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1. General Informationc 

General Procedures and Methods 

Experiments involving moisture and/or air sensitive components were performed under a 

positive pressure of nitrogen in oven-dried glassware equipped with a rubber septum inlet. 

Dried solvents and liquid reagents were transferred by oven-dried syringes or hypodermic 

syringe cooled to ambient temperature in a desiccator. Reactions mixtures were stirred in 4 

mL sample vial with Teflon-coated magnetic stirring bars unless otherwise stated. Moisture in 

non-volatile reagents/compounds was removed under high vacuum by means of an oil pump 

and subsequent purging with nitrogen. Solvents were removed in vacuo under ~30 mmHg and 

heated with a water bath at 30–35 °C using Changcheng rotary evaporator with Changcheng 

aspirator. The condenser was cooled with running water at 0 °C. 

All experiments were monitored by analytical thin layer chromatography (TLC). TLC was 

performed on pre-coated plates, Qingdao Shenghai Chemicals (P. R. China) 60 F254. After 

elution, plate was visualized under UV illumination at 254 nm for UV active material. Further 

visualization was achieved by staining KMnO4, ceric molybdate, or anisaldehyde solution. 

For those using the aqueous stains, the TLC plates were heated on a hot plate. 

Columns for flash chromatography (FC) contained silica gel 200-300 mesh (Qingdao 

Haiyang). Columns were packed as slurry of silica gel in petroleum ether and equilibrated 

solution using the appropriate solvent system. The elution was assisted by applying pressure 

of about 2 atm with an air pump. 

Instrumentations 

Proton nuclear magnetic resonance (1H NMR), carbon NMR (13C NMR), and fluorine (19F 

NMR) spectra were recorded in CDCl3 unless otherwise stated. 1H (400 MHz), 13C (100 MHz) 

and 19F NMR (376 MHz) were performed on a Bruker AVANCE-III (400MHz) spectrometer. 

Chemical shifts are reported in parts per million (ppm), using the residual solvent signal as an 

internal standard: CDCl3 (
1H NMR: δ 7.26, singlet; 13C NMR: δ 77.0, triplet). Multiplicities 

were given as: s (singlet), d (doublet), t (triplet), q (quartet), quintet, m (multiplets), dd 

(doublet of doublets), dt (doublet of triplets), and br (broad). Coupling constants (J) were 

recorded in Hertz (Hz). The number of proton atoms (n) for a given resonance was indicated 

by nH. The number of carbon atoms (n) for a given resonance was indicated by nC. HRMS 
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was reported in units of mass to charge ratio (m/z). Mass samples were dissolved in CH3CN 

(HPLC Grade) unless otherwise stated. 

Enantiomeric excesses were determined by chiral High Performance Liquid Chromatography 

(HPLC) analysis. UV detection was monitored at 254 nm and 210 nm at the same time. HPLC 

samples were dissolved in HPLC grade isopropanol (IPA) unless otherwise stated. 

Materials 

All commercial reagents were purchased from Sigma-Aldrich, J&K, Alfa-Aesar, TCI and 

Aladdin and were of the highest purity grade. They were used without further purification 

unless specified. All solvents used, mainly petroleum ether (PE) and ethyl acetate (EtOAc), 

were distilled. Anhydrous DCM and MeCN were freshly distilled from CaH2 and stored under 

N2 atmosphere. THF, Et2O and toluene were freshly distilled from sodium/benzophenone 

before use. All compounds synthesized were stored in a −20 °C freezer and light-sensitive 

compounds were protected with aluminium foil. 
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2. Typical experimental procedure for Michael reaction catalyzed by chiral bicyclic 

guanidine 

 

1a (14.7 mg, 0.075 mmol, 1.5 equiv.), Et3N (0.5 mg, 0.005 mmol, 0.1 equiv.) and I (1.1 mg, 

0.005 mmol, 0.1 equiv.) were added into toluene (0.1 mL) and stirred at 10 oC for 5 minutes. 

Then 2 (0.05 mmol, 1.0 equiv.) was added. The reaction mixture was stirred at 10 oC and 

monitored by TLC. Upon complete consumption of 2, the reaction mixture was directly 

loaded onto a short silica gel column, followed by gradient elution with PE/EtOAc mixture 

(20/1 – 5/1 ratio). After removing the solvent, product 3a (12.1 mg) was obtained as colorless 

oil in 93% yield. 
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3. Characterization of Michael adducts 

Colorless oil, 93% yield; 92% ee; dr = 3.0:1; 1H NMR (400 MHz, CDCl3) δ 

8.06–8.02 (m, 2H), 7.63–7.60 (m, 1H), 7.507.46 (m, 2H), 3.84–3.81 (m, 

3H), 3.55–3.38 (m, 1H), 2.54–2.11 (m, 5H), 2.04–1.97 (m, 1H); 13C NMR 

(100 MHz, CDCl3) δ 216.4, 216.0, 190.9, 167.4, 167.1, 134.5, 133.7, 130.0, 

129.9, 128.9, 101.2 (d, JC-F = 201 Hz), 53.7, 41.1, 40.9, 40.7, 38.8 (two 

peaks), 38.3, 38.1, 23.0 (two peaks), 14.2;19F NMR (376 MHz, CDCl3) δ –172.98, –173.05. 

HRMS (ESI) m/z Found 279.1034 [M+H]+, calc. for C15H16FO4 279.1033. 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 210 nm; retention time: 18.4 min 

(major), 27.1 min (minor). 
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1 13.19 624.4 43.9 24.756 

2 14.865 619.5 35.7 24.563 
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Total  2522.2 119.4 100.000 

min0 5 10 15 20 25 30

mAU   

0

50

100

150

200

250

300

350
400

波长 VWD1 A, =210 nm (JZZ-1\JZZ7023.D)

 1
3.

20
5

 1
4.

94
2

 1
8.

35
4

 2
7.

14
9

 

 

 

 

 

OAr
O

OR
O

F

3a: Ar =Ph
R = Me

H



6 
 

 6

Peak﹟ Ret.Time Area Height Area % 

1 13.205 3663.4 246.5 22.579 

2 14.942 373.8 20.1 2.304 

3 18.354 11694.4 438.4 72.077 

4 27.149 493.2 7.7 3.040 

Total  16224.8 712.7 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 18.354 11694.4 438.4 95.953 

2 27.149 493.2 7.7 4.047 

Total  12187.6 446.1 100.000 

Colorless oil, 92% yield; 90% ee; dr = 3.0:1;  1H NMR (400 MHz, CDCl3) 

δ 8.06-8.03 (m, 2H), 7.62–7.59 (m, 1H), 7.50–7.45 m, 2H), 4.37–4.21 (m, 

2H), 3.54–3.38 (m, 1H), 2.55–2.11 (m, 5H), 2.04–2.0 (m, 1H), 1.26–1.21 (m, 

3H); 13C NMR (100 MHz, CDCl3) δ 216.4, 216.1, 191.1, 190.8, 166.8, 

166.5, 134.3, 134.2, 133.6 (two peaks), 129.8 (two peaks), 128.8, 100.0 (d, 

JC-F = 201 Hz), 63.1, 63.0, 62.7, 62.6, 40.9, 40.7, 40.6, 40.4, 38.8, 38.7, 38.3 (two peaks), 38.2, 

38.0, 23.1, 23.0, 22.8, 22.7, 16.3, 16.2, 14.0 (two peaks); 19F NMR (376 MHz, CDCl3) δ 

–172.96, –173.02. 

HRMS (ESI) m/z Found 293.1190 [M+H]+, calc. for C16H18FO4 293.1189. 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 18.4 min 

(major), 22.7 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 13.519 11913.3 711.2 21.864 

2 14.551 12136.8 593.6 22.274 

3 18.578 15172.2 543.2 27.845 

4 22.552 15265.3 281.3 28.016 

Total  54487.6 2129.3 100.000 

min5 10 15 20 25

mAU   

0

200

400

600

800

1000

波长 VWD1 A, =254 nm (JZZ-1\JZZ7014002181.D)

 1
3.

63
2

 1
4.

71
5

 1
8.

41
1

 2
2.

67
4

 

Peak﹟ Ret.Time Area Height Area % 

1 13.632 8496.4 562.3 19.967 

2 14.715 1073.6 55.6 2.523 

3 18.411 31301.8 1091.4 73.560 

4 22.674 1680.9 34.1 3.950 

Total  42552.7 1743.4 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 18.411 31301.8 1091.4 94.904 

2 22.674 1680.9 34.1 5.096 

Total  32982.7 1125.5 100.000 

Colorless oil, 90% yield; 93% ee; dr = 3.6:1; 1H NMR (400 MHz, CDCl3) δ 

8.11–8.08 (m, 2H), 7.18–7.12 (m, 2H), 3.83–3.80 (m, 3H), 3.52–3.38 (m, 

1H), 2.53–2.09 (m, 5H), 2.02–1.96 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

219.0, 216.0, 215.7, 189.4, 189.1, 167.6, 167.1, 166.9, 165.1, 132.9, 132.8, 

132.8, 132.7, 129.9, 116.2, 115.9, 100.2 (d, JC-F = 201 Hz), 53.6, 40.7, 40.6, 

40.4, 38.6 (two peaks), 38.2, 38.1, 37.9, 23.0, 23.0, 22.8, 22.8; 19F NMR (376 MHz, CDCl3) δ 

–102.0, –102.1, –172.7, –172.8. 

HRMS (ESI) m/z Found 297.0937 [M+H]+, calc. for C15H16FO5 297.0938. 
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The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 14.2 min 

(major), 19.1 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 11.492 4310.3 339.4 23.615 

2 12.798 4330.2 278 23.724 

3 14.342 4786.1 254.9 26.222 

4 18.949 4825.8 106.9 26.439 

Total  18252.4 979.2 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 11.48 4027.3 310.5 20.557 

2 12.824 363.7 22.3 1.856 

3 14.233 14647.9 708 74.770 

4 19.078 551.7 12.3 2.816 

Total  19590.6 1053.1 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 14.233 14647.9 708 96.371 

2 19.078 551.7 12.3 3.629 

Total  15199.6 720.3 100.000 

Colorless oil, 90% yield; 93% ee; dr = 3.5:1; 1H NMR (400 MHz, CDCl3) δ 

8.01–7.98 (m, 2H), 7.47–7.44 (m, 2H), 3.84–3.81 (m, 3H), 3.53 (m, 1H), 

2.54–2.08 (m, 5H), 2.03–1.95 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 

216.0, 215.6, 189.8, 189.6, 167.0, 166.8, 141.0, 131.8, 131.3, 131.2, 129.2, 

128.8, 100.1 (d, JC-F = 201 Hz), 99.9, 53.7, 53.6, 40.9, 40.7, 40.6, 40.4, 38.6 

(two peaks), 38.2 (two peaks), 38.1, 37.9, 22.9, 22.8 (two peaks); 19F NMR (376 MHz, CDCl3) 

δ –172.9, –173.0. 

HRMS (ESI) m/z Found 313.0644 [M+H]+, calc. for C15H14FO4 313.0643. 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 14.5 min 

(major), 20.1 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 11.787 5233.3 394.4 22.605 

2 13.122 5260.4 322.4 22.722 

3 14.645 6394.0 316.2 27.619 

4 20.010 6263.3 129.5 27.054 

Total  23151 1162.5 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 11.741 4122.6 314.6 19.454 

2 13.113 415 24.4 1.959 

3 14.48 16070.5 748.7 75.834 

4 20.116 583.4 12.4 2.753 

Total  21191.5 1100.1 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 14.48 16070.5 748.7 96.497 

2 20.116 583.4 12.4 3.503 

Total  16653.9 761.1 100.000 

Colorless oil, 77% yield; 91% ee; dr = 3.8:1; 1H NMR (400 MHz, CDCl3) δ 

7.94–7.89 (m, 2H), 7.64–7.60 (m, 2H), 3.83–3.80 (m, 3H), 3.52–3.36 (m, 

1H), 2.54–2.06 (m, 4H), 2.02–1.95 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 

216.1, 190.2, 190.0, 167.2, 166.9, 132.3 (two peaks), 131.5, 131.4, 130.1, 

100.3 (d, JC-F = 201 Hz), 53.8, 41.1, 40.8, 40.55, 38.8, 38.7, 38.4, 38.3 (two 

peaks), 38.04, 23.1, 22.9 (two peaks); 19F NMR (376 MHz, CDCl3) δ –173.0, –173.1. 

HRMS (ESI) m/z Found 357.0137 [M+H]+, calc. for C15H15BrFO4 357.0138. 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 16.4 min 

(major), 22.6 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 12.909 8506.7 552.3 22.422 

2 14.528 8532.9 434 22.491 

3 16.378 10364.4 412.9 27.319 

4 21.925 10534.8 193.1 27.768 

Total  37938.8 1592.3 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 12.932 2779.8 189.8 18.854 

2 14.681 353.5 18.9 2.398 

3 16.386 11087 430.3 75.198 

4 22.649 523.4 9.8 3.550 

Total  14743.7 648.8 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 16.386 11087 430.3 95.492 

2 22.649 523.4 9.8 4.508 

Total  11610.4 440.1 100.000 

Colorless oil, 79% yield; 91% ee; dr = 2.9:1; 1H NMR (400 MHz, CDCl3) δ 

8.19–8.14 (m, 1H), 8.00–7.97 (m, 1H), 7.74 (d, J = 7.9 Hz, 1H), 7.39–7.34 

(m, 1H), 3.85–3.82 (m, 3H), 3.52–3.36 (m, 1H), 2.52–2.36 (m, 2H), 

2.32–2.19 (m, 2H), 2.16–2.09 (m, 1H),2.03–1.96 (m, 1H); 13C NMR (100 

MHz, CDCl3) δ 215.8, 190.3, 189.9, 189.6, 166.8, 166.6, 137.2, 137.1, 

135.2, 135.1, 132.6 (two peaks), 132.6, 130.3, 128.4, 128.3, 123.0, 100.1 (d, JC-F = 201 Hz), 

53.7 (two peaks), 41.0, 40.8, 40.7, 40.5, 38.6, 38.5, 38.2 two peaks), 38.1, 37.9, 23.0, 22.9, 

22.8 (two peaks); 19F NMR (376 MHz, CDCl3) δ –173.19, –173.24. 
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HRMS (ESI) m/z Found 357.0138 [M+H]+, calc. for C15H15BrFO4 357.0138. 

The ee was determined by HPLC analysis. LUX Amylose-2 (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 19.1 min 

(major), 39.2 min (minor). 
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1 13.042 28330.1 1812.9 23.674 

2 14.665 28348.2 1451 23.689 

3 18.121 31364.7 1155.4 26.210 

4 25.372 31625.3 460.8 26.427 

Total  119668.3 4880.1 100.000 
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1 13.273 5652.8 362.5 54.938 

2 15.034 376.9 20.3 3.663 

3 18.657 3312 126.2 32.188 

4 24.243 947.7 32.8 9.211 

Total  10289.4 541.8 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 19.872 10634.5 186.3 95.400 

2 39.164 512.7 4.2 4.600 

Total  11147.2 190.5 100.000 

Colorless oil, 84% yield; 85% ee; dr = 1.5:1; 1H NMR (400 MHz, CDCl3) δ 

7.68–7.54 (m, 2H), 7.28–7.23(m, 1H), 7.17–7.11 (m, 1H), 3.90–3.87 (m, 

3H), 3.49–3.33 (m, 1H), 2.44–1.98 (m, 5H), 1.88–1.78 (m, 1H); 13C NMR 

(100 MHz, CDCl3) δ 215.7, 215.6, 192.7, 192.4, 166.0, 165.8, 165.6, 161.0, 

159.4, 135.2, 135.1, 135.0, 130.6, 130.5, 124.6 (two peaks), 124.6, 124.5, 

116.5 (two peaks), 116.3 (two peaks), 99.8 (d, JC-F = 202 Hz), 99.5 (d, JC-F = 202 Hz), 53.5, 

53.4, 41.6, 41.4 (two peaks), 41.2, 38.4 (two peaks), 38.0 (two peaks), 29.7, 23.1, 23.0, 22.9 

(two peaks); 19F NMR (376 MHz, CDCl3) δ –102.0,–102.1, –172.7, –172.8; 

HRMS (ESI) m/z Found 297.0939 [M+H]+, calc. for C15H15F2O4 297.0938. 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 14.3 min 

(major), 16.2 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 14.426 2721.5 157.6 18.521 

2 16.19 2746.5 130.1 18.691 

3 18.139 4595.7 174.1 31.276 

4 24.391 4630.3 90.5 31.511 

Total  14694 552.3 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 14.32 4107.7 239.2 49.065 

2 16.155 336.5 17.5 4.019 

3 18.056 3617.3 144.6 43.207 

4 24.532 310.4 6.3 3.708 

Total  8371.9 407.6 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 14.32 4107.7 239.2 92.429 

2 16.155 336.5 17.5 7.571 

Total  4444.2 256.7 100.000 

Colorless oil, 91% yield; 82% ee; dr = 1.6:1; 1H NMR (400 MHz, CDCl3) δ 

7.47–7.39 (m, 3H), 7.37–7.30 (m, 1H), 3.92–3.88 (m, 3H), 3.58–3.40 (m, 

1H), 2.49–2.14 (m, 5H),1.99–1.83 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 

215.5, 215.3, 195.3, 195.20, 195.0, 194.9, 166.0, 165.9, 165.8, 165.6, 135.2 

(two peaks), 135.1 (two peaks), 132.5 (two peaks), 131.6 (two peaks), 130.7 

(two peaks), 128.9 (two peaks), 128.8, 128.7, 126.5, 100.3 (d, JC-F = 202 Hz), 100.1 (d, JC-F = 

202 Hz), 62.6(two peaks), 53.7(two peaks), 42.1, 41.9, 41.7, 38.2, 38.1, 37.8, 23.0, 22.9 (two 

peaks), 22.8, 16.2 (two peaks); 19F NMR (376 MHz, CDCl3) δ –176.1, –176.4. 

HRMS (ESI) m/z Found 313.0642 [M+H]+, calc. for C15H15ClFO4 313.0643 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 15.6 min 

(major), 22.6 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 15.99 1501.7 76.4 17.149 

2 19.959 2883 100.5 32.924 

3 23.006 1500 37.2 17.131 

4 25.911 2871.8 68.1 32.796 

Total  8756.5 282.2 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 15.622 3718.7 191 56.723 

2 19.57 270.9 10 4.132 

3 22.58 360.7 9.8 5.502 

4 25.228 2205.6 56.4 33.643 

Total  6555.9 267.2 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 15.622 3718.7 191 91.158 

2 22.58 360.7 9.8 8.842 

Total  4079.4 200.8 100.000 

Colorless oil, 74% yield; 81% ee; dr = 1.5:1; 1H NMR (400 MHz, CDCl3) δ 

7.67–7.63 (m, 1H), 7.46–7.32 (m, 3H), 3.92–3.88 (m, 3H), 3.60–3.42 (m, 

1H), 2.54–2.16 (m, 5H), 1.99–1.84 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 

215.6, 215.4, 195.6, 195.4, 195.3, 195.1, 166.1, 166.0, 165.9, 165.7, 136.8 

(three peaks), 134.1, 134.1, 132.6 (two peaks), 129.0 (two peaks), 128.8 

(two peaks), 127.0, 100.0 (d, JC-F = 203 Hz), 53.8 (two peaks), 42.1, 41.9 (two peaks), 41.6, 

38.4, 38.3, 38.2 (two peaks), 37.9, 23.0; 19F NMR (376 MHz, CDCl3) δ –175.6, –175.9. 

HRMS (ESI) m/z Found 357.0137 [M+H]+, calc. for C15H15BrFO4 357.0138 

OOOF3i:Ar=R=H
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The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 15.9 min 

(major), 23.6 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 15.685 1344.9 65.3 16.612 

2 19.161 2693.4 95.9 33.268 

3 23.13 1357.5 32.3 16.768 

4 26.503 2700.3 61.9 33.353 

Total  8096.1 255.4 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 15.924 6461.9 299.7 55.448 

2 19.534 542.1 19.5 4.651 

3 23.569 686 17.3 5.887 

4 26.662 3964 88.5 34.014 

Total  11654.0 425 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 15.924 6461.9 299.7 90.403 

2 23.569 686 17.3 9.597 

Total  7147.9 317 100.000 

Colorless oil, 87% yield; 93% ee; dr = 3.6:1; 1H NMR (400 MHz, CDCl3) δ 

7.98–7.93 (m, 2H), 7.29–7.28 (m, 1H), 3.82–3.80 (m, 3H), 3.54–3.37 (m, 

1H), 2.55–2.09 (m, 8H), 2.03–1.95 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

216.4, 216.0, 190.5, 190.2, 167.4, 167.2, 145.6, 131.1, 131.0 (three peaks), 

129.5, 100.1 (d, JC-F = 201 Hz), 62.7, 62.6, 53.5, 41.01, 40.8, 40.7, 40.5, 

38.8, 38.7, 38.4, 38.2, 38.0, 23.0, 22.9, 22.8, 21.8, 16.3, 16.2; 19F NMR (376 MHz, CDCl3) δ 

-172.8, -172.9. 

HRMS (ESI) m/z Found 293.1190 [M+H]+, calc. for C16H18FO4 293.1189 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 18.7 min 

(major), 30.3 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 14.326 5534 341.5 24.226 

2 15.923 5531.9 275.9 24.217 

3 18.677 5907.4 225.8 25.861 

4 29.661 5869.8 85.8 25.696 

Total  22843.1 929.0 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 14.475 4064.7 249.4 20.406 

2 16.188 441.8 20.7 2.218 

3 18.704 14845.8 506.2 74.528 

4 30.322 567.4 8.4 2.848 

Total  19919.7 784.7 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 18.704 14845.8 506.2 96.319 

2 30.322 567.4 8.4 3.681 

Total  15413.2 514.6 100.000 

Colorless oil, 91% yield; 93% ee; dr = 3.6:1; 1H NMR (400 MHz, CDCl3) 

δ 8.09–8.04 (m, 2H), 6.95–6.92 (m, 2H), 3.88–3.87 (m, 3H), 3.82–3.79 

(m, 3H), 3.54–3.38 (m, 1H), 2.56–2.33 (m, 2H), 2.33–2.08 (m, 3H), 

2.01–1.94 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 216.2, 190.6, 190.4, 

167.2, 167.0, 159.8, 134.6, 129.8, 122.4 (two peaks), 121.2 (two peaks), 

113.7, 113.6, 100.0 (d, JC-F = 202 Hz), 99.9, 55.4, 53.5, 40.7, 40.5, 38.7, 38.6, 38.1, 37.9, 22.8 

(two peaks); 19F NMR (376 MHz, CDCl3) δ –172.36, –172.41. 

HRMS (ESI) m/z Found 309.1137 [M+H]+, calc. for C16H18FO5 309.1138 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 70/30; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 35.7 min 

(major), 41.5 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 22.485 2245.4 80 24.317 

2 27.809 2249.1 54.6 24.357 

3 35.506 2366.8 41.7 25.632 

4 40.682 2372.5 27.5 25.694 

Total  9233.8 203.8 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 22.799 914.9 31.3 19.168 

2 28.396 121.3 2.3 2.540 

3 35.684 3600.7 59.8 75.438 

4 41.503 136.2 1.5 2.854 

Total  4773.1 94.9 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 35.685 3604.6 59.8 96.467 

2 41.519 132 1.5 3.533 

Total  3736.6 61.3 100.000 

Colorless oil, 64% yield; 94% ee; dr = 4.3:1; 1H NMR (400 MHz, 

CDCl3) δ 8.15–8.11 (m, 2H), 7.67–7.59 (m, 4H), 7.50–7.47 (m, 2H), 

3.85–3.82 (m, 3H), 3.56–3.40 (m, 1H), 2.55–2.12 (m, 4H), 2.05–1.98 

(m, 2H); 13C NMR (100 MHz, CDCl3) δ 216.1, 215.8, 190.4, 190.1, 

167.2, 167.0, 145.7, 138.4, 132.5, 132.5, 132.2, 130.6, 130.5, 128.8, 

127.1, 123.1, 100.2 (d, JC-F = 201 Hz), 53.6, 41.0, 40.8, 40.7, 40.5, 38.68, 38.7, 38.3, 38.1, 

37.9, 29.7, 23.0, 22.8 (two peaks); 19F NMR (376 MHz, CDCl3) δ –172.9, –173.0. 

HRMS (ESI) m/z Found 455.0272 [M+Na]+, calc. for C21H18BrFMNaO5 455.0270 
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The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 75/25; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 10.2 min 

(major), 13.7 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 10.176 4761.8 217 28.053 

2 11.215 3750 153.5 22.092 

3 13.621 4765.6 154 28.074 

4 14.733 3697.4 104.3 21.782 

Total  16974.8 628.8 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 10.159 1442.5 65.1 78.268 

2 11.227 35.3 1.2 1.914 

3 13.67 43.3 1.4 2.347 

4 14.769 322 9 17.471 

Total  1843.1 76.7 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 10.159 1442.5 65.1 97.089 

2 13.67 43.3 1.4 2.911 

Total  1485.8 66.5 100.000 

Colorless oil, 93% yield; 87% ee; dr = 3.0:1; 1H NMR (400 MHz, CDCl3) 

δ 7.70–7.65 (m, 1H), 7.44–7.40 (m, 1H), 7.30–7.24 (m, 2H), 3.89–3.86 

(m, 3H), 3.62–3.44 (m, 1H), 2.462.42 (m, 3H), 2.37–2.09 (m, 5H), 

1.98–1.80 (m, 1H); 13C NMR (100MHz, CDCl3) δ 216.0, 215.7, 195.6 

195.4 167.0, 166.7, 139.2, 134.0, 132.3, 132.0, 129.2 (two peaks), 125.5, 

100.0 (d, JC-F = 204 Hz), 53.6, 41.8, 41.7, 41.5, 41.3, 38.4, 38.3, 38.2 (two peaks), 37.9, 22.9, 

20.8; 19F NMR (376 MHz, CDCl3) δ –173.6 –173.7 

HRMS (ESI) m/z Found 293.1190 [M+H]+, calc. for C16H18FO4 293.1189 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 12.7 

(major), 15.3 (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 12.802 9977.9 678.3 27.679 

2 14.632 8050 465.8 22.331 

3 15.991 9979.8 399.9 27.684 

4 17.315 8040.7 292.7 22.305 

Total  36048.4 1836.7 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 12.17 6956.7 495.6 68.319 

2 13.885 252.6 14.6 2.481 

3 15.348 597.6 23.5 5.869 

4 16.376 2375.8 98.7 23.331 

Total  10102.7 632.4 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 12.143 22704.6 1480.1 93.453 

2 15.322 1590.7 72.4 6.547 

Total  24295.3 1552.5 100.000 

Colorless oil, 92% yield; 84% ee; dr = 1.8:1; 1H NMR (400 MHz, 

CDCl3) δ 7.53–7.41 (m, 2H), 7.06–7.01 (m, 1H), 6.97–6.94 (m, 1H), 

3.87–3.83 (m, 3H), 3.81–3.79 (m, 3H), 2.40–1.97 (m, 5H), 1.84–1.74 (m, 

1H); 13C NMR (100MHz, CDCl3) δ 216.2, 216.1, 196.0, 195.7, 166.4, 

166.1, 165.9, 158.1, 134.2, 130.1, 130.0 (two peaks), 126.2 (two peaks), 

126.0, 121.1 (two peaks), 111.4 (two peaks), 99.7 (d, JC-F = 201 Hz), 99.3 (d, JC-F = 201 Hz), 

55.3, 55.2, 53.0, 52.9, 41.7, 41.6, 41.5, 41.4, 38.6 (two peaks), 38.5 (two peaks), 38.1, 38.0, 

23.1, 23.0 (two peaks); 19F NMR (376 MHz, CDCl3) δ –173.5, –173.7. 

HRMS (ESI) m/z Found 309.1137 [M+H]+, calc. for C16H18FO5 309.1138 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 23.4 min 

(major), 25.7 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 23.476 3263.2 95.9 16.399 

2 25.255 3426 81.1 17.218 

3 29.242 6684.9 119.2 33.596 

4 34.657 6524 80.8 32.787 

Total  19898.1 377.0 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 23.447 2236.8 66.4 58.459 

2 25.703 176 4.5 4.600 

3 29.764 1248.9 26.9 32.641 

4 35.152 164.5 2.1 4.300 

Total  3826.2 99.9 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 23.447 2236.8 66.4 92.705 

2 25.703 176 4.5 7.295 

Total  2412.8 70.9 100.000 

Colorless oil, 95% yield; 92% ee; dr = 3.7:1; 1H NMR (400 MHz, 

CDCl3) δ 7.68–7.63 (m, 1H), 7.56–7.54 (m, 1H), 7.40–7.35 (m, 1H), 

7.17–7.14 (m, 1H), 3.86–3.85 (m, 3H), 3.83–3.80 (m, 3H), 3.53–3.37 (m, 

1H), 2.56–2.09 (m, 5H), 2.05–1.95 (m, 2H); 13C NMR (100 MHz, 

CDCl3) δ 216.4, 216.0, 190.5, 190.2, 167.4, 167.2, 145.6, 131.1 (two 

peaks), 130.0 (two peaks), 129.5, 100.1 (d, JC-F = 201 Hz), 62.7, 62.6, 53.5, 41.0, 40.8, 40.7, 

40.5, 38.8, 38.7, 38.34, 38.2, 38.0, 23.0, 22.9, 22.8, 21.8, 16.3, 16.2; 19F NMR (376 MHz, 

CDCl3) δ –172.6, –172.7. 
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HRMS (ESI) m/z Found 309.1139 [M+H]+, calc. for C16H18FO5 309.1138 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 24.9 

(major), 28.2 (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 17.239 8779.6 397.5 23.159 

2 18.429 8981.7 359.6 23.692 

3 25.462 10072.6 236.9 26.569 

4 28.171 10076.5 184.3 26.580 

Total  37910.4 1178.3 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 17.104 5218.4 241.6 20.217 

2 18.366 520.7 22.4 2.017 

3 24.904 19233.1 428.9 74.512 

4 28.075 839.9 15.7 3.254 

Total  25812.1 708.6 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 24.904 19233.1 428.9 95.816 

2 28.075 839.9 15.7 4.184 

Total  20073 444.6 100.000 

Colorless oil, 92% yield; 90% ee; dr = 2.8:1; 1H NMR (400 MHz, CDCl3) δ 

7.73–7.72(m, 1H), 7.57–7.52 (m, 1H), 6.61–6.57 (m, 1H), 3.83–3.80 (m, 

3H), 3.53–3.36 (m, 1H), 2.52–2.10 (m, 6H), 2.10–1.80 (m, 2H); 13C NMR 

(100 MHz, CDCl3) δ 215.9, 215.6, 195.7, 195.4, 167.0, 166.7, 139.4, 139.2, 

134.1, 132.3 (two peaks), 132.0 (two peaks), 129.2, 129.1, 125.5, 100.0 (d, 

JC-F = 204 Hz), 53.6, 41.8, 41.5, 38.3 (two peaks), 38.1, 37.9, 22.9 (two peaks), 20.8 (two 

peaks); 19F NMR (376 MHz, CDCl3) δ –176.4, –176.8. 

HRMS (ESI) m/z Found 309.1139 [M+H]+, calc. for C16H18FO5 309.1138 

The ee was determined by HPLC analysis. CHIRALPAK ID (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 28.7 

(minor), 33.0 min (major). 
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Peak﹟ Ret.Time Area Height Area % 

1 21.772 4089.1 103.8 24.816 

2 23.44 4141.2 97.5 25.132 

3 28.541 4120.7 81.1 25.007 

4 33.009 4126.9 69.1 25.04 

Total  16477.9 351.5 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 21.989 90.1 2.3 1.835 

2 23.556 1182.2 28.4 24.077 

3 28.68 175 3.5 3.563 

4 32.981 3462.7 58.8 70.524 

Total  4910 93.0 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 28.68 175 3.5 4.810 

2 32.981 3462.7 58.8 95.190 

Total  3637.7 62.3 100.000 

Colorless oil, 43% yield; 82% ee; dr = 2.3:1; 1H NMR (400 MHz, CDCl3) 

δ 8.05–8.02 (m, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.8 Hz, 2H), 

4.68 and 4.46 (t, J = 9.0 Hz, 1H), 4.37 and 4.20 (dd, J = 9.5, 7.5 Hz, 1H), 

3.86–3.80 (m, 3H), 3.78–3.68 (m, 1H), 2.83-2.71 (m, 1H), 2.65-2.54 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ 190.3, 190.0, 175.0, 174.8, 166.4, 166.1, 134.9, 134.7, 

133.0 (two peaks), 132.8 (two peaks), 129.8 (four peaks), 129.0, 128.9, 98.0 (d, JC-F = 203 

Hz), 67.9 (two peaks), 67.0, 66.9, 53.9, 39.6, 39.5, 39.4, 39.2, 28.8 (two peaks), 28.0, 27.9; 

19F NMR (376 MHz, CDCl3) δ –167.0, –171.5. 

HRMS (ESI) m/z Found 281.0825 [M+H]+, calc. for C14H14FO5 281.0825 

The ee was determined by HPLC analysis. LUX Cellulose-2 and LUX Amylose-2 (4.6 mm 

i.d. x 250 mm); Hexane/2-propanol = 60/40; flow rate 1.0 mL/min; 25 oC; 254 nm; retention 

time: 31.6 (major), 35.5 min (minor). 
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Peak﹟ Ret.Time Area Height Area % 

1 26.01 5106.1 109.9 26.237 

2 32.302 4490.7 73 23.075 

3 35.366 4738.4 45.4 24.347 

4 41.215 5126.4 71.9 26.341 

Total  19461.6 300.2 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 25.867 17064.5 363.8 23.820 

2 31.559 47046.6 671.9 65.671 

3 35.537 4716.6 41.1 6.584 

4 41.713 2812.1 38.7 3.925 

Total  71639.8 1115.5 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 31.559 47046.6 671.9 90.888 

2 35.537 4716.6 41.1 9.112 

Total  51763.2 713 100.000 

Colorless oil, 88% yield; 86% ee; dr = 2.4:1; 1H NMR (400 MHz, 

CDCl3) δ 8.04–7.99 (m, 2H), 7.60 (dd, J = 13.4, 7.3 Hz, 1H), 7.47 (dd, 

J = 14.7, 6.9 Hz, 2H), 3.83–3.81 (m, 3H), 3.23–3.05 (m, 1H), 

2.48–2.40 (m, 4H), 2.15–2.06 (m, 1H), 1.77–1.57 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 

209.2, 209.0, 191.4, 191.2, 166.9, 166.7, 134.1, 129.8 (three peaks), 129.7, 128.6, 101.9 (d, 

JC-F = 203 Hz), 53.6, 53.5, 42.7, 42.5, 42.3, 42.1, 41.4, 41.1 (two peaks), 40.9, 40.8, 24.8 (two 

peaks), 24.2, 24.1; 19F NMR (376 MHz, CDCl3) δ –172.0, –173.1. 

HRMS (ESI) m/z Found 293.1190 [M+H]+, calc. for C16H18FO4 293.1189 
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The ee was determined by HPLC analysis. CHIRALPAK IC (4.6 mm i.d. x 250 mm); 

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 oC; 254 nm; retention time: 29.3 

(minor), 46.4 min (major). 
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Peak﹟ Ret.Time Area Height Area % 

1 19.189 17065.8 505.1 23.492 

2 20.545 17578.5 471.9 24.198 

3 28.221 18950.7 374.6 26.087 

4 45.089 19049.7 247.7 26.223 

Total  72644.7 1599.3 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 19.967 18269.8 556.5 28.563 

2 21.412 2562 67.3 4.005 

3 29.328 2899.9 62.8 4.534 

4 46.416 40231.2 535 62.898 

Total  63962.9 1221.6 100.000 
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Peak﹟ Ret.Time Area Height Area % 

1 29.328 2899.9 62.8 6.723 

2 46.416 40231.2 535 93.277 

Total  43131.1 597.8 100.000 
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4. The comparison of HPLC spectra of 3a and 10 

3a: dr:1:3 
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10: dr: 3:2 
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Same enantioselectivity but opposite diastereoselective results. 
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5. NMR spectra 
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