10.1 min (minor). 
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(S)-3-allyl-3-hydroxy-5-methoxy-1-(naphthalen-1-ylmethyl)ind

olin-2-one (3kh): White solid, 33.4 mg, 93% yield, 86% ee; [α]D
27 

= +10.0 (c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.09 (d, J 

= 8.2 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H), 

7.55 (dt, J = 15.0, 7.2 Hz, 2H), 7.37 (t, J = 7.6 Hz, 1H), 7.30 (d, J = 

7.1 Hz, 1H), 7.03 (s, 1H), 6.67 (d, J = 8.3 Hz, 1H), 6.57 (d, J = 8.6 

Hz, 1H), 5.71 (dq, J = 16.7, 8.9 Hz, 1H), 5.54 (d, J = 16.2 Hz, 1H), 5.24 - 5.07 (m, 3H), 3.75 (s, 3H), 

3.25 (s, 1H), 2.83 (dd, J = 13.5, 6.3 Hz, 1H), 2.72 (dd, J = 13.4, 8.5 Hz, 1H); 13C NMR (101 MHz, 

CDCl3) δ 177.7, 156.4, 136.1, 133.9, 131.1, 131.0, 130.5, 130.4, 128.9, 128.4, 126.6, 126.0, 125.2, 

124.8, 122.9, 120.8, 114.2, 111.3, 110.4, 76.3, 55.8, 43.2, 42.3; HRMS (ESI): m/z calcd for 

C23H21NNaO3 [M+Na]+: 382.1419; found: 382.1418; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH 

= 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 13.2 min (major) and tR = 14.5 min (minor). 

 

(S)-3-allyl-3-hydroxy-1-(naphthalen-1-ylmethyl)-5-nitroindolin-

2-one (3ki): White solid, 34.2 mg, 91.5% yield, 78% ee; [α]D
27 = 

-3.6 (c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.27 (d, J = 

2.3 Hz, 1H), 8.09 (dd, J = 8.7, 2.3 Hz, 1H), 8.02 (d, J = 8.5 Hz, 1H), 

7.89 (d, J = 7.2 Hz, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.56 (dqd, J = 8.1, 

6.9, 1.5 Hz, 2H), 7.37 (dd, J = 8.2, 7.1 Hz, 1H), 7.24 (d, J = 6.2 Hz, 

2H), 6.73 (d, J = 8.7 Hz, 1H), 5.75-5.64 (m, 1H), 5.58 (d, J = 16.3 Hz, 1H), 5.25 - 5.14 (m, 3H), 3.21 (s, 

1H), 2.85 (dd, J = 13.4, 6.4 Hz, 1H), 2.72 (dd, J = 13.5, 8.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 

178.1, 148.4, 143.8, 134.0, 130.8, 130.6, 129.3, 129.2, 129.1, 129.0, 126.9, 126.7, 126.3, 125.2, 124.8, 

122.6, 122.1, 120.1, 109.7, 75.4, 42.9, 42.5; HRMS (ESI): m/z calcd for C22H18N2NaO4 [M+Na]+: 

397.1164; found: 397.1164; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 

mL/min, λ = 210 nm, tR = 13.7 min (minor) and tR = 14.6 min (major). 

 

(S)-3-allyl-6-fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-

one (3kj): White solid, 32.3 mg, 93% yield, 89% ee; [α]D
27 = -16.0 (c 

= 0.2, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.4 Hz, 1H), 

7.90 (dd, J = 8.3, 1.4 Hz, 1H), 7.82 (d, J = 8.1 Hz, 1H), 7.63 - 7.50 (m, 

2H), 7.43 - 7.33 (m, 2H), 7.30 (dd, J = 7.2, 1.2 Hz, 1H), 6.73 (ddd, J = 

9.3, 8.2, 2.3 Hz, 1H), 6.42 (dd, J = 9.0, 2.3 Hz, 1H), 5.74-5.63 (m, 1H), 

5.55 (d, J = 16.3 Hz, 1H), 5.22 - 5.08 (m, 3H), 3.27 (s, 1H), 2.83 (dd, J = 13.3, 6.3 Hz, 1H), 2.71 (dd, J 

= 13.3, 8.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 178.3, 164.9, 162.5, 144.4 (d, J = 11.1 Hz), 132.4 

(d, J = 300.8 Hz), 130.2, 129.7, 129.0, 128.7, 126.7, 126.1, 125.4 (d, J = 9.9 Hz), 125.2, 125.1 (d, J = 

2.5 Hz), 124.8, 122.8, 121.0, 109.3 (d, J = 22.0 Hz), 98.8 (d, J = 28.2 Hz), 75.6, 43.0, 42.4; 19F NMR 

(376 MHz, CDCl3) δ 138.79; HRMS (ESI): m/z calcd for C22H18FNNaO2 [M+Na]+: 370.1219; found: 

370.1218; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR 

= 6.3 min (minor) and tR = 8.2 min (major). 

 

(S)-3-allyl-6-chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-

2-one (3kk): White solid, 34.8 mg, 96% yield, 87% ee; [α]D
27 = -11.2 

(c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 8.1 Hz, 

1H), 7.88 (d, J = 7.8 Hz, 1H), 7.79 (d, J = 8.3 Hz, 1H), 7.54 (p, J = 
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6.9 Hz, 2H), 7.36 (t, J = 7.7 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.25 (d, J = 7.2 Hz, 1H), 7.01 (d, J = 7.9 

Hz, 1H), 6.65 (s, 1H), 5.64 (dq, J = 16.9, 8.5 Hz, 1H), 5.52 (d, J = 16.4 Hz, 1H), 5.20 - 4.97 (m, 3H), 

3.91 (s, 1H), 2.83 (dd, J = 13.4, 6.3 Hz, 1H), 2.71 (dd, J = 13.4, 8.4 Hz, 1H); 13C NMR (101 MHz, 

CDCl3) δ 178.4, 144.0, 135.4, 133.9, 130.9, 130.2, 129.6, 129.0, 128.6, 128.2, 126.7, 126.2, 125.3, 

125.2, 124.5, 123.2, 122.8, 121.0, 110.5, 75.9, 42.9, 42.3; HRMS (ESI): m/z calcd for C22H18ClNNaO2 

[M+Na]+: 386.0924; found: 386.0923; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate 

= 1.0 mL/min, λ = 210 nm, tR = 6.2 min (minor) and tR = 7.8 min (major). 

 

(S)-3-allyl-6-bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-

2-one (3kl): White solid, 37.9 mg, 93% yield, 89.5% ee; [α]D
27 = -9.2 

(c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.1 Hz, 

1H), 7.90 (d, J = 8.5 Hz, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.56 (p, J = 

6.8 Hz, 2H), 7.38 (t, J = 7.7 Hz, 1H), 7.30 - 7.22 (m, 2H), 7.19 (d, J = 

7.9 Hz, 1H), 6.81 (s, 1H), 5.65 (td, J = 17.0, 9.0 Hz, 1H), 5.53 (d, J = 

16.4 Hz, 1H), 5.19 - 5.03 (m, 3H), 3.87 (s, 1H), 2.83 (dd, J = 13.4, 6.3 Hz, 1H), 2.71 (dd, J = 13.4, 8.4 

Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 178.3, 144.1, 133.9, 130.8, 130.2, 129.6, 129.0, 128.8, 128.6, 

126.7, 126.2, 126.1, 125.6, 125.3, 124.4, 123.3, 122.8, 121.1, 113.3, 75.9, 42.9, 42.3; HRMS (ESI): m/z 

calcd for C22H18BrNNaO2 [M+Na]+: 430.0419, 432.0398; found: 430.0418, 432.0401; HPLC: Daicel 

Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 6.3 min (minor) and tR 

= 7.9 min (major). 

 

(S)-3-allyl-3-hydroxy-6-methyl-1-(naphthalen-1-ylmethyl)indolin

-2-one (3km): White solid, 34.0 mg, 99% yield, 89.5% ee; [α]D
27 = 

-3.6 (c = 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.3 

Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.1 Hz, 1H), 7.54 (dq, 

J = 14.5, 7.0 Hz, 2H), 7.38 - 7.21 (m, 3H), 6.85 (d, J = 7.5 Hz, 1H), 

6.47 (s, 1H), 5.68 (td, J = 16.7, 8.4 Hz, 1H), 5.52 (d, J = 16.4 Hz, 

1H), 5.20 - 5.05 (m, 3H), 3.66 (s, 1H), 2.84 (dd, J = 13.3, 6.3 Hz, 1H), 2.73 (dd, J = 13.3, 8.4 Hz, 1H), 

2.19 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 178.7, 142.9, 140.0, 133.8, 130.9, 130.8, 130.3, 129.0, 

128.3, 126.9, 126.6, 126.0, 125.3, 124.2, 124.0, 123.8, 122.9, 120.6, 110.6, 76.1, 43.0, 42.0, 21.9; 

HRMS (ESI): m/z calcd for C23H21NNaO2 [M+Na]+: 366.1470; found: 366.1469; HPLC: Daicel 

Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 8.6 min (minor) 

and tR = 10.0 min (major). 

 

 

 

(S)-3-allyl-3-hydroxy-6-methoxy-1-(naphthalen-1-ylmethyl)indolin-

2-one (3kn): White solid, 28.4 mg, 79% yield, 89.5% ee; [α]D
27 = -5.2 

(c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 8.2 Hz, 

1H), 7.89 (d, J = 7.9 Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H), 7.62 - 7.48 (m, 

2H), 7.38 (t, J = 7.6 Hz, 1H), 7.31 (d, J = 8.1 Hz, 2H), 6.54 (dd, J = 8.2, 

2.3 Hz, 1H), 6.26 (d, J = 2.2 Hz, 1H), 5.75-5.65 (m, 1H), 5.53 (d, J = 

16.2 Hz, 1H), 5.21 - 5.06 (m, 3H), 3.65 (s, 3H), 3.14 (s, 1H), 2.83 (dd, J = 13.3, 6.3 Hz, 1H), 2.71 (dd, 

J = 13.3, 8.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 178.5, 161.2, 144.3, 133.9, 131.0, 130.8, 130.3, 
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128.9, 128.5, 126.6, 126.0, 125.2, 124.9, 124.8, 122.9, 121.6, 120.6, 106.8, 97.9, 75.7, 55.4, 43.1, 42.2; 

HRMS (ESI): m/z calcd for C23H21NNaO3 [M+Na]+: 382.1419; found: 382.1417; HPLC: Daicel 

Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 12.1 min (major) 

and tR = 13.7 min (minor).  

 

(S)-3-allyl-7-fluoro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

(3ko): White solid, 31.9 mg, 92% yield, 90.5% ee; [α]D
27 = -20.8 (c = 0.5, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.9 Hz, 1H), 7.89 (dd, J 

= 7.9, 1.6 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.62 - 7.50 (m, 2H), 7.34 (t, J = 

8.0 Hz, 1H), 7.26 (dd, J = 7.5, 1.1 Hz, 1H), 7.21 (d, J = 7.1 Hz, 1H), 7.04 

(ddd, J = 8.4, 7.3, 4.4 Hz, 1H), 6.94 (ddd, J = 11.3, 8.4, 1.1 Hz, 1H), 5.74 - 

5.61 (m, 1H), 5.62 (d, J = 16.8 Hz,, 1H), 5.44 (d, J = 16.4 Hz, 1H), 5.17 (d, J = 5.5 Hz, 1H), 5.14 (s, 

1H), 3.90 (s, 1H), 2.87 (dd, J = 13.2, 6.4 Hz, 1H), 2.78 (dd, J = 13.3, 8.4 Hz, 1H); 13C NMR (101 MHz, 

CDCl3) δ 178.12, 147.64 (d, J = 245.7 Hz), 133.73, 132.67 (d, J = 2.7 Hz), 131.45 (d, J = 1.1 Hz), 

130.63, 130.18, 129.27 (d, J = 8.7 Hz), 128.89, 127.93, 126.36, 125.88, 125.31, 124.15 (d, J = 6.3 Hz), 

122.67, 122.65, 121.11, 120.19 (d, J = 3.3 Hz), 117.98, 117.79, 76.26 (d, J = 2.4 Hz), 43.17, 43.16, 

43.13; 19F NMR (376 MHz, CDCl3) δ -134.06 (d, J = 7.5 Hz); HRMS (ESI): m/z calcd for 

C22H18FNNaO2 [M+Na]+: 370.1219; found: 370.1219; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 

4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 6.4 min (minor) and tR = 9.4 min (major). 

 

(S)-3-allyl-7-chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

(3kp): White solid, 35.2 mg, 97% yield, 92% ee; [α]D
27 = -44.0 (c = 0.5, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 8.2 Hz, 1H), 7.90 (d, J = 

8.0 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.59 (t, J = 6.8 Hz, 1H), 7.54 (t, J = 6.9 

Hz, 1H), 7.38 (d, J = 7.3 Hz, 1H), 7.33 (t, J = 7.7 Hz, 1H), 7.17 (d, J = 8.3 

Hz, 1H), 7.10 - 7.02 (m, 2H), 5.80 (d, J = 17.0 Hz, 1H), 5.76 - 5.63 (m, 2H), 

5.25 - 5.14 (m, 2H), 3.37 (s, 1H), 2.86 (dd, J = 13.2, 6.3 Hz, 1H), 2.77 (dd, J = 13.3, 8.5 Hz, 1H); 13C 

NMR (101 MHz, CDCl3) δ 178.48, 138.78, 133.74, 132.54, 132.25, 132.08, 130.22, 130.14, 128.90, 

127.59, 126.33, 125.85, 125.39, 124.18, 122.86, 122.36, 121.69, 121.27, 116.19, 75.47, 43.32, 43.00; 

HRMS (ESI): m/z calcd for C22H18ClNNaO2 [M+Na]+: 386.0924; found: 386.0922; HPLC: Daicel 

Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 9.2 min (major) 

and tR = 9.8 min (minor). 

 

(S)-3-allyl-7-bromo-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one 

(3kq): White solid, 35.8 mg, 88% yield, 81% ee; [α]D
27 = -34.4 (c = 0.5, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.3 Hz, 1H), 7.90 (d, J = 

7.9 Hz, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.61-7.52 (m, 2H), 7.42 (dd, J = 7.4, 

1.2 Hz, 1H), 7.38 - 7.29 (m, 2H), 7.06 (d, J = 7.2 Hz, 1H), 6.98 (t, J = 8.0 Hz 

1H), 5.83 (d, J = 17.1 Hz, 1H), 5.79 - 5.62 (m, 2H), 5.23 - 5.14 (m, 2H), 3.59 

(s, 1H), 2.86 (dd, J = 13.3, 6.3 Hz, 1H), 2.78 (dd, J = 13.2, 8.5 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 

178.78, 140.17, 135.60, 133.74, 132.92, 132.05, 130.16, 128.91, 127.58, 126.35, 125.86, 125.44, 

124.57, 123.44, 122.40, 121.81, 121.30, 103.17, 75.43, 43.31, 42.86; HRMS (ESI): m/z calcd for 

C22H18BrNNaO2 [M+Na]+: 430.0419, 432.0398; found: 430.0418, 432.0398; HPLC: Daicel Chiralpak 
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AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 9.3 min (major) and tR = 10.3 

min (minor). 

 

(S)-3-allyl-3-hydroxy-7-methyl-1-(naphthalen-1-ylmethyl)indolin-2-on

e (3kr): White solid, 28.1 mg, 82% yield, 96% ee; [α]D
27 = -18.0 (c = 0.2, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.6 Hz, 1H), 7.89 (d, J 

= 7.8 Hz, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.62 - 7.50 (m, 2H), 7.36 – 7.27 (t, 

J = 9.2 Hz, 1H), 7.12 (d, J = 7.2 Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.95 (d, 

J = 6.6 Hz, 1H), 5.76 - 5.59 (m, 2H), 5.48 (d, J = 17.3 Hz, 1H), 5.18 (d, J 

= 5.2 Hz, 1H), 5.14 (s, 1H), 3.52 (s, 1H), 2.85 (dd, J = 13.2, 6.3 Hz, 1H), 2.78 (dd, J = 13.2, 8.5 Hz, 

1H), 2.03 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 179.04, 140.59, 133.79, 133.70, 131.97, 130.81, 

130.51, 130.05, 128.99, 127.81, 126.52, 125.99, 125.58, 123.34, 122.20, 122.18, 122.05, 120.74, 

120.43, 75.38, 43.33, 43.13, 18.03; HRMS (ESI): m/z calcd for C23H21NNaO2 [M+Na]+: 366.1470; 

found: 366.1469; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 

210 nm, tR = 9.8 min (major) and tR = 11.8 min (minor). 

 

(S)-3-allyl-3-hydroxy-1-(naphthalen-1-ylmethyl)-7-(trifluoromethyl)in

dolin-2-one (3ks): White solid, 39.3 mg, 99% yield, 78% ee; [α]D
27 = 

-31.2 (c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.3 Hz, 

1H), 7.89 (d, J = 7.6 Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 7.67 (d, J = 7.9 Hz, 

1H), 7.60 - 7.55 (m, 2H), 7.53 (t, J = 7.5 Hz, 1H), 7.29 (t, J = 7.7 Hz, 1H), 

7.22 (t, J = 7.8 Hz, 1H), 6.97 (d, J = 7.2 Hz, 1H), 5.77 - 5.55 (m, 3H), 5.26 

- 5.14 (m, 2H), 3.32 (s, 1H), 2.85 (dd, J = 13.4, 6.3 Hz, 1H), 2.76 (dd, J = 13.4, 8.5 Hz, 1H); 13C NMR 

(101 MHz, CDCl3) δ 179.62, 140.83, 133.66, 132.68, 130.80, 130.40, 129.92, 128.92, 128.07, 127.82 

(q, J = 6.1 Hz), 127.46, 126.29, 125.82, 125.18, 124.45, 122.92, 122.19, 121.74, 121.35, 121.01, 74.15, 

43.67 (q, J = 4.9 Hz), 43.16; 19F NMR (376 MHz, CDCl3) δ -55.38; HRMS (ESI): m/z calcd for 

C23H19F3NO2 [M+H]+: 398.1368; found: 398.1358; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH 

= 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 6.5 min (major) and tR = 7.6 min (minor). 

 

(S)-3-allyl-4,6-dichloro-3-hydroxy-1-(naphthalen-1-ylmethyl)indo

lin-2-one (3kt): White solid, 30.2 mg, 76% yield, 94.5% ee; [α]D
27 = 

+21.6 (c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 

8.2 Hz, 1H), 7.91 (d, J = 8.5 Hz, 1H), 7.82 (d, J = 8.3 Hz, 1H), 7.57 

(p, J = 6.8 Hz, 2H), 7.38 (t, J = 7.7 Hz, 1H), 7.23 (d, J = 7.2 Hz, 1H), 

7.02 (s, 1H), 6.55 (s, 1H), 5.57 - 5.40 (m, 2H), 5.23 - 5.01 (m, 3H), 

3.22 (dd, J = 12.9, 6.8 Hz, 1H), 3.16 (s, 1H), 2.96 (dd, J = 12.9, 8.2 Hz, 1H); 13C NMR (101 MHz, 

CDCl3) δ 176.89, 145.60, 136.22, 133.89, 132.08, 130.74, 129.71, 129.09, 129.06, 128.76, 126.78, 

126.23, 125.24, 124.29, 124.26, 123.89, 122.65, 121.21, 109.20, 42.45, 40.30; HRMS (ESI): m/z calcd 

for C22H17Cl2NNaO2 [M+H]+: 420.0534; found: 420.0533; HPLC: Daicel Chiralpak OD-H, 

n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 8.1 min (minor) and tR = 26.5 min 

(major). 
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(S)-3-allyl-4,7-dichloro-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2

-one (3ku): White solid, 39.3 mg, 99% yield, 92% ee; [α]D
27 = -9.6 (c = 

0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.3 Hz, 1H), 7.88 

(d, J = 7.2 Hz, 1H), 7.74 (d, J = 8.2 Hz, 2H), 7.58-7.50 (m, 2H), 7.31 (t, J 

= 7.6 Hz, 1H), 7.10 (d, J = 8.7 Hz, 1H), 7.03 (d, J = 7.2 Hz, 1H), 6.98 (d, J 

= 8.8 Hz, 1H), 5.78 (d, J = 17.0 Hz, 1H), 5.69 (d, J = 17.0 Hz, 1H), 

5.57-5.47 (m, 1H), 5.19 (dd, J = 17.0, 1.6 Hz, 1H), 5.13 (dd, J = 10.1, 1.8 Hz, 1H), 3.30 (dd, J = 12.8, 

6.8 Hz, 1H), 3.02 (s, 1H), 2.96 (dd, J = 12.9, 8.3 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 177.30, 

140.59, 133.73, 133.27, 131.75, 130.40, 130.06, 129.80, 128.95, 128.20, 127.72, 126.43, 125.92, 

125.34, 125.20, 122.28, 121.69, 121.33, 114.83, 43.12, 40.25; HRMS (ESI): m/z calcd for 

C22H17Cl2NNaO2 [M+H]+: 420.0534; found: 420.0533; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH 

= 9:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 13.5 min (minor) and tR = 14.6 min (major). 

 

(S)-3-(but-3-en-2-yl)-7-chloro-3-hydroxy-1-(naphthalen-1-ylmethyl)in

dolin-2-one (3m): White solid, 30.2 mg, 80% yield, 1:1 dr, 90% ee and 

75%; [α]D
27 = -59.6 (c = 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.01 

(d, J = 8.3 Hz, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.65 

- 7.50 (m, 2H), 7.42 - 7.30 (m, 2H), 7.19 (ddd, J = 8.2, 3.9, 1.2 Hz, 1H), 

7.11 (t, J = 7.1 Hz, 1H), 7.08 - 6.99 (m, 1H), 6.08 (ddd, J = 17.4, 10.4, 7.2 

Hz, 0.5H), 5.92 - 5.63 (m, 2.5H), 5.38 - 5.15 (m, 2H), 3.20 (s, 0.5H), 3.10 

(s, 0.5H), 2.95 (h, J = 6.1, 5.5 Hz, 0.5H), 2.91 - 2.80 (m, 0.5H), 1.13 (d, J = 6.9 Hz, 1.5H), 1.01 (d, J = 

6.8 Hz, 1.5H); 13C NMR (101 MHz, CDCl3) δ 178.39, 178.23, 139.54, 139.32, 136.77, 136.33, 133.70, 

132.29, 132.23, 131.72, 131.43, 130.20, 128.91, 127.58, 127.54, 126.33, 126.31, 125.86, 125.82, 

125.42, 125.40, 124.06, 123.91, 123.53, 122.86, 122.37, 121.83, 121.71, 119.75, 118.53, 116.07, 

116.01, 77.62, 47.31, 45.08, 43.17, 43.05, 14.40, 13.31; HRMS (ESI): m/z calcd for C23H21ClNO2 

[M+H]+: 378.1261; found: 378.1256; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 4:1, Flow rate = 

1.0 mL/min, λ = 210 nm, tR = 8.1 min (minor) and tR = 11.6 min (major), tR = 8.8 min (minor) and tR = 

10.2 min (major). 

 

(S)-7-chloro-3-hydroxy-3-(2-methylallyl)-1-(naphthalen-1-ylmethyl)indol

in-2-one (3n): White solid, 35.4 mg, 94% yield, 75% ee; [α]D
27 = +21.2 (c = 

0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 8.2 Hz, 1H), 7.90 (d, 

J = 7.9 Hz, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.60-7.52 (m, 2H), 7.40 (dd, J = 

7.3, 1.3 Hz, 1H), 7.36 – 7.28 (m, 1H), 7.17 (dd, J = 8.2, 1.2 Hz, 1H), 7.10 – 

7.01 (m, 2H), 5.75 (dd, J = 44.0, 17.2 Hz, 2H), 4.89 (s, 1H), 4.70 (s, 1H), 

3.42 (s, 1H), 2.82 (dd, J = 19.2, 12.8 Hz, 2H), 1.59 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 178.67, 139.04, 138.53, 133.71, 132.74, 132.28, 132.12, 130.22, 128.90, 127.57, 

126.31, 125.83, 125.35, 124.03, 123.19, 122.37, 121.75, 116.99, 116.14, 75.99, 46.41, 43.05, 24.24; 

HRMS (ESI): m/z calcd for C23H21ClNO2 [M+H]+: 378.1261; found: 378.1254; HPLC: Daicel 

Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 6.2 min (major) and tR 

= 9.0 min (minor). 
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(S)-7-chloro-3-hydroxy-3-(2-methylbut-3-en-2-yl)-1-(naphthalen-1-yl

methyl)indolin-2-one (3o): White solid, 30.1 mg, 77% yield, 73% ee; 

[α]D
27 = -96.6 (c = 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 

7.7 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.60-7.52 

(m, 2H), 7.40 (d, J = 7.5 Hz, 1H), 7.34 (t, J = 7.7 Hz, 1H), 7.18 (d, J = 8.2 

Hz, 1H), 7.12 (d, J = 7.3 Hz, 1H), 7.00 (t, J = 7.8 Hz, 1H), 6.19 (dd, J = 

17.5, 10.8 Hz, 1H), 5.85 (d, J = 17.0 Hz, 1H), 5.65 (d, J = 17.0 Hz, 1H), 

5.28 (d, J = 10.8 Hz, 1H), 5.17 (d, J = 17.5 Hz, 1H), 3.03 (s, 1H), 1.26 (s, 3H), 1.21 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 178.65, 141.62, 139.73, 133.71, 132.35, 132.12, 131.51, 130.26, 128.91, 127.52, 

126.29, 125.81, 125.39, 124.69, 123.21, 122.40, 121.95, 116.03, 115.71, 79.44, 43.93, 43.18, 22.37, 

20.13; HRMS (ESI): m/z calcd for C24H23ClNO2 [M+H]+: 392.1417; found: 392.1413; HPLC: Daicel 

Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 8.4 min (minor) 

and tR = 13.4 min (major). 

 

5. Transformations of products. 

 

(S)-3-allyl-3-methoxy-1-(naphthalen-1-ylmethyl)indolin-2-one (5) 3a 

To a stirred solution of compound 3ka (164.50 mg, 0.50 mmol) in dry DMF (10.0 mL) was added NaH 

(60% in oil, 30.00 mg, 0.75 mmol) at room temperature. After stirring for 30 min, iodomethane (47.00 

μL, 0.75 mmol) was added. The resulting mixture continued to stir for 30min untill disappearance of 

3ka monitored by TLC, and water (20 mL) was added. The mixture was extracted with EtOAc (30 

mL× 3), and the combined organic layers were concentrated in vacuo. The residue was purified by 

silica gel column chromatography (ethyl acetate/petroleum ether = 1/5, v/v) to afford white solid 5 

(168.05mg, 98% yield, 95% ee); [α]D
27 = +7.6 (c = 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.14 (d, 

J = 8.2 Hz, 1H), 7.89 (d, J = 7.9 Hz, 1H), 7.80 (d, J = 8.1 Hz, 1H), 7.62 – 7.49 (m, 2H), 7.42 – 7.29 (m, 

3H), 7.17 (t, J = 7.8 Hz, 1H), 7.07 (t, J = 7.5 Hz, 1H), 6.70 (d, J = 7.7 Hz, 1H), 5.63 (td, J = 16.8, 8.2 

Hz, 1H), 5.50 – 5.31 (m, 2H), 5.15 – 5.02 (m, 2H), 3.13 (s, 3H), 2.85 (dd, J = 13.3, 6.4 Hz, 1H), 2.73 

(dd, J = 13.3, 8.3 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 175.8, 143.48, 133.86, 130.99, 130.71, 

130.39, 129.76, 128.95, 128.51, 126.74, 126.61, 126.08, 125.16, 124.95, 124.56, 123.04, 122.95, 

120.05, 109.91, 82.52, 53.26, 42.21; HRMS (ESI): m/z calcd for C23H22NO2 [M+H]+: 344.1651; found: 

344.1650; HPLC: Daicel Chiralpak OD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 

nm, tR = 7.6 min (minor) and tR = 8.4 min (major). 

  

(S)-3-allyl-3-methoxyindolin-2-one (6) 3b 

To a 25 mL double neck round bottom flask with a magnetic stirring bar were added compound 5 

(102.90 mg, 0.30 mmol), NBS (64.08 mg, 0.36 mmol) and AIBN (9.85 mg, 0.06 mmol). Dissolved in 

chlorobenzene (5 mL) , and then refluxed under a nitrogen atmosphere. After 5h further AIBN (0.1 

equiv.) and NBS (0.2 equiv.) were added. The solution was cooled to room temperature after refluxing 

overnight. Diethyl ether (10 ml) and water (10 ml) were added to the residue which was stirred for 5 h. 
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The organic layer was separated, evaporated and the crude product was purified by silica gel column 

chromatography (ethyl acetate/petroleum ether = 1/3, v/v) to afford white solid 6 (38.98 mg, 64% yield, 

93% ee); [α]D
27 = -2.8 (c = 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.58 (br, 1H), 7.29 (dd, J = 10.1, 

7.5 Hz, 2H), 7.09 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 7.7 Hz, 1H), 5.69 – 5.51 (m, 1H), 5.13 – 4.96 (m, 2H), 

3.10 (s, 3H), 2.76 (dd, J = 13.5, 6.6 Hz, 1H), 2.63 (dd, J = 13.4, 8.1 Hz, 1H); 13C NMR (101 MHz, 

CDCl3) δ 177.83, 141.01, 130.54, 129.78, 126.96, 124.94, 122.86, 119.68, 110.25, 82.79, 53.55, 53.12, 

41.95; HRMS (ESI): m/z calcd for C12H13NNaO2 [M+Na]+: 226.0844; found: 226.0837; HPLC: Daicel 

Chiralpak IC, n-hexane/i-PrOH = 9:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 7.1 min (major) and tR 

= 7.8 min (minor).  

 

 

(S)-3-cinnamyl-3-hydroxy-1-(naphthalen-1-ylmethyl)indolin-2-one (7) 4b 

Benzenediazonium salt was synthesized according to a previously reported procedure. 4a 

To an oven dried 25 mL Schrek tube with magnetic stirring bar was charged with benzenediazonium 

salt (52.80 mg, 0.275 mmol). To an oven dried 10 mL round bottomed flask was added Pd2dba3 (6.90 

mg, 0.0075 mmol) and 3 mL DMA. To an oven dried 10 mL round bottomed flask was added 3ka 

(82.25 mg, 0.25 mmol) and 2 mL DMA. To the Schrek tube containing benzenediazonium salt was 

added the solution of 3ka, followed quickly by the solution of Pd2dba3 The mixture was stirred for 30 

min and diluted with 20 mL Et2O.The aqueous layer was extracted twice with 20 mL Et2O, and the 

combined organic layers were dried over MgSO4. Filtered and concentrated in vacuo, the residue was 

purified by silica gel column chromatography (ethyl acetate/petroleum ether = 1/1) to give white solid 

7 (60.75 mg, 60% yield, 94% ee); [α]D
27 = -5.0 (c = 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.05 (d, 

J = 8.3 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.54 (t, J = 7.5 Hz, 1H), 7.48 (dd, J 

= 12.8, 7.3 Hz, 2H), 7.30 – 7.17 (m, 5H), 7.14 (t, J = 7.7 Hz, 1H), 7.08 (q, J = 7.5, 7.0 Hz, 2H), 6.84 (t, 

J = 7.7 Hz, 1H), 6.60 (d, J = 7.7 Hz, 1H), 6.46 (d, J = 15.8 Hz, 1H), 6.10 – 5.93 (m, 1H), 5.61 (d, J = 

16.4 Hz, 1H), 5.04 (d, J = 16.4 Hz, 1H), 3.20 (br, 1H), 3.03 (dd, J = 13.2, 6.4 Hz, 1H), 2.93 (dd, J = 

13.2, 8.7 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 178.09, 142.85, 136.85, 135.46, 133.77, 130.80, 

129.91, 129.79, 129.68, 128.91, 128.56, 128.12, 127.56, 126.52, 126.38, 125.94, 125.30, 124.15, 

124.11, 123.25, 122.66, 121.69, 109.91, 76.52, 42.38, 42.03; HRMS (ESI): m/z calcd for C28H24NO2 

[M+H]+: 406.1807; found: 406.1803; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 

1.0 mL/min, λ = 210 nm, tR = 10.2 min (minor) and tR = 14.9 min (major). 

 

 
(S)-3-allyl-7-chloro-1-(naphthalen-1-ylmethyl)-2-oxoindolin-3-yl acrylate (8) 5 

To a stirred suspension of NaH (60% in oil, 40.00 mg, 1.0 mmol) in 10 mL dry THF was added 

compound 3kp (181.50 mg, 0.5 mmol), and the resulting mixture was stirred for 30 min at room 
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temperature. Then, acryloyl chloride (52.60 μL, 0.65 mmol) was added at 0 oC and continue stirred 1 

hour at room temperature. After adding saturated aqueous sodium hydrogen carbonate at 0 ºC, the 

mixture was extracted twice with ethyl acetate (20 x 3 mL). The combined organic layer was washed 

with brine, dried with MgSO4, and concentrated under reduced pressure. The residue was purified by 

silica gel column chromatography (ethyl acetate/petroleum ether = 1/5) to give white solid 8 (195.55 

mg, 94% yield, 92% ee); [α]D
27 = +333.0 (c = 0.2, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 

8.8 Hz, 1H), 7.90 (d, J = 7.2 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.58 (t, J = 6.8 Hz, 1H), 7.56 – 7.50 (m, 

1H), 7.47 (d, J = 7.2 Hz, 1H), 7.44 – 7.38 (m, 1H), 7.20 (dd, J = 10.3, 7.8 Hz, 2H), 7.03 – 6.97 (m, 1H), 

6.47 (d, J = 17.3 Hz, 1H), 6.19 (dd, J = 17.3, 10.5 Hz, 1H), 5.92 (d, J = 10.5 Hz, 1H), 5.80 (s, 2H), 

5.75-5.65 (m, 1H), 5.28 – 5.10 (m, 2H), 2.98 (dd, J = 13.4, 6.3 Hz, 1H), 2.79 (dd, J = 13.4, 8.3 Hz, 

2H); 13C NMR (101 MHz, CDCl3) δ 174.69, 163.97, 139.23, 133.64, 132.79, 132.75, 132.32, 130.19, 

130.09, 129.06, 128.87, 127.39, 127.10, 126.20, 125.70, 125.66, 123.62, 122.38, 121.56, 121.51, 

116.07, 78.91, 43.46, 41.58; HRMS (ESI): m/z calcd for C25H20ClNNaO3 [M+Na]+: 440.1029; found: 

440.1014; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 

nm, tR = 7.3 min (major) and tR = 7.9 min (minor). 

 

(S)-7-chloro-1-(naphthalen-1-ylmethyl)spiro[indoline-3,2'-pyran]-2,6'(3'H)-dione (9) 5 

A mixture of compound 8 (125.10 mg, 0.30 mmol) and Grubbs 2nd (25.47 mg, 0.03 mmol) in toluene 

(3.0 mL) was refluxed for 1 h. After cooling to room temperature, the crude mixture was directly 

purified by silica gel column chromatography (ethyl acetate/petroleum ether = 1/2) to give white solid 

9 (58.35 mg, 50% yield, 93.5% ee); [α]D
27 = -45.0 (c = 0.2, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.99 

(d, J = 8.3 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.57 (dt, J = 19.5, 7.1 Hz, 2H), 

7.46 (d, J = 7.4 Hz, 1H), 7.37 (t, J = 7.7 Hz, 1H), 7.23 (d, J = 8.2 Hz, 1H), 7.09 – 7.00 (m, 2H), 6.96 (dt, 

J = 9.3, 4.2 Hz, 1H), 6.30 (d, J = 10.0 Hz, 1H), 5.86 – 5.68 (m, 2H), 3.01 (dd, J = 18.2, 3.2 Hz, 1H), 

2.91 (d, J = 17.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 173.48, 161.59, 141.51, 138.54, 133.78, 

133.57, 131.49, 130.51, 130.12, 128.96, 127.79, 126.44, 125.95, 125.51, 124.54, 122.94, 122.23, 

121.56, 121.35, 116.62, 79.42, 43.03, 30.90; HRMS (ESI): m/z calcd for C23H20ClN2O3 [M+NH4]+: 

407.1162; found: 407.1151; HPLC: Daicel Chiralpak AD-H, n-hexane/i-PrOH = 3:2, Flow rate = 1.0 

mL/min, λ = 210 nm, tR = 16.8 min (major) and tR = 25.7 min (minor). 

 

 

(2'S)-7-chloro-4'-fluoro-1-(naphthalen-1-ylmethyl)-6'-phenyl-3',4',5',6'-tetrahydrospiro[indoline-

3,2'-pyran]-2-one (10) 6  

To a mixture of compound 3kp (108.90 mg, 0.30 mmol) and benzaldehyde (36.5 μL, 0.36 mmol) in 

anhydrous DCM (5 mL) was added BF3•OEt2 (55.5 μL, 0.45 mmol) at 0 °C. The resulting mixture was 

warmed to room temperature and allowed to stir 4 h. After completion of the reaction monitored by 

TLC, sat. NaHCO3 solution was added. Extracted twice with ethyl acetate, and the combined organic 

extracts were concentrated on a rotary evaporator. The resulting crude product was purified by silica 

gel column chromatography (ethyl acetate/petroleum ether = 1/20) to afford the pure product 10 as 
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colorless oil (70.65 mg, 50% yield, 85% ee); [α]D
27 = +5.0 (c = 1.0, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ 8.00 (d, J = 8.8 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.61 – 7.56 (m, 

1H), 7.56 – 7.50 (m, 1H), 7.41 (dt, J = 8.1, 1.8 Hz, 3H), 7.38 – 7.27 (m, 4H), 7.16 (dd, J = 8.3, 1.3 Hz, 

1H), 7.09 – 7.04 (m, 1H), 7.02 (d, J = 7.2 Hz, 1H), 5.91 – 5.56 (m, 4H), 2.60 – 2.50 (m, 1H), 2.45 (m, 

1H), 2.20 (m, 1H), 2.04 – 1.89 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 176.09, 140.92, 138.54, 133.78, 

132.64, 132.24, 132.03, 130.23, 128.94, 128.58, 128.13, 127.66, 126.39, 126.31, 125.91, 125.55, 

124.43, 122.72, 122.31, 121.37, 116.03, 85.45 (d, J = 174.5 Hz), 73.06 (d, J = 11.7 Hz), 42.41, 40.25 (d, 

J = 17.3 Hz), 37.83 (d, J = 18.9 Hz); 19F NMR (376 MHz, CDCl3) δ -177.85 (d, J = 50.4 Hz); HRMS 

(ESI): m/z calcd for C29H24ClFNO2 [M+H]+: 472.1480; found: 472.1472; HPLC: Daicel Chiralpak IC, 

n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, λ = 210 nm, tR = 5.2 min (major) and tR = 8.9 min 

(minor). 
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7. NMR Spectra. 
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8. HPLC Spectra. 
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