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1 General information 

NMR characterization data were collected on Bruker ASCENDTM 400M and 600M. 1H NMR and 13C{1H} NMR: chemical shifts  were 
recorded in ppm relative to tetramethylsilane and internally referenced to the residual solvent signal. Data were reported as follows: 
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, td = triplet of doublets, dt = doublet 
of triplets, ddd = doublet of doublet of doublets, m = multiplet), coupling constants (Hz), integration.Ultra Performance Convergence 
Chromatography (UPC2) was performed on using Daicel Chiralcel IA-3, IC-3, ID-3, IE-3, IG-3, IH-3, OD-3, OX-3, OZ-3, AD-3. at 35 °C 
with UV detector at 211 nm, and enantiomeric excesses were determined in comparison with the authentic racemates. High resolution 
mass spectra (HRMS) were performed on Thermo Q-Exactive Focus (FTMS+c ESI) and data were reported as (m/z). Infrared spectra 
(IR) were recorded on Bruker Tensor  spectrometer with Plantium ATR accessory and the peaks are reported as absorption maxima 
(ν, cm-1). Optical rotations were measured on Rudolph Research Analytic Automatic Polarimeter, and reported as follows: []DT (c: 
g/100 mL, in CH2Cl2,  = 589 nm). Melting point ranges were determined on OptiMelt. X-ray crystallographic data were collected by a 
Bruker D8 Venture Photon II. The experiments requiring substrates 3-Bromo-3-substituted oxindoles [1] and chiral N,N′-dioxide ligands.[2] 
were synthesized according to known procedures and purified by recrystallization prior to use. All of the starting materials including the 
metal salts were purchased from TCI, Aladdin, Adamas, Acros, Aldrich and other companies, and used without further purification. The 
3Å MS and inorganic base was purchased from Acros and oven-dried by the muffle furnace for 4 h prior to use. All the solvents were 
pre-dried over appropriate desiccants, and distilled prior to use. other commercial reagents were used without further purification. 
Reactions were monitored using thin-layer chromatography (TLC) on GF254 silica gel. Visualization of the developed plates was 
performed under UV light (254 nm) or using iodine, cobalt thiocyanate or KMnO4. The products were purified by flash column 
chromatography with silicycle 300-400 mesh silica gel.



4

2 Typical procedure for preparation of substrates and products

2.1 Typical Synthesis Procedure of A and B
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+
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H

O
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R R

Synthesis Procedure of A1-A5, A10: N-bromosuccinimide (30.0 mmol, 5.34 g) was dissolved in cold THF (100 mL). The resulting THF 

solution was added dropwise via addition funnel to a stirring solution of 3-substituted indole (15 mmol) in tBuOH (100 mL) at room 

temperature over a period of 1 hour. The mixture was stirred for an additional hour. The solution was concentrated under reduced 

pressure. The crude material was subjected to column chromatography on silica gel (elute: petroleum ether/ethyl acetate = 10/1, v/v) 

to obtain the product. 

Synthesis Procedure of A6-A9, A11-A16: a solution of isatin (30 mmol) was dissolved in DMF and the corresponding acid (33 mmol) 

was added at room temperature, followed by addition of triethylamine (20 mol%). The mixture was stirred at 70 °C for 12 h and then 

washed with H2O. The aqueous layer was extracted with EA in three times, concentrated under reduced pressure, and then washed 

with DCM to obtain the crude product. The crude product (10 mmol) was dissolved in 10 mL DCM at -10°C, followed by addition of 

PBr3 (10mmol), and monitored by TLC. The reaction mixture was quenched by with H2O, and extracted with DCM. The combined 

organic extracts were dried over Na2SO4, filtered and concentrated under reduce pressure. The residue was subjected to flash 

chromatograph on silica gel (petroleum ether/ethyl acetate = 10:1, v/v) and then recrystallized from the mixture of petroleum ether and 

ethyl acetate to afford 3-bromo-3-substituted oxindoles as a yellow solid.

N
H

+
O

O

OR
Yb(OTf)3

DCE, reflux N
H

OH

O
OR

EA, reflux N
H

OH

O
OR

R1 R1 R1
IBX

B2-B19

B1 was prepared according to previous literature.[3] Synthesis Procedure of B2-B19: Glycidic acid ester (4.0 g, 39.2 mmol) was added 

in one portion by syringe to a mixture of indole (78.4 mmol) and Yb(OTf)3 (7.3 g, 11.7 mmol) in DCE (50 mL) under N2. The mixture 

was refluxed for 1.5 h. The reaction was quenched with sat. Na2CO3 (50 mL) and the solution was acidified with 2M HCl (150 mL). The 

solution was extracted with CH2Cl2(3 x 50 mL) and the combined organic layers were washed with brine (50 mL), dried (Na2SO4), and 

concentrated under reduced pressure. The residue was subjected to flash chromatograph on silica gel (petroleum ether/ethyl acetate 

= 8:1, v/v) to give methyl -α-hydroxy-1H-indole-3-propanoate. Methyl -α-hydroxy-1H-indole-3-propanoate (10 mmol) was dissolved in 
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ethyl acetate (20 mL) in a round-bottomed flask equipped with a reflux condenser. Next, o-iodoxybenzoic acid (IBX) was added and 

the mixture was heated at reflux temperature (monitored by TLC). Upon completion, the reaction was cooled to room temperature and 

the crude mixture was passed through a pad of silica gel using ethyl acetate to rinse. Upon concentration, the residue was subjected 

to flash chromatograph on silica gel (petroleum ether/ethyl acetate = 8:1, v/v) and then recrystallized from the mixture of petroleum 

ether and ethyl acetate to afford the final product as a white solid.

2.3 Typical procedure for preparation of the racemic products 
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O

Br
+

N
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O
N
H

O CO2Me
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DCE (1.0 mL)
3Å MS (20 mg)

20 °C

Ho(OTf)3 (5 mol%)
O

O

A1 B1

K2CO3 (3.0 eq)

C1

N
H

OH

O
O

A dry reaction tube was charged with 3-Bromo-3-substituted oxindoles A1 (42.6 mg, 0.15 mmol), methyl (Z)-2-hydroxy-3-(1H-indol-3-

yl)acrylate B1 (21.7 mg, 0.1 mmol), K2CO3 (41.4 mg, 0.3 mmol, 3.0 equiv.), 3Å MS. (20.0 mg), and 1.0 mL DCE in the air. The reaction 

was performed at 20 °C for 19 hours. The reaction mixture was directly subjected to flash column chromatography on silica gel (eluent: 

petroleum ether/ethyl acetate = 2:1 to 1:1, v/v) to afford the corresponding products C1.

2.4 Typical procedure for preparation of the asymmetric products 

N
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3Å MS (20 mg)
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O

A1 B1

K2CO3 (3.0 eq)
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An oven-dried test tube was charged with N,N'-dioxide L3-PiPr2Ad (5.5 mg, 0.006 mmol), Ho(OTf)3 (3.1 mg, 0.005 mmol), and 0.5 mL 
DCM under N2 atmosphere. After the mixture was stirred at 35 °C for 30 min, the solvent was removed in vacuo. 3-Bromo-3-
substituted oxindoles A1 (42.6 mg, 0.15 mmol), methyl (Z)-2-hydroxy-3-(1H-indol-3-yl)acrylate B1 (21.7 mg, 0.1 mmol), K2CO3 (41.4 
mg, 0.3 mmol, 3.0 equiv.), 3Å MS. (20 mg), and 1.0 mL DCE were added in the glovebox. The reaction was performed at 20 °C for 
11 hours. The reaction mixture was directly subjected to flash column chromatography on silica gel at -35°C (eluent: petroleum 
ether/ethyl acetate = 2:1 to 1:1, v/v) to afford the corresponding products C1. By the way, the product suffered somewhat 
epimerization after the chromatography on silica gel at room temperature.
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3 Optimization of the reaction conditions

Table S1. Screening of metal salts

N
H

O

Br
+

N
H

O
N
H

O CO2Me
MeO O

K2CO3 (1.0 equiv)
DCE (1.0 mL)

3Å MS (20 mg)
20 °C

metal salt (5 mol%)
L3-PiPr2 (6 mol%)

O

O

A1 B1 C1

N
H

OH

O
O

entrya metal salts yield (%)b drc ee (%)c

1 Mg(OTf)2 Messy - -

2 Sc(OTf)3 Messy - -

3 Ni(OTf)2 Messy - -

4 La(OTf)3 50 69/31 76/70

5 Ce(OTf)3 60 81/19 78/65

6 Pr(OTf)3 62 86/14 78/55

7 Nd(OTf)3 62 89/11 85/50

8 Sm(OTf)3 62 79/21 82/57

9 Eu(OTf)3 64 86/14 88/57

10 Gd(OTf)3 62 80/20 86/51

11 Tb(OTf)3 60 88:12 86/71

12 Dy(OTf)3 62 90:10 85/70

13 Ho(OTf)3 64 90:10 88/70

14 Er(OTf)3 62 91:9 86/68

15 Tm(OTf)3 52 92:8 89/99

16 Yb(OTf)3 42 95:5 87/59

17 Lu(OTf)3 40 95:5 87/40

18d Ho(OTf)3 42 62:38 70/13

19e Ho(OTf)3 50 93:7 84/55

20f Ho(OTf)3 56 95:5 84/61

21g Ho(OTf)3 complex - -
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a The reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K2CO3 (0.1 mmol), 3 Å molecular sieves (20.0 mg) and metal 

salt/L3-PiPr2 (1:1.2, 5 mol %) in CH2ClCH2Cl (1.0 mL) at 20 °C for 19 h. b Yield of the NMR product. c Determined by UPC2 analysis on 

a chiral stationary phase. d Without 3 Å molecular sieves. e 4 Å molecular sieves (20.0 mg) instead of 3 Å molecular sieves. f 5 Å 

molecular sieves (20.0 mg) instead of 3 Å molecular sieves. g 1.8 μL H2O instead of 3 Å molecular sieves.

Table S2. Screening of ligands

N
H

O

Br
+

N
H

O
N
H

O CO2Me
MeO O

K2CO3 (1.0 equiv)
DCE (1.0 mL)

3Å MS (20 mg)
20 °C

Ho(OTf)3 (5 mol%)
Ligand (6 mol%)

O

O

A1 B1 C1

N
H

OH

O
O

N

N H
O

O

R

N

NH
O

O

R

L3-PrPr2Ad: R = 2,6-iPr2-4(1-Ad)C6H2

L3-RaPr2Ad: 2,6-iPr2-4(1-Ad)C6H2

N

N H
O

O

R

N

NH
O

O

R

N

N H
O

O

R

N

NH
O

O

R

L3-PiMe2: R = 2,6-Me2C6H3
L3-PiEt2: R = 2,6-Et2C6H3
L3-PiPr2: R = 2,6-iPr2C6H3

L3-PiPr3: R = 2,4,6-iPr2C6H2
L3-PiPr2Ad: R = 2,6-iPr2-4(1-Ad)C6H2

entrya Ligand yield (%)b drc ee (%)c

1 L3-PiMe2 48 80/20 59/22

2 L3-PiEt2 68 79/21 72/40

3 L3-PiPr2 64 90/10 88/70

4 L3-PiPr3 66 89:11 86/27

5 L3-PiPr2Ad 64 >19:1 92

6 L3-PrPr2Ad 44 >19:1 84

7 L3-RaPr2Ad 34 >19:1 35

a The reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K2CO3 (0.1 mmol), 3 Å molecular sieves (20.0 mg) and 

Ho(OTf)3/Ligand (1:1.2, 5 mol %) in CH2ClCH2Cl (1.0 mL) at 20 °C for 19 h. b Yield of the NMR product. c Determined by UPC2 analysis 

on a chiral stationary phase. 
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Table S3. Screening of base

N
H

O

Br
+

N
H

O
N
H

O CO2Me
MeO O

Base (1.0 equiv)
DCE (1.0 mL)

3Å MS (20 mg)
20 °C

Ho(OTf)3 (5 mol%)
L3-PiPr2Ad (6 mol%)

O

O

A1 B1 C1

N
H

OH

O
O

entrya base yield (%)b drc ee (%)c

1 KHCO3 46 >19:1 88

2 Na2CO3 48 >19:1 93

3 K2CO3 64 >19:1 92

4 K3PO4 62 >19:1 90

5 Cs2CO3 complex - -

6 NEt3 complex - -

7 DBU complex - -

a The reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), base (0.1 mmol), 3 Å molecular sieves (20.0 mg) and Ho(OTf)3/ 

L3-PiPr2Ad (1:1.2, 5 mol %) in CH2ClCH2Cl (1.0 mL) at 20 °C for 19 h. b Yield of the NMR product. c Determined by UPC2 analysis on 

a chiral stationary phase. 

Table S4. Screening of temperature.

N
H

O

Br
+

N
H

O
N
H

O CO2Me
MeO O

K2CO3 (1.0 equiv)
DCE (1.0 mL)

3Å MS (20 mg)
T °C

Ho(OTf)3 (5 mol%)
L3-PiPr2Ad (6 mol%)

O

O

A1 B1 C1

N
H

OH

O
O

entrya T (°C) yield (%)b drc ee (%)c

1d -20 trace - -

2e 0 22 >19:1 93

3f 20 64 >19:1 92

4g 40 56 94:6 87/22

a The reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K2CO3 (0.1 mmol), 3 Å molecular sieves (20.0 mg) and Ho(OTf)3/ 

L3-PiPr2Ad (1:1.2, 5 mol %) in CH2ClCH2Cl (1.0 mL) at T °C. b Yield of the NMR product. c Determined by UPC2 analysis on a chiral 

stationary phase. d Reaction time 48 h. e Reaction time 36 h. f Reaction time 19 h. g Reaction time 11 h.
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Table S5. Screening of solvents.

N
H

O

Br
+

N
H

O
N
H

O CO2Me
MeO O

K2CO3 (1.0 equiv)
solvent (1.0 mL)
3Å MS (20 mg)

20 °C

Ho(OTf)3 (5 mol%)
L3-PiPr2Ad (6 mol%)

O

O

A1 B1 C1

N
H

OH

O
O

entrya solvent yield (%)b drc ee (%)c

1 DCM 46 >19:1 88

2 CHCl3 66 >19:1 73

3 DCE 64 >19:1 92

4 EA complex - -

5 Toluene 16 >19:1 84

6 Et2O 20 >19:1 87

7 THF 14  >19:1 31

a The reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K2CO3 (0.1 mmol), 3 Å molecular sieves (20.0 mg) and 

Ho(OTf)3/ L3-PiPr2Ad (1:1.2, 5 mol %) in solvent (1.0 mL) at 20 °C for 19 h. b Yield of the NMR product. c Determined by UPC2 

analysis on a chiral stationary phase.

Table S6. Ratio of Ho(OTf)3 and L3-PiPr2Ad.

N
H

O

Br
+

N
H

O
N
H

O CO2Me
MeO O

K2CO3 (1.0 equiv)
DCE (1.0 mL)

3Å MS (20 mg)
20 °C

Ho(OTf)3 (x mol%)
L3-PiPr2Ad (y mol%)

O

O

A1 B1 C1

N
H

OH

O
O

entrya x:y yield (%)b drc ee (%)c

1 7.5:5 68 >19:1 70

2 6:5 64 >19:1 70

3 5:5 64 >19:1 90

4 5:6 64 >19:1 92

5 5:7.5 64 >19:1 92

6 5:10 69 >19:1 93

a The reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K2CO3 (0.1 mmol), 3Å molecular sieves (20.0 mg) and Ho(OTf)3/L3-

PiPr2Ad (x:y) in CH2ClCH2Cl (1.0 mL) at 20 °C for 19 h. b Yield of the NMR product. c Determined by UPC2 analysis on a chiral stationary 

phase. 
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Table S7. Screening of ratio of substrate.

N
H

O

Br
+

N
H

O
N
H

O CO2Me
MeO O

K2CO3 (1.0 equiv)
DCE (1.0 mL)

3Å MS (20 mg)
20 °C

Ho(OTf)3 (5 mol%)
L3-PiPr2Ad (6 mol%)

O

O

A1 B1
x mmol y mmol

C1

N
H

OH

O
O

entrya x:y yield (%)b drc ee (%)c

1d 0.2:0.1 95 >19:1 91

2 d 0.15:1 95 >19:1 92

3 0.1:0.1 64 >19:1 91

4 0.1:0.15 64 >19:1 90

5 0.1:0.2 62  >19:1 91

a The reactions were performed with A1 (x mmol), B1 (y mmol), K2CO3 (0.1 mmol), 3 Å molecular sieves (20.0 mg) and Ho(OTf)3/ L3-

PiPr2Ad (1:1.2, 5 mol %) in DCE (1.0 mL) at 20 °C for 19 h. b Yield of the NMR product. c Determined by UPC2 analysis on a chiral 

stationary phase. d Reaction time 11 h.

Table S8. Screening of the amount of base.

N
H

O

Br
+

N
H

O
N
H

O CO2Me
MeO O

DCE (1.0 mL)
3Å MS (20 mg)

20 °C

Ho(OTf)3 (5 mol%)
L3-PiPr2Ad (6 mol%)

O

O

A1 B1

K2CO3

C1

N
H

OH

O
O

entrya
the amount of K2CO3

 (x mmol)
yield (%)b drc ee (%)c

1 0.1 95 >19:1 92

2 0.2 95 >19:1 94

3 0.3 95  >19:1 96

a The reactions were performed with A1 (0.15 mmol), B1 (0.1 mmol), K2CO3 (x mmol), 3 Å molecular sieves (20.0 mg) and Ho(OTf)3/ 

L3-PiPr2Ad (1:1.2, 5 mol %) in DCE (1.0 mL) at 20 °C for 11 h. b Yield of the NMR product. c Determined by UPC2 analysis on a chiral 

stationary phase. 



11

4 Gram-scale synthesis of C1

N
H

O

Br
+

N
H

O
N
H

O CO2Me
MeO O

DCE (30.0 mL)
3Å MS (60.0 mg)

20 °C

Ho(OTf)3 (5 mol%)
L3-PiPr2Ad (6 mol%)

O

O

A1 B1

K2CO3 (3.0 eq)

C1

N
H

OH

O
O

4.5 mmol, 1.28 g 3.0 mmol, 0.65 g 1.11 g
88% yield
95% ee
>19:1 dr

An oven-dried 100 mL flask was charged with N,N'-dioxide L3-PiPr2Ad (165.1 mg, 0.18 mmol), Ho(OTf)3 (91.8 mg, 0.15 mmol), and 
DCM (7.5 mL) under N2 atmosphere. After the mixture was stirred at 35 °C for 30 min, the solvent was removed in vacuo. 3-Bromo-3-
substituted oxindoles A1 (1.28 g, 4.5 mmol), methyl (Z)-2-hydroxy-3-(1H-indol-3-yl)acrylate B1 (0.65 g, 3 mmol), K2CO3 (1.24 g, 9 
mmol, 3.0 equiv.), 3Å MS. (600.0 mg), and 30.0 mL DCE were added subsequently in the glovebox. The reaction was performed at 20 
°C for 16 hours. The reaction mixture was directly subjected to flash column chromatography on silica gel at -35°C (eluent: petroleum 
ether/ethyl acetate = 2:1 to 1:1, v/v) to afford the corresponding products C1. By the way, the product suffered from somewhat 
epimerization after the solvent was removed in vacuo.

5 Synthetic transformations

N
H

O

Br
+

N
H

(S)

O

(R)

N
H

O CO2Me
MeO O

DCE (1.0 mL)
3Å MS (20 mg)

Ho(OTf)3 (5 mol%)
L3-PiPr2Ad (6 mol%)

O

O

A1 B1

K2CO3 (3.0 eq)

(S,R)-C1
N
H

OH

O
OH

20 °C,19 h
then warm to 30 °C, 72h yield: 96%

ee: 90%/92%
dr: 77/23

N
H

(S)

O

(R)

N
H

O CO2Me
MeO O

(S,R)-C1

Silica gel

EA, 30 °C, 64 h

ee: 90%/92%
dr: 77/23

N
H

(S)

O

(R)

N
H

O CO2Me
MeO O

(S,R)-C1
yield: 99%

ee: 89%/92%
dr: 85/15

An oven-dried test tube was charged with N,N'-dioxide L3-PiPr2Ad (5.5 mg, 0.006 mmol), Ho(OTf)3 (3.1 mg, 0.005 mmol), and 0.5 mL 
DCM under N2 atmosphere. After the mixture was stirred at 35 °C for 30 min, the solvent was removed in vacuo. 3-Bromo-3-substituted 
oxindoles A1 (42.6 mg, 0.15 mmol), methyl (Z)-2-hydroxy-3-(1H-indol-3-yl)acrylate B1 (21.7 mg, 0.1 mmol), K2CO3 (41.4 mg, 0.3 mmol, 
3.0 equiv.), 3Å MS. (20 mg), and 1.0 mL DCE were added in the glovebox. The reaction was performed at 20 °C. After 19 h, the reaction 
was performed at 30 °C for 72 h. The reaction mixture was directly subjected to flash column chromatography on silica gel at -35°C 
(eluent: petroleum ether/ethyl acetate = 2:1 to 1:1, v/v) to afford the corresponding products (S,R)-C1. An over-dried test tube was 
charged with (S,R)-C1 (0.05 mmol, 21.1 mg), 0.3 g Silica gel and 1 mL EA. The reaction was performed at 30 °C for 64 h. The reaction 
mixture was directly subjected to flash filtration to afford the (S,R)-C1 in 99% yield. The dr value and ee value were determined by 
UPC2 analysis using a chiral stationary phase.

5.1 Procedure for the synthesis of D1
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N
H

O
N
H

O CO2Me
O O

In(OTf)3 (10% mol)

BF3K
THF, r.t.

N
H

O
N
H

CO2Me
O O

HO
+

yield: 87%
dr: 94/6

ee: 95%/99%

dr: >19/1
ee: 95%

C1
D1

An over-dried test tube was charged with In(OTf)3 (0.01mmol, 5.6 mg), C1 (0.1 mmol, 42.1 mg) and 1 mL THF in the glovebox. The 

mixture was stirred at room temperature for 30 min. Potassium allyltrifluoroborate was added (0.2 mmol, 29.6 mg) to the test tube. The 

reaction was performed at room temperature for 30 min. The reaction mixture was directly subjected to flash column chromatography 

on silica gel (eluent: petroleum ether/ethyl acetate = 1:1 to 1:2, v/v) to afford the corresponding products D1 in 87% yield. The dr value 

was determined by NMR. The ee value was determined by UPC2 analysis using a chiral stationary phase.

5.2 Procedure for the synthesis of D2

NH2OH·HCl

pyridine
MeOH, 40 °C N

H

O
N
H

N CO2Me
O O

OH

50% yield
dr: >19/1

Z/E: >19/1
ee: 95%

N
H

O
N
H

O CO2Me
O O

D2

dr: >19/1
ee: 95%

C1

N
H

O
N
H

O CO2Me
O O

50% yield
dr: >19/1
ee: 95%
(S,R)-C1

+

An over-dried test tube was charged with NH2OH·HCl (0.12mmol, 8.4 mg), pyidine (0.11 mmol, 8.9 μL) and 1.0 mL MeOH. The mixture 

was stirred at 40 °C for 0.5 h. C1 (0.1 mmol, 42.1 mg) was added to the test tube. The reaction was performed at the 40 °C for 36 h. 

The reaction mixture was directly subjected to flash column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 1:1 

to 2:3, v/v) to afford the corresponding products D1 in 50% yield. The dr value and Z/E value were determined by NMR. The ee value 

was determined by UPC2 analysis using a chiral stationary phase. 
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N
H

O

Br

+

CO2Me

N
H

O
N

CO2Bn
O O HO

yield: 73%
ee: 98%
dr: >19/1

TMG

CH3CN, 80 °C

N

O

N
H

O

O
CO2Bn

N

O

N
H

O

O

yield: 79%
dr: >19/1

yield: 85%
total yield: 49%

ee: >99%
dr: >19/1

OH

A1 B19

1) Standard Contion

2) NaBH4
MeOH, -20 °C

D3

1) Pd/C, H2, MeOH

2) ClCOOiBu, NEt3, THF, 30 min
then NaBH4, MeOH, 0 °C

E1 F1

N

COOBn

OH

An oven-dried test tube was charged with N,N'-dioxide L3-PiPr2Ad (5.5 mg, 0.006 mmol), Ho(OTf)3 (3.1 mg, 0.005 mmol), and 0.5 mL 

DCM under N2 atmosphere. After the mixture was stirred at 35 °C for 30 min, the solvent was removed in vacuo. 3-Bromo-3-substituted 

oxindoles A1 (42.6 mg, 0.15 mmol), benzyl (Z)-2-hydroxy-3-(1-methyl-1H-indol-3-yl)acrylate B19 (21.7 mg, 0.1 mmol), K2CO3 (41.4 

mg, 0.3 mmol, 3.0 equiv.), 3Å MS. (20 mg), and 1.0 mL DCE were added subsequently in the glovebox. The reaction was performed 

at 20 °C. Atfer 15 h, The reaction mixture was directly subjected to flash filtration, the solvent was removed in vacuo. The mixture was 

dissolved in 2.0 mL MeOH at -20°C. NaBH4 (11.4 mg, 0.3 mmol) was added. The reaction was performed at -20 °C for 30 minutes. 

The reaction mixture was directly subjected to flash column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 3:2 

to 1:1, v/v) to afford the corresponding products D3 in 73% yield. D3 (51.2 mg, 0.1 mmol), TMG (12.55 μL, 0.1 mmol), and 1.0 mL 

CH3CN were added to a test tube. The reaction was performed at 80 °C for 13 h. The reaction mixture was directly subjected to flash 

column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 3:2 to 1:1 v/v,) to afford the corresponding products E1 

in 79% yield. An oven-dried test tube was charged with E1 (48.1 mg, 0.1 mmol), Pd/C (4.0 mg), and 2 mL MeOH under H2 atmosphere. 

After 16h, the product was filtered with coarse silica gel, the solvent was removed in vacuo. the mixture was dissolved in 2.0 mL THF. 

NEt3 (15.3 uL, 0.11 mmol) and ClCOOiBu (16.5 uL, 0.12 mmol) were added under N2 atmosphere. The reaction was performed at room 

temperature for 30 minutes, and then 1.0 mL MeOH and NaBH4 (11.4 mg, 0.3 mmol) were added at 0 °C. After for 30 minutes, the 

reaction mixture was directly subjected to flash column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 1:1 to 1:2, 
v/v) to afford the corresponding products F1 in 85% yield. The dr value was determined by NMR and UPC2 analysis using a chiral 

stationary phase. The ee value was determined by UPC2 analysis using a chiral stationary phase.
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6 Control experiments

N
H

O

Br
+

N
H

O
N
H

O CO2Me
MeO O

K2CO3 (1.0 equiv)
DCE (1.0 mL)

3Å MS (20 mg)
20 °C

Ho(OTf)3 (5 mol%)
L3-PiPr2Ad(6 mol%)

O

O

A1 B1 C1

N
H

OH

O
O

entrya Variations yield (%)b drc ee (%)c

1 - 64 >19:1 92

2 Without Ho(OTf)3 and 
L3-PiPr2Ad trace - -

3 Without L3-PiPr2Ad 62 9/1 -

a The reactions were performed with A1 (0.10 mmol), B1 (0.1 mmol), K2CO3 (0.1 mmol), 3Å molecular sieves (20.0 mg) and Ho(OTf)3/L3-

PiPr2Ad (1:1.2, 5 mol %) in CH2ClCH2Cl (1.0 mL) at 20 °C for 19 h. b Yield of the NMR product. c Determined by UPC2 analysis on a 

chiral stationary phase.

7 The relationship between ee of the ligand and ee of the product C1

N
H

O

Br
+

N
H

O
N
H

O CO2Me
MeO O

DCE (1.0 mL)
3Å MS (20.0 mg)

20 °C

Ho(OTf)3 (5 mol%)
L3-PiPr2Ad (6 mol%)

O

O

A1 B1

K2CO3 (3.0 eq)

C1

N
H

OH

O
O

entrya ee of ligand yield (%)b drc ee (%)c

1 0 94 >19:1 2

2 20 95 >19:1 15

3 40 96 >19:1 30

4 60 94 >19:1 55

5 80 95 >19:1 70

6 100 95 >19:1 96

a The reactions were performed with A1 (0.15 mmol), B1 (0.1 mmol), K2CO3 (0.3 mmol), 3Å molecular sieves (20.0 mg) and Ho(OTf)3/L3-

PiPr2Ad (1:1.2, 5 mol %) in CH2ClCH2Cl (1.0 mL) at 20 °C for 11 h. b Yield of the NMR product. c Determined by UPC2 analysis on a 

chiral stationary phase. 
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9 Determination of absolute configuration of compound C25

Crystals suitable for the X-ray crystal structure analysis were obtained from a solution of compound C25 in CHCl3 (ca. 5 mL) at room 
temperature. The yellow crystal in rod-shape, with approximate dimensions of 0.194 × 0.244 × 0.577 mm3, was selected and mounted 
for the single-crystal X-ray diffraction. The data set was collected by Bruker D8 Venture Photon II diffractometer at 173(2)K equipped 
with micro-focus Cu radiation source (Kα = 1.54178Å). Applied with face-indexed numerical absorption correction, the structure solution 
was solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program package.[4] The structure was analyzed 
by ADDSYM routine implemented in PLATON suite and no higher symmetry was suggested.[5]

N
H

(S) O

O

O (S)

H
N

O

COOBn

C25
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Crystallographic Data for C30H25Cl3N2O6

Formula C30H25Cl3N2O6

Formula mass (amu) 615.87

Space group P 21 21 21

a (Å) 9.4395(2)

b (Å) 17.2117(4)

c (Å) 18.1895(4)

α (deg) 90

β (deg) 90

γ (deg) 90

V (Å3) 2955.25(11)

Z 4

λ (Å) 1.54178

T (K) 173

calcd (g cm-3) 1.384

 (mm-1) 3.195

Transmission factors 0.475-0.944

2 max (deg) 68.241

No. of unique data, including Fo
2 < 0 5364

No. of unique data, with Fo
2 > 2(Fo

2) 5204

No. of variables 379

R(F) for Fo
2 > 2(Fo

2) a 0.0354

Rw(Fo
2) b 0.0916

Goodness of fit 1.040

a R(F) = ∑||Fo| – |Fc|| / ∑|Fo|.

b Rw(Fo
2) = [∑[w(Fo

2 – Fc
2)2] / ∑wFo

4]1/2; w–1 = [σ2(Fo
2) + (Ap)2 + Bp], where p = [max(Fo

2,0) + 2Fc
2] / 3.
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10 Characterization of the products

Propyl 2-(3-bromo-2-oxoindolin-3-yl)acetate (A3)

N
H

O

Br
O

O

A3

Yellow solid.

1H NMR (600 MHz, Chloroform-d) δ 9.11 (s, 1H), 7.37 (s, 1H), 7.06 (s, 1H), 6.97 – 6.90 (m, 2H), 3.86 (t, J = 6.0, 2H), 3.62 (dd, J = 

48.0, 18.0 Hz, 2H), 1.43 (s, 2H,) 0.77 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 176.4, 168.2, 140.4, 130.6, 129.8, 124.1, 123.3, 111.0, 67.0, 51.4, 43.4, 21.7, 10.3.

Isopropyl 2-(3-bromo-2-oxoindolin-3-yl)acetate (A4)

 

N
H

O

Br
O

O

A4

Yellow solid.

1H NMR (600 MHz, Chloroform-d) δ 8.92 (s, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.27 – 7.25 (m, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.93 (d, J = 

7.8 Hz, 1H), 4.76 (p, J = 6.2 Hz, 1H), 3.56 (dd, J = 64.0, 18.0 Hz ,2H), 1.03 (d, J = 6.2 Hz, 3H), 0.92 (d, J = 6.2 Hz, 3H).

13C NMR (151 MHz, CDCl3) δ 176.4, 167.5, 140.4, 130.6, 129.9, 124.1, 123.3, 110.9, 69.2, 51.4, 43.8, 21.5, 21.3.

Butyl 2-(3-bromo-2-oxoindolin-3-yl)acetate (A5)

N
H

O

Br
O

O

A5

Yellow solid.

1H NMR (400 MHz, Chloroform-d) δ 8.54 (s, 1H), 7.37 (d, J = 7.5 Hz, 1H), 7.31 – 7.23 (m, 1H), 7.07 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 

7.8 Hz, 1H), 4.05 – 3.78 (m, 2H), 3.61 (dd, J = 48.0, 16.0 Hz, 2H), 1.45 – 1.34 (m, 2H), 1.22 – 1.14 (m, 2H), 0.82 (t, J = 7.3 Hz, 3H).

13C NMR (101 MHz, CDCl3) δ 175.9, 168.3, 140.3, 130.6, 129.9, 124.1, 123.4, 110.8, 65.3, 51.2, 43.5, 30.4, 19.0, 13.7.

Methyl 2-(3-bromo-5-fluoro-2-oxoindolin-3-yl)acetate (A6)
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N
H

O

Br
O

O

A6

F

Yellow solid.

1H NMR (400 MHz, Acetonitrile-d3) δ 8.71 (s, 1H), 7.25 (dd, J = 8.2, 2.7 Hz, 1H), 7.05 (td, J = 9.1, 2.6 Hz, 1H), 6.92 (dd, J = 8.6, 4.3 

Hz, 1H), 3.63 (d, J = 17.2 Hz, 1H), 3.53 – 3.49 (m, 4H).

13C NMR (101 MHz, Acetonitrile-d3) δ 175.65 , 169.72 , 159.71 (d, J = 239.0 Hz), 138.00 (d, J = 2.1 Hz), 132.32 (d, J = 9.1 Hz), 

117.64 (d, J = 23.9 Hz), 112.67 (d, J = 25.5 Hz), 112.31 (d, J = 8.0 Hz).

19F NMR (377 MHz, CD3CN) δ -121.8.

Methyl 2-(3-bromo-6-fluoro-2-oxoindolin-3-yl)acetate (A7)

N
H

O

Br
O

O

A7

F

Yellow solid.

1H NMR (400 MHz, Acetonitrile-d3) δ 8.81 (s, 1H), 7.43 (dd, J = 8.4, 5.4 Hz, 1H), 6.84 – 6.68 (m, 2H), 3.65 (d, J = 17.1 Hz, 1H), 3.513 

-3.49 (m, J = 15.9 Hz, 4H).

13C NMR (101 MHz, Acetonitrile-d3) δ 175.87 , 169.73 , 164.71 (d, J = 246.2 Hz), 143.59 (d, J = 12.5 Hz), 126.70 (d, J = 10.1 Hz), 

126.69 , 109.89 (d, J = 23.3 Hz), 99.74 (d, J = 27.8 Hz), 52.55 , 51.78 , 43.14 .

19F NMR (377 MHz, CD3CN) δ -110.3.

Methyl 2-(3-bromo-6-chloro-2-oxoindolin-3-yl)acetate (A8)

N
H

O

Br
O

O

A8

Cl

Yellow solid.

1H NMR (400 MHz, Chloroform-d) δ 8.56 (s, 1H), 7.28 (d, J = 8.1 Hz, 1H), 7.04 (dd, J = 8.1, 1.9 Hz, 1H), 6.94 (d, J = 1.9 Hz, 1H), 

3.65 (d, J = 17.1 Hz, 1H), 3.56 - 3.51 (m, 4H).

13C NMR (101 MHz, CDCl3) δ 175.8, 168.8, 141.4, 136.4, 128.2, 125.1, 123.5, 111.6, 52.4, 50.1, 43.1.

Methyl 2-(3,4-dibromo-2-oxoindolin-3-yl)acetate (A9)
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N
H

O

Br
O

O

A9

Br

Yellow solid.

1H NMR (600 MHz, Chloroform-d) δ 8.60 (s, 1H), 7.18 (d, J = 8.1 Hz, 1H), 7.14 (t, J = 7.9 Hz, 1H), 6.89 (d, J = 7.6 Hz, 1H), 3.90 (dd, 

J = 364.9, 17.4 Hz, 2H), 3.56 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 175.2, 169.2, 142.4, 131.7, 127.6, 127.4, 119.9, 109.9, 52.3, 51.8, 41.3.

Methyl 2-(3,5-dibromo-2-oxoindolin-3-yl)acetate (A10)

N
H

O

Br
O

O

A10

Br

Yellow solid.

1H NMR (600 MHz, Chloroform-d) δ 8.16 (s, 1H), 7.47 (d, J = 2.1 Hz, 1H), 7.40 (dd, J = 8.2, 2.0 Hz, 1H), 6.81 (d, J = 8.3 Hz, 1H), 

3.65 (d, J = 17.3 Hz, 1H), 3.57 (s, 3H), 3.51 (d, J = 17.3 Hz, 1H).

13C NMR (151 MHz, CDCl3) δ 175.1, 168.8, 139.2, 133.4, 131.9, 127.3, 115.8, 112.3, 52.4, 49.9, 43.0.

Methyl 2-(3,6-dibromo-2-oxoindolin-3-yl)acetate (A11)

N
H

O

Br
O

O

A11

Br

1H NMR (600 MHz, Chloroform-d) δ 8.90 (s, 1H), 7.25 – 7.17 (m, 2H), 7.11 (d, J = 1.7 Hz, 1H), 3.65 (d, J = 17.1 Hz, 1H), 3.59 – 3.50 

(m, 4H).

13C NMR (151 MHz, CDCl3) δ 175.9, 168.8, 141.6, 128.8, 126.4, 125.3, 124.3, 114.5, 52.4, 50.2, 43.0.

Methyl 2-(3-bromo-5-methyl-2-oxoindolin-3-yl)acetate (A12) 

N
H

O

Br
O

O

A12
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Yellow solid.

1H NMR (600 MHz, Chloroform-d) δ 8.72 (s, 1H), 7.17 (d, J = 1.5 Hz, 1H), 7.06 (dd, J = 8.0, 1.6 Hz, 1H), 6.81 (d, J = 7.9 Hz, 1H), 

3.65 (d, J = 17.0 Hz, 1H), 3.56 -3.53 (m, 4H), 2.31 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 176.1, 168.8, 137.9, 133.0, 131.1, 129.7, 124.7, 110.7, 52.3, 51.5, 43.2, 21.2.

Methyl 2-(3-bromo-7-methyl-2-oxoindolin-3-yl)acetate (A13) 

N
H

O

Br
O

O

A13

Yellow solid.

1H NMR (600 MHz, Chloroform-d) δ 9.37 (s, 1H), 7.20 (d, J = 7.5 Hz, 1H), 7.09 (d, J = 7.7 Hz, 1H), 6.97 (t, J = 7.6 Hz, 1H), 3.61 (dd, 

J = 60.0, 18.0 Hz 2H), 3.51 (s, 3H), 2.31 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 176.7, 168.8, 139.2, 132.0, 129.3, 123.2, 121.4, 120.5, 52.2, 51.9, 43.1, 16.5.

methyl 2-(3-bromo-5-methoxy-2-oxoindolin-3-yl)acetate (A14)

N
H

O

Br
O

O

A14

O

Yellow solid.

1H NMR (400 MHz, Chloroform-d) δ 7.98 (s, 1H), 7.02 – 6.91 (m, 1H), 6.81 (t, J = 1.6 Hz, 2H), 3.79 (s, 3H), 3.64 (d, J = 17.0 Hz, 1H), 

3.55 – 3.49 (d, 4H).

13C NMR (101 MHz, CDCl3) δ 175.5, 168.8, 156.3, 133.4, 130.9, 115.4, 111.3, 110.9, 55.9, 52.3, 51.3, 43.2.

Benzyl (Z)-2-hydroxy-3-(1H-indol-3-yl)acrylate (B2)

N
H

OH

O
OBn

B2

Red solid.

1H NMR (600 MHz, Chloroform-d) δ 8.41 (s, 1H), 7.98 (d, J = 2.6 Hz, 1H), 7.78 (d, J = 7.8 Hz, 1H), 7.46 (d, J = 7.1 Hz, 2H), 7.44 – 

7.37 (m, 4H), 7.27 – 7.23 (m, 1H), 7.20 (t, J = 7.5 Hz, 1H), 7.01 (s, 1H), 6.25 (s, 1H), 5.36 (s, 2H).
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13C NMR (151 MHz, CDCl3) δ 166.1, 136.7, 135.7, 135.6, 128.8, 128.6, 128.4, 127.6, 126.9, 122.9, 120.6, 118.8, 111.4, 110.8, 104.5, 

67.8.

Methyl (Z)-3-(4-fluoro-1H-indol-3-yl)-2-hydroxyacrylate (B3)

N
H

OH

O
O

B3

F

Yellow solid.

1H NMR (600 MHz, Chloroform-d) δ 8.50 (s, 1H), 7.98 (d, J = 2.3 Hz, 1H), 7.21 (s, 1H), 7.18 – 7.11 (m, 2H), 6.84 (dd, J = 11.2, 7.6 Hz, 

1H), 3.92 (s, 3H).

13C NMR (151 MHz, Chloroform-d) δ 166.77 , 157.60 (d, J = 247.3 Hz), 138.15 (d, J = 11.0 Hz), 136.91 , 127.64 , 123.29 (d, J = 8.5 

Hz), 115.48 (d, J = 18.5 Hz), 109.58 (d, J = 3.2 Hz), 107.50 (d, J = 3.0 Hz), 106.08 (d, J = 19.6 Hz), 105.44 (d, J = 5.4 Hz), 53.1.

19F NMR (565 MHz, CDCl3) δ -123.4.

Methyl (Z)-3-(5-fluoro-1H-indol-3-yl)-2-hydroxyacrylate (B4)

N
H

OH

O
O

B4

F

White solid.

1H NMR (600 MHz, Chloroform-d) δ 8.45 (s, 1H), 7.99 (d, J = 2.7 Hz, 1H), 7.43 (dd, J = 9.5, 2.5 Hz, 1H), 7.31 (dd, J = 8.8, 4.3 Hz, 

1H), 6.99 (td, J = 8.9, 2.5 Hz, 1H), 6.84 (d, J = 1.6 Hz, 1H), 6.28 (d, J = 1.7 Hz, 1H), 3.93 (s, 3H).

13C NMR (151 MHz, Chloroform-d) δ 166.58, 158.53 (d, J = 236.4 Hz), 136.76 , 132.09 , 129.04 , 127.46 (d, J = 9.8 Hz), 112.09 (d, J 

= 9.8 Hz), 111.21 (d, J = 26.2 Hz), 110.98 (d, J = 4.4 Hz), 104.04 (d, J = 23.9 Hz), 103.79 , 53.09.

19F NMR (565 MHz, CDCl3) δ -123.2.

Methyl (Z)-3-(6-fluoro-1H-indol-3-yl)-2-hydroxyacrylate (B5)

N
H

OH

O
O

B5

F
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Red solid.

1H NMR (400 MHz, Acetonitrile-d3) δ 9.64 (s, 1H), 7.88 (d, J = 2.7 Hz, 1H), 7.72 (dd, J = 8.7, 5.3 Hz, 1H), 7.19 (dd, J = 9.9, 2.4 Hz, 

1H), 6.94 (ddd, J = 9.8, 8.7, 2.4 Hz, 1H), 6.88 – 6.82 (m, 2H), 3.85 (s, 3H).

13C NMR (101 MHz, Acetonitrile-d3) δ 166.55 , 160.79 (d, J = 235.4 Hz), 138.31 , 136.64 (d, J = 12.9 Hz), 129.03 (d, J = 3.1 Hz), 

124.29 , 120.34 (d, J = 10.2 Hz), 110.83 , 109.18 (d, J = 24.7 Hz), 104.27 , 98.56 (d, J = 26.2 Hz), 53.12 .

19F NMR (377 MHz, CD3CN) δ -122.7.

Methyl (Z)-3-(4-chloro-1H-indol-3-yl)-2-hydroxyacrylate (B6)

N
H

OH

O
O

B6

Cl

White solid.

1H NMR (400 MHz, Chloroform-d) δ 8.56 (s, 1H), 8.12 (d, J = 2.8 Hz, 1H), 7.76 (s, 1H), 7.36 – 7.23 (m, 1H), 7.18 – 7.06 (m, 2H), 6.35 

(d, J = 1.7 Hz, 1H).

13C NMR (101 MHz, CDCl3) δ 167.0, 137.1, 136.4, 129.2, 126.7, 123.2, 123.1, 122.1, 111.1, 110.3, 105.1, 53.2.

Methyl (Z)-3-(5-chloro-1H-indol-3-yl)-2-hydroxyacrylate (B7)

N
H

OH

O
O

B7

Cl

White solid.

1H NMR (600 MHz, Chloroform-d) δ 8.44 (s, 1H), 7.97 (s, 1H), 7.75 (s, 1H), 7.32 (d, J = 8.6 Hz, 1H), 7.20 (d, J = 8.5 Hz, 1H), 6.85 (s, 

1H), 6.27 (s, 1H), 3.93 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 166.5, 137.0, 134.0, 128.5, 128.0, 126.4, 123.2, 118.5, 112.4, 110.6, 103.4, 53.1.

Methyl (Z)-3-(6-chloro-1H-indol-3-yl)-2-hydroxyacrylate (B8)
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N
H

OH

O
O

B8

Cl

Red solid.

1H NMR (600 MHz, Chloroform-d) δ 8.41 (s, 1H), 7.94 (d, J = 2.7 Hz, 1H), 7.68 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 1.8 Hz, 1H), 7.17 (dd, 

J = 8.5, 1.8 Hz, 1H), 6.88 (d, J = 1.5 Hz, 1H), 6.28 (d, J = 1.6 Hz, 1H), 3.93 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 166.5, 137.1, 136.0, 128.7, 127.9, 125.5, 121.3, 119.7, 111.4, 110.9, 103.5, 53.1.

methyl (Z)-3-(5,6-dichloro-1H-indol-3-yl)-2-hydroxyacrylate (B8)

N
H

OH

O
O

Cl

Cl

B9

White solid.

1H NMR (400 MHz, Chloroform-d) δ 8.43 (s, 1H), 7.96 (d, J = 2.7 Hz, 1H), 7.85 (s, 1H), 7.51 (s, 1H), 6.79 (d, J = 1.7 Hz, 1H), 6.31 (d, 

J = 1.8 Hz, 1H), 3.93 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.4, 137.4, 134.4, 128.9, 126.6, 124.8, 120.1, 112.9, 111.7, 110.6, 102.9, 53.2.

Methyl (Z)-3-(4-bromo-1H-indol-3-yl)-2-hydroxyacrylate (B10)

N
H

OH

O
O

B10

Br

White solid.

1H NMR (400 MHz, Chloroform-d) δ 8.57 (s, 1H), 8.15 (d, J = 2.8 Hz, 1H), 7.93 (s, 1H), 7.40 – 7.30 (m, 2H), 7.05 (t, J = 7.9 Hz, 1H), 

6.35 (d, J = 1.6 Hz, 1H), 3.93 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 167.0, 137.0, 136.1, 129.5, 125.6, 124.3, 123.5, 114.5, 111.5, 110.9, 104.7, 53.2.

Methyl (Z)-3-(5-bromo-1H-indol-3-yl)-2-hydroxyacrylate (B11)
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N
H

OH

O
O

B11

Br

Pink solid.

1H NMR (600 MHz, Acetonitrile-d3) δ 9.72 (s, 1H), 7.95 (s, 1H), 7.91 (d, J = 2.5 Hz, 1H), 7.39 (d, J = 8.6 Hz, 1H), 7.29 (dd, J = 8.6, 

1.5 Hz, 1H), 6.86 (s, 1H), 6.83 (s, 1H), 3.85 (s, 3H).

13C NMR (151 MHz, CD3CN) δ 166.5, 138.4, 135.5, 129.8, 129.4, 125.8, 122.0, 114.3, 113.7, 110.5, 104.1, 53.1.

Methyl (Z)-3-(6-bromo-1H-indol-3-yl)-2-hydroxyacrylate (B12)

N
H

OH

O
O

B12

Br

White solid.

1H NMR (400 MHz, Chloroform-d) δ 8.42 (s, 1H), 7.93 (d, J = 2.6 Hz, 1H), 7.64 (d, J = 8.5 Hz, 1H), 7.55 (s, 1H), 7.30 (dd, J = 8.5, 1.7 

Hz, 1H), 6.87 (s, 1H), 6.28 (d, J = 1.8 Hz, 1H), 3.93 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.5, 137.2, 136.4, 127.8, 125.8, 123.9, 120.1, 116.3, 114.3, 111.0, 103.5, 53.1.

Methyl (Z)-2-hydroxy-3-(5-iodo-1H-indol-3-yl)acrylate (B13)

N
H

OH

O
O

B13

I

White solid.

1H NMR (600 MHz, Chloroform-d) δ 8.44 (s, 1H), 8.11 (s, 1H), 7.92 (d, J = 2.6 Hz, 1H), 7.49 (dd, J = 8.5, 1.6 Hz, 1H), 7.18 (d, J = 8.4 

Hz, 1H), 6.84 (d, J = 1.6 Hz, 1H), 6.28 (d, J = 1.7 Hz, 1H), 3.93 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 166.5, 137.1, 134.7, 131.2, 129.4, 128.0, 127.8, 113.3, 110.2, 103.3, 84.1, 53.1.

Methyl (Z)-2-hydroxy-3-(4-methyl-1H-indol-3-yl)acrylate (B14)
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N
H

OH

O
O

B14

White solid.

1H NMR (400 MHz, Chloroform-d) δ 8.43 (s, 1H), 8.09 (s, 1H), 7.31 (s, 1H), 7.26 – 7.24 (m, 1H), 7.12 (t, J = 7.6 Hz, 1H), 6.94 (d, J = 

7.1 Hz, 1H), 6.29 (s, 1H), 3.93 (s, 3H), 2.80 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.9, 136.1, 135.9, 131.2, 128.3, 125.1, 122.7, 111.7, 109.5, 106.4, 53.1, 21.3.

Methyl (Z)-2-hydroxy-3-(6-methyl-1H-indol-3-yl)acrylate (B15)

B15

N
H

OH

O
O

Yellow solid.

1H NMR (600 MHz, Chloroform-d) δ 8.29 (s, 1H), 7.90 (d, J = 2.5 Hz, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.19 (s, 1H), 7.04 (dd, J = 8.0, 1.4 

Hz, 1H), 6.94 (d, J = 1.6 Hz, 1H), 6.22 (d, J = 1.8 Hz, 1H), 3.93 (s, 3H), 2.48 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 166.7, 136.6, 136.1, 132.7, 127.0, 124.8, 122.3, 118.4, 111.3, 110.6, 104.4, 53.0, 21.8.

Methyl (Z)-2-hydroxy-3-(7-methyl-1H-indol-3-yl)acrylate (B16)

B16

N
H

OH

O
O

White solid.

1H NMR (600 MHz, Chloroform-d) δ 8.35 (s, 1H), 7.96 (d, J = 2.4 Hz, 1H), 7.65 (d, J = 7.9 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 7.06 (d, J 

= 7.1 Hz, 1H), 6.97 (s, 1H), 6.27 (s, 1H), 3.93 (s, 3H), 2.51 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 166.7, 136.7, 135.2, 127.2, 126.5, 123.4, 120.7, 120.6, 116.4, 111.2, 104.5, 53.0, 16.7.

Methyl (Z)-2-hydroxy-3-(4-methoxy-1H-indol-3-yl)acrylate (B17)
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N
H

OH

O
O

B17

O

Yellow solid.

1H NMR (600 MHz, Chloroform-d) δ 8.41 (s, 1H), 7.95 (s, 1H), 7.56 (s, 1H), 7.14 (t, J = 8.0 Hz, 1H), 7.00 (d, J = 8.1 Hz, 1H), 6.60 (d, 

J = 7.8 Hz, 1H), 6.26 (s, 1H), 4.00 (s, 42H), 3.92 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 167.0, 155.2, 137.2, 136.1, 126.9, 123.5, 116.3, 111.1, 107.0, 104.7, 100.9, 55.4, 53.0.

Methyl (Z)-2-hydroxy-3-(5-methoxy-1H-indol-3-yl)acrylate (B18)

N
H

OH

O
O

B18

O

White solid.

1H NMR (600 MHz, Acetonitrile-d3) δ 9.50 (s, 1H), 7.87 (d, J = 2.7 Hz, 1H), 7.34 (d, J = 8.8 Hz, 1H), 7.25 (d, J = 2.4 Hz, 1H), 6.90 (s, 

1H), 6.83 (dd, J = 8.7, 2.5 Hz, 1H), 6.77 (s, 1H), 3.86 (s, 3H), 3.84 (s, 3H).

13C NMR (151 MHz, CD3CN) δ 166.7, 155.6, 137.6, 131.7, 129.2, 128.2, 113.3, 110.6, 105.0, 100.9, 56.2, 53.0.

Benzyl (Z)-2-hydroxy-3-(1-methyl-1H-indol-3-yl)acrylate (B19)

N

OH

O
O

B19

White solid。

1H NMR (400 MHz, DMSO-d6) δ 9.14 (d, J = 1.7 Hz, 1H), 7.90 (s, 1H), 7.72 (d, J = 7.9 Hz, 1H), 7.51 – 7.33 (m, 6H), 7.22 (t, J = 7.3 

Hz, 1H), 7.12 (t, J = 7.4 Hz, 1H), 6.87 (d, J = 1.6 Hz, 1H), 5.31 (s, 2H), 3.84 (s, 3H).

13C NMR (101 MHz, DMSO) δ 164.6, 137.3, 136.4, 136.2, 131.8, 128.6, 128.1, 128.0, 126.8, 122.0, 119.8, 118.3, 110.1, 108.8, 104.9, 

66.1, 32.8.
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Methyl (S)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C1)

Yellow sold; 38.5 mg, 92% yield, >19:1 dr, 96% ee; melting point: 106 – 110 C; []D14.6 = -255.8 (c 

= 0.81 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 8.20 min, tR (minor) = 10.68 min.

1H NMR (400 MHz, Chloroform-d) δ 8.76 (s, 1H), 8.46 (s, 1H), 7.66 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 7.23 – 7.15 (m, 3H), 

6.91 – 6.82 (m, 2H), 6.81 (d, J = 2.4 Hz, 1H), 6.72 (d, J = 7.2 Hz, 1H), 5.50 (s, 1H), 3.54 (s, 3H), 3.33 (s, 3H), 3.15 (dd, J = 52.0, 16.0 

Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 187.8, 180.1, 170.0, 160.9, 142.3, 136.5, 129.3, 128.7, 127.8, 126.9, 125.0, 123.0, 121.7, 120.9, 119.0, 

111.9, 110.1, 103.9, 53.2, 51.7, 51.5, 49.9, 40.2.

IR: 3365, 2953, 2349, 1620, 1471, 1533, 1470, 1435, 1340, 747 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H20N2O6 419.1249; found 419.1248.

The UPCC chromatograms of racemic product C1
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-3-(2-ethoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C2)

N
H

O
N
H

O CO2Me
MeO O

C1
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Red oil; 38.1 mg, 88% yield, >19:1 dr, 97% ee; []D14.7 = -192.38 (c = 0.78 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 8.17 min, tR (minor) = 10.36 min.

1H NMR (400 MHz, Chloroform-d) δ 8.76 (m, 1H), 8.51 (s, 1H), 7.66 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 

7.9 Hz, 1H), 7.24 – 7.15 (m, 3H), 6.92 – 6.82 (m, 2H), 6.80 (d, J = 4.0 Hz, 1H), 6.73 (d, J = 7.2 Hz, 

1H), 5.49 (s, 1H), 3.84 – 3.72 (m, 2H), 3.54 (s, 3H), 3.13 (dd, J =60.0, 16.0 Hz, 2H), 0.89 (t, J = 8.0 Hz, 3H).

13C NMR (101 MHz, CDCl3) δ 187.8, 180.2, 169.4, 160.9, 142.4, 136.5, 129.3, 128.7, 127.8, 126.9, 125.1, 123.0, 121.7, 120.9, 119.0, 

111.8, 110.0, 103.9, 60.8, 53.1, 51.6, 50.0, 40.5, 13.8.

IR: 3358, 2910, 2850, 2350, 1728, 1620, 1532, 1470, 1433, 747 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C24H22N2O6 433.1405; found 433.1403.

The UPCC chromatograms of racemic product 
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-(1H-indol-3-yl)-2-oxo-3-((S)-2-oxo-3-(2-oxo-2-propoxyethyl)indolin-3-yl)propanoate (C3) 

N
H

O
N
H

O CO2Me
EtO O

C2



30

Yellow solid; 35.8 mg, 80% yield, >19:1 dr, 96% ee; melting point: 139 – 142 C; []D14.7 = -

192.82 (c = 0.40 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 8.54 min, tR (minor) = 10.10 min. 

1H NMR (400 MHz, Chloroform-d) δ 8.64 (s, 1H), 8.21 (s, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.39 (s, 

1H), 7.25 – 7.16 (m, 3H), 6.92 – 6.80 (m, 3H), 6.72 (d, J = 7.4 Hz, 1H), 5.49 (s, 1H), 3.69 (t, J = 

6.8 Hz, 2H), 3.55 (s, 3H), 3.26 – 2.98 (dd, J = 58.0, 16.0 Hz ,2H), 1.34 – 1.28 (m, 2H), 0.70 (t, J = 7.4 Hz, 3H).

13C NMR (101 MHz, CDCl3) δ 187.8, 180.0, 169.5, 160.9, 142.3, 136.5, 129.3, 128.7, 127.9, 126.8, 125.1, 123.1, 121.7, 121.0, 119.1, 

111.8, 109.9, 104.1, 66.4, 53.1, 51.5, 50.0, 40.6, 21.7, 10.3.

IR: 3741, 3365, 2960, 2924, 2350, 1728, 1620, 1470, 1433, 748 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C25H24N2O6 447.1562; found 447.1559.

The UPCC chromatograms of racemic product C3
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Methyl (S) -3-(1H-indol-3-yl)-3-((S)-3-(2-isopropoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C4)

Yellow solid; 42.9 mg, 96% yield, >19:1 dr, 93% ee; melting point: 161 – 163 C; []D14.8 = -153.25 

(c = 0.55 in CH2Cl2). 

UPCC DAICEL CHIRALCEL OD-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 2.76 min, tR (minor) = 3.83 min.

1H NMR (400 MHz, Chloroform-d) δ 8.85 (s, 1H), 8.60 (s, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 7.6 Hz, 1H), 7.26 – 7.10 (m, 3H), 

6.90 – 6.78 (m, 3H), 6.73 (d, J = 7.2 Hz, 1H), 5.47 (s, 1H), 4.63 (hept, J = 6.0 Hz, 1H)., 3.53 (s, 3H), 3.09 (dd, J = 68.4, 16.0 Hz, 2H), 

0.86 (dd, J = 8.1, 6.4 Hz, 6H).

13C NMR (101 MHz, CDCl3) δ 187.8, 180.3, 168.9, 161.0, 142.5, 136.5, 129.2, 128.6, 127.9, 126.9, 125.2, 123.0, 121.6, 120.9, 119.0, 

111.9, 110.0, 103.9, 68.4, 53.1, 51.7, 50.1, 40.9, 21.4, 21.2.

IR: 3741, 3610, 3365, 2981, 2350, 1728, 1620, 1470, 1262, 749 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C25H24N2O6 447.1562; found 447.1560.

The UPCC chromatograms of racemic product C4
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-3-(2-butoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-

oxopropanoate (C5)

Yellow solid; 32.8 mg, 70% yield, >19:1 dr, 95% ee; melting point: 156 – 160 C; []D14.7 = -

217.98 (c = 0.48 in CH2Cl2).
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UPCC DAICEL CHIRALCEL OX-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR (major) = 8.67 min, tR (minor) = 12.56 

min.

1H NMR (400 MHz, Chloroform-d) δ 8.70 (s, 1H), 8.31 (s, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.25 – 7.16 (m, 3H), 

6.922 – 6.79 (m, 3H), 6.73 (d, J = 7.2 Hz, 1H), 5.49 (s, 1H), 3.74 (t, J = 6.8 Hz, 2H), 3.55 (s, 3H), 3.12 (dd, J = 48.0, 16.0 Hz, 2H), 1.33 

– 1.19 (m, 2H), 1.15 – 1.04 (m, 2H), 0.76 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCl3) δ 187.8, 180.0, 169.5, 160.9, 142.3, 136.5, 129.3, 128.7, 127.8, 126.8, 125.0, 123.0, 121.7, 120.9, 119.1, 

111.8, 110.0, 104.0, 64.7, 53.1, 51.5, 50.0, 40.6, 30.4, 19.0, 13.7.

IR: 3742, 3610, 3360, 2958, 2350, 1729, 1621, 1471, 1262, 749 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C26H26N2O6 461.1718; found 461.1714.

The UPCC chromatograms of racemic product C5
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl 3-(5-fluoro-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-

oxopropanoate (C6)

Yellow solid; 38.0 mg, 87% yield, >19:1 dr, 95% ee; melting point: 111 – 116 C; []D14.6 = -242.16 

(c = 0.68 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 5.06 min, tR (minor) = 5.72 min.
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1H NMR (400 MHz, Chloroform-d) δ 8.81 (s, 1H), 8.59 (s, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.39 – 7.35 (m, 1H), 7.25 – 7.16 (m, 2H), 6.91 

(td, J = 8.0, 2.4 Hz, 1H), 6.84 – 6.77 (m, 2H), 6.47 (dd, J = 8.0, 4.0 Hz, 1H), 5.50 (s, 1H), 3.56 (s, 3H), 3.36 (s, 3H), 3.13 (dd, J = 72.0, 

16.0 Hz, 2H).

13C NMR (101 MHz, Chloroform-d) δ 187.71 , 180.05 , 169.73 , 160.82 , 158.35 (d, J = 239.1 Hz), 138.44 , 136.60 , 131.01 (d, J = 8.5 

Hz), 127.68 , 126.77 , 123.21 , 118.92 , 114.94 (d, J = 23.3 Hz), 112.96 (d, J = 25.3 Hz), 111.95 , 110.49 (d, J = 8.1 Hz), 103.59 , 53.23 

,51.90, 51.86, 50.01 , 40.22 .

19F NMR (377 MHz, CDCl3) δ -121.0.

IR: 3368, 2923, 2350, 1730, 1630, 1486, 1340, 1260, 1198, 747 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19FN2O6 437.1154; found 437.1152.

The UPCC chromatograms of racemic product C6
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl 3-(6-fluoro-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-

oxopropanoate (C7)

Yellow oil; 42.0 mg, 96% yield, >19:1 dr, 92% ee; []D15.0 = -229.77 (c = 0.70 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 4.70 min, tR (minor) = 6.02 min.

1H NMR (400 MHz, Chloroform-d) δ 8.83 (d, J = 2.8 Hz, 1H), 8.77 (s, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.20 (m, 

2H), 6.80 (d, J = 2.8 Hz, 1H), 6.66 – 6.59 (m, 2H), 6.53 (ddd, J = 10.4, 8.4, 2.4 Hz, 1H), 5.47 (s, 1H), 3.55 (s, 3H), 3.35 (s, 3H), 3.15 
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(dd, J = 56.0, 16.0 Hz, 2H).

13C NMR (101 MHz, Chloroform-d) δ 187.89 , 180.54 , 169.92 , 163.17 (d, J = 245.2 Hz), 160.89 , 143.87 (d, J = 12.0 Hz), 136.58 , 

127.66 , 126.83 , 125.93 (d, J = 9.6 Hz), 124.72 (d, J = 2.9 Hz), 123.13 , 120.99 , 118.95 , 111.93 , 107.94 (d, J = 22.4 Hz), 103.67 , 

98.88 (d, J = 27.3 Hz), 53.21 , 51.82 , 51.12 , 50.01 .

19F NMR (377 MHz, CDCl3) δ -111.7.

IR: 3364, 2954, 2350, 1730, 1628, 1437, 1339, 1264, 1210, 746 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19FN2O6 437.1154; found 437.1151.

The UPCC chromatograms of racemic product C7
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-6-chloro-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-

2-oxopropanoate (C8)

Yellow solid; 43.9 mg, 97% yield, >19:1 dr, 95% ee; melting point: 106 – 114 C; []D14.7 = -

200.28 (c = 0.73 in CH2Cl2).

UPCC DAICEL CHIRALCEL OX-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 6.75 min, tR (minor) = 10.89 min.

1H NMR (400 MHz, Chloroform-d) δ 8.77 (s, 1H), 8.71 (s, 1H), 7.66 (d, J = 7.8 Hz, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.24 – 7.17 (m, 2H), 

N
H

O
N
H

O CO2Me
MeO O

Cl

C8



35

6.90 (d, J = 2.0 Hz, 1H), 6.87 – 6.75 (m, 2H), 6.61 (d, J = 8.0 Hz, 1H), 5.47 (s, 1H), 3.56 (s, 3H), 3.36 (s, 3H), 3.15 (dd, J = 56.0, 16.0 

Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 187.8, 180.2, 169.8, 160.8, 143.6, 136.6, 134.4, 127.8, 127.7, 126.8, 125.8, 123.2, 121.6, 121.1, 118.9, 

111.9, 110.8, 103.7, 53.2, 51.9, 51.2, 50.1, 40.2. 13C NMR (101 MHz, CDCl3) δ 187.8, 180.2, 169.8, 160.8, 143.6, 136.6, 134.4, 127.8, 

127.7, 126.8, 125.8, 123.2, 121.6, 121.1, 118.9, 111.9, 110.8, 103.7, 53.2, 51.9, 51.2, 50.1, 40.2.

IR: 3365, 2953, 2350, 1730, 1616, 1485, 1337, 1262, 1125, 746 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19ClN2O6 453.0859, 455.0829; found 453.0860, 455.0833.

The UPCC chromatograms of racemic product C8
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-4-bromo-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-

oxopropanoate (C9)

Yellow oil; 34.8 mg, 70% yield, >19:1 dr, 89% ee; []D14.8 = -217.92 (c = 0.42 in CH2Cl2).

UPCC DAICEL CHIRALCEL ID-3, CO2/EtOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 3.84 min, tR (minor) = 4.29 min.

1H NMR (400 MHz, Chloroform-d) δ 8.95 (s, 1H), 8.84 (s, 1H), 7.39 (d, J = 7.8 Hz, 1H), 7.17 (d, J = 7.8 Hz, 1H), 7.07 (d, J = 2.8 Hz, 

1H), 7.02 (t, J = 8.0 Hz, 2H), 6.97 – 6.92 (m, 1H), 6.74 (t, J = 8.0 Hz, 1H), 6.35 (d, J = 7.6 Hz, 1H), 5.93 (s, 1H), 3.78 (dd, J = 40.0, 16.0 

Hz, 2H), 3.58 (s, 3H), 3.42 (s, 3H).
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13C NMR (101 MHz, CDCl3) δ 187.0, 179.0, 170.5, 162.1, 144.0, 135.9, 130.4, 128.3, 127.5, 126.8, 126.6, 122.3, 120.1, 118.3, 118.2, 

111.5, 109.1, 103.4, 55.2, 53.2, 52.0, 46.4, 36.8.

IR: 3362, 2923, 2349, 1736, 1615, 1450, 1348, 1262, 176, 745 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19BrN2O6 497.0354, 499.0333; found 497.0355, 499.0334.

The UPCC chromatograms of racemic product C9
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-5-bromo-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-

2-oxopropanoate (C10)

Yellow solid; 41.7 mg, 84% yield, >19:1 dr, 96% ee; melting point: 106 – 108 C; []D14.7 = -

168.06 (c = 0.29 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 7.30 min, tR (minor) = 8.50 min.

1H NMR (400 MHz, Chloroform-d) δ 8.64 (s, 1H), 8.27 (s, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.34 (dd, J = 8.0, 2.0 

Hz, 1H), 7.29 – 7.20 (m, 2H), 6.85 (d, J = 2.8 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.77 (d, J = 2.0 Hz, 1H), 5.48 (s, 1H), 3.57 (s, 3H), 3.39 

(s, 3H), 3.10 (dd, J = 94.0, 16.0 Hz, 2H).
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13C NMR (101 MHz, CDCl3) δ 187.7, 179.4, 169.6, 160.7, 141.6, 136.6, 131.5, 128.1, 127.6, 126.6, 123.4, 121.2, 119.0, 114.2, 111.9, 

111.3, 103.9, 53.2, 51.9, 51.4, 50.2, 40.4.

IR: 3365, 2953, 2350, 1730, 1617, 1457, 1338, 1262, 1176, 745 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19BrN2O6 497.0354, 499.0333; found 497.0354, 499.0334.

The UPCC chromatograms of racemic product C10
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-6-bromo-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-

2-oxopropanoate (C11)

Yellow solid; 43.7 mg, 88% yield, >19:1 dr, 96% ee; melting point: 121 – 124 C; []D14.6 = -

167.98 (c = 0.51 in CH2Cl2).

UPCC DAICEL CHIRALCEL IH-3, CO2/MeOH = 85/15, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 11.35 min, tR (minor) = 10.55 min.

1H NMR (400 MHz, Chloroform-d) δ 8.75 (s, 1H), 8.72 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.37 (d, 

J = 8.0 Hz, 1H), 7.26 – 7.23 (m, 1H), 7.20 (d, J = 7.6 Hz, 1H), 7.06 (d, J = 1.6 Hz, 1H), 6.99 (dd, J = 8.0, 1.6 Hz, 1H), 6.79 (d, J = 2.8 

Hz, 1H), 6.55 (d, J = 8.0 Hz, 1H), 5.46 (s, 1H), 3.56 (s, 3H), 3.36 (s, 3H), 3.15 (dd, J = 52.0, 16.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 187.8, 180.1, 169.8, 160.8, 143.8, 136.6, 128.4, 127.6, 126.8, 126.2, 124.6, 123.2, 122.4, 121.1, 118.9, 

113.6, 111.9, 103.7, 51.9, 51.2, 50.0, 40.1.

N
H

O
N
H

O CO2Me
MeO O

Br

C11



38

IR: 3366, 2953, 2350, 1730, 1611, 1482, 1337, 1208, 1084, 747 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19BrN2O6 497.0354, 499.0333; found 497.0352, 499.0332.

The UPCC chromatograms of racemic product C11
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-5-methyl-2-oxoindolin-3-yl)-2-

oxopropanoate (C12)

Yellow oil; 37.2 mg, 86% yield, >19:1 dr, 98% ee; []D15.3 = -283.25 (c = 0.4 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 9.51 min, tR (minor) = 10.94 min.

1H NMR (400 MHz, Chloroform-d) δ 8.76 (s, 1H), 8.33 (s, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.34 (d, J 

= 8.0 Hz, 1H), 7.21 (t, J = 7.2 Hz, 1H), 7.15 (t, J = 7.2 Hz, 1H), 6.99 (d, J = 7.6 Hz, 1H), 6.84 (d, J 

= 2.4 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 6.54 (s, 1H), 5.47 (s, 1H), 3.55 (s, 3H), 3.36 (s, 3H), 3.14 (dd, J = 40.0, 16.0 Hz, 2H), 2.16 (s, 

3H).

13C NMR (101 MHz, CDCl3) δ 187.9, 180.1, 170.0, 161.0, 139.7, 136.5, 131.0, 129.4, 129.0, 127.8, 126.9, 125.8, 123.0, 120.8, 119.1, 

111.8, 109.6, 104.0, 53.1, 51.7, 51.5, 50.0, 40.1, 21.3.

IR: 3367, 2953, 2350, 1730, 1625, 1492, 1339, 1263, 1080, 740 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C24H22N2O6 433.1405; found 433.1402.
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The UPCC chromatograms of racemic product C12
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-7-methyl-2-oxoindolin-3-yl)-2-

oxopropanoate (C13)

Yellow oil; 30.7 mg, 71% yield, >19:1 dr, 92% ee; []D15.5 = -122.50 (c = 0.4 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 6.96 min, tR (minor) = 13.62 min.

1H NMR (400 MHz, Chloroform-d) δ 8.59 (s, 1H), 8.49 (s, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.37 (d, J = 

8.0 Hz, 1H), 7.25 – 7.15 (m, 2H), 7.02 (d, J = 7.6 Hz, 1H), 6.85 (s, 1H), 6.78 (t, J = 7.6 Hz, 1H), 6.56 (d, J = 7.4 Hz, 1H), 3.55 (s, 3H), 

3.35 (s, 3H), 3.13 (dd, J = 52.0, 16.0 Hz 2H), 2.24 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 187.9, 180.3, 169.9, 160.9, 140.9, 136.5, 130.1, 128.9, 127.9, 126.8, 123.1, 122.4, 121.6, 120.9, 119.1, 

119.0, 111.7, 104.2, 53.1, 51.8, 51.7, 49.9, 40.2, 16.6.

IR: 3366, 2922, 2350, 1730, 1627, 1459, 1437, 1262, 1202, 749 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C24H22N2O6 433.1405; found 433.1402.

The UPCC chromatograms of racemic product C13
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-(1H-indol-3-yl)-3-((S)-5-methoxy-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-

yl)-2-oxopropanoate (C14)

Yellow oil; 40.9 mg, 91% yield, >19:1 dr, 90% ee; []D15.6 = -232.07 (c = 0.18 in CH2Cl2).

UPCC DAICEL CHIRALCEL IE-3, CO2/i-PrOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 12.73 min, tR (minor) = 11.61 min.

1H NMR (400 MHz, Chloroform-d) δ 8.90 (s, 1H), 8.36 (s, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.35 

(d, J = 8.0 Hz, 1H), 7.23 – 7.17 (m, 2H), 6.85 (d, J = 2.4 Hz, 1H), 6.77 – 6.69 (m, 2H), 6.33 (d, J = 2.0 Hz, 1H), 5.50 (s, 1H), 3.60 (s, 

3H), 3.55 (s, 3H), 3.36 (s, 3H), 3.11 (dd, J = 72.0, 12.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 187.9, 180.0, 169.9, 160.9, 154.8, 136.6, 135.9, 130.7, 127.8, 126.9, 123.0, 120.9, 119.0, 112.9, 112.7, 

111.9, 110.1, 103.8, 55.7, 53.2, 51.8, 50.1, 40.4.

IR: 3364, 2954, 2350, 1731, 1604, 1489, 1340, 1207, 1030, 744 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C24H22N2O7 449.1354; found 449.1351.

The UPCC chromatograms of racemic product C14
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-(1H-indol-3-yl)-3-((S)-3-methyl-2-oxoindolin-3-yl)-2-oxopropanoate (C15)

Yellow solid; 28.9 mg, 80% yield, >19:1 dr, 80% ee; melting point: 117 – 120 C; []D16.2 = -294.05 (c 

= 0.37 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 6.09 min, tR (minor) = 7.52 min.

 1H NMR (600 MHz, Chloroform-d) δ 8.65 (s, 1H), 8.47 (s, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.27 (m, 1H), 7.23 – 

7.17 (m, 2H), 6.94 (d, J = 7.6 Hz, 1H), 6.83 (t, J = 4.0 Hz, 2H), 6.59 (d, J = 7.4 Hz, 1H), 5.51 (s, 1H), 3.54 (s, 3H), 1.46 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 189.6, 182.2, 161.2, 141.1, 136.6, 132.5, 128.1, 127.9, 126.2, 124.8, 123.0, 121.7, 121.7, 120.7, 119.6, 

111.7, 110.0, 105.2, 53.0, 51.2, 49.7, 24.3.

IR: 3370, 2919, 2350, 1727, 1705, 1619, 1470, 1337, 1131, 746 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C21H18N2O4 361.1194; found 361.1193.

The UPCC chromatograms of racemic product C15
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-3-ethyl-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C16)

Yellow solid; 32.0 mg, 85% yield, >19:1 dr, 91% ee; melting point: 90 – 97 C; []D16.4 = -265.83 (c = 

0.24 in CH2Cl2).

UPCC DAICEL CHIRALCEL IH-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 4.15 min, tR (minor) = 3.86 min.

1H NMR (400 MHz, Chloroform-d) δ 8.53 (s, 1H), 8.15 (s, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 

7.6 Hz, 1H), 7.29 – 7.16 (m, 3H), 6.91 (d, J = 7.6 Hz, 1H), 6.85 (t, J = 7.6 Hz, 1H), 6.81 (d, J = 2.4 Hz, 1H), 6.54 (d, J = 7.6 Hz, 1H), 

5.51 (s, 1H), 3.54 (s, 3H), 2.11 (td, J = 12.4, 4.4 Hz, 1H), 1.81 (td, J = 12.8, 4.0 Hz, 1H), 0.67 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCl3) δ 189.3, 181.3, 161.1, 142.0, 136.6, 130.5, 128.1, 127.9, 126.4, 125.1, 123.0, 121.6, 120.8, 119.7, 111.6, 

109.6, 105.4, 54.3, 53.0, 51.6, 39.8, 16.8, 14.1.

IR: 3370, 2957, 2350, 1727, 1704, 1620, 1468, 1340, 1085, 746 cm-1.

HRMS (FTMS+c ESI) m/z: [M + H]+ calcd for C22H20N2O4 377.1496; found 377.1490.

The UPCC chromatograms of racemic product C16
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3.

86
1

4.
15

3

AU

0.00

0.20

0.40

Minutes
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Retention Time Area % Area Height

1 3.861 206471 4.46 30025

2 4.153 4418849 95.54 511447

Methyl (S)-3-((S)-3-allyl-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C17)

Yellow oil; 31.0 mg, 80% yield, >19:1 dr, 75% ee; []D16.7 = -277.27 (c = 0.09 in CH2Cl2).

UPCC DAICEL CHIRALCEL IG-3, CO2/MeOH = 85/15, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 11.90 min, tR (minor) = 5.05 min.

1H NMR (400 MHz, Chloroform-d) δ 8.60 (s, 1H), 8.14 (s, 1H), 7.77 (d, J = 7.6 Hz, 1H), 7.43 (d, J = 

8.0 Hz, 1H), 7.31 – 7.13 (m, 3H), 6.92 – 6.78 (m, 3H), 6.58 (d, J = 7.6 Hz, 1H), 5.54 (s, 1H), 5.17 – 

5.04 (m, 1H), 4.94 – 4.73 (m, 2H), 3.54 (s, 3H), 2.72 (ddd, J = 98.4, 13.6, 7.2 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 189.2, 180.6, 161.1, 141.9, 136.6, 131.1, 129.8, 128.1, 128.0, 126.4, 125.3, 123.1, 121.6, 120.9, 119.6, 

119.5, 111.7, 109.8, 105.0, 54.2, 53.0, 51.1, 41.9.

IR: 3370, 2924, 2406, 1727, 1706, 1620, 1470, 1339, 1261, 747 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H20N2O4 387.1350; found 387.1349.

The UPCC chromatograms of racemic product C17
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Methyl (S)-3-((S)-3-(cyclopropylmethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate 

(C18)

Yellow oil; 32.2 mg, 80% yield, >19:1 dr, 87% ee; []D16.6 = -199.21 (c = 0.38 in CH2Cl2).

UPCC DAICEL CHIRALCEL IH-3, CO2/MeOH = 85/15, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 9.85 min, tR (minor) = 8.22 min.

1H NMR (400 MHz, Chloroform-d) δ 8.58 (s, 1H), 8.37 (s, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 7.8 Hz, 1H), 7.30 – 7.14 (m, 3H), 

6.94 (d, J = 7.6 Hz, 1H), 6.89 – 6.78 (m, 2H), 6.58 (d, J = 7.2 Hz, 1H), 5.48 (s, 1H), 3.54 (s, 3H), 2.12 (dd, J = 13.2, 4.8 Hz, 1H), 1.81 

(dd, J = 13.2, 8.0 Hz, 2H), 0.15 - 0.09 (m, 2H), 0.07 – -0.04 (m, 2H), -0.29 (dq, J = 9.2, 4.0 Hz, 1H).

13C NMR (101 MHz, CDCl3) δ 189.2, 181.8, 161.2, 142.3, 136.6, 130.7, 128.1, 127.9, 126.4, 125.3, 123.0, 121.5, 120.8, 119.6, 111.7, 

109.7, 105.2, 54.6, 53.0, 51.4, 42.3, 5.6, 4.1, 3.5.

IR: 3371, 2923, 2357, 1728, 1704, 1620, 1469, 1260, 1114, 747 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C24H22N2O4 401.1057; found 401.1055.

The UPCC chromatograms of racemic product C18
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-3-(2-azidoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C19)

Yellow solid; 39.6 mg, 95% yield, >19:1 dr, 87% ee; melting point: 95 – 104 C; []D16.2 = -225.80 (c 
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= 0.75 in CH2Cl2).

UPCC DAICEL CHIRALCEL OD-3, CO2/MeOH = 90/10, flow rate = 1.5 mL/min,  = 211 nm, tR (major) = 11.91 min, tR (minor) = 14.57 

min.

1H NMR (400 MHz, Chloroform-d) δ 8.61 (s, 1H), 8.46 (s, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.32 – 7.19 (m, 3H), 

6.96 (d, J = 7.6 Hz, 1H), 6.88 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 2.4 Hz, 1H), 6.58 (d, J = 7.2 Hz, 1H), 5.51 (s, 1H), 3.55 (s, 3H), 2.90 – 

2.74 (m, 2H), 2.47 (dt, J = 13.6, 8.0 Hz, 1H), 2.14 (ddd, J = 13.2, 8.0, 4.8 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 188.7, 180.5, 161.0, 142.0, 136.6, 128.7, 127.9, 126.5, 125.2, 123.2, 121.9, 121.0, 119.3, 111.8, 110.3, 

104.6, 53.1, 52.6, 51.3, 46.9, 36.0.

IR: 3369, 2920, 2350, 2100, 1727, 1707, 1620, 1469, 1261, 747 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19N5O4 416.1364; found 416.1362.

The UPCC chromatograms of racemic product C19
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-3-(2-chloroethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C20)

Yellow solid; 37.3 mg, 91% yield, >19:1 dr, 82% ee; melting point: 152 – 158 C; []D19.8 = -249.66 (c 
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= 0.30 in CH2Cl2).

UPCC DAICEL CHIRALCEL IE-3, CO2/MeOH = 85/15, flow rate = 1.5 mL/min,  = 211 nm, tR (major) = 6.00 min, tR (minor) = 8.18 min.

1H NMR (400 MHz, Chloroform-d) δ 8.67 (s, 1H), 8.62 (s, 1H), 7.72 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.30 – 7.20 (m, 3H), 

6.94 (d, J = 7.6 Hz, 1H), 6.88 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 2.4 Hz, 1H), 6.59 (d, J = 7.2 Hz, 1H), 5.52 (s, 1H), 3.54 (s, 3H), 3.14 (td, 

J = 10.8, 6.0 Hz, 1H), 2.82 (td, J = 10.8, 4.8 Hz, 1H), 2.66 (ddd, J = 13.2, 10.4, 6.0 Hz, 1H), 2.38 (ddd, J = 13.2, 10.8, 4.4 Hz, 1H).

13C NMR (101 MHz, CDCl3) δ 188.7, 180.4, 161.0, 142.0, 136.6, 128.7, 128.6, 127.8, 126.6, 125.3, 123.2, 122.0, 121.0, 119.3, 111.8, 

110.3, 104.4, 53.3, 53.1, 51.2, 39.7, 39.3.

IR: 3369, 2919, 2357, 1727, 1708, 1620, 1470, 1261, 1084, 748 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C22H19ClN2O4 409.0961, 411.0931; found 409.0958, 411.0926.

The UPCC chromatograms of racemic product C20
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-3-(2-bromoethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate (C21)

Yellow solid; 40.9 mg, 90% yield, >19:1 dr, 93% ee; melting point: 164 – 166 C; []D19.8 = -190.73 

(c = 0.25 in CH2Cl2).

UPCC DAICEL CHIRALCEL IE-3, CO2/MeOH = 85/15, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 10.37 min, tR (minor) = 7.73 min.

1H NMR (400 MHz, Chloroform-d) δ 8.67 (s, 1H), 8.64 (s, 1H), 7.71 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 

7.6 Hz, 1H), 7.32 – 7.19 (m, 3H), 6.94 (d, J = 7.6 Hz, 1H), 6.88 (t, J = 7.6 Hz, 1H), 6.83 (d, J = 2.4 Hz, 1H), 6.60 (d, J = 7.6 Hz, 1H), 
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5.51 (s, 1H), 3.54 (s, 2H), 3.00 (ddd, J = 12.0, 9.6, 5.2 Hz, 1H), 2.74 (td, J = 12.4, 12.0, 5.2 Hz, 1H), 2.61 (td, J = 11.2, 10.4, 4.4 Hz, 

1H), 2.46 (td, J = 12.4, 4.4 Hz, 1H).

13C NMR (101 MHz, CDCl3) δ 188.7, 180.2, 161.0, 142.0, 136.6, 128.7, 128.6, 127.8, 126.6, 125.3, 123.2, 122.1, 121.0, 119.3, 111.8, 

110.3, 104.4, 54.3, 53.1, 51.2, 40.1, 26.5.

IR: 3369, 2955, 2349, 1727, 1707, 1620, 1469, 1470, 1261, 746 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C22H19BrN2O4 453.0455, 455.0435; found 453.0453, 455.0429.

The UPCC chromatograms of racemic product C21
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-(1H-indol-3-yl)-3-((S)-3-(2-iodoethyl)-2-oxoindolin-3-yl)-2-oxopropanoate (C22) 

Yellow solid; 46.7 mg, 93% yield, >19:1 dr, 92% ee; melting point: 143 – 153 C; []D19.8 = -169.91 (c 

= 0.68 in CH2Cl2).

UPCC DAICEL CHIRALCEL IE-3, CO2/MeOH = 85/15, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 9.77 min, tR (minor) = 7.90 min.

1H NMR (400 MHz, Chloroform-d) δ 8.63 (s, 1H), 8.59 (s, 1H), 7.70 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.35 – 7.17 (m, 3H), 

6.94 (d, J = 7.6 Hz, 1H), 6.87 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 2.4 Hz, 1H), 6.58 (d, J = 7.2 Hz, 1H), 5.50 (s, 1H), 3.54 (s, 3H), 2.88 – 

2.70 (m, 2H), 2.48 (td, J = 13.2, 12.4, 4.4 Hz, 1H), 2.36 (ddd, J = 14.4, 9.2, 4.4 Hz, 1H).
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13C NMR (101 MHz, CDCl3) δ 188.7, 180.0, 160.9, 142.0, 136.6, 128.6, 128.5, 127.7, 126.5, 125.3, 123.2, 122.1, 121.1, 119.3, 111.8, 

110.3, 104.4, 55.8, 53.1, 51.0, 41.6, -2.9.

IR: 3371, 2952, 2349, 1727, 1707, 1620, 1469, 1261, 1016, 747 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C22H19IN2O4 501.0317; found 501.0311.

The UPCC chromatograms of racemic product C22
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The UPCC chromatograms of product from asymmetric reaction 
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1 7.901 677231 3.95 29982
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Methyl (S)-3-((S)-3-(furan-2-ylmethyl)-2-oxoindolin-3-yl)-3-(1H-indol-3-yl)-2-oxopropanoate 

(C23)

Yellow solid; 35.1 mg, 82% yield, >19:1 dr, 90% ee; melting point: 110 – 115 C; []D19.9 = -168.60 

(c = 0.48 in CH2Cl2).

UPCC DAICEL CHIRALCEL IG-3, CO2/MeOH = 85/15, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 15.10 min, tR (minor) = 8.18 min.

1H NMR (400 MHz, Chloroform-d) δ 8.55 (s, 1H), 7.81 – 7.72 (m, 2H), 7.45 (d, J = 8.0 Hz, 1H), 7.31 – 7.20 (m, 2H), 7.12 (t, J = 7.6 Hz, 

1H), 6.99 (d, J = 1.2 Hz, 1H), 6.89 (d, J = 2.4 Hz, 1H), 6.84 (t, J = 7.6 Hz, 1H), 6.75 (d, J = 7.6 Hz, 1H), 6.66 (d, J = 7.2 Hz, 1H), 5.96 

(dd, J = 3.2, 1.8 Hz, 1H), 5.61 (s, 1H), 5.52 (d, J = 3.2 Hz, 1H), 3.56 (s, 3H), 3.35 (dd, J = 128.4, 14.4 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 188.8, 180.2, 161.1, 149.7, 141.8, 141.5, 136.6, 129.5, 128.2, 127.9, 126.5, 125.6, 123.2, 121.5, 121.0, 

N
H

O
N
H

O CO2Me
O

C23



50

119.5, 111.7, 110.0, 109.6, 107.7, 104.9, 54.2, 53.0, 50.7, 36.0.

IR: 3367, 2918, 2350, 1728, 1708, 1620, 1470, 1261, 1014, 747 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C25H20N2O5 427.1299; found 427.1296.

The UPCC chromatograms of racemic product C23
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The UPCC chromatograms of product from asymmetric reaction 
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1 8.179 1344302 5.04 54279

2 15.103 25341031 94.96 484073

Methyl (S)-3-(1H-indol-3-yl)-2-oxo-3-((S)-2-oxo-3-(thiophen-2-ylmethyl)indolin-3-

yl)propanoate (C24)

Yellow oil; 35.1 mg, 78% yield, >19/1 dr, 79% ee; []D20.2 = -149.38 (c = 0.48 in CH2Cl2).

UPCC DAICEL CHIRALCEL IG-3, CO2/MeOH = 87/13, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 34.76 min, tR (minor) = 13.52 min.

1H NMR (400 MHz, Chloroform-d) δ 8.57 (s, 1H), 7.82 (d, J = 7.8 Hz, 1H), 7.66 (s, 1H), 7.46 (d, J = 

8.0 Hz, 1H), 7.32 – 7.27 (m, 1H), 7.25 – 7.22 (m, 1H), 7.17 (td, J = 7.6, 1.2 Hz, 1H), 6.92 – 6.87 (m, 2H), 6.85 (dd, J = 5.1, 1.2 Hz, 1H), 

6.72 (d, J = 8.0 Hz, 2H), 6.64 (dd, J = 5.2 3.6 Hz, 1H), 6.49 (d, J = 3.2 Hz, 1H), 5.66 (s, 1H), 3.71 (d, J = 14.0 Hz, 1H), 3.56 (s, 3H), 

3.27 (d, J = 14.0 Hz, 1H).

13C NMR (101 MHz, CDCl3) δ 188.9, 180.0, 161.1, 142.3, 136.7, 136.0, 129.3, 128.5, 127.9, 127.4, 126.5, 126.2, 125.7, 124.7, 123.2, 

121.6, 121.0, 119.6, 111.8, 109.8, 105.0, 55.5, 53.0, 51.2, 38.1.

IR: 3370, 2924, 2406, 1727, 1706, 1620, 1470, 1339, 1261, 746 cm-1
.
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HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C25H20N2O4S 443.1071; found 443.1070.

The UPCC chromatograms of racemic product C24
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The UPCC chromatograms of product from asymmetric reaction 
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2 34.764 16516533 89.36 160175

Benzyl (S)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C25)

Yellow oil; 35.7 mg, 70% yield, >19:1 dr, 95% ee; []D19.3 = -224.08 (c = 0.71 in CH2Cl2).

UPCC DAICEL CHIRALCEL IC-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 7.64 min, tR (minor) = 6.85 min.

1H NMR (400 MHz, Chloroform-d) δ 8.73 (s, 1H), 8.48 (s, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.25 – 7.14 (m, 4H), 

7.11 (t, J = 7.6 Hz, 2H), 6.87 – 6.81 (m, 4H), 6.71 (d, J = 8.0 Hz, 2H), 5.45 (s, 1H), 4.92 (q, J = 12.4 Hz, 2H), 3.32 (s, 3H), 3.13 (dd, J 

= 56.0, 16.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 187.7, 180.1, 169.9, 160.5, 142.4, 136.6, 134.2, 129.2, 128.7, 128.6, 128.5, 128.5, 128.2, 127.8, 126.9, 

125.0, 123.0, 121.7, 120.9, 119.1, 111.9, 110.1, 103.8, 68.0, 51.7, 51.3, 50.5, 40.4.

IR: 3367, 2923, 2351, 1728, 1620, 1470, 1340, 1261, 1210, 746 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C30H26N2O6 509.1718.
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The UPCC chromatograms of racemic product C25
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1 5.457 4761008 27.88 271524
2 6.176 4873949 28.54 276895
3 6.878 3691720 21.62 197259
4 7.617 3750094 21.96 186672

The UPCC chromatograms of product from asymmetric reaction 

6.
84

9

7.
63

5

AU

0.00

0.20

0.40

0.60

0.80

1.00

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

Retention Time Area % Area Height

1 6.849 16278429 97.47 1048542

2 7.635 422978 2.53 26018

Methyl (S)-3-(4-fluoro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C26)

Yellow oil; 39.0 mg, 89% yield, >19:1 dr, 93% ee; []D19.5 = -245.55 (c = 0.29 in CH2Cl2).

UPCC DAICEL CHIRALCEL OD-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 2.49 min, tR (minor) = 3.10 min.

1H NMR (400 MHz, Chloroform-d) δ 8.99 (s, 1H), 8.31 (s, 1H), 7.20 (td, J = 7.6, 1.2 Hz, 1H), 7.15 – 

7.06 (m, 2H), 6.96 – 6.78 (m, 3H), 6.78 – 6.69 (m, 1H), 6.66 (d, J = 2.8 Hz, 1H), 5.69 (d, J = 1.6 Hz, 1H), 3.59 (s, 3H), 3.34 – 3.30 (m, 

4H), 3.14 (d, J = 15.9 Hz, 1H).

13C NMR (101 MHz, Chloroform-d) δ 187.76 , 179.98 , 170.12 , 160.87 , 156.97 (d, J = 247.1 Hz), 142.34 , 139.07 (d, J = 10.2 Hz), 

129.24 , 128.72 , 126.92 , 125.04 , 123.63 (d, J = 8.1 Hz), 121.71 , 116.70 (d, J = 18.1 Hz), 110.01 , 108.19 (d, J = 3.5 Hz), 106.17 (d, 

J = 19.1 Hz), 102.28 , 53.23 , 51.70 , 51.40 , 50.44 , 39.53 .

IR: 3352, 2954, 2350, 1731, 1621, 1470, 1346, 1230, 1034, 742 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19FN2O6 437.1154; found 437.1152.

The UPCC chromatograms of racemic product C26
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-(5-fluoro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C27)

Yellow oil; 38.1 mg, 87% yield, >19:1 dr, 96% ee; []D19.7 = -264.28 (c = 0.45 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 5.08 min, tR (minor) = 6.81 min.

1H NMR (400 MHz, Chloroform-d) δ 8.92 (d, J = 2.8 Hz, 1H), 8.53 (s, 1H), 7.30 – 7.16 (m, 3H), 

6.93 (td, J = 9.2, 2.4 Hz, 1H), 6.90 – 6.83 (m, 3H), 6.77 (d, J = 7.6 Hz, 1H), 5.39 (s, 1H), 3.57 (s, 3H), 3.36 (s, 3H), 3.15 (J = 28.0, 16.0 

Hz, 2H).

13C NMR (101 MHz, Chloroform-d) δ 187.72, 179.97, 170.05, 160.88, 158.51 (d, J = 215.2 Hz), 142.15, 132.98, 129.38, 128.86, 128.52, 

128.27 (d, J = 9.6 Hz), 124.85, 121.89, 112.72 (d, J = 9.7 Hz), 111.61 (d, J = 26.6 Hz), 110.16, 104.04 (d, J = 1.8 Hz), 103.90 (d, J = 

17.2 Hz), 53.24, 51.83, 51.55, 49.86, 39.83.

19F NMR (377 MHz, CDCl3) δ -122.6.

IR:3353, 2954, 2350, 1728, 1621, 1486, 1344, 1259, 1167, 753 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19FN2O6 437.1154; found 437.1153.

The UPCC chromatograms of racemic product C27
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1 3.453 4151127 42.22 259100
2 5.082 760341 7.73 36273
3 6.110 4182120 42.54 173986
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The UPCC chromatograms of product from asymmetric reaction 

5.
08

2

6.
81

0

AU

0.00

0.20

0.40

0.60

Minutes
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Retention Time Area % Area Height
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Methyl (S)-3-(6-fluoro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C28)

Yellow solid; 41.6 mg, 95% yield, >19:1 dr, 95% ee; melting point: 108 – 110 C; []D19.0 = -

219.23 (c = 0.73 in CH2Cl2).

UPCC DAICEL CHIRALCEL OX-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 5.03 min, tR (minor) = 8.08 min.

1H NMR (400 MHz, Chloroform-d) δ 8.97 (s, 1H), 8.68 (s, 1H), 7.51 (dd, J = 8.8, 5.2 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 7.00 (dd, J = 9.2, 

2.4 Hz, 1H), 6.95 – 6.73 (m, 5H), 5.44 (s, 1H), 3.56 (s, 3H), 3.35 (s, 3H), 3.15 (dd, J = 24.0, 16.0 Hz, 2H).

13C NMR (101 MHz, Chloroform-d) δ 187.72 , 180.16 , 170.09 , 160.93 , 160.26 (d, J = 12.4 Hz) 142.16 , 136.49 (d, J = 12.4 Hz), 

129.39 , 128.86 , 127.23 , 124.86 , 124.25 , 121.88 , 119.82 (d, J = 10.1 Hz), 110.20 , 109.73 (d, J = 24.8 Hz), 104.00 , 98.21 (d, J = 

26.2 Hz), 53.24 , 51.83 , 51.50 , 49.78 , 39.83 .

19F NMR (377 MHz, CDCl3) δ -119.8.

IR:3355, 2954, 2350, 1730, 1623, 1471, 1343, 1261, 1143, 753 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19FN2O6 437.1154; found 437.1154.

The UPCC chromatograms of racemic product C28
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The UPCC chromatograms of product from asymmetric reaction 
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1 5.027 5825617 97.43 501866
2 8.077 153513 2.57 10571

Methyl (S)-3-(4-chloro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (29)

Yellow oil; 37.7 mg, 83% yield, >19:1 dr, 90% ee; []D19.3 = -338.38 (c = 0.28 in CH2Cl2).

UPCC DAICEL CHIRALCEL IC-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 4.43 min, tR (minor) = 6.34 min.

1H NMR (400 MHz, Chloroform-d) δ 9.30 (d, J = 2.8 Hz, 1H), 8.44 (s, 1H), 7.23-7.13 (m, 3H), 7.06 

(t, J = 7.6 Hz, 1H), 6.92 – 6.84 (m, 2H), 6.80 – 6.74 (m, 1H), 6.67 (d, J = 2.8 Hz, 1H), 6.25 (s, 1H), 3.57 (s, 3H), 3.29 (dd, J = 96.0, 16.0 

Hz) 3.27 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 187.6, 180.2, 170.3, 161.0, 142.4, 138.1, 129.5, 128.7, 128.6, 126.0, 125.3, 123.8, 123.5, 122.3, 121.8, 

111.2, 110.1, 103.4, 53.2, 51.7, 51.3, 49.3, 39.4.

IR:3349, 2921, 2350, 1730, 1620, 1470, 1340, 1261, 1117, 747 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19ClN2O6 453.0859, 455.0829; found 453.0858, 455.0828.

The UPCC chromatograms of racemic product C29

N
H

O

O CO2Me
MeO O

N
H

Cl

C29



56

4.
26

6

6.
00

4

AU

-0.02

0.00

0.02

0.04

0.06

0.08

Minutes
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Retention Time Area % Area Height

1 4.266 1049949 50.38 79208

2 6.004 1034051 49.62 59073

The UPCC chromatograms of product from asymmetric reaction 
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1 4.426 9889274 94.95 732609
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Methyl (S)-3-(5-chloro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C30)

Yellow oil; 39.1 mg, 86% yield, >19:1 dr, 91% ee; []D19.3 = -197.86 (c = 0.28 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 6.22 min, tR (minor) = 8.27 min.

1H NMR (400 MHz, Chloroform-d) δ 8.95 (s, 1H), 8.55 (s, 1H), 7.59 (d, J = 1.9 Hz, 1H), 7.25 – 7.11 (m, 3H), 6.92 – 6.77 (m, 4H), 5.41 

(s, 1H), 3.58 (s, 3H), 3.36 (s, 3H), 3.16 (dd, J = 24.0, 16.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 187.7, 180.0, 170.1, 160.9, 142.1, 134.8, 129.4, 128.9, 128.9, 128.1, 126.6, 124.8, 123.5, 121.9, 118.4, 

113.0, 110.2, 103.8, 53.3, 51.9, 51.5, 49.6, 39.7.

IR:3352, 2925, 2350, 1730, 1620, 1469, 1342, 1260, 1082, 747 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19ClN2O6 453.0859, 455.0829; found 453.0858, 455.0830.

The UPCC chromatograms of racemic product C30
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The UPCC chromatograms of product from asymmetric reaction 
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1 6.220 12741402 95.31 560657

2 8.271 626557 4.69 20544

Methyl (S)-3-(6-chloro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-

2-oxopropanoate (C31)

Yellow oil; 35.0 mg, 77% yield, >19:1 dr, 94% ee; []D19.3 = -197.86 (c = 0.17 in CH2Cl2).

UPCC DAICEL CHIRALCEL OX-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 6.91 min, tR (minor) = 12.40 min.

1H NMR (400 MHz, Chloroform-d) δ 8.85 (s, 1H), 8.49 (s, 1H), 7.50 (d, J = 8.6 Hz, 1H), 7.33 (d, J = 1.6 Hz, 1H), 7.19 (td, J = 7.6, 1.2 

Hz, 1H), 7.11 (dd, J = 8.8, 1.6 Hz, 1H), 6.91 – 6.82 (m, 3H), 6.76 (d, J = 7.6 Hz, 1H), 5.44 (s, 1H), 3.57 (s, 3H), 3.37 (s, 3H), 3.14 (dd, 

J = 24.0, 12.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 187.8, 180.0, 170.0, 160.9, 142.1, 136.8, 129.4, 128.9, 127.4, 126.3, 124.8, 121.9, 121.7, 119.9, 111.8, 

110.2, 104.3, 53.3, 51.9, 51.5, 49.7, 39.8.

IR:3365, 2955, 2350, 1731, 1620, 1471, 1338, 1260, 1116, 753 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19ClN2O6 453.0859, 455.0829; found 453.0856, 455.0829.

The UPCC chromatograms of racemic product C31
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The UPCC chromatograms of product from asymmetric reaction 
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1 6.914 5764276 97.04 288026

2 12.396 175775 2.96 5231

Methyl (S)-3-(5,6-dichloro-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-

yl)-2-oxopropanoate (C32)

Yellow solid; 39.9 mg, 80% yield, >19:1 dr, 97% ee; melting point: 117 – 123 C; []D20.1 = -

204.17 (c = 0.24 in CH2Cl2).

UPCC DAICEL CHIRALCEL OD-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 4.37 min, tR (minor) = 3.96 min.

1H NMR (400 MHz, Chloroform-d) δ 9.10 (s, 1H), 8.66 (s, 1H), 7.64 (s, 1H), 7.42 (s, 1H), 7.19 (td, J = 7.6, 1.4 Hz, 1H), 6.96 – 6.82 (m, 

3H), 6.77 (d, J = 7.6 Hz, 1H), 5.38 (s, 1H), 3.60 (s, 3H), 3.40 (s, 3H), 3.20 (dd, J = 32.0, 12.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 187.7, 179.9, 170.2, 160.8, 141.9, 135.2, 129.5, 129.1, 128.5, 127.5, 126.9, 125.0, 124.6, 122.1, 119.9, 

113.5, 110.3, 103.9, 53.4, 52.0, 51.6, 49.4, 39.0.

IR:3341, 2917, 2350, 1731, 1621, 1471, 1451, 1229, 1082, 753 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H18Cl2N2O6 487.0469, 489.0440; found 487.0468, 489.0440.

The UPCC chromatograms of racemic product C32
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The UPCC chromatograms of product from asymmetric reaction 

3.
96

0
4.

37
4

AU

0.00

0.20

0.40

0.60

0.80

1.00

1.20

Minutes
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Retention Time Area % Area Height

1 3.960 204646 1.45 24006
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Methyl (S)-3-(4-bromo-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C33)

Yellow oil; 47.3 mg, 95% yield, >19:1 dr, 84% ee; []D19.1 = -259.91 (c = 0.24 in CH2Cl2).

UPCC DAICEL CHIRALCEL AD-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 6.61 min, tR (minor) = 5.47 min.

1H NMR (400 MHz, Acetonitrile-d3) δ 9.90 (s, 1H), 8.66 (s, 1H), 7.52 (dd, J = 8.4, 0.8 Hz, 1H), 7.38 

(dd, J = 7.6, 0.8 Hz, 1H), 7.24 (td, J = 7.6, 1.2 Hz, 1H), 7.11 (t, J = 7.8 Hz, 1H), 6.97 – 6.87 (m, 3H), 6.81 (d, J = 7.6 Hz, 1H), 6.26 (s, 

1H), 3.52 (s, 3H), 3.41 (d, J = 15.6 Hz, 1H), 3.24 (s, 3H), 2.92 (d, J = 15.6 Hz, 1H).

13C NMR (101 MHz, CD3CN) δ 188.9, 180.1, 170.6, 162.2, 144.3, 139.2, 130.5, 130.4, 129.3, 126.3, 126.2, 125.6, 124.4, 122.0, 114.1, 

113.0, 110.3, 104.5, 53.5, 51.9, 51.7, 49.6, 40.5.

IR:3348, 2921, 2350, 1729, 1620, 1437, 1337, 1176, 1080, 745 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19BrN2O6 497.0354, 499.0334; found 497.0352, 499.0333.

The UPCC chromatograms of racemic product C33
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Methyl (S)-3-(5-bromo-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C34)

Yellow solid; 41.0 mg, 84% yield, >19:1 dr, 97% ee; melting point: 127 – 133 C; []D20.5 = -252.35 

(c = 0.43 in CH2Cl2).

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 7.36 min, tR (minor) = 5.08 min.

1H NMR (400 MHz, Chloroform-d) δ 8.96 (s, 1H), 8.54 (s, 1H), 7.74 (s, 1H), 7.28 – 7.24 (m, 1H), 

7.23 – 7.16 (m, 2H), 6.89 (t, J = 7.3 Hz, 1H), 6.85 – 6.79 (m, 3H), 5.41 (s, 1H), 3.58 (s, 3H), 3.36 (s, 3H), 3.16 (dd, J = 20.0, 16.0 Hz, 

2H).

13C NMR (101 MHz, CDCl3) δ 187.7, 179.9, 170.1, 160.9, 142.1, 135.1, 129.5, 129.4, 128.9, 127.9, 126.0, 124.8, 122.0, 121.5, 114.2, 

113.4, 110.2, 103.7, 53.3, 51.9, 51.5, 49.6, 39.6.

IR:3363, 2920, 2350, 1730, 1620, 1469, 1259, 1115, 1080, 753 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19BrN2O6 497.0354, 499.0334; found 497.0344, 499.0332.

The UPCC chromatograms of racemic product C34
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-(6-bromo-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-

2-oxopropanoate (C35)

Yellow solid; 41.0 mg, 92% yield, 92:8 dr, 95/81% ee; melting point: 135 – 136 C; []D20.6 = -
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166.97 (c = 0.25 in CH2Cl2).

UPCC DAICEL CHIRALCEL OX-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, major isomer: tR (major) = 8.26 min, tR 

(minor) = 14.70 min; minor isomer: tR (major) = 5.82 min, tR (minor) = 9.12 min.

1H NMR (400 MHz, Chloroform-d) δ 9.04 (s, 1H), 8.77 (s, 1H), 7.48 (s, 1H), 7.43 (d, J = 8.5 Hz, 1H), 7.19 (dd, J = 16.4, 8.4 Hz, 2H), 

6.89 – 6.77 (m, 4H), 5.43 (s, 1H), 3.55 (s, 3H), 3.36 (s, 3H), 3.16 (t, J = 16.0, 2H).

13C NMR (101 MHz, CDCl3) δ 187.8, 180.1, 170.1, 160.9, 142.1, 137.2, 129.4, 128.9, 127.5, 126.6, 124.8, 124.1, 122.0, 120.2, 116.5, 

114.9, 110.3, 104.2, 53.3, 51.9, 51.5, 49.7, 39.6.

IR:3353, 2922, 2350, 1730, 1618, 1470, 1259, 1115, 1052, 754 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19BrN2O6 497.0354, 499.0334; found 497.0353, 499.0334.

The UPCC chromatograms of racemic product C35
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-(5-iodo-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C36)

Yellow solid; 49.7 mg, 91% yield, 88:12 dr, 94/80% ee; melting point: 153-156 C; []D19.8 = -165.01 
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(c = 0.3 in CH2Cl2).

UPCC DAICEL CHIRALCEL OX-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, major isomer: tR (major) = 9.03 min, tR 

(minor) = 12.09 min; minor isomer: tR (major) = 6.29 min, tR (minor) = 10.11 min.

1H NMR (400 MHz, Chloroform-d) δ 8.94 (s, 1H), 8.54 (s, 1H), 7.93 (d, J = 1.6 Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H), 7.21 (t, J = 7.6 Hz, 

1H), 7.10 (d, J = 8.4 Hz, 1H), 6.91 (t, J = 7.6 Hz, 1H), 6.85 – 6.78 (m, 3H), 5.41 (s, 1H), 3.58 (s, 3H), 3.37 (s, 3H), 3.14 (dd, J = 20.0, 

16.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 187.7, 179.9, 170.1, 160.9, 142.1, 135.6, 131.4, 130.2, 129.4, 129.0, 127.7, 127.4, 124.8, 122.0, 113.8, 

110.2, 103.4, 84.4, 53.3, 51.9, 51.6, 49.6, 39.6.

IR:3364, 2921, 2350, 1730, 1620, 1470, 1260, 1115, 1081, 755 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C23H19IN2O6 545.0215; found 545.0214.

The UPCC chromatograms of racemic product C36
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(4-methyl-1H-indol-3-yl)-2-

oxopropanoate (C37)

Yellow solid; 42.1 mg, 97% yield, >19:1 dr, 91% ee; melting point: 116-121 C; []D19.5 = -295.95 (c 
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= 0.64 in CH2Cl2).

UPCC DAICEL CHIRALCEL IE-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR (major) = 8.05 min, tR (minor) = 7.15 min.

1H NMR (400 MHz, Chloroform-d) δ 8.86 (d, J = 2.9 Hz, 1H), 8.49 (s, 1H), 7.25 – 7.20 (m, 1H), 7.13 (d, J = 8.1 Hz, 1H), 7.07 (dd, J = 

8.4, 7.2 Hz, 1H), 6.93 (d, J = 7.2 Hz, 1H), 6.87 (d, J = 7.6 Hz, 2H), 6.85 – 6.80 (m, 1H), 6.69 (d, J = 2.8 Hz, 1H), 5.74 (s, 1H), 3.57 (s, 

3H), 3.34 – 3.14 (m, 5H), 2.87 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 186.7, 180.4, 170.1, 161.2, 142.5, 137.2, 130.7, 129.6, 128.8, 127.8, 126.0, 125.7, 123.2, 123.1, 121.8, 

110.3, 110.2, 103.5, 53.2, 51.7, 51.5, 50.4, 39.6, 20.8.

IR:3363, 2953, 2350, 1728, 1619, 1470, 1342, 1260, 1115, 752 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C24H22N2O6 433.1405; found 433.1401.

The UPCC chromatograms of racemic product C37
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The UPCC chromatograms of product from asymmetric reaction 
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1 7.149 474045 4.49 23247

2 8.045 10087822 95.51 274123

Methyl (S)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(6-methyl-1H-indol-3-yl)-2-

oxopropanoate (C38)

Yellow oil; 39.1 mg, 90% yield, >19:1 dr, 95% ee; []D19.4 = -234.48 (c = 0.52 in CH2Cl2).

UPCC DAICEL CHIRALCEL OX-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 9.50 min, tR (minor) = 14.90 min.

1H NMR (400 MHz, Chloroform-d) δ 8.62 (s, 1H), 8.49 (s, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.23 – 7.13 (m, 2H), 7.01 (dd, J = 8.4, 1.2 Hz, 

1H), 6.92 – 6.82 (m, 2H), 6.77 – 6.69 (m, 2H), 5.46 (s, 1H), 3.55 (s, 3H), 3.33 (s, 3H), 3.16 (dd, J =44.0, 16.0 Hz, 2H), 2.44 (s, 3H).
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13C NMR (101 MHz, CDCl3) δ 187.7, 180.1, 170.0, 161.0, 142.3, 137.0, 132.9, 129.4, 128.7, 126.3, 125.7, 125.0, 122.7, 121.7, 118.7, 

111.7, 110.0, 103.7, 53.1, 51.7, 51.5, 50.1, 40.2, 21.8.

IR: 3365, 2953, 2349, 1729, 1620, 1470, 1342, 1263, 1116, 756 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C24H22N2O6 433.1405; found 433.1401.

The UPCC chromatograms of racemic product C38
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(7-methyl-1H-indol-3-yl)-2-

oxopropanoate (C39)

Yellow oil; 33.9 mg, 78% yield, >19:1 dr, 96% ee; []D19.5 = -319.57 (c = 0.14 in CH2Cl2).

UPCC DAICEL CHIRALCEL IE-3, CO2/i-PrOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 13.39 min, tR (minor) = 12.66 min.

1H NMR (400 MHz, Chloroform-d) δ 8.60 (s, 1H), 8.36 (s, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.19 (t, J = 

8.0 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 7.04 (d, J = 7.2 Hz, 1H), 6.89 – 6.84 (m, 3H), 6.72 (d, J = 7.2 Hz, 1H), 5.48 (s, 1H), 3.55 (s, 3H), 

3.33 (s, 3H), 3.15 (dd, J = 56.0, 16.0 Hz, 2H), 2.46 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 187.9, 180.0, 169.9, 160.9, 142.3, 136.2, 129.3, 128.7, 127.4, 126.5, 125.0, 123.6, 121.6, 121.1, 121.0, 
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116.8, 110.0, 104.5, 53.1, 51.7, 51.5, 50.2, 40.4, 16.6.

IR: 3365, 2953, 2349, 1729, 1620, 1470, 1342, 1263, 1116, 756 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C24H22N2O6 433.1405; found 433.1401.

The UPCC chromatograms of racemic product C39
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-(4-methoxy-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate (C40)

Yellow oil; 40.1 mg, 91% yield, >19:1 dr, 90% ee; []D19.2 = -147.39 (c = 0.80 in CH2Cl2).

UPCC DAICEL CHIRALCEL OD-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR 

(major) = 2.89 min, tR (minor) = 4.89 min.

1H NMR (400 MHz, Chloroform-d) δ 8.78 (s, 1H), 8.32 (s, 1H), 7.18 (td, J = 7.6, 1.2 Hz, 1H), 7.13 (t, 

J = 8.0 Hz, 1H), 6.96 (d, J = 8.4 Hz, 1H), 6.88 (d, J = 7.7 Hz, 1H), 6.83 (t, J = 7.6 Hz, 1H), 6.65 (d, J = 7.6 Hz, 1H), 6.62 – 6.51 (m, 2H), 

6.06 (s, 1H), 4.01 (s, 3H), 3.55 (s, 3H), 3.37 (d, J = 15.6 Hz, 1H), 3.27 (s, 3H), 3.02 (d, J = 15.6 Hz, 1H).

13C NMR (101 MHz, CDCl3) δ 188.2, 180.5, 170.4, 161.2, 154.6, 142.6, 138.2, 129.5, 128.4, 125.7, 125.2, 123.9, 121.4, 117.6, 109.8, 
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105.1, 103.8, 100.9, 55.3, 53.0, 51.5, 51.4, 50.8, 40.1.

IR: 3364, 2923, 2350, 1729, 1619, 1468, 1352, 1264, 1090, 756 cm-1.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C24H22N2O7 449.1354, found 449.1353.

The UPCC chromatograms of racemic product C40
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (S)-3-(5-methoxy-1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-

yl)-2-oxopropanoate (C41)

Yellow oil; 36.9 mg, 80% yield, >19:1 dr, 95% ee; []D19.5 = -273.39 (c = 0.50 in CH2Cl2).

UPCC DAICEL CHIRALCEL OX-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, 

tR (major) = 8.90 min, tR (minor) = 11.19 min.

1H NMR (400 MHz, Chloroform-d) δ 8.64 (d, J = 2.8 Hz, 1H), 8.36 (s, 1H), 7.24 (d, J = 8.8 Hz, 

1H), 7.19 (td, J = 7.6, 1.2 Hz, 1H), 7.04 (d, J = 2.4 Hz, 1H), 6.91 – 6.83 (m, 3H), 6.80 (d, J = 2.8 Hz, 1H), 6.73 (d, J = 7.2 Hz, 1H), 3.83 

(s, 3H), 3.56 (s, 3H), 3.35 (s, 3H), 3.12 (dd, J = 56.0, 12.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 187.8, 180.0, 169.9, 161.0, 155.0, 142.3, 131.6, 129.4, 128.7, 128.3, 127.4, 125.0, 121.7, 113.5, 112.6, 

110.0, 103.6, 100.4, 56.0, 53.2, 51.8, 51.6, 50.1, 40.4.
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IR: 3365, 2953, 2350, 1731, 1621, 1487, 1352, 1216, 1164, 752 cm-1
.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C24H22N2O7 449.1354, found 449.1353.

The UPCC chromatograms of racemic product C41
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The UPCC chromatograms of product from asymmetric reaction 
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Methyl (R)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-2-

oxopropanoate ((S,R)-C1)

Yellow oil; 40.0 mg, 95% yield, 85:15 dr, 89%/92% ee; []D21.9 = 114.08 (c = 0.28 in CH2Cl2)

UPCC DAICEL CHIRALCEL OZ-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, major 

isomer: tR (major) = 4.77 min, tR (minor) = 11.94 min; minor isomer : tR (major) = 7.51 min, tR (minor) 

= 9.70 min.

The UPCC chromatograms of racemic product C1
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The UPCC chromatograms of (S,R)-C1
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1 4.772 1149395
3

79.86 627867

2 7.513 2145997 14.91 82073
3 9.696 85913 0.60 3690
4 11.943 667511 4.64 17122

Methyl 2-((S)-(1H-indol-3-yl)((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)methyl)-2-

hydroxypent-4-enoate (D1)

Yellow solid; 36.9 mg, 87% yield, 94:6 dr, 95%/99% ee.
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UPCC DAICEL CHIRALCEL IH-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, major isomer: tR (major) = 2.96 min, tR 

(minor) = 4.48 min; minor isomer: tR (major) = 6.25.

1H NMR (400 MHz, DMSO-d6) δ 10.91 (s, 1H), 10.79 (s, 1H), 7.40 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 7.4 Hz, 1H), 7.23 – 7.14 (m, 2H), 

6.96 – 6.80 (m, 3H), 6.70 (t, J = 7.6 Hz, 1H), 6.45 (d, J = 7.6 Hz, 1H), 6.08 – 6.01 (m, 1H), 5.55 – 5.46 (m, 1H), 4.83 (d, J = 11.6 Hz, 

1H), 4.72 (d, J = 17.2 Hz, 1H), 4.17 (s, 1H), 3.69 (s, 3H), 3.20 (s, 3H), 3.05 – 2.88 (m, 2H), 1.80 (ddd, J = 76.4, 13.6, 7.6 Hz, 2H).

13C NMR (101 MHz, DMSO) δ 182.1, 176.1, 169.1, 141.7, 134.4, 132.8, 131.6, 128.7, 127.8, 123.4, 121.3, 120.6, 118.5, 117.8, 117.6, 

111.1, 109.0, 108.6, 80.7, 55.1, 51.9, 51.3, 46.7, 44.7.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C26H26N2O6 461.1718; found 461.1720.

The UPCC chromatograms of racemic product D1
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1 2.963 4632491 44.52 404326
2 4.501 4841372 46.53 339975
3 6.269 467365 4.49 25437
4 9.444 464386 4.46 13607

The UPCC chromatograms of product from asymmetric reaction 
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1 2.963 1787069 91.12 151218
2 4.483 49827 2.54 4328
3 6.250 124305 6.34 7858

Methyl (S)-2-(hydroxyimino)-3-(1H-indol-3-yl)-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-

yl)propanoate (D2)

Yellow oil; 21.8 mg, 50% yield, >19:1 dr, >19/1 Z/E, 95% ee.
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UPCC DAICEL CHIRALCEL IH-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR (major) = 6.98 min, tR (minor) = 6.03 min.

1H NMR (400 MHz, Chloroform-d) δ 11.13 (s, 1H), 8.61 (s, 1H), 8.47 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.23 – 

7.06 (m, 4H), 6.92 – 6.77 (m, 3H), 4.96 (s, 1H), 3.59 (s, 3H), 3.31 – 3.27 (m, 4H), 2.97 (d, J = 16.0 Hz, 1H).

13C NMR (101 MHz, CDCl3) δ 180.8, 170.1, 163.2, 148.2, 142.3, 135.8, 129.9, 128.5, 128.0, 126.5, 124.7, 122.4, 121.7, 120.3, 119.0, 

111.6, 110.1, 108.8, 53.5, 52.7, 51.7, 43.3, 41.5.

HRMS (FTMS+c ESI) m/z: [M + Na]+ calcd for C23H21N3O6 458.1323; found 458.1327.

The UPCC chromatograms of racemic product D2
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The UPCC chromatograms of product from asymmetric reaction 
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Benzyl (2S,3S)-2-hydroxy-3-((S)-3-(2-methoxy-2-oxoethyl)-2-oxoindolin-3-yl)-3-(1-methyl-1H-

indol-3-yl)propanoate (D3)

Yellow oil; 37.4 mg, 73% yield, >19:1 dr, 98% ee.

UPCC DAICEL CHIRALCEL IA-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, major 

isomer: tR (major) = 6.61 min, tR (minor) = 11.18 min; minor isomer: tR (major) = 8.88 min, tR (minor) 

= 13.41 min.

1H NMR (400 MHz, Chloroform-d) δ 8.56 (s, 1H), 7.35 (d, J = 7.9 Hz, 1H), 7.27 – 7.18 (m, 3H), 7.15 – 7.06 (m, 5H), 7.00 – 6.91 (m, 

2H), 6.90 – 6.84 (m, 2H), 6.70 (d, J = 7.8 Hz, 1H), 4.88 (t, J = 2.4 Hz, 1H), 4.82 (d, J = 12.0 Hz, 1H), 4.60 (d, J = 12.0 Hz, 1H), 4.33 (d, 

J = 2.4 Hz, 1H), 4.18 (d, J = 2.4 Hz, 1H), 3.65 (s, 3H), 3.33 (s, 3H), 3.16 (dd, J = 77.6, 16.0 Hz, 2H).

13C NMR (101 MHz, CDCl3) δ 182.0, 172.9, 170.2, 141.5, 135.8, 134.9, 131.0, 129.4, 129.0, 128.5, 128.4, 128.4, 128.2, 124.1, 122.0, 

121.4, 119.3, 118.7, 109.9, 109.1, 106.3, 72.0, 67.5, 54.3, 51.7, 44.6, 40.6, 33.0.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C30H28N2O6 511.1875; found 511.1877.

The UPCC chromatograms of racemic product D3
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1 6.837 2920994 33.01 121506
2 8.896 1672674 18.90 70130
3 11.106 2735874 30.92 77152
4 13.440 1518685 17.16 36676

The UPCC chromatograms of product from asymmetric reaction 
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1 6.612 4173564 95.42 167388
2 8.878 89029 2.04 5374
3 11.178 41839 0.96 1655
4 13.407 69348 1.59 2931

Benzyl (2'S,3S,3'S)-3'-(1-methyl-1H-indol-3-yl)-2,6'-dioxo-2',3',5',6'-tetrahydrospiro[indoline-

3,4'-pyran]-2'-carboxylate (E1)
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Yellow solid; 37.9 mg, 79% yield, >19:1 dr.

1H NMR (400 MHz, Chloroform-d) δ 8.15 (s, 1H), 7.35 – 7.29 (m, 2H), 7.22 – 7.16 (m, 1H), 7.14 – 7.05 (m, 4H), 7.03 – 6.92 (m, 3H), 

6.86 (s, 1H), 6.69 (d, J = 7.2 Hz, 2H), 6.59 (d, J = 8.0 Hz, 1H), 5.95 (d, J = 11.2 Hz, 1H), 4.76 (s, 2H), 4.19 (d, J = 11.2 Hz, 1H), 3.35 

(s, 3H), 2.99 (dd, J = 68.0, 20.0 Hz, 2H). 

13C NMR (101 MHz, CDCl3) δ 179.8, 168.6, 167.6, 140.1, 136.2, 134.6, 130.5, 129.1, 128.4, 128.3, 128.1, 127.6, 126.9, 123.4, 123.0, 

121.9, 119.5, 118.4, 110.2, 109.2, 105.2, 78.5, 67.5, 51.2, 39.9, 38.1, 32.7.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C29H24N2O5 479.1612; found 479.1616.

(2'S,3S,3'S)-2'-(hydroxymethyl)-3'-(1-methyl-1H-indol-3-yl)-2',3'-dihydrospiro[indoline-3,4'-

pyran]-2,6'(5'H)-dione (F1)

White solid; 31.9 mg, 85% yield, >19:1 dr, >99% ee.

UPCC DAICEL CHIRALCEL IH-3, CO2/MeOH = 80/20, flow rate = 1.5 mL/min,  = 211 nm, tR (major) 

= 6.61 min, tR (minor) = 11.18 min.

1H NMR (400 MHz, Chloroform-d) δ 8.39 (s, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.33 (d, J = 6.8 Hz, 1H), 

7.14 – 7.06 (m, 2H), 7.02 – 6.90 (m, 3H), 6.84 (s, 1H), 6.57 (dd, J = 6.8, 1.6 Hz, 1H), 5.49 (d, J = 11.2 Hz, 1H), 4.06 (d, J = 11.3 Hz, 

1H), 3.76 (d, J = 11.2 Hz, 1H), 3.40 (m, 3H), 2.95 (dd, J = 52.0, 16.0 Hz, 2H), 2.69 (s, 1H).

13C NMR (101 MHz, CDCl3) δ 180.5, 169.8, 140.1, 136.3, 131.1, 128.8, 127.7, 126.6, 123.2, 122.9, 121.9, 119.4, 118.6, 110.2, 109.3, 

107.5, 81.4, 62.6, 51.3, 38.4, 32.6.

HRMS (FTMS+c ESI) m/z: [M - H]- calcd for C22H20N2O4 375.1350; found 375.1351.

The UPCC chromatograms of racemic product F1
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The UPCC chromatograms of product from asymmetric reaction 

11.
464

AU

0.00

0.05

0.10

0.15

0.20

Minutes
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Retention 
Time

Area % 
Area

Height

1 11.464 6021957 100.00 207437

11 Copies of NMR spectra for products 
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5
1

3
.
5
6

3
.
6
3

3
.
6
8

6
.
9
4

6
.
9
4

7
.
0
3

7
.
0
4

7
.
0
5

7
.
0
6

7
.
2
6

7
.
2
7

7
.
2
9

8
.
5
6

6.76.86.97.07.17.27.37.4

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.0
4 Spectrometer Frequency 400.18
5 Nucleus 1H

NH

O

Br
O

O

CH3

Cl

A8

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

4
3
.
0
8

5
0
.
1
2

5
2
.
4
0

1
1
1
.
6
3

1
2
3
.
4
8

1
2
5
.
0
5

1
2
8
.
2
5

1
3
6
.
3
7

1
4
1
.
3
7

1
6
8
.
8
3

1
7
5
.
7
6

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.6
4 Spectrometer Frequency 100.63
5 Nucleus 13C

NH

O

Br
O

O

CH3

Cl

A8
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-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

3.091.111.061.031.051.001.00

3
.
5
6

3
.
5
9

3
.
6
2

4
.
1
9

4
.
2
2

6
.
8
8

6
.
8
9

7
.
1
3

7
.
1
4

7
.
1
5

7
.
1
7

7
.
1
9

8
.
6
0

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.9
4 Spectrometer Frequency 600.17
5 Nucleus 1H

3.43.53.63.7

f1 (ppm)

6.56.76.97.17.3

f1 (ppm)

NH

O

Br
O

O

CH3Br

A9

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

4
1
.
3
4

5
1
.
7
5

5
2
.
3
4

1
0
9
.
8
8

1
1
9
.
9
1

1
2
7
.
4
3

1
2
7
.
5
8

1
3
1
.
7
1

1
4
2
.
4
1

1
6
9
.
2
3

1
7
5
.
2
1

124125126127128129130

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.0
4 Spectrometer Frequency 150.91
5 Nucleus 13C

nP

nP

NH

O

Br
O

O

CH3Br

A9
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-1.5-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5

f1 (ppm)

1.033.011.021.000.980.940.98

3
.
5
0

3
.
5
3

3
.
5
7

3
.
6
3

3
.
6
6

6
.
8
0

6
.
8
1

7
.
3
9

7
.
3
9

7
.
4
0

7
.
4
1

7
.
4
7

7
.
4
7

8
.
1
6

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.1
4 Spectrometer Frequency 600.17
5 Nucleus 1H

6.66.87.07.27.47.6

f1 (ppm)

3.43.53.63.73.8

f1 (ppm)

NH

O

Br
O

O

CH3

Br

A10

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

4
3
.
0
3

4
9
.
8
9

5
2
.
4
2

1
1
2
.
2
7

1
1
5
.
8
0

1
2
7
.
3
2

1
3
1
.
8
9

1
3
3
.
4
4

1
3
9
.
2
3

1
6
8
.
7
7

1
7
5
.
0
8

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.0
4 Spectrometer Frequency150.91
5 Nucleus 13C

NH

O

Br
O

O

CH3

Br

A10



83

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

3.981.040.932.091.00

3
.
5
2

3
.
5
5

3
.
5
6

3
.
6
4

3
.
6
6

7
.
1
1

7
.
1
1

7
.
1
9

7
.
1
9

7
.
2
0

7
.
2
1

7
.
2
1

7
.
2
3

8
.
9
0

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.2
4 Spectrometer Frequency600.17
5 Nucleus 1H

6.76.97.17.3

f1 (ppm)
3.33.43.53.63.73.83.9

f1 (ppm)

NH

O

Br
O

O

CH3

Br

A11

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

4
3
.
0
0

5
0
.
2
1

5
2
.
4
2

1
1
4
.
5
2

1
2
4
.
3
3

1
2
5
.
2
7

1
2
6
.
3
7

1
2
8
.
7
6

1
4
1
.
5
6

1
6
8
.
8
4

1
7
5
.
9
1

Parameter Value
1 Title A11
2 Solvent CDCl3
3 Temperature 293.9
4 Spectrometer Frequency150.91
5 Nucleus 13C

NH

O

Br
O

O

CH3

Br

A11
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-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

3.134.061.081.041.081.051.00

2
.
3
1

3
.
5
3

3
.
5
3

3
.
5
6

3
.
6
3

3
.
6
6

6
.
8
1

6
.
8
2

7
.
0
5

7
.
0
5

7
.
0
7

7
.
0
7

7
.
1
7

7
.
1
7

8
.
7
2

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.0
4 Spectrometer Frequency600.17
5 Nucleus 1H

6.66.87.07.2

f1 (ppm)

3.453.503.553.603.653.70

f1 (ppm)

NH

O

Br
O

O

CH3

CH3

A12

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

2
1
.
2
4

4
3
.
1
6

5
1
.
4
8

5
2
.
2
5

1
1
0
.
7
3

1
2
4
.
6
6

1
2
9
.
7
1

1
3
1
.
1
1

1
3
2
.
9
7

1
3
7
.
9
0

1
6
8
.
8
2

1
7
6
.
1
2

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.9
4 Spectrometer Frequency150.91
5 Nucleus 13C

NH

O

Br
O

O

CH3

CH3

A12
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1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

3.043.032.421.111.081.001.00

2
.
3
1

3
.
5
1

3
.
5
4

3
.
5
7

3
.
6
4

3
.
6
7

6
.
9
6

6
.
9
7

6
.
9
9

7
.
0
8

7
.
0
9

7
.
1
9

7
.
2
1

9
.
3
7

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.1
4 Spectrometer Frequency600.17
5 Nucleus 1H

6.66.87.07.27.4

f1 (ppm)

NH

O

Br
O

O

CH3

CH3
A13

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

1
6
.
5
1

4
3
.
0
8

5
1
.
8
5

5
2
.
1
9

1
2
0
.
4
7

1
2
1
.
3
7

1
2
3
.
2
3

1
2
9
.
3
4

1
3
1
.
9
8

1
3
9
.
1
7

1
6
8
.
7
8

1
7
6
.
7
1

404550

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.0
4 Spectrometer Frequency 150.91
5 Nucleus 13C

NH

O

Br
O

O

CH3

CH3
A13



86

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0

f1 (ppm)

4.270.973.251.951.021.00

3
.
4
9

3
.
5
4

3
.
5
5

3
.
5
5

3
.
6
2

3
.
6
7

3
.
7
9

6
.
8
1

6
.
8
2

6
.
8
2

6
.
9
4

6
.
9
5

6
.
9
5

7
.
9
8

3.33.43.53.63.7

f1 (ppm)

6.756.806.856.906.95

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.1
4 Spectrometer Frequency 400.18
5 Nucleus 1H

NH

O

Br
O

O

CH3

O
CH3

A14

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

4
3
.
1
7

5
1
.
2
8

5
2
.
2
8

5
5
.
9
4

1
1
0
.
8
7

1
1
1
.
2
9

1
1
5
.
4
2

1
3
0
.
9
2

1
3
3
.
4
4

1
5
6
.
3
2

1
6
8
.
7
9

1
7
5
.
5
4

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.8
4 Spectrometer Frequency 100.63
5 Nucleus 13C

NH

O

Br
O

O

CH3

O
CH3

A14
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-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

2.081.011.091.634.061.961.031.000.93

5
.
3
6

6
.
2
5

7
.
0
1

7
.
1
8

7
.
2
0

7
.
2
1

7
.
2
3

7
.
2
5

7
.
2
6

7
.
3
7

7
.
3
8

7
.
3
9

7
.
4
1

7
.
4
1

7
.
4
2

7
.
4
4

7
.
4
5

7
.
4
7

7
.
7
7

7
.
7
8

7
.
9
8

8
.
4
1

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.0
4 Spectrometer Frequency600.17
5 Nucleus 1H

7.27.37.47.5

f1 (ppm)

7.67.77.87.98.0

f1 (ppm)

NH

OH

O
O

B2

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

6
7
.
7
8

1
0
4
.
4
9

1
1
0
.
8
2

1
1
1
.
3
7

1
1
8
.
8
1

1
2
0
.
5
8

1
2
2
.
8
6

1
2
6
.
8
8

1
2
7
.
6
2

1
2
8
.
4
4

1
2
8
.
6
5

1
2
8
.
8
4

1
3
5
.
6
3

1
3
5
.
6
8

1
3
6
.
7
2

1
6
6
.
0
8

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.0
4 Spectrometer Frequency150.91
5 Nucleus 13C

135.0136.0137.0

f1 (ppm)

126.0127.0128.0129.0

f1 (ppm)
109110111112

f1 (ppm)

NH

OH

O
O

B2
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-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

3.081.001.042.140.961.041.08

3
.
8
9

3
.
9
2

6
.
3
1

6
.
8
3

6
.
8
4

6
.
8
5

6
.
8
6

7
.
1
2

7
.
1
3

7
.
1
3

7
.
1
4

7
.
1
5

7
.
1
5

7
.
1
6

7
.
1
8

7
.
2
1

7
.
9
8

7
.
9
8

8
.
5
0

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 292.4
4 Spectrometer Frequency 600.17
5 Nucleus 1H

6.76.86.97.07.17.27.3

f1 (ppm)

NH

OH

O
O

CH3

F

B3

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

5
3
.
1
0

1
0
5
.
4
2

1
0
5
.
4
6

1
0
6
.
0
1

1
0
6
.
1
4

1
0
7
.
4
9

1
0
7
.
5
1

1
0
9
.
5
6

1
0
9
.
5
9

1
1
5
.
4
2

1
1
5
.
5
4

1
2
3
.
2
7

1
2
3
.
3
2

1
2
7
.
6
4

1
3
6
.
9
1

1
3
8
.
1
1

1
3
8
.
1
9

1
5
6
.
7
8

1
5
8
.
4
2

1
6
6
.
7
7

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.2
4 Spectrometer Frequency 150.91
5 Nucleus 13C

136.5137.5138.5

f1 (ppm)

115116117118119120121122123

f1 (ppm)

105.5106.5107.5108.5109.5

f1 (ppm)

NH

OH

O
O

CH3

F

B3
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-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010

f1 (ppm)

-
1
2
3
.
3
8

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.0
4 Spectrometer Frequency 564.72
5 Nucleus 19F

NH

OH

O
O

CH3

F

B3

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0

f1 (ppm)

3.090.910.920.950.930.951.000.97

3
.
9
3

6
.
2
7

6
.
2
8

6
.
8
4

6
.
8
4

6
.
9
7

6
.
9
8

6
.
9
9

6
.
9
9

7
.
0
0

7
.
0
1

7
.
3
0

7
.
3
0

7
.
3
1

7
.
3
2

7
.
4
2

7
.
4
2

7
.
4
3

7
.
4
4

7
.
9
9

7
.
9
9

8
.
4
5

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 292.8
4 Spectrometer Frequency600.17
5 Nucleus 1H

7.307.357.407.45

f1 (ppm)

6.957.00

f1 (ppm)

6.826.846.86

f1 (ppm)

NH

OH

O
O

CH3

F

B4
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-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

5
3
.
0
9

1
0
3
.
7
9

1
0
3
.
9
6

1
0
4
.
1
2

1
1
0
.
9
6

1
1
0
.
9
9

1
1
1
.
1
2

1
1
1
.
3
0

1
1
2
.
0
6

1
1
2
.
1
2

1
2
7
.
4
3

1
2
7
.
5
0

1
2
9
.
0
4

1
3
2
.
0
9

1
3
6
.
7
6

1
5
7
.
7
5

1
5
9
.
3
2

1
6
6
.
5
8

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.5
4 Spectrometer Frequency 150.91
5 Nucleus 13C

103.5104.0104.5

f1 (ppm)

111.0112.0

f1 (ppm)

127.0127.5128.0128.5129.0

f1 (ppm)
NH

OH

O
O

CH3

F

B4

-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010

f1 (ppm)

-
1
2
3
.
2
3

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 292.5
4 Spectrometer Frequency564.72
5 Nucleus 19F

NH

OH

O
O

CH3

F

B4
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1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.0

f1 (ppm)

3.051.931.020.991.021.000.89

3
.
8
5

6
.
8
5

6
.
8
5

6
.
8
6

6
.
8
7

6
.
9
1

6
.
9
2

6
.
9
3

6
.
9
4

6
.
9
4

6
.
9
4

6
.
9
6

6
.
9
6

7
.
1
8

7
.
1
8

7
.
2
0

7
.
2
1

7
.
7
0

7
.
7
1

7
.
7
2

7
.
7
4

7
.
8
8

7
.
8
8

9
.
6
4

Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 293.5
4 Spectrometer Frequency 400.18
5 Nucleus 1H

7.67.77.87.98.0

f1 (ppm)
6.76.86.97.07.17.27.3

f1 (ppm)

NH

OH

O
O

CH3

F

B5

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)
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3

9
8
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6
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7
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0
9
.
0
5
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9
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1
1
0
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8
3
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2
0
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2
9

1
2
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3
9
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2
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9
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2
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0
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2
9
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0
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3
6
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5
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3
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7
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3
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3
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5
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9
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1
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5

98100102104106108110

f1 (ppm)

120.1120.3120.5

f1 (ppm)

135.0136.0137.0

f1 (ppm)

128.8129.0129.2

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 294.0
4 Spectrometer Frequency 100.63
5 Nucleus 13C

B5

NH

OH

O
O

CH3

F
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-220-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-1001020

f1 (ppm)

-
1
2
2
.
6
9

Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 293.8
4 Spectrometer Frequency 376.55
5 Nucleus 19F

B5

NH

OH

O
O

CH3

F

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

3.151.002.021.180.920.990.98

3
.
9
2

6
.
3
4

6
.
3
5

7
.
1
0

7
.
1
2

7
.
1
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7
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1
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8
.
5
6

Parameter Value
1 Title B5
2 Solvent CDCl3
3 Temperature 294.6
4 Spectrometer Frequency 400.18
5 Nucleus 1H

7.057.107.157.207.257.307.35

f1 (ppm)

NH

OH

O
O

CH3

Cl

B6
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-100102030405060708090100110120130140150160170180190200210

f1 (ppm)
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122.5123.0123.5124.0

f1 (ppm)
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.
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Parameter Value
1 Title B5
2 Solvent CDCl3
3 Temperature 295.2
4 Spectrometer Frequency100.63
5 Nucleus 13C

NH

OH

O
O

CH3

Cl

B6

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0

f1 (ppm)

3.200.991.001.021.040.981.051.04

3
.
9
3

6
.
2
7

6
.
8
5
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.
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9
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.
2
0

7
.
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5
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4
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.3
4 Spectrometer Frequency 600.17
5 Nucleus 1H

7.057.157.257.35

f1 (ppm)

NH

OH

O
O

CH3

Cl

B7
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f1 (ppm)

5
3
.
1
2

1
0
3
.
4
3

1
1
0
.
6
1

1
1
2
.
4
0

1
1
8
.
5
0

1
2
3
.
1
7

1
2
6
.
4
3

1
2
8
.
0
2

1
2
8
.
5
5

1
3
3
.
9
8

1
3
7
.
0
5

1
6
6
.
5
4

Parameter Value
1 Title B6
2 Solvent CDCl3
3 Temperature 294.1
4 Spectrometer Frequency 150.91
5 Nucleus 13C120122124126128130

f1 (ppm)

NH

OH

O
O

CH3

Cl

B7

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0

f1 (ppm)

3.140.971.001.000.961.030.991.01

3
.
9
3

6
.
2
8

6
.
2
8

6
.
8
7

6
.
8
8

7
.
1
6

7
.
1
6

7
.
1
8

7
.
1
8

7
.
3
9

7
.
3
9

7
.
6
8

7
.
6
9

7
.
9
4

7
.
9
5

8
.
4
1

7.07.17.27.37.47.57.67.77.8

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 292.5
4 Spectrometer Frequency600.17
5 Nucleus 1H

NH

OH

O
O

CH3

Cl

B8
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f1 (ppm)
5
3
.
1
1

1
0
3
.
5
2

1
1
0
.
9
1

1
1
1
.
3
5

1
1
9
.
7
1

1
2
1
.
2
9

1
2
5
.
4
8

1
2
7
.
9
0

1
2
8
.
7
2

1
3
5
.
9
6

1
3
7
.
1
3

1
6
6
.
5
1

110.0110.5111.0111.5112.0

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.0
4 Spectrometer Frequency 150.91
5 Nucleus 13C

NH

OH

O
O

CH3

Cl

B8

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

3.160.961.021.001.021.000.95

3
.
9
3

6
.
3
0

6
.
3
1

6
.
7
9

6
.
7
9

7
.
5
1

7
.
8
5

7
.
9
6

7
.
9
6

8
.
4
3

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.8
4 Spectrometer Frequency400.18
5 Nucleus 1H

NH

OH

O
O

Cl

Cl

CH3

B9
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f1 (ppm)

5
3
.
1
7

1
0
2
.
8
9

1
1
0
.
6
5

1
1
1
.
7
2

1
1
2
.
9
0

1
2
0
.
1
0

1
2
4
.
8
2

1
2
6
.
6
3

1
2
8
.
9
3

1
3
4
.
3
6

1
3
7
.
4
3

1
6
6
.
4
0

100110120130140

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.4
4 Spectrometer Frequency100.63
5 Nucleus 13C

NH

OH

O
O

Cl

Cl

CH3

B9

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

3.171.021.022.030.951.001.03

3
.
9
3

6
.
3
4

6
.
3
5

7
.
0
3

7
.
0
5

7
.
0
7

7
.
3
3

7
.
3
3

7
.
3
5

7
.
3
7

7
.
3
7

7
.
9
3

8
.
1
5

8
.
1
5

8
.
5
7

7.247.287.327.367.40

f1 (ppm)

Parameter Value
1 Title C9
2 Solvent CDCl3
3 Temperature 294.6
4 Spectrometer Frequency 400.18
5 Nucleus 1H

NH

OH

O
O

CH3

Br

B10
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f1 (ppm)

5
3
.
2
1

1
0
4
.
6
9

1
1
0
.
9
1

1
1
1
.
4
7

1
1
4
.
5
3

1
2
3
.
4
7

1
2
4
.
3
1

1
2
5
.
6
2

1
2
9
.
4
8

1
3
6
.
0
6

1
3
6
.
9
8

1
6
7
.
0
2

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.2
4 Spectrometer Frequency 100.63
5 Nucleus 13C

NH

OH

O
O

CH3

Br

B10

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.0

f1 (ppm)

3.191.020.940.991.011.031.000.99

3
.
8
5

6
.
8
3

6
.
8
6

7
.
2
8

7
.
2
9

7
.
3
0

7
.
3
0

7
.
3
8

7
.
4
0

7
.
9
1

7
.
9
1

7
.
9
5

9
.
7
2

Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 295.0
4 Spectrometer Frequency 600.17
5 Nucleus 1H

7.07.58.0

f1 (ppm)

NH

OH

O
O

CH3

Br

B11
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f1 (ppm)

5
3
.
1
4

1
0
4
.
0
9

1
1
0
.
5
4

1
1
3
.
7
1

1
1
4
.
3
4

1
2
2
.
0
4

1
2
5
.
7
6

1
2
9
.
3
7

1
2
9
.
8
4

1
3
5
.
4
6

1
3
8
.
3
7

1
6
6
.
5
2

Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 295.0
4 Spectrometer Frequency 150.91
5 Nucleus 13C125126127128129130131

f1 (ppm)

109110111112113114115116

f1 (ppm)

NH

OH

O
O

CH3

Br

B11

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

3.231.011.031.051.031.091.051.00

3
.
9
3

6
.
2
8

6
.
2
8

6
.
8
7

7
.
2
9

7
.
2
9

7
.
3
1

7
.
3
1

7
.
5
5

7
.
6
3

7
.
6
5

7
.
9
3

7
.
9
3

8
.
4
2

7.307.357.407.457.507.557.607.65

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.7
4 Spectrometer Frequency 400.18
5 Nucleus 1H

NH

OH

O
O

CH3

Br

B12
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f1 (ppm)

5
3
.
1
0

1
0
3
.
4
7

1
1
0
.
9
6

1
1
4
.
3
4

1
1
6
.
3
1

1
2
0
.
0
9

1
2
3
.
8
6

1
2
5
.
8
1

1
2
7
.
8
4

1
3
6
.
4
1

1
3
7
.
1
6

1
6
6
.
5
1

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.3
4 Spectrometer Frequency 100.63
5 Nucleus 13C

NH

OH

O
O

CH3

Br

B12

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

2.980.961.021.041.001.011.071.03

3
.
9
3

6
.
2
7

6
.
2
8

6
.
8
4

6
.
8
4

7
.
1
8

7
.
1
9

7
.
4
8

7
.
4
9

7
.
5
0

7
.
5
0

7
.
9
2

7
.
9
2

8
.
1
1

8
.
4
4

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 292.7
4 Spectrometer Frequency 600.17
5 Nucleus 1H

7.47.57.67.77.87.98.0

f1 (ppm)

7.157.177.197.21

f1 (ppm)

NH

OH

O
O

CH3

I

B13
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f1 (ppm)

5
3
.
1
2

8
4
.
1
3

1
0
3
.
3
2

1
1
0
.
2
0

1
1
3
.
3
2

1
2
7
.
8
3

1
2
7
.
9
5

1
2
9
.
3
5

1
3
1
.
1
6

1
3
4
.
7
1

1
3
7
.
1
3

1
6
6
.
5
3

127128129130131132

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.2
4 Spectrometer Frequency 150.91
5 Nucleus 13C

NH

OH

O
O

CH3

I

B13

-1.5-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5

f1 (ppm)

3.133.090.991.030.991.291.011.000.98

2
.
8
0

3
.
9
3

6
.
2
9

6
.
9
3

6
.
9
5

7
.
1
0

7
.
1
2

7
.
1
4

7
.
2
4

7
.
2
6

7
.
3
1

8
.
0
9

8
.
4
3

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.7
4 Spectrometer Frequency 400.18
5 Nucleus 1H

6.76.86.97.07.17.27.37.47.5

f1 (ppm)

NH

OH

O
O

CH3

CH3

B14
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f1 (ppm)

2
1
.
2
9

5
3
.
0
9

1
0
6
.
4
3

1
0
9
.
5
2

1
1
1
.
7
1

1
2
2
.
7
2

1
2
5
.
0
8

1
2
8
.
2
9

1
3
1
.
1
7

1
3
5
.
8
9

1
3
6
.
0
8

1
6
6
.
8
9

125130135

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.4
4 Spectrometer Frequency 100.63
5 Nucleus 13C

NH

OH

O
O

CH3

CH3

B14

-3.0-2.5-2.0-1.5-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0

f1 (ppm)

3.153.281.001.041.101.081.101.081.05

2
.
4
8

3
.
9
3

6
.
2
1

6
.
2
2

6
.
9
4

6
.
9
4

7
.
0
4

7
.
0
4

7
.
0
5

7
.
0
5

7
.
1
9

7
.
6
6

7
.
6
7

7
.
9
0

7
.
9
0

8
.
2
9

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 292.8
4 Spectrometer Frequency 600.17
5 Nucleus 1H

7.657.707.757.807.857.907.95

f1 (ppm)

6.906.957.007.05

f1 (ppm)

NH

OH

O
O

CH3

CH3

B15
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f1 (ppm)

2
1
.
8
3

5
3
.
0
0

1
0
4
.
4
4

1
1
0
.
6
4

1
1
1
.
3
2

1
1
8
.
3
9

1
2
2
.
3
4

1
2
4
.
7
9

1
2
6
.
9
6

1
3
2
.
7
4

1
3
6
.
0
7

1
3
6
.
5
5

1
6
6
.
7
0

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.7
4 Spectrometer Frequency 150.91
5 Nucleus 13C

NH

OH

O
O

CH3

CH3

B15

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

3.053.100.940.930.970.971.000.941.00

2
.
5
1

3
.
9
3

6
.
2
7

6
.
9
7

7
.
0
6

7
.
0
7

7
.
1
3

7
.
1
4

7
.
1
5

7
.
6
4

7
.
6
5

7
.
9
6

7
.
9
6

8
.
3
5

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.1
4 Spectrometer Frequency 600.17
5 Nucleus 1H

6.906.957.007.057.107.15

f1 (ppm)
7.77.87.9

f1 (ppm)

NH

OH

O
O

CH3

CH3

B16
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f1 (ppm)

1
6
.
6
7

5
3
.
0
1

1
0
4
.
5
0

1
1
1
.
1
7

1
1
6
.
3
9

1
2
0
.
5
9

1
2
0
.
7
5

1
2
3
.
3
7

1
2
6
.
4
8

1
2
7
.
2
5

1
3
5
.
1
9

1
3
6
.
6
5

1
6
6
.
7
0

114115116117118119120121122

f1 (ppm)

Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.6
4 Spectrometer Frequency 150.91
5 Nucleus 13C

NH

OH

O
O

CH3

CH3

B16

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

2.973.130.921.001.001.030.910.980.98

3
.
9
2

4
.
0
0

6
.
2
6

6
.
5
9

6
.
6
0

6
.
9
9

7
.
0
0

7
.
1
3

7
.
1
4

7
.
1
6

7
.
5
6

7
.
9
5

8
.
4
1

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.2
4 Spectrometer Frequency 600.17
5 Nucleus 1H

6.56.66.76.86.97.07.17.27.37.4

f1 (ppm)

NH

OH

O
OH

O
CH3

B17
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f1 (ppm)

5
2
.
9
8

5
5
.
4
5

1
0
0
.
9
3

1
0
4
.
6
7

1
0
7
.
0
4

1
1
1
.
0
5

1
1
6
.
2
6

1
2
3
.
5
3

1
2
6
.
8
5

1
3
6
.
1
3

1
3
7
.
1
6

1
5
5
.
1
5

1
6
7
.
0
2

Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.8
4 Spectrometer Frequency 150.91
5 Nucleus 13C

NH

OH

O
OH

O
CH3

B17

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

3.163.110.960.990.981.020.991.000.99

3
.
8
4

3
.
8
6

6
.
7
7

6
.
8
2

6
.
8
2

6
.
8
3

6
.
8
4

6
.
9
0

7
.
2
4

7
.
2
5

7
.
3
3

7
.
3
5

7
.
8
7

7
.
8
7

9
.
5
0

7.207.257.307.35

f1 (ppm)
6.656.756.856.95

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 295.0
4 Spectrometer Frequency 600.17
5 Nucleus 1HNH

OH

O
O

CH3

O
CH3

B18
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f1 (ppm)

5
3
.
0
4

5
6
.
1
6

1
0
0
.
9
5

1
0
5
.
0
1

1
1
0
.
5
9

1
1
3
.
2
8

1
2
8
.
2
2

1
2
9
.
2
3

1
3
1
.
6
9

1
3
7
.
5
7

1
5
5
.
5
7

1
6
6
.
6
9

Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 295.0
4 Spectrometer Frequency 150.91
5 Nucleus 13C

NH

OH

O
O

CH3

O
CH3

B18

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

2.911.990.991.041.095.990.980.971.00

3
.
8
4

5
.
3
0

6
.
8
6

6
.
8
6

7
.
0
9

7
.
1
1

7
.
1
3

7
.
1
9

7
.
2
1

7
.
2
3

7
.
3
4

7
.
3
4

7
.
3
5

7
.
3
5

7
.
3
6

7
.
3
7

7
.
3
7

7
.
3
8

7
.
4
0

7
.
4
0

7
.
4
1

7
.
4
2

7
.
4
3

7
.
4
4

7
.
4
4

7
.
4
5

7
.
4
6

7
.
4
6

7
.
4
7

7
.
4
8

7
.
4
9

7
.
7
0

7
.
7
2

7
.
8
9

9
.
1
3

9
.
1
3

6.67.07.47.88.2

f1 (ppm)
9.09.19.29.39.4

f1 (ppm)

4.04.55.05.5

f1 (ppm)

Parameter Value
1 Title pdata/ 1
2 Solvent DMSO
3 Temperature 293.7
4 Spectrometer Frequency 400.18
5 Nucleus 1H

N

CH3

OH

O
O

B19

 



106

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

3
2
.
8
0

6
6
.
1
1

1
0
4
.
9
1

1
0
8
.
7
5

1
1
0
.
0
9

1
1
8
.
3
4

1
1
9
.
8
0

1
2
1
.
9
5

1
2
6
.
7
9

1
2
7
.
9
6

1
2
8
.
1
1

1
2
8
.
5
7

1
3
1
.
7
9

1
3
6
.
1
7

1
3
6
.
4
1

1
3
7
.
3
2

1
6
4
.
5
8

N

CH3

OH

O
O

B19

Parameter Value
1 Title pdata/ 1
2 Solvent DMSO
3 Temperature 294.4
4 Spectrometer Frequency 100.63
5 Nucleus 13C

-1.5-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5

f1 (ppm)

2
.
1
2

3
.
0
4

3
.
0
6

1
.
0
3

1
.
0
9

3
.
0
3

3
.
0
2

0
.
9
6

1
.
0
4

0
.
9
6

1
.
0
0

3
.
0
7

3
.
1
1

3
.
1
9

3
.
2
3

3
.
3
3

3
.
5
4

5
.
5
0

6
.
7
1

6
.
7
3

6
.
8
0

6
.
8
1

6
.
8
4

6
.
8
5

6
.
8
6

6
.
8
7

6
.
8
8

7
.
1
5

7
.
1
7

7
.
1
9

7
.
2
1

7
.
2
3

7
.
3
4

7
.
3
4

7
.
3
6

7
.
6
5

7
.
6
7

8
.
4
6

8
.
7
6

8
.
7
6

6.46.66.87.07.27.47.6

f1 (ppm)

Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.5
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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f1 (ppm)

4
0
.
2
3

4
9
.
9
4

5
1
.
5
1

5
1
.
7
4

5
3
.
1
5

1
0
3
.
8
8

1
1
0
.
0
6

1
1
1
.
8
6

1
1
8
.
9
9

1
2
0
.
8
8

1
2
1
.
7
2

1
2
3
.
0
1

1
2
4
.
9
5

1
2
6
.
8
9

1
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Parameter Value
1 Title pdata/1
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3 Temperature 294.0
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Parameter Value
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2 Solvent CDCl3
3 Temperature 294.2
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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3 Temperature 294.7
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1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.4
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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3 Temperature 293.7
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.8
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.3
4 Spectrometer Frequency400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.7
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.2
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.7
4 Spectrometer Frequency100.63
5 Nucleus 13C
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.5
4 Spectrometer Frequency376.55
5 Nucleus 19F
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.0
4 Spectrometer Frequency400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.5
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.0
4 Spectrometer Frequency400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.6
4 Spectrometer Frequency100.63
5 Nucleus 13C
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.2
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.8
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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f1 (ppm)

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

2.103.013.001.041.120.820.993.120.940.941.001.031.01
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7.17.27.37.47.5

f1 (ppm)

6.76.86.97.0

f1 (ppm)

Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.7
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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f1 (ppm)
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.3
4 Spectrometer Frequency 100.63
5 Nucleus 13C

130.0131.0132.0133.0

f1 (ppm)

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

2.103.023.081.081.001.071.081.010.991.541.031.011.010.97
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f1 (ppm)

Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.1
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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f1 (ppm)

4
0
.
0
5

5
0
.
0
0

5
1
.
2
5

5
1
.
8
9

1
0
3
.
6
7

1
1
1
.
9
4

1
1
3
.
5
7

1
1
8
.
9
4

1
2
1
.
1
0

1
2
2
.
3
7

1
2
3
.
2
3

1
2
4
.
5
7

1
2
6
.
1
6

1
2
6
.
7
6

1
2
7
.
6
4

1
2
8
.
3
5

1
3
6
.
5
8

1
4
3
.
7
9

1
6
0
.
8
0

1
6
9
.
7
9

1
8
0
.
0
6

1
8
7
.
7
6

120125130

f1 (ppm)

Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.5
4 Spectrometer Frequency 100.63
5 Nucleus 13C

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

3.032.023.023.031.061.020.990.940.940.971.030.941.000.981.00
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.4
4 Spectrometer Frequency400.18
5 Nucleus 1H

7.157.207.257.307.357.40

f1 (ppm)
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f1 (ppm)
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Parameter Value
1 Title pdta/1
2 Solvent CDCl3
3 Temperature 293.7
4 Spectrometer Frequency 100.63
5 Nucleus 13C

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

3.082.002.933.030.981.000.900.841.002.190.870.970.930.83

2
.
2
4

3
.
0
3

3
.
0
6

3
.
0
9

3
.
1
6

3
.
1
8

3
.
2
2

3
.
3
5

3
.
4
9

3
.
5
0

3
.
5
1

3
.
5
3

3
.
5
5

3
.
5
8

6
.
5
5

6
.
5
7

6
.
7
6

6
.
7
8

6
.
8
0

6
.
8
5

7
.
0
1

7
.
0
3

7
.
1
5

7
.
1
7

7
.
1
9

7
.
2
1

7
.
2
3

7
.
2
5

7
.
3
6

7
.
3
8

7
.
6
7

7
.
6
9

8
.
4
9

8
.
5
9

Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.7
4 Spectrometer Frequency400.18
5 Nucleus 1H

6.76.97.17.37.5

f1 (ppm)
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f1 (ppm)
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.4
4 Spectrometer Frequency 100.63
5 Nucleus 13C

120122124126128130

f1 (ppm)
495051525354

f1 (ppm)

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

2.032.973.082.941.001.002.041.012.040.980.990.950.90
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6.66.87.07.27.4

f1 (ppm)

Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.3
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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f1 (ppm)
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.8
4 Spectrometer Frequency 100.63
5 Nucleus 13C

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

2.952.841.000.952.051.002.181.601.091.020.930.94
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6.56.76.97.17.3

f1 (ppm)

Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.1
4 Spectrometer Frequency600.17
5 Nucleus 1H
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f1 (ppm)
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f1 (ppm)

Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.0
4 Spectrometer Frequency 150.91
5 Nucleus 13C

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0

f1 (ppm)

2.971.051.013.091.001.010.920.991.013.501.040.980.890.96
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1.81.92.02.1

f1 (ppm)
6.86.97.07.17.27.3

f1 (ppm)

Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.7
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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f1 (ppm)
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.7
4 Spectrometer Frequency100.63
5 Nucleus 13C

120121122123124125126127128129

f1 (ppm)

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

2.243.092.141.141.081.053.053.941.001.101.021.02
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.8
4 Spectrometer Frequency400.18
5 Nucleus 1H
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f1 (ppm)
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.4
4 Spectrometer Frequency 100.63
5 Nucleus 13C

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

1.002.002.001.001.003.001.001.002.001.003.661.001.000.941.00
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f1 (ppm)

6.57.0

f1 (ppm)

Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.2
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5

f1 (ppm)
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6.86.97.07.17.27.3
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.4
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.8
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Parameter Value
1 Title pdata/1
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.6
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.4
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.8
4 Spectrometer Frequency100.63
5 Nucleus 13C
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.9
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.6
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.6
4 Spectrometer Frequency400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.2
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.7
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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7.17.27.37.47.57.6
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.4
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.7
4 Spectrometer Frequency400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.2
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.8
4 Spectrometer Frequency 400.18
5 Nucleus 1H6.56.76.97.1

f1 (ppm)
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.4
4 Spectrometer Frequency100.63
5 Nucleus 13C
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.0
4 Spectrometer Frequency376.55
5 Nucleus 19F
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.7
4 Spectrometer Frequency400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 295.4
4 Spectrometer Frequency 100.63
5 Nucleus 13C

4950515253

f1 (ppm)
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f1 (ppm)
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f1 (ppm)
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f1 (ppm)
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-220-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-1001020

f1 (ppm)
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2
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Parameter Value
1Title pdata/ 1
2Solvent CDCl3
3Temperature 295.0
4Spectrometer Frequency376.55
5Nucleus 19F

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 293.8
4 Spectrometer Frequency 400.18
5 Nucleus 1H

6.66.87.07.27.47.6

f1 (ppm)
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.4
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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f1 (ppm)
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f1 (ppm)
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f1 (ppm)
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.0
4 Spectrometer Frequency 376.55
5 Nucleus 19F
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-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5

f1 (ppm)

0.902.970.963.071.000.941.102.050.963.060.950.97
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.9
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.5
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

1.952.932.981.004.013.091.000.960.90
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 294.7
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/1
2 Solvent CDCl3
3 Temperature 295.4
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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-1.5-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

1.953.043.011.001.003.081.021.061.051.030.930.99
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.7
4 Spectrometer Frequency400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.4
4 Spectrometer Frequency100.63
5 Nucleus 13C
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-1.5-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.8
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.3
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5

f1 (ppm)

1.053.071.083.091.000.983.081.011.091.061.041.031.02
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Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 293.8
4 Spectrometer Frequency400.18
5 Nucleus 1H
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f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CD3CN
3 Temperature 294.2
4 Spectrometer Frequency 100.63
5 Nucleus 13C

5152535455

f1 (ppm)
126.0127.0128.0129.0130.0131.0

f1 (ppm)
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-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5

f1 (ppm)

1.993.052.940.992.941.002.041.501.000.980.98
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.7
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.2
4 Spectrometer Frequency100.63
5 Nucleus 13C
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0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.7
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.3
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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-3.0-2.0-1.00.01.02.03.04.05.06.07.08.09.010.0

f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.7
4 Spectrometer Frequency400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.2
4 Spectrometer Frequency100.63
5 Nucleus 13C
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-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.7
4 Spectrometer Frequency400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 295.1
4 Spectrometer Frequency100.63
5 Nucleus 13C
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-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.6
4 Spectrometer Frequency 400.18
5 Nucleus 1H

6.76.86.97.07.17.2

f1 (ppm)
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-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.0
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.6
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.8
4 Spectrometer Frequency400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.4
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.0
4 Spectrometer Frequency400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.5
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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Parameter Value
1 Title pdata/ 1
2 Solvent DMSO
3 Temperature 293.3
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent DMSO
3 Temperature 293.7
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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f1 (ppm)
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f1 (ppm)
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-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.5

f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.6
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.0
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.6
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 294.0
4 Spectrometer Frequency 100.63
5 Nucleus 13C
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f1 (ppm)
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Parameter Value
1 Title pdata/ 1
2 Solvent CDCl3
3 Temperature 293.5
4 Spectrometer Frequency 400.18
5 Nucleus 1H
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NOE spectra for F1
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