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General Remarks 

All reactions were performed under an argon atmosphere and solvents were dried 

according to established procedures. 1H NMR (300 MHz), and 13C NMR (75 MHz or 

150 MHz) spectra were obtained in CDCl3 or DMSO. The chemical shifts are reported 

in ppm relative to internal standard TMS (1H NMR), to residual signals of the solvents 

(CHCl3, 7.26 ppm for 1H NMR and 77.0 ppm for 13C NMR). IR spectra were recorded 

on a FT-IR spectrometer with KBr pellet and only major peaks were reported in cm-1. 

High resolution massspectra (HRMS) were obtained by the ESI ionization sources. The 

er values determination were carried out using chiral HPLC on Waters with a 2996UV-

detector. Et2Zn (1.0 M in toluene) is commercially available at Energy-Chemical. 
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Screening Tables 

a) Ligand Screening Table 

 

Reactions were carried out with 1a (0.1 mmol) with Et2Zn (10 mol%) or Bu2Mg (10 mol%) and ligands (10 mol%), in toluene at -40 ˚C 

for appropriate time, isolated yields were reported and ee values were analyzed by chiral HPLC. 

b) Solvent Screening Table 
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entrya L M solvents 1* (ee%) 2 (ee%) sb 

1 L10 Et2Zn THF 43 (63) 48 (59) 7.2 

2 L10 Et2Zn DCM 69 (15) 31 (45) 3.0 

3 L10 Et2Zn PhCl 50 (53) 43 (81) 16.1 

4 L10 Et2Zn Et2O 78 (0) 21 (5) 0 

5 L10 Et2Zn toluene 43 (95) 48 (89) 63.7 

6 L10 Et2Zn o-xylene 45 (89) 43 (85) 36.6 

7 L10 Et2Zn m-xylene 48 (86) 47 (86) 36.6 

8 L10 Et2Zn p-xylene 47 (85) 48 (78) 21.6 

DCM, dichloromethane; THF, tetrahydrofuran. 

aReactions were carried out with 1a (0.1 mmol) with Et2Zn (10 mol%) and L10 (10 mol%), in different solvents at -40 ˚C for appropriate 

time, isolated yields were reported and ee values were analyzed by chiral HPLC. bs = ln[(1 − C)(1 – ee1a*)]/ln[(1 − C)(1 + ee1a*)], C is 

monitored by HPLC analysis and calculated according to C = ee1a*/(ee1a* + ee2a).  

c) Detail Condition Screening Table 

 

entrya T (℃) additive 1* (ee%) 2 (ee%) sb 

1 -78 - - - 0 

2 -40 - 45 (92) 49 (88) 51.2 
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3 -20 - 47 (99) 50 (86) 68.9 

4 RT - 19 (99) 82 (5) 3.3 

5 -20 A1 44 (79) 50 (40) 5.2 

6 -20 A2 47 (99) 48 (90) 99.4 

7 -20 A3 42 (92) 47 (82) 32.8 

8 -20 A4 46 (85) 50 (64) 11.9 

aReactions were carried out with 1a (0.1 mmol) with Et2Zn (10 mol%) and L10 (10 mol%), in toluene at different temperature or added 

different additives for appropriate time, isolated yields were reported and ee values were analyzed by chiral HPLC. bs = ln[(1 − C)(1 – 

ee1a*)]/ln[(1 − C)(1 + ee1a*)], C is monitored by HPLC analysis and calculated according to C = ee1a*/(ee1a* + ee2a).  

General Synthesis Methods of the Initial Materials 

General Procedure A: 

 

Methods: To a solution of 1-naphthol (1.0 equiv) in TfOH (10 mL) at 0°C was added 

chloride (1.0 equiv). The mixture was stirred at 0 °C for 0.5-1.0 hours. After completed, 

the mixture was quenched with H2O, extracted with CH2Cl2, then the separated organic 
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phase was washed with saturated NaHCO3 solution, dried with Na2SO4, and purified 

via flash column chromatography to give pure products. 

General Procedure B: 

 

Methods: To a solution of halide (1.0 equiv) and 2-methylfuran (2.0 equiv) in dried 

toluene at -20 °C was added n-BuLi (1.5 equiv, 2.5 M in hexane) under an argon 

atmosphere. The mixture was stirred at -20°C for 2 hours. After completed, the reaction 

was quenched with saturated NH4Cl and extracted with EA. The organic layer was dried 

over Na2SO4 and concentrated under vacuum. Then the residue was purified by column 

chromatography to afford the products. 

General Procedure C: 

Method: To a solution of 1-Methoxynaphthalene (1.0 equiv) in CH3CN at room 

temperature was added NBS (1.1 equiv). The mixture was stirred at room temperature 

overnight. After completed, the mixture was concentrated under vacuum. Then the 

residue was purified by column chromatography to afford the products.  

The compound obtained above (1.0 equiv) in MeOH/H2O (v:v = 10/1) was successively 

added Pd(PPh3)4 (5 mol%), K2CO3 (2.0 equiv), and ArB(OH)2 (1.0 equiv) at room 

temperature, followed by refluxing for 24 hours under an argon atmosphere. The 

solution was cooled to room temperature and extracted with CH2Cl2, washed with water 

and brine, dried over MgSO4, and concentrated to give a crude product. Then, it was 
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dissolved in DCM, and BBr3 (1.2 equiv) was added at room temperature, after the 

reaction was completed, H2O was added cautiously at 0 °C, extracted with CH2Cl2, 

washed with water and brine, dried over MgSO4, then purified by column 

chromatography to afford the pure products. 

 

General Procedure D: 

 

Method: To a solution of (methoxymethyl)triphenylphosphonium chloride (1.5 equiv) 

in THF, at 0 ºC under an argon atmosphere, was added t-BuOK (1.5 equiv). The mixture 

was stirred at 0 ºC for 30 min before the aldehyde (1.0 equiv) was added. The resulting 
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mixture was allowed to warm to room temperature and stirred for about 10 h. After 

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

NH4Cl solution and THF was removed under reduced pressure. The mixture was diluted 

with H2O and extracted with ethyl acetate. The combined ethyl acetate extract was 

washed with brine, dried over anhydrous Na2SO4 and filtrated. After the solvent was 

concentrated under reduced pressure, the crude product was purified by silica gel 

column chromatography. 

A round-bottomed flask was filled with argon. To this flask were added the above 

obtained olefin (1.0 equiv) and THF. To the mixture was added 3 N HCl solution (3.0 

equiv). Then the resulting mixture was heated at 50℃ for about 1 h. After completion 

(monitored by TLC), the reaction mixture was quenched with saturated NaHCO3. The 

mixture was extracted with ethyl acetate. The combined ethyl acetate extract was 

washed with brine, dried over anhydrous Na2SO4 and filtrated. After the solvent was 

concentrated under reduced pressure, the crude product aldehyde was obtained, which 

was used in the following reduction step without further purification. 

To a solution of the above aldehyde in MeOH was added NaBH4 (1.0 equiv). Then the 

resulting mixture was stirred at room temperature for about 5 min. After completion 

(monitored by TLC), the reaction mixture was quenched with saturated NH4Cl and 

MeOH was removed under reduced pressure. The mixture was diluted with H2O and 

extracted with ethyl acetate. The combined ethyl acetate extract was washed with brine, 

dried over anhydrous Na2SO4 and filtrated. After the solvent was concentrated under 

reduced pressure, the crude product was purified by silica gel column chromatography 

to afford the desired product (30% yield for three steps). 

General Procedure E: 
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Methods: To a solution of substituted-naphthol (1.0 equiv) in MeOH or glycol at 0°C 

was added DIAB (1.2 equiv or 50 mol%). The mixture was stirred for further 0.5 - 2 

hours. After completed, the mixture was quenched with H2O, extracted with ethyl 

acetate, and the separated organic phase was washed with saturated NaHCO3 solution, 

dried with Na2SO4, then purified via flash column chromatography to give products 1. 

Synthesis Procedure of L10 

 

Step 1: a (1.0 equiv) was dissolved in dried THF, after cooling to 0 °C, NaH (2.5 equiv) 

was added, then the mixture was stirred for further 0.5 hours, MOMCl (2.5 equiv) was 

added. After the reaction was completed, H2O was carefully added, then the mixture 

was extracted with EA, dried with Na2SO4, filtration, and concentrated to give a crude 

product which was used directly in the next step without further purification. To the 

crude product in dried THF, n-BuLi (2.5 equiv) was added under an argon atmosphere 

at -78 °C, then MeI (3.0 equiv) in THF was added after 0.5 hours, the mixture was 
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stirred at room temperature for 12 hours. After completed, the reaction was quenched 

with saturated NH4Cl and extracted with CH2Cl2. The organic layer was dried over 

Na2SO4 and concentrated to give a crude product which was purified via flash column 

chromatography to give b in 55% yield. 

Step 2: b (1.0 equiv) was dissolved in dried Et2O, n-BuLi (2.5 equiv) was added at room 

temperature, then the mixture was stirred for further 2 hours at the same temperature, 

CO2 gas was pumped through a balloon at 0 °C for about 1 hours. After the reaction 

was completed, quenched with water and the aqueous was separated and acidified to 

PH = 2 with hydrochloric acid. The mixture was extracted with EA, dried with Na2SO4, 

filtration, and concentrated. The crude product diluted with THF and added saturated 

HCl-iPrOH , then the mixture was stirred for further 4 hours at the room temperature. 

After completed, concentrated to give a crude product which was purified via flash 

column chromatography to give c in 80% yield. 

Step 3: c obtained above was treated with SOCl2 for 4 hours at reflux. Removal of the 

excess SOCl2 in vacuo to afforded the crude acyl-chloride as a dark brown oil. A 

solution of Dimethylmorpholine (10 equiv) in THF was then added dropwise to the 

chloride in THF at 0 °C. The reaction mixture was stirred at room temperature for about 

8 hours. After the reaction was completed, the mixture was poured into 1 N HCl. 

Extracted with CH2Cl2, dried with Na2SO4 and concentrated to give a crude product 

which was purified via flash column chromatography to give amide in 60% yield. 

Step 4: To a solution of above amide (1.0 equiv) in dry THF at 0°C was added LiAlH4 

(4.0 equiv). The mixture was stirred at reflux for about 4 hours. After completed, the 

mixture was cooled to 0 °C, quenched with saturated KF solution, filtered through celite, 

and purified via flash column chromatography to give pure L10 (85% yield). 

Pale yellow solid, m.p. 228 – 229℃; [α] D
26.3 = 71.0 (c = 1.0 in CHCl3); 1H NMR (300 

MHz, CDCl3): δ 10.93 (s, 2H), 7.54 (s, 4H), 7.04 (dd, J = 8.7, 4.9 Hz, 4H), 4.03 (d, J = 

13.6 Hz, 2H), 3.83 (d, J = 13.7 Hz, 2H), 3.69 – 3.50 (m, 4H), 2.86 (m, J = 16.9, 11.4 

Hz, 4H), 2.42 (s, 6H), 1.91 (dd, J = 23.9, 11.1 Hz, 4H), 1.12 (m, J = 6.1, 4.2 Hz, 12H); 
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13C NMR (75 MHz, CDCl3): δ 152.52, 132.35, 131.88, 128.38, 128.28, 127.45, 126.71, 

124.72, 123.35, 116.55, 77.47, 77.25, 77.05, 76.62, 71.48, 71.40, 62.01, 58.68, 58.25, 

21.33, 19.01, 18.98; IR (neat): 3006, 2973, 2869, 1917, 1614, 1507, 1457, 1142, 755, 

665, 555 cm-1; HRMS (ESI): C36H44N2O4 [M + H]+ calcd: 569.3374, found: 569.3388. 

Experimental Procedures for the Oxa-Michael KR Reaction 

To a stirred solution of L10 (5.68 mg, 0.01 mmol) in toluene (0.5 mL) was added Et2Zn 

(10 μL, 1.0 M in toluene, 0.01 mmol) under an argon atmosphere, the mixture was then 

stirred at room temperature for 30 min to generate the catalyst. The substrate 1 (0.1 

mmol) and BocNH2(4.68mg, 40 mol%) in toluene(0.5 mL) was quickly added to the 

flask containing the in situ generated zinc catalyst. After the addition, the reaction was 

stirred at -20 °C to room temperatrue and analyzed by TLC. After completion the 

reaction was quenched with saturated NH4Cl and extracted with CH2Cl2. The organic 

layer was dried over Na2SO4 and concentrated under vacuum. Then the residue was 

purified by column chromatography to afford the product 1* and 2.  

 

With 10 mol% catalyst at -20 °C for 3 h. 

White solid, m.p. 135 – 136 ℃; 48% yield; 90% ee determined by HPLC on Chiralpak 

IA-H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 5.42 min, tminor 

= 7.46 min); [α] D
28.0 = 27.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.09 – 

7.88 (m, 1H), 7.57 (dd, J = 8.0, 1.5 Hz, 2H), 7.34 (s, 1H), 3.98 (s, 1H), 3.76 – 3.64 (m, 

1H), 3.60 – 3.43 (m, 3H), 2.94 – 2.73 (m, 2H), 1.46 (s, 3H); 13C NMR (75 MHz, CDCl3): 

δ 194.51, 144.52, 134.58, 131.85, 127.77, 126.85, 126.27, 79.21, 77.49, 77.07, 76.64, 

73.00, 66.80, 61.35, 42.61, 28.32; IR (neat): 3368, 2923, 2853, 1691, 1496, 1454, 1287, 

1111, 760, 701 cm-1; HRMS (ESI): C13H14O3 [M + Na]+ calcd: 241.0835, found: 

241.0839. 
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Purple liquid; 45% yield; 99% ee determined by HPLC on Chiralpak IC-H column (n-

hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 19.56 min, tminor = 17.25 min); 

[α] D
28.0 = -80.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.13 (d, J = 7.7 Hz, 

1H), 7.65 (tt, J = 7.9, 4.0 Hz, 2H), 7.51 – 7.40 (m, 1H), 7.00 (d, J = 10.3 Hz, 1H), 6.50 

(d, J = 10.3 Hz, 1H), 3.68 (d, J = 4.1 Hz, 2H), 3.33 (dt, J = 14.1, 4.7 Hz, 1H), 3.17 – 

3.03 (m, 1H), 2.70 (s, 1H), 1.64 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 184.25, 152.59, 

144.87, 133.37, 131.10, 130.06, 128.20, 126.76, 126.22, 77.58, 77.16, 76.73, 73.57, 

66.31, 61.97, 30.47; IR (neat): 3421, 2923, 2854, 1716, 1456, 1364, 1298, 1077, 721, 

529 cm-1; HRMS (ESI): C13H14O3 [M + Na]+ calcd: 241.0835, found: 241.0833. 

 
With 10 mol% catalyst at -20 °C for 3 h. 

Yellow solid, m.p. 85 – 86 ℃; 49% yield; 90.5% ee determined by HPLC on Chiralpak 

IA-H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 5.14 min, tminor 

= 7.72min); [α] D
27.3 = 43.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.05 

(dd, J = 7.8, 0.7 Hz, 1H), 7.69 – 7.51 (m, 2H), 7.47 – 7.35 (m, 1H), 4.15 (t, J = 3.1 Hz, 

1H), 3.84 – 3.70 (m, 1H), 3.68 – 3.51 (m, 3H), 2.90 (qd, J = 17.9, 3.2 Hz, 2H), 1.93 – 

1.74 (m, 2H), 1.02 (t, J = 7.5 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 194.56, 143.70, 

133.96, 132.00, 127.64, 127.10, 127.08, 77.58, 77.47, 77.05, 76.62, 74.86, 66.89, 61.22, 

42.15, 33.80, 7.53; IR (neat): 3349, 2961, 2855, 1600, 1455, 1286, 1112, 965, 763, 597 

cm-1; HRMS (ESI): C14H16O3 [M + Na]+ calcd: 255.0992, found: 255.0993. 

 

Purple liquid；42% yield; 99% ee determined by HPLC on Chiralpak OD-H column 

(n-hexane/i-PrOH = 9/1, flow rate = 1.0 mL/min, tmajor = 15.71 min, tminor = 11.80 min); 

[α] D
26.1 = -46.0 (c = 1.0 in CHCl3);

 1H NMR (300 MHz, CDCl3): δ 8.13 (d, J = 7.7 Hz, 
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1H), 7.70 – 7.57 (m, 2H), 7.49 – 7.39 (m, 1H), 6.89 (d, J = 10.4 Hz, 1H), 6.59 (d, J = 

10.4 Hz, 1H), 3.68 (d, J = 4.3 Hz, 2H), 3.36 (dt, J = 9.8, 5.0 Hz, 1H), 3.22 – 3.07 (m, 

1H), 2.34 (s, 1H), 2.03 (dt, J = 14.7, 4.4 Hz, 2H), 0.57 (t, J = 7.5 Hz, 3H); 13C NMR 

(75 MHz, CDCl3): δ 184.48, 151.40, 143.61, 133.33, 132.30, 131.70, 128.16, 126.60, 

125.93, 77.66, 77.51, 77.08, 76.66, 66.07, 62.10, 35.69, 7.97; IR (neat): 3458, 2928, 

2859, 1668, 1601, 1457, 1300, 1085, 892, 762 cm-1; HRMS (ESI): C14H16O3 [M + Na]+ 

calcd: 255.0992, found: 255.1000. 

 

With 10 mol% catalyst at -20 °C for 1 h. 

Colourless oil liquid；48% yield; 90% ee determined by HPLC on Chiralpak IA-H 

column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 4.98 min, tminor = 7.47 

min); [α] D
28.3 = 36.0 (c = 1.0 in CHCl3);

 1H NMR (300 MHz, CDCl3): δ 8.05 (dd, J = 

7.8, 0.9 Hz, 1H), 7.80 – 7.51 (m, 2H), 7.48 – 7.33 (m, 1H), 4.15 (t, J = 3.1 Hz, 1H), 

3.84 – 3.68 (m, 1H), 3.67 – 3.45 (m, 3H), 2.90 (qd, J = 17.9, 3.2 Hz, 2H), 1.83 – 1.65 

(m, 2H), 1.58 – 1.39 (m, 2H), 0.89 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 

194.54, 143.89, 133.97, 131.94, 127.60, 127.02, 77.71, 77.52, 77.10, 76.67, 75.01, 

66.88, 61.22, 43.34, 42.17, 16.37, 14.46; IR (neat): 3380, 2924, 1698, 1601, 1463, 1373, 

1278, 1175, 1142, 761 cm-1; HRMS (ESI): C15H18O3 [M + Na]+ calcd: 269.1148, found: 

269.1151. 

 

Purple liquid；45% yield; 99% ee determined by HPLC on Chiralpak OD-H column 

(n-hexane/i-PrOH = 9/1, flow rate = 1.0 mL/min, tmajor = 15.16 min, tminor = 11.90 min); 

[α] D
26.6 = -39.0 (c = 1.0 in CHCl3);

 1H NMR (300 MHz, CDCl3): δ 8.12 (d, J = 7.7 Hz, 

1H), 7.63 (d, J = 4.0 Hz, 2H), 7.45 (m, J = 8.2, 5.0, 3.5 Hz, 1H), 6.93 (d, J = 10.4 Hz, 

1H), 6.56 (d, J = 10.3 Hz, 1H), 3.68 (d, J = 3.2 Hz, 2H), 3.35 (m, J = 9.8, 4.6 Hz, 1H), 
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3.23 – 3.08 (m, 1H), 2.38 (s, 1H), 2.02 – 1.92 (m, 2H), 1.30 – 1.08 (m, 2H), 0.77 (d, J 

= 4.2 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 184.46, 151.77, 144.01, 133.31, 132.07, 

131.38, 128.13, 126.62, 125.98, 77.52, 77.10, 76.99, 76.67, 65.89, 62.09, 45.11, 16.94, 

14.02; IR (neat): 3443, 2924, 1666, 1600, 1455, 1377, 1299, 1066, 788, 765 cm-1; 

HRMS (ESI): C14H16O3 [M + Na]+ calcd: 269.1148, found: 269.1153. 

 

With 10 mol% catalyst at -15 °C for 3 h. 

Yellow liquid；46% yield; 92% ee determined by HPLC on Chiralpak IA-H column 

(n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 4.91 min, tminor = 7.77 min); 

[α] D
28.4 = 28.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 7.97 (d, J = 7.8 Hz, 

1H), 7.63 – 7.44 (m, 2H), 7.33 (t, J = 7.4 Hz, 1H), 4.08 (t, J = 3.1 Hz, 1H), 3.68 (dt, J 

= 13.4, 5.2 Hz, 1H), 3.60 – 3.41 (m, 3H), 2.83 (qd, J = 17.9, 3.1 Hz, 2H), 1.68 (dddd, J 

= 21.9, 17.6, 8.8, 4.5 Hz, 2H), 1.48 – 1.34 (m, 2H), 1.20 (dt, J = 14.7, 7.2 Hz, 2H), 0.81 

(t, J = 7.3 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 194.55, 143.99, 134.01, 131.93, 

127.60, 127.03, 126.99, 77.66, 77.50, 77.08, 76.65, 74.97, 66.89, 61.25, 42.17, 41.02, 

25.18, 23.17, 14.00; IR (neat): 3368, 2923, 2855, 1694, 1601, 1452, 1288, 1110, 760, 

565 cm-1; HRMS (ESI): C16H20O3 [M + Na]+ calcd: 283.1305, found: 283.1308. 

 

Purple liquid；43% yield; 99% ee determined by HPLC on Chiralpak OD-H column 

(n-hexane/i-PrOH = 9/1, flow rate = 1.0 mL/min, tmajor = 10.89 min, tminor = 9.63 min); 

[α] D
25.7 = -29.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.13 (d, J = 7.7 Hz, 

1H), 7.71 – 7.56 (m, 2H), 7.52 – 7.39 (m, 1H), 6.91 (d, J = 10.3 Hz, 1H), 6.57 (d, J = 

10.3 Hz, 1H), 3.67 (s, 2H), 3.34 (dt, J = 9.7, 4.7 Hz, 1H), 3.22 – 3.04 (m, 1H), 2.19 (s, 

1H), 1.98 (dt, J = 12.8, 5.6 Hz, 2H), 1.29 – 1.07 (m, 4H), 0.76 (t, J = 7.1 Hz, 3H); 13C 

NMR (75 MHz, CDCl3): δ 184.48, 151.70, 143.96, 133.33, 132.11, 131.44, 128.15, 
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126.64, 125.95, 77.49, 77.07, 77.00, 76.64, 65.86, 62.13, 42.68, 25.61, 22.63, 13.77; 

IR (neat): 3457, 2925, 2855, 1728, 1669, 1601, 1457, 1299, 1085, 766 cm-1; HRMS 

(ESI): C16H20O3 [M + Na]+ calcd: 283.1305, found: 283.1308. 

 

With 10 mol% catalyst at -20 °C for 2 h. 

Yellow liquid；50% yield; 92% ee determined by HPLC on Chiralpak IA-H column 

(n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 4.79 min, tminor = 6.84 min); 

[α] D
27.6 = 46.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.05 (d, J = 7.7 Hz, 

1H), 7.61 (dt, J = 18.2, 7.0 Hz, 2H), 7.45 – 7.35 (m, 1H), 4.16 (t, J = 3.0 Hz, 1H), 3.76 

(dt, J = 13.3, 5.3 Hz, 1H), 3.69 – 3.48 (m, 3H), 2.90 (qd, J = 17.9, 3.1 Hz, 2H), 1.75 

(dtdd, J = 17.7, 13.3, 9.0, 4.6 Hz, 2H), 1.55 – 1.39 (m, 2H), 1.33 – 1.21 (m, 4H), 0.86 

(t, J = 7.0 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 194.57, 144.01, 134.01, 131.93, 

127.60, 127.03, 126.98, 77.64, 77.50, 77.08, 76.65, 75.00, 66.89, 61.24, 42.17, 41.24, 

32.23, 22.71, 22.55, 14.04; IR (neat): 3368, 2924, 2854, 1693, 1601, 1454, 1287, 1112, 

767, 562 cm-1; HRMS (ESI): C17H22O3 [M + Na]+ calcd: 297.1461, found: 297.1471. 

 

Yellow liquid；48% yield; 95% ee determined by HPLC on Chiralpak OD-H column 

(n-hexane/i-PrOH = 9/1, flow rate = 1.0 mL/min, tmajor = 11.55 min, tminor = 10.23 min); 

[α] D
26.3 = -25.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.13 (d, J = 7.8 Hz, 

1H), 7.65 (t, J = 6.0 Hz, 2H), 7.52 – 7.40 (m, 1H), 6.93 (d, J = 10.3 Hz, 1H), 6.57 (d, J 

= 10.3 Hz, 1H), 3.68 (s, 2H), 3.42 – 3.28 (m, 1H), 3.21 – 3.08 (m, 1H), 2.55 (s, 1H), 

2.07 – 1.88 (m, 2H), 1.13 (s, 6H), 0.76 (t, J = 6.5 Hz, 3H); 13C NMR (75 MHz, CDCl3): 

δ 184.50, 151.81, 144.00, 133.32, 132.08, 131.38, 128.12, 126.60, 125.96, 77.55, 77.13, 

77.03, 76.70, 65.94, 62.05, 42.82, 31.64, 23.11, 22.24, 13.86; IR (neat): 3456, 2925, 

2853, 1744, 1671, 1457, 1371, 1279, 1141, 761 cm-1; HRMS (ESI): C17H22O3 [M + 



S16 

 

Na]+ calcd: 297.1461, found: 297.1474. 

 

With 10 mol% catalyst at -20 °C for 2 h. 

Yellow liquid；53% yield; 91% ee determined by HPLC on Chiralpak IA-H column 

(n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 4.72 min, tminor = 7.27 min); 

[α] D
27.3 = 34.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 7.97 (d, J = 7.8 Hz, 

1H), 7.62 – 7.44 (m, 2H), 7.36 – 7.26 (m, 1H), 4.08 (t, J = 3.1 Hz, 1H), 3.68 (dt, J = 

13.6, 5.2 Hz, 1H), 3.60 – 3.39 (m, 3H), 2.82 (qd, J = 17.9, 3.1 Hz, 2H), 1.78 – 1.60 (m, 

2H), 1.43 – 1.26 (m, 3H), 0.78 (dd, J = 6.2, 2.4 Hz, 6H); 13C NMR (75 MHz, CDCl3): 

δ 193.52, 143.14, 133.01, 130.91, 126.57, 126.00, 125.91, 76.50, 76.46, 76.04, 75.62, 

73.96, 65.85, 60.22, 41.11, 38.25, 30.83, 27.46, 21.58, 21.39; IR (neat): 3368, 2924, 

2855, 1693, 1601, 1452, 1287, 1108, 759, 479 cm-1; HRMS (ESI): C17H22O3 [M + Na]+ 

calcd: 297.1461, found: 297.1459. 

 

Yellow liquid；45% yield; 98% ee determined by HPLC on Chiralpak OD-H column 

(n-hexane/i-PrOH = 9/1, flow rate = 1.0 mL/min, tmajor = 11.41 min, tminor = 9.63 min); 

[α] D
26.5 = -22.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3) δ 8.13 (d, J = 7.7 Hz, 

1H), 7.69 – 7.58 (m, 2H), 7.46 (ddd, J = 8.2, 6.3, 2.3 Hz, 1H), 6.89 (d, J = 10.3 Hz, 1H), 

6.57 (d, J = 10.3 Hz, 1H), 3.67 (s, 2H), 3.39 – 3.28 (m, 1H), 3.20 – 3.05 (m, 1H), 2.17 

(s, 1H), 2.05 – 1.92 (m, 2H), 1.37 (dd, J = 13.3, 6.6 Hz, 1H), 1.07 – 0.96 (m, 1H), 0.75 

(dd, J = 13.8, 6.6 Hz, 6H), 0.60 – 0.48 (m, 1H); 13C NMR (75 MHz, CDCl3): δ 184.50, 

151.63, 143.89, 133.36, 132.15, 131.51, 128.17, 126.64, 125.90, 77.49, 77.06, 76.64, 

65.86, 62.13, 40.79, 32.22, 29.70, 28.02, 22.40, 22.26; IR (neat): 3457, 2925, 2856, 

1668, 1601, 1457, 1379, 1299, 1085, 766 cm-1; HRMS (ESI): C17H22O3 [M + Na]+ 
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calcd: 297.1461, found: 297.1469. 

 

With 10 mol% catalyst at -20 °C for 2 h. 

Yellow liquid；48% yield; 91% ee determined by HPLC on Chiralpak IA-H column 

(n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 4.84 min, tminor = 7.04 min); 

[α] D
27.2 = 39.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.05 (d, J = 7.8 Hz, 

1H), 7.72 – 7.50 (m, 2H), 7.46 – 7.36 (t, 1H), 4.16 (t, J = 3.1 Hz, 1H), 3.85 – 3.72 (m, 

1H), 3.67 – 3.50 (m, 3H), 2.90 (qd, J = 17.9, 3.1 Hz, 2H), 1.89 – 1.62 (m, 2H), 1.48 (m, 

J = 14.1, 9.8 Hz, 2H), 1.24 (m, 10H), 0.86 (t, J = 6.6 Hz, 3H); 13C NMR (75 MHz, 

CDCl3): δ 194.57, 144.02, 134.01, 131.93, 127.60, 127.04, 126.98, 77.65, 77.49, 77.07, 

76.64, 75.01, 66.89, 61.25, 42.18, 41.29, 31.82, 30.08, 29.48, 29.25, 23.06, 22.63, 14.11; 

IR (neat): 3368, 2957, 1692, 1601, 1455, 1287, 1130, 1112, 760, 665 cm-1; HRMS 

(ESI): C20H28O3 [M + Na]+ calcd: 339.1931, found: 339.1928. 

 

 

Purple liquid；46% yield; 93% ee determined by HPLC on Chiralpak OD-H column 

(n-hexane/i-PrOH = 9/1, flow rate = 1.0 mL/min, tmajor = 10.79 min, tminor = 8.64 min); 

[α] D
26.0 = -24.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.13 (d, J = 7.7 Hz, 

1H), 7.71 – 7.59 (m, 2H), 7.45 (m, J = 8.1, 5.6, 2.9 Hz, 1H), 6.91 (d, J = 10.3 Hz, 1H), 

6.57 (d, J = 10.3 Hz, 1H), 3.69 (dd, J = 15.9, 5.7 Hz, 2H), 3.42 – 3.28 (m, 1H), 3.23 – 

3.09 (m, 1H), 2.33 (s, 1H), 1.98 (dd, J = 8.0, 5.9 Hz, 2H), 1.31 – 1.08 (m, 12H), 0.83 (t, 

J = 6.9 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 184.47, 151.73, 143.98, 133.31, 132.10, 

131.42, 128.13, 126.63, 125.95, 77.51, 77.08, 77.03, 76.66, 65.89, 62.10, 42.88, 31.72, 
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29.50, 29.16, 29.08, 23.45, 22.56, 14.06; IR (neat): 3456, 2925, 1727, 1668, 1600, 1457, 

1378, 1301, 1084, 766 cm-1; HRMS (ESI): C16H20O3 [M + Na]+ calcd: 339.1931, found: 

339.1937. 

 

With 10 mol% catalyst at -10 °C for 1 h. 

Yellow solid, m.p. 85 – 86 ℃; 47% yield; 94% ee determined by HPLC on Chiralpak 

IA-H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 6.49 min, tminor 

= 9.65 min); [α] D
27.5 = 69.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 7.98 

(d, J = 7.8, 1.1 Hz, 1H), 7.48 (td, J = 7.6, 1.3 Hz, 1H), 7.39 – 7.24 (m, 2H), 7.20 – 7.12 

(m, 3H), 7.03 (m, J = 6.0, 3.3 Hz, 2H), 3.91 (t, J = 3.1 Hz, 1H), 3.62 – 3.44 (m, 4H), 

3.11 – 2.82 (m, 3H), 2.72 (dd, J = 17.8, 3.1 Hz, 1H); 13C NMR (75 MHz, CDCl3): δ 

194.56, 143.34, 135.56, 134.04, 132.16, 130.77, 128.00, 127.89, 127.27, 126.90, 

126.87, 77.51, 77.08, 76.66, 75.24, 66.67, 61.27, 47.43, 42.25; IR (neat): 3368, 2923, 

1730, 1693, 1601, 1455, 1286, 1112, 766, 665 cm-1; HRMS (ESI): C19H18O3 [M + Na]+ 

calcd: 317.1148, found: 317.1155. 

 

Yellow solid, m.p. 68 – 69℃; 48% yield; 91% ee determined by HPLC on Chiralpak 

OD-H column (n-hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 7.15 min, tminor 

= 6.44 min); [α] D
27.8 = 28.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.01 

(d, J = 7.8, 0.7 Hz, 1H), 7.68 (m, J = 9.2, 7.8, 1.2 Hz, 2H), 7.45 (m, J = 14.7, 1.5 Hz, 

1H), 7.18 – 7.02 (m, 3H), 6.88 (d, 1H), 6.84 – 6.73 (m, 2H), 6.42 (d, J = 10.4 Hz, 1H), 

3.79 – 3.64 (m, 2H), 3.47 – 3.19 (m, 3H), 3.14 (d, J = 13.1 Hz, 1H), 2.12 (s, 1H); 13C 

NMR (75 MHz, CDCl3): δ 183.81, 150.97, 143.55, 134.65, 133.03, 132.08, 131.40, 
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130.58, 128.34, 127.80, 127.00, 126.64, 126.37, 77.51, 77.27, 77.09, 76.66, 66.21, 

62.14, 50.11; IR (neat): 3455, 2927, 1712, 1700, 1600, 1456, 1377, 1299, 764, 479 cm-

1; HRMS (ESI): C19H18O3 [M + Na]+ calcd: 317.1148, found: 317.1151. 

 

With 10 mol% catalyst at -20 °C for 4 h. 

Yellow liquid；49% yield; 92% ee determined by HPLC on Chiralpak IA-H column 

(n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 5.27 min, tminor = 7.63 min); 

[α] D
28.3 = 36.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.00 (d, J = 7.8 Hz, 

1H), 7.68 – 7.52 (m, 2H), 7.42 – 7.31 (m, 1H), 4.34 (t, J = 3.1 Hz, 1H), 3.76 (td, J = 

11.8, 3.6 Hz, 1H), 3.65 – 3.49 (m, 3H), 2.89 (qd, J = 17.8, 3.2 Hz, 2H), 1.82 (dd, J = 

14.6, 5.8 Hz, 1H), 1.54 (dd, J = 14.7, 7.6 Hz, 1H), 0.96 (tdd, J = 7.9, 5.5, 2.8 Hz, 1H), 

0.56 – 0.36 (m, 2H), 0.01 (dt, J = 9.1, 5.0 Hz, 1H), -0.11 (td, J = 9.1, 5.0 Hz, 1H); 13C 

NMR (75 MHz, CDCl3): δ 194.74, 144.02, 134.09, 132.04, 127.66, 127.07, 126.80, 

77.48, 77.20, 77.06, 76.63, 75.66, 66.82, 61.21, 46.40, 42.47, 5.85, 5.49, 4.93; IR (neat): 

3346, 2923, 2853, 1739, 1683, 1598, 1456, 1290, 1102, 779 cm-1; HRMS (ESI): 

C16H18O3 [M + Na]+ calcd: 281.1148, found: 281.1150. 

 

Purple liquid；46% yield; 99% ee determined by HPLC on Chiralpak OD-H column 

(n-hexane/i-PrOH = 9/1, flow rate = 1.0 mL/min, tmajor = 18.24 min, tminor = 13.04 min); 

[α] D
26.7 = -20.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.19 (d, J = 7.8 Hz, 

1H), 7.78 – 7.61 (m, 2H), 7.58 – 7.45 (m, 1H), 7.09 (d, J = 10.4 Hz, 1H), 6.64 (d, J = 

10.3 Hz, 1H), 3.74 (dd, J = 9.4, 4.9 Hz, 2H), 3.42 (dt, J = 9.8, 4.6 Hz, 1H), 3.31 – 3.11 

(m, 1H), 2.29 (t, J = 5.8 Hz, 1H), 2.13 (dd, J = 13.5, 5.8 Hz, 1H), 1.82 (dd, J = 13.4, 

7.2 Hz, 1H), 0.53 – 0.30 (m, 2H), 0.26 – 0.10 (m, 1H), 0.07 – -0.06 (m, 1H), -0.33 (td, 

J = 9.8, 5.0 Hz, 1H); 13C NMR (75 MHz, CDCl3): δ 184.52, 152.08, 144.31, 133.05, 
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132.20, 131.24, 128.12, 126.62, 126.11, 77.50, 77.46, 77.08, 76.65, 65.84, 62.13, 48.34, 

5.78, 4.73, 4.53; IR (neat): 3445, 2923, 2853, 1667, 1599, 1456, 1377, 1299, 1084, 760 

cm-1; HRMS (ESI): C16H18O3 [M + Na]+ calcd: 281.1148, found: 281.1159. 

 

With 10 mol% catalyst at -20 °C for 2 h. 

White solid, m.p. 70 – 71℃; 50% yield; 91% ee determined by HPLC on Chiralpak IA-

H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 7.15min, tminor = 

10.48min); [α] D
25.4 = 60.0 (c = 1.0 in CHCl3); 

1H NMR (300 MHz, CDCl3): δ 7.96 (d, 

J = 7.6 Hz, 1H), 7.63 – 7.49 (m, 2H), 7.37 – 7.26 (m, 1H), 4.14 (t, J = 3.1 Hz, 1H), 3.71 

(td, J = 11.8, 3.5 Hz, 1H), 3.60 – 3.44 (m, 3H), 2.83 (qd, J = 17.9, 3.1 Hz, 2H), 1.72 – 

1.47 (m, 9H), 1.14 – 0.98 (m, 2H), 0.94 – 0.79 (m, 2H); 13C NMR (75 MHz, CDCl3): 

δ 194.67, 144.69, 134.16, 131.83, 127.56, 126.97, 126.75, 77.45, 77.03, 76.61, 75.87, 

66.91, 61.14, 48.77, 42.38, 35.34, 35.17, 33.11, 29.71, 26.42, 26.31, 26.15; IR (neat): 

3372, 2923, 2852, 1693, 1601, 1450, 1287, 1111, 765, 592 cm-1; HRMS (ESI): 

C19H24O3 [M + Na]+ calcd: 323.1618, found: 323.1623. 

 

Yellow liquid；49% yield; 92% ee determined by HPLC on Chiralpak IC-H column (n-

hexane/i-PrOH = 7/3, flow rate = 1.0 mL/min, tmajor = 23.10 min, tminor = 21.18 min); 

[α] D
28.2 = -30.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.13 (d, J = 7.8 Hz, 

1H), 7.62 (d, J = 3.8 Hz, 2H), 7.46 (dq, J = 8.3, 4.2 Hz, 1H), 6.93 (d, J = 10.3 Hz, 1H), 

6.57 (d, J = 10.3 Hz, 1H), 3.65 (d, J = 4.5 Hz, 2H), 3.30 (dt, J = 9.7, 4.8 Hz, 1H), 3.17 

– 2.97 (m, 1H), 2.16 (t, J = 5.2 Hz, 1H), 1.94 (d, J = 4.9 Hz, 2H), 1.70 – 1.54 (m, 2H), 

1.45 (dd, J = 19.3, 9.9 Hz, 2H), 1.13 – 0.89 (m, 6H), 0.65 (dd, J = 22.0, 11.2 Hz, 1H); 
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13C NMR (75 MHz, CDCl3): δ 184.48, 151.74, 144.15, 133.14, 131.96, 131.19, 128.20, 

126.66, 126.47, 77.49, 77.07, 76.74, 76.64, 65.46, 62.11, 50.47, 35.01, 34.37, 33.25, 

26.05, 25.94; IR (neat): 3431, 2926, 2854, 1735, 1668, 1457, 1378, 1216, 1083, 758 

cm-1; HRMS (ESI): C19H24O3 [M + Na]+ calcd: 323.1618, found: 323.1629. 

 

With 10 mol% catalyst at -20 °C for 5 h. 

White solid, m.p. 69 – 70℃; 51% yield; 90% ee determined by HPLC on Chiralpak IA-

H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 7.57 min, tminor = 

10.44 min); [α] D
27.4 = 74.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.24 – 

8.08 (d, 1H), 7.78 – 7.64 (m, 1H), 7.60 – 7.48 (m, 2H), 7.37 – 7.27 (m, 3H), 7.19 (dd, 

J = 6.8, 3.0 Hz, 2H), 4.21 (t, J = 3.1 Hz, 1H), 3.99 (ddd, J = 12.1, 10.2, 5.4 Hz, 1H), 

3.84 – 3.67 (m, 3H), 2.67 (qd, J = 17.3, 3.1 Hz, 2H); 13C NMR (75 MHz, CDCl3): δ 

193.94, 141.42, 140.88, 133.74, 132.70, 127.36, 127.31, 127.25, 127.16, 126.51, 

125.47, 79.20, 77.32, 76.43, 76.21, 76.00, 75.58, 65.95, 60.17, 40.83, 28.67; IR (neat): 

3368, 2922, 2855, 1693, 1560, 1447, 1288, 1108, 759, 565 cm-1; HRMS (ESI): 

C18H16O3 [M + Na]+ calcd: 303.0992, found: 303.0999. 

 

Yellow solid, m.p. 109 – 110℃; 46% yield; 99% ee determined by HPLC on Chiralpak 

IC-H column (n-hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 15.22 min, tminor 

= 16.02 min); [α] D
28.5 = 41.1 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.18 

(d, J = 7.6 Hz, 1H), 7.54 (t, J = 6.9 Hz, 1H), 7.45 (t, J = 7.1 Hz, 1H), 7.40 – 7.21 (m, 

6H), 6.89 (d, J = 10.2 Hz, 1H), 6.53 (d, J = 10.2 Hz, 1H), 3.79 (d, J = 4.5 Hz, 2H), 3.57 

(dt, J = 9.5, 4.7 Hz, 1H), 3.35 – 3.21 (m, 1H), 2.06 (s, 1H); 13C NMR (75 MHz, CDCl3): 

δ 184.64, 151.06, 144.14, 141.83, 133.58, 131.76, 129.36, 128.56, 128.46, 128.36, 

127.81, 126.51, 125.98, 77.52, 77.34, 77.10, 76.67, 65.78, 62.15; IR (neat): 3448, 2924, 



S22 

 

2854, 1667, 1600, 1456, 1299, 1084, 768, 561 cm-1; HRMS (ESI): C18H16O3 [M + Na]+ 

calcd: 303.0992, found: 303.0991. 

 

With 10 mol% catalyst at -10 °C for 2 h. 

Pale yellow solid, m.p. 118 – 120℃; 48% yield; 95% ee determined by HPLC on 

Chiralpak IA-H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 5.29 

min, tminor = 7.09 min); [α] D
28.2 = 66.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): 

δ 8.16 (d, J = 7.6 Hz, 1H), 7.69 (t, J = 7.1 Hz, 1H), 7.53 (dd, J = 14.6, 7.3 Hz, 2H), 7.21 

– 7.05 (m, 3H), 6.86 (d, J = 7.4 Hz, 1H), 4.21 (t, J = 2.9 Hz, 1H), 3.98 (m, J = 11.8, 

10.0, 5.7 Hz, 1H), 3.84 – 3.66 (m, 3H), 2.81 – 2.55 (m, 2H), 2.30 (s, 3H); 13C NMR 

(75 MHz, CDCl3): δ 195.13, 142.40, 142.00, 138.04, 134.78, 133.67, 129.16, 128.36, 

128.20, 128.11, 128.02, 126.46, 124.80, 80.23, 78.36, 77.51, 77.09, 76.66, 66.96, 61.19, 

41.92, 29.71, 21.58; IR (neat): 3369, 2923, 1733, 1697, 1601, 1454, 1286, 1110, 764, 

568 cm-1; HRMS (ESI): C19H18O3 [M + Na]+ calcd: 317.1148, found: 317.1157. 

 

Green liquid; 49% yield; 95% ee determined by HPLC on Chiralpak IC-H column (n-

hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 14.63 min, tminor = 13.63 min); 

[α] D
28.1 = 67.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.17 (d, J = 7.7, 0.9 

Hz, 1H), 7.61 – 7.33 (m, 3H), 7.21 – 7.09 (m, 3H), 7.09 – 7.01 (m, 1H), 6.88 (d, J = 

10.2 Hz, 1H), 6.52 (d, J = 10.2 Hz, 1H), 3.79 (t, J = 4.5 Hz, 2H), 3.55 (m, 1H), 3.33 – 

3.16 (m, 1H), 2.40 (s, 1H), 2.28 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 184.76, 151.22, 

144.25, 141.69, 138.28, 133.58, 131.72, 129.27, 128.62, 128.47, 128.42, 128.35, 

126.51, 126.49, 123.08, 77.56, 77.33, 77.13, 76.71, 65.78, 62.14, 21.59; IR (neat): 3452, 
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2929, 1726, 1668, 1601, 1458, 1300, 1077, 843, 762 cm-1; HRMS (ESI): C19H18O3 [M 

+ Na]+ calcd: 317.1148, found: 317.1156. 

 

With 10 mol% catalyst at -20 °C for 4 h. 

Pale yellow solid, m.p. 58 – 59℃ ; 52% yield; 88% ee determined by HPLC on 

Chiralpak IA-H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 5.81 

min, tminor = 7.92 min); [α] D
28.1 = 76.7 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): 

δ 8.16 – 7.98 (d, 1H), 7.59 (t, J = 7.5 Hz, 1H), 7.43 (dd, J = 16.1, 7.8 Hz, 2H), 7.06 – 

6.92 (m, 4H), 4.10 (t, J = 3.1 Hz, 1H), 3.94 – 3.78 (m, 1H), 3.70 – 3.54 (m, 3H), 2.68 – 

2.46 (m, 2H), 2.22 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 195.11, 142.14, 139.57, 

138.17, 134.77, 133.65, 128.96, 128.33, 128.20, 127.45, 126.44, 80.27, 78.19, 77.55, 

77.33, 77.13, 76.70, 66.98, 61.21, 41.93, 21.06; IR (neat): 3370, 2924, 2854, 1732, 

1689, 1611, 1457, 1294, 1115, 759 cm-1; HRMS (ESI): C19H18O3 [M + Na]+ calcd: 

317.1148, found: 317.1152. 

 

Yellow liquid；46% yield; 99% ee determined by HPLC on Chiralpak IC-H column (n-

hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 93.20 min, tminor = 97.73 min); 

[α] D
26.2 = 93.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.17 (d, J = 7.8, 1.0 

Hz, 1H), 7.53 (t, J = 7.5, 1.4 Hz, 1H), 7.42 (m, J = 16.9, 11.7, 4.5 Hz, 2H), 7.28 – 7.17 

(d, 2H), 7.09 (d, J = 8.1 Hz, 2H), 6.88 (d, J = 10.2 Hz, 1H), 6.50 (d, J = 10.2 Hz, 1H), 

3.78 (d, J = 2.6 Hz, 2H), 3.55 (m, J = 9.6, 4.7 Hz, 1H), 3.34 – 3.17 (m, 1H), 2.29 (s, 

3H), 2.23 (s, 1H); 13C NMR (75 MHz, CDCl3): δ 184.66, 151.22, 144.25, 138.88, 

137.64, 133.51, 131.74, 129.23, 129.12, 128.37, 128.27, 126.46, 125.87, 77.48, 77.27, 
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77.05, 76.63, 65.71, 62.15, 21.02; IR (neat): 3449, 2927, 2855, 1668, 1601, 1457, 1380, 

1297, 1068, 761 cm-1; HRMS (ESI): C19H18O3 [M + Na]+ calcd: 317.1148, found: 

317.1152. 

 

With 10 mol% catalyst at -20 °C for 3 h. 

White solid, m.p. 53 – 54℃; 52% yield; 89% ee determined by HPLC on Chiralpak IA-

H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 5.66 min, tminor = 

7.76 min); [α] D
28.4 = 75.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.15 – 

7.95 (d, 1H), 7.67 – 7.55 (t, 1H), 7.43 (dd, J = 7.5, 5.7 Hz, 2H), 7.16 (d, J = 8.7 Hz, 

2H), 7.05 (d, J = 8.7 Hz, 2H), 4.05 (t, J = 3.1 Hz, 1H), 3.86 (dt, J = 12.1, 8.3 Hz, 1H), 

3.64 (t, J = 9.0 Hz, 3H), 2.57 (qd, J = 20.0, 17.3, 3.1 Hz, 2H); 13C NMR (75 MHz, 

CDCl3): δ 193.54, 140.35, 139.99, 133.87, 133.19, 132.52, 127.95, 127.56, 127.35, 

126.98, 125.53, 78.96, 76.80, 76.50, 76.27, 76.07, 75.65, 65.83, 60.10, 40.65; IR (neat): 

3378, 2925, 2854, 1740, 1695, 1602, 1457, 1215, 1109, 759 cm-1; HRMS (ESI): 

C18H15ClO3 [M + Na]+ calcd: 337.0602, found: 337.0600. 

 

White solid, m.p. 59 – 60℃; 46% yield; 99% ee determined by HPLC on Chiralpak IC-

H column (n-hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 11.44 min, tminor = 

12.42 min); [α] D
25.8 = 61.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.08 (d, 

J = 7.7 Hz, 1H), 7.45 (t, J = 7.3 Hz, 1H), 7.36 (t, J = 7.3 Hz, 1H), 7.20 (dt, J = 19.5, 8.3 

Hz, 5H), 6.77 (d, J = 10.2 Hz, 1H), 6.44 (d, J = 10.2 Hz, 1H), 3.69 (d, J = 3.9 Hz, 2H), 

3.46 (dt, J = 9.5, 4.7 Hz, 1H), 3.25 – 3.07 (m, 1H), 2.38 (s, 1H); 13C NMR (75 MHz, 

CDCl3): δ 183.37, 149.52, 142.62, 139.40, 132.66, 130.59, 128.55, 127.63, 127.18, 
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126.41, 125.57, 76.50, 76.07, 75.89, 75.65, 64.86, 60.99; IR (neat): 3458, 2924, 2853, 

1742, 1668, 1601, 1457, 1215, 1083, 759 cm-1; HRMS (ESI): C18H15ClO3 [M + Na]+ 

calcd: 337.0602, found: 337.0608. 

 

With 10 mol% catalyst at -15 °C for 6 h. 

White solid, m.p. 68 – 69℃; 45% yield; 92% ee determined by HPLC on Chiralpak IA-

H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 5.02 min, tminor = 

6.16 min); [α] D
27.7 = 72.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.15 (d, 

J = 7.8 Hz, 1H), 7.68 (t, J = 10.9, 4.1 Hz, 1H), 7.58 – 7.46 (m, 2H), 7.29 (t, J = 7.8 Hz, 

2H), 7.10 (d, J = 8.4 Hz, 2H), 4.22 (t, J = 3.0 Hz, 1H), 3.98 (td, J = 11.4, 4.7 Hz, 1H), 

3.85 – 3.64 (m, 3H), 2.78 – 2.56 (m, 2H), 1.27 (s, 9H); 13C NMR (75 MHz, CDCl3): δ 

195.12, 151.32, 142.11, 139.39, 134.70, 133.64, 128.29, 128.22, 127.19, 126.45, 125.20, 

80.22, 78.18, 77.46, 77.03, 76.61, 67.01, 61.21, 42.00, 34.51, 31.24, 29.72; IR (neat): 

3380, 2923, 1746, 1695, 1601, 1457, 1286, 1110, 815, 765 cm-1; HRMS (ESI): 

C22H24O3 [M + Na]+ calcd: 359.1618, found: 359.1620. 

 

Green solid, m.p. 59 – 60℃; 48% yield; 98% ee determined by HPLC on Chiralpak 

OD-H column (n-hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 18.66 min, tminor 

= 17.43 min); [α] D
25.0 = 79.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.18 

(d, J = 7.8 Hz, 1H), 7.54 (td, J = 7.6, 1.3 Hz, 1H), 7.43 (dd, J = 17.7, 8.0 Hz, 2H), 7.27 

(q, J = 8.7 Hz, 4H), 6.90 (d, J = 10.2 Hz, 1H), 6.50 (d, J = 10.2 Hz, 1H), 3.78 (m, 2H), 

3.56 (m, 1H), 3.27 (m, 1H), 2.12 (s, 1H), 1.27 (s, 9H); 13C NMR (75 MHz, CDCl3): δ 

184.66, 151.27, 150.85, 144.17, 138.77, 133.47, 131.82, 129.11, 128.39, 128.37, 126.48, 
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125.68, 125.49, 77.47, 77.32, 77.05, 76.63, 65.69, 62.19, 34.49, 31.26; IR (neat): 3455, 

2928, 1726, 1668, 1601, 1456, 1380, 1300, 1084, 767 cm-1; HRMS (ESI): C22H24O3 

[M + Na]+ calcd: 359.1618, found: 359.1623. 

 

With 10 mol% catalyst at -10 °C for 2 h. 

Yellow liquid；49% yield; 89% ee determined by HPLC on Chiralpak IA-H column 

(n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 5.45 min, tminor = 7.03 min); 

[α] D
24.5 = 64.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.10 (dd, J = 7.8, 

0.9 Hz, 1H), 7.63 (td, J = 7.6, 1.3 Hz, 1H), 7.55 – 7.41 (m, 4H), 7.27 (d, J = 8.3 Hz, 

2H), 4.08 (t, J = 3.1 Hz, 1H), 3.97 – 3.82 (m, 1H), 3.69 (t, J = 9.0 Hz, 3H), 2.82 – 2.42 

(m, 2H); 13C NMR (75 MHz, CDCl3): δ 193.42, 145.33, 140.13, 133.99, 132.59, 129.46 

(q, JC-F = 32.25), 127.75, 127.03, 126.97, 125.69, 124.62, 124.18 (q, JC-F = 3.75), 123.27, 

121.02, 78.83, 76.98, 76.44, 76.02, 75.60, 65.87, 60.08, 40.62; IR (neat): 3376, 2924, 

1742, 1697, 1601, 1455, 1326, 1111, 839, 761 cm-1; HRMS (ESI): C19H15F3O3 [M + 

Na]+ calcd: 371.0866, found: 371.0869. 

 

Yellow liquid；45% yield; 99% ee determined by HPLC on Chiralpak OD-H column 

(n-hexane/i-PrOH = 9/1, flow rate = 1.0 mL/min, tmajor = 21.38 min, tminor = 19.53 min); 

[α] D
27.9 = 27.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.20 (dd, J = 7.7, 

1.1 Hz, 1H), 7.66 – 7.43 (m, 6H), 7.33 (dd, J = 7.7, 0.8 Hz, 1H), 6.87 (d, J = 10.2 Hz, 

1H), 6.58 (d, J = 10.2 Hz, 1H), 3.82 (s, 2H), 3.59 (m, 1H), 3.38 – 3.20 (m, 1H), 2.36 (s, 

1H); 13C NMR (75 MHz, CDCl3):
 δ 184.23, 149.92, 145.87, 143.30, 133.81, 131.68, 

130.23, 130.08, 129.80, 128.85, 128.21, 126.74, 126.43, 126.36, 125.70, 125.53 (q, JC-
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F = 3.75), 124.63 (t, JC-F = 4.88), 77.47, 77.25, 77.04, 76.62, 65.90, 62.08; IR (neat): 

3372, 2924, 1733, 1698, 1601, 1454, 1326, 1169, 839, 765 cm-1; HRMS (ESI): 

C19H15F3O3 [M + Na]+ calcd: 371.0866, found: 371.0884. 

 

With 10 mol% catalyst at -10 °C for 12 h. 

White solid, m.p. 208 – 209℃; 50% yield; 92% ee determined by HPLC on Chiralpak 

IA-H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 6.98 min, tminor 

= 8.70 min); [α] D
28.5 = 82.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.18 

(d, J = 7.4 Hz, 1H), 7.71 (t, J = 7.0 Hz, 1H), 7.64 – 7.49 (m, 6H), 7.41 (t, J = 16.5, 8.8 

Hz, 2H), 7.33(d, 1H), 7.27 (d, J = 7.5 Hz, 2H), 4.25 (t, J = 3.0 Hz, 1H), 4.08 – 3.94 (m, 

1H), 3.89 – 3.71 (m, 3H), 2.87 – 2.58 (m, 2H); 13C NMR (75 MHz, CDCl3): δ 195.01, 

141.90, 141.43, 141.25, 140.36, 134.87, 133.68, 128.84, 128.48, 128.20, 127.99, 

127.57, 127.12, 127.00, 126.57, 80.20, 78.23, 77.47, 77.05, 76.63, 67.00, 61.23, 41.95; 

IR (neat): 3367, 2923, 1692, 1601, 1453, 1351, 1288, 1111, 1018, 762 cm-1; HRMS 

(ESI): C24H20O3 [M + Na]+ calcd: 379.1305, found: 379.1307. 

 

White solid, m.p. 64 – 65℃; 46% yield; 99% ee determined by HPLC on Chiralpak 

OD-H column (n-hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 17.33 min, tminor 

= 22.58 min); [α] D
26.2 = 85.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.20 

(d, J = 7.8 Hz, 1H), 7.69 – 7.30 (m, 12H), 6.92 (d, J = 10.2 Hz, 1H), 6.55 (d, J = 10.2 

Hz, 1H), 3.81 (t, J = 4.4 Hz, 2H), 3.59 (m, 1H), 3.40 – 3.12 (m, 1H), 2.11 (s, 1H); 13C 



S28 

 

NMR (75 MHz, CDCl3): δ 184.60, 150.91, 144.02, 140.79, 140.78, 140.37, 133.64, 

131.80, 129.44, 128.82, 128.56, 128.36, 127.52, 127.30, 127.08, 126.59, 126.45, 77.49, 

77.31, 77.07, 76.64, 65.80, 62.20; IR (neat): 3458, 2925, 1725, 1601, 1455, 1381, 1298, 

1076, 761, 701 cm-1; HRMS (ESI): C24H20O3 [M + Na]+ calcd: 379.1305, found: 

379.1322. 

 

With 10 mol% catalyst at -20 °C for 5 h. 

White solid, m.p. 114 – 115℃; 47% yield; 91% ee determined by HPLC on Chiralpak 

IA-H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 6.39 min, tminor 

= 8.47 min); [α] D
27.4 = 90.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.22 

(d, J = 7.8 Hz, 1H), 7.81 (d, J = 8.7 Hz, 2H), 7.75 – 7.64 (m, 2H), 7.64 – 7.55 (m, 2H), 

7.55 – 7.42 (m, 4H), 4.32 (t, J = 3.0 Hz, 1H), 4.13 – 3.96 (m, 1H), 3.86 – 3.69 (m, 3H), 

2.84 – 2.56 (m, 2H); 13C NMR (75 MHz, CDCl3): δ 195.11, 141.94, 139.87, 134.92, 

133.76, 133.02, 132.72, 128.55, 128.37, 128.31, 128.11, 127.51, 127.25, 126.62, 126.58, 

126.38, 124.92, 80.03, 78.49, 77.48, 77.06, 76.64, 67.02, 61.28, 41.93; IR (neat): 3367, 

2924, 2855, 1691, 1601, 1454, 1287, 1112, 759, 665 cm-1; HRMS (ESI): C22H18O3 [M 

+ Na]+ calcd: 353.1148, found: 353.1152. 

 

White solid, m.p. 65 – 66℃; 51% yield; 88% ee determined by HPLC on Chiralpak IC-

H column (n-hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 11.67 min, tminor = 

12.56 min); [α] D
25.2 = 64.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.22 (d, 

J = 7.6, 1.3 Hz, 1H), 8.02 (s, 1H), 7.88 – 7.72 (m, 2H), 7.70 (d, J = 8.7 Hz, 1H), 7.55 – 

7.41 (m, 4H), 7.38 (dd, J = 7.6, 1.1 Hz, 1H), 7.22 (dd, J = 8.7, 1.8 Hz, 1H), 6.93 (d, J = 
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10.2 Hz, 1H), 6.58 (d, J = 10.2 Hz, 1H), 3.84 (t, J = 4.6 Hz, 2H), 3.62 (dt, J = 9.6, 4.7 

Hz, 1H), 3.42 – 3.24 (m, 1H), 2.28 (s, 1H); 13C NMR (75 MHz, CDCl3): δ 184.69, 

150.80, 144.05, 138.93, 133.65, 133.20, 132.70,132.72, 131.82, 129.68, 128.57, 128.46, 

128.33, 128.23, 127.62, 126.59, 126.45, 124.69, 123.96, 77.51, 77.46, 77.09, 76.66, 

65.90, 62.21; IR (neat): 3444, 2925, 2856, 1667, 1600, 1456, 1300, 1067, 763, 539 cm-

1; HRMS (ESI): C22H18O3 [M + Na]+ calcd: 353.1148, found: 353.1154. 

 

With 10 mol% catalyst at -10 °C for 2 h. 

White solid, m.p. 84 – 85℃; 51% yield; 89% ee determined by HPLC on Chiralpak IA-

H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 4.64 min, tminor = 

5.80 min); [α] D
26.6 = 37.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.13 (d, 

J = 7.8 Hz, 1H), 7.76 (s, 1H), 7.66 (t, J = 7.6, 1.2 Hz, 1H), 7.59 (s, 2H), 7.51 (t, J = 

10.9, 4.2 Hz, 1H), 7.42 (d, J = 7.8 Hz, 1H), 4.06 (t, J = 3.0 Hz, 1H), 3.94 (td, J = 11.1, 

4.2 Hz, 1H), 3.78 – 3.60 (m, 3H), 2.72 (dd, J = 17.3, 3.6 Hz, 1H), 2.48 (dd, J = 17.3, 

2.6 Hz, 1H); 13C NMR (75 MHz, CDCl3): δ 193.89, 145.40, 140.11, 135.36, 133.57, 

131.74 (q, JC-F = 33.25), 129.34, 128.48, 127.88, 127.80, 127.76, 127.05, 124.87, 

122.47 (t, JC-F = 3.75), 121.25, 79.69, 77.70, 77.47, 77.25, 77.04, 76.62, 66.83, 61.14, 

41.48; IR (neat): 3367, 2925, 2854, 1742, 1693, 1601, 1454, 1287, 1113, 760 cm-1; 

HRMS (ESI): C20H14F6O3 [M + Na]+ calcd: 439.0739, found: 439.0753. 

 

Green solid, m.p. 105 – 106℃; 48% yield; 99% ee determined by HPLC on Chiralpak 

OD-H column (n-hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 6.42 min, tminor 

= 5.61 min); [α] D
26.9 = 6.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.23 (d, 
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J = 7.7, 1.2 Hz, 1H), 7.80 (d, J = 5.2 Hz, 3H), 7.64 – 7.50 (m, 2H), 7.34 – 7.27 (s, 1H), 

6.84 (d, J = 10.2 Hz, 1H), 6.65 (d, J = 10.2 Hz, 1H), 3.83 (t, J = 4.5 Hz, 2H), 3.60 (dt, 

J = 9.6, 4.7 Hz, 1H), 3.43 – 3.20 (m, 1H), 2.02 (s, J = 18.3 Hz, 1H); 13C NMR (75 MHz, 

CDCl3): δ 183.86, 148.88, 145.03, 142.33, 134.13, 132.22(t, JC-F = 33.38), 131.64, 

131.33, 130.85, 129.33, 128.50, 128.17, 127.07, 126.30(d, JC-F = 2.25), 124.89, 

122.02(q, JC-F = 3.75), 121.27, 77.49, 77.07, 76.64, 66.17, 61.91; IR (neat): 3445, 2924, 

2855, 1667, 1600, 1456, 1299, 1090, 763, 538 cm-1; HRMS (ESI): C20H14F6O3 [M + 

Na]+ calcd: 439.0739, found: 439.0744. 

 

With 10 mol% catalyst at -10 °C for 10 h. 

Purple liquid; 53% yield; 87% ee determined by HPLC on Chiralpak IA-H column (n-

hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 5.55 min, tminor = 7.86 min); [α] 

D
27.6 = 2.9 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 7.80 (s, 1H), 7.36 (s, 1H), 

4.02 (t, J = 3.1 Hz, 1H), 3.77 (td, J = 11.5, 3.2 Hz, 1H), 3.70 – 3.46 (m, 3H), 3.03 – 

2.71 (m, 2H), 2.36 (s, 3H), 2.31 (s, 3H), 1.50 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 

194.49, 144.51, 141.98, 136.51, 129.77, 127.65, 127.07, 79.36, 77.47, 77.04, 76.62, 

72.91, 66.79, 61.38, 42.62, 28.33, 20.48, 19.39; IR (neat): 3326, 2916, 2860, 1677, 

1450, 1381, 1271, 1122, 1022, 757 cm-1; HRMS (ESI): C15H18O3 [M + Na]+ calcd: 

269.1148, found: 269.1150. 

 

Purple solid, m.p. 135 – 136℃; 47% yield; 95% ee determined by HPLC on Chiralpak 

OD-H column (n-hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 7.67 min, tminor 

= 6.85 min); [α] D
28.0 = -79.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 7.88 

(s, 1H), 7.39 (s, 1H), 6.90 (d, J = 10.3 Hz, 1H), 6.45 (d, J = 10.3 Hz, 1H), 3.81 – 3.54 

(t, 2H), 3.29 (m, J = 9.8, 4.7 Hz, 1H), 3.19 – 3.05 (m, 1H), 2.37 (s, 3H), 2.33 (s, 3H), 
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2.28 (s, 1H), 1.61 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 184.41, 152.06, 143.22, 

142.36, 137.11, 130.26, 129.13, 127.42, 127.10, 77.51, 77.09, 76.66, 73.37, 66.06, 

62.12, 30.34, 20.42, 19.49; IR (neat): 3459, 2924, 2854, 1733, 1670, 1601, 1457, 1299, 

1085, 765 cm-1; HRMS (ESI): C15H18O3 [M + Na]+ calcd: 269.1148, found: 269.1154. 

 

With 10 mol% catalyst at room temperatrue for 0.5 h. 

Yellow solid, m.p. 119 – 120℃ ; 52% yield; 86.5% ee determined by HPLC on 

Chiralpak IA-H column (n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 7.97 

min, tminor = 13.35 min); [α] D
28.4 = 54.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): 

δ 7.45 (s, 1H), 7.03 (s, 1H), 6.05 (dd, J = 4.0, 1.1 Hz, 2H), 4.00 (t, J = 3.1 Hz, 1H), 3.77 

(td, J = 11.3, 3.5 Hz, 1H), 3.69 – 3.50 (m, 3H), 2.96 – 2.75 (m, 2H), 1.49 (s, 3H); 13C 

NMR (75 MHz, CDCl3): δ 192.58, 153.25, 147.70, 141.60, 126.98, 106.02, 105.53, 

101.84, 79.01, 77.49, 77.07, 76.64, 73.13, 66.66, 61.40, 42.24, 28.21; IR (neat): 3405, 

2924, 2854, 1733, 1678, 1617, 1478, 1288, 1119, 760 cm-1; HRMS (ESI): C14H14O5 

[M + Na]+ calcd: 285.0733, found: 285.0747. 

 

Pink solid, m.p. 134 – 135℃; 48% yield; 93% ee determined by HPLC on Chiralpak 

OD-H column (n-hexane/i-PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 12.58 min, tminor 

= 11.06 min); [α] D
25.6 = -73.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 7.51 

(s, 1H), 7.08 (s, 1H), 6.92 (d, J = 10.2 Hz, 1H), 6.44 (d, J = 10.2 Hz, 1H), 6.07 (s, 2H), 

3.69 (d, J = 3.6 Hz, 2H), 3.32 (dt, J = 9.7, 4.7 Hz, 1H), 3.21 – 3.07 (m, 1H), 2.62 (s, 

1H), 1.59 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 182.97, 152.39, 151.81, 148.06, 

141.97, 129.83, 126.49, 105.61, 105.56, 101.89, 77.56, 77.14, 76.71, 73.82, 66.23, 

61.98, 30.38; IR (neat): 3455, 2926, 1726, 1669, 1600, 1456, 1326, 1127, 1069, 763 

cm-1; HRMS (ESI): C14H14O5 [M + Na]+ calcd: 285.0733, found: 285.0739. 
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With 10 mol% catalyst at room temperatrue for 2 h. 

Yellow oil liquid; 50% yield; 75% ee determined by HPLC on Chiralpak IA-H column 

(n-hexane/i-PrOH = 4/6, flow rate = 1.0 mL/min, tmajor = 6.88 min, tminor = 7.39 min); 

[α] D
26.3 = 47.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 7.88 (d, J = 7.6 Hz, 

1H), 7.69 – 7.52 (m, 2H), 7.43 – 7.33 (m, 1H), 4.55 (m, 1H), 4.02 (dd, J = 16.0, 8.2 Hz, 

1H), 3.89 (td, J = 8.4, 4.3 Hz, 1H), 3.03 (s, 3H), 2.97 – 2.84 (dd, 1H), 2.74 (dd, J = 16.1, 

7.9 Hz, 1H), 2.42 (m, 1H), 2.33 – 2.17 (m, 1H); 13C NMR (75 MHz, CDCl3): δ 195.74, 

141.54, 134.60, 132.55, 128.34, 127.88, 126.41, 83.70, 77.52, 77.25, 77.10, 76.67, 

66.60, 51.94, 43.69, 41.31; IR (neat): 3369, 2931, 1695, 1600, 1453, 1293, 1077, 768, 

609, 568 cm-1; HRMS (ESI): C13H14O3 [M + Na]+ calcd: 241.0835, found: 241.0843. 

 

Purple oil liquid; 48% yield; 91% ee determined by HPLC on Chiralpak IC-H column 

(n-hexane/i-PrOH = 7/3, flow rate = 1.0 mL/min, tmajor = 11.70 min, tminor = 14.85 min); 

[α] D
26.3 = 50.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.14 (d, J = 7.9 Hz, 

1H), 7.75 – 7.64 (m, 2H), 7.48 (m, 1H), 7.11 (d, J = 10.4 Hz, 1H), 6.57 (d, J = 10.4 Hz, 

1H), 3.79 – 3.65 (m, 1H), 3.58 (m, 1H), 3.05 (s, 3H), 2.59 (s, 1H), 2.29 (m, 1H), 2.13 – 

2.04 (m, 1H); 13C NMR (75 MHz, CDCl3): δ 184.07, 151.07, 143.48, 133.34, 131.65, 

131.37, 128.43, 126.91, 126.31, 77.50, 77.27, 77.07, 76.87, 76.65, 58.95, 52.54, 45.77; 

IR (neat): 3444, 2931, 1667, 1660, 1456, 1381, 1300, 1084, 843, 766 cm-1; HRMS 

(ESI): C13H14O3 [M + Na]+ calcd: 241.0835, found: 241.0842. 

 

With 10 mol% catalyst at room temperatrue for 24 h. 

White solid, m.p. 64 – 66℃; 47% yield; 92% ee determined by HPLC on Chiralpak IA-
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H column (n-hexane/i-PrOH = 6/4, flow rate = 1.0 mL/min, tmajor = 5.24 min, tminor = 

6.31 min); [α] D
26.3 = 6.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.15 (d, J 

= 8.0, 1.3 Hz, 1H), 7.68 – 7.58 (m, 1H), 7.47 (m, 2H), 4.01 (t, J = 3.6 Hz, 1H), 3.84 

(ddd, J = 6.7, 3.8, 2.5 Hz, 1H), 3.54 (td, J = 11.5, 2.7 Hz, 1H), 3.29 (dd, J = 17.4, 3.6 

Hz, 1H), 3.10 (s, 3H), 2.90 (dd, J = 13.6, 4.2 Hz, 1H), 2.77 (dd, J = 17.4, 3.6 Hz, 1H), 

1.83 – 1.62 (m, 2H), 1.51 (m, 1H); 13C NMR (75 MHz, CDCl3): δ 196.14, 138.81, 

133.14, 132.76, 128.59, 128.00, 127.44, 79.37, 77.46, 77.04, 76.62, 72.58, 67.64, 49.58, 

40.23, 30.04, 23.33; IR (neat): 3362, 2952, 1693, 1599, 1453, 1364, 1282, 1084, 943, 

767 cm-1; HRMS (ESI): C14H16O3 [M + Na]+ calcd: 255.0992, found: 255.1000. 

 

Purple oil liquid; 49% yield; 91% ee determined by HPLC on Chiralpak IC-H column 

(n-hexane/i-PrOH = 7/3, flow rate = 1.0 mL/min, tmajor = 10.99 min, tminor = 14.49 min); 

[α] D
26.3 = 28.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.13 (d, J = 7.7 Hz, 

1H), 7.71 – 7.59 (m, 2H), 7.52 – 7.42 (m, 1H), 6.92 (d, J = 10.4 Hz, 1H), 6.59 (d, J = 

10.4 Hz, 1H), 3.51 (t, J = 6.3 Hz, 2H), 3.05 (s, 3H), 2.11 – 1.95 (m, 2H), 1.69 (s, 1H), 

1.54 – 1.37 (m, 1H), 1.19 – 1.00 (m, 1H); 13C NMR (75 MHz, CDCl3): 13C NMR (75 

MHz, CDCl3) δ 184.39, 151.53, 143.65, 133.31, 132.26, 131.89, 128.22, 126.75, 

126.04, 77.46, 77.24, 77.04, 76.61, 62.44, 52.63, 39.63, 27.09; IR (neat): 3424, 2929, 

1667, 1600, 1456, 1379, 1299, 1086, 842, 767 cm-1; HRMS (ESI): C14H16O3 [M + Na]+ 

calcd: 255.0992, found: 255.1002. 

Nonlinear effects studies 

Methods: To a stirred solution of L10 (11.36 mg, 0.02 mmol) with different ee value 

from different ratio of (R)-L10 and (S)- L10 in toluene (0.5 mL), was added Et2Zn (20 

μL, 1.0 M in toluene, 0.02 mmol) under an argon atmosphere The mixture was then 

stirred at room temperature for 30 min to generate the catalyst. 1a (0.2 mmol) in toluene 

(0.5 mL) was quickly added to the flask containing the in situ generated zinc catalyst. 
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After the addition, the reaction was stirred at -20 ℃ for 2 hours. The reaction was 

quenched with saturated NH4Cl and extracted with CH2Cl2. The organic layer was dried 

over Na2SO4 and concentrated under vacuum. Then the residue was purified by column 

chromatography to afford the resolution product 1a* and 2a. The ee value 

determination was carried out using chiral HPLC on Waters with a 2996UV-detector. 

 

 

  

 

Figure S1. Nonlinear effects studies of the kinetic resolution reaction 

 

Control experiments 

i) Methods: To a stirred solution of L11 (4.66 mg, 0.01 mmol) in toluene (0.5 mL) was 

added Et2Zn (10 μL, 1.0 M in toluene, 0.01 mmol) under an argon atmosphere, the 

mixture was then stirred at room temperature for 30 min to generate the catalyst. 1a 
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(0.1 mmol) in toluene (0.5 mL) was quickly added to the flask containing the in situ 

generated catalyst. After the addition, the reaction was stirred at -20 ℃ for each 

identified time. The reaction was quenched with saturated NH4Cl and extracted with 

CH2Cl2. The organic layer was dried over Na2SO4 and concentrated under vacuum for 

1H NMR studies to confirm the conversions. 

 

Figure S2. Control experiment using L11 as catalyst 

Methods: To a stirred solution of L10 (5.68 mg, 0.01 mmol) in toluene (0.5 mL) was 

added Et2Zn (10 μL, 1.0 M in toluene, 0.01 mmol) under an argon atmosphere, the 

mixture was then stirred at room temperature for 30 min to generate the catalyst. 1a 

(0.1 mmol) in toluene (0.5 mL) was quickly added to the flask containing the in situ 

generated catalyst. After the addition, the reaction was stirred at -20 ℃ for each 

identified time. The mixture was quenched with saturated NH4Cl and extracted with 

CH2Cl2. The organic layer was dried over Na2SO4 and concentrated under vacuum for 

1H NMR studies to confirm the conversions. 
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Figure S3. Control experiment using L10 as catalyst 

 

NMR investigation of the additive’s effects 

As the introduction of Boc-NH2 into the KR reaction could slightly improve the 

enantioselectivities of productscontrol experiment of NMR analysis was carried out to 

study the role of this additive. In the dried flask, chiral ligand L10 (10 mol%, 0.1 mmol) 

in deuterated benzene (0.5 mL) was added Et2Zn (100 μL, 1.0 M in toluene, 0.1 mmol) 

under an argon atmosphere, respectively. The mixtures were stirred at room temperature 

for 30 min. Then was added 0.4 mmol Boc-NH2 before the NMR analysis. As show in 

Figure S4, the introduction of the Boc-NH2 additive to the L10-Zn complex results in 

an obvious shift of the 1H NMR peaks. It was observed that the 1H NMR signals of the 

amide hydrogens in Boc-NH2 became to two distinct peaks after introduction to the zinc 

catalyst, we proposed that Boc-NH2 might play a stabilizing effect to the catalyst via 

hydrogen bonding with the amine group in the chiral ligand, as well as the coordination 

of amide group to the zinc centre (Figure S4), thus made the amide bond fixed to show 

distinct 1H NMR signals. 
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a) 1H NMR of Boc-NH2 

 
 

b) 1H NMR of (L10 + Et2Zn + Boc-NH2) 

 
 

Figure S4. NMR experiment of additive influence 
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X-Ray Analysis of Product 2a 

 

Bond precision:   C-C = 0.0035 A       Wavelength=1.54184 

Cell:            a=8.20676(18)     b=11.3756(2)     c=12.0915(3) 

alpha=90         beta=90          gamma=90 

Temperature:     293 K 

Calculated            Reported 

Volume            1128.82(4)            1128.82(4) 

Space group         P 21 21 21            P 21 21 21 

Hall group          P 2ac 2ab             P 2ac 2ab 

Moiety formula      C13 H14 O3          C13 H14 O3 

Sum formula        C13 H14 O3          C13 H14 O3 

Mr                218.24               218.24 

Dx,g cm-3          1.284                1.284 

Z                 4                    4 

Mu (mm-1)         0.741                0.741 

F000              464.0                464.0 

F000’             465.48 

h,k,lmax           9,13,14               9,13,14 

Nref              2134[ 1248]           2111 

Tmin,Tmax        0.882,0.901            0.015,1.000 

Tmin’             0.882 

Correction method= # Reported   T Limits: Tmin=0.015   Tmax=1.000 

AbsCorr = MULTI-SCAN 
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Data completeness= 1.69/0.99           Theta(max)= 69.839 

R(reflections)= 0.0425( 1997)           wR2(reflections)= 0.1081( 2111) 

S = 1.112                  Npar= 146 

 

Gram Scale Trial of the Oxa-Michael KR Reaction and Transformation of the 

Resolution Products 

I) Gram scale experiments of the KR process 

 

To a stirred solution of L10 (227.33 mg, 0.40 mmol) in toluene (10.0 mL) was added 

Et2Zn (400 μL, 1.0 M in toluene, 0.40 mmol) under an argon atmosphere, the mixture 

was then stirred at room temperature for 30 min to generate the catalyst. 1n (4.0 mmol) 

and BocNH2(187.20mg, 40 mol%) in toluene (10.0 mL) was quickly added to the flask 

containing the in situ generated zinc catalyst. After the addition, the reaction was stirred 

at -20 °C for about 2 h. The reaction was quenched with saturated NH4Cl and extracted 

with DCM. The organic layer was dried over Na2SO4 and concentrated under vacuum. 

Then the residue was purified by column chromatography (petroleum ether/ethyl 

acetate = 10:1 - 4:1) to afford the product 1n* (0.59 g, 47% yield) and 2n (0.62 g, 49% 

yield). 

II) Transformation of the Resolution Products  
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(a) The separated product 2a through recrystallization (1.0 equiv) was dissolved in THF, 

then LiHMDS (1.2 equiv) was added under an argon atmosphere at -40 °C. The mixture 

was stirred for further 0.5 hours, followed by cooling to -70 °C and bistrifluoromethyl-

sulfonylaminochloropyridine (1.1 equiv) was added. The reaction was slowly warmed 

to room temperature and stirred for further 12 hours. After completed, the mixture was 

quenched with saturated NH4Cl solution and extracted with EA. The organic layer was 

dried over Na2SO4 and concentrated under vacuum. Then the residue was purified by 

column chromatography (petroleum ether/ethyl acetate = 10:1) to afford the product 3 

(62% yield). 

 

(b) Compound 3 (119mg, 0.34 mmol), Pd(PPh3)4 (2.5 mol%), Et3N (2.0 equiv) and CuI 

(2.5 mol%) was stirred in DMF, then trimethylsilylacetylene (5.0 equiv) was added 

under an argon atmosphere at rt. After completed, the mixture was quenched with H2O, 

extracted with EA, dried with Na2SO4, then purified via flash column chromatography 

(petroleum ether/ethyl acetate = 20:1) to give the product 4 (55 mg, 54.3 % yield). 

1H NMR (300 MHz, CDCl3): δ 7.68 (dd, J = 7.4, 1.4 Hz, 1H), 7.53 (dd, J = 7.4, 1.4 Hz, 
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1H), 7.42 – 7.28 (m, 2H), 6.43 (d, J = 6.4 Hz, 1H), 3.90 (d, J = 6.4 Hz, 1H), 3.75 (m, 

2H), 3.66 – 3.48 (m, 2H), 1.30 (s, 3H), 0.26 (s, 9H); 13C NMR (75 MHz, CDCl3): δ 

138.48, 130.94, 130.19, 129.44, 127.54, 127.04, 125.21, 124.47, 101.81, 98.81, 77.58, 

77.36, 77.16, 76.73, 74.45, 66.36, 61.68, 27.31, 0.00. 

(c) A solution of K2CO3(11 mg, 40 mmol%) in 5 ml MeOH was added the compound 

4 (55 mg, 0.19 mmol), the mixture was stirred at room temperature. After completed, 

the mixture was quenched with H2O and concentrated under vacuum, extracted with 

EA, dried with Na2SO4, then purified via flash column chromatography to obtain the 

product 5 (40 mg, 98 % yield). 

Yellow solid, m.p. 84 – 86℃; 97% ee determined by HPLC on Chiralpak IC-H column 

(n-hexane/i-PrOH = 9/1, flow rate = 1.0 mL/min, tmajor = 6.841 min, tminor = 7.287 min); 

[α] D
26.3 = 305.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 7.70 (dd, J = 7.5, 

1.3 Hz, 1H), 7.54 (dd, J = 7.5, 1.2 Hz, 1H), 7.35 (m, J = 19.8, 7.4, 1.4 Hz, 2H), 6.48 (d, 

J = 6.4 Hz, 1H), 3.92 (d, J = 6.4 Hz, 1H), 3.72 (m, J = 23.5, 14.9, 11.7, 9.4 Hz, 4H), 

3.21 (s, 1H), 1.31 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 138.38, 130.96, 130.69, 

129.51, 127.52, 126.89, 124.46, 124.40, 81.05, 80.46, 77.51, 77.09, 76.67, 74.38, 74.25, 

66.30, 61.60, 27.23; IR (neat): 3454, 3295, 2960, 2925, 2862, 1617, 1448, 1246, 1100, 

756 cm-1; HRMS (ESI): C15H14O2 [M + Na]+ calcd: 249.0886, found: 249.0900. 

(d) Compound 3 (0.43 mmol), Pd(OAc)2 (10 mol%), Et3N (5.0 equiv) and PPh3 (20 

mol%) was stirred in THF/CH3CN (3/1), then styrene (2.0 equiv) was added under an 

argon atmosphere at room temperatrue. After completed, the mixture was quenched 

with H2O, extracted with EA, dried with Na2SO4, then purified via flash column 

chromatography (petroleum ether/ethyl acetate = 10:1) to give the product 6 (112.5 mg, 

86% yield). 

Yellow oil liquid, 98% ee determined by HPLC on Chiralpak IA-H column (n-hexane/i-

PrOH = 8/2, flow rate = 1.0 mL/min, tmajor = 8.163 min, tminor = 9.086 min); [α] D
26.3 = 

67.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 7.59 (dd, J = 7.5, 1.0 Hz, 1H), 

7.47 (d, J = 7.7 Hz, 3H), 7.30 (m, J = 19.7, 14.3, 6.7 Hz, 5H), 7.10 – 6.89 (m, 2H), 6.27 
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(d, J = 6.6 Hz, 1H), 3.96 (d, J = 6.6 Hz, 1H), 3.87 – 3.54 (m, 4H), 1.37 (s, 3H); 13C 

NMR (75 MHz, CDCl3): δ 139.28, 139.12, 137.03, 132.76, 132.71, 129.53, 128.98, 

128.76, 128.08, 127.37, 126.78, 125.87, 125.74, 124.92, 123.73, 120.45, 77.55, 77.32, 

77.12, 76.70, 75.01, 74.92, 66.44, 61.58, 27.15; IR (neat): 3424, 2958, 2925, 2859, 

1448, 1213, 1105, 752, 693, 633 cm-1; HRMS (ESI): C21H20O2 [M + Na]+ calcd: 

327.1356, found: 327.1368. 

(e) Compound 3 (146mg, 0.42 mmol), 2-Naphthaleneboronic acid(108.4mg, 1.5 equiv) 

Pd(PPh3)4 (2.5 mol%), K2CO3 (232mg, 4.0 equiv) in toluene/EtOH/H2O(5/2/1) under 

an argon atmosphere was stirred at reflux conditions for 15 h. After completed analyzed 

by TLC, the mixture was quenched with NH4Cl, extracted with DCM, dried with 

Na2SO4, then purified via flash column chromatography (petroleum ether/ethyl acetate 

= 4:1) to give the product 7 (105 mg, 76% yield). 

White solid, m.p. 182 – 184℃; 80.5% ee determined by HPLC on Chiralpak IA-H 

column (n-hexane/i-PrOH = 7/3, flow rate = 1.0 mL/min, tmajor = 5.462 min, tminor = 

6.054 min); [α] D
26.3 = 62.0 (c = 1.0 in CHCl3); 1H NMR (300 MHz, CDCl3): δ 7.84 

(dd, J = 15.2, 7.0 Hz, 4H), 7.64 (d, J = 7.3 Hz, 1H), 7.55 – 7.42 (m, 3H), 7.36 (t, J = 7.4 

Hz, 1H), 7.24 – 7.06 (m, 2H), 6.16 (d, J = 6.5 Hz, 1H), 4.01 (d, J = 6.5 Hz, 1H), 3.94 – 

3.59 (m, 4H), 1.48 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 143.19, 139.59, 137.02, 

133.39, 133.28, 132.98, 128.92, 128.12, 127.79, 127.75, 127.20, 126.91, 126.36, 

126.25, 124.81, 123.51, 77.57, 77.15, 76.73, 75.07, 74.99, 66.67, 61.69, 27.42; IR 

(neat): 3340, 2957, 2925, 2854, 1629, 1600, 1451, 1096, 816, 756 cm-1; HRMS (ESI): 

C23H20O2 [M + Na]+ calcd: 351.1356, found: 351.1364. 
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HPLC Results 
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