
Supplementary information

Enantioselective catalytic desymmetric ester aminolysis

Wen-Ya Zheng, Miao He, Hua Wu, Yu-Ping He

https://doi.org/10.70401/cc.2026.0037



Table of Contents 

  

1. General information S1 

2. Optimization of the reaction conditions S2 

3. Synthesis and characterization data of compounds 3 S3 

4. Synthesis and characterization data of compounds 1 S18 

5. Gram-scale reaction S28 

6. Synthetic transformations S29 

7. References S31 

8. Crystallographic data for 4f S32 

9. Copies of NMR spectra S45 

10. Copies of HPLC chromatograms S86 



1 
 

1. General information 

NMR spectra were recorded on Brucker AV 400 MHz spectrometer. Chemical shifts 

are given in ppm. The spectra are calibrated to the residual 1H and 13C signals of the 

solvents. Multiplicities are abbreviated as follows: singlet (s), doublet (d), triplet (t), 

quartet (q), doublet‐doublet (dd), quintet (quint), multiplet (m), and broad (brs). The ee 

values were determined by HPLC (SHIMADZU, LC-20 AT) using a Daicel chiral 

column. Mass spectrometry analysis was carried out using an electrospray spectrometer 

Waters Micromass Q-TOF Premier Mass Spectrometer. Melting points were measured 

with SGW X-4 micro melting point apparatus. Optical rotations were measured on a 

Rudolph Research Analytical Autopol VI automatic polarimeter using a 50 mm path-

length cell at 589 nm. 

Materials and Methods: Unless otherwise stated, starting materials were purchased 

from commercial sources Adamas-Beta®, Leyan, Bide pharmatech Ltd., J&K®, 

Aladdin®, Energy chemical, and used without any purification. More sensitive 

compounds were stored in a desiccator or in a glove box if required. Solvents were 

purchased in HPLC quality, degassed by purging thoroughly with nitrogen and dried 

over activated molecular sieves of appropriate size. Alternatively, they were purged 

with argon and passed through alumina columns in a solvent purification system 

(Innovative Technology). Reactions were monitored by thin layer chromatography 

(TLC) using Xinnuo TLC silica gel 60 F254. Compounds were visualized by UV‐light 

at 254 nm and by dipping the plates in an aqueous potassium permanganate solution 

followed by heating. Flash column chromatography was performed over silica gel (230‐

400 mesh). The CDCl3 used in the NMR experiments was stored over anhydrous K2CO3 

before use. Chiral phosphoric acid 2h (CAS: 929294-27-9) was purchased from Leyan. 
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2. Optimization of the reaction conditions 

Table S1: Substituent effect[a] 

 

aStandard conditions: 1 (0.05 mmol), 2h (10 mol%), M.S. (15 mg), solvent (c 0.1 M), sealed tube, argon, 15 h. 

bIsolated yields. cDetermined by HPLC analysis.  

 

Table S2: Survey of reaction conditions[a] 

 

Entry 2 Solvent Additives 
Yield (%)[b]

3a 

Ee (%)[c]

3a 

Yield (%)[b]

4a 

Ee (%)[c]

4a 
3a:4a 

1 2a CHCl3 5 Å 8 54 9 60 1:1 

2 2b CHCl3 5 Å 76 83 7 61 11:1 

3 2c CHCl3 5 Å 90 68 8 48 11:1 

4 2d CHCl3 5 Å 91 62 8 70 11:1 

5 2e CHCl3 5 Å 92 85 7 77 13:1 

6 2f CHCl3 5 Å 86 86 8 84 11:1 

Entry R 

Yield (%)[b] 

3 

Ee (%)[c] 

3 

Yield (%)[b] 

4 

Ee (%)[c] 

4 

3:4 

1 tBu trace - 60 5 - 

2 

 

73 55 6 47 12:1 

3 

 

91 89 7 82 13:1 
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7 2g CHCl3 5 Å 91 87 7 86 13:1 

8 2h CHCl3 5 Å 91 89 7 82 13:1 

9 2h Tol 5 Å 81 80 17 22 4:1 

10 2h DCM 5 Å 66 86 8 70 8:1 

11 2h DCE 5 Å 64 86 7 61 9:1 

12 2h 1,4-Dioxane 5 Å 76 86 16 90 5:1 

13 2f CHCl3 3 Å 79 86 7 70 11:1 

14 2f CHCl3 4 Å 84 86 5 71 17:1 

15d 2f CHCl3 K2SO4 85 84 10 15 9:1 

16d 2f CHCl3 Na2SO4 57 84 8 21 7:1 

aStandard conditions: 1a (0.05 mmol), 2 (10 mol%), M.S. (15 mg), solvent (c 0.1 M), sealed tube, argon, 15 h. 

Abbreviations: M.S. = molecular sieves. bIsolated yields. cDetermined by HPLC analysis. d100 mg.  

 

Table S3: Survey of background reactivity[a] 

 

aStandard conditions: 1b (0.05 mmol), M.S. (15 mg), solvent (c 0.1 M), sealed tube, argon, 15 h. bIsolated yields. 

 

3. Synthesis and characterization data of compounds 3 

General procedure for the synthesis of racemic 3 

 

A suspension of 1 (0.05 mmol, 1.0 equiv.), rac-2 (10 mol%), 5 Å molecular sieves (15.0 

mg) in CHCl3 (0.5 mL) was stirred in a dry sealed tube under argon. The reaction 

mixture was stirred at 25 ℃ for 18 h. After completion of the reaction (monitored by 

TLC), the solvent was removed in vacuo. The residue was purified by column 

chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1, v/v) to 

afford the products rac-3. 

 

Entry Yield (%)[b] rac-3b Yield (%)[b] rac-4b rac-3b:rac-4b 

1 6 11 1:2 
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General procedure for the enantioselective synthesis of 3 

 

A suspension of 1 (0.05 mmol, 1.0 equiv.), 2h (10 mol%), 5 Å molecular sieves (15.0 

mg) in CHCl3 (0.5 mL) was stirred in a dry sealed tube under argon. The reaction 

mixture was stirred at 25 ℃ for indicated time under argon. After completion of the 

reaction (monitored by TLC), the solvent was removed in vacuo. The residue was 

purified by column chromatography on silica gel eluting with petroleum ether/ethyl 

acetate (10:1, v/v) to afford the products 3. 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-3-methyl-3H-indole

-3-carboxylate (3a) 

 

15 h, 17.6 mg, 91% yield, 89% ee, white solid, m.p. = 60 – 62 ºC. The product was 

isolated by flash chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 7.36 – 7.32 (m, 1H), 7.30 – 7.26 (m, 2H), 7.07 – 

7.03 (m, 1H), 5.14 – 4.93 (m, 1H), 4.59 (dd, J = 8.4, 4.0 Hz, 1H), 2.19 – 2.00 (m, 2H), 

1.90 – 1.76 (m, 2H), 1.70 (s, 3H), 1.09 – 1.01 (m, 6H), 0.98 – 0.96 (m, 6H), 0.90 (d, J 

= 6.6 Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H), 0.63 (d, J = 6.7 Hz, 3H), 0.54 (d, J = 6.8 Hz, 

3H). 

13C NMR (101 MHz, Chloroform-d) δ 180.8, 170.3, 153.8, 137.9, 129.0, 123.3, 121.9, 

118.4, 88.7, 84.6, 59.2, 30.4, 30.0, 29.6, 29.2, 20.4, 19.8, 19.5, 19.4, 19.2, 18.9, 18.2, 

16.7, 15.5. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C24H37NNaO3]
+ 410.2666; Found 410.2669. 
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Chiral HPLC: Chiralpak IC, hexane:iPrOH = 99:1, 0.4 mL/min, 254 nm; tR = 9.3 min 

(minor), 9.6 min (major). 

[α]23
D -42.9 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-3-propyl-3H-indole

-3-carboxylate (3b) 

 

15 h, 20.1 mg, 97% yield, 91% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 7.27 – 7.15 (m, 3H), 7.00 – 6.96 (m, 1H), 4.95 

(t, J = 5.8 Hz, 1H), 4.55 (dd, J = 8.2, 4.2 Hz, 1H), 2.30 – 2.07 (m, 2H), 2.05 – 1.98 (m, 

2H), 1.82 – 1.74 (m, 2H), 1.08 – 1.01 (m, 2H), 1.00 – 0.98 (m, 6H), 0.93 (d, J = 6.8 Hz, 

6H), 0.85 – 0.75 (m, 9H), 0.58 (d, J = 6.7 Hz, 3H), 0.49 (d, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 179.7, 170.1, 154.1, 136.1, 128.8, 123.2, 122.4, 

118.24, 88.8, 84.5, 64.0, 35.9, 30.6, 29.0, 29.6, 29.3, 19.9, 19.6, 19.3, 18.8, 18.6, 17.2, 

17.1, 15.8, 14.1. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C26H41NNaO3]
+ 438.2979; Found 438.2984. 

Chiral HPLC: Chiralpak IC, hexane:iPrOH = 99:1, 0.8 mL/min, 254 nm; tR = 4.5 min 

(minor), 4.8 min (major). 

[α]23
D -30.2 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-3-benzyl-2-((2,4-dimethylpentan-3-yl)oxy)-3H-indole

-3-carboxylate (3c) 

 

15 h, 21.1 mg, 91% yield, 91% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 
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1H NMR (400 MHz, Chloroform-d) δ 7.35 – 7.21 (m, 2H), 7.18 – 7.07 (m, 3H), 7.05 – 

6.93 (m, 4H), 4.95 (t, J = 5.5 Hz, 1H), 4.62 – 4.59 (m, 1H), 3.82 (d, J = 14.1 Hz, 1H), 

3.26 (d, J = 14.2 Hz, 1H), 2.17 – 2.03 (m, 1H), 2.01 – 1.92 (m, 1H), 1.92 – 1.74 (m, 

2H), 1.01 (d, J = 6.8 Hz, 6H), 0.89 – 0.87 (m, 6H), 0.83 – 0.80 (m, 6H), 0.63 (d, J = 6.7 

Hz, 3H), 0.55 (d, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 178.9, 169.7, 154.1, 135.9, 135.5, 130.3, 128.9, 

127.9, 127.0, 123.9, 122.9, 118.3, 89.2, 85.0, 64.3, 39.4, 30.2, 30.1, 29.6, 29.2, 19.73, 

19.67, 19.6, 19.3, 18.7, 18.2, 18.0, 15.9. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C30H41NNaO3]
+ 486.2979; Found 486.2984. 

Chiral HPLC: Chiralpak IC, hexane:iPrOH = 99:1, 0.4 mL/min, 254 nm; tR = 9.4 min 

(minor), 9.9 min (major). 

[α]23
D -64.7 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-3-(2-methylbenzyl)-

3H-indole-3-carboxylate (3d) 

 

15 h, 23.1 mg, 97% yield, 93% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 7.30 – 7.28 (m, 1H), 7.25 – 7.21 (m, 1H), 7.12 – 

7.10 (m, 1H), 7.06 – 7.02 (m, 2H), 7.01 – 6.96 (m, 1H), 6.88 – 6.84 (m, 1H), 6.71 – 

6.64 (m, 1H), 4.97 (t, J = 5.7 Hz, 1H), 4.58 (dd, J = 8.0, 4.2 Hz, 1H), 3.79 (d, J = 14.9 

Hz, 1H), 3.25 (d, J = 14.9 Hz, 1H), 2.10 – 2.03 (m, 1H), 2.01 – 1.92 (m, 1H), 1.91 (s, 

3H), 1.85 – 1.73 (m, 2H), 1.02 (t, J = 6.6 Hz, 6H), 0.86 (d, J = 6.9 Hz, 3H), 0.81 – 0.78 

(m, 9H), 0.60 (d, J = 6.7 Hz, 3H), 0.53 (d, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 179.4, 170.0, 154.1, 137.6, 135.5, 135.0, 130.2, 

129.6, 128.9, 126.9, 125.8, 123.8, 122.9, 118.2, 89.2, 85.0, 63.7, 35.0, 30.4, 30.1, 29.7, 

29.2, 20.0, 19.8, 19.6, 19.4, 18.7, 18.2, 17.5, 15.9. 
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HRMS (ESI) m/z: [M + Na]+ Calcd for [C31H43NNaO3]
+ 500.3135; Found 500.3133. 

Chiral HPLC: Chiralpak IC, hexane:iPrOH = 99:1, 0.4 mL/min, 254 nm; tR = 9.3 min 

(minor), 9.8 min (major). 

[α]23
D -63.9 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-3-(2-fluorobenzyl)-

3H-indole-3-carboxylate (3e) 

 

15 h, 21.6 mg, 90% yield, 89% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 7.26 – 7.20 (m, 2H), 7.13 – 7.08 (m, 1H), 7.04 – 

6.97 (m, 2H), 6.97 – 6.91 (m, 1H), 6.89 – 6.85 (m, 2H), 4.95 (t, J = 5.5 Hz, 1H), 4.60 

(dd, J = 8.1, 4.2 Hz, 1H), 3.75 (d, J = 14.7 Hz, 1H), 3.44 (d, J = 14.7 Hz, 1H), 2.14 – 

1.91 (m, 2H), 1.85 – 1.76 (m, 2H), 1.00 (d, J = 6.8 Hz, 6H), 0.92 – 0.78 (m, 12H), 0.62 

(d, J = 6.7 Hz, 3H), 0.51 (d, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 178.0, 169.8, 161.3 (d, J = 247.1 Hz), 154.0, 

135.5, 131.1 (d, J = 3.6 Hz), 129.1, 128.6 (d, J = 8.2 Hz), 123.6 (d, J = 3.7 Hz), 123.5 

(d, J = 14.7 Hz), 123.3, 123.1, 118.3, 115.2 (d, J = 22.9 Hz), 89.3, 85.1, 63.5, 30.6, 30.5, 

30.3, 30.0, 29.7, 29.2, 19.8, 19.6, 19.5, 19.3, 18.8, 18.2, 17.8, 15.8. 

19F NMR (377 MHz, Chloroform-d) δ -115.2. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C30H40FNNaO3]
+ 504.2884; Found 504.2886. 

Chiral HPLC: Chiralpak IC, hexane:iPrOH = 99:1, 0.4 mL/min, 254 nm; tR = 9.3 min 

(minor), 9.8 min (major). 

[α]23
D -21.7 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-3-(3-methoxybenzyl)-2-oxoindoline-3-carboxylate (4f) 
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15 h, 18.3 mg, 93% yield, 92% ee, white solid, m.p. = 105 – 107 ºC. The product was 

isolated by flash chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 8.20 (s, 1H), 7.31 (d, J = 7.5 Hz, 1H), 7.23 – 

7.11 (m, 1H), 7.03 (t, J = 7.5 Hz, 1H), 6.93 (t, J = 7.9 Hz, 1H), 6.70 (d, J = 7.8 Hz, 1H), 

6.61 (dd, J = 8.2, 2.5 Hz, 1H), 6.54 (d, J = 7.5 Hz, 1H), 4.59 (t, J = 6.1 Hz, 1H), 3.56 

(s, 2H), 3.53 (s, 3H), 1.82 (m, 1H), 1.76 – 1.68 (m, 1H), 0.88 (d, J = 6.8 Hz, 3H), 0.81 

(d, J = 6.7 Hz, 3H), 0.67 (d, J = 6.8 Hz, 3H), 0.48 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 176.0, 169.2, 159.0, 141.7, 136.3, 129.1, 128.8, 

128.6, 124.3, 122.7, 122.4, 114.9, 113.3, 110.0, 84.7, 61.7, 55.2, 39.1, 29.7, 29.5, 19.6, 

19.5, 17.1, 16.6. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C24H29NNaO4]
+ 418.1989; Found 418.1991. 

Chiral HPLC: Chiralpak AD-H, hexane:iPrOH = 90:10, 1.0 mL/min, 254 nm; tR = 7.1 

min (major), 9.2 min (minor). 

[α]23
D -58.1 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-3-(3-fluorobenzyl)-

3H-indole-3-carboxylate (3g) 

 

15 h, 21.1 mg, 88% yield, 91% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 7.25 (d, J = 1.9 Hz, 1H), 7.07 – 7.04 (m, 1H), 

7.03 – 6.96 (m, 2H), 6.88 – 6.80 (m, 1H), 6.75 (d, J = 7.8 Hz, 2H), 4.93 (t, J = 5.5 Hz, 

1H), 4.59 (dd, J = 8.1, 4.1 Hz, 1H), 3.74 (d, J = 14.3 Hz, 1H), 3.28 (d, J = 14.3 Hz, 1H), 
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2.21 – 2.01 (m, 1H), 2.01 – 1.91 (m, 1H), 1.87 – 1.70 (m, 2H), 0.98 (m, 6H), 0.86 (m, 

6H), 0.80 (m, 6H), 0.61 (d, J = 6.8 Hz, 3H), 0.51 (d, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 178.7, 169.6, 162.5 (d, J = 245.7 Hz), 154.0, 

138.4 (d, J = 7.3 Hz), 135.3, 129.4, 129.3 (d, J = 8.2 Hz), 126.0 (d, J = 2.9 Hz), 123.3 

(d, J = 53.2 Hz), 118.5, 117.2 (d, J = 21.8 Hz), 113.9 (d, J = 21.1 Hz), 89.4, 85.2, 64.0, 

38.99, 38.97, 30.2, 30.1, 29.6, 29.2, 19.7, 19.5, 19.3, 18.7, 18.1, 18.0, 15.8. 

19F NMR (377 MHz, Chloroform-d) δ -114.0. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C30H40FNNaO3]
+ 504.2884; Found 504.2886. 

Chiral HPLC: Chiralpak IG, hexane:iPrOH = 99:1, 0.4 mL/min, 254 nm; tR = 10.6 

min (major), 13.0 min (minor). 

[α]23
D -54.4 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-3-(4-methylbenzyl)-

3H-indole-3-carboxylate (3h) 

 

15 h, 20.3 mg, 85% yield, 87% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 7.25 (d, J = 6.7 Hz, 2H), 7.01 – 6.99 (m, 2H), 

6.89 (dd, J = 7.8 Hz, 4H), 4.92 (t, J = 5.6 Hz, 1H), 4.59 (m, 1H), 3.77 (d, J = 14.0 Hz, 

1H), 3.19 (d, J = 14.1 Hz, 1H), 2.24 (s, 3H), 2.11 – 2.04 (m, 1H), 1.97 – 1.95 (m, 1H), 

1.85 – 1.73 (m, 2H), 0.99 (d, J = 6.8 Hz, 6H), 0.87 (t, J = 6.7 Hz, 6H), 0.79 (t, J = 5.9 

Hz, 6H), 0.62 (d, J = 6.7 Hz, 3H), 0.54 (d, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 178.8, 169.6, 153.9, 136.3, 135.4, 132.5, 130.0, 

128.7, 128.5, 123.8, 122.7, 89.0, 84.7, 64.2, 38.9, 30.1, 29.9, 29.5, 29.1, 21.0, 19.6, 19.5, 

19.4, 19.2, 18.5, 18.1, 17.9, 15.8. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C31H43NNaO3]
+ 500.3135; Found 500.3129. 

Chiral HPLC: Chiralpak IC, hexane:iPrOH = 99:1, 0.4 mL/min, 254 nm; tR = 9.5 min 

(minor), 10.0 min (major). 
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[α]23
D -32.4 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-3-(4-methoxybenzyl)-2-oxoindoline-3-carboxylate (4i) 

 

15 h, 18.8 mg, 95% yield, 92% ee, white solid, m.p. = 108 – 110 ºC. The product was 

isolated by flash chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 8.08 (s, 1H), 7.29 (d, J = 7.5 Hz, 1H), 7.18 – 

7.14 (m, 1H), 7.04 – 7.00 (m, 1H), 6.88 – 6.78 (m, 2H), 6.69 (d, J = 7.7 Hz, 1H), 6.62 

– 6.48 (m, 2H), 4.59 (t, J = 6.0 Hz, 1H), 3.66 (s, 3H), 3.52 (d, J = 1.6 Hz, 2H), 1.86 – 

1.78 (m, 1H), 1.76 – 1.66 (m, 1H), 0.88 (d, J = 6.8 Hz, 3H), 0.81 (d, J = 6.6 Hz, 3H), 

0.67 (d, J = 6.8 Hz, 3H), 0.49 (d, J = 6.6 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 176.0, 169.3, 158.4, 141.6, 131.3, 129.0, 128.6, 

126.9, 124.4, 122.4, 113.3, 109.9, 84.6, 61.8, 55.1, 38.3, 29.7, 29.5, 19.5, 17.2, 16.6. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C24H29NNaO4]
+ 418.1989; Found 418.1986. 

Chiral HPLC: Chiralpak AD-H, hexane:iPrOH = 95:5, 1.0 mL/min, 254 nm; tR = 18.5 

min (major), 20.1 min (minor). 

[α]23
D -96.4 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-3-(4-fluorobenzyl)-

3H-indole-3-carboxylate (3j) 

 

15 h, 21.2 mg, 88% yield, 94% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 7.25 – 7.24 (m, 2H), 7.00 – 6.95 (m, 4H), 6.80 

(t, J = 8.6 Hz, 2H), 4.93 (t, J = 5.6 Hz, 1H), 4.60 – 4.57 (m, 1H), 3.75 (d, J = 14.2 Hz, 

1H), 3.20 (d, J = 14.2 Hz, 1H), 2.10 – 2.03 (m, 1H), 2.02 – 1.94 (m, 1H), 1.84 – 1.75 (m, 
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2H), 0.99 (d, J = 7.0 Hz, 6H), 0.91 – 0.84 (m, 6H), 0.79 (t, J = 6.2 Hz, 6H), 0.60 (d, J 

= 6.7 Hz, 3H), 0.52 (d, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 178.6, 169.5, 161.9 (d, J = 246.4 Hz), 153.9, 

135.1, 131.7 (d, J = 8.1 Hz), 129.0, 123.7, 122.8, 118.3, 114.6 (d, J = 21.2 Hz), 89.2, 

85.0, 64.1, 38.5, 30.1, 30.0, 29.5, 29.1, 19.6, 19.54, 19.45, 19.2, 18.6, 18.1, 17.9, 15.7. 

19F NMR (377 MHz, Chloroform-d) δ -116.2. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C30H40FNNaO3]
+ 504.2884; Found 504.2886. 

Chiral HPLC: Chiralpak IG, hexane:iPrOH = 99:1, 0.5 mL/min, 254 nm; tR = 8.1 min 

(major), 9.3 min (minor). 

[α]23
D -44.0 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-3-(4-(trifluorometh

yl)benzyl)-3H-indole-3-carboxylate (3k) 

 

15 h, 24.1 mg, 91% yield, 91% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 7.36 (d, J = 8.1 Hz, 2H), 7.25 – 7.20 (m, 2H), 

7.10 (d, J = 8.0 Hz, 2H), 7.00 – 6.97 (m, 2H), 4.90 (t, J = 5.5 Hz, 1H), 4.56 (dd, J = 8.2, 

4.1 Hz, 1H), 3.76 (d, J = 14.3 Hz, 1H), 3.32 (d, J = 14.3 Hz, 1H), 2.08 – 1.96 (m, 1H), 

1.92 –1.88 (m, 1H), 1.86 – 1.70 (m, 2H), 0.97 – 0.94 (m, 6H), 0.82 – 0.78 (m, 12H), 

0.56 (d, J = 6.8 Hz, 3H), 0.45 (d, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 178.6, 169.6, 154.0, 140.2, 135.2, 130.6, 129.3, 

129.26 (q, J = 32.2 Hz), 125.6 (q, J = 273.3 Hz), 125.0 (q, J = 3.7 Hz), 123.5, 123.2, 

118.6, 89.5, 85.3, 63.8, 39.0, 30.2, 30.0, 29.6, 29.2, 19.7, 19.6, 19.5, 19.3, 18.8, 18.1, 

17.9, 15.7. 

19F NMR (377 MHz, Chloroform-d) δ -62.6. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C31H40F3NNaO3]
+ 554.2852; Found 554.2853. 
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Chiral HPLC: Chiralpak IG, hexane:iPrOH = 99:1, 0.4 mL/min, 254 nm; tR = 9.4 min 

(major), 12.0 min (minor). 

[α]23
D -60.7 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-3-(4-cyanobenzyl)-2-oxoindoline-3-carboxylate (3l) 

 

15 h, 19.6 mg, 80% yield, 92% ee, white solid. m.p. = 115 – 118 ºC. 

1H NMR (400 MHz, Chloroform-d) δ 7.42 (d, J = 7.8 Hz, 2H), 7.27 – 7.26 (m, 2H), 

7.12 (d, J = 7.8 Hz, 2H), 7.01 – 6.95 (m, 2H), 4.93 (t, J = 5.6 Hz, 1H), 4.59 – 4.56 (m, 

1H), 3.77 (d, J = 14.3 Hz, 1H), 3.34 (d, J = 14.3 Hz, 1H), 2.09 – 2.01 (m, 1H), 1.94 – 

1.98 (m, 1H), 1.83 – 1.75 (m, 2H), 0.97 (t, J = 6.7 Hz, 6H), 0.88 – 0.78 (m, 12H), 0.58 

(d, J = 6.7 Hz, 3H), 0.47 (d, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 178.4, 169.4, 153.8, 141.5, 134.8, 131.6, 130.9, 

129.3, 123.3, 123.1, 118.8, 118.5, 110.7, 89.5, 85.3, 63.5, 39.1, 30.1, 29.9, 29.4, 29.0, 

19.6, 19.5, 19.4, 19.1, 18.7, 18.0, 17.8, 15.5. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C31H40N2NaO3]
+ 511.2931; Found 511.2933. 

Chiral HPLC: Chiralpak IG, hexane:iPrOH = 95:5, 0.7 mL/min, 254 nm; tR = 6.4 min 

(major), 8.8 min (minor). 

[α]23
D -50.4 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-3-((4-ethoxycarbonyl)benzyl)-2-oxoindoline-3-carbox

ylate (3m) 

 

15 h, 22.0 mg, 82% yield, 92% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 
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1H NMR (400 MHz, Chloroform-d) δ 7.82 – 7.77 (m, 2H), 7.26 – 7.23 (m, 2H), 7.07 

(d, J = 8.3 Hz, 2H), 6.99 – 6.95 (m, 2H), 4.93 (t, J = 5.4 Hz, 1H), 4.59 (q, J = 8.0, 4.2 

Hz, 1H), 4.32 (dd, J = 7.1 Hz, 2H), 3.82 (d, J = 14.2 Hz, 1H), 3.31 (d, J = 14.2 Hz, 1H), 

2.12 –2.02 (m, 1H), 2.01 – 1.92 (m, 1H), 1.85 – 1.75 (m, 2H), 1.35 (t, J = 7.1 Hz, 3H), 

1.00 – 0.97 (m, 6H), 0.88 – 0.84 (m, 6H), 0.82 – 0.80 (m, 6H), 0.60 (d, J = 6.7 Hz, 3H), 

0.51 (d, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 178.5, 169.5, 166.5, 153.9, 141.1, 135.0, 130.2, 

129.1, 123.6, 122.9, 118.4, 89.3, 85.1, 63.8, 60.8, 39.1, 30.1, 29.9, 29.5, 29.1, 19.6, 19.5, 

19.4, 19.2, 18.6, 18.1, 17.9, 15.7, 14.3. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C33H45NNaO5]
+ 558.3190; Found 558.3185. 

Chiral HPLC: Chiralpak IG, hexane:iPrOH = 95:5, 0.7 mL/min, 254 nm; tR = 5.9 min 

(major), 9.1 min (minor). 

[α]23
D -44.0 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-3-(naphthalen-1-

ylmethyl)-3H-indole-3-carboxylate (3n) 

 

15 h, 24.6 mg, 96% yield, 95% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 7.66 (d, J = 8.3 Hz, 1H), 7.62 (d, J = 7.9 Hz, 1H), 

7.54 – 7.50 (m, 1H), 7.25 – 7.17 (m, 2H), 7.14 (t, J = 8.1 Hz, 1H), 7.08 (d, J = 4.8 Hz, 

2H), 7.05 – 7.01 (m, 1H), 6.62 – 6.54 (m, 2H), 4.82 (t, J = 5.7 Hz, 1H), 4.46 (dd, J = 

8.0, 4.2 Hz, 1H), 4.10 (d, J = 15.3 Hz, 1H), 3.70 (d, J = 15.3 Hz, 1H), 1.96 – 1.86 (m, 

1H), 1.73 – 1.57 (m, 3H), 0.88 (t, J = 7.0 Hz, 6H), 0.69 – 0.66 (m, 6H), 0.61 (d, J = 6.9 

Hz, 3H), 0.49 (d, J = 6.7 Hz, 3H), 0.43 (d, J = 6.7 Hz, 3H), 0.33 (d, J = 6.8 Hz, 3H). 
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13C NMR (101 MHz, Chloroform-d) δ 179.3, 170.0, 154.0, 135.4, 133.7, 132.9, 132.3, 

128.9, 128.6, 127.6, 127.2, 125.7, 125.3, 125.1, 124.11, 124.08, 122.9, 118.3, 89.3, 85.1, 

63.9, 34.4, 30.3, 29.9, 29.6, 29.2, 19.67, 19.65, 19.5, 19.4, 18.7, 18.1, 17.5, 15.8. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C34H43NNaO3]
+ 536.3135; Found 536.3142. 

Chiral HPLC: Chiralpak IC, hexane:iPrOH = 99:1, 0.4 mL/min, 254 nm; tR = 9.8 min 

(minor), 10.2 min (major). 

[α]23
D -91.5 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl (R)-2-oxo-6-phenyl-3-propylindoline-3-carboxylate (4o) 

 

40 oC, 48 h, 18.2 mg, 93% yield, 61% ee, colorless oil. The product was isolated by 

flash chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 9.13 (s, 1H), 7.58 (d, J = 8.9 Hz, 2H), 7.49 – 7.42 

(m, 2H), 7.38 – 7.35 (m, 1H), 7.28 (s, 2H), 7.17 (s, 1H), 4.57 (t, J = 6.1 Hz, 1H), 2.34 

– 2.23 (m, 2H), 1.85 – 1.80 (m, 1H), 1.75 – 1.70 (m, 1H), 1.22 – 1.21 (m, 1H), 1.11 – 

1.05 (m, 1H), 0.90 – 0.84 (m, 6H), 0.81 (d, J = 6.7 Hz, 3H), 0.67 (d, J = 6.8 Hz, 3H), 

0.52 (d, J = 6.7 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 177.5, 169.3, 142.3, 140.6, 128.8, 128.2, 127.7, 

127.1, 123.9, 121.5, 108.8, 84.3, 60.5, 35.6, 29.6, 29.4, 19.5, 19.4, 17.1, 17.0, 16.6, 14.2. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C25H31NNaO3]
+ 416.2196; Found 416.2198. 

Chiral HPLC: Chiralpak AD-H, hexane:iPrOH = 95:5, 1.0 mL/min, 254 nm; tR = 12.4 

min (minor), 13.7 min (major). 

[α]23
D +9.5 (c 1.0, CHCl3). 

 

3-(2,4-dimethylpentan-3-yl)6-methyl(R)-2-oxo-3-propylindoline-3,6-dicarboxylat

e (4p) 
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40 oC, 48 h, 15.3 mg, 82% yield, 82% ee, yellow solid, m.p. = 112 – 114 ºC. The product 

was isolated by flash chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 8.71 (s, 1H), 7.77 (dd, J = 7.8, 1.5 Hz, 1H), 7.59 

(d, J = 1.5 Hz, 1H), 7.30 (d, J = 7.8 Hz, 1H), 4.55 (t, J = 6.0 Hz, 1H), 3.92 (s, 3H), 2.35 

– 2.20 (m, 2H), 1.85 – 1.78 (m, 1H), 1.74 – 1.68 (m, 1H), 1.20 – 1.14 (m, 1H), 1.01 – 

0.96 (m, 1H), 0.86 (t, J = 6.6 Hz, 6H), 0.78 (d, J = 6.7 Hz, 3H), 0.65 (d, J = 6.9 Hz, 3H), 

0.48 (d, J = 6.7 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 176.5, 168.6, 166.5, 141.8, 134.3, 130.9, 124.4, 

123.6, 110.6, 84.6, 60.6, 52.4, 35.6, 29.5, 29.4, 19.4, 17.1, 16.9, 16.6, 14.1. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C21H29NNaO5]
+ 398.1938; Found 398.1935. 

Chiral HPLC: Chiralpak AD-H, hexane:iPrOH = 90:10, 1.0 mL/min, 254 nm; tR = 6.9 

min (major), 8.9 min (minor). 

[α]23
D +40.0 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-oxo-3-propyl-5-(trifluoromethyl)indoline-3-carbox

ylate (4q) 

 

24 h, 17.7 mg, 92% yield, 80% ee, white solid, m.p. = 125 – 127 ºC. The product was 

isolated by flash chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 9.33 (s, 1H), 7.55 (dd, J = 8.2, 1.8 Hz, 1H), 7.48 

(d, J = 1.8 Hz, 1H), 7.03 (d, J = 8.1 Hz, 1H), 4.56 (t, J = 6.1 Hz, 1H), 2.40 – 2.22 (m, 

2H), 1.85 – 1.69 (m, 2H), 1.23 – 1.11 (m, 1H), 1.09 – 0.94 (m, 1H), 0.89 (d, J = 7.2 Hz, 

3H), 0.84 (d, J = 6.8 Hz, 3H), 0.76 (d, J = 6.7 Hz, 3H), 0.67 (d, J = 6.8 Hz, 3H), 0.48 

(d, J = 6.7 Hz, 3H). 
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13C NMR (101 MHz, Chloroform-d) δ 177.3, 168.5, 144.8, 130.0, 126.4 (q, J = 3.8 Hz), 

125.2 (q, J = 33.3 Hz), 125.0 (q, J = 272.7 Hz), 121.1 (q, J = 3.9 Hz), 110.0, 84.9, 84.8, 

60.7, 35.7, 29.6, 29.5, 19.5, 19.4, 17.2, 17.0, 16.6, 14.2. 

19F NMR (377 MHz, Chloroform-d) δ -61.7. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C20H26F3NNaO3]
+ 408.1757; Found 408.1759. 

Chiral HPLC: Chiralpak AD-H, hexane:iPrOH = 98:2, 1.0 mL/min, 254 nm; tR = 13.1 

min (major), 15.1 min (minor). 

[α]23
D -33.8 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-5-methoxy-3-propy

l-3H-indole-3-carboxylate (3r) 

 

15 h, 21.9 mg, 98% yield, 95% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 7.19 (d, J = 8.4 Hz, 1H), 6.83 (d, J = 2.6 Hz, 1H), 

6.78 (dd, J = 8.4, 2.6 Hz, 1H), 4.95 – 4.92 (m, 1H), 4.61 – 4.58 (m, 1H), 3.76 (s, 3H), 

2.27 – 2.17 (m, 1H), 2.15 – 1.96 (m, 3H), 1.87 – 1.79 (m, 2H), 1.04 – 0.93 (m, 12H), 

0.88 – 0.83 (m, 9H), 0.64 (d, J = 6.7 Hz, 3H), 0.58 (d, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 178.3, 170.1, 156.4, 147.4, 137.3, 118.4, 113.7, 

109.26, 88.5, 84.5, 64.4, 56.0, 36.0, 30.6, 29.8, 29.6, 29.3, 20.0, 19.60, 19.55, 19.3, 18.7, 

18.6, 17.12, 17.06, 15.9, 14.1. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C27H43NNaO4]
+ 468.3084; Found 468.3084. 

Chiral HPLC: Chiralpak IC, hexane:iPrOH = 99:1, 0.2 mL/min, 254 nm; tR = 21.4 min 

(minor), 22.1 min (major). 

[α]23
D -7.5 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-5-methoxy-3-propy

l-3H-indole-3-carboxylate (3s) 
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15 h, 21.6 mg, 88% yield, 69% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 7.20 (d, J = 8.4 Hz, 1H), 6.87 (d, J = 2.6 Hz, 1H), 

6.81 – 6.78 (m, 1H), 4.93 (t, J = 5.6 Hz, 1H), 4.59 – 4.53 (m, 1H), 4.14 – 4.12 (m, 1H), 

3.76 (s, 3H), 3.09 (s, 3H), 3.06 (s, 3H), 2.72 – 2.67 (m, 1H), 2.55 – 2.49 (m, 1H), 2.13 

– 2.01 (m, 2H), 1.94 – 1.78 (m, 2H), 1.06 – 0.97 (m, 12H), 0.84 (dd, J = 10.4, 6.7 Hz, 

6H), 0.66 (d, J = 6.7 Hz, 3H), 0.57 (d, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 178.1, 169.6, 156.2, 147.5, 136.3, 118.5, 114.2, 

109.9, 102.0, 88.8, 84.9, 61.9, 56.0, 54.4, 52.7, 36.5, 30.6, 29.9, 29.7, 29.3, 19.8, 19.6, 

19.5, 19.3, 18.7, 18.6, 17.5, 15.9. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C28H45NNaO6]
+ 514.3139; Found 514.3140. 

Chiral HPLC: Chiralpak IG, hexane:iPrOH = 99:1, 1.0 mL/min, 254 nm; tR = 7.8 min 

(major), 10.5 min (minor). 

[α]23
D -17.2 (c 1.0, CHCl3). 

 

2,4-dimethylpentan-3-yl(R)-2-((2,4-dimethylpentan-3-yl)oxy)-3-(naphthalen-1-

ylmet-hyl)-3,4-dihydroquinoline-3-carboxylate (3t) 

 

6 d, 23.5 mg, 89% yield, 64% ee, colorless oil. The product was isolated by flash 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 8.11 – 8.01 (m, 1H), 7.88 – 7.81 (m, 1H), 7.74 

(d, J = 8.2 Hz, 1H), 7.53 (d, J = 7.1 Hz, 1H), 7.50 – 7.40 (m, 2H), 7.36 (t, J = 7.6 Hz, 

1H), 7.12 – 7.04 (m, 2H), 6.87 – 6.83 (m, 1H), 6.78 (d, J = 7.4 Hz, 1H), 5.33 (t, J = 5.9 

Hz, 1H), 4.52 (dd, J = 7.2, 4.9 Hz, 1H), 4.12 (d, J = 14.5 Hz, 1H), 3.74 (d, J = 14.6 Hz, 
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1H), 3.04 (d, J = 15.8 Hz, 1H), 2.88 (d, J = 15.8 Hz, 1H), 2.15 – 2.08 (m, 2H), 1.78 – 

1.60 (m, 2H), 1.09 – 1.01 (m, 12H), 0.74 (d, J = 6.8 Hz, 3H), 0.64 (d, J = 6.6 Hz, 3H), 

0.52 (d, J = 6.7 Hz, 3H), 0.39 (d, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 171.7, 164.1, 143.3, 134.0, 133.4, 133.1, 129.1, 

128.9, 127.8, 127.4, 127.3, 126.2, 125.9, 125.4, 125.3, 124.6, 124.4, 124.3, 84.7, 83.8, 

52.0, 35.2, 34.7, 30.3, 30.2, 29.7, 29.1, 20.1, 19.9, 19.5, 19.3, 18.2, 18.1, 18.0, 16.5. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C35H45NNaO3]
+ 550.3292; Found 550.3299. 

Chiral HPLC: Chiralpak AD-H, hexane:iPrOH = 99:1, 0.4 mL/min, 254 nm; tR = 9.4 

min (major), 10.0 min (minor). 

[α]23
D +23.4 (c 1.0, CHCl3). 

 

4. Synthesis and characterization data of compound 1 

 

DMAP (3.0 mmol, 0.1 equiv.), 2,4-dimethyl-3-pentanol (60.0 mmol, 2.0 equiv.) were 

added to a solution of Malonic acid (30.0 mmol) in DCM (100 mL) at room temperature. 

Then DCC (60.0 mmol, 2.0 equiv.) was added to the reaction mixture at 0 °C. The 

reaction mixture was stirred at room temperature for 3 h. After completion of the 

reaction (monitored by TLC), vacuum filtration was carried out, and the filter cake was 

washed with DCM. The combined organic layers were dried over anhydrous Na2SO4, 

filtered, and concentrated under vacuum. The residue was purified by column 

chromatography on silica gel, eluting with petroleum ether to afford bis(1-isopropyl-2-

methylpropyl) malonate as colorless oil with 98% yield.  

To a solution of sodium hydride (60% dispersion in mineral oil, 45.0 mmol, 1.5 equiv.) 

in anhydrous THF (50 mL) in a flame-dried flask was added bis(1-isopropyl-2-
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methylpropyl) malonate (30.0 mmol, 1.0 equiv.) at 0 °C under argon. The reaction 

mixture was stirred at room temperature for 1 h and a solution of 7 (36.0 mmol, 1.2 

equiv.) in anhydrous THF (20 mL) was slowly added. The reaction mixture was stirred 

at 50 ℃ under N2 for 24 h. After completion of the reaction (monitored by TLC), the 

reaction was quenched by saturated aqueous NH4Cl, extracted with ethyl acetate. The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated 

under vacuum. The residue was purified by column chromatography on silica gel, 

eluting with petroleum ether/ethyl acetate (200:1, v/v) to afford 8 as yellow oil with 38-

54% yields.  

9 (15.0 mmol, 5.0 equiv.) was added to a solution of 8 and K2CO3 (9.0 mmol, 3.0 equiv.) 

in DMF (10 mL) at 70 °C. The reaction mixture was stirred for 24 h. After completion 

of the reaction (monitored by TLC), the reaction was quenched by saturated aqueous 

NaCl, extracted with ethyl acetate. The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated under vacuum. The residue was purified 

by column chromatography on silica gel, eluting with petroleum ether/ethyl acetate 

(30:1, v/v) to afford 10 as colorless oil with 29-95% yields. 

Pd/C (20% wt) was added to the solution of 10 in EA (10 mL) under H2 at room 

temperature for 12 h. After completion of the reaction (monitored by TLC), the reaction 

was filtered and concentrated under vacuum. The residue was purified by column 

chromatography on silica gel, eluting with petroleum ether/ethyl acetate (80:1, v/v) to 

afford 1 as colorless oil with 28-48% yields. 

Note: All compounds were stored at −20 °C. 

Bis(2,4-dimethylpentan-3-yl)-2-(2-aminophenyl)-2-methylmalonate (1a) 

 

Colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ 7.28 – 7.26 (m, 1H), 7.11 – 7.07 (m, 1H), 6.78 – 

6.76 (m, 1H), 6.66 (dd, J = 7.9, 1.3 Hz, 1H), 4.65 (t, J = 5.9 Hz, 2H), 4.46 (s, 2H), 2.01 
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(s, 3H), 1.97 – 1.82 (m, 4H), 0.92 – 0.88 (m, 12H), 0.82 (d, J = 6.9 Hz, 6H), 0.76 (d, J 

= 6.7 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 171.8, 146.4, 128.9, 127.0, 123.8, 118.5, 118.2, 

84.5, 58.2, 29.80, 29.77, 23.0, 19.8, 19.7, 17.44, 17.36. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C24H39NNaO4]
+ 428.2771; Found 428.2780. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-aminophenyl)-2-propylmalonate (1b) 

 

Colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ 7.28 (d, J = 1.5 Hz, 1H), 7.08 – 7.04 (m, 1H), 

6.77 – 6.73 (m, 1H), 6.62 (dd, J = 7.9, 1.4 Hz, 1H), 4.62 (t, J = 5.6 Hz, 2H), 4.40 (s, 

2H), 2.51 – 2.36 (m, 2H), 2.01 – 1.77 (m, 4H), 1.45 – 1.39 (m, 2H), 0.99 (t, J = 7.3 Hz, 

3H), 0.90 – 0.86 (m, 12H), 0.77 (d, J = 6.9 Hz, 6H), 0.70 (d, J = 6.8 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 170.5, 146.4, 128.6, 127.5, 123.0, 118.4, 118.2, 

84.3, 61.7, 36.7, 29.8, 29.7, 19.8, 19.6, 18.7, 17.9, 17.3, 14.4. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C26H43NNaO4]
+ 456.3084; Found 456.3087. 

 

Bis(2,4-dimethylpentan-3-yl) 2-(2-aminophenyl)-2-(2-methylbenzyl)malonate (1d) 

 

Colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ 7.29 (dd, J = 8.4, 1.4 Hz, 1H), 7.19 (d, J = 7.8 

Hz, 1H), 7.12 (t, J = 7.4 Hz, 1H), 7.10 – 7.00 (m, 2H), 6.96 (t, J = 8.0 Hz, 1H), 6.71 – 

6.61 (m, 2H), 4.59 (t, J = 5.5 Hz, 2H), 4.37 (s, 2H), 3.90 (s, 2H), 2.35 (s, 3H), 1.98 – 

1.80 (m, 2H), 1.78 – 1.65 (m, 2H), 0.86 – 0.82 (m, 12H), 0.56 (d, J = 6.9 Hz, 6H), 0.48 

(d, J = 6.7 Hz, 6H). 
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13C NMR (101 MHz, Chloroform-d) δ 169.7, 147.0, 136.5, 135.1, 129.8, 129.3, 129.0, 

128.7, 126.2, 125.8, 120.8, 118.4, 118.1, 84.7, 61.5, 37.0, 29.9, 29.7, 20.2, 19.9, 19.3, 

17.5, 17.0. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C31H45NNaO4]
+ 518.3241; Found 518.3246. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-aminophenyl)-2-(2-fluorobenzyl)malonate (1e) 

 

Colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ 7.25 – 7.20 (m, 1H), 7.12 – 7.05 (m, 3H), 6.97 – 

6.92 (m, 1H), 6.87 – 6.83 (m, 1H), 6.71 – 6.60 (m, 2H), 4.58 (t, J = 5.7 Hz, 2H), 4.29 

(s, 2H), 3.98 (s, 2H), 1.85 – 1.78 (m, 2H), 1.77 – 1.72 (m, 2H), 0.81 – 0.76 (m, 12H), 

0.61 (d, J = 6.9 Hz, 6H), 0.54 (d, J = 6.8 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 169.7, 161.4 (d, J = 244.9 Hz), 146.6, 130.8 (d, 

J = 3.5 Hz), 129.1, 128.9, 127.9 (d, J = 8.6 Hz), 124.3 (d, J = 13.8 Hz), 123.6 (d, J = 

3.6 Hz), 121.4, 118.6 (d, J = 18.5 Hz), 114.7 (d, J = 22.6 Hz), 85.1, 61.4, 31.2 (d, J = 

5.3 Hz), 29.8, 29.6, 19.7, 19.4, 17.7, 17.1. 

19F NMR (377 MHz, Chloroform-d) δ -115.9. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C30H42FNNaO4]
+ 522.2990; Found 522.2994. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-aminophenyl)-2-(3-methoxybenzyl)malonate 

(1f) 

 

Colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ 7.29 (d, J = 7.3 Hz, 1H), 7.12 – 7.04 (m, 2H), 

6.82 (d, J = 7.6 Hz, 1H), 6.76 – 6.71 (m, 2H), 6.70 – 6.63 (m, 2H), 4.62 (t, J = 5.6 Hz, 
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2H), 4.27 (s, 2H), 3.95 (s, 2H), 3.65 (s, 3H), 1.93 – 1.84 (m, 2H), 1.83 – 1.73 (m, 2H), 

0.81 – 0.81 (m, 12H), 0.68 (d, J = 6.9 Hz, 6H), 0.64 (d, J = 6.7 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 170.1, 159.2, 146.2, 138.3, 129.0, 128.9, 128.8, 

122.9, 122.8, 118.69, 118.66, 115.4, 112.6, 85.2, 62.7, 55.2, 39.3, 29.8, 29.6, 19.6, 19.5, 

18.0, 17.4. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C31H45NNaO5]
+ 534.3190; Found 534.3193. 

 

Bis(2,4-dimethylpentan-3-yl) 2-(2-aminophenyl)-2-(3-fluorobenzyl)malonate (1g) 

 

Colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ 7.22 (dd, J = 8.1, 1.4 Hz, 1H), 7.14 – 7.07 (m, 

2H), 7.00 – 6.90 (m, 2H), 6.86 – 6.77 (m, 1H), 6.76 – 6.66 (m, 2H), 4.63 (t, J = 5.6 Hz, 

2H), 4.23 (s, 2H), 3.94 (s, 2H), 1.94 – 1.87 (m, 2H), 1.83 – 1.76 (m, 2H), 0.84 – 0.81 

(m, 12H), 0.71 (d, J = 6.9 Hz, 6H), 0.66 (d, J = 6.7 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 169.9, 162.40 (d, J = 244.3 Hz), 146.0, 139.3 

(d, J = 7.8 Hz), 129.1 (d, J = 8.2 Hz), 128.9, 128.7, 126.0 (d, J = 2.7 Hz), 122.9, 118.8 

(d, J = 8.7 Hz), 117.3 (d, J = 21.9 Hz), 113.3 (d, J = 21.1 Hz), 85.3, 62.8, 38.9, 29.7, 

29.5, 19.5, 19.4, 17.9, 17.3. 

19F NMR (377 MHz, Chloroform-d) δ -114.3. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C30H42FNNaO4]
+ 522.2990; Found 522.3001. 

 

Bis(2,4-dimethylpentan-3-yl) 2-(2-aminophenyl)-2-(4-methylbenzyl)malonate (1h) 

 

Colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ 7.31 (d, J = 8.0 Hz, 1H), 7.09 (d, J = 7.9 Hz, 3H), 

6.96 (d, J = 7.4 Hz, 2H), 6.70 (dd, J = 24.5, 7.8 Hz, 2H), 4.60 (d, J = 5.3 Hz, 2H), 4.28 
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(s, 2H), 3.92 (s, 2H), 2.25 (s, 3H), 1.93 – 1.88 (m, 2H), 1.81 – 1.73 (m, 2H), 0.82 (t, J 

= 7.4 Hz, 12H), 0.64 (t, J = 8.2 Hz, 12H). 

13C NMR (101 MHz, Chloroform-d) δ 169.9, 146.0, 135.8, 133.4, 130.0, 128.7, 128.5, 

122.9, 118.5, 84.9, 62.5, 39.1, 29.7, 29.5, 21.0, 19.5, 19.3, 18.0, 17.3. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C31H45NNaO4]
+ 518.3241; Found 518.3242. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-aminophenyl)-2-(4-methoxybenzyl)malonate 

(1i) 

 

White solid, m.p. = 92 – 94 ºC.  

1H NMR (400 MHz, Chloroform-d) δ 7.30 (dd, J = 8.1, 1.4 Hz, 1H), 7.16 – 7.11 (m, 

2H), 7.09 (dd, J = 7.6, 1.3 Hz, 1H), 6.75 – 6.68 (m, 3H), 6.65 (dd, J = 7.9, 1.3 Hz, 1H), 

4.61 (t, J = 5.6 Hz, 2H), 4.26 (s, 2H), 3.89 (s, 2H), 3.73 (s, 3H), 1.93 – 1.87 (m, 2H), 

1.81 – 1.73 (m, 2H), 0.84 – 0.81 (m, 12H), 0.69 – 0.64 (m, 12H). 

13C NMR (101 MHz, Chloroform-d) δ 170.1, 158.3, 146.2, 131.4, 128.82, 128.80, 

128.76, 123.1, 118.64, 118.62, 113.3, 85.1, 62.8, 55.3, 38.8, 29.8, 29.7, 19.7, 19.5, 18.1, 

17.4. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C34H45NNaO5]
+ 534.3190; Found 534.3200. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-aminophenyl)-2-(4-(fluorobenzyl)malonate (1j) 

 

Colorless oil.  

1H NMR (400 MHz, Chloroform-d) δ 7.23 (d, J = 8.0 Hz, 1H), 7.15 (dd, J = 8.3, 5.2 

Hz, 2H), 7.09 (t, J = 7.6 Hz, 1H), 6.83 (t, J = 8.5 Hz, 2H), 6.71 (q, J = 8.0 Hz, 2H), 4.62 

(t, J = 5.6 Hz, 2H), 4.26 (s, 2H), 3.91 (s, 2H), 1.93 – 1.84 (m, 2H), 1.82 – 1.74 (m, 2H), 

0.82 (t, J = 6.9 Hz, 12H), 0.70 (d, J = 6.7 Hz, 6H), 0.66 (d, J = 6.7 Hz, 6H). 
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13C NMR (101 MHz, Chloroform-d) δ 169.9, 161.6 (d, J = 245.4 Hz), 145.8, 132.3 (d, 

J = 3.0 Hz), 131.8 (d, J = 8.1 Hz), 128.8, 128.7, 122.9, 118.8, 118.7, 114.5 (d, J = 21.0 

Hz), 114.4, 85.2, 38.4, 29.7, 29.5, 19.5, 19.4, 17.9, 17.3. 

19F NMR (377 MHz, Chloroform-d) δ -116.1 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C30H42FNNaO4]
+ 522.2990; Found 522.2981. 

 

Bis(2,4-dimethylpentan-3-yl) 2-(2-aminophenyl)-2-(4-(trifluoromethyl)benzyl)m

alonate (1k) 

 

White solid, m.p. = 58 – 59 ºC.  

1H NMR (400 MHz, Chloroform-d) δ 7.40 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 

7.23 – 7.17 (m, 1H), 7.11 (m, 1H), 6.76 – 6.64 (m, 2H), 4.63 (t, J = 5.7 Hz, 2H), 4.23 

(s, 2H), 4.00 (s, 2H), 1.93 – 1.84 (m, 2H), 1.82 – 1.74 (m, 2H), 0.83 – 0.80 (m, 12H), 

0.70 (d, J = 6.8 Hz, 6H), 0.65 (d, J = 6.7 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 170.0, 146.1, 141.2, 130.8, 129.1, 128.82, 

128.77 (q, J = 32.4 Hz), 127.0 (q, J = 272.8 Hz), 124.7 (q, J = 3.7 Hz), 122.9, 119.1, 

119.0, 85.6, 63.0, 39.2, 29.8, 29.5, 19.6, 19.5, 18.0, 17.5. 

19F NMR (377 MHz, Chloroform-d) δ -62.5. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C31H42F3NNaO4]
+ 572.2958; Found 572.2957. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-aminophenyl)-2-(4-cyanobenzyl)malonate (1l) 

 

Colorless oil.  

1H NMR (400 MHz, Chloroform-d) δ 7.41 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 5.7 Hz, 2H), 

7.11 (d, J = 7.9 Hz, 2H), 6.71 (d, J = 8.2 Hz, 2H), 4.64 (t, J = 5.8 Hz, 2H), 4.20 (s, 2H), 
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3.99 (s, 2H), 1.92 – 1.78 (m, 4H), 0.81 (t, J = 6.2 Hz, 12H), 0.73 (d, J = 6.9 Hz, 6H), 

0.67 (d, J = 6.8 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 169.8, 145.7, 142.7, 131.4, 131.1, 129.1, 128.8, 

122.8, 119.2, 119.0, 110.1, 85.6, 63.1, 38.9, 29.7, 29.5, 19.48, 19.46, 17.8, 17.4. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C31H42N2NaO4]
+ 529.3037; Found 529.3034. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-aminophenyl)-2-(4-ethoxycarbonylbenzyl)mal

onate (1m) 

 

Colorless oil.  

1H NMR (400 MHz, Chloroform-d) δ 7.82 (d, J = 8.4 Hz, 2H), 7.26 (s, 1H), 7.24 (s, 

1H), 7.19 (d, J = 8.0 Hz, 1H), 7.11 –7.07 (m, 1H), 6.69 (t, J = 7.7 Hz, 2H), 4.63 (t, J = 

5.7 Hz, 2H), 4.32 (q, J = 7.2 Hz, 2H), 4.01 (s, 2H), 1.92 –1.84 (m, 2H), 1.82 –1.75 (m, 

2H), 1.35 (t, J = 7.1 Hz, 3H), 0.85 – 0.79 (m, 12H), 0.69 (d, J = 6.9 Hz, 6H), 0.64 (d, J 

= 6.8 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 169.8, 166.6, 145.9, 142.2, 130.2, 129.0, 128.9, 

128.8, 128.4, 122.5, 118.9, 118.7, 85.3, 62.7, 60.8, 39.1, 29.7, 29.5, 19.5, 19.4, 17.9, 

17.3, 14.3. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C33H47NNaO6]
+ 576.3296; Found 576.3299. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-aminophenyl)-2-(naphthalen-1-ylmethyl)malo

nate (1n) 

 

Colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ 8.09 (d, J = 8.5 Hz, 1H), 7.80 (dd, J = 8.1, 1.4 

Hz, 1H), 7.61 (d, J = 8.2 Hz, 1H), 7.55 – 7.51 (m, 1H), 7.48 – 7.43 (m, 1H), 7.39 – 7.32 
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(m, 2H), 7.25 – 7.14 (m, 1H), 7.07 – 7.02 (m, 1H), 6.70 – 6.56 (m, 2H), 4.56 (t, J = 5.6 

Hz, 2H), 4.43 (s, 2H), 4.38 (s, 2H), 1.88 – 1.76 (m, 2H), 1.66 – 1.56 (m, 2H), 0.78 – 

0.73 (m, 12H), 0.45 (d, J = 6.9 Hz, 6H), 0.34 (d, J = 6.7 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 169.7, 147.0, 133.6, 132.5, 131.9, 129.3, 129.10, 

129.05, 127.0, 126.7, 126.2, 125.5, 125.3, 122.7, 120.5, 118.5, 118.1, 84.8, 61.4, 36.3, 

29.8, 29.6, 19.8, 19.2, 17.5, 16.9. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C34H45NNaO4]
+ 554.3241; Found 554.3235. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(3-amino-[1,1'-biphenyl]-4-yl)-2-propylmalonate 

(1o) 

 

Colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ 7.57 (dd, J = 7.8, 1.6 Hz, 2H), 7.40 (dd, J = 8.3, 

6.8 Hz, 2H), 7.36 – 7.27 (m, 2H), 7.00 (dd, J = 8.2, 2.0 Hz, 1H), 6.87 (d, J = 1.9 Hz, 

1H), 4.66 (t, J = 5.6 Hz, 2H), 4.49 (s, 2H), 2.70 – 2.31 (m, 2H), 1.96 – 1.87 (m, 4H), 

1.56 – 1.40 (m, 2H), 1.02 (t, J = 7.3 Hz, 3H), 0.91 (m, 12H), 0.92 – 0.89 (d, J = 6.9 Hz, 

6H), 0.74 (d, J = 6.7 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 170.5, 146.7, 141.3, 140.9, 128.7, 128.1, 127.3, 

127.1, 122.2, 117.3, 116.8, 84.4, 61.7, 36.7, 29.80, 29.79, 19.8, 19.7, 18.7, 17.9, 17.4, 

14.4. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C32H47NNaO4]
+ 532.3397; Found 532.3400. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-amino-4-(methoxycarbonyl)phenyl)-2-propylm

alonate (1p) 
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Colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ 7.24 (d, J = 1.7 Hz, 1H), 7.06 – 7.02 (m, 1H), 

6.75 – 6.71 (m, 1H), 6.60 (dd, J = 7.9, 1.4 Hz, 1H), 4.61 (t, J = 5.6 Hz, 2H), 4.38 (s, 

2H), 2.54 – 2.36 (m, 2H), 2.02 – 1.80 (m, 4H), 1.46 – 1.37 (m, 2H), 0.98 (t, J = 7.3 Hz, 

3H), 0.88 – 0.84 (m, 12H), 0.76 (d, J = 6.9 Hz, 6H), 0.69 (d, J = 6.8 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 170.5, 146.5, 128.6, 127.5, 123.1, 118.4, 118.2, 

84.3, 61.7, 36.7, 29.8, 19.8, 19.6, 18.8, 17.9, 17.3, 14.4. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C28H45NNaO6]
+ 514.3139; Found 514.3149. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-amino-5-(trifluoromethyl)phenyl)-2-propylmal

onate (1q) 

 

White solid, m.p. = 52 – 55 ºC.  

1H NMR (400 MHz, Chloroform-d) δ 7.51 (d, J = 2.1 Hz, 1H), 7.30 (dd, J = 8.4, 2.0 

Hz, 1H), 6.65 (d, J = 8.3 Hz, 1H), 4.78 (s, 2H), 4.62 (t, J = 5.6 Hz, 2H), 2.52 – 2.38 (m, 

2H), 1.96 – 1.83 (m, 4H), 1.50 – 1.37 (m, 2H), 1.01 (t, J = 7.3 Hz, 3H), 0.91 – 0.86 (m, 

12H), 0.76 (d, J = 6.9 Hz, 6H), 0.68 (d, J = 6.7 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 169.8, 149.4, 125.7 (q, J = 3.7 Hz), 125.0 (q, J 

= 4.1 Hz), 124.9 (q, J = 271.7 Hz), 122.1, 119.8 (q, J = 32.6 Hz), 117.3, 84.7, 61.5, 

36.4, 29.6, 19.7, 19.5, 18.6, 17.7, 17.1, 14.1. 

19F NMR (376 MHz, Chloroform-d) δ -61.2. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C27H42F3NNaO4]
+ 524.2958; Found 524.2960. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-amino-5-methoxyphenyl)-2-propylmalonate 

(1r) 
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Yellow solid, m.p. = 51 – 53 ºC.  

1H NMR (400 MHz, Chloroform-d) δ 6.89 (d, J = 2.8 Hz, 1H), 6.68 (dd, J = 8.6, 2.8 

Hz, 1H), 6.58 (d, J = 8.6 Hz, 1H), 4.62 (t, J = 5.6 Hz, 2H), 4.08 (s, 2H), 3.74 (s, 3H), 

2.50 – 2.31 (m, 2H), 1.97 – 1.84 (m, 4H), 1.48 – 1.39 (m, 2H), 0.98 (t, J = 7.3 Hz, 3H), 

0.90 – 0.86 (m, 12H), 0.79 (d, J = 6.9 Hz, 6H), 0.73 (d, J = 6.7 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 170.3, 152.7, 140.2, 125.0, 119.3, 114.4, 113.8, 

84.4, 61.9, 56.1, 36.8, 29.8, 19.8, 19.6, 18.8, 17.9, 17.4, 14.4. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C27H45NNaO5]
+ 486.3190; Found 486.3184. 

 

Bis(2,4-dimethylpentan-3-yl)-2-(2-aminobenzyl)-2-(naphthalen-1-ylmethyl)malon

ate (1t) 

 

Colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ 8.10 (d, J = 8.2 Hz, 1H), 7.85 (dd, J = 7.6, 1.8 

Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 7.59 (d, J = 7.2 Hz, 1H), 7.55 – 7.46 (m, 2H), 7.37 

(t, J = 7.7 Hz, 1H), 6.95 – 6.85 (m, 1H), 6.86 (dd, J = 7.7, 1.6 Hz, 1H), 6.59 – 6.45 (m, 

2H), 4.65 (t, J = 5.8 Hz, 2H), 4.06 (s, 2H), 3.86 (s, 2H), 3.57 (s, 2H), 1.90 – 1.74 (m, 

4H), 0.81 – 0.78 (m, 12H), 0.68 (d, J = 6.7 Hz, 6H), 0.63 (d, J = 6.9 Hz, 6H). 

13C NMR (101 MHz, Chloroform-d) δ 172.5, 146.0, 134.1, 132.9, 132.8, 131.9, 129.0, 

127.9, 127.5, 126.3, 126.2, 125.6, 125.3, 123.5, 121.2, 118.5, 116.9, 85.6, 59.9, 33.3, 

33.0, 29.9, 29.5, 19.7, 19.6, 17.9, 17.1. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C35H47NNaO4]
+ 568.3397; Found 568.3405. 

 

5. Gram-scale reaction 
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A suspension of 1b (2.5 mmol, 1.08 g), 2h (0.25 mmol, 10 mol%) and 5Å MS (750 mg) 

in CHCl3 (25 mL) was stirred in a 100 mL round-bottom flask at room temperature for 

15 h under argon. After completion of the reaction (monitored by TLC), the solvent was 

removed in vacuo. The residue was purified by column chromatography on silica gel, 

eluting with petroleum ether/ethyl acetate (10:1, v/v) to afford the product 3b in 94% 

yield (980 mg) with 89% ee as a colorless oil. 

 

6. Synthetic transformations 

 

6 N HCl (0.075 mmol, 1.5 equiv.) was added to the solution of 3b (0.05 mmol, 1.0 

equiv.) in THF (0.5 mL) at room temperature. Then the mixture was stirred for 3 h at 

room temperature. After completion of the reaction (monitored by TLC), the solvent 

was removed in vacuo. The residue was purified by column chromatography on silica 

gel, eluting with petroleum ether/ethyl acetate (10:1, v/v) to give the compound 4b in 

94% yield (19.5 mg) with 89% ee as a white solid. 

 

DIBAL-H (1.0 M in Tol, 0.1 mmol, 2.0 equiv.) was added to a solution of 4b (0.05 

mmol, 1.0 equiv.) in anhydrous DCM (0.5 mL) at -40 ℃. And the mixture was stirred 

for 2 h. After completion of the reaction (monitored by TLC), the solvent was removed 
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in vacuo. The residue was purified by column chromatography on silica gel, eluting 

with ethyl acetate to give the compound 5 in 70% yield (7.2 mg) with 87% ee as a 

colorless oil. 

2,4-dimethylpentan-3-yl (R)-2-oxo-3-propylindoline-3-carboxylate (4b) 

 

19.5 mg, 94% yield, 89% ee, white solid, m.p. = 89 – 91 ºC. The product was isolated 

by flash chromatography with petroleum ether/ethyl acetate (10:1, v/v). 

1H NMR (400 MHz, Chloroform-d) δ 9.02 (s, 1H), 7.26 – 7.19 (m, 2H), 7.02 (t, J = 7.6 

Hz, 1H), 6.91 (d, J = 7.7 Hz, 1H), 4.54 (t, J = 6.1 Hz, 1H), 2.33 – 2.17 (m, 2H), 1.84 – 

1.75 (m, 1H), 1.72 – 1.65 (m, 1H), 1.22 – 1.11 (m, 1H), 1.05 – 0.94 (m, 1H), 0.88 – 

0.84 (m, 6H), 0.78 (d, J = 6.7 Hz, 3H), 0.65 (d, J = 6.8 Hz, 3H), 0.46 (d, J = 6.7 Hz, 

3H). 

13C NMR (101 MHz, Chloroform-d) δ 177.3, 169.3, 141.7, 129.3, 128.8, 123.6, 122.5, 

109.9, 84.1, 60.5, 35.5, 29.5, 29.4, 19.4, 19.4, 17.0, 17.0, 16.5, 14.1. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C19H27NNaO3]
+ 340.1883; Found 340.1882. 

Chiral HPLC: Chiralpak IG, hexane:iPrOH = 95:5, 0.7 mL/min, 254 nm; tR = 12.1 

min (major), 13.4 min (minor). 

[α]23
D -61.6 (c 1.0, CHCl3). 

 

(S)-3-(hydroxymethyl)-3-propylindolin-2-one (5) 

 

7.2 mg, 70% yield, 87% ee, colorless oil. The product was isolated by flash 

chromatography with ethyl acetate. 

1H NMR (400 MHz, Chloroform-d) δ 8.47 (s, 1H), 7.25 – 7.16 (m, 2H), 7.07 (t, J = 7.5 

Hz, 1H), 6.90 (d, J = 7.7 Hz, 1H), 3.91 (d, J = 10.9 Hz, 1H), 3.78 (d, J = 10.8 Hz, 1H), 
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2.02 – 1.94 (m, 2H), 1.78 – 1.70 (m, 1H), 1.17 – 1.06 (m, 1H), 1.03 – 0.91 (m, 1H), 

0.81 (t, J = 7.3 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 181.8, 141.4, 130.7, 128.3, 123.3, 122.7, 110.0, 

67.3, 55.5, 35.2, 17.4, 14.2. 

HRMS (ESI) m/z: [M + Na]+ Calcd for [C12H15NNaO2]
+ 228.0995; Found 228.0993. 

Chiral HPLC: Chiralpak AD-H, hexane:iPrOH = 70:30, 1.0 mL/min, 254 nm; tR = 5.0 

min (major), 9.3 min (minor). 

[α]23
D +16.4 (c 1.0, CHCl3) 
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8. Crystallographic data for 4f (CCDC 2430733) 

 

Bond precision: C-C =0.0019 A Wavelength=1.54184 

Cell: a=11.74413(4) b=11.74413(4) c=32.511796(15) 

 alpha=90 beta=90 gamma=90 

Temperature: 108 K  

 Calculated Reported 

Volume  4429.86(4) 4429.85(4) 

Space group P 43 21 2 P 43 21 2 

Hall group P 4nw 2abw P 4nw 2abw 

Moiety formula C24 H29 N O4 C24 H29 N O4 

Sum formula C24 H29 N O4 C24 H29 N O4 

Mr 395.4 395.48 

Dx,g cm-3 1.186 1.186 

Z 8 8 

Mu (mm-1) 0.644 0.644 

F000 1696.0 1696.0 

F000’ 1701.07  

h,k,lmax 141440 141439 

Nref 4624[ 2737] 4585 

Tmin,Tmax 0.902,0.914 0.868,1.000 

Tmin’ 0.902  

Correction method= # Reported T Limits: Tmin=0.868Tmax=1.000 

AbsCorr = MULTI-SCAN 

Data completeness= 1.68/0.99 Theta(max)= 76.024 

   wR2(reflections)= 

R(reflections)= 0.0261( 4485)  0.0658( 4585) 

S = 1.054 Npar= 267  

Table 1.  Crystal data and structure refinement for a. 

Identification code  a 

Empirical formula  C24 H29 N O4 

Formula weight  395.48 

Temperature  108(2) K 

Wavelength  1.54184Å 
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Crystal system  Tetragonal 

Space group  P43212 

Unit cell dimensions a = 11.74413(4) Å a= 90° 

 b = 11.74413(4) Å b= 90° 

 c = 32.11796(15) Å g = 90° 

Volume 4429.85(4) ?3 

Z 8 

Density (calculated) 1.186 Mg/m3 

Absorption coefficient 0.644 mm-1 

F(000) 1696 

Crystal size 0.160 x 0.150 x 0.140 mm3 

Theta range for data collection 4.008 to 76.024? 

Index ranges -14<=h<=14, -14<=k<=14, -29<=l<=39 

Reflections collected 68000 

Independent reflections 4585 [R(int) = 0.0236] 

Completeness to theta = 67.684? 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 1.00000 and 0.86791 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4585 / 1 / 267 

Goodness-of-fit on F2 1.053 

Final R indices [I>2sigma(I)] R1 = 0.0261, wR2 = 0.0654 

R indices (all data) R1 = 0.0266, wR2 = 0.0657 

Absolute structure parameter 0.01(3) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.150 and -0.166 e.Å-3 
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 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters 

(A^x 103)for a. U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

_______________________________________________________________________________

_  

 x y z U(eq) 

_______________________________________________________________________________

_   

O(1) 2650(1) 6825(1) 3008(1) 30(1) 

C(1) 3039(1) 3970(1) 3478(1) 22(1) 

O(2) 5830(1) 4103(1) 3066(1) 24(1) 

N(2) 4743(1) 3068(1) 2601(1) 21(1) 

C(9) 5146(1) 3346(1) 2982(1) 20(1) 

C(11) 5552(1) 1823(1) 3495(1) 21(1) 

C(12) 3315(1) 5057(1) 3324(1) 22(1) 

C(7) 3842(1) 1804(1) 3032(1) 19(1) 

C(2) 3974(1) 2150(1) 2620(1) 20(1) 

O(3) 6225(1) 1416(1) 3193(1) 22(1) 

C(8) 4597(1) 2539(1) 3305(1) 20(1) 

C(6) 3129(1) 912(1) 3132(1) 23(1) 

C(10) 3964(1) 3205(1) 3648(1) 22(1) 

C(13) 7167(1) 661(1) 3307(1) 23(1) 

C(4) 2679(1) 721(1) 2400(1) 27(1) 

C(14) 7107(1) -365(1) 3013(1) 27(1) 

C(5) 2540(1) 366(1) 2810(1) 26(1) 

C(3) 3401(1) 1621(1) 2298(1) 25(1) 

O(4) 5670(1) 1656(1) 3861(1) 30(1) 

C(16) 8265(1) 1357(1) 3287(1) 29(1) 

C(19) 7437(1) -85(1) 2564(1) 33(1) 

C(20) 2468(1) 5751(1) 3162(1) 24(1) 

C(21) 1340(1) 5384(1) 3154(1) 28(1) 

C(22) 1069(1) 4321(1) 3308(1) 31(1) 

C(23) 1911(1) 3611(1) 3469(1) 27(1) 

C(24) 3795(1) 7211(1) 2982(1) 31(1) 

C(15) 5921(1) -907(1) 3024(1) 35(1) 

C(18) 8241(2) 2362(2) 3588(1) 42(1) 

C(17) 9296(1) 598(2) 3378(1) 41(1) 

_______________________________________________________________________________

_ 
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Table 3.   Bond lengths [Å] and angles [°] for  t. 

__________________________________________  

O(1)-C(20)  1.3721(17) 

O(1)-C(24)  1.4219(18) 

C(1)-C(23)  1.3907(19) 

C(1)-C(12)  1.4062(19) 

C(1)-C(10)  1.5105(19) 

O(2)-C(9)  1.2281(16) 

N(2)-C(9)  1.3538(16) 

N(2)-C(2)  1.4082(17) 

N(2)-H(2)  0.8800 

C(9)-C(8)  1.5449(17) 

C(11)-O(4)  1.2005(15) 

C(11)-O(3)  1.3392(16) 

C(11)-C(8)  1.5293(18) 

C(12)-C(20)  1.3869(19) 

C(12)-H(12)  0.9500 

C(7)-C(6)  1.3785(18) 

C(7)-C(2)  1.3954(17) 

C(7)-C(8)  1.5165(17) 

C(2)-C(3)  1.3809(18) 

O(3)-C(13)  1.4647(15) 

C(8)-C(10)  1.5404(17) 

C(6)-C(5)  1.3999(19) 

C(6)-H(6)  0.9500 

C(10)-H(10A)  0.9900 

C(10)-H(10B)  0.9900 

C(13)-C(16)  1.5282(19) 

C(13)-C(14)  1.533(2) 

C(13)-H(13)  1.0000 

C(4)-C(5)  1.392(2) 

C(4)-C(3)  1.395(2) 

C(4)-H(4)  0.9500 

C(14)-C(19)  1.529(2) 

C(14)-C(15)  1.531(2) 

C(14)-H(14)  1.0000 

C(5)-H(5)  0.9500 

C(3)-H(3)  0.9500 
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C(16)-C(18)  1.527(2) 

C(16)-C(17)  1.532(2) 

C(16)-H(16)  1.0000 

C(19)-H(19A)  0.9800 

C(19)-H(19B)  0.9800 

C(19)-H(19C)  0.9800 

C(20)-C(21)  1.394(2) 

C(21)-C(22)  1.381(2) 

C(21)-H(21)  0.9500 

C(22)-C(23)  1.393(2) 

C(22)-H(22)  0.9500 

C(23)-H(23)  0.9500 

C(24)-H(24A)  0.9800 

C(24)-H(24B)  0.9800 

C(24)-H(24C)  0.9800 

C(15)-H(15A)  0.9800 

C(15)-H(15B)  0.9800 

C(15)-H(15C)  0.9800 

C(18)-H(18A)  0.9800 

C(18)-H(18B)  0.9800 

C(18)-H(18C)  0.9800 

C(17)-H(17A)  0.9800 

C(17)-H(17B)  0.9800 

C(17)-H(17C)  0.9800 

 

C(20)-O(1)-C(24) 117.48(11) 

C(23)-C(1)-C(12) 119.14(13) 

C(23)-C(1)-C(10) 120.80(12) 

C(12)-C(1)-C(10) 120.06(12) 

C(9)-N(2)-C(2) 111.69(10) 

C(9)-N(2)-H(2) 124.2 

C(2)-N(2)-H(2) 124.2 

O(2)-C(9)-N(2) 126.86(12) 

O(2)-C(9)-C(8) 124.82(11) 

N(2)-C(9)-C(8) 108.32(11) 

O(4)-C(11)-O(3) 125.68(13) 

O(4)-C(11)-C(8) 124.40(12) 

O(3)-C(11)-C(8) 109.92(10) 
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C(20)-C(12)-C(1) 120.03(12) 

C(20)-C(12)-H(12) 120.0 

C(1)-C(12)-H(12) 120.0 

C(6)-C(7)-C(2) 120.63(12) 

C(6)-C(7)-C(8) 130.80(11) 

C(2)-C(7)-C(8) 108.56(11) 

C(3)-C(2)-C(7) 121.78(12) 

C(3)-C(2)-N(2) 128.65(12) 

C(7)-C(2)-N(2) 109.57(11) 

C(11)-O(3)-C(13) 118.72(10) 

C(7)-C(8)-C(11) 110.23(10) 

C(7)-C(8)-C(10) 114.82(11) 

C(11)-C(8)-C(10) 110.39(10) 

C(7)-C(8)-C(9) 101.85(10) 

C(11)-C(8)-C(9) 107.37(10) 

C(10)-C(8)-C(9) 111.68(10) 

C(7)-C(6)-C(5) 118.46(12) 

C(7)-C(6)-H(6) 120.8 

C(5)-C(6)-H(6) 120.8 

C(1)-C(10)-C(8) 113.08(10) 

C(1)-C(10)-H(10A) 109.0 

C(8)-C(10)-H(10A) 109.0 

C(1)-C(10)-H(10B) 109.0 

C(8)-C(10)-H(10B) 109.0 

H(10A)-C(10)-H(10B) 107.8 

O(3)-C(13)-C(16) 107.63(11) 

O(3)-C(13)-C(14) 106.61(10) 

C(16)-C(13)-C(14) 115.63(12) 

O(3)-C(13)-H(13) 108.9 

C(16)-C(13)-H(13) 108.9 

C(14)-C(13)-H(13) 108.9 

C(5)-C(4)-C(3) 121.45(12) 

C(5)-C(4)-H(4) 119.3 

C(3)-C(4)-H(4) 119.3 

C(19)-C(14)-C(15) 109.95(13) 

C(19)-C(14)-C(13) 113.65(12) 

C(15)-C(14)-C(13) 110.80(12) 

C(19)-C(14)-H(14) 107.4 
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C(15)-C(14)-H(14) 107.4 

C(13)-C(14)-H(14) 107.4 

C(4)-C(5)-C(6) 120.27(13) 

C(4)-C(5)-H(5) 119.9 

C(6)-C(5)-H(5) 119.9 

C(2)-C(3)-C(4) 117.40(12) 

C(2)-C(3)-H(3) 121.3 

C(4)-C(3)-H(3) 121.3 

C(18)-C(16)-C(13) 111.74(12) 

C(18)-C(16)-C(17) 110.08(14) 

C(13)-C(16)-C(17) 110.32(13) 

C(18)-C(16)-H(16) 108.2 

C(13)-C(16)-H(16) 108.2 

C(17)-C(16)-H(16) 108.2 

C(14)-C(19)-H(19A) 109.5 

C(14)-C(19)-H(19B) 109.5 

H(19A)-C(19)-H(19B) 109.5 

C(14)-C(19)-H(19C) 109.5 

H(19A)-C(19)-H(19C) 109.5 

H(19B)-C(19)-H(19C) 109.5 

O(1)-C(20)-C(12) 124.40(13) 

O(1)-C(20)-C(21) 115.10(12) 

C(12)-C(20)-C(21) 120.49(13) 

C(22)-C(21)-C(20) 119.42(14) 

C(22)-C(21)-H(21) 120.3 

C(20)-C(21)-H(21) 120.3 

C(21)-C(22)-C(23) 120.73(13) 

C(21)-C(22)-H(22) 119.6 

C(23)-C(22)-H(22) 119.6 

C(1)-C(23)-C(22) 120.18(13) 

C(1)-C(23)-H(23) 119.9 

C(22)-C(23)-H(23) 119.9 

O(1)-C(24)-H(24A) 109.5 

O(1)-C(24)-H(24B) 109.5 

H(24A)-C(24)-H(24B) 109.5 

O(1)-C(24)-H(24C) 109.5 

H(24A)-C(24)-H(24C) 109.5 

H(24B)-C(24)-H(24C) 109.5 
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C(14)-C(15)-H(15A) 109.5 

C(14)-C(15)-H(15B) 109.5 

H(15A)-C(15)-H(15B) 109.5 

C(14)-C(15)-H(15C) 109.5 

H(15A)-C(15)-H(15C) 109.5 

H(15B)-C(15)-H(15C) 109.5 

C(16)-C(18)-H(18A) 109.5 

C(16)-C(18)-H(18B) 109.5 

H(18A)-C(18)-H(18B) 109.5 

C(16)-C(18)-H(18C) 109.5 

H(18A)-C(18)-H(18C) 109.5 

H(18B)-C(18)-H(18C) 109.5 

C(16)-C(17)-H(17A) 109.5 

C(16)-C(17)-H(17B) 109.5 

H(17A)-C(17)-H(17B) 109.5 

C(16)-C(17)-H(17C) 109.5 

H(17A)-C(17)-H(17C) 109.5 

H(17B)-C(17)-H(17C) 109.5 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table 4.   Anisotropic displacement parameters  (Å2x 103) for a.  The anisotropic 

displacement factor exponent takes the form:  -2p2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

O(1) 30(1)  27(1) 32(1)  4(1) 2(1)  2(1) 

C(1) 26(1)  25(1) 14(1)  -4(1) 4(1)  -2(1) 

O(2) 28(1)  24(1) 19(1)  1(1) 2(1)  -5(1) 

N(2) 27(1)  23(1) 14(1)  3(1) 1(1)  -1(1) 

C(9) 22(1)  21(1) 17(1)  2(1) 2(1)  2(1) 

C(11) 22(1)  23(1) 18(1)  3(1) -1(1)  -6(1) 

C(12) 22(1)  25(1) 18(1)  -3(1) 2(1)  -2(1) 

C(7) 21(1)  21(1) 16(1)  0(1) -1(1)  2(1) 

C(2) 22(1)  22(1) 18(1)  1(1) 1(1)  3(1) 

O(3) 24(1)  25(1) 17(1)  3(1) -1(1)  2(1) 

C(8) 22(1)  21(1) 15(1)  2(1) 1(1)  -2(1) 

C(6) 23(1)  24(1) 21(1)  1(1) 1(1)  0(1) 

C(10) 28(1)  24(1) 14(1)  0(1) 3(1)  -2(1) 

C(13) 23(1)  26(1) 21(1)  6(1) -3(1)  1(1) 

C(4) 25(1)  31(1) 26(1)  -8(1) -5(1)  2(1) 

C(14) 29(1)  25(1) 29(1)  3(1) -2(1)  2(1) 

C(5) 24(1)  25(1) 31(1)  -3(1) -1(1)  -3(1) 

C(3) 29(1)  30(1) 17(1)  -2(1) -2(1)  4(1) 

O(4) 28(1)  45(1) 17(1)  7(1) -1(1)  1(1) 

C(16) 24(1)  37(1) 25(1)  4(1) -1(1)  -3(1) 

C(19) 39(1)  35(1) 26(1)  -2(1) 0(1)  4(1) 

C(20) 28(1)  24(1) 19(1)  -3(1) 4(1)  1(1) 

C(21) 24(1)  36(1) 24(1)  -4(1) 0(1)  4(1) 

C(22) 22(1)  39(1) 31(1)  -7(1) 4(1)  -5(1) 

C(23) 28(1)  28(1) 26(1)  -2(1) 7(1)  -6(1) 

C(24) 34(1)  28(1) 31(1)  3(1) 2(1)  -4(1) 

C(15) 38(1)  27(1) 41(1)  1(1) -3(1)  -6(1) 

C(18) 35(1)  48(1) 41(1)  -9(1) 2(1)  -18(1) 

C(17) 25(1)  58(1) 40(1)  7(1) -6(1)  2(1) 

______________________________________________________________________________ 
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 Table 5. Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for a. 

_______________________________________________________________________________

_  

 x  y  z  U(eq) 

_______________________________________________________________________________

_  

  

H(2) 4938 3419 2369 26 

H(12) 4081 5316 3332 26 

H(6) 3040 673 3413 27 

H(10A) 3621 2657 3845 27 

H(10B) 4520 3674 3803 27 

H(13) 7052 392 3600 28 

H(4) 2274 341 2185 33 

H(14) 7659 -946 3118 33 

H(5) 2043 -250 2872 32 

H(3) 3495 1861 2017 30 

H(16) 8346 1663 2998 34 

H(19A) 6945 524 2458 50 

H(19B) 7346 -765 2391 50 

H(19C) 8233 166 2555 50 

H(21) 762 5862 3042 34 

H(22) 300 4072 3305 37 

H(23) 1714 2880 3573 33 

H(24A) 4236 6689 2807 46 

H(24B) 4128 7236 3262 46 

H(24C) 3810 7975 2859 46 

H(15A) 5678 -1001 3313 53 

H(15B) 5947 -1652 2887 53 

H(15C) 5380 -413 2877 53 

H(18A) 7616 2875 3513 62 

H(18B) 8965 2775 3572 62 

H(18C) 8127 2082 3872 62 

H(17A) 9204 243 3652 62 

H(17B) 9990 1060 3376 62 

H(17C) 9352 4 3165 62 

_______________________________________________________________________________
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_ Table 6.  Torsion angles  [deg]for t. 

________________________________________________________________  

C(2)-N(2)-C(9)-O(2) 179.65(12) 

C(2)-N(2)-C(9)-C(8) -0.31(14) 

C(23)-C(1)-C(12)-C(20) -0.67(18) 

C(10)-C(1)-C(12)-C(20) 178.83(11) 

C(6)-C(7)-C(2)-C(3) 0.08(19) 

C(8)-C(7)-C(2)-C(3) 179.06(12) 

C(6)-C(7)-C(2)-N(2) -179.90(12) 

C(8)-C(7)-C(2)-N(2) -0.92(14) 

C(9)-N(2)-C(2)-C(3) -179.19(13) 

C(9)-N(2)-C(2)-C(7) 0.79(15) 

O(4)-C(11)-O(3)-C(13) 2.65(19) 

C(8)-C(11)-O(3)-C(13) -177.22(10) 

C(6)-C(7)-C(8)-C(11) 65.81(17) 

C(2)-C(7)-C(8)-C(11) -113.03(11) 

C(6)-C(7)-C(8)-C(10) -59.61(18) 

C(2)-C(7)-C(8)-C(10) 121.55(12) 

C(6)-C(7)-C(8)-C(9) 179.53(13) 

C(2)-C(7)-C(8)-C(9) 0.69(13) 

O(4)-C(11)-C(8)-C(7) -116.45(14) 

O(3)-C(11)-C(8)-C(7) 63.42(13) 

O(4)-C(11)-C(8)-C(10) 11.45(18) 

O(3)-C(11)-C(8)-C(10) -168.68(10) 

O(4)-C(11)-C(8)-C(9) 133.40(14) 

O(3)-C(11)-C(8)-C(9) -46.73(13) 

O(2)-C(9)-C(8)-C(7) 179.80(12) 

N(2)-C(9)-C(8)-C(7) -0.23(13) 

O(2)-C(9)-C(8)-C(11) -64.36(16) 

N(2)-C(9)-C(8)-C(11) 115.61(11) 

O(2)-C(9)-C(8)-C(10) 56.78(17) 

N(2)-C(9)-C(8)-C(10) -123.26(12) 

C(2)-C(7)-C(6)-C(5) -0.17(19) 

C(8)-C(7)-C(6)-C(5) -178.89(13) 

C(23)-C(1)-C(10)-C(8) 96.55(14) 

C(12)-C(1)-C(10)-C(8) -82.95(14) 

C(7)-C(8)-C(10)-C(1) -57.11(14) 

C(11)-C(8)-C(10)-C(1) 177.56(11) 
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C(9)-C(8)-C(10)-C(1) 58.19(14) 

C(11)-O(3)-C(13)-C(16) -103.35(13) 

C(11)-O(3)-C(13)-C(14) 132.01(12) 

O(3)-C(13)-C(14)-C(19) 70.75(14) 

C(16)-C(13)-C(14)-C(19) -48.83(16) 

O(3)-C(13)-C(14)-C(15) -53.63(14) 

C(16)-C(13)-C(14)-C(15) -173.21(12) 

C(3)-C(4)-C(5)-C(6) 0.0(2) 

C(7)-C(6)-C(5)-C(4) 0.2(2) 

C(7)-C(2)-C(3)-C(4) 0.0(2) 

N(2)-C(2)-C(3)-C(4) -179.99(13) 

C(5)-C(4)-C(3)-C(2) -0.1(2) 

O(3)-C(13)-C(16)-C(18) 60.52(15) 

C(14)-C(13)-C(16)-C(18) 179.55(12) 

O(3)-C(13)-C(16)-C(17) -176.67(11) 

C(14)-C(13)-C(16)-C(17) -57.64(16) 

C(24)-O(1)-C(20)-C(12) 5.23(18) 

C(24)-O(1)-C(20)-C(21) -175.71(12) 

C(1)-C(12)-C(20)-O(1) 179.58(11) 

C(1)-C(12)-C(20)-C(21) 0.57(19) 

O(1)-C(20)-C(21)-C(22) -179.06(12) 

C(12)-C(20)-C(21)-C(22) 0.0(2) 

C(20)-C(21)-C(22)-C(23) -0.5(2) 

C(12)-C(1)-C(23)-C(22) 0.18(19) 

C(10)-C(1)-C(23)-C(22) -179.33(12) 

C(21)-C(22)-C(23)-C(1) 0.4(2) 

________________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table 7.  Hydrogen bonds for t  [Å and °]. 

____________________________________________________________________________  

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

____________________________________________________________________________  
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9. Copies of NMR spectra 
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HMBC spectrums of 3a 
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10. Copies of HPLC chromatograms 
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