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General Experimental Methods
Unless otherwise noted, all reagents were purchased from commercial supplies and 

used without further purification. Column chromatography was performed using 

silica gel (300-400 mesh). Visualization of the compounds was accomplished 

with UV light (254 nm) and iodine. 1HNMR and 13CNMR spectra were recorded 

in CDCl3 operating at 400 MHz and 100 MHz. Proton chemical shifts are 

reported relative to the residual proton signals of the deuterated solvent CDCl3 

(7.26 ppm) or DMSO-d6 (2.50 and 3.33 ppm) or TMS. Carbon chemical shifts 

were internally referenced to the deuterated solvent signals in CDCl3 (77.00 ppm) 

or DMSO-d6 (40.0 ppm). Data are represented as follows: chemical shift, 

multiplicity (bs = broad singlet, s = singlet, d = doublet, t = triplet, m = multiplet), 

coupling constant in Hertz (Hz), and integration. Products were identified by 

comparison to spectral data reported in the literature. High resolution mass 

spectra were recorded on a time-of-flight mass spectrometer with an ESI source. 

High performance liquid chromatography (HPLC) was performed using a 

chromatograph equipped with a Chiralpak column (250 mm × 4.6 mm) with 

hexane/i-PrOH as the eluent. 

X-ray Crystal Analysis of the Major Diastereomer 7d

N
H

O

OH
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Table 1.  Crystal data and structure refinement for cu_d8v18832_0m

Identification code cu_d8v18832_0m

Empirical formula C38 H42 N2 O4

Formula weight 590.73

Temperature 293(2) K

Wavelength 1.54178 Å

Crystal system Hexagonal

Space group P 62

Unit cell dimensions a = 16.0980(5) Å = 90°.

b = 16.0980(5) Å = 90°.

c = 10.9326(4) Å  = 120°.

Volume 2453.57(18) Å3

Z 3

Density (calculated) 1.199 Mg/m3

Absorption coefficient 0.612 mm-1

F(000) 948

Crystal size 0.200 x 0.160 x 0.120 mm3

Theta range for data collection 3.170 to 66.970°.

Index ranges -17<=h<=19, -18<=k<=18, -12<=l<=13

Reflections collected 30554

Independent reflections 2885 [R(int) = 0.0462]

Completeness to theta = 67.679° 97.0 % 

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7533 and 0.6658

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2885 / 41 / 220

Goodness-of-fit on F2 1.050
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Final R indices [I>2sigma(I)] R1 = 0.0325, wR2 = 0.0826

R indices (all data) R1 = 0.0356, wR2 = 0.0855

Absolute structure parameter 0.1(4)

Extinction coefficient 0.016(2)

Largest diff. peak and hole 0.152 and -0.090 e.Å-3

Syntheses of 3-Substituted Oxindole Substrates

3-methyl oxindole was purchased, other substituted oxindoles was prepared following 

literature procedure.1-7 Their characterization data were in accordance with those 

reported in the literature. Catalysts 8c-h were prepared following literature procedure.8

Experimental Procedures and Characterization data of Compounds

N
O

R1

+ R4 H
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N

R1

O

OH
R4

1) 8c / TCA / toluene
R2

R3

R2

R3

2) NaBH4, MeOH

4 5 7

Nα-Methyl CaSH 8c (10 mg, 0.04 mmol) and TCA (6.5 mg, 0.04 mmol) were mixed in 

toluene (0.4 mL) for 30 min. The respective α, β-unsaturated aldehyde 5 (0.6 mmol) 

was added. After stirring for another 30 min, the oxindole 4 (0.2 mmol) was added. The 

resulting solution was stirred until complete consumption of oxindole as determined by 

TLC. The reaction was then quenched with aq. NaHCO3 (0.3 mL) and extracted with 

EtOAc (3 × 5 mL). The combined organic solutions were dried over anhydrous Na2SO4. 

The crude product was directly diluted with MeOH (2 mL) at 0℃ followed by the 

addition of NaBH4 (0.6 mmol). The mixture was stirred for 10 min, quenched with aq. 

saturated NH4Cl (0.5 mL) and extracted with EtOAc (3 × 5 mL). The combined organic 

extracts were washed with brine (5 mL) and dried over anhydrous Na2SO4. After the 

solvent was evaporated and the crude product was purified by flash chromatography on 

silica gel to yield the desired addition product. The enantiomeric excess and dr of the 
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product was determined by HPLC analysis.

 

N
H

O

OH

7a

(R)-3-((R)-4-hydroxybutan-2-yl)-3-methylindolin-2-one (7a). Colorelss viscous oil 

(38.8 mg, 89%), 91% ee and 90/10 dr (Daicel CHIRALPAK IC column, 254 nm, n-

hexane/i-PrOH = 85/15, 1.0 mL/min, 12.2 min (minor), 15.9 min (major)), []D
20 = + 

44.0 (c = 0.71, CHCl3), 1H NMR (400 MHz, CDCl3) δ 8.60 (s, 1H), 7.21-7.16 (m, 2H), 

7.01 (t, J = 8.0 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 3.74-3.68 (m, 1H), 3.61-3.55 (m, 1H), 

2.09–2.06 (m, 1H), 1.89-1.82 (m, 2H), 1.41 (s, 3H), 0.85 (d, J = 8.0 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ 183.0, 140.7, 133.8, 127.7, 123.6, 122.3, 109.6, 61.2, 51.9, 36.9, 

34.0, 21.6, 14.2. HRMS (ESI) C13H17NO2 (M+Na)+ calcd. 242.1152, found 242.1147.

N
H

O

OH

7b

(R)-3-ethyl-3-((R)-4-hydroxybutan-2-yl)indolin-2-one (7b). Colorelss viscous oil 

(38.7 mg, 83%), 82%/87% ee and 77/23 dr (Daicel CHIRALPAK IC column, 254 nm, 

n-hexane/i-PrOH = 85/15, 1.0 mL/min, 13.3 min (major), 23.1 min (minor)), []D
20 = 

+ 102.2 (c = 0.39, CHCl3), 1H NMR (400 MHz, CDCl3) δ 8.27 (s, 1H), 7.20 (t, J = 8.0 

Hz, 1H), 7.14 (d, J = 8.0 Hz, 1H), 7.03 (t, J = 8.0 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 

3.72-3.68 (m, 1H), 3.59-3.55 (m, 1H), 2.11-2.08 (m, 1H), 1.96-1.93 (m, 2H), 1.85-1.82 

(m, 1H), 1.42-1.38 (m, 1H), 0.85 (d, J = 8.0 Hz, 3H), 0.61 (t, J = 8.0 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ 181.8, 141.4, 131.7, 127.7, 123.8, 122.3, 109.3, 61.2, 57.2, 36.4, 

34.1, 28.2, 14.2, 8.7. HRMS (ESI) C14H19NO2(M+Na)+ calcd. 256.1308, found 

256.1312.

N
H

Ph

O

OH

7c
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(S)-3-((R)-4-hydroxybutan-2-yl)-3-phenylindolin-2-one (7c). White solid (36 mg, 

64%), M.P.: 83.4-84.3 oC, 82% ee and 85/15 dr (Daicel CHIRALPAK IC column, 254 

nm, n-hexane/i-PrOH = 85/15, 1.0 mL/min, 20.4 min (major), 28.3 min (minor)), []D
20 

= + 42.0 (c = 0.94, CHCl3), 1H NMR (400 MHz, CDCl3) δ 8.58 (s, 1H), 7.44 (d, J = 8.0 

Hz, 2H), 7.31-7.24 (m, 5H), 7.10 (t, J = 8.0 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 3.68-

3.65 (m, 1H), 3.58-3.55 (m, 1H), 2.90-2.85 (m, 1H), 1.77-1.74 (m, 1H), 1.47-1.44 (m, 

1H), 0.77 (d, J = 4.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 180.9, 141.3, 138.8, 

130.5, 128.5, 128.2, 127.5, 127.2, 126.3, 122.2, 110.3, 61.4, 60.7, 37.0, 35.0, 14.5. 

HRMS (ESI) C18H19NO2 (M+Na)+ calcd. 304.1308, found 304.1300.

N
H

O

OHPh

7d

(R)-3-benzyl-3-((R)-4-hydroxybutan-2-yl)indolin-2-one (7d). Colorelss viscous oil 

(42.5 mg, 72%), 85% ee and 80/20 dr (Daicel CHIRALPAK IC column, 254 nm, n-

hexane/ i-PrOH = 82/18, 1.0 mL/min, 7.6 min (minor), 15.0 min (major)), []D
20 = + 

13.8 (c = 0.93, CHCl3), 1H NMR (400 MHz, CDCl3) δ 7.46 (s, 1H), 7.29 (d, J = 8.0 Hz, 

1H), 7.11 (t, J = 8.0 Hz, 1H), 7.04 (d, J = 8.0 Hz, 1H), 7.02-6.96 (m, 3H), 6.82 (d, J = 

8.0 Hz, 2H), 6.60 (d, J = 8.0 Hz, 1H), 3.78-3.74 (m, 1H), 3.67-3.63 (m, 1H), 3.21  (dd, 

J = 12.0, 20.0 Hz, 2H), 2.28-2.23 (m,1H), 1.98-1.95 (m, 1H), 1.51-1.48 (m,1H), 0.93 

(d, J = 4.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 180.5, 141.1, 136.1, 130.9, 129.9, 

127.8, 127.5, 126.3, 124.5, 122.0, 109.2, 61.2, 58.4, 41.5, 36.9, 34.3, 14.5. HRMS (ESI) 

C19H21NO2 (M+Na)+ calcd. 318.1465, found 318.1461.

N
H

O

OH

7e

Me

(R)-3-((R)-4-hydroxybutan-2-yl)-3-(4-methylbenzyl)indolin-2-one (7e). White 

solid (mixture of the diastereomers, 49.5 mg, 80%), 90% ee and 80/20 dr (Daicel 

CHIRALPAK AD-H column, 254 nm, n-hexane/i-PrOH = 90/10, 0.75 mL/min, 14.8 

min (major), 32.6 min (minor)), 1H NMR (400 MHz, CDCl3) δ 8.04 (s, 1H), 7.28 (d, J 
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= 8.0 Hz, 1H), 7.12 (t, J = 8.0 Hz, 1H), 7.03 (t, J = 8.0 Hz, 1H), 6.78 (d, J= 8.0 Hz, 2H), 

6.68 (d, J = 8.0 Hz, 2H), 6.63 (d, J = 8.0 Hz, 1H), 3.76-3.72 (m, 1H), 3.65-3.61 (m, 

1H), 3.16 (s, 2H), 2.27-2.25 (m, 1H), 2.14 (s, 3H), 1.99-1.96 (m, 1H), 1.50-1.47 (m, 

1H), 0.88 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 181.2, 140.9, 135.5, 

132.7, 130.9, 129.7, 128.2, 127.8, 124.4, 122.0, 109.3, 61.1, 58.6, 40.9, 36.7, 34.1, 20.8, 

14.5. HRMS (ESI) C20H23NO2(M+Na)+ calcd. 332.1621, found 332.1614.

N
H

O

OH

7f

F3CO

(R)-3-((R)-4-hydroxybutan-2-yl)-3-(4-(trifluoromethoxy)benzyl)indolin-2-one(7f). 

White solid (51.6 mg, 68%), M.P.: 122.5-123.5 oC, 81% ee and 89/11 dr (Daicel 

CHIRALPAK IC column, 254 nm, n-hexane/i-PrOH = 85/15, 1.0 mL/min, 5.7 min 

(minor), 12.3 min (major)), []D
20 = + 22.7 (c = 0.50, CHCl3), 1H NMR (400 MHz, 

CDCl3) δ 8.03 (s, 1H), 7.30 (d, J = 4.0 Hz, 1H), 7.14 (t, J = 8.0 Hz, 1H), 7.04 (t, J = 8.0 

Hz, 1H), 6.80 (s, 4H), 6.64 (d, J = 8.0 Hz, 1H), 3.78-3.73 (m, 1H), 3.66-3.60 (m, 1H), 

3.19 (dd, J = 16.0, 20.0 Hz, 2H), 2.30-2.27 (m, 1H), 1.98-1.95 (m,1H), 1.52-1.47 (m, 

1H), 0.89 (d, J = 4.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 180.6, 147.8, 141.2, 

134.8, 131.1, 130.4, 128.1, 124.3, 122.2, 119.9, 109.5, 61.0, 58.4, 40.7, 36.8, 34.1, 29.7, 

14.4. 19F NMR (376 MHz, CDCl3) δ -57.94. HRMS (ESI) C20H20F3NO3(M+Na)+ calcd. 

402.1287, found 402.1287.

N
H

O

OH

7g

F3C

(R)-3-((R)-4-hydroxybutan-2-yl)-3-(4-(trifluoromethyl)benzyl)indolin-2-one (7g). 

White solid (48.0 mg, 66%), M.P.: 49.9-50.7 oC, 84%/86% ee and 69/31 dr (Daicel 

CHIRALPAK IC column, 254 nm, n-hexane/i-PrOH = 85/15, 1.0 mL/min, 6.7 min 

(major), 16.3 min (major)), []D
20 = + 15.7 (c = 0.47, CHCl3), 1H NMR (400 MHz, 

CDCl3) δ 8.47 (s, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 2H), 7.13 (t, J = 

8.0 Hz, 1H), 7.05 (t, J = 8.0 Hz, 1H), 6.88 (d, J = 8.0 Hz, 2H), 6.65 (d, J = 8.0 Hz, 1H), 

3.77-3.72 (m, 1H), 3.65-3.59 (m, 1H), 3.23 (s, 2H), 2.31-2.27 (m, 1H), 2.01-1.98 

(m,1H), 1.52-1.46 (m, 1H), 0.85 (d, J = 4.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 
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180.4, 141.1, 140.3, 130.2, 130.1, 128.2, 124.4, 124.3, 122.2, 109.6, 60.9, 58.3, 41.1, 

37.0, 34.1, 29.7, 14.4. 19F NMR (376 MHz, CDCl3) δ -62.5. HRMS (ESI) 

C20H20F3NO2(M+Na)+ calcd. 386.1338, found 386.1332.

N
H

O

OH
F

7h
(R)-3-(4-fluorobenzyl)-3-((R)-4-hydroxybutan-2-yl)indolin-2-one (7h). White solid 

(41.4 mg, 66%), M.P.: 177.6-178.8 oC, 82% ee and 85/15 dr (Daicel CHIRALPAK IC 

column, 254 nm, n-hexane/i-PrOH = 85/15, 1.0 mL/min, 8.4 min (major), 24.2 min 

(minor)), []D
20 = + 82.5 (c = 0.58, CHCl3), 1H NMR (400 MHz, CDCl3) δ 8.16 (s, 1H), 

7.28 (t, J = 8.0 Hz, 1H), 7.13 (t, J = 8.0 Hz, 1H), 7.04 (t, J = 8.0 Hz, 1H), 6.74 (t, J = 

8.0 Hz, 2H), 6.63 (t, J = 8.0 Hz, 3H), 3.76-3.72 (m, 1H), 3.64-3.61 (m, 1H), 3.17 (dd, J 

= 12.0, 16.0 Hz, 2H), 2.27-2.26 (m, 1H), 2.0-1.93 (m, 1H), 1.50-1.47 (m, 1H), 0.88 (d, 

J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 181.1, 161.5 (d, J = 242.0 Hz), 141.3, 

131.7, 131.3 (d, J = 8.0 Hz), 130.6, 128.0, 124.3, 122.1, 114.3 (d, J = 21.0 Hz), 114.2, 

109.5, 61.0, 58.6, 40.6, 36.8, 34.2, 14.5. 19F NMR (376 MHz, CDCl3) δ -116.74. HRMS 

(ESI) C19H20FNO2(M+Na)+ calcd. 336.1370, found 336.1375.

N
H

O

OH
Cl

7i

(R)-3-(4-chlorobenzyl)-3-((R)-4-hydroxybutan-2-yl)indolin-2-one (7i). Colorelss 

viscous oil (46.2 mg, 70%), 86%/85% ee and 75/25 dr (Daicel CHIRALPAK IC 

column, 254 nm, n-hexane/i-PrOH = 85/15, 1.0 mL/min, 8.8 min (major), 24.6 min 

(minor)), []D
20 = +7.0 (c = 0.66, CHCl3), 1H NMR (400 MHz, CDCl3) δ 8.26 (s, 1H), 

7.28 (t, J = 8.0 Hz, 1H), 7.14 (t, J = 8.0 Hz, 1H), 7.04 (t, J = 8.0 Hz, 1H), 6.92 (d, J = 

8.0 Hz, 2H), 6.71 (d, J = 8.0 Hz, 2H), 6.66 (d, J = 8.0 Hz, 1H), 3.75-3.72 (m, 1H), 3.64-

3.61 (m,1H), 3.15 (s, 2H), 2.27-2.24 (m, 1H), 1.98-1.95 (m,1H), 1.51-1.46 (m, 1H), 

0.87 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 181.0, 141.3, 134.6, 132.2, 

131.1, 130.5, 128.0, 127.6, 124.3, 122.1, 109.6, 60.9, 58.5, 40.7, 36.8, 34.1, 14.4. 

HRMS (ESI) C19H20ClNO2(M+Na)+ calcd. 352.1075, found 352.1076.
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N
H

O

OH

OMe

7j

(R)-3-((R)-4-hydroxybutan-2-yl)-3-(2-methoxybenzyl)indolin-2-one (7j). Colorelss 

viscous oil (43.6 mg, 67%), 91%/90% ee and 66/34 dr (Daicel CHIRALPAK IC 

column, 254 nm, n-hexane/i-PrOH = 93/7, 1.0 mL/min, 42.8 min (major), 108.6 min 

(minor)), []D
20 = + 57.6 (c = 0.92, CHCl3), 1H NMR (400 MHz, CDCl3) δ 8.56 (s, 1H), 

7.23 (d, J = 8.0 Hz, 1H), 7.01 (t, J = 8.0 Hz, 2H), 6.96 (t, J = 8.0 Hz, 1H), 6.89 (t, J = 

8.0 Hz, 1H), 6.63-6.59 (m, 2H), 6.50 (d, J = 8.0 Hz, 1H), 3.74-3.70 (m, 1H), 3.64-3.57 

(m, 2H), 3.52 (s, 3H), 3.10 (d, J = 12.0 Hz, 1H), 2.26-2.22 (m, 1H), 2.00-1.97 (m, 1H), 

1.46-1.43 (m, 1H), 0.92 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 181.9, 

157.1, 140.8, 130.9, 127.6, 127.4, 125.5, 125.1, 121.2, 119.8, 109.8, 108.8, 60.9, 58.5, 

54.6, 37.0, 34.9, 33.8, 29.7, 14.4. HRMS (ESI) C20H23NO3 (M+Na)+ calcd. 348.1570, 

found 348.1570.

N
H

O

OH

Br

7k

3-(2-bromobenzyl)-3-(4-hydroxybutan-2-yl)indolin-2-one (7k). Colorelss viscous 

oil (50.9 mg, 68%), 90%/87% ee and 73/27 dr (Daicel CHIRALPAK IC column, 254 

nm, n-hexane/ i-PrOH = 85/15, 1.0 mL/min, 9.3 min (major), 21.6 min (minor)), []D
20 

= + 94.7 (c = 0.76, CHCl3), 1H NMR (400 MHz, CDCl3) δ 8.80 (s, 1H), 7.37 (d, J = 8.0 

Hz, 1H), 7.28 (d, J = 8.0 Hz, 1H), 7.06 (dd, J = 8.0, 16.0 Hz, 2H), 6.95-6.90 (m, 2H), 

6.82 (t, J = 8.0 Hz, 1H), 6.68 (d, J = 8.0 Hz, 1H), 3.76-3.72 (m, 1H), 3.66-3.59 (m, 1H), 

3.41 (d, J = 12.0 Hz, 1H), 2.30-2.25 (m, 1H), 2.00-1.97 (m, 1H), 1.47-1.44 (m, 1H), 

0.92 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 181.7, 141.0, 136.5, 132.6, 

130.3, 130.0, 127.9, 126.9, 125.6, 125.4, 121.8, 109.2, 61.0, 58.1, 39.2, 37.2, 34.3, 14.2. 

HRMS (ESI) C19H20BrNO2(M+Na)+ calcd. 396.0570, found 396.0565, 398.0546.
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N
H

O

OH

7l

Me

(R)-3-((R)-4-hydroxybutan-2-yl)-3-(3-methylbenzyl)indolin-2-one (7l). White solid 

(44.6 mg, 72%), M.P.: 53.6-54.7 oC, 90%/90% ee and 77/23 dr (Daicel CHIRALPAK 

IC column, 254 nm, n-hexane/i-PrOH = 90/10, 0.75 mL/min, 19.9 min (major), 49.3 

min (minor)), []D
20 = + 88.2 (c = 0.71, CHCl3), 1H NMR (400 MHz, CDCl3) δ 7.93 (s, 

1H), 7.29 (d, J = 8.0 Hz, 1H), 7.11 (t, J = 8.0 Hz, 1H), 7.03 (t, J = 8.0 Hz, 1H), 6.86-

6.79 (m, 2H), 6.64-6.57 (m, 3H), 3.76-3.73 (m, 1H), 3.64-3.62 (m, 1H), 3.16 (s, 2H), 

2.27-2.24 (m, 1H), 2.07 (s, 3H), 1.99-1.96 (m, 1H), 1.51-1.48 (m, 1H), 0.90 (d, J = 8.0 

Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 181.3, 141.3, 136.9, 135.9, 131.0, 130.7, 127.8, 

127.3, 126.9, 126.8, 124.4, 121.9, 109.3, 61.0, 58.4, 41.3, 36.8, 34.1, 21.1, 14.2. HRMS 

(ESI) C20H23NO2(M+Na)+ calcd. 332.1621, found 332.1614.

N
H

O

OH

7m

Cl

(R)-3-(3-chlorobenzyl)-3-((R)-4-hydroxybutan-2-yl)indolin-2-one (7m). Colorelss 

viscous oil (48.8 mg, 74%), 85%/89% ee and 74/26 dr (Daicel CHIRALPAK IC 

column, 254 nm, n-hexane/i-PrOH = 95/5, 1.0 mL/min, 36.2 min (major), 110.3 min 

(minor)), []D
20 = +31.8 (c = 0.91, CHCl3), 1H NMR (400 MHz, CDCl3) δ 7.68 (s, 1H), 

7.29 (d, J = 4.0 Hz, 1H), 7.14 (t, J = 8.0 Hz, 1H), 7.05 (t, J = 8.0 Hz, 1H), 6.99 (d, J = 

8.0 Hz, 1H), 6.91 (t, J = 8.0 Hz, 1H), 6.79 (s, 1H), 6.71 (d, J = 8.0 Hz, 1H), 6.65 (d, J 

= 4.0 Hz, 1H), 3.77-3.74 (m, 1H), 3.66-3.60 (m, 1H), 3.17 (dd, J = 12.0, 24.0 Hz, 2H), 

2.29-2.25 (m, 1H), 1.95-1.92 (m, 1H), 1.50-1.46 (m, 1H), 0.92 (d, J = 8.0 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 180.2, 141.0, 138.2, 133.2, 130.4, 129.9, 128.7, 128.1, 

126.5, 124.4, 122.2, 109.4, 61.1, 58.2, 41.0, 36.9, 34.2, 29.7, 14.4. HRMS (ESI) 

C19H20ClNO2(M+Na)+ calcd 352.1075, found 352.1076.
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N
H

O

OH

7n

Me

(R)-3-((R)-4-hydroxybutan-2-yl)-3,5-dimethylindolin-2-one (7n). Colorelss viscous 

oil (37.3 mg, 80%), 91%/84% ee and 76/24 dr (Daicel CHIRALPAK IC column, 254 

nm, n-hexane/i-PrOH = 85/15, 1.0 mL/min, 14.7 min (major), 19.9 min (minor)), []D
20 

= + 38.8 (c = 0.91, CHCl3), 1H NMR (400 MHz, CDCl3) δ 8.95 (s, 1H), 6.98 (d, J = 8.0 

Hz, 2H), 6.79 (d, J = 8.0 Hz, 1H), 3.72-3.69 (m, 1H), 3.60-3.57 (m, 1H), 2.31 (s, 3H), 

2.18-2.08 (m, 1H), 2.07-2.04 (m, 1H), 1.90-1.86 (m, 1H), 1.39 (s, 3H), 0.83 (d, J = 4.0 

Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 183.6, 138.4, 133.7, 131.6, 128.0, 124.3, 109.5, 

61.0, 52.0, 36.7, 33.8, 21.6, 21.2, 14.2. HRMS (ESI) C14H19NO2(M+Na)+ calcd. 

256.1308, found 256.1312.

N
H

O

OH

7o

Br

(R)-5-bromo-3-((R)-4-hydroxybutan-2-yl)-3-methylindolin-2-one (7o). Colorelss 

viscous oil (37.6 mg, 63%), 87%ee and 81/19 dr (Daicel CHIRALPAK IC column, 214 

nm, n-hexane/i-PrOH = 90/10, 1.0 mL/min, 17.2 min (major), 22.3 min (minor)), []D
20 

= + 36.2 (c = 0.58, CHCl3), 1H NMR (400 MHz, CDCl3) δ 9.06 (s, 1H), 7.32 (d, J = 8.0 

Hz, 1H), 7.28 (d, J = 4.0 Hz, 1H), 6.80 (d, J = 12.0 Hz, 1H), 3.75-3.71 (m, 1H), 3.60-

3.57 (m, 1H), 2.08-2.06 (m, 1H), 1.84-1.81 (m, 1H), 1.39 (s, 3H), 1.25-1.23 (m, 1H), 

0.85 (d, J = 4.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 182.7, 139.8, 136.0, 130.6, 

126.8, 115.1, 111.2, 61.0, 52.4, 36.9, 33.8, 21.5, 14.1. HRMS (ESI)C13H16BrNO2 

(M+Na)+ calcd. 320.0257, found 320.0257, 322.0240.

N
H

O

OH

7p

Br

(R)-3-benzyl-5-bromo-3-((R)-4-hydroxybutan-2-yl)indolin-2-one (7p). Colorelss

viscous oil (52.4 mg, 70%), 87%/84% ee and 78/22 dr (Daicel CHIRALPAK AD-H
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column, 254 nm, n-hexane/i-PrOH = 90/10, 0.75 mL/min, 14.9 min (major), 27.4 min 

(minor)), []D
20 = + 36.7 (c = 0.84, CHCl3), 1H NMR (400 MHz, CDCl3) δ 8.13 (s, 1H), 

7.42 (s, 1H), 7.24 (s, 1H), 7.03-6.98 (m, 3H), 6.81 (d, J = 8.0 Hz, 2H), 6.51 (d, J = 8.0 

Hz, 1H), 3.78-3.75 (m, 1H), 3.68-3.63 (m, 1H), 3.18 (dd, J = 12.0, 20.0 Hz, 2H), 2.28-

2.23 (m, 1H), 2.00-1.95 (m, 1H), 1.52-1.46 (m, 1H), 0.89 (d, J = 8.0 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ 180.8, 140.1, 135.5, 133.2, 130.8, 130.0, 127.7, 127.6, 126.5, 

114.7, 110.9, 60.5, 59.1, 41.7, 36.7, 34.8, 14.2. HRMS (ESI) C19H20BrNO2 (M+Na)+ 

calcd. 396.0570, found 396.0571, 398.0560.

N
H

O

OH

7q
Cl

(R)-6-chloro-3-((R)-4-hydroxybutan-2-yl)-3-methylindolin-2-one (7q). Colorelss 

viscous oil (31.0 mg, 61%), 91%/81% ee and 66/34 dr (Daicel CHIRALPAK IC 

column, 254 nm, n-hexane/i-PrOH = 95/5, 1.0 mL/min, 70.5 min (major), 105.5 min 

(minor)), []D
20 = + 81.1 (c = 0.57, CHCl3), 1H NMR (400 MHz, CDCl3) δ 8.84 (s, 1H), 

7.08 (d, J = 8.0 Hz, 1H), 6.99 (dd, J = 4.0, 8.0 Hz, 1H), 6.93 (d, J = 4.0 Hz, 1H), 3.73-

3.70 (m, 1H), 3.60-3.57 (m, 1H), 2.08-2.05 (m, 1H), 1.85-1.82 (m, 1H), 1.40 (s, 3H), 

1.37-1.35 (m,1H), 0.85 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 182.4, 141.6, 

133.4, 132.1, 124.6, 122.3, 110.1, 61.1, 51.6, 36.9, 33.9, 21.6, 14.1. HRMS (ESI) 

C13H16ClNO22(M+Na)+ calcd. 276.0762, found 276.0762.

N
H

O

OH

7rBr

(R)-7-bromo-3-((R)-4-hydroxybutan-2-yl)-3-methylindolin-2-one (7r). White solid 

(mixture of the diastereomers, 38.8 mg, 65%), 91%/90% ee and 52/48 dr (Daicel 

CHIRALPAK OJ-H column, 214 nm, n-hexane/i-PrOH = 95/5, 1.0 mL/min, 23.1 min 

(major), 26.1 min (minor)), 1H NMR (400 MHz, CDCl3) δ 8.11 (s, 1H), 7.33 (d, J = 8.0 

Hz, 1H), 7.12 (dd, J = 8.0, 12.0 Hz, 1H), 6.91 (t, J = 8.0 Hz, 1H), 3.70-3.58 (m, 2H), 

2.17-2.07 (m, 1H), 1.84- 1.77 (m, 1H), 1.59-1.58 (m, 1H), 1.42 (d, J = 4.0 Hz, 3H), 

0.88 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 181.9, 139.8, 135.1, 130.5, 

123.6, 122.5, 102.8, 61.0, 53.6, 37.0, 34.5, 21.9, 14.1. HRMS (ESI) 

C13H16BrNO2(M+Na)+ calcd. 320.0257, found 320.0257, 322.0250.
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N
H

O

Et
OH

7s

(R)-3-((R)-1-hydroxypentan-3-yl)-3-methylindolin-2-one (7s). Colorelss viscous oil 

(28.5 mg, 61%), 99%/99% ee and 87/13 dr (Daicel CHIRALPAK IC column, 254 nm, 

n-hexane/i-PrOH = 85/15, 1.0 mL/min, 11.8 min (major), 41.9 min (minor)), 1H NMR 

(400 MHz, CDCl3) δ 8.55 (s, 1H), 7.22-7.17 (m, 2H), 7.00 (t, J = 8.0 Hz, 1H), 6.90 (d, 

J = 8.0 Hz, 1H), 3.72-3.67 (m, 1H), 3.61-3.55 (m, 1H), 1.95-1.92 (m, 1H), 1.83-1.80 

(m, 2H), 1.61-1.55 (m, 1H), 1.41 (s, 3H), 1.16-1.09 (m, 1H), 0.81 (t, J = 8.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 183.1, 140.4, 134.3, 127.7, 123.6, 122.3, 109.6, 62.5, 

52.1, 43.3, 33.2, 24.0, 22.6, 12.8. HRMS (ESI) C14H19NO2 (M+Na)+ calcd. 256.1308, 

found 256.1312.

N
H

O

n-Pr
OH

7t

(R)-3-((R)-1-hydroxyhexan-3-yl)-3-methylindolin-2-one (7t). Colorelss viscous oil 

(33.1 mg, 67%), 87%/80% ee and 58/42 dr (Daicel CHIRALPAK IC column, 254 nm, 

n-hexane/i-PrOH = 95/5, 1.0 mL/min, 50.9 min (minor), 53.2 min (major)), []D
20 = + 

45.8 (c = 0.84, CHCl3), 1H NMR (400 MHz, CDCl3) δ 8.14 (s, 1H), 7.20 (t, J = 8.0 Hz, 

2H), 7.01 (t, J = 8.0 Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 3.69-3.65 (m, 1H), 3.58-3.56 (m, 

1H), 1.93-1.85 (m, 2H), 1.57-1.54 (m, 1H), 1.41 (s, 3H), 1.31-1.25 (m, 3H), 1.11-1.03 

(m,1H), 0.80 (t, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 182.9, 140.3, 134.3, 

127.7, 123.6, 122.4, 109.6, 62.4, 52.0, 41.5, 33.9, 33.6, 22.5, 21.7, 14.4. HRMS (ESI) 

C15H21NO2 (M+Na)+ calcd. 270.1465, found 270.1465.

N
H

O

Ph
OH

7u

(R)-3-((S)-3-hydroxy-1-phenylpropyl)-3-methylindolin-2-one (7u). White solid 

(31.5 mg, 56%), M.P.: 161.7-163.0 oC, 44% ee and >99:1 dr (Daicel CHIRALPAK AS-

H column, 254 nm, n-hexane/i-PrOH = 85/15, 1.0 mL/min, 9.8 min (major), 15.8 min 
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(minor)), 1H NMR (400 MHz, CDCl3) δ 8.16 (s, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.19 (t, 

J = 8.0 Hz, 1H), 7.09-6.99 (m, 4H), 6.81 (d, J = 4.0 Hz, 2H), 6.70 (d, J = 8.0 Hz, 1H), 

3.45-3.42 (m, 1H), 3.34-3.27 (m, 1H), 3.19 (dd, J = 4.0, 12.0 Hz, 1H), 2.31-2.27 (m, 

1H), 2.11-2.05 (m, 1H), 1.44 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 181.9, 140.8, 

139.0, 132.9, 128.9, 128.0, 127.7, 126.9, 124.1, 122.0, 109.5, 61.0, 52.5, 49.2, 32.4, 

21.5. HRMS (ESI) C18H19NO2(M+Na)+ calcd. 304.1308, found 304.1304.

N
O

OH

7v
Me

(R)-3-((R)-4-hydroxybutan-2-yl)-1,3-dimethylindolin-2-one (7v). Colorelss viscous 

oil (mixture of the diastereomers, 18.2 mg, 39%), 34%/24% ee and 60/40 dr (Daicel 

CHIRALPAK AS-H column, 254 nm, n-hexane/i-PrOH = 90/10, 0.75 mL/min, 13.1 

min (major), 15.7 min (minor)), 1H NMR (400 MHz, CDCl3) δ 7.24-7.19 (m, 1H), 7.16 

(d, J = 8.0 Hz, 1H), 7.01-6.98 (m, 1H), 6.80 (d, J = 4.0 Hz, 1H), 3.66-3.60 (m, 1H), 3.53-

3.48 (m, 1H), 3.15 (s, 3H), 2.17-2.11 (m, 1H), 2.06-2.01 (m, 1H), 1.85-1.78 (m,1H), 

1.33 (s, 3H), 0.70 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 180.7, 143.3, 

132.9, 127.5, 123.2, 122.2, 107.7, 60.7, 51.3, 36.7, 33.7, 25.8, 21.4, 14.0.

HRMS (ESI) C14H19NO2(M+Na)+ calcd.256.1308, found 256.1312.

    

N
H

O
O

O

9

(R,E)-ethyl-5-((R)-3-methyl-2-oxoindolin-3-yl)hex-2-enoate (9). White solid 

(mixture of the diastereomers, 45.9 mg, 80%), 92% ee (Daicel CHIRALPAK OD-H 

column, 254 nm, n-hexane/i-PrOH = 98/2, 1.0 mL/min, 24.1 min (major), 31.9 min 

(minor)), 1H NMR (400 MHz, CDCl3) δ 8.86 (s, 1H), 7.21 (t, J = 8.0 Hz, 1H), 7.15 (d, 

J = 4.0 Hz, 1H), 7.03 (t, J = 8.0 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.86-6.78 (m, 1H), 

5.82-5.68 (m, 1H), 4.16 (dd, J = 8.0, 12.0 Hz, 2H), 2.44-2.40 (m, 1H), 2.09-2.01 (m, 

2H), 1.43 (s, 3H), 1.26 (t, J = 8.0 Hz, 3H), 0.89 (d, J = 4.0 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ 182.3, 166.3, 147.5, 140.6, 133.5, 127.9, 123.4, 122.9, 122.4, 109.7, 

60.2, 51.5, 40.0, 34.2, 30.0, 21.6, 14.1. HRMS (ESI) C17H21NO3 (M+Na)+ calcd. 
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310.1414, found 310.1416.

   
N
H

O
O

O

NO2
10

(R)-3-((R)-3-methyl-2-oxoindolin-3-yl)butyl 4-nitrobenzoate (10). White solid 

(mixture of the diastereomers, 64 mg, 87.0%), 90% ee (Daicel CHIRALPAK OD-H 

column, 254 nm, n-hexane/i-PrOH = 94/6, 1.0 mL/min, 27.1 min (major), 33.4 min 

(minor)), 1H NMR (400 MHz, CDCl3) δ 8.61 (s, 1H), 8.29 (d, J = 8.0 Hz, 2H), 8.18 (d, 

J = 8.0 Hz, 2H), 7.22 (t, J = 8.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 7.01 (t, J = 8.0 Hz, 

1H), 6.93 (d, J = 8.0 Hz, 1H), 4.46-4.40 (m, 1H), 4.35-4.29 (m, 1H), 2.16-2.06 (m, 2H), 

1.63-1.57 (m, 1H), 1.44 (s, 3H), 0.96 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) 

δ 182.7, 164.6, 150.5, 140.7, 135.5, 133.3, 130.7, 127.9, 123.5, 123.4, 122.3, 109.8, 

64.3, 51.7, 37.3, 30.1, 21.6, 14.2. HRMS (ESI) C20H20N2O5 (M+Na)+ calcd. 391.1264, 

found 391.1267.
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