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1. General Information 

Commercially available chemicals were obtained from Bidepharm, Adamas, Energy 

Chemical, Heowns and DAMAO used as received unless otherwise stated. Chiral 

isothiourea organocatalysts were purchased from Bidepharm. Anhydrides were 

purchased from Bidepharm, Alfa Aesar and Heowns. Na2CO3 was purchased from 

DAMAO. DCE was purchased from DAMAO and used directly. 1H, and 13C NMR were 

recorded on a Bruker-DPX 400 spectrometer. Chemical shifts are reported in ppm from 

tetramethylsilane with the solvent resonance as the internal standard. The following 

abbreviations were used to designate chemical shift mutiplicities: s = singlet, d = 

doublet, t = triplet, q = quartet, h = heptet, m = multiplet, br = broad. All first-order 

splitting patterns were assigned on the basis of the appearance of the multiplet. Splitting 

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

(br). 19F NMR were recorded on a Varian NMR 400 spectrometer. Mass spectra were 

obtained using electrospray ionization (ESI) mass spectrometer. 

  



 S4 

2. General Procedure for the Synthesis of Substrates1 

 

  

Step 1: To a solution of S1 (5 mmol) in 30 mL N-methylpyrrolidone (NMP) was added 

6 mL tBuOK (1M in THF) and the reaction mixture was stirred at r.t. for 0.5 h. Then, a 

solution of O-(4-Nitrobenzoyl)hydroxylamine (6 mmol) was added to the mixture, 

which was stirred at r.t. for 6 h. After the completion of the reaction (monitored by 

TLC), the reaction mixture was quenched with H2O, and extracted with EtOAc. The 

organic layers were dried over anhydrous Na2SO4 and then concentrated under reduced 

pressure. The residue was purified through flash column chromatography on silica gel 

to afford pure product S2 as a yellow oil. 

Step 2: The solution of S2 in 15 mL N,N-dimethylacetamide (DMAc) was cooled to 0 

ºC in an ice bath. Chloroformate (1.2 equiv) was added dropwise to the mixture and 

then stirred at room temperature for 12 h. After the completion of the reaction  

(monitored by TLC), the reaction was quenched with H2O, and extracted with EtOAc 

(3×10 mL). The organic layers were dried over anhydrous Na2SO4 and then 

concentrated under reduced pressure. The residue was purified through flash column 

chromatography on silica gel to afford pure product 1 as white solids.  
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3. Reaction Optimization  

Table S1. Reaction optimizationa 

 

Entry Cat. Solvent Base Yield(%)b erc 

1 A DCM Na2CO3 44 39:61 

2 B DCM Na2CO3 64 87.5:12.5 

3 C DCM Na2CO3 53 89:11 

4 D DCM Na2CO3 51 69.5:30.5 

5 E DCM Na2CO3 35 34:66 

6 F DCM Na2CO3 41 66:34 

7 G DCM Na2CO3 69 33.5:66.5 

8 H DCM Na2CO3 72 25:75 

9 I DCM Na2CO3 60 59:41 

10 C DCE Na2CO3 46 90:10 

11 C THF Na2CO3 49 60.5:39.5 

12 C CHCl3 Na2CO3 50 83.5:16.5 

13 C CCl4 Na2CO3 64 82:18 

14 C Cl2(CH)2Cl2 Na2CO3 53 85.5:14.5 
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15 C Toluene Na2CO3 71 89.5:10.5 

16 C n-Hexane Na2CO3 39 88:12 

17 C n-Heptane Na2CO3 33 84.5:15.5 

18 C CH
3
CN Na2CO3 79 80:20 

19 C C
6
H

5
Cl Na2CO3 44 86.5:13.5 

20 C Anisole Na2CO3 65 86:14 

21 C MTBE Na2CO3 37 86.5:13.5 

22 C DCE K2CO3 49 88.5:11.5 

23 C DCE Cs2CO3 74 85:15 

24 C DCE KOtBu 64 55.5:44.5 

25 C DCE DBU 75 67:33 

26 C DCE NaHCO
3
 29 87.5:12.5 

27 C DCE K
3
PO

4
 75 87.5:12.5 

28 C DCE K
2
HPO

4
 59 89:11 

29 C DCE NaOAc 40 86:14 

30 C DCE KOH 79 79.5:20.5 

31 C DCE NaOH 47 70.5:29.5 

32 C DCE DIPEA 71 88.5:11.5 

33d C DCE Na2CO3 79 91:9 

34e C DCE Na2CO3 80 93:7 

35g C Toluene Na2CO3 79 89:11 

36f C DCE:Toluene (1:1) Na2CO3 66 93:7 

37g C DCE:Toluene (1:1) Na2CO3 40 91.5:8.5 

39e,h C DCE Na2CO3 81 95:5 

39e,i C DCE Na2CO3 73 92.5:7.5 

40e,j C DCE Na2CO3 38 92:8 
a Reaction conditions: a mixture of 1a (0.1 mmol), 2a (0.12 mmol), base (2.0 eq) and ITU Catalyst 

(10 mol%) in solvent (1 mL) was stirred at room temperature for 12 h. b Isolated yield. c er values 

were determined by HPLC analysis. d 0 ºC for 72 h. e -30 ºC for 72 h. f -35 ºC for 72 h. g -40 ºC for 

72 h. h Catalyst loading (5 mol%). i Catalyst loading (2 mol%). j Molecular sieve (4 Å) was added 

as an additive. 
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4. General Procedure for the Synthesis of 3 

 

A mixture of ethyl carbamido-indole-2-carboxylates 1 (0.1 mmol), anhydrides 2 

(0.12 mmol), Na2CO3 (2.0 equiv), and Cat. C (5 mol%) in DCE (1.0 mL) was stirred 

at -30 oC for 72 h, and then the solvent was removed under reduced pressure. The 

residue was purified through flash column chromatography on silica gel to afford 

product 3 as a colorless oil. 

  



 S8 

5. The Large-scale Reaction and Synthetic Transformations 

The large-scale reaction of 3sa 

 

Ethyl 1-(N-(phenoxycarbonyl)propionamido)-1H-indole-2-carboxylate 1s (324 mg, 

1 mmol), Na2CO3 (212 mg, 2.0 eq.) and Cat. C (13.0 mg, 0.05 mmol) were added to a 

dried flask. Then, a solution of propionic anhydride 2a (156 mg, 1.2 mmol) in DCE (10 

mL) was added to the reaction mixture, which was stirred at -30 °C for 96 h. After the 

completion of the reaction (monitored by TLC), the reaction mixture was concentrated 

under the reduced pressure to give the residue, which was purified by flash column 

chromatography on silica gel (petroleum ether/EtOAc = 25:1) to afford product 3sa in 

86% yield (327 mg) and 97.5:2.5 er. 

 

Synthetic transformations of 3sa2 

 

To a stirring solution of 3sa (0.1 mmol, 97.5:2.5 er) in DMF (1 mL) was added N-

bromosuccinimide (NBS) (0.12 mmol). The resulting mixture was allowed to stir at r.t. 

for 24 h. After the completion of the reaction (monitored by TLC), the reaction was 

quenched with water, and extracted with EtOAc. The organic layers were dried over 
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anhydrous Na2SO4 and then concentrated under reduced pressure. The residue was 

purified through flash column chromatography on silica gel (petroleum ether/EtOAc = 

24:1) to afford compound 4 (70%, 97.5:2.5 er) as a yellow oil. 

 

 

3sa (0.1 mmol, 97.5:2.5 er) was dissolved in 0.5 mL DCM under a nitrogen 

atmosphere, and the solution was cooled to 0 °C. To the stirring solution was added 

SnCl4 (0.12 mmol) in a single portion via syringe. After the ice bath was removed, the 

mixture was stirred at room temperature for 30 min, and then the diethyl ketomalonate 

(0.12 mmol) was added in small portions, followed by the addition of nitromethane (0.5 

mL). The reaction mixture was stirred at room temperature overnight. After the 

completion of the reaction (monitored by TLC), the reaction mixture was quenched by 

the cold water and the mixture was extracted with EtOAc. The organic layers were dried 

over anhydrous Na2SO4 and then concentrated under reduced pressure. The residue was 

purified through flash column chromatography on silica gel (petroleum ether/EtOAc = 

24:5) to afford compound 5 (54%, 97.5:2.5 er) as a colorless oil. 
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6. Racemization Experiment 

Table S2. Measured data of rotation barrier and half-life of 3aa 

t P/M （1+(P/M)）/(1-(P/M)) ln 

0 0.0604 1.1286 0.1210 

840 0.0683 1.1467 0.1369 

1620 0.0775 1.1682 0.1554 

2400 0.0845 1.1848 0.1696 

3180 0.0964 1.2135 0.1935 

3960 0.1061 1.2376 0.2131 

4680 0.1198 1.2722 0.2407 

9720 0.1904 1.4705 0.3856 

10740 0.2033 1.5105 0.4124 

12240 0.2285 1.5923 0.4652 

 

Scheme S1. Rotational energy barrier and half-life of 3aa 
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7. Biological Evaluation of N–N Axially Chiral Aminoindole Products 

We performed a preliminary investigation on the cytotoxicity of N–N axially chiral 

aminoindole products against U266 human myeloma cells and LNCaP prostate cancer 

cells. As shown in Figure S1, N–N axially chiral aminoindoles exhibited better 

cytotoxicity with an IC50 value of 0.87–67.00 μM against U266 and LNCaP cells, 

compared to their racemic products. 

 

Figure S1. Cytotoxicity of different products on human myeloma cells U266 and 

prostate cancer cells LNCaP. The IC50 value corresponded to the compound 

concentration causing 50% mortality in cancer cells. 

Procedure for determination of U266 and LNCaP viability by CCK-8 asssay 

Human myeloma cells (U266) and prostate cancer cells (LNCaP) were seeded in 

96-well plates at the density of 8,000 cells and 10,000 cells per well with 100 μL of 

complete culture medium. After 24 hours, selected different products were added to the 

medium with eight concentrations ranging from 0.1 μM to 200 μM. The cells were then 

cultured for another 72 h. Cells without product exposure were used as control, and the 

wells to which only culture medium was added served as blank. At the end of 

stimulation, 10 μL Cell-Counting-Kit-8 (CCK-8, HY-K0301, MCE, USA) was added 

to the medium, and the cells were cultured for 1 - 3 h at 37 °C. Then, the culture plates 

were shaken for 10 seconds, and the optical density (OD) values were read at wave-

length of 450 nm in microplate reader (Thermo ScientificTM MultiskanTM FC, USA).  

Note: N = 6 for each experimental group, and measurements were taken from 3 

distinct samples.  
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Data analysis  

Data are represented as means ± SD, and IC50 was performed using Prism 9.0 

software (Graphpad Prism). 
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8. Characterization Data 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-carboxylate 

(3aa) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 28.0 mg, 81% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.69 (d, J = 8.0 Hz, 1H), 7.42-7.30 (m, 2H), 

7.25-7.13 (m, 2H), 5.01 (h, J = 6.2 Hz, 1H), 4.40-4.23 (m, 2H), 

3.05 (q, J = 7.3 Hz, 2H), 1.35 (t, J = 7.2 Hz, 3H), 1.21 (t, J = 7.3 

Hz, 3H), 1.13 (d, J = 6.3 Hz, 3H), 1.07 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 174.1, 160.4, 152.4, 138.4, 126.6, 126.5, 124.1, 122.9, 121.9, 110.7, 

108.8, 72.2, 60.8, 30.5, 21.5, 21.4, 14.3, 8.8. HRMS (ESI): exact mass calculated for 

[M+Na]+ (C18H22N2O5) requires m/z 369.1421, found m/z 369.1421. The enantiomeric 

ratio was determined to be 95:5 by HPLC. [OD-H column, 254 nm, n-hexane:IPA = 3:1, 

1.0 mL/min]: 4.6 min (minor), 10.6 min (major). [α]25
D = -24.8 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-4-fluoro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ba) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 35.6 mg, 98% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.44 (s, 1H), 7.32-7.23 (m, 1H), 6.94 (d, J 

= 8.3 Hz, 1H), 6.86 (dd, J = 9.9, 7.9 Hz, 1H), 5.01 (h, J = 6.2 Hz, 

1H), 4.37-4.26 (m, 2H), 3.08 (q, J = 7.3 Hz, 2H), 1.36 (t, J = 7.1 

Hz, 3H), 1.22 (t, J = 7.3 Hz, 3H), 1.14 (d, J = 6.2 Hz, 3H), 1.08 (d, J = 6.3 Hz, 3H). 13C 

NMR (101 MHz, Chloroform-d) δ 173.9, 160.0, 157.2 (d, J = 251.9 Hz), 152.2, 140.4 

(d, J = 9.6 Hz), 127.2 (d, J = 7.8 Hz), 126.7, 113.8 (d, J = 23.8 Hz), 106.6 (d, J = 18.8 

Hz), 106.4, 104.9 (d, J = 4.0 Hz), 72.4, 61.0, 30.6, 21.5, 21.4, 14.2, 8.8. 19F NMR (376 

MHz, Chloroform-d) δ -120.5. HRMS (ESI): exact mass calculated for [M+Na]+ 

(C18H21FN2O5) requires m/z 387.1327, found m/z 387.1325. The enantiomeric ratio 

was determined to be 93.5:6.5 by HPLC. [OD-H column, 254 nm, n-hexane:IPA = 9:1, 
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1.0 mL/min]: 4.2 min (minor), 5.5 min (major). [α]25
D = -13.2 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-4-chloro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ca) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 38.4 mg, 99% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.46 (s, 1H), 7.31-7.19 (m, 2H), 7.06 (d, J 

= 8.2 Hz, 1H), 5.02 (h, J = 6.3 Hz, 1H), 4.41-4.24 (m, 2H), 3.08 

(q, J = 7.3 Hz, 2H), 1.36 (t, J = 7.1 Hz, 3H), 1.22 (t, J = 7.3 Hz, 

3H), 1.14 (d, J = 6.2 Hz, 3H), 1.08 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 173.9, 160.0, 152.2, 138.9, 128.4, 127.0, 126.9, 123.1, 121.7, 108.7, 

107.5, 72.4, 61.0, 30.6, 21.5, 21.4, 14.2, 8.8. HRMS (ESI): exact mass calculated for 

[M+Na]+ (C18H21ClN2O5) requires m/z 403.1031, found m/z 403.1033. The 

enantiomeric ratio was determined to be 95:5 by HPLC. [OD-H column, 254 nm, n-

hexane:IPA = 3:1, 1.0 mL/min]: 3.8 min (minor), 4.5 min (major). [α]25
D = -13.9 (c = 

1.00, CHCl3). 

 

(Ra)-ethyl-4-bromo-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3da) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 37.4 mg, 88% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.42-7.34 (m, 2H), 7.24-7.18 (m, 1H), 7.11 

(d, J = 8.3 Hz, 1H), 5.02 (h, J = 6.3 Hz, 1H), 4.41-4.24 (m, 2H), 

3.08 (q, J = 7.3 Hz, 2H), 1.37 (t, J = 7.1 Hz, 3H), 1.22 (t, J = 7.3 

Hz, 3H), 1.14 (d, J = 6.2 Hz, 3H), 1.08 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 173.9, 160.1, 152.2, 141.2, 138.6, 127.2, 127.0, 124.9, 117.1, 110.3, 

108.1, 72.5, 61.1, 30.7, 21.5, 21.4, 14.3, 8.8. HRMS (ESI): exact mass calculated for 

[M+Na]+ (C18H21BrN2O5) requires m/z 447.0526, found m/z 447.0525. The 

enantiomeric ratio was determined to be 95.5:4.5 by HPLC. [OD-H column, 254 nm, 

n-hexane:IPA = 3:1, 1.0 mL/min]: 3.9 min (minor), 4.4 min (major). [α]25
D = -12.1 (c = 
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1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-4-methyl-1H-indole-2-

carboxylate (3ea) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 26.6 mg, 74% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.41 (d, J = 1.0 Hz, 1H), 7.26 (t, J = 7.7 Hz, 

1H), 7.02-6.95 (m, 2H), 5.01 (h, J = 6.3 Hz, 1H), 4.40-4.23 (m, 

2H), 3.03 (q, J = 7.2 Hz, 2H), 2.57 (s, 3H), 1.36 (t, J = 7.1 Hz, 3H), 

1.20 (t, J = 7.3 Hz, 3H), 1.14 (d, J = 6.3 Hz, 3H), 1.09 (d, J = 6.3 Hz, 3H). 13C NMR 

(101 MHz, Chloroform-d) δ 174.1, 160.4, 152.4, 138.3, 132.7, 126.7, 125.9, 124.1, 

122.1, 109.3, 106.4, 72.2, 60.7, 30.5, 21.5, 21.4, 18.2, 14.3, 8.8. HRMS (ESI): exact 

mass calculated for [M+Na]+ (C19H24N2O5) requires m/z 383.1577, found m/z 383.1578. 

The enantiomeric ratio was determined to be 93.5:6.5 by HPLC. [OD-H column, 254 

nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 4.0 min (minor), 4.5 min (major). [α]25
D = -8.6 

(c = 1.00, CHCl3). 

 

(Ra)-ethyl-5-fluoro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3fa) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 24/1. Colorless oil, 29.2 mg, 80% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.37-7.29 (m, 2H), 7.17-7.05 (m, 2H), 

5.01 (h, J = 6.3 Hz, 1H), 4.40-4.23 (m, 2H), 3.07 (q, J = 7.3 Hz, 

2H), 1.35 (t, J = 7.1 Hz, 3H), 1.22 (t, J = 7.3 Hz, 3H), 1.14 (d, 

J = 6.2 Hz, 3H), 1.08 (d, J = 6.2 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 174.0, 

160.1, 158.8 (d, J = 237.8 Hz), 152.3, 134.9, 128.0, 124.3 (d, J = 10.5 Hz), 115.3 (d, J 

= 26.9 Hz), 110.2 (d, J = 5.1 Hz), 109.9 (d, J = 9.6 Hz), 107.5 (d, J = 23.9 Hz), 72.3, 

60.9, 30.6, 21.5, 21.4, 14.2, 8.8. 19F NMR (376 MHz, Chloroform-d) δ -121.8. HRMS 

(ESI): exact mass calculated for [M+Na]+ (C18H21FN2O5) requires m/z 387.1327, found 

m/z 387.1325. The enantiomeric ratio was determined to be 93.5:6.5 by HPLC. [OD-H 
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column, 254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 3.9 min (minor), 4.6 min (major). 

[α]25
D = -11.8 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-5-chloro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ga) 

Eluent for flash column chromatography: petroleum 

ether/ethyl acetate = 24/1. Colorless oil, 25.4 mg, 67% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 (d, J = 1.9 Hz, 1H), 

7.37-7.26 (m, 2H), 7.09 (d, J = 8.8 Hz, 1H), 5.01 (h, J = 6.3 

Hz, 1H), 4.40-4.23 (m, 2H), 3.08 (q, J = 7.3 Hz, 2H), 1.35 (t, 

J = 7.1 Hz, 3H), 1.22 (t, J = 7.3 Hz, 3H), 1.13 (d, J = 6.3 Hz, 3H), 1.08 (d, J = 6.3 Hz, 

3H). 13C NMR (101 MHz, Chloroform-d) δ 174.0, 160.0, 152.2, 136.7, 127.7, 127.5, 

126.9, 124.9, 122.1, 110.1, 109.7, 72.4, 61.0, 30.6, 21.5, 21.4, 14.2, 8.8. HRMS (ESI): 

exact mass calculated for [M+Na]+ (C18H21ClN2O5) requires m/z 403.1031, found m/z 

403.1032. The enantiomeric ratio was determined to be 93.5:6.5 by HPLC. [OD-H 

column, 254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 3.8 min (minor), 4.4 min (major). 

[α]25
D = -8.4 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-5-bromo-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ha) 

Eluent for flash column chromatography: petroleum 

ether/ethyl acetate = 12/1. Colorless oil, 32.8 mg, 77% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.83 (d, J = 1.8 Hz, 1H), 

7.44 (dd, J = 8.8, 1.8 Hz, 1H), 7.28 (s, 1H), 7.05 (d, J = 8.8 

Hz, 1H), 5.01 (h, J = 6.3 Hz, 1H), 4.4-4.23 (m, 2H), 3.08 (q, J 

= 7.3 Hz, 2H), 1.35 (t, J = 7.1 Hz, 3H), 1.21 (t, J = 7.3 Hz, 3H), 1.13 (d, J = 6.3 Hz, 

3H), 1.08 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.9, 160.0, 

152.2, 136.9, 129.4, 127.5, 125.5, 125.3, 115.0, 110.4, 109.6, 72.4, 61.0, 30.6, 21.5, 

21.4, 14.2, 8.8. HRMS (ESI): exact mass calculated for [M+Na]+ (C18H21BrN2O5) 

requires m/z 447.0526, found m/z 447.0523. The enantiomeric ratio was determined to 
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be 93.5:6.5 by HPLC. [OD-H column, 254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 3.9 

min (minor), 4.4 min (major). [α]25
D = -10.0 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-5-methoxy-1H-indole-2-

carboxylate (3ia) 

Eluent for flash column chromatography: petroleum 

ether/ethyl acetate = 12/1. Colorless oil, 30.2 mg, 80% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.28 (s, 1H), 7.10-

7.06 (m, 2H), 7.02-6.99 (m, 1H), 5.00 (h, J = 6.2 Hz, 1H), 

4.39-4.22 (m, 2H), 3.84 (s, 3H), 3.03 (q, J = 7.3 Hz, 2H), 

1.34 (t, J = 7.1 Hz, 3H), 1.20 (t, J = 7.3 Hz, 3H), 1.13 (d, J = 6.2 Hz, 3H), 1.08 (d, J = 

6.3 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 174.1, 160.3, 155.6, 152.4, 133.7, 

126.9, 124.5, 117.6, 110.1, 109.8, 103.4, 72.2, 60.7, 55.8, 30.5, 21.5, 21.4, 14.3, 8.8. 

HRMS (ESI): exact mass calculated for [M+Na]+ (C19H24N2O6) requires m/z 399.1527, 

found m/z 399.1527. The enantiomeric ratio was determined to be 93.5:6.5 by HPLC. 

[OD-H column, 254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 4.7 min (minor), 6.1 min 

(major). [α]25
D = -5.4 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-5-ethoxy-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ja) 

Eluent for flash column chromatography: petroleum 

ether/ethyl acetate = 12/1. Colorless oil, 35.2 mg, 90% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.27 (d, J = 0.8 Hz, 

1H), 7.11-7.05 (m, 1H), 7.06-6.97 (m, 2H), 5.00 (h, J = 6.3 

Hz, 1H), 4.38-4.21 (m, 2H), 4.06 (q, J = 7.0 Hz, 2H), 3.02 (q, 

J = 7.3 Hz, 2H), 1.43 (t, J = 7.0 Hz, 3H), 1.34 (t, J = 7.1 Hz, 3H), 1.20 (t, J = 7.3 Hz, 

3H), 1.13 (d, J = 6.2 Hz, 3H), 1.07 (d, J = 6.2 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 174.1, 160.3, 154.8, 152.4, 133.7, 126.9, 124.5, 118.1, 110.2, 109.7, 

104.3, 72.1, 64.1, 60.7, 30.5, 21.5, 21.4, 14.9, 14.3, 8.8. HRMS (ESI): exact mass 

calculated for [M+Na]+ (C20H26N2O6) requires m/z 413.1683, found m/z 413.1681. The 
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enantiomeric ratio was determined to be 93:7 by HPLC. [OD-H column, 254 nm, n-

hexane:IPA = 3:1, 1.0 mL/min]: 4.3 min (minor), 5.9 min (major). [α]25
D = -6.4 (c = 

1.00, CHCl3). 

 

(Ra)-ethyl-5-(benzyloxy)-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ka) 

Eluent for flash column chromatography: petroleum 

ether/ethyl acetate = 12/1. Colorless oil, 41.0 mg, 91% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.50-7.43 (m, 2H), 

7.43-7.36 (m, 2H), 7.36-7.28 (m, 1H), 7.27 (d, J = 0.8 Hz, 

1H), 7.18-7.14 (m, 1H), 7.13-7.09 (m, 1H), 7.09-7.02 (m, 

1H), 5.09 (s, 2H), 5.00 (h, J = 6.3 Hz, 1H), 4.38-4.21 (m, 2H), 3.03 (q, J = 7.3 Hz, 2H), 

1.34 (t, J = 7.1 Hz, 3H), 1.20 (t, J = 7.3 Hz, 3H), 1.14 (d, J = 6.3 Hz, 3H), 1.08 (d, J = 

6.3 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 174.1, 160.3, 154.7, 152.4, 137.2, 

133.8, 128.6, 128.0, 127.6, 126.9, 124.4, 118.2, 110.2, 109.8, 104.9, 72.2, 70.7, 60.7, 

30.6, 21.5, 21.4, 14.3, 8.8. HRMS (ESI): exact mass calculated for [M+Na]+ 

(C25H28N2O6) requires m/z 475.1840, found m/z 475.1843. The enantiomeric ratio was 

determined to be 92.5:7.5 by HPLC. [OD-H column, 254 nm, n-hexane:IPA = 3:1, 1.0 

mL/min]: 6.7 min (minor), 9.6 min (major). [α]25
D = -4.8 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-5-nitro-1H-indole-2-

carboxylate (3la) 

Eluent for flash column chromatography: petroleum 

ether/ethyl acetate = 24/1. Colorless oil, 37.8 mg, 97% yield. 

1H NMR (400 MHz, Chloroform-d) δ 8.69 (d, J = 2.1 Hz, 

1H), 8.26 (dd, J = 9.1, 2.1 Hz, 1H), 7.51 (s, 1H), 7.27 (s, 1H), 

5.04 (h, J = 6.3 Hz, 1H), 4.43-4.26 (m, 2H), 3.16 (q, J = 7.3 

Hz, 2H), 1.38 (t, J = 7.1 Hz, 3H), 1.24 (t, J = 7.3 Hz, 3H), 1.15 (d, J = 6.2 Hz, 3H), 1.09 

(d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.9, 159.6, 151.8, 143.5, 

140.7, 129.5, 123.2, 121.5, 120.1, 111.7, 109.4, 72.9, 61.4, 30.8, 21.5, 21.4, 14.2, 8.7. 
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HRMS (ESI): exact mass calculated for [M+Na]+ (C18H21N3O7) requires m/z 414.1272, 

found m/z 414.1275. The enantiomeric ratio was determined to be 93.5:6.5 by HPLC. 

[OD-H column, 254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 5.0 min (minor), 5.9 min 

(major). [α]25
D = -4.9 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-6-fluoro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ma) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 25.8 mg, 71% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.62 (dd, J = 8.7, 5.1 Hz, 1H), 7.34 (s, 

1H), 6.96 (td, J = 9.1, 2.3 Hz, 1H), 6.83 (dd, J = 9.0, 2.3 Hz, 

1H), 5.02 (h, J = 6.3 Hz, 1H), 4.39-4.22 (m, 2H), 3.08 (q, J = 

7.3 Hz, 2H), 1.35 (t, J = 7.1 Hz, 3H), 1.22 (t, J = 7.3 Hz, 3H), 1.15 (d, J = 6.3 Hz, 3H), 

1.10 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 174.0, 162.5 (d, J = 

244.9 Hz), 160.1, 152.2, 138.8 (d, J = 12.4 Hz), 127.2 (d, J = 4.0 Hz), 124.3 (d, J = 10.2 

Hz), 120.5, 111.4 (d, J = 25.1 Hz), 110.7, 95.4 (d, J = 27.1 Hz), 72.4, 60.8, 30.7, 21.5, 

21.4, 14.3, 8.8. 19F NMR (376 MHz, Chloroform-d) δ -113.6. HRMS (ESI): exact mass 

calculated for [M+Na]+ (C18H21FN2O5) requires m/z 387.1327, found m/z 387.1325. 

The enantiomeric ratio was determined to be 93:7 by HPLC. [OD-H column, 254 nm, 

n-hexane:IPA = 3:1, 1.0 mL/min]: 4.0 min (minor), 5.9 min (major). [α]25
D = -14.3 (c = 

1.00, CHCl3). 

 

(Ra)-ethyl-6-chloro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3na) 

Eluent for flash column chromatography: petroleum 

ether/ethyl acetate = 12/1. Colorless oil, 26.0 mg, 68% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.60 (d, J = 9.2 Hz, 1H), 

7.33 (s, 1H), 7.24-7.04 (m, 2H), 5.02 (h, J = 6.3 Hz, 1H), 4.39-

4.22 (m, 2H), 3.09 (q, J = 7.3 Hz, 2H), 1.35 (t, J = 7.1 Hz, 3H), 

1.22 (t, J = 7.3 Hz, 3H), 1.15 (d, J = 6.2 Hz, 3H), 1.11 (d, J = 6.3 Hz, 3H). 13C NMR 
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(101 MHz, Chloroform-d) δ 174.0, 160.1, 152.2, 138.7, 132.7, 127.2, 123.9, 123.0, 

122.5, 110.5, 109.0, 72.5, 60.9, 30.7, 21.5, 21.4, 14.3, 8.8. HRMS (ESI): exact mass 

calculated for [M+Na]+ (C18H21ClN2O5) requires m/z 403.1031, found m/z 403.1032. 

The enantiomeric ratio was determined to be 88:12 by HPLC. [OD-H column, 254 nm, 

n-hexane:IPA = 3:1, 1.0 mL/min]: 3.9 min (minor), 4.8 min (major). [α]25
D = -12.9 (c = 

1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-7-methyl-1H-indole-2-

carboxylate (3oa) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 30.8 mg, 86% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.52 (p, J = 3.5 Hz, 1H), 7.35 (s, 1H), 7.07 

(d, J = 4.8 Hz, 2H), 5.06 (h, J = 6.2 Hz, 1H), 4.38-4.21 (m, 2H), 

3.17-2.95 (m, 2H), 2.40 (s, 3H), 1.35 (t, J = 7.1 Hz, 3H), 1.21 (t, J 

= 7.3 Hz, 3H), 1.14 (t, J = 5.9 Hz, 6H). 13C NMR (101 MHz, Chloroform-d) δ 174.5, 

160.4, 152.8, 136.8, 128.7, 126.6, 124.7, 121.8, 120.9, 120.7, 111.3, 72.2, 60.7, 30.6, 

21.5, 21.4, 17.4, 14.3, 8.8. HRMS (ESI): exact mass calculated for [M+Na]+ 

(C19H24N2O5) requires m/z 383.1577, found m/z 383.1577. The enantiomeric ratio was 

determined to be 96:4 by HPLC. [OD-H column, 254 nm, n-hexane:IPA = 3:1, 1.0 

mL/min]: 4.3 min (minor), 8.2 min (major). [α]25
D = -7.1 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-(sec-butoxycarbonyl)propionamido)-1H-indole-2-carboxylate 

(3pa) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 24/1. Colorless oil, 36.0 mg, 99% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.68 (d, J = 8.0 Hz, 1H), 7.37 (s, 2H), 7.19 

(q, J = 8.3 Hz, 2H), 4.82 (h, J = 6.2 Hz, 1H), 4.39-4.22 (m, 2H), 

3.07 (q, J = 7.3 Hz, 2H), 1.44-1.38 (m, 2H), 1.37-1.31 (m, 3H), 

1.22 (t, J = 7.3 Hz, 3H), 1.09 (dd, J = 27.9, 6.2 Hz, 3H), 0.64 (dt, J = 62.5, 7.4 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 174.1, 160.4, 152.6, 138.4, 126.5, 124.1, 122.9, 
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121.9, 121.8, 110.7, 108.8, 76.6, 60.8, 30.5, 28.4, 19.1, 14.3, 9.1, 8.8. HRMS (ESI): 

exact mass calculated for [M+Na]+ (C19H24N2O5) requires m/z 383.1577, found m/z 

383.1575. The enantiomeric ratio was determined to be 94:6 by HPLC. [IA column, 

254 nm, n-hexane:IPA = 9:1, 1.0 mL/min]: 5.3 min (minor), 6.0 min (major). [α]25
D = -

12.4 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-((cyclopentyloxy)carbonyl)propionamido)-1H-indole-2-

carboxylate (3qa) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 24/1. Colorless oil, 34.6 mg, 93% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.68 (d, J = 8.0 Hz, 1H), 7.38-7.34 (m, 2H), 

7.24-7.12 (m, 2H), 5.17-5.15 (m, 1H), 4.34-4.25 (m, 2H), 3.06 (qd, 

J = 7.3, 3.6 Hz, 2H), 1.77-1.63 (m, 2H), 1.50-1.41 (m, 2H), 1.35 

(t, J = 7.1 Hz, 5H), 1.22 (t, J = 7.3 Hz, 5H).13C NMR (101 MHz, Chloroform-d) δ 174.0, 

160.4, 152.4, 138.4, 126.6, 126.5, 124.0, 122.9, 121.9, 110.7, 108.8, 81.3, 60.8, 32.4, 

32.3, 30.5, 23.1, 14.3, 8.8. HRMS (ESI): exact mass calculated for [M+Na]+ 

(C20H24N2O5) requires m/z 395.1577, found m/z 395.1575. The enantiomeric ratio was 

determined to be 94.5:5.5 by HPLC. [AD-H column, 254 nm, n-hexane:IPA = 25:1, 1.0 

mL/min]: 13.4 min (minor), 14.3 min (major). [α]25
D = -14.1 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-((cyclohexyloxy)carbonyl)propionamido)-1H-indole-2-

carboxylate (3ra) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 24/1. Colorless oil, 26.3 mg, 68% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.68 (d, J = 8.0 Hz, 1H), 7.39-7.32 (m, 2H), 

7.2-7.13 (m, 2H), 4.8-4.80 (m, 1H), 4.3-4.24 (m, 2H), 3.07 (qd, J 

= 7.3, 2.8 Hz, 2H), 1.6-1.57 (m, 2H), 1.35 (t, J = 7.1 Hz, 5H), 1.3-

1.27 (m, 2H), 1.22 (t, J = 7.3 Hz, 5H), 1.17 (d, J = 21.7 Hz, 2H). 13C NMR (101 MHz, 

Chloroform-d) δ 174.1, 160.4, 152.2, 138.4, 126.6, 126.5, 124.1, 122.9, 121.9, 110.7, 

108.8, 76.1, 60.8, 30.8, 30.5, 25.0, 22.7, 22.6, 14.3, 8.8. HRMS (ESI): exact mass 
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calculated for [M+Na]+ (C21H26N2O5) requires m/z 409.1734, found m/z 409.1738. The 

enantiomeric ratio was determined to be 93.5:6.5 by HPLC. [AD-H column, 254 nm, 

n-hexane:IPA = 9:1, 1.0 mL/min]: 7.2 min (minor), 7.8 min (major). [α]25
D = -15.9 (c = 

1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-(phenoxycarbonyl)propionamido)-1H-indole-2-carboxylate (3sa) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 24/1. Colorless oil, 32.8 mg, 86% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.71 (d, J = 8.0 Hz, 1H), 7.42-7.38 (m, 2H), 

7.36-7.28 (m, 3H), 7.26-7.19 (m, 2H), 7.01 (d, J = 8.0 Hz, 2H), 

4.37 (qd, J = 7.1, 3.8 Hz, 2H), 3.13 (q, J = 7.5 Hz, 2H), 1.38 (t, J 

= 7.1 Hz, 3H), 1.23 (t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.9, 

160.6, 152.1, 150.2, 138.4, 129.5, 129.4, 126.8, 126.5, 124.2, 123.2, 122.2, 121.3, 111.1, 

108.8, 61.0, 30.8, 14.3, 8.8. HRMS (ESI): exact mass calculated for [M+Na]+ 

(C21H20N2O5) requires m/z 403.1264, found m/z 403.1262. The enantiomeric ratio was 

determined to be 97.5:2.5 by HPLC. [AD-H column, 254 nm, n-hexane:IPA = 3:1, 1.0 

mL/min]: 8.2 min (minor), 9.0 min (major). [α]25
D = -32.4 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-6-fluoro-1-(N-(phenoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ta) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 24/1. Colorless oil, 30.6 mg, 77% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.37 (d, J = 2.4 Hz, 1H), 7.38-7.33 (m, 

2H), 7.32 (s, 1H), 7.26-7.22 (m, 2H), 7.20-7.16 (m, 1H), 7.04-

6.97 (m, 2H), 4.37 (qd, J = 7.1, 3.9 Hz, 2H), 3.14 (qd, J = 7.3, 

3.2 Hz, 2H), 1.38 (t, J = 7.1 Hz, 3H), 1.24 (t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 173.9, 160.4, 159.0 (d, J = 238.3 Hz), 151.9, 150.1, 134.9, 129.6, 127.8, 

126.6, 124.5 (d, J = 10.3 Hz), 121.2, 115.7 (d, J = 27.1 Hz), 110.6 (d, J = 5.1 Hz), 109.9 

(d, J = 9.6 Hz), 107.8 (d, J = 23.6 Hz), 61.2, 30.8, 14.3, 8.7. 19F NMR (376 MHz, 

Chloroform-d) δ -121.2. HRMS (ESI): exact mass calculated for [M+Na]+ 
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(C21H19FN2O5) requires m/z 421.1170, found m/z 421.1173. The enantiomeric ratio was 

determined to be 96:4 by HPLC. [IC column, 254 nm, n-hexane:IPA = 9:1, 1.0 mL/min]: 

5.9 min (minor), 7.4 min (major). [α]25
D = -46.7 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-1-(4-methoxy-N-propionylbenzamido)-1H-indole-2-carboxylate (3ua) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 24.1 mg, 61% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.67 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 8.3 

Hz, 1H), 7.43-7.32 (m, 4H), 7.22 (t, J = 7.5 Hz, 1H), 6.95 (t, J = 

7.5 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 4.36 (q, J = 7.2 Hz, 2H), 

3.87 (s, 3H), 2.54 (t, J = 6.9 Hz, 2H), 1.36 (t, J = 7.2 Hz, 3H), 1.09 (t, J = 7.3 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 175.2, 167.7, 160.4, 131.9, 128.5, 128.0, 126.6, 

124.4, 123.1, 123.0, 122.3, 120.6, 111.5, 110.7, 110.0, 61.0, 55.5, 29.7, 14.2, 8.3. 

HRMS (ESI): exact mass calculated for [M+Na]+ (C22H22N2O5) requires m/z 417.1421, 

found m/z 417.1424. The enantiomeric ratio was determined to be 96:4 by HPLC. [AD-

H column, 254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 9.4 min (minor), 9.9 min (major). 

[α]25
D = -19.1 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-(m-tolylsulfonyl)propionamido)-1H-indole-2-carboxylate (3va) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 28.2 mg, 68% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.89-7.80 (m, 2H), 7.72 (d, J = 7.9 Hz, 1H), 

7.51-7.43 (m, 3H), 7.47-7.36 (m, 1H), 7.39-7.29 (m, 1H), 7.32-

7.24 (m, 1H), 4.17-3.93 (m, 2H), 2.43 (s, 3H), 2.39-2.07 (m, 2H), 

1.21 (t, J = 7.1 Hz, 3H), 1.04 (t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) 

δ 173.9, 159.9, 140.0, 139.0, 137.7, 135.2, 130.1, 128.6, 127.8, 127.5, 127.1, 124.3, 

123.2, 123.1, 113.5, 110.4, 61.2, 27.5, 21.3, 14.0, 7.8. HRMS (ESI): exact mass 

calculated for [M+Na]+ (C21H22N2O5S) requires m/z 437.1142, found m/z 437.1144. 

The enantiomeric ratio was determined to be 71.5:28.5 by HPLC. [AD-H column, 254 

nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 14.3 min (minor), 15.0 min (major). [α]25
D = -
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8.6 (c = 1.00, CHCl3). 

 

(Ra)-isopropyl(2-methyl-1H-indol-1-yl)(propionyl)carbamate (3wa) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 24/1. Colorless oil, 10.1 mg, 35% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.51 (d, J = 7.0 Hz, 1H), 7.19-7.06 (m, 2H), 

7.01 (d, J = 8.0 Hz, 1H), 6.31 (s, 1H), 5.01 (h, J = 6.2 Hz, 1H), 2.79 

(qd, J = 7.3, 2.6 Hz, 2H), 2.21 (s, 3H), 1.22-1.14 (m, 6H), 1.07 (d, J 

= 6.2 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 174.0, 152.3, 136.1, 135.9, 126.5, 

122.1, 120.8, 120.3, 107.5, 100.2, 72.4, 29.9, 21.5, 21.4, 11.2, 8.8. HRMS (ESI): exact 

mass calculated for [M+Na]+ (C16H20N2O3) requires m/z 311.1366, found m/z 311.1369. 

The enantiomeric ratio was determined to be 83:17 by HPLC. [IC column, 254 nm, n-

hexane:IPA = 5:1, 1.0 mL/min]: 8.4 min (major), 9.1 min (minor). [α]25
D = -7.4 (c = 

1.00, CHCl3). 

 

(Ra)-isopropyl(2-phenyl-1H-indol-1-yl)(propionyl)carbamate (3xa) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 17.2 mg, 49% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.63 (d, J = 7.7 Hz, 1H), 7.45-7.32 (m, 

5H), 7.28-7.14 (m, 2H), 7.07 (d, J = 7.9 Hz, 1H), 6.67 (s, 1H), 

4.93 (h, J = 6.2 Hz, 1H), 2.93-2.66 (m, 2H), 1.09 (dt, J = 7.3, 4.2 

Hz, 6H), 1.02 (d, J = 6.2 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 174.1, 152.4, 

140.8, 137.4, 130.8, 128.6, 128.4, 128.3, 126.6, 123.2, 121.5, 121.1, 108.4, 102.1, 72.4, 

30.3, 21.4, 8.9. HRMS (ESI): exact mass calculated for [M+Na]+ (C21H22N2O3) requires 

m/z 373.1523, found m/z 373.1525. The enantiomeric ratio was determined to be 88:12 

by HPLC. [AD-H column, 254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 4.8 min (major), 

5.7 min (minor). [α]25
D = 5.2 (c = 1.00, CHCl3). 
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(Ra)-ethyl-1-(N-(isopropoxycarbonyl)isobutyramido)-1H-indole-2-carboxylate 

(3ab) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 24/1. Colorless oil, 25.2 mg, 70% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.68 (d, J = 8.0 Hz, 1H), 7.40-7.31 (m, 2H), 

7.24-7.15 (m, 1H), 7.16-7.09 (m, 1H), 5.02 (h, J = 6.2 Hz, 1H), 

4.31 (qd, J = 7.1, 2.8 Hz, 2H), 3.80 (h, J = 6.7 Hz, 1H), 1.38-1.31 

(m, 6H), 1.26 (d, J = 6.7 Hz, 3H), 1.13 (d, J = 6.2 Hz, 3H), 1.08 (d, J = 6.2 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 177.5, 160.3, 152.3, 138.3, 126.9, 126.4, 124.1, 

122.9, 121.9, 110.5, 108.7, 72.2, 60.7, 34.6, 21.5, 21.4, 19.9, 18.9, 14.3. HRMS (ESI): 

exact mass calculated for [M+Na]+ (C19H24N2O5) requires m/z 383.1577, found m/z 

383.1577. The enantiomeric ratio was determined to be 96:4 by HPLC. [AD-H column, 

254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 4.5 min (minor), 5.6 min (major). [α]25
D = -

15.2 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)butyramido)-1H-indole-2-carboxylate (3bb) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 24/1. Colorless oil, 24.0 mg, 94% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.68 (d, J = 8.0 Hz, 1H), 7.35 (d, J = 9.2 

Hz, 2H), 7.24-7.12 (m, 2H), 5.00 (h, J = 6.3 Hz, 1H), 4.41-4.19 (m, 

2H), 3.01 (q, J = 6.9 Hz, 2H), 1.76 (h, J = 7.3 Hz, 2H), 1.35 (t, J = 

7.1 Hz, 3H), 1.13 (d, J = 6.2 Hz, 3H), 1.07 (d, J = 6.3 Hz, 3H), 0.99 (t, J = 7.4 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 173.1, 160.4, 152.4, 138.4, 126.6, 126.4, 124.1, 

122.9, 121.9, 110.6, 108.8, 72.2, 60.8, 38.9, 21.5, 21.4, 18.0, 14.3, 13.6. HRMS (ESI): 

exact mass calculated for [M+Na]+ (C19H24N2O5) requires m/z 383.1577, found m/z 

383.1574. The enantiomeric ratio was determined to be 92.5:7.5 by HPLC. [AD-H 

column, 254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 5.0 min (minor), 5.7 min (major). 

[α]25
D = -9.8 (c = 1.00, CHCl3). 
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(Ra)-ethyl-1-(N-(isopropoxycarbonyl)pentanamido)-1H-indole-2-carboxylate (3cb) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 26.6 mg, 71% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.68 (d, J = 8.0 Hz, 1H), 7.39-7.32 (m, 2H), 

7.22-7.12 (m, 2H), 5.00 (h, J = 6.3 Hz, 1H), 4.39-4.23 (m, 2H), 

3.13-2.94 (m, 2H), 1.71 (p, J = 7.4 Hz, 2H), 1.47-1.37 (m, 2H), 1.35 (t, J = 7.1 Hz, 3H), 

1.13 (d, J = 6.3 Hz, 3H), 1.07 (d, J = 6.2 Hz, 3H), 0.93 (t, J = 7.4 Hz, 3H). 13C NMR 

(101 MHz, Chloroform-d) δ 173.3, 160.4, 152.4, 138.4, 126.7, 126.4, 124.1, 122.9, 

121.9, 110.6, 108.8, 72.2, 60.8, 36.7, 26.6, 22.2, 21.5, 21.4, 14.3, 13.8. HRMS (ESI): 

exact mass calculated for [M+Na]+ (C20H26N2O5) requires m/z 397.1734, found m/z 

397.1732. The enantiomeric ratio was determined to be 93:7 by HPLC. [AD-H column, 

254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 5.2 min (minor), 5.9 min (major). [α]25
D = -

15.4 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)octanamido)-1H-indole-2-carboxylate (3db) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 28.2 mg, 68% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.68 (d, J = 8.0 Hz, 1H), 7.39-7.34 (m, 2H), 

7.24-7.11 (m, 2H), 5.00 (h, J = 6.3 Hz, 1H), 4.32-4.27 (m, 2H), 

3.12-2.92 (m, 2H), 1.72 (p, J = 7.4 Hz, 2H), 1.37 (s, 2H), 1.34 (d, 

J = 7.2 Hz, 3H), 1.30-1.24 (m, 6H), 1.13 (d, J = 6.3 Hz, 3H), 1.07 (d, J = 6.3 Hz, 3H), 

0.87 (t, J = 6.7 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.3, 160.4, 152.4, 

138.4, 126.6, 126.4, 124.1, 122.9, 121.9, 110.6, 108.8, 72.2, 60.8, 37.0, 31.7, 29.1, 29.0, 

24.5, 22.6, 21.5, 21.4, 14.3, 14.1. HRMS (ESI): exact mass calculated for [M+Na]+ 

(C23H32N2O5) requires m/z 439.2203, found m/z 439.2203. The enantiomeric ratio was 

determined to be 93.5:6.5 by HPLC. [AD-H column, 254 nm, n-hexane:IPA = 3:1, 1.0 

mL/min]: 4.8 min (minor), 5.1 min (major). [α]25
D = -16.3 (c = 1.00, CHCl3). 
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(Ra)-ethyl-1-(N-(isopropoxycarbonyl)cyclopropanecarboxamido)-1H-indole-2-

carboxylate (3eb) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 22.8 mg, 64% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.68 (d, J = 8.0 Hz, 1H), 7.42-7.33 (m, 2H), 

7.28-7.16 (m, 2H), 5.04 (h, J = 6.3 Hz, 1H), 4.33 (p, J = 7.0 Hz, 

2H), 2.73 (tt, J = 8.2, 4.6 Hz, 1H), 1.36 (t, J = 7.1 Hz, 3H), 1.17 (s, 

2H), 1.15 (d, J = 6.3 Hz, 3H), 1.09 (d, J = 6.2 Hz, 3H), 1.07-0.91 (m, 2H). 13C NMR 

(101 MHz, Chloroform-d) δ 174.3, 160.3, 152.5, 138.4, 127.1, 126.5, 124.0, 122.9, 

122.0, 110.7, 109.0, 72.2, 60.8, 21.5, 21.4, 14.3, 10.9, 10.8. HRMS (ESI): exact mass 

calculated for [M+Na]+ (C19H22N2O5) requires m/z 381.1421, found m/z 381.1419. The 

enantiomeric ratio was determined to be 93.5:6.5 by HPLC. [AD-H column, 254 nm, 

n-hexane:IPA = 15:1, 1.0 mL/min]: 12.0 min (major), 12.9 min (minor). [α]25
D = -22.7 

(c = 1.00, CHCl3). 

 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)cyclohexanecarboxamido)-1H-indole-2-

carboxylate (3fb) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 27.4 mg, 68% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.67 (d, J = 8.0 Hz, 1H), 7.38-7.30 (m, 2H), 

7.19 (t, J = 7.3 Hz, 1H), 7.11 (d, J = 8.3 Hz, 1H), 5.02 (h, J = 6.3 

Hz, 1H), 4.38-4.22 (m, 2H), 3.58 (tt, J = 11.3, 3.3 Hz, 1H), 2.14-

2.03 (m, 2H), 1.88-1.77 (m, 2H), 1.75-1.67 (m, 1H), 1.57-1.48 (m, 2H), 1.46-1.38 (m, 

2H), 1.34 (t, J = 7.1 Hz, 3H), 1.28-1.22 (m, 1H), 1.14 (d, J = 6.3 Hz, 3H), 1.08 (d, J = 

6.3 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 176.3, 160.3, 152.4, 138.3, 126.9, 

126.3, 124.1, 122.9, 121.8, 110.4, 108.7, 72.1, 60.7, 44.3, 30.2, 28.8, 25.8, 25.4, 21.5, 

21.4, 14.3. HRMS (ESI): exact mass calculated for [M+Na]+ (C22H28N2O5) requires m/z 

423.1890, found m/z 423.1892. The enantiomeric ratio was determined to be 96.5:3.5 

by HPLC. [AD-H column, 254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 5.2 min (minor), 

6.7 min (major). [α]25
D = -12.2 (c = 1.00, CHCl3). 
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(Ra)-ethyl-1-(N-(isopropoxycarbonyl)benzamido)-1H-indole-2-carboxylate (3gb) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 24.6 mg, 62% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.81-7.75 (m, 2H), 7.63 (d, J = 8.1 Hz, 1H), 

7.52-7.43 (m, 1H), 7.43-7.35 (m, 2H), 7.34-7.27 (m, 3H), 7.19-

7.11 (m, 1H), 4.84 (h, J = 6.2 Hz, 1H), 4.37-4.19 (m, 2H), 1.29 (t, 

J = 7.1 Hz, 3H), 0.94 (t, J = 6.4 Hz, 6H). 13C NMR (101 MHz, Chloroform-d) δ 169.7, 

160.4, 152.5, 138.6, 134.8, 132.0, 128.4, 128.2, 127.4, 126.5, 124.2, 123.0, 122.1, 110.8, 

109.0, 72.7, 60.8, 21.3, 21.2, 14.3. HRMS (ESI): exact mass calculated for [M+Na]+ 

(C22H22N2O5) requires m/z 417.1421, found m/z 417.1423. The enantiomeric ratio was 

determined to be 89:11 by HPLC. [AD-H column, 254 nm, n-hexane:IPA = 3:1, 1.0 

mL/min]: 13.0 min (major), 17.3 min (minor). [α]25
D = -6.4 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-1-(4-fluoro-N-(isopropoxycarbonyl)benzamido)-1H-indole-2-

carboxylate (3hb) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 24.7 mg, 60% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.90 (dd, J = 8.8, 5.3 Hz, 2H), 7.71 (d, J = 

8.1 Hz, 1H), 7.47-7.36 (m, 2H), 7.32 (d, J = 7.4 Hz, 1H), 7.27-7.19 

(m, 1H), 7.19-7.10 (m, 2H), 4.93 (h, J = 6.3 Hz, 1H), 4.44-4.26 (m, 

2H), 1.37 (t, J = 7.1 Hz, 3H), 1.07 (d, J = 6.3 Hz, 3H), 1.02 (d, J = 6.2 Hz, 3H). 13C 

NMR (101 MHz, Chloroform-d) δ 168.6, 166.3, 161.0, 160.5, 155.2, 152.5, 138.6, 

131.1 (d, J = 9.1 Hz), 127.2, 126.6, 124.2, 123.0, 122.2, 115.4 (d, J = 22.3 Hz), 109.9 

(d, J = 199.7 Hz), 72.9, 60.9, 21.4, 21.3, 14.3. 19F NMR (376 MHz, Chloroform-d) δ -

106.2. HRMS (ESI): exact mass calculated for [M+Na]+ (C22H21FN2O5) requires m/z 

435.1327, found m/z 435.1324. The enantiomeric ratio was determined to be 88:12 by 

HPLC. [AD-H column, 254 nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 13.4 min (major), 

23.3 min (minor). [α]25
D = -22.7 (c = 1.00, CHCl3). 
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(Ra)-ethyl-1-(N-(isopropoxycarbonyl)-4-methylbenzamido)-1H-indole-2-

carboxylate (3ib) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 12/1. Colorless oil, 25.3 mg, 62% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.77 (d, J = 8.2 Hz, 2H), 7.69 (d, J = 7.8 

Hz, 1H), 7.43-7.33 (m, 3H), 7.28-7.24 (m, 2H), 7.25-7.16 (m, 1H), 

4.92 (h, J = 6.3 Hz, 1H), 4.44-4.25 (m, 2H), 2.41 (s, 3H), 1.35 (t, 

J = 7.1 Hz, 3H), 1.03 (t, J = 6.2 Hz, 6H). 13C NMR (101 MHz, Chloroform-d) δ 169.6, 

160.4, 152.7, 143.0, 138.6, 131.8, 128.9, 128.7, 127.6, 126.5, 124.2, 123.0, 122.1, 110.8, 

109.0, 72.6, 60.8, 21.7, 21.4, 21.3, 14.3. HRMS (ESI): exact mass calculated for 

[M+Na]+ (C23H24N2O5) requires m/z 431.1577, found m/z 431.1574. The enantiomeric 

ratio was determined to be 90.5:9.5 by HPLC. [IF column, 254 nm, n-hexane:IPA = 3:1, 

1.0 mL/min]: 11.1 min (major), 15.0 min (minor). [α]25
D = -6.2 (c = 1.00, CHCl3). 

 

(Ra)-ethyl-3-bromo-1-(N-(phenoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (4) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 24/1. Colorless oil, 32.0 mg, 70% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.74 (d, J = 8.1 Hz, 1H), 7.49 (t, J = 7.9 Hz, 

1H), 7.38-7.26 (m, 4H), 7.26-7.18 (m, 1H), 7.01 (d, J = 8.2 Hz, 

2H), 4.43 (p, J = 7.2 Hz, 2H), 3.12 (q, J = 7.1 Hz, 2H), 1.43 (t, J = 

7.1 Hz, 3H), 1.23 (t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 173.7, 159.9, 151.9, 150.1, 137.3, 129.6, 128.0, 126.6, 125.3, 123.8, 

122.9, 122.1, 121.2, 108.8, 101.8, 61.5, 30.8, 14.2, 8.7. HRMS (ESI): exact mass 

calculated for [M+Na]+ (C21H19BrN2O5) requires m/z 481.0370, found m/z 481.0367. 

The enantiomeric ratio was determined to be 97.5:2.5 by HPLC. [AD-H column, 254 

nm, n-hexane:IPA = 3:1, 1.0 mL/min]: 5.2 min (minor), 5.9 min (major). [α]25
D = -14.0 

(c = 1.00, CHCl3). 
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(Ra)-diethyl-2-(2-(ethoxycarbonyl)-1-(N-(phenoxycarbonyl)propionamido)-1H-

indol-3-yl)-2-hydroxymalonate (5) 

Eluent for flash column chromatography: petroleum ether/ethyl 

acetate = 24/5. Colorless oil, 29.9 mg, 54% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.79 (d, J = 8.3 Hz, 1H), 7.43 (t, J = 7.6 Hz, 

1H), 7.34 (d, J = 7.7 Hz, 2H), 7.29 (s, 1H), 7.24-7.20 (m, 2H), 7.00 

(d, J = 7.8 Hz, 2H), 4.79 (s, 1H), 4.34 (q, J = 7.0 Hz, 8H), 1.32 (t, 

J = 7.3 Hz, 6H), 1.21 (p, J = 7.1 Hz, 6H). 13C NMR (101 MHz, 

Chloroform-d) δ 173.4, 169.5, 169.4, 168.4, 160.9, 151.6, 150.0, 

136.8, 129.5, 126.8, 126.6, 123.3, 122.7, 122.5, 121.1, 108.8, 90.0, 78.3, 63.5, 62.8, 

62.0, 30.4, 14.1, 13.9, 13.8, 8.7. HRMS (ESI): exact mass calculated for [M+Na]+ 

(C28H30N2O10) requires m/z 577.1793, found m/z 577.1795. The enantiomeric ratio was 

determined to be 97.5:2.5 by HPLC. [AD-H column, 254 nm, n-hexane:IPA = 1:1, 1.0 

mL/min]: 9.9 min (major), 14.0 min (minor). [α]25
D = -23.0 (c = 1.00, CHCl3). 
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9. HPLC Spectra 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-carboxylate 

(3aa) 
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(Ra)-ethyl-4-fluoro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ba) 
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(Ra)-ethyl-4-chloro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ca) 

 

  



 S34 

(Ra)-ethyl-4-bromo-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3da) 

 

 

  



 S35 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-4-methyl-1H-indole-2-

carboxylate (3ea) 

 

 

  



 S36 

(Ra)-ethyl-5-fluoro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3fa) 
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(Ra)-ethyl-5-chloro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ga) 
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(Ra)-ethyl-5-bromo-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ha) 

 

  



 S39 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-5-methoxy-1H-indole-2-

carboxylate (3ia) 

 

 

  



 S40 

(Ra)-ethyl-5-ethoxy-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ja) 

 

 

  



 S41 

(Ra)-ethyl-5-(benzyloxy)-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ka) 

 

 

  



 S42 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-5-nitro-1H-indole-2-

carboxylate (3la) 

 

 

  



 S43 

(Ra)-ethyl-6-fluoro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ma) 
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(Ra)-ethyl-6-chloro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3na) 

 

 

  



 S45 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-7-methyl-1H-indole-2-

carboxylate (3oa) 

 

 

  



 S46 

(Ra)-ethyl-1-(N-(sec-butoxycarbonyl)propionamido)-1H-indole-2-carboxylate 

(3pa) 

 

 

  



 S47 

(Ra)-ethyl-1-(N-((cyclopentyloxy)carbonyl)propionamido)-1H-indole-2-

carboxylate (3qa) 
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(Ra)-ethyl-1-(N-((cyclohexyloxy)carbonyl)propionamido)-1H-indole-2-

carboxylate (3ra) 

 

 

  



 S49 

(Ra)-ethyl-1-(N-(phenoxycarbonyl)propionamido)-1H-indole-2-carboxylate (3sa) 

 

 

  



 S50 

(Ra)-ethyl-6-fluoro-1-(N-(phenoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ta) 

 

 

  



 S51 

(Ra)-ethyl-1-(4-methoxy-N-propionylbenzamido)-1H-indole-2-carboxylate (3ua) 

 

 

  



 S52 

(Ra)-ethyl-1-(N-(m-tolylsulfonyl)propionamido)-1H-indole-2-carboxylate (3va) 

 

 
  



 S53 

(Ra)-isopropyl(2-methyl-1H-indol-1-yl)(propionyl)carbamate (3wa) 

 

 

  



 S54 

(Ra)-isopropyl(2-phenyl-1H-indol-1-yl)(propionyl)carbamate (3xa) 

 

 

  



 S55 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)isobutyramido)-1H-indole-2-carboxylate 

(3ab) 

 

 

  



 S56 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)butyramido)-1H-indole-2-carboxylate (3bb) 

 

 

  



 S57 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)pentanamido)-1H-indole-2-carboxylate (3cb) 

 

 

  



 S58 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)octanamido)-1H-indole-2-carboxylate (3db) 

 

 

  



 S59 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)cyclopropanecarboxamido)-1H-indole-2-

carboxylate (3eb) 

 

 

  



 S60 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)cyclohexanecarboxamido)-1H-indole-2-

carboxylate (3fb) 

 

 

  



 S61 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)benzamido)-1H-indole-2-carboxylate (3gb) 

 

 

  



 S62 

(Ra)-ethyl-1-(4-fluoro-N-(isopropoxycarbonyl)benzamido)-1H-indole-2-

carboxylate (3hb) 

 

 

  



 S63 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)-4-methylbenzamido)-1H-indole-2-

carboxylate (3ib) 

 

 

  



 S64 

(Ra)-ethyl-3-bromo-1-(N-(phenoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (4) 

 

 

  



 S65 

(Ra)-diethyl-2-(2-(ethoxycarbonyl)-1-(N-(phenoxycarbonyl)propionamido)-1H-

indol-3-yl)-2-hydroxymalonate (5) 
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10. NMR Spectra 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-carboxylate 

(3aa) 

 

 

  



 S67 

(Ra)-ethyl-4-fluoro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ba) 
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 S69 

(Ra)-ethyl-4-chloro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ca) 

 

 

  



 S70 

(Ra)-ethyl-4-bromo-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3da) 

 

 

  



 S71 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-4-methyl-1H-indole-2-

carboxylate (3ea) 

 

 

  



 S72 

(Ra)-ethyl-5-fluoro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3fa) 
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 S74 

(Ra)-ethyl-5-chloro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ga) 

 

 

  



 S75 

(Ra)-ethyl-5-bromo-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ha) 

 

 

  



 S76 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-5-methoxy-1H-indole-2-

carboxylate (3ia) 

 

 

  



 S77 

(Ra)-ethyl-5-ethoxy-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ja) 

 

 

  



 S78 

(Ra)-ethyl-5-(benzyloxy)-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ka) 

 

 

  



 S79 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-5-nitro-1H-indole-2-

carboxylate (3la) 

 

 

  



 S80 

(Ra)-ethyl-6-fluoro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ma) 
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 S82 

(Ra)-ethyl-6-chloro-1-(N-(isopropoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3na) 

 

 

  



 S83 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)propionamido)-7-methyl-1H-indole-2-

carboxylate (3oa) 

 

 

  



 S84 

(Ra)-ethyl-1-(N-(sec-butoxycarbonyl)propionamido)-1H-indole-2-carboxylate 

(3pa) 

 

  



 S85 

(Ra)-ethyl-1-(N-((cyclopentyloxy)carbonyl)propionamido)-1H-indole-2-

carboxylate (3qa) 

 

 

  



 S86 

(Ra)-ethyl-1-(N-((cyclohexyloxy)carbonyl)propionamido)-1H-indole-2-

carboxylate (3ra) 

 

 

  



 S87 

(Ra)-ethyl-1-(N-(phenoxycarbonyl)propionamido)-1H-indole-2-carboxylate (3sa) 

 

 

  



 S88 

(Ra)-ethyl-6-fluoro-1-(N-(phenoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (3ta) 
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 S90 

(Ra)-ethyl-1-(4-methoxy-N-propionylbenzamido)-1H-indole-2-carboxylate (3ua) 

 

 

  



 S91 

(Ra)-ethyl-1-(N-(m-tolylsulfonyl)propionamido)-1H-indole-2-carboxylate (3va) 

 

 

  



 S92 

(Ra)-isopropyl(2-methyl-1H-indol-1-yl)(propionyl)carbamate (3wa) 

 

 

  



 S93 

(Ra)-isopropyl(2-phenyl-1H-indol-1-yl)(propionyl)carbamate (3xa) 

 

 

  



 S94 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)isobutyramido)-1H-indole-2-carboxylate 

(3ab) 

 

 

  



 S95 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)butyramido)-1H-indole-2-carboxylate (3bb) 

 

 

  



 S96 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)pentanamido)-1H-indole-2-carboxylate (3cb) 

 

 

  



 S97 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)octanamido)-1H-indole-2-carboxylate (3db) 

 

 

  



 S98 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)cyclopropanecarboxamido)-1H-indole-2-

carboxylate (3eb) 

 

 

  



 S99 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)cyclohexanecarboxamido)-1H-indole-2-

carboxylate (3fb) 
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(Ra)-ethyl-1-(N-(isopropoxycarbonyl)benzamido)-1H-indole-2-carboxylate (3gb) 

 

 

  



 S101 

(Ra)-ethyl-1-(4-fluoro-N-(isopropoxycarbonyl)benzamido)-1H-indole-2-

carboxylate (3hb) 

 

 



 S102 

 

  



 S103 

(Ra)-ethyl-1-(N-(isopropoxycarbonyl)-4-methylbenzamido)-1H-indole-2-

carboxylate (3ib) 

 

 

  



 S104 

(Ra)-ethyl-3-bromo-1-(N-(phenoxycarbonyl)propionamido)-1H-indole-2-

carboxylate (4) 
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(Ra)-diethyl-2-(2-(ethoxycarbonyl)-1-(N-(phenoxycarbonyl)propionamido)-1H-

indol-3-yl)-2-hydroxymalonate (5) 
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11. X-ray Crystallography of 3aa  

 

These data can be obtained free of charge from the Cambridge Crystallographic Data 

Centre via https://www.ccdc.cam.ac.uk/. 

Crystal data and structure refinement for CCDC 2314695(3aa). 

Identification code P20231105A 

Empirical formula C18H22N2O5 

Formula weight 346.37 

Temperature/K 113.15 

Crystal system orthorhombic 

Space group P21212 

a/Å 33.1148(2) 

b/Å 11.25710(10) 

c/Å 9.68660(10) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 3610.94(5) 

Z 8 

ρcalcg/cm3 1.274 

μ/mm-1 0.775 

F(000) 1472.0 

Crystal size/mm3 0.25 × 0.2 × 0.18 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 8.296 to 158.278 

Index ranges -42 ≤ h ≤ 42, -14 ≤ k ≤ 13, -12 ≤ l ≤ 12 

Reflections collected 50987 

Independent reflections 7787 [Rint = 0.0362, Rsigma = 0.0256] 

Data/restraints/parameters 7787/0/459 

Goodness-of-fit on F2 1.042 

Final R indexes [I>=2σ (I)] R1 = 0.0304, wR2 = 0.0778 

Final R indexes [all data] R1 = 0.0312, wR2 = 0.0784 
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Largest diff. peak/hole / e Å-3 0.12/-0.19 

Flack parameter -0.05(4) 
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