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(A) General remarks 

1H NMR spectra were recorded on commercial instruments (400 MHz). Chemical 

shifts were recorded in ppm relative to tetramethylsilane and with the solvent 

resonance as the internal standard (CDCl3, δ = 7.262). Data were reported as follows: 

chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = 

multiplet), coupling constants (Hz), integration. 13C NMR data were collected on 

commercial instruments (100 MHz) with complete proton decoupling. Chemical shifts 

were reported in ppm from the tetramethylsilane with the solvent resonance as 

internal standard (CDCl3, δ = 77.16). Enantiomeric excesses were determined by 

chiral HPLC analysis on Daicel Chiralcel IA, IC, or IE at 23 oC with UV detector at 

254 nm in comparison with the authentic racemates. Optical rotations were reported 

as follows: [α]D
T (c: g/100 mL, in CH2Cl2). HRMS were recorded on a commercial 

apparatus (ESI source). All the reactions were carried out under an atmosphere of 

nitrogen in over-dried apparatus. All the solvents were purified by usual methods 

before use. Molecular sieves were activated at 500 oC for 5h before use. The 

3-(4-alkylcyclohexylidene)indolin-2-ones and substituted 3-(4-methylcyclohexylidene) 

indolin-2-ones were used after recrystallization with ethyl acetate and petroleum 

ether. 

 

(B) General procedure for the preparation of substituted racemic 

3-cyclohexylideneoxindoles 

N
H

OR2 OR1
NH

O

R2

R1
piperidine (1 equiv)

C7H8, reflux
+

1.0 equiv 1.2 equiv
 

2-Oxindoles (1.0 equiv) and 4-substituted-cyclohexan-1-ones (1.2 equive) were 

dissolved in toluene containing piperidine (1.0 equive) in a flask. By refluxing 

vigorously, the water formed in the reaction was removed by a Dean and Stark trap 

placed under the reflux condenser. Evaporation of the toluene left a residue. The 

crude product was purified by flash column chromatography (ethyl 

acetate/dichloromethane/petroleum ether = 1:1:8) to afford a yellow solid. 

Recrystallization from ethanol afforded the pure compound before used. 

The characterization of new substituted racemic 3-cyclohexylideneoxindoles is listed 



as following:  

 

3-(4-Methylcyclohexylidene)indolin-2-one (2a)  

Yellow solid, 1H NMR (400 MHz, CDCl3) δ 7.95 (br, 1H), 7.61 (d, J = 

8.0 Hz, 1H), 7.17 (td, J = 7.6, 0.8 Hz, 1H), 6.98 (t, J = 7.6 Hz, 1H), 6.90 

– 6.80 (m, 1H), 4.51 (d, J = 14.0 Hz, 1H), 3.39 (dd, J = 14.4, 1.6 Hz, 1H), 

2.39 (td, J = 13.6, 4.8 Hz, 1H), 2.24 (td, J = 13.6, 4.8 Hz, 1H), 2.08 – 1.91 (m, 2H), 

1.88 – 1.70 (m, 1H), 1.38 – 1.16 (m, 2H), 0.96 (d, J = 6.4 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ 164.2, 127.7, 124.4, 123.9, 121.7, 109.5, 36.1, 35.8, 32.5), 31.9 29.4, 

21.7. HRMS (ESI-TOF) calcd for C15H17NONa ([M+Na+]) = 250.1202, Found 

250.1202. 

 

3-(4-Methoxycyclohexylidene)indolin-2-one (2b) 

1H NMR (400 MHz, CDCl3) δ 8.52 (s, 1H), 7.60 (d, J = 7.6 Hz, 1H), 

7.17 (t, J = 7.6 Hz, 1H), 6.98 (t, J = 7.6 Hz, 1H), 6.86 (d, J = 7.6 Hz, 

1H), 3.66 – 3.51 (m, 2H), 3.41 (s, 3H), 3.29 – 3.22 (m, 1H), 3.15 – 3.02 

(m, 1H), 2.83 – 2.73 (m, 1H), 2.10 – 1.94 (m, 2H), 1.92 – 1.77 (m, 2H). 13C NMR 

(100 MHz, CDCl3) δ 170.2, 162.1, 139.7, 127.9, 124.1, 123.9, 121.7, 121.0, 109.6, 

75.9, 56.0, 31.3, 31.2, 28.9, 25.5. HRMS (ESI-TOF) calcd for C15H17NO2Na 

([M+Na+]) = 266.1151, Found 266.1154. 

 

3-(4-Ethylcyclohexylidene)indolin-2-one (2c) 

1H NMR (400 MHz, CDCl3) δ 7.86 (br, 1H), 7.61 (d, J = 7.6 Hz, 1H), 

7.17 (t, J = 7.6 Hz, 1H), 6.98 (td, J = 7.6, 1.2 Hz, 1H), 6.90 – 6.80 (m, 

1H), 4.59 – 4.38 (m, 1H), 3.49 – 3.28 (m, 1H), 2.39 (td, J = 13.2, 4.8 Hz, 

1H), 2.32 – 2.16 (m, 1H), 2.16 – 1.94 (m, 2H), 1.64 – 1.50 (m, 1H), 1.41 – 1.08 (m, 

4H), 0.93 (t, J = 7.4 Hz, 3H).13C NMR (100 MHz, CDCl3) δ 164.6, 127.7, 124.4, 

123.9, 121.6, 109.6, 38.4, 33.7, 33.4, 32.4, 29.3, 29.1, 11.8. HRMS (ESI-TOF) calcd 

for C16H19NONa ([M+Na+]) = 264.1359, Found 264.1365. 
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H

O

N
H

O

O



3-(4-Isopropylcyclohexylidene)indolin-2-one (2d) 

1H NMR (400 MHz, CDCl3) δ = 7.92 (s, 1H), 7.61 (d, J = 7.6 Hz, 1H), 

7.16 (t, J = 7.6 Hz, 1H), 6.98 (t, J = 7.6 Hz, 1H), 6.84 (d, J = 7.6 Hz, 

1H), 4.55 – 4.46 (m, 1H), 3.47 – 3.37 (m, 1H), 2.37 (td, J = 13.2, 4.8 Hz, 

1H), 2.27 – 2.17 (m, 1H), 2.07 – 1.95 (m, 2H), 1.54 – 1.40 (m, 2H), 1.39 – 1.24 (m, 

2H), 0.90 (d, J = 6.4 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 164.7, 127.7, 123.9, 

121.7, 109.4, 43.1, 32.7, 32.5, 30.9, 30.5, 29.5, 20.1. HRMS (ESI-TOF) calcd for 

C17H21NO Na ([M+Na+]) = 278.1515, Found 278.1523. 

 

3-(4-(Tert-butyl)cyclohexylidene)indolin-2-one (2e) 

1H NMR (400 MHz, CDCl3) δ 8.07 (br, 1H), 7.61 (d, J = 7.6 Hz, 1H), 

7.17 (td, J = 7.6, 0.8 Hz, 1H), 6.99 (td, J = 7.6, 0.8 Hz, 1H), 6.84 (d, J = 

7.6 Hz, 1H), 4.57 – 4.42 (m, 1H), 3.48 – 3.40 (m, 1H), 2.45 – 2.31 (m, 

1H), 2.30 – 2.19 (m, 1H), 2.12 – 1.96 (m, 2H), 1.47 – 1.26 (m, 3H), 0.86 – 0.80 (m, 

9H). 13C NMR (100 MHz, CDCl3) δ 170.0, 164.6, 139.4, 127.6, 124.4, 123.9, 121.7, 

109.4, 47.1, 33.1, 32.8, 29.7, 28.5, 28.1, 27.6. HRMS (ESI-TOF) calcd for C18H24NO+ 

([M+H+]) = 270.1852, Found 270.1856. 

 

3-(4-(Tert-pentyl)cyclohexylidene)indolin-2-one (2f) 

1H NMR (400 MHz, CDCl3) δ 7.99 (s, 1H), 7.61 (d, J = 7.8 Hz, 1H), 

7.17 (td, J = 7.7, 0.8 Hz, 1H), 6.99 (td, J = 7.7, 1.1 Hz, 1H), 6.87 – 6.80 

(m, 1H), 4.52 – 4.41 (m, 1H), 3.48 – 3.39 (m, 1H), 2.42 – 2.32 (m, 1H), 

2.26 (ddd, J = 14.4, 12.2, 4.8 Hz, 1H), 1.99 (dddd, J = 16.8, 11.3, 7.6, 3.6 Hz, 2H), 

1.56 – 1.46 (m, 1H), 1.45 – 1.22 (m, 4H), 0.87 – 0.80 (m, 9H). 13C NMR (100 MHz, 

CDCl3) δ 167.0, 164.7, 139.4, 127.6, 124.4, 123.9, 121.7, 120.0, 109.4, 44.4, 35.1, 

33.2, 32.8, 29.7, 28.0, 27.7, 24.3, 24.2, 8.3. HRMS (ESI-TOF) calcd for C19H25NONa 

([M+Na+]) = 306.1828, Found 306.1832. 

 

3-(4-Phenylcyclohexylidene)indolin-2-one (2g) 



1H NMR (400 MHz, CDCl3) δ 7.91 (s, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.39 – 7.28 (m, 

2H), 7.26 – 7.14 (m, 4H), 7.01 (td, J = 7.6, 1.2 Hz, 1H), 6.92 – 6.76 (m, 1H), 4.85 – 

4.71 (m, 1H), 3.64 – 3.50 (m, 1H), 2.95 (tt, J = 12.0, 3.6 Hz, 1H), 2.53 (td, J = 13.6, 

4.8 Hz, 1H), 2.38 – 2.08 (m, 3H), 1.91 – 1.70 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 

169.9, 162.5, 146.0, 139.5, 128.7, 127.9, 127.0, 126.4, 124.3, 124.0, 121.8, 120.7, 

109.5, 43.7, 35.1, 34.9, 32.9, 29.8. HRMS (ESI-TOF) calcd for C20H19NONa 

([M+Na+]) = 312.1359, Found 312.1366. 

 

5-Fluoro-3-(4-methylcyclohexylidene)indolin-2-one (2h) 

1H NMR (400 MHz, CDCl3) δ 8.55 (s, 1H), 7.26 (dd, J = 10.0, 2.0 Hz, 

1H), 6.81 (td, J = 8.8, 2.0 Hz, 1H), 6.70 (dd, J = 8.8, 4.4 Hz, 1H), 4.42 

(dd, J = 14.0, 1.2 Hz, 1H), 3.29 – 3.09 (m, 1H), 2.32 (td, J = 13.2, 4.8 

Hz, 1H), 2.18 (td, J = 13.2, 4.8 Hz, 1H), 2.01 – 1.85 (m, 2H), 1.77 – 1.68 (m, 1H), 

1.29 – 1.10 (m, 2H), 0.90 (d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 170.4, 

166.0, 135.6, 125.3, 125.2, 120.4, 114.0, 113.7, 111.6, 111.4, 109.8, 109.7, 36.1, 35.7, 

32.4, 31.8, 29.5, 21.7. HRMS (ESI-TOF) calcd for C15H16FNONa ([M+Na+]) = 

268.1108, Found 268.1111. 

 

5-Chloro-3-(4-methylcyclohexylidene)indolin-2-one (2i) 

1H NMR (400 MHz, CDCl3) δ 8.62 (d, J = 8.0 Hz, 1H), 7.57 (s, 1H), 

7.14 (d, J = 8.4 Hz, 1H), 6.79 (d, J = 8.4 Hz, 1H), 4.47 (d, J = 14.4 Hz, 

1H), 3.29 (d, J = 14.0 Hz, 1H), 2.40 (td, J = 13.2, 4.8 Hz, 1H), 2.25 

(td, J = 13.2, 4.8 Hz, 1H), 2.10 – 1.93 (m, 2H), 1.86 – 1.74 (m, 1H), 1.37 – 1.17 (m, 

3H), 0.97 (d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 166.4, 138.0, 127.4, 

126.9, 125.7, 124.0, 119.9, 110.4, 36.0, 35.7, 32.6, 31.8, 29.5, 21.7. HRMS (ESI-TOF) 

calcd for C15H16
34.9689ClNONa ([M+Na+]) = 284.0813, Found 284.0820. HRMS 

(ESI-TOF) calcd for C15H16
36.9659ClNONa ([M+Na+]) = 286.0783, Found 286.0780. 

 

5-Bromo-3-(4-methylcyclohexylidene)indolin-2-one (2j) 



1H NMR (400 MHz, CDCl3) δ 8.52 (s, 1H), 7.68 (s, 1H), 7.26 – 7.22 (m, 1H), 6.71 

(dd, J = 8.0, 1.2 Hz, 1H), 4.44 (d, J = 14.0 Hz, 1H), 3.25 (d, J = 14.0 Hz, 1H), 2.37 (td, 

J = 13.6, 4.4 Hz, 1H), 2.22 (td, J = 13.6, 4.4 Hz, 1H), 2.07 – 1.88 (m, 2H), 1.80 – 1.73 

(m, 1H), 1.34 – 1.14 (m, 2H), 0.94 (dd, J = 6.4, 1.6 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 169.8, 166.5, 138.4, 130.2, 126.8, 126.2, 119.7, 114.3), 110.9, 36.0, 35.7, 

32.6, 31.7, 29.5, 21.7. HRMS (ESI-TOF) calcd for C15H16
78.9183BrNONa ([M+Na+]) = 

328.0307, Found 328.0310. HRMS (ESI-TOF) calcd for C15H16
80.9163BrNONa 

([M+Na+]) = 330.0287, Found 330.0287. 

 

6-Chloro-3-(4-methylcyclohexylidene)indolin-2-one (2k) 

1H NMR (400 MHz, CDCl3) δ 8.16 (s, 1H), 7.51 (d, J = 8.4 Hz, 1H), 

6.95 (d, J = 8.4 Hz, 1H), 6.85 (s, 1H), 4.45 (d, J = 14.4 Hz, 1H), 3.30 

(d, J = 14.0 Hz, 1H), 2.39 (td, J = 13.2, 4.4 Hz, 1H), 2.23 (td, J = 13.2, 

4.4 Hz, 1H), 2.00 (td, J = 13.6, 3.2 Hz, 2H), 1.87 – 1.71 (m, 1H), 1.36 – 1.15 (m, 2H), 

0.96 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 169.9, 165.1, 140.4, 133.1, 

124.7, 121.6, 109.9, 36.0, 35.7, 32.6, 31.8, 29.5, 21.7. HRMS (ESI-TOF) calcd for 

C15H16
34.9689ClNONa ([M+Na+]) = 284.0813, Found 284.0807. HRMS (ESI-TOF) 

calcd for C15H16
36.9659ClNONa ([M+Na+]) = 286.0783, Found 286.0784. 

 

6-Bromo-3-(4-methylcyclohexylidene)indolin-2-one (2l) 

1H NMR (400 MHz, CDCl3) δ 8.80 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 

7.10 (dd, J = 8.4, 1.6 Hz, 1H), 7.05 – 6.96 (m, 1H), 4.53 – 4.39 (m, 

1H), 3.36 – 3.22 (m, 1H), 2.45 – 2.33 (m, 1H), 2.28 – 2.16 (m, 1H), 

2.06 – 1.95 (m, 2H), 1.86 – 1.73 (m, 1H), 1.36 – 1.18 (m, 2H), 0.97 (d, J = 6.4 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 165.4, 140.8, 124.9, 124.5, 123.3, 121.0, 119.8, 

112.8, 36.0, 35.7, 32.7, 31.8, 29.5, 21.7. HRMS (ESI-TOF) calcd for 

C15H16
78.9183BrNONa ([M+Na+]) = 328.0307, Found 328.0315. HRMS (ESI-TOF) 

calcd for C15H16
80.9163BrNONa ([M+Na+]) = 330.0287, Found 330.0276. 

(C) General procedure for the synthesis of chiral N,N'-dioxides 

The N,N'-dioxide ligands were prepared by the similar procedure in the literatures1. 



 

 

(D) General procedure for the preparation of the racemic products 

General Procedure: To an oven-dried tube under nitrogen atmosphere was added 

(±)-PiPh/Sc(OTf)3 (10 mol%), chalcone (0.1 mmol), 3 Å MS 40.0 mg and 

ClCH2CH2Cl (0.5 mL), respectively. After stirring at 35 °C for 30 minutes, 

3-(4-substituted-cyclohexylidene)indolin-2-ones or substituted 3-(4-methylcyclo- 

hexylidene)indolin-2-ones (0.1 mmol) and DABCO (22.4 mg, 0.20 mmol) were added 

and the reaction mixture was stirred at 35 °C for 12 hrs. The reaction mixture was 

then directly purified by flash column chromatography (ethyl acetate/petroleum ether 

= 1:9 – 1:4 or ethyl acetate/dichloromethane = 0:1 – 1:19) to afford the corresponding 

product. 

 

(E) General procedure for the catalytic asymmetric reactions 

 

To an oven-dried reaction tube under nitrogen atmosphere was added Sc(OTf)3 (4.9 

mg, 0.01 mmol), L-PiPh (4.8 mg, 0.01 mmol), 3 Å MS (40.0 mg), chalcone (0.10 

mmol) and CHCl3 (0.5 mL). After stirring for 30 min at 35 ℃, substituted 

3-cyclohexylideneoxindoles (0.2 mmol) and DABCO (22.4 mg, 0.2 mmol) were 

subsequently added. The reaction mixture was stirred at 35 ℃ for 20 h and directly 



purified by flash column chromatography (ethyl acetate/petroleum ether = 1:9 – 1:4 or 

ethyl acetate/dichloromethane = 0:1 – 1:19) to afford the corresponding product. 

 

(F) Experimental procedure for the scale-up synthesis of 3da 

N
H

O
Ph

O

( )-2a (4.0 mmol)1d (2.0 mmol) 3da
0.80 g (1.56 mmol); yield = 78%;

dr = 97/3; ee = 92%.

L-PiPh-Sc(OTf)3

DABCO; 3 Å MS;

CHCl3 (0.2 M);

35 °C, 20 h.

+Br
N
H

O

race-2a
0.55 g (2.42 mmol);

recavery = 60%.

O
N
H

O
H

Br

H

+

 

To an oven-dried reaction tube under nitrogen atmosphere was added Sc(OTf)3 (98.4 

mg, 0.20 mmol), L-PiPh (96.0 mg, 0.20 mmol), 3 Å MS (800.0 mg), 

(E)-3-(4-bromophenyl)-1-phenylprop-2-en-1-one (574.3 mg, 2.0 mmol) and CHCl3 

(10.0 mL). After stirring for 30 min at 35 ℃, 3-(4-methylcyclohexylidene)- 

indolin-2-one (909.2 mg, 4.0 mmol) and DABCO (448.0 mg, 4.0 mmol) were 

subsequently added. The reaction mixture was stirred at 35 ℃ for 20 hrs and directly 

purified by flash column chromatography (ethyl acetate/dichloromethane = 0:1 – 1:19) 

to afford the desired product (0.80g, 78% yield, 97/3 dr, 92% ee) and recovery of 

race-2a (0.55 g, recovery 60%). 

 

(G) Optimization of reaction conditions 

 

Table 1: Screening of ligand. 

 

Entrya Ligand 
3aa 2a 

Yield (%)b
 

 dr (%)c
 

 ee (%)c
 

 Recov. (%)b ee (%)c
 

 

1  L-PiPr2  59  66/34  49/55  44  race 

2  L-RaPr2  45  63/37  16/23  59  race 

3  L-PrPr2  43  69/31  40/53  nd  nd 

4  L-PiPr3  62  57/43  39/61  50  race 



5  L-PiPh  65  92/8  94  26  race 

6  L-PiBn  66  93/7  88  15  race 

7  L-PitPM  36  69/31  race  38  race 

8  L-PicH  68  97/3  86  32  race 

9  L-PiAd 66  75/25  24/63  nd  nd 

Unless otherwise noted, all reactions were performed with L-Sc(OTf)3 (1:1, 10 

mol%), 1a (0.1 mmol) 2a (0.2 mmol), 3 Å MS 40.0 mg and 2.0 equiv of DMAP in 

DCE (0.5 mL) under N2 at 35 oC for 20 hrs. b Isolated yield. c Determined by chiral 

HPLC analysis. 

 

Table 2: Screening of Lewis acid. 

 

Entrya Metal salt 
3aa 2a 

Yield (%)b
 

 dr (%)c
 

 ee (%)c
 

 Recov. (%)b ee (%)c
 

 

1  Lu(OTf)3 25  78/22  57/44  14  race 

2  Y(OTf)3 49  84/16  40/36  31  race 

3  Yb(OTf)3 33  77/23  51/47  25  race 

4  Nd(OTf)3  75  86/14  44/41  23  race 

5  Sm(OTf)3 45  79/21  15/7  12  race 

6  Sc(NTf2)3  mess  -- -- 16  race 

7  Sc(OiPr)3  trace  -- -- 48  race 

Unless otherwise noted, all reactions were performed with L-PiPh-Metal salt (1:1, 10 

mol%), 1a (0.1 mmol) 2a (0.2 mmol), 3 Å MS 40.0 mg and 2.0 equiv of DMAP in DCE 

(0.5 mL) under N2 at 35 oC for 20 hrs. b Isolated yield. c Determined by chiral HPLC 

analysis. 

 

Table 3: Screening of base and solvent. 

 

Entrya base solvent 

3aa  2a 

Yield 

(%)b
 

 

dr (%)c
 

 ee (%)c
 

 Recov. 

(%)b 

ee (%)c
 

 

1  DABCO DCE 81  96/4  96 20  race 

2  DIPEA DCE 47  82/18 44/31 56 race 

3  Et3N DCE 81  63/37 83/87 40 race 



4  K2CO3  DCE 72 90/10 39/31 36 race 

5 DABCO CHCl3 92 98/2 95 32 race 

6 DABCO DCM 73 97/3 96 36 race 

7 DABCO THF 64 97/3 91 41 race 

8 DABCO C7H8 81 83/17 93 62 race 

Unless otherwise noted, all reactions were performed with L-PiPh-Sc(OTf)3 (1:1, 10 

mol%), 1a (0.1 mmol) 2a (0.2 mmol), 3 Å MS 40.0 mg and 2.0 equiv of base in solvent 

(0.5 mL) under N2 at 35 oC for 20 hrs. b Isolated yield. c Determined by chiral HPLC 

analysis. 

 

Table 4: Control experiments. 

L-PiPh-Sc(OTf)3

DABCO; 3 Å MS;

CHCl3 (0.2 M);

35 °C, 20 hrs.

(Z)-3aa

N
H

OPh Ph

O

2a (0.2 mmol)1a (0.1 mmol)

+ O
N
H

O
H

H

 

Entrya ligand metal 

3aa 2a 

Yield 

(%)b 

dr (%)c ee (%)c Recov. 

(%)b 

ee (%)c
 

 

1d L-PiPh Sc(OTf)3 48 63/37 98 65 race 

2e L-PiPh Sc(OTf)3 73 89/11 96 23 race 

3 L-PiPh none nr Ndf Ndf 80 race 

4g L-PiPh Sc(OTf)3 89 87/13 96 Ndf Ndf 

5h L-PiPh Sc(OTf)3 91 97/3 91 25 race 
a Unless otherwise noted, all reactions were performed with L-PiPh-Sc(OTf)3 (1:1, 10 

mol%), 1a (0.1 mmol) 2a (0.2 mmol), 3 Å MS 40.0 mg and 2.0 equiv of DABCO in 

CHCl3 (0.5 mL) under N2 at 35 oC for 20 h. b Isolated yield. c Determined by chiral 

HPLC analysis. d Without molecular sieves. e 1a/2a = 1/1, 12 h. f Nd = not determined. 
g 5 mol% of L-PiPh/Sc(OTf)3 was employed. h Using 1.0 equivalent of DABCO 

 

(H) The analytical and spectral characterization data of products  

(Z)-3-((2S,4S)-4-Methyl-2-((R)-3-oxo-1,3-diphenylpropyl)cyclohexylidene)indolin

-2-one (3aa) 

yield 40.1 mg, 92%; pale yellow solid; 95% ee, 98/2 dr; [α]D
19 = + 

99.2 (c = 0.71 in CH2Cl2); HPLC (Daicel chiralcel IA, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 20.11 min, t2 = 22.00 min, t3 = 36.01 min, t4 = 

58.35 min; 1H NMR (400 MHz, CDCl3) δ 8.76 (s, 1H), 7.69 – 7.62 (m, 2H), 7.59 (d, J 



= 7.6 Hz, 1H), 7.55 – 7.48 (m, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.31 – 7.19 (m, 2H), 7.17 

– 7.10 (m, 3H), 6.96 (td, J = 7.6, 0.8 Hz, 1H), 6.78 (dd, J = 7.6, 0.8 Hz, 1H), 5.27 (dd, 

J = 11.6, 3.2 Hz, 1H), 4.04 – 3.92 (m, 1H), 3.45 – 3.24 (m, 3H), 2.73 (td, J = 14.0, 5.2 

Hz, 1H), 2.23 – 2.03 (m, 2H), 1.51 – 1.43 (m, 1H), 1.24 (ddd, J = 26.0, 12.2, 3.6 Hz, 

1H), 1.09 (td, J = 13.8, 4.8 Hz, 1H), 0.79 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 199.1, 170.6, 166.6, 144.3, 139.5, 137.1, 132.5, 128.7, 128.5, 128.1, 128.0, 

127.9, 126.6, 124.3, 123.9, 123.5, 121.8, 109.5, 43.5, 43.1, 41.6, 38.4, 36.4, 28.7, 26.1, 

22.0. HRMS (ESI-TOF) calcd for C30H29NO2Na ([M+Na+]) = 458.2091, Found 

458.2090. 
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 Retention Time Area % Area 

1 20.394 196714 2.52 

2 22.314 34060 0.44 

3 35.622 7419178 95.00 

4 57.569 159681 2.04 

 

(Z)-3-((2S,4S)-2-((R)-1-(4-Fluorophenyl)-3-oxo-3-phenylpropyl)-4-methylcyclohe

xylidene)indolin-2-one (3ba) 

yield 36.4 mg, 80%; pale yellow solid; 95% ee, 98/2 dr; [α]D
22 = 

+ 94.4 (c = 0.65 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 8.52 min, t2 = 10.16 min, t3 = 10.54 min, t4 = 

12.09 min; 1H NMR (400 MHz, CDCl3) δ 8.58 (s, 1H), 7.71 – 7.63 (m, 2H), 7.59 (d, J 



= 8.0 Hz, 1H), 7.50 – 7.41 (m, 2H), 7.35 – 7.28 (m, 1H), 7.20 – 7.11 (m, 3H), 7.05 – 

6.94 (m, 3H), 6.84 – 6.73 (m, 1H), 5.21 (dd, J = 11.2, 3.6 Hz, 1H), 4.02 – 3.90 (m, 

1H), 3.42 – 3.21 (m, 3H), 2.69 (td, J = 14.0, 4.8 Hz, 1H), 2.16 – 1.99 (m, 2H), 1.45 

(dd, J = 14.0, 2.4 Hz, 1H), 1.28 – 1.21 (m, 1H), 1.15 – 1.05 (m, 1H), 0.79 (d, J = 6.0 

Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 199.0, 170.5, 166.2, 162.8, 160.4, 139.9, 

139.9, 139.5, 137.0, 132.7, 129.8, 128.2, 128.1, 127.9, 124.3, 123.8, 123.5, 121.9, 

115.6, 115.4, 109.5, 43.0, 42.7, 41.6, 38.3, 36.4, 28.6, 26.1, 22.0. HRMS (ESI-TOF) 

calcd for C30H28FNO2Na ([M+Na+]) = 476.1996, Found 476.2002. 
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 Retention Time Area % Area 

1 8.693 21247473 95.97 

2 10.693 281520 1.27 

3 12.773 609786 2.75 

 

(Z)-3-((2S,4S)-2-((R)-1-(4-Chlorophenyl)-3-oxo-3-phenylpropyl)-4-methylcyclohe

xylidene)indolin-2-one (3ca) 

yield 38.9 mg, 83%; pale yellow solid; 95% ee, 99/1 dr; [α]D
22 = 

+ 108.5 (c = 0.74 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 8.90 min, t2 = 9.31 min, t3 = 11.49 min, t4 = 

14.59 min; 1H NMR (400 MHz, CDCl3) δ 8.53 (s, 1H), 7.65 (dd, J = 8.4, 1.2 Hz, 2H), 

7.58 (d, J = 8.0 Hz, 1H), 7.45 -7.43 (m, 2H), 7.35 – 7.27 (m, 3H), 7.20 – 7.11 (m, 3H), 

6.96 (td, J = 7.6, 0.8 Hz, 1H), 6.77 (dd, J = 7.6, 0.4 Hz, 1H), 5.21 (dd, J = 11.2, 3.2 

Hz, 1H), 4.02 – 3.86 (m, 1H), 3.44 – 3.19 (m, 3H), 2.67 (td, J = 14.0, 4.8 Hz, 1H), 

2.14 – 2.03 (m, 2H), 1.44 (dd, J = 13.6, 2.0 Hz, 1H), 1.24 (qd, J = 13.2, 3.6 Hz, 1H), 



1.10 (td, J = 13.6, 4.8 Hz, 1H), 0.79 (d, J = 6.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) 

δ 198.8, 170.4, 165.9, 142.8, 139.5, 136.9, 132.7, 132.2, 129.8, 128.9, 128.3, 128.2, 

127.9, 124.3, 123.8, 123.6, 121.9, 109.5, 42.9, 42.8, 41.4, 38.3, 36.4, 28.6, 26.2, 22.0. 

HRMS (ESI-TOF) calcd for C C30H28
34.9689ClNONa ([M+Na+]) = 492.1701, Found 

492.1708. HRMS (ESI-TOF) calcd for C30H28
36.9659ClNONa ([M+Na+]) = 494.1671, 

Found 494.1668. 

A
U

0.00

0.20

0.40

0.60

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00

8
.9

0
3

9
.3

0
6

1
1
.4

9
2

1
4

.5
9

2

 

A
U

0.00

0.50

1.00

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00

8
.9

1
6

1
1
.5

8
6

1
4
.7

6
8

 

 Retention Time Area % Area 

1 8.916 22926411 96.66 

2 11.586 174199 0.73 

3 14.768 619139 2.61 

 

(Z)-3-((2S,4S)-2-((R)-1-(4-Bromophenyl)-3-oxo-3-phenylpropyl)-4-methylcyclohe

xylidene)indolin-2-one (3da) 

yield 45.2 mg, 88%; pale yellow solid; 97% ee, 97/3 dr; [α]D
22 = 

+ 100.9 (c = 0.81 in CH2Cl2); HPLC (Daicel chiralcel IA, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 30.90 min, t2 = 35.61 min, t3 = 59.06 min, t4 

= 67.96 min; 1H NMR (400 MHz, CDCl3) δ 8.63 (s, 1H), 7.65 (dd, J = 8.0, 1.2 Hz, 

2H), 7.58 (d, J = 8.0 Hz, 1H), 7.49 – 7.43 (m, 2H), 7.42 – 7.35 (m, 2H), 7.34 – 7.29 

(m, 1H), 7.20 – 7.11 (m, 3H), 6.96 (td, J = 7.6, 1.2 Hz, 1H), 6.70 (dd, J = 7.6, 0.4 Hz, 

1H), 5.21 (dd, J = 11.6, 3.2 Hz, 1H), 4.00 – 3.88 (m, 1H), 3.41 – 3.18 (m, 3H), 2.67 

(td, J = 14.0, 4.4 Hz, 1H), 2.16 – 2.01 (m, 2H), 1.45 (dd, J = 14.0, 2.0 Hz, 1H), 1.24 

(qd, J = 13.2, 3.6 Hz, 1H), 1.14 – 1.05 (m, 1H), 0.79 (d, J = 6.4 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ 198.8, 170.5, 165.9, 143.4, 139.5, 136.9, 132.7, 131.8, 130.2, 



128.3, 128.2, 127.9, 124.3, 123.8, 123.6, 121.9, 120.3, 109.5, 42.8, 41.3, 38.3, 36.4, 

28.6, 26.2, 22.0. HRMS (ESI-TOF) calcd for C30H28
78.9183BrNO2Na ([M+Na+]) = 

536.1196, Found 536.1201. HRMS (ESI-TOF) calcd for C30H28
80.9163BrNO2Na 

([M+Na+]) = 538.1175, Found 538.1180. 
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 Retention Time Area % Area 

1 31.409 277016 1.68 

2 36.388 45852 0.28 

3 59.820 15724844 95.62 

4 68.757 397109 2.41 

 

(Z)-3-((2S,4S)-4-Methyl-2-((R)-3-oxo-3-phenyl-1-(4-(trifluoromethyl)phenyl)prop

yl)cyclohexylidene)indolin-2-one (3ea) 

yield 39.8 mg, 79%; pale yellow solid; 93% ee, 96/4 dr; [α]D
22 

= + 83.1 (c = 0.78 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 6.33 min, t2 = 7.76 min, t3 = 8.88 min; 1H 

NMR (400 MHz, CDCl3) δ 8.61 (s, 1H), 7.69 – 7.57 (m, 7H), 7.35 – 7.30 (m, 1H), 

7.20 – 7.12 (m, 3H), 6.97 (td, J = 7.6, 0.8 Hz, 1H), 6.78 (d, J = 7.6 Hz, 1H), 5.28 (dd, 

J = 11.4, 3.4 Hz, 1H), 4.10 – 4.01 (m, 1H), 3.46 – 3.24 (m, 3H), 2.68 (td, J = 14.0, 4.8 

Hz, 1H), 2.18 – 2.06 (m, 2H), 1.40 (dd, J = 14.0, 2.0 Hz, 1H), 1.25 (dd, J = 13.2, 3.6 

Hz, 1H), 1.11 (td, J = 13.8, 4.8 Hz, 1H), 0.80 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 198.6, 170.5, 165.5, 148.6, 139.5, 136.8, 132.8, 129.0, 128.8, 128.7, 128.3, 

128.2, 127.9, 127.8, 125.8, 125.7, 125.7, 124.3, 123.8, 123.8, 123.1, 122.0, 109.5, 



43.1, 42.7, 41.3, 38.3, 36.3, 28.6, 26.2, 21.9. HRMS (ESI-TOF) calcd for 

C31H28F3NO2Na ([M+Na+]) = 526.1964, Found 526.1967.  
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 Retention Time Area % Area 

1 6.327 3657299 92.52 

2 7.760 154708 3.91 

3 8.878 140971 3.57 

 

(Z)-3-((2S,4S)-4-Methyl-2-((R)-3-oxo-3-phenyl-1-(p-tolyl)propyl)cyclohexylidene)

indolin-2-one (3fa) 

yield 39.5 mg, 88%; pale yellow solid; 93% ee, 95/5 dr; [α]D
22 = 

+ 112.6 (c = 0.59 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 10.47 min, t2 = 11.75 min, t3 = 13.77 min, t4 = 

18.04 min; 1H NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 7.69 – 7.61 (m, 2H), 7.58 (d, J 

= 7.6 Hz, 1H), 7.39 (d, J = 7.6 Hz, 2H), 7.32 – 7.27 (m, 1H), 7.18 – 7.09 (m, 5H), 

6.96 (td, J = 7.6, 1.2 Hz, 1H), 6.80 – 6.72 (m, 1H), 5.23 (dd, J = 11.4, 3.4 Hz, 1H), 

4.02 – 3.89 (m, 1H), 3.40 (dd, J = 16.8, 6.0 Hz, 1H), 3.36 – 3.29 (m, 1H), 3.25 (dd, J 

= 17.0, 7.4 Hz, 1H), 2.72 (td, J = 14.0, 4.8 Hz, 1H), 2.33 (s, 3H), 2.18 – 2.05 (m, 2H), 

1.50 (dd, J = 13.8, 2.2 Hz, 1H), 1.27 – 1.21 (m, 1H), 1.08 (td, J = 13.6, 4.8 Hz, 1H), 

0.79 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 199.2, 170.6, 166.9, 141.2, 

139.5, 137.1, 136.0, 132.5, 129.4, 128.3, 128.1, 128.0, 127.9, 124.3, 123.9, 123.4, 

121.8, 109.4, 43.2, 43.1, 41.7, 38.4, 36.5, 28.7, 26.1, 22.0, 21.2. HRMS (ESI-TOF) 

calcd for C31H31NO2Na ([M+Na+]) = 472.2247, Found 472.2251. 
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1 10.580 17141100 91.16 

2 11.885 867082 4.61 

3 14.032 178849 0.95 

4 18.576 617123 3.28 

 

(Z)-3-((2S,4S)-4-Methyl-2-((R)-3-oxo-3-phenyl-1-(m-tolyl)propyl)cyclohexylidene

)indolin-2-one (3ga) 

yield 43.5 mg, 97%; pale yellow solid; 94% ee, 97/3 dr; [α]D
22 = + 

106.6 (c = 0.70 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 8.83 min, t2 = 9.80 min, t3 = 10.17 min, t4 = 

11.50 min; 1H NMR (400 MHz, CDCl3) δ 8.80 (s, 1H), 7.70 – 7.62 (m, 2H), 7.58 (d, J 

= 7.6 Hz, 1H), 7.34 – 7.20 (m, 4H), 7.17 – 7.09 (m, 3H), 7.05 – 7.01 (m, 1H), 6.96 (td, 

J = 7.6, 0.8 Hz, 1H), 6.81 – 6.73 (m, 1H), 5.25 (dd, J = 11.4, 3.4 Hz, 1H), 4.02 – 3.87 

(m, 1H), 3.44 (dd, J = 16.8, 6.0 Hz, 1H), 3.37 – 3.28 (m, 1H), 3.23 (dd, J = 17.0, 7.0 

Hz, 1H), 2.74 (td, J = 14.0, 4.8 Hz, 1H), 2.38 (s, 3H), 2.19 – 2.04 (m, 2H), 1.49 (dd, J 

= 13.8, 2.0 Hz, 1H), 1.28 – 1.21 (m, 1H), 1.09 (td, J = 13.2, 4.8 Hz, 1H), 0.79 (d, J = 

6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 199.1, 170.7, 166.9, 144.2, 139.5, 138.2, 

137.1, 132.5, 128.9, 128.5, 128.1, 128.0, 127.9, 127.4, 125.7, 124.3, 123.9, 123.5, 

121.8, 109.4, 43.5, 43.1, 41.6, 38.4, 36.4, 28.7, 26.1, 22.0, 21.7. HRMS (ESI-TOF) 

calcd for C31H31NO2Na ([M+Na+]) = 472.2247, Found 472.2254.  
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1 9.002 6094562 94.29 
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3 11.828 196236 3.04 

 

(Z)-3-((2S,4S)-4-Methyl-2-((R)-1-(naphthalen-2-yl)-3-oxo-3-phenylpropyl)cyclohe

xylidene)indolin-2-one (3ha) 

yield 45.4 mg, 94%; pale yellow solid; 94% ee, 96/4 dr; [α]D
22 = 

+ 138.7 (c = 0.83 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 13.11 min, t2 = 15.00 min, t3 = 19.72 min, t4 

= 29.23 min; 1H NMR (400 MHz, CDCl3) δ 8.84 (s, 1H), 7.95 – 7.82 (m, 4H), 7.75 

(dd, J = 8.6, 1.2 Hz, 1H), 7.70 – 7.59 (m, 3H), 7.51 – 7.42 (m, 2H), 7.30 – 7.24 (m, 

1H), 7.18 – 7.10 (m, 3H), 6.99 (td, J = 7.6, 1.2 Hz, 1H), 6.86 – 6.78 (m, 1H), 5.43 (dd, 

J = 11.4, 3.4 Hz, 1H), 4.29 – 4.14 (m, 1H), 3.53 (dd, J = 17.0, 5.8 Hz, 1H), 3.45 – 

3.31 (m, 2H), 2.80 (td, J = 14.0, 4.8 Hz, 1H), 2.27 – 2.08 (m, 2H), 1.54 – 1.45 (m, 1H), 

1.31 – 1.24 (m, 1H), 1.12 (td, J = 13.8, 4.8 Hz, 1H), 0.77 (d, J = 6.4 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 199.0, 170.7, 166.6, 141.8, 139.6, 137.0, 133.7, 132.6, 

128.6, 128.2, 128.1, 127.9, 127.7, 127.3, 126.5, 126.0, 125.5, 124.3, 123.9, 123.6, 

121.8, 109.5, 43.6, 43.1, 41.4, 38.4, 36.4, 28.8, 26.2, 22.0. HRMS (ESI-TOF) calcd 

for C34H31NO2Na ([M+Na+]) = 508.2247, Found 508.2252.  
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1 13.113 20159725 93.60 

2 14.999 708275 3.29 

3 19.720 105655 0.49 

4 29.227 563731 2.62 

 

(Z)-3-((2S,4S)-4-Methyl-2-((R)-3-oxo-3-phenyl-1-(thiophen-3-yl)propyl)cyclohexy

lidene)indolin-2-one (3ia) 

yield 34.8 mg, 79%; pale yellow solid; 93% ee, 97/3 dr; [α]D
22 = + 

93.5 (c = 0.61 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 10.32 min, t2 = 12.79 min, t3 = 14.24 min, t4 = 

15.91 min; 1H NMR (400 MHz, CDCl3) δ 8.58 (s, 1H), 7.73 – 7.62 (m, 2H), 7.58 (d, J 

= 8.0 Hz, 1H), 7.37 – 7.24 (m, 3H), 7.21 – 7.09 (m, 4H), 6.96 (td, J = 7.6, 0.8 Hz, 1H), 

6.75 (d, J = 7.2 Hz, 1H), 5.22 (dd, J = 11.4, 3.4 Hz, 1H), 4.20 – 4.07 (m, 1H), 3.39 – 

3.29 (m, 2H), 3.25 (dd, J = 16.6, 7.4 Hz, 1H), 2.69 (td, J = 14.0, 4.8 Hz, 1H), 2.17 – 

2.01 (m, 2H), 1.54 (dd, J = 13.8, 2.2 Hz, 1H), 1.28 – 1.19 (m, 1H), 1.14 (dd, J = 12.8, 

4.4 Hz, 1H), 0.81 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 199.2, 170.5, 

166.3, 144.7, 139.5, 137.1, 132.6, 128.2, 128.0, 127.9, 127.1, 125.9, 124.3, 123.9, 

123.5, 121.8, 121.5, 109.4, 42.9, 41.5, 39.0, 38.6, 36.4, 28.6, 26.2, 22.0. HRMS 

(ESI-TOF) calcd for C28H27NO2SNa ([M+Na+]) = 464.1655, Found 464.1655. 
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(Z)-3-(4-methyl-2-(3-oxo-3-phenyl-1-(pyridin-4-yl)propyl)cyclohexylidene)-1,3,3a

,7a-tetrahydro-2H-indol-2-one (3ja) 

yield 39.8 mg, 91%; pale yellow solid; 45/99/99% ee, 22/48/30 dr; 

HPLC (Daicel chiralcel ADH, n-hexane/i-PrOH = 80/20, low rate 

1.0 mL/min, λ = 254 nm) retention time: t1 = 28.57 min, t2 = 54.54 

min, t3 = 58.22 min, t4 = 65.14 min, t5 = 79.77 min, t6 = 101.87 min; 1H NMR (400 

MHz, CDCl3) δ 8.89 – 8.23 (m, 3H), 7.89 – 7.59 (m, 2H), 7.58 – 7.28 (m, 4H), 7.22 – 

7.03 (m, 2H), 7.00 – 6.83 (m, 1H), 6.79 – 6.64 (m, 1H), 5.46 – 5.01 (m, 1H), 4.38 – 

3.85 (m, 1H), 3.82 – 3.43 (m, 1H), 3.41 – 2.97 (m, 2H), 2.77 – 2.38 (m, 1H), 2.12 (m, 

2H), 1.95 – 1.34 (m, 2H), 1.34 – 1.00 (m, 2H), 0.94 – 0.73 (m, 3H). 13C NMR (100 

MHz, CDCl3) (for major) δ 198.3, 170.4, 164.5, 153.7, 150.1, 149.4, 139.7, 136.7, 

132.9, 128.3, 128.2, 128.1, 127.9, 124.0, 123.8, 123.7, 121.9, 109.5, 47.3, 42.3, 40.6, 

38.2, 36.2, 31.6, 28.5, 28.2, 27.7, 26.2, 21.9. HRMS (ESI-TOF) calcd for C29H29N2O2 

([M+H+]) = 437.2224, Found 437.2222. 
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(Z)-3-((2S,4S)-2-((R)-3-(4-Fluorophenyl)-3-oxo-1-phenylpropyl)-4-methylcyclohe

xylidene)indolin-2-one (3ka) 

yield 36.1 mg, 80%; pale yellow solid; 96% ee, 98/2 dr; [α]D
19 = + 

107.8 (c = 0.40 in CH2Cl2); HPLC (Daicel chiralcel IA, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 17.41min, t2 = 19.65 min, t3 = 39.76 min, t4 = 

70.76 min; 1H NMR (400 MHz, CDCl3) δ 8.30 (s, 1H), 7.70 – 7.60 (m, 2H), 7.56 (d, J 

= 8.0 Hz, 1H), 7.52 – 7.43 (m, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.22 (t, J = 6.4 Hz, 1H), 

7.14 (t, J = 7.6 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 6.85 – 6.65 (m, 3H), 5.23 (d, J = 

10.0 Hz, 1H), 4.05 – 3.89 (m, 1H), 3.50 – 3.36 (m, 1H), 3.30 (d, J = 14.0 Hz, 1H), 

3.20 – 3.09 (m, 1H), 2.71 (td, J = 14.0, 3.2 Hz, 1H), 2.20 – 2.00 (m, 2H), 1.45 (d, J = 

13.6 Hz, 1H), 1.25 – 1.16 (m, 1H), 1.07 (td, J = 12.8, 3.2 Hz, 1H), 0.78 (d, J = 4.8 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 197.4, 170.4, 166.7, 164.1, 144.2, 139.3, 133.5, 

130.6, 130.5, 128.8, 128.4, 128.1, 126.7, 124.3, 123.9, 123.5, 121.9, 115.2, 115.0, 

109.3, 43.8, 43.0, 41.6, 38.3, 36.4, 28.8, 26.1, 22.0. HRMS (ESI-TOF) calcd for 

C30H28FNO2Na ([M+Na+]) = 476.1996, Found 476.2001. 
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1 17.562 999182 2.02 
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4 71.838 879218 1.77 

 

(Z)-3-((2S,4S)-2-((R)-3-(4-Chlorophenyl)-3-oxo-1-phenylpropyl)-4-methylcyclohe



xylidene)indolin-2-one (3la) 

yield 35.4 mg, 75%; pale yellow solid; 96% ee, 98/2 dr; [α]D
19 = + 

110.5 (c = 0.58 in CH2Cl2); HPLC (Daicel chiralcel IA, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 16.78 min, t2 = 18.55 min, t3 = 32.35 min, t4 = 

61.15 min; 1H NMR (400 MHz, CDCl3) δ 8.51 (s, 1H), 7.59 – 7.52 (m, 3H), 7.51 – 

7.45 (m, 2H), 7.35 (t, J = 7.2 Hz, 2H), 7.23 (t, J = 7.2 Hz, 1H), 7.18 – 7.12 (m, 1H), 

7.11 – 7.03 (m, 2H), 6.96 (td, J = 7.6, 1.2 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 5.24 (dd, 

J = 11.6, 3.6 Hz, 1H), 4.08 – 3.88 (m, 1H), 3.46 (dd, J = 16.8, 6.4 Hz, 1H), 3.35 – 

3.25 (m, 1H), 3.12 (dd, J = 16.8, 6.8 Hz, 1H), 2.70 (td, J = 14.0, 4.8 Hz, 1H), 2.18 – 

2.02 (m, 2H), 1.45 (dd, J = 13.6, 2.0 Hz, 1H), 1.26 – 1.16 (m, 1H), 1.08 (td, J = 13.6, 

4.8 Hz, 1H), 0.78 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 197.7, 170.5, 

166.6, 144.2, 139.4, 138.9, 135.3, 129.3, 128.8, 128.3, 128.1, 126.7, 124.3, 123.8, 

123.6, 121.9, 109.4, 43.9, 43.0, 41.6, 38.3, 36.3, 28.8, 26.1, 22.0. HRMS (ESI-TOF) 

calcd for C30H28
34.9689ClNO2Na ([M+Na+]) = 492.1701, Found 492.1693. HRMS 

(ESI-TOF) calcd for C30H28
36.9659ClNO2Na ([M+Na+]) = 494.1671, Found 494.1680. 
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 Retention Time Area % Area 

1 17.401 127612 1.87 

2 19.238 30151 0.44 

3 33.547 6573340 96.34 

4 64.212 91816 1.35 

 

(Z)-3-((2S,4S)-2-((R)-3-(3-Chlorophenyl)-3-oxo-1-phenylpropyl)-4-methylcyclohe

xylidene)indolin-2-one (3ma) 



yield 37.9 mg, 81%; pale yellow solid; 94% ee, 98/2 dr; [α]D
19 = 

+ 101.7 (c = 0.70 in CH2Cl2); HPLC (Daicel chiralcel IA, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 19.42 min, t2 = 21.58 min, t3 = 47.46 min, t4 = 

70.20 min; 1H NMR (400 MHz, CDCl3) δ 8.68 (s, 1H), 7.60 (t, J = 1.6 Hz, 1H), 7.55 

– 7.46 (m, 4H), 7.36 (t, J = 7.2 Hz, 2H), 7.26 – 7.19 (m, 2H), 7.13 (t, J = 7.6 Hz, 1H), 

7.06 (t, J = 7.6 Hz, 1H), 6.94 (t, J = 7.6 Hz, 1H), 6.75 (d, J = 7.6 Hz, 1H), 5.26 (dd, J 

= 11.2, 3.6 Hz, 1H), 4.02 – 3.93 (m, 1H), 3.52 (dd, J = 16.8, 6.8 Hz, 1H), 3.33 – 3.23 

(m, 1H), 3.06 (dd, J = 16.8, 6.4 Hz, 1H), 2.67 (td, J = 14.0, 4.8 Hz, 1H), 2.14 – 2.03 

(m, 2H), 1.46 (dd, J = 14.0, 2.0 Hz, 1H), 1.22 (dd, J = 12.8, 3.2 Hz, 1H), 1.08 (td, J = 

13.2, 4.8 Hz, 1H), 0.79 (d, J = 6.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 197.5, 

170.6, 166.3, 144.2, 139.4, 138.5, 134.5, 132.4, 129.4, 128.8, 128.3, 128.2, 127.9, 

126.7, 126.0, 124.3, 123.8, 123.7, 121.9, 109.4, 44.0, 43.1, 41.5, 38.1, 36.3, 28.8, 26.1, 

22.0. HRMS (ESI-TOF) calcd for C30H28
34.9689ClNO2Na ([M+Na+]) = 492.1701, 

Found 492.1701. HRMS (ESI-TOF) calcd for C30H28
36.9659ClNO2Na ([M+Na+]) = 

494.1671, Found 494.1679. 
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 Retention Time Area % Area 

1 19.557 274237 2.87 

2 21.724 65827 0.69 

3 47.222 9072896 94.79 

4 69.913 158364 1.65 

 

(Z)-3-((2S,4S)-2-((R)-3-(4-Bromophenyl)-3-oxo-1-phenylpropyl)-4-methylcyclohe



xylidene)indolin-2-one (3na) 

yield 41.8 mg, 81%; pale yellow solid; 96% ee, 97/3 dr; [α]D
19 = + 

109.6 (c = 0.59 in CH2Cl2); HPLC (Daicel chiralcel IA, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 17.82 min, t2 = 19.45 min, t3 = 37.08 min, t4 = 

68.17 min; 1H NMR (400 MHz, CDCl3) δ 8.42 (s, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.51 

– 7.44 (m, 4H), 7.35 (t, J = 7.6 Hz, 2H), 7.26 – 7.19 (m, 3H), 7.15 (t, J = 7.6 Hz, 1H), 

6.96 (t, J = 7.6 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 5.24 (dd, J = 11.2, 3.2 Hz, 1H), 4.04 

– 3.90 (m, 1H), 3.47 (dd, J = 16.8, 6.4 Hz, 1H), 3.29 (d, J = 14.4 Hz, 1H), 3.10 (dd, J 

= 16.8, 6.4 Hz, 1H), 2.70 (td, J = 14.0, 5.2 Hz, 1H), 2.16 – 2.00 (m, 2H), 1.45 (dd, J = 

13.6, 1.2 Hz, 1H), 1.22 (dd, J = 13.2, 3.6 Hz, 1H), 1.08 (td, J = 13.2, 4.8 Hz, 1H), 

0.78 (d, J = 6.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 197.9, 170.4, 166.6, 144.2, 

139.3, 135.7, 131.3, 129.4, 128.8, 128.3, 128.2, 127.7, 126.7, 124.3, 123.8, 123.6, 

121.9, 109.5, 43.9, 43.0, 41.6, 38.3, 36.3, 28.8, 26.1, 22.0. HRMS (ESI-TOF) calcd 

for C30H28
78.9183BrNO2Na ([M+Na+]) = 536.1196, Found 536.1196. HRMS (ESI-TOF) 

calcd for C30H28
80.9163BrNO2Na ([M+Na+]) = 538.1175, Found 538.1182. 
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(Z)-3-((2S,4S)-4-Methyl-2-((R)-3-oxo-1-phenyl-3-(p-tolyl)propyl)cyclohexylidene)



indolin-2-one (3oa) 

yield 40.4 mg, 90%; pale yellow solid; 96% ee, 98/2 dr; [α]D
19 = + 

100.1 (c = 0.76 in CH2Cl2); HPLC (Daicel chiralcel IA, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 19.57 min, t2 = 21.41 min, t3 = 30.88 min, t4 = 

50.73 min; 1H NMR (400 MHz, CDCl3) δ 8.85 (s, 1H), 7.60 – 7.55 (m, 3H), 7.54 – 

7.39 (m, 2H), 7.34 (t, J = 7.6 Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 7.13 (t, J = 7.6 Hz, 

1H), 6.98 – 6.90 (m, 3H), 6.78 (d, J = 7.6 Hz, 1H), 5.27 (dd, J = 11.2, 3.2 Hz, 1H), 

4.05 – 3.93 (m, 1H), 3.44 – 3.20 (m, 3H), 2.72 (td, J = 14.0, 4.8 Hz, 1H), 2.22 – 2.06 

(m, 5H), 1.53 – 1.41 (m, 1H), 1.31 – 1.17 (m, 1H), 1.09 (td, J = 13.2, 4.8 Hz, 1H), 

0.79 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 198.7, 170.7, 166.6, 144.4, 

143.2, 139.6, 134.6, 128.8, 128.7, 128.5, 128.0, 127.9, 126.5, 124.3, 123.9, 123.6, 

121.8, 109.4, 43.5, 42.9, 41.6, 38.4, 36.4, 28.7, 26.1, 22.0, 21.6. HRMS (ESI-TOF) 

calcd for C31H31NO2Na ([M+Na+]) = 472.2247, Found 472.2246. 
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(Z)-3-((2S,4S)-2-((R)-3-(4-Methoxyphenyl)-3-oxo-1-phenylpropyl)-4-methylcyclo

hexylidene)indolin-2-one (3pa) 



yield 45.0 mg, 96%; pale yellow solid; 96% ee, 96/4 dr; [α]D
22 = + 

110.6 (c = 0.65 in CH2Cl2); HPLC (Daicel chiralcel IC, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 9.58 min, t2 = 10.49 min, t3 = 12.46 min, t4 = 

24.33 min; 1H NMR (400 MHz, CDCl3) δ 8.59 (s, 1H), 7.66 – 7.61 (m, 2H), 7.57 (d, J 

= 8.0 Hz, 1H), 7.53 – 7.46 (m, 2H), 7.33 (t, J = 7.6 Hz, 2H), 7.21 (t, J = 7.4 Hz, 1H), 

7.13 (t, J = 7.6 Hz, 1H), 6.98 – 6.92 (m, 1H), 6.77 (d, J = 7.6 Hz, 1H), 6.62 – 6.54 (m, 

2H), 5.25 (dd, J = 11.2, 3.2 Hz, 1H), 4.03 – 3.93 (m, 1H), 3.69 (s, 3H), 3.40 – 3.27 (m, 

2H), 3.20 (dd, J = 16.8, 7.2 Hz, 1H), 2.73 (td, J = 14.0, 4.8 Hz, 1H), 2.19 – 2.04 (m, 

2H), 1.46 (dd, J = 13.6, 1.8 Hz, 1H), 1.26 – 1.17 (m, 1H), 1.08 (td, J = 13.6, 4.8 Hz, 

1H), 0.78 (d, J = 6.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 197.6, 170.5, 166.8, 

163.0, 144.5, 139.5, 130.2, 130.2, 128.7, 128.5, 127.9, 126.5, 124.3, 124.0, 123.5, 

121.8, 113.2, 109.3, 55.4, 43.6, 42.6, 41.6, 38.4, 36.5, 28.7, 26.1, 22.0. HRMS 

(ESI-TOF) calcd for C31H31NO3Na ([M+Na+]) = 488.2196, Found 488.2198. 
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(Z)-3-((2S,4S)-2-((R)-3-(Benzo[d][1,3]dioxol-5-yl)-3-oxo-1-phenylpropyl)-4-methy

lcyclohexylidene)indolin-2-one (3qa) 



yield 39.2 mg, 82%; pale yellow solid; 97% ee, 96/4 dr; [α]D
22 = + 

109.9 (c = 0.81 in CH2Cl2); HPLC (Daicel chiralcel IC, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 12.05 min, t2 = 14.98 min, t3 = 16.38 min, t4 = 

31.69 min; 1H NMR (400 MHz, CDCl3) δ 8.78 (s, 1H), 7.52 (dd, J = 13.2, 8.0 Hz, 

3H), 7.35 (t, J = 7.6 Hz, 2H), 7.29 (dd, J = 8.4, 1.6 Hz, 1H), 7.25 – 7.20 (m, 1H), 7.17 

– 7.10 (m, 2H), 6.95 (td, J = 7.6, 0.8 Hz, 1H), 6.79 (d, J = 8.4 Hz, 1H), 6.50 (d, J = 

8.4 Hz, 1H), 5.87 – 5.77 (m, 2H), 5.26 (dd, J = 11.2, 3.6 Hz, 1H), 4.04 – 3.91 (m, 1H), 

3.42 (dd, J = 16.8, 6.8 Hz, 1H), 3.34 – 3.23 (m, 1H), 3.05 (dd, J = 16.8, 6.8 Hz, 1H), 

2.70 (td, J = 14.0, 4.8 Hz, 1H), 2.21 – 2.00 (m, 2H), 1.50 – 1.42 (m, 1H), 1.27 – 1.15 

(m, 1H), 1.08 (td, J = 13.6, 4.8 Hz, 1H), 0.78 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 196.9, 170.7, 166.6, 151.3, 147.7, 144.5, 139.5, 132.0, 128.7, 128.4, 127.9, 

126.6, 124.4, 124.2, 123.9, 123.8, 121.8, 109.3, 107.7, 107.4, 101.6, 44.0, 42.7, 41.6, 

38.3, 36.4, 28.8, 26.1, 22.0. HRMS (ESI-TOF) calcd for C31H29NO4Na ([M+Na+]) = 

502.1989, Found 502.1992.  
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 Retention Time Area % Area 

1 12.074 243742 1.54 

2 14.926 15082563 95.08 

3 16.352 479136 3.02 

4 31.670 58134 0.37 

 

(Z)-3-((2S,4S)-4-Methyl-2-((R)-3-(naphthalen-2-yl)-3-oxo-1-phenylpropyl)cyclohe

xylidene)indolin-2-one (3ra) 



yield 41.8 mg, 86%; pale yellow solid; 97% ee, 98/2 dr; [α]D
19 = 

+ 125.0 (c = 0.61 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 18.87 min, t2 = 22.78 min, t3 = 23.50 min, t4 = 

28.68 min; 1H NMR (400 MHz, CDCl3) δ 8.55 (s, 1H), 8.14 (s, 1H), 7.71 – 7.60 (m, 

3H), 7.59 – 7.49 (m, 4H), 7.46 – 7.41 (m, 1H), 7.40 – 7.33 (m, 3H), 7.23 (t, J = 7.6 Hz, 

1H), 6.97 (td, J = 7.6, 0.8 Hz, 1H), 6.89 (td, J = 7.6, 1.2 Hz, 1H), 6.51 (dd, J = 7.6, 0.4 

Hz, 1H), 5.32 (dd, J = 11.2, 3.6 Hz, 1H), 4.11 – 4.01 (m, 1H), 3.64 (dd, J = 16.8, 6.4 

Hz, 1H), 3.38 – 3.30 (m, 1H), 3.27 (dd, J = 16.8, 6.4 Hz, 1H), 2.77 (td, J = 14.0, 5.2 

Hz, 1H), 2.21 – 2.05 (m, 2H), 1.49 (dd, J = 14.0, 2.4 Hz, 1H), 1.30 – 1.17 (m, 1H), 

1.10 (td, J = 13.6, 4.8 Hz, 1H), 0.80 (d, J = 6.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 198.9, 170.6, 166.5, 144.5, 139.3, 135.2, 134.4, 132.3, 129.6, 129.5, 128.8, 128.4, 

128.1, 128.0, 127.9, 127.6, 126.6, 126.4, 124.2, 123.8, 123.7, 123.7, 121.7, 109.2, 

43.9, 43.1, 41.6, 38.4, 36.4, 28.8, 26.1, 22.0. HRMS (ESI-TOF) calcd for 

C34H31NO2Na ([M+Na+]) = 508.2247, Found 508.2254. 
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 Retention Time Area % Area 

1 18.544 34847780 96.13 

2 22.736 847493 2.34 

3 28.257 557282 1.54 

 

(Z)-3-((2S,4S)-2-((R)-1-(4-Bromophenyl)-3-oxo-3-(p-tolyl)propyl)-4-methylcycloh

exylidene)indolin-2-one (3sa) 

yield 43.5 mg, 83%; pale yellow solid; 97% ee, 95/5 dr; [α]D
19 = 

O
N
H

O
H

H

O
N
H

O
H

H

Br



+ 94.9 (c = 0.68 in CH2Cl2); HPLC (Daicel chiralcel IE, n-hexane/i-PrOH = 80/20, 

low rate 1.0 mL/min, λ = 254 nm) retention time: t1 = 9.22 min, t2 = 9.96 min, t3 = 

13.00 min, t4 = 26.58 min; 1H NMR (400 MHz, CDCl3) δ 8.57 (s, 1H), 7.56 (dd, J = 

8.4, 2.1 Hz, 3H), 7.41 (dd, J = 26.0, 8.4 Hz, 4H), 7.15 (td, J = 7.6, 0.8 Hz, 1H), 7.01 – 

6.92 (m, 3H), 6.77 (d, J = 7.6 Hz, 1H), 5.21 (dd, J = 11.2, 3.2 Hz, 1H), 4.03 – 3.87 (m, 

1H), 3.39 – 3.18 (m, 3H), 2.66 (td, J = 14.0, 4.8 Hz, 1H), 2.23 (s, 3H), 2.14 – 2.00 (m, 

2H), 1.44 (dd, J = 14.0, 2.0 Hz, 1H), 1.35 – 1.17 (m, 1H), 1.09 (td, J = 13.6, 4.8 Hz, 

1H), 0.79 (d, J = 6.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 198.5, 170.5, 165.9, 

143.5, 143.5, 139.5, 134.5, 131.8, 130.2, 128.9, 128.1, 128.0, 124.3, 123.8, 123.6, 

121.9, 120.3, 109.4, 42.8, 42.6, 41.3, 38.3, 36.4, 28.6, 26.1, 22.0, 21.6. HRMS 

(ESI-TOF) calcd for C31H30
78.9183BrNO2Na ([M+Na+]) = 550.1352, Found 550.1349. 

HRMS (ESI-TOF) calcd for C31H30
80.9163BrNO2Na ([M+Na+]) = 552.1332, Found 

552.1337. 
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 Retention Time Area % Area 

1 9.224 57210733 94.06 

2 9.958 1874798 3.08 

3 12.998 873181 1.44 

4 26.576 863214 1.42 

 

(Z)-3-((2S,4S)-4-Methyl-2-((R,E)-3-oxo-1,5-diphenylpent-4-en-1-yl)cyclohexylide

ne)indolin-2-one (3ta) 

yield 22.3 mg, 48%; pale yellow solid; 76% ee, 97/3 dr; [α]D
19 = 

+ 75.7 (c = 0.42 in CH2Cl2); HPLC (Daicel chiralcel IA, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 



retention time: t1 = 13.33 min, t2 = 14.37 min, t3 = 15.67 min, t4 = 19.34 min; 1H 

NMR (400 MHz, CDCl3) δ 8.39 (s, 1H), 7.63 (d, J = 7.6 Hz, 1H), 7.50 – 7.45 (m, 2H), 

7.35 (t, J = 7.6 Hz, 2H), 7.28 – 7.13 (m, 7H), 7.11 – 7.06 (m, 1H), 6.97 (td, J = 7.6, 

0.8 Hz, 1H), 6.67 (d, J = 7.6 Hz, 1H), 6.30 (d, J = 16.4 Hz, 1H), 5.29 – 5.18 (m, 1H), 

3.93 – 3.80 (m, 1H), 3.33 (d, J = 14.4 Hz, 1H), 3.10 (dd, J = 16.4, 6.4 Hz, 1H), 2.89 

(dd, J = 16.4, 7.2 Hz, 1H), 2.71 (td, J = 14.0, 4.8 Hz, 1H), 2.16 – 2.02 (m, 2H), 1.51 – 

1.41 (m, 1H), 1.25 – 1.16 (m, 1H), 1.08 (td, J = 13.2, 4.8 Hz, 1H), 0.78 (d, J = 6.4 Hz, 

3H). 13C NMR (101 MHz, CDCl3) δ 199.0, 170.5, 166.7, 144.2, 142.1, 139.4, 134.6, 

130.2, 128.8, 128.7, 128.4, 128.2, 128.1, 126.7, 126.6, 124.3, 124.0, 123.6, 121.9, 

109.5, 45.5, 44.0, 41.5, 38.3, 36.4, 28.7, 26.1, 22.0. HRMS (ESI-TOF) calcd for 

C32H31NO2Na ([M+Na+]) = 484.2247, Found 484.2256.  
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 Retention Time Area % Area 

1 13.445 9082757 85.66 

2 14.534 1247545 11.77 

3 15.830 86048 0.81 

4 19.516 186462 1.76 

 

(Z)-3-((2S,4S)-4-Methoxy-2-((R)-3-oxo-1,3-diphenylpropyl)cyclohexylidene)indoli

n-2-one (3ab) 

yield 39.0 mg, 86%; pale yellow solid; 98% ee, 97/3 dr; [α]D
19 = + 

93.0 (c = 0.44 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 10.61 min, t2 = 14.50 min, t3 = 15.68 min, t4 = 

24.57 min; 1H NMR (400 MHz, CDCl3) δ 8.07 (s, 1H), 7.66 – 7.59 (m, 2H), 7.56 – 



7.49 (m, 3H), 7.36 (t, J = 7.6 Hz, 2H), 7.31 – 7.20 (m, 2H), 7.16 – 7.09 (m, 3H), 6.95 

(td, J = 8.0, 1.2 Hz, 1H), 6.72 – 6.64 (m, 1H), 5.34 (dd, J = 11.6, 4.4 Hz, 1H), 3.93 – 

3.76 (m, 2H), 3.54 (dd, J = 17.0, 6.6 Hz, 1H), 3.42 – 3.34 (m, 1H), 3.23 (s, 3H), 3.14 

(dd, J = 17.2, 6.4 Hz, 1H), 2.76 (td, J = 14.4, 5.2 Hz, 1H), 2.45 – 2.36 (m, 1H), 1.87 – 

1.79 (m, 1H), 1.51 – 1.42 (m, 1H), 1.28 – 1.24 (m, 1H). 13C NMR (100 MHz, CDCl3) 

δ 198.7, 170.1, 163.2, 143.9, 139.4, 136.8, 132.6, 128.9, 128.3, 128.1, 127.9, 126.9, 

124.5, 124.2, 123.6, 121.9, 109.4, 73.5, 56.0, 43.9, 43.1, 41.0, 33.9, 32.6, 27.2. HRMS 

(ESI-TOF) calcd for C30H29NO3Na ([M+Na+]) = 474.2040, Found 474.2040.  
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 Retention Time Area % Area 

1 10.425 2374 0.11 

2 14.256 55004 2.64 

3 17.124 2005038 96.12 

4 26.911 23658 1.13 
 

(Z)-3-((2S,4S)-4-Ethyl-2-((R)-3-oxo-1,3-diphenylpropyl)cyclohexylidene)indolin-2

-one (3ac) 

yield 42.5 mg, 95%; pale yellow solid; 96% ee, 95/5 dr; [α]D
22 = + 

99.8 (c = 0.90 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 9.53 min, t2 = 10.13 min, t3 = 11.07 min, t4 = 

14.45 min; 1H NMR (400 MHz, CDCl3) δ 8.93 (s, 1H), 7.72 – 7.62 (m, 2H), 7.59 (d, J 

= 8.0 Hz, 1H), 7.55 – 7.46 (m, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.31 – 7.19 (m, 3H), 7.14 

(t, J = 7.6 Hz, 3H), 6.96 (td, J = 7.6, 0.8 Hz, 1H), 6.79 (d, J = 7.6 Hz, 1H), 5.26 (dd, J 

= 11.2, 2.8 Hz, 1H), 4.06 – 3.86 (m, 1H), 3.44 (dd, J = 16.8, 6.0 Hz, 1H), 3.40 – 3.33 

(m, 1H), 3.30 (dd, J = 17.0, 7.4 Hz, 1H), 2.72 (td, J = 14.0, 5.2 Hz, 1H), 2.15 (d, J = 



11.6 Hz, 1H), 1.98 – 1.87 (m, 1H), 1.58 – 1.49 (m, 1H), 1.32 – 1.12 (m, 2H), 1.10 – 

0.99 (m, 2H), 0.78 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 199.1, 170.8, 

167.0, 144.2, 139.6, 137.0, 132.5, 128.7, 128.5, 128.1, 128.0, 127.9, 126.6, 124.3, 

123.9, 123.5, 121.8, 109.5, 43.5, 43.0, 41.6, 36.0, 34.2, 32.7, 29.3, 28.7, 11.5. HRMS 

(ESI-TOF) calcd for C31H31NO2Na ([M+Na+]) = 472.2247, Found 472.2251.  
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 Retention Time Area % Area 

1 9.633 6025631 93.39 

2 10.150 310387 4.81 

3 14.724 115972 1.80 

 

(Z)-3-((2S,4S)-4-Isopropyl-2-((R)-3-oxo-1,3-diphenylpropyl)cyclohexylidene)indol

in-2-one (3ad) 

yield 41.3 mg, 89%; pale yellow solid; 95% ee, 98/2 dr; [α]D
19 = + 

96.8 (c = 0.69 in CH2Cl2); HPLC (Daicel chiralcel IA, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 27.17 min, t2 = 28.45 min, t3 = 37.27 min, t4 = 

43.68 min; 1H NMR (400 MHz, CDCl3) δ 8.75 (s, 1H), 7.64 (d, J = 7.6 Hz, 2H), 7.58 

(d, J = 7.6 Hz, 1H), 7.50 (d, J = 7.6 Hz, 2H), 7.33 (t, J = 7.2 Hz, 2H), 7.30 – 7.16 (m, 

2H), 7.15 – 7.08 (m, 3H), 6.95 (t, J = 7.6 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 5.25 (d, J 

= 10.4 Hz, 1H), 4.04 – 3.91 (m, 1H), 3.48 – 3.22 (m, 3H), 2.76 – 2.62 (m, 1H), 2.10 

(d, J = 11.6 Hz, 1H), 1.89 – 1.74 (m, 1H), 1.49 (d, J = 13.6 Hz, 1H), 1.32 – 1.23 (m, 

2H), 1.15 – 1.05 (m, 1H), 0.78 (d, J = 5.2 Hz, 3H), 0.70 (d, J = 5.2 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) δ 199.1, 170.6, 167.0, 144.2, 139.5, 137.1, 132.5, 128.7, 128.5, 

128.1, 128.0, 127.9, 126.6, 124.3, 123.9, 123.3, 121.8, 109.5, 43.4, 42.9, 41.6, 37.0, 



33.1, 32.4, 31.6, 28.8, 20.0, 19.6. HRMS (ESI-TOF) calcd for C32H33NO2Na 

([M+Na+]) = 486.2404, Found 486.2401. 
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 Retention Time Area % Area 

1 27.142 12604621 95.58 

2 37.515 339896 2.58 

3 43.600 243646 1.85 

 

(Z)-3-((2S,4S)-4-(Tert-butyl)-2-((R)-3-oxo-1,3-diphenylpropyl)cyclohexylidene)in

dolin-2-one (3ae) 

yield 42.4 mg, 89%; pale yellow solid; 96% ee, 95/5 dr; [α]D
22 = + 

89.6 (c = 0.89 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 12.81 min, t2 = 13.99 min, t3 = 15.23 min, t4 = 

22.78 min; 1H NMR (400 MHz, CDCl3) δ 8.85 (s, 1H), 7.68 – 7.62 (m, 2H), 7.58 (d, J 

= 7.6 Hz, 1H), 7.52 (d, J = 7.2 Hz, 2H), 7.33 (t, J = 7.6 Hz, 2H), 7.29 – 7.25 (m, 1H), 

7.23 – 7.17 (m, 1H), 7.19 – 7.18 (m, 3H), 6.95 (td, J = 7.6, 0.8 Hz, 1H), 6.80 – 6.74 

(m, 1H), 5.40 – 5.16 (m, 1H), 4.05 – 3.91 (m, 1H), 3.44 (dd, J = 16.8, 6.0 Hz, 1H), 

3.41 – 3.34 (m, 1H), 3.28 (dd, J = 17.2, 7.2 Hz, 1H), 2.70 (td, J = 13.6, 4.8 Hz, 1H), 

2.19 – 2.09 (m, 1H), 1.83 – 1.74 (m, 1H), 1.51 (dd, J = 13.6, 2.4 Hz, 1H), 1.39 – 1.26 

(m, 1H), 1.16 (td, J = 13.6, 4.8 Hz, 1H), 0.73 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 

198.1, 169.7, 166.0, 143.1, 138.6, 136.0, 131.5, 127.6, 127.1, 127.0, 126.9, 125.7, 

123.3, 122.9, 122.2, 120.8, 108.5, 42.4, 41.9, 40.6, 39.6, 31.4, 30.0, 28.2, 28.1, 26.3. 

HRMS (ESI-TOF) calcd for C33H35NO2Na ([M+Na+]) = 500.2560, Found 500.2564. 
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 Retention Time Area % Area 

1 12.806 145910 3.43 

2 13.988 3939120 92.57 

3 15.232 80435 1.89 

4 22.776 89996 2.11 

 

(Z)-3-((2S,4S)-2-((R)-3-Oxo-1,3-diphenylpropyl)-4-(tert-pentyl)cyclohexylidene)i

ndolin-2-one (3af) 

yield 44.7 mg, 91%; pale yellow solid; 96% ee, 96/4 dr; [α]D
19 = + 

87.9 (c = 0.85 in CH2Cl2); HPLC (Daicel chiralcel IA, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 21.44 min, t2 = 28.49 min, t3 = 40.28 min, t4 = 

58.44 min; 1H NMR (400 MHz, CDCl3) δ 8.85 (s, 1H), 7.67 – 7.63 (m, 2H), 7.59 (d, J 

= 7.6 Hz, 1H), 7.56 – 7.51 (m, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.31 – 7.18 (m, 2H), 7.13 

(t, J = 7.6 Hz, 3H), 6.96 (t, J = 7.6 Hz, 1H), 6.78 (d, J = 7.6 Hz, 1H), 5.40 – 5.19 (m, 

1H), 4.06 – 3.96 (m, 1H), 3.50 – 3.34 (m, 2H), 3.28 (dd, J = 16.8, 7.2 Hz, 1H), 2.71 

(td, J = 14.0, 4.8 Hz, 1H), 2.14 – 2.06 (m, 1H), 1.95 – 1.85 (m, 1H), 1.53 – 1.46 (m, 

1H), 1.41 – 1.01 (m, 4H), 0.79 (t, J = 7.2 Hz, 3H), 0.68 (s, 3H), 0.63 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 199.2, 170.7, 167.1, 144.1, 139.6, 137.0, 132.5, 128.6, 

128.1, 128.0, 127.9, 126.7, 124.2, 123.9, 123.1, 121.8, 109.5, 43.5, 43.1, 41.6, 38.3, 

34.7, 32.3, 30.7, 29.1, 28.8, 23.9, 23.8, 8.4. HRMS (ESI-TOF) calcd for 

C34H37NO2Na ([M+Na+]) = 514.2717, Found 514.2718.  
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 Retention Time Area % Area 

1 21.651 140066 1.38 

2 28.930 9558191 94.28 

3 41.088 248295 2.45 

4 59.680 191168 1.89 

 

(Z)-3-((2S,4S)-2-((R)-3-Oxo-1,3-diphenylpropyl)-4-phenylcyclohexylidene)indolin

-2-one (3ag) 

yield 46.2 mg, 93%; pale yellow solid; 95% ee, 97/3 dr; [α]D
17 = + 

62.5 (c = 0.75 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 12.44 min, t2 = 14.20 min, t3 = 18.24 min, t4 = 

20.47 min; 1H NMR (400 MHz, CDCl3) δ 8.39 (s, 1H), 7.73 – 7.65 (m, 2H), 7.64 – 

7.54 (m, 3H), 7.37 – 7.28 (m, 3H), 7.25 – 7.10 (m, 9H), 6.98 (td, J = 7.6, 0.8 Hz, 1H), 

6.77 (d, J = 7.2 Hz, 1H), 5.49 – 5.31 (m, 1H), 4.25 – 4.11 (m, 1H), 3.58 – 3.43 (m, 

2H), 3.39 – 3.23 (m, 2H), 2.92 (td, J = 14.0, 5.2 Hz, 1H), 2.30 (d, J = 11.2 Hz, 1H), 

1.82 (qd, J = 12.8, 3.8 Hz, 1H), 1.70 – 1.55 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 

199.0, 170.4, 165.1, 145.7, 144.0, 139.5, 137.0, 132.6, 128.9, 128.5, 128.4, 128.2, 

128.2, 127.9, 126.8, 126.8, 126.3, 124.4, 123.9, 123.8, 121.9, 109.5, 43.4, 43.1, 41.6, 

37.5, 34.8, 28.8. HRMS (ESI-TOF) calcd for C35H32NO2 ([M+H+]) = 498.2428, 

Found 498.2433. 
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1 12.233 64726521 94.77 

2 14.129 2008287 2.94 

3 18.188 1562861 2.29 

4 20.350 856 0.00 

 

(Z)-5-Fluoro-3-((2S,4S)-4-methyl-2-((R)-3-oxo-1,3-diphenylpropyl)cyclohexyliden

e)indolin-2-one (3ah) 

yield 29.8 mg, 66%; pale yellow solid; 89% ee, 99/1 dr; [α]D
22 = 

+ 90.3 (c = 0.61 in CH2Cl2); HPLC (Daicel chiralcel IC, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 5.17 min, t2 = 5.86 min, t3 = 6.45 min, t4 = 

7.90 min; 1H NMR (400 MHz, CDCl3) δ 8.57 (s, 1H), 7.69 – 7.63 (m, 2H), 7.53 – 

7.46 (m, 2H), 7.35 (t, J = 7.2 Hz, 2H), 7.32 – 7.26 (m, 3H), 7.25 – 7.21 (m, 1H), 7.19 

– 7.12 (m, 2H), 6.84 (td, J = 8.8, 2.4 Hz, 1H), 6.64 (dd, J = 8.4, 4.8 Hz, 1H), 5.24 (dd, 

J = 11.2, 3.6 Hz, 1H), 4.06 – 3.94 (m, 1H), 3.47 (dd, J = 16.8, 6.4 Hz, 1H), 3.17 (dd, J 

= 16.8, 6.4 Hz, 2H), 2.74 (td, J = 14.0, 4.8 Hz, 1H), 2.17 – 2.10 (m, 2H), 1.47 (dd, J = 

13.6, 2.0 Hz, 1H), 1.25 – 1.16 (m, 1H), 1.08 (td, J = 13.6, 4.8 Hz, 1H), 0.79 (d, J = 6.4 

Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 198.7, 170.6, 168.6, 159.7, 157.4, 144.2, 

136.9, 135.4, 132.6, 128.8, 128.4, 128.2, 127.9, 126.7, 124.8, 124.7, 123.5, 114.3, 

114.1, 112.1, 111.8, 109.6, 109.5, 43.7, 43.1, 41.8, 38.3, 36.4, 28.8, 26.1, 22.0. HRMS 

(ESI-TOF) calcd for C30H28FNO2Na ([M+Na+]) = 476.1996, Found 476.1996. 
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(Z)-5-Chloro-3-((2S,4S)-4-methyl-2-((R)-3-oxo-1,3-diphenylpropyl)cyclohexylide

ne)indolin-2-one (3ai) 

yield 31.1 mg, 66%; pale yellow solid; 89% ee, 98/2 dr; [α]D
22 = 

+ 112.1 (c = 0.60 in CH2Cl2); HPLC (Daicel chiralcel IC, 

n-hexane/i-PrOH = 95/5, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 7.26 min, t2 = 7.92 min, t3 = 12.02 min, t4 = 

13.19 min; 1H NMR (400 MHz, CDCl3) δ 8.57 (s, 1H), 7.69 – 7.62 (m, 2H), 7.53 – 

7.45 (m, 3H), 7.35 (t, J = 7.6 Hz, 2H), 7.31 – 7.20 (m, 2H), 7.19 – 7.12 (m, 2H), 7.09 

(dd, J = 8.2, 1.8 Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H), 5.21 (dd, J = 11.2, 3.6 Hz, 1H), 

4.04 – 3.87 (m, 1H), 3.47 (dd, J = 17.0, 6.6 Hz, 1H), 3.22 – 3.08 (m, 2H), 2.74 (td, J = 

14.0, 4.8 Hz, 1H), 2.18 – 2.06 (m, 2H), 1.46 (dd, J = 13.8, 1.8 Hz, 1H), 1.30 – 1.14 (m, 

1H), 1.07 (td, J = 13.2, 4.8 Hz, 1H), 0.79 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 198.6, 170.2, 169.0, 144.2, 137.8, 136.9, 132.6, 128.8, 128.4, 128.2, 127.9, 

127.6, 127.0, 126.7, 125.2, 124.5, 123.0, 110.1, 43.8, 43.1, 41.8, 38.3, 36.4, 29.0, 26.1, 

22.0. HRMS (ESI-TOF) calcd for C30H28
34.9689ClNO2Na ([M+Na+]) = 492.1701, 

Found 492.1695. HRMS (ESI-TOF) calcd for C30H28
36.9659ClNO2Na ([M+Na+]) = 

494.1671, Found 494.1680. 



7
.2

6
5

7
.9

2
4

1
2

.0
2

4

1
3

.1
8

5

A
U

0.000

0.010

0.020

0.030

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00

 

7
.2

4
1

7
.9

9
7

1
2

.0
3

3A
U

0.00

0.10

0.20

0.30

0.40

0.50

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

 

 Retention Time Area % Area 

1 7.241 10659988 92.36 

2 7.997 262679 2.28 

3 12.033 619189 5.36 

 

(Z)-5-Bromo-3-((2S,4S)-4-methyl-2-((R)-3-oxo-1,3-diphenylpropyl)cyclohexyliden

e)indolin-2-one (3aj) 

yield 34.9 mg, 68%; pale yellow solid; 91% ee, 98/2 dr; [α]D
19 = 

+ 109.8 (c = 0.62 in CH2Cl2); HPLC (Daicel chiralcel IA, 

n-hexane/i-PrOH = 90/10, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 11.18 min, t2 = 11.52 min, t3 = 35.38 min, t4 = 

48.11 min; 1H NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 7.70 – 7.59 (m, 3H), 7.53 – 

7.45 (m, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.31 – 7.27 (m, 1H), 7.26 – 7.20 (m, 2H), 7.16 

(t, J = 7.6 Hz, 2H), 6.60 (d, J = 8.4 Hz, 1H), 5.21 (dd, J = 11.2, 3.2 Hz, 1H), 4.04 – 

3.92 (m, 1H), 3.48 (dd, J = 16.8, 6.4 Hz, 1H), 3.21 – 3.02 (m, 2H), 2.75 (td, J = 14.0, 

4.8 Hz, 1H), 2.18 – 2.05 (m, 2H), 1.47 (dd, J = 13.2, 2.0 Hz, 1H), 1.28 – 1.16 (m, 1H), 

1.07 (td, J = 13.6, 4.8 Hz, 1H), 0.79 (d, J = 6.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 198.6, 170.1, 169.0, 144.2, 138.2, 136.9, 132.6, 130.5, 128.8, 128.4, 128.2, 127.9, 

127.2, 126.7, 125.6, 122.9, 114.4, 110.7, 43.8, 43.1, 41.8, 38.3, 36.4, 29.1, 26.0, 22.0. 

HRMS (ESI-TOF) calcd for C30H28
78.9183BrNO2Na ([M+Na+]) = 536.1196, Found 

536.1196. HRMS (ESI-TOF) calcd for C30H28
80.9163BrNO2Na ([M+Na+]) = 538.1175, 

Found 538.1177. 
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 Retention Time Area % Area 

1 11.180 320130 4.27 

2 11.520 27765 0.37 

3 35.376 7063257 94.18 

4 48.106 88681 1.18 

 

(Z)-6-Chloro-3-((2S,4S)-4-methyl-2-((R)-3-oxo-1,3-diphenylpropyl)cyclohexylide

ne)indolin-2-one (3ak) 

yield 38.5 mg, 82%; pale yellow solid; 92% ee, 91/9 dr; [α]D
22 = 

+ 92.3 (c = 0.74 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 7.85 min, t2 = 9.00 min, t3 = 10.23 min, t4 = 

13.21 min; 1H NMR (400 MHz, CDCl3) δ 8.87 (s, 1H), 7.67 – 7.61 (m, 2H), 7.52 – 

7.43 (m, 3H), 7.39 – 7.34 (m, 2H), 7.33 – 7.28 (m, 1H), 7.26 – 7.21 (m, 1H), 7.19 – 

7.13 (m, 2H), 6.92 (dd, J = 8.4, 2.0 Hz, 1H), 6.74 (d, J = 2.0 Hz, 1H), 5.21 (dd, J = 

11.2, 3.6 Hz, 1H), 4.05 – 3.93 (m, 1H), 3.47 (dd, J = 16.8, 6.4 Hz, 1H), 3.24 – 3.11 (m, 

2H), 2.74 (td, J = 14.0, 4.8 Hz, 1H), 2.17 – 2.05 (m, 2H), 1.48 (dd, J = 13.6, 2.0 Hz, 

1H), 1.28 – 1.15 (m, 1H), 1.08 (td, J = 13.6, 4.8 Hz, 1H), 0.79 (d, J = 6.4 Hz, 1H). 13C 

NMR (101 MHz, CDCl3) δ 198.7, 170.6, 167.7, 144.2, 140.4, 136.9, 133.4, 132.6, 

128.8, 128.3, 128.2, 127.9, 126.7, 125.1, 122.8, 122.3, 121.7, 109.9, 43.8, 43.1, 41.8, 

38.3, 36.3, 29.1, 26.1, 22.0. HRMS (ESI-TOF) calcd for C30H28
34.9689ClNO2Na 

([M+Na+]) = 492.1701, Found 492.1695. HRMS (ESI-TOF) calcd for 



C30H28
36.9659ClNO2Na ([M+Na+]) = 494.1671, Found 494.1675. 
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3 10.226 75962 0.78 

4 13.211 367035 3.77 

 

(Z)-6-Bromo-3-((2S,4S)-4-methyl-2-((R)-3-oxo-1,3-diphenylpropyl)cyclohexyliden

e)indolin-2-one (3al) 

yield 38.7 mg, 75%; pale yellow solid; 94% ee, 90/10 dr; [α]D
22 

= + 88.2 (c = 0.78 in CH2Cl2); HPLC (Daicel chiralcel IE, 

n-hexane/i-PrOH = 80/20, low rate 1.0 mL/min, λ = 254 nm) 

retention time: t1 = 8.42 min, t2 = 9.65 min, t3 = 11.22 min, t4 = 

14.80 min; 1H NMR (400 MHz, CDCl3) δ 8.96 (s, 1H), 7.71 – 7.60 (m, 2H), 7.54 – 

7.45 (m, 2H), 7.41 – 7.35 (m, 3H), 7.34 – 7.29 (m, 1H), 7.28 – 7.20 (m, 1H), 7.19 – 

7.12 (m, 2H), 7.08 (dd, J = 8.4, 2.0 Hz, 1H), 6.90 (d, J = 2.0 Hz, 1H), 5.21 (dd, J = 

11.2, 3.6 Hz, 1H), 4.05 – 3.87 (m, 1H), 3.47 (dd, J = 16.8, 6.4 Hz, 1H), 3.25 – 3.11 (m, 

2H), 2.73 (td, J = 14.0, 5.2 Hz, 1H), 2.18 – 2.04 (m, 2H), 1.48 (dd, J = 14.0, 2.0 Hz, 

1H), 1.27 – 1.16 (m, 1H), 1.09 (td, J = 13.8, 4.8 Hz, 1H), 0.79 (d, J = 6.4 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 198.7, 170.5, 168.1, 144.2, 140.6, 136.9, 132.6, 128.8, 

128.3, 128.2, 127.9, 126.8, 125.4, 124.6, 122.9, 122.8, 121.3, 112.8, 43.8, 43.1, 41.8, 

38.2, 36.3, 29.1, 26.1, 22.0. HRMS (ESI-TOF) calcd for C30H28
78.9183BrNO2Na 

([M+Na+]) = 536.1196, Found 536.1199. HRMS (ESI-TOF) calcd for 

C30H28
80.9163BrNO2Na ([M+Na+]) = 538.1175, Found 538.1183. 



A
U

0.00

0.20

0.40

0.60

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00

8.
3
1

9

9
.6

4
8

1
1
.0

8
5

1
4
.5

0
9

 

A
U

0.00

0.05

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00

8
.4

2
4

9
.6

4
8

1
1
.2

1
7

1
4
.7

9
7

 

 Retention Time Area % Area 
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 (I) The X-ray data for 3da 

The cycloadduct 3da was recrystallized from EtOAc and Pet. CCDC-1536145 contain 

the supplementary crystallographic data for this paper. These data can be obtained free 

of charge from the Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk./data_request/cif. 

(J) HRMS analysis 
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[L-PiPh+Sc3++OTf-]2+cal. m/z: 337.0902 (100.0%), 337.5919 (30.3%) 

[L-PiPh+Sc3++2a-H+]2+ 

cal. m/z: 375.6758 (100.0%), 376.1775 (45.4%) 

L-PiPh+Sc(OTf)3+1a+2a (1:1:1:1) 

L-PiPh+Sc(OTf)3+2a+DABCO (1:1:1:1) 

[DABCO+H+]+ cal. m/z: 113.1073 

[L-PiPh+Sc3++2a-H+]2+ 
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(M) Copies of CD spectra 
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