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Part I Experimental Section

1.1 General information

1H NMR and 13C NMR were recorded on a Bruker-400MHz Spectrometer (1H NMR: 400MHz, 
13C NMR: 100MHz) using TMS as internal reference. The chemical shifts (δ) and coupling 

constants (J) were expressed in ppm and Hz, respectively. HPLC analysis was carried out on 

an Agilent 1100 series HPLC with a multiple wavelength detector. Chiralpak AD-H columns 

were purchased from Daicel Chemical Industries, LTD. Optical rotations were measured on a 

PerKinElmerTM Polarimeter (Model 343). HRMS (ESI) were recorded on a WatersTM Q-TOF 

Premier. IR spectra were recorded on Thermo Scientific Nicolet iS10. Commercially available 

compounds were used without further purification. Solvents were purified according to the 

standard procedures unless otherwise noted. Ligands1, various silyl enol ethers 2, N-methyl 

isatin3, N-benzyl isatin4, were prepared according to literature procedures.

1.2General procedures of the Mukaiyama aldol reactions (3ab as an 

example)

A mixture of Ligand (L4, 5.6 mg, 0.01 mmol), CuBr2 (2.2 mg, 0.01 mmol), AgSbF6 (6.86 mg, 

0.02 mmol), N-Ethylmorpholine (1.27 μL, 0.01 mmol) in i-PrOH (1.0 mL) was stirred for 1.5h 

at ambient atmosphere. Then centrifugal to remove the precipitate, and isatin 1a (14.7 mg, 0.1 

mmol) and water (20 uL, 1 mmol) were added to the supernatant. And the resulting mixture 

was cooled to -10 °C. After 30 min, the silicon enolates 2b (100 uL, 0.45mmol) was added 

slowly and carried out at -10 °C. After reactions were finished (monitored by TLC), and 

extracted with ethyl acetate (3 × 3 mL). The organic phase was dried with Na2SO4 and 

evaporated in vacuum. Purification by flash column chromatograph (petroleum ether / ethyl 

acetate = 2:1) afforded 3ab as a white solid: 91% yield, 26.6mg, 97% ee, >20:1 dr.

1.3 Procedure for Asymmetric Mukaiyama aldol reaction on a gram 
scale

A mixture of Ligand (L4, 112 mg, 0.2 mmol), CuBr2 (44 mg, 0.2 mmol), AgSbF6 (137.2 mg, 

0.4 mmol), N-Ethylmorpholine (27.8 μL, 0.2 mmol) in i-PrOH (20 mL) was stirred for 1.5 h 

at ambient atmosphere. Then centrifugal to remove the precipitate, and isatin 1c (1.8 g, 10 

mmol) and water (2 mL, 0.1 mol) were added to the supernatant. And the resulting mixture 

was cooled to -10 °C. After 30 min, the silicon enolates 2b (10 mL, 45mmol) was added slowly 
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and carried out at -10 °C. After reactions were finished (monitored by TLC), and extracted 

with ethyl acetate (3 × 50 mL). The organic phase was dried with Na2SO4 and evaporated in 

vacuum. Purification by flash column chromatograph (petroleum ether / ethyl acetate = 2:1) 

afforded 3cb as a white solid: 91% yield, 2.9g, 99% ee, 11:1 dr.

1.4 Optimization of the reaction conditions for the model reactiona

   (a) Effect of solvent:a

O
Si

+

H
N

O

O
L1 / Cu(OTf)2/ Et3N = 1:1:1 (10 mol%)

Solvent (1mL) RT

2a 1a 3aa

N
H

OH

O

O
H

entry solvent yieldb (%) eec (%) drd

1 MeOH 81 69 2:1

2 EtOH 74 73 3:1

3 i-PrOH 80 81 3:1

4 CF3CH2OH 38 11 1:1

5 MTBE 45 25 2:1

6 THF 57 73 2:1

aUnless otherwise noted, the reaction of 1a (0.1 mmol) and 2a (0.45 mmol) was performed in 
the presence of L1 (10 mol %), Et3N (10 mol %), and Cu(OTf)2 (10 mol %) in solvent (1.0 
mL) at   RT. bIsolated yield. c Determined by chiral HPLC analysis. d Determined by crude 
1H NMR.

(b) Effect of bsae:a

O
Si

+

H
N

O

O
L1 / Cu(OTf)2/ base = 1:1:1 (10 mol%)

i-PrOH (1mL) RT

2a 1a 3aa

N
H

OH

O

O
H

entry base yieldb (%) eec (%) drd

1 Et3N 81 81 3:1
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2 DBU 61 81 3:1

3 N-Ethylmorpholine 80 83 3:1

4 Piperidine 82 77 3:1

5 DABCO 79 82 3:1

6 DIPEA 80 59 3:1

7 Li2CO3 63 73 3:1

8 Cs2CO3 78 71 3:1

9 t-BuOK 70 79 3:1

aUnless otherwise noted, the reaction of 1a (0.1 mmol) and 2a (0.45 mmol) was performed in the 
presence of L1 (10 mol %), base (10 mol %), and Cu(OTf)2 (10 mol %) in i-PrOH (1.0 mL) at 
RT. bIsolated yield. c Determined by chiral HPLC analysis. d Determined by crude 1 H NMR.

(b) Effect of copper salts:a

O
Si

+

H
N

O

O

L1 / copper salt / N-Ethylmorpholine
= 1:1:1 (10 mol%)

i-PrOH (1mL) RT

2a 1a 3aa

N
H

OH

O

O
H

entry copper salt yieldb (%) eec (%) drd

1 Cu(OTf)2 80 83 3:1

2 Cu(OAc)2·H2O 44 55 2:1

3 CuCl2·2H2O 72 79 3:1

4 CuBr2 70 67 3:1

5 CuClO4·6H2O 61 81 3:1

6 Cu(SbF6)2 83 83 5:1

aThe reaction of 1a (0.1 mmol) and 2a (0.45 mmol) was performed in the presence of L1 (10 mol 
%), N-Ethylmorpholine (10 mol %), and copper salt (10 mol %) in i-PrOH (1.0 mL) at RT. 
bIsolated yield. c Determined by chiral HPLC analysis. d Determined by crude 1 H NMR.
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1.5 Experimental data of 3-substituted 3-hydroxy-2-oxindole

(R)-3-hydroxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3ab)

The title compound was prepared according to the general working 

procedure and purified by flash column chromatography (petroleum ether 

/ ethyl acetate = 2:1) to give the product as a white solid: 91% yield, 26.6 

mg; mp = 176-178 °C; [α]D
20 +101.4 (c = 0.49, CHCl3, 97% ee); HPLC: 

Daicel Chiralpak AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 

mL/min, T = 23°C, UV = 240 nm, tR = 7.9 min (minor), tR = 20.4 min 

(major); 1H NMR (400 MHz, CD3OD): δ 7.91-7.89 (dd, J1 = 9.1 Hz, J2 = 

1.2 Hz, 1H), 7.47-7.43 (td, J1 = 7.5 Hz, J2 = 1.4 Hz, 1H), 7.28-7.18 (m, 4H), 6.91-6.85 (m, 2H), 

3.33-3.28 (m, 1H), 3.04-2.95 (m, 1H), 2.86-2.80 (dt, J1 = 16.7 Hz, J2 = 3.8 Hz, 1H), 2.21-2.15 (m, 

1H), 1.75-1.64 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 201.8, 177.3,144.4, 141.1, 134.6, 132.2, 

129.85, 129.83, 128.8, 127.5, 127.0, 124.9, 123.2, 110.7, 79.3, 51.9, 28.5, 24.6; IR (film, ν/cm-1 

):3281, 2452, 1708, 1670, 1612, 1597, 1479, 1468, 1458, 1353, 1336, 1317, 1228, 1205, 1153, 1090, 

1069, 767, 745; HRMS (ESI) m/z calcd for C18H15NO3 [M+H]＋ 294.1130, found 294.1134.

(R)-5-fluoro-3-hydroxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3bb)

The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a white solid: 90% yield, 28.0 
mg; mp = 205-207 °C; [α]D

20 +15.2 (c = 0.33, CHCl3, 91% ee); HPLC: 
Daicel Chiralpak AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 
mL/min, T = 23°C, UV = 230 nm, tR = 7.8 min (minor), tR = 20.1 min 
(major); 1H NMR (400 MHz, CD3OD): δ 7.92-7.90 (d, J = 7.4 Hz, 1H), 
7.52-7.48 (td, J1 = 7.4 Hz, J2 = 1.2 Hz, 1H), 7.31-7.24 (m, 2H), 7.07-7.05 

(dd, J1 = 8.2Hz, J2 = 2.5 Hz, 1H), 6.99-6.94 (m, 1H), 6.88-6.84 (m, 1H), 3.39-3.35 (m, 1H), 3.09-
3.03 (m, 1H), 2.96-2.90 (m, 1H), 2.32-2.26 (m, 1H), 1.89-1.79 (m, 1H); 13C NMR (100 MHz, 
CDCl3): δ 201.6, 177.1, 159.2 (1JCF=240.4 Hz), 144.3, 136.9 (4JCF= 1.9 Hz), 134.8, 132.0, 131.3 
(3JCF= 7.6 Hz), 128.8, 127.7, 127.1, 116.2 (2JCF=23.4 Hz), 113.1 (2JCF=25.0 Hz), 111.4 (3JCF= 7.8 
Hz), 79.5, 51.9, 28.5, 24.5; IR (film, ν/cm-1 ):3236, 2921, 2850, 2361, 1716, 1627, 1597, 1478, 1456, 
1304, 1262, 1104, 778, 750; HRMS (ESI) m/z calcd for C18H14FNO3 [M+H]＋ 312.1036, found 
312.1036.‘

(R)-5-chloro-3-hydroxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3cb)

The title compound was prepared according to the general working procedure and purified by flash 
column chromatography (petroleum ether / ethyl acetate = 2:1) to give the product as a white solid: 
95% yield, 31.1 mg; mp = 198-201 °C; [α]D

20 +101.2 (c = 0.39, CHCl3, 99% ee); HPLC: Daicel 
Chiralpak AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 mL/min, T = 23°C, UV = 240 nm, tR 

N
H

OH

O

O
H

N
H

OH

O

O
HF
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= 8.1 min (minor), tR = 20.6 min (major); 1H NMR (400 MHz, DMSO-
d6): δ 10.39 (s, 1H), 7.70-7.68 (m, 1H), 7.55-7.50 (m, 1H), 7.34-7.29 (m, 
3H), 7.24-7.22 (m, 1H), 6.84-6.82 (m, 1H), 6.18 (s, 1H), 3.64-3.60 (dd, J1 
= 13.6 Hz, J2 = 4.0 Hz, 1H), 3.12-2.99 (m, 2H), 2.62-2.58 (m, 1H), 2.32-
2.20 (m, 1H); 13C NMR (100 MHz, DMSO-d6): δ 197.8, 178.1, 144.9, 
142.1, 136.2, 134.0, 132.7, 129.3, 126.9, 126.6, 125.6, 123.8, 111.1, 74.3, 
54.7, 24.2, 21.2; IR (film, ν/cm-1 ):3347, 2941, 2360, 1735, 1716, 1667, 
1620, 1597, 1482, 1367, 1315, 1149, 884, 831, 813, 795, 750; HRMS 

(ESI) m/z calcd for C18H14ClNO3 [M+H]＋ 328.0740, found 328.0737.

(R)-5-bromo-3-hydroxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3db)

 The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a white solid: 89% yield, 33.1 
mg; mp = 188-190 °C; [α]D

20 +22.3 (c = 0.30, CHCl3, 97% ee); HPLC: 
Daicel Chiralpak AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 
mL/min, T = 23°C, UV = 254 nm, tR = 18.4 min (minor), tR = 22.4 min 
(major); 1H NMR (400 MHz, DMSO-d6): δ 10.39 (s, 1H), 7.69-7.67 (dd, 
J1 = 7.8 Hz, J2 = 1.1 Hz, 1H), 7.55-7.51 (td, J1 = 7.4 Hz, J2 = 1.4 Hz, 1H), 

7.42-7.41 (d, J = 2.0 Hz, 1H), 7.37-7.27 (m, 3H), 6.79-6.77 (d, J = 8.2 Hz, 1H), 6.16 (s, 1H), 3.64-
3.60 (dd, J1 = 13.6 Hz, J2 = 4.0 Hz, 1H), 3.12-2.98 (m, 2H), 2.61-2.57 (m, 1H), 2.30-2.19 (m, 1H); 
13C NMR (100 MHz, CDCl3): δ 201.5, 176.3, 144.2, 139.9, 134.8, 132.7, 132.0, 131/.9, 128.8, 
128.3, 127.6, 127.1, 116.0, 112.0, 79.0, 51.9, 28.6, 24.5; IR (film, ν/cm-1 ): 3339, 2918, 2849, 2476, 
1716, 1667, 1615, 1598, 1365, 1314, 1228, 1171, 1147, 1113, 883, 827; HRMS (ESI) m/z calcd for 
C18H14BrNO3 [M+H]＋ 372.0235, found 372.0234.

(R)-3-hydroxy-5-methyl-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3eb)

The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a white solid: 91% yield, 27.9 
mg; mp = 175-177 °C; [α]D

20 +168.6 (c = 0.7, CHCl3, 98% ee); HPLC: 
Daicel Chiralpak AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 
mL/min, T = 23°C, UV = 254 nm, tR = 7.9 min (minor), tR = 15.1 min 
(major); 1H NMR (400 MHz, CD3OD): δ 7.96-7.93 (dd, J1 = 7.9 Hz, J2 = 
1.1 Hz, 1H), 7.52-7.47 (td, J1 = 7.5 Hz, J2 = 1.4 Hz, 1H), 7.33-7.29 (t, J 

= 7.5 Hz, 1H), 7.25-7.23 (d, J = 7.6 Hz, 1H), 7.07-7.02 (m, 2H), 6.78-6.76 (d, J = 7.8 Hz, 1H), 3.34-
3.30 (m, 1H), 3.07-2.99 (m, 1H), 2.89-2.82 (dt, J1 = 16.8 Hz, J2 = 3.8 Hz, 1H), 2.22-2.17 (m, 4H), 
1.77-1.67 (m, 1H); 13C NMR (100 MHz, CD3OD): δ 199.6, 178.3, 144.4, 139.6, 133.8, 132.6, 131.9, 
130.9, 129.4, 128.5, 126.5, 126.3, 124.8, 109.6, 77.3, 53.0, 28.3, 24.3, 19.7; IR (film, ν/cm-1 ): 3339, 
2918, 2849, 2476, 1716, 1667, 1615, 1598, 1365, 1314, 1228, 1171, 1147, 1113, 883, 827; HRMS 
(ESI) m/z calcd for C19H18NO3 [M+H]＋ 308.1287, found 308.1287.

N
H

OH

O

O
H

N
H

OH

O

O
HCl

N
H

OH

O

O
HBr
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(R)-3-hydroxy-5-methoxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3fb)

 The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a yellow oil: 88% yield, 28.4 
mg; [α]D

20 +17.0 (c = 0.24, CHCl3, 92% ee); HPLC: Daicel Chiralpak 
AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 mL/min, T = 23°C, 
UV = 240 nm, tR = 10.3 min (minor), tR = 20.2 min (major); 1H NMR 
(400 MHz, DMSO-d6): δ 10.09 (s, 1H), 7.72-7.70 (m, 1H), 7.54-7.50 (td, 
J1 = 7.3 Hz, J2 = 1.3 Hz, 1H), 7.32-7.28 (m, 2H), 6.87-6.86 (m, 1H), 6.75-

6.70 (m, 2H), 6.0 (s, 1H), 3.63 (s, 3H), 3.50-3.45 (dd, J1 = 13.3 Hz, J2 = 4.1 Hz,1H), 3.09-2.92 (m, 
2H), 2.54-2.51 (m, 1H), 2.21-2.10 (m, 1H); 13C NMR (100 MHz, CD3OD): δ 199.5, 178.2, 156.0, 
144.4, 135.2, 133.8, 132.6, 131.9, 128.5, 126.5, 126.4, 113.9, 111.2, 110.3, 77.6, 54.7, 53.0, 28.2, 
24.3; IR (film, ν/cm-1 ): 3262, 2918, 2849, 2361, 1718, 1676, 1598, 1353, 1301, 1261, 1204, 1155, 
871, 806; HRMS (ESI) m/z calcd for C19H17NO4 [M+H]＋ 324.1236, found 324.1234.

(R)-3-hydroxy-5-nitro-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3gb)

 The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a yellow oil: 75% yield, 25.3 
mg; [α]D

20 +98.8 (c = 0.47, CHCl3, 99% ee); HPLC: Daicel Chiralpak 
AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 mL/min, T = 23°C, 
UV = 240 nm, tR = 9.8 min (minor), tR = 30.4 min (major); 1H NMR (400 
MHz, CD3OD): δ 8.15-8.09 (m, 2H), 7.73-7.71 (d, J = 7.8 Hz, 1H), 7.42-
7.38 (td, J1 = 7.6 Hz, J2 = 1.2 Hz, 1H), 7.21-7.15 (m, 2H), 6.97-6.95 (d, 

J = 8.0 Hz, 1H), 3.49-3.43 (dd, J1 = 13.7 Hz, J2 = 4.0 Hz, 1H), 3.09-3.01 (m, 1H), 2.96-2.90 (dt, J1 
= 16.0 Hz, J2 = 3.8 Hz, 1H), 2.49-2.43 (m, 1H), 2.10-2.03 (m, 1H); 13C NMR (100 MHz, CD3OD): 
δ 198.3, 178.9, 148.8, 144.4, 143.1, 133.6, 133.5, 132.3, 129.4, 128.5, 126.4, 126.2, 125.9, 119.1, 
109.4, 74.9, 54.5, 28.9, 24.0; IR (film, ν/cm-1 ): 3263, 2917, 2849, 2458, 1712, 1676, 1617, 1595, 
1330, 1360, 1217, 1063, 975, 871, 799, 753; HRMS (ESI) m/z calcd for C18H14N2O5 [M+Na]＋

361.0800, found 361.0793.

(R)-6-fluoro-3-hydroxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3hb)

 The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a white solid: 85% yield, 26.4 
mg, mp = 229-231 °C; [α]D

20 +162.9 (c = 0.41, CHCl3, 98% ee); HPLC: 
Daicel Chiralpak AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 
mL/min, T = 23°C, UV = 240 nm, tR = 8.3 min (minor), tR = 24.6 min 
(major); 1H NMR (400 MHz, CD3OD): δ 7.93-7.91 (d, J = 7.8 Hz, 1H), 
7.53-7.49 (m, 1H), 7.33-7.27 (m, 3H), 6.71-6.66 (m, 2H), 3.41-3.36 (dd, 

J1 = 13.4 Hz, J2 = 4.1 Hz, 1H), 3.09-3.04 (m, 1H), 2.97-2.91 (dt, J1 = 16.7 Hz, J2 = 3.7 Hz, 1H), 
2.33-2.27 (m, 1H), 1.91-1.80 (m, 1H), 2.15-2.03 (m, 1H); 13C NMR (100 MHz, CD3OD): δ 199.1, 
178.7, 163.6 (1J=243.2 Hz), 144.3, 144.0 (3J=12.1 Hz), 133.7, 132.5, 128.5, 127.0 (4J= 3.1 Hz), 

N
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126.5, 126.3, 125.4 (3J= 9.9 Hz), 107.9 (2J= 22.2 Hz), 98.1 (2J=27.3 Hz), 76.2, 53.5, 28.5, 24.3; IR 
(film, ν/cm-1 ): 3263, 2917, 2849, 2458, 1712, 1676, 1617, 1595, 1330, 1360, 1217, 1063, 975, 871, 
799, 753; HRMS (ESI) m/z calcd for C18H14FNO3 [M+Na]＋ 334.0855, found 334.0854.

(R)-6-chloro-3-hydroxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3ib)

 The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a yellow oil: 87% yield, 
28.8mg; [α]D

20 +123.9 (c = 0.72, CHCl3, 93% ee); HPLC: Daicel 
Chiralpak AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 mL/min, T 
= 23°C, UV = 240 nm, tR = 8.7 min (minor), tR = 34.1 min (major); 1H 
NMR (400 MHz, CD3OD): δ 7.89-7.86 (dd, J1 = 7.8 Hz, J2 = 1.0 Hz, 1H), 
7.51-7.47 (td, J1 = 7.4 Hz, J2 = 1.4 Hz, 1H), 7.30-7.22 (m, 3H), 6.94-6.91 

(m, 2H), 3.39-3.35 (dd, J1 = 13.5 Hz, J2 = 4.2 Hz, 1H), 3.11-3.02 (m, 1H), 2.96-2.90 (dt, J1 = 16.6 
Hz, J2 = 3.8 Hz, 1H), 2.35-2.28 (m, 1H), 1.93-1.82 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 201.6, 
176.7, 144.3, 142.1, 135.5, 134.7, 132.1, 128.8, 128.2, 127.5, 127.0, 126.1, 123.2, 111.1, 78.7, 51.9, 
28.5, 24.6; IR (film, ν/cm-1 ): 3262, 2921, 2850, 2361, 1721, 1610, 1597, 1482, 1454, 1360, 1317, 
1183, 1156, 892, 855; HRMS (ESI) m/z calcd for C18H14ClNO3 [M+H]＋ 328.0740, found 
328.0738.

(R)-6-bromo-3-hydroxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3jb)

 The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a white solid: 89% yield, 
33.1mg, mp = 202-205 °C; [α]D

20 +98.8 (c = 0.52, CHCl3, 93% ee); 
HPLC: Daicel Chiralpak AD-H, hexane: 2-propanol = 70:30, flow rate = 
1.0 mL/min, T = 23°C, UV = 254 nm, tR = 9.2 min (minor), tR = 37.2 min 
(major); 1H NMR (400 MHz, CD3OD): δ 7.88-7.86 (m, 1H), 7.50-7.46 
(td, J1 = 7.4 Hz, J2 = 1.3 Hz, 1H), 7.29-7.24 (m, 2H), 7.18-7.16 (m, 1H), 

7.09-7.05 (m, 2H), 3.39-3.35 (dd, J1 = 13.5 Hz, J2 = 4.2 Hz, 1H), 3.10-302 (m, 1H), 2.96-2.90 (dt, 
J1 = 16.5 Hz, J2 = 3.8 Hz, 1H), 2.35-2.29 (m, 1H), 1.94-1.83 (m, 1H); 13C NMR (100 MHz, CDCl3): 
δ 201.6, 176.7, 144.3, 142.2, 134.7, 132.1, 128.8, 128.7, 127.5, 127.0, 126.4, 126.2, 123.4, 114.0, 
78.8, 51.8, 28.8, 24.8; IR (film, ν/cm-1 ): 3308, 2919, 2870, 2848, 2460, 1706, 1673, 1602, 1478, 
1454, 1323, 1304, 1153, 1114, 867, 805; HRMS (ESI) m/z calcd for C18H14BrNO3 [M+H]＋ 
372.0235, found 372.0236.

(R)-3-hydroxy-6-methoxy-3-((R)-1-oxo-1,2,3,4-

tetrahydronaphthalen-2-yl)indolin-2-one (3kb)

The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a white solid: 84% yield, 
27.1mg, mp = 182-184 °C; [α]D

20 +110.3 (c = 0.95, CHCl3, 95% ee); 
HPLC: Daicel Chiralpak AD-H, hexane: 2-propanol = 70:30, flow rate = 
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1.0 mL/min, T = 23°C, UV = 230 nm, tR = 11.5 min (minor), tR = 41.6 min (major); 1H NMR (400 
MHz, CD3OD): δ 7.95-7.93 (d, J = 7.8 Hz, 1H), 7.50-7.46 (m, 1H), 7.31-7.27 (t, J = 7.4 Hz, 1H), 
7.23-7.22 (d, J = 7.5 Hz, 1H), 7.15-7.13 (d, J = 8.2 Hz, 1H), 6.48-6.43 (m, 2H), 3.73 (s, 3H), 3.29-
3.26 (m, 1H), 3.06-2.97 (m, 1H), 2.86-2.82 (m, 1H) 2.16-2.10 (m, 1H), 1.70-1.61 (m, 1H); 13C NMR 
(100 MHz, CDCl3): δ 201.8, 177.6, 161.1, 144.4, 142.3, 134.5, 132.2, 128.8, 127.4, 126.9, 125.9, 
121.6, 107.8, 97.7, 78.9, 55.4, 52.1, 28.5, 24.6; IR (film, ν/cm-1 ): 3292, 2917, 2849, 2476, 1723, 
1675, 1618, 1597, 1353, 1305, 1261, 1215, 1174, 1155, 1108, 890, 860, 837, 813; HRMS (ESI) m/z 
calcd for C19H17NO4 [M+Na]＋ 346.1055, found 346.1053.

(R)-4-bromo-3-hydroxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3lb)

 The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a yellow oil: 83% yield, 30.8 
mg; [α]D

20 +96.4 (c = 0.42, CHCl3, 98% ee); HPLC: Daicel Chiralpak 
AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 mL/min, T = 23°C, 
UV = 240 nm, tR = 8.3 min (minor), tR = 60.6 min (major); 1H NMR (400 
MHz, CD3OD): δ 7.73-7.71 (d, J = 7.8 Hz, 1H), 7.50-7.47 (t, J = 7.4 Hz, 
1H), 7.32-7.31 (d, J = 7.6 Hz, 1H), 7.26-7.22 (t, J = 7.5 Hz, 1H), 7.15-

7.07 (m, 2H), 6.90-6.88 (d, J = 7.4 Hz, 1H), 4.23-4.18 (dd, J1 = 16.6 Hz, J2 = 3.8 Hz, 1H), 3.14-3.04 
(m, 2H), 2.82-2.78 (m, 1H), 2.61-2.50 (m, 1H); 13C NMR (100 MHz, CD3OD): δ 198.0, 178.7, 
144.8, 144.4, 133.4, 132.4, 130.8, 130.3, 128.5, 126.3, 126.1, 126.0, 117.7, 108.9, 75.8, 53.0, 29.5, 
23.3; IR (film, ν/cm-1 ): 2917, 2849, 1731, 1612, 1582, 1445, 1301, 1259, 1208, 1140, 1073, 872, 
751,695; HRMS (ESI) m/z calcd for C18H14BrNO3 [M+Na]＋ 394.0055, found 394.0054.

(R)-4-chloro-3-hydroxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-

2-yl)indolin-2-one (3mb)

The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a white solid: 89% yield, 29.1 
mg, mp = 183-185 °C; [α]D

20 +221.1 (c = 0.86, CHCl3, 91% ee); HPLC: 
Daicel Chiralpak AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 
mL/min, T = 23°C, UV = 254 nm, tR = 8.5 min (minor), tR = 57.6 min 
(major); 1H NMR (400 MHz, CD3OD): δ 7.68-7.63 (d, J = 7.8 Hz, 1H), 

7.41-7.38 (t, J = 7.2 Hz, 1H), 7.23-7.21 (d, J = 7.6 Hz, 1H), 7.17-7.09 (m, 2H), 6.82-6.80 (d, J = 8.1 
Hz, 1H), 6.76-6.74 (d, J = 7.7 Hz, 1H), 3.99-3.95 (dd, J1 = 13.7 Hz, J2 = 4.1 Hz, 1H), 3.02-2.99 (m, 
2H), 2.71-2.64 (m, 1H), 2.48-2.36 (m, 1H); 13C NMR (100 MHz, CD3OD): δ 198.2, 178.5, 144.5, 
144.4, 133.4, 132.4, 130.1, 129.7, 129.1, 128.5, 126.3, 126.1, 122.9, 108.4, 75.5, 52.9, 29.4, 23.4; 
IR (film, ν/cm-1 ): 3350, 3205, 2923, 2851, 1979, 1697, 1619, 1593, 1534, 1364, 1317, 1226, 1178, 
1123, 935, 907, 889, 822; HRMS (ESI) m/z calcd for C18H14ClNO3 [M+H]＋ 328.0740, found 
328.0740.

(R)-3-hydroxy-1-methyl-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3nb)

The title compound was prepared according to the general working procedure and purified by flash 
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column chromatography (petroleum ether / ethyl acetate = 2:1) to give 
the product as a yellow oil: 85% yield, 26.1 mg; [α]D

20 +108.1 (c = 0.55, 
CHCl3, 98% ee); HPLC: Daicel Chiralpak AD-H, hexane: 2-propanol = 
70:30, flow rate = 1.0 mL/min, T = 23°C, UV = 240 nm, tR = 6.4 min 
(minor), tR = 7.8 min (major); 1H NMR (400 MHz, CD3OD): δ 7.96-7.94 
(dd, J1 = 7.8 Hz, J2 = 1.0 Hz, 1H),7.58-7.54 (m, 1H), 7.40-7.34 (m, 1H), 
7.40-7.34 (m, 4H), 7.08-7.06 (m, 2H), 3.51-3.46 (m, 1H), 3.29 (s, 3H), 
3.19-3.12 (m, 1H), 3.02-2.96 (m, 1H), 2.37-2.31 (m, 1H), 1.97-1.86 (m, 
1H); 13C NMR (100 MHz, CDCl3): δ 201.9, 176.6, 144.3, 143.8, 134.5, 

132.2, 129.7, 129.4, 128.7, 127.4, 126.9, 124.6, 123.3, 108.4, 78.7, 51.9, 28.5, 26.2, 24.6; IR (film, 
ν/cm-1 ): 3403, 3056, 2920, 2849, 2519, 2360, 2068, 1708, 1681, 1610, 1597, 1428, 1376, 1353, 
1320, 1221, 1156, 1118, 893, 792; HRMS (ESI) m/z calcd for C18H17NO3 [M+H]＋ 308.1287, found 
308.128.

(R)-1-allyl-3-hydroxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)indolin-2-one (3ob)

The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a yellow oil: 88% yield, 29.3 
mg; [α]D

20 +95.8 (c = 0.38, CHCl3, 97% ee); HPLC: Daicel Chiralpak 
AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 mL/min, T = 23°C, 
UV = 240 nm, tR = 7.9 min (minor), tR = 9.3 min (major); 1H NMR (400 
MHz, CD3OD): δ 7.87-7.85 (dd, J1 = 7.8 Hz, J2 = 1.1 Hz, 1H),7.49-7.45 
(td, J1 = 7.4 Hz, J2 = 1.4 Hz, 1H), 7.31-7.23 (m, 4H), 7.0-6.93 (m, 3H), 

5.90-5.83 (m, 1H), 5.38-5.33 (m, 1H), 5.23-5.20 (m, 1H), 4.42-4.28 (m, 2H), 3.44-3.40 (dd, J1 = 
13.4 Hz, J2 = 4.2 Hz, 1H), 3.09-3.0 (m, 1H), 2.93-2.87 (dt, J1 = 16.6 Hz, J2 = 3.8 Hz, 1H), 2.34-2.28 
(m, 1H), 1.94-1.83 (m, 1H); 13C NMR (100 MHz, CD3OD): δ 198.9, 176.4, 144.3, 143.1, 133.7, 
132.5, 131.2, 131.0, 129.1, 128.5, 126.5, 126.3, 123.4, 122.6, 116.5, 109.3, 76.0, 53.8, 41.7, 28.6, 
24.3; IR (film, ν/cm-1 ): 3387, 3057, 2920, 2520, 1713, 1681, 1610, 1597, 1487, 1357, 1303, 1181, 
1102, 988, 929, 809, 792; HRMS (ESI) m/z calcd for C21H19NO3 [M+H]＋ 334.1443, found 
334.1438.

(R)-3-hydroxy-3-((R)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)-1-phenylindolin-2-one (3pb)

The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum 
ether / ethyl acetate = 2:1) to give the product as a yellow oil: 91% 
yield, 33.6 mg; [α]D

20 +141.3 (c = 0.98, CHCl3, 99% ee); HPLC: 
Daicel Chiralpak AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 
mL/min, T = 23°C, UV = 240 nm, tR = 9.2 min (minor), tR = 15.2 
min (major); 1H NMR (400 MHz, CD3OD): δ 7.86-7.83 (m, 
1H),7.58-7.54 (m, 2H), 7.49-7.44 (m, 4H), 7.39-7.37 (dd, J1 = 7.4 
Hz, J2 = 0.8 Hz, 1H), 7.28-7.21 (m, 3H), 7.06-7.02 (td, J1 = 7.5 Hz, 
J2 = 0.9 Hz, 1H), 6.74-6.72 (d, J = 7.8 Hz, 1H), 3.56-3.52 (m, 1H), 

3.14-3.07 (m, 1H), 3.03-2.97 (dt, J1 = 16.2 Hz, J2 = 3.9 Hz, 1H), 2.60-2.53 (m, 1H), 2.20-2.09 (m, 
1H); 13C NMR (100 MHz, CDCl3): δ 201.8, 174.0, 144.3, 143.8, 134.6, 133.9, 132.2, 129.7, 129.6, 
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129.3, 128.8, 128.3, 127.5, 127.0, 126.4, 124.9, 123.8, 109.8, 78.8, 52.4, 28.6, 24.7; IR (film, ν/cm-1 
): 3404, 3062, 2923, 2851, 2516, 1721, 1679, 1610, 1595, 1498, 1480, 1465, 1454, 1359, 1321, 
1298, 1176, 1156, 1103, 1050, 893, 839; HRMS (ESI) m/z calcd for C24H19NO3 [M+H]＋ 370.1443, 
found 370.1445.

(R)-1-benzyl-3-hydroxy-3-(2-oxo-2-phenylethyl)indolin-2-one (3qc)

 The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum 
ether / ethyl acetate = 2:1) to give the product as a white solid: 91% 
yield, 32.5 mg, mp = 161-164 °C; [α]D

20 +66.5 (c = 0.73, CHCl3, 
95% ee); HPLC: Daicel Chiralpak AD-H, hexane: 2-propanol = 
70:30, flow rate = 1.0 mL/min, T = 23°C, UV = 240 nm, tR = 9.8 min 
(minor), tR = 17.3 min (major); 1H NMR (400 MHz, CD3OD): δ 
7.81-7.79 (d, J = 7.4 Hz, 1H), 7.49-7.46 (m, 1H), 7.40-7.33 (m, 3H), 
7.25-7.22 (t, J = 7.6 Hz, 1H), 7.18-7.14 (t, J = 7.2 Hz, 1H), 7.08-7.04 
(t, J = 7.6 Hz, 1H), 6.88-6.84 (t, J = 7.4 Hz, 1H), 6.66-6.64 (d, J = 

7.8 Hz, 1H), 4.87 (s, 2H), 4.07-4.03 (d, J = 17.4 Hz, 1H), 3.74-3.69 (d, J = 17.4 Hz, 1H); 13C NMR 
(100 MHz, CD3OD): δ 196.7, 178.1, 143.4, 136.3, 135.9, 133.2, 130.5, 129.1, 128.36, 128.30, 127.7, 
127.1, 127.0, 122.9, 122.5, 109.4, 73.4, 45.5, 43.3; IR (film, ν/cm-1 ): 3028, 2455, 1694, 1673, 1609, 
1578, 1487, 1464, 1447, 1388, 1372, 1345, 1297, 1261, 1212, 1179, 1132, 1115, 1091, 1054, 1003, 
946, 817, 733; HRMS (ESI) m/z calcd for C23H19NO3 [M+H]＋ 358.1443, found 358.1440.

(3R)-3-hydroxy-3-(1-oxo-1-phenylpropan-2-yl)indolin-2-one (3aa)

 The title compound was prepared according to the general working procedure and purified by flash 

column chromatography (petroleum ether / ethyl acetate = 2:1) to give 
the product as a white solid: 91% yield, 28.0 mg, mp = 147-150 °C; [α]D

20 
+34.0 (c = 0.60, CHCl3, 91% ee); HPLC: Daicel Chiralpak AD-H, 
hexane: 2-propanol = 70:30, flow rate = 1.0 mL/min, T = 23°C, UV = 
230 nm, tR = 30.0 min (minor), tR = 41.4 min (major); 1H NMR (400 MHz, 
CD3OD): δ 8.02-8.00 (m, 2H), 7.59-7.54 (m, 1H), 7.48-7.44 (m, 2H), 
7.42-7.39 (m, 1H), 7.21-7.17 (td, J1 = 7.7 Hz, J2= 1.2 Hz, 1H), 6.95-6.91 
(td, J1 = 7.6 Hz, J2= 1.0 Hz, 1H), 6.85-6.83 (m, 1H), 4.37-4.32 (m, 1H), 

1.14-1.13(d, J= 7.0 Hz, 3H); 13C NMR (100 MHz, CD3OD): δ 202.0, 179.8, 142.0, 137.5, 132.8, 
129.7, 129.2, 128.3, 128.2, 125.3, 121.8, 109.5, 76.9, 46.4, 11.3; IR (film, ν/cm-1 ): 2917, 2848, 
1727, 1667, 1618, 1598, 1518, 1455, 1518, 1455, 1331, 1217, 1148, 1154, 1122, 1091, 1069, 999, 
911, 843, 788, 746; HRMS (ESI) m/z calcd for C17H15NO3 [M+Na]＋ 304.0950, found 304.0947. 

(R)-3-hydroxy-3-((R)-5-oxo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-

6-yl)indolin-2-one (3ad)

The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a yellow oil: 85% yield, 26.1 
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mg, mp = 147-150 °C; [α]D
20 +51.6 (c = 0.67, CHCl3, 95% ee); HPLC: Daicel Chiralpak AD-H, 

hexane: 2-propanol = 70:30, flow rate = 1.0 mL/min, T = 23°C, UV = 254 nm, tR = 15.1 min (minor), 
tR = 17.1 min (major); 1H NMR (400 MHz, CD3OD): δ 7.49-7.47 (d, J = 7.4 Hz, 1H), 7.41-7.37 (t, 
J = 7.5 Hz, 2H), 7.28-7.26 (d, J = 7.4 Hz, 1H), 7.24-7.20 (t, J = 7.6 Hz, 2H), 6.97-6.93 (t, J = 7.5 Hz, 
1H), 6.90-6.86 (m, 1H), 3.78-3.73 (dd, J1 = 11.6 Hz, J2= 5.6 Hz, 1H), 3.14-3.07 (m, 1H), 3.02-2.95 
(m, 1H), 2.16-2.09 (m, 1H), 2.07-1.99 (m, 1H), 1.96-1.88 (m, 1H), 1.61-1.53 (m, 1H); 13C NMR 
(100 MHz, CD3OH): δ 204.3, 179.3, 142.5, 139.5, 131.4, 129.8, 129.1, 127.4, 125.9, 124.7, 121.9, 
109.6, 76.1, 56.5, 32.9, 25.2, 23.9; IR (film, ν/cm-1 ): 3357, 2917, 2849, 1720, 1618, 1459, 1259, 
1208, 1016, 872, 799, 753, 695; HRMS (ESI) m/z calcd for C19H17NO3 [M+H]＋ 308.1287, found 
308.1284.

 (R)-3-hydroxy-3-((R)-2-oxocyclohexyl)indolin-2-one (3ae)

 The title compound was prepared according to the general working 
procedure and purified by flash column chromatography (petroleum ether 
/ ethyl acetate = 2:1) to give the product as a yellow oil: 83% yield, 20.3 
mg; [α]D

20 +17.2 (c = 0.22, CHCl3, 97% ee); HPLC: Daicel Chiralpak 
AD-H, hexane: 2-propanol = 70:30, flow rate = 1.0 mL/min, T = 23°C, 
UV = 254 nm, tR = 7.8 min (minor), tR = 8.6 min (major); 1H NMR (400 
MHz, CD3OD): δ 7.42-7.40 (m, 1H), 7.22-7.18 (td, J1 = 7.7 Hz, J2= 1.2 
Hz, 1H), 6.99-6.95 (td, J1 = 7.6 Hz, J2= 1.0 Hz, 1H), 6.86-6.84 (m, 1H), 

3.27-3.22 (m, 1H), 2.46-2.37 (m, 1H), 2.26-2.16 (m, 2H), 2.09-2.04 (m, 1H), 1.87-1.83 (m, 1H), 
1.73-1.66 (m, 1H), 1.58-1.49 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 214.1, 177.2, 141.0, 129.8, 
129.7, 125.8, 123.2, 110.4, 78.2, 55.5, 42.7, 28.1, 26.7, 24.2; IR (film, ν/cm-1 ): 3197, 2919, 2850, 
2359, 1706, 1616, 1467, 1338, 1260, 1197, 1158, 1113, 1041, 1019, 942, 872, 796, 749, 667; HRMS 
(ESI) m/z calcd for C14H15NO3 [M+H]＋ 246.1130, found 246.1129.
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1.6 A Plausible Structure of the Transition State
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13C NMR of 3ab

1H NMR of 3bb
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13C NMR of 3bb
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1H NMR of 3cb
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13C NMR of 3db
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13C NMR of 3fb
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1H NMR of 3gb
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13C NMR of 3gb
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13C NMR of 3ib
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1H NMR of 3kb
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13C NMR of 3kb

1H NMR of 3lb
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13C NMR of 3lb
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1H NMR of 3mb
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13C NMR of 3mb

1H NMR of 3nb
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13C NMR of 3nb
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1H NMR of 3ob
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13C NMR of 3ob

1H NMR of 3pb
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13C NMR of 3pb



 39 / 66

1H NMR of 3qc

13C NMR of 3qc
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1H NMR of 3aa
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13C NMR of 3aa

1H NMR of 3ad
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13C NMR of 3ad
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1H NMR of 3ae
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13C NMR of 3ae
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Part III HPLC data
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3bb
Racemic sample
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Part IV Crystal data

A single crystal for X-ray analysis of 3ad was obtained by recrystallation from MeOH/petroleum 
ether

CCDC-1886489

Table 1 Crystal data and structure refinement for 3ad. 

Empirical formula C19H17NO3 
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Formula weight 307.33 

Temperature/K 291(2) 

Crystal system monoclinic 

Space group P21 

a/Å 9.72310(10) 

b/Å 5.89620(10) 

c/Å 13.7204(2) 

α/° 90 

β/° 99.6750(10) 

γ/° 90 

Volume/Å3 775.394(19) 

Z 2 

ρcalcg/cm3 1.316 

μ/mm-1 0.723 

F(000) 324.0 

Crystal size/mm3 0.290 × 0.250 × 0.200 

Radiation CuKα (λ = 1.54184) 

2Θ range for data 

collection/° 
9.226 to 147.88 

Index ranges 
-12 ≤ h ≤ 12, -6 ≤ k ≤ 7, -14 ≤ l 

≤ 17 

Reflections collected 14052 

Independent reflections 2942 [Rint = 0.0294, Rsigma = 0.0168] 

Data/restraints/parameters 2942/1/209 

Goodness-of-fit on F2 1.043 

Final R indexes [I>=2σ (I)] R1 = 0.0328, wR2 = 0.0862 

Final R indexes [all data] R1 = 0.0336, wR2 = 0.0875 

Largest diff. peak/hole / e 

Å-3 
0.10/-0.18 

Flack parameter 0.05(12)


