
S1 

Supporting Information 

Asymmetric Michael Addition of N-tert-Butanesulfinyl Imidate with 

α,β-unsaturated Diesters: Scope and Application to the Synthesis of Indanone 

Derivatives 

Jinfang Wang, Yu Zhou,
*
 Lei Zhang, Zeng Li,

 
Xianjie Chen and Hong Liu

 *
 

 

Shanghai Institute of Materia Medica, Chinese Academy of Sciences, 

555 Zuchongzhi Road, Shanghai 201203 

 

 zhouyu@mail.shcnc.ac.cn; hliu@mail.shcnc.ac.cn 

 

 

 

 

 

List of Contents 

1. General Information                                   S2   

2. Preparation and characterization of compounds            S2   

3. 1
H and 

13
C NMR spectra for all compounds                S28        

 

 

 

 

 

mailto:zhouyu@mail.shcnc.ac.cn
mailto:hliu@mail.shcnc.ac.cn


S2 

1. General Information 

Tetrahydrofuran (THF) was freshly distilled under nitrogen atmosphere from 

sodium/benzophenone ketyl. LDA was freshly prepared. All other chemicals were of 

commercial grade and used without further purification. Petroleum ether refers to the 

40-60 °C boiling fraction. 
1
H NMR (300 MHz), 

13
C NMR (75 MHz) spectra were 

recorded on a Mercury 300 spectrometer (300 MHz for 
1
H), and Variant MR-400 (100 

MHz for 
13

C) in deuterated solvents with tetramethylsilane (TMS, d = 0.0 ppm) as 

internal standard unless specified otherwise. All anaerobic and moisture-sensitive 

manipulations were carried out with standard Schlenk techniques under predried 

nitrogen or argon. Column Chromatography was performed with CombiFlash
®
 

companion system (Teledyne Isco. cn), silica gel was purchased from qingdaohaiyang 

(300-400 mesh). HPLC was performed on a JASCO 2000 instrument by using Daicel 

columns. LC-MS was performed on an Agilent 1100 instrument by column Eclipse 

XDB-C18 (4.6 × 150 mm, 5 μm) or Extend-C18 (4.6 × 150 mm, 5 μm). 

2. Preparation and characterization of compounds 

2.1 General procedure for the synthesis of 2a-2p  

 

To a solution of diethyl malonate (5.0 mmol, 1.0 equiv) in EtOH was added the 

corresponding aldehyde (5.0 mmol, 1.0 equiv), then a catalytic amount of HOAc and 

piperidine were added, the resulting mixture was heated to reflex overnight. The 

solvent of the reaction mixture was evaporated in vacuo, the crude product was 

purified by flash chromatography (petroleum ether/ethyl acetate = 20:1) to obtain 

2a-2p.  

2.2 General procedure for the synthesis of LDA 
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Under nitrogen atmosphere, to the solution of diisopropylamine (11 mmol, 1.1 equiv) 

in THF (20 ml) was added n-butyllithium (10 mmol, 1.0 equiv) slowly at -78 
o
C, the 

resulted solution was stirred for another 30 min to obtain freshly prepared LDA. 

2.3 General procedure for the synthesis of 3a to 3p 

 

Under nitrogen atmosphere, a solution of N-tert-butanesulfinyl imidate 1 (1.0 equiv, 

0.2 mmol) in THF (5.0 mL) was cooled to -78 
o
C, a solution of LDA (1.2 equiv, 0.24 

mmol, 0.25 mol/L) in THF was added slowly. And the resulting solution was stirred 

for 45 min at -78 
o
C. After deprotonation, a solution of 2 (1.5 equiv, 0.3 mmol) in 

THF (1.0 mL) was added dropwise, and the reaction mixture was stirred for another 2 

h at -78 
o
C. To the reaction mixture was added a saturated solution of NH4Cl (0.5 mL), 

followed by an aqueous solution of NaOH (2.0 mL, 1.0 N). The aqueous phase was 

extracted with EtOAc (3 × 20 mL). The combined organic phases were dried over 

anhydrous MgSO4, filtered and evaporated in vacuo. The crude product was purified 

by flash chromatography (petroleum ether/ethyl acetate = 4:1) to yield pure 3. 

2.4 General procedure for the synthesis of 5a 

 

To a solution of 3a (0.43 g, 1.0 mmol) in dioxane (10 mL) was added dropwise 

freshly prepared saturated HCl in dioxane (15 mL, ∼20 equiv HCl), the mixture was 

allowed to stir for 1 h. Then the reaction mixture was concentrated in vacuo. 

Precipitation in diethyl ether afforded 0.3 g (0.9 mmol) of pure 4a. Hydrochloride 4a 

(0.8 mmol) was dissolved in H2O (10 mL). The reaction mixture was stirred for 24 h 

at room temperature, subsequently poured into a saturated aqueous solution of 
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NaHCO3 (15 mL), and extracted with diethyl ether (3 × 15 mL). The combined 

organic phases were dried (MgSO4), filtered, and evaporated in vacuo. The crude 

product was purified by flash chromatography (petroleum ether/ethyl acetate = 5:1) to 

yield pure 5a. 

2.5 General procedure for the synthesis of 6 

 

To a solution of 3 (1.0 mmol) in dioxane (10 mL) was added dropwise freshly 

prepared saturated dioxane/HCl (15 mL, ∼20 equiv HCl). The mixture was allowed to 

stir for 1 h. Then the reaction mixture was concentrated in vacuo. Precipitation in 

diethyl ether afforded pure imidate hydrochloride. The hydrochloride was 

immediately dissolved in chloroform (10 mL). The reaction mixture was stirred for 16 

h at reflux temperature and subsequently evaporated in vacuo. The crude product was 

purified by flash chromatography (petroleum ether/ethyl acetate = 2:1) to yield pure 6.  

2.6 General procedure for the synthesis of 8 

Anhydrous benzene (35 mL) was added to a solution of Triton-B (40% w/w) in 

methanol (1.19 mmol) and the solution was concentrated under reduced pressure 

almost to dryness. Compound 6 (1.0 mmol) in 3.5 mL of anhydrous DMSO was 

added to the solution obtained previously and the mixture was stirred at 80 
o
C for 3 h, 

then poured into water (5.5 mL), dried over anhydrous MgSO4, filtered and 

concentrated. The residue was submitted to chromatography on silica gel (petroleum 

ether/ethyl acetate = 2:1) to yield the de-ethoxycarbonylated product 7. To the 

solution of 5% KOH in CH3OH-H2O was added compound 7 (100 mg) and the 

reaction system was stirred at reflux temperature. After the end of reaction, CH3OH 

was evaporated in vacuo. Water was added to the residue, then 
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alkali solution was added to the mixture to regulate pH value until it was less than 7, 

the aqueous phase was extracted with EtOAc (3 × 20 mL). The combined organic 

phases were dried (MgSO4), filtered and evaporated in vacuo. To the crude product 

was added 10 mL of HOAc, 7 mL of H2O and 1.5 mL of H2SO4 and the mixture was 

refluxed overnight, then cooled to room temperature, extracted with EtOAc and 

washed with water, saturated NaCl acqueous solution, the organic phases were dried 

over anhydrous MgSO4, evaporated in vacuo. The crude product was obtained and 

immediately used in the next step without purification. To a solution of the product 

obtained previously in dry CH2Cl2 (5.0 mL) was added oxalyl chloride (90 μL) and 

DMF (50 μL) at 0 
o
C, the mixture was stirred at room temperture for 30 min, and then 

evaporated in vacuo. Dry CH2Cl2 (5.0 mL) and AlCl3 (138 mg) were added to the 

residue and stirred for another 5 h. The reaction mixture was poured into ice water, 

filtered and extracted with EtOAc, washed with saturated acqueous NaCl solution, the 

organic phases were dried over MgSO4, evaporated in vacuo. The residue was 

submitted to chromatography on silica gel to yield (petroleum ether/ethyl acetate = 

2:1) product 8. 

2.7 Characterization data of 2a-2p 

  80% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.26-1.35 (m, 6H), 

4.27-4.36 (m, 4H), 7.34-7.40 (m, 3H), 7.43-7.46 (m, 2H), 7.73 (s, 1H); 
13

C NMR (100 

MHz, CDCl3): δ 15.3, 15.6, 63.1, 63.2, 127.7, 130.2, 130.9, 132.0, 134.3, 143.6, 165.6, 

168.2; HRMS (ESI) for C14H16O4 [M+H]
+
: calcd 249.1127, found 249.1117. 

 

72% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.27-1.35 (m, 6H), 

4.26-4.36 (m, 4H), 7.29-7.34 (m, 2H), 7.48-7.53 (m, 2H), 7.65 (s, 1H); 
13

C NMR (100 

MHz, CDCl3): δ 13.9, 14.1, 61.8, 61.9, 125.0, 126.9, 130.8, 131.8, 132.0, 140.7, 163.9, 

166.4; HRMS (ESI) for C14H15BrO4 [M+Na]
+
: calcd 349.0035, found 349.0051. 
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  77% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.14 (t, J = 5.4 Hz, 

3H), 1.32 (t, J = 5.4 Hz, 3H), 4.17-4.22 (m, 2H), 4.27-4.33 (m, 2H), 7.18-7.28 (m, 

2H), 7.38-7.41 (m, 1H), 7.58-7.60 (m,1H), 7.94 (s, 1H); 
13

C NMR (100 MHz, CDCl3): 

δ 13.8, 14.1, 61.6, 61.8, 124.5, 127.4, 128.8, 129.4, 131.2, 133.0, 133.9, 141.6, 163.6, 

165.6; HRMS (ESI) for C14H15BrO4 [M+Na]
+
: calcd 349.0051, found 349.0039. 

 

   80% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.31 (m, 6H), 

4.31 (m, 4H), 7.35 (m, 4H), 7.67 (s, 1H); 
13

C NMR (100 MHz, CDCl3): δ 15.3, 15.6, 

63.2, 63.3, 128.3, 130.5, 132.1, 132.8, 138.1, 142.1, 165.4, 167.9; HRMS (ESI) for 

C14H15ClO4 [M+Na]
+
: calcd 305.0557, found 305.0545. 

 

  85% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.31 (m, 6H), 

4.20 (m, 4H), 7.08 (m, 2H), 7.50 (m, 2H), 7.68 (s, 1H); 
13

C NMR (100 MHz, CDCl3): 

δ 13.9, 14.1, 61.7, 61.8, 116.0 (d, 
2
JCF = 17 Hz), 126.1, 129.1, 131.6 (d, 

3
JCF = 7 Hz), 

140.8, 163.9 (d, 
1
JCF = 200 Hz), 164.1, 166.6; HRMS (ESI) for C14H15FO4 [M+Na]

+
: 

calcd 289.0852, found 289.0861. 

 

  78% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.26 (t, J = 5.4 

Hz, 3H), 1.33 (t, J = 5.4 Hz, 3H), 4.31 (m, 4H), 7.53 (d, J = 6.3 Hz, 2H), 7.66 (d, J = 

6.3 Hz, 2H), 7.70 (s, 1H); 
13

C NMR (100 MHz, CDCl3): δ 14.6, 14.8, 62.76, 62.81, 

114.3, 118.9, 130.2, 130.4, 133.2, 138.1, 140.3, 164.1, 166.5; HRMS (ESI) for 

C15H15NO4 [M+Na]
+
: calcd 296.0899, found 296.0903. 

 

 85% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.27 (t, J = 5.8 

Hz, 3H), 1.33 (t, J = 5.4 Hz, 3H), 4.16 (q, J = 5.4 Hz, 2H), 3.7 (q, J = 7.2 Hz, 2H), 



S7 

7.58-7.61 (m, 2H), 7.74 (s, 1H), 8.20-8.24 (m, 2H); 
13

C NMR (100 MHz, CDCl3): δ 

13.9, 14.1, 62.08, 62.12, 123.9, 129.93, 129.98, 139.1, 139.2, 148.4, 163.3, 165.6; 

HRMS (ESI) for C14H15NO6 [M+Na]
+
: calcd 316.0797, found 316.0787. 

 

 75% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.27-1.33 (m, 6H), 

2.35 (s, 3H), 4.25-4.36 (m, 4H), 7.16 (d, J = 6.0 Hz, 2H), 7.34 (d, J = 6.3 Hz, 2H), 

7.69 (s, 1H); 
13

C NMR (100 MHz, CDCl3): δ 14.6, 14.9, 22.2, 62.3, 62.4, 125.9, 130.3, 

130.8, 141.9, 142.9, 165.0, 167.7; HRMS (ESI) for C15H18O4 [M+Na]
+
: calcd 

285.1103, found 285.1108. 

 

 81% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.30-1.34 (m, 6H), 

3.82 (s, 3H), 4.26-4.39 (m, 4H), 6.86-6.91 (m, 2H), 7.40-7.44 (m, 2H), 7.67 (s, 1H); 

13
C NMR (100 MHz, CDCl3): δ 14.6, 14.9, 56.0, 62.1, 62.3, 114.98, 124.3, 126.1, 

132.3, 142.5, 162.3, 165.2, 167.9; HRMS (ESI) for C15H18O5 [M+Na]
+
: calcd 

301.1052, found 301.1064. 

 

 80% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.28-1.35 (m, 

6H), 3.00 (s, 6H), 4.26 (q, J = 5.4 Hz, 2H), 4.6 (q, J = 5.4 Hz, 2H), 6.59-6.63 (m, 2H), 

7.35 (d, J = 6.9 Hz, 2H), 7.62 (s, 1H); 
13

C NMR (100 MHz, CDCl3): δ 14.0, 14.2, 

40.0, 61.1, 61.4, 111.5, 119.9, 120.1, 131.9, 142.7, 151.8, 165.1, 168.0; HRMS (ESI) 

for C16H21NO4 [M+Na]
+
: calcd 314.1368, found 314.1382. 

 

  74% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.15 (t, J = 5.4 Hz, 

3H), 1.33 (t, J = 5.4 Hz, 3H), 2.36 (s, 3H), 4.20 (q, J = 5.4 Hz, 2H), 4.30 (q, J = 5.4 

Hz, 2H), 7.11-7.33 (m, 4H), 7.96 (s, 1H); 
13

C NMR (100 MHz, CDCl3): δ 14.5, 14.8, 

20.6, 62.2, 62.3, 126.7, 128.5, 128.5, 130.7, 131.1, 133.4, 138.3, 142.4, 164.8, 167.0; 

HRMS (ESI) for C15H18O4 [M+Na]
+
: calcd 285.1103, found 285.1092. 
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  75% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.06 (t, J = 7.5 Hz, 

3H), 1.38 (t, J = 7.2 Hz, 3H), 4.16 (q, J = 7.2 Hz, 2H), 3.7 (q, J = 7.2 Hz, 2H), 

7.41-7.46 (m, 1H), 7.51-7.59 (m, 3H), 7.86-7.89 (m, 2H), 7.99-8.02 (m, 1H), 8.48 (s, 

1H); 
13

C NMR (100 MHz, CDCl3): δ 13.8, 14.2, 61.5, 61.8, 124.1, 125.2, 126.40, 

126.42, 126.9, 128.7, 129.3, 130.5, 130.8, 131.4, 133.4, 141.3, 164.0, 166.2; HRMS 

(ESI) for C18H18O4 [M+Na]
+
: calcd 321.1103, found 321.1111. 

 

  83% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.35 (m, 6H), 3.81 

(s, 3H), 4.31 (q, J = 5.4 Hz, 2H), 4.38 (q, J = 5.4 Hz, 2H), 7.23-7.35 (m, 4H), 7.71 (s, 

1H), 7.80 (m, 1H), 8.10 (d, J = 0.6 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 14.1, 

14.3, 33.5, 61.1, 61.4, 109.1, 109.9, 118.6, 121.4, 123.0, 128.5, 132.2, 134.9, 136.8, 

165.5, 168.1; HRMS (ESI) for C17H19NO4 [M+Na]
+
: calcd 324.1212, found 

324.1228. 

 

  80% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.33 (m, 6H), 4.29 

(q, J = 5.4 Hz, 2H), 4.37 (q, J = 5.4 Hz, 2H), 7.18-7.20 (m, 1H), 7.32-7.34 (m, 1H), 

7.62-7.64 (m, 1H), 7.71 (d, J = 0.6 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 14.0, 

14.1, 61.5, 61.7, 124.3, 126.9, 127.0, 130.8, 134.8, 135.3, 164.4, 166.9; HRMS (ESI) 

for C12H14O4S [M+Na]
+
: calcd 277.0511, found 277.0497. 

 

  77% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.31 (m, 6H), 4.25 

(q, J = 5.4 Hz, 2H), 4.37 (q, J = 5.4 Hz, 2H), 6.45-6.47 (m, 1H), 6.32 (d, J = 2.7 Hz, 

1H), 7.42 (s, 1H), 7.48 (d, J = 1.2 Hz ,1H); 
13

C NMR (100 MHz, CDCl3): δ 14.1, 14.1, 

61.5, 61.6, 112.6, 117.9, 122.0, 127.5, 146.1, 149.0, 164.2, 166.3; HRMS (ESI) for 

C12H14O5 [M+Na]
+
: calcd 261.0739, found 261.0792. 
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  81% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.08-1.33 (m, 11H), 

1.63-1.75 (m, 5H), 2.32-2.42 (m, 1H), 4.21 (q, J = 5.4 Hz, 2H), 4.90 (q, J = 5.4 Hz, 

2H), 6.79 (d, J = 7.8 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 14.8, 14.9, 25.9, 26.3, 

32.4, 39.7, 61.8, 61.9, 127.5, 154.3, 165.0, 166.5; HRMS (ESI) for C14H22O4 

[M+Na]
+
: calcd 277.1416, found 277.1427. 

2.8 Characterization data and HPLC of addition products 3a-3p 

94% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.91 (t, J = 7.5 

Hz, 3H), 0.97 (s, 9H), 1.27 (t, J = 6.9 Hz, 3H), 2.90 (dd, J = 4.5 Hz, 17.4 Hz, 1H), 

3.35-3.44 (m, 1H), 3.59 (s, 3H), 3.69 (d, J = 10.8 Hz, 1H), 3.83-3.96 (m, 3H), 4.22 (q, 

J = 7.2 Hz, 2H), 7.13-7.26 (m, 5H); 
13

C NMR (100 MHz, CDCl3): δ 13.6, 14.0, 21.6, 

36.6, 42.5, 53.9, 55.5, 57.4, 61.3, 61.8, 127.4, 128.2, 128.3, 138.8, 167.2, 167.8, 173.7; 

IR (KBr): v = 2981, 2947, 1751, 1734, 1614, 1456, 1367, 1254, 1157, 1078, 702 cm
-1

; 

HRMS (ESI) for C21H31NO6S [M+Na]
+
: calcd 448.1770, found 448.1759. 

Analytical HPLC: Agilent 1200 series, Extend-C18 Column (4.6×150 mm, 5 micron 

particle size), mobile phase H2O/CH3OH (the gradient of CH3OH is from 5% to 90% 

during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention time: 

22.60 min (maj), 23.51 min. 
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90% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.98 (t, J = 7.2 

Hz, 3H), 1.03 (s, 9H), 1.28 (t, J = 7.2 Hz, 3H), 2.91 (dd, J = 4.2 Hz, 15.2 Hz, 1H), 

3.34-3.42 (m, 1H), 3.59 (s, 3H), 3.65 (d, J = 10.8 Hz, 1H), 3.87-3.95 (m, 3H), 

4.19-4.26 (m, 2H), 7.09-7.13 (m, 2H), 7.37-7.41 (m, 2H); 
13

C NMR (100 MHz, 

CDCl3): δ 13.7, 14.0, 21.7, 36.4, 41.9, 54.0, 55.9, 57.2, 61.5, 62.0, 121.4, 130.0, 131.5, 

138.0, 167.0, 167.5, 172.9; IR (KBr): v = 2981, 2947, 1751, 1734, 1612, 1489, 1288, 

1254, 1178, 1074, 1010 cm
-1

; HRMS (ESI) for C21H30BrNO6S [M+H]
+
: calcd 

504.1055, found 504.1048. 

Analytical HPLC: Agilent 1200 series, Eclipse XDB-C18 Column (4.6×150 mm, 5 

micron particle size), mobile phase H2O/CH3OH (40:60); Flow = 0.8 mL/min; 

Detected by UV at 214 nm; Retention time: 25.53 min, 26.86 min (maj). 

 

 

 

 

90% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.978-1.025 (m, 

12H), 1.27 (t, J = 7.2 Hz, 3H), 2.61 (dd, J = 4.2 Hz, 14.4 Hz, 1H), 3.50 (s, 1H), 3.65 

(s, 3H), 3.77 (s, 1H), 3.91-3.98 (m, 2H), 4.18-4.28 (m, 2H), 4.54 (s, 1H), 7.02-7.08 (m, 

1H), 7.24-7.34 (m, 2H), 7.48-7.51 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 13.7, 14.0, 

21.7, 29.7, 35.7, 40.4, 54.0, 55.7, 61.5, 61.9, 125.2, 127.6, 128.8, 129.7, 133.2, 138.5, 
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167.1, 167.6, 173.3; IR (KBr): v = 2964, 2921, 1734, 1612, 1440, 1259, 1086, 1020, 

796 cm
-1

; HRMS (ESI) for C21H30BrNO6S [M+H]
+
: calcd 504.1055, found 504.1051.  

Analytical HPLC: Agilent 1200 series, Extend-C18 Column (4.6×150 mm, 5 micron 

particle size), mobile phase H2O/CH3OH (the gradient of CH3OH is from 5% to 90% 

during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention time: 

28.24 min (maj), 28.86 min. 

 

 

 

 

94% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.95 (t, J = 7.2 

Hz, 3H), 1.01 (s, 9H), 1.25 (t, J = 5.4 Hz, 3H), 2.88 (dd, J = 3.6 Hz, 10.8 Hz, 1H), 

3.32-3.39 (m, 1H), 3.57 (s, 3H), 3.63 (d, J = 8.1 Hz, 1H), 3.86-3.93 (m, 3H), 

4.17-4.23 (m, 2H), 7.13-7.16 (m, 2H), 7.19-7.22 (m, 2H); 
13

C NMR (100 MHz, 

CDCl3): δ 13.6, 14.0, 21.6, 36.4, 41.8, 53.9, 55.8, 57.2, 61.4, 61.9, 128.5, 129.6, 133.2, 

137.5, 167.0, 167.5, 172.9; IR (KBr): v = 2981, 2925, 1751, 1612, 1493, 1442, 1367, 

1290, 1178, 1074, 756 cm
-1

; HRMS (ESI) for C21H30ClNO6S [M+Na]
+
: calcd 

482.1380, found 482.1360. 

Analytical HPLC: Agilent 1200 series, Eclipse XDB-C18 Column (4.6×150 mm, 5 

micron particle size), mobile phase H2O/CH3OH (40:60); Flow = 0.8 mL/min; 

Detected by UV at 214 nm; Retention time: 11.22 min, 11.63 min (maj). 
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95% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.96 (t, J = 5.4 

Hz, 3H), 1.03 (s, 9H), 1.28 (t, J = 5.4 Hz, 3H), 2.90 (dd, J = 3.3 Hz, 10.5 Hz, 1H), 

3.35-3.41 (m, 1H), 3.59 (s, 3H), 3.65 (d, J = 8.1 Hz, 1H), 3.86-3.96 (m, 3H), 

4.19-4.26 (m, 2H), 6.92-6.98 (m, 2H), 7.17-7.21 (m, 2H); 
13

C NMR (100 MHz, 

CDCl3): δ 13.7, 14.0, 21.7, 36.6, 41.8, 53.9, 55.8, 57.5, 61.4, 61.9, 115.2 ( d, 
2
JCF = 22 

Hz ), 129.9 ( d, 
3
JCF = 8 Hz ), 134.7( d, 

4
JCF = 4 Hz ), 162.0 ( d, 

1
JCF = 244 Hz ), 167.2, 

167.7, 173.1; IR (KBr): v = 2922, 2852, 1741, 1600, 1513, 1369, 1255, 1165, 1078, 

845, 748 cm
-1

; HRMS (ESI) for C21H30FNO6S [M+H]
+
: calcd 444.1856, found 

444.1856. 

Analytical HPLC: Agilent 1200 series, Eclipse XDB-C18 Column (4.6×150 mm, 5 

micron particle size), mobile phase H2O/CH3OH (40:60); Flow = 0.8 mL/min; 

Detected by UV at 214 nm; Retention time: 23.81 min, 24.93 min (maj). 
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93% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.96 (t, J = 5.4 

Hz, 3H), 1.03 (s, 9H), 1.26 (t, J = 5.4 Hz, 3H), 2.94 (dd, J = 3.3 Hz, 10.8 Hz, 1H), 

3.38-3.45 (m, 1H), 3.55 (s, 3H), 3.67 (d, J = 8.4 Hz, 1H), 3.85-3.93 (m, 2H), 

3.96-4.02 (m, 1H), 4.17-4.25 (m, 2H), 7.36 (d, J = 6.3 Hz, 2H), 7.60 (d, J = 6.0 Hz, 

2H); 
13

C NMR (100 MHz, CDCl3): δ 13.7, 14.0, 21.7, 36.1, 42.4, 54.0, 56.1, 56.9, 

61.6, 62.1, 110.9, 119.0, 129.2, 132.2, 144.1, 166.8, 167.3, 172.5; IR (KBr): v = 2962, 

2925, 1753, 1734, 1618, 1460, 1259, 1176, 1076, 1026, 798 cm
-1

; HRMS (ESI) for 

C22H30N2O6S [M+H]
+
: calcd 451.1903, found 451.1913. 

Analytical HPLC: Agilent 1200 series, Extend- C18 Column (4.6×150 mm, 5 micron 

particle size), mobile phase H2O/CH3OH (40:60); Flow = 0.8 mL/min; Detected by 

UV at 214 nm; Retention time: 11.37 min (maj), 13.00 min. 
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92% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.99 (t, J = 5.4 Hz, 

3H), 1.05 (s, 9H), 1.29 (t, J = 5.4 Hz, 3H), 2.98 (dd, J = 3.3 Hz, 10.8 Hz, 1H), 

3.44-3.50 (m, 1H), 3.57 (s, 3H), 3.71 (d, J = 8.1 Hz, 1H), 3.86-3.97 (m, 2H), 

4.05-4.12 (m, 1H), 4.20-4.28 (m, 2H), 7.45 (d, J = 6.6 Hz, 2H), 7.39 (d, J = 6.6 Hz, 

2H); 
13

C NMR (100 MHz, CDCl3): δ 14.0, 21.8, 29.7, 36.1, 42.2, 54.1, 56.3, 57.0, 

61.7, 62.2, 123.6, 129.4, 147.0, 147.3, 166.9, 167.3, 171.6; IR (KBr): v = 2962, 2924, 

1732, 1637, 1523, 1348, 1259, 1076, 799 cm
-1

; HRMS (ESI) for C21H30N2O8S 

[M+Na]
+
: calcd 493.1621, found 493.1617.  

Analytical HPLC: Agilent 1200 series, Extend-C18 Column (4.6×150 mm, 5 micron 

particle size), mobile phase H2O/CH3OH (40:60); Flow = 0.8 mL/min; Detected by 

UV at 214 nm; Retention time: 8.67 min (maj), 10.26 min. 

 

 

 

91% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.94 (t, J = 6.9 Hz, 

3H), 0.97 (s, 9H), 1.26 (t, J = 6.9 Hz, 3H), 2.24 (s, 3H), 2.69 (dd, J = 4.5 Hz, 14.4 Hz, 

1H), 3.31-3.39 (m, 1H), 3.59 (s, 3H), 3.54 (d, J = 10.8 Hz, 1H), 3.83-3.92 (m, 3H), 

4.17-4.24 (m, 2H), 7.00-7.08 (m, 4H); 
13

C NMR (100 MHz, CDCl3): δ 13.6, 14.0, 

20.9, 21.6, 36.6, 42.0, 53.8, 55.5, 57.5, 61.2, 61.7, 128.0, 129.0, 135.7, 136.9, 167.2, 
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167.8, 173.9; IR (KBr): v = 2981, 2923, 2852, 1751, 1734, 1612, 1442, 1296, 1157, 

1076, 756 cm
-1

; HRMS (ESI) for C22H33NO6S [M+H]
+
: calcd 440.2107, found 

440.2105.  

Analytical HPLC: Agilent 1200 series, Eclipse XDB-C18 Column (4.6×150 mm, 5 

micron particle size), mobile phase H2O/CH3OH (40:60); Flow = 0.8 mL/min; 

Detected by UV at 214 nm; Retention time: 19.61 min, 20.67 min (maj). 

 

 

 

93% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.96 (t, J = 6.9 

Hz, 3H), 1.00 (s, 9H), 1.27 (t, J = 6.9 Hz, 3H), 2.87 (dd, J = 4.2 Hz, 14.1 Hz, 1H), 

3.31-3.40 (m, 1H), 3.59 (s, 3H), 3.64 (d, J = 10.8 Hz, 1H), 3.74 (s, 3H), 3.83-3.92 (m, 

3H), 4.18-4.25 (m, 2H), 6.74-6.79 (m, 2H), 7.09-7.14 (m, 2H); 
13

C NMR (100 MHz, 

CDCl3): δ 13.7, 14.0, 21.7, 36.7, 41.7, 53.9, 55.2, 57.6, 61.3, 61.8, 113.7, 129.3, 130.8, 

158.8, 167.3, 167.8, 173.8; IR (KBr): v = 2980, 2933, 1749, 1732, 1641, 1253, 1159, 

1077, 735 cm
-1

; HRMS (ESI) for C22H33NO7S [M+H]
+
: calcd 456.2056, found 

456.2056, found. 456.2056, found 456.2058.  

Analytical HPLC: Agilent 1200 series, Eclipse XDB-C18 Column (4.6×150 mm, 5 

micron particle size), mobile phase H2O/CH3OH (the gradient of CH3OH is from 5% 

to 90% during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention 

time: 36.81 min, 37.35 min (maj). 
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92% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.96 (t, J = 6.9 

Hz, 3H), 1.00 (s, 9H), 1.27 (t, J = 6.9 Hz, 3H), 2.87 (dd, J = 4.2 Hz, 14.1 Hz, 1H), 

3.31-3.40 (m, 1H), 3.59 (s, 3H), 3.64 (d, J = 10.8 Hz, 1H), 3.74 (s, 3H), 3.83-3.92 (m, 

3H), 4.18-4.25 (m, 2H), 6.74-6.79 (m, 2H), 7.09-7.14 (m, 2H); 
13

C NMR (100 MHz, 

CDCl3): δ 13.7, 14.0, 21.7, 36.7, 41.7, 53.9, 55.2, 57.6, 61.3, 61.8, 113.7, 129.3, 130.8, 

158.8, 167.3, 167.8, 173.8; IR (KBr): v = 2962, 2925, 2854, 1733, 1614, 1458, 1259, 

1092, 1018, 798 cm
-1

; HRMS (ESI) for C23H36N2O6S [M+Na]
+
: calcd 491.2192, 

found 491.2174.  

Analytical HPLC: Agilent 1200 series, Extend-C18 Column (4.6×150 mm, 5 micron 

particle size), mobile phase H2O/CH3OH (the gradient of CH3OH is from 5% to 90% 

during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention time: 

32.64 min (maj), 33.73 min. 
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91% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.87 (t, J = 5.4 

Hz, 3H), 0.97 (s, 9H), 1.27 (t, J = 5.4 Hz, 3H), 2.35 (s, 3H), 2.90 (dd, J = 3.3 Hz, 10.5 

Hz, 1H), 3.37-3.43 (m, 1H), 3.59 (s, 3H), 3.69 (d, J = 8.4 Hz, 1H), 3.80-3.86 (m, 2H), 

4.19-4.28 (m, 3H), 7.03 (d, J = 3.0 Hz, 2H), 7.10-7.13 (m, 1H), 7.21 (d, J = 5.7 Hz, 

1H); 
13

C NMR (100 MHz, CDCl3): δ 13.5, 14.0, 19.4, 21.6, 29.6, 36.5, 53.7, 55.5, 

61.2, 61.8, 126.1, 127.0, 130.4, 136.8, 137.2, 167.3, 167.9, 173.9; IR (KBr): v = 2981, 

2947, 1751, 1734, 1614, 1460, 1367, 1253, 1157, 1078, 764 cm
-1

; HRMS (ESI) for 

C22H33NO6S [M+Na]
+
: calcd 462.1926, found 462.1946. 

Analytical HPLC: Agilent 1200 series, Eclipse XDB-C18 Column (4.6×150 mm, 5 

micron particle size), mobile phase H2O/CH3OH (40:60); Flow = 0.8 mL/min; 

Detected by UV at 214 nm; Retention time: 27.40 min, 29.45 min (maj). 
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88% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.66 (t, J = 7.2 

Hz, 3H), 0.87 (s, 9H), 1.30 (t, J = 7.2 Hz, 3H), 3.07 (dd, J = 4.5 Hz, 14.4 Hz, 1H), 

3.37 (s, 3H), 3.53-3.61 (m, 1H), 3.65-3.72 (m, 2H), 3.90 (d, J = 10.8 Hz, 1H), 

4.23-4.30 (m, 2H), 4.91-4.99 (m, 1H), 7.40-7.55 (m, 4H), 7.70 (d, J = 7.8 Hz, 1H), 

7.78 (d, J = 8.7 Hz, 1H), 8.27 (d, J = 8.7 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 

12.3, 13.1, 20.5, 34.6, 36.1, 52.7, 54.5, 57.0, 60.3, 60.9, 122.4, 123.9, 124.2, 124.6, 

125.0, 126.9, 127.5, 130.8, 132.8, 134.8, 166.2, 167.0, 172.8; IR (KBr): v = 2962, 

2918, 1456, 1377, 1259, 1090, 1018, 798 cm
-1

; HRMS (ESI) for C25H33NO6S [M+H]
+
: 

calcd 476.2107, found 476.2110. 

Analytical HPLC: Agilent 1200 series, Elipse XDB-C18 Column (4.6×150 mm, 5 

micron particle size), mobile phase H2O/CH3OH (the gradient of CH3OH is from 5% 

to 90% during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention 

time: 38.77 min, 39.49 min (maj). 

 

 

 

91% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 0.84 (m, 12H), 

1.26 (t, J = 5.4 Hz, 3H), 2.94 (dd, J = 3.0 Hz, 10.2 Hz, 1H), 3.51-3.57 (m, 5H), 3.69 (s, 

3H), 3.80-3.88 (m, 3H), 4.17-4.31 (m, 3H), 6.98 (s, 1H), 7.05-7.20 (m, 3H), 7.61 (d, J 

= 6.0 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 13.5, 14.0, 21.4, 32.7, 33.9, 36.8, 53.9, 
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55.3, 57.4, 61.2, 61.6, 109.0, 112.2, 119.0, 121.5, 127.0, 127.2, 136.6, 167.6, 168.8, 

174.6; IR (KBr): v = 2981, 2921, 1732, 1610, 1473, 1282, 1241, 1068, 1027, 742 cm
-1

; 

HRMS (ESI) for C24H34N2O6S [M+H]
+
: calcd 479.2216, found 479.2202. 

Analytical HPLC: Agilent 1200 series, Extend-C18 Column (4.6×150 mm, 5 micron 

particle size), mobile phase H2O/CH3OH (40:60); Flow = 0.8 mL/min; Detected by 

UV at 214 nm; Retention time: 8.48 min (maj), 9.78 min. 

 

 

 

89% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.00 (t, J = 5.4 

Hz, 3H), 1.04 (s, 9H), 1.26 (t, J = 5.4 Hz, 3H), 2.88 (dd, J = 3.3 Hz, 10.8 Hz, 1H), 

3.33-3.39 (m, 1H), 3.62-3.65 (m, 4H), 3.91-3.97 (m, 2H), 4.05-4.12 (m, 1H), 

4.17-4.23 (m, 2H), 6.96-6.97 (m, 1H), 7.05-7.06 (m, 1H), 7.18-7.20 (m, 1H); 
13

C 

NMR (100 MHz, CDCl3): δ 13.7, 14.0, 21.7, 36.6, 37.9, 54.0, 55.7, 57.4, 61.4, 61.8, 

122.6, 125.6, 127.0, 139.5, 167.3, 167.6, 173.5; IR (KBr): v = 3084, 2979, 2924, 1739, 

1599, 1369, 1290, 1157, 1072, 1032 cm
-1

; HRMS (ESI) for C19H29NO6S2 [M+H]
+
: 

calcd 432.1515, found 432.1516. 

Analytical HPLC: Agilent 1200 series, Elipse XDB-C18 Column (4.6×150 mm, 5 

micron particle size), mobile phase H2O/CH3OH (40:60); Flow = 0.8 mL/min; 

Detected by UV at 214 nm; Retention time: 27.64 min, 27.79 min (maj). 



S20 

 

 

 

88% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.08-1.10 (m, 

12H), 1.26 (t, J = 5.4 Hz, 3H), 2.89 (dd, J = 3.3 Hz, 10.8 Hz, 1H), 3.37-3.43 (m, 1H), 

3.67 (s, 3H), 3.74 (d, J = 7.5 Hz, 1H), 3.99-4.10 (m, 3H), 4.16-4.24 (m, 2H), 

6.07-6.08 (m, 1H), 6.20-6.21 (m, 1H), 7.27-7.28 (m, 1H); 
13

C NMR (100 MHz, 

CDCl3): δ 13.8, 14.0, 21.7, 34.7, 36.0, 54.1, 55.5, 55.6, 61.5, 61.8, 107.4, 110.1, 141.9, 

152.2, 167.2, 167.4, 173.5; IR (KBr): v = 2981, 1734, 1612, 1442, 1367, 1288, 1155, 

1078, 1031, 739 cm
-1

; HRMS (ESI) for C19H29NO7S [M+Na]
+
: calcd 438.1562, found 

438.1578. 

Analytical HPLC: Agilent 1200 series, Elipse XDB-C18 Column (4.6×150 mm, 5 

micron particle size), mobile phase H2O/CH3OH (the gradient of CH3OH is from 5% 

to 90% during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention 

time: 28.56 min, 28.88 min (maj). 
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93% yield, oil; 
1
H NMR (300 MHz, CDCl3): δ 1.00-1.10 (m, 

3H), 1.19 (s, 9H), 1.23-1.27 (m, 6H), 1.32-1.39 (m, 1H), 1.60-1.80 (m, 7H), 2.68-2.75 

(m, 2H), 2.95-3.01 (m, 1H), 3.51 (d, J = 5.4 Hz, 1H), 3.75 (s, 3H), 4.10-4.22 (m, 4H); 

13
C NMR (100 MHz, CDCl3): δ 14.7, 14.8, 22.6, 27.0, 27.4, 29.5, 41.1, 41.3, 54.5, 

54.9, 56.7, 62.1, 62.2, 169.4, 169.7, 176.0; IR (KBr): v = 2962, 2929, 1753, 1732, 

1606, 1448, 1259, 1079, 1020, 796 cm
-1

; HRMS (ESI) for C21H37NO6S [M+Na]
+
: 

calcd 454.2239, found 454.2222. 

Analytical HPLC: Agilent 1200 series, Extend-C18 Column (4.6×150 mm, 5 micron 

particle size), mobile phase H2O/CH3OH (40:60); Flow = 0.8 mL/min; Detected by 

UV at 214 nm; Retention time: 25.24 min (maj), 30.26 min. 

 

 

2.9 Characterization data of 6a, 6d, 6e and 6i 

92% yield, oil;
 1

H NMR (300 MHz, CDCl3): δ 0.94 (t, J = 5.4 Hz, 
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3H), 1.20 (t, J = 5.4 Hz, 3H), 2.56 (dd, J = 7.2 Hz, 10.8 Hz, 1H), 2.67 (dd, J = 3.3 Hz, 

10.8 Hz, 1H), 3.73 (d, J = 7.5 Hz, 1H), 3.81-3.3.90 (m, 3H), 4.14 (dd, J = 5.4 Hz, 10.5 

Hz, 2H), 5.79 (d, J = 10.5 Hz, 2H), 7.15-7.26 (m, 5H); 
13

C NMR (100 MHz, CDCl3): 

δ 13.7, 14.0, 39.9, 41.9, 57.3, 61.4, 61.7, 127.3, 128.2, 128.5, 140.0, 167.7, 168.3, 

173.2; IR (KBr): v = 3420, 3258, 2980, 1744, 1670, 1501, 1257, 1150, 1044, 810 cm
-1

; 

HRMS (ESI) for C16H21NO5 [M+Na]
+
: calcd 330.1317, found 330.1342. 

 

88% yield, oil;
 1

H NMR (300 MHz, CDCl3): δ 1.01 (t, J = 5.4 Hz, 

3H), 1.23 (t, J = 5.4 Hz, 3H), 2.55 (dd, J = 7.2 Hz, 10.8 Hz, 1H), 2.71 (dd, J = 3.3 Hz, 

11.1 Hz, 1H), 3.73 (d, J = 7.5 Hz, 1H), 3.83-3.89 (m, 1H), 3.94 (dd, J = 5.4 Hz, 10.5 

Hz, 2H), 4.14-4.20 (m, 2H), 5.69 (s, 1H), 5.76 (s, 1H), 5.79 (dd, J = 1.5 Hz, 4.8 Hz, 

2H), 7.15-7.26 (dd, J = 1.8 Hz, 5.1 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ 13.7, 

13.9, 39.7, 41.1, 56.9, 61.4, 61.7, 128.5, 129.5, 133.0, 138.5, 167.4, 168.0, 172.6; IR 

(KBr): v = 3448, 3315, 2985, 1741, 1662, 1490, 1315, 1254, 1159, 1026, 835 cm
-1

; 

HRMS (ESI) for C16H20ClNO5 [M+Na]
+
: calcd 364.0928, found 364.0922. 

 

90% yield, oil; H NMR (300 MHz, CDCl3): δ 1.01 (t, J = 5.4 Hz, 

3H), 1.24 (t, J = 5.1 Hz, 3H), 2.57 (dd, J = 7.5 Hz, 11.1 Hz, 1H), 2.71 (dd, J = 3.3 Hz, 

11.1 Hz, 1H), 3.74 (d, J = 7.5 Hz, 1H), 3.85-3.97 (m, 3H), 4.16-4.22 (m, 2H), 5.90 (d, 

J = 9.9 Hz, 2H), 6.95 (t, J = 6.6 Hz, 2H), 7.21-7.24 (m, 2H); 
13

C NMR (100 MHz, 

CDCl3): δ 13.7, 13.9, 39.9, 41.1, 57.2, 61.4, 61.7, 115.2 ( d, 
2
JCF = 17 Hz ), 129.7 ( d, 

3
JCF = 7 Hz ), 135.6 ( d, 

4
JCF = 3 Hz ), 161.8 ( d, 

1
JCF = 195 Hz ), 167.5, 168.0, 172.9; 

IR (KBr): v = 3446, 3278, 2989, 1747, 1660, 1510, 1301, 1255, 1160, 1024, 840 cm
-1

; 

HRMS (ESI) for C16H20FNO5 [M+H]
+
: calcd 326.1404, found 326.1403. 
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 90% yield, oil;
 1

H NMR (300 MHz, CDCl3): δ 1.01 (t, J = 5.4 Hz, 

3H), 1.23 (t, J = 5.4 Hz, 3H), 2.55 (dd, J = 7.5 Hz, 10.8 Hz, 1H), 2.71 (dd, J = 3.3 Hz, 

10.8 Hz, 1H), 3.69-3.84 (m, 5H), 3.93 (dd, J = 5.4 Hz, 10.8 Hz, 2H), 4.17 (dd, J = 5.4 

Hz, 10.5 Hz, 2H), 5.58 (s, 1H), 5.62 (s, 1H), 6.76-6.80 (m, 2H), 7.15-7.26 (dd, J = 1.2 

Hz, 4.8 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ 13.7, 13.9, 40.2, 41.1, 55.1, 57.4, 

61.3, 61.6, 113.8, 129.1, 131.7, 158.6, 167.6, 168.2, 172.9; IR (KBr): v = 3408, 3192, 

2985, 1745, 1655, 1520, 1255, 1182, 1029 cm
-1

; HRMS (ESI) for C17H23NO6 

[M+Na]
+
: calcd 360.1423, found 360.1431. 

2.10 Characterization data and HPLC of 3-subsituted indanone derivatives 8a, 

8d, 8e and 8i 

 75% yield, colorless oil; 
1
H NMR (300 MHz, CDCl3): δ 2.38-2.47 (m, 

2H), 2.75 (dd, J = 4.5 Hz, 10.8 Hz, 1H), 3.01 (dd, J = 5.4 Hz, 14.4 Hz, 1H), 3.88-3.95 

(m, 1H), 5.58 (s, 1H), 5.69 (s, 1H), 7.40 (t, J = 5.4 Hz, 1H), 7.54 (dd, J = 0.6 Hz, 6.0 

Hz, 1H), 7.59-7.63 (m, 1H), 7.73 (d, J = 5.7 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 

34.6, 42.0, 43.2, 123.7, 125.5, 128.0, 135.0, 136.7, 157.1, 173.1, 205.5; IR (KBr): v = 

3320, 2922, 2544, 2378, 1701, 1635, 1464, 1423, 1288, 756 cm
-1

; HRMS (EI) for 

C11H11NO2 [M]
+
: calcd 189.0790, found 189.0788. 

HPLC: Chiral OZ column (250 mm); detected at 214 nm; hexane/i-propanol = 60/40; 

flow = 0.7 mL/min; Retention time: 14.49 min (maj), 22.55 min. 
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 77% yield, colorless oil; 
1
H NMR (300 MHz, CD3OD): δ 

2.38-2.49 (m, 2H), 2.79 (dd, J = 4.2 Hz, 11.1 Hz, 1H), 2.94 (dd, J = 5.4 Hz, 14.4 Hz, 

1H), 3.79-3.86 (m, 1H), 7.41-7.46 (m, 1H), 7.63-7.70 (m, 2H); 
13

C NMR (100 MHz, 

CD3OD): δ 34.0, 39.9, 41.6, 121.9, 124.6, 126.7, 133.9, 135.3, 156.8, 174.3; IR (KBr): 

v = 3323, 2921, 2459, 1700, 1630, 1460, 1421, 1289, 753 cm
-1

; HRMS (EI) for 
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C11H10ClNO2 [M]
+
: calcd 223.0400, found 223.0398. 

HPLC: Chiral OZ column (250 mm); detected at 214 nm; hexane/i-propanol = 60/40; 

flow = 0.7 mL/min; Retention time: 12.11 min (maj), 13.77 min. 

 

 

 

 85% yield, colorless oil; 
1
H NMR (300 MHz, CD3OD): δ 2.41-2.54 

(m, 2H), 2.76 (dd, J = 4.5 Hz, 9.9 Hz, 1H), 2.98 (dd, J = 5.7 Hz, 14.4 Hz, 1H), 



S26 

3.77-3.83 (m, 1H), 7.33 (dd, J = 2.1 Hz, 5.7 Hz, 1H), 7.40-7.45 (m, 1H), 7.73 (dd, J = 

3.3 Hz, 6.3 Hz, 1H); 
13

C NMR (100 MHz, CD3OD): δ 34.5, 40.7, 43.2, 108.4 (d, 
2
JCF 

= 18 Hz), 122.2 (d, 
2
JCF = 19 Hz), 127.5 (d, 

3
JCF = 7 Hz), 138.34 (d, 

3
JCF = 6 Hz), 

153.4, 162.6 (d, 
1
JCF = 196 Hz), 175.1, 205.3 (d, 

4
JCF = 2 Hz); IR (KBr): v = 3321, 

2923, 2542, 2370, 1703, 1638, 1452, 1420, 1288, 746 cm
-1

; HRMS (EI) for 

C11H10FNO2 [M]
+
: calcd 207.0696, found 207.0696. 

HPLC: Chiral OZ column (250 mm); detected at 214 nm; hexane/i-propanol = 60/40; 

flow = 0.7 mL/min; Retention time: 12.35 min (maj), 17.39 min. 

 

 
 



S27 

 82% yield, colorless oil; 
1
H NMR (300 MHz, CD3OD): δ 

2.35-2.50 (m, 2H), 2.73 (dd, J = 4.2 Hz, 10.8 Hz, 1H), 2.95 (dd, J = 5.4 Hz, 14.4 Hz, 

1H), 3.72-3.78 (m, 1H), 3.83 (s, 3H), 7.15 (d, J = 1.8 Hz, 1H), 7.26 (dd, J = 2.1 Hz, 

6.3 Hz, 1H), 7.53 (d, J = 6.3 Hz, 1H); 
13

C NMR (100 MHz, CD3OD): δ 34.4, 41.1, 

43.2, 54.7, 104.5, 123.6, 126.4, 137.6, 150.5, 160.0, 175.4; IR (KBr): v = 3330, 2922, 

2548, 2403, 1705, 1641, 1492, 1425, 1306, 1280, 1024, 850 cm
-1

; HRMS (EI) for 

C12H13NO3 [M]
+
: calcd 219.0895, found 219.0889. 

HPLC: Chiral OZ column (250 mm); detected at 214 nm; hexane/i-propanol = 60/40; 

flow = 0.7 mL/min; Retention time: 20.63 min (maj), 22.93 min. 
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H and 
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C NMR spectra for all compounds   
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